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O (57) Abstract: The invention relates to the field of virology. The invention provides an isolated essentially mammalian negative-
sense single stranded RNA virus (MPV) within the sub-family Pneumoviringe of the family Paramyxoviridae and identifiable as
phylogenetically corresponding to the genus Metapneumovirus and components thereof,
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Syncytial Virus (RSV) of the Genus Pneunovirus, in The Pathmplovifses,
D.W Kingsbury, Editor. 1991, Plenum Press: New York. p. 103-153. 30
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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 divergence 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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Wth the provision of this he invention provid agnosti c nmeans and
virus are herem also prowded As a rule of thumb an MPV can be identified by the

percentages of a homology of the virus, proteins or nucleic acids to be identified in

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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20  methods and therapeutic means and methods to be employed in the diagnosis and/or
treatiment 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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homologous proteins will be most useful to be used in tests relying on said cross-

reactivity.

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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met hod for bhiemekcledi add by avimgmod serpieane MRYId ianf@aichafor exaanble fek capaehsi ng

component | (RSO BYE PEAGF RS AR BATALIGR ih CAob baboredrelr ey sslsgt y
2005 W© 0245) %36 BrdP6rklbiy H10804nudedtidel 6F §mtd &i&'@(’rbé’d’e@tﬁélgf%y@éﬁﬁhc@
cross-reactive antibody reactive with said MPV, and a nethod for
ser ol ogi ca|h0§n®%f_gfﬂamwoaﬁnﬁplww MERY spuiuepees andrwith dmpwinglongMPet er mi ni ng
Rl TR AR A e e St L S Wiy
with a 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



5 proteinaceous nol ecule or fragnent thereof or an anti gehs dedyv2e0$rom
MPV. Furthernore, the invention provides the use of a diagnostic kit
initiall y“q?@ 2@? for MPV or MPV-antibody detection for diadgnosi ng an APV
i nfection ‘% icular for detecti ng sai d APV i nf ecti o GTAVHHOY y such
as a chicken, duck or turkey. As said, with treatnment, simlar use can be
made of the rmnlasmcncéde;mved ﬁ'ymeBWCb,rac’i:Gssl-naﬂaVet an:hnlhca]nr mhﬁmmﬂhuaiﬂthﬁ&és at

hand nake the ., use of .the e. h | ogous a a | es ht f or war d.

Vacci nat i on@hfAdpe @'ﬁﬂ f%ﬁ%??ﬁ%ﬁ%‘“%ﬁﬁ%@e‘gﬁg@?& |%H'F$8ﬂ%prés@’é$ nst MPV

i nfections @ateri@ting%aia@nd1e oP&id BivdRHe WrdRn¥A6iCd AQss-PIRARS ahiiily tHat isved

from APV(preferabI¥ type C) isolates when a_nore_honol ogous. MPV vaccine is
e

not avai | abaéso dirpgted gansiangiP W \fa‘@ema@?%e@fgébmeacm sapt weplpmathng can
be cont egpl %&%ﬁ%&&s‘&ﬁ&ﬁbﬂ@ ob o2} LS de dnY gfe HO-VEY gaﬁlfv@ reverse

genetic techniques nake It possibBle to generate chimeric APV-MPV Vi rus
constructs Funttermors, drheirmenasn aroades the ushbef a@i@ﬂoshckﬁnnjtyaﬂmdsamd far to

~field-isola .of ch -t he respective strain attenu te

oot rabie. | ABY 3¢ M Aaibogt dfiel IDRE LR BhE A S iR iRty
possi bl e t o dgntingkaidcAPVeRfectifaimaFaulRyisutls ag @ chiRkapnbuekmytitatieyconst ruct s,
such as RSV-MPV aqr P|3-NPV constructs_ for us in a _vaccine preparation.

Such constructs Asaihrth theatpont, gailar use can bsmprdeatithe cipseesastivity founshbat
respirat@ry i bagkiculdd WES® %cuxg&'ﬁn&é%veﬁ 'Hah@.'?nélﬂ‘-‘&e%s‘éw ¢85 mBrd RYBblogous

etiological agent, an i1solated essentially nmammualian negative-sense single
stranded RNAPpfoagh IE(SIa stwiightéireard &Y acemam tizs coelnoh giadky suail asm;n@asm@m |y

Pneunovirin fam | XQV ae but ,n | ent bI e .as
cl assi cal p%gﬁc?mﬁorngs ga‘énsawgg)?onglthons cgnt He™ le% f"'fﬁjﬁ% c“meand
MPV- speci f i praampdonenderived ﬁgmwﬂéx(pfef@aalyagpe@) ﬁhﬁaﬂe@fwheﬂarmaiel }&imolmgow@es
resenbl i ng g}f};@gneum)w ruses . Jret apneunovi ruses i so| atgg rom
marmal s S 1519p B BRLE i 210 YPTAal AQGHRHORS ASRRPHALY HBECRIIL aus e

di seaser § n ga He &hibRPIRLS w1ﬂ?¥aﬁ:ciﬁ@tﬂrb%Mﬂoﬂ@&eﬁ%gﬂ%ﬂf‘v Also, reverse
Met apneunovi ruses, in general tho;g be essentially restricted to

poul try as genaticdechigneomalieil pisshlectelcengente coimelicABYMPYvirusabegiriaiown
2530 5 EOHT, LG8 BSOOLL s BT NS BB ER RS (7
restricted tﬁa)relspescﬂiﬁre%ramm tiriad athastased dda dediyalRODvel. \BEN(RY ﬂaﬁr@ﬁ@%enetm

_PCT/ NLO2/ Oogecgmques 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.



7 The invention provides an isolated mammal i an pneunovi r us3 (Jwdyekdlal so
called MPV) conprising a gene order and am no aci d sequence distinct from

that of {ipeg@pss Pneunovirus and which is closely relat %@ggﬁzﬁ,mg dering
its phylogenetic relatedness |ikely belonging to the genus t apneunovi r us

within the subfamly 5 Pneunovirinae of the famly Paranyxouiridae.

Al t hough until nb%¢ invaptemneayidesianisdstadanemardlianhenenrioypug flerrefy 889 bi r ds,
it is now shewg r ,’f%-g | t terdally di stinGt. .. Vi ap be
identified In othgig?} %?rrﬁ%rra g %ggll%egﬁgﬂc ggﬁ%‘%ﬁéﬁéﬁgﬁﬁhﬁc\%ﬁ@ﬁ%&% P
repeat ed i sibleaenon Peéumbdris and whivhris clowdle rdasedind eunshlerimgotst shydogestidce f or

APV. Furt her mor unli APV, V.essentigl |y does .not . 10 on little
replicates ]‘ieﬂﬁgﬁﬁ?ﬁé‘%ﬁ:@fﬁ%%ﬁ e\JePe fta_ ’é‘é’ﬂl?”’ﬁbgevgﬁh? @Vr‘% nﬂb'us
nmacaques. Nendigpsitifod\diibe RGNy PAMDH yRVi 888, IAGeHOuBR vakil ARY, I n mammal s. In
addi tion, whereas specific anti-sera raised against MPV neutralize MV

anti - sera -'patapsgumgsirness bapyoply imepisadatgd froam birdatit 23 nove shewn thatrglatehne
oL R, S A5 AR LY UL ey g i
share a si mabhsmageriderider show hep&itaddsdbtiqpr of MPNstrah WAy &heermg @by

different fromthe ones, knho Vin that y W no..sjgni fi cant
sequence hosr?ﬁg](gﬁ? &S %Stﬁg’f’%&f N(e% WO HE HE@]FE %E?I’ WE?SPHaﬁgg%ﬁs.no% or

Di agnhodi ¢ cagptiyide teplidhies ih Ghidkd:e Hl WeRey-APNeranteARY dosoiméemnmdlgous

anti bodi es directed_agai nst these different_viruses can advantageously be
devel oped JBatiatied Nmrepsetsdiave feon undaserheation AR b unmanuaalge k| |

ELI SA, neutyglijiglyiRRe ASgR¥ific ﬁﬁ:ﬁ%%ﬁg@%%km?ﬁwﬂ&@ l\?ﬂf/lﬁ}lﬁﬁ?-g%lﬁﬂd/ or

antigenic information obtaine rom elated N, P, F an
prot ei ns ofraiey agathsh ATVA LS ool deamiewotraline MO S samecextent, apd pligtdacke

proteins of ;ARY, can al.sa be used to discrim bet ARV and MPV. For
el o iy e Pedtily pEud i anoBhraEat B B kePEn SERLBai ned 11 om wov
reveal @8 t hastapRdu@odrdPFuatierinee, diid-e AP and MISEShart A sipflat bead @der,t he

phyl ogenetic t[ee ow that APV and MPV are t different |ine . of
virus. W ﬁ§9§a¥<§§ ting HEMPNppe largely, &fferant fepm ghe opes ﬁ“%%%%f’é’c i on

for at | eaght Blby)88Who JiRSKEHA BqhdHBRRRRAIESs dd BEBITHhS Shfifo A RmABRR! ¥
taken place at_ |east 50 years ago and is not an everyda]ﬁ[ event. Si nce MPV

CPE was vi racifblevsl Jyagwasbistisnysite dissriminatsrhetwaen 4 Ysal M Vhirdetesrorhpl V- 1
| n EMK O Qbiglhafe 'dhe‘r&]t;é'(eita%éﬁ%% gi,etsQ%jﬂk’epré’n{‘@%u&%‘é%n%%n&&@&sﬂ}‘ﬂé’&é‘%?o‘})e!i”t' |

now. tMK (tertrary no y
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



cells, i.e. MKcells in a third passage in cell culture) B guyekedt@ably
used due to their |ower costs in conparison to primary or secondary
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02/ 057302 PCT/ NLO2/00040 8 after which the cells showed rapid internal

di srupt i on, after Whigkdhe gelifethosiedanpidantarhal disaiptionf follawed by detashepat of thise

cel | s usual ( [ e ter _thre f virus
From or 1 g nalisineth e moRLELS Il Bl Gy i AleBond UG TRRECRAERRAE) /)

t han CPE cathyed pbysagesheivinisr e srigirelh nagetilSW: diy hPLd/14 post itbadstional | y, as
devastating_agents .0 | se ar XQVi ruses acgou r ani mal and
human deat h%“&%%%&?%fé%%ﬁ?ﬁg‘?e O%mewﬁﬁwﬂ#%ﬁﬁam ly within
the ordey of MonOnegieNily,akseRvidedat hyams oNEReseNPABnSoARAad RDWunt by USES) ,

consisting of the sub-fam |ys Paranyxovirinae and Pneunovirinae. The

| atter sub- &Ry apinal and byaae deathgwesbiwide pach xayi HewPergmaxsvigetes form a

- Preunovi rus JVQShNP ; Q i 1 AA - '_ [y vt i al kI us - -
(DRS¢ her Py e oAU R b refou P ek SR LD el BRI

i nport ant culseeshicohvswng oftdpisubfanilys Pactmysonfréatel cardsPrebumavdrinad, They and
early chil d .l dw de2. O her, nenbers of the. Ppeunovirys genus inglude
the bovi ned%ﬁpfs‘{??ﬁ%mﬁ%ésp%ﬁ%&ea?ﬁ taSpRaiFaly Yridsdan tﬁ%aeneﬁﬂé*éﬁwﬁpw of
mce (RA\V . MebupheisaovRie U i bl espHR¥0ry 2y By e 91ks TRRE VY, KBY tai petieaghei tis
Vi rus (TRT\Q, he aetiological agent of avian rhinotracheitis, an upper

r espi r at or yHheridermaytras gpews, 69 thersipgle yrost importaet cagise ofdomen respiratary tract
recently asgirgpeds Notia | PSR AR % Prawn ' W@? t ow not
associated wth i?_]f ect ?%ﬁﬂé@%?ﬂﬁ%ﬁ%ﬁl S rré)}[)\gl,“ﬁ)\?\}dt“ﬁa%i g’?éege 0 b%rré)%ltr}é%]s.

Ser ol ogi cal Peasyepuoniseeotis ArRludedhe hevitie fahdrozittel rebpidaiony theytiabvisuseh and

nucl eotide gor am no_acid.se s of the G glycoprotein and neutralization
tests usi nlgner‘rlonooné?gﬁgf 05%%‘%@%@3 that also recognize the G glycoprotein,
W t hi n 1$ubghadppnedmoBiran (WIPVY 4160 ndh @ be birksh oumoBBcheitio vB%s (YREY), SBgUENCE

identity withij gﬁﬁgroups whi | e between the subgroups only 31.2- 38% as
i dentity i s2%8 gentaf ayign rhungtracheitisp pn jugBer Igseiratogy Geist irlegtiongid

st g pol yol g Ae PO fackicr 8F A B oMbl PR B DRGHAN B, 71 €
Pat hol ogy, 28938l wag unpil nas ol Agocia@abiithinkcidons, dowdst ian-Vre,, witH diseasiolf] |
maminals. Serological subgroups of APV can be differentiated on the basis of '
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



Antigenic differentiation of strains of turkey rhinotrached tdudyveses using
nonocl onal anti bodi es. Avi an Pat hol ogy, 1993. 22: p. 257-273;
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Vi rol ogl cal JuI g& % Y\D 02/ 057302 PCT/ NLO2/ 00040 9 procedures for the
det ecti on a?H PVB? Aot Vigh Y4 b DaB 878180  vi rus. Arch Virol, 1999,

144(6) : 5p. 1091 AlR9%hed WBiiFpe &F AN s“gﬂm@&%%ofo@ﬁo@ﬂé'mcﬁﬁ%&ﬂ%&he

variation in the attachnment (G protein gene of avian pneunovirus
evi dence f 6301(!1‘%60 wokde n Vsamldgnommased i3 tcknowh AV 0'0RY. str?é&:(lmthit) vitpo

ggggrl bes M&O{E%]égo |s g"rg l‘:ﬁ%:’bo}gﬁﬂﬁclﬁﬂﬁger fﬁ?g% T X@\/Cgr TRT

strains w txﬂmnospecnﬁcnmlyﬂ@ﬁalmnmeettartalreeo@hiz@ﬂ 'I‘Iﬁsisﬁlatfé ThE Coﬂd}ﬁd&l@bm@%s
| sol ate was esteg a I nst nong@specific polyclonal antisera to_recognized

TRT i sol at 89" & YIRENGDBTILE BN igRra b 5eY Aethe BET straingy IW%%%@Y% c
antisera t@eatMligdd ks h}&ilﬁﬁﬁe%tlsb}umse&@gﬁi&@if a SJ&TH&%&V efhiby a

hyperi mune antiserumraised against a subgroup A strain antserum
neut r al i zedntiperugbpeittsglized the IhaBlOngoas Yvires & otitre: of0040ahd the @ddredado

i solate to: eaboe t ora i sol ate
was then ft %é&ttgﬁgéé{a%{e%aﬁ %T[ﬁﬁ%ﬁo 3 Ral. an oggﬁ} hgab]faﬁloé%o ﬁtegéassc{% ®® he

reci procal tesed agdingtdIRD moriotlogal aftibodikl, I SRS ithé éechftbbAaicutaligatsqd t o
t he Col oragi%t_nsol iflﬁas al sp tested 15 agai nst TRT strains of both

subgr oups EaHht ongepediic anfirerppgiaisgdiie the Clonadoisplapgwpy alsp fested
anti sersm bagainBETRIPseaREDof eh 8iSerodfie l\gﬁla%f Q@I‘R‘T ?fa%soifesé'a\év&@es not

protect SPF chicks against challenge wwth either a subgroup A a
subgr oup Br&wralizeddty thepnjiserign toHes@olprdglisdatsuggest t hat the CoI or ado

i sol ate may be tigg s E%IQ% f S of ;avi any20
pneunovirus, as a?sg %ﬁg%gggtaie@d‘l by ggeos n&’i\égoyetﬁﬁ? 1\ﬁjloo'ﬁf jeatpgte age?ge with
81: 2723- 2783he1( 28@@roup A or a subgroup B strain of TRT virus. These results suggest that
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

bptima]ly on tMK cells or cells functionally equivalent thereto and are essentially
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' 3- NS1- NS2- Yirits b fatdviddd Hé2eiln-iB, albedPdhly disthnfly Melatb® totinsaidal Pndutofir@sesMPV
as 30 provi de?:t by é%el%]:ﬁﬂvent lon or a virus isolate taxonomcally
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are sensit i ¥eeqwpdoverepning ORE QM2B) oy dkorusicianadd fugment docodptg el M8 on t MK
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cul tures. Rirmhdestrased in Ahemadypi etall., CREedriir) S0 20162080l ut i nati ng
activity wth no, tﬁcl %ssipcal | é(}Uﬁed red bl'aéﬁj cgtlrl_s suggested that a virus
as provided hereft pd Turthap yiral jgelateg s paoifsd by RPEE D s g4 test a
pneundvig Us@snpls UsptichalliReWiaited HoHONGiaREEd RALARIMIAMS §5r 11RVesence of a
haemaggl uti nat i n%_ acitivity, 5 nost of the pneunoviruses do not 13. An MPV

accordi ng t¥re avahifusdy dinesmevmraienand test e dhusolaime appisdor GRF (M2- 2)

in the nuclgj i . I: Qt ei . n. general nost
ot her - prearicre el bt AUTERRE ATk AR NG VE N ¥ Sty b ARRGHED SRS
al ., J. GCemordef that89diEfetdnt2Wd6 thAldFPnetmolirngesf duch e RSA sohlréaly diessab

provi ded by ,the inyention it, suffjces,to test 10 sanmpl e, agptionally
obt ai ned friievE %‘I‘r\ség%glé‘ﬁe’a%m? 18813 # ahEReenedicalin eomspaponting agd thus i 1 ys of

the sul5f anfakyndiniesmPvirkédpRBdingRdih BRIV aaﬁgme%@m Bl BRHs YhMSishQbn t he
presence, of genes encodi ng (functional 1 or NS2 or esSentially
denonst r at SXReHERALS Boige nuckin acidirgints benermrovidedMPisobte,prdnstassicak es such
iyl ogenct | Car Ty okt EURaffentd BNE m Rl Rt HepBal? BB neinet i 11
MPV may be dmWprchribigens asdlonyioniutbgatsi spacifieatiyedérinesalt fsor sinigPRUsdleiec aci d
froma here pr O\/f;lgﬁﬂr ig/(ﬁgtédsv%gg hreoprh}llgge%lagtszzﬁiycc%rresponding 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.



cross-serol ogy experinents using nonoclonal antibodi es speEtifulgakd§s
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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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Virus isolate ned/ 00/0 as prototype cluster A and virus isolate

ned/ 99/ 01 aeolp#egtd@tp}qwdaﬁ figuys ﬁeﬂﬂmmhweercmﬁe agggo amd@e@wcné:anmbaeﬁm i on
assays to tge he en fer hSSLot ypes or
subgr oups. H‘{Jﬁégﬁsoltt & u%%fof%'aﬁg °§§g glfcl’ ﬁ SP085 wo
02/ 057302 Eﬁ[ﬂﬁkﬁﬁ/&ﬁﬂ%ﬁé&w&m@ tioame \6f thasgeinsﬁypet@mt@hmbmseﬂ@dﬁﬁ fBgefd age
am no acid | 0 n 64 for for N, for P, 81
for F 84 fo"h ?{rfa“ fﬂi;'? %tegd?“ak%eﬁe P%TCPE@lg%ﬁ “Eg‘i%’ H‘ﬁ“‘%‘ég‘é‘}‘f‘é $i¥8 as an
i sol at ed esgeabfiddd, ¥rd BBl i3Mh 8OSEE YERGBASSy ﬁuﬁﬁ' fncle ARG BV id HR as
provi ded herein. I n particular those virus iSolates in general 5 that have

a m ni num sevesrmndine geneacf BPVat t he nucl eoti de sequence level with a
2ok otvee WPV | 58sia, o BSOS o ke M e, o
t he am no &ensk single stranded RNA virus (MPV) belonging to the sub-family Pneumovzrmqe of
the family Paremyxoviridae and identifiable as phylogenetically corresponding to the
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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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 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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(Myahara et at 1992; Li_ et at., 1996; 30 Barr et at., 1991). This is in
agreement with Mewtben sigtabl W@p‘-ﬁédﬂﬁiﬁ\ﬂ&m% (ORF) wsefphinmhyideanetiegiapseshoni ng
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overal | anilerst &P preferrtily yf aif leatt 97%ecﬁ§:he A0%ysat dM-praadinywioh tied M-eesdin 85 % of
the anal ysegolateplr Qé 1%' is fom;[i] t eha(?naFl)y ! O‘?t]_t?elisr}.SO atelc%ni]p%ges %%(%gferred MPYV 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 1.;3
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 nucleotide 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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Easton et aAmongabparamyperirapesyiOf thegamtentiald¥-tinked alycosylggn) sitapgresshi ced
two small  in the F ORF of MPV, none are shared with RSV and two (position 66 and 389) are

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
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as inactive precursors (FO that are cleaved host cell proteases which
generate PV isolate according to the invention. M2 gene 1s unique to the Pneumovirinae and

two overlapping ORFs 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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pol ymer ase i ns et a 1995; I ts readthrough of
intergenic plaegnmﬂl(uﬂ% dl}ahéQ 6). Poch et al. (1989; 1990) identified 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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Another much preferred suitable open reading frame (ORF) useful in phylogenetic

20  analyses comprises the ORF encoding 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 MPV attachment protein it can not be
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respectivel y). ORF of NPV _contains 10 cysteine residues, whereas
APV SH cont #@I@%x?\%’t%‘r%‘%g& ¥sTho ORY alegipaniaings 8.6 % preting regidugs,

nunbers of PRBR hatheN: [ j 1 2 bRSV
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and RSV proline residues in the  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 characteristics 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
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codi ng1sequenceA dr¢hexdieifatioas! 2 ofak ab anfsdhRdissaitialBSmpaitaldh t he
attachnment protein through so editing ev It should be noted that
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ORF of 5 G However, evidence for expression of these ORFs is I ng and

there i s necahwesprgidpatihatween ABVditolatedfran @edﬁ)@mdé\ﬁwcﬁsotat@d foant
viruses ( L'lﬂﬂneﬁ}s) f\lt, P, Nﬂ;%% %\)Iz 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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pr ovi ded nePE= BEFAGRBAFT e OB oRisigs spgwmonta, poseible comunctivitis, or

combinations thereof. As is seen with hRSV infected children, especifically very
young children may require 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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directed at the SH and/or G protern anal ogues. ({
20  the virus is somewhat related to APV. Based on Vlrologlcal ata, 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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AVP- C x4 I Ugorh Sk 34 18183600, 0144 GI,Q Y. bdheration 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.
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five years. Mreover, the seroprevel ance was found to be 25 equally high in
sera tol | ected fRGWIRFESHS SRR 8t, the inveationprovides g prefsinageousaepleculs or

metapneumovirus-specific viral protein or functional fragment thereof encoded by a
nucleic acid according to the invention. Useful proteinaceous molecules are for

20 example derived from any of the genes 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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ot her Vi r usgn@tnRiB@ChHRicAPGLRSiqAEES Provided. Furthernmore, a nunber of
reverse genetics techni gues have been described for the generation of
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Pol ynerase I (ofclags! eof . |,.s0l at fEomyvirus
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Voot or s expr ose, Ty PRESE RARE L pisfe e Ko B elE dtsovean MhNed
pol yner ase id€ctionpl &Xnadbmil c4fl th8théd. féd extdhflé chhBridPBeletdrn@Rin in a sample
mnirepll Coo Ssai%rﬁzax?mga?l\&elg ?)gesgggeeéfl acvsiral 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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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.
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prot.ei naceous nol ecul e or metapneunovirus-specific viral protein or
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i nvention., Useful proteinaceous nol ecul’e¥ are for 20 exanple derived from
any of the genes or genonmic fragments 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 25 subunit inmmunogen, but inactivated whole virus can al so be
used. Particulary useful are also those proteinaceous substances that are
encoded by reconbinant nucleic acid fragnments that are identified for
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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,




invention, in particular where said mammalian virus conprizemlg hommn
virus. In this way the invention provides a viral isolate identifiable with
a method according to the invention as a mamualian virus taxonom cally
corresponding to a negative-sense single stranded RNA virus identifiable
as |ikely 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 ei c avieeinsequonceridensisyis determingd oyer the enfareilengtinef BaMEZanpl es are
further given in_the detail ed description, such as the use of PCR (or other
anpl i fication o™ ¥ i di sation techniques wel | known in the art) or the use

of i mmunof(viipr QRE RGO IRl sRGhdnRE of B LPrbRin dfiikIROla0d eghtiveesehst singds known
in the art) The invention also provides a nethod for serologically

~di-agnosi ng a MP\strapdsdRIVA aegtenmenmoxirgsdpgieaics Biap P0% H@n%l@rfg@-ﬁmﬁﬁ’ acilg -
sanpl e of said | -ah i o] | Wh&lefect ed

2ga not a MRV oreis Rl LERERELAPY luBDbi BEKoBRBEHELENE Knle

pr ot ei naceous nBkqebeidentityiaderemiinéd@reetie eatiredangthiof gerl. patawr di ng to the

i nvention Methods and neans provi? d herein paiti ularly useful, in a
di agnosti c &Y thoamige agidsgaecng @eﬁﬂprpm&ltﬁaﬁp aé%ic I?etgaBVX%“F%ﬁ‘B%chal or
serol ogi cal di agRaRicy RPN Gikultiefmoffu s BRE: K 297 idBMAMPLANE AfilRTd 21 2

virus, a nucleic aci a protel naceous ecule or fragnenp thereof, an
antigen and/ or aaquenté dfatly SHomoteiti ofgMPV isdiste Dilemt99has sbowndh Figuos 2@is, a

nucl eic acid, a proteinaceous mplecule or fra nt .t hereof,.a ant i.gen
and/or an antib reé’?:é?ﬂ“&?‘f?g‘a?%ﬂﬂﬁe‘yelt‘?%ﬁfli%' fig eQfig 5¢ gft&gﬁi#lgp&g e 13
July 2005 WO 024057302 PCT/ NLO2/ 00040 26 production of a pharnmaceuti cal

conposition, for exanple for the treatment or prevention of MPV infections
and/ or for (e theahimentidsequnes efitie Shprofein efsthe isplated negarive-sense $iRgEses, in

‘ticular in h . ti f the vj ' :
Dot abi 1 shed et HBARHE0UA STRiPreBho e Brpbich fin 2% fEnfiel \F o scid, o
to the use 5 of sp@lcatesk the GUsiBRiPf MIPWEEoIBROO0L S 9%5 Bht sHovariaFages 2Thr ough

| aboratory animals or/and ) i .
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:

@ 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;




tissue/cell cultures, site directed nutagenesis of nol ecud3arudloness and
exchange of genes or gene fragnents bggween related viruses. A

phar maceutical conposition conprising a virus, a nucleic acid, a

pr ot ei naceous nol ecul e or fragnent thereof, an antigen and/or an anti body
according 10 to the inventiron can for exanple be used in a nethod for the
treatnment 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 (¥hf aradM2dddryeimuitc gickidr ban §4% amise aq:*ﬁl%@ﬂl‘&‘i’n?f@dﬁ‘@ltyxﬁ@ew(by a
15 . human MPV as. provi ded.herein. net - t -patients
will suffer fr &‘fﬂfﬁsﬁﬁ‘é‘?m? 8@&3@'2%‘%?% %‘Sﬁ?@%f’@ﬁé’??ﬁﬁ%@aﬁ‘? er
respiratory and miiign4; §li seases. Also [ower respiratory illnesses may

occur, predisposi % for nmore and other serious conditi or&g. 'Thethi nvention
—also provi deb menida-2poshy withsgatentban 9f Paming apid seauepes dephty fetheggmo .

treatment of respiyatory t torh bl S FVPV i §5takblshisAgwance! |
culture or exp fdrnsgﬂ%l%?&g?u&‘r%}amigg?r‘%%?‘??ng a@ilk?gg according to the
i nvention, treatﬁigg_-eagj d culture or animal with an candi date anti viral

agent, and determning the effect of said agept on said.vir or.its
i nfection dVikaia Iemogﬁilé’l@rgfeéﬁﬁfr%n.gogﬁa@%‘é’r?%i cHens & nt19rnto§liq?rmnpa| agent

conmprises a Wv'a@%ergﬁ% g bP e n]% Rafys mpt i%élﬂfétdogﬁé’é shoRARR PRAte 2B t her eof,

as provided herein, antivir agents of other nature are obtained as
wel | . The (iviity e rini SH proitein withqvéatkeshans29% hman aid sequerde idensitit todbeamiiong t o

the invention for_  the preparatjon of rnmaceytj c QIMOS. . LN
particul ar for ta5id SSANESE 8?&'8% rotein %@E’H@é%ﬁe@% ogéogﬁgggﬁﬁ"‘}onnfn%@r he
treatment of respipatory tract illness, especifically when caused by an MPV

i nfection, and provides a pharnmaceuti cal ~ 30 conposition conprising an
antiviral dgent a6 postdinngith greatbrethpm@Fataming acid eequenseridantityiy He@ming agide

et hod. compr i o1 RGBS PERRG B VEgaral Chl BERR E Uk kasRRRar, = ¢
(1: 0 m}g\ (r)]s : tsi)f;‘{’%%g‘ﬁﬁ%‘%éng@?énﬁ@%m“ ({V&f thé: %ﬁ%&ﬁgﬁ?ﬁ thel res;ed!i\i'mote\il\rhovi des:
- gati ve-senSe single strande met apneunovi r us, erein
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;




(i) the am no acid sequence of the N protein of the isol atdudggative-sense
single stranded RNA netapneunovirus is greater than 88%identical to the
am no acid sequence of the N protein of MPV isolate 00-1 or 99-1 as shown
in Figure 20, wherein sequence identiplgy i s 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 over the entire length of the P protein; (iii) the amno acid
sequence of (viihe theSHmrelein I at leesti75% amiad anidgaquenee Kentity t¢thegimino a¢id anded

RNA net apneunovi rus is e r tha %. dentj.cal t he am.ne.acl d..
sequence of the WB?DS?8P ﬁ'egﬁﬁ{'fﬁ&?q&oﬁéﬁe‘s@@@ Obforg%q?ﬁasa Ogvﬁou\}\%lga“%ég?’goﬁre
22,  wher ei @iige e (Csrolediitsial Ieadty SALAAIMGIa0RGeQYeREe idaftigné tHeanigagéid of the
M protein; (iv) the amno acid sequence of the F protein of the isolated
~-negat i-ve:sense -sicaugnse Oﬁﬂlﬁéﬁ‘lﬁ@@mﬁwlé@lﬂﬁﬂ%bpfrf%l psshovaindigswrdd 819%
i dentical t h ' id .seguenc = I i f - e 00-1
or 99~ 1 as. ShGUR sPieBSe Beudty 1P RIRINE Ser et bR P oo RABRE
over the entire length of the F protein; (v) the amno acid sequence of the
M2-1 protein of the isolated negative-sense single s;randc—id RNA
met aprfbunoviheigolpted gegaiivesenss singtessrandrd RINAINCPREURO VIS ?o “a@¥ d? sequence
of the M2-1.protein of MPV isolate 00-1 or 99-1 as shown in Figure 24,
wherei n sequence identity is determ ned over the entire length of the M-1
protein; (ui) t hhe Aiprowindeisthesanjne acid soduenbeth™N groprindEMEP Voilsolatee0(-§ ot at ed
negati ve-sense sjngle str_alq,ded met apneunovirus is greater than 56%
i dentical to thea o¥eiy MEEytence of the M2-2 protein of MPV isolate
00-1 or 99-gnas L0 HEE BidlSqi ; AV j [o=)
identity i sél()jet etﬁ%}?ﬁ@éb%&% ﬂ#@léﬁﬁlégeﬁ%%ﬁ(ﬁqg‘%tp ﬁgarl\l/QW?Z p%&?ﬁ? g@ (vii)
the amino aci d s¥gliesshewnfintifigure 23r ot ei n of the isol ated negative-sense

am no-act d (DeqUbhNEPBIET 8 the pierid Sadkisg of Lo of MEVaieifnopd
Fi gure 28, wher ej;99-1SRAUERAM FAQRI2LY is determi ned over the entire length

of .the L protein; ] )
(iv)  the F protein has the amino acid sequence of the F protein of MPV isolate 00-1 or

I

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;



(viii) the amno acid sequence of the SH protein of the iksblJalgd2005
negative-sense single stranded RNA netapneunovirus is greater than 29%
identical to the anmino acid sequencegaf 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

nmet 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,
wherein sequence, identity is determ ned over, the entire length of the G
protein. 2.WAn ithonugleieiacid gagadgee peaiiB caMpGYRE an FRIRSGIdRIRANGHSE H¥hBunovi r us,
wherein the ne j éle%syg ' r : idik of fipsedes at
| east two prot ei%ﬁésdtégﬁh t he %%W%A\}f%g‘% I %ﬁ%gﬁeyn WIE %drilggt er than
88% am no aci d dexae00d or@d+it astshotva ih [Réguwelbp aci d sequence of the N

protein of NPV Ltgol atle 0Q-1 or, 99-1 3s shown in Fi %re, 20; Igi a P
protein wi t#gr 47 BClPnacd gacadand REISIR FOMBRYDBR AR BT 190965 b 1Sani no
acid sequence Ofetdi8hdn PR iRhficA to MEYrdikPAAd SedPick dPiheIt proRfn SHMPW | N
Figure 21; (iii) an Mprotein wth greater than 87% am no acid sequence
identity to the isolate80doir@9sleassbawe imFigntee22 protein of MPV isolate 00-1 or

99-1 h in Fi e .22. (4 .F tei i th t t h 81% am
aci d soquentd | AuRGE el i pfen plnPadhg ahbitot R e B Y o Vv
i solate 00-1 or oQftek tiah FPWRnMicH] I B ahir3acid Seqdbhcé of @RS prfsin CFMPN M- 1

protein with greater than 84% am no acid sequence identity to the am no
aci d sequence ofisol#ie004l-or 9Brlmasshownfin Kigwre 23] ate 00-1 or 99-1 as shown in

( ; . S ) b P >
cequence | 48t 1 dhonBticeid oRiohed Brollt doufibABhehn MPAR R GARAL B,
i solate 00-1 or pBftel 1am FIPRNtidh] tdhe Whno?fid {eGubnced the FIRQirtein ofINIPV

greater than 90% am no acid sequence identity to the amno acid sequence
of the L prot ei isodate RV or 881t lasshown in Bigueddin i n Fi gure 28;

(vi)  the nucleic acid encodes a protein comprising an amino acid sequence that is
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;
(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) an SH protein with greater than 29% am no acid seduiedoéyi 2@emity to
thetami no acid sequence of the SH protein of MPV isolate 00-1 or 99-1 as
shown in Figure 26; or (ix) a G proféifn with greater than 29% anmi no acid
sequence identity to the amno acid sequence of the G protein of MPV
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 in Fi{gdre tlze)nucl‘txc agideheodes fedt poieimefMRY iselatet0081506 %t Aoshagndn
sequence |dent|t 2ghe am no acid sequence of the P protein of MPV
i solate 00-1 or 5 shown in Figure 21; (iii) the Mprotein has at
| east 97% aw) no tﬂ&h\ﬁblé@ﬁéiﬂ'&ﬁ@)deﬁﬂiéwm mdt&nbhmwrismat@@o d or 924 uesle@vofn t he M
protein of MPV isolate 00-1 or 99-1 as shown in Figure 22; (iv) the F
~protein has at |HE2He247% ani no aci d sequence identity to the amno acid- -
sequence of he o] re
230wy e e BINE uaTnedtey tlepbilishn Sfheby ot ob i SORMI Kk, S8
the am no qeiif shemesieie aciti echbicMheSIDpotdin of MWWisokad - B oH%-1 ap shcﬁ-ﬁnh as
shown in Figure 25 vi) the L protein has at | east 95% am no acid
sequence i dent i tISWS2PHYF anino acid sequence of the L protein of MPV
| sol ate 00~ @ ik Qmﬁ Hildes al%(}ﬁé)ée]ﬂbf'bﬁﬁpﬁola%ﬁﬁb { ¥ 99-18Snowh R ot €i n
has at |east 75% am no actd sequence i dentity to the amno acid sequence
of the SH pr ot eiFiguwé 28PV i sol ate 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
amno acid sequence of the G protein of MPV isolate 00-1 or 99-1 as shown

in Figure 24 isoMR8mBLRISRIY SiteRih ﬁl%’ﬁdlﬁtﬁ eh@cléi@Ta@i'ﬂ'ﬂyﬁﬁﬂliz&vs%éclhbﬁlﬁiﬁd'ef e

Iength "of the respective protein. I sol at ed "negati ve- sense single

stranded Rbighhsstingemeconshitionssvitf the nueleig acidioér 8ion6(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.i solmyegsdiledn@leic 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 .




99-1 as shown in Figure 21; (iii) the Mprotein has the arf Walgck@sequence
of the Mprotein of MPV isolate 00-1 or 99-1 as shown in Figure 22; (iv)
the F protein has the am no acid sequehég 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 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 WPV isswiuense 0Da different 98ust as shown in Figure 27, wherein
sequence identity is determ ned over the entire length of the respective
protein. 5. An isolated nucleic acid, wherein (i) the nucleic acid encodes

a protein copifédiongclimevites, dieftis ARWANRAGID ViR coMpriSsqRd notreait 125 %
identical to the am no acid sequence of the N protern of V 1solate 00-1

‘or -99- 1 as WWSWA ln2.B3: dur é2.20heraig ope by nRE0St the aeen(reading fremasii thec acid -~ -

a5% | dont | Se iavt RETRGHRCABY P EMOuECh SERIFRERe SO ol ApVIBEE Lol ot
00-1 or 99-1 as shown in Figure 21; (iii) the nucleic acid encodes a

pr ot eilg cor}g“rj ing an am no acid sequence that is greater than 97%

i dent ilPal t tigHs FimgHs Yirgs ylhersibtherchimeriquipes speprsesithegspomebag ¢ 00- 1
or 99-1 as w,%ér&n%hggf fofedof the Xj%%ltIQQdiﬂgﬁaﬂeghﬂﬁé gﬁrﬂ?ﬁ:o%ﬁe %PWI%V@' n
conprising an am no acl d sequence that 1s” greater an 97/% i1 dentical to

t he am no &eemrepbgedhy theahalbpansfopen adading fodmd/Rdm manialis MPVL or 99-1 as
shown in Figure 23; (v) the nucleic acid encodes a protein conprising an
am no acid sequence that is greater than 90%identical to the amno acid

Sequenge OfThERGulBE PSR dF . 012, DX or it 3 0WREEIn Mk vindis 8 PechnibtaniW 10 Figure

attenuated virus.

17.  The virus of any 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;




(vi) the nucleic acid encodes a protein conprising an amlio Jatiyd2EEquence
that is greater than 95%identical to the am no acid sequence of the L
protein of MPV isolate 00-1 as shown_in Figure 28; (vii) the nucleic acid
encodes a protein conprising an ami no288i 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 ¢ aciGif) ena®Neprotdiewith @reates itand7 AvRinoswidsequedde identitydo the aBM8hown i n

Figure 20; (1i) the nucleic acjd enco t.he P protejn of .VPV.] e 00-1
or 99-1 as showacif ﬁequmlwféhfzﬁ prpfery of MY inglate O oriogt %%%‘88&‘5%
protein of MPV hsolate 00-1 or 99-1 as shown in Figure 22; 13 July 2005

26f (iv) the nucleic acid encodes the F protein of MPV isolate 00-1 or 99-1

~-as shown iiv)i ki §preteid3yit grpatehtham 8t%eininaedid semenceddentify tovie graReacd of

MPV isol ate 00-1 or 99- shaown | Fi gur 4. [ I.graci d
encodes the L pfoluenss %"{qut%r’sbfﬁ’%?%yea@fﬁ%%ﬁi‘%S‘?ﬂmgnuﬂ'éﬁ g@{e 23(vi i) the
nucl ei ¢ _acig en&?ﬂ?ﬁl?ﬁﬁe@'ﬁ/i@n@éfﬁéﬁhﬁf 4B WndifPdoM Seq@bnek idontidPtolthaamifoown i n
Figure 26; or (viii) the nucleic acid encodes the protein of MPV isolate
00-1 or 99-1 asacifloequence offthgl2el proteiry of WPV iselate Wyl ALY-iag S wher ei n

t he isol ated nu%l eic {;-‘Ci d hybridi zes specifically under high stringent
conditions withFE #t&f eic acid of 5 or 6. 8 The isolated nucleic acid of

7, wherei ngihe pyneD prodéih VilhSgrédter tRaS56% Amintcactdidqderce iddntity eebe adio
nucl eotides, “at atl:ig 2esciue§c?e gfutﬁcle ﬁ&ozt-i gr%%éin (1)f8 Mq;{fcilsgl(z)l},é 0%?1S or &99-1 rzlig gllloev(v)& indes 20
Figure 25,
(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;




nucl eoti des, 21 nucl eotides, 22 nucl eotides, 24 nucl eoti des,Juay 2605

nucl eotides long. 9. An isolated nucleic acid, wherein the nucleic acid
conpri ses the nucleic acid of 5, 6, (?7 and a second nucl eic acid, wherein
t he second nucleic acid encodes a prot?e h of a paramyxovirus other than
mammal i an nmet apneunovi rus. 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 eoti de sequence of 5 6, 7, 8, or 9. 13. An infectious
chimeric viwus, thdhkRqrotcinieas aticmt 0% ammmsad@mnen@ﬁaldel(t&y topithe pEERG acidho

conti guous kil obasepair t he vir f. 41y 2005
269 (b) a sequerfE¥© ?G%E%thel?r@‘ﬁlnmg 15%@1»‘6%9&11 ?rr?é é%w%ﬂﬁ%n}l% virus,
wherein thgyghi 'IE‘éLgrd{élh‘his &Q@Rw%%nﬁﬁtﬁacﬂ&men&fzdédmyto\/thé agimefackd 2, 3, 4

or 12, whereln one nore of the open readin -ﬁ frames 1n the virus have
--been repl-aced byequeacaotthe fqusteinmsMVP¥ awilaig 081 asshewnin Baugdd; or Rsv. - 15.

Anlnfectl C Vinus n_t.he_chi M g he
genome of ﬁ“) A&F%é?tgﬁnr*laﬁhteleﬁfr’ﬁ%ra?%? a(flﬂée%plé(?\e 1?%1%5? Er arresascl n the
genone of the ARM d@:ﬁ&@of the SH lfr@@irﬁﬁfe}dpwsdmeoanadr@gom shpwn im Erpivan2p; for ame
from mamal i an (%/ The virus of any one of 1,

the virus i(giii m@m@mﬂsaﬂéaﬂaﬁ%@m% aeid gequsace lﬂ?mltﬁ‘l%%laflﬂ%o ngﬁ;eloge
f 1, 2, 3, 4 b t
cel 18, “The wirrQlengd OERE Cpbiify o PG hJaé YAVDI of doffih Riude 2 R1

capabl e of vitastéqugnce 1d6ﬁtit3m| detefmérteldloverltBie eﬁuirellmgﬂnabhnrespwwp@sotcmon
wherei n the i nmunogeni ¢ conposition conprises the virus of any one of 1,
2, 3, 4 or 12. 20. An isolated protein, wherein the protein conprises: (|)

2 no Zac e St e dhRRuAbr JRIREHLIR O Vv olate 00-1 or 99-1 as Shown
in Figure (0; (héN paotEinm‘asﬂm amind heid geprner ofttha N 86%4eefi MBVasdlate §8duence
'dentity to the 0?@9-nloasasﬁown in F1gure 20;
(i)  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 MPYV 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:




sequence of the P protein of MPV isolate 00-1 or 99-1 as Ishowhyi 200 gure
21;:13 July 2005 26h L (iii) an Mprotein with greater than 87% am no

aci d sequence identity to the am no azéil sequence of the M protein of MV
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% am no aci d 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
sequence i d@nti tan N prdtéie tearhasoat least 959% eqireraoid skutnce ideBti®y torthe aninogcidvPy

i sol ate 00-1 99- 1 h ' i qure 25, (vii tein with
or oater than 90vPaTE o5 N etster Py dsarreiag o 99 b diefch B2 quence
of the L pr(;ipei My PErdWaRY itaf Rsak Rall®sts it R seyllerich €iéhBty48 the drinoiakidan SH

protein with greater than 29% am no acid sequence identity to the am no
—aci-d-sequence ofseqimncShf e Frpeotaingf MPV isdae 80d @941 asshoen in d8gwRdhh in

Figure 26;_.qar (i a G protein,w reater .than 29% am n i.d.se nce
dent ity tdibhe Ao 8y gt & HarithS e e O GRR AR aBp TR

or 99-1 as shownekientk BE#he M proteiNDEMPVisSREMTNNE 6r 9FIE RS tHowrl B Klgher22t ned
over the entire length of the respective protein. 21. The isolated protein

of 20, wher(®)n (@n)F pietcimthet lss ot leati 89 aminosid Bauensdidestityde dhesupiesed
dentity 1o the Qg gﬁ:;hgng&%ﬂf’q@ii\?pffiseoﬁagg85‘-1%%?1'e[é sRowl i/ Figapd ghe 00-1

or 99-1 as shown h rotéi'n has at | ea Yo am no

aci d sequenep i darNiD byotif tHah Basaulldast 0% dnsmaated seguaice idwatily wrthe eminoof MPV
isolate 00-1 or 99-1 as shown in Figure 21: (iii) the Mprotein has at

| east 97% ani no i sgquenge ahibe Mmietan of MPY iselagithbord-4 a5 shoymdagwe t he M
protein of MPV inz0late 00-1 or 99-1 as shown in Figure 22; (iv) the F
protein has at |I'€ast 97% ami no aci d sequence identity to the amno acid
sequence of(vi)he ah Ippotehi thanhas MPMait S6Pasmimdtcld equde deastysh dhmamimoRicgur e

’ 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.




13 July 2005 26i (v) the M2 protein has at |east 90% amI® Jatyd2&Eguence
identity to the amno acid sequence o he 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 acid 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
sequengs i danhéthyd bisdefiRiifg Ainesnditamdtimetmbiing iharnsgiplepivheleim the sethuidi ve
protein. 22. The isolated protein_of 20, wherejn (i%3 t he NIPr tein has the
anmi no aci d eUeRssE eonsictins shansampla with therankibedy; of o hpe2H 0T YIIWGIUEEIY a5 shown

in Figure 20Q;. (i) -t protein has the am no acid sequence of the P
protein of %)B@Q)fgb?’a—}t'j§rgo'-l or 99-1 as shown in Figure 21; (iii) the M
~-protei-n has the am no acid sequence of the Mprotein of MPV isolate 00-1 -
or 99-1 as shown _in Figure 22; (iv) the F protein_has the am no, acid
sequend® of Theymethod ppt &y, rvhsreihy method cemprgses agiplifieagion of §uRGATISn Fi gure
23; (v) the M2 protein has the am no acid sequence of the M2 protein of MPV
isolate 00- I or 99-1 as shown in Figure 25; (vi) the L protein has the

am no 2%i d Thamethod obf 23, wdeteip fistmadthodfonfrises BERat e 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
pr ot ei fig hasThgeABl B 25) WhGEAURREmATalibh IS By Olihdh PPWPV i sol ate 00-1

or 99-1 as shown 1 n Figure 27, wherein sequence identity is determ ned over
the entire length of the respective protein. 23. An antibody, wherein the

anti bogg' bi Rdv?raf i%gﬁ{et {N?lg‘l!eli th%c\)r:lra 1§ol‘a]1tléli¥ id%rqgt“i_.’ablezgith a method according to
25 as a mammalian negative-sense single stranded RNA virus within the sub-family

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

1,2,3,4,12,0or 16 ora

the protein of any one of - 20, 21, or 22 or a virus of

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:




(i) an N protein that has at |east 95% am no acid sequence’ iJdémt 2885t o t he
amno acid sequence of the N protein of MPV isolate 00-1 or 99-1 as shown
in Figure 20; (ii) a P protein that has at |east 85% am no aci d sequence
identity to the am no acid sequence ofgthe 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 hati) thassobted reammatitdmeguiing sausé singlegtramisd RN s of 1 02,t3hd, anmi no

aci d sequence of_.the é\/IZ rotein of MPV isolate 00-1 or 99-1 as shown in
Figure 25; (vi)lZafrl B‘EgP‘éﬁnﬂnE}Wé‘?thas at | east 95% anino aci d sequence

i denti ty,tO(i%nﬁeaﬁmeaeiaio@.s,geﬂt&%?a%a ﬁtﬁe pptein of MV isolate 00-1
as shown in Figu i) t Has at |east 75% anino acid

ﬂlere 28; (vii) an SH protein tha
—gegquence -i-d@ix theyrateintdfe2t 2il ner 22awiadrapegnetherzofifort he SH protein of MPV

isolate 00-1 .05 99-.1 Aas wn,jn FiLgure. 26; or (viii) a G protein that has

at | east 75@6’%&?1%8‘51%0@00@2%%%{?? &W‘?‘?%ef‘i?fthe amino acid sequence of

the G protein of MPV isolate 00-1 or 99-1 as shown in Figure 27, wherein
sequence identity is determned over the entire | ength of the respective

proteidd. 24nisplgtedrinppalian peastive-penseeinglasirpeded RINAgdus gbdi 2% 41 135 'to: (i)

t he N protej f -1 .50l -4. Or. shown_ik.n Fi e 20; ¢« (ii) the
P protein O(#rq'@%{/a:};g%{fdgftgle%éﬁ f%glfﬂ%t?@cﬁog—s%’s%?v\ﬂr ?ﬂr %FISW%&%?RO%I()% i) the M
protein of pPvBin FORAIH, 0923 04 {8 ém%r@dfpwaﬂtmog}epw#ﬂméi v) the F
protein of MPV isglate 00-1 or 99-1 as shown in Figure 23; (v) M protein

of MPV i solfzaemepbtheregf; ayg.phagmacenticah compasitingyof lsfor upe/asa MBACAMEHot ej n 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 Gprotein of MPV isolate
00- 1 d4.99-Usead as xawbaied mafingilian n2gativé-3enbu lsing BOGRnd&BERNAGviruk ofelt, B0l of

detecting a | i an nmetapneunpvirus.in, | g, erein the nethod

conpri ses C‘bﬂ?’&‘gtiﬁﬁﬁ aRpEt %Tegg\féi”(“ﬁl%fcl‘f’élﬁ?ﬁs ?ggﬂg’ 05\16?0@‘%%3&‘“‘3?&116%023& th a

nucl ei c a protein of 20, 21, or 22 or a fragment thereof; an antibody of 23 or 24 or a S
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,




acid of 5, 6, 7, or 8. 26. The nmethod of 25, wherein the Ifetvhdd 2@iri ses
anplification of nucleic acids. 27. The net hod of 25, wherein the nethod
conprises PCR 28. The nethod of 25, w2émein the nmanmmalian 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 Paranyxoviridae
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
manmal  t he yli@&a/e Profinfienan virhgdyd RSVeat hotoabient ol thestngde, dwmithet an MPV or
conponent thereof by reacting said sanple vvltr the protein of any one of
20, 21, or 22 ormamipalignsmeppneumpvirs isAn thesample. 16 o a portion thereof. 31.
A phar maceut i cal conposi ti on wherei n the pharmaceutical conposition
conpriges a n%lﬂﬁ lsafipft SHRGnéd fréf adaian] he
~—fol | ovﬁg % de%?géé ét q@ﬁ%@ggﬁ{g@ssense single st randedI RNA
virus of 1 wlﬂ:rexﬁtheﬂmethﬂ:apompnéb@ or a port| on thereof; (ii) the nucleic acid
of 5, 6, 7, o0r or afra therepf; (iii) the protein of 20, 21, or 22
or a fragmedX tt@P@S*mg%FQPE% etsﬁ@P%ntl body of 23 or 24 of a fragnent

t her eof . 2(5)A dhegpeskite @t&paﬁﬁé effiiR0A a8 dtll, EhdB)opattiie effecis simiipr fosi ng:

13 July 200 261 (1) the i'sol ated mamal i an negative-sense single stranded
RNA virus of ;1 thecytepathipefficzobeSY@rleTﬁ ention thereof; (ii) the nucl ei ¢

acid of ~ 5, 6 9.or a fra t her 't 20,
21, or 22 diidy ft?%'é‘ﬁé?&thfﬁléeis@ﬁe ggfﬂ}t o ﬁﬁfvgﬁgl bodwt[gﬁ g‘ W 4 or a
fragnent ther eofhRBB. mfﬁﬁbn!z§9§r@stq wiﬁﬁxhﬂl@anzmgaduypeBsense Si ngl e stranded
RNA virus of . 1, 2, , 4, 12 or 16 or aportlonth%‘?%la nucl ei ¢

acid of 5, wherein, EhPIV eyped. APEGen2. REIY @Be 3. WPTVyBe iR engq Vit 22 or
S CRIEE R A

phar maceut i cal use a
metapneumovirus is in the sample.

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




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

t hereof; an antibody of 23 or 24 or a fragnent thereof; or a
pharmaceutical conposition of 31 for the manufacture of a nedicanent for
treatnent or.prevention of a respiratory illness. 35. Use of an isolated
manmal i an negati ve-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 fragnent
thereof; a protein of 20, 21, or 22 or a fragnent thereof; an antibody of
23 or 24 or the céli Aignehé nichelagaf ; 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 manmal i an netapneunovirus in a

sanpl e, g4grhergid f ' I w1 ontacting a cell wth the
sanpi o, "+ Bleintulied G580, of SERMGPAR the el PR Bhe Sbsmitic efteciasee

-cyt opat hi c- dfafsages after somtndting thocell %ith thetsapptdyi ¢ ef fect of hRS 'V or hPIV; -

then (ij,i) tgsti 0 he, presence of PIV, influenza virus, and RSV, 13
July 2005 5&%’&%@?‘&?@,3%i?7=ﬁr\§/§ﬂi" reidhe eellis p (MK ephlga RERQieell oot Af4®sent i n
the sanpl e, &phen the nmammlian 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

sanmpl e;5(i i ni.¢ of I e cyfopathic.effect on the cell, if the
cyt opat4 ic Zarfh F ﬂg(fc{s()fls??qﬁtz’lt}a‘?r 8o WHERRID $3)4 InsHRGTieD ecprrises détedtiv@\a or hP| V,

then (iii) wbeskicngidFPIVIRSHTRIRR GNRhz bt YPe 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,

i nfluepga vi pg A and infl.yenza virus type B are not present in the
sanpl e, thegﬁgalgﬁwén(gn&’r%eﬁ%lﬁ%#ﬁvﬁp%gep§°mﬂnﬁeﬁén§érn%¢3.as%’.at)&)%t hod for
det ecti ng astinpemdyl an met apneunovirus in a sanple, wherein the nethod
conpri ses:

44.  The method of 3_3 6,37, or 38, wherein said testing step comprises defecting 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




(i) contacting a cell with the sanple; (ii) nonitoring the cplgpatds c
effect on the cell, if the cytopathic effect is simlar to the cytopathic
ef fect of hPI'V, then (iii) testing for the presence of
Pararryxovi‘?&ﬁggs?lg%IVtype 1, hPIV type 2, hPIV type 3, r’f’ﬁﬁ?‘%"&’ﬁ‘é‘”ﬁ,
sendai virus, siman virus type 5, New Castle disease virus, hRSY,

morbil i virus, Mhapsventionds fisitiatexplaines] intbhe deiiled descriptiomosidhoritrlingitiaorgd
Mapuera virus Wgereih, i f Paranyxovirinae, hPIV type 1, hPIV type 2, hPIV
type 3, hPl V¥4 sendai  virus, siman virus type 5. New Castle di sease
virus, hRSV, nmorbilli virus, nunps virus, Nipah virus, Hendra virus,
Tupai a virus and Mapuera virus are not present in the sanple, then the
manmal i an met apneunovirus is in the sanple. 39. The nmethod of 36, 37, or

38, wherein the cytopathic effect is characterized by i syncytium
formati on and subsequent rapid internal disruption, followed by detachnent
of 13 July 2005 26n the cell fromthe nonol ayer. 40. The method of: 36,
-37,0or 38, wherein the cell -di-spl-ays-the-ecytopat hi-¢c-effect-three - passages
after contacting the cell with the sanple. 41. The nethod of 36, 37, or 38,
wherein the cell is a tM cell, a VERO cell or a A549 cell. 42. The nethod
of 36, 37, or 38, wherein said testing step conprises detecting a nucleic
acid of PIV, RSV and/or influenza virus. 43. The method of 42, wherein said
testing step conprises an RT-PCR assay at |low stringency. 44. The net hod
of 36, 37, or 38, wherein said testing step conprises detecting a protein
of PIV, RSV and/or influenza virus. 45. The nethod of 44, wherein said
testing step conprises an i Mmune fluorescence : assay. 46. The nethod of
36, 37, or 38, wherein the cytopathic effect is identical to the

cytopathic effect of hRSV or hPI'V. 47. The nethod of any one of X36 to 46,
wherein the nethod further conprises the nethod of, 25, 26, 28, or 30




13 July 2005 WO 02/057302 PCT/ NLO2/ 00040 27 The inventibh dudyf apoher
explained in the detailed description without limting it thereto. 13 July
2005 WO 925(7539& PCT/ NLO2/ 00040 28 Figure | egends Figure | A conprises
table 1: Percentade honol ogy found betyeen the amino aci d PCSEYAFAYE of

I solate 00-1 and ot her nenbers of the“Pneunovirinae. Percentages (x100) 5
are given f Bigurbégamilno aci d sequences of N, P, M F and two RAP- PCR
fragnents in L (8 and 9/10). Accession nunbers used for the anal yses are
described in the materials and nethods section. Fig 1B conprises table 2:

Ser opr eval erg@r@ﬁAMB’Mgmg@tm@ﬁ PARL&EA%5d BEH1BYy AIEdPelitin thE aUSihHdeid,
i munof | uorescence and virus neutralisation assays.. Fig. 2. Schematic

repr esent at pesivense efjsolaterihd and ofkpy mgmbers obtheddruineyivmap. Hepaentrges (HH0)

fragnents Oﬁea%gﬁgfowgﬁg aﬁlo_‘gd %XE_S%ULE%; IR P 'M,ZF LHY Hv% %ggﬁ%i%%m&{tgﬂ{m nts

1 to 10 were obtalned usin agrent was o a primer

in 15 RAP- PGRB find @Ot Accesaich Bumhersanspd ifovethe daslygaeareliRsadbaininahe gnment  of

~}-eader -and 'tE_ai.I er éec&ﬁn es of APV and RSV6. Fragnent B was obtained -
usi ng prinefg etféasl?@ﬂ FPEPIFERBIPBER fragnent 1 and 2 and RAP- PCR fragnent 3.
Fragnment C was obtained wth priners designed in RAP -PCR fragnent 3 and

RAP- PCR fragnent 4,5,6 and 7. 20 For _all p% ogenetic trees, éfigures 3-5)

DNA sequencE® Wbsanpaisesriable 2 Serprrevalence of MW sbrmpas eatperricad &y 286 SEoBE num

| i kel i heod ﬁgiﬁgﬁnmasﬂa&%sg%fcggnwrﬁgnu}ﬁﬁjégy{é%sﬁg tware package of the

Phylip 3.5 programusing 1 ootstraps a €s". Previously
publ i shed sequences that were used for the generation of phylogenetic

trees are i) f rom Genbank ungdgr accessi n rs :..For all 2
Rrey oy MR AR Bl eI AR o BEBla SRSRR B AM MIREE Tockitd 3ad s o
DO0850; APWhB,frattdsif2 ohidRMedGrit ARISY PBR afkDRTIHTR bh GRhs 814k 0040 F3dgmARY- A,
U39295; APV-B, U39!2§§§); APV-C, AF176590; For the M ORF: PMW, U66893; APV-A,
X58639; APV B 1qmornptamed using AR IOR. Fregmenhd wasohtaingd/mithgoriger py- A

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 I 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



U22110, APV-C, AF176591. Phyl ogenetic anal yses for the niyse Jsiff2sEnt virus
i solates 30 of MPV were performed with APV strain C as outgroup.

Abbrevi ations used in figures: hRSV: human RSV; bRSV: bovine RSV, PVM
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representi ngst 4 hﬁ’éﬁﬂﬁé@h@)ﬁnmwsélftth@N PeNangdd O8Fsinfuperhbers o the ganve. Fi g.
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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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acid sequence information fromthe 3'end of the genome of MPV i soI ate

00 1. ORF yen. N. ORF for nucleoprotein; P:. ORF for rot e| n;
O?Ffo?w‘ﬁ@?qs protein; F: ORF for fusion protein; Jﬁﬂ“ E

gene start. 5 Fig. 6B and C. Nucl eoti d® and ani no aci d sequence |nf or ITB.tI on

from obt ai rigg. GArI&Gﬂediﬁ&e and aﬁmmﬁw&{)aﬁ@ B8 altloh fodm YRY 3len@l afids 00- 1.
Positioning of th fragnents in ased on_protein honol ogies with

APV- C ( acc o8BS Bﬁ%‘éﬂsolﬁeﬁﬂz@w‘ﬁ?ee eivanRsNaPBd for agpieaprogeip =90RE B s

| ocat ed at n .0 B S 9
and 10 (Fi gﬁmggpolﬁ%ﬂ%g‘a{?gg@‘aftgr %%tér%pgoélélg ¥ g:r[}?q@ %%F?%%EBQ of "the APV-C
L ORF. Fi gus: geneshnki c map of MPV isolate 00-1. The nucl eotide positions
of the gtart and stop codons 15 are indicated under each ORF.. The double
| ines which cross the L ORF indicate the shortened representation of the L
gene. The tHigeéB nadd: Nudeotidesinteintine bbid sﬁ@lﬁbﬂc@(ihﬁ)ﬁﬁl@tmﬁ Eenpobiagiey G ORF

“(nt-6262-6972 and.over | appi ng potent: dar Figure 8: 20 :
Ali gnnent of® rﬁ%“ iR P ﬁ?ﬁ?@eﬁﬁﬂé ‘gé@i@ %P‘r’le H%}@Pemg@é%q n of MPV
w th those gm&tiBeh 15 ﬂﬁ,@ﬁ ed by
Barr (1991) ﬁérné rteﬁresg%}tdgg%ﬂ bo?eh-sgﬁg% abel ?g)dvgma%&gsalhgﬁmﬂb%

conserved reepR apﬁétﬂd&ﬁ%@ﬁ;és? (@iig. 6Bj)gg@cate¢?gaig¢mm apiyushe®th  Gaps
are repmpes i-tion i dent i cal

am no 28 [ d%ﬁ?ﬁ%&gﬁgggﬁu&& féa%%%{}wggﬁ@tﬁ&ﬁ 889 n}io %agegg | amé%"q%%&nce
conpari son mimbdrelaﬁﬁcte{lltlﬁpnf)ﬂmﬁ?‘bﬂ IVPREM t h those of other pneunoviruses.
The region of high simlarity (Ling, 1995) is boxed, and the glutamate
rich region is grey shaded. Gaps are represented by dashes and peri ods

i ndi cate tI®guwd07 position of identical am no acid residues conpared to MPV.

13 July 2005
Genomic map of MPV isolate 00-1. The nucleotide positions of the start and stop codons

15 are indicated under each ORF.. The double lines which cross the L ORF indicate the
shortened representation of the L gene. The three reading frames below the map indicate
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.



WO 021057302 PCT/ NLO2/ 00040 31 Figure 10: Conparison of itheudgdaces am no
aci d sequence of the matrix protein of MPV with those of other

pneunovi r conserved hexapepti desequence (Easton, 1997) is grey
shaded. G&E‘Zﬁzo{?%gﬁepr esented by dashes and periods indi catP§T(W}é'2f98‘§‘8ti on of
identical 5 am no acid residues relati Ve to MPV. Fi gure 11: Al lignnent of
t he predi ct Etgwnilfio aci d sequence of the fusion protein of MPV with those

20 ol yoosy COMBAGHE BPme ity ial Bt i R Eh ot BE piadhR o Respr LV i osE”
under | i ned, of éthef phéranovipRRb) Te: cosbanad HeppéRleasghoiBa a0, A99MNaE g?egffﬁi n

are shown grey shaded. Gaps are _represented hy. dashes and periods_indicate
the positi ofRdsted; fans prererspscntrdy; drshiespad pomods indimi thegpopitionof ideptical

Conpari son gfiRdhAHe raSichSRUHRRAGE Myt he M ORFs of MPV with those of other
pneunovi ruses. The alignment of M2-1 ORFs is shown in panel A wth the

conserved amno termnus (Collins, 1990; Zanora, 1999) shown grey shaded.

~The three ¢ E\i‘f-d cysteine residues are printed bold face and indicated -

by #. The alirynment of M2-2 ORFs 20 is shown in panel B. Gaps are

r epr esent ed Abjsriasttes thagradévtedaainondid sdehbeofihs ifhdion paftein FIPV aLh HHsA0
acids relati to MPV. Figure 13 Ami no, acid sequence anal yses. of the SH ORF
of MPV. (A)° 'ﬁBP%‘%}PﬂO‘@‘é‘Ei‘?& gpsqrRed grsteing respggs aewoxed. Yilipked seri ne

and threpni glgcsSsifhiestar0¥ ushadiadd, M%Ie%ivﬂ?e HESHURPR dolbleNR]d i REE tROFhsidRe
hydr ophobi ¢ regi on double underlined. Potential N linked glycosylation
sites are sPe¢rjide gigaal pemtide andumersbeanieratichert domaia gre shown geeyothadhe. Gapss are

' id [ i C: ' A t of the . .
Py ophobi oyt re? BFeHi SRR idRRR, M bidin B a® e ppids pative
procedure ofoMytVe and Doolittle 30 (1982) was used with a wi ndow of 17

am no acids. Arrows indicate a strong hydrophobic domain. Positions within
the ORF are given on the X-axis. 13 July 2005 WO 02/057302 PCT/ NLO2/ 00040

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.



32 Figure 14 Amino acid sequence anal yses of the G ORF of 1VRM1y( APOAM no
acid sequence of the G ORF of MPV, with serine, threonine and proline
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hydr ophobi cfigyre bt ot s of the G proteins of MPV, APV-A and hRSV-B. The
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ORFs rr@gbe@g&fe ighe genus pneunovirinae and sel ected ot her paranyxoviruses
as described’in the | egends of figure 15 (B). Phylogenetic trees were
gener at ed yormparisenof Ehkahideoritl sewmkysssf asongpri@bdabaimodttbe polymesand g8@ne of

junbles. T cal,e yepresenting the.nunmbet, of ,nucl eot ide.changes i,s shown
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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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publ i shed gene end signals are underlined and sequences that display
simlaritywheybBsAAU A/ C are represented with a line abo;@%ﬁ »RGyence.
(B) Nucl eotide sequences of the genomsg termni of hMPV. The genomc
termni of hMPV are aligned with each other and with those of APV.
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18: Conpari pr,ot, MPV | sol ates wi th APV-A and APV-C, DNA
simlarity ﬁﬁ@‘??’@e&“ﬁ Ihé’ o5 and Wb GhesspLARY - Hndesliged sagianspr ot ei ns.
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APV- C, proteln sim | arltngatrlces or the various vira roteins. Figure
20: Anino a8)endagenyeneenpl
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two prototypmilaPV 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 gnmerg  ofige 182-2 protein of two prototype hMPV isolates 13 July 2005

WD 02/ 057302 PCT/ NL0O2/ 00040
Comparison of two prototypic hMPV isolates with APV-A and APV-C; DNA similarity

matrices for nucleic acids encoding the various viral proteins.

Figure 19:
15 Comparison of two prototypic hMPV isolates with APV-A and APV-C; protein

similarity matrices for the various viral proteins.

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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34 Figure 26: Amino acid alignnent of the short hydr ophobtZ Jwigt 8P%5 of two -
prototype hMPV isolates 5 Figure 27 Amno acid alignnment of the

att achene rotein of two prototype hMPV isolates 10 Figure 28:
Am no aciS&%ﬁ#%ﬁ%@nt of the N-term nus,of the polynerase é?%phgﬁ&%¥0tmo

prototype hMV isolates Figure 29: R&ul ts of RT-PCR assays on throat and
nose swabs of 12 guinea pigs 15 inoculated with ned/00/01 and/or

ned/ 99/ 01. Eﬁﬁyég_SOA: | gG response agai nst ned/ 00/ 01 and ned/ 99/01 for

gui nea pi gs EOR ?ed wi th ned/00/01 and re-infected with ned/00/01 (GP 4,

5 and 6) orAndfd 884 QlichkBnl o Bk shdkt hdrofhdbid SroB8B of kE&SpFASRPE BBIAYAI NSt
ned/ 00/ 01 and, ned/ 99/ 01 for guinea pigs Infected wth ned/ 99/ 01 and
re-infect ed™ 4% ei t her ned/ 00/01 (GP's 8 and 9) or with ned/99/01 (GP's
10, 11, g2). 25 Figure 31: Specificity of the ned/00/01 and ned/99/01 ELI SA
on sera taken from guinea pigs infected with either ned/00/01 or

ned/ 99/ 01. Figywe 87:32: Mean | gG response agai nst ned/ 00/ 01 and ned/ 99/ 01

het er ol ogous ?@8§§?8§§E§thafggaé%‘W@ngggﬁgﬁﬂgﬁ?%e-ﬁwb@@ﬁ%%?$ﬁ¥%?@d gui nea
pi gs. Fi gurmoldBes Mean percentage of APV inhibition of hMPV infected guinea
pigs. 13 July 2005 WO 02/057302 PCT/ NLO2/ 00040 35 Figure 34: Virus
neutralisation titers of fled/00/01 and ned/ 99/01 i nfected gui nea pigs
agai nstinedr{g@rdig; ned/ 99/01 and APV-C. Figure 35: Results of RT-PCR assays

on throat swabs of cynonol gous macaques
Amino 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.




5 inoculated (twice) with ned/00/01. Figure 36 A (top twolpahglyspP00bgA, |gM
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PCT/ NLO2/ 0004Q tail eg{sﬁ SCri ptr Virus isolation and

characteri s%@%‘ﬂ’%@%@@@ found 28 unidentified virus
isolates frompatients with 5 severe respiratory disease. These 28
unidentified virus isol ates ewslowy in tMK cells, poorly in VERO cells
and A549 ceFlgerea@ lieeultg OﬁBfl‘ng @aaraws |or1rthr®ttwaprs oﬁagmm&gqun maAvBEesor

chi cken £ ots Most of these virus isolates induced
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super nat antligure 37: Comparison of the use of the hMPV ELISA and the APV 1nh1b1t10n ELISA

15  for the detection of Ig( antibodies in human sera.
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Consistent with the blochemical 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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am no aci d isolated from the fraction containing approximately 50% 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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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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by indirect IFA were tested by VN assay. For 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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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 aetlologmal 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.



WO 02/ 057302 PCT/ NLO2/ 00040 42 Virus isolation For virusl3 soilat 2685t MK
cells (RRVM Bilthoven, The Netherlands) were cultured in 24 well plates

cont ai ni n A5 | i des (Costar, Canbridge, UK), with the ' :
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virus by i ngisre@gin 1hEATRI SR ISH r e@ﬁbﬁh%ijﬁﬁeem, e NATHBHIALSERY | 06 FEh TRt and

guinea pig specific antisera fo e newy discovered virus were generated
by exper i neglugpse(Mereln dynsterdng hedNetberlands)sp8arainpeptarted§snidi Haerlear r et s

dt ; ' ' ' Two t
Chree veeks o ReRdimadphinge oofh RERHET I FRRMELRE DheNts DA The e, ”
thei r sera wereinuaddtedsvitkbapans@ant £l nabbphaghacaleipirhsdaachlés) 10, Binl per

previ ous descyi.bed viru with indifect | FA as _described bel ow _Antigen
detection byelAyFripgate galloypd by ﬁS’BPF%‘ﬁHﬁF‘i Sisfor opghown Adter draculabionai ni ng

30 minutes T et b pag de g g dpanauREaELd 55 HEA R Mt RERER O
ant i bodi es 9meep| weekpndatltyms weenehecked @ibnir CPH Biftertptays cells were
scraped from the second passage and incubated 14 days. This step was repeated for
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



1 to 3 and hRSV as descri bed above. For hPIV type 4, munps3 \dulys20beasl es
virus, Sendai virus, siman virus type 5 New Castle D sease virus

pol ycl ona ' ies 13 July 2005 WD 02/057302 PCT/ NLO2/ 00040 43 (R VM
and ferre{w‘gﬁ#éggﬂgnea pig reference se;‘?a vere used. After HGIFEO2RAYA; ngs
with PBS and one wash with tap water, The slides were stained with a
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fold dilution) and rmuse-antlj;ﬁﬂw nea pig (Dako, 20 fold diluted). Slides
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st ai ned wi t hnSehickes §FPLe20 fld dildtié) a16 mdudetnts puinSa lpse (ediat R foldanpl es

diluted in g‘é‘\ge@ S WeFe BROCeRRe @S%w@ééﬁrﬂﬂ?descri bed above. 15 Virus
culture of MPV Sub-confluent nono-layers of tMK cells in nmedia as descri bed

above were inoculated wth supernatants of sanples that displayed OPE
after two oPelesiteroiadthegies in humess bysndisedt Ifdat es. Cul tures were checked

for CPg glai . ' 0 g@gﬂ c El"?%{ i I f.f d
for ea?h isg‘?{%f}%?deg%lﬁmcu?kﬁpggﬁ%re estdg%’ gffe%gy ?egsﬁﬁggﬁﬁ%%{}ﬁ%grect
| FA usi ng f atatete antavbodipesvagediveth PBS areletained svitls sdratresarRoles bit wd to 16
cultures were fre -thawed three tines,.after | t supernaj.ants were
Claritod Wit b TataReER, sthdgaret S roe S Cebdbasahbt Aab dta 7
C. The 50% &htslsddees S0itnds @iliitidaa BRI 0365 ided b Qroctbsedi dsUlséribddnhove.
culture supernatants were determ ned as describedis. 25 Virus

neutralisation assay VN assays were perforned with serial two-fold
dilutians ofphuepa, AN apmal sera starting at an eight-fold dilution.

D luted sera were 1 ncubated for one hour wwth 100 TCI D50 of virus before
i nocul at i onSuf-confliens imamodayean of MBGeelle ik melis asdesafibed abdvieorere 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.



30 the plates were centrifuged at 840 x g. The nedi a was thahged289%er
three and six days and | FA was conducted with ferret antibodi es agai nst
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i nst r utti ofRcFPBHIVErIShetted e ihe preseres i dimpdtkiecartiles bF pad prive
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RT- PCR was speosoiraeidonsithat oppearehist jontsn oonlkeacayisitty werenived forsR NE Isobatich 5,

50 mM Nad ., Mg 2 2 M dithiotreitol, 200 Meach dNTP, 10 units

r econbi nant In ronega, Leiden, 25 the Netherlands), 10 units AW RT
(Promega, Leiden, The Netherlands), 5 units Anplitag Gold DNA pol ynerase
(PE Bi SYS . ?},Iiéeuwer kerk aan de |jssel, The Netherlands) and 5 | RNA
Cycl i ng co (91" Mere 45 min. at 42 Cand 7 min. at

RNA was isolated from the supernatant of infected cell culiures or sucrose 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, at 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

50000 & 29d1°CeI khe 603 Fueress mtephreswEas by si | o .
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essenti al lvy ﬁfj ﬁqﬁscri bed10. The oligonucl eotide sequences __are described in
addenda 2. YE8#'YRY RT reaction, 2 | RNA was used in a 10 pETA349440 5005
WD 02/ 057302 PCT/ NLO2/ 00040 45 reacti®®n cont ai ni ng 10 ngl pl

ol i gonucl eotdadtion tniaiding 110 ingfid eligaiuclddtife, Meadhd@MbReitoR Booinlsdch-dd@P,pH

8.3, 75 nM Kﬂg}ﬁolg_i?) E\A%QZ. The_reaction m xture was incubated for 5
mn. at 70 & &L pE 8.8775amM KCl anggire Ml Mgblayhhe seastipe misiurp wasrT

enzynme (Lifgkg |08 ] Addes i ' L QR B onnler, G [shued
for 555 m ﬁﬂ; g%%gtfﬁlgs rgggc%ﬂ(ﬁo ter mg rl‘iaz;tI '2% %@%%%@ %Oc%;’u‘ﬁ)‘g%“‘:'%?"eg?&% C.
The RT ni xt Blenzwae (Bif¢Tachdologieg) werezdded.grheHgRibadiont 4t@T °Condsadontinged forg/ |

ol i gonuc] eotide. 30 ch dNTP, 15 nM_Tris-H H 8. 3. d.. 3.0 mv
VCL9 o0 ip SREHE raR R0 AR ardZul Kis it 1ipafin 2 25 oS Pk miiisns
vwere 5 mn.wak d24ted to%ive 450 @t PCRG-ebotdiitohtdihihg She/fiPolfzoflfeotidOboyad by 1

~min.at 94 C, 2.mn. at 56-C-and-1-10 m'n. at 72 Crepeated 40 tinmes and 5

mn. at 72CCHHANTRf MomnMArsatR pss.A) 65 wl KigE- RomM et andieneits Tag si de
by side on Gt | I . | d , erhugae rd. The
Net her | andsy oY DeEp, GIFERRGa0Rs), Cyine ELRREARNELT s RE P UF VRt i &
purified fr&hfEheddehinat A2 CCaqgcd, dddld@add Hpxt maa.tat@d K, € ofid agsh°C ahédsden,
The Net.,herl ands nek cl oned j.n.pCR2. 1 _vector nvi t roge i nge The 15
Net her Ilgjnds?n%tc%oﬁdi rgePF%teﬁr#Q{hlg%ﬁ ?‘Hﬁ@ DHpL3h ?Qt(%é %ﬁ#ﬁ%m& .%%’ égdfﬂgi'ﬁ:e
anal ysi s RARTGR pralietd worel omasid By %86 bR NORASIeve | dpuidst QEREM@ET €
sequenced \é\ﬁt h ML3- specific oli gé)nucl eot | des.ﬁ%féaaﬁnents obt ai ned by

B

RT- PCR wer eBiodirpducts Heeghpgormazgathssiederlandg) yedisgleyedSragmenison

ki t | age : el\@;xtﬂﬁg . o it th
same(g i gonnslfg F@gﬁgﬁggﬁ or ﬁm?é% g%gﬁ@%ﬁgggg%%ﬁ%%é%g‘?rleagelﬁ}si ng
a Dyenanm ¢ EusdenTiaNetheskoderuidngonddiin gfRET sémon @heitmwges, dBbnigen/The

o ooyoran NATEHERNCL R LR AR G oo BRBRRS, O Soauencer (P

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.



25 to the instructions of the manufacturer. 13 July 2005 130w%/ Q67302
PCT/ NLO2/ 00040 46 Generating genom c fragments of MPV by RT- PCR To
generate %QE“ nts spanni ng gaps A, B and C between t
fragments ( % we used RT-PCR assays as described bef H’?Tﬁ‘oﬁ&ﬁpsol at ed
from 5 virus |sol ate 00-1. The foIIO\ffnﬁng priners were used: For fragnent
A TR desi garsaiing bhenlie fdhienthof- MPRAPRTTIAPGAGAAAAAAACGC- 3' ) and N
designed at the 3" end of the RAP- PCR fragnments obtained in N
(5" - CTGTGGICTCTAGTCCCACTTG 3" ) For fragment B: N2 designed at the 5 end of
t he RAP- PCRp{  aBRteCm BLalddeh dganhin, L'y @%%ﬁ%%h %@R) and M

i FopH 2 ﬂ&n %%%Srrentége%bt al ne

desi gned at the Tend of the RAP-
(5' - CAGAGTArremamtsiacier @sey, R’FBCH as,sgwem de@erihed Uﬁereg:neﬁNﬁ istlaedFrend of

t he RAP; PCRE t tan in M. GIAGAACTAGGAGCATATG 3" ) and FI

desi gneg 1%331% IE\Edoo? %eﬁgﬂ ‘ﬁﬁ@n‘f‘?’gdobt ained in F:

( 51- TCCCCAAR S AL a%ﬁmmfd&@nediﬁtli?@@ﬁeﬂt(s were puri ]:jl ed fromt r'c/gvge::
--cl-oned- and cri bed ore CR f or -diragnosin Of - e

t he arrpl i f.@%&%ﬁﬁ%@%&ﬁmﬁg [S"aﬂ%m@)g{tq‘?élgﬂedﬁffthf ol of thrBAESf ni ne

of 2.0 thepdRYrdeHindl S5taindd iHIE wmm:ﬁ.@rtﬁcg@ TACCCTAG -3')

and N4 (5" - AGA TTCTGCTTTGCT , anplifying a 1 nucl eot i de

f r ag ments, @ &a@e@@mm@@mmmhsawmm fragments obtained in N:

(5 TORACTAT LS CARGPEL A g ol iy e Rede stk Rt BB e

anpl i fyi ng feag@@dntn abtagwdd ohelVif (QQM}RGEGGTH&TKQTCWCT ATAAAAGGTCAG 3 )

L RN S AR e it i

perforned gs. MAGQM@QA@@Ammuﬂa@ ARARAS tYRE TendRF Bhe ﬁ@P@VcﬁPe used
in M 5 -TGQC TTG TAC TTC CCA AAG
fragments obtained in F: (5‘~TCCCCAATGTAGATACTGCTTC 3.

15  Fragments were purified from the gel, cloned and sequenced as described before.
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



Probe used in N. 5 -TAT TTG AAC AAA AAG TGT-3'" Probe uselB igmlk: 2005

5' - TGGTGTGGGATATTAACAG 3' 13 July 2005 WO 02/057302 PCT/ NLO2/ 00040 47
Phyl ogene&(ﬁ &?I ses For all phylogenetic trees, DNA sequences were

al li gned P?g d ust al Wsof t war e Eackage and maxi mumAGTEERABUY ¢ r ees
were generated using the DNA-M softwdle 5 package of the Phylip 3.5
program usi Ayldgehootslysaps and 3 junbl es1l5. 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; RS pINIROASHD treEL! DA oFru s wRMAINERAL BingARY Chust P85
APV- B, Y14292; 'APV-C, AF187152; For the N ORF: PVM DI0331; APV-A, U39295;
APV- B, U39288kagoanbyagimmaililedivged frees whre generrted miinsUibe dU8A-Mpyoltware
X58639; AP\- ; P ; P s © ; V- A,
U22110, AP\E%?“‘%@‘?@ f‘.yﬁp I\éhb;? fo"?g%g3‘?@%%@%8%%%?&3%%“%% di ’%g”r"élﬁ

Vi rus i sol anddishéd MiMenessethpewker ued fomitHdgeARMiBN dfiphylogancieitrgenaye. 15

e R o R T BB RS N

Exanpl es ofprey:hodsoiiossi depthd ¥ A BWAEL TN 28,04 b RN, iTND8580APT.B) e 9,0
find virus isal ates nasopha:tén eal asMat es, throat and nasal swabs
¢

broncheo al4@¥itar Higbefs§op QBFyP @WWEV@&FB%%&R&%,US%’%;
car ni vapes ARUIari9ahdo; F’E}‘%S’M DRY Pﬁ@@i}%ﬁ%@ﬁwﬁoﬁﬁéﬁ&%ﬁﬂt@a% 86;
t'c.), pigs, ra irds (poultiry

(cattle, sheep, ‘goats e i'ts, , ostriches,
et c) shoul AR XFACARTL; Fer ohe BiORE: RVHa096490ANY-A5UAU1 ¢ rAdppiCn4¥F186691be

exam ned a | 1. Sera.,shoul d be collgcted for, i no ical assays, such
oaCELIon arbiSTeeneinatya ok Hopog AEES i sl SBY Sore bR Rr ey o

di luted w tiith APV dddiBaTa®oMevbuedi um (Bi oWhi ttaker, Wl kersville, M) and
t horoughly m xed on a vortex m xer for one mnute. The suspension was thus

centrifuged for ten mnutes at 840 x g. The 30 sedi ment was spread on a

rrul‘ Ui spet  AuHEViAIACR in eRiuTM: 18V TimNethe i Ho i 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.



I mmunof | uorescence techni ques, and the supernatant was usedl fudry Z00LS
I solation. 13 July 2005 WO 02/057302 PCT/ NLO2/ 00040 48 Virus isolation
For virus igol ation tMK cells (RIVM Bilthoven, The Netherl ands) were

cul tured i"HWO34%7HR | plates containing glass slides (CostRCTNEMRIPM4Age,

UK), with the nmedium 5 described bel ov%ssuppl enmented with 10% fetal bovine
serum ( Bi oWWiruk adselationer vier, Bel gium . Before inoculation the plates were
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(Bi owhi t t akegy vir e LIRERTPO W e ' | :
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formation, after which the cells shltl)ﬁv&vepd rap?d I nt elfﬂ?\a %?srﬁ%tyi on, o8

fol | oned by?-darlren et ingrindisptes foflownil biicenipifogiagart 84Py e fevone g Aeat es
e vas 51 ool PRSI r UL o8 A5 RSO D RISTRTGY T,
of t MK cel | theimedingi arcas wedcandediwboweravheekseddailyt forr PE. 3Gtani Iithiays,
flﬁger hat antc%llg fwe%éa 8 Ijaf'\)esd %rrc])%nt tlgei s%gén%yfa%s%Em i&l%{lhgt\é\ﬁ fgrraﬁo%&el asyss.a'gﬁl% 'n
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



24 well plates. Cultures were checked for CPE daily and tis Jgwmg 2008s
changed once a week. Since CPE differed for each isolate, all cultures
were tested at day 12 to 14 with indirect IFA using ferret antibodies
agai nst t NP W rus isolate. Positive cultures were fr@ETBLONAYWEY t hree
tinmes, after which the supernatants wdte clarified 13 July 2005 WO

02/ 057302 RFTlotdded eibitndRiony ali Qutsd 200 st frbdetORl-TOPC. Thd S0 tRsuaANd
stored frozen at, -70 C. The 50%tissue culture infectious doses (TCl D50)

of virus i FUEe tnfeetinte dospredifAPank el vipwdn threedbyrerfagemsiarifivieze est abl i shed
techni ques disshidd IR wihe b Yodi2aEABT L pSRNRAN_Haemaggl uti nati on
assays and chloroformsenSitivity tests were pertorned follow ng well
establ i shed and descri bed techniques used in the fieldl4. For EM anal yses,
Vi rus S rated firominfected cell culture supernatants in a

m cro- c\éﬁt r?@gﬁg}%gggﬁ%m@nat 17000 x g, after which the pellet was

r esuspendediaemfSuidnstiomseassd £l ilodbforie galsitwatyc ety wede feMorfed fdRRring

—detection-by .jndirect .I'FA Coll.ected specinens were processed as described
and sedi nern“i{e]jc)‘?sq‘?ﬁé@%?gr?&ﬁedfsm te %Psdﬁeé“hﬁq g%]ﬂb“t‘ Fer F)d analysesy vigpg i ng,

the cells ' .8 RS lﬁkﬁg k : ﬂhﬂ:@ o
Al ternati V%S?co&%ér&%gaﬂ\?\gs cu%tge(gé%]%ct tggp?llsh%lt%hiﬁ \%g%l ]l%%s’r?e?l?]es cgdﬁt4 ai ni ng
gl ass sl i dest 1T008seg,gifersvisth thespellet eranashiegdendddninBS andlidspeedd bp acet on
for 1 m,nute af. r%%m égﬂgerature. After washing with PBS the slides were

i ncubatéd fEFY3Y MtA%ES ™t 37 C with 20 polycional antibodies at a
dilution of 1:50 to 1:100 in PBS. W used i munised ferrets and gui nea

pi gs to obtain polyclonal antibodies, but these antibodies can be raised
in vari ous 4Htgea|detectipn by pedivgst ichg dil ution of the pol yclonal antibody can

vary for e | ' ' I 1.5 R wth
Vap wat er Te e PeReng bord piRied UF B XER AN Binidh of e SHFRINERAR
| abel ed goapreadiin 2mul@spabtlidantAfrdirgmg( el cellEwieré fixel il kcetdtDfok dlmlinute

di | uteg%. ,%a‘ttgr three#/ashes in PBS and one in tap water, the slides were
i ncl ud&d i fE A YGPJEBPEE ™SS sol ution (Gitifluor, UKC, Canterbury, UK) and

covered. Thgterhhiady Wifes RASéWEREd U8 K 8dllsAN 12aS6&Pslides containing glass

slides. These glass slides were washed with PBS and fixed in aceton for 1 minute at
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-




fluorescence mcroscope (Carl Zeiss B.V., Wesp, the Nethe¥ |Faigs2005
Detection of antibodies in humans, mammal s, rum nants or other aninmals by

i ndi rect "3\;39 #{E or the detection of virus specific antibodies, infected

t MK cel s WP were fixed with acetone on coverslips KANHRORMD hed
above), washed with PBS and incubated80 ninutes at 37C with serum sanpl es
at alto 1fhbdﬂbw§éceﬂdar@«fa{n@iboﬁié@td\ﬁ&%ﬁc1‘éé h&bﬁ%koﬁrsﬁdea%ewé %ﬁc&s%ﬂd wat er,
the slides elnc bated 30 mnutes at 370Cwth FITC 13 July 2005 WO
02/ 057302 KiPe%ABONS40 50 | abel | ed secondary antibodies to the species
used (Dako) 0 e
bl | ed dl f T Sy idh A TRt B0 Wi Pl R 530 B3P

i muno f | uokesgan deoressense aF$aFCFEER cirebe eqrilamddvivh nihy duyrdsterdrdyscent dye. 5
Ani mal i ni sation Ferret and guinea pig specific antisera for the newy
di scovered virus were generated by experinmental intranasal infection of
two specifi dnpathegeoniasien ferrets and two guinea pigs, housed in separate

~-pressuri- sedg%ﬁove oXes. ~Two - t]%gt hree-weeks | ater_ the-10-ani mal's were bl ed-

by cardi ac gt Apdeuinay rigrnerilis antisqhartar thecrevd discpeqrad girus sveze genpiateder a
ver e test edbf efpedlrheREEMLRHS AGAKLLENSOF Mid éb%@ﬁc‘yaiﬁbge HdebEirelddh

descri bed below. O her aninmal species are alsosul ta e for t{e generatl on
of speci fi cg@nes Btﬁﬁyho%eéplaﬁwar@ﬁ?@ramrxselﬂuebvamx&yeﬁ‘wprtemhxeatwemks latenthee

used. 1, Vi i V VN assays rformed with
seri al 15)\/\/0 %llﬁ?ndéj %ﬁ‘lﬁ]ilﬂg%g&o%&snéﬁ%g% ani ﬁé%r CER37eTES oﬁt? fglfenﬁ%sera
ei ght - f ol d 'Bhé¢ sdrinovere Bbdited &g adlegraviors &eﬂcﬁ@ﬁ@ﬂr&ﬁbsfﬁﬁhMrMUFA\Hﬂtd@smd

TClI D50 of Vf)rlus ore.i cuI ation of t l1s grown in 96 well plates
after whi ch®®?¥e ﬁfeﬁtaé'%m DECICR At 1EQ guide ? Afgeﬁe@era‘m@@%ﬁ&ﬁlﬁh@ymdl a

as descri be&e@ﬂﬂtﬁn@%%&éﬁﬁﬁzgeﬁ'ﬁ?eﬂﬁ@h@né"ﬁﬁy%Q%@Qfd after three and six

days, and after 8 days |FA was perforned (see above). The VN titre was
defined as the lowest dilution of the serum sanple resulting in negative

| FA anciS' nhiHik %Qur]tr(?lfl,sagoﬁds afﬁh\bags'&y} ures. 13 July 2005

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
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.



WO 02/ 057302 PCT/ NLO2/ 00040 51 RNA isolation RNA was i solatddyf 200 t he
supernatant of infected cell cultures or sucrose gradient fractions using
a H gh Pu I\Jg%ﬁol ation kit according to instructions fromthe 5

manuf actu&@?@( GHe Di agnostics, Al mere, The Netherl ands) POREOY404% so be
i sol ated foll owi ng ot her procedures kfibwn in the field (Current Protocols
i n Mol ecul apNABiselz@gy) . 10 RT-PCR A one-step RT-PCR was perfornmed in 50 1
reactions containing 50 MM Tris. HC1 pH 8.5, 50 M NaC, 4 nM MCl2, 2 mM
dithiotreitol, 200 pMeach dNTP, 10 units reconbinant RNAsin (Prorrega

Lei den, Lei den

Net herI and:’g&ﬁ%@%ﬁsﬁ %q%irr% f)?n'tetéllé%&%él%q%ﬁ%&%e Eefgr §P‘3"g§/esqr3ﬁ%m

Ni euwer ker kfragtivrgarsiness Eligh Paee RANRolating &)t o6k dng tdNSruieds fagn the
condltl s were,.45 m t at._9 once mnat 95 C, 2
o Lt % R P Frochl BitoeiRS Al mh Nethedonii: BA R Alsbers G
once. Prl nefs&lab@i%ﬁll&@ingﬁhtﬁ@f\ BB RovRid B 18\ ERRLRE Prdlocolidn Molecu,
(5"~ GCACTCAAGAGATACCCTAG -3') and N4 (5'- 20 AGACTTTCTGCTTTGCCTGLCTG l?

anpl i fying 1042gy)-nucl eot i de fragnment. In the matrixprotein: M

(5' - CCCTGACAATAACCACTCTG 3') and M4 (5' - GCCAACTGATTTGGECTGAGCTC- 3')
anplifying a 252 nucl eotide fragnent In the polynerase protein: L6
(5' - CATGCCCACTATAAAAGGTCAG 3') and L7 (5'- CACCCCAGTCTTTCTTGAAA- 3')

arrplif nw? nucl eotide fragnment. 25 OQther priners can be designed
based OtQ ences, and different buffers and assay conditions may be

used for sp&ohéistepRTIRTICGras POHORSEInAH AL Sh&icPRIYARG RN B YBICE p
performed us enanm ¢ ET term nator sequencing kit 30 (Amersham

Phar maci a B I@t%?:WM chedd MeCin & wWdE dichiotnsite), 286 @M padkBINT? 310 enitonat i ¢
E0A sequencipd 5 RS Phntl, LA PRI AT LRUTREARES 19, 0,
with the s@mmega gmmm ahe Nbe}serwﬁﬂ) fmmmnpmaq G@ldfmﬁﬂrﬁiﬂshﬁex‘é@é €E
purifi m t he aquj ck Extraction kit ( aen Leusden
The Neﬁg?e ag%texagé\ﬁg éﬁe }?naan decljssgie The Netherlands) and 5 pI RNA. Cyclin
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
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descri bed aBo%E - PCR gave a product of approximately 500 base pairs
which is to snmall to contain information for two ORFS, and transl ation of
these sequences did not reveal an ORF. 15 Detection of antibadjes, |

humans, ‘tramfigenuelectiqes eed B aaelversdfie Fang wyheganame (vwemqﬁ’f}}iy@v#é}dae,

the N pr ot eppiric P (FBAAGRMIERONAARAAA S o R Rned BIARNGE O

source of t hublithedsegisrses of hedfailealang leadet fHohRE¥ valddihgubhsiEd ISA assay

det ecti on 1 Renanava i A0 i A Bron G AR R TR G TRt
anti body of desipadd lended expbssitded Seq@kncdsihahé 8Upnitéih. MA/RYVIBCE asddyeindr r ed

antigens. of the invention,include thgs hat predom nantly engender the
i mune T&s pefEnfineyeas Rerfamed 3§ %Fr’?%gl‘ﬁtbwe-v\hi ch therefore, typically are

recogni sed 708 RT-PEH daYe BYpraild: QPQ};;__}?I%Xﬁﬁat@lypmd 1813k pai? WhasH 1sq4lsalaliMo
d h and

preferred antigens include the N, G proteins of MPV. Antigens used
for i rmunol eyiteia infantatioges twaQREES, and txamskationgd ibessseqeanceredidmsd iréveall
versions th Vel | known techni ques of nol ecul ar biol ogy can be used to
alter the am no dcid sequence of a MPV antigen to produce nodified versions
of the antigen that nmay be used in immunol ogi c techni ques. 30 Methods for

clonin engs, f.or ni.pul. at.i the genes o and from expressi on rs,
and forglfgx 8‘?5%%01?3 g @ééf”@gg‘rﬁ’%ﬁ%&”w& HeTHERENS W "éﬁeﬁé’c”éﬁn&%o@’o’\’égf%st
are well-known, and these techni ques can be used to provide the expression

vectors, host o o ) i
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




cells, and the for expressing cloned genes encodi ng anti gehsyiily aochobst to
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for use in &ha nosti c assays. See for instance: Ml ecular cloning, A

| abor at or YWRBHIHPO2and current Protocols in Ml ecul ar Biol d’ﬂmwz’@g‘?“ﬂety of
expressi on systens nmay be used to proddce MPV antigens. For instance, a

vari ety of SUBEBINAUYBEROLR ustlid 8lkfoki RLARISE: Rf hRLAS: Mhibeud! | -
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any of whi cHoninghd lpboraime dnareaprod Gherant WP oculs ingllolesulardliblogr.o det ect

anti - MPV antii_hodi i.n_exposed atiepnts. The bacul aykr US. expr&ssign_system
e The. advAmAslPSe i Ra S ttenbhat Bt Jied iR Y AiAR FR haAndy S

Ei herefor pr efvarie@cbffe“ibﬁssﬂymtvem)tﬁédi%ab%totﬂwd@@ ptbxl%dﬁé 1318E.Hblrpmmbee 5&'@, ]to o

i rect pressiaon o V antigens, (Matsuura et _al. 1987, J.Cen.Virol. :

1233 1250) . YR BETS CHHRAS ATl agsHE PR bossAaaribeh A of ek Bigtided i n

a variety ofiged (HIP+HMARH HRV ARFRANSuiiAbRGhHetech Bhii- WPV Aol IS Expdied

~-patient. It is well established, that reconbi nant antigens can be used in
pl ace of naP¥pAtsvirus in 15 practically any inmmunol ogi cal assay for

et on Sbuy it SHREL 001 ol BB AN I,

I ndi rect assays, S Ch assay ace g
pl at es or bpadsssinpeiprotehes; and énthekéfgt prbfhed dhrssaiesn uhlisayihe palybkbdtinhe

i ncl ud hose that u rimary an ondary ti bodi es ose_t hat use
ant i body’ bi REPHICH ‘é’a‘&é“ﬁ? srmgetionel NP antieons. (tawveret 2 13%9; ;@ng\gmﬂ.

e
det ection 28s:n@BRqgsocan be used in the invention, including colorinetric,
fluorescent, phosphorescent, chem | um nescent, |um nescent and radioactive
met hods.  ERBHERS brogucer i neearabinant bagmio-vigmesican beiwsed iwa yatieteeft N
protein 25 AN LAGLEESE I L0g. | r | oduced with
r econbi nant ba@%lbglg% arﬁ%%%‘“ﬁﬁ%ﬁé@ g‘(@? g)ea%ggaiﬂs‘lg@%g '}laa%e?%g%&cvgﬁi be
per f or ned. dbablihed ghat reepeybinzattianbigesf @rcled tsddn @licefof ahturalwichs frhe

reconbi.nant_bacul-ovi rus and _.harvested,3-. 7 days,post infectign.. The cell
sus pen&i%on prac eﬂlytlﬂ%‘én‘ﬂ%ﬁ%ﬁssﬁfo? .dg?ec‘g‘&f\‘lﬁg‘%@‘df gRycthe anihodigangi ¢y of
5. 0X 106 ceTheadvhys aiethdelBREL AN ABELCE BERGs [daMBFichL ke, 66l ;Jhé’efe as@aylebri s
is pelleted by | ow speed centrifugation (500 x g for 15 mn and the

such as those using plates or beads among others, and liquid phase assays. Assays

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 colorimetric, fluorescent,

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



~t-etramethyl-benzidi_ne, ~such as that-obtained from§S

supernatant is collected and stored at -70C until use. Unihfmayedoc®l|s are
processed simlarly for negative control antigen. 100 gl of a freeze-thaw
Iysatels to coat mcrotiter plates, at dilutions rangin from 1: 50
to 1: 1008‘%%(2“5Lﬁ?|2nf ected cell lysate is run in dupli catel’%ém%é’z/&%“serves
as a 13 July 2005 WD 02/057302 PCT/ NB$2/ 00040 54 negative control. After
| ncubat | on ki BbktrolPhdle? SncthRLNRSAGH: Y DGl wiyeen. Test
sera are diJluted 1:50 t 200 1 n ELI SA%‘uféigte e&ggagﬁ%%‘ﬁﬁgn@ ed to 2%
wi th nor mal E@&O@@Wena%thaﬂle tﬁbﬂ:@bilr'ﬁﬂ@o 3:200 im FLHSAibuéfea@BSB). 1% mi | k) ,

fol |l owed by [ L hour at 3 Rl ates are washed two
times wth %E%?%R%%%%% i rns%nraa % S%rélr 8‘&% tg’eéﬁé%"f%eos YATEE- human
(or agai nstamdt 0.d% mﬂk);lf%d@@mdﬁlbﬂﬁcﬁﬂwéﬂs&@ﬂ@ﬂoﬁr&té@@ in ELISA buffer,

added tqjvvel | s, and incubated for 1 hour at 37. The plates are then washed
two tinegs with PBS/0.05% weeri and once with tap water, incubated for 15

m nutes 10 PlatdsGR8W RRBE Lab tintesWrith PR 65 1 Bers ‘Iﬁﬁ%éx%rdfsh ;L\%omﬁas% laBelRd

e reactl1 on

i s stopped %dat anﬂdmaalbﬁorzagmnsﬁnﬂ@pﬁm@)égﬁroﬂﬂuyea cerOﬁ‘@t’co |1cﬁOD@anIEﬂi&Aar e
measured aty, n Il read npl e
2: Capture ant | % ﬁ%%ﬁﬂ% aﬁ&l}n%q%&rﬂg%%ln%{;%a%tﬁm’% %ﬁ%lie 513\11 E‘%(ffe | gM
El A usi ng ttvwes m@eﬁ)mhr%BSIOrﬁﬁ%'Bmmhﬂ mncermﬂmapaﬂmem menlmtbﬂ (i3 401 653 m;tiﬁﬁésﬁl n

as ant| n anb rned. nodi fi catl evi o .
descri bgjz 0 By E&’@ﬁﬁa&uﬁ? Wi tflig%’}mﬁ S@i’ﬁ% m gz‘iag &863‘9113#3 erziing,n; ¢ y
purified ardichhisBat dI8MreaThdth Siggh 'é?ﬂd;‘ﬁe (réHctz%ﬂ% Qt%fppea Q%th BRERI#2M Such
as that obtained. from Dako, is added to wel mcrotiter plate in a
concent r at | BieBRorioand (feoladmelgpe readings are meéamrﬁét@ﬂbm fugingsm Sutemakfd er
over ni ght 'xﬂﬁ:&'&%i-ﬁfbtéke%d% tenperature, the plates are washed two tines
w th PBS/.0.05% Tween. 10 of test 25 serumdiluted 1:200 to 1:1000 in

ELI SA buffer is added to triplicate wells and incubated for 1 hour at 37C
The pl gtses are then washed two times with in PBS/ 0. 05%ween.

Example 2: Capture anti-MPV IoM ETA using a recombinant nucleoprotein

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



~—autormated -~m crotiter plate reader. The sensitivities

The freeze-thawed (infected with reconbi nant virus) Sf21 teldullyygav®e is
diluted 1:100 to 1: 500 in ELISA buffer is added to the wells and

i ncubat ed ‘%ﬁr iqhours at 37C. 30 Uninfected cell lysate serves as a
negative cORPFS™%nd is run in duplicate wells. The pl at FETAOOMEA washed
three times in PBS/0.05% Tween and i né@bated for 1 hour at 37C with 100 pl

of a polycl gn | | | ls ' ' .l
DUf et At oSt e e pAE Besl T Sph bl bRty (hitkhd Sibyie Beriehi®D, apg
July 2005 Vi® platp578drecubavyd\iO24006168t 3BE. wi t h hor ser adi sh per oxi de
| abel ed sec nti.hod uch as. r abbi L. ferret), and. the plates
are incubat g@@% %Q?]ruettglgné’fa(%?%%vﬁ'ﬁg’eﬁllﬁ@ﬁ@béﬁt ‘?‘f’l‘a\/ﬁ?ﬂ apeifore ﬁ%ﬁ’é‘éte?n
PBS/ 0105% Twesium tenopdratied with thdenzy metsabsirale TMBIBESHBoMaMRhh i iHe,
enzynme Zélbstraft e. T% 3,3.,5 g tetranet h‘il benzidine, 5 as, for instance
obt ai ned® f r Bin eriughazce ohipinedGoma Siamanand the wasEen i YtAPnegovith 400 pipf 2M
phosphor i ¢ ghsdbhofie kel Bhlr freh8ailalfizs ArEmiBARMACH 48D rfpUsillbdBin e

) of t ‘capture I gM -
El As using CHeobisaranterrgademuc] eoprotein (or 10 other reconbi nant protein)
and whole MPV virus are conpared using acute-and conval escent-phase serum

pairs formpersons with clinical MPV virus infection. The specificity of

t he reconbi Fhatemiiivisiepobtla cptaplgVeEBF udite Hel ReombRENDMuslesirbfsh (&zer um
speci ne from heal t.h ersons, and r w t h ot her paranyxovirus

i nfections.® rﬁﬁ“@hﬁ{%ﬁ FfrBFel% %ﬁ‘rgﬁewﬁ@rﬁémwdmgf aeftengnd

gl ycoprot ei Borf¥alisGirit phallé REEE Haiby feBCo PGl WX RGPS AR infdBiBn, The

gl ycoproteins G and are the two transnmenbraneous envel ope glycoproteins
of 20 the #9ifiityiosikberreombinans ancleoproteinjcapture BiIALS dsternireddiytkepting ect i ve
antigens. Thg,eX | NS Lm.a . vector virus system
sych as a bac BI o@jirer@%zér%gf/s g%ggﬁgg%fégggﬁ{gégﬁsgés g%thrcgié%rn%?rﬁgﬁ?‘o‘gﬁ?ﬁ gens for
use in assaydedtionsdet ecti on of MPV specific antibodies. Mreover, their
use in nmbi nati on with the nucl eoprotein, for instance, further enhances
the sensitivity of enzyme i nmunoassays in the 25 detection of antibodies

agai nst MPVPotential 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,



A variety of other immunol ogi cal assays (Current ProtocolB3idullyneoo®l ogy)
may be wused as alternative nethods to those described here. In order to
find virus,| s nasopharyngeal aspirates, throat and nasal swabs, 30
br oncheo 317{)/@%*’%13& avages and t hroat gﬂbs preferabl e fromBMHI4 i nited
to humans, carnivores (dogs, cats, séals etc.), horses, rum nants (cattle,
sheep, goat serobogy (ntilpidysind mablger detebliendstc)pomhs isylatios eniddgekjc &tid) can be

exam ned. Fram,birds, cloaca , and.int i pal s and droppi hgs can be
xan ned actaa o E5pnlRt 6 pd SRl T R asBBoR o BSpEs 1562

PCT{ NLO2/ OOM(?ﬁoclEﬁal%iﬂUo&Iéy c(é@bé goaatytedry hi&ﬁﬁﬂu@@iﬁhgdﬂicﬁ i dlli?lefhﬁm)ald sf) Wifwrs]

I sol ation and .pu |.c aci etection techni.ques ca e perfornme r_the
det ect i on &Wﬁ?fﬁ_ﬁ&%ﬁ%@%%ﬁ%@{ +QSPHdS BB B Ee BHY e highoth
m ce (ors ot hrid@hdRichholdby (CurPbiiiphrb®BEbIMV IR uRBIES. .m%rﬁgavélﬁ,rﬁ{a%b ns,
peptides) and subsequently using established 5 hybridona techrol ogy
(Current préisplagitectinelagmean bk wggd for Ahtsgrurpese(@uyrenphengecoll wplmapurdednol ogy

e Ca N be. .us'ed ‘f . | . r Se . T t p t'-OC' S |n | nol. 0 ) . S| 1 | ar.l y,
bolyer onal SBiahyeBRAPER AR S beRi- BHARS bEml e RESHY buanimal oF ),
from i muni e immenised humanger sniplals (Entreriroobieds sn IMmMusloze).ogy) . The
detection of the_presence or..absence of NS1 a S2 teins.can he 10
per formed using Rﬁ%gﬁ%‘m tpﬁrﬁ’ﬁ‘?seflﬁeﬁ\?r qhef %%‘\49%‘? _&%&tﬂrﬁ'ﬁ"“% eques
using a0 Vapdrédrmed using tresdyn-BlotiRRg, QFAQﬂﬁmuIBEr&%i@ﬁdn%cMiqﬁ&euﬁﬁ gence or
ere

absence of NSI and NS2 genes or honol ogues t of in virus isolates can
be per f or netrniRy gfamdieds nrapaystions Thecdedeationiof tsivrssendeor pbsénce of NSdamd NS

and/ or NS2 i . ' f | e ' rHAH sati on
Fechni ques. 8 e ol Bulhhdhe B in B0l Tl e Rl B Hefio B B TCH FR 0"
end of the pnineaketgelesighed an B ainofimoper N9t srd/oniNG? genbses scHpeavith & f or
this 3" end of th enone., Ln our. case, .we used a prinmer specific for the
3 untra_nsl%ﬁrée&yPgﬁ?‘gﬁmdﬂgﬁtm@ndﬁaﬁﬁp%émwsand a primer in the N ORF.
Qther prs mers nMeyo B6tePRSAORESHEPNSE B8d 1SSBeRY PO B feselft BRILBEE Ot he
NS1/ NS2 genes .is reveal ed by the | ength and/ or 20 nucl eoti de sequence of

the PCR pr otitRlteenmmpne FERssadiemetoraed nsth primest sesificdentiys Srand débased i n
el genong Pl B bEFG e e R Fphilos RSk REEhSnehdiden B RDL P, |,
positive  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



identification of the presence of NS 1 or NS2 genes. In atilidulgn2o@es PCR a
variety of techniques such as nol ecular cloning, nucleic acid

hybri di sati on may be used for the 25 sane purpose. Exanple 3. Different
ser ot ypesMQUBYPEMBs of MPV 30 Two potential genetic clust @CINHY9MENtified
by anal yses of partial nucleotide se(fﬁences inthe N M Fand L ORFs of 9
Vi rus i sol atiess is8i@te A€1)99/0L ak eodthiype iofldnkict B havabeoh ssed/aderatd hi N a
cluster, and 81-88%iidentit s ,ohseryed between the | usters, Seqguence
i or ot  oTHTAHARBAR GG A IS Uhes Jie S o e e e ERIeSE SROBTSF tvio
genotypes. o dubsrdugl at e ned/ 00/ 01 as prototype 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
the genat ypgs. M€ related to different serotypes or subgroups. 5 Results
Usi ng RT-PCR assays with primers |ocated in the polynerase gene, we
identified 30 additional virus isolates from nasopharyngeal aspirate

Saer| es S uen L fornatl n . Of I ar't S - f t he ¢ t r| X __and pOI r-as enes
of These neurag ol SRR el bR lckistindie poierprdigle dHiRRg e

were used toldHosd sk iflyles dnehhphhfaRsal(dsbidtSsabbples. Malimses of these

trees confirned the presence of two genetic clusters, wth virus isolate

ned/ 00/ 00- Hnfrmationef pagiepb Ehe, patrix apd gelamerase genes pf these pewislaiened/ 99/ 01

as theqprot i i Baualt i AUEREAEL ity W thin
a gr ou%@msﬁ%@gr ﬁ%ﬁtﬁ%&%ﬁﬁéﬁﬁ%ﬁ é&%@%ﬁ‘g&t&‘%g?z?s t he Fgg%a%%%&l\%as 81-

15 85% Vi rigees (Feduae 6). daplyes of thenel tneeslt@diroed Hhe prdvence ofdww gepetinocul at e

TS 0 A8, A UBSRRAS OB e RO SRR IR
neut r al i zatikelatd nddg%01 sotiad erolidyfe vizad A @roflp Bl The mesRotde Beljuedce identity
within a group was more 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 inoculate ferrets to raise
virus-specific antisera. These antisera were used in virus neutralization assays with

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)




ferret A (00-1) ferret A 64 02 22 dpi (00-1) preserum 02 112 2besret B
(99-1) ferret B4 64 22 dpi (99-1) 13 July 2005 WD 02/057302
PCT/NLOZ/&Q(%?? §0§ For isolate 00-1 the titer differs 32 (64/2) fold For
i solate 99 A¥R&E%i ter differs 16 (64/4) fold 5 In additi JETEQWHLL pi gs
have been inocul ated with either one of the viruses (ned/ 00/ 01 and

nedl 99/ 01). RT-PCR assays on nasopharyngeal aspirate sanples showed virus

replication,fromd Lilll 1Q,.p Lofection. At day 70 post infection
t he gui near%qrﬁorpﬁtf%)“%E%%Ll%ﬁﬁ@ﬁégdggﬁ#?%ither t he honol ogous or the

het er ol ogoUBor i¥dla#é09- BBk fifd: differdllle (BPMY ft@ses virus replication has been
noticed. 10 Table 4 primary virus secondary virus infection replication
infection replication guinea pig 1-3 00-1 2 out of 3 99-1 1 out of 2

gui nea gi g - ~ f . : ' ' 5 -1 3 out
of 3 00°1 Zﬁoﬁﬂsg?&jﬁg%%% g 31389&%1“11?9&9‘%?%“3@8%?*”8?@ gné;%f_%}@ i’%é‘g% of 3 15
note: for t(hed/86/0dradmedi9¥ et RBPCRIaseass ph graBordradySeaad nspinat stinples any

T PR AR RllR AL R BB T

ferrets (> th6ghired gigd hevnea challenged with either the homologous or the heterologous
virus, and for in all four cases virus replication has been noticed.
10

Table 4
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



in VNtiter). 20 The results presented in this exanpl e card izunyt beos
exi stence of two genotypes, which correspond to two serotypes of MV, and

show t he |k lity of repeated infection wth heterol ogous an
honol ogougﬁ\?/lﬁir/%g&dﬁ 13 July 2005 WO %/ 057302 PCT/ NLO2/ og’&fé“m% %4Qanpl e

4: Further sequence determnation 5 I s exanpl e describes the further
anal ysis of the sequences of MPV open reading franes (ORFs) and intergenic
sequences as well as partial sequences of the genomic termni. Sequence
anal yses of the nucleoprotein (N, phos ho rotein p p (P), matrixprotein
(M 10 and fusion protein (F) genes of MPV reveal ed the hi ghest degree of
sequence honology with APV serotype C, the avian pneunovirus found
primarily i%%ampled: FyrithensequeneedeterminadionThese anal yses al so reveal ed t he
absencegof non-structural proteins NS1 and NS2 at the Tend of the viral
genone and positioning of the fusion protein imediately adjacent to the
mat ri x prot’Ehia expipple descpbessthntfutther sedyes obtheakqlénceinef MPK qoéd)repdiatei n,

e IO Ao B S

sequence. tiefm@ginbi nati on with the sequences described previously the
sequences presented here conplete the &%nom' c_sequence of MPV with the
exception dofedURBCEINaEes of phepmuclepprotet (Nlerhesphoproteja (Bhintatrizpratain (hd

st ablnah {6 R0AT61E ONVRB PO VENea B gfesieRllR oGB! SOnS of

t he sequences of the enone wth those and C, RSV

subtype A dmindogiPwihadllV etrotype $hthepxion mesewvirue iutdspristrini vdsdance

Sotuence. s (HEOREA e e ey G1ot T ARAGHIR dilstRec B MR sodieniial U ©
proteins NS1 and NS2 at the 3'end of the viral genome and positioning of the fusion

9

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,



MPV isolate 00-1 (van den Hoogen et at., 2001) was propaget edhlivn2o@sti ary
nonkey 30 kidney (tMK) cells and RNA isolated fromthe supernatant 3 weeks
after inog‘%&tﬁd’ 9%) was used as tenplate for RT-PCR anal yses, Priners were
desi gned 8 P%sis of the partial §equence i nfor mat i oR CACHOPAENE for
MPV 00-1 (van den Hoogen et at. 2001)6 well as the | eader and trailer
sequences ofangg IarﬁdzeFfSNm@RaﬂmrtaM(bin bmgth 1294 gendvhted hth’H{PQR 1991) :

Initially, nt s b tween t Vi Qus obt ai ned rodu uIy 2005
WO 02/ 05¥3o g%%? i %emg@%ﬂ%ﬁ% "31 %%QF%S%PSH? Jvioa SF%“% b in
| engt h, wer®nfemed Mr@dnéﬁt:ﬁgal%@ﬁes afparfappais I@I\-P@ijragﬂldﬂf&%ﬂgﬂlgﬁﬁﬁizby The

genom ¢ seqguenc ent |y confl r med generatl ng._a series of
over | appi ngég %ng rePé?F@P e§F1¥‘éMP¥(‘F grnosrp Fop al R fragmgnts,

represermnt e%&tﬂ%ﬁfaﬂﬁé bRrd e uB BRI Rrectly to %&ltﬁ%a{ﬂ 51? an@ s Qfﬁelﬂ ﬁgr ands

wer e sequenced directly to mnimze anpl |f|cat|o sequen rrors.

The nucl eotﬁ*r@@l‘sa'ﬁbe amlﬁdil@cardi Foipvetvicb sequenessead uE@d tregeacth foo rhoimlmiemgl es

W th seque usi:n h T.sof tware -
(www. nebi . m’ﬁr‘?’!Ea ﬁ?@?@&bﬁ%ggﬁaﬁ)ﬁgﬁg?ﬂ\%@%%%@ S‘a"% open readi ng
}‘ rames ( O?ﬁs&wmmadnmmhkgm‘mwr)vmfdﬁﬁhnmmfsww&a|as@§ﬁ@£ taspanalehdiag fédfmésr
ocation in Base this informatio genomni.c or
was constr w%l Wg’e%%m%s 4R%G aﬁ@é‘i’%@ﬁ“?‘ﬁ@%m ﬁ‘el engt h
and itgoor gg’ialhbﬁl%t Baged ¢n ﬁﬁmﬂf@rmét%n ahRneRnoghs fd%fMWv&Qst o8t AbtelVign 53&" oW
we present a n’g/f.l‘l son between the s _and non-codi ng sequences of

and those of- '5]9‘?1 P ‘65¢W1@\ﬂ13|37§ ayclaplddesiindensth anfdts Qrg@mtzamn &i siinflar tCt i es

and differ hown fi e in
the genom S&l %EI\?EE/ or ae%(gﬁ‘gv g&ggég ?mg ?m éo]‘?“geﬁn gthdggﬁ

ext ensi ve m@hmrggodxmg $eqtulamcelkl of MR Eand d)]hosetolﬁ ethep parimytdviss@ss and Bicdsengt h
of the N .S 1 cal tot th of the N ORF of APV-C (Table 5) 20
and is smal T&rPR ﬁ %ﬂﬁgjéarmestﬁ“ﬁe‘*"&g‘%ﬁlﬁ?ﬁ/xow ruses (Barr et at., 1991).
Anal ysits of the amino acid sequence reveal ed the hi ghest honol ogy W th

APV-C (88%,. and only 7- 11%w th other paramyxoviruses (Table 6). Barr et
at (1991) i s, pucleaproteing™rgenst sinilarity between viruses bel onging to

the 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




order Mononegavirales: A B and C (Figure 8). Al though singlaniytpessare
hi ghest 25 within a virus famly, these regions are highly conserved

bet ween v%{{rsq &%m lys. In all three regions MPV reveal ed 97% as sequence
identity WERYRP2C 89%with APV-B, 92%with APV-A, and HE/N480M4Ph RSV

and PVM The region between as resi dué% 160 and 340 appears to be highly

conserved aWhegediRd ARCHTKI g’eﬁﬁﬁﬁ nﬂﬂﬁcoﬂ@s far aslylﬂ;v&"ﬁﬁo diRWAREL Sedr8DEs% e
Pneunoviri nae (M yahara et at. Li et at., 1996; 30 Barr et at.

1991). Thi ssq%letlw k&tjtl@@&tbmt e B wﬁmeﬁ ABV-L, medane 8486 V6rwith thmertgm 100%
simlarity o). ThE w@aﬁnﬁwvtﬁt%ﬂ@m%g&aﬁa%ﬁ 00 ¢

02/ 057302 PCT/ NL /00040 61 The secon e genone nap coges for a
294 as pr ot kdspecihis simibirdo dirG8Mm ey Otbeqpmmwthn$@q%ewetvbdméaﬁbmmit ei n of

APV- C d WLt h the P of RSV (Table 6). The P gene of
VPV cont ai ngﬂ%@%&@ég@ ‘QF“elﬁirf‘ grt’d | that respect is simlar to P from

many ot her bﬁﬂ@%ﬁ%AﬂV&@aﬁ&@/&r@@W&d—ﬁmﬂaﬁwR@Mcﬁ@Vﬂkme1‘11?9’@? ORF
~-Sedl-mei-er--e 1998) .. ont rasfé to APV A-and B-and, PYM.and simlar to-
y

RSV and AP\ t%t%wrw‘mﬂ Fing (kg9
that a regi g&iwebn QHQ)lﬁeﬁin%irﬁéést(Xa 1@?2@%%&1&! ér&@%‘x‘gﬁﬁéﬂ’ %%NA%?B&I%?ISZle)

plays a role in either the synt hesli's rocess or in nmalntafinin
struct ural Pyeeesgror iy nufintdieing Lib¢ @@U@p!saddntﬁmmbjf ekthenideotgpaie gmmpiemelhs gh

simlarjdy I 0 eci cal I en, conservative
subst i tuot i oiﬁe 10% Osf%ﬁ%lkéeiﬁmq%aﬁ cw;%lﬁét ﬁ% ?%%W ﬁF%@ny”?\ APV- C, 93
% wi th APV- ébnaé’lﬁlraﬁve anﬂcbtﬁpnomwmrakwnsa&@mﬁ thRﬁMg ﬂjb% SrliRFity Wikh APVI he

MPV P prote n ric tamate residues as has been described for APVs
(Ling et 95% WA %Pptwﬁteitéil% it &SMh & her(-reaminys offthene

MPV genone M[[PG.DPI ﬁ%tén%@@l&%%v Biafe ré’é!{iﬁlfég ak 838 TRLR AedcBefor ﬁﬁ ﬂﬁl% < of

pneunovi r uses. has exactly the sane size as
ot her net apHeUd®8%) r uses (Table 5) and shows hi gh as sequence honol ogy 20
with the matrix proteins of APV (78-87%, |ower honology with those of RSV

and
The matrix (M) protein gene

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

uggsipd thak pagsien of high fimdlesy suggest ed



PVM (37-38% and 10% or | ess honology with those of otheripanary0usruses
(Table 6). Easton (1997) conpared the sequences of matrix proteins of all
pneunoviruyses and found a conserved heptadpeptide at residue 14 to 19 that
is also cohQ&ME% n VPV 25 (Figure 10). For RSV, PVM andCAPNLO3fg04p
secondary ORFs within or overl appi ng %th the maj or ORF of M have been

i denti fi ed prbRirmscoardp&idiag té thebREéondaxryaBREFof RV andRSAE hadgind\¥eAnd 51 as
in APV) (Yu et % 1992; Easton et at., 1997; Samal et at., 1991; Satake
et at., 198%ROT®RE noticed two small ORFs in the M ORF of MPV. One snall
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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).
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APV-C, which is inh agreement w IS reglon belng conserved anong
t he net apnealthouigh seme hoNm)dgyris stillaeen wiho8PVL5al et al ., 2000). 13 July
2005 02/ 057302 PCT/ NLO2/ 00040 63 As is seen for the F2 subunits of APV
and ot her paramyxoviruses, MPV revealed a deletion of 22 as residues
conpared with RSV (position 107-128, Figure 11). Furthernore, for RSV and
APV, the signal peptide and anchor domain were found to be conserved

Wi thin subtypes and di splayed high variability between subtypes (Plows 5 et

at., 1995; MayboK (812)3iroteit?98) . The signal peptide of MPV (aa 10-35,
Figure 11) at the amno term nus of F2 exhibits sone sequence simlarity
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still seen whith eA\rdes tAdprideessddty ¢INB vivabpélyerase (Collins ef al., 1995; Collins,
1996) and its readthrough of intergenic regions (Hardy ef al., 1998; Fearns ei 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



The M2 gene is unique to the Pneunovirinae and two over| apping yORFss have
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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

y enplef aN3RAVEPRBnA the
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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



5 codi ng sequences are expressed as separate proteins or B%S pdart 2005t he
attachnment protein through sone RNA editing event. It should be noted that
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i dentified"BdH938% both APV and RSV have secondary ORFs RGHNEA/0PME naj or
ORF of G However, evidence for expr @8si on of these ORFs is |acking and
there is nOcﬁﬁﬂmnﬁﬁsm&APV(b%W&e&ﬂib‘étlﬂz&ypmdioﬁé edlasveeaustags for

di fferent vi rus&s (%Eg ef. at., 1992). The secondary ORFs in hMPV_G do not
reveal char SRCBARGL bt they SPH‘GC‘BVE%]E’@ME‘@ afiditipnat drsfeine Eesidhecnd f(’é’ﬁ&? ORFs
are expr ess e RS DHRY fheiled 1Y 2] Goin U tREARIMARAI NS g%mwﬁtﬂw" ORFs
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cysteine r eaﬂﬁiteeiotr[mﬁ 31X uk B220803 in\WE: Q2ORB)Y IPRV BEd/NI70% (A4 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)21GEGAGNX)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)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



66 contrast to RSV and APV (5 and 20 respectively). O not®,Juagl yotsw of
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' In contrast to the similar gene start sequences of MPV and APV, the consensus gene

end sequence of APV, UAGUUAAUU (Randhawa et al., 1996), could not be found in
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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start and J8maclentidssd gfithk d9adepandldst §2 pueagotidpsafithé trailar are comgpidnegntary

term nation_of ranscription (Curran et at., ,19 . ar i he

i nt er geni c SERIBICRACAt thegcach fonigiy mc‘i‘?e SPg%aY%C%Em%IS%gég%ﬁ%n el
sequence f okl ! (9D BREemBéR dt of! 0983 Mihk k&l N98B). THe 3iQader IVBIRNENGAPYV are
GGGACAAQU (Figure 17A), which is identical to the consensus gene start

signal of t hethrk Btentidssiin lanesh, (and sgmethomolosyrig goen w thepregipn betiepgd. || ot
at., 1996; ] r ot ) : ‘| f t he SH
~and-L-genes “o@x%ib@t%}f{‘g 4% gﬁ%@t%r%ggg)sl Qg#‘l_ tB F%/@ gﬂ?? éﬁ&és? CRpGRmTE

(SH: GGGAUAREgiiohed beia@baAinst 15 Bocletitigstofi thegMily germmic giapreae basedlonas al so

found to be _different 15 from L,he nsensussy AGGA I APM- A wa et
L 1006) R Gk Bastoh B A ERe ERRe T et ot il St e nPRNERENE O
to the si rr}hat&le@ﬁm&) ﬁs%ﬁiblés?ﬁh@%gﬁ% tlod RW\B’tadﬂbrAH)sﬁ nﬁd&lecl)tgctua}s @ﬂlﬁ;ﬂsifsgene end
sequence. of APY, UAGJUAAUU n et at., 199 .could n e found. in
the MPVAS nt @I@éﬁre_ﬁméégme?ﬁ%ﬁe@@ad@%g%ﬁc@%ﬁmﬂ %Wegben‘g%,
except 20 tHﬁcl%fkdésQ)tf%Q%gér LERPY hndARs thhiRADAAPY AvlaledBi 6ht &2l d

possi bly act as gene end gnal . However, since we sequenced viral RNA

rat her thannuelpptidegdfonmlogyy epapdrom Sredexdiegral 2 nodadididasorhiple represegh poinzayd
thus requires further jny igati.on. Th | r8enL.c |

pneunovi rusgesq{u\(}}gnrmyS |ar?e§ Przlgﬁééﬁ Gténelgﬁ% uc%lge( ?ﬁéi%g'n@% é%%l{e;ﬁgél%é;’sgg é?vﬁﬁ%?grg et
at., 1991; o dbseficeadf MB1 and BIEZ; Penesl hicthier¥eaidgdthe gemghoasd ageddNicdi d not 25

L TTRLRE R AT R R e
MPV  cont ai OSB3 Thohigh s%ﬁﬁémﬂq{oﬁo%gfom FtwebAMBY lafd A¥e/ @ineBRirthdd ORF
(see above). The intergenic region between SH and G contains_ 192
nucl eoti de sgmnh@ﬁi@ﬁgé@em&se relationship between these two viruses. f'or 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

erent-ffomthi's consensus- -



appear to have coding potential based on the presence of IBIRIQUS0OS
stop-codons in all 30 three reading franmes. The intergenic region between G
and L contains 241 nucl eotides, which may include additional ORFs (see
above). | MQPEEF Mgl y, the start of the L ORF i s | ocat ed ACH/NIH28eo40
secondary ORFs. Wereas the L gene of 6PV does not start in the preceding

G ORF, the &eﬁﬂ%?g ﬂies@%ﬂ éePS]?tathé é:cgg%ﬁl%gg{el%%%ort ggugﬁ 2 asdebs 1‘%1%§~U3 and

"S5'extremties of e genone of parany tragenic
2005 WO Ozﬁ%ﬁmﬁmﬁ'ﬂd‘dﬂ,ﬁ% 8D 4Bo shed lielt ontler wla efthe ladditiomahsvet'lappixeader

oader and PREE SRR AP REEHRY. T Erosaid AL HER Y S0 §F obab y

because t hegema(bﬂAP‘@*PG mghbﬁﬁiﬁe&h&@ﬁﬂbﬁhﬁin tHeerudtbticd offthe '®¥ ehd GQ@ibtedis et
1991; Mnk et at 1986). The 3' I eader_of MV

at., 1999; I?Elgﬂ.gg, t.at
and APV ar & eHuelationr B svith thas gf RE Vali dT o rencading tsgipns ot MEYL i n
~ the region PeiargAd t@H&i‘ﬁﬂ& Isﬂﬁﬂs&%acﬂgs %fzfgf'v bgidhs: hﬁéise?rﬁl 54@3;1&“%@&11%%68 o

~nucl-eoti-des) (F| gure 1 ment i-one ef ore- t e first 15 nucl-eoti

the VPV gendARV aag I\@?‘é @@d@duah gramrf hgmqh:gmcéltba@dﬂmdemgtbs pflte
genone. Th | er 1 u i resenbl es the
IeTor 1 netEReR reiohFererhdi U fre e s fof AV T UG WEE RnebERERRS
Ionlger tgamtbfmimﬂs éPMloéMdI t?eu@[fﬁmtw%@%unﬁd lgifﬁaleﬂﬁfalolfn ddﬁereeigtthﬁgméﬁmd f
nuc eo es.of -t | er MRV a trail of APV I ed 21 out o
nudCeoriERas READ ngh fpsneip Ao AP N (MR B

r epr esent PelgBiice (@emmegmbeﬁﬁldmeﬁ lhb@rggﬁe%glsnss %@1@@%@ afhly8R s\éfvﬁla!r
seqguence anal ses revealed the absence of NSI enes at the 3'end

of the gendRBMNHMds segarrshtofonmally é@lme@ée thage g@@fem wqglemeé Br&?aﬁids‘mn@?d of
et apneuno

foung bet mﬂgﬁ%‘%@\eﬁﬁe I%@l&%ﬁlefgg Pﬁﬁbﬁaésg %l-syégglsghg se reP&%mo%s%l p
bet ween t h@éhemtmmetﬁaﬂimﬁbtmﬁdibbwusﬁg nMdlEed Mid ﬂm@hﬁcaﬁeﬁoﬁgﬂm ends MPV
an overal | ' am% %% of. 79% i f ound Wlt APV- In Eact for
these génes BRI Sried uppsy ghrigue 8g B BRRIEPREAB Fo e Bice o508 1y ¢ he
sane range eiate@Hrasae (RaTaHaea| ss E@W%&%ﬁé‘@ﬁé&rﬁm:ﬁﬁﬁﬁeﬁhﬁoﬁ QesnlEeEeT A,
such as RSV- A and B or APV-A and B. This close relationshi p bet ween APV-C

and MPV i Shgabeenceof the NS ang NS oepnesiram awanpneymanirap. F. il Bd 9% and

QEX- CB: ?_LV\%@(E.‘&)M)EM%@H@VIQI ARG, NTAPRE R Soqbib R8BS P B 302 GBABAANGE APV-A

regions of human respiratory syncytial virus genomic RNA. Virology 185, 615-24

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.




i dentical genom c organi sation, the sequence honvol ogi es arsl Juhyl pgEnti c

anal yses 25 are all in favour of the classification of MPV as the first
menber | n‘&{gﬁ ly?t apneunovi rus genus that is isolatable frommnmals. It
shoul d be Y¥"t%at the found sequence variation bet weedTEHNEROUM virus
isolates of MPVin the N, M F and L7genes reveal ed the possi bl e existence
of different genotypes (van den Hoogen et at., 2001). The cl ose

rel ati onship 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 at., 2001).
This difference in host range may be determ ned by the differences between
the SH and G proteins of both viruses that are highly divergent. The SH
and G pr ot dateridlshid Methodot reveal significant as sequence honology with
SH and proteins of.any other virus. Al though the am no acid content and
hydr ophBbi ﬁ"ﬂi’re‘bﬁeﬁnﬁh’é e in favour of 13 July 2005 WO 02/ 057302

PCT/ NLO2/ 00GA&s is6t60- il i ?arbﬁtegieemﬁﬁgﬁ%itélé (BPFroSim SERET0, UMT@!{D??&@ are
the rol e oPRttEEisgaenksy Fidupysella ppidasrribekpsediondi e & Horte6 e eheN01).n

addi tion, ofy APV- C m.gh r¥qi.de
mor e i noi ghe Aanes PIRIREE Ry bliferb A £0n SR05% Bnsalethd s By Rl R

r el at i onshilgolaking Kitaserdodg iivsEuctitres frandhd nigufagumsrsRoth DR¢nowdse f ound
to be irly simdyar.t ho f. APV. The 3'leader_and 5 trailer, sequences
of AP Bnd _r%ifé‘&!%%ﬁg‘aﬁaniﬁ? e BEroofectiaig agsA omPratsagts RysPehgt hs of
the inter geaicudlpGiaanenBédbenQf B JEMF it HEdifiaf 8o EQuchBdS AiMlisNEY fortthe
consensus gene start signals of nobst of the ORFs were found to be

i dent i cal . 19a¢leE and frpdler of ABVIRIY Raniltgrasei guhall 29T Mini\et whs £99i0nfland i n
the MPV QGQQ%M_@‘H)&P%@EE ’4.Bchl é%gaﬂ W %ﬁ&ﬁ(%fgd W?ﬁ-ﬂqﬂ%{mépus‘ 1“11?“ “a“o‘ng/ A C)
in nost intergenic regions, sequence ‘anal ysTs of vira IS Tequrred
to fornal | fubkctisapin e tothbsdugend 56ptwihdi0enbEEris pH 8850 hNh & ai} £8 mMhat

seque i i r.1 ucl eotides at the extreme 3' e 2

nucl ot 7 deyé@g% BRI L B el Maaveye aEmg: oy @Q’gPép?%
anpl i fi cat uaits ENADNP @RSl beidBACHe Néﬂié@ﬂﬁ&?? 10 ThAMV ?&Qﬂée%&ni@?ti%%en
proven to successful by others for related viruses (Randhawa, J.S. et

al ., Rescufegin ﬁ@?‘i‘:cr[‘ hei Nethepppdonane s omisi TaacRolymprasa KEEfewlied t he NS1
71, 5% GRS, R BOEUERYE e o 58 SRR s
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,
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X63408 (APV-A, M2 ORF), U65312 (APV-A, L. ORF), 840185 (APV-A, SH ORF).
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(Promega, Leiden, The Netherlands), and 5 units Taq Pol ynes asevy( PEo#\ppl i ed
Bi osystens, N euwerkerk aan de |Jssel, The Netherl ands). Reverse
transcription was conducted at 42C for 30 minutes, followed by 8 m nutes

i nactivat VR OHS7IBC. The 20 cDNA was anplified duri ng 40 &EATNIH2800405C 1
mn.; 42C, 2 nin.72C, 3 nin. with a f#nal extension at 72C for 10 mi nutes.
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 clraBi Lhe 25 Netherl ands)
and an ABI autor%? %%?Ig%q(tencer ?ﬁ%h%g% |§§&@ﬂ%system Ni euwer ker k

aan den |Jssel, the Net herI ands), according to the instructions of the

manuf acture-r.—Seq-ue-ne-e—aJ—i—gn-ne%s—mem—-&ad-e—u-s—i—_ re
package avail abl e i Nt he of t wdfle pac&agel\@" BMAEdi tHver Fons. & 6.

(ht t p: //j Wbr own. nbl 0. nesu. edu/ Bi oed| t// 39 b| ogdl t ht n1 HaI |, 1999).
al i gned usdﬂ@’vt he CB&ét aI W4 sof 2ar e mka §7and?1rraxil&&|m 236(el 20¥od trees

71 Cof tuar bt Aiage 8l n@bny| P s 58 oo udng 106 bk st 7 and 3

junbl es. BgpVE® rapsyal uesmverezmnpuﬁml quecon;saensus treps created with
t he consense __package (Fel senstein, 1989) The MPV genonic ,Sequence IS

avai | abl e AR Genbafk und actksi AThundet F1AF371337.2 A1 St her

sequences uge¢here are available from Genbank umder :acc i on_gnunber s
AB046218 (neasles virus, all ORFs), NC 001796 (human parai nfluenza virus
type 3, al lhR¥¥Fg), BEL 001560 (%ﬁdal §idr us,19all 91?RFs)64 X5Z%59 Zmﬁuman

Vit 3lsnf ;FF%‘Z?I ?:‘5%027%%1 ?ll\I: %‘%{F W‘s 2%6 %8& V. all
ORFs), 10 MRSM6 (hBsV A 241 | CG¥6s exsgmpt 136 N@'8:001&I3 (#63SV, 21620RF) ,

NG 001781 (RRSV B, all OBEs), DI033L (PVM N ORP), 09649 (PVM, P ORF),
U66893 ( PVN{VMI ORF) 893 Usetitn’ (FEA SHIRF) 179111790 (99M 49€0RF) * D11128 (F

ORF). The MMM 418  295- 335 539 -4 A 4 4 2183
542 708 393 565 2962

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

@G W@



ORF was taken from Ahmadi an (1999), AF176590 (APV-C, N ORBE ,Jud3928685 ( APV- A
N ORF), U39296 (APV-B, N ORF), AF262571 (APV-C, M ORF), U37586 (APV-B, M 15
ORF) , X58§§8 PV-A M ORF), AF176591 (APV-C, P ORF), AF325443 (APV-B, P
ORF), U221 %2&5\3/)A P ORF), AF187152 (APV-C, F ORF), Y142\ H F
ORF), DO00850 (APV-A F ORF), AF176592°(APV-C,. M2 ORF), AF35650 (APV-B, M
ORF), X63408 (APV-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
304 294 2547538 61814d 0k 3053602 00t ARUA A 12 HRIRE 160G ab8BnGR oF L0
2004 APV B 391 279 254 5387186 73 2 414 2 APV C 394 294 254 537 184 71 2
2 2 APV D paranpyxopirgses® -2 -2 389 2 hRSVA 391 241 256 574 194 90 64 298
2165 hRSV B 391 241 249 574 195 93 65 299 2166 bRSV 391 241 256 569 186
93 81 257 2162 PVM 393 295 257 537 176 77 92 396 2 others3 418- 225- 335-
539- 4 _4°4 4 2183 542 709 393 565 2262 5 Footnotes: 1. length in am no
aC| d reS| '. . =V N QS-dAE /- ... .
virus type 2 and 3, ]gendd? vi Mis, ﬁeasN@% Jﬂ?us L 10 nlpah virus, phocine
di stenper virus, and New Castle D seasejvirus. 4. . ORF not present in
viral genome 13 July 2005

APV A 69 86 78 67 T2 26 64

APV B 69 651 76 67 71 27 -
APV C 88 68 87 81 84 56 -2
hRSVA 42 24 38 34 36 18 42
hRSVB 41 23 37 33 3. 19 44
bRSV 42 22 38 34 35 13 44

PVM 45 26 37 39 33 12 .2
others? 7-11 4.9 7-10 10- -4 4 13-

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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WO 02/ 057302 PCT/ NLO2/ 00040 73 Table 6: Am no acid sequelReulgentdiy

bet ween the ORFs of MPV and those of other paranyxovirusesl. 5 NP MF M-
M- L 1 2 APVA 69 55 78 67 72 26 64 APVB 69 51 76 67 71 27 2 APV C 88
68 87 81 P WHSIH2 hrSVA 42 24 38 34 36 18 42 hRSV B 41 PEIALOZYLS 19 44
bRSV 42 22 38 34 35 13 44 PVM 45 26 3% 39 33 12 -2 others3 7-11 4-9 7-10
10- a a 13 dfeddcedo0tnotes: 1. No sequence honol ogi es were found with
known G and SH proteins and were 10 thus excluded 2. Sequences not
avallable 3. See list in table 5, footnote 3. 4. ORF absent in viral

Qi ront P oY BRBHELIokRb Bl Pa By, vobinaes (LODL 198h OduP SR 1y

Ausubel , FM., BB’IQI"ER.., KRnstoK] RIL. ozmoozB ED %iaf.:en D), Sm8sl, gnBAnd $tfahl, K.
K. 5 Published by John Wley and sons, Inc., USA

Smth, 3. St ruhl
Curr ent SPr o?‘%ﬂﬁpgépﬁ Phﬂm[iéﬁyo%ﬁls%i@ﬁe . Ed. by Coligan, J.E
Krui sbeek; AM, Margulies, D H, Shevach E M and St robe W PubI | shed

~py John W1 ey and sons,
Cuarrent Protocols in Immunology, Volume 1-3. Ed by Cohgan J E Krmsbeek AM

Margulies, D.H., Shevach, E.M. and Strobe, W. Published by John Wiley and sons,
Inc., USA.

10
Sambrook et al. Molecular cloning, a laboratory manual, second ed., vol. 1-3. (Cold
Spring Harbor Laboratory, 1989).

Fields, Virology. 1996. Vol. 1-2 8rd. Edition , Ed. by: Fields, B.N., Knipe, D.M. and
15 Howley, PM. Lippincoti-Raven, Philadelpia, USA.

1. Pringle, C.R. Virus taxonomy at the Xith international congress of virology,
Sydney, Australia 1999. Arch. Virol. 144/2, 2065-2070 (1999).
2. Domachowske, J.B. & Rosenberg, H.F. Respiratory syncytial virus infection:

20  immune respohse, immunopathogenesis, and treatment. Clin. Microbio. Rev. 12(2),
9298-309 (1999). Review.

3. Giraud, P., Bennejean, G., Guittet, M. & Toguin, D. Turkey rhinotracheitis in
France: preliminary investigations on a ciliostatic virus. Vet. Rec. 119, 606-607 -
(1988).

25 4. Ling, R., Baston, A.J. & Pringle, C.R. Sequence analysis of the 22K, SH and G
genes of turkey rhinotracheitis virus and their intergenic regions reveals a gene order
different from that of other pneumoviruses. J. Gen.Virol. 73, 1709-1715 (1992).

5. Yu, Q., Davis, P.J., Li, J. & Cavanagh, D. Cloning and sequencing of the matrix

protein (M) gene of turkey rhinotracheitis virus reveal a gene order different from
. 30  that of respiratory syncytial virus. Virology 186, 426-434 (1992).

6. Randhawa, J.S., Marriott, A.C., Pringle, C.R. & Easton, A.J. Rescue of synthetic

minireplicons establishes the absence of the NS1 and NSZ2 genes from avian

pneumovirus. J. Virol. 71, 9849-9854 (1997).



Inc., USA 10 Sanbrook et al. Mdl ecular cloning, a |aboratdryiyanoas ,
second ed., vol. 1-3. (Cold Spring Harbor Laboratory, 1989). Fields,

Vi rol ogy. 1996. Vol. 1-2 3rd. Edit]i on, Ed. by: Fields, B.N., Knipe, DM
and 15 HOV® 8057892\ Li ppi ncot t- Raven, Philadel pia, USA. PCINEBGM0 C R
Virus taxonony at the Xith |nternat|oﬂél congress of virology, Sydney,

Aust ral i & 1998, 818 11 Vb Tt o2 B BoridA80bey dra DRIRSNSMSHE: (o B

& Rosenberg, HF.  Respiratory syncytial viru
response, | ﬁa‘i)tﬁ&;%&@esumaﬂndthshwg@mporatﬁu NewMakolNas). Rev 12( 2),

298- 309 (19 eyi e G| Benpgepean., G ttet Toqui n,
D. Turke§/ r i nof3 r%ac ethgfIFH ’gﬁcég PLkeES, ?ﬁ?ﬁ@v ?W?‘R/ﬁ?gﬂn&h%o% szn
CI I i ost at i cSheenissG. The isoRefon dddpar®iab clb-dctetizB6n) of £51g4ﬂy baﬂ?ﬂgeﬂl& East on,

P ey M MRTPRETaI Srmhe AL ia O RO geh A b O VoTb S0e 09051 (1398he

d diff
| grger A (%IS% Chi®; bl aipgh LGS r&@ﬁﬂyemefgmaeadly y%%h&%g{({vﬂlus Selence

sequenci ng 38, tll4§211§85 (2000?)r ot e| n (M gene of tur key rhi notracheiti is Vi rus
| a f 3 thato a lal virus.

{feyg?ogy gSjg? W@gﬁéfg b{lﬁ%%l %faf%ﬁdg} 13 éaj %Iv@r %JI%P}I HE%%CM Pringl e,

CR & Eastﬁrbﬁmérﬂlypﬁﬁ&dﬂﬂ)ﬂfﬁn@@h@&?ﬁiﬂg@fﬂhmﬂlﬂfﬂﬂl 20%5@6?1‘5{/@)65 the

b ene om avi neunovi r.u I

SBZSHS (figg%‘mn%%* PFEYy plEna %‘@2?9%‘#3 e e e ?etn% Evans

A'S. In: \f Ereqheﬂxdéfs%%mm% Qha kK 'PRBSn JERECSIWG RAVARRY- E%ﬁﬁ%euﬁmr&g@

(ed. Evans 22-28 (Pl enum Publ i shing Corporation, New York, 1989). 8.

Cst er haus, C&Hiﬁmeal avanygl ARV sumouned’ sof nEViio]. 8%; 8893-2733 (208Ppena, J.S. &
o ootoe i AT, AL A Al RS oA
Virol . 86, idfifedlin(<b98m)of oldbr pkore ]ﬁmnel‘healﬂetﬂﬁt]}a&ﬂs.\ﬂﬁelﬁanc@t apeidnm| y
ener gerit5 deéal%l é{lzp{i ggsyxow rus. Science |
13. Prlngle, C.R. In: The Paramyxoviruses. 1th edn.(ed. D.W. Kingsbury) 1-39 (
Plenum Press, New York, 1991).
14. Rothbarth, P.H., Groen, J., Bohnen, A.M., Groot, de R., & Osterhaus, AD.M.E.
Influenza virus serology-a comparative study. J.of Virol. Methods 78, 163-169
20 (1999).
15. Brandenburg, A.H., Groen, J., van Steensel-Moll, H.A., Claas, E.;I.C., Rothbarth,
P.H., Neijens, H.J. & Osterhaus, A.D.M.E. Respiratory syncytial virus specific serum
antibodies in infants under six months of age: limited serological response upon
infection. J.Med. Virol. 52, 97-104 (1997).
25  16. Lennette, D.A. et al. In: Diagnostic procedures for viral, rickettsial, and
chlamydial infections. Tth edn. (eds. Lennette, B.H., Lennette, D.A. & Lennette,
E.T.) 3-25; 37-138; 431-463; 481-494; 539-563 (American public health association,
Washington, 1995).
15. Felsenstein, J. Department of Genetics, Universtity of Washington.
30  Hitp://evolution.genetics.washington.edw/phylip.html
16. Schnell et al EMBO J 13, 4195-4203, 1994
17. Collins, P.L., Hill, M.G., Camargo, E., Grosfeld, H., Chanock, R.M. & Murphy,
B.R. Production of infectious human respiratory syncytial virus from cloned cDNA

confirms an esential role for the transcription elongation factor from the 5' proximal



288, 1432-1435 (2000). 10. WwWelsh, J., Chada, K, Dalal, S @,Ju@@egg%R

Ral ph, D. & MO elland, M Arbltrarlly pri med PCRflngerprlntlng of RNA

NAR. 20, 4965-4970 (1992) 10 11. Bayon- Auboyer, M, Arnauld, C, Toquin,
D. & Et er MRABY¥E302N, Nucl eotide sequences of the F, L and’CG/QHFOQtO@Q‘iﬂ genes
of two non- A/ non-B avi an pneunovirusegé( APV) reveal a novel APV subgroup.

|, N
P o-epi dom P anrha She &g ettiln sk el and RS okl gy o

ol der peopl eadcingideyelonmeht ANAROR) HIHGS- 1156@(1.%5):& apr|I 19, 15 810-814

1958). 13.._ Pringle I n. (ed. D.W

f(i ngs%)ur y) 15)?%%%?%%71%?3%“1\@\1\%8’ a°’1 9%]’%01?4(} %Wﬁg%e% GpAPNAG gen,
J., Bohnen, trAnMectidd SQtem & Rneraidaireriiddha v Mok ei ]jghlt Bi&éﬁﬁﬂé 3pNAE 9T,
serology-a ¢ (g)aratlve study. Jof Virol. Methods 78, 163-169 20 (1999)’ 15.

Br andenbur g1 @¥dn, J., van Steensel-MIl, H A, Caas, EJ.C,

Rot hbarth; 14 B'ﬁdgewehj ﬂi@%ﬁdﬂeRg‘sc%.tO??Q% Qe%ﬁve-ﬁ%i rat or exncyt | aI

NP US specnflc serum ant s TN in un er=si-x non
limted serfbuglewd qow@emsnﬁ:ampBNAslRﬂ\ékﬁﬂ&)rlﬁzmo-u/&mw(]@eﬁ) 52 97 104

(1997) 25, I pSI08: HiunPof phbaBhis B DPROTERS b PERSREGRL T (')

Lennette, DNAgatfvelstraial RNA vilusks)gedeRbengdhed s alﬂf'ép hoﬂ§ ]PI'@S 193513%55:53
(Arrerl can publi c heal th associ ation, Washington, 1995). . Fel senstein,
a]r f& etics, Universtity of Washington. 30 Http//evolutlon

SonorTex. weahiraghan 1541 BTl RO ), R i Mg, 4205

1994 17. Colli ns, anock
RM & Mir pdweasems femo dlooed ocRING: emdbncﬂhhatnslehmtﬂhty efthe fasion yrayindyhi al

ol ongati on FARE SPFPaRRHE HeuShedicrEron 8o BesTo 021 057302 |
PCT/ NLO2/ 0022t Durbih, dpe) Hadia 8iIngSibwa By 9 Wiitieh®, SIBNA MG $TE, £M0ips§] on and
pr ovi de% a ﬁ%oﬁglcclwlegfy og 1?1rfect10us human parainfluenza virus type 3 from cDNA. Virology
285, 323-332 (1997).
23. Tao, T., Durbin, A.P., Whitehead, S.S., Davoodi, F., Collins, P.L. & Murphy, B.R.
Recovery of a fully viable chimeric human parainfluenza virus (PIV) type 3 in which
the hemagglutinin-neuraminidase and fusion glycoproteins have been replaced by
20  those of PIV type 1. J. Virol. 72, 2955-2961 (1998).
24. Durbin, A.P., Skiadopoulos, M.H., McAuliffe, J.M., Riggs, J.M., Surman, S.R.,
Collins, P.L. & Murphy, B.R. Human parainfluenza virus type 3 (PIV3) expressing
the hemagglutinin protein of measles virus provides a potential method for
immunization against measles virus and PIV3 in early infancy. oJ. Virol. 74, 6821.
25 6831 (2000).
25. Skiadopoulos, M.H., Durbin, A.P., Tatem, J.M., Wu, S.L., Paschalis, M., Tao, T.,
Collins, P.L. & Murphy, B.R. Three aminoe acid substitutions in the I protein of the
human parainfluenza virus type 3 cp45 live attenuated vaccine candidate contribute
~ to its temperature-sensitive and attenuation phenotypes. JJ. Virol. 72, 1762-1768
30 (1998).
26.Teng, N., Whitehead, S.S., Bermingham, A., St.Claire, M., Elkins, W.R., Murphy,
B.R. & Collins, P.L. J.Virol. 74, 9317-9321 (2000).



vacci ne devel opnent. PNAS 92, 11563- 11567 (1995) 18. Hoffyreny foos
Neumann, G, Kawakao, Y., Hobom G & Webster, R G A DNA transfection
system for generation of influenza virus from ei ght plasm ds. PNAS 97, 5
6108-6113W‘g%@730219 Bridgen, A, Elliot, R M Rescue of PETSEGAEMHHEA
negative-strand virus entirely from dl?oned conpl ementary DNAs. PNAS 93,

15400- 15404914 3928kel, ?@ Re?éﬁcﬁ%twgen HéhE R%Rﬁ\'ﬁ!lrus %ﬁﬁ%ﬁéfjﬁum% &o.isdThigs Chka,

S. & Garcia-Sastre, A Negative-strand viruses: genetic englneering
and appl i caandits, A/Emgzgwuamsmmaneemsﬂ&tedb%ye 1957, Thedicace, MByR, 90de
Leeuw, O S Ry, G & Gelkkens, A L. Rescue of Newcastle disease virus
fromcl oned c T‘évi dence t hat cI eavability of the fusion protein is a

maj or determ nant for virulence. J.Virol. 73, 5001-5009 (1999). 22. Durbin,
A P., 1, SLB %ew J. W, V\hltehela S.S., Collins, P.L. & Murphy, 15
B.R Re veF‘flrt FT 46 ’-"@E?qsdlr?dﬁﬂ%ﬁ‘ &inf | uenza vir us type 3 from cDNA
Virol ogy - 235, 323-332 (1997) 23. Tao T., Durbin, A P., Witehead, S. S,
—DPavoodi,F.,Collins, P.L. & Mirphy ‘R~ Recovery of a fully vi able-
chineric hu&iﬂ%@ﬁ\ﬁ\hﬁm‘ @HéMBERSuPr L@IG(E#&TPNI; $pd. 9PY). Weitedhiontand characterisation

20 those of Pi v thidefis GRERNGy SLe ORFIELE! ?@%@%{%&gﬁﬂ%&@s 1
Ski adopoul os, Mﬂrolm;munfﬁe JfM ‘Riggs, J.M, Sgrman CoIIi'n's’h
P. L. BoRyH Pl V.

o PR R BB |0, YR b B oA

| mruni zat i on agagh @@Mleub'ﬁ A \Ji?e £ m8 ik rdt@ifxmzzzd DY otein BHF
6821- 25 6831 (2003'th 25, rsm adopoﬂfdggl il b.% A P., Tat g\)f{]mj" i

Wi, S. L. Paschaﬂhre@wnﬂresma@toryrsyncyt;@lwussJ ¢BTLVM”&1 Row P197:603. R Three ami no
aci d substi ﬁli Iwgé]ﬁ% Rk t Vi e
3 ep45 I|veﬁat ‘eduate vaég ne cgir'fﬂdl(gfﬁ J}IQEWt e%’f ﬁoggiflé}st’%%&cg of e ﬁ:%j%r

‘econtri
t enper at u re-sen saixtcieoealamd paditeangeaieiof pn@.kmmawm& of nicd/iseqliencé 2ompFhigonk7 68

B ki oW R, MIFRRGEL sbisogiral Rogplog botriseh e cog Prosainogs EDSnaiiseho)
13 July 2005 paramyxoviruses, rhabdoviruses and filoviruses. J Gen Virol 72, 677-85.

BAYBUTT, H. N, and PRINGLE, C. R. (1987). Molecular cloning and sequencing of the F
and 22K membrane protein genes of the RSS-2 strain of respiratory syneytial
virus. J Gen Virol 68, 2789-96.

20  BAYON-AUBOYER, M. H., ARNAULD, C., TOQUIN, D., and ETERRADOSSI, N. (2000).

Nucleotide sequences of the F, L and G protein genes of two non-A/mon-B avian
pneumoviruses (APV) reveal a novel APV subgroup. J Gen Virol 81, 2723-33.

BERMINGHAM, A., and COLLINS, P. L. (1999). The M2-2 protein of human respiratory
syncytial virus is a regulatory factor involved in the balance between RNA

25 replication and transcription. Proc Natl Acad Set U S A 96, 11259-64.

BLUMBERG, B.M., CHAN, J., AND UDEM, S.A. (1991). Function of Paramyxovirus 3' and
b'end sequences: In therory and practice. In "the Paramyxoviruses" (D.
Kingshury, Ed.), pp. 235-247. Plenum, New York.

COLLINS, P. L., and WERTZ, G. W. (1983). cDNA cloning and transcriptional mapping of

30 nine polyadenylylated RNAs encoded by the genome of human respiratory

syncytial virus. Proc Natl Acad Sei U S A 80, 3208-12.

COLLINS, P. L., and WERTZ, G. W. (1985). The envelope-associated 22K protein of human
respiratory syncytial virus: nucleotide SEQUENCE of the mRNA and a related
polytranscript. J Virol 54, 65-71.




WO 02/ 057302 PCT/ NLO2/ 00040 77 27. Masurel, N. Relation p;etmg,ngb@gg Kong
virus and fornmer human A2 isolates and the AJEQU12 virus in human sera
col |l ected before 1957. The Lancet May 3, 907- 910 (1969). 5 Further

ref erencesVQ4¥0F792t h exanple 4. AHVADI AN, G, CHAMBERS, P.ECTAVID2EMBFON, A
J. (1999). Detection and characterisatiBon of proteins encoded by the

aansarr, HCOUS Bar2PRedls. PIENEB bl R A O Ry e M ce

anal ysi s of the (phosgoop:, on\m@osmmﬂzqmam(masy (Nﬁﬂénmdmbquencpg fm&ehmgaﬁd
22K (M2) protein of  the_ovine respiratory s tial vyirus n Vir 75,
3597-601. BARR Junctiepppfhwaan pespiiafqry@Eypcytt ‘15 g é}ﬁ%ﬁﬂ@wﬁ% atyyes p 991)

Sequence of the BRAFonidWiChRARARS SbuR'cl&l PréleRE: Aoal SN OB Ub9E08]
m ce: sequence conparisons 15 sug gest structural honol ogy between

nucl eocapsi @%LE‘{Se n&., SILpMufio i J@é@SONpBrEn(i}%Q)i The &wo opé¢mtradingfgamss efnd

—(1987) N ecul arie ok iAot Akl teon PO rher il e 00eRE Aol

genes of the RSSaﬁt1gémaBﬁbgzbup£Apndai amd/emtess;dmﬁiwm JGen WErédeil, 9015 R0.68,
2789-96. 20 _BA UBO ARNAU I D, , and ETE S|
N (2000) - UL Bt fro FELty M o CAYARERe e CHOSRED G iacioy B i Shpioae
hon- Anon-B avi anp, R Kllyraéﬁe%m%?iﬂfe&maiun@axp@éshawy %ﬁapﬂﬁus ﬁoﬁen
Virol 81, 2723-33. BERM A, and (1999). The M2-2

prot ei nL&f hunancxoegcbppmﬁmy hi;meamall r¢la§mi t@eara@gupa@mgwngmbfactor

Nat | Acad Sci Uskogbuer SRR olEienaie e SO BRNAARE fllep Mon, RELC
(1991). Funct i onpodvidRaraeapbility &s vaccine develomnehnts FgoreNa stcadl Bet HeS Ard2, and

practice. In "th(ilg%jnyxoviruses" (D. Kingsbury, Ed.), pp. 235-247.
Pl enum New Yor k INS, P. L and VERTZ, G W (1983). cDNA cl oning and

transcripti @OﬁiJNEBPanM@fNTo&i Ki 06) ophiede .M. (2058). RAsirenepsptytixl +ibes."

genone of human res irat or syncytial virus. Proc Natl Acad Sci USA 80,
3208- 1215 COLLI NSin:fields ving Znige, Bowlerg 8N, BohkLigneraobipRavedsoci at ed

22K protein of hPHEQdelphla.
CoOK, J. K. (2000). Avian rhinotracheitis. Rev Sci Tech 19, 602-13.
CUESTA, L., GENG, X, ASENJO, A., AND VILLANUEVA, N. (2000). Structural

¥,

phosphoprotein M2-1 of the human respiratory syncytial virus is an RNA binding
20 protein. J. Gen. Virol 74, 9858-67.
CURRAN, J., AND KOLAKOFSKY, D. (1999). Replication of paramyxoviruses. Adv. Virus
Res. 50, 403-422,
EASTON, A. J., and CHEAMBERS, P. (1997). Nucleotide sequence of the genes encoding the
matrix and small hydrophobic proteins of pneumonia virus of mice. Virus Res 48,
25 27-33.
ELANGO, N., SATAKE, M., and VENKATESAN, S. (1985). mRNA sequence of three
respiratory syncytial virus genes encoding two nonstructural proteins and a 22K
structural protein. J Virol 55, 101-10.
FEARNS, R., and COLLINS, P, L. (1999). Role of the M2-1 transcription antitermination
30 protein of respiratory syncytial virus in sequential transcription. J Virol 73, 5852-
_ 64.
FELSENSTEIN, J. (1989). "PHYLIP-Phylogeny Inference Package (Version 3.2. Cladistics
5).".



respiratory syncytial virus: nucleotide SEQUENCE of the nmRNAapdzeos el ated
polytranscript. J Virol 54, 65-71. 13 July 2005 WO 02/057302

PCTI NLO2/ 00040 78 COLLINS, P.L., DICKENS, L.E., BUCKLER-VWH TE, A.,
OLVMBTED, MQ\02/053892 GGS, M K., CAVARGO, E., AND CCELI NGH, PKIXNDY2/0(03®86) .
Nucl eoti de sequences for the gene jurmgtions of human respiratory syncytial

Proc Natl - ACRA OO RSN, L Emater. oF i FRROD T X8 ey PRABH AL
JOHNSON, P. R (ﬂﬂEﬁ)me:‘ﬂreliﬁﬁuarp prevestieaidorson 4 ﬁmtea;aﬁf: virtub eVl Rec IRBACOH-7.
Subgr oups. A ‘% TR, bRl aiepr BT Bolpaa sepnare Sgnrapiisigg: and

COLLI NS, P L ahdilsis Mrogeam fANNRIEN s §5/98/ROReL eidd. SyWJL §-08) . and
MURPHY, 1995). Production of infectious human respiratory ﬁncyt i al

vi rus frfbm %RP ofrel - CONAVERTE, (G- V6. AR08 s Thaprogiuck of the respitaterytays VFI“ISOI‘I
el ongation fact ofg gfe‘hgr@ﬂﬂ“leelﬁl 5303%'&1%08@?&151?&%&” Mcmaggre’#lgpnent Broc.

“hngene expre35|on an prOV| capabi cine
Nat| Acad Sci U Bass@iionld 36872, £M-61 NS, P L., MCINTOSH, K. AND CHANCCK,

R M (1996) . r A lal ,virus, " Fiel ds vir Iogy(B N.
R M (1996) porBRARIG A0 haTAIBY KL 3! (M0 Sinciodtn L aik S5 it

(2000) . AVI an r hpxahdyaehiend fusionR@yceopedteilte 66lod 8 coﬁQ&v&&em&iéE%Teeu rusmrﬁBNG
X., ASENJO, A., AND VI LLANUEVA, N. 2000) Structural phosphoprotein I\/IZ- 1

of the Human reshiPhb®r2t4dPheytial virus is an RNA binding 20 protein. J.
of par amyx oy aaae aor R e iR BRI R o
CHAVBERS, RJOHNS9Y P. H\JUI’RI FORMEIEDS BoAe IENCE, G.he, NeRewYeBCcB] lAﬂLgING)d) Wiatri x
25 2735, £l anaa AR BApafed Coplndn B Db EanEete rib8isse tobieetoquence
of three respi r@sréupyoﬁém(bﬂmaian\&leépﬁaﬁ@ﬁ@ﬁxc?ﬁﬁpdiﬁ@sdﬁé?om% hAd Bt Waliation
: pr otei n% and a 202f the contributions of F and G glycoproteins to immunity. f Virol 61, 3163-6.
JUHASZ, K., and EASTON, A. J. (1994). Extensive sequence variation in the attachment
(G) protein gene of avian pneumovirus: evidence for two distinet subgroups. J Gen
Virol 75, 2873-80
Kyte, J. and Doolittle, R.F. (1982). A Simple Method for Displaying the Hydrophobic
20 Character of a Protein. /. Mol. Biol. 157, 105-142.
LAMB, R. A., AND KOLARKOFSKY, D. (1996). "Paramyxoviridae: the viruses and their
replication”. In: Fields virology (B. N. Knipe, Howley, P.M., Ed.) Lippencott-
Raven, Philadelphia.
L1, J., LING, R., RANDHAWA, J. S., SHAW, K., Davis, P. J., JUHASZ, K., PRINGLE, C. R.,
25 - BASTON, A. J., and CAVANAGH, D. (1996). Sequence of the nucleocapsid protein gene of
subgroup A and B avian pneumoviruses. Virus Res 41, 185-91.
LiNG, R., BASTON, A. J., and PRINGLE, C. R. (1992). Sequence analysis of the 22K, SH
and G genes of turkey rhinotracheitis virus and their intergenic regions reveals a
gene order different from that of other pneumoviruses. J Gen Virol 73, 1709-15.
30 LING, R, Davis, P. J., YU, Q., WooD, C. M., PRINGLE, C. R., CAVANAGH, D., and EASTON,
A. J. (1895). Sequence and in vitro expression of the phosphoprotein gene of avian

pneumovirus, Virus Res 36, 24'7-57.



~resi-dues-in cell

structural protein. J Virol 55, 101-10. FEARNS, R, and CRAILINS, 2645 L.
(1999). Role of the M2-1 transcription antitermnation 30 protein of
respiratory syncytial virus in sequential transcription. J Virol 73, 5852-
64. FELSENSY#®/497303. (1989). "PHYLI P-Phyl ogeny | nference PR€TaJ®2/000¢¢ si on

3 2. Cadistics 5)". 13 July 2005 W8002/057302 PCT/ NLO2/ 00040 79 G RAUD,

o Seafor AR R, I, RPN X, Bor 2R v et

virus. Vet Bee likQuei6udage Yyothk respifhtorkO8rytidivaltidnd vids phedridvandl ¥
bi ol ogi cal sequenCﬁ ali gnrrent edljgf and anal §S| s program for W ndows
95/ 98/ NT. Nucl . %Pheptionsepmplesgs. J. ¥irol.gt, 6865-Z2HARDY, R W, and WERTZ, G

W (1998). winex aviodUsteef Dt Qeaﬁ@mmsopyl,smgw wcleﬁtlaggeqd@c&%%&lﬁﬂ
enhances readt hr ough of intefgenic junctions during viral transcription.

Virol 72, 520-6.1 ) tizileregionriof awEan Rspixatqry $9Rytiabyirds genamric RINA.

fusion peptide rus fusion glycoprotein: rol es of conserved
- 0{/‘{9’!"‘?’9% ig%‘inol 66, 2443-55. JENTOFT, N. (1990).

are protei nmmmmcﬁsmm?smesﬂmcﬁrcoMemsmA A EMVANG), @ﬂNE@iADR HR
JR, OLMSTED, R, A.. PRI NCE, A B, . R, ALL| D, V\ALSH
E. E, and co.u?%’“@ OME, ﬁié‘&%ﬁfm‘l{ﬁt’\g Sﬁ 0, M. zqmdy Qﬁ&*’&ké‘ﬁdﬂcﬂlﬁr

gl ycoprot ei ns of evaliftRsh dﬁﬁmmﬁﬂaﬁaﬁwméésammaﬂﬁe SSRERQHB1fAe8 OFtHE human
eval uation 15 of the contributions of F and G glycoproteins to i munity.

JVirol 11, 3163-mrainflyepgzivie 1 vires NRSPANM pxotedn genepouiyd copsiraeiiing sequence

evi donce for {wd d A ae tles LA RIGnS o AYWAR, BRI DA 25ty 68.. g
Doolittle, TORRISONOE2:. (]BSS) rﬁth&‘.tﬁm hadtiboradd sytaayilugr ph&:ekadg dphobl c 20

Character of a Protein. .J Biol. 157, .105:-1 Al AND
KOLAKOFSKY, D. (PEE8Byxovipls %WB%‘?% Pipigns. t‘ﬁéuﬁrﬁ?ﬁé%sﬁ %3 t hei r

replicati orNavilox, O-UsiBlgToN, e oa CBvAMNGEKT. RegadiohE¥otodoMins B dot the
Li ppencott- Raven, Phi | adel ph| a.
i5 transmembrane domains of the fusion proteins of subiypes A and B avian

pneumovirus are conserved to a similar extent as those of human respiratory
syncytial virus. J Gen Virol 79, 1393-8.
PLOWS, D. J., and PRINGLE, C. R. (1995). Variation in the fusion glycoprotein gene of
human respiratory syncytial virus subgroup A. Virus Genes 11, 37-45.
20 PocH, 0., BLUMBERG, B. M., BOUGUELERET, L., and TORDO, N. (1990). Sequence
comparison of five polymerases (L proteins) of unsegmented ﬁegaﬁve—strand RNA
viruses: theoretical assignment of functional domains. J Gen Virel 71, 1153-62.
PocE, O., SAUVAGET, I., DELARUE, M., and TORDO, N. (1989). Identification of four
conserved motifs among the RNA-dependent polymerase encoding elements.
25 Embo J 8, 3867-74.
RANDHAWA, J. 8., MARRIOTT, A. C., PRINGLE, C. R., and EASTON, A. J. (1997). Rescue of
synthetic minireplicons establishes the absence of the NS1 and NS2 genes from
avian pneumovirus. JJ Virol 71, 9849-54.
RANDHAWA, J. S., WILSON, 8. D., TOLLEY, K. P., CAVANAGH, D., PRINGLE, C. R., and
30 EASTON, A. J. (1996). Nucleotide sequence of the gene encoding the viral
polymerase of avian pneumovirus. J Gen Virol 77, 3047-51.
- SAMAL, S. K., and ZAMORA, M. (1991). Nucleotide sequence analysis of a matrix and
small hydrophobic protein dicistronic mRNA of bovine respiratory syncytial virus



LI, J., LING R, RANDHAWA, J. S., SHAW K., DAVIS, P. J.33J}HASZ00K |

PRINGLE, C. R, 25 EASTON, A J., and CAVANAGH, D. (1996). Sequence of the
nucl eocapsi d protein gene of subgroup A and B avi an pneunoviruses. Virus
Res 41, 18®0S732NG R., EASTON, A J., and PRINGLE, C. RCI{NIZQ®)040
Sequence anal ysis of the 22K, SH andsG genes of turkey rhinotracheitis
virus and their pnter | c_regqgi.ons revea en order nt fram
that of other pneunovsi%F HcseEXte SR RTVACPEY dlygrgell% %f‘#@eh(%lcprﬁﬁﬁls
P. J., Yu, Q, Vm,th@t obhumBRrdgifator. syﬁmmenﬂfwoﬁﬂ 1FEBSION, A

J. (1995). equen In vitro ex ssi_on_of the phosphoprotein gene of
avi an pneu§6 %‘il E@Nﬁé@@%\‘ SZEL/%%)% Nucleofide\pegnense ofihezeng sngerbing

PCT/ NL02/ 00040 ,50,:MARR) GirusSHAE prbod, TAMRIBASTON. A (2001).
Fidelity of |eader and tra| er sequence usage the’respiratory syncyti al

virus aril afF4la B S SRLERSSH. P.ephd b@INERSM@MIEXEQOQD) Rasiad pro¥ein peedibied? .
MNK, M A, STEC. D,

d L S 1991 N |
ot the s 5| oaagingagiseaffiibe st 36 TS atian kA2Rmbiii B0 bOTLEEAICTOSS

virus genonic Rllsléterogéﬂeﬁiyegg{onigaﬁheﬁﬂrs ﬁﬂateM WiN#ARes 68, 139K47TTADA, S.
YOSH MOTQ, IVATS RA, A KA ) DA, H., TSURUDOVE, M
KUSAGAWA, * syl D wndé\%ﬂ%% (%&5%8@%}‘@@% o PREHBTOVEI e

par anyxovi rUSGSstrNHﬁh@%hHQﬁn&ﬁﬂPﬁ%%ﬁ&aRé’ssﬁﬁ 19f-gghe human 10 parainfluenza
type 1 virus NP _and M prot ei nﬂgenes and construction of phyl ogenetic trees

for al 131G heSHfirdhSpaEEmMdyi BBDesND ROIHING, Pdl. (1991). S@Bwaaaanﬂmbﬁhﬂ, T. G
1988 Structu t el eSSI n XOVi rus
Erenbr ;ne pr ot ei h?yn{#?%esi %ese %I&%Q%%Ea%%gﬁ (i a%ﬂ ,eﬁg%,y?o&ﬁﬁy
CAVANAGH, D. ( 1888)nsedinentct egatins-srabdvitigés. tmﬂ:;logiﬁlsa amsggnbr ane domai nsd
of the fus ns o bt ypes d.B avi neu VII’ S are conserve
to a Si mul '\?Al*éﬁ ﬁﬂel #Zg %%R%%%p’egﬁ‘?m&t‘ﬁ% t]?Ea RQPTds: J Gen
Virol 79, 1393- @ouBhiMER. (A, shd O8RBRISNGELB. (g601).ta né&@%ﬁécové{%allﬁﬂé%ﬂ in

the fusion glycoprotein gene of human resp| ratory syncytial virus subgroup
A Virds Genes prewggvings isplpteizem spung ghiliRmReith BestiratoBCu@iRieREs., Noi Med

and TORDO, N. (;l,&g’o.hg_ﬁﬁquence

VIRUS TAXONOMY (2000). Seventh report of the international Committee on Taxonomy
of Viruses.
WERTZ, G. W.,, COLLINS, P. L., HUANG, Y., GRUBER, C., LEVINE, S., and BALL, L. A.
20 (1285). Nucleotide sequence of the G protein gene of human respiratory syncytial
virus reveals an unusual type of viral membrane protein. Proc Natl Acad Sci USA
82, 4075-9.
YU, Q., DAvIS, P. J., BARRETT, T., BINNS, M. M., BOURSNELL, M. E., and CAVANAGH, D.
(1991). Deduced amino acid sequence of the fusion glycoprotein of turkey
25 rhinotracheitis virus has greater identity with that of human respiratory
syncytial virus, a pneumovirus, than that of paramyxoviruses and
morbilliviruses. J Gen Virol 72, 75-81.
YU, Q., DAVIS, P J., L1, J., and CAVANAGH, D. (1992). Cloning and sequencing of the
matrix protein (M) gene of turkey rhinotracheitis virus reveal a gene order
30 different from that of respiratory synecytial virus. Virology 186, 426-34.
ZAMORA, M., and SAMAL, S. K. (1992). Sequence analysis of M2 mRNA of bovine
respiratory syncytial virus obtained from an F-M2 dicistronic mRNA suggests structural
homology with that of human respiratory syneytial virus. JJ Gen Virol 78, 737-41.



conparison of five polynerases (L proteins) of unsegnentethnggat bgesstrand
RNA viruses: theoretical assignnment of functional domains. J n Virol 71,
1153-62. POCH, 0., SAUVAGET, |., DELARUE, M, and TORDO, N. (1989).

| denti fi caYQ8HOBPO2A our conserved notifs anong the RNA- deRSFMSAR2/0pEDyner ase
encoding el ements. 25 Enbo J 8, 3867-574. RANDHAWA, J. S., MARR | OTT, A
C., PRRNGLE, C It., and EASTON, A J. (1997). Rescue of synthetic

m nireplicons establishes the absence of the NS1 and NS2 genes from avian
pneunovi r usPrigaeys pedd fpr RTOBGB-dsiectinaNDisay ey paransyxo-wites8ON ri@erdior BPOVAIEY,

K. P., CAV Rl C. . n ST . Js . (51996) .
Nucl eot i de%ﬁ%@s’o © w%gélﬁ%laeir‘{f:aé’ Fﬁag %%Iég%ﬁ%r%aﬁrg}%‘(g@%dr léis%oug‘?)ﬁau\;i an
pneunovi r usbaskdGaralgmabnis bf aB4ihbiddequSAbAL PrifherKior Nuvdl CE10BM%eabd Virh991) .

el et e SEUERERSIELIS 1% 2 OBl B, D, BRBSRL S BEGLEL

02/ 057302 Pgrd MbQRADOAAhyxBir AEPORSArE 36Ksh BEMEORLY K PSR NSeichosesgense of

the Snal | hydrophoblC pr_ Ot. ei_ n f rom t hat Of .hunan . r.es.p.l_.r.at or y ..Syncyt 'al

virus. J GemayiZ080 72, 1715-20. SATAN, M, and VENKATESAN, S. (1984).

Nucl eoti de sequence of the gene encoding respiratory syncytial virus matrix
protein. J Virol 50, 92-9. 5 SEAL, B. S., SELLERS, H S., and MEl NERSMANN,
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HPIV-4 Fwd b&-TTCA/G)GTTTTAGCTGCTTACG-3 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 :
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gene of hYYAR/AEHERI ratory syncytial virus reveal s an unuPGaNLPOM40f viral
‘menbrane protein. Proc Natl Acad Sci B®A 82, 4075-9. Yu, Q, DAVIS, P. J.,
BARRETT, T., BINNs, , ANAGH, D, (1991).
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r hi not rachei tis viruRdas WMAT’GEWCCG)CAGT@ that of human respiratory
syncyti al I.us umyvi rus, than that of paranyxoviruses and

mor bi | 1 vi r rs Sr%gﬁ%%;aol 72 75-81. Yu, Q, DAvifm P. J., Li, J., and
CAVANAGH, D. (1992) G oni ng and sequencing of the matrix protein (M gene
of turkey rhinotracheitis virus reveal a gene order 30 different fromthat

of resp|5rat@’k%?ﬁ&ﬁlG%CQAGﬁé}AqﬁMf?ogy 186, 426-34. ZAMORA, M, and

SAMAL, S.- 9 of M2 nRNA of bovine resplratory |
—syncytial Vi rué % tan%‘ggg&%%@dﬁéﬁfm ci-stroni-c NMRNA ‘suggest-s-structural

honol ogy wiZE7: 5RACCAGABNGANMMTTAGECSYy syncytial virus. J Gen Virol 73,
737-41. 13 2 NL02/ 00040 82 Primers used for

RT- PCR det e%'ﬁoyﬁ g@m@m@ uses. Primers for hPIV-1 to 4,

munps, neagtEs: sTopaaasdboaecacuxAendra are devel oped in house and

based on all |]%krrents of avail able sequences. Primers for New Castle Disease

Vi rus %0ar LEEkEMAAGROAGIACGAGAGAGH a1 - din. Mcrob., 2624-2630, 1995.

Primers for Nipah and general paranyxovi rus-PCR are taken from Chua,
K.B., et al; Science, 288 26 may 2000 Virus prinmers located in protein 10
HPI V-1 fwd G531 EIGAINERSAGUGALCAGAR-3HN  Rev

Rev 5 - TGRS P YELHAG RAPRGHERACEARE Y. 5 Fug &' - CTOOAGGTTGTCAGGATATAG 3
HN CST: 5-AAGCGAACGCAAGGAGGC-8
15  CS10:5-CGAACGCAAGGAGGCAAG-3’
(S13:5-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 '




15 Rev 5' - CTTTGGGAGITGAACACAGIT-3" HPI V-4 FV\d 13 July 2005
'-TTC(A G GTTTTAGCTGCTTACG 3' N Rev 5' - AGGCAAATCTCTGGATAATGC-3'  Munps
Fwd 5' - TCGTAACGTCTCGTGACC- 3' SH Rev 5' - GGAGATCTTTCTAGAGTGAG- 3' 20 NDV Fwd
- CCTTGGMAPSTMRCOGE AG 3' F  Rev 5' - CTGCCACTGCTAGT TG GATARMNE®2/80040 Tupai a
Fwd 5' - GGGCTTCTAAGCGACCCAGATCTTG 3' NSRev 5' - GAATTTCCTTATGGACAAGCTCTGTGC- 3

Mapuer a Fwdgds GGAACTCCAAGACCTGGAG- 3" N 25 Rev:
5' - GCTCAACCTCA TACTAACCC- 3' Hendra Fwd
5' GAGATGGECGEEECAAGTGCGECAACAG 3" N Rev 5' - GCCCTTTGCAATCAGGATCCAAATTTGGG 3'

Ni pah Fwd 5 GITCA CAT 5' - ACCGGATGTGCTCACAGAACTG 3
30 HRSV FwdFEr%‘?rr TR %&@(%@@\ 5' - TTAACCAGCAAAGTGITA- 3

Measl es Fwd 5' - TTAGGGCAAGAGATGGTAAGG 3! N Rev 5' - TTATAACAATGATGGAGSG 3'
General Paramyxoviridae : 13 July 2005 WD 02/ 057302 PCT/ NLO2/ 00040 83 Fwd
5' - CATTANAARRRSSoRaAydersne Qc apalmé\s»f the. diffemohspitenef AP Vaobtminedwse far by

zrr o pocERiTbe B

5' - GAGAAACGEABEARTAGOBL tli@pﬂ)ﬁ@ﬁpe tﬁ geWCCACCAGAGAG 3
We hypothesise that the genotypes are related to subtypes and that re-infection with

viruses from both subgroups occur in the presence of pre-existing immunity and the
10  anfigenic variation may not be strictly required to allow re-infection.
Furthermore, hMPYV appearsto be closely related to avian pneumovirus, a virus
primarily found in poultry. The nucleotide sequences of both viruses show high
percentages of homology, with the exception of the SH and G proteins. Here we show
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).

\q W@%&m



CSl: 5'- GGAGGCAAGCGAACGCAA-3' CS4: 5' - GGCAAGCGAACGCAAGGAL 3'Julgsz005

5' - AAGCGAACGCAAGGAGGEC- 3' 15 CS10: 5' - CGAACGCAAGGAGCCAAG 31 Cs

13:5' - A GCGA-3'  CS 16: 5 CAAGGAGGCAAGCGAACG% Iﬁ)&%}o@g nts
successfully puritied and sequenced: 20 10 fragnents fou & gﬁence
honol ogy in APV Fragnent 1 ZF 7, 335 38p N gene Fragnent 2 ZF 10, 235 bp N
gene 25 Fr agiditg BMBasléibstfe Byvelpee phates hAQ DBWvad nfeasdned ki 280 Ryn. Ehgene
Fragment 5 CS 10, 400 by F gene Fragnent 6 CS 13, 1450 by F gene Fragment
7 CS 13, 75693@*;&@@@&@%5%? ayrhertlizmahiNegatiey ratio pf GedD(Heervar Wapevel )
Fragnent 9 b : LD s . 50bp L
gene (prot e?ﬁnsl%ge\fg?%g%ﬂaﬁg?%%gg&ﬂ% gw&%& %é& asr?pxﬁt%lgc%? %%Jneo%% E%gg%%i C

aci ds from thesepimescthgpdandmtiate. 35 13 July 2005 WD 02/ 057302

PCT/ NLO2{ 00040 84 Exanple 5 Further exploration of the two subtypes of
hMPV 5 Based on phyl ogenetic analysis of the different isolates of hMPV

obt ai ned sohMIRY ahtibodigeobihg[IgM draVigAltadtes therd ddte@dd Wh béra\byldagturs BIAL €

genot ype B. ewnﬁ'@ﬁaﬁﬁ&%&edmm &@‘Bg@rﬁ@sf’ gt fle 1 99% dnflepneagiyises and

that re-infggbidla WihParative 48RS Ir.rvi.-g Rty as YR SuH asg%y.rymh% gt@teggsﬁ gnce

of pre-existing imunity and the antigenic variation may
strictly relghpodleld camimeyciadlyiavhidahle oricrotiter 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)



Furthernore, hMPV appears to be closely related to avian phelindvi2P@8, a
virus primarily found in poultry. The nucl eoti de sequences of both viruses

show hi gh ages of honology, with the exception of t SH and G
pr ot ei ns. rﬁfe/&s\%ﬁzshow that the viruses are cross-reacti i ?WW@%‘F‘Q, whi ch

are based primarily on the 15 nucl eoprsét ein and matrixprotein, but they
respond di f 5£Deipk bfter bhd RSindry WRGINALIR s NASLHie hald Bedt HRCNTRAwiRE Bl NS.

The differepces in virus neutralisation titers provide further proof that
the two genBPPPLEOsT anhbsiertlegopssublivbee (et TCAPGOMMES 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 1gG
| gA and | gM grinegadgs: détirfection0d-br 2743 WP (hteeolbpetis) ect 1 gG EI A for hMPV was

per for i .cratitre. f.es senti as described previously
( Rot hbg?)?h, glg%.%aﬁlé%ll. 18’%8‘5@“ Otﬁf ?J&éjrqjab%ﬂoff?oggr ol ogy-a conparative
study. J. oOF gWfiea plifed: Nedafediod 399924193t GeSroBEb@f| Y, concentrated hMPV was

r oom t enper af ?9-d; 81 Akbopopgausy t er  det ernmi nati on of the
optimal working dilution by checkerboard titration. Subsequently, 100 ul
vol unmes of 1:100 diluted human serum sanples in ETA buffer were added to
the wel |s ahdrdahandaoesiswahs Have been 8oictdd fodilAglaps (Miinfeoctibg)Gnidaysdetiect ed
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devel oped pismtps and OD was neasured at 450 nm the results were expressed

as the S(ignal)/N(egative) ratio of the OD. A serumwas considered
positive for 1gG if the SINratio was beyond the negative control plus

three ti nesRédi@tsSf BTURCH, asBay ¥, nig bodi es of the IgMand I gA cl asses were
detected in sera by capture essentially as described previously

(Rothbarth, P.H et al. 1999; Influenza virus serolgy-a conparative study.

J. Vir g st dipalS adth e d SRS gtﬂt?e%'p}g%%noglﬂéte& Dendsts %;oia?é] né%]ffﬂ(}/OI 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.
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| gA and 1gM conmmercially available microtiter plates coatéd Wityh286%1 human
IgMor 10 |1 gA specific nonoclonal antibodies were used. Sera mere diluted
1: 100 and ncubation of 1 hr at 370, an optinmal workin utlon of
hMPV i s aﬁh%‘?sdezach wel | (100 ul). Incubated 1 hr 37C lmﬂg% ¥fi ng

pol ycl onal anti hMPV |abeled with perdxi dase was added, the plate was

i ncubated 1jhr 37C. Adding TMB as substrate devel oped plates and OD was
measured at_450 nm the results wer e expressed as the 15

S(i gnal )/ N( g eiaRey. . guinga pigs infectyd, with e perescaddVllder ed positive for
lgG if the S/IN ratlo was beyond the negative control plus three tines the
standard. AVP antibodies were detected in an AVP inhibition assay. Protocol
for APV i nhibidey 8n52,178s80,i99, 111126 ecdt 166 s\ iwile GUANSY I the guinyapigs

park G o AL Sy B DB AARG 16 Elrle e PLES Rodaigel aodopPlBady oc' che

S(i gnal ) / N( eg99/0€ hntigénn.0 of the OD. A serumwas considered positive for

|gG’ | f t he S/N T at | 0 -Was: beyond the _neg.at | ve- Cont T Ol pl us three t| mes the

standard. 25 1. Quinea pigs A (re) infection of guinea Pigs with both

subt ypes of phMRY38Q Md BST (%'(ﬁfésﬁ&%% z&ﬁfl{s@ﬁ%c%obi %%%%/é@/offb‘i’ @%%;%Q&al

(subtype B) have been use I nocul at e guinea p
(i ntratrache#mneapigse and eyes). 6 GP's infected mnth hNPV 00 1(10e6 5

TCl D50); h | 1.050)}, 13 .July 2005 WO
051 00258, ° te BL Eah sk @Oﬁgéﬁ?éPeo‘?/é%’b&%h“iY SRAD ¢ he
gui nea pi gshmmgmaeamfeme@gajmdpmstﬁavtemen esdd| ogous and het erol ogous

bt 1Qe4 T 0/ f ect 00-1
(het oF of ogoligiize 823 s spflse seaistmesoo Y rPgResy SUREB 54 of Romol ogous)
2 guinea piBsnoldsdusl g)ﬁ)&d%nbo an zgi%naoloédif}, (Q@1ﬂ99(ijeﬁ BbR) QQQH&Q (993)thtPHave | gs:

1st infection 99-1; ous) Throat an nose swa een
col l ected flstencdosgny OQ-1/99- L)Mfe@?t?ii earpigs.days (2nd 10 infection) post
infectiygn, and have been tested for presence of the virus by RT-PCR

assays.
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



Results of RT-PCR assay: Figure 29 15 Summary of results:13uiwdgazppys
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even in an unattenuated form Both subtypes of hMPV are able to infect
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gi ven for subt&/pe A, or to the lower virulence of subtype 30 Al though
the presencd shd pp@ TEADSO vinysipenwrllmasdsed. Alber norphlizaéloy, theotartwagai nst
re-inf e ! OQ%)Wg#p orp aﬁl& (Eeﬁg, ﬁ? %ﬁ%ﬁﬂﬁugg&i %th%&f ﬁbﬁp%ﬂgr% rc"flsiihetnra]eeéf.i!cl Qvia%ct on
appears ~to be“leSs promnent in tha shorter period of presence of virus
was not ed aredresbéd. al |l ani mal s becane virus positive. 13 July 2005 WO

02/ 057302 PCT/ /00040 87 B.. Serol ogy, of inea pies infected with both
subt ypes ofﬂﬁkgb%sﬁawe,grsw fopih d ghe bV Fout aveae &wrsf_ﬁsnra Ee

col l ected feom w8 fEdeBh BO%SaceRn?BHd TRALSFErE boRddetd PRt Ihbﬁliegf‘aﬂt{‘hﬁlPV‘C" e
virus ELI SA agai nst ned/00/01 and ned/99/01 antigen. Figure 30 A and B:

| gG r esponsiétcaakaledWelbtiilod 7ore apgrtivedndbe eteinise veerelsonsidereddasdhe gui nea
pig 10K g i s i.fieCi - ) 9 Only
data frlch:5I m ul%eglr?o osé gi%rréF%# 'Ee%ct][1 3{511%[}}6 %\d]eg)%:)tlﬁgétqﬁéve eggﬂfsusge%lar%%u@% 32:
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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:



honol ogous (00-1/00-1), 2 honol ogous (99-1/99-1), 2 het erb} clydirs2005
(99-1/00-1) and 2 heterol ogous (00-1/99-1) infected guinea pigs. 15
Summary of, Only a minor difference in response t t
di fferent ‘Qﬁ%%'é[&l s observed. Wol e rus ELI SA agai nst %&W%@pl
cannot be used to discrimnate between the two subtypes. 20 C Reactivity
of sera rai SeeggiofisesuliyPiynomolpgone amgehgsesinbdul &Y vith viges isShita ned'DO/@Et ed
fromthe infecte U|n s have been,tested. w an .APV.i nhi_bi.ti.on
ELI SA 25 Fi 5% ’-‘% Qiﬁhggﬁewa@%afgry et %‘%?%@E&B?qu rt?hﬁl@&t ed
gui nea pi gssymStoiisinyludbd GespbisitiveFhdatis. A aénad iddalafih dIWE’é/xdd&a@ws%@h
pi gs, react i%Et‘gi APV inhibition test in a sanme nmanner as they react in
9

the hvPV | gi ogousgayys Tegilielr gafsstionmsiamriated BaF CF. heweyer, no

per cent age ajmgﬂtyygi&bﬂgwege Lhe APV inhibition ELISA than sera raised
agai nst ned/ 00/ 01 inea pigs infected with 13 July 2005 WD 02/ 057302

PCT/ NLO2/ 00040 88 ned/99/01 might have a lower titer (as is seen in the

~hNMPV-EL} SA"s) or the cross- reaction of ned/99/01 with APV-is less than -

t hat of ned/00/01. Neverthel ess, the APV- Ab inhibition ELI SA can be used
to detect hBPSewiisgylbddices colloctidi i @MBV Gisfectod lihonvblopfusisdaqaks.sat i on assays
Wth sera raised against hMPV in guinea rigs. Sera collected at day 0, day
52, 70 and 80 post infection were used in a virus (cross) neutralisation

assay widh peshRd %ca@ﬁ@/v%%éﬁﬂec@ﬁz@d ﬂD}{m@m.@e@é WeRdcdlicbish RRiPEmbnily 10

and 100 TCI D50 virus per well was used. After neutralisation, the virus was
10 brought @ﬁenmm@nmmiwmﬁre -insetionfoggugedhat @S0RA0PNmanker 3 andidely t he
medi a was fo@ o%q{e Qe}e APV tests were grown for 4 days and the hMPV
tests were grovvn ¥ ays. Cells were fixed with 80% aceton, and |IFA's
wer e conducBes were hJ.SHﬂJ bl B85t &ortthe phdddnce of IgG antibodies against either ned/00/01 or

APV, and for the presence against IgA and IgM antibodies against ned/00/01.

15
Results:_Figure 36A
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




fitc labeled. Wells that were negative in the staining wet® Jsdgskde¥ ed as
the 15 neutralising titer. For each virus a 10-log titration of the virus
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A (re) infadibRAnHIACY REFRPRISHRSARS RAHRS: rpledXel PheSpRbyRe D AMIWWPY Vi rus
i sol ates ned/ 00/ 01 (subtype A) and ned/99/01 (subtype B) (105 TCl D50) have
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t he macaque have been inoculated for the second tinme with ned/00/01.

Thr oat swab€.Viaue(chaehnewirdlbctiod sserysitld agra collstted fmofuckbiPdninfaetedd days
(2nd infgcti on ost infection, and have been tested for presence of the
virus by RT-CW‘}? OHG L1889 gure 35 Results of RT-PCR assays on throat
swabs of cynonol gous nmacaques inoculated (twi ce) with ned/00/01. Summary

w-of -results: 13 July 2005 WD-02/057302 PCT/ NLO2/ 00040 89 Sunmary of

resul ts: cynonol ogous nmacaques inoculated with virus isolate ned/ 00/01
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macaques Whi-t280. Oy yad takeld 8840theSREchdaey rfe@iohebb®thetiFdliagtion Bibdtt hs

after the primary infectiaon 4ge-i nfection occurred_ at da%%%40 for nonkey 3

and day 2395385t nedHOML GP-648andpang of dheysera newizalipether ARV 81 88@hce of 19G

ant i bodi es agai nst either ned/00/01 or APV, and for the presence agai nst

| gA and 1 gM anti bodi es agai nst ned/ 00/01. 15
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.




Results: Figure 36A IgA 1gMand | gG response agai nst nedl®0idy 80
cynonol ogous nacaques (re)infected wth ned/00/01. Figure 36B 20 1gG
response Iy PV of 2 cynbonol ogous nacaques i nfected d/ 00/ 01.
Summar y osgéegdﬁgé Two macaques have been succesful |y inf @F%ﬂ

ned/ 00/ 01 and in the presence of ant i®odi es agai nst ned/ 00/ 01 been
reinfected wth the honol ogous virus. The response 25 to |IgA and | gM

anti bodi es shows the raise in IgMantibodies after the first infection, and
the absence of it after the reinfection. IgA antibodies are only detected
after the uyevoigetion, showing the inmediacy of the imune response after
a first infection. Sera raised against hMPV in macaques which were tested
in an APV inhibition ELISA show a simlar response as to the hMPV 1gG

are det 0t oqtupECEnBRAERPLR Rt B b A e S0 B RORA 2

wi th an hMPELEA ﬁ&,thamdesteheaf 6f lgGeardthwdidbMedinst APY. 2005 WO 02/ 057302

~-PCTHNLO2/ 00040 90 i-nhi bition EIA is suitable for testi-ng human sanples for -

the presence of hMPV antibodies. C Virus (cross) neutralisation assays
W th sera COhmgir@df bd-aMb:RY, ﬂh@&;@@@@ﬂ%%&%@%ﬂ%&%@%%%@r y of

results: The sera taken fromday O day 229 post prinmary infection show
only Iom/V|@Qﬁbqﬁﬂﬂﬂﬁaﬁﬁﬁdﬂﬁﬁﬁkﬁine&@ﬂmgélnst ned/ 00/ 01 (0-80), the sera
taken 0 after the secondary infection show high neutralisation titers
agai nst ned/ 00l 01: >1280. Only sera taken after the secondary infection
show neut r abamsatarpof tdéstiliss agai nst ned/ 99/ 01 (80-640), and none of the
sera neutralise the APV C virus. There is no cross reaction between APV-C
and hMPV in.-virus (cross)neutralisation .15 assays, where there is a cross

reaction bewegsuhdeed SHokpeand hvee/ YU edAVSr bdnp 8RS brot@lyps BEsdptd Py
response. 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



20 3. Humans Sera of patients ranging in age of <6 nonthsliduwi029@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
nunber of W&g“sg;%ra for the presence of 1gG 1gM and IgAPCéfmlr"ﬁ}B%ﬂ“gs in an
ELI SA agai nst ned/ 00/ 01, and we tested?the sanples in the APV inhibition
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considering the presence of AVP in birds.
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viruses in either or both directions (honol ogous-to-heterbd cydws200% er
ration of eight 25 or 16), distinctiveness of serotype is assuned if

subst anti 0H&lt%ﬂﬁsmallblochemcal di fferences of DNA' s exist.
neutralization shows a distinct degree of cross-reaction q&@@%ﬁ@ﬁmyﬂo
viruses in either or both directions Pﬁonnlogous t o- het erol ogous titer
rati on of shediémdumhhan eight), identity of serotype of the isol ates under
study is assuned."” 30 For RSV it is known that re-infection occurs in the
presence of pre-existing imunity (both honol ogous and het erol ogous).
Infection OBadkekrMER Rk ARE YA REMS. Macaques with both the

honol ogous and het erol ogous serotypes of hMPV revealed that this is also
true for hMPV. In addition, IgA and I gM ELISA' s against hMPV 13 July 2005
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~-conpari-sons i s known  that the vir es shoy about, 80% am ng -acid e
honol ogy f orr)“ef*ﬁbovﬂ'uslgn et&ﬂﬂe‘ifn‘b‘@ﬁé"‘s f RO &?WQWSNOQF%HM%MIE?%S are

the 5 main MRt evine HAdcBpGhe réépmoﬁ%ghéﬁm%%w&a@éﬁ?ey ferenc'éﬁﬁs peact

agai nst the _surface glycoproteins G and F) show a et ween
the two di fisedRVMeFhe sennistMeigghenpaviags doniaing tesavian poeuwngviElseSASPY,

phyloggﬂetlgs&g@gﬂgfﬁjgg R nucl eoti de sequences of hMPV and APV, the
differences I n virus neutral ‘'sation titers of sera raised against the two
different viruses, and the differences in host usage 10 again reveal that

APV- C and V. a ferent viruses, Based on the result

specul ate t 1%%7&?31 WP@E%#WI&SHH th['h?aﬁ“i’fﬁ%ﬁ%g‘&%’ﬂ%’%aﬁé%m %1&9'1 aspisahot i . c
event f rOmlﬂisrdﬂl&récﬁem%eﬁle Biér Aol déﬁsﬂaﬁatﬁ@a\m%s'o@ Bt Way (i .
the Gand SH proteins) that a return (frommnmmals to birds) zoonotic

event seend "GHIMRELY are E@#‘&‘Pél%ﬁhﬂﬁ@mﬁiéﬂfpl?@gw@@LUﬁGAWhambltwds 13 July
2005 ¥© 03/ Hetia0Rm AhobALL 080 en Ot thY JERAHMN 3 NS1-NS2-N-P-M-SH-G-F-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.




Background i nformati on on Pneunovirinae 5 The fam |y of Pat aimiyo¥?¢? dae
contains two subfam lys: the Paranyxovirinae and the Pneunovirinae. The
subfam |y i.ri nae consists of two genera: Pneunovirus and

Met apneunﬁ%@w&%he genus Pneunovirus contains the hunmanPCTRYPRAUA0 oy ne
and caprine respiratory syncytial vird$ées and the pneunonia virus of mce
(PVM . The pemuiseribt gRNSUENMILY PhetReSiAnns atdn é%e?ﬁoﬂ REHARYE TS §c APV, 10
also referred to as TRTV). The classification of the genera’in the

subf ani | y PREWE®S M 2s Tha dbarabeings smellenthanity Beraptxoviziraricomiterpartene
order and gﬁﬂﬁlf-‘%?%&g{elnﬂ&k&iﬁted}{bés%ﬁﬁf%‘;a 901;%‘%@;‘)55 Pneunovi rus are uni que
in the famly o ar anyxovl rinae 1 n having two ‘nonstructural proteins at
the 3'end oWhdmrgendneell 3ultiisk; NERbMedbINhSkhibatni WP reunbv)rinddshbaniypral
viruses in the nu t apneunovi rus |ack.the NS1 and NS2 gepes and the

or gani sat i oFP%P&S’%%BI\‘{E%?ﬁ‘@’e’ﬁ’%ﬁ%ﬂlﬁrﬁﬁamﬁm‘bﬁmcﬁﬂa fgnatinn ofcelldf f er ent :
3'-N-P- M F(OALSF1696).5' . Al nenbers of the subfam |y Paranyxovirinae have
~haemagl uttinating activity, but - .20 this function is not a defining -
feature for the subfam |y Pneunovirinae, being absent in RSV and APV but
present in PMW. Neuram nidase activity is present in nmenbers of the genera
Par anyxovi rus and Rubul avirus (subfam |y Paranyxovirinae) but is absent in
t he genus MhieisubifsiyilysPreubfonpringe PreranyRovimiontieds and t he genera

Pneunovj .Met apneunov.i r subfam |y Pneunovjrinae). 25 A.second
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n

several nmenbers of the subfam |y Paranyxovirinae, such as Sendal a

Measl es vi r 43¥B; In aiditien, BitY b isinprepsinglyrgcopnisndrast ol edklisey it he
phosphopr ot giya, ggﬁeﬁtogrghf)é%cluﬂﬂl% Mﬁr&%h&r%i&dqg&%t}lﬁpggﬁd e ek ©
ave sequence relate

protein of the Pneunovirinae does not ness or
structural REVrE bleianyintpertan chieot coinprotiatarsiuirkd Pacampuiavamomge and i S

only approxi matel.y half, t si zerof. thejt..chajn | th. | |tion, the N
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and | ack un@wbinggoiSasitgHied el WHRIGYA M) hahObsaoimeRtiA6d BEGAldnve Stranded
RNA viruses_have a single matrix (M protein. 13 July 2005 WO 02/057302
th
PCT/ NLO2/ 00 rences 1 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 ger-lus. .
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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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
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(Paramyxovirinae and Pneumovirinae), APV most closely resembled the

Preumovirinae (Colling, 1988; Ling, 1988; Cavanagh, 1988).
APV has no non-structural proteins (NS1 and NS2) and the gene order (3'-N-P-M-F-
15 M2-SH-G-L-5) is different from that of mammalian pneumoviruses such ag RSV.
APV has therefore recently been classified as the type species for the new genus
Metapneumovirus (Pringle, 1999). |
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)

e PVYM P gene,  but not that -of -
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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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wherei n sequence identi ti-l' is determ néd over the entire
protein; (iiifeausacenfithe mtem@é@,ﬂé\ﬁeselmow-ﬂ@rwfir@tshownm Fligmee 2ol at ed
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(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,



sequence of the Mprotein of MPV isolate 00-1 or 99-1 as Ehawily A0% gure
22, wherein sequence identity is determ ned over the entire length of the
M protein; (iv) the am no acid sequence pfgthe 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
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than 29%identjical to the am no acid sequence of the SH protein of MV
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determ ned over the entire length of the SH protein; or (ix) the am no
aci d sequence of the G protein of the isolated negative-sense single
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met apneunovirus, wherel
' 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;
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proteins of the followng: (i) an N protein with greater than 88% am no
acid sequence identity to the am no acikg-,sequence of the N protein of MV
isolate 00-1 or 99-1 as shown in Figure O; (ii) a P protein with greater
t han 68% am no aci d sequence identity to the 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
Figure 22) (iamMard protpmovigh greafiet thag Bé%tamind beid s@jimedridotitgts thes@b@nce
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protein with greater than 2 am no acl d sequence’l he am no
acid seftidhcen SH prreinGvith gteeienthah 28%\arhino kaigefinde Ren9-td dasarsiieW i n
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RNA net apneunpgidrus of claiml or 2, wherein (i) the N protein has at

| east 95% am no acid sequence identity to the am no acid sequence of the N
protei n 6K MPYG Holein witlpgrentep tha829% mminshoidsequente ilentityA0 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 pi‘otein.

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;
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protein has t A& laisAeva& Higgedence of the F protein of MPV isolate 00-1 or

001,25, JAUnte Bt fnple b SEs BRSSP R ENAR Bt e0vence
the L protei nQﬁasastshewnlili Figuae2lf sequence of the L protein of MPV isolate
0012 B a6 Rttt BB R et o P, 351
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;

-aci d sequence of ‘the G protein-of -



1 or 99-1 as shown in Figure 26; or (viii) the G protein hasullye286bno acid
sequence of the G protein of MPV 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. 5. An isolated nugleic 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 eic acid encodes a protein conprising an am no aci d sequence that is
greater t(ian 3b&MidEancidahcddos b peoteifficomptising an amienefl @uéttethapiot ei n of

MPV isolate 00-1 or 9 (71 ) 'Cjﬂliomﬁi in Figure 21; (iii) _the nucleic acid

encodes a protgé‘?aﬁeré%??p% & fqrgtca) to fieaning Aeid sengacrcd thBpraiein of MEX er t han

97% i denti cal j$dpait bE-13P9A0 %@h@wﬁ‘?ﬂﬁ@fr@ﬂf the Mprotein of MPV isolate
) )

00-1 or 99-1 as shown in Figure 22; the nucleic acid encodes a protein
conpri si fddan themueteiaatid esegoenpwitih abmpssing pe aito dcibseqdtide et i cal to

~the-amno acid_seguen . the F protein of MPV- isolate 00-1 qr 99-1 -as -
shown in Fi gu%e%&ﬁqgﬁgnﬁ%%&‘@%miacé SiyeRcet rﬁteEb‘hnglP ing an

am no aci d segodne o0 rtoolSas Sgbﬁﬁtiﬂ:ighm;%% identical to the amno acid
sequence of the M2 protein of MPV isolate 00-1 or 99-1 as shown in Figure

24; (vi) (he Hirciusleic aad encodesripiotein peropasing swapiiosicidpequengerthabisaci d

The L pr ot o nekPer R B B ST AT od G B BB PEYOREC T 01 ¢

aci d encodes @ofatod®@il pr 004Isishowg ilBRigard 239 aci d sequence that is greater
than 75% i dentical to the am no acid sequence of_ the SH protein of MV
i sol ate §9-1 biensleic agid encodps 3 profeigeeraprwng at amipojacid seauenae tiabisc aci d

e o Ry RATSO A AT S8 AERUIET 10 SRR o
00-1 or 99-1 wolash@vh or A%Hiayshew2ih Figure®4;i sol at ed nucl ei ¢ acid, wherein
(vi)  the nucleic acid encodes a protein comprising an a’miﬁo acid sequence that is
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;




(i) the nucleic acid encodes the N protein of MV isol at el®0llyo2099-1 as
shown in Figure 20; (ii) the nucleic acid encodes the P protein of MV
isolate 00-1 or 99-1 as shown in Figug? 21; (iii) the nucleic acid encodes
the Mprotein of MPV isolate 00-1 or 9 -9 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 ¢ 4ti)d dheoisic adid eiddes ttedi protin dMAMPVSOtlate ©000erl0B1 a®holwvrida shown i n
Fi gure 26; orgﬁviik _the nucleic acid encodes the G protein of MPV isolate
00-1 or 99-1 438%¥H in Figure 27. 7. An isolated nucleic acid, wherein
the isol gvpd nhehide G ndibs M Hrfif oF MISALshMtd RAE br 9@“1%? s RIS
conditions with the nucleic acid of claim5 or 6. 8 The isolated nucleic
acid of clai mFrgurgérein the nucleic acid is at |east 10 nucl eotides, at

—|'east 25 pxcl i at | east..4Q nucleotides. .18 cleotides,. 19 -
oo TS 3 At o0 onERE uis ! BB BT s O SR BER Figiie 25;
nucl eot i ¢ei$), dlte ARldit/adi®eridodesthe FMprofbin HNMMPTOLGhRDOCLES $5-¢ a@Gdn iher ei n

the nucleic acjd conprises the nucleic acid of claim5, 6, or 7 and a
second nucl ei &18%¢ #0: 9%Fherein the second nucl ei ¢ aci d encodes a protein of a

par amyxoyy;t\s . i : i . vegt or conpri sing
he mucl /'S SRRl C IAT SR & SR BTt Sl R Rifn T
conpri sing th&igue?®i ¢ acid of claim5, 6, 7, 8, or 9, or the vector of
claim10. 12. An isol ated negative-sense single stranded RNA

met apneunovi rus, wherein the genone of the virus conprises the nucleotide
sequence Ablisdlaed fucleic feid/ whéteinthe Solatct micfhic REATERIZs SRLARLAIS dhiabd!s:
wherein the chimeric virus conprises (ag at least two conti guous

ki | obasepighstingent deadifionsiwith thehumileiv 4cid 2f cl8im § on6. 12; and 13 July 2005

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



111 (b) a sequence of a different virus. 14. An infectiou$3chuyedesvirus,
"wherein the chineric virus conprises the genone of the virus of claiml1,

2, 3, 4 or 12, wherein one or nore of the open reading frames in the virus
have been replaced by the anal ogous opénlreading frame froman APV or RSV.
15. An infectious chinmeric virus, wherein 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
frommamal ian MPV. 16. The virus of any one of clains 1, 2, 3, 4 or 12,
wher ei n tle vidwtquinse of h dERR&HcRaQRs, and attenuated virus. 17. The virus of
any one of clains 1, 2, 3, 4 or 12, wherein the virus is capabl e of
infecting a human cell. 18. The virus of any one of clainms 1, 2, 3, 4 or
12, er ean; i L: |le.of, infecting a ma ian cell. 19. An

i mm%gen‘?lgu%%}égs%ﬁ?lgh? Vﬁﬁsgr%@le%e“tlh’gcﬁw&a icemé’ﬂg%gé‘? OB st i ses the
virus_ of ary obcleinl, 2,131 8 12, wikreid oné oPinode?of tBOopelichding ALAEs ANRL €1 N,

—wher ei-n-the protein cqnprises: (i) an N protein wth greater than 88% an no -
aci d sequans Bayedissp renraced by ke anglageus epandeading frame fiom ah&PM eRSHei n of MPV
isolate 00-1 or 99-1 as shown in Figure 20; (ii) a P protein with greater
than 68% am no acid sequence identity to the amno acid sequence of the P
protlei n dfn feetipesothimeri@irds, ehei@f: the ahinsdfiWiculs RofbGsss eheldenorks of h Y 2005

112 (iiibuﬁﬁ N%gnotein with géeater t han_87% am no aci d sequence identity
to the an no VIS OB BRRtELINRe oneD rRAdframes iBrthagepomsif sheeABW haverr 99- 1 as
shown i nbErOepRced?i theiak i 1 ] %@4@' 1% am no aci d
seqguence iden?it;ﬂ%z themg%?ﬁémggﬁﬁshlg%%%ﬁ%%ﬁo %gh@ﬁgygfein of MPV
isolate 00-1 or 99-1 as shown in Figure 23; (v) an M2-1 protein with

o “The vang VA B of Bt Bttt Solh e g s Bbomhinarioggr o 24 or

atienuated virus.

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;



(vi) an M2-2 protein with greater than 56% am no aci d seql@ntgyi deadfity 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 sgﬂlence of the L protein of MV
isolate 00-1 as shown in Figure 28; (vifi) 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 wth greater than 29% am no acid sequence identity to the am no
acid sedu@ncendi prdtein@ifir ptaerthaf $MPYmisoidd seqdnct iddntidPtolth@smaivown in
Figure 27, wherein Sequtﬁtﬂcg/éi denti }w s. determ ned over the entire length
of the respectfideepigeephthe M protem af MEY isplate 00 bpe?%1 ¢ shawn imBXgirewher ei n
(i) the N protpgin has at |east 95% am no acid sequence identity to the
amino acid sequence of the N protein of MPV isolate 00-1 or 99-1 as shown
i n Fi gur €1v20; anf prpteithwitiPgrsatst than Sh%samsino heidstqehos mmtity taticdningacdce
~i-dentity to tlg

99-1 as shown ?%“%%egﬁr@gg%foﬁgﬁﬁf@ﬁ{ %fgla%] @Q—ipﬁ?ﬁ-tl%gh@\{m iVP [ g{lr%%lﬁ@a/; 2 mO(r)lol or- -

aci d seqgence ah §&0 ipkoteinrittGea s theh 849 Gmife Hi€ bsfede HERIMAhO hfdib of MPV
isolate 00-1 or, 99-1 as shown in Figure 22, (iq\a/&() he F protein has at | east
97% ami no aci dcidsequeneeos the M-t protein phMBEMisalatesd()- or 82 daepsvioin t he F
protein of I\/Plvgi' é)%@to? 00-1 or 99-1 as shown in Figure 23; 13 July 2005
113 (v) the é;‘)rr?o €in has at |east 90% ami no acid sequence identity to the

am no acid) seqMNheerafintwith dPar@nbAes% aindiéid sahidi@ i@éhtily @th®89minas shown

. in Figure 25; &V%ﬁ% the@L protein has_at |east 95% ani no aci d sequence
identity to tRAEYSFAUTBoERthe Meag protian obMRVyisolatefiht f $9-bs fdwn i8o| at e 00- 1

as shown in Feghrer#8; (vii) the SH protein has at |east 75%amno acid

sequence identity to the amno acid sequence of the SH protein of MV

i sol ate 00V1 an LgSettinasitls proatar than FOGLmEnd Geid eequefisd identity kethGapting ei n has at

| east 75% ami ng,acid se nce identi to.th m no acj d.sequence of the G
protein of I\/P?‘Flfl Solere %udg"lﬁé’FOt@‘g-Oi&‘ﬁv éslﬁ’éﬂ%&?i agp Ibmf}gumﬁér ein
sequence(viie nin SH prote Bk BleR@ehay 209t H8in6 kil sqleRRGIaBn@Y «J e ahfispect i ve
protein. 22. The isol ated gr otein of claim20, wherein

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 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 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;



(i) the N protein has the am no acid sequence of the N prbtelulyoR0MPV
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 has the amno acid sequence of the M
protein of MPV isolate 00-1 or 99-1148 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 seguence
of the M2 protein of MPV isolate 00- 1 or 99-1 as shown in Figure 25; (vi)

the L pr@tei n e phaeiatiang: 1agst d0Bemins asid équehe illeitpteing agfind/iR¥d i sol at e
00-1 as shown in Fiqure 28; (W the SH protein has the am no acid
sequence of t RedueRfes dacM2 pypteipmy MEY|isplete §0-1 or 9811 pgshewadn Ein23in Fi gure
26; or (Yizhi) i -anm i e protein of
MPV i sol gl?a ngefll?p %F%B%S?tg%agg{#ggm rn ki gﬁe?lgé%‘;?&\%ﬁ reﬁﬁgéggﬂt}eaﬁ?e identity
i s det er m nedsaencetdf¢hesinprateinlof MR Vhisofatd 0% 1 nespeat inddgpe@Bei n. 23, An
—anti-body, wher.ein.the aptibedy binds specifically to: 13 July 200 114 (i)
an N prol¥fn ingAtH peplei Py et 9B Sqayenss RAtCR o e ARG 2GS ( he

amino acid sg*ai(ael:ﬁ%fﬁie $HBrdibin of Mp W ri}s%iaté%ﬁl'o??b—qta@ sHOwrt iIPFigg?egz%s; gs shown

in Figure 20; ii) a Pprotein that has at |east 85% am no equence
i dent ity (it} t He Gpiotoin has af leastlEh eminf adidseqRepreddaitity tof thvPMinesaridit e 00- 1 or

99-1 as shown _jin Fiqure 21: (il n ei hat, has.aj. | e 97% am no
aci d sequenceseiqbl%'?‘ncte%?g'et%pf%%l{lé’m@é?mﬁgé@id’ﬁg?f@e‘”&?‘“ﬁﬂéﬂ B t'ei n of MPV
i sol at e QBerkimOfeqiécd iRa1S19MBetminkd BVdrehditiré ievgthaT the RERICBVE pididh. has at

| east 97% am no aci d sequence identity to the am no aci sequence of the F

protein of MPV isolate 00-1 or 99-1 as shown in Figure 23; (v) an M

pr ogei n Tﬂ@fsoﬂge?ﬁtgﬁ@ﬁaiﬁoz% m%&wgci d sequence identity to the am no

aci d 'sequéence protern o V isolate 00-1 or 99-1 as shown in
Figure @p; (the)N potein hasahenmirtoid feqsemt of ¢RN phdin afMIV &0l S@guence

| dent 'ty to tcbreQQ(ZI{n .alsn&o%/(;ll ig Figure 20;

(iiy  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;

(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:



sequence of the L protein of MPV isolate 00-1 as shown i nl¥idydye208 (vii)
an SH protein that 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) a G proteintthat has at |east 75% amino 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 i sol afile 0CenIN protéif tHat &ss KNEWNIIR afriiflIAGd 8Quendd itidntit) o Me RAMPidd Of MPV
isolate 00-1 or 99-1 as shown in Figure 21; (1ii) the protein of MV

i sol ate 00-1 o¥derseq obhe Nprptein pf MPY iselate00-1 o5 99-1 ap shawmpmdtigim 20f MPV

i sol ate 1 L i j 1 3: rofein of MPV, isol ate

0oc1 or B AP pittchn B AWkl ssh Qi 4 sgbdlecMeinboihe wdincliel] Lo 001
as shown in Fisggreac@8f the Piprdptetnhsef NPV [isaddte 00- 10r 99PVad gomatif Bi0nrk 20f 99- 1 as

~shown i n Ei-gurel\gG; or % i th-S % protein of MPV isolate 00-1 or 99-1 as-

shown i n EPgurd Moy th |Y1§S g5t 91%amino acid sequsber ientityte deiangnaadidmal i an
et apneunovi T UsqiclofoAERI protdhBE FAFY sDRKT-1Bo0. FRE Qniast i ng the
sanple with theq anfi body o 0cI aim23 fg?ﬁ 4, ggfie\??%ggﬁéﬁlgﬁlellg%??f d of
claim 5, (§) 7 andipreteirpiat s at leest 95t wrhinolasidreeddenceidentiyrotieamniabhod

i lificati f | ei i ) 7. TIh thod of cla m 25,
eherei ntho b RisiEE be PasdtB B MBSl 0nd a8 rs B PR DiEUGEb &1 ¢ he
nmamal i agviVPV ah MApoeiR thalié at 28st BY bindlo dcﬁpieﬁh&lce‘m@ﬁﬁ' B hb8m¥lo al

isolate is identifiable with a nethod according to clai 25 as a manmal i an
negat i ve- sens@cidisagiicace of the yEPmRIcn of MBY isplatei09-1 heo% Lilas lzovn in Figure
pneunovi ri nae ?f the fam |y Paranyxoviridae and identifiable as
phyl ogenet i ca? Yy corresponding to the genus Metapneunovirus. 30. A nethod
for seroKudi cahLyprdicaghadiangt leadvBY% mhiacbtidReiuitnde RRATH to thdBhib Acigai d
met hod conpri ses det ecﬁiﬂ% in a sa?I e fromthe manmal the presence of an

a

~antibody speffFFEA ‘?f} ah-pereRet daY iolate POy showe aniienes; t her eof by
reacting(apl dag SPHirthYﬂ %1& h3a5 Qﬁlcgsrltg’%%oirin@% agi;&ysgaﬁl%cg fdefilif}) (FineBning 1. OF 22

or avirus of claiml, 2, ,
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.



portion thereof. 31. A pharnmaceutical conposition, whereih3tdwy 2005
phar maceuti cal conposition conprises a pharmaceutically acceptable carrier
and one or nore of the followi ng: (i) jtihe isolated manmmal i an negati ve-sense
single stranded RNA virus of claim1, 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 £5) tAanithed &Medﬁiﬁgﬁﬁﬁdrﬁﬁaiﬁﬁgﬁéth uRRREEs i 1éw d rus of
claim1, 2, 3, 4, 12, or 16 or a por onthere ) nucecamdof
cI ai m 5, @PmpiseyFomagsingihe yamplewith !‘-hve@élbf)dy of ¢laiim) 23 (ble24pDDWE£hlalmlecB:| ai m 20,
or 22,04 pclg%?gr%gtmtéwr eof; or (iv) the antibody of claim23 or 24 or
a fragrrent t Rt 80 Ati i sol ated mammal i an negati ve-sense single
stranded RNAV|rus of claim1, 2, 3, 4, 12, or 16 or a portion thereof; a
or 9 or-a fragnent thereof; a - protein of -

cI ai P ? Cléml gs’f"f’lé?@‘?@ the methpd spmpeses amplifisationff noelaicraciis. or 24 or

a fragrrent thereof, or a pharmaceutical conposition of claim31l for use as
a nedi canent. 34. Use of an isolated nammal i an negati ve-sense single

st r atiled Fianethod of dhine 23iwhetein the ethod coth@rise® PCRG or a portion thereof; a
nucleic acid of claim5, 6, 7, or 9 or a fragnent thereof; a protein of
claim?20, 21, or 22 or a fragnent thereof; an antibody of claim23 or 24 or

a  fIRONETHe hARGEOS clai 29 IRARRRGHh &AL f MEVOR i ahaQipe! @i M 31 for the

manuf acture of a - nedi canent for treatnent or prevention of a respiratory
illness. 35. Use of an isolated mamalian negative-sense single stranded

RNA rus orti o t her eof nucl ei c
aci g{rzri#g&g%] Jn}?m %V]f)é 136?}3{%; 59‘%%{%#’#\9‘?’@8? mca%? scetrding tBFflaé‘Pal m 20,
21, or 2250!3 aandrhmglia! kﬁegﬁﬁ% ke sidgle sRhnRARNAFviIRS HithindBe ib- %lgf

fragnent thereaof,; or a% har maceuti cal conposition of claim31 for the

manuf act EPEBPVIEnaGithe Sl Pargryrevirdesand identifiableens phplogerfetiealliavi an
di sease. céﬁcsg% Hﬁ%*&?ﬂw %%B‘é’gﬁ%&%p d;lgwgmmamml ian nmetapneunovirus in a

sanpl e, wher e met rnses:

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:



(i) contacting a cell with the sanple; (ii) nonitoring the3cytlegpadhs 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 2005 117 wherein, if PIV, influenza
virus, and RSV are not present in the sanple, then the mammualian

nmet apneunovirus is in the sanple. 37. A nethod for detecting a human

met apneunovirus in a sanple obtained froma hunman, wherein the nethod
conprises: (i) contacting a cell with the sanple; (ii) nonitoring the

cyt opat hi §) @t ittedRamfRlisChépativé-sthe sﬁxgteosﬁaﬁ&adqm&fmg of Safth 12,30 410 the
cytopathic effect of hRSV or %PIV then (iii) testing for the presence of
hPIV type 1, hE).ori§pea portinpfhereofpe 3, hPIV type 4, hRSV, influenza virus

type A a i i i f hPN type 1, hPIV type 2,

hPI V typ;ﬁ% tﬂ%b#@ﬂ%%m}i ggﬁlf{ﬁé\ﬁ —Fr?f%}éﬁ g(?f"tl ek e A and i nfl uenza virus
type B ar(euhﬁtegwtemem:lamzt)hm 2R loe a flabRBnlhgebiBRN et apneunovirus is in
~-t-he sanplg. éie AipfgiEt hod for detecting a manmal i an et apneunovirus in-a- - -
sanpl e, ier Beantbedy ol ching 23 a5 or gdeagment thersok acting a cel | 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,

t herd3(i i if)nnisekatddngammaliarhmg]aﬁee}mmesmglelgﬁammm% viraaef clhibt V, 3, )Bp¢ 12, hPIV
type 2, Virus, siman virus ty

t 4, d
New Cast |% éwg c%gggglo%tgquo F?F\@@‘C azgf ?’:lar‘in S/ Pr (9T 1l mfgagmeﬁhgleregf ﬁah virus,

Hendra Vigrés T‘lé%lrl@()vgf ovi ri nae,
hPI V type r1 mhoPI V type 2%%%%/5[ yg ﬁ{tﬁﬁ%ll){/ld?amm@&%sfgﬁ‘ aif23 S?Fﬂ{%é sim an

Vi rus ty mggen SJ!‘B@h@hrr@@amal/cmupqmthﬁ@fclamﬂblfbﬂmse\aislauﬁe;dicammps Vi rus,
Ni pah virus, Hendra virus, Tupaia virus and Mapuera virus are not present
in the sarrpl e, then the manmmal i an netapneunovirus is in the sanple. 39. The

met 3dd ofUselofbinisdfatedSfamMialidBncptfiOE Sérlle bingleGHhARAHINA vailub 8ELIalS 1, 2, 3,

char acter| zed b%’
,orl6ora portlon 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 or a
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,



syncytium formati on and subsequent rapid internal disruptid@uliod@nwed by
detachnent of, 13 July 2005 118 the cell fromthe nonol ayer. 40. The net hod
of claim 36, 37, or 38, wherein the cell displays the cytopathic effect
three passages after contacting the CﬁI7I with the sanple. 41. The net hod
of claim36, 37, or 38, wherein the céell is a tM 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 asdgwyeimtif PBy infuanzagiewss ynd RV afteotrpe¢senicin olie Cilnalenti®m, thd7, or 38,
wherein said testi steg conprjses .detecting a protein of PIV, RSV and/or
i nfl uenza vi rl%qua@?mfﬂg PREPRGYIIGT 1S B BB’ wherei n said testing step
conprises an inmune fluorescence assay. 46. The nethod of claim 36, 37, or -
38, 3pher e\ mettdd f6de@RAIY h hulhh Bictapneurh&anisiif 8 kathplcloBRincaMidR 8 hitingn,ef f ect  of
hRSV or hPI'V. 47. The nethod of any one of clains 36 to 46, wherein the
~met hod - f rherdn theangthodeamprises: et hod of claim 25, 26, 28, or 30. e

(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 hARSV or hPIV, then

(iii) testing for the presence of hPIV type 1, hPIV type 2, hPIV type 3, hPIV type 4,
hRSYV, 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 sample, then the human

metapneumovirus 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




40.

T

42.

43.

45.

46.

47.
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the cell from the monolayer.

The method of claim 36, 37, or 38, wherein the cell displays the cytopathic effect three

passages after contacting the cell with the sample.

* The method of claim 36, 37, or 38, wherein the cell is a tMK cell, a VERO cell or a A549

cell.

The method of claim 36, 37, or 38, wherein said testing step comprises detecting a

nucleic acid of PIV, RSV and/or influenza virus.

The method of claim 42, wherein said testing step comprises an RT-PCR assay at low

stringency.

The method of claim 36, 37, or 38, wherein said testing step comprises detecting a

protein of PIV, RSV and/or influenza virus.

The method of claim 44, wherein said testing step comprises an immune fluorescence

assay.

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

The method of any one of claims 36 to 46, wherein the method further comprises the-

method of claim 25, 26, 28, or 30.




