1 Avirus causing respiratory tract illness in
susceptible manmals. 5 The invention relates to the
field of virology. In the past decades severa
eti ol ogi cal agents of mammal i an di sease, in
particular of respiratory tract illnesses (RTl), in
particul ar of humans, have been identified?7.
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sequence divergence between antigenically related proteins. Proc Natl Acad Sci U S A,
1987. 84(16): p. 5625-9; Collins, P.L., The molecular Biology of Human Respira#ozy
Syncytial Virus (RSV) of the Genus Pneumovirus, in The Paramyxoviruses, D.W.
Kingsbury, Editor. 1991, Plenum Press: New York. p. 103-153. _

30 Another classical Preumovirus 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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The invention provides an isol ated essentially
mamal i an negati ve-sense single stranded RNA virus
(MPV) belonging to the sub-fam |y Pneunovirinae of the
fam |y Paranyxoviridae and identifiable as '

phyl ogenetically corresponding to the genus

Met apneunovirus. Said virus is identifiable as

phyl ogenetically corresponding 5 to the genus

Met apneunovi rus by deternilning a nucleic acid sequence
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Metapneumovirus by determining an amino acid sequence of said virus and
determining that said amino acid sequence has a percentage aminb acid homology to
a virus isolate deposited as 1-2614 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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a virus isolate deposited as 1-2614 with CNCM Paris
which is essentially higher than the percentages
provi ded herein for the L protein, the Mprotein, the
N protein, the P protein, or the F protein, in
conparison wwth APV-C or, |ikew se, an isolated 3
essentially mammal i an negati ve-sense single stranded
RNA virus (MPV) belonging to the sub-famly
Pneunoviri nae of the fam Py Paranyxoviridae is
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| IQ{P%’Qm}ectmn is performed with reagents that are most specific for MPV. This by no
means however excludes the possibility that less specific, but sufficiently cross-
reactive reagents are used instead, for exampie because they are more easily 7
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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this case this neans that it is preferred that said

di agnosi s and/or treatnent of an MV infection is
performed with reagents that are nost specific for

MPV. This by no 30 neans however excludes the
possibility that |ess specific, but sufficiently
Cross- reactive reagents are used instead, for exanple
because they are nore easily available and
sufficiently address the ¢ask at hand. Herein it is
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ch Ot‘?actlon of an animal, in particular of a mammal, more in particular of a
human being, compnsmg 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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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
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 &'

viral isolate or component thereof by reacting said sample with a cross-reactive
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20 The invention also provides nethod for

virol ogically diagnosing an MPV infection of a manmal
conprising determining in a sanple of said mammal the
presence of a viral isolate or conponent thereof by
reacting said sanple with a cross- reactive nucleic

acid derived from APV (preferably serotype C or a
cross-reactive antibody reactive with said APV, and a
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%é(ﬁ%t RIOPARSRLL O stRthatcanalogips ggﬁ%‘aalf%‘ﬂﬂses -

I\/I?ééemﬁhﬁg&netﬁﬁhbﬁfu%ﬁruses, i.e. metapneumoviruses isolatable from mammals
that essentially function as nabural host for said virus or cause disease in said
mammals, have until now not been found. Metapneumoviruses, in general thought to
be essentially restncted to poultry as natural host or aetiological agent of disease, are
also known as avian pneumoviruses, Recently, an APV isoldte of duck was described
(FR 2 801 607), further demonstrating that APV infections are essentially restricted
to birds as natural hosts.
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[ genetic techniques nmake it possible to generate
chinmeric APV-MPV virus constructs that are useful as
a vaccine, being sufficiently dissimlar to field

i sol ates of each of the respective strains to be
attenuated to a desirable level. Simlar reverse
genetic techniques will nake it also possible to
generate chimeric paranyxovirus 20 metapneunovi rus
constructs, such as RSV-MPV or P13-MPV constructs for
US i Nk inWA6i6h PRdvideepaisalatedinantu gl prataouic ts(hared: also

arI .yuseful as.a conbinatip | t £
Calaft D aeptides ferePiid <R FRUSCAC A ERE MR fom s
ph@gemdeBn@minﬁd arditwiitiog ichadly sgjend andiepnsideting d8 phylogenetlc
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ithof ané §HRyptnie PWHW@@%W? fidferepbfram b %\P%fi? FPa in
VA th &0 1S 'si’éﬁ:ﬁ@aﬂﬁ@@ué&&ﬁﬁémﬁ@%s&ﬁltﬁﬂl aiél iathiS € spidmCmcleic

dlstlnct fromt hat t he, Pne whi ch
j2gid dgvsk e‘?*ﬁg@éﬂlfa%%amatﬁ disgimin gﬂ%‘?ﬁi‘i‘i W@’fm giigor
ragtibdcRdirigsced he@hsy tinsb ﬁﬂ'@beﬁ@ vir@sel heﬂ génusageously be developed

bf
Clglg Se? eolf'l‘g?ﬁ\ﬁ% ﬁgﬁ%ﬁf% ed%lglp e%?}t'% HPU - gpéfﬁlﬁéaﬁgfassay,
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exists for APV. Furthernore, unl
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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
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 monxey kidney

- cells, i.e. MK cells in a third passage in cell culture) are preferably used due to their

lower costs in comparison to primary or secondary culltures. The CPE is, as well as

with some of the classical Paramyxoviridae, characterized by syncytium formation
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addi tion, whereas specific anti-sera raised agai nst
MPV neutralize MPV, anti-sera raised against APV A B
or C do not neutralize MPV to the same extent, and
this lack of full cross reactivity provides anot her
proof for MPV being a different 15 netapneunovirus.

- Furthernore, where APV and MPV share a simlar gene

order, the G and SH proteins of MPV are largely
different fromthe ones kAown of APV in that they
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(REERG sV LS8 ?Qﬁmﬁ;‘g’{'] %9&3 $h! p?@g‘?g'?ﬁ%yonu&uboyer, M.H.,, et al.,
Nueleotide sequences of the F, L and G protein genes of two non-A/non-B avian
prieumoviruses (APV) reveal a novel APV subgroup. J Gen Virol, 2000, 81(Pt 11): p.
2723-33; Seal, B.S., Matrix protein gene nucleotide and predicted amino acid
sequence demonstrate that the first US avian pneumovirus isolate is distinct from
European strains. Virus Res, 1998. 58(1-2): p. 45-562; Bayon-Auboyer, M.H., et al.,
Comparison of F-, G- and N-based RT-PCR protocols with conventional uifological
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viruses), consisting of the sub-famlys

Par anyxovi ri nae and Pneunovirinae. The latter
sub-famly is at present taxonom cally divided in the
genera Pneunovirus and 10 Metapneunovirus 1. Human
respiratory syncytial virus (hRSV), the type species
of the Pneunovirus genus, is the single nost

‘inmportant cause of lower respiratory tract infections

during i nf ancy and early hil dhood worl dw de2. C her

?rgp&[r% r the Q?etectpn y: u 3\15/3”?%% tzgr%ﬁ}y ﬁunorggzc}zjqus Q?s R‘L%M a6,
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aeti1 ol ogical ‘agent” of ‘avian rhinotracheiti's, an upper
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the b f .20 | tid
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pro eln SNo 0 As se uence
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nonocl 0 ant | bod| es. Avian Pat hol og E/ 1993.. 22: p.
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A@ﬁnrgmu@y ehd {iRfsenin althoBoefadsikntds of turkey

Al an TRRCTIBTOR Sl 3PV 3o ot Risest SBE emgB R Emee wie
Mither a2 athgatup A d‘dlmdubgﬁouﬂﬁ s&equ ms Tlhaea Fe,sulhs spgkstIhat
RLE bgllnﬂldg o) Ea.%e r(nﬂag) V\&e%%}; st cxatg Ic))le-gg %ﬁl\{‘ af sergtd/Fe of awaj\ Gen

pneunovi r us

Vmﬂ‘@howmw al@lﬂ@?&emﬁ)by Hayon -273e:38 2l Gedky. VB 81 2723-2733
0@3 X protein gene nucl eotide and predicted am no
acid _sequence denpnstrate that the first US avian

pneunbvi Pigéertessimbediniest, dhesinvendion preyides En ivdedMEV
%Hoﬁbxﬂﬁa]l%o&fé%pﬁ@ﬁ:g 49 ?@ere’é %ﬁno%)n mPmuABan %etapneumovuués

l%on JAuboyer, npari son of F-,

eBRERE W!}ﬁ@!&dﬁ}srﬂ&t@ebﬁr%m \Hiwtt RE %wewmww WitHip thsubal

Family BRRSHHOH Sdk Of thie REnIBEP GGy QIbiridd. THERIAGifiOtioh Uf $h8 Ywo
rhlnotrachfltls V|rus Arch \/roI 1999. 1 ) g
B2 1Rseppgasly o thejpgeng cgnsteiatipy; et @&e&w’é/@es generally
$RGUBAG R uAFAl Birdtois biith NSleara«ts.qa(@bérﬂm Réxﬁ)haﬁh @t ﬁl g.gene

' qfl 9§¥é %4&?@'}%}1’ hléséenee%!igrezg &%eren& frorvx\ﬁh pneumowruses (RSV

'3-NS1-NS2-N-P-M-SH-G-F-M2-L-5', APV: '3-N-P-M-F-M2-SH-G-L-5) 466, MPV as
provided by the invention or a virus isolate taxonomically corresponding therewith is
upon EM analysis revealed by paramyxovirus-like particles. Gons{stent with the
classification, MPV or virus isolates phylogenetically corresponding or taxonomically
corresponding therewith are sensitive to treatment with chloroform; are cultured

optimally on tMK cells or cells functionally equivalent thereto and are essentially
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subgroups. J CGen Virol, 1994. 75(Pt 11): p. 2873-80. 5
A further serotype of APV is provided in W00/ 20600,
whi ch describes the Colorado isolate of APV and
conpared it to known APV or TRT strains with in vitro
serum neutralization tests. First, the Col orado
i sol ate was tested agai nst nonospecific polycl onal
antisera to recogni zed TRT isol ates. The Col orado
I sol ate was not neutral iﬁ,ed by nonospecific antisera
to any .,of the TRT strains. s, h ves
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IS o530, SUSE SPYAN E Ehelons
emtydhatea titferdné fromtbaitaf oneyprayirishe suchresi REY astabgadyPijscussed
tAYAN P} EA oY, GQAFuE BRI heb Rt Raily 15E L Rn A 08 thys

mammal i an) net'apneunovi rus —comprising a gene or der

drsaopically Fq;msvmngo’rlth HE Vi hedndby sostnpyiridisatipe sub

23pé3Aidty uRRE BRI £did'B6m AfhelbdYGotiadH MPVERRIALNX Bl sk RAe
The clagsification of the two, genera is. _bas

ed
Frestapiofopy SFPeriRERts "ﬁ@ﬁén%?]rglfaé P.ptatto,ii@ﬁ spemﬁca]ly directed against
Rl P A LIFIRY bﬁd}&ﬁ&n@ﬁﬁ@dﬁ Isbeelﬁcw&mem frgﬁr:]l ot LRV Rblate.
pr ot eins, su seea o Randhawa, et .
O Cdigedes Feuer wg%v BFREUEHE SgEREORRRE g s
cta:ﬁdnemmaﬂy tarcmspdndatg to M hebsmsinprisies a @&B\drder and/or aminoe acid

N A il s Mol MR fMate ) pr v gty
tehrrespayding themevath, and shrowsclése o¢latednesasodthe sdnya Mejapneumovirus
memﬁﬁz&oga%ragglytﬁh%{;ﬁﬁwmaa Fhe HORN: EM-RNAH LA ok BIER 5

@'ly ar anyxovi r us arti ent wt

S Flilq:%tqcaﬁal er@n qnce orsthiededivideal ppcﬁsm éﬁgfeh betiveen MpV

GRRMES BOMRE I AGrPEthE ARRRONIGRL dahe £ANIF BSRINGAIPRG ubtype C) is for
therewith are sensitive to treatnent with chI oro

Zadriz & foufor gucleoprqiein PPY, fonrhasrhopentein 68%, fepfusignprotein L 81%
feldl @8 pRRof he@lyinéPds BhotdiBEBLR, en 85 ReddSOMdnbnaring

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
these mentioned maximum values are considered phylogenetically corresponding and
thus taxonomically corresponding to MPV, and comprise a nucleic acid sequence
‘structurally cdrresponding with a sequence as shown in figure 6. Herewith the

invention provides a virus phylogenetically corresponding to the deposited virus.
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10 trypsine dependent in nost cell cultures.
Furthernore, the typical CPE and | ack of

haemaggl utinating activity with nost classically used
red bl ood cells suggested that a virus as provided
herein is, albeit only distantly, related to classica
pneunovi ruses such as RSV. Although nost

. par anmyxovi ruses have haenmaggl uti nati ng acitivity, 5

nost of the pneuani ruseg; do not Is MIV accor di ng
t | nve nalsoc talns n in
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speci fica erive roman MPV isol ate.
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$61]814C €2000)10! ogy, and defining t he structural
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%gen1 eﬁq)y ysoe % Sgr%lglanuc eoll ersgc?usé ger;qﬁ H% I\?H\Q, F and L. ORFs
of 9 virus isolates. 90-100% nucleotide identity was observed within a cluster, and 81-

_4.—)

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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thus taxonom cally corresponding to MPV, and conpri se
a nucleic acid sequence structurally correspondi ng
with a sequence as shown in figure 6. Herewith the

i nvention provides a virus phyl ogenetically
corresponding to the deposited virus. 11 It should be
noted that, simlar to other viruses, a certain degree

vof variation is found between different isolated
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" pot entBuithblgendtit ecid bastne lf@gments each useful for such phylogenetic tree

analyses are for example any of the RAP-PCR fragments 1to 10 as disclosed herei;x
in the detailed description, leading to the various phylogenetic tree analyses as
disclosed herein in figures 4 or 5. Phylogenstic tree analyses of the nucleoprotein @N),
phosphoprotein (F), matrixprotein (M) and fusion protein (F) genes‘ of MPV revealed
the highest degree of sequence homology with APV serotype C, the avian

pneumovirus found primarily in birds in the United States
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genotypes. Virus isolate ned/00/01 as prototype of
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Barr et ol., 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 ataine 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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deposited as 1-2614 with CNCM Paris than it is
corresponding to a virus isolate of 25 avian
pneunovi rus (APV) al so known as turkey rhinotracheitis
virus (TRTV), the aetiological agent of avian
rhinotracheitis. Suitable nucleic acid genone
fragnments each useful for such phyl ogenetic tree

anal yses are for exanple any of the RAP-PCR fragments
1 to 10 as disclosed heresn in the detailed
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par anyxovi ruses
,Bhﬁ;llg/glﬁcgcogﬁeryq:ﬁem MPV (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, 75 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 , starting at nucleotide 2281 and one small ORF of 33 aa residues was
found overlapping with the major ORF of M s"i:.'arting at nucleotide 2893 (data not
shown). Similar to the secondary ORFs of RSV and APV there is no significant
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am no acid sequence reveal ed the hi ghest honol ogy wth
APV-C (88%, and only 7- 11% w th ot her
par anmyxovi ruses (Table 6). Barr et al (1991)
identified 3 regions of simlarity between viruses
bel onging to the order Mnonegavirales: A B and C
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QMOQQEBE&' ¥ s%%%m%’ A0 large carboxy terminal ¥1 subunits. The proposed
cleavage site (Collins ¢t al., 1996) is conserved among all members of the ‘
Paramyxoviridae family. The cleavage site of MPV contains the residues RQSR. B«th
arginine (R) residues are shared with APV and RSV, but the glutamine (§) and
serine (S) residues are shared with other paramyxoviruses such as human
parainfluenza virus type 1, Sendai virus and morbilliviruses (data not shown). The
hydraphobic 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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conprises the ORF encoding the M protein. Wen an
overall amno acid identity of at |east 94%
preferably of at |east 97% of the anal ysed M protein
with the Mprotein of isolate 1-2614 is found, the
anal ysed virus isolate conprises a preferred MPV
i solate 20 according to the invention. The third ORF
of the MPV genonme encodes a 254 as protein, which
resenbl es the M ORFs of otsher pneunoviruses. The M ORF
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residues of the protein (Figure 124). The MPV M2-1 protein contains 8 cysteine

-

residues located within the fixst 30 aa residues that are conserved among all
pneumoviruses. Such a concentration of cysteines is frequently found in zipe-binding
proteins (Ahmadian ef 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 invelved in the

control of the switch between virus RNA replication and transcription (Collins et al.,
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and B, 33-39% w th pneunovirus F proteins and only
10-18% wi t h ot her paranyxoviruses (Table 6). One of
the conserved features anong F proteins of 15

par anyxovi ruses, and also seen in MPV is the

di stribution of cysteine residues (Mrrison, 1988; Yu
et at., 1991). The netapneunoviruses share 12 cysteine
residues in Fl (7 are conserved anong all
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Ma\éoﬁﬂlgl‘d%g NzbionMPh&h nlodied (A, _9E gﬁm Ere%é]ﬂ:ohggrv?edrlﬁ %eolq_PV

bei ng. hj ghly conserved anong met apneunoyVi r uses

LnggFigy ingrotin 4, B awb: MEY ahaigy 1% similgpity) witiagll paegpasiyuses

Eﬁd ﬂlﬁ&ﬁmvgﬂﬂeﬁ $O(p‘f6 sﬁ?ﬂérﬁ? @mﬁtm MWHRSWSF& the
resi dues. conpare

of as
Sites R (e $3m0 A g ha SRR MRy Shetpn §57% MsREROYRBAET, 67-
i1 m&mm&égeftﬁm @ﬂhgf}pdéaﬁymhtd@sqgi@u@%m Gh a8@6BA b the
re ound 0] e conserved wthin_su es A
BBz OoR e RPRanRS ol ER & Hist s o i coporms to
alconserds9 ATP M rgrmatif ()., CEDORY (X)AK €S tet, goal). The MBPVR OHF
Q@Yﬁgﬁgsiﬁgfar motif as APV, in which the spacing of the intermediate residues ;s

- off by one: K(x)22GEGAGN(X s K.

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
i_;he analysed SH-protein with the SH-protein of isolate I-2614 is found, the analysed

virus isolate comprises a preferred MPV isolate according to the invention. The gene
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35, Figure 11) at the amno term nus of F2 exhibits
sone sequence simlarity wwth 10 APV-C (18 out of 26
as residues are simlar) and | ess conservation with
other APVs fC or RSV. Miuch nore variability is seen
in the nmenbrane anchor domain at the carboxy term nus
of Fl, although sonme honology is still seen with

APV- C. Anot her suitable open reading frame (ORF)

useful in phyl ogenetic anas yses 15 conprises the ORF
eﬂ;ﬁﬂg& chaJeP@to 1@1"@'5 61@;?&3@3 Q%t@fn%*gum)ngn 1éjof the
identity o ast referpalyo at ‘| eas
oRuqlepEide prglgnre @nﬂ/vzts dedsteed W@ndﬁh@ewwbﬁﬁéﬁd& r@l%ﬁfrmble

| BohAE whtrPGikée Rmfvgupgeneg BB BloMaQd. MieSIBORF QF MPY is the

f MPV i sol he
okt R Bnegr chie (B B TR BB B A FRIGE ST

-t 8H OREEE kel Ry dgeifiREs (X Eof RPN ROV 908 PV, iwithod high percentageof

e R s
vior P\p BPYES Y Ae RSY By bREViane PVB respet9dy). m |95 0EF ot MPV

1

&%@#@M{éﬁ%@'xe r etgéeg Qas }{P‘}' %g@%&%EG E}ﬁﬁé@é@gﬁg@% %y
MPReuTjopiE e lia@dqnademmlwra M@oﬁngelr@glyc@mb@de slttas MV eV
pgqgg:vg bggqhg,l ?Vﬁl) ]? and reveal s the highest (84%

haonol og

of APV-C Tabl eP@L ari son of
e b e ol e ST SHREADE o §H¥st

cmsa&a/ﬁﬁ:umtmtﬁﬂamﬁmce&mh@sr m@@é 191! fbhecéH o's Iaf A’!PV—‘ hﬁH
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{%}g} ins et_at. Zanora et al 93%@

thavq_g op}wlﬁc &\ﬁteirrglquﬁ (Eﬁ’g} BV eentngl ]('q:fh-rf bic omam aa 30-
obay ewgmtcaﬂ aertz?ai a WVD@AI&MWSﬂd@@%}.&% mtuham 3 setcmdﬂydmphobm
APV-C I n the a Q

s eubiestdi 350 o0 SBrarogbl UiskeBng B srRbSSC Y 57

r epieahs ds laklp et @ €erwiihdh halfbfuéle fAPNsdndMP‘éQBFes Irdalbsnematirus
agf %%Qﬁg he%ﬁrd%pngnlgs alggs ?&TP VB{sﬂ; aﬁﬂsm? §<H&s W%lch are also

concentra eIhes |s uent ound
szH%d@ith@ISHdJRlbe@ﬁ\@"h@a@Ahnééﬁ)an et at, 1991; Cuesta

eh@her'm&?/%%ferrg&] &&%&%995&&%%&4\@@ uldp@lin BuAs eﬁpclc

W th of pneunDV| ruses _are conserve

| REBerTBEeesibe ORY weefianibe Crratein dVhamougterallgmiee acid

| ity Olatilnst Bex%, ﬁ&@!&id’nﬁl ofQk 1&&%0%%%@@&&&9& a¥ 1dabiS75% of
NScCr| pt e

1 gnﬁ% :J?Fg%xl-ogqqn %Q ei ggotegaﬁf Eﬁ? 15113 f%u&é gse ana:.][ysed
Gatdsiisdate boniidrises 1%_9<£Ierréd My Vveiolak accoﬂ:&%?t_,o the/@af@itinEThe G
g2 i BBk s e R B by s
sh a€f0b1$1aa1 smalt DBF'tis fbendiﬂzﬂmhdiaﬁelyéolﬂzﬂviﬂg _ﬁBRFOBFJ @mmg coding
TR o 2R, b EriTB Rl Bl AUt bl R 0T, i
ahdifimeyt reading drapes pii9d 9.a (Fiabiee (fE@gmeseq@me Trispatirsve
Ofith both of these ORFs, but also lacks a startcodon (nucleotide 6416-7000). This
major ORF is followed by a fourth ORF in the same reading frame (nt 7001-7198),
possibly coding for 65 aa residues but again lacking a start codon. Finally, a potential
ORF of 97 aa residues (but lacking a staricodon) is found in the third reading frame
(nt 6444-6737, Figﬁre 1). Unlike the firat ORF, the other ORFs do not have apparent
‘gene start or gene end sequences (see 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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the M2-2 ORF (Figure 12B) reveal ed 56% as sequenée

honol ogy between MPV and APV-C and only 26-27%a
sequence honol ogy between MPV and APV-A and B (Table
6). Anot her suitable open reading frame (ORF) useful

i n phyl ogenetic anal yses conprises 10 the ORF
encoding the L protein. Wien an overall amno acid
identity of at |east 91% preferably of at l|east 95%
of the analysed L-proteinmith the L-protein of

i %%lﬁfeg tl!lat tﬁuﬁ;ﬁ]ﬂfﬂhﬁ%&{ %e% e@% ?&s t{stéﬁpe!rﬁtgl E&b&n

corrprl SeS a prererre ate COI‘
i ByRHE pbihe atiachapralt ngayeméhmﬂeqomﬁé?@% Pd}éﬂ%ﬂe&h ét should be

v 'nBﬂé& et YV a&inﬁﬁ cotdagy OMYVa1EL rﬁﬁ%&@@ ®RF have been
RNA- ependent _E)Yﬁarrerase conponent of

r édsnifeg 'Mﬁhq@o A&V bgra %Wnésﬁw%%@wﬁ’ée pajgARFE of

of. MBwe@a C@mgceafo%)@&saﬁn Bf b RIORFa\A16Rink Snd thek€Snclue -

o RPOELIET 2 150 BRI A G R It A oGt . 1002

RSe sanmﬂaap PREX i HMP¥ (¥ dd Bothredetichatdoteristifradf athex G\grdsteise snd
( %Q%h% @ gdl%wnale(sRﬁs Eftﬁ g%p%?%éd %%1%92 ilug;%nlt ilngrés%gat%nx BLAST

conservea
nenalgeeg matht aélofowe@al*‘s me@w :zmtlscamﬁblv hmudw atfthomokhiidpr aa

de QH&'I ol drlen A é@s“di gl ﬁ'oF)chlt%/ 2";‘6&%& agreement

at are t essentl1 a
pmlt}ﬂr’éb? klgve%eﬂwe h@}ﬁdoglf?ﬁefs’emi‘fe! pther ¢ proteins guchpg hibyV Appd B

W%Ei?&@%ﬁﬁ‘cf W2 ﬂlS‘?)%d’&@‘(f Abn®PB Qﬁ@é) QJ uHa@z M | {5940/ \WHBreas

shares 100% sim | arjt

praghithhe MEY OREqrgsqmblehops 0 @PI\/Fb\Vths’r?alF%%*h f_-e%) saggence, the G
SIORH EMBY is\Wb i deANN SR a1l 2BanWhE 6 CIBYoBAPV (Table®. The aa

entire don’aa# Illé 25 847 in t # I\/P\/,]Pﬁﬁthan

r‘:

L
o RegiEReeg St ooy conantt Ssonn
2 6he3T2% fot REVaihh endsfar .:'HPN}/ Xthie IGr @IB]ESISQ Edngaines. 5%)prolive residues,
p?&%tlcthl i ﬁ1gi1er QI? theoéa) %WS%’S and Wﬁttlo &P{f e%%tels{gi) \étunlfiance of

eins-contaln a sequence conf orns
c ordion sessdvaT i thie lﬁ’dmmgamﬁnf APVIKRSY 2 IEACNE X)sﬁ(bb’er(c@see@d in

1%%})1‘3%@&5 WMuJ:mgB D\QLﬁL\ ﬂ'ﬁs 9111% 3Lé[»mIHQL£ éf ﬂépfagﬁ(rs three

i n"which the spacmg ternmedi ate resi ueS|
ofiimenpiopplestruciury (GrBREAtRY. >4)9ﬁ% Vi@rtm?t al-ra9eh Jsnefte 3284

Sgint abhBerQR 8hteh8AN- ﬁgké(drg"?féﬁsﬁaqgg )nté‘s%ﬁf(}l«l.)f NIV is similar to other
prﬁxl ogenetic__anal yses conprises the ORF encoding the

SravEvees: Whaag . wheea IRSYasd, bRV has fienrd A ?35&5
| east B%re@cwf agz@bbyobgﬁty@}oﬂleeﬁm@@%%véﬂgd%hwa@n‘eﬁgtﬁb biYnilar

of at l.east 75% of e anal ysed SH th the
SE? %f’é’h?f‘ ROBFRVETFS e PBRE AT FRNYS SO aﬁ’é’qﬁ‘i\g&?’ é%‘m
V falloged 5ph alicet BpirphicbRSiréh (pd 33 B3) mad aMfﬁslnlbr&@ﬂx’bﬁﬁhc carboxy -
r.di nventi.on.
et L i SR a0 S na et PR g o
7)5110]3)‘\1'@1 tysd § tofsinhebrane protein and corresponds well with these regions 111
the G protein of APV and RSV. The G ORF of MPV contains only 1 cysteine resnlue
in contrast to RSV and APV (5 and 20 respectively).

According to classical serological analyses as for example known from
Francki, R.I.B., Fauguet, 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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nucl eoti de sequence and its deduced am no acid
sequence reveal ed no discernible honology wth other
RNA virus genes or gene products. The SH ORF of MPV is
the |ongest SH ORF known to date (Table 5). The
conposition of the as residues of the 5 SH ORF is
relatively simlar to that of APV, RSV and PYM wth a

" high percentage. of threonine and serine (22% 18%

19% 20.0% 21% and 28% s@ri ne/threoni ne content for

V. ARV, RS V PVM. 1
oo TR, Tty St plimeliE Ry SN M MPPRS IS
meméable APbélm’qqta&Ewm&@S pxosided hereinebdingdedinedgr} the basis

Q@ﬁy@&{hﬁ cal Hﬁt\éﬁch%éﬂ@sé ak dQHf}PﬁE&:’h}p uaﬁﬁﬂaﬁ% h@ltrahzatlon
ycosylation sites (M RSV 2, bRSV
m&wwag antippre (Riainedhiem fffef. eecymalfe &rﬁt%%r fuifioed pigs RERFogHed

B heLdebniRAdesEpRbn) ARNR @@S’roB%Vhaé §WR2he thosd Whdtdh with others

structural characteristics ure 13 SH Fs
GF shg%s adgrolqgens- wil\?t@r ogRIY H Fi 9 d68p E‘)&P #Fﬁ%?
lzceaﬂ)lhzaﬁoﬁ Sidvwrsad cehﬁﬂf&é@h@ bf @odasmiitn bﬁ:&ee’?ﬁwo&’yﬁc).lsasﬁm é:llﬁher

SR B kS oS T Rl oas B aC o O B and a
hﬁysjlmowanbssonf @axbbrpmsma&meldnf gbsianBatbjopRBNcaBbioctepimbr s

tdgﬁfér c%s Sé'tﬁ\hg ] Eﬁgmf%éﬁrgﬁlapor? éh EJEE d%!}{ dtat{églh Mg%rgg? r8action

pneunovi rus obi ¢ donai n
|b§tVTeIea ﬁ‘k@?ﬁrws besiiber mh!?ﬁbdla@hé@ (livﬂwl@ﬂ’?ua?%heé¢r9]@gﬂuﬁ diend

pBeid G m&an%ghw)\ée 1XG ogger&?'ge Fhhe 1sﬁQtQ£ B@t{er

preferred suitable open readlng rame usef u?

R G A RS T
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tabMI@'ﬁBl@EeQ]ml awwﬁeuaéam@_ﬁall amino acid identity of
r.efera 50% ..nore

t 300/ of at S
prefe ibwer asgificyt @5@? %%%ranlf %%?fgf npally mampalien;
\Meg:ktzvtehenﬁspfgm @randaf RNS elras gs ﬂmﬁﬁédfthdrs:l toubnaddva the
Vi rus i.sol LIS referr VP
R KPR o il Phel * BB GBS B RSB0 bbbl apin
iasid|seqeeneridamlita cbemeen APY Gecl8leld fomebiainterd AR Gsplate @ B6m
| I

%EEH& )gt@ eIf'}l/\zP gowo%d#é&t{ﬁ g&%g ag g%%%ﬂt%| Aa d%’éleébgde s%{égce
fhemd@sy 785 pleafogndbetyprycthe egvgﬁmﬁgsmnsmﬁ thel Aka v

%Eﬁfzﬁesc&g%aﬂé‘nt) 'a.{s{:e(iinimé Qflm%d sétﬁlenc@ Hg}nt)fo?f & found

readi n rame, of 194 as resj dues ragrren %ure
ot e g%?fl thip GRAg of the hemmReplalt stper
AfdSyxBvitisad. GO Qﬁﬁho(d&id%ﬁt%ﬂ ﬁ%@ﬁﬂe@m@%mes EH& Ecati@.lo@r

Eﬁgﬁéﬁéﬁ"' 955 Rhase S BleSbroeish A3t S 5goae

. msnogtwesrqua@m Forkcdaglki Ibéltgvean APHahd MRio thequmaﬂdd g¢nomdic

BRE P & NP AR s £ BT HER ol ilogu BB b s proriae

@Ardl}zﬂer@?ﬁé’pce Ffmglhe eropysed thabdifi@tibi of NIPY a6 (HOR¥st ihdvemalidve r

%%&n%{}m@%}umwﬁs%&ﬁ&@ are for thus example identified as such by vu'us |

isolation and characterisation on tMK or other cells, by RT-PCR and/or sequence
analysis followed by phylogenetic tree analyses, and by serologic techniques such as
virus neutralisation assays, indirect immunofluorescence assays, direct

immunofluorescence assays, FACs analyses or other immunological technigues.

Preferably these techniques are directed at the SH and/or G protein analogues.
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gene start or gene end sequences (see below). Although
the 236 as residue G ORF probably represents at |east
a part of the MPV attachnment protein it can not be 19

~excluded that the additional coding sequences are

expressed as separate proteins or as part of the
attachnment protein through sone RNA editing event. It

- should be noted that for APV and RSV no secondary

ORFs after the primary G,QRF have been identifi ed but
t hat both APV and RSV have secondar S . W thin
maj or FeeEapplegheanveRiipapapvides ?réﬁ‘r?c’é‘ztﬂl%éi‘?ﬂt@%
tifveaes SEORESV bSprbaitkd geia)ie idatiod coBpriing ihanbiting essentlally

o e e

MeAtriBticko thecinim e mlocuditad adtagaiadly butsotbdr vaivh efm@*ulatmn such

R FCTHARS élggor Mﬁ&g {nhla&ll&gql 1dAR atﬁﬁﬁ %h%gmental

exp resse requl res I nvest |

aama:ha}ls%@bmfetahlblﬂ) IWlﬂoﬁhue pORFzpeietiea lef 140 refpted dyolatpy. Sera are

hoRRlQIonbihe i fn AYE HEPLk S Swdirecds aﬂ@tﬁ%@ﬁ@ ok %@ﬁlmon
with ot her known virus genes or gene. prod ucts. DF‘%H

i The ggirend gpastiically sepocomwried i ve Kitinieil assay
{08 iatiReY IFE RaREEIH SepuG e 2SlahRPE1A 20D the Bera(feci3he

G s bl etk e e

t h 0S eAﬁ)ﬁn AR AQttRe inRedtRi @dviden thesharaertiationbta Gew Glomber
G ey o At B Che Rl Syl
ﬂﬁBG’D.'HS (since Onfieal tagdmoRs Yvaithdiedwssion eyvevirdl itgioaemy tmrmlttee

lienar bl TN AN SRR LoonoHGC LA 1o APY)

contal ns |ne resi dues,

t(ME V3 othich rmaszge/uwmdvére/a%ﬁ?bm hapeans. fithe climicad sigps efshe dissrse

QBx\z/seQ by W\ﬁaﬂe%&eﬁﬁ% él&l&ht% +£3sPERLE] RSy, ARY: asReMnand

has al so been observed in gl coprotelns of,

S (Yemineg fererhonehepkitiy & Pae%f% PerRsthls OPRIBFEVIBY oF he

RbAbBRASHsithERE. ADisGedPREh BRJY inSdctddCchildsen, (dedclficAly Riry

at ., 3; Wertz ethat 1985; Jent ofél 1ﬁ%§ é}

FaiRERlgrenspiaain haweittlisr R fF prasptelt 1HHESHHS Vo G

O]bpd\ﬂbﬂ ] &@rﬁlﬂ a001t 0B ICﬁﬁhlAEWﬂh p}i}mm&mtttu&ﬁstewvaha& Hyirus
RSV d_APRP . -

.r,.?]o?ate F%}&o%efl aﬂ§ 801'1636 ond %.m ?{)a/regirﬂé ];sr}ferew1\£ ;w%(}d% tl‘gergvvft}é, qthe

omaemaem proviles ggired mdpausmg@ nutleic atifi er fupridmablrigremes.

PP BEART CLALRHED I PR ol QBRI SPRLA0 60 88, e

PR E gl p@pmpmcbng:ﬁqem@n Int x@rim%sthf( Rivepion propBes a virus

'Eﬂéx%c@i’i%d% 'th&raQ@P Le%&ﬂé fh b}?ﬂo%&{b‘éic $He€ Bhaliel Brhbdf m@fimum

an anchored type transne rane protein and

digelkosp érﬁa%armpmemﬁe# Hsipp deboplsfrphand Hiumples itds fupd &9 be

- GhorAe¥scphyRa¥ne tithy &oridbfonihg M vieRy1bAdt Bedaltsd s 1-2614

Cv}/u% Sf\TBlgI %Srsié &an it is related to a virus isolate of avian pneumovirus (APV)
also known as turkey rhinotracheitis virus (TRTV), the aetiological agent of avian
rhinotracheitis. It is particularly useful to use an AVP-C virus isclate as outgroup in
said phylogenetic tree analyses, it being the closest relatwe albeif being an
essentially non-mammalian virus.

We propose the new human virus to be named human metapneumeovirus or

metapneumovirus-like virus (MPV) based on several observations. EM analysis
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in contrast to RSV and APV (5 and 20 respectively). 30
According to classical serological analyses as for
exanpl e known from Francki, R I.B., Fauquet, C M,
Knudson, D.L., and Brown, F., Cassification and
nomencl ature of viruses. Fifth report of the
international Commttee on Taxonony of 20 Viruses.

“VArch Virol, 1991. Supplenent 2: p. 140-144. an MPV

isolate is also identifiZble as belonging to a
&%&&1@&%@@@&% KledaReLS] @bnsmhmltﬂ eﬁé a@em@m&lhm'v

PR L SRR oG B SO PR MEN e honh e

aHMH 16 and RItkysive defch8dht fThe caaﬁaﬂpjnap‘foafsrcemd by MRV saredl

PisdBs BRI £ i el Cee BBl iR RicaPine ek it o is

-cxﬂosslhwlsteé th RSV asgﬂmeg}t 1008k 9mmmmmm Haivé Bremagtutinatides -
tR%&nn%mofﬁé S o dises gﬁ%ﬁ@lization shows a certain

cros -reacti on ween two viruses in either
or bot“xh ay praoanle, dhsingéndion Poyesa po-mreteyshl idepdifipdt i er

rﬁ&éﬁﬁoﬁinsﬁi&ﬂ ha%hé&ageal a‘l%?&tb Q&Lﬂg@mgé £0h BeLBIYPE

i's assuned I f substanti al ysi cal / bi ochem cal 10

diefipdnediera sevgre BNaThe digjcal symp mﬁ@& these ehildrroviers ooy a
Hixgild 6 thod € eHR6d B hIg S‘&eﬁt?%%h QNthe RALVRAE RetdDillich USIEW

(tﬂ%e' tﬁg&gﬂraf%afr@tag‘lros ﬁﬁ@%ﬁ%ﬁ pstaeen 1 gpd 43 mgpths gl Theother

tﬂagﬁniﬁdragl’m)yeaﬂs dENtAL 1)1d10ifdu&e E\Iffey@]&rﬁﬁ u‘fijEe AT Ookidl &8nptoms
under usef ul..orotot

R0y B S mER B 3o HEP LS B SRS,
aslemﬁm §&:Ie ataeozﬂ@oﬂt;hearpempnt@weﬂégdsmmwﬁor e tAt\ﬁrmwedker
Cl as SF‘{xé \gﬂs 19&&1;9@. fran\ﬂlersggat?eits 3¢k Jr)ﬁg%gxc?%ﬁﬁﬁ tol:p%l ogy n

neg atl ve-sens dg;gne St VI'TUs as
meéaﬁiwé eentrask eﬁewr@ammwéconnbhé qteact yitdisgecific dndiaerk egpinst
QbR Qe 2 BAY %m%tbﬂﬁﬂ%bﬁ%es Vifey ﬁreierbjﬂ@d?,@lﬁr%laleh% one

overal |l amno acid _sequence.identity between A

@Enebrntseteterrorada iadiectipanypplinoresseica pesays LBM W’#EJPP&?] gajsed
Neailst tWb ofthe Wela’%éhd Séqu@%%%nﬂ?&s 6fnih®oBBefRB5IRES nev@"ﬁ!l‘éa that

cleotlde 20 s al_so found
CHEv e SETG. Fogr oDt Dona SRSV RHat MR gy
@s srelitab glel ggndbic dr@aﬁambbeepraﬁmmmaammqwsmaber of

f .
I}L?erzm netgrxa ge?%rolg%%ﬁgweysvfs\g%%ed tﬁt\g’u uug%,'%%eli]a%wely

panmwn@hogeume tElérseroamvaienram theNetbertangds approaches 100% of

PLOPHARL S ¥ e dhdcs, ocReL, hAGRLL O efllor b ARG |1
prealyibighoig SW@@E@&OW@@ efutﬂﬁéemﬂ@ﬁbm@}s ‘blels\heebﬂen
RRMu2ARE YN hdh&l FopSlafibd BF mIRNAM %0 years. The identification of this

rroposed new member of the Metapneumovirus 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
to test 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 froxﬁ
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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organi zation (3 -NP-MF-M-SH G L-5") as well as

phyl ogeneti c anal yses provide further evidence for

t he proposed classification of MPV as the first
mammal i an et apneunovi rus. New MPV isol ates are for
thus exanple identified as such by virus isolation
and characterisation on tMK or other cells, by RT-PCR
‘and/ or sequence 30 anal ysis followed by phyl ogenetic
tree anal yses, and by sered ogi c techni ques such as

V!F(lﬂsﬁe%lfé rtﬁé 151§e%q71|09 oAy %actl)rnc%l | %gxl_n a nw, ]]eic acid according to

i mmunof | uor escence ssays, uorescenc
adledpeentionFp baginwitherectirs pches phaﬁm@n@b*@g: comtjaining (parts of) the

t ealdRicP RV, w?&ﬁe%ﬁh:hﬂtafnﬁfg%a&@&?fﬂe%ﬁénﬂfw r(i%ﬂai'a‘iinple,

h t he_ SH n d/ or G protein anal ogues. For exanpl e
¢ e 5 pated SRR PRF BRSO HBes: ﬁacal%m&ﬁdrett@wa@mhaw}omus).

--f bF M]H‘Q’I’coht&ﬁﬁr@(ﬁz&lt@t{t) ME Yer@asf Qlihbﬁﬁl le R %Iﬁvgﬂ\l}ﬂn pétﬁ\f%eﬁﬁt%trg()d
nocul at | a essentl a -unl Nt ect.e
{Egb%ﬁ §‘$@%"é‘?‘ﬁ€g‘@’ﬁ“ F%fe‘e&ﬁ?erféae‘b‘i%ec&ﬁwa#aé? been degerfhed
d &tr alhd whe:iaﬁen; eﬁm@tnbﬁﬁnt Regatin srt’ﬁi_ndlvﬁ:ubdiao'ﬁdd;bdibrﬁﬂm critical
Jt._ 0 i nocul |on S
| PaBRRE ks Rl O, N, Buch S S Hhe BT e Rt o
flﬂ]elﬁn@kpmc’ﬁémmkahva nénva irali RNA OV A) easinl @) complemértiery
pEcQ;?rQﬁééQ& (d )aﬁﬁ eé'm%éar“ 1'&?:} ¢ 'b%&&%tééﬁ{;&&%ﬁcmﬁe%ar €

ected fro anlna
t Producefaepsingdize traprsrintion momoducv«h & ceBp mpdn tspelefdaeihideic

S LGS SBMRY, tRIpBSuFBASUEL&ThHidhnY | hé%é g@r&(gés%dgg@ \%ueggb ‘i( Zi\l)e

nd indirect. | FA agai nst
15’?8‘%%“12%5’?%8%0@%1% rgRic e thegrolmresessiforples of napimryiruses
aﬁcﬁfllsﬁ;eﬂNl, B, 1 hel ﬂo@ﬁbl? of0gbiedls, lﬂﬁﬁ@ﬁ&t |n@£bsé%§'ﬂyfﬂlhﬂed thereto.
her iso an e ention
pj? qongraes ‘%°ﬁ1é’%éﬁsa%&*?% %téttff%?ﬁ 65 Be ﬁ@ﬁf"-ﬁéﬁ?ﬁ’e‘i’ms phrticke
f mplated foin dells amyeeeimg bhed@ayore of HeBomptRb:ate 2 phaaNbdd WHord
naaem%gmvgpgéﬁc expﬁssonvvez J5, (since its final taxonony

wai t S di scussl ral taxonomy committee the
Mmectigusnepies of MY ceebdamptamede@mn itiregbogs mbatiamad RS [CRNA, or

C%’cfa@§%?é1§1ﬁ9 tﬂeQe X? ar’la@e;ﬁ{}fféé)l b%\/ﬂll :Jf'i) O%Xx Hgt? 0 e?gs%

i n humans I'nical signs
CRFRET "B T4 rFer errrpiagn of mshiperligenstay, & m@g@e &f;a%l@ed

bé&sfé&&b{r geﬁlblﬁilﬁméﬁ FR0MARL coﬁWc%Jnghﬁn%\ﬁﬁtgﬂ Sl NGr tﬁe%gﬁﬁ:ae of MPV
litis neunoni a,  possi bl e conjunctivitis,
o‘? 5%8%3? H%&% én PR egimuclis apid se@srcaf; @thmm for
i &t&ﬁl@lee\‘P\CmahdﬁaQﬁ,et 815 eeT)fok Bav :yseuer y young children
an exanple an MPV

@% LS %lvr hos bsat‘!ﬁﬁ As.
¢ aLe R9HPSing 2 i 25 of 2 yestor aggopding
GN@M mlmstontmamla’asm ectdia korai@ing@hy béljiSerabss@indéRnts of
(oo M on d|n the with j.s herewith
prov ?%ggﬁ&#%a& Wit s N?%@ Olji\]fl HET W @‘55“‘5 afgepated
dowprliasyotig cdls fydhesxprasiva ofthe tamehben i rdavagfrelitypes |
(bacteria, insect cells, eukaryotic cells). Plasmid or viral vectors containing full-length

or partial copies of the MPV genome will be generated in prokaryotic cells for the

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 g;heration of

attenuated viruses.
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phyl ogenetically corresponding to a nucleic acid
sequence shown in figure 6a, 6b, 6c, or structurally
corresponding therewith. In particular the invention
provides a virus 25 characterised in that after
testing it in phylogenetic tree anal yses wherein

maxi mum |ikelihood trees are generated using 100
bootstraps and 3 junbles it is found to be nore

cl osely phyl ogenetically @prresponding to a virus

1-.2614 | i { th
 fittoBbl SEROR Y bie it uteiaint. SRPTERT OB dERIBO Py us
( APpric)gius be jomdued apont anrckprgsdidni of el Eolyhasiride Soronbists
( I@J\ﬁng b @ﬁae s@ﬁ% Io?}h%%@t%éhn%g»e%g flesml‘lf’)aed a%g‘feﬁlo

hi not rachei t to use an
Awdél Ry ?}ﬂ&aFS@@P odlle, fa@smﬂg poatpbliy nxprseamg ophyd reare fidk lenzth

- 6gRrad e ﬁfn’telhg cag%b Qgeat Q@ch%'eﬂ’é&ﬁtbe ru@eld@f;} M‘%\esf&hg}?{ggotems' S

bei n essential |y non-manmal i an vi rus.

C P ISt SRRt ibfectin (Bl Hefis) i s steisak Hots a
omay betfi éuoMpbletiSnthiilCo\thdrtisnd VA tyPa 660 QBedS R BaBbn-
Qe%eec:q;1¥ggr c%.lm%uqa\/lw?%nal ysis 22 reveal ed

myxovi ru ®particles. Consistent with the
Cc I as s |Af thraema)mushﬂg‘ be apm&bﬁﬁir 452 f6Y&h6 @adStaltioN 6f reboibinant

t ¥ o rof orm Gl pured optiml on
R Gl bl R Rt e - S onhd b
s%%‘f?ﬁ@?@sthefa%%&' myls W‘;braspm@nhg onasr o firytpine af REPE RGN

ks oko-aRIRAOLILLO B, BOEY b AIPRIL Sl Dkl

p‘ﬁ‘f“%\ﬁifi‘d\“v‘?tf*’t@éysh b vinereinfogtionsi A ainiileg apnxgatchlcm beygnvivesd
abr PI3er DI PRIy US B Ssed OA RO uak el anﬁ‘%epﬁ:ﬁ ali ntadlrécﬁvg vifi€es may

|nv§ nt i EErOV|des a not_previousl
g5 Hi&fgw ARG pPER O Pw@é@msa@ﬁuar baen sugepfiplor other
tvakses #¥¥om 28 children suffering fromsevere RTI. The

clini t se, children were largely 10
s.m|g‘?af’o dowﬁ"%&’ﬁgg% B/ IPHEREG™ PHaKse § PEAEGRACeE mofpsule or

pmtﬁmumomueespehﬁé dra prdaeih Qh’\lfunbtlﬂc&laﬁg-@gr@efnt tey®f ¥Raded by a
alﬁ@eﬂadlcfd aggormg R t mventiet )ﬁe&ﬂl rgtieaxace&.lf. gglﬁﬂﬁé{ﬁ ol I s

pat T en years
seﬁ?ﬁﬂélle éﬂn‘fqdcfmﬂy aweqf thTgenewﬂghnwnﬁ:amts dexivgbla Grofuraoiitus

Ga.@ébgthng W@Lle %@m&ﬁo Ehéh' IH%% A q Jrea\ﬂﬁ%erﬁgi;r? ggsh;ﬁeg:leéft Ass

;ﬁé pneunoni a. 11:Vlo) i'ents
\Ré?‘% e S8 erample wghil delamstweek%wdsm kifh eacx/mr us

iphadnadcestidal &Eﬁﬂoﬁﬁ&% & L ebhunhadcbhs. Pak WEM%&; the F,
g%@’Q%%PL %ﬁélve contrast electron m’crosc
@{ 3 o, titixagreents theregffor inshugion gantisen id
lenipuit ivonrBfogan, thud fiiaBida tqaor RIIY KR i SRS be d438YPaPEduBirf bibeful
elated to one anogfher as determ ned by

%!fega?"e%‘ “dh m&ﬁ"ﬂ%?“é’é‘@&??@éﬂ%@%\%m@dﬁmewma%@ualem acid

fragxpents that are identified for phylogenetic analyses, of course preferred are those
that are within the preferred bounds and metes of ORFs useful in phylogenetic
analyses, in particular for eliciting MPV specific antibodies, whether in vivo {e.g. for

‘protective puposes or for providing diagnostic antibodies) or in vitro (e.g. by phage

display technology or ancther technique useful for generat;'ng synthetic antibodies). .
Also provided herein are antibodies, be it natural polyclonal or monoclonal, or

- synthetic (e.g. (phage) library-derived binding moiécules) antibodies that

specificallyreact with an antigen comprising a proteinaceous molecule or MPV-
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agai nst two of the isolates. Sequence anal yses of nine
of these isolates revealed that 20 the virus is
somewhat related to APV. Based on virol ogi cal data,

. sequence honol ogy as well as the genom c organi sation

we propose that the virus is a nmenber of

Met apneunovi rus genus. Serol ogi cal surveys showed t hat
this virus is a relatively commopn pat hogen since the
ser opr eval ence in the Netherlands approaches 100% of

h f.fl

ser opr ever Eé%% gg%gen%ft her!eo % r‘%neg 9 eléﬁeg%?y %Cg Ariihpdiea pre
cutefddn edlerdrociriq»mémms avitgiBlate avdcdPV ngupdisisg reheting said
hagalRefdte ofd Eo%loﬁéﬂt @Qeréd? f!ﬂean% %9 ?ﬁbﬁw R} e]&:o'&‘hlgggnefor

than 40 years. dentification ropose

n&tpmRlnSchisyed by élSNEtP&E‘ﬁ@@JWFrPHSlﬁME’ Ohmflhsmof (oroteins,
PEOMOSFRELISE RN ORI BT AR] BRLRGBET

IC’;lL%nOS%‘{?C als says or _test kits and vacci nes or serum
ofCEFH %%’U&VWQS%M%@WW%N?@&FW@#@ cylfuzeq may
| b et |t@msnnf@ Ridalf ﬂﬁlglféiﬁhﬁﬂ@&laﬁﬁcaﬁ Qnﬁl@&iﬂu%sof‘éﬁéﬁ%\@) n for
ir ent e in‘the treatnent o
ILM nfsmcggmlfaﬁ:{e%né 8%( tent, . . )

I ons the invention provides
arm n g @hhtemsthads fosidbritfpids @ nnralna:rta:m‘aé HNRPV coniptied wadbigdaid

o [ i ' | fr t t er eo
il s B9 HIGL AR YRR oL £l o
| Fveretion @maafﬂcdqrh@ewehmwmabamtde@nmaeﬂe hgmaapothOr

pr obesy, sk Habhue IITQJntl'O]g Eﬂ)'ﬂdtaé’ ) anl%lawgeﬂﬁﬁlbﬁl vfitl‘?sg hlgthod

23 Furthernore, the invention provides a ve
cHRIPRnE; ﬁ&lean’fﬂ%lp% e Femmalise Bired tagprewicalhesrieanading dma

Tﬂeglaagd ibn\é\é §1ﬁ§1e Me&ided RNAUG s #nBh AN A1¥EHeRhSing to the
conta rts enone of MRV, virus

%‘%’PS Um“ﬁal E”;?at}‘? guigesnily freumontmee effthifaguily( For
eR:awp:lyﬁgumchmt not limted to other paranyxoviruses,

vacci ! VI r t.rovirus cul us V
cont a:?ﬂnl Rythesas ’t‘sses?%f“} af‘ﬁg‘ EZ‘H&H@ ﬂj&t‘#@?‘gf\ﬁgﬁ%@?&ﬁ
oinfestiompeftshogemsl, srié me]:}rod\hrdaeﬂuplgbmﬁﬂmtrfmﬁﬁrmwm%ﬁmple
oéf s&ﬁ%ﬁrﬁaﬁﬁ@?}eg&ﬁe {gte Chn %Bul%n orx?'%t\)/n? on I%th:here ffblyé'ﬁad:gng said

eneration o reco at
vﬁampéeeglt paydeic ofid pxven wrtibodcakording lt<at‘hetzenestmeEk$hp1ei dre

PROAECE YO in Qe @dmd\ﬁb&ﬁ?tﬁf lsﬁﬁlsas Qﬂe Q% PEP ko!r G@fef ONn of

a partial or cop e negatl ve sense
VATRHECagR \}lmélsﬁ@ﬁé?ﬁgwesaﬂ we irehe arty orlthe wepst
el s U i A 0D o k1 i
tr anstcrk"f’ BePien %ﬁ" B qone@@éBEth?ﬁipf&‘éﬁeF‘%°gEFﬁghdlﬁm@ﬁéé‘ﬂ? Bn
ahfentimml «f Ia&narﬁﬁﬂ%mp&ﬁ@ﬂ%ierﬂlﬁﬁg B éDé&kCﬂlé B2 fmammal the
Pﬁ% & ?eoo%gnt ppll)e[%ﬁg ?@gli" ‘ﬁfﬁcgé 'aéa%%f 3\9’??} c%?nﬁgnent thereof by
pohgiing said @amplewigixa wbtefrestus Wolethid e 6r frapAieat tHefeoDr 4 anBgen
Lac@d?ﬁgng%ﬂa' %%n&@h proteins, but is not necessarily "
Methods and means provided herein are particularly useful in a diagnostic kit

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 proteinacecus molecule
or fragment thereof, an antigen and/or an antibody according to the invention.

Use of a virus, a nucleic acid, a px-';')teinaceous molecule or fragment thereof an

antigen and/or an antibody according to the invention is also provided for the
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15 Pol ynerase conpl exes or conponents thereof can be
isolated fromvirus particles, isolated fromcells
expressing one or nore of the conponents, or produced
upon transfection of specific expression vectors.

I nf ecti ous copies of MPV can be obtai ned when the
above nentioned VRNA, eRNA, or vectors expressing
these RNAs are replicated by the above nenti oned

pol ynerase .20 conplex 18 17.19, 19, 20, 21, 22. For the
g P A TR P A
R HOB MY nfgcHonsamgios fog therapiment of preppntion o peaidaory

fTemht dihd4ses, iﬁbﬁﬁdﬂﬁﬁbﬁ?}llﬁhﬁnggitﬁnﬁﬁﬂﬁ aﬂaﬁs;sgggbﬁi Ehaééhi\%ved by
ro -Qr exa e nanawa et iy Nels
e O et P Bt i et e fo the use

corfpelaed migues ofintherispectes) sarigiipassay@dhmiigla abodatiir @ninls dxfind

t ' ' ' r..viral weectors contai.ni th
D2 05 sl SR Fleabl o YERG oy g byl
VEECTR fi gﬂt?tffaﬁé!@@@épaﬁeley rdlated vieges-her et 0) are generated
i N prokahytdebutis Jo&pgﬂioﬁ &8 f&RE §§1§‘%&9 B Qb1edc28id 2
conponpents in relevant cell P pes (bacteria, 1hsect
cPPELaaRPg e ecordragmat thimeefsn #ptisen end/er anvangibodssaccording
C aBti ifveRgiod ¢hnlfod SAGABR be Asedihl hétho £ RP RSOk mbNEor ! %éention
e

geno i Ll . be nerated in_prokaryotic cells for_t
) 85@1‘%&%‘% °F P FEPITRITET 1Bpess SRRy ingproyifing ap individual
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I rwith aypharmhheutial t@tipovi€ioh atcSrdii\to ERNhwdinkion. OBAEE mbst &eful
tion of .chinmeric viruses or

S s f0 he gener .

o R AR Pk Ay ARACE B B oot BRI e st miman g4 el 5
genonref fgorsitch eudpeinfantand yowfy chidhbi etrh@niBaf eChd iMBcted by a
Vi . I i Qn del etions.or, .

! httn MEV LT SRR Qb A, A o St Shre il aer

2 Aoty WRer e P RiaborE SIS MmS breffenosirEdonaghesi rbabitayqye and other

aUIS@ﬁHé@M’IO\\Fe@ Eéépﬁ@@obpﬁhgsggserﬁéﬂ t}éﬁu,olgreiiﬁ%ﬂ%r fLI'CL)ﬂDI’% %ﬂd gﬁler
produced upon co-expression of the polyneradse
cSﬂﬁHﬁgﬁﬁgkn%ccording to the state-of-the-art

t @abiobodh ko ges el BRehoa RO ain bR aAGEED LO: wBLKBRYRS | C

C§%'§¢a%ﬁ$ﬂ§le tI¥ or, staQ%%mgxpresslng one_or_ nore

f P BhY AP 8Osy Mpditipegs g sttablisbingarrel euliae gr

Sexieripehtiabartanl domphBidg aljiué f0aaing €s tHRAnYeREOS, BidAfing 4id
ction (vir vect.or

nugl&l & K6 ctors)., inf I ) Qr
trans dﬁrct | o% “{1@? arna(fan@g%}i%?gwaé feF™ ’rﬂi’f}%ﬁi@r ‘E}gﬁ]?%ﬁmte%?c‘b of
c &P heentent sid Grusok itvbrfedtion ethail duttuieysp @ningd] t £meriiih of such
r gphieabi QRa: Aehecdd I L. vifuses. A chinmeric
Vi.rus_may _Icle o?lfpp_a rsta?llg:gﬁél 3 &tgs & Bor tlF drg ' gﬁlé?tﬁ'P%o“ﬂmS?mnt
r BeEeh PRt ided Tergiachitnativipsl ettt dfntheagatunsretobtzimd as well,
MPREInVdnkiYS 810 Broviads €@ of ail Qﬁﬁvﬁ’éﬁﬁﬁ@h@aceérhin% E3 thtéei‘nvention for
the preparation of a pharmaceutical composition, in particular for the preparation r.}f
a pharmaceutical composition for the treatment of respiratory tract illness,
especifically when caused by an MPV infection, and provides a pharmaceutical

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 metho@ comprisiug providing an individual with such a pharmaceutical

T
composition.




envi saged that a MPV virus vector expressing one or
nore proteins of RSV or a RSV vector expressing one

or nore proteins of MPV will protect individuals

vacci nated w th such vector against both virus
infections. A simlar approach can be envisaged for
P13 or other paranyxoviruses. Attenuated and
replication-defective viruses may 15 be of use for
vacci nation purposes with?1ive vacci nes as has been
suggesTiednic@tioNislFerther\bipHes in’he dbtailed dbsdiftidN AR imiting
e?Q%%ko nt, the invention provides a protel naceous

nol ecul"é or netapneunovirus-specific viral protein or
functional fragnent thereof encoded by a nucleic acid.
according to the invention. Useful proteinaceous

nol ecul es” are for 20 exanple derived fromany of the

according to the invention, Such nol ecules, or
antigenic fragnents thereof, as provided herein, are
for exanple useful in diagnostic nethods or kits and
in pharmaceutical conpositions such as sub-unit

vacci nes. Particularly useful are the F, SH and/or G
protein or antigenic fragnments thereof for inclusion
as antigen or 25 subunit immunogen, but inactivated
whol e virus can al so be used. Particulary useful are
al so those proteinaceous substances that are encoded
by reconbi nant nucleic acid fragnents that are
identified for phylogenetic anal yses, of course
preferred are those that are within the preferred
bounds and netes of ORFs useful in phyl ogenetic

~anal yses, in particular for eliciting MPV specific
anti bodi es, whether in vivo (e.g. for 30 protective
puposes or for providing diaghostic antibodies) or in
vitro (e.g. by phage display technol ogy or another
technique useful for generating synthetic antibodies).
Al so provided herein are anti bodies, be it natura

pol ycl onal or nonoclonal, or synthetic (e.g. (phage)
l'i brary-derived bindi ng nol ecul es) anti bodi es that
specificallyreact wwth an antigen conprising a

pr ot ei naceous nol ecul e or MPV 25 specific functiona
fragnment thereof according to the invention. Such
anti bodies are wuseful in a nethod for identifying a
viral isolate as an MPV conprising reacting said
viral isolate or a conponent thereof with an anti body
as provided herein. This can for exanple be achieved
by using purified or non-purified MPV or parts thereof
(proteins, 5 peptides) using ELISA, RIA FACS or '
simlar formats of antigen detection assays (Current
Protocols in I munol ogy). Alternatively, infected
cells or cell cultures nmay
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be used to identify viral antigens using classica

i mrunof | uorescence or i nmunohi stochem cal techni ques.
O her nmethods for identifying a viral isolate as a WV
conprise reacting said 10 viral isolate or a
conponent thereof with a virus specific nucleic acid
according to the invention, in particular where said
manmal i an virus conprises a human virus. In this way
the invention provides a vral isolate identifiable
wWintihnraldggidaod according to the invention as a
manmal i an virus taxonomi cally corresponding to a
negative-sense si'ngle stranded RNA virus identifiable

aFigirk A YorkeiBe §ibnoi : W@rc@lﬁlﬁgélﬁmﬂﬂd%}%mtltﬁﬁﬂfe%@y?&ﬂﬁ acid
e am

b Mt R0 Tl et Aeiere e Porormay antee Frstpives 100

‘Viarotiogi fgatﬂemﬁmﬁhﬁ@lca{bfh@‘y M, Ffa@@ w0 RAPEPER fragmentsin

g, .hod f.or ex risi det er m.ni ng
Fﬁ" S%\ %{g?ﬂe ic&? ion LK bers use??%)ﬁg aggsgﬁexée %]sc g

i é’éﬂtﬁt@@rdfe@i#p@ﬂmmom her eof by r eacting said 20

sanple with a nucleic acid or an antibody according to
the invention. Exanples are further given in the

détealt wmmusstiablst Seroprvalenca of MRY indomehs RERotisvd iptage group

anpini; frhiéahdMHdrdabenBy Hd mé%h@&staﬁwﬂésgﬁes wel | known
in the art) or the use of | munofl uorescence

detection (or other immunol ogical techniques known in
t Fes. arSC)lexiﬂilt@c nepmmmm AkIEOreRbY bV FithRLERPatidAland size of

S | 0§ VP infection of a

%ﬁe% %g:en ] ob¥a1 dg%ﬁégé?%(% :Wé{\é’.lhgéR §8rﬁﬂué 138]@1;%%9 H Fragments
gﬁm@ﬂ W@lh @btapredszeimg RAPEPCR) Fandnhdn® akyw&ﬁ;ﬂﬁmﬁ%d:ﬁith ¥ primer in

[ MPY or. co one
. gg%ﬁ%ﬁ%g?& RS an§ |2 and a lpﬁx%er E %cg glfﬂx%egb?féeagfsr and
f Ffa-ﬁ??éﬂ‘tueph@roééf‘f@pd &SVQ rftraggmmt Bawamzrbehmgi ﬁ@ng frémers designed
| pVRAat.poR %H%Qf@a@cfw 2HE ﬂfﬁﬁ%gzﬁgrﬁ:%ef‘ eﬁg € was obtained

particul arly useful In a diaghos
di'd ﬁ&‘g’ieﬁ?gdealw BARRER é’ﬁl,gmb@t 3 mdo&ABﬂC@q foagineal 4.6/6 and 7.
serological di agnosis. Such kits or assays may for
@@ ﬁ-% %Erlse a virus, a nucleic acid, a
p F Otei PRECEHIREC fspe fiavees B YA saqErerces Weredienedpsing the
?Ehﬁ@.@ﬁ Sdﬁdﬁ@ l‘paﬂﬁgaﬂtd ﬁ@ﬂ%uﬁﬂﬂ&d hﬂd)d'&lgzr%eg ﬁe?@gén@fﬁ%dsm% the
i rus C.Aaci ot ei naceous
o Stk ks packae Tt heb bl D&ﬂgraﬁzn‘eﬁ%w OfKafeGrrLand 3
mbbe'ayl’xammmpm!gmhm dehﬂexicébwhﬁﬁt W ussd Rk Sl fRhevdtisiest
fﬂ&d 0812 Greed ceuti cal
O'gSI N é%%‘&iab%rkr nlpatnf%e n? TSHETREIGRS Bymbers : For all
g&eh@ﬁ‘&N @(ﬁOWMbﬁﬁVé&GoQiﬁas alfvat £ FIORT: t TNV D BARSYEAPV-A,
omoq%@vmtls,%&tyz, (A0, T818%¥52; For the N ORF: PVM, D10331; APV-A,
U39295; APV-B, U39296; APV-C, AF176590; For the M ORF: PMV,U66893; APV-A,
X58639; 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
of MPV were performed with APV strain C as outgroup. —
Abbreviations used in figures; hRSV: human RSV; bRSV: bovine RSV; PVM:
pneumonia virus of mice; APV-A B,and C: avian pneumovirus tyina A, BandC.
Fig. 8 Comparison of the N, P, M and F ORF's of members of the subfamily

Prwumoqirinae and virus isolate 00-1. The alignment shows the amino acid sequence
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tract illnesses, in particular in humans. Attenuation
of the virus can be achieved by established nethods
devel oped for this purpose, including but not limted
to the use 5 of related viruses of other species,
serial passages through | aboratory animals or/and
tissue/cell cultures, site directed nutagenesis of

nol ecul ar cl ones and exchange of genes or gene
fragments between rel atedzwviruses. A pharnaceutica

Céﬁﬁé’@dn{ﬁl&g N @np[rénﬁ'mo%m\él a&ﬁéyﬁretﬁal Q.Lh%ht%ing ?‘%.r\gs 1so§ate 00-1.

pr ot el naceous nol ecule or er eo an anti gen

B tdilfé%&yt“aemﬁaww -1 g the othex virnsesard Sewean

o f mbnﬁdﬁa@in@ 2a6Rs UfAdpleber@ed B SRR dd %ﬁpg D8 rif-6RLMR AL dfhes.

or a respliratory

& gntlon of(g MPV |%%$ct|on an
i 1 TREEE “UBHBPISIoRgpt ¥ Besiipa in ?h?dﬁr%e’d!aa‘\me%%i pugbers used - -
~phativecelyséscat dmﬂm&ﬁh&h@ﬁaMedﬂdﬁﬂeth&HstsE&thh, BerCc:

T nost u ndj vi dual conpri ses a
h‘E*’r%%‘ﬁ HP%ee“si’'ib"é’”ﬁ:.“ %8%%1 Mﬂe K °§§|R3Vrh?m of bupep FrRPwatorypeytial
ofiresg 8VMs prmsenogisctivus of suiresL& fichgyenhglolthink ditvith ImPeP(BRJB:Eated
i Y
her ellﬁflbocogsenlsﬁ &%aggaﬁge&@& JIﬁas"é’lﬂf)a cafleﬁ in L.
sHirrthe P alliepmenh pe MWé%ﬁﬂqnaltc@ [§as sym@ub@:ﬁonptm@pm@or the
f DE1ghRek: JoBSPRSAHREY ARAPALAELqueflles §RRES NSO | Over
respiratory illnésses may occur, predisposing for nore
and ot her serious conditions. The i nvention al so

PFigVi: d’ﬁﬁloé@bﬁ@ﬁindlﬁe@gﬁtﬁé R, @rmaatd ¥ OR¥s ReRMUSE I geh il
treat nt of respi atory tract illness

the
conpr |°wlnﬁ1§e Bh1s i8ipta (04 Phylpsepeiiq apalysisywas performed on viral
esepegticepsiTing l:heanmcmahg EaRIH @aﬁv@ Aa N (a8l acmqgmem g) taad P

t at | culture

a(gg%éanéefgl%lp g&l{gﬁ VT '%ra sgaéa g?ﬁeci g ﬁ?"ﬂﬁ\‘%&ﬁf?ﬁﬂ?ﬁ’gﬁ af‘ﬁlé’ses using
ef0deetsigips adidjuaplentThoncdaidrasentisg tie nubrdert difnacledtale
Qhasds & GHlvh 0.0 o0l Ml . An exanpl e of such an
antiviral agent conprises a MPV-neutralising antibody,
or functional conponent 25 thereof, as provided

e & Bhymgéheﬁmem«ﬁoﬁ@&p agenis ope‘he@‘({asﬁel [&?tﬂl{pg nd5y, M (pafnel o

so piovides Use

obhjﬁg ?i ¥§J The invention a
PREgehvine elthe grimgrs MPVHeolptes withiASW-€.6¥s closeet
prehpaer getnbﬁcswgfm m&@emeﬁ leb& Ale b%@émsmbhﬂﬁm liklalyhoad

P r t he arati.on phar maceut.i cal

""% 8%5. .eosr%’a 6?1’”???8? THEHher 8? n‘f‘%“e?Bfi‘i’ chagpsp 14 phown for each
|trdené®s§mrempnhnr§ for APRYC: \mﬁa £C 098%D; bina B: VBYLs; panel C:
Uﬁ%ﬁﬁihﬁf%mﬁpﬂ ﬂﬁ&ﬁbdes a pharnaceutlcal 30

conposition conprising an antiviral agent according to
the invention, useful in a nethod for the treatnent
or prevention of an MPV infection or respiratory
illness, said nmethod conprising providing an

i ndi vidual with such a pharmaceutical conposition.
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27 The invention is further explained in the detail ed
description without limting it thereto. 28 Figure

| egends Figure | A conprises table 1: Percentage

honol ogy found between the am no acid sequence of

i sol ate 00-1 and ot her nenbers of the Pneunovirinae.
Percentages (x100) 5 are given for the amno acid
sequences of N, P, M F and two RAP-PCR fragnments in L
(8 and 9/10). Accession nuwobers used for the anal yses

P o R Tlofl bl dBp B GRERet B IR A el e
P EREFRS oE SRR Jeniaia 00 1JiCEigeregHEBIN: QIOF foe hgieoprotein; B: ORF fo

i ﬁmdsﬁﬁkfﬂrebt@ihﬁﬂc OREFo:A0 Sl eSSBS ol %ﬁtdn%o@ﬁswsgene end;
henatlc representatlon of the genone of

b%hg¥ﬁ§ Ycation and size of the fragnments obtalned

-wi-t-h - RAP-PCR and-RT- PCR-on-vi rus i solate OO -1,

re obt.ai ned usjn
FPROBRLE G Ao oad B B P e R %C@tw
f ﬁra@tnm’w injthg ndy@emel gene(dl) ofMP \lizslaigh 601 RS ibning of the
n 9s of APV. and
Ve 5%?29% HoBRAEL Bk bl el S s RO L 8o T
GW - Pertrndgivd frasmenin®(Fis. 48d za:zmtmm ahnmgmun&er 8 to
Fﬂﬂ BB the CoMR 8RR %Exﬁgnts Wbl 16 1@%@?13‘1&:%93%2913%13 asld

an ragnent
6m%§F1§%$“gﬁ§$@a@ﬁéﬁuélPﬁgﬁ% (figures 3-5) DNA
sequences were aligned using the Custal Wsoftware
pﬁck%gp and maxi mum | i kel i hood trees were generated
u5|ng the DNA-M software package of the Phylip 3.5
pEegpme e bf P Y @hidie 0091 T@ﬁcﬁﬁiﬁd@osﬂtﬂd@é&ﬁel&art and stop codons

LSt SIS Pk PS5 B ol

Gawbiandd ngpgesntaties shoh germu'ﬂhetrhSee redditig fhhesAmld@RIS map indicate

_hﬂ@ nrﬂ@@lﬁﬁi(nt %8% %%gggagplzor e@x‘l?‘ gédary (ﬁ%‘s

D11128; APV-A
AF187152; For the N ORF: PVM D10331; " APV- A U39295;
ARYaR,8: U39296; APV-C, AF176590; For the M ORF:

Pg%i ueaﬁgé- AP}Q— A. X58639; APV-B,_ U37586; APV-C,

'p%p dFanm;amqbwuex@g eﬁ@e nm:igpppptem@@ﬁﬁ’f(ynth those
APVHey p!@f:l}:ﬂﬁﬁﬁées 'HKWJUQ&Q&%B:E@})@H%\;&&%& b BEﬂRb@lﬂh@ ?epr%sented
en 0 were pe rfor ITE Wt
AR e e € strach meeiob Ao Bpoprinases 3, 1996)
fis gunvesgrah RBded. [Gupa ardiBhiesifSMby daeNdsFerBEYindRYMthe positions of

identical amino acid residues compared to MPV.

Figure 9:

Amino acid sequence comparison of the phosphoprotein of MPV with those of otﬁer :
pneumovi:;uses. The region of high similarity ‘(Ling, 1995) is boxed, and the glutam;te
rich region is grey shaded. Gaps are represented by dashea and periods indicate the

position of identical amino acid residues compared to MPV.
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pneunoni a virus of mce; APV-A 13, and C avian
pneunovirus typa A, B and C. Fig. 3 Conparison of the
N, P, Mand F ORF's of nenbers of the subfamly
Pneunouri nae and virus isolate 00-1. The alignnent
shows the am no acid sequence 29 of the conplete N,
P, Mand F proteins and partial L proteins of virus
isolate 00-1. Amno acids that differ between isolate
00-1 and the other virusest are shown, identical amno
-apl'gq]% @re represented b by periods, gaps are

present ed _as dashes. Nunbers correspond to am no

a mragBen of e dedyced praing peif epavence aE theargtein Pratein ef MPY sdth those
SOﬁwEerbhaJﬁMtﬁé&ﬁ$h@60ﬁsé§€eﬁcﬁéxﬁﬁéiytlﬂébeﬁ£&m&@a§foh31957)@9 Grey

section. APV-A Pneunovi r us
m?hag Cgiﬁa&wﬁ?rs;’mﬁ%@by PﬁéngPe SetRaly P Patidemyof 1deRtical
- symidiptatidiresiduesudatiRyMPpheunoni-a virtus of -mce. L8 e

fragnent 8 obtained with RAP-PCR |ocated in L, L9/10:

consensus of fragment 9 and 10 obtained wi th RAP-PCR,

| Begntedd- in L. For the P allignment, no APV-B sequence

Wi g A ikt R Bl eEprb i

aI [ ﬁpmsnt oneePr bRSV, Hﬁlﬁg‘éﬁggﬂgﬁﬁv S%%}g%%,%gé? %I\FIPV with those
easpﬁimmlgwem’i‘hmymmmee reisliugsars bofedt Ndinked P,

'\ély@%fiat[i:onq:i%s &&hd@ﬁﬁ‘@& tBe QlavhRGitd PG s doREIL TN fihdd0he fusion

él rus jsol ate OO 1. Phyl ogenetic anal ysis was

Has miEd=breriirls apd membrigen aredor dogiein e sheirn exat leaded. Gaps are

g@ﬁﬁ:ﬁentﬁi bp@nBks did pePlodd1amedte Be poditibPaMNBintied} ardRbladiislBlative
(pq&&& D). The phylogenetic trees are based on maxi mum
| K& yhood anal yses using 100 bootstraps and 3
junbl es. The scale representing the number of
qﬁ + qLi de changes is shown for each tree. Fig. 5:
yl ogenetic relationship for parts of the F (pane
AyompricpapfeimiBy aCIWBe(qpame lof 1B} MZAPRI2sd MPY pah elmsB))f dEEEs
Ghuc DB Qs (1S AELIRY bt FY qgﬁa% %h%%n% @5&. b Snserved

cl osest relative ene I cal
ng ey Colling, HAM: Zaxnmaymsabshoun areygbsdedmee iﬂ_;lmlcglserved

[ HeRS 0adid 38 at\GiRbRE 108 aUGkEALd Qﬁ# @1'@1@ %ﬂséné:& oﬁgﬁ WORFs

f.or. each tree. Accesion nunbers for panel
DBOREE: 1" pane | B- Sat arg yepyecented by deshes m’!smds iisafsdheposition of
BiedtibA3bdine 2&Gd3felative @ MO¥%, Nucl eoti de and am no acid
sequence information fromthe 3" end of the genone of

MPV isolate 00-1. ORF's are given. N. ORF for

dugdredprotei n; P. ORF for .

Amino acid sequence analyses of the SH ORF of MPV. (A) Amino acid sequence of the SH
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

(1982) was used with a window of 17 amino acids. Arrows indicate a strong hydrophobm

domain, Posﬂ;mns ‘within the ORF are given on the X-axis,



i0

15

20

25

30

phosphoprotein; M ORF for matrix protein; F. ORF for
fusion protein; CGE gene end; GS. gene start. S Fig.
6B and C. Nucl eotide and am no acid sequence
informati on fromobtained fragnents in the polynerase
gene (L) of MPV isolates 00-1. Positioning of the
fragnments in L is based on protein honologies wth

APV-C (accessi on nunmber U65312). The transl ated

fragment 8 (Fig. 6B.) is $ocated at am no acid nunber
8FicQreldd 243, and the consensus of fragments 9 and 10
(Fig. 60) is located at am no acid nunber 1358 to
1&@?%@%@%}!}%@3@6@#}6 GEOFE & MPVcghine aep semengyf the G
| ORF at MP@0wikh sdiR, fEnBRENEBrddas kdhRRS sRY shiRdSthakjsteine

B8 2 R T ek R e P e ORA TR oo e voteh o

-Slivdeti @iyedkylatipt es@ntradihfif uaderlifd. (B) @dingmenktod the Hy@@phobicity -

r [ f4anes b map, . i e _th ri.gary :
R ffhod BRI S, 4T BRI E % orbidfu o Bl ha g poitt
CRe82) wEb gerdewigh a R0dA¥ iof)Hihemito efidd. herqwseaiictie thedwilrwphobic
et SE4RREAELAL AN BB EARERL G o BV Wi Lh Those

of "ot her "pneunovi r uses. e conserved regi ons

identified by Barr (1991) are represented by boxes
amgulealel led A, B, and C. The conserved regi on anong
ppneunoyvi ruses (Li, 1996) is shown gray shaded. Gaps
ArenpagispReldht sl ycid semiences pis sonsRrved dmain of thepolymerase gene of
mthsbm Bgagﬁggxa'hgﬁdﬁgriugeaj D@Rdif 01 §CdHdwh Q811N Sore QEREH 6L N

to : igure 9. . no, equence conpari son o
ORISR B B Drin RO e oouS. dpom R

PErgs Dy teiprsested B @ash@Gind pefiddsihdibuts bl gosikioh WE #leAtiRe], aminio acid

e e AL 8 o

i BV dabembiparaBflupes viriotype £; NO¥nNévwe edstladisngseatiug MV: measles
resldHBSLOeRRLEE to MPV. 31 Figure 10: Conparison of

t he deduced am no acid sequence of the matrix protein

of MPV with those of other pneunoviruses. The

qegsenged hexapeptidesequence (Easton, 1997) is grey
ﬁﬂgfed..caps are_represented by dashes and periods |
e ogepietic taﬂ%ly?% of thp @};—Hndi T4RR{s efYIPV 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
preumovirinae and selected other paramyxoviruses as described in the legends of figure
15 (B). Phylogenetic trees were generated by maximum likelihood analyses using 100
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:

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 ORFs 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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5 amno acid residues relative to MPV. Figure 11:
Al l'ignment of the predicted am no acid sequence of the
fusion protein of MPV with those of other

pneunovi ruses. The conserved cysteine residues are
boxed, N-linked 10 glycosylation sites are underli ned,
the cl eavage site of FO is double underlined, the
fusion peptide, signal peptide and menbrane anchor
domai n are shown grey shaged. Gaps are represented by

dagshes s HRek] pqﬁmwgén%%& mgl;a% mmhﬁe@m gs.ﬁunh&%at

a no acids relative Fi gure Conpari son
WOMA& arg jepraRteRFE thy hwwow thesequence.
t tmsmcmﬁn&&d@@ﬁencém?%%\éh&r&ﬁ %‘e%muﬁ@?hﬂi?'vg’m%%o&fc tdYRiirh of

B iite et rith bl g miiocs 6 08 Giisaneg e

- shatkadnt thé pribf @quatansaed BORT-PYRIaGAYE whitB lathiRSe®di®be 3'and

PLi Nt ed b ted.,b .. the. alig
V-5 Efpdeston SRE NS i s g Mipe B ) B el
bV%bM&uquge prequast df toh geat etatisigrpbefithé Wigend. Le: leader, Tr:
| ggpdd cal amino acids relative to MPV. Figure 13 Am no
aci d sequence anal yses. of the SH ORF of MPV. (A) Am no
acid sequence of the SIi 25 ORFof MPV, with the
sgm;&yqsand threoni ne residues grey shaded, cysteine

Si dues i bold face and the hydro hObIC region
b o erP PrRSel P PB MY P ensith ATREN oS e PR b
S b e ffofn&ldIgh s Reilg ﬂa@dan&mt}siﬁotenﬂl cate the
positions of the basic am no acids flanking the
hydr ophobi ¢ domain. (B) Alignment of the hydrophoblcity
pFigtus 190f the SH proteins of MPV, APV-A and hRSV-B

Teﬁ-ﬁlpe[r%é}x?%\%p%{;o 6t B 00l iteh h P30 ol L RB 2L MBR used

stimgadtyyatriopsiolihe vanitmeairal prlesist i ons within the ORF

are given on the X-axis. 32 Figure 14 Amno acid
sequence anal yses of ‘the G ORF of MPV. (A) Am no acid
é@é@@ﬁ@e of the G ORF of MPV, with serine, threonine
amein@ 261 laBen th & ofl WRSn B roitRR g8 o pb BV RBlates
residue is in bold face and t he hydrop obi c region
doubl e underlined. The potential N5 |inked
oFigeesyd ation sites are S|ngle under i ned. (B)

t .of the r,ophobi Iots of
TR s S RSB Pty WUBS asblates
Kyte and Doolittle
Figure 22:

Amino acid alignment of the matrix protein of two prototype hMPV isolates

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

Figure 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 hMPV isolates
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(1982) was used with a wi ndow of 17 am no aci ds.
Arrows indicate the hydrophobic region, and positions
within the ORF are given at the X-axis. 10 Figure 15
Conparison of the am no acid sequences of a conserved
domai n of the pol ynerase gene of MPV and ot her

par anyxoviruses. Domain Ill is shown with the four

conserved polynerase motifs (A B, C, D) in domain

I1l (Poch 1998, 1999) box®d. Gaps are represented by

dashes and periods indicate the position of identical
ino acid 15 residues relative to MPV. hPIV3: hunman
Fwetfl uenza virus type 3; SV: sendai virus; hPIV-2:

 hAIRTID afAEBEEdrd 8P 2R SHoFUy Aoy Ricdiro RN INSMYo SR hBIPV

di sease virus; M: neasles virus;; nipah: N pah
1solated

virus. Figure 16: 20 Phyl ogenetic anal yses of the M2-1

I\ﬁén]%re%lz was aligned with the M2-1 ORFs of other
mefbers of the genus Pneunouirinae (A) and the L ORF
Wiising lafid plighmydnt bf theGREShenen elysopofteih hétvwpamoistype hMPV
[ReEsEpVi ri nae and sel ected ot her paranyxoviruses as
described in the |l egends of figure 15 (B).

Phyl ogenetic trees were generated by nmaxi mum
|pik@leioBood anal yses using 100 25 bootstraps and 3
junmbl es, The scale representing the nunber of

{8 381 gherorenh @%éh% N-terapgiipe! fhgpolymerrst protein Niive @raiotype
tHMEPY iselegsr epr esent boot strap val ues based on the
consensus trees. Figure 17: 30 Noncodi ng sequences of
hMPV i solate 00-1. (A) The noncodi ng sequences between
tHigure GRMzsE techf RT-PER ageyraiti throa BAdHl rvise &6 #bs SNIDuinea pigdde

RS Tk MGy rom | ef right, stop codons of
iﬁ%i Cat gvdg.%%gooérleans 05%%’9&?@“ owed by the noncoding
sequences, the gene start signals and start codons of

tedurh BEU. G d)@?ﬁ | gl al.e: teh
first osfa% ?%ﬁ&%?%giﬂgr&_?}e an §?%Mg%§gﬁ§wigﬁmte%§1g§ﬁﬁv%d
FEE neé@&@é fE@ ge-tofpgtedygth @ﬁd&ﬁ(oayg% inf 0k 6) oy nedP9/01 (GP 1 and
Bubl i shed gene end signals are underlined and '
sequences that display simlarity to UAAAAAU/ A/ C are
represented with a Iine above the sequence. (B)

HigireB0B: Uel safuRE @Qﬁn?fne%jb@’{\)/gﬁfmm | 9log E'cgig&ineﬁﬁigm\ﬁé&ed

] c_term.nj :of, re a ne th eac
5B BIR0M Cnd - Pled Ve e » BRI GRS Sl Gneopearo
(@Pes d&didt1%.ne priner sequences used in RT-PCR assays
whi ch' are based on the 3' and
Figure 31: Specificity of the ned/00/01 and ned/99/01 ELISA on sera taken from
guinea pigs infected with either ned/G0/01 or ned/99/01.

Figure 32: Mean IgQG response against ned/00/01 and ned/99/01 ELISA of 3
homologous (00-1/00-1), 2 homologous (99-1/99-1), heterologous (99-1/00-1) and 2
heterologous (00-1/99-1) infected guinea pigs.

Figure 38: Mean percentage of APV inhibition of hMPV infected guinea pigs.



5' end sequences of APV and RSV (Randhawa et al .

1997; Mnk et al., 1991). Bold italicalized

nucl eoti des are part of the gene start signal of the N

gene. Le: leader, Tr: trailer. 10 Figure 18:

Conparison of two prototypic hMPV isolates with APV-A

and APV-C, DNA simlarity matrices for nucleic acids

encodi ng the various viral proteins. Figure 19: 15

Conparison of two prototypdi c hMPV isolates with APV-A

VAT Vibr e a0 BB e Re ChlreBe suinea pies
aksajrareed/0WH 1, nh&990icidoide€ei n of two prototype
hMPVi sol ates 20 Figure 21: Amino acid alignnent of
t he phosphoprotein of two prototype hMPV isol ates
FFigyres 525‘?8&5 oART-RERaesass an thgeatewabsoff cytemolpany nacaques
Amino acid alignment of the fusion protein of two
prototype hMPV isolates 30 Figure 24: Ami no acid

aFiggroesy (t6f tidwnM2: 1 protein of two prototype hwPV

i sql s _;Figure 25: i n iid.alignnment of the M2-2

o5 B g Tecllisoipdt e pbo i B0h ot SraPetoains Sactaie. 2o

Afreyixdecial withbedj@di@int of the short hydrophobic protein
19 Of two prototype hMPV isolates 5 Figure 27: Am no

acid alignnent of the attachenent gl ycoprotein of two
pFigtust 3¢Bdbthy/panedd| at es 10 Fi gure 28:

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

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

15  for the detection of IgQ antibodies in human sera.

20
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Ami no acid alignment of the N-term nus of the

pol ynerase protein of two prototype hMV isol ates
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. Figure 30A: 19gG response agai nst
ned/ 00101 and ned/99/01 for guinea pigs infected wth

'ned/ 00/ 01 and re-infected with ned/00/01 (GP 4, 5 and

6) or ned/99/01 (GP 1 ands¢ 3). 20 Figure BOB: 19G
I BSRAPS a9t ASt ned/ 00/ 01 and ned/ 99/01 for guinea
pigs infected wth ned/99/01 and re-infected with
ei ther ned/00/01- (G”s 8 and 9) or with ned/99/01

( @RusisdBtiondnd chdlactedationgure 31: Specificity of the

ned/ 00101 gd\ﬂﬁg@i 99/ 01 ELI SA on_sera taken from )
gui ne rfﬁ‘lg@ q Ogte fnnd2oatidsatifisdadyus oyotrtesdpom patients with

NetkRGtGlratdy Gisecte. IesoIBaAMidegiHidd0sRO BB AGMW abwly in tMK

n 00/6{%. a‘%ﬂ% eg{ 99% EL]. SA ofgg honogl u )
(B V0 Rl Rt et gh gl nol S 1BRE B prgppmtedsn
( B9CH @@hitkerpergbrPonad@ fibedbbisotetlgdMict (Oilfiesk/vAQs kplates induced
| gbRGHenAINea Al LAY i a RN RELES0L 2
APV i nhi bi t_ip%r] g T fll et %%F‘ﬁ% ghi fogticen, ¥he &b was
Frigfuply ipdistivgyishabledtony ki casdddy MRSV er $PDHF intdK @OLIEr cell
R R0 AU Bekish i o 2oR 85 wRER WSbLNBAOPLOL
ned/ 99/ 01 and AP\)Q%IS% guroe 35: Rersvt‘jﬁlt s of ]f!iqﬂ rapid
ASLFP iR trokllowidn degrhusaiohie gdlrdrombragueaslayd. The cells
| elly aboekihéVeRe)didyBd 0PH 80/ BiecFhelE& BOirh £dP Bﬁ%ﬂﬁh
panel.s) : ﬁ% I gM and | gG response agal nst_ned/ 00/ 0
of = 5HEY AbIE| G40 b Parhinatiieion. wmeyhaklater ShpnffRhcaused by other
mechisedHhol as ARSVoxhBT¥, 36B (bott om panel s) 1gG response
again APY ..of 2 cynbonpl cagues_ jnfected with
nad) 00 ed ipsyfrraH BaR CR R ARG Pk grafisr highe
mvm;&le@.Lthgpxeaemde bhera&_ﬁ?)véoﬁnksﬂﬁsietvimmpﬁﬁbﬁd\ran&ﬁgmm 15080 600
dx?atngﬁlgﬂeﬂ Ryi8f shh&%n@ﬁ&ﬂe%ggéc%%nsl r%ngqlflzgggmsl% 1817 nanaometer,
Consistent with the biochemical properties of enveloped viruses such as the
Paramyxoviridae, standard chloroform or ether treatment? resulted in >10¢ TCID50
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 taxonormically classified as a member of the Paramyxoviridae family.

We isolated RNA from tMX cells infected with 15 of the unidentified virus
isolates for reverse transeription and polymerase chain reaction (RT-PCR) analyses
using primer-sets specific for Paramyxovirinae®, hPIV 1-4, sendai virus, simian virus
type 5, New-Castle disease virus, hRSV, morbilli, mumps, Nipah, Hendrs, Tupaia"v
and Mapuera viruses. RT-PCR assays were carried out at low stringency in order to
detect potentially related viruses and RNA isolated from homologous virus stocks
were used as controls. Whereas the available controls reac}:ed positive with the
respective virus-specific primers, the newly identified virus isolates did not react with

any primer set, indicaf:ing the virus was not closely related to the viruges tested.
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20 36 Detailed description Virus isolation and
characterisation From 1980 till 2000 we found 28
unidentified virus isolates frompatients with 5
severe espiratory di sease. These 28 unidentified virus
isolates grewslowy in tMK cells, poorly in VERO
cells and A549 cells and could not or only little be
propagated in MDCK or chicken enbryonated fi brobl ast
cells. Most of these virug isolates induced CPE after
t hree passages on t MK cel bet ween day ten and
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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
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 pub]iéhed leader and trailer

sequences for the Pneumovirinae 6, Three fragments were amplified, of which

fragment A spanned the extreme 8' 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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were used as controls. Wiereas the available controls
reacted positive with the respective virus-specific
prinmers, the newy identified virus isolates did not
react wth any primer set, indicating the virus was
not closely related to the viruses tested. 37 W used
two of the virus-infected tMK cell culture
supernatants to i nocul ate guinea pigs and ferrets
intranasaly. Sera were co¥d ected fromthese ani mals at

d @ﬁd FORIFS (FiE V5. se@@éﬁ\%e ﬁ&‘i’ys&iﬁf@ﬁes@@&@ &Qé’xﬁént‘s Q&%Hﬂe&“ﬂi

anlr?gggsm ed no clinical s
sél?sﬁ Plagdy 2 8 i g extremg § gad ﬁé@@mﬁl %ea@me ﬁm% VN)
apsatysminyd tie I ORF i8Gbdihieh) Again %4 tHee dmnmggaumc

2 P B ion B i Py i s e e b, B gl cfanent

wirtth tRAehuddex bomaley. Gmﬂbthedrahﬁeteﬂeecﬁmcesrfbﬂﬂﬁm Bl ®hndF -

v '(jjg,% sﬂo%v%li g#l g%ery (5] OIE 90 g:g]’/e h%éﬂ(\?%e’a“ﬂﬁ] l%g GIS O re%flﬁr e

and post-infection ser Wer e
p &a¢unoyisudnnd; 66cfisParith mmbews tithe penus M@pnenmmwsoh‘mshhe 8H

suw@@mqmtcﬂgsymmg gﬁﬁg . 'fo%'a P8 Y e s %k ei&heeg oPlhe

identical. 10 taln sequence i n
oReNeFe warﬁwmd hplaslosls@oﬂomdésr N\ﬁbovx@e@oat 4&°/ah@m¢1pmﬁth

anRSV b o 9ith abvad, %ﬁlo@@%tﬁ@ gﬁé&cmg for EQanL;Elle 2an be
@%P dch cells I re infected wth one the virus

[ il ?‘f‘%"ﬁ'f-“é’t %)‘Bmﬂl)m%e%ﬂ‘qe oggg%eﬂfnﬁhaﬂv apingacid

\é\kﬂqodsncs ef theebsﬁ@mae fT(ib?dtélﬁl; of offel ®frubr@l 'hh&:kﬂ:lﬁlld raﬁﬁ seqtience for P

| ar, | ev viru e culture

S%Jhg)% rna 0&?1?5 OI?ﬁﬁ'rle'% @@%ﬁ?ﬁpfgﬁﬁ W&‘Vﬁg Aé’ o shaeed

geledi 36939% witi hBSYmadlhleat 87-8%t with AP Vae) B shovedebiediofor

vj I = Jrom

Vhiatthosy b T ol a8 B i A 0.0 Bed ShuPEdek | |

whfinedoen Wéthaoeepeinisessed 846H Yerite 4P VL N %A blaovtedABERTEH S

OIEOHBMY R&ﬁgﬁgovgfugéy aQQtSE% Wl @V~é%n€irtﬁg ﬂ&&rﬂéntx\@lgtgme%i/n L

CR, after whic l'es were’run

sﬁ ‘é’e aafe%ﬁ%* of\t#& wlép%@awm@egem. EhTthAPV-C
differentially displayed bands specific for the
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sequences Wwer e
Jelbien kebvieanghe wewly f@ﬂhﬂﬂﬂl ‘E@lplﬁvhm md INmeers of the
Pneumovirinae, phylogenetic trees were constructed based on the N,P,Mand F
QRFS 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
birds in the USA, showed the closest resemblance to the newly identified virus. It
should be noted however, that only partial séquence inforn;tation for APV serotype D
is available.

To determine the relationship of our various newly identified virus isolates, we

“constructed phylogenetic {rees based on sequence information obtained from eight to
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fragnent 1 and 2), the matrix protein (M fragnent 3),
the fusion protein (F, fragnment 4, 5, 6, 7,) and the
pol ynmerase protein (L; fragnent 8,9,10) (Fig.2). W

next 30 designed PCR prinmers to conplete the sequence
information for the 3 end of the viral genone based
on our RAP PCR fragnents as well as published | eader

and trailer sequences for the Pneunouirinae 6. Three
fragments were anplified, 3pf which fragnent A spanned
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i ndi cation for the !
Genetic analyses of the N, M, P and F genes revealed that MPV has higher sequence
homology to the recently proposed genus Metapneumouvirinae (average of 63 %) as T
compared to the genus Prneumovirinae (average of 30 %) and thus demonstrates a
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-M2-L-59,
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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25 relation between the newWy identified virus isolate
and nenbers of the Pneunouirinae, phylogenetic trees
were constructed based on the N, P, Mand F ORFs of
these viruses. In all four phylogenetic trees, the
newy identified virus isolate was nost closely
related to APV (Fig.4). Fromthe four serotypes of APV
that have been described”, APV serotype C, the
netapneunnvirus found primarily in 30 birds in the
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possible differences between different serotypes of this newly identified virus. Since
MPYV seems most closely related to APV, we speculate that the human virus may
have originated from birds. Analysis of serum gsamples taken from humans in 1958
revealed that MPV has been widespread in the human population for more then 40

years indicating that a tentative zoonosis event must have taken place long before
1958,
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VN test (titre 16) (table 2). IFA conducted with 72
sera taken from humans in 1958 (ages ranging from 8-99
years)' Z27 reveal ed a 100% seropreval ence, indicating
the virus has been circulating in the hunman

popul ation for nore than 40 years. In addition a
nunber of these sera 25 were used in VN assays to
confirmthe I FA data (table 2). Genetic anal yses of
the NN M P and F genes ®éveal ed that MPV has higher
ILOLENE nd TeehPgy to the recently proposed genus

Met apneunoui ri nae (average of 63 %9 as conpared to

t he genus Pneunouirinae (average of 30 % and thus
dpeenat dotik@mna 30 genomi ¢ organisation simlar to and-
resenbllng that of APV/TRTV. In contrast to the
genom c organi sation of the RSVs
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on a multispot slide (Nutacon, Lem:lulden 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

with commercial available FITC-labelled virus specific anti-sera such as influenza A

-and B, hRSV and hPIV 1 to 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, Canterbuxry, UK) and covered. The slides were analysed using a

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




detection and serology will allow a nore detail ed

anal ysis of the incidence and clinical and econom ca
i npact of this viral pathogen. 20 The slight

di fferences between the IFA and VN results (5 sanpl es)
maybe due to the fact that in the IFA only 1gG serum
anti bodi es were detected whereas the VN assay detects
bot h cl asses and sub-cl asses of anti bodies or

di fferences may be due to #2he differences in
sensitivity between both assays. For |IFA a cut off
val ue of 16 is used, whereas for VN a cut off value
of Vigug isolgiéead. 25 On the other hand, differences
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ﬁus t A, B and C,_hRSV types, A and B, neasles
ViteERe f{fﬁ%’geaml% BRECLIA BRAT St TP PY WP ayeyedr Eies (e syperated

t )hp@ﬁpéh.rﬁdﬁtaﬁmtr&&@ﬂ&hfedﬂoh ldStwo%bé’ﬂ:ﬂfba‘thcfgblﬁ frby/Reref and Bk
New: ease Virus. % u quor cases the
iR Bl o el P R TG B S e RBe o0
25 mheamegktwereb]fedw by edrtliac 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 TFA on slides containing infected tMK cells, After washing
with PBS the slides were incubated for 30 minutes at 37 "é with virus specific anti-
sera. We used monoclonal antibodies in DIF against influenza A, B and C, hPIV type
1 to 3 and hRSV as described above. For hPIV type 4, mumps virus, measles virus,

sendai virus, simian virus type 5, New-Castle Disease virus polyclonal antibodies
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these viruses tested. 20 Direct | nmmunofl uorescence
Assay (DI F) Nasopharyngeal aspirate sanples from
patients suffering fromRTlI were used for DI F and
virus isolation as describedl4,11. Sanples were stored
at -70 C. In brief, nasopharyngeal aspirates were

‘diluted wwth 5 m Dul becco NEM (Bi oWhi ttaker, 25
wal kersville, MD) and thoroughly mixed on a vort ex

m xer for one mnute. The3 suspension was thus

&m%ﬁgg%gret Qnd agtu.lenerx Plg r%e?esnc? ée d§ é? ﬁlsg% g%i!a te?%%%‘lg{ﬁ
Ttwish RBE lred pemviash withep s’awgrbhaﬁlahﬁ wyreostainerbwith 8 seopndans
. éﬁibambpmrec@‘dtag&n&rtm gega wlddSn GRSt WBIS LA, se@tnmy

aceton for m nut e roomtenperature, After

viersiodigs for &@O}Yelegal\m geTR Fethasekent-frret BB, Gnilied. JE. #0

Qoﬁﬂiﬂ%éd)] SORRRNGrabbitADaks, BMstrub) T&mb AR edol f8d dlifel rabbit: e

|f|c uch as, i nfluenza, A a ,
g FRbl B o T E eie R‘Fqﬂﬂf“f B ce
mmd)@dnemweﬂaa&cm@limmmea&pm er, the slides were
included in a glycerol/PBS sol ution (Citifl uor, UKC,
Canterbury, UK) and covered. The slides were anal ysed
uBetngion of dntibodienp iy Rsiedinet I cr oscope (Carl Zeiss

nyor t}{?gescg 10['1 B&i}?}\% i el%]ﬂgﬁ %6’9{6}{%& c%ﬁé @gxl_?%&ecf th cold

VITrus 1 SO oven
Nece oae praerysislipe weshed Mbhrféiﬁ 4nd SWGWTF sefywatﬂe@ﬂes atalto 16

CANLRL! rEngechleﬁ:fys sﬂﬂls&evﬁeré Q%?ﬂe@ LoithGATDI1AIL0E rabiik anmnhaaan

the_nmedium’5 describ bel ow suppl emented with 10%
f A rUpnl Heesdied ip @B@\ﬁﬂ?}f‘]@ Aldps weps prqcaioed aggles ﬁfﬁﬁﬂfbwe

Bef ore inoculation the plates were washed with PBS and

S d wi Eagle's MEM wi th Hanks' salt (ICN,
C%é’tesa”?@ of which half alitre was

stydpdoafiedit ﬁd)nwletybts Qf M{ gémml HaHe@8 deddribitabvydHegre $noculated
l(JEJI gupﬁé%a?%rﬁ;r ?J samp i t S%p%( ad;b}{’]f 1(beBI t%%:l: \t,’tu:c’s,a kearsgaigeél QLQ;he
(B welbplotea kB tures k@rdchBelgd fm CI}Pibdmllylaumthﬁsnedla was changed once

(asbvgé'f{HSﬁc?bPﬁ Bjﬁeie\’@gbg%gf&%te ﬂ&iﬂ?&é}v@&k&ﬁﬂeﬁ)ﬁt daly 92 to 14

gram D ucose dam
5wigh gﬁsrm@@étuewe Bl optehodiqa agdieshithe mEvevirgstispdate. aP

atufls Q¥R Erbasp: %ﬁd%%d@ﬂﬂaé 8mlE %ﬂ@pévﬂgﬁ 8% suﬁﬁhmﬁgawerév@h]ﬁed

The plates were inocul ated wi super nat ant__of
M%ﬁﬁﬁ@ﬁ@@&ﬁlgagﬁﬂ Flaft‘@te&awéw@ged fepzon gt - 7B et Thﬁép% trSﬁue
tdulttd i68Bousdoses OMEIDsH) 6t ¢R6Y thithdgilfige Alpefthtihtgwéer one
I']c&:lleerr.unﬁefclta%rd.e.=.'.c:)|;118edl'1l‘J ation

Virus neutralisation assay

VN assays were performed with serial two-fold dilutions of human and animal sera
starting at an eight-fold dilution. Diluted sefa were incubated for one hour with 10}}
TCID50 of virus before inoculation of tMK cells grown in 96 well plates, after which
the plates were centrifuged at 840 x g. The media was changed after three and six
days and IFA was conducted with ferret antibodies against MPV 8 days after
inoculation. The VN titre was defined as the lowest dilution of the serum sample
resulting in negative IFA and inhibition of CPE in cell cultures.
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15 the plates were incubated at 37 C for a maxi num of
14 days changi ng the nedium once a week and cul tures
were checked daily for CPE. After 14 days cells were
scraped fromthe second passage and i ncubated 14 days.
This step was repeated for the third passage. The

glass slides were used to denonstrate the presence of

the virus by indirect |IFA as described bel ow. 20

Ani mal i nmuni sation Ferrett and guinea pig specific
avyu§gkﬁxﬂyga$ﬂ@ new y di scovered virus were generated
ﬁ%experlnental intranasal infection of two specific
palaBgesiuiitagen pesayeand chlsepiomwosengitivite testsivipse perdumedias n

S @pafiaes. oL BRI HaBRE, g&&%&@ﬁ&ﬁua%mome%a%em
later all 25 the ani mals were bl ed by cardi ac

pEFETRFaRts igdguiceieptrfugeat deF @t &%@8 X aﬁt@fvérl@lhtbe pelleh pigs

* ThQuspRE@RdW¥ePBS as&in@&cie%y%éaa% @aﬂt&u§mﬂe§&rm9m vieuswas

Vi ruses th indirect |FA as described bel ow. Amtl%%

JepeEnat i mfgieddMK ool aumepnafignts by plFareeainifygrtioacn

Ofuctdsh 6l8ioE @At UtNGod0axas i ed). ThKe®p bhSose Mtk ffhatiindhi NY
h PBS HQ% slides were I ncubated for 30 m nutes at
183

39}1%&?%?% FelovishBRS pidlagered on topoha 2Q0% erfiouous sucrose

nBRehHRaEh Wi dehﬁﬁ’h&% féﬂﬁ@b&rsaﬂ @'Tmb b3 5@1;'4@@}”@@@&9 gBdient
gd C, bPIV type to 3 and escri bed above.
F

Actigp Werp jnsgecied ﬁ%'ﬁ?ﬁ PregeRaget Vlﬁ@dé#eé@rwﬁby EM gpdhprdy-

V:kdi'jzlSmld@ |gﬂfle§hlatrvﬂ)Hob&15thRﬁfe5 by News Qﬁﬁh@ Th $5ASBmAtl 0%
and, ferret .and .gui nea

cl pnal t i bodi (RI'VM
p?”ﬁy"r“‘ega‘iﬁ‘@ﬂ% a&@wgawéiﬁ nuf)&?%@%ﬁlﬁﬁﬁ?&é%ﬂ%&é@? 1solation
witdiBABBECRNd one wash-with tap water, the slides were
stained with a secondary antibodies directed agai nst
the sera used in the first incubation. Secondary
aRNi bobities for the pol ycl onal anti sera mere

gl@[@A WAl géofaie%rﬂ:o% th(e}éﬁgé’ru xlltlt off a.réci}:ecp es or su&os%%rlaﬂlent

di luted nouse-anti-ra
Slppctighesinig ﬁﬁ@h)PurerﬁlﬁMsolat@ntkutasmr@lhe b :@mqnoa@frﬁrg It

Gy i c@iibbr @OChe RIS RERRT Al B8 Nt e dlescr Glpdgo, 20 fold

diluted). Slides were processed as i bed for D F.
Detection of antibodies in humans by indirect |IFA 10
EmrPChe detection of virus specific antibodies,

ect ed t wer e flégd with cold acetone on

d%}‘b:” PPy i?éfadweawn% RE PSR o408 MR S er um
sam:hmw&tseaanb deseribéd indidiedaQnA oeLbEE BTPUR Was SHFPh&Bin

resatctaclmg contgmmgnhg g(:)lml\i:_’lln%%éllpﬁp&g,%% ﬁar&,i 4 M?Clz, 2 mM
dithiotreitol, 200 pM each dNTP, 10 units recombinant KNAsin (Promega, Leiden,
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 ul 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.

RAP-PCR

¥

RAP-PCR was performed essentially as described®, The oligonucleotide BeqUences.

_ are described in addenda 2. For the RT reaction, 2 i} RNA was used in a 10 i}



anti bodies. 80 tinmes diluted in PBS (Dako). Slides
were processed as described above. 15 Virus culture
of MPV Sub-confluent nono-layers of tMK cells in nedia
as descri bed above were inoculated wth supernatants
of sanples that displayed CPE after two or three
passages in the 24 well plates. Cultures were checked
for CPE daily and the nedia was changed once a week.
Since CPE differed for eaah isolate, all cultures were

1 %§£c%gn QJntzg.E%gl es%@l o]h‘ém?\%l \6\1%&41 6 Hﬁ% &%Btrén!: f‘ 598 g&%ach dNTP,
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ferret ant al nst e r11ew VI rus I Sd
PE5in ¥ Feis-FEQHpELS. é§75wé\{é{01 eaél eM hh@bdl‘lteme@c@on lnm;e was
afﬁ%aﬁé@ dﬁ% Lﬁltﬂeaﬁép@raﬂggﬂsat‘é@ 5@ ag'ée% ch 9@0 Yo Superscript

| ow- speed centrifugation, alli stored frozen

atRT engyrge (IfsEedpolpgips) ware ddded. &hﬁa ncithption gt JE Wesceatinued for

( BElRaMndahe Ydabtish it G4 G4k bYGE iasBSRNALAR S, TRITeT mitture

determ ned as described' 6. 25 Virus neutralisation

aseylilvid 4e 8y 8 Sk RO eertinmyreeraifing B aadlioligonugigotids) PO km

didabtt IONS 18N URRITANGT BRI FRLMSIEEI3.0 SV Ml Yar 5 &ﬁts Taq
ut ed ser‘s wer e i ncubat ed

ei -fold dilut
r%gﬁg BelYmERes @%@msm Vs Ene PYEORTITSR & MGt 9 & s|5d’Hn- at
of4ot-bang & lnti§. Gr@w0 ohdd, BBowealty mhla!:ﬁ;m °gf ¢ Ain. WhsET 3@ 1

PSP A OOkt 98 %2 B 0 p TG TSR0 e
Cc HTHRCR exbduitt Wwefearun eide & tidb onlh 6% Nugadva agarbde\geBEUES S
a ﬁ1§15rodu E\Hoﬁt%e li.‘ll %?aa{:dh q‘ge mheﬂgr[cg ﬁéergx%lahl?r %JSRI’J@&!& gagments

| owest
negeeiiiofer MPX @mdpmxnﬂvd Pﬁrom thn gdfwwa@aqchc@bllEx@tallcfmrlets(Qlagen

4‘Leu§éef1 %e%ﬁ%@g)'aﬁﬂuogai L'ﬁ@%ﬁgg%%xl @I% or rrea(%%ﬁiﬁﬁen The

and chloroformsensitivity t wer e

d ¥ethgrisads pacordiag toEnteehipRasEam theimanyf e“ﬁ‘e oncent r at ed

frominfected cell culture supernatants in a

m r o- centrlfuge at 4 C at 17000 x g, after which the
Ao eSSy esuspended in PBS and i nspected by

n auE PO padidts alﬁiﬁedEMvedfﬁ'r pORAR- (Rtrog¥hY Wifre Y&Senced with M13-

concent r.at ed fr cted t ce nat ant s. by,
PR Rt O DA SR Sb B by R TR DR E s drom
h @ammeegelsl@&mamq; Gl BgjractidnditiQibesn dicosien] THedgthakeds),

oo SHURSHNE bl bl BB Ued BYSER G400
c éntlysek wgepe formadsudives Emtam@?@@@mmagvr aequgridng Shicr ose
g magagm %ﬂalfn&@cg BB, gs%mgﬁ RRE ma}ehgﬁdss Rey B EBERGe

virus-1like partic
automatm DNA sequencer (PE B1osystem) A}l techmques were performed according

to the instructions of the manufacturer.
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acryl am de gel electrophoresis followed by silver

stai ning. The approxi mately 50% sucrose fractions
that appeared to contain nucl eocapsi ds were used for
RNA i sol ation and RAP-PCR 15 RNA isol ati on RNA was

i solated fromthe supernatant of infected cel

cultures or sucrose gradient fractions using a Hi gh
Pure RNA Isolation kit according to instructions from
the manuf act urer (Roche i agnostics, Al nere, The

herl nds RT; P cific oligonucleotide
sedﬁ%ﬁ% WP%L éﬁwﬁ@ﬁ g@? §'on§ﬁ%5mn par amyxovi r uses
are described in addenda 1 A one-step RT-PCR was
pf!’J QEJ!Fede;IE‘& 3 L 1%9& @9 -PCR

de 0 aé[ge J‘sprauﬁﬁl\égﬂg%g% n eﬁM’

Tris.

dﬁf‘t&%@ﬁ@%&%we uzeiﬁ%ﬂﬂ%ammw@s@@ b#meenﬁé@dﬁ%méﬁfpm

- R4 PoNMBOR folleRideRimgpwtBsdet herl ands) ;- 10 units

AW RT Proqﬁg_ Lei en The Net herl ands), 5 units
A et T skpienssh spder: (BE Bi osyst ens,

Mﬂmrmlmscmmﬁm -3%) 4EN1 Deidned hathe s')encaﬁghgm

clhLLn CO | an

Pk sgpeny D ShS AR BB ErdicfASpodhadtdf e 7,

3E‘cmﬁragmam B NGlesgpebdtelk sléhdiof the RAMECR h@gmems olaaindPinG:
|

SPEC T TR AL PO S ELAL IR SRSRAL KAkl

cremqne@@twdau%mm@mewwercﬂemwn 2 0 RNA

VRS elisBdnd 6 M &eglgﬁéd atthe S'end.gf theM-PCﬁgraES@ﬁtob%ed in M:

cont ai ni 10 n onucl eot |

P A A G A OB T4 % PR sign bt b Tradhof ey EARPERS

Tgilnl€GLiaid 13 Y MBI AROYIREPTE. AN Ur e Was
cubated foupg‘ghﬁgﬁat 70 C and 5 mn. after

AEIResE Fere b ke gel, ﬁ{onedr:gndeqﬁgwd as descnbed before.
(LifeTechnol ogi es) were added. The incubation at 37 C
W@? Eﬁ?r uegﬂg 55 mn. and the reaction

ern1na € %3 . incubation at 72C. The RT
m xture was’ dlluted to give a 50 I PCR reaction

S5 00 BRI ER) 5 oA 3960 A
e M Visglatepna uol primiadl (F OIS BT ACHASHSACOCTAN; Ay and N4
et AdPMENRIG TR CTeReTals '),gélmﬁfylﬁg 01181 n@eotide fragments, M3
(6-CCCTGACAATAACCACTCTG-3") and M4 (5-GCCAACTGATTTGGCTGAGCTC-
3’) amplifying a 252 nucleotide fragment, F7 (5"
TGCACTATCTCCTCTTGGGGCTTTG-3) and F8 (5'-
TCAAAGCTGCTTGACACTGGCC-3") amplifying a 221 nucleotide fragment and L8
(5-CATGCCCACTATAAAAGGTCAG-3) and L7 (5-CACCCCAGTCTTTCTTGAAA-3)
amplifying a 173 nucleotide fragment respectively. RT-PCR, gel purification and

Py

direct sequencing were performed as described above. Furthermore, probes used

were:

Probe used in M: 5-TGC TTG TAC TTC CCA AAG-8’
Probe used in N: 5-TAT TTG AAC AAA AAG TGT-¥
Probe used in L: 5-TGGTGTGGGATATTAACAG-3'
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40 Cand 1 mn. at 72 Conce, followed by 1 mn. at 94
C, 2mn at 56 Cand 1 10 mn. at 72 C repeated 40
times and 5 min. at 7200 once. After RAP-PCR, 15 pl
the RT-PCR products were run side by side on a 3%
NuSi eve agarose gel (FMC Bi oProducts, Heerhugowaard,
The Netherlands). Differentially displayed fragnents
specific for MPV were purified fromthe gel with
Q aqui ck Gel Extraction kyt (Q agen, Leusden, The

her | and cloned in pCR2.1 vector (Invitrogen,
thgoﬁneeﬁm%[%e 15 Net herl ands) according to

| nstructions fromthe manufacterer. Sequence anal ysis

R DL e R Rl 66 B Vil thp Tt ORI
Diackdee aphmarpusbiletihed teps W paRTaled és%i'fhief]:?%hﬂr eﬂﬁware

---*%ﬂcmaepﬁl@ PEf; nyﬁfoﬁam%mwog Kodegkagsshid 8 fldhMBsK iBeviously

g Leus Net her | ands), and _sequenced
oﬁ“rb eﬂﬁe%ews *flwéwgla%ﬁ)é%@?@%ﬁar@b% eyl %ﬁﬁ@amr*a?esw&’ﬁa
SeqilgikcRom dRal ik eEIWRERsd6tE hofhbRE : Bsd APORFORRSINNCOGITSL;

et N0 BagB SR RE O e, AR AR DR by By yease
ARG OpAF 187 IAF srettie NHORH: PYREDBOI33yAPEH) Us9dos; ARVM) k30288,

MR CDE {7%51{55?0&88 g%@'ﬁﬁ‘ %M@é?ésga tzﬁev h”z?és%#& tAIRf‘Et 8575f86

nanuf ac r‘agnmen
MRV -Gy AFER2STRF EGhe B Waf‘él\rm@a@.wéﬁfmﬁﬂ 22 1%@@&-%1 BoAlHI6691.
&) hyﬁgé‘mﬂc g}nﬁﬁ%@ﬁ;@ ﬁletlllﬁ% ﬁ&greﬁ%us Esroﬂ%%@i@v(v@rg pg)fofffed
used RT- assays as descri bed before on RNA isol at ed
fWW%S@?JPGSasl% reiPe 00- 1. The fol lowing priners were
used: For fragnment A. TR designed in the |eader: (5'-

GAAT.TCACGA( CGC-3') an i si.gne t _the

PO B RS PO T G AR B S5 o R EVe
(Pre uaddE GOl QIACAPCEAR I EC ZavianhieuinbdgERR APB ab@ C.
designed at the 5 end of the RAP-PCR fragnents
obtained in N0 10 (5' - CATGCAAGCTTATGEEGC-3') and M
dbsingriedofatiethhds Teiddntify MBE¥ RAP- PCR fragnents

(5' - CAGAGTGGTTATTGICAGGGT-3") . For

%?gg%&ﬁ%n‘&ﬁw% desi gned at the 5 end of the RAP-PCR
fragnent obtained in M (5" - GTAGAACTAGGAGCATATG 3')
aﬂgrd: b to%ﬁ'v%@ﬁwﬁ%estn eﬁfaékﬂgte%og@ld Hsml%s
% tal ned - (5" - ACTGCTIGC 3) .
FoR %%kﬂlélaéaq@a P?efqréﬁv frem maptealg@ych ag heﬁé@s aﬁ‘alvores

$&1§H,Qﬂﬁeﬂu§t§1h€§e§é'éls| ROhB8dOfuthrinants (cattle, sheep, goats etc.), pigs,
rabbits, birds (poultry, ostriches, etc) should be examined. From birds cloaca swabs

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 m1 Dulbecco MEM medium
(BioWhittaker, Walkersville, MD) and thoroughly mixed on a voﬁex 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) for

)
immunofluorescence techniques, and the supernatant was used for virus isclation.
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RT- PCR for diagnosing MPV. For the anplification and
sequenci ng of parts of the NN M F and L ORFs of nine
of 20 the MPV isolates, we used priners N3

(5" - GCACTCAAGAGATACCCTAG -3) and N

(5" - AGACTTTCTCCTTTGCCTGCCTG 3" ), amplifying a 151

nucl eotide fragnents, M3 (5" -CCCTGACAATAACCACTCTG 3')
and M4 (6' - GCCAACTGATTTGCCTGAGCTC- 3') anplifying a
252 nucl eotide fragnent, R (5
TCACTAILACCTCTTGEEECTTTG 3" ) and F8 (5 25

TCAAAGCT GACACTGECC-3") anplifying a 221 nucl eoti de
fragnent and L6 -(5' - CATGCCCACTATAAAAGGTCAG 3') and L7
( 5me%gﬁlm %ﬂlhovmtxé f&ﬁétﬂ%ﬁaﬂdé zv%re cultured in 24

nucl Citl de fragnent respectively

P it foutiaing elat §iges Cassen, SubrtpowIRS ek s PRdi

-5 demmﬂaeHelabmleni%ufemqmﬁetapmhﬁ%eﬂﬁs@Bmwt,eakesﬂfemer_ SR

Pr TCC.TTG TAC T
(BB Bk indutalion Hapigtesgiore Waphed P BS oni sep g gith
I nE-igle Mmmmmm@é& Biesd} CA) mai.l@gan:ed Iwﬂ'.h 0.62/Titer

%Id:d) r 6&5') M%}e%cltasﬁ ?on a?sa%)ﬁ %1%* {..—\ﬁau amm %uttakﬁ_d

vvere al Tl gnéd usin
medi0rvnits/lilek oknihidig, me&tmh@ptgamnatﬂedwmmhq),tﬂgmﬂhter

10 DNAetMbu 3 0% (008 A%4RE gﬁre%ﬁt mg@gh&gdsg %Jaﬁ@ﬁt@{ﬁ)

usi.ng 100 bootstraps’ an

puBree{Markedmatardas., ?%Ne%@@d@sé@mm#hften eesg pidon

of HphshOURNRLthEr14dd888d D 2%
# @ﬁ:ﬁer 02 tg}bﬁhb Al g‘:eeflgfslﬂﬂb%énhgﬂﬁksda MD).

access I ons nunb
N&%ﬁ%@f e RSV R 035 461 of i TRCRE He sS4 egmoles
AR pdslgﬂag@mp@galum PV 10 BintrisOfMs G SAPAHEL i bl At
e . - .
15 1 S geler iecf f eref s phimtsEedY enine
X586 8@diniRYed; wé&?ﬁﬂﬁﬂturéﬂx/ez@pheé%%l}’ﬂfpr €RE. Afhe 12 days,
O%E}ls ‘Er) \{%crgj%ﬁqi% E\s/ec'c/_)\ d }?125?2%% gﬁd Jéltz:)\'%fg?c% i%'x:' %K%ier 14 days This

genetic anal yses ni ne er ent Vi Tus
i ssﬁpaf%gemtem bheﬂerdplaﬁa‘ager ffbelglagm slides\Prrestsed tode@onstrate

0 Uch%ﬁkb@me Jf@hé“@ﬂ[s%‘{r'u?&}e 6‘%@ g%l\*lﬂe(f iy es: hRSV.

human RSV; DbRSV: bovi ne pneunoni a virus of
20 G W%Fﬂ@n%aﬂbwbgme@fteaw@hﬂé ReWAESy AF day 8 ol dependipgion the

C.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 Wﬁs used to confirm the presence of the

virus in these cultures.

Virus culture of MPV

Sub-confiuent 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 CPE 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



Exanpl es of nethods to identify MPV Speci nen
collection 20 In order to find virus isol ates
nasopharyngeal aspirates, throat and nasal swabs,
broncheo al veol ar | avages preferably from manmmal s such
as humans, carnivores (dogs, cats, nustellits, seals
etc.), horses, rumnants (cattle, sheep, goats etc.),
pigs, rabbits, birds (poultry, ostriches, etc) should
be exam ned. From birds chkoaca swabs 25 and dr oppi ngs

c %logespgéﬁacgh{i‘ﬂgga@ign Vﬁﬁh\!xo rﬁi s%l‘g&' hgzéﬁeat %7} ‘JCe 64,8 80% Qbsue
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wal kersvill e, and thoroughly m xed on a vortex
m xer for one n1nute The suspensi on was thus
'“S“C@hﬁﬁbmﬂgﬂdmﬁﬁ&;ten m nut es -at- 840 x g -The 30 -

wa read qgn [ti t N t |
L B R B o e 5P R0 1 s b Pl fotlowins
t eehns tthsbed anttiebdr%& tﬁplauqms awatd ma;lae ﬁelétf Foar EMjanglygses, virus
| ation, r ! o
B MR b 0

c Ol eff AV Q0D xi ) ok wM&H the pblat @.&s wnﬁmnﬂem I@Samd isbpected by
10 g%ghggm)g%gﬁﬁmdge UK), with the medium5 described
p

ow supplenented with 10% fetal bovine serum
(Bi oWhi ttaker, Vervier, Belgiun). Before inoculation

tggt A5t WNE. ﬂ@% wi th PBS and supplied mﬁth
Ea LB'JN' R nks' salt (ICN Costa nesa,

e's MEMw'th
Ggl&ﬂca#éﬂ%%e% vere Pro@psedias dpscriechandneeriormt obthg zsmmas was

HefResd &l RWshbtakes. Ketel diFMel £1a | cbil A3 8 Sixé Binoibioh ta Siihute
200 units/liter penicilline, 200 g/liter streptomnycine

15 (B ORRiPPERE™Ye Igramliter 10 |actal buni ne
( S]ltgﬂﬁtxﬁdlﬂ rwmh waZWlﬂ‘qu!’c&ﬁMK cellB€n Newbie Elides d&)tamﬂlg(%lass

e TR SRR I PL I BIROHE Gt B con st Pl =
Th@mN@mMemh&Hds) and 0.02% trypsine (Life
Tegholag mﬂ%ﬁﬁé BESRse N inculdiCs Bl 38 GBI £ 87 oC with

I hOoCcu super nat an e naso ar yngea
20 asplvdenabantihpieest a diitizn of 1: ﬁﬁato mOImIPBSt Wuepisedzmneunwed

f @r]!“e@é/\ﬁgl 0¥nel Bl i Sﬂdgh?glyéﬁnﬁ %Qﬁbc&;és%ut‘lﬂ@se heHbodidslchiebe

15 inoculation the plates were I ncubated 37 Cfor a
mEBEehiRT oS Aninn)s sphidkgiongne dikebionead t%ﬁﬂ‘k%%@ah Rfpedy can
ARgky GaH chbH B WRERiof IE6K Bkebl Fhinks &th KB and¥deBFashh 4ith tsga
e RS piete Seranedh o Lhe SeCondeRRssegs Al
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 animals by indirect
30 IFA |
For the detection of virus specific antibodies, infected tMK 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 FITC-
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step was repeated for the third passage. The gl ass

- slides were used to denonstrate the presence of the

virus by indirect |IFA as described bel ow. 20 CPE was
general ly observed after the third passage, at day 8
to 14 depending on the isolate. The CPE was virtually
i ndi stinghui sable fromthat caused by hRSV or hPIV in
t MK or other cell cultures. However, hRSV induces CPE
starting around day 4. CEE was characterised by

B Pl i BiReles B BF ot By A Rt Eaprd o

f dexmibddabowenol ayer. For sone 25 isol ates CPE was

Iiffibith bad 6 ODSEE UGecs Rl EANBRAMSEL, JRAEAH Jo T fVEdircct |

presence o t virus'in these cul
cimpppellusresyamee sghy. FEFE parche repiperd] vaiileany fhoresyet deg-| s

~tn-medi-a-as descri-bed -above were -i-nocul-ated 30 wth

sap,er natants of sanples that displayed CPE after two
of MWHE HBMHESeFes in the 24 well piates. Cultures
WBERetdNe GliRda higlspleitle stlBikdr) fanHe hdidy dRGbv@rcdasus RafoRderated

opce a week. .Since. di ffered,.for each, isplate, .all

OB Ere et R ait Cir ol e avepie prtsogyn fres e e and Svo

| Bviinerspifg hbwsed Bt seandatdyodisasi saighive SbxdsBwda@white mesks later the
[ htlve,. cultures e freeze-t hawed .t hr ee
R i D T
byhe exne wpredestedior a1l pregians dascriledivipuetsoritlnindirett dF&ds described
f Q&€ 0B anffaiGped: & L | i ' i
doses _Tél ElD502)ill oF J\%l%f%%éi)’ %&ﬁ%%%ru@? E%%gr%bdﬁlem}fﬁ%%ﬁ% étlbOdy
weeparagienscangiophey apiggenprsnagatéons mavibsweedl. t echni ques used
in the field's. 5 Virus characterisation

ngma gl utination assays and chloroformsensitivity

t SEPSIRECESHOP PHBERY PBYoW ng  wel | establ i shed and

deBCisEdye treteqRoitidestSerl two-bliadifutishddrhunia@lanEMhimal sera

anal.yses, vi . C ntrated f.romjnfected cel|
DRRER ap BlebhBta iR R Pt e e o Rty 100
170U 00! grusiefors innhilationtdf €MEeklegrowndn e el platd edfter Rrhich
P ' . negative contrast. E ti.gen
o e AR ORERRCY oHD JE B e SIS B30 B oo Gg 8o
pratesdctheaseditesordbbegbdafidr el arelix ddyst dnd odlanpdaw Wasvas
Swr%ﬂg@@e@aM).tTM ?iajel\n%% 'd.eﬂe‘iiears t%ls%l.v@&’dﬂ'ﬁg& gﬁh& Serum
were fixed in aceton for 1 mnute ~at_room

t ST Beytiae inpegalivedFpaap ynhibitipn of GRIE inqell culteds.on t MK
cells in 24 well slides containing glass
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slides. These glass slides were washed with PBS and
fixed in aceton for 1 mnute at roomtenperature.
After washing with PBS the slides were incubated for
30 mnutes at 37 Cwith 20 polyclonal antibodies at a
dilution of 1:50 to 1:100 in PBS. W used i nmmuni sed
ferrets and gui nea pigs to obtain polyclona
anti bodi es, but these antibodies can be raised in
various aninals and the gorking dilution of the
ﬁ?&% antlbody can vary for each imuni sation.
FO P%e washes with PBS and one wash with tap
wat er, the slides were |ncubated at 37C for 30 m nutes

el st Ry e PRt arfgtoc i ot BB e

FBStigntusingeish R@@RNAtIsﬂa}th@t abirdiag tcvmafemmgﬁ Gomdhé n

anghueenl RS ﬁﬁ%ﬁgh%ﬂ Gt i’lfﬂel#é'f:her @Aﬂlgwey

UK) and _covered es were an usi n
Asiiefed Sflowine wehes praseivzeslinorade &p&éﬁe& rrezﬁeﬁ’rg@c WMolecular
\¥emppy). t he Netherlands). Detection of antibodies in
humans, mammal s, rum nants or other ani mals by

indirect 30 IFA For the detection of virus specific
anti bodies, infected tMK cells with MPV were fixed
%@E’ cetone on coverslips (as described above),

with PBS and incubated 30 minutes at 37C with

skepnantspRPIPER vads @ritroial il 60 gl feattionn conddihimp 50w Wais iR pH

e OparaeEh 4 R ues 3 B R pAEagn S B e
secoidaany Bamhﬁ@dmmaihldelnet}m petheekands el l(nﬁlam;f\glg'gl
D G AR R D AIERS AR e Wb Pl B,
vipibgystemsuNieuiverkarldianaietljssdl, rﬁhﬁﬁ@thdrlwﬁﬁmé AgdRN4s Gyrling
ZJR}T&]SMQQ 45 ‘Eﬁlll 3698 e f A1 ﬂﬂé( b O 856 i 0% o ?1 2 min, at

| muni sation Ferret angw hea pi g Speci
et T gy at Be CrremdageddiOdimerrend 40 wiinpf TAEF enggener at ed

%ﬁgﬁg@g@g@p&%ﬂ&a@@ﬁasal infection of two specific
erret housed in

f
A Seopragmauy GEhtaPRCab R aaTRORERAR S snedit GEoks
| 80 £CTTTETGOrAIG O GCTR R, allpBiddya TR et RURHEhE,

3 palebeiiing; VT ISR B A Er P Raga G T

| CICAACTCATR GGCTRAGETDSY ambBiying a ﬁzhﬁﬂeﬁfﬂerﬁgﬂﬁﬂec i es
T 0 fn ik 381 181 CAPRUAARRARGATRAG ) foa 17 -
CACCCCAGTCTTTCTTGAAA-3") amplifying a 173 nucleotide fragment.

Other 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
(Amersham Pharmacia Biotech, Rovsendaal, The Netherlands) and an ABI 873
automatic DNA sequencer (PE Biogystem). 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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preparati ons and ot her antigen preparations may be
used. 15 Virus neutralisation assay (VNassay) VN
assays were perforned 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 TCI D50 of virus before inoculation of tMW

;cells grown in 96 well plates, after which the plates

were centrifuged at 840 x.g. The sanme culture nedia as
descri bed above 20 was uséd. The nedia was chan ed

af @R 1 vdehor Einzitrbeen, Srerdyeen, BredNeifarlands) ageyding oin

PE&B %J‘EQT@&&M@Qmﬁ)aseqlgﬁly\éléhxlehééd%mmwlslfelcmed as the
| owest dilution of the serum sanple resulting in
néigariolestifesA and i nhibition of CPE in cell cultures.

51 RNA isolation RNA mas isolated fromthe

~s er nat anf of _i.nfect el |- cu)tures-or sucr
Aok e e e d @}H me(gRe gy AN

kPIJm&CDRI @r HQAGQAMGACGAGAQMAAAWBH gvab denigmad h@edl per

nostI.¢cs, an
R R R e e S o
t Rendhiaeh msenmd@mtme@wt(wm@mwmé&m%%@mm ggay
; geas%cg%eg\glg?%@}%&qg%m rﬁ(ﬁ HER pRA) pp&aﬁmﬁm POR égsa} and
l\@@hencmgrvmwg@blznedzsmczibﬂﬁbeﬁ eit oI 200 |v| each dNTP

18L Rt ber ?é:@ hRARE aﬁ%ﬂe&%b@ﬂ%%ﬂﬂhﬁhﬁﬁ i tokiR@l to
Net her | ands O units AW RT (Pronega, Leldeag p?%%ﬂ

Nesmfadn rrgwa%a;wn Er e PEFBranditrangatien of Thiga srapyse

15, Brpsystens, N euwerkerk aan de |jssel, The

Net herl ands) and 5 pl RNA. Cycling condi tions were 45 -
mn. at 42 Cand 7 mn. at 95 Conce, 1 mn at 95 C, 2
nNDetectiah of diditodiantt Bumtng. m@hmdl3, remiepeadredthed Bniviohdy Fd8A
10 mn. at 72 C once. Priners used for diagnostic PCR
In the nucl eoprotein: N3 (5 - GCACTCAAGAGATACCCTAG -3")
abdPdNdmBuirid2e, m@@&?@wﬁﬁ@ﬁ@ﬁmmbt}m anddhe fgnpee

@EM%%% %grg@aﬁgl féf.&ogh%r @Péaegs F8 Q! BleBomMBint

G@@o&@f@ﬂﬂmm@@n@a@mﬁs uyedafmﬁewlymn@ ay EDISA. assay for
n&@&c@i@ﬁ 'ofjﬁatfhﬁﬁgm%?¢ '}h%%@ns%@ﬂtm fo@iﬁtiﬂ:fd? B8tk&tionkflude any

mﬁw% ayny YRy %Pffi}‘ii"r@“t’a}t""gy?%f apgtienbsERaged to or

f inB@fPaRtith 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.
Particularly preferred antigens include the N, F and G proteinsi 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 usedﬁto
alter the amino acid sequénce ofa MPV antigen to produce modified versions of the
antiger that may be used in immunologic techniques.

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 techniques can be used to provide the expression vectors, host

cells, and the for expressing cloned genes encoding antigens in a host to produce
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25 Ot her priners can be designed based on MPV
sequences, and different buffers and assay conditions
may be used for specific purposes. Sequence anal ysis
Sequence anal yses were perforned using a Dyenamic ET
term nator sequencing kit 30 (Amersham Pharnmaci a

Bi ot ech, Roosendaal, The Netherl ands) and an ABI 373
automati c DNA sequencer (PE Biosystem). Al techni ques
were perforned according ;;to the instructions of the
manuf acturer. PCR fragnents wer e sequenced di ct
vieembipand aglgrns Hrjvgpin fiaeaentic geayy Seafor Bt E‘P@?M Z‘ff f’%e
fd’l@ﬁﬁ@ﬂﬂl&bdﬁ@foﬁy R el AE0C SR PiRR018 8] Molebuldr E}gozaguu ck

& ot R evsistaead g BeARd DO D D Rages. Fof Hitfehoe

€} mﬁaﬁgmxpﬁb@od\ietﬂaﬁrshaMe ﬁo pacimey ghoteipstio Ei Gwéd Buehiilisns

VSR, e PRI e B BRSO it D BN UARS nlbthe

utssed t4 modmeatl BV mgtigeh em&b@ntd deiecttait- 1\5%‘(1 ewitbogligh y@#@@eéf
). Primer TR (5" - AAAGAATTCACGAGAAAAAAACGC- 3)
was designed based on published sequences of the

t Fod hasplovres cxprpason sygempRStheadvanige of pROBILIRESerseRFy
I%Q%ﬂ\é?_c&(#&%zn)s AAGs BEIBR Hrdlirred. The system utilizes the polyhedrin

GTCCCACTT was desi ed.o
oWPE*PWéBO Sershiemession of NG amsrl%%ﬁfﬁuur?ﬁ&%#eﬁd&ﬂcﬁa %¥H§1
aged 1463-smqguenci ng was perforned as described above. .
The. RT- PCR odyct r oxi, mat 500 base
T R R s L s AN
tmﬁal%%;camdaﬁs radgécd it POT antihebe is e pudentel idwell n ot

ea%,¥§)%[sheda&a erc]:grﬁ gangreamg(:tnlé ?a%abﬁ ursfEl H E’&g Eﬁf“ag%h %BEQ%HS’
Revacting}bo aiy icdeeologhd abbayfatdetentidngf vihes ﬂmeﬁc afihediant

PER Rbds u%{ﬂﬂi ol iRt o maﬁ-ect SO rééiﬁiwtl@l 4sB453, d%ﬁ@i)ﬁés@ assays

occurs early In 1n ection For’ ese reasons,
r Bk Ab theamesingsplates ex kepdstamongioherst @}dﬂs‘l“idspbéﬁef‘?éﬁﬁbﬁfiﬁays

st bl Qi cl bR LR SQ Rh 2 S At ikl 2AG §36aMry Qitibddled] @h@ Hobdihadhise
ant j bé)dlbmﬂiqnto MPV. Antigens suitable for aﬁ%l bo

FEEDRE R EFegeREs stiFh 2 RMF%%M%‘F?YGF Femies b AHaSoRi ¢ h
anychm\éaa me @bdd i6 tiihvdaaely, itdudingralotiteiricofipaseent 0 or
prho%é'toe etc VRV vir % Preefsceerg g'lr? ens f th

i Vet T e F‘E}H‘ém%“ﬁiﬁg fupinescegt BTRIRARYF I engender

t he i mune response in patients exposed to MPV, which

YBELAIOT SrinbidRl SO ALC e REONPLESSMBRN GRA! Y Y
An indivect IgG EIA using a recombinant N protein (produced with recombinant
baculo-virus in insect (Sf9) celis) as antigen can be performed. For antigen
preparation, S9 cells are infected with the recombinant baculovirus and harvested 3-
7 days post infection. The cell suspension is washed twice in PBS, pH 7.2, adjusted to
a cell density of 5.0X 106 cells/m), and freeze-thawed three times. Large cellular
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 eells 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
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25 Particularly preferred antigens include the N, F
and G proteins of MPV. Antigens used for

i mrunol ogi cal techni ques can be native antigens or can
be nodified versions thereof. Well known techni ques
of nol ecul ar biology can be used to alter the am no
acid sequence of a MPV antigen to produce nodified

-versions of the antigen that nmay be used in’

i mmunol ogi ¢ techni ques. 3@ Methods for cloning genes,
for mani pul ating the genes to and fron1e ressnglb
d&d" vy t he

VREEBrcontIpl e inqubatiomozpraight, b tfﬁ%ff"é“aﬁ
OEBS/0I0s Bwh TR 000 8ilited 1:58 £t ; 200ah [E1 XS0 ffer fPRBS,t hese

AR RHER SO BB e s A DR B

genks 1% ndlby fdlgwahby igenatiomwellsifost hauw apBB&uce 53

-reconbi-nant -anti-gens ‘for ‘use-in diraghosti-c-assays. See

for instance: Mdl ecular cloning, A |aboratory manua
aRlte@ery wrhebivottinwivwth PBNBIEETvesn. Bpuseredigh peroyidpiedelplled

Of o8 R4 Sﬁﬁh&(&r SY3 8 U8B il T3S @6lut<a 1RI006 ttf:ﬁsd\dBYn ELISA

antlgens I nst ance, a varlet%ﬁof e reSSI

ey e e ane FpraRLiCE] Pt Bhs ThePiates gt fhen washed
Bined it bd with PRS/Y.08%% 'weeki A6E 6hice GBIH tSp aﬁebrrﬁﬁm{;dd&'& Tahingtes

vt tis g e mires L P S i gfbuidine,

-apichae thoe shiaihed p0 St a, pad thentstiod hastdpaedivikilo®igl of 2 M

ex tem has the advanta Vi.
t
EREERR e MR oty PRVRRRESE affpo el il AP syeomased

pmédretitecplate Fermglesyst em uti |l i zes the polyhedrln 10
pronoter to direct expression of MPV anti gens.
(Matsuura et al. 1987, J.Gen.Virol. 68: 1233-1250):
Ant i gens produced by reconbi nant bacul o-viruses can be

u E@le% 18 28080k §E Y-V TMBIANQEAG GalnIASSR NS cIbRrsighect
anti - antibodies in a patient. Tt is we
establ i shed, that reconbi nant anti gens can be used in
phagsuef Igl\]m}l&ﬁﬁlng\thef #SorhHinab® nﬁﬂﬁﬁi‘ét@ﬂ or ¥ny@$ther recombinant

nol ogi cal assay for on of, virus s
R e B e S A D
a5§ﬁmﬁmmﬁ®ﬂﬁMBmhJﬁ&ﬁa&&mb§Blhﬁﬁﬂhﬂse assays such as

{ AR5 Y3001 Bl S5 Hen SRS, AITRDG, B RS Se. AAY chee Bl flcn oo

ssays SAY'S a ose
p Hiatrabtpina fom éla@ndaaqd%m wibaf @ micratigr phtssic atqqaftenm@on of

apkd fody i ?P%P 8 Ja%aseatzbg%g gs ABLPS RN %ma&&va@ room

a varlet etectlon s can be use
i eratéw, the pletesdirnyadhod 679 ey wich PBB{Qd6¥kveasn, 100 pl of test

PRGARNPILEIGHBD to £HRDT b UMLIRASERY is dddBA RARIEELHEe FEIL and

' %%Ll?aatgdt flo;/ ]?hggtag 3'(?j°C The plates are then washed two times with in
PBS/0.05%Tween. _ ' ' .
The freeze-thawed (infected with recombinant virus) Sf21 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.
Uninfected cell lysate serves as a negative control and is run in duplicate wells.
The plates are then washed three times in PBS/0.06% 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% Tween , the plates are incubated
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| Exanple 1 of indirect anti-MV I gG ETA using

reconbi nant N protein 25 An indirect 1gG EIA using a

reconbi nant N protein (produced with reconbi nant

bacul o-virus in insect (Sf9) cells) as antigen can be

performed. For antigen preparation, Sf9 cells are

infected with the reconbi nant bacul ovirus and

harvested 3- 7 days post infection. The cell

suspension i s washed tw 8e in PBS, pH 7.2, adjusted to

a cell density of 5.0X f 6 cells/m, and freeze t hawed

wxlh!n besdradissperbedejebdel deniranry3oiibety (fush as rqhbﬂlaé’fl grabyand
gaaag%?edmgamgdzfo%aﬂueggtéﬁéo x g for 15 min.) and the

rnatant 1s collected and stored at -70C unti |l uyse.

Tlm niftesare dhanavashedfive timesdn PBSIY05%i Tiverninspbrish fordg ainyjes
£:908ch R GSAth $HRAnAhmeQfubardd BRBES B fwwdmmueﬂueamdme

used:to-coat m-crotiter pla d1| tior
#5 Eominptasee ehfaiped e "Sigmal, ﬁ#ﬁ*@éfﬂéﬁ%’éﬁ foppeslisithy TOULOEEM

pHosshopik h&i&t@)lcwﬁie{:r& RidinGeiry R8ashtedant 40 nm egink iaviemated
conttr ol o Af t i ncubation overni ght, plates are washed
PlfreLeng ?‘tﬁre 0. 05%ween. Test sera are diluted 1:50
to 1:200 |n ELI SA buffer (PBS, supplenented to 2%

S BB o500 R M AR S RRE x,
ftber x:ecdmuanapro@em) angl wWhoket MEBV sires wasmmredmmg ARLe- Wdt h
Eﬁ%Q%% né%%eaarun!ﬂgﬁ%@& ?%oﬂ%%@f%lﬂﬁ%ﬁbﬁh& ﬁl@em&p &he

ant | al nst of her species G | ut ed

segficity of éhelre%eienaq’ﬁ nEéP@AotﬂB&ﬂft@fe Iéd%l qgnsdy| testing g

L6 RpdcaRk ik BomlhddQHY p@bons And Fa8orRvatieghaiRrdoyabvinas hed
fwo times with PBS/0.05% weer and once with tap water,

Hift ed for 15 minutes 10 at roomtenperature with
the enzyne substrate TMB, 3,3',5,5'

t ranet hyl benzi di ne sucl alned fraom
b BT RS %%55%?%%%&%?‘?5“5@& o G |,
pledspl by tie meuldvirnGekpessiet. r i ¢ r eadi ngs are neasured at
450 nmusing an automated mcrotiter plate reader. 15

Exanpl e 2: Capture anti-MPV IgM ElI A using a
Theeintsbretains Guaofl Eope Bediva tansegmhypreonggnveippe glydoprgtaigsef.

GRAZPPLHBA bnf WH-ERR! BL ﬁiaﬁbr %ut@améa@&hﬁfd p&&@&m@ laRfdths.

Er oteln as antigen can per f or med b dj fi cSt n, of
R grpeesgign afrféwcg@scwowé@ev P BEPT VEYS BYP A &bacyfovirus
6;9596%9 rodldg é £buMeQJE' Rem BB antkhEfend 4ok Juse ﬁf zfsbéfyls o dété&ﬂufmdfd
g%g; ture ntlbod &% t ot h ie

P& oreover, t eIr use co ma the nucleoprotein,

for instance, further enhances the sensitivity of enzyme immunoassays in the
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,
broncheo alveolar lavages and throat swabs preferable from but not limited to
humans, carnivores (dbgs, cats, seals efc.), horses, ruminants (cattle, sheep, goats
etc.), pigs, rabbits, birds (poultry, ostridges, etc) can be examined. From birds, cloaca

s _
and intestinal swabs and droppings can be examined as well. For all samples,
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t hat obtained from Dako, is added to wells of a
mcrotiter plate in a concentration of 250 ng per
well in 0.1 M carbonate buffe$ pH 9. 6. After overnight
i ncubation at room tenperatu % the plates are washed
two times with PBS/0.05% Tween. 100 pl of test 25

f
S%g&ztﬁjér? %:DlhcH gﬁgal\}/\%ﬁﬁs and ]ce%]n%g%géat’ eglu% or 151%%1 o‘%{rd ﬁéd‘%g %Sﬁ
detestiohdedwigues ctlhebn pﬁﬂ’@h’&di fonohe derestion efhvirus.

PBS/ eez
Maacin aﬁan‘\?ﬁo 1‘%‘Su“s fgfi‘e M ix“s‘%t“gélsﬁ%g %‘u“fe&f’ e%lthfr fpigrals) with
furified I‘HBg dfrrpaE&sl tSérebﬂ[;fr&lfeMsSp@ddﬁd) :IIIQ% ﬁtﬁ%e&ﬁﬁdtlﬁr Witk established
i ncubat e ours at 37C.. 30 Un| ect ce
W%QP@ast@?hrgioeafs(%&”ﬁé@&'fwglseaﬁ gﬂﬁmtwﬁly, phage
Hyhby eh8o l::fn be 18 B} Bli€SuHoSe t e%?ﬁ*ab%golﬁ by ﬁﬁmunozogy)

at ed T

times-i-n-PBSH0: 05% Tween and-i-ncu hour -at

| %ma%]m nolxdenﬁlaréiboélepeairybq! ehtaincddrdmh defyctad humsps ppgnimals, or

h
il B TR G il Epk o PR BLe inltph Bl Ao hes
WI t h Terdeteciidingti thepesete olr absineel o£HED midrN/SZamdt(tinslyan be
bl Al f
R TaR Dot 30 Aot S5 o s BuRiPh RpBiics woime o
vais heer dritibedy ph@EmratiorRBBhO A0BMIFnekthe propubatieshstate FNST and
' t he enzyrre substrate

nuf}ﬂ%% cHd %-smg? S0 Fiae ﬁé%gﬁgotﬁt?ﬁecan b pegforpge using PCR with
PriSANRESd Qi RN L 1Ak Bk 86 NSANhJRNEE e&wsoa@ well as with a
stopped with 100 111 of 2M ghosphorl c acid
venie bt hetucleic acid divhydisatien frshsigresl at 450 nm usi ng
aut omat Lkt & bty VL
o O LRI ALENSERRL TSRS} S e
vmaté Eeupm@tad’(hR can be periatmek with pomidim apecific o ¢his)3' amdlof the

virus are co ared u

BB b ea e S a G e et SBG slete rosion ofthe

- vidlal péroade MiVa prinus ih RheBlt G)RE Ot pripas inldyChd Jes@fnetiior the

r econbi nant nucl eopr%c%l ture El A is_determ.nned by
SpRg PURRPses bhe Absspec? ﬁ%%ﬁstlﬁye‘ﬁé}@obysthgﬂ@lgth and/or

nREIESQNS s MubRcOLMBE PR m%&vPﬁﬁérS k¥ cared ﬂof’ﬂ%l atrd/or NS2 genes
Potential for BlIAs for using reconbi nant MPV fusion

maychegtspd ap combinatior otieh primepy sngaifiedohgthehpatiaefithe\d' eug of the
v%pétﬁﬁ) %@ucl&rg§ t}QJ P s?a{tgél F%Fﬂ% é&nﬁ ﬁ[ He fOtfﬁ?%) Edg@ltlch“é a positive

t ransnenbr aneous envel ope gl ycoprotéins o
idvavifiatiomof thedreepeestNS 1 bhSBajeoes. Ar atldalonsatAGR) aavutiety of

té)c'i‘l%}qeu%ts Lu&h gsnlt’nlo iR cloning, nucleic acid hybridisation may be used for the

same purpose.

Example 3: Different serotypes/subgroups of MPV

Two potential genetic clusters are identified by analyses of partial nucleotide

‘sequences in the N, M, F and L ORF's 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
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The expression of these glycoproteins in a vector
virus system sych as a bacul ovirus system provides a
source of reconbi nant antigens for use in assays for
detection of MV specific antibodies. Mireover, their
use in conbination with the nucl eoprotein, for

i nstance, further enhances the sensitivity of enzyne

i mmunoassays in the 25 detection of antibodi es agai nst
MPV. A variety of other imunol ogi cal assays (Current
Protocol s in I munol ogy) 5y be, wused as alternative

Rt adBitd Ilgedigbm @s SRk Iaﬁaudilar@had%eteﬁ dQJdtﬁF] emfs&t, nd |
V|rus I alt es nas ea as ra I n
o553 Cr B JRE FRraBP R 4F oatacs Btk Paiees

smahmgﬂmeferable frombut not l[imted to hunans,
carnivores (dogs, cats, seals etc.), horses, rumnants

~(cattle, sheep, goats - etc.), pi-gs;-rabbits, birds - -

(et ry, ostridges, etc) can be exam ned. From birds,
cloaca and intestinal swabs and droppi ngs can be
exam ned as well. For all sanples, 56 serology

(Usins BHEGR apravavith pamerddacated i thegrlymeraspieens “feéé‘?“éi’ﬁﬁé A0

afaditRRR vehE istlated &oﬂ%@dﬁhhﬂrﬁgéa@ sswaw&nﬂ@ns&ﬁmce
performed for the detection of virus. N%noc ona

aﬁﬁorlﬁwé’é Parigpf the mairis aad eelvBgrarsgATA? of thepemerdsqieles
abd€iier &zﬁlﬂhl’fﬂd)s‘é Dbf thle pfeviopslo 1sf31aes§ W4 tP ddrksBrubtiiReénetic

de n I
SRR R 1 R P S TR Gy PRI TBAL PRl o
|ctustawmnfdnl vmgty Jsolakd dediON/@0i1\v0 Itl;e, prph&ge vikius ol @pup A and virus
f t
tﬁsfog{tg Bedioblo na% [&h@ oééﬁg)g & m§|%l§:| B ‘ﬁ{ﬂ% %%@le{tg&érsreﬁﬁqlwe identity
arithibegroas “@amObaeth@bﬁw n@dle beloreen tifeet@méﬁs mmmm was 81-
aiRbmals, or fromimuni sed humans or animals (Current

protocols in Im’runoltgg qu The detection of the )
presdistatesned B9t pedbneagHofQd hasmbrengsediiodresiiele femnetie raigo

RuE 85 ¥R alBdens) THER a8 iy Pivelel dshdin Vi nell Al ABion assays with
cipitation techniques using a variety of antibody -
B?gﬁﬁpﬁﬁions The detection of the presence or absence
of NSI and NS2 genes or honol ogues thereof in virus
éI_sge%tes can be performed using PCRwith priner sets
eS|gned on the basis of known NS 1 and/or NS2 genes
ééruﬁmbhtrdscamntbteas variety of nucleic acid

Dll)

hybridirsati: | ey 1S5 To determ ne whether NSI1
and NS2 csaﬁeéff bf%sent at the 3' end of the viral

geevorvyy @ CR can| b2 perfornmed with prinmers specific
fQreitahi s |3' end of the gepone. In our case, we used a
primer specific for the 3'{untranslated region of the
W3&H genmome and @& priner jn the N ORF. Other priners

FEY.tQe deghoned fopgthe
22 dpi
(00-1)

preserum n2 o2
ferret B
(99-1)

| ferret B 4 164

22 dpi
(99-1)
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same purpose. The absence of the NS1/NS2 genes is
reveal ed by the |l ength and/ or 20 nucl eoti de sequence
of the PCR product. Priners specific for NS1 and/or
NS2 genes nmay be used in conbination with priners
specific for other parts of the 3 end of the vira
genone (such as the untranslated region or NN Mor F

,ORFs) to allow a positive identification of the
presence of NS 1 or NS2 gghes. In addition to PCR a

variety of techniques suth as nol ecul ar cl oni ng,
nucl ei ¢ acid hybridisation nmay be used for the 25

S%Eﬁsd?éﬂé @@&@he t%e&mtl% 33 cyfh@r ent serotypes/ subgroups
enti al genetlc clusters are

|:@@r’r¥‘11"ftF 8%‘16]9‘3 %ﬁ‘é@“ﬁ%’@s‘ﬁé YW al nucl eoti de

sequences |n the NN M Fand L ORFs of 9 virus

~i-sol 100% I t
WIS, ©Putadtes Betberr e HERE EYral DGR PURH®

békweanl aibnedeioipg) ETQCISmuﬂmmszbalaapm sarmelek
0 e Vil .SO S f exi

o Bl Sl oReab B ARy 8% U8 ok e B L 0D o351 hlthion
cthgstmea pigs hﬂ@ bggn cballewd el editber tbedio@@loeqnsaps the heterologous
PHLOLYPEr Al 6l vBul @é@%c&%% 24 $6h ddRic&d 0SS

neutral i'zati on assays to test et her the genotypes
are related to different serotypes or subgroups. 5
Results Using RT-PCR assays with prinmers located in
the pol ynerase gene, we identified 80 additiona
virus isol ates from nasopharyngeal aspirate sanpl es.
Sagbiedce [ information of parts of the matrix and

pol ynerase genes of these new isolates 10 together
with those of the previous 9 isolates were used to
construct phylhpeigeseti ¢ virhs ees (FiQMhﬁ¢&ﬁ) Amahy ses  of

t hese trees qonfirned|the. presenc¢e two genet.
Clusters, witlh IEP{Bﬁhrous ir%ﬁ%c'?téonned fﬁfo ’6 1 asithe fon

31 SToHg P “r’h%d] g oU.fJ' oup Bl Ior s
iicl eot de sgquence | gdent ? NN a group was nore |

t rareagB9/4-9nhil 98- 1bet we ¢l otthef | u51 €94 t he i deRpitof2nas

=N

ineLpid Az Y9byS T SOIgLEs et 00561 amd me%@ﬁ’if@%

ave heen uqed fo_inogulate ferrets to rajise

1”4

Vi rus-speci fijc antisefa. These aptisera werg used in

VoA o: B L dHoa Al O U ROE TS i © WEkd ot R B8y 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).

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

with heterclogous and homologous virus
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Virus neutralization titers isolate 00-1 isolate 99-1
preserum02 02 ferret A (00-1) ferret A 64 02 22
dpi (00-1) preserum02 02 ferret B (99-1) ferret B
4 64 22 dpi (99-1) 58 For isolate 00-1 the titer
differs 32 (64/2) fold For isolate 99-1 the titer

differs 16 (64/4) fold 5 In addition, 6 guinea pigs

~have been inoculated with either one of the viruses
(ned/ 00/ 01 and ned/99/01). RT-PCR assays on

nasopharyngeal aspirate sahples showed virus
replication fromday 2 till day 10 post infection. At
day 70 post infection the guinea pigs have been
chal l enged with either the honol ogous or the

heterol ogous virus, and for in all four cases virus

'l 384 |F@gthgpéqgm=nd&g}ﬂlﬁlgq 10 Table 4 primary virus
--secondary virus i nfectlon repllcatlon i nfection T ERERHEERERIE

‘replication guinea pig 1-3 00-1 2 out of 3 99-1 1 out

OFhi2exagipld\@acritied the KGrifOr dnaBrsQUk t}Qfse(ﬁ.leQ&:s bt ﬂ‘IP@thpelpfea%n

DSOSt R S0 b S e
thesmiggcondary i nfection guinea pig 2 and 9 were not
t&ﬂ:‘ﬁﬁ@m@ Qx\_{_aljrrr'ség gf the nucleoprotein (N), phosphoprotein (P), matrixprotein (M)
and fusion protein (F) genes of MPV revealed the highest degree of séquence
homology with APV serotype G, the avian pneumovirus found primarily in birds in
the United States. These analyses also revealed the absence of non-structural
proteins NS1 and NS2 at the 3'end of the viral genome and positioning of the fusion
protein immediately adjacent to the matrix protein. Here we present the sequences of
the 22K (M2) protein, the small hydrophaebic (SH) protein, the attachment (G} protein
and the polymerase () protein genes, the intergenic regions and the trailer sequence.
In combination with the sequences described previously the seqﬁences presented here
complete the genomic sequence of MPV with the exception of the extreme 12-15
nucleot;ides of the genlomic termini and establish the genomic organisation of MPV.
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 paramyzoviruses provides

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

Results

Sequence strategy
MPYV isolate 00-1 (van den Hoogen et al., 2001) was propagated in tertiary monkey
kidney (tMK) cells and RNA isolated from the supernatant 8 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 ef 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,
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Virus neutralization assays with anti sera after the
first challenge showed essentially the sane results
as in the VN assays performed with the ferrets (>
16-fold difference in VNtiter). 20 The results
presented in this exanple confirmthe existence of two
genot ypes, which correspond to two serotypes of MV,

~and show the possibility of repeated infection wth

het er ol ogous and honol ogous virus 25 59 Exanple 4:
Furt her sequence deternmn tion 5. This exanpl e
dEEEpR gzt Ramit(p b b4 Bl lyssith, ke gdneratethyeRiBEEROf MPV
ORAPIficRASH AKh seh i HIESdik IR ! '

sely! IR She a&ggm%%gﬁﬁ&%%ﬁs &ﬁ)gée&r%%&]&ﬁf

as |1, as partial sequences C genonlc

SETHBAEPTHRaryERE 2 Sfries nEoRelarniest P ER fragnents ranging in size

pfros BHO R 800 @ipth4tRkpreftddi tKOERME MPU dhomd o BE PEH Ha@Rents,

pf%o% g&gﬁt&@agenes oé1 _-I\/P\{-yr eveal-ed the_ hi ghest- degree -

o S EFTERTETS RERETBYTTREHY fo Rpymze prplicetion andeauriiciag

peraerssibic muslebidder Eﬁldmiﬂiﬁﬂ&icfd S¢qiieficds iufeﬁéuéeﬂ to Eég?ch@ﬁii Koﬁifélogies
e ses, also rev e .absence o

ﬁ%ﬁh g%uﬁ%gtagrﬁla’fh% IE%P %“%"2‘. REPRE usﬁ’ﬁgﬁ?\ggp‘%f S¥HE'S' end of

t fevw:nebh nlmyaihcror/ BAASTp ptdin omheugrené adsizmed tisipotreading frames

ORTG Bhsi ' .adi h tri.x .protein.
O Bl LA e Gp 18 IR Pl

prgPBrmastdrn Yipformytdmop Eetsmic 18Hpr MBS eisrongtheted (Figure
ant B MBViged dale iR 1194788 nRcleMds &h&g@}%ﬁ(&'ﬁé a—g%dé%t%on Ry §h8L,

nes, the intergenic regions and the trad
g@a EEipmde orepmyzationist ﬁgYi %%OWMWP TSPt aseoEpeTiscahetresst e RREs
prrBisionisliyg tduReises|ENIE SndiheSAR biBEr DRRRyxHRIR: 8hEathEs
gt%gg%tasgg&ﬁpc . of MRV with the exception of the '
e 12- 15 e o

extr deXef the genomic ternini and
establish the genom c organi sation of MPV. 20 Side by
STt ARk t he sequences of the MPV genone

wi th t‘ﬂoseoo‘?{gz&/%%eubtype A, B and C, RSV subtype A
ey n, e fest gerst indhe grasminmepwi MPYasd@rfond siEamind 4N@a)
PbidBNER sh@s E:tiehsRle ASALIL | Yof ofhe g i

Vet apneunovi TUs 14gseﬁus. E%&%‘éﬁsﬁﬂgtl\gémggraﬂfé}ﬁ%eé PR E S
e length of the N ORF is identical to the length of the N ORF of APV-C (Table &)

and is smaller than those of other paramyxoviruses (Barr et 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 ef al (1991) identified 3 regions of similarity between viruses belonging to the
order Mononegavimles: A, B and C (Figure 8). Although similarities are highest '
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,
52% with APV-A, and 66-73% with RSV and PVM. The region between aa residues
160 and 340 appears to be highly conserved among metapneumovﬁuses andtoa ’
somewhat lesser extent the Prneumovirinage (Miyahara et al., 1992; Li et al., ‘1996;

Barr et al., 1991). This is in agreement with MPV being a metapneumovirus, showing

+ 100% similarity with APV C.

The phosphoprotein (P) gene



MPV isolate 00-1 (van den Hoogen et al., 2001) was
propagated in tertiary nonkey 30 kidney (tMK) cells
and RNA isolated fromthe supernatant 3 weeks after

i nocul ation was used as tenplate for RT-PCR anal yses.
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 | eader and
trail er sequences of APV and RSV (Randhawa et at.

1997; Mnk et al., 1991)% |nitially, fragments
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MWy P, 1E §1cﬂ' %@:&P}A&J r%gaﬁetg, 5 hasnbeen H%SC’SP g;%ﬁ' %fq (61'ng et

organi zation is s genom
ot ABSP)- Bel ow, we present a conparl son between the
ORFs and non codi ng sequences of MPV and those of
Q]?her xow ruses and di scuss the inportant

b gy qu P"é’ﬁ%imcﬁepﬁer ences. 15 The nucl eoprotein (N)

Jérehifs ORF@he MR gdriokis en@R66: 332 o BSotGENORLE rJTBRbL fﬂ‘he
]%@SO? srfoer a 394 a@]ﬁl\’? gFREIH%aS) protein an
ensi Ve HONBICEgy i R Ythias praghy Brerpame size as the
ﬂ\ﬁélﬁ’fbvf ch@esetapxiﬁlnaomibgi (TaBlE 55 &gl dﬂo%gh Sa bglRBhde ‘E@Jnology

APV C 5) 20
ﬁ‘gt}é%gﬁa@&g{) teq HoS gl}lggi}g/f) gy erhy 8’ S‘B%g)%ﬂaﬁgf@d

dIVM4(37:38%) ang 10°/Amai|es,s§mmob§y ik thoaémﬁWhea@hﬁn@Q&ﬂﬁ@&QTable

rgveal ed the highest honology with APV-C (88%, and

onI 7- 11% w th ot her paranyxoviruses (Table 6). Barr
%/ifl (¥999romppyed thg feireshes Olfmgtrumroteins&f gl prwuidoyiruses and

bﬁ%‘gﬁ%&;s\éh{eﬂ %@ﬁa@@pﬁ@@éétﬁgsﬂl% Pg EI? lcéi{ag?s aIsRl c?%sgrveﬁ in MPV
quig reg WCZISPé/I\ﬁ Y small secondary ORF's within or overlappmg
with the major ORF of M have been identified (62 aa and 51 aa in bRSV, 75 aa in
RSV, 46 aa in PVM and 51 aa in APV) (Yu et al., 1992; Easton et al., 1997; Samal ef
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
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 homelogy
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
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25 wthin a virus famly, these regions are highly
conserved between virus famlys. In all three regions
MPV reveal ed 97% as sequence identity with APV-C, 89%
with APV-B, 92% with APV-A and 66-73% w th RSV and
PVM The region between as residues 160 and 340
appears to be highly conserved anbng netapneunoviruses
and to a somewhat |esser extent the Pneunovirinae
(Myahara et at., 1992; Lj et al., 1996; 30 Barr et
at., 1991). This is in agfeement with MPV being a
REPUIPY SermesvPRding todhrsnpasendan0@BE s ardd BS Wnhastmopimen C,
TBsorplaosphoprotein (P) gene 61 The second ORF in the
genone map codes for a 294 as protein which shares 68%
as sequence honology with the P protein of APV-C, and
dl"ﬂeyfuaﬁmaﬁ%éﬁht(h) kdie P protein of RSV (Table 6). The

” r esp f ‘¥ gt %%S%eﬁﬁg%uﬁ%fw P%Rzﬁxafaaugens{]c hat
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i, Lt b Bl ) A e
@RPEHFG&@R@Q%&?@WI% with &Y C.167Hgvigh D% anddly §8-8#d with
thBtm& b8 H [QGteﬁl ami gﬂy §b E‘?‘% Hithlo¥her %ﬂa‘fﬁ&&]ﬁ.{slﬁs (ﬁable 8). One

DHGUHDVITUSGS ays arole Inert
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MIPVZ] Glidg aistriﬂill'h@ﬂ Bf &¥ieiRb réﬁﬁe@%xﬁ@&a @%SdYﬁ ol @9@\) s
10%?I%|0n0f high simlarity is also found in

éme‘j’“@%?)%’éfﬁf Hegpieipe RS BONs drjagqPeesved among al
pulbsiixtdised) Sandtero LARBQ ib Ebnmmmﬁongs:hl%ﬁﬂyxaﬁﬁfé@s) Of the

2 sBiea kol el oS indat B 0 AR mpiane oy

@hméwmhrRSVsandj teh (positigh (¢ anhias) sressheted vithsAPNA Th e,

ERRE BN RRM oo o it B e kg 5 The ML T i X

wdd).-a 254 as protein, which resenbles the M ORFs

| @fesmenﬁs 1B Rt é%w&gt%g% ug,&mb@\ée!] i PERAGL ¥

he sane sizé as t
H@% Lysieaitfoivpicgdagon Plra@rlef-’h@)%@w@tl@mmsfh!ilfgﬁﬂa@w@dqembe@

bﬂl‘mé F’gyotags Uﬂo‘:ﬁbrt}’aﬁ‘an%&ﬁh%aeﬁﬁﬁ \fhﬁﬁlb@xfs a&E’MmGZ %9@8; % .

0 r} Wj th those of 37-38% and
5&;{3? é‘é%mm?fﬁ‘l SR alteﬁésgféle%edaswemve precursors (F0)
preat af@’dméd bislesst {ellalbiBaseSyhich 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 Paremyxoviridae family, The cleavage
stte 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
pararnyxoviruses such as human parainfluenza virus type 1, Sendai virus and
morbilliviruses (data not shown). 7

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
{(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 et al., 1998; Seal et al., 2000).
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Easton (1997) conpared the sequences of matrix
proteins of all pneunoviruses and found a conserved
hept adpeptide at residue 14 to 19 that is also
conserved in MPV 25 (Figure 10). For RSV, PVM and APV
smal | secondary ORFs within or overlapping with the
maj or ORF of M have been identified (52 as and 51 as
in bRSV, 75 as in RSV, 46 as in PVYMand 51 as in APV)
(Yu et al., 1992; Easton et al., 1997; Sanal et at.,
1991; Satake et at., 1984)" We noticed two small ORFs
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pritiehiliey ig eﬁene@ﬁ@n@hmigam@mh@siemsm ilskagaybo@REEs mifus AFRL,

angky gggghglgglo SQmHEe%B%fheﬁavﬁhe fusion protein (F)

gene The MPV 1s |ocated adjacent to the M
ORF, which |s characterlstlc for nenbers of the

Met apneunovi rus genus. The F gene of MPV encodes a 539
as protein, which is two as residues |onger than F of
APV-C (Table 5). Analysis of the as sequence reveal ed
8 TelP@ROIMAY proveidh APV-C, 67% with APV-A and B, 33-39%

Wint N eymoyi ru ot ei ns and ,onl 0- 189 t
or eI B3 el ian v Bt gy g AEDS Bave been
c obssevedég all emOesu@miﬁ-@ firstphi gjoreDRIS reptesents the M2-1 protein
I
p@«fh?dﬁyeéﬁﬂc%yﬁ;%?)mc@s@ itd oPheSHE %}rme(ﬁg\(/(l)o lins e el't] ai,91§§5 Collins,

distribution o ne resi
etl9YD and ity %ﬂthrm of wéetrafpmewamva Flrsdset oharoes; Mearns ef al.,

CYS45I TR MES LGS ﬂgﬁ‘éﬁhcaéeﬁ Rl &%ff"geeqe AHRJAgs d.?hi'? as

par anmyxovi r uses), conserve
aPot{Ia Wwﬂl‘i%&%ﬁ thﬁlgbﬁié (84%) @‘P‘éﬂﬁﬂ vith M21liohREBY-C (Table

g by Cosyhadon Qflalﬁﬂaﬂeﬁﬁmﬁhfssﬁﬁll prdteih D SevEalline B hgﬁ\clonsmgﬁon in
e 15 sgaared Wal SV and two (POSItlon 7f

}ée ARAY- Emigat e prREein {fioflips ¢ ginil§e? a’b@?éh‘ﬂp A?9
I\IAhma&ed eg&ly Ty, lveidhas ixBAdrnfct wiYh Yhd bsdroftn@HatlPV

DBILLPRS L e TS 6 T Lot pRalencs o
I\/FRA)r’éheeMPTé’Mﬁt Ypiotednt c@tﬁi@&cyﬁteﬁie&bﬁdﬁ ddcaell @tithid the Srst 30
CQJ‘I% ﬁh%a%% Igorfs \Q3E amc%?gcali p%%gmowuses Such a concentration of

cysteines is frequently found in zinc-binding proteins (Ahmadian et al., 199 1; Cuesta

et al., 2000).

The secondary ORFs (M2-2) that overlap with the M2-1 ORFs of pneumoviruses ar; '
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 al.,

1986; Elango et al., 1985; Baybutt et al., 1987; Collins et al., 1990; Ling ef al., 1992;
Zamora et al., 1992; Alansari et al., 1994; Ahmadian et al., 1999; Bermingham et al.,
1999). For MPV, the M2-2 ORF starts at nucleotide 512 in the M2-1 ORF (Figure 7),
which is exactly the same start position as for APV-C. The length of the M2-2 ORFs
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20 for the F proteins of other Paranyxoviridae famly
menbers (Morrison, 1988). F proteins of

Par anyxovi ri dae nmenbers are synthesi zed as inactive
precursors (FO that are cleaved by host cell .

prot eases which generate amno termnal F2 subunits
and | arge carboxy term nal Fl1 subunits. The proposed
cl eavage site (Collins et al. 1996) is conserved
anong all nenbers of the ParanyXOV|r|dae famly. The
cl eavage 25 site of MPV céhtains the residues RQSR

Baitrditha k@hé fod APV jnd MEVILES 134i6ues RIbRG) Webiencd\RMipafithn of

RSQV. t and serin resi du r

T Oﬁlﬂ&bﬁqﬁ%ﬁﬁ% 515?8@6@ o el GOk eaeg SrY and

p NG bohdiedy ¢4-48% us sdqypee homBerydaiwewn MPY add?PV-A and B
4&|V|ruses (data not shown). The hydrophobic

~reglon’at the am no term nus of Fl is thought to

function as the 30 nenbrane fusion domai n and shows

higgl Mﬁ%‘ﬁ%ﬁb@cg@ﬁﬂeﬁﬂ(ﬁf%@l‘ par amyxovi ruses and

morbilliviruses an a |l esser extent the

priet RERFilpcated e discamite M2 shhMYY geobably progdes 26188 @8 SH paatein (Fig.

( pesit. Q‘ﬂer]a?pgné-ﬁaaenﬁblg W Riedeb)ideAfif LRARRE NS DRFRSH \éﬂz‘é‘PRNA
MPV and APV-C lgﬂg@f IS .In agreenment with this region

b&THY RGP 871 B 0&&?%%&%@%@%&%@%% between
( I}daydn?fmei Sﬁ|proteﬂ:19 enSaBY loet T pud::g:ﬂ?@@gi) ORB 3f hMBV isShe

en sunu an ot her

eds S5 OB BRI SR b e p St fre SBLORE s
r eglhiiebssindapa rtba:t AP, BRBN/a{ddDaL tviitha Righ pérﬂ&,tag%lo@thre)mne

11)a serElh Eésﬁfj! ggiz% 188 rle?s% %J,%@P\/d 2b NG, SheR? ﬁéV de

and e con served Wit

s By 8BS aed BV Mtesnpetively) gPhe\v3r QR HMBY partaieel) cysteine
S ubidnRe %h@PelaQ)Q@V%}?&n@ﬁns 16%9&% M@Mh&f TR SB |ORF &ﬁﬁ@»
The S|gnal epti Figure 1
{ RS G RolmiehTaingrd omossiniites (Gbfbusbialh ndbrcas APV has
S i, RAVikhY twi &hhAE’\!n&ZP(fﬂxﬁm@lﬂJurof 26 as residues are
L}%%ﬂlﬂ}ﬂl} %@ servatl on with other APVs or

it ¥ @roten ity priabive AMEYSH Brofeipriad SEHAALNend

aiﬁSﬁmevede&mﬂﬂaathdrh@eMcbﬂxy 7Be mmAgl\i/SJmfs oghgrxé aadz Lélgw Ghve
i.S Sti - e

(RS QRY 8 ekt oansd B Boiibt gty pfeh oo S dss
Pﬁ@ﬂlﬁiﬂh memha@eanmeOmﬁat {aa 305 3 fpr BRFY), haseeonl dedrophbbic
O@m @dq 1'59 1?‘(5)I a'\r%%%lﬁ'%}éhﬁly %ngliﬂ%n&hlg éoh&-%stnﬁé? ﬁHg?Eears to

represents
pesle Bedi- *@-rwabpart n@thPwanfb OMPREIRES eln(aBaineitmsvints SEt .

198 8ins®Rt hjddSphobic domain is flanked by basic aa residues, which are also found
in the SH ORF for hkMPYV (aa 29 and 54).

The attachment glycoprotein (G) ORF
The putative G ORF of hMPYV is located adjacent to the putative SH gene and enco&eé
a 236 aa protein (nt 6262-6972, Fig. 1). A secondary small ORF is found immediately
following this ORF, potentially coding for 68 aa residues {nt 6973-7179) but lacking a
start codon. A third potential ORF in the second reading frame of 194 aa residues is
overlapping with both of these ORFs but also lacks a start codon (nt 6416-7000). This
ORF is followed by a potential fourth ORF of 65 aa residues in the same reading

- frame (nt 7001-7198), again lacking a start codon. Finally, a potential ORF of 97 aa
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1996) and its readthrough of intergenic regions (Hardy
et at., 1998; Fearns et at., 1999). The M-1 gene for
MPV, located adjacent to the F gene, encodes a 187 as
protein (Table 5), and reveals the hi ghest (84%

honol ogy with M2-1 of APV-C (Table 20 6). Conparison
of all pneunovirus M2-1 proteins reveal ed the hi ghest
conservation in the am no-termi nal half of the
protein (Collins et at., 1990; Zanora et al., 1992
Ahmadi an et at, 1999), whfkh is in agreement with the

Ohﬁﬁh\iﬁi@bhﬂﬁc&h@h shEModdhh ﬁl@&uamsn AQQRH& boahing Biakik (¥ d44-6737,

§F Jgn.h.][iezt%f gfﬁ)é%fﬁl\/g\?a%ﬁr ?&{EF g‘f Bqt fa&%frﬁ% e;}g tgqebnle rs]tart or gene

cyxsi @qm@cese(seedmkﬂr) | et ghthwbidarG ORE picdabﬁlslsr réflesébtsagleast a

resi rved ano, al ses
(G PREARY  BLE SRS ION A o ETRY AR
| erdigrRequsingR aﬂgem@s@ aasaer(aﬁdtnadnm@m atas gt of the Q&tachment

Op’ﬁﬁéﬁ‘ thr@&%haéom’e I&@p@m&;eta&tsl? % eynoggﬁ:ﬁat(fgézﬂ ax‘icpﬁé\f no

over | pneunovi r uses

cereRiapE R Fraftesdhe péma & ORBbaWerbe%@a@rf@é bahthabbash APV
t RUBEV hi@ PRENHAN DR iihih 1B GaR0 OTFUr Goi{ov,%fve} heiask kD

bet ween virus RNA replication and transcrip tion

( BHPIIE obthesy ORYs ig @819% ERdihgts ipRo %ﬂquem&@*ssblw@awm the

;breﬂicte,d ai&%en@@ ltdri di¥Serei: vidtlises {996z ak.] Iﬂig)ggh@éecorﬁ%bRFs

a ansarj et _at i an
St reste shrattarias ciarer o it anfkaf}lAt%w “t he

I\/Eddztl@aFOBFaatesaxmessa& edqaivésd ﬁiﬂ:h&]lﬂvdsﬂgdth& M "L ORF

(o 1 he .same st ar Si,t]

{ BLAST Gefyen witleBu FXREH b S PR TR AR Hden BP0

sapgleofide meiealn@levxﬁbwthmheaknmsmdu @snes Tafdre pbjducts. This

SRGH ggse@m&ma{ fns &ﬁceneagee ng{ﬁen%e @En{xg&&ﬁbg\?%&% proteins

revea ed 64% as sequence

ApVhes Bioge ohBSVak auBB(53%) Slobpsen efealh HM0) oA A B (WY
a@gdhA2¥ndramdn BoofyTabl e 6). 5 The small hydrophobic
pLotein H) ORE Th ene | gcated adjacent to M2 of
D BeFepr shar eI GERsrormble ot BE i foegh andl. and
7$equélﬂ’¢e,rthe b&taﬁi@e GIORFRIE D3 SreS @G SIEMPY thBhdilata IR LNAIRR
thi S,e:r 1N§ Vi rus enesegi ene products.
b o5 Uity TrafeeeSEhtrdRtaledrrriat pqd fhreonine
bevnioaé nf 3406, mh&hmman uigh&thpt e 62%§orl IES\gﬁrd@TtL%l foyAPWPhe
ThE. @ fro NVRV i S .
ikr}%a/n t obgat e ?i EDS gf{ profne repddue %2’ ?ﬁg&eﬁﬂaﬂ% 84 for
CREY prd 7% ErAHV Bhey umispall ahnndapeet di atohoé refdVes IRShe @mebteins of
PABY,, RW 440 BV 955 ﬁ&rb(égr%l@cgrgecplfn giylggp%gﬂing Bf mucinous origin
where it is 2 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
other prneumoviruses. The N-terminus contains a, hydrophilic region followed by a
“short hydrophobic area (aa 33-53 for hMPV) and a mainly hydrophilic C-terminus
(Fig. 8B). This overall organization is consistent with that of an anchored type I
transmembrane protein and corres'fjonds well with these regions in the G protein of

APV and RSV. The putative G ORF of hMPV contains only 1 cysteine residue in




and serine residues (22% 18% 19% 20.0% 21% and 28%
for hMPV, APV, RSV A, RSV B, bRSV and PVM
respectively). The SH ORF of hMPV contains 10 cysteine
15 residues, whereas APV SH contains 16 cysteine

resi dues. The SH ORF of hMPV contains two potenti al
N-1inked glycosylation sites (as 76 and 121), whereas
APV has one, RSV has two or three and PVM has four.

- The hydrophilicity profiles for the putative hMPV SH
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protein and SH of APV and® RSV reveal ed sinilar

c lvontaest b RSV ambAR{5gund 2BYespdchiecIPHOORS, onfy b&BVf i dok VPV
haY&ndd Lobd r g

hydr gp gg?ig@g:gﬁ%ﬁée%&n%&%eglno% g.cllllc\f}féxong% ygspeu[e re31 ne :’ilnd these
nevHITPaReEtiald s ravpaltd ABRAK Gerine30d Slyrepigne wmavya an@l &sHdond
hysioRheddes, domain (aa 155-170) and a hydrophilic

~C~t-erm nus. I n contrast, RSV SH appears to |ack the:

C-termnal part of the APV and hvMPV ORFs. I n all
pmrmﬂjrﬂlélﬁs§glen@agtei ns the hydr ophobi c domain is

fI ank Eﬁg&gy C as resi dues, ﬁhll& are al so found 25
I Pidiony r pePLyRGEROD REusse thiylgsieQRE ofthe MAY srapme it the
lg Im%@&‘peﬁctﬂnh RNG)p O@Era'ﬂﬂ &nfpahdit Iof/m\eS %pﬂﬁﬁmn&fnghf@\s/cﬂﬁon
C ut e nd_en
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atpetd i2ldsy Hatkae oIS et £973- 7179
put ag%éﬁg W st ar tajug%dﬁégﬁ% %Yel%ly tﬁ] TRI- RS ==
t ﬁ‘éabé“e?@o% F@édﬂ?ﬁ@ 1998 idersffied gif casseweé dqmlfe.ss within the L

LiaPinag s s BUo '
SyEtam O8I ok Sl g oo T A KR
P D utitn poperare DY St o BowEbt Frbosdseombaer
r ﬁdﬁlméngse fulﬁ&[‘ﬂia Tidse £00E '(X,]? @)Oa;%ga:g f@.k%‘x;&]ﬁ&lﬁ%éggedqn%ﬁ%w@\f L
on. i,a o) as resi dues
CBAPah poRY A haRe M osee T Bimilarien vt all phgiepvirases
; ea@imrrgotiﬂmMBV(shirﬁﬁm BB Arity WiRIGAPY and bk il HIVE. For the
a

et lan Hr0a SiT o R Blpy e o R et g A O1-
28%% arsth@%dmsaﬂ%mlgh qt@rpamsvmtsed (@t@te B5). Inaidtitioh to the

ﬁ@y‘rﬁé\@éé I%ttf@% (gr‘ir% g. pgotjeﬁls go%@al Qllence Wchlcl:'ild egié)ams to

codi

at the additi ona ng seq uences &are expre
a% cusppsra el pingingimpsif K@a@EﬁéﬁNO@ﬁa&(ﬁ@cmmv L ORF

PeoBtLhd R SRIUERNISQXBVRNAIE thi BfhcinY% %FEI’:e xﬁt%ﬁﬁi?l?&{lf gespcﬁles is

for APV _and RSV no secondary
%&Ep‘?’ﬁegﬁ{’% @W%@K been identified but that both
APV and RSV have secondary ORFs within the major ORF
evi dence for expression of these ORFs

ioi’hciogineﬁbc aé’r?&ysfﬁer e is no sequence identity between
t Avean indicator for the relationship between MPV and members of the

Preumovirinae, phylogenetic trees.based on the N, P, M, and F ORF's have been
constructed previously (van den Hoogen ef al., 2001) and revealed a close relationsiﬁp
between MPV and APV-C. Because of the low homology of the MPV SH and G genes

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 Pneumovirus and Metapneumovirus genera make it impossible to generate
phylogenetic trees based on the entire genomic sequencé. We therefore only

constructed phylogenetic trees for the M2 and L genes in addition to those previously
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10 predicted as sequences for different viruses (Ling
et at., 1992). The secondary ORFs in hMPV G do not
reveal characteristics of other G proteins and whet her
the additional ORFs are expressed requires further

I nvestigation. BLAST anal yses with all ORFs reveal ed
no di scerni bl e sequence identity at the nucleotide or
as sequence |level with other known virus genes or gene
products. This 15 is in agreenent with the | ow

per cent age sequence identf’ty found for other G
problshats Beththesa srebhi@afirmdd thiRBhseAelatich Bt{baLAP{ dahMPIN

et -al nd ARY A B (389 (Juhasz and
Etévétfﬂ%dnﬁhe ﬁ%go.ug"‘ﬂ%g?@g%m%a@?g%% £6?‘he hMPV ORFs resenbl e
those of APV both in length and sequence, the

PuiEf by cSaiRE e fleeaf as residues of hMPV is

-consi derabl.y smaller 20 than the G ORF of APV (Table

1JFbe goge Tupstions i g cenqress efp asampxogisysen eongpig shont apd highly

C s @1ted R{cledddb seltingdd alt She@eBRnAAE AREEnd S20HU R 3220 5@t and
RSV an?f)l[%%él;ffor PV. The @ut ative G ORF al so contains

g B8, oB1 SiERHY: passiplyglaring grplepin nétigtiograd temirationef 8o f or
Rﬁ’e{p?niﬂti&%ﬂfu_ man/égal., 19’995:@&1@51? ad %\h}ki:@%%i\@/ﬁ @ecgfeﬁws 3[31}};6@@11 all
resi| au n the roteins o , an S

L ERlsS TRV BorkdlSe SoPLaiE Sanee FEmtiecnt St RIS B NoPr
28, MR en@Gi §GEACAAGH) (Biguchel7dy, Ribindris idefitidad & the @biBkMSis gene

o e R B G S el faderl R ANy

c &i6aPiyonfiuheyer got.eN0DR Chdkdnk nteeikigylajaclos et aml & gdres of

three t%ﬁ?ﬁ//fé}m%ﬁ%}ﬁpr edi ct %Hﬂﬁér%iﬁ%ﬁfwﬁé@éﬁ@? %fL :
hiPGAEAA AT Aloe 4P ¥ kb arne atprteianakof &ivris|algo foundithde diforent
Ofrbe@ Rhda B sbREIA: AG@Q@CM@?M—EE(HEBMa% 31, 21938) &hd

h g gi lic. reqgian followed a_short hydrophobic

a%f' 5{'%? éGé‘ éAég%f) Rl R “2; 8Pnl y hydrophilic

Clrt een vt Wi the Ghobilhr g8R)starl Eﬁq&erﬁvﬁd'f &J[%V SHDAPY ZAk kéHdehsBis gene

cQnsi. st ent VIP%B &ﬁg anchored, t H )

PSR of AP b & &‘685}'}%"?66?’6&51%&& fould pat be frugd in

r kg MINSintargdniese Gigneast BherepdatedARYGcattfoRBVin nlbie ghnsk adxbape

GO, ok Jgé\(ﬁv ant al I yst el ne esig*:e In 66

contrast to (f:gg} g’n”gasw 5}1]31’ 2‘6}3?3 ié%%% PISFR et aggene end

ridgnel Hsyfleyert siere ofe sedrenfedviral RIS oxttiar tha ORRNA, nlefihitivEgene

G20%i¢s 0B LAINRS, 1B RGAlH bhd BRBLodial £ L8182

these four potential ORFS r e?/‘f[ea?egl ql%-: %8%/% efg?rﬁg%gnd

tIRteEgRicesionsof Brpanogingses vary 48 sipyand; saeuenes ((hues et 8L, 1999;
Blumberg et al., 1991; Collins et al., 1983;). The intergenic regions of MPV did not
rejreal homology with those of APV and RSV and range in size from 10 to 228
nucleotides (Figure 17B). The intergenic region hetween the M and F 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
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. ORF of RSV also starts in the preceding M2

gene. At the 8’ and H'extremities of the genome of paramyxoviruses short extragenic
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The pol ynerase gene (L) In analogy to other negative
strand viruses, the |ast ORF of the MPV genone is the
RNA- dependent RNA pol ynerase conponent of the
replication and transcription conplexes. The L gene

of MPV encodes a 2005 as protein, which is 1 residue

| onger 10 than the APV-A protein (Table 5). The L
protein of MPV shares 64% honol ogy with APV-A 42-44%
with RSV, and approximately 13% w th ot her
paranmyxoviruses (Table 6§ Poch et al. (1989; 1990)
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&f fs\rale ¥ant g}eﬁgaﬂﬁr gﬁ MY a%veﬁle 7t mgsof Kb\
i ﬁudM’ﬂ)l:lﬂé% Hohfblo%ﬁ aphRGroaf tht Bardod B MRtoales wIEsh SYeSertSrimer

OhdaneaViRia & b REoE: Srta e ShARY ur A aen s B sl

, va aaMcam”mﬂradNSZtghﬁes aFE’IﬂlﬁaleMiof thragnoph yhd g gn@eiicc

t Bt%grﬁszﬂﬁﬁ ggse&%h}l f%‘? at%n 0 met L ngliexﬁgwg ave Bb-ﬁgﬁ%[f)‘MZ -SH-

constructed previ ogen e
afid-#eTeahigh Smush@énempbmafoumhwwpﬁn Mé‘ifmémﬂwn@afdrther

A@Mp&fﬂsé%mse &faﬁBKbﬁ%ﬂ R NATRLOW o HruddiCrdYiRNe 1@*1; iw% f&z-

genes. 30 wi hose er par anmyxovi r uses,

ph?‘l‘do%[%ﬁéﬁp@ of PfE’é’sanf cﬁ'ﬁrailw@s@o agisheamalegy of 8% itfeund mth APV

CO NS 5k Ghr8fhesel dan@ddivt& Qﬂd lVfF'WeQéaktd s@ﬁﬁerﬁl@ AOAdIGsies which are
% ni zati on between nenbers of the Pneunovirus. and

UIRTEIABER Foreatsartiomolngies qupd ﬁ‘ﬁ@gg ShPeEotng obeher eaRsse,
mu;ch agmmtA End B eesma&eﬁ n mdsh&sefmm@sg@m@me@u APV-C and

A T T e

- prlesyson ﬁie;s a6ip brepmh,l depdreth. frddothe bkhedeoithitny APV andBdThe

1&%&% rﬁ?xfrl]lgle h)gntu%e hvé@sg‘%xeﬁp\% nfgnjg;es and%yﬂgentlc analyses
are allin 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 a.l.,
2001). The close relationship between MPV and APV-C is not reflected in the host
range, since APV infects birds in contrast to MPV (van den Hoogen ef 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



MPV non-codi ng sequences 5 The gene junctions of the
genones of paranyxoviruses contain short and highly
conserved nucl eoti de sequences at the begi nning and
end of each gene (gene start and gene end signals),
possibly playing a role in initiation and term nation
of transcription (Curran et at., 1999). Conparing the
i nt ergeni ¢ sequences between all genes of MV
reveal ed a consensus sequence for the gene start

signal of the NN P, M 106, M2 and G GGGACAAGU
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eader and tra11er regions are amplified using primers in the L and N genes and
linker-specific primers. For the 5' trailer sequence direct dideoxynucleotide
sequencing of purified vRNA is also feasible (Randhawa, 1997). Usiog these
approaches, we can analyse the exact sequence of the ends of the RMPV genome.. The
sequence information provided here is of importance for the generation of diagnostic
tests, vaccines and antivirals for MPV and MPV infections.
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68 region are referred to as the |leader and trailer
sequences, and approximately the first 12 nucl eoti des
of the | eader and | ast 12 nucl eotides of the trailer
are conpl enentary, probably because they each contain
basi c el enents of the viral pronoter (Curran et at.,
1999; Blunberg et al., 1991; Mnk et al., 1986). The
3' | eader of MPV and APV are 5 both 41 nucl eoti.des in

| engt h, and sone honology is seen in the region

bet ween nucleotide 16 arfl 41 of both viruses (18 out
of 26 nucleotides) (Figure 17B). As nentioned before
the first 15 nucleotides of the MPV genomc map are
based on a priner sequence based on the APV genone.
The length of the 5 trailer of MPV (188 nucleotides),

e of the RSV 5'trailer (155
- nucF{e;g'ksadle gleth\ﬂﬁizch i's ‘10 consi derably | onger than

Shauencf anabis( 40 nucl eoti des). Alignnments of the
4 the trailer o e
pb FacA -4 BP0 Her el g Bly o Ff0AdAE
RY HBFHBEyRodsakiduey whs ahdesevitedemeidaly (vl dotHodes aibl.c2001).
VeI REB as RSB frof ST RS REs hassdsoRatis ugﬁg%r?g&h %’ e RNA
uen of APV. Qur sequence analyses reve i
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BEY Vaf ﬁ?F“s"’éa SHEE 1R 6%?1%5? spaisAees Eblisedionfhy
éﬂ%dem‘d tgaelaesfmm (ftaarﬂh Hi);blélt Sia3. 91599‘f7hﬁhrﬂ:| DSE 1991) and ars
ese two r uses.
B DR BB eSS A &
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ﬁ’éY T iﬁw fregk apmfsAasel, mhpé\}@the@heéq)&fvwmﬁran@rmm ©s

adndagted atu2eh &r 38BN A IS s 6P hAkGel {nQéHvBti@n Y RAPE Arne
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range, since APV i nfects In Cco tras

HRNIREBEEN et al ., 2001). This

Sequence alignments were made using the clustal software package available in the

software package of BioEdit version5.0.6. (hitp:/jwbrown.mbio.nesu.edw Bioedit//
bicedit.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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di fference in host range nay be determ ned by the
di fferences between the SH and G proteins of both
viruses that are highly divergent. The SH and G
proteins of MPV did not reveal significant as
sequence honology with SH and G proteins of any other
virus. Although the am no add content and
hydr ophobicity plots are in favour of 69 defining
these ORFs as SH and G e Perinental data are required
to assess their function’ Such analyses will also
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of the 3' leader and 5 trailer regions of human
respiratory syncytial virus genom c RNA Virol ogy 185,
615-24 20 (1991).) To determine the sequence of the 3
VRNA | eader sequence, a honopolynmer A tail is added
to purified vRNA using poly-A-polynerase and the

| eader sequence subsequently anplified by PCR using a

poly-T primer and a primer in the N gene. To

deternmine the sequence of the 5° VRNA trailer
sequence, a cDNA copy of the trailer sequence is nade
using reverse transcriptase and a prinmer in the L
gene, followed by 25 honopol yner dG tailing of the
cDNA with term nal transferase. Subsequently, the




trailer region is anplified using a poly-C priner and
a priner inthe L gene. As an alternative strategy,
VRNA is ligated to itself or synthetic |inkers, after
which the |[|eader and trailer regions are anplified
using prinmers in the L and N genes and
linker-specific prinmers. For the 5 trailer sequence
di rect di deoxynucl eotide 30 sequenci ng of purified
VRNA is al so feasi bl e (Randhawa, 1997). Using these
approaches, we can anal ys& the exact sequence of the
ends of the hMPV genone.. The sequence information
provi ded here is of inportance for the generation of
di agnostic tests, vaccinées and antivirala for MPV and
NRYld 51 ecgthoofthe DOFs MMEV had Ghanpdrddeidadiesed Sequence
anal ysiis Virus isolate 00-1 was propagated to high

nonkey kiMney &ells ®Ms descri bked pmavi ¢l y vanlden -
Hoogen at at., 2001). Viral i solated from
supernatants frominfected cell's using a H gh Pure RNA
IMBVati NGoKi t 2dcor @ssHg 15891 nd8T uctl ondsF r AB6t h@OO5

hact uper (£ach gn iC 10 ;bhe

herI angfz %%I mer%é,tfd\/\/er%égde§86 %ﬁbg‘gé‘g on seq%oénces

p%WBshe@fﬂ pr e‘&/79ousr2§4(véﬁ8deth86-loo@%n af at414200%®) in
agef &i onghp segyences, pulbi sheg, fog; the. | eader and
tra| I er of APV/ RSV ?Randhawa at al., 1997, Mnk et

D1991¥ and-are -Availdble ﬁpon"’r equést B8RT- PER
m& wepe copduct egh W sy vi 84 RMA, Rl Nod O0Bfss
é&%eféssa |natotal volume of 50 with 50 nM Tris pH

0 4. Bnv P54 2, ¥ nMGBTT 299 \pl66

fomswar d poi rrer2411M gV er $e9 pruser, 93) 6 sm\/l dzlﬁTP 216220

%&revﬁ%n %ﬁscr %ﬁ Shg(P%ﬁES gﬁ The 10 Y

Neicne?r | amths) , 2asd 5335Ai ts39Taq ol yn"er ase (PE Aplsged
Bi osyste Niguwer key de |Jssel, The
Net herl.ands). Reverse transcrl ption was conduc%egl at

5 42C for 30 mnutes, followed by 8 nminutes inactivation

10

g%%@‘gi% The 20 cDNA was anplified during 40 cycles of
42C, 2 mn.72C, 3 min. with a final
éxﬁ@ﬁﬁw@rﬂnamﬁ@d)dﬁdneﬂo m nutes. After exam nation on
3 %J&eﬁ&@rm%ﬁﬁb}e the RT-PCR products were purified
fromthe gel using a Q aquick Gel Extraction kit
Gqrthyen bubay g urrre Ve biee Pand3)Seadel viwguesnsled virus,

- iga8 Gy, gheing dlate%@{‘ﬁfﬂs Carla New! G4s8lb TAd0Ys IRAUENCI NG

?Ie (H@?Arrer sham Phar paci a Bi ot ech, Roosendaal, the 25
t LinditaheeAre 373 aut omati ¢ DNA sequencer

~ (PE Appli ed Bi osyst em



Ni euwer kerk aan den IJssel, the Netherlands),
according to the instructions of the manufacturer.
Sequence al i gnnents were nade using the clustal

sof tware package available in the software package of
Bi oEdit version5.0.6. (http://jwbrown. nbi o. ncsu. edu/
Bioeditl/ 30 bioedit.html; Hall, 1999). Phyl ogenetic
anal ysis To construct phylogenetlc trees, DNA .

sequences were aligned using the CIustaIVV sof t war e
package and maxi mum | i kel i’fhood trees were generated
using the DNA-M. 71 software package of the Phylip

3.5 program using 100 bootstraps and 3 junbl es.

Boot strap val ues were conputed for consensus trees

c febleddAninorcidveqmorsénsity bpaekaiye QRFeloE MRY tapi those of other

- 198Dmyxd MY genom ¢ sequence is available from

-Genbank  under- accessi on -nunber- 5 AF371337. ~Al-l-other- -

5 sequences used here are available from Genbank under
accessi on nunbers AB046218 (neasles virus, all ORFs),

Nc-ag;lgﬁﬁhuaan__@am_n&wmtype 3, all
ORFs), NCM01552 (Menddi WRusM2al | LORFs), X57559

(human parai nfluenza virus types2, all ORFs),

W%mmumal | ORFs),
P05 728%¢ Ni f8h Vi8r ustT al M20RES), & 001989 (DbRSV,

alalPvaRFs) 69 105M114q@6 (&eRSVyA, a7l ORFs except L),

803 ORF -001781 (hRSV B, all
%&O ¢ %E’/kaﬁ"' %RF) 84 0649 'PVM P ORF),
Uﬁﬁsga(Pm MLORRB, 4466898 (RYM HH ORF), D11130

( E}g%{mer Sﬁfi\h%%iliaﬁs( (1‘539%@ AF}QESSV (XE’V— E:},?FN\ABO%F) ,

UBBSYS5 (AR/- A22 N38RF)34 U395296 1BAPASB, N ORF),
AB2R2571( V-g6 M F)39 UB%% GAPV-,B, M 15 ORF),
X58639 (Al AF1 (APV-C P ORF),
A%@@ZL437(JAPV4B 'P10 ORB) Lﬂle—(?) (ABV-A, P ORF),
AF187152 (APV-C, F (PF])B Y14292 (APM— B, F ORF),
P0085S0 (APV-A_ E ORF) _AF176592 (APV-C,.M2 ORB'),
AF35650 (APV-B, M2 ORE), X63408 (APV-A, M2 ORF),
u_@&gg&es(APv A, L ORF), S40185 (APV-A, SH ORF). 20 72
Tabl e 5: Len ths of the ORFa of MPV_and ot her

i logigs wereNpymdypith k@wngﬁagi PH proteins and were

10  thus excluded
2. Sequences not available,
3. Seelist in table 5, footnote 3.
4. ORF absent in viral genome.
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1 2 MPV 394 294 254 539 187 71 183 236 2005 APVA 391
278 254 588 186 73 174 391 2004 APV B 391 279 254 538
186 73 2 414 2 APV C 394 294 254 537 184 71 2 ? .2
APV D -2 2 2 z 2z 2 389 -2 hRSVA 391 241 256 574
194 90 64 298 2165 hRSV B 391 241 249 574 195 93 65
299 2166 DbRSV 391 241 256 569 186 93 81 257 2162 PVM
393 295 257 537 176 77 92 396 2 others' 418- 225-

335- 539- -4 -4 -4 4 2183 542 709 393 565 2262 5
Footnotes: 1. length in &mno acid residues. 2.
sRefuieA®es not avail able 3. others: human parainfl uenza
virus type 2 and 3, Sendai virus, neasles virus, 10
ni pah virus, phocine distenper virus, and New Castle
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Variation in usron - -
glafﬂ:t@-b? ﬁefg}eﬁeJ 6t al; Birmdficples3eé-2639% §9%y Reiypetsdpr Nipah -

V igh @l SerEHD §5:Q W= Avir I PORS r CONES frdnks Chibh; BB, 241 B@Qr&e 455.26
BLUI\/BERG B. M, BououELERET, L. and TORDO

(1‘@@@5’ Sequence compari son of five pol yrrerases (L
proteins) of unsegnented negative-strand RNA viruses:
t heoretical assignnment of functional dorral ns. J Gen

VI'FSF 71, 1153-62. PEENSY). SAUVAGET, Ipgeteddperotgip
ahﬂ’NﬂRDO by (ﬁgB@)‘TGTQ[HmAG’l}MH‘CCAA :-bf four HN

conserved [ f ,P@p]gg pol yner ase
encodi ng eﬁg%rents T%%CW‘% RANDHAWA, J.
SHPTYARRI OFFd A5-THOTERRITITAETGEGARACGEGER BASTON, A. J.
(1997). Reggue 9*&(3‘?(4&@/'?%?(’%%%% Ab%ﬁ &0ps establishes

t he absence of the enes From avian

pRELBi r u§wd) GreBICAGOTRRNBAGATATAGRAWA, J. HY |
WLSON, S.RR . FQHEEGHLdITCARBXAAAGNy D., PRINGLE, C.

R

pneunovi r uRev J @emGM)AmATG'R}T(ﬁBA‘KAS‘GC—:SAMAL S. K, and
Z , 99 ) ce- an sis of a

nat riex and T%%%Cgﬂtcﬁ%?@ﬁgﬁ?n di c?g‘ﬁ/r oni ¢ MRNA
of bovi ne RGSpI ﬁ'aE@AQA‘EG'PWﬂAGIAG(I‘Gm 81 denonstrates-
expensi ve BeAUpeRLURRISNGABhatAg,STI | Nydgophobi c

protein from unen respl ra ory syncyt i al
virus. J Gy ViT-SITGECACTGCBAGTIGIGATAKECCN , and

VENSAT ESANry . & &}%@Prcﬁ"ﬂﬁb@@hbé&éﬁﬂéﬁ‘é% of {he gene
encodi ng resplrato%g tiral virus matrix protein.
J Virol  50Revg2-8GAATITCCTTATGGACAAGCTCTATGC-8'
Mapuera  Fwd 5-GGAGCAGGAACTCCAAGACCTGGAG-Y N
Rev:  5-GCTCAACCTCATCACATACTAACCC-3
Hendra ~ Fwd 5-GAGATGGGCGGGCAAGTGCGGCAACAG-3' N
Rev  5-GCCITTGCAATCAGGATCCAAATTTGGG-8'

Nipah Fwd 5-CTGCTGCAGTTCAGGAAACATCAG-3 N

__31695%){%11%1 }{ﬁnéﬁ'{ﬁ of Jvas(%m éél)qﬁalceJ?nm&%%& ﬁw{ ﬁ&%é%m&se Virus

Rev  5-ACCGGATGTGCTCACAGAACTG-3

HRSV Fwd 5-TTTGTTATAGGCATATCATTG-3' F
Rev  5-TTAACCAGCAAAGTGTTA-8

Measles Fwd 5-.TTAGGGCAAGAGATGGTAAGG-3 = N

Rev.  5-TTATAACAATGATGGAGGG-3'

General Paramyxoviridae ;
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5 SEAL, B. S., SELLERS, H S., and MEl NERSMANN, R J.
(2000). Fusion protein predicted amno acid sequence
of the first US avian pneunovirus isolate and | ack of
het erogeneity anong other US isolates. Virus Res 66,
139-47. ([( SEDLMEIER, R, and NEUBERT, W J. (1998).
The replicative conpl ex of paranyxoviruses: structure
and function. Ado Virus Res 50, 101-39. 10 STEC, D.S.,
HLL, MG, 3RD, AND COLLINS, P.L. (1991). Sequence
anal ysis of the polynerad® L gene of human -

respi r at or yWwsly ngyGATIA AV AR GG GEACAARI@G8'ed phyl ageny

of nonseg t ed,, | VB iJuses. Virol ogy 183,
273-87 VAN DEN i%ﬁ@ﬁéb%%ﬁwﬁma J. C, GROEN,
J Primieecfie REP-POBE GROOT, R, FGUGHIER, R A, and

OSTERHAUS, A. D. (2001). A newly discovered human 15 _

r 85 -SEEAFCALSACAGAGA448Y " Nat Med  7(6), 719-24.
VERUS ZA5EEMEAGARQAKcoBeayent h report of the
[ r L.onal T it on Taxonony of Viruses.
\/\%ﬁfﬁécg&%?%%?‘%ﬁﬁ L., HUANG Y., GRUBER C.,
LEFLONG - AGAGAGAAABBCACCACCA 20 (1985). Nucl eoti de
S 2RLCE L ,gene of human respiratory
sgﬁ§§Er§?8£6%§§§g?§5§§§§£§n unusual type of vira
neRt: aheASTCCLCOACREA@AGMNEEBI Acad Sci USA 82, 4075-9.
YU Q, DAVIS, P. J., BARRETT, T., BINNS, M M,
BOURSNELL, M E., and CAVANAGH, D. (1991). Deduced
afP R -GEAG NG EICAME fusi on gl ycoprotein of
t spkey g Anicttadsiddsyvi rus has greater identity
with that of human respiratory syncytial virus, a
pﬁ@ﬁﬁb@ﬁﬁggﬁfﬁﬁgﬁu¥¥%¥§%}3paranyxoviruses and
nmos o4 ldcsacsescdadeoaMigal 72, 75-81. Yu, Q, DAVIS,
P I GH, D. (1992). doning and
Sgﬁﬁ%%@*#ﬁﬂﬁ¥kPﬁ§8C§§¥ rX°protein (M gene of turkey
r 85 rdCAATIAGCCAARCSAL®RGal a gene order 30
different fromthat of respiratory syncytial virus.
Virol ogy 186, 426-34. ZAMORA, M, and SAMAL, S. K
(208 WmenBespeeassiellamaified iasd efquie®RNA of bovi ne
respiratory syncytial virus obtained froman F-M
di ci stronic nRNA suggests structural honology wth
t Hulbagmenty feund wih sequence homelogycptdPH virus. J Gen Virol
73, 737-41. 82 Primers used for RT-PCR detection of
own paranyxo-viruses. Priners for hPIV-1

- Fragment 1 Z¥ 7, 335bp N gene
Fragment 2 ZF 10, 235bp N gene
Fragment 3 ZF 10, 800 bp M gene
Fragment 4 CS 1,1250bp F gene
Fragment 5 CS 10, 400bp A F gene
Fragment 6 CS 13, 1450 bp F gene
Fragment 7 CS 13, 750 bp : F gene
Fragment 8 ZF 4, 780 bp L gene (protein level)
Fragment 9 ZF 10, 330 bp 1, gene (protein level)
Fragment 10 ZF10, 250hp L gene (protein level)

]

Primers used for RAP-PCR amplification of nucleic aéids from the prototype isolate.
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to 4, nmunps, neasles, Tupaia, Mapuera and Hendra are
devel oped in house and based on allignnments of
avai | abl e sequences. Prinmers for New Castle D sease
Virus 5 are taken from Seal, J., J. et al; din.
M crob., 2624-2630, 1995. Priners for N pah and
general paranyxovirus-PCR are taken from Chua, KB.,
et al; Science, 288 26 may 2000 Virus priners |ocated
in protein 10 HPIV-1 fwd 5 - TGTTGTCGAGACTATTCCAA- 3'
HN Rev 5 -TGITH T/ A) ACCAGITGCAGTICT-3'" HPN-2 Fwd
5 FAEGCTTCTATTGAGAAACGCC-3' N Rev '5' -GGTGAC/ T
TC( T/ C) AATAGGGECCA- 3' HPI V-3 Fwd
5' - CTCGAGGTTGTCAGGATATAG 3 HN 15 Rev
5 B GG GMIACIGTTy s of iy 4 _Fwd

-TTC(A G GITTTAGCTGCTTACG 3' N Rev
5' -AGGCAAATCTCTGGATAATGC- 3" - Munps Fwd

5 'BadddhAGlof 4nb 6k fafeta o3 'thetiffB3@Nt isoiates of hMPV obtained so far, two

5-53%%T%ﬂﬁ%§§ V§ru25 O?I%gﬂ-ﬂemg the prototype of genotype

5'A FHGOCACTECTIGE I GEypA PR hGIgp8B. Tupai a Fwd

o e T
'memmﬁéem of 3Fe-Resting immunity and the
A Y i
urshermpreh N MempenT GordETlycelaied to anpp pRpURAMirus, a virus

'pnﬁE%Tm W%&%&ﬁ%&f both viruses show high

5 1
Perf%:i’%%efs R WEnEp@exepptipn offbhe SH and G proteins. Here we show
5'thal TRANGEAGCARALGEShAint in VBAS WschBWeIbased primarily on the

GATGGTAA
P AT ACART CAT GRS 55 eyl BPEpRyl S bpleqglict ave
based on the attachment proteins. The differences in virus neutralisation titers

provide further proof that the two genotypes of BMPV are two different serotypes of

one virus, where APV is a different virus.

The cross reaction between the two serotypes and the cross reaction between APV an
hMPV

Methods

Protacol for IgG , IgA and IgM antibody detection for hMPV:

The indirect IgG EIA for hAMPV was performed in microtitre plates essentially as
described previously (Rothbarth, P.H. et al.,, 1999; Inﬂuenza virus serclogy-a
comparative study. J. of Vir. Methods 78 (1999) 163-169. |

Briefly, concentrated hMPV was solubilized by treatment with 1% Triton X-100 an
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 IgG was
detected by adding a goat anti-human IgG peroxidase conjugate (Biosource, USA).
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83 Fwd 5' - CATTAAAAAGGGCACAGACCC-3' P Rev

5' - TGGACATTCTCCGCAGT- 3" Primers for RAP-PCR 5
ZF1:5' - CCCACCACCAGAGAGAAA- 3" ZF4:

5' - ACCACCAGAGAGAAACCC- 3" ZFT:

5' - ACCAGAGAGAAACCCACC- 3" ZF10:

5' - AGAGAGAAACCCACCACC- 3" ZF13:

5' - GAGAAACCCACCACCAGA-3' 10

- ZF16: 5' - AAACCCACCACCAGAGAG 3"  CSI:

5' - GGAGGCAAGCGAACGCAA- 3" 85CH4:

SAdﬂ%%%% xged plqgl,ss and OD was measured at 450 nm. the
AAGCCGAACGCCAACAGCC-

cgi@twergwmw (ggativg)gatio of the OD. A serum was
1c%n§ide ‘ W@ Iatio oz beyond the negative control plus

@? CAAé;ie -GtEAACG-S' 20 fragnents successfully
RS e Hlenced: -20 10 fragnents found with

sequence honol ogy in APV Fragnent 1 ZF 7, 335 bp N
Fr. b 5 F t F
OBy sb B AL it 18 g g lpeent e §51050rt spis T Pl Brk
Fesaqpiatly assde@&m@ préQ@islyfRethbetie P.Hpagni9g; 1601@5zd Grus
) F -
;E%gcg%?é%coggﬂg%ﬁrg sﬁ@gm Elethegﬁse 1959? QG'ab P(?S Fgﬁ.gg dé%Qchon of
FeAdgnd AgM gorpmertGilly fawlabb nmcrg»étee p(apasawﬁhwirth\aeﬂl jpuman JgM or
ﬁfgﬁ%&mc nl&hoé&l:ﬁ 'angm werJGRE sfePa[ PLE 'd{iuée&‘i%é aﬁ:()f deer s

used for RAP-PCR anplification nucl ei c_acids from
lﬁ@lbﬁflm ‘gtlylﬁéit 1346, sy ptimakworking dﬂutmn 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
S(ignal)/N(egative) ratio of the OD. A serum was considered positive for Ig@, 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 immunoassay which is
manufactured by SVANOVA Biotech AB, Uppsal Science Park Glunten SE-751 83
Uppaala 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.
L. Guines pigg

A. (xe) infection of guinea pigs with both subtypes of RMPV

Virus isolates ned/00/01 (subtype A) and ned/99/01 (subtype B) have been used to
inoculate 6 guinea pige per subtype (intratracheal, nose and eyes).

6 GP’s infected with hMPV 00-1 (10¢86,5 TCID50)

6 GP's infected with hMPYV 99-1 (10e4,1 TCID50)
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WABEReApigs: 1 snfactiop 891 @ ¢ft1

84 Exanple 5 Further exploration of the two subtypes
of hMPV 5 Based on phyl ogenetic anal ysis of the
different isolates of hiMPV obtained so far, two
genotypes have been identified with virus isolate 00-1
bei ng the prototype of genotype A and isolate 99-1
the prototype of genotype B. W hypot hesi se that the
genotypes are related to subtypes and t hat _
re-infection with viruses from both subgroups occur
in the presence of pre-ex§ésting imunity and the 10

aaf Dagnifer Viﬁiﬂr?ﬁér? Ehfé;ﬁ)!?, EHJ g&%a%ﬁ%‘silwgif/é eeh mﬁat@d wtki)ﬂ the
a 0 re-1n 1 ONn. r er nor appears 0 e
c}“%%‘ﬁ'?%?“? %?%?%Emﬁ%waﬁl %H@aﬁ@iwwia virus

primarily found in poultry. The nucl eoti de sequences

0 VILUs shaw. hj er cent ages of honvol ogy,
: WEFEQ‘%%%‘?%%C8%?%“8%%#%%‘%@1“&?? 'g@"‘qgr oteins. Here we -

shewneq pigs: 1t vefetion 18-452°40k] twoslsgauenct i ng in tests,
WB LG 25i8s-08S S0t RE 05 dab ¥o. nucl eoprotei n and
na?rii%é%%ein, ut the %%ggéﬁgﬁﬁ%ﬁ?erently in tests,
wplegrushr ot ei ns. The
differences in virus neutralisation titers provide
further proof that the two genotypes of hMPV are two
o PEt Bt Bose ey bt tepo colet oy 1R vk atoptisy) pis deve 2+
dinffdctio® Hostvihfebifon, 240 HERE b&sh Wsted/ iR bR HELIMARR By RE-BOW
ser ot ypes and the cross reaction between APV an hWV
MEYHRGds 25 Protocol for IgG |1gA and I gM anti body
detection for hMPV. The indirect 1gG EIA for hMPV was
pRLS oM crotitre plates essentially as
desgg%be E@§V$%%§&§m?%gthbarth, P.H et al., 1999;
I nfluenza virus serology-a conparative study. J. o

f
RS Syt B hort g Sy T Y R SRR

athe uREr wepitatady frast dayd tt0 post infocsiont @uipe pégs imosulited with

RS L 50 14 DL D

Suitls exf(AOf] lappeat0@baibss yolersrtips inféctibn #0Dneli10/1eA stoandin
SO BB LSS PR R
degenagitsbyd willihn omologoad viamtn 2 dutl obhgdigepe Nodr dals tittle
C&ﬂcﬁ%ﬁtaﬂn@ iw%?eon%{eﬁ ?ri t’m%g %malg amt 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
vaccine, even in an unattenuated form.
Both subtypes of h(MPV are able to infect guinea pigs, although infection with subtype B

(ned/99/01) seems less severe (shorter period of prcsenée 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.

Although the presence of pre-existing immunity does not completely protect against :
re-infection with both the homologous and beterologous 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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Addi ng TMB as substrate devel oped pl ates and OD was
nmeasured at 450 nm the results were expressed as the
S(ignal)/ N(egative) ratio of the OD. A serum was

consi dered positive for 1gG if the S/Nratio was

‘beyond the negative control plus three tinmes the

standard. 5 hMPV anti bodies of the IgMand |IgA cl asses
were detected in sera by capture EIA essentially as
descri bed previously (Rothbarth, P.H et al.- 1999; -
Influenza virus serol gy-& conparative study. J. Vir.
mgt hods 78 (1999) 163-169. For the detection of [|gA
and .l gM comercial ly titer plates

c a0y plguinea pigg irideci i both aubtynes of hMBY « ; c

C -

nonocl onal anti bodi es were used. Sera were dil uted

AR5 b5, [0SRl o o LN 310, B0, SRA1

uland tdstedisb afla g0 dilttion 3V Cwhdae viens R apginsohedddomand ant |
hygyg@&pgh%gﬁmnth per oxi dase was added, the plate was
I ncubat e r 37C. Adding TMB as substrate devel oped
pl ates and OD was neasured at 450 mM. the results were
xRS 5EA 1P BINE rdRomk 'a@ﬁﬁétﬂe%@/@f‘&ﬁ&’ Sd/dortly £ e%t:h {'glllaﬁridual
OD., A serum was consi dered positive for Igé, it the
SERFaPfo was beyond the negative control plus three

t Fimse 81 Spaifangof e ndNIRd/ANLUBOIDS61 NEIRA. daleLELHehN an
AYP &ghlbl%ﬁﬁg ssay. . Protocol for APV inhibition

t ST AT EUe 3 PASGAIL QARSI R (1) enzyne

| Eieme2ts dyn T whpadnse 2QinEuadf 0B WhH e dedyy/GVANSWASF 3

Bi A al, Sci.ence r nten SE-7
opBbEb oo, RO SRS OSSRty (Y ED ana 2
ShetgraddspyNpe §/adilvmfected giicepigd. he OD. A serum was

consi dered positive for 1gG if the SINratio was
beyond the negative control plus three tines the
stumggraof remlty Guinea pigs A (re) infection of

e QinReAmiHoL Siftdleh bt iR O4sBorb B R E9o kre VML Mk bhlSrved.
|%ﬂ%gb%§ gﬁﬂéOO/Cﬂ SUQ%%Pe A) and ned199/ 01 gsubtype
B) us ELAREIPst ¥-1 prfct eape be vged feckiscpimipatykatween the
stiod stpeped.Nt r at racheal, nose and eyes). 6 GP's
infected with hMPV 00-1 (10e6,5 TCID50) 6 GP's
infected with hMPV 99-1(10e4,1 TCLD50) 86 54 Days
aftBeactivite ofeirarenised ingrfiest bV, intelitieq viep @@thPiFSadtwe been
i noculated with the honol ogous and het erol ogous

subt ypes S10e4 TClI D501 ) :
Sera collected from the infected guinea pigs have been tested with an APV inhibition

ELISA

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

Summary of results:
Sera raised against hMPV in guinea pigs, react in the APV inhibition test in a same
manner as they react in the h(MPV 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
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'MAth ned/99/01 appears to be: Iess severe than

2 guinea pigs: Istinfection 00-1; 2nd 99-1

(heterologous) 5 3 guinea pigs: 1st infection 00-1;
2nd 00-1 (honol ogous) 2 guinea pigs: 1st infection
99-1; 2nd 00-1 (heterol ogous) 3 guinea pigs: 1st
infection 99-1; 2nd 99-1 (honol ogous) Throat and nose
swabs have been collected for 12 days (1st infection)
or 8 days (2nd 10 infection) post infection, and have
been tested for presence of the virus by RT-PCR -~
assays. Results of RT-PCR8%assay: Figure 29 15 Sunnary

Ofned/8501 inSsht Bille RAGwRitfSr da@ﬁ%bﬂn%@l@e NPR PLISAS) dr%ﬁé o8-
ned/ Q0/ 01 %hOM/lnfectlo pper. respirato

C FEREROUSEroU Y51 Th BBt A Bew Figh of S NAH- BPsschelos, ho APY-

| AdantiBikties EMSAan Be dsA%b Qdte &PV MigRHIeO Th @finddiRgdipper
respiratory tract day 1 to 5 post infection. Infection

puigplidy Hs D6 pagfied he
gU|nea pi gs mnth the heterologous Vi rus results in
re-infection in 3 out of 20 4 guinea pigs and with the
h At coBestes 2y U danb52 76and 8¢ @t ipféchion werayssed Npa viruspierops)

I Inttéralsaﬁtﬂ ass%mmnmmrm aPo, ét!%&ﬁ% @ﬂhﬂ@tas 1 to

that becane re-infected, and no clinica

wetP and LhTGIRSY Figasepea weHaias uqulat%ft%efreetrghw@e{@a vHyarast

t mam@m— dothVECEONS min IRARISIH AL BAUD HIMAL afRY G/bidM thdmedia was
e virus, a protective effect of the first

e
|ﬁ?¥% nis evident, showi ng the possible use of
h @heABV@@@d.hseré giveinGbr £64y6s 38d HHRMMIDY LRt wdrs gholodsr A8ay.

N L N
aﬁmﬂdugw-Mhﬂeﬁ@twmﬂmmghm&wmﬂwoenﬁmg@msﬂbﬁﬂﬂ@iﬂasﬁens
| G5 ARUE" }2&%’5&}9&&9{ io‘%g%ﬁlraﬁf!ineéf%ﬂé’%ﬁ& st%tltﬂc ol &Hxﬁ

in nose an roat) than | lon W
(ﬁ@@ﬁ@@ﬁbhqymk¢ﬁwsuﬁay“®eudmémto t he hi gher dose gi ven
f o reswwgenamggaﬂog 408 of VIO ol 8610 P EnsSld é{ﬁeea pigs

he presence of pre-existing I nmunit
dé%gmﬁﬁﬁﬂ@%ﬁ%P%ygwyﬂﬁﬁdpgoF agai nst re-infection MAth
bot h the honol ogous and het er ol ogous virus, the
iﬁ egtlon %fgears to be less promnent in that a
s 50 g greff¥sence of virus was noted.and not
al | anlnals becanme virus positive. 87 B. Serology of
[ 'nfecHed mnth poth 2 S

coIIected frontthe gU|nea pigs 5 and tested at a

ﬁg%?o s ?1 O}eg' %%cg&fdlrts@ot%eoA)eanM L 480/ {20y 898) A% TCIDS50) have
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 (2°d infection) post infection, and have been tested for presence'of
the virus by RT-PCR assays.

Figure 35: Results of RT-PCR assays on throat swabs of cynomolgous macaques
incculated (twice) with ned/00/01.

Summary of results: -
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ned/ 99101 antigen. Figure 30 A and B: 1gG response
agai nst ned/ 00/ 01 and ned/99/01 for each individua

gui nea pig 10 Figure 31: Specificity of the ned/00/01
and ned/99/01 ELISA. Only data from honol ogous

rei nfected gui nea pigs have been used. Figure 32: Mean
| gG response agai nst ned/ 00101 and ned/ 99/ 01 ELI SA of
3 honol ogous (00-1/00-1), 2 honol ogous (99-1/99-1), 2
het er ol ogous (99-1/00-1) d 2 heterol ogous
(00-1/99-1) infected guinea pigs. 15 Summary of

r slyginpayy ofyepyltsacymomolpgatis ifaepins Mopulated spdmaustionlath 8ed/00/01
t Waow hifécas@efthghg@r&p&at&p&%\asy 1 M@L@sf,mﬁ nEikritn

agai nst - cannot used di scri m nat e

b RBERs it def fo BB sadinitip A@e%é@ecrcvlafnyn of thsapagaques with

r a;hsmnca@aumiushwms i) relinFddBeh, Rb BSmMstiatd DS BOR, KR Ever, no
g?%éollected fromthe infected gui nea pi-gs have been
SHPPRTR YRR Pnhi bi tion  ELI SA 25 Figure 3333:
Nban percentage of APV inhibition of hMPV infected
guinea pigs. Sunmary of results: 30 Sera raised
agalnst hNPV in gU|nea plgs react in the APV

bNPV IgG ELISA' . Sera’ralsed agalnst-ned/99/01 T eveal

a_lower percentage of inhibition in the APV
i fpiths BecapresSEtehysepived madiOfE eata suged erdlectnd dvudey ©months

Q&R@Eﬁm RlighSir} RFEREHEHe MtdhioR 8cculted é@&éé%o%zgmnﬂé@é%né day
|2V\§r titer as is seen in the | SA' s

B53t9on of ned/ 99/ 01 Mﬁth APV is Iess t han
t I$ata dre DQA/ EtE i@a{ssgﬂar tﬁ@é@s&-ﬁ&e&f@ﬁ axaﬁl{b@letepgall\/g@&bﬁ;hter %edé{)OfOl or
n can be et.ec ant i i es
W de T Hiegaeserceappingy féﬁ-sﬂnﬂ Yol ratbates a@ﬁlﬂé&%%@@?% th
sera raised against hMPV in guinea pigs. Sera

c { t ay 0, day 52, 70 and 80 post infection
C oL Ag! Aualad

irus (cross) neutralisation assay
wilgd Iﬁﬁé@ﬂ@@ﬁ@@ﬂ?%dﬁ@@iﬁ@ 1edPRUI0IAFEN-oEnorstlagdus mepcaddesit | on

Weh%)itfeltOd with ned/00/01.
Figure 368

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
to IgA and IgM antibodies shows the raise in I¢M 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 macagues which were tested in an APV inhibition
BLISA show a similar response as to the hMPV IgG ELISA.

Discussionfconclusion
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
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10 and 100 TCI D50 virus per well was used. After
neutralisation, the virus was 10 brought on tlvll(
cells, 15 mn. centrifuged at 3500 RPM after which
the media was refreshed. The APV tests were grown for
4 days and the hMPV tests were grown for 7 days.

Cells were fixed with 80% aceton, and | FA's were

conducted Wi th nonkey-anti hMPV fitc |abeled. Wlls

that were negative in the stalnlng were considered as
the 15 neutralising titer.*®For each virus a 10-1o0g

t iphibitivo Rl is duiteble forisstizizdukaaramples for dhe fredened of NPYT

t hesueki ng solution was included. Figure 34: Virus
neutralisation titers of ned/00/01 and ned/ 99/ 01

i nfected gui nea pigs against ned/OO/Ol ned/99/01 and

A%:st (%séne@f&l@é&%x?%&&?s &Iﬁ}%@%bﬂ@ e@t:e ypes By ﬁﬁécbe‘&n

-of cynom) ogous ‘nmacaques- w t

Vicrrpgrologesanacganesd/ 00/ 01 ( subt ype A) and ned/ 99/ 01
(subtype B) (le5 TC D50) have 25 been used to
i nocul ate 2 cynonol ogous macaques per subtype
(intratracheal, nose and eyes). Six nonths after the
p Sutibdayy bfveadts Dhe sdri eakiol ERaURy [Hav dapEZIposi i ifektion
second tj th.. ned/ Q0/01 bs

b Sk ST ORORE el arbigh el retnee ol B850 3% 4
( 2ftekr thabeohdan Infpoin show Bighineniralatiomtitees bt heR041:

2 pFElI' econdady infec i 'o i
{ odl BRENGE, 5 40 L Yy R BRI RSBl Ll ©

35 Re assa s on throat swa

c?ﬁ%ﬁ%@g@@@ohﬁ%ﬁf@b gnd nvmaf [that seuh Yeupradied thmAtIW C virus,

ned/OO/Ol Summary of results: 89 Summary of results:
nonmpl ogous nacaques i noculated with virus isolate

n 41689 %ﬂcrO%swequﬁfbe@‘te% APYTC epehMBRde vires(@ropgpeyiplisation
t ﬁ%ﬁrs %ﬁre]thteﬁ id @ cRRSteabidBetv RN neBobH/OL 68 nedPINNA =GB, boost

#1 ﬁ @ puratlve rhinitis. A second inocul ation
8" 8%%% th the honol ogous virus results in
re |nfect|on, as denonstrated by PCR, however, no 5

clinical synptons were seen. B. Serol ogy on sera
col | ected of hMWPV infected cynonol ogous nmacaques 10

. From the macaques whi ch received ned/ 00/ 01 sera were

celirgglgd during 6 nonths after the primary infection
(re-infcetion occurred at day 240 for nonkey 3 and day

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 _tied/OOIOl. {See tabel 1 of
patent).

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 37 Comparison of the use of the hMPV ELISA and the APV inhibition
ELISA for the detection of IgG antibodies in human sera, there is a strdng correlation

- between the IgG bMPYV test and the APV-ADb test, therefore the APV-Ab test is

essentially able to detect IgQ antibodies to hmPV in humans.
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239 for nonkey 6). Sera were used to test for the
presence of 1gG anti bodi es agai nst either ned/ 00/01 or
APV, and for the presence agai nst |IgA and | gM
ant i bodi es agai nst ned/00/01. 15 Results: Figure 36A

I gA, IgM and |1 gG response agai nst ned/ 00/ 01 of 2
cynonol ogous nmacaques (re)infected with ned/ 00/01.

Fi gure 36B 20 1gG response agai nst APV of 2

cynbonol ogous nmacaques infected with ned/ 00/01.
Summary of results: Two mBtaques have been succesful ly
infected wwth ned/00/01 and in the presence of

anti bodi es agai nst ned/ 00/ 01 been reinfected with the

~ honol ogous virus.” The response 25 to IgA and I gM

adt Phdihtyes shows the raise in IgMantibodies after the
first infection, and the absence of it after the

~reinfection. 1gA antibodies are only detected after: BREEIEEE R
t A@chigkenp hivecheen testesinbsth ghe ARV inhitetloraBLISAfantl ke hadydroy

hMPV I n nmacCaque ed In an APV
inhibition ELISA show a simlar response as to the

NN arly GBr &kl /B ot he EVISH B EISAYARQRE W6 5 0RhiiMEMSA detect

antj bodi es i n cynonol ogous nacaques are detected wt
{piba ?F?Wsﬁﬁ?%(’dﬁataEﬁq%Aww-t h asinilar sensitivity
as with an hMPV ELI SA, and therefore the APV 90
ihhibitiagn bEL§4 is suitable for testing human sanpl es
for the préseéfice of hMPV antibodies. C. Virus (cross)
neutralisation assays with sera collected from hM?V

i . : S f | ts:
TRe HEbE oy B R B SRS BB ot ppersie &
ianflaed P81 themntotyde pf dubgrowp Bus neutral i sation titers

agai nst ned/00/01 (0-80), the sera taken 10 after the

secondary infection show high neutralisation titers
afssordins éé“é#%@#kﬁf?ogﬂﬂmbsmwfos eteanniakemwnaFtaarkit heB.,

mqa&,amw! RE&&HELANT,S QM‘B&%‘; F.‘?b&cﬁﬁhéﬁﬂn bl Shmenclature of
agai nst, ned/ 99/ 01 (80-640), and none of the sera

HH 585, ﬁf@@e@%o}f&pqﬁn@rwtfogglf Committee on Taxonomy of Viruses. Arch
Virol, 1991. Supplement 2: p. 140-144), two subtypes can be defined on the basis of
its immunological distinctiveness, as determined by quantitative neutralization
assays with animal antisera. Two distinct serotypes have either no cross-reaction
with eachother or show a homologous-to heterologous 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
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 isclates under study is
assumed."”

rﬁﬁx@%&&ﬁh@ﬁ%&% O&H%%t%éiggéégg{gt éP§er a rai sed agai nst

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 homologoué and heterologous serotypes of hMPV revealed
that this is also true for hMPV. In addition, IgA and IgM ELISA's against hMPV




10

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 nonths to >20 years

of age have previously been tested in |IFA and virus

neutralisation assays agai nst ned/ 00/01. (See Label 1
of patent). 25 Here we have tested a nunber of these
sera for the presence of 43gG IgMand IgA antibodies

I rByeatkdfhd r%éct@:g%? %I anB B0 A oco@ B daiiere iR LR, 418 raised
sanpl es in I nhibiti'on ELI SA. Results: Fiqgure
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Ct s, to
s debolg i SR Fin i Bt ol B ¥Ry s aiffons soen.
|A4Fh09311 ABW eERMEA carrd rtdqelnrﬁdsmmbﬁlogeﬁaﬂlﬁmaiﬁps dflshe

P B e e 0 AR A P ARty PR isRlion titere
BE psa refeadeaseinsiihe o difersnhjatsas and\the ditiererces it hoshuiggy .

AUV $ha APVE S P Y erel Q1 Bt telR vIERROIDHRES or?fhe IV
wi th ned/ 00/ 01 belng the prototype of subgroup A

and
RSO T e Mirornbeypenaransetlygiepie a pesvited ea?qaxpwgevent
tﬁbn@ bi&sSto Cﬁﬁimxﬁﬂl& ngit ¢ vinRAaY 88$tddas st a RX%2EB! the GNAGTH

nck uet . L., .an
ool b o B G P e it ogps B,

vmnu&emgﬂﬁtmﬁmme@bﬁ&hnmuﬁhe i nternational Conmttee
on Taxonony of Viruses. Arch Virol, 1991. Suppl enent
2: p. 140-144), two subtypes can be defined on the
basis of 20 its i munol ogi cal distinctiveness, as
determ ned by quantitative neutralization assays with
ani mal antisera. Two distinct serotypes have either no
cross-reaction
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wi th eachot her or show a honol ogous-to heterol ogous
titer ratio >16 in both directions. If neutralization
shows a certain degree of cross-reaction between two
viruses in either or both directions

(honol ogous-to-heterol ogous titer ration of eight 25
or 16), distinctiveness of serotype is assuned if
substanti al bi ophysical/bi ochenmical differences of
DNA's exist. If neutralization shows a distinct degree
of cross-reaction betweess two viruses in either or
bidanditect i ons (honol ogous-t o- het erol ogous titer
ration of smaller than eight), identity of serotype of
the isolates under study is assuned.” 30 For RSV it

| Backgowd infoadatir o PRGIbERn@LCCUrS i n the presence of
pre-existing immnity (both honol ogous and

~heterol ogous). Infection of -guinea pigs and -

CEhedmﬂwgfd{mamymamﬂue@nmd’twahﬂifamﬁﬁ ﬁmmiro@mzramd end
ro hVPV. reveal that this is
S BRI R SHAMEER Phol Mol SRR DBl 2
dakmetirus wﬁ/ﬂgazapnpwwédl‘he lgénuse‘aer@mmn@fcontgi&s the human,
Yabinb, an@ Sn@ @Aﬁfmgq@gmm@} Eﬁaﬁyt{a@w&ﬂge? sﬁa B -pneh il meog

agal nst APV'respond in an equal way In APV an

éﬁh@ g@#@#ﬁét@ﬁ@éﬂ%ﬁwtw the gyiampreumoviruses (APV,
GO¥RBL8®BSas THTW)S known that the viruses show about
80% anm no acid honology for the NN, P, M and F genes.
In ELISA's the N and M proteins are t he (known to

I‘I&Jaelass’iﬁ@itlﬁﬁ bf thB@endda 1AhE s@mﬂagfpf&umuwm@ {s. bakédrsdﬁ&lassamal
neutr atl OoN ass S Surrtace opr.ot el ns an

b P RP PR Bl e St RR BveRpL e el
mmemmms/ammmwm famils of Peraslyxovitidok iFShsving two

i | f € _nuc

PR Gp e YRRl o e MG R0 SR SPHURRESS F o 1.
t9)t brogntresft, Yeyses thmua@@tqzmuntdue*ut lagk t.hefl‘ﬁ%lr @i NS2 genes
\infl "Eﬁeeﬁ'?axﬁgqu}l BP%&EJ %@ﬁ@éﬁ%ﬁ%& Ahdm%gmg?@gg&sw a@8ALD 3.N-P-

reveal MPV are two ent viruses.
M2oH-@heSresul ts we speculate that hMPV infection

| AN, RAERS 8 the sRISSIPPE aRyERHiHdk Qe erQORGa4ing Y& ity, but
§%@Elb|rds to mymmal s. But the virus _has adapted. in

ngtigR{p 1of 2 gefiyippieasugmigr it supfaeile FreymauARaeabeing Ahpent
@ REFa A APNI tat skt i€l BMVZ HonakhiGd £y aMivisae Pesstihid Klehuers
GP &Sélggggrg %rc}ngy?co ul;u%sag S?%bz?l];vaéu\g:()stlxb arz?lhy[ Igaramggouzrﬁzdd) L
absent in the genus Morbillivirus (subfamily Paramyxovirinae) and the genera
Prneumovirus and Metapneumovirus (subfamily Preumovirinae).
A second distinguishing feature of the subfamily Preumovirinae 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 mRENA encoding the phosphoprotein (P} to dire;t
the synthesis of a novel protein.
The G protein of the Preumovirinae does not have sequence relatedness or structural
similarity to the HN or H proteins of Paramyxovirinae and is only approxmately 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 nformation on Pneunovirinae 5 The famly
of Paranyxoviridae contains two subfamlys: the

Par anyxoviri nae and the Pneunovirinae. The subfamly
Pneunovirinae consists of two genera: Pneunouirus and
Met apneunovi rus. The genus Pneunovirus contains the
human, bovi ne, ovine and caprine respiratory
syncytial viruses and the pneunonia virus of mce

(PVM . The genus Metapneunovirus contains the avian

pneunovi ruses (APV, 10 alsso referred to as TRTV). The
Cl@Sabdrk 6AkHE Qﬁbf&tul} pi?eugzgﬁ?iﬁée 4:8 ah Iaﬁceﬁﬁm AHakdhg two such
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Pﬁgyguﬁ“?gmand the organi sati on of genes between the M
and L coding regions is different: 3" -NP-

M F-M2-SH G L-5. Al nenbers of the subfamly

Par anyxovi ri nae have haemagl uttinating activity, but
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01ose1y related to hRSV are the bovine (bRSV), ovine (0RSV} and caprine RSV
(0RSV), from which bRSV has been studied most extensively. Based on sequence
homology with hRSV, the ruminant RSVs are classified within the Pneumovirus )
genus, subfamily Preumouirinae (Collins, 1996). Diagnosis of ruminant RSV infection
and subtyping is based on the combined use of serology, antigen detection, virus
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 ;nalyses.
revealed that the protein composition of hRSV and bRSV are very similar and the



10

15

20

25

30

Menbers of the subfam |y Pneunovirinae are an
exception in having two such proteins, Mand M2. The
M protein is smaller than its Paramyxovirinae
counterparts and | acks sequence rel atedness with

Par anmyxoui ri nae. When grown in cell cultures, nenbers
of the subfam |y Pneunovirinae show typical 5

~cytopathic effects; they induce characteristic

syncytia formation of cells. (Collins, 1996). The
subfani |y Pneunovirinae, ¥enus Pneunovirus 10 hRSV is
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£ t
PR TR 5 PR RE o APy O RO S 1 C
hﬁ@@}m is highfydidiriable rbetthStheu IétSVmobfera@a angl between bRV gad LRIV
%f% AL RANDABER;! Thor! &, 185% &ﬁ%tF HEBHAS LRSY and

| ng i ne ‘conprom se I's an
ebliféf $tyains YREN¢N} @nmasqbleeﬁﬁmchm\rmwte@awéné fintigenic

CRITTRNedsY TRCH Yok G o IR0 S8 QBDE Borkl oy BRI BREY, %%’ie the
adul ts of al | “ages gEngI und, 1991; Fal sei9 2000

CEFRIESY sublypss sham 99% homofoes i F Gairaveps ke d99%r Rsv (A
a3} b:haa& 6n HIRaiRe bidarsvi Jﬂd&@ismiﬁﬁﬁ&gonodlbzﬁﬂ QAERERS hite
nonacl ana an

their ct t
et BS gl o bl et At sl P Secs s B, end
(4B @lm dgimzuB8hasdodineadtion pAB#ins Sithbeialesl anAEHDYs spécific for

PALY cul ar .t he tei [ n S.
e OB S R, 1ot S S aaA Tt e AR P
seqwmweﬂdxcbwﬁia@ g@hRSV &:onmlomfeph@ mtyh@rg qatttie fnaguently

(%Of}(xllatgﬁ‘gﬁﬁ l%é%q'g thko eug fﬁgﬁt\ﬁpﬁﬁecﬁ&?gn@raﬂl}

I NS tec V I n ectl ons been

ciesidis ip arldgn dipegserniib elighn ala’ﬁhaham peinges Gvanderafi%6hodi es

| RSV ARNQS He P {5618 68 Bo ﬁa%ﬁﬁ!ll%%f@c%ed(dﬁleg (oR (Le%b’c%r 1983)
neutralisation_assays LI SA or RIT- assay

(A6 R Y) fppmiulis LO80)- Bothstr W@ﬁg@%ﬂoh‘i@@wemwﬁh
@h% geshye REV ahibgle Taﬁh%g\ﬁ}ﬂﬁ&gsss{r/)&@hifi@ %Qx\%ﬁc_&é} hmb }Rg\rlﬁéhéb B also
i ne rom whi c " has -
bcg"’e“ﬁ’g)ﬁil Hﬂ’gﬂﬁﬁ%ﬁ””@ﬂ’%@ & y. Based on sequence
hotistiod ynembeh oﬂt%umfddngr Prerinoahad g4isusdinew e e id thed
within the Pn s genus, subfam |y Pneunovirinae

eumeame[@ S aghosi s of rum nant RSV infection
aR?éIVIsm)w}trpmng awlsngba@eldbomatotyrﬁeﬁmdmblonied pagEubily those
t I [ and
%—?ﬁ%ﬁc“%ﬂ%ﬁéﬂsﬁ A e R A
@5ErgtomatigdBougyyippesate of virgg iy morsema resaied 1}7‘&9@%"‘? gigng ¢e

rméeagwaaémg Mﬁ%ﬁ@béﬂ@sﬁahﬁ?ﬁ\écﬁﬁﬁ%&%@ th%I H R Hia

uman .and bovi ne antisera, nonocl onal

e(ﬁf‘ihg%d]i 98 Vipit 188MA probes. These anal yses

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 |
in virus neutralisation assays (Chambers, 1990a; Gimenez, 1984; Ling, 1989a).

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 activity with murine erythrocytes, for'which the G protein
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* No detectable sequence homology

' The genus Metapneumovirus

Avian pneumoviruses (APV) has been identified as the aetiological agent of turkey
rhinotracheitis (McDougall, 1986; Collins, 1988) and is therefore often referred to as
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30 The gl ycoproteins of PVM appear to differ from

t hose of other paranyxoviruses and resenble those of
RSV in terns of their pattern of glycosylation. They
differ, however, in terns of processing. Unlike RSV,
but simlar to the other paranyxoviruses, PVM has
haemaggl utinating activity with nmurine erythrocytes,
foi {which the G protein 96 appears to be responsible
since a"nonoclonal antibody to this protein inhibits
haemaggl uti nati on (Ling, 9989b). The genone of PVM
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proteins at. its Tend and simlar
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g 'e"h%mmbmre msiomdrpltic, touBSviapdy s@ﬁwcahasﬂ:tmea ranegier frapd 70 to
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protein (Collins, tes are
i %8@?@% shysheligad symlg@ﬁr:a(qoms 1988 rirpyrut98Ah Fhiganorphology

a$dzaMbles ¥Hak HSm OIS @f'théﬁinbl? %@%@%ﬁm X@z[liré%k'& théTKPVO'
fluorescence techni ques. Table w th addedum

aBRQIHATBIERg P 8As evpeetied 9% o Gt spbroEalEs oﬁw KRN he
1BPagenysuiriras kd B%luﬁzldﬁnﬁ'&e),tm rS4HD EI@&BI} desdZRELAENGI 1| nae.

P ey o s T T bavseitnd sy 0 3. 84 87

NABE h@Snﬁﬁon Fri@iurM B8teins §IS BOINS2B 8ndihe gendbdd&Y 3 NOD-M-F-
211{22&-1 %81:. %‘5"18% rentlgr%m t%at cﬂ' ma_mmai'e_iln Egeén?ovggses su(lz‘h as 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
sequencing of the G gene led to the definition of two Virﬁs 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/non-B APVs were isolated in France,
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
generally observed after one or two additional passages. This CPE is characterised by
scattered focal areas of cell rounding leading to synetyial formation (Buys, 1989). A
number of serology assays, including IF apd virus neutralisation assays have been
developed. Detection of antibodies to APV by ELISA is the most commonly used _
method (O'Loan, 1989; Gulati, 2000). Recently, the polymerase chain reaction (PCR)
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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.

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/non-B avian pneumoviruses

’ (APV) reveal a novel APV subgroup. J.Gen.Virol. 81: 2723-2733.
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novel subtype, D (Bayou-Auboyer, 2000). D agnoSis of

APV infection can be achieved by virus isolation in
chi cken or turkey tracheal organ cultures (TOCs) or
in Vero cell cultures. A cytopathic effect (CPE) is
30 generally observed after one or two additiona
passages. This CPE is characterised by scattered foca
areas of cell rounding leading to synctyial formation

~(Buys,:1989). A nunber of serol ogy assays, including

I F and virus neutralisathmn assays have been
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Coggins, W.B., Lefkowitz, E.J. and Sullender, W.M. 1998. Genetic variability among
group A and group B respiratory syncytial viruses in a children’s hospital. J. Clin.
Microbiol. 36: 8552-3557.

Collins, M.S. and Gough, R.E., Lister, S.A., Chettle, N. and Eddy, R. 1986. Further
characterisation of a virus associated with furkey rhiotracheitis. Vet. Rec. 119: 608.

- Collins, M.S. and Gough, R.E. 1988. Characterisation of a virus associated with
turkey rhinotracheitis. J. Gen.Virol. 69: 909-916.
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Respiratory disease and Wasting in athynic nice

i Kie@ted with pneunonia virus of mice. Lab. 25 Anim

Sci. 34: 35-37. 105 dains 1. An isolated essentially

mamal i an negati ve-sense single stranded RNA virus

( NPV) Aeisdagil egpenigallyeasuilidnaegdtiveensaringle stnasled RNAmarus
beP%%ﬁgﬁf(fﬁ\élsun ga%ﬁlgpo Lgném Lrg(%rbtf lt]gé 1%94:19 I%g‘amyxouzndae and

p ene y corre to the gent
eap%@lnmmhw@ger@nmﬂyu cs:zsesaomngrfegh@ Ewé@ﬁ@@wsmn@r@

~stranded RNA virus (MPV) -belonging to-the sub- famly

Pneunovirinae of the fam ly Paranyxouiridae and
i derntipdatebnegative- Seaﬁm%%%ﬁé%n'dedaw@ Vi e Yo helpreing 1 thhwb-
0 @AhiSy Mmamwmd kR g8mby Pg@{n@&c{qumaw tr.ﬂ_ idhiiFABleqls C ?_CI d
Se ence. o sal VI, US n e I N | INn enetil c

R N A A R L B
g andsiabhéd sdgaenvg of QM HAGRLaSH kRfife RAG pRylpgtiblietree ailyses

din |tto cl ose hyl age j cal,l .

Pl 00 Py &3 3enbu IO WOHE A0 b Gitinke 5o 3 jupubles
wiatudh fENGME th!aar meretchaaly pliylogenetioalivempenphindingt to aarirus isolte
i f i
¢ kR Fracl g@ﬂﬂe.@??ﬁ%ﬁ%ﬁmﬁ%’“&%ﬁﬂ%@wm isalate of
aévipp peiirwsirua@diYd alsé knpringas tyfkpnohipelepdieitisyirug (TRIV), the

VigkiitSoRaret 9viaf rhinftriPhdtiher ei n said avi an
pneunovi r us conprises APV type C (APV-C). 20 4. A
virus according to claiml1l to 3 wherein said nucleic
agi d SEHHRY:Eor@RERS HHeS2 whdleia RS BRI REmbridiEonPREs APV
enco%c@% %w ral protein of said virus. 5. A virus

&@5 0 claim4 wherein said open reading frane
is select ed from the.-group of ORFs encoding the N P

M andF rote ns, é rusacor to cl
vvher ei n salfﬁcordmﬁ E %té)%f“r’ée e e se‘q'fff%f’taelé1 S’re?uence 'foﬁné’ rises

gro wna&amamﬂ Glith“) ngcotﬂme aStlabpro@ippixesl visus. 7. A
virus according to anyone of clains 1 to 6 conprising

a nucleic acid or
A virus according to claim 4 wherein said open reading frame is selected from

the group of ORFs encoding the N, P, M, and F proteins.

6. A virus according to claim 5 wherein said open reading frame is selected from
the group of ORF's encoding the SH or G proteins.
7. A virus according to anyone of claims 1 to 6 comprising a nucleic acid or

functional fragment phylogenetically corresponding to a sequence shown in figure 6.

8. A virus according to anyone of claims 1 to 7 comprising an MPV isolate
deposited as I-2614 with CNCM, Institute Pasteur, Paris or a virus isolate
phylogenetically corresponding therewith.
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30 functional fragnent phyl ogenetically correspondi ng

to a sequence shown in figure 6. 8. A virus according
to anyone of clains 1 to 7 conprising an MPV isol ate
deposited as 1-2614 with CNCM Institute Pasteur,
Paris or a virus isolate phylogenetically
corresponding therewith. 106 9. A virus according to
claim8 isolatable froma human with respiratory tract
illness. 5 10. An isolated or reconbi nant nucleic acid
or MPV-specific functionakesfragnent thereof

obtai nabl e froma virus according to anyone of clains
1to 9. 11. A vector conprising a nucleic acid

a8cor db migus areaitliog he dgm &golafable Arofpos human Withgagpitatary bragh
NHGlL.&l ¢ acid according to claim10 or a vector
according to claim11l. 13. An isolated or reconbi nant

~proteinaceous nol ecul e or W-specific functional SRR
f RagMesnt 1551%ﬁ%9§ec&aﬁﬁﬁﬁdmbnémacia uxalvﬂmspaslﬁd finREe:tfrAgnent

oPstet e watls bom pineacGrinb seR F BT IAR T ona
fragnent there?T grford:pgcto cl ai m13. 15an?? o
Sbor o RS EpiRy 1 Jodit §64 SaRAR P EhyRdo Rt 1 O

identifying a viral |solate as an MPV conpri sing

' ‘it@"t | DYoL 0 ;ﬁr{sﬁ' an Ql'el% gd%Eﬁo?dl&@{m@eﬂﬁ% ey

an anti I'ng to 17. A net hod
f@q:COICHwQOldE}}mdg a Vi raI i solate as an MPV conpri sing
reacting said 25 viral isolate or a conponent thereof
with a nucl eic acid according to clai

10, _18. £ _
mé#hodAnielgtedion GecPrBbia PR HFPIEHEeHPUS ROGFLE 85 W&aps'ﬁiﬂ:fvmﬁ‘mﬂ

C @Bk $OBe:R o UkBRIRA bV Wucled ackPaccdrditigtalelai abat €
identifiable with a nmethod accordi ng to anyone of

clainms 16 to 18 as a mammal i an negati ve-sense single
stizandea aBNéed/doﬁile}.siWE b pidteihhi@ow tholéduid dryMPV-specific functional
am .y Paramnmyxouiridae and

greurrgw & = or o claym ]IIB

FF ogenetically corresponding to the
BREFPY SABTes" 358 %ﬁ% I di h
genus Metapneunovirus. 107 20. A nethod for

vi 5 ol 0.911 ggf!ﬂ!m\iy gﬂ)e@ﬁ@ﬁﬁ HQcR8 3&4:) 1yst aﬂfaﬁﬁéérp:{bc&thn@ t@ﬁ%h

16. A method for identifying a viral isolate as an MPV comprising reacting said

* viral isolate or a component thereof with an antibody according to claim 15,

17. A method for identifying a viral isolate as an MPV comprising reacting said

viral isolate or a component thereof with a nucleic acid according to claim 10.

18. A method according to claim 16 or 17 wherein gaid MPV comprises a human
MPV.

19. A viral isolate identifiable with a method according to anyone of claims-16 to
18 as a mammalian negative-sense single stranded RNA virus within the sub-family
Preumovirinae of the family Paramyxouviridae and identifiable as phylogenetically

corresponding to the genus Meiapneumovirus.
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conprising determining in a sanple of said mammal the
presence of a viral isolate or conponent thereof by
reacting said sanple with a nucleic acid according to
claim10 or an antibody according to claim15. 5 21.

A method for serologically diagnosing an MPV infection

of a mammal conprising deternmning in a sanple of

sai d mammal the presence!®@f an antibody specifically

cior ech&ﬁtﬁg&bMolo@i&aﬂﬂia@osmg ap diBhinfdctier gef migymal

react.i ai d sa US. BPé%EA&i' S18d

P agHeRT s uBF EL Bl b3 R RLRLE! AOGRILR: BPS GEHLERE o

anmpoyent Gewof Wi mepting sofl apmple mthzegnuchlmﬁcab%@ﬁné tplpim 10
AR0S JMEV, h;f ection conprising a virus

gg(%%%él n99 %cgl%a%qone o? claime 1 to 9, a nucleic acid

according to claim 10, a proteinaceous nolecule or

a0 MRt cthUGHEREIAGHNY SiaPibstre s6lMP Wik oA B AfkingRh
accor.di ggeft o.claim114 _15 anpd/or ant i bod)é acc%gjﬁ@ng

tcomprigipgleterminiag in g samyyle of sgid pRMBALDE ATHEPEL S &
C‘elp&hﬂiﬁé]l}l dvertdd, agamﬁtl.hﬁql MPF oﬁﬁdmboaéhmhddeﬁfg)ytrlmctmk aalmmle
yector .accor di to aim n
g HER Pl s mefub & RaBhliiiureR el R gR dudaagt i o
tdmeageoicccadmgltmdmga 140 claim 13, an antigen 20 accordi ng
to claim 14, or an anti body according to claim 15 for
the production of a pharmaceutical conposjition. 24.
e adckinedbatly kitdomdiagnasingat MV intecorowmprisipy agirug according

Rpak LIPS gf"(,t.léjﬁl? i atg 8 R%%ieic' £18 acEd?&x Etﬂ@clﬁﬁ?ﬁj HBRitei@hceous

preventlon 0 i nfection. . Use ac Ordl d
trerlequly anfragment tharepfgecordine by daitickd  apffgey according to claim 14

PRASIBE BhkiHoAR heco@RiERO Sk @6 for the treatnent or
prevention of respiratory tract illnesses. 26. A

phar maceuti cal conposition conprising a virus
aaac or isé\6f atﬁruarz\ycoﬁﬁ@ 12l adiy BBe cl@thsll th®, Hpudeinaid adcordingita

m 10 11,
F40D. St ool at Lo hBhe AT ARnCEL T
rmbtemabeeuomo}fedﬂd@wmﬁ‘ﬁgutehbtmwof scedigita glaxnm 13, ginaintigen,
A A %%ec” cgogdl ’L%g%&’df%@df%é%%d% A¥o é}?&H#thn ofa

accor d o craim 7 Ame for the
tnheaftlmnﬁlcabwrmoat@ntl on of an MPV'infection conprising
provi ding an individual with a pharmaceuti cal

corrp05|t| on accordi ng to claim?2
24, Use according to claim 23 for the product;xon ofa pharmaceutlcal composition

for the treatment or prevention of an MPV infection.

25.  Use according to claim 23 or 24 for the production of a pharmaceutical

composition for the treatment or prevention of respiratory tract illnesses.

26. A pharmaceutical composition comprising & virus according to any one claims
1 t0 9, a nucleic acid according to claim 10, a vector according to claim 11, a host cell
according to claim 12, a proteinaceous molecule or fragment thereof according to

claim 13, an antigen according to claim 14, or an antibody according to claim 15.

g
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28. A nethod for the treatnment or prevention of a

respiratory illness conprising 5 providing an

i ndi vidual with a pharnaceutical conposition according
to claim26. 29. A nethod according to claim 27 or 28
wherein said individual conprises a human. 10 30. A
nmet hod to obtain an antiviral agent useful in the
treatment of respiratory tract illness conprising
establishing a cell culture or experinental aninal
conprising a virus accorgeng to any one of clains 1
tg,9, treati aid culture or ani,mal Wwith an .
cThat d-pERan P o5 gt o Praratu o i NG L i SPrggprpe
sprodidangeintindividadivdilvd plusmaseutitl contpvbitivh hcnrdifg te @latin 26.
culture or animal, and selecting an anitviral agent
wth the desired 15 effect. 31. An antiviral agent

- 0B%-ai-Habbibodée thalireriment dripeevetidnel 2 ofspohiarniliaess c@@prising - -

Uﬁl%via{ngaaﬁ iAdlbiauitatn @&g%hé QEOH lihsitfon GLtdihedd cfafth 26.

the preparation of a phar maceuti cal conposition.
33. Use according to claim33 for the preparation of a

" pbar NnECALhLE Ao KRR Slatrh 0 or 380k heb 1L shifl GAEARIM ciprises a

rﬁégiratory tract 1llness. 25 34. Use according to
C ™32 or 33 for the preparation of a pharmaceutica
conposition for the treatnent of an MPV infection. 35.

haryhaceut i cal .conposi.tion conpri.si-ng an antijvir.a
o R il R BBl St SR 6 A PSR oh by
t frecitifiment conrprigingweiabliauingof coll RulMRY of exfpeditnenial oompl dosprigng
P . .c | . 0 | 'mWi t T . animal wi
PE e 4BG420 10 B ot db sty sl o e ARE TRE S B animat with an
f endidpie a@lﬁl@a@lmmt, éﬁterpﬁeifme !thi Qﬁﬁact@_f Sfa't_i ﬂ;,eslpbrr %@mﬂs or its
| dnFRBSSorGRARGILSIRY anjBfaQ,%ﬁ 516k tiAR aﬁ Qi H?én_t Witislgh@de%iéced

phar maceuti cal conposition according to claim 35.
AERE% hod according to claim36 or 37 wherein said
i ndi vi dual conprises a 5 human. 39. A nethod for

cal |l y. di agnosi ng an MPV infectiaqn_of apn aninmal

1ol adi

Xoﬁr%% v a@??ﬁq*rrwb?%caor%ﬁm the grethodiofclain #hl t he

presence of a viral isolate or conponent thereof by
ti id I it h l.ei i, d .

i1 by e SRR e SRR TR (P pESRRBRRREE of

arhaampcgntiqeh eumpwitions ( APV), said nucleic

83.  Use according to claim 33 for the preparation of a pharmaceutical composition

for the treatment of respiratory tract illness.

34.  Use according to claim 32 or 33 for the preparation of a pharmaceutical

composition for the treatment of an MPV infection.

35. A pharmaceutical composition comprising an aﬁﬁﬁral agent according to

claim 31,

86. A method for the treatment or prevention of an MPV infection comprising

providing an individual with a pharmaceutical composition according to claim 35.
. )
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acid or antibody being cross-reactive with a conponent

MPV. 40. A nethod for serologically diagnosing an MPV
i nfection of an animal conprising deternmining in a
sanpl e of said aninmal the presence of an anti body 15
directed agai nst an MPV or conponent thereof by
reacting said sanple with a proteinaceous nol ecul e or
fragnent thereof or antigen derived froman APV
i sol ate or conponent thereof, said nolecule, fragnment
or antlgen sel ect ed for bghng essentially honol ogous
a conpagnent of IVIPV. 20 41. A nethod for
v r’ﬂ? ‘ol oYFERIROrdPaFRYEIEHCT RFPVRINPD R R ERPIBIOH ness BPpRyising
C prgeidirsy Ai0ind BEMEY Wikih FighrinBcedtited Bih@sBibn Sebellity tb dlaln 85.
presence of a viral isolate or conponent thereof by
reacting said sanple with a nucleic acid according to

~CcB&l mAethodancording folaladly 3eaciTrvehiengn baid dhdinidual Songariseb a

nygl.gi,c acid or. anti body being cross- reactive with a
conponent of APV. 25 42. A method for serol ogically
di agnosi ng an APV infection of a bird conprising

dgber M Hefighaieh &oﬁ@my%&%o&@g &h ﬁw%@&sn Bf &paRa8 Of
an antlbody specifically directed _against an APV or

c BRFRIEEHE deforavinipg inysapmplecof pidamimalithe PRgseRoe Wi ¢ Firg isolate or
P S B ABOMSE by@éc@iﬁélkﬁd éﬂmﬂém RbiclbiB 8¢ 6f adGtBba Ny

to claim13 or an antig ccording to ¢l ai

s SiticeIEE aftae “Fﬁhfgq?@ﬂ?nes? ‘%&Ht“f’l@% ﬁ“%‘?"&ﬁ‘%@"rpfvg wfs‘éi“ﬁlgm
eadént ititoyly hanPirogatiftiv ¥1ih a ongRapanepv. of APV. 43. A
nmet hod according to anyone' of clains 39 to 42 wherein
said APV conprises APV-C. 110 44. Use of a

d A&g No& tiethotldgtsetbirgic a@n@siﬁ@areMPVA&e’cm@é af argmal

A B O BB Bl P b AN Y M BEAC
act@%@an@bmpb@éfes ctanpoemtyhgeqf hyrperetingssddhsanoly with 4.6

pf@&ﬁ&gofs%oléct&ﬁa ﬁ%&&&dt‘%ﬁ&@&‘f ofdhtah H&%ﬁ ﬁ@hlrfncmdlsolate or
agai nst MPV in a sanp conpr|3|n tes%ﬁ%%ésal

s Srproaentfheregh %?g%@gkv%e fragmenios ppfigey selec beinggsgentially
s peabibidus wifl apkbbedi §34pA7. A nethod according to
claim46 wherein said test conprises an enzynme i nmune

assay (ElA).
41, A method for virologically diagnosing an APV infection of a bird compnsmg

determining in a sample of said bird the presence of a viral isolate or component
thereof by reacting said sample with a nucleic acid according to claim 10 or an
- antibody according to claim 15 said nucleic acid or antibody being cross-reactive with

a component of APV.

42. A method for serologically diagnosing an APV infection of a bird comprising
determining in a sample of said bird the preserice of an antibody spec_i.ﬁcally directed
against an APV or component thereof by reacting said sample with a proteinaceou; :
molecule or fragment thereof according to claim 13 or an antigen according to claim
14, said molecule, fragment or antigen selected for being essentially homologous with

a component of APV,

43. A method according to anyone of claims 39 to 42 wherein said APV comprises
APV.C.
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44, Use of a diagnostic test designed to detect APV specific antibodies for the
detection of an antibody directed against MPV.

45 ° Use according to claim 44 wherein said test comprises an enzyme immune

“agsay (BIA). -

46. A method for the detection of an antibody directed against MPV in a sample
comprising testing said sample in a diagnostic test designed to detect APV gpecific
antibodies.

47. A method according to claim 46 wherein said test comprises an enzyme

immune assay (EIA).



