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1 Avirus causing respiratory tract illness in susceptible mammals. 5 The

invention relates to the field of virology. In the past decades several
etiological agents of mammalian disease, in particular of respiratory tract
illnesses (RTI), in particular of humans, have been identified'r. Classical
etiological agents of RTI with mammals are respiratory 10 syncytial
viruses belonging to the genus Pneumovirus found with humans (hRSV)
and ruminants such as cattle or sheep (bRSV and/or oRSV). In human
RSV differences in reciprocal cross neutralization assays, reactivity of the
G proteins in immunological assays and nucleotide sequences of the G
gene are used to define 2 hRSV antfgenic subgroups. Within the
subgrouRs e A% SEGHENGES1SRAHAMd b (GubapRIHLA).0h 2806 (Subgroup
B) identity, while only 53% as sequence identity is found between the
subgroups. Additional variability is observed within subgroups based on
monoclonal antibodies, RT-PCR assays and RNAse protection assays.
Viru%efmmbmg%%elmgﬁwmgéyide distribution and may occur
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Vamoen §onobnthalsbeasustilhnat Heatitidied dorikneion pathogensu? during a

single season. Infection may occur in presence of pre-existing immunity and the
antigenic variation is not strictly required to allow re-infection. See for example
Sullender, W.M., Respiratory Syncytial Virus Genetic and Antigenic Diversity.
Clinical Microbiology Reviews, 2000. 18(1): p. 1-15; Collins, P.L., McIntosh, K. and
‘Chanock, R.M., Respiratory syncytial virus. Fields virology, ed. B.N. Knipe, Howley,
P.M. 1996, Philadelphia: lippencott-raven. 13138-1851; Johnson, P.R., et al., The G
glycoprotein of human respiratory syncytial viruses of subgroups A and B: extensive
sequence divergence between antigenically related proteins. Proc Natl Acad Sci U S A,
1987. 84(16): p. 5625-9; Colling, P.L., The molecular Biology of Human Respira&ory
Syncytial Virus (RSV) of the Genus Pneumouvirus, in The Paramyxouviruses, D.W. )
Kingsbury, Editor. 1991, Plenum Press: New York. p. 108-153.

Another classical Prneumouirus 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.



SUMMARY In a first aspect, there is provided an isolated negative-sense
single-stranded RNA virus MPV belonging to the subfamily

Pneumovirinae of the family Paramyxoviridae and identifiable as
phylogenetically corresponding to the genus Metapneumovirus, wherein

the virus is capable of infecting nfammalian cells, wherein the virus is

human MPV isolate 00-1 or human MPYV isolate 99-1 In a second aspect,
guereiisprovided an isolated negative-sense single-stranded RNA
metappeymayis.Whsrein s splpiad pegafivesarse sindissandad; rua
RNA metapneumovirus comprises: (i) an rotein with the amino acid
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sequence as . shown in Figure 23; (v) an M2-1 protein with the amino acid
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as shown in Figure_20; otel] : . S
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Figure . 24, (vi) an M2-2 protein with the amino acid sequence as shown in
BoGrE @@?@Uﬁg’cﬁﬁis}ﬁ%?éiﬁ\}ﬁ‘fﬁeﬁe amino acid sequence as shown in
Figurdi28;tivid Jaape SHhsroteinrwittiethe aniitol acik seguenceizsesiionteiRNA
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protein with the amino acid sequence as shown in Figure 28&; (viii) an SH protein with the
amino acid sequence as shown in Figure 26; or (ix) a G Protein with the amino acid sequence
as shown in Figure 27,

In a fourth aspect, there is provided an isolated negative-sense single-stranded RNA
metapneumovirus, wherein the genome of the negative-sense single-stranded RNA
metapneumovirus encodes at least two proteins of the following: (i) an N Protein with the
amino acid sequence as shown in Figure 20; (ii) a P protein with the amino acid sequence as
shown in Figure 21; (iii) an M protein with the amino acid sequence as shown in Figure 22;
(iv) an F protein with the amino acid sequence as shown in Figure 23; (v) an M2-1 protein
with the amino acid sequence as shown in Figure 24; (vi) an M2-2 protein with the amino
acid sequence as shown in Figure 25; (vii) an L protein with the amino acid sequence as
shown in Figure 28; (viii) an SH protein with the amino acid sequence as shown in Figure
26; or (ix) a G Protein with the amino acid sequence as shown in Figure 27.

In a fifth aspect, there is provided an isolated nucleic acid, wherein the nucleic acid

encodes a protein comprising: (i) an amino acid sequence of the N protein as shown in Figure



(iv) an F protein with the amino acid sequence as shown in Figure 23; (v)
an M2-| protein with the amino acid sequence as shown in Figure 24; (vi)
an M2-2 protein with the amino acu% sequence as shown in Figure 25;
(vii) an L protein with the amino acid sequence as shown in Figure 28;
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a fifth aspect, there is provided an isolated nucleic acid, wherein the
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s disclosed ab ove or h the genoine or antigenome of the virus as
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dindpscisghdvided a host cell comprising any of the nucleic acids as
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E%r tein as shown in Figure 20 or a r?ﬁment thereof, (ii) an-amino acid
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thereof; (VI) an amino acid sequence of the M2-2 protein as shown in Figure 25 or a fragment
thereof; (vii) an amino acid sequence of the L protein as shown in Figure 28 or a fragment
thereof; (viii) an amino acid sequence of the SH protein as shown in Figure 26 or a fragment
thereof; or (ix) an amino acid sequence of the G protein as shown in Figure 27 or a fragment
thereof.

In an eleventh aspect, there is provided an antibody, wherein the antibody binds
specifically to a protein consisting of: (i) an amino acid sequence of the N protein as shown
in Figure 20; (ii) an amino acid sequence of the P protein as shown in Figure 21; (iii) an
amino acid sequence of the M protein as shown in Figure 22; (iv) an amino acid sequence of
the F protein as shown in Figure 23; (v) an amino acid sequence of the M2-1 protein as
shown in Figure 24; (vi) an amino acid sequence of the M2-2 protein as shown in Figure 25;
(vii) an amino acid sequence of the L protein as shown in Figure 28; (viii) an amino acid
sequence of the SH protein as shown in Figure 26; or (ix) an amino acid sequence of the G
protein as shown in Figure 27.

In a twelfth aspect, there is provided a method of detecting a human

metapneumovirus in a sample, wherein the method comprises contacting the sample with any



thereof; (vi) an amino acid sequence of the M2-2 protein as shown in
Figure 25 or a fragment thereof; (vii) an amino acid sequence of the L
protein as shown in Figure 28 or a fragient thereof; (viii) an amino acid
sequence of the SH protein as shown in Figure 26 or a fragment thereof;
obthpdnsihodivrine Asibwdgberce of the G protein as shown in Figure 27 or a
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sequence of the G Fﬁrotem as shown in Figure 27. In a twelfth aspect,
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In a nineteenth aspect, there is provided an infectious chimeric virus, wherein the
chimeric virus comprises the genome of an avian MPV, wherein one or more of the open
reading frames in the genome of the avian MPV have been replaced by the analogous open
reading frame from human MPV as disclosed above.

In a twentieth aspect, there is provided a pharmaceutical composition, wherein the
pharmaceutical composition comprises (i) the virus as disclosed above, and (ii) a
pharmaceutically acceptable carrier.

In a twenty-first aspect, there is provided a pharmaceutical composition comprising a
nucleic acid encoding the genome or an MPV-specific functional fragment of the genome the
virus as disclosed above, wherein said nucleic acid further encodes sequences of other
viruses.

In a twenty-second aspect, there is provided a diagnostic kit for diagnosing an MPV
infection comprising a virus as disclosed above, a nucleic acid as disclosed above, a peptide,
protein or fragment thereof as disclosed above, or an antibody as disclosed above.

The disclosure provides an isolated essentially mammalian negative-sense single
stranded RNA virus (MPV) belonging to the sub-family Preumovirinae of the family

Paramyxoviridae and identifiable as phylogenetically corresponding to the genus



attenuated virus as disclosed above. In a seventeenth aspect, there is
provided an infectious chimeric virus, wherein the chimeric virus

comprises (i) at least two contiguous kilobase pairs of nucleotide

sequence derived from a human MP\2&s disclosed above; and (ii)
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corres ondlng to a virus isolate deposited as 1-2614 with CNCM, Paris
Pﬂt g onging to the sub-family Pneumovirinae of the family Paramyxoviridae and

identifiable as phylogenetically corresponding to the genus Metapneumovirus by
determining an amino acid sequence of said virus and determining that said amino acid
sequence has a percentage amino acid homology to a virus isolate deposited as 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



corresponding to a essentially avian virus isolate of avian pneumovirus
(APV) also known as turkey rhinotracheitis virus (TRTV), the aetiological
agent of avian rhinotracheitis. For said phylogenetic analyses it is most
useful to obtain the nucleic acid sequence of a non-MPV as outgroup to
be compared with, a very useful outgroup isolate can be obtained from
avian pneumovirus serotype C fAPV-C), as is for example demonstrated
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particular with APV-C, the disclosure also provides means and methods to be
employed in the diagnosis and treatment of avian disease. In virology, it is most
advisory that diagnosis andior treatment of & specific viral infection is performed
with reagents that are most specific for said specific virus causing said infection. In
this case this means that it is preferred that said diagnosis and/or treatment of an
MPYV infection is performed with reagents that are most specific for MPV. This by no
means however excludes the possibility that less specific, but sufficiently eross-
reactive reagents are used insiead, for example because they are more easily
available and sufficiently address the task at hand. Herein it is for example provided
to perform virological and/er serological diagnosis of MPV infections in mammals

with reagents derived from APV, in particular with reapgents derived from APV-C, in



herein for the nucleic acids encoding the L protein, the M protein, the N
protein, the P protein, or the F protein as identified herein below in
comparison with APV- C. Again as a rule of thumb one may consider ar.
IVIPV as belonging to one of the two serological groups of 1V as
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Metapneumouviruses, it suffices to design or.select primers or probes based on those
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stretches of virus-specific nucleic acid sequences that show high homolegy. In
general, for nucleic acid sequences, homology percentages of 90% or higher guarantee
sufficient cross-reactivity to be relied upon in disgnosiic tests utilizing stingent
.conditions of hybridisation. )
The disclosure for example provides a method for virologically diagnosing a

MPYV infection of an animal, in particular of 2 mammal, more in particular.of o
buman being, comprising determining in s sample of said animal the presence of &
viral isolate or component thereof by reacting said sampie with a MPV ‘specific
nucleic acid a or antibody according to the disclosure, and a method for serologically
diagnosing an MPV infection of 8 mammal comprising determining in a sample of

said mammal the presence of an-antibody specifically directed against an MPV or



EUSA specifically designed to detect APT antibodies in birds. A particular
useful test for this purpose is an EUSA test designed for the detection of
APV antibodies (e.g in serum or egg yolk), one commercialy available
version of which is known as APV-Ab SVANCI]VM (r) which is
manufactured by SVANOVABiotech AB, tip peal Science Park Cxlunten
BE-751 88 Uppsala Sweden. TRe reverse situation is also the case,
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reactive nucleic acid derived from APV (preferably serotype Cior a cross-reactive
anfibody reactive with said APV, and 2 metnod for serologically diagnosing an MPV
infection of & mammal comprising determining in a sample of said mammal the
presence of a cross-reactive antibody that is also directed against an APV or
component thereof by resciing said sample with & proteinsceous molecule or
fragment thereof or an antigen derived from APV. Furthermore, the disclosure
provides the use of a diagnostic kit inifially designed for AVP or AVP-antibody
detection for diagnosing an MPV infection, in particular for detecting said MPV
infection in humans.

The disclosure 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 2 cross-reactive



said mammal the presence of an antibody specifically directed against an
MPV or s component thereof by reacting said sample with a MPV-specific
proteinaceous molecule or fragment thereof or an antigen according to
the disclosure. The disclosure also provides a diagnostic kit for diagnosing
an MPV infection comprising an WV, an MTV-specific nucleic acid,
proteinaceous molecule or fragment thereof, antigen and/or an antibody
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The disclosure thus provides a novel etiological agent, an isolated essentially

vagcine

8|agnost|c E}? |n|t|a Yy

meamimalian negative-sense single stranded RNA virus (berein also called MPV)
belonging to the subfamily Pneumouvirinae of the family Paramyxoviridae but not
jdentifiable as a ciassical pneumovirus, and belonging fo the genus Metapneumouirus,
and MPV-specific components or synthetic annlogues thereof, Mammalian viruses .
resembling metapneumovirnses, Le. metapneumoviruses isolatable from mamma.is
that essentially function as natural host for said virus or cause disesase in said
mammals, have until now not been found Metapneumoviruses, in-general thought to
be essentially restricted to poultry as patural bost or aetiological agent of disease, are
also known as avian pneumoviruses. Recently, an APV isolate of duck was described
(FR.2 801 607), further demonstrating that APV infectaons are essentially restricted
to birds as natural hosts.
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detection for diagnosing an MEW infection, in particular for detecting said
infection in humans. The disclosure also provides method for virologicaliy
diagnosing an APV infection in a bird comprising determining in a sample
of said bird the presence of a viral isolate or component thereof by
reacting said sample with a cross-reactive nucleic acid derived from
NMPV or a cross-reactive antibody reactive with said 1Vit'V, and a
method. for serologically diagnosing an APV infection oé‘a bird,comprising
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virusconstructs ‘that are useful as a vaccine, being sufficiently dissimilar

- of fulfierpisensied BrRsavKHSraaE e sreetiie Hankeipe dferited to a

maesiabliedavel FeinlaeveiseegenBiCtacmyudsawill maketbalemrder,

- wPeSRISA0 AR0GIAlE GNMELS RAIAIHNRYILES P BRNGNIANIS o AP in

constructs, such as PO’ r N 'V constructs for us in a_vaccine
thg SR SO RS EEF EGMRtIRARRE BURRRIR PRI S 2TRABTG DR el
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- aiddes2.novelstiological agent. anisalated essentially marnaliaiped

negative-sense single stranded RNA. virus. (herein also called_ 1EDV) '
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homologies with the respective proteins of APV, can alse be used to discriminate
between APV and MPV. For example, phylogenetic analyses of sequence information
obtained from MPV revealed that MPV and APV are two different viruses. in
particular, the phylogenetic trees show that APV and MPV are two different ineages
of virus. We have also shown that MPYV is circulating in the human population for at

least 50 years, therefore interspecies transmission has probably taken place at least

" B0 years ago and is not an everyday event.Since MPV CPE was virtually

indistinguishable from that caused by bRSV or hPIV-1 in tMK or other cell cultures,
the MPV may have well gone unnoticed until now. tME (tertiary monxey kidney
celis, 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 Paramyxouviridae, characterized by syncytium formation



and 'P2-specific components or synthetic analogues thereof. Mammalian
viruses resembling metapuenmoviruses, i<e. metapneumoviruses
isolatable from mammals that essentially function as natural host for said
virus or cause disease in said mammals, have until now not been found-
etapneumovirnses, in general thought to be essentially restricted to pouit
y as.natural host or aetiological agent of disease, are also known as
avian pneumoviruses. Recently anAPVisolate of duck was described
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seqguence
AB ancl D the G protein shows 98.5 t0°99.7% aa sequence identity within subgroups

while between the subgroups only 31.2- 88% aa identity is observed. See for example
Collins, M.S., Gough, R.E. and Alexander, D.Jd., Antigenic differentiation of avian
bneumouirus iselates using polyclonal antisera and mouse monoclonal antibodies.
Avian Pathology, 1998. 22: p. 469-479.; Cook, J.K.A., Jones, B.V., Eliis, MM.,
Antigenic differentiation of strains of turkey rhinotracheitis virus using monoclonal
antibodies. Avian Pathology, 1998, 22: p. 257-273; Bayon-Auboyer, M.H., et al., i
Nucleotide sequences of the F, L and G protein genes of two nen-A/non-B avian
pneumaviruses (APV) reveal a novel APV subgroup. J Gen Virel, 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 pneumouirus isolate is distinct from
European strains. Virus Res, 1998. 58(1-2): p. 45-52; Bayon-Auboyer, M.EL, et al,,
Comparison of F-, G- and N-based RT-PCR protocols with conventional vifoiogical
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homologies with the respective proteins of A.PV, can also be used to
discriminate between APV and MPV. For example, phylogenetic analyses
of sequence information 25 obtained from leV revealed that MOO and
APV are two different viruses. In particular, the tb.yiogenetic trees show
that AT'V and MPV are two different lineages of virus. We. have also
shown that MPS' is circulating in the human population for at least 50
years, therefore interspecies transmission has probably. taken place at
Profee T s R T AT BT ST P s
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impartant cause of lower respiratory tract. infections during infancy and
m(‘ex‘arETi/lzceiaﬂd?l"%d?hooe f W%sffang\% vt%}ro lf%‘e{(r)n %lrast%f the Pneumovirus genus
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e S L L T o R
PORERIBERDT 2k el cearssrsdy fed Turéta et fovifasteniE - fifclte-28%8aid
(2ua@s. until now not associated with infections, or what is more, with disease

of mAmimals.SerieniialHRAOHBS.Al ABN.can g Alfpigpyated on the

basis o
taxonomically corresponding to & (hereto unknown mammalian) metapnewmovirus

comprising a gene order distinct from that of the pneumoviruses within the sub-
family Preumouirinae of the family Paramyxouviridae. The classification of the two
geners is based primarily on their gene constellation; metapneumoviruses generally
lack nop-siructural proteine such NSI or NS2 ( see also Randhawa et al., J. Vir.
71:9849.9854 (1987 and the gene orderis different from that of PREeUNOVIruses {RéV:
'3-NS1-NS2-N-P-M-8H-G-F-M2-1L-§', APV: *3-N-P-M-F-M2-SH-G-1-§) ¢4¢, MPV a5
provided by the disclosure or a virus isolate taxonomically corresponding therewith is
upon EM analysis revealed by paramyxovirus-like particles. Cons{stent with the
classification, MPV or virus isclates phylogenetically corresponding or taxonomically
corresponding therewith are sensitive to treatment with chioroform; are cultured
optimally on tMEK cells or cells functionally equivalent thereto and are essentially
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nucleotide or amino acid sequences of the G glycoprotein and
neutralization tests using monoclonal antibodies that also recognize the G
glycoprotein, Within subgroups A, B and O the G protein shows 98.5 to
99.7% as sequence identity within subgroups while between the
subgroups only 31.2- 38% as identity is observed. See for example
Collins, 'NLS., Gough, R.E. anquIexander D.d,, Antigenic differentiation

of avian pneumouirus isolates using polyclonal ntisera
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within the subfamily Prneumovirinae. The highest amino sequence homology, and

‘defining fhe structural correspondence on the individual protein level, between MPV
and any of the known other viruses of the same family to date (APV subtype C) is for
matrix 87%, for nucieoprotein 88%, for phosphoprotein 68%, for fusionpxbtein 81%
and for parts of the polymerase protein 56-64%, as can be deduced when mmam
the sequences given in figure 6 with sequences of other viruses, in particular of AVE-
C. Individual proteins or whole virus isolates with, respectively, higher homelogy to
these meniioned maximum values are considered phylogenetically corresponding and
thus taxonomically corresponding to MPV, and comprise & nucleic acid sequence
structurally corresponding with a sequence as ghown in figure 6. Herewith the

disclosure provides a virus phylogenetically corresponding to the deposited virus.
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neutralized by the antiserum to the Colorado isolate. The Colorado strain
of APV does not protect SPF c-tticks against challenge with either a
subgroup A or a subgroup B strain of TIC virus. These results suggest that
the Colorado isolate may be the first enple of a further serotype of avian
20 pneumovirus, as also suggested by Bayon-Auboyer et al (JI. Get.. Viz.
81-:2723-2733 (2000). In a preferred embodiment, the disclosure
provides an isolated MPV taxamomically corresponding to a (hereto
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6&%@9&%3)‘.’9’ and rest a illu& obtained virus for the
Also, the viral sequence of & MPV isolate or an an isolated MPV L gene as provided
herein for example shows less than 61% nucleotide sequence identity or less than
63% amino acid sequence identity with the respective nucleotide or amino acid
sequence of an APV-A polymerase gene as for example provided by Randhaws et al.,,
dJd. Gen. Vir. 77:3047-3051 (1996). »
Sequeﬂce divergence of MPV strains around the world may be somewhat
hlgher in analogy with other viruses. Consequently, two potential genetic clusters -
are 1deni:1ﬁed by analyses of partial nucleotide sequences in the N, M, F and L ORFE
of 9 virus isolates. 90-100% nuclestide identity was observed within a cluster, and 81-
88% identity was observed between the clusters. Seguence 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/39/01 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



presence of genes encoding (functional)) NS | or NSZ or essentially
demonstrate a gene order that is different from that of pneumoaiauses
such as RSV as already discussed above. Furthermore, a virus isolate
phylogenetically corresponding and. thus 15 taxonomically corresponding
with MPV may be found by cross-hybridisation experiments using nucleic
acid from a here provided N M¥zisolate, cr in classical cross-serology
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£C be more ctlgsely phylogenetically corresponding to & virus 1salate

deposited as I-2614 with CNCM, Paris than it is corresponding to & virus isolate of
avian ppeumovirus (APV) also known as turkey rhinotracheitis virus (TRTV), the
aetiological agent of avian rhinotracheifis.

Suitable nucleic acid genome fragments each useful for such phylogenetic tree
anslyses are for example any of the RAP-PCR fragments 1 to 10 as disclosed herein
in the detailed description, leading to the various phylogenetic tree analyses as
disclosed herein in figures 4 or 5. Phylogenetic tree analyses of the nucieoprotein M),
phosphdprotein (P}, matrixprotein (M) and fusion protein (F) .genee of MPV revealed
the highest degree of sequence homology with APV serotype C, the avian

pneuwmovirus found primarily in birds in the United States



nucleotide level was found to be 94-100 for L, 91-100 for M, 90-100 for N
and 93-100 10 for F and at the amino acid level the percentage identity
was found to he 91-100 for L, 98-100 for M, 96-100 for N and 98-100 for
F. A further comparison can be found in figures 18 to 28. The minimum
percentage identity at the nucleotide level for the entire group of isolated
essentially mammalian negatime sense single stranded RNA virus as
oLesEieg MRy s RiendsIled sadLnes ok and 1. 86 for
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11% with other paramyxoviruses (Table 6).

Barr et ol (1991) identified 3 regions of simitarity between viruses belonging to the
order Mononegouirales: A, B and C (Figure 8). Although similarities are hizhest
‘within 2 viresfamily, these regions are highly conserved between virus familys. In all
three regions MPV revealed 97% aa sequence identity with APV-C, 88% with APV-B,
82 with APV-A, and 66-73% with RSV and PVM. The region between as residnes 160
and 340 appears to be highly conserved among metapneumoviruses and to & i
somewhat lesser extent the Pneumovirinae QMivanara et al., 1882; 1i et al., 1996;
Barr et al., 1891). This is in agreement with. MPV being & metapneumovirus, this
particular region showing 89% similarity with APV C. '

Another suitable open reading frame {ORF) useful in phylogenetic analyses
comprises the OBF encoding the P protein. When an overall arnino acid identity of at

least 70%, preferably of at least 85% of the analysed P-protein with the P-protein of



that have a m inimmum percentage identity at the nucleotide sequence
level with a prototype M.PV isolate as provided herein of 81 for L and M,
83 for N andior 82 for F are members of the group of IviPV isolates as
provided herein . At the amino a=id level, these percentage are 91 for L
and N, 94 for N°, and/or 95 for F. When the percentage amino acid
sequence homology for a given virus isolate is higher that 90 for L and N,
93 for .1. , or 94 for F, the. viru&‘isolate is similar to the group of V
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pﬁ@%ﬁg%ﬁg }gg&%ﬁgse %%t@ﬁﬁs of other pneumoviruses, The M ORF of MPV

has exactly the same size as the M ORFs of other metapneumoviruses (Table &) and

shows high az sequence homology with the matrix proteins of APV (78-87%) lower
homology with these of RSV and PVM (87-88%) and 10% or less homology with those
of othe:f paramyxoviruses [Table 6). Kaston (1997) compared the sequences of matrix
proteins of all pneumoviruses and found & conservedhexapeptide at residue 14 to 18
that is. also.conserved in 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 a;xd
51 aa in bRSV, 76 a2 in RSV, 46 as in PVM and 51 es in APV) (Yu et al., 1992;
Easton et al., 1897; Samal et al., 1991; Satake et al., 1984). We noticed two small
ORFs in the M ORF of MPV. One small ORF of 54 aa residues was found within the
major M ORF | starting at nuclectide 2281 and one small ORF of 33 az residues was
found overlapping with the major ORF of M ééarting at nucleotide 2893 (dats not
shown). Similar to.the secondary ORFs of RSV and APV there is no significant



mammalian negative-sense single stranded RNA virus (NfPV) belonging
to the sub- family Pneumousrinae of the family Paramyxauiridae and
identifiable as phylogenetically corresponding to the genus
ietapneumouirus by determining a nucleic acid sequence of a suitable
fragment of the genome of said virus and testing it in phylogenetie tree
analyses wherein mammum likelihood trees are generated using 100
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paramyxoviruses, the I protein of MPV revealed typical fusion protein characteristics

consistent with those described for the F proteins of other Poramyxoviridae family
members (Morrison, 1888). ¥ proteins of Paramyxoviridae members are synihesized
as inactive precursors (R0) that are cleaved by host cell proteases which generate
amino terminal F2 subunits and large carboxy terminal F1 subunits. The proposed
cleavage aite (Collins et al., 1996) is conserved among all members of the
Faramyxoviridae family. The cleavage site of MPV contains the residues RQSE. Beth
arginine (R) residues are shared with APV and RSV, but the glutamine (@) and
serine (5) residues are shared with other paramyzoviruses such as human
parainfinenza virus type 1, Sendai virus and morbilliviruses (data not shown). The
bydrophobic region at the amino terminus of F1 is thought to funétion as the
membrane fusion domain and shows high sequence similarity among

paramyxoviruses and morbilliviruses and to g lesser extent the pReumoviruses



comprises the ORF encoding the P protein. When an overall amino acid
identity of at least 70%, preferably of at least 85% of the analysed
P-protein with the P-protein of 14 isolate 1-2614 is found, the analysed
virus isolate comprises a preferred MPV isolate according to the
disclosure. The second ORF in the genome mat) codes for a 294 as
protein which shares 68% as sqguence homology with the P protein of
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metapneumovirus- s (Table ) and shows high.aa sequence homology
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9859% %M%@?QQQ%” %@‘i&@g g@%@fb@ MPY, located adjacent tothe F gene,
encodes & 187 aa protein (Table 5), and reveais the highest (84%) homology with N2-1
of APV.-C (Table &). Comparison of gll pneumoviras M2-1 proteins revealed the
bighest conservation in the amino-terminal half of the protein {Collins ef al., 1980;
Zamora et al., 1992; Abmadian et ¢l., 1899}, which is in agreement with the
observation that MPV displays 100% simitarity with APV-C in the first 80 as
residues of the protein (Figure I24). The MPV M2-1 protein contains 8§ cysteine
_residues located within the first 30 aa residues that are conserved among all
pneumoviruses. Such a concentration of cystaines is frequently found in zinc-binding
proteins (Ahmadian et al., 1991; Cuesta et al., 2000).

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

eontrol-of the switch between virus BNA repheation and transcription (Collins et al.,



51 as in bRSV, 75 as in RSV, 46 as in FVM and 51 as in APV) (Yu at al.,
1992; Easton at a:., 1991; Samal at al., 1991; Satake at cat., 1984). We
noticed two small ORFs in the M ORE of MPV. One small OPJ of 54 as
residues was found within the major M OR:.E , starting at nucleotide 2281
and one small OR' of 33 as residues was found overlapping with the
major ORE of M acarting at nycleotide 2893 (data not shown). Similar
to.the secondary ORFs of 3LSVT and APV there is no significant 25
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con%grved features among F proteins of paramyxoviruses, and also seen
f
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for Papaiensxe eiricaefamiy. meriberSHMoEsom)3I08& el Rkateing of the MPV
L p?o%er_g:mézx?lgéx%i gf éna?nrgtaler ] Xxggl gﬁ&ﬁgumﬂmw with sll pneumoviruses
and in motif D MPV shares 100 % similarity with APV and 92% with RSV's, For the
entire domain 1T (aa 626~ 847 in the L ORF), MPV shares §3% identity with APV, 67-
68% with RSV and 26-30% with other paramyxoviruses (Figure 15). In addition to the
polymerase motifs the pneumovirus L proteins contain a sequence which conforme to
a consensus ATP binding motif K nGRBGAGNC R (Stee, 1291).The MPV L ORY
conbains 2 shmilar motif ag APV, in which the spacing of the intermediate residues ;s
- daff by one: Kx)GEGAGNZ)w I

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

virus isolate comprises a preferred MPV isolate according to the disclosure. The gene



as inactive precursors (FO) that are cleaved by host cell proteases which
generate amino terminal F2 subunits and large carboxy terminal F1
subunits. The proposed cleavage site (Collins at a,'.., 19936) is
conserved among all members of the Paramyxouiridsre family. The
cleavage site of h11FV contains the residues RQSR. Both arginine (R)
residues are shared with AT'V gnd MMI, but the glutamine (Q) and ser me

1&@&@359%%% Q3 r&?&‘i@@"@t L Qiher PRBAMYXQVIEUSES,SUE AR DHPBAN the
paraintuenza virus

ype 1, Sendai virus and morbilliviruses (data not,
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ent. the pneumoviruses (Morrison, 1988). These 26 residues (position ;
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the F2 subunits o

‘ APP and other paramyxovirusea, 'V revealed.a AT
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prbindririber moresiolR Yl AR pdhensighbtshreptidetamdit NGV 2, APV
1 M@%ﬂ?ﬁ% f@g@gg}q be conserved within subtypes and displayed high
’varlab'i“té between subtypes (Plows at al., 1995;?%%0%%%?;‘@., 1998). The
The daroBRRigE srall AT 4Be T 352 R BEREHY &Pt sintio tERRiNTS of P2
reestibifsisdmessagtren ersiradanytict iFkRN-CPLe Thst B 28Es rbsliViend

wBResinilan and iess RenservationMthmthes ARM $yar 38k Mushmare 3o-
variability is seen in the membrane anchor domalg at the carbo évéro hobic
B TR S RRTV A B E FBRTBIRG TR 158 SEEH Rith SRR Qdrop
dondtheosnitaiigiopeAlread nbsfiasmbill K- Fymasialu. itngdnhege iC SE
2 alNS6 3. comprisas-the ORIk epeadinethe Miprotain: Viheim an-veiabus
amino acid identity of at least 85%, efgrgbg/ of at least 90% %}:Qe also
SEPERIEEY KRB tRRP R ATRE TS N Arotein o e olae 120814 1s Tound. the
fogndlyséd GELIOTO ke EOYprstiseapbdierred MPV isolate according to the
Aﬂb‘%ﬁl&%ﬂh ®©hn &é@gﬂ%b &umd @p&” %&ﬁ@&@ﬂér(m&ﬁh ¢ fYGroOMerapRg:
OREFs have beenob ed in all pnet ovi%gse%,;lr e first nsior. CIRF -«
o 6F§§e“ﬁf%pﬁﬁseei}% 1%)%%@%0 WREh SN rz_{?:esuihe p?ggéls%‘f\e/fty pafx?g% vial po )
idpmigractei BoHif U nrsiaodb; Calliiast J98) MRIIRTEFGIHICHGH Brst 78% of
tHOSEGRAIA regiRnsH- I AbrdRRBsFeas abalis 1999)dT e Ma-hgehe
Vlfl%[; 'i\él(gz}{é !:%?n%trezgesa 29 L‘?‘%%P&é%@% lfs&a%@%bcording to the disclosure. The G
ORF of MPV is located adjacent to the SH gene and encodes a 236 amipo acid protein.
A secondary small ORF is found immediately following this ORF, potentially coding
for 68 aa residues (pos. 6975-7178,), but lacking & start codon. A third major ORY, in
a different reading frame, of 194 as residues (fragment 4, Figure 7) is overlapping
with both of these ORFs, but also lacks a staricodon (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 iscking & start codon. Finally, a potential
ORF of 87 aa residues (but lacking a startcodon) is found in the third reading frame
(nt 6444-6787, Figure 1). Uniike the first 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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encodes a. 187 as protein (‘Fable 5), and reveals the highest (84%)
homology with M2-'s. o_ Al'V -C (Fable 0). Comparison of all pneumovi: -
as Al12-1 proteins revealed the highest conservation in the amino-terminal
hall of the protein (Collins at al., 1990; Zamora at al., 1892; Ahmadian at
a?., 1999), which is in agreement with the observation that MPV displays
100% similarity with APV-C; in the first 8t as residues of the protein
(Figure 12A). The ITV M2-'i prot&in contains 3 cyateine residues located
exliiii the filst ddAteksiddas iwahanesscnsenyecsasi@ngalhrate proteins or
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anal sed Irprotein with th I rotein of |sol found,
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ditB¥siand appeaaa(Ralety 436 Wit Othetoaral 106syiFuses:(Tedie 6).
TRAGRINEL o (AR 1 RIILE YIS SIEERNREMELINNANSs similar to otber
poneumoviruses: MPV has §, whereas hRSV has 7, bRSV has 5, and APV has 3 to &.

The predicted hydrophobicity profile of MPV G revealed characteristics similar
to the other pneumoviruses, The amino-terminus contains a hydrophylic region
followed by a short hydrophobic area (aa 33-53) and & mainly hydrophilic carboxy
terminus (Figure 14B). This overall organisation is consistent with that of an
anchored type II {ransmembrane protein and corresponds well with these regions m
the G protein of APV and RSVP The G ORF of MPV contains only 1 cysteine resx&ue
in contrast to RSV and APV {6 and 20 respectively).

Aecording to classical serological analyses as for example known from

- Francki, R1LB.; Fauguet, C.}M., Knudson, D.L., and Brown, F., Classificatior. and

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



within the , proteins of non-segmented negative strand RNA viruses, from
which domain ?Il contained the four core polymerise motifs that are
thought to be essential for polymerise function. These motifs (. B, C and
D) are well conserved in the MPV L protein: in motifs A, B and C: 1V'P’
shares 100% similarity with all pneumoviruses and in motif D MPV share:
100 % similarity with A:PV and 92% with P.S V s. For the entire domain
[l (aa 626- 84.7 in the L OFD )241LI' shares 83% identity-with APt.', 6.7-

Vi d%? With §2Y 386128:30%with ©sher Dayamyxavires es(kigw gidb), in
aadi

) dition to the polymerase motifs the movirus L rof ing co tgi a.
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aci} GrINF ISR RET PN Sisrlias Barinney apt TRk adEitics
hufnighen] 3BM, ThaBRCRRIRGE ARY eind m%&%hgmémy&m;uem
hNIEIDIRYS (A7 4:30) varkeniraldygropkohicdamain #as4iBy 234 wiieh can

serve as a potential membrane spannlr_lg domain, a second hy?roggobic
genomes, eagentially no discernable amino acid sequence homology was ic

between two of the ORFs of the human isolate (MPV) and any of the ORFs of other

paramyxoviruses. The amino acid content, hydrophobicity profiles and Jocation of

these ORFs in the viral genome show that they represent & and SH protein
analogues. The sequence homology between APV and MPV, their similar genomic
organization (3"-N-P-M-F-M2-58-G-1-5") as well as phylogenetic analyses provide
further evidence for the proposed classification of MPV as the first mammalian
metapneumovirus.New MPV isolates are for thus example identified as such byv:rus
-isolation and characterisation on tMX or other cells, by RT-PCR and/or sequence
analysis followed by phylogenetic tree analyses, and by serclogic technigues such as
virus neutralisation assays, indirect immunofiuorescence assays, direct
immunofluorescence assays, FACs analyses or other immunological techniques.

Preferably these techniques are directed at the SH and/or G protein analogues.



domain around residue 160 and a hydrophilic C -terminus. in contras’,,
RSV S.R appears tolacl: the "terminal half of the APV and MPV 0110s. In
all Dueumovirus SE proteins the hydrophobic domain is flanked by basic
amino acids, which are also found in the SH ORF for hE3V (aa 29 and
54). Another much preferred suitable open reading frame (010) useful -in
phylogenetic analyses compriges the ORF encoding the G protein. When
an gverall amino acid identity of at least 30%, preferahly of at least 50%,
Mol PRABPABIIS A RISSPEHIDACHE AT &‘tﬂ%f’&‘%iﬁ%ﬁﬁ the
isolatprof AP Yfds platdde 2 birkis, tbemabtthel spmlydsidevirosistinte esrempigls
MEVRIRIRHAI NP sYelatlalprRGeRrding 10 the siselogte, dhe.0 KRGl MAV
is located adjacent to the. SH gene and_encodes a 236 amino acjd protein.
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Ional coding sequences are expressed as separate proteins or
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phylogenetically corresponding to & nucleic acid sequence shown in figure 6¢, 8L, 6¢,

O 7y

or structurally corresponding therewith. In particular the disclosure provides a virus
characterised in that afier testing it in phylogenetic tree analyses wherein maximum
lkelihood trees are generated using 100 bootstraps and 8 jumbles it is found o be
* more closely phylogenetically corresponding to & virus isolate deposited as 1-2614

with CNCM, Paris than it is related to a virus isolate of avian pneumovirus (APV)
alsc known as turkey rhinotracheitis virus (TRTV), the aetiological agent of avian
rhinetracheitis. It is particularly useful to use an AVP-C virus isolate as ouigroup in
said phylogenetic tree ansalyses, it being the closest relafive, albeit being an
essentially non-mammalian virus, '

We propose the npew human virus to be named human metapnewmovirus or

metapneumovirus-like virus (MPV) based on several observations. EM analysis



with the low sequence homologies found for other G proteins such as
hPSSV A. and B (53%) (Johnson et al., 1987) and APV A and B (38%)
(Juhasr at at., 1994). Whereas most of the MPV ORFs resemble those of
APV both in length and sequence, the G ORF of h",FV is considerably
smaller than the G ORF of APV (Table 5). The as 15 sequence revealed a
serine and threonine content 0#%34%, which is even higher than the 32%
refesliPdranchddinbdiPdirite: CRRiBtalsoveintangB506abialidéry
apFRRiddes v iGHIR: RigheHhan e 3¥aiaR Y mee DoudenAl dpihe on

unusual abundance of proline residues in the G roteinsdql: \P PZlZ.IL
EME eeNim0oHs Eapslrn SErP Bl ves ?ﬁ“ ’é‘f?gw&el ¢ BT ticous ofigin

as\iitetepitdt GPM ajol idetarihmrantafitinereterivithrew2G wihtoasibitalirus is
| NG (GO WRE R At oh2B 3 MY QHZ:8L Blenik386: HEM AhehaBRkiddimg
number of potential N-linked gl costylgt ion sites in G of RSV is similar to
acHiRE PREUFHERARREBS TEHAE B whereas bESV has 7, bRSV has 5,
and APW tragBieots: disalegyre dietaeehyded PROBIERY MREFIESE NIP G
i o . Sﬁﬁg%g%%h'l' %%25 f Irﬁbﬁ(ﬁ; mﬁn
amino-terminus ¢ S rophilic regio e a.short
SUKS %iﬁeﬁ?é%%%?%?g]é% ﬁﬁlo%m ainty %%Fgﬁhl IC%%%%%? l?éFﬁEﬂ] us
sifElgue thdi cdbaist by &R o iyasnsasoTeisoEbhs Bisvalitretsahb gy bslow
th@&%@%%éxﬁ&g&émeﬂ?b&n@e%m@a% corespancs el with shese
regions in the rotein .of, ARV and RSVI-The G OR MRV contains
PR T B AT A R ARt e S ABU (Bt B oy o
raespeSthve PR30 Potekdirrpisietansicir se e friezitanhaly 888 WS ToY
pXample kRown o franekbdRdal. wreatigusitaMeKitdsen; Bxshleaad
Browp, F., Clasﬁigation %Qd er%’%rgglr%glgt re of ‘éi:%%esb Eifth report of the
interrational Committee o axonomy ot 280 Viruses. Arch Viro 1 1.
DEBBPPIEORITRED ejpcran inosgpP MY\ iSGata 93196 i qerifia priigge against
kRSIANGIBE e RISerRiYppasRvidad harein, beingitalined-emtbeibasis of

=S A0 A0I00cEl ANGINENERs ASBIRUNNE, Y LARIAING seva raised

neu?ra?lsza?lon with animal. antisera (obtaine frgm for example ferrets or
agrine AgEtas srRiedeTHmRs ERAEE SRR SN S e SETeR PR Has
teithendio sossicaalionitiibth@s-orshawicgibomalogeyseiee homology
2LgiaQloa0us et/ 8o 21010, bl diseeians . vauralizalignabgws 2

certain egree o cross-reaction between two VIrUses |n,e|th,er »
Metapneumovirus genus. Serological surveys showed that this virusis a relatively
common pathogen since the seroprevalence in the Nethertands approaches 106% of
humans by the age of five years. Moreover, the seroprevelance was found o be
equally high in sera collected from humans in 1958, indicating this virus bas been
circulating in the buman populaiion for more than 40 years. The identification of this
proposed new member of the Metopneumouirus genus now also provides for the
~ development of mears and methods for diagnostic assays or test kits and vaccines or
serum or antibody compositions for viral respiratery tract infections, and for methods
o test or screen for antiviral agents useful in the treatment of MPV infections.

To this extent, the disclosure provides among others an isolated or »

recombinant nucleic acid or virus-specific functional fragment thereof obtainable from

a virus according to the disclosure. In particular, the disclosure provides primers

and/or probes suitable for identifying an MPV nucieic add.



or both directions (homologous-to-heterologous tier ration of eight or 16),
distinctiveness of serotype is assumed if substantial
biophysical/biochemical differences of DNA's exist. If neutralization shows
a distinct degree of cross-reaction between two viruses in either or both
directions (homologous-to-heterologous tier ration of smaller than eight),
identity of serotype of the isolates under. study is assumed. As said,
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to the disclosure. Plasmid or viral vectors containing the polymerase components of

MPYV (presumably N, P, L and M2, but not necessarily limited thereto} are generated
in prokaryotic cells for the expression of the components in relevant cell types
(bacteriz, insect cells, eukaryotic cells). Plasmid or viral vectors containing fuﬁ-lené'th
or partial copies of the MPV genome will be generated in prokaryotic cells for the
expression of viral nucleic acids in-vitro or in-vive. The latier 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 rephication defective
virus, andnmay contain mutations, deletions or insertions for the -g;neraﬁon of
attenuated viruses.



animal, is also feasible) with the prototype isolate 1-2614 or related
isolates. Sera are collected from the animal at day zero, two weeks and
three weeks post inoculation. The animal specifically seroconverted as
measured. in virus neutralization (VN) assay and indirect WA against the
respective isolate 1-2-314 and the sera from the seroconverted animal
are used in the immunological detection of said further isolates. As an
example, the disclosure provides the characterisation of a new member in
InferEPRRRPBE BRI, RStRAE. s AaPRiResp FRRLIFRSARodeBetive or
&mmmwwmwwsmmwm§mssuon by
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vdequnabmmmm&@anuary 19, 2001 as 1-2614 with C'NOM, “Institute
Pastgur; Raris-aka Villys.d 50 tenogenaticaliy.corresond. . fgiewith

@mggrem l‘%nowded Therewith, the disclosure %rowdesawrus
T Smpriamg ﬁuﬁgﬁ%éﬁo@ﬁﬁﬁﬁﬁﬁﬁﬁagmem ShirsgEedEamR be
engpaeshthad nyIVaviueleictaritseguan oeshomoriphigeies GARAT 60; KEV

| ws%umuw&@émqﬁgmﬁiﬁy\ﬁﬂwb% SlaLihg disalasuige proyides a
cﬁ:haractetlsed in that after testing it in, ph%logenetlc tree analyses
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than ggig, related to a virus isolate of avian pneumovirus (APT) also known
as turkey rhinotracheitis virus (LRTV), the aetiological agent of avian
rhindtracheiied embpdirieniiahy disdfalto nreeiday ANMPIGnaTems iSolateuksor

meidigratiponrsaigaidegensiisdiee-aualees i-heing theclosesbielatve.

nlBehheing an, eeseniallynon mammalian virue, We propose fhe new

human virus to. be named human metapnéumaovirus or
XAl SRITTRL S PTS FRRE ik erAPVpIEsetisrizsevwanis slssenitis, Situs
acesralysio 22 deveanled PrIARIXQNILSlikaipaliclesncansgistent with the

pr‘d‘l,@&ec‘&fkgﬁg&n aMa ér example useful in diapnostic methods or kbts and in

 pharmaceutical compoesitions such as sub-unit vascines. Particalarly useful are the F,
SH and/or G protein or antigenic fragments thereof for inclusion as antigen or
subunit immunogen, but inactivated whole virus can also be used. Particuiary useful
are aiso those proteinaceous substances that are encoded by recombinant nudleic acid
fragments 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 another techmigue useful for generat'ing synthetic antibodies). .

Also provided herein are artibodies, be it natural polycionsl or menocional, or
synthetic (e.g. (phage) lbrary-derived binding-mciécules) antibodies that

specificaliyreact with an antigen comprising 2 proteinacecus molecule or MPV-



appeared to be sensitive to treatment with chloroform. MPV is cultured
optimal on tMY cells and is trypsine dependent The clinical symptoms
caused by MPV as well as the typical CPR and lack of haemaggiufiinating
activity suggested that this virus is closely related to bltSV. Although most
paramyxoviruses have haemaglutinating acitivicy, most of the
pneumoviruses do not z . As an example; the disclosure provides a not
reviously identified paramyxzvirm from nasopharyngeal aspirate
Sp@‘gg“ RS QRR R HBRA T2 R dranr o iy drsiRsuER SRS RefPPRIS Sical
usesyhimp tometiaid ieseattifienavire laojely asimiMPiO dhostsbasackny said
virBiRsaMid WelWaasHRRQhiRGPRtENS Wassahd eRvReloN. e 208 offive
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._another as determine indirect immunoluorescence assays Wi
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disghpsyeeisoraresulre vasre daldanathealitns is s epmownbrita bianed touAPT. Based
on virolagiea) dataissraue R rmoloay Bl asie 9RoMicthod
or agitsgfio We propose that the virus is a member of Metanneurnouiraat
A e s S AT SO AT SRR A S H R RO R iS4 TFETRERARE ©Gmmon
negaifNegerrs et farsaien fVAlshee iRenitina rerddiis teprsa etd DOY%
geRhs MmaRsbydin.agetphive yearsMemovet.ihe.se wrke velance was
Pa;%uq%gi,p‘gﬁﬁequally high. in sera collected from humans in 1958,
Indicating this virus has been circulating in the human population for more
than'20 jpeabed Fhesrdentifomesred fanispraprsdedisenrsinarab &5F the
infMslospiearoif-aSseRNUS ROV sopigd das fakiheddevelopment Sfmpie
of %?@ﬁ%ﬁﬂ%ﬂgé Qds.[oL diagnostc, %%%%Qét‘éﬁén 13 ANdVacCINgs O i
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anipRiRted OrLacambinant nelelc, Acid, of YiRdg-sRellic: fHndtional fragment
. thereqf obtainable from _ ,

immunofiucrescence detection (or other immunological technigues known in the art)

The disclosure also provides a method for serologically diagnosing a MPV
infection of & mammal comprising determining in & sample of said mammal the
presence of an antibody specificalty directed against a MPV or component thereof by
reacting said sample with a proteinaceous molecule or fragment thereof or an antigen
according to the disclosure.

Methods and means provided herein are particularly useful in a diagnostic kit
for diagnosing a MPV infection, be it by virological orserological diagnosis. Such kits
or assays may for example comprise a virus, 2 nucleic acrid: 8 proteinacecus molecale
or fragment thereof, an antigen and/or an antibody accordin g to the disclosure.

Use of a virus, a nucleic acid, a px;;iieinaceom molecule or fragment thereof, an

antigen and/or an antibody according to the disclosure is also provided for the



a virus according to the disclosure. in particular, the disclosure provides
primers and/or probes suitable for.identifying an MTV nucleic acid. 2
Furthermore, the disclosure provides a vector comprising a nucleic acid.
according to the disclosure. To begin with, vectors such as plasmid
vectors containing (parts of) the genome of MYV, virus vectors containing
(parts of) the genome of MFV. (Rer example, but not limited to other

ra-aaaequimeﬁmﬁyﬂw@%%kupw&ﬁ%& ar

contajnin . 0f) the genome of other viruse or other pathogens are
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Herureol THizeR Nite clireRad snvtre e iboldedifoininiostiousdbniange of
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virus 7efleSon & TURCHONaT polyheT 7 BT FIRa: B
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tDAB SRR S bt EH&E&%M&MH@ e inerste. Eg&g{g@g{ ) S SR lr? Xes
D@gw%ggntgggggg can be isolated from virus particles, isolated from
celis expressing one o MoTe OFThe BS T ORERIE S FEPEHTEe A Frvidual
YarisrBetmralispecifiosipre ssiorivectols: difactiouslbopiesof MEfwdan.
wieobiadnediihen dierrbove Mentiond N, CRaNNA O MEEY Seiow ¢

xpressing.hess R NAs are replicated by the above mentioned .
ygolymeréé?'se g%ﬁwp%ex. as%r%g%)él)? PSR HBH &t be infected by a

BRI A TSP A pe st ing BRBtheds's i tém fontg evreratingienta iviingiier
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: £ Sendfclele acid seguences obtainable from for example APV

(Eandhawa et al., 15%% g?eél%f/ssfse 2 %P&)ﬁh@rﬁigsﬁggﬁ%rﬁ?&ﬁﬁ%w 53
sﬁﬁlﬁ‘&ocﬁﬁﬂﬁgﬁ?@'a nucleic acid or a vector according to the disclosure.
Thadmiorviiad veotors certainingbthe pobrmarase sempanents.of N 2V
- ttPESaLMBPIN DBl Afd Shd4. Lyt not necessarily limited thereto). are

7ggen.erate in prokz;llyr’yot‘ict cells ?ocr%t %mﬁ%?géséuon of the ggfrlh%%cﬁ%%fg in
RIS S B OB AR o THE &t1OEAINE ik Astics el gpaPhaanid or
cyifary ecestisiebwittiningafudidangiintiviral agent, and determining the effect of
said agent on said virus or its infection of said culture or animal. An example of such

&n antiviral agent comprises 2 MPV -neutralising antibody, or functional component
thereof, as provided herein, but antiviral agents of other nature are obtained as well,
The disciosure also provides use of an antiviral agent according to the disclosure for

the preparation of & pharmaceutical composition, in particular for the preparation of
2 pharmaceutical composition for the treatrment of respiratory tract ilinese, é
especifically when caused by an MPV infection, and provides & pharmaceutical
composition comprising an antiviral agent according to the disclosure, useful in a

method for the treatment or prevention of an.MPV infection or respiratory illness,
said me-tho‘é comp:is’mg providing an individual with such a pharmaceutical
composition.



or partial copies of the 1 ON7 genome will be. generated in proka_ryotia
cells for the expression of viral nucleic aids in-vitro or in-vivo. The latter
vectors may contain other viral sequences for the generation of chimeric
viruses or chimeric virus proteins, may lack parts of the viral genome for
the generation of replication defective Virus, and may contain mutations,
deletions or insertions for the generation of attenuated viruses. 24
infectiousieapias RIMRY LeingwildiuRe. Aleaualet;. [SRICAIN O,
it%ﬁé@e%r.'c) can be pr_oduced upon co-expression of the polymerase
components according to the state-of the-a_rt technologies described
above. In addition, eukaryotic cells, transiently or stably expressing one or
more full-length or partial R "V proteins can be used. Such cells can be
made by transfection (proteins or nucleic acid vectors), infection (viral
vectors) or transduction (viral vectors) and maybe usefulior
complementation of mentioned wild type, attenuated, replication.
defective or ahinieric viruses. A chimeric virus may be of particular use for
the generation of recombinant vaccines protecting against two or more
viruses '~ #' .21,8E . For example, it can be envisaged that a..MPV virus
vector expressing one or more proteins of RSV or a I' vector expressing
one or more proteins of MPV will protect individuals vaccinated with such
vector against both virus infections... similar. approach can be. envisaged
for PIS or other paramyxovir uses. Attenuated and replication-defective
viruses may be of use for vacthnaticn purposes with live vaccines
as.hasbeen suggested far other viruses . In a preferred embodiment the
disclosure provides a proteinaceous molecule or
metapneumovirus-speciuc vira protein or functional fragment thereof
encoded by a nucleic acid according to the disclosure. Useful
proteinaceous molecules are for example derived from any of the genes
or genasnic fragments derivable from a viru according to the disclosure.
Such molecules, or antigenic fragments thereof, as provided herein, are
for example useful in diagnostic methods or lots and in pharmaceutical
compositions such as sub-unit vaccines. Particularly useful are. the F, SE
and/or G protein or antigenic fragments thereof for inclusion as antigen u
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s ub unit immunogen, but inactivated whole virus can also be used.
Part'icuia?y useful are also those proteinaceous substances that are
encoded by recombinant nucleic acid fragments that are identified for
phylogenetic analyses, of course preferred are those that are within the
preferred bounds and metes of 0.BPs useful xn phylogenetic analyses, in
particular for eliciting MP V 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 another technique usefull for generating
ﬁ‘é”éiﬁtlbodles) Also provided herein are antibodies, be it natural
polyclonal or monaclona or synthetic (e.g. (phase) library-derived binding
relequleshapiibodiss tb%&mg&aﬂmegmmma%om&&ma
roteina eo S moleculgﬂ;r MPV 2C specifi {Dnctlona,l fragr%ent thereof
SAECSGify' 18 ?ﬁ"’e"é}s?c oS R AR LS 1% e BB o S HRERF 18,4100
apdeiniyifer thevimabinolsitbsaguandesrod o pfishend tretif EaRCR frakiseldtan
1Os aomNealtherealwill-anaathogy asnruided beteined hispan for
eégmayle bg a %ﬂ&)d ba/ using purified or non-purified IJ 1 or parts thereof
pro eins, peptides usmg ‘LT TSA 11 A, FACS or similar formats of
antigen detection assays (CurrentProtocols in Immunology). Alternatively,
FigfeBiashpeils Ofa60ll £ ivssnramn B aey 1 inentify. il arilge s MainBoup
classical m@ugg&‘lugrg%g nce or |mm %lstochemlcal techniques. Other
“methods for ident) Ing avi rai'iso aleas a vcomﬁrlse reacting said viral
isolate or a component tnereof.vvith a virus specific nucleic acid according f}
Fig. thecHisaioRp e it aatinm af 1Mb e satdomMarmMalian MG LM RHERESL
tﬂ%@&é’ﬁéé%b%&%%?g iz t%% S RRIAWASS A viral '?P'%que@“f'ab'e

with a method accor closure as a mamma lan virus

ltfﬁi&n‘ﬁ?ﬁ?dahrwesﬁ@% gHieth Tregmevs Asraeolinimediitdorriaepin
ReiPR(Hdndifiable aadikelyielonging- desthes O eavsi\ietapnelsmsiitsder and

: Qv fahe f ramyxnviridac, The
o [tk ke G %‘%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ% e

%rﬁé@f%%#%gm%?ﬁﬂnaﬁ*ds%ﬂnﬁw%a’% BESIPR) BotanAhimian
witlsaripées dbsigitbdnarRARIRAR Hresentes eind Hrdh BORE preompo/tentd 7.
thereof by reacting said sample with a nucleic acid or an antibody

pacger nlg to the disclosure. ExamBIes are o _
phy. genetlc frees, (figures 3-5) DNA sequences were aligned using the

ClustalW software package and maximum likelihood trees were generated using the

DNA-ML software package of the Phylip 3.5 program using 100 bootstraps and 3

jumbleslt . Previously published sequencés that were used for the generation of }
phylogenetic trees are available from Genbank under accessions numbers : For all
ORFs: hRSV: NC001781; bRSV: NC001989; For the F ORF: PVM, D11128; APV-4,

~ D00850; APV-B, Y14292; APV-C, AF187152; For the N ORF: PVM, D10331; APV-A,

U39295; APV-B, U89296; APV-C, AF176590; For the M ORF: PMV,U66893; APVA,
X58639; APV-B, U37586; APV-C, AF 262571 For the P ORF: PVM, 09649; APV.- A,
U22110, APV-C, AF176591. Phylogenetxc analyses for the nine different virus isolates
of MPV were performed with APV strain C as outgroup.

Abbreviations used in figures: hRRSV: human RSV; bRSV: bovine RSV; PVM:
pneumonia virus of mice; APV-A,B,and C: avian pneumovirus iypa A, Band C.

Fig. 3 Comparison of the N, P, M and F ORF's of members of the subfamily

Pneumoqirinae and virus isolate 00-1. The alignment shows the amino acid sequence
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further given in the detailed description, such as the use of PCI? (or other
“amplification or hybridisation techniques well known in the art) or the use

of imm.unofiuorescence detection (or other immunological techniques

Imown in the art) The disclosure also provides a method for serologicaliy

diagnosing a-NMPV infection of a mammal comprising determining in a

sample of said mammal the presence of an antibody specifically directed

against a MPV or component thegeof by reacting said sample with a

Qrate olecule gr fragment thereof,qr an antigen according to
oﬁ%discio%%ﬁ’%’eﬁngxé%g 5%ng’én§n%né %ﬁ%ﬁ%%rr%ﬁ%nésr AT HAL 9ekul
Amigefigign et ffferretragndenraOpd\anst st othdsevirunp il sivat. or
i@'ﬂmﬂ@nﬁmﬁ iagaosie. r&tﬁaédﬁdwm,@;&ysf&;e%gms&aﬁfmq%&%.
Ny [ t ous moiegale or fragment thereof, an
; %@zﬂ%ﬁ?ﬁ% e B A ALY £ e o
R (RIAB RS 355 rdtarribed suthn oratarials end gratndmenctisin P rdtigeor C:
Aviad/Brawnmantiive dyrectoBing: b e HSVIasHEad SIS RIONdEEAar Rene P o]
viPhO dRighO R Qf maceical c ition. .far example for ent
. Bgﬁver%ior:ﬁg? If‘\l/l%v infégt%%}g g%}j%%?ﬁ%ﬁegt?ggﬁ%an%%p#é%&ﬁ%@ﬁwd

\&spizator P IR IRfEaERehy Bantifrhteinahaid: RABRIFdacatahin L.
Fepitlhs Ballisnmenteve d BY-Bstajplished sethalidBavetopeddondhisi, For the
L Uipeseninelyding pulnoy imitadie Ahe 4ise.0f nlated, viryses of other

species, serial passages through laboratory animals orianc! tissueicell
cultures, site directed. mutagenesis of molecular clones and exchange of
Figetiddylogernsitragnimatsob tiwde R rblated WIOBFS: 4 phameaceticaknus

P oempositian W@@&ﬁé@%ﬁ@ﬂ?}%@%&&&ﬁl Q@ﬂaﬁ&%‘éﬁlg@g%ﬁ
seQhdragment thereaf, an anti enPand or.an. antibody according to the
gisclosure can for efénn%(%%% (sBETRL 4B NER Eo Pind Fesph St rd
CprelBhilhs shalverpsiinirecioneaiiol eorespiratoniiliisbscdomsisia gsing
10priavittingraninsivjasialewithapaRraaraU6AL AT RESIIONAGGAIIRG, 1O

I AISCIOSWE slthlis is most.useful when said individual comprises a
[ %ﬁ said human is below 5 years of age, since

human, especi catty w
such infants and young children are most likely to be infected by a human
Fig\ZPRbalpprostides] hieseini Coneraty oftibe asatie BharenaliesisMillana o)
U TGladEo) WA0RY PRI RIS AR M A A8 B2
other ’ '
-rel%gve genetically. The phylogenetic trees are based on maximum likelyhood

analyses. The scale representing the number of nucleotide changes is shown for each
tree. Accesion numbers for APV-C: panel A: D00850; panel B: U39295; panel C:
X58639; and panel D: 1J65312.
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diseases. Also lower respiratory illnesses may occur, predisposing for
more and other serious conditions. The disclosure also provides method
to obtain an antiviral agent useful in the treatment of respiratory tract
illness comprising establishing a cell culture or experimental animal
comprising a virus according to the disclosure, treating said culture or
animal with. an candidate antiviral agent, and determining the effect of
said agent on said virus or its infaction of said culture or animal An

Figxam p@@&ﬁﬂé&ﬁ@éﬁﬂi&@h&%ﬁﬁ&&@%ﬁﬁ%&MﬁVw%ﬁm @f the

ntlbo & fun tio pnent ther OVId d her
e%ﬁ]t?\ﬁr%l agents%#"e Qﬁe?%{g%re are C oeb ained as w Sf‘ c%sclosure 185
rhorphieRrstgu M~Qﬁé‘nﬁwmfagmom%uﬁﬂofm@mem?@fmh@m end;
GPreparation. of a pharmaceutical composition, in particular for the
preparation of a pharmaceutical composition for the treatment of
. res iraton tract Elnesz, especifically when caused by an MPV'infection,
#p o Nuclaokion 208 AEHC A6 SBENBRCBIRTRRHMG AR mstiaPAgent
&mendsng the lpelpisetassipene sBfaf MRVMeilaoes 00- th @ dsgadmentahe
s RERNRRIAN LA Gl BISEHIA L RRRLAIAN: UPESE RAILIEIAGer

comprising prOV|d|n an individual with such a harmaceutlca

U%%?ﬁg? i frensiated sensat e, Fha i oREHAeR! M atmamber 5 to

248 sodhie nonithrous [nhitimpnéntineretal 28 (Hig¥i@ kedendsi RigarenkPacid

mGaRPrses {ahbled Pesapiagerhgmelogy found between the amino acid ”:3
sequence of isolate 00-1 and other members of the Pneumovirinae.
Percentages (x100) 5 are given for the amino acid sequences of N, P, M,

Figwaad two RAP-PCR fragments in L (8 and 9/10). Accession numbers

Gé&ﬁﬂlé%i@%m@lv %@&é@o@%s%%@e%e?%%% @@Qe@ﬁ%%@ﬁ stop codans
sec nt Fi ri ta% § reva ce of MPV in humans

et eg%arlse % %%% U ﬂﬁ%ﬁ 8’%%?&%%%9@@%@““ the

shauigtredi §anme@§s§ys oftie Em&haﬁbmmmm&imeeﬂmmﬁmm indicate

<th@:ﬁﬁ)sﬂé&iﬁh}tb@t@ﬁﬁtm@-@ﬁ@bzﬁr@fomﬁiﬁg{@%B%rﬁ%ﬁi&@ﬁﬂ@(ﬁﬁp PCR

and RT-PCR on virus isolate 00-1. Fragments
Figure 8:
Alignment of the predicted amine acid sequence of the nucleoprotein of MPV with those

of other pneumoviruses. The conserved regions identified by Barr (1991) are represented

by boxes and labelled A, B, and C. The conserved region among pneumoviruses (Li, 1996)

is shown gray shaded. Gaps are represented by dashes, periods indicate the positions of 43

identical amino acid residues compared to MPV,

Figure 9:
Amino acid sequence comparison of the phosphoprotein of MPV with those of other .
pneumovi;uses. The region of high similarity (Ling, 1995) is boxed, and the glutamate

- rich region is grey shaded. Gaps are represented by dashes and periods indicate the

position of identical amino acid residues compared to MPV.
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| to 10 were obtained using RA.P-PCR. Fragment A was obtained with a
primer in 15 RAP-PCR fragment | and 2 and a primer designed based on
alignment of leader and trailer sequences of APV and RSV5. Fragment B
was obtained using primers designed in 1?.AP-PCR fragment 1 and 2
and RAP-PCR fragment S. Fragment C was obtained with primers
designed in RAP-PCR fragment 3 and RAP-PCP fragment 4,5,6 and 7. 20
For all phylogenetic trees, (figureés 3-5) DNA sequences were aligned

- Fygsirgithe ClustalW software package and maximum likelihood trees were

- j A:ML saftware package of the Phylip : ram
o R B e R MR e

of Ather RS HREH Tt & Rfceararvil Jrepmpeiidirenucper Eantony A%8D & fom
sHaénbadhps nderapceessiarts Mushe imd boriadk 2BdQRE Sh-BRMion of identical

adG004i43LARR VailNG:RQL 89y For the F ORF: PVM, D11128; APV-A,
D00850; APV-B, Y14292; APV-C, AF187152; For the N ORF: PVM,

D10331; APV-A, U39295; APV-B, 1139296; APV-C, AF176590; For the
Fign@®RE: PMV,U66893; APV-A, X58639; APV-B, U37586; APV-C,
AINERE25T 3 FRT e R RER UM 09549 ARY: APV wi

176591. Phyplogenetic anglyses %?1 t_h‘g- nine %f#é{l’ﬁ%%ﬁ? i%%c/)l}lgt’gswﬁglg ose
© IWFB?/ RRFEPEHOIRS I I gepeted srrtena esttir are opsfedidiniid used

glsdfiglaiasn BIRGVirhundariiRS)/tHoRBYedpe vitke FREVsRVABIONEIHIRRE M ision
kR EiGAR Ve ARG AMAR RN W YRR A B AN G IR Gape ace
,recr%@%ghsgngs he% N, P, M and F.ORE'S ‘of membe[s of the Subfami .

Beumoumnas X foineriedtindtet m%fﬁtj’ﬁrﬂfeﬁ‘iﬁgﬁﬁﬂf’ré%ﬂ%ﬁelame

toMiFsequence 29 of the complete N, P, M and F proteins and partial L
proteins of virus isolate 00-1. Amino acids that differ between isolate 00-1
Fi%ﬁzde tﬂ; other viruses are shown, identical amino acids are represented -

y periods, gaps are represented as dashes. Numbers correspond to
Commpitrosaiof paunmrridaie o nsivhs MBQREY MTveih tsed & fohthe
prienlyses et Tiesgiheskit HI@A/mBatalﬁﬁﬁ é@ @Hﬁﬁs%%a%} @Rﬁ%ﬁe\éﬁsﬁ&ﬁ

% Virus; ,Bo -or : hoving or huyman' _
o o 30 e 27 TP s e comserved
YRR ETS b ARkt Rapep el isdisaiad by . [BAielicomsonsidai2 ORFs
is HlagmentyBuan B 10pbtain echysitbnRa ByRiadhdo Gategeiols Imalc e HRe position of

iaaltigament, No.APVIB.SeqygASe was available from the Oenebank, For
the 10 L alignment only bRSV, hRSV and APV-A sequences were

available.
Figure 13

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 kdomain,(B) Alignmeht of the hyd;rophobicity"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 hydrophobic

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



10

Fig. 4: Phylogenetic analyses of the N, P, M, and F ORF's of members of
the genus Pneumovirinae and virus isolate 00-1. Phylogenetic analysis
was performed on viral sequences from the following genes: F (panel A),
N (panel B); M (panel C), and P 15 (panel 13). The phylogenetic trees are
based on maximum lilelyhood analyses using 100 bootstraps and 3
jumbles, The scale representing the number of nucleotide changes is
shown for each tree. Fig. 5: Phy#dgenetic relationship for parts of the F
FIQ%QQQA), N (panel. B), M (panel 0) 20 and L (panel 13) ORFs of nine of

the ary MPV isolates atlve netlca e

qp gne?@??@%%%a%sﬁgéggggn maximurm ﬁ%‘&m ana seg % of 8

OBEeﬂéWegéhtmgmhetmﬁ obd aefé@ﬁd@seﬁwmx%h%ﬁﬁn%@me

reli@Qe IMC .916%39 E.Q&d'ﬁﬁéq{y&!%gh@)éaaﬁﬁbﬁd&ﬁmlz rpasel Bid 30291 N-
e and pane i

o aBe AE SRR (nacinat 7 Raplthat0: M USRIERANR

Plf% I%ﬁ@e@mmw afdgVepPNoRE W%E}e%@f@ﬁ?dpf@ﬁﬁwrand Doolittle

(19@&%@@@&%5\4 VAR ARG R olaE, BrRE:fadutsi chelipiespheb:

l,_.eg]{ene er&d oS S %t 68 and CaNlﬁ%|g@ e and amino acid
eaﬂenc in ormatlo rom o a|ne ragments In the polymerase gene

(L) of MPV isolates 00-1. Positioning of the fragments in L is based on
Fiptetein homologies with APV-C (accession number U65312). The

txé‘gs'a zxt Faament 8(kid. O3 %‘E%tg&’aégx@% %&QQ &%@?ﬁ&%‘é’r}& gene of

e consensus of fragments 9 an 6C) is located at
MEY 1S SERST RAFABOFAG5E S DATASH Wel%ﬁbvweﬁ%ﬁ ¢ BT R PE B omic
pdipapesdRdisqlats, )-1) Ehémaehelilideopio @M d 2Shisostadrt and stop
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Indicate the_shortened representation of the L gene, The three

TeFidigEr kbiro BETOWHRE M A PRI AR SRS TREE (Y 6 B3y
hEINcRokenappiacppdiential secotidarg; ORIV Neig wesil: 2@ ddignrmert(yt thensles

- viRiedigled a®jne agid.sequence of the nucleoprotein of MPV with those

Figure 16:

Phylogenetic analyses of the M2-1 and L. ORF's of MPV and selected paramyxoviruses.
Theb 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
pneumovirinae 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. (4) The noncoding sequences between the

OREF's and at the genomic termini are shown in the posii;ivé 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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of other pneumoviruses. The conserved regions identified by Barr (1991)
are represented by boxes and labelled A, B, and C. The conserved region
among pneumoviruses (LI. 1996) is shown gray shaded. Gaps are
represented by dashes, periods indicate the positions of identical amino
acid residues compared to MPV. 25 Figure 9: Amino acid sequence
comparison of the phosphoprotein of MPV with those of other
pneumoviruses. The region of high similarity (Ling, 1995) is boxed, and
the glutamate rich region is grey shaded. Gaps are represented by
disnlavedniiarise orsblied eenh eud Gignaitiers ofudenhmed| st prawaiss that
dtaﬂnjmmmpwmmmdz drigidRbehfe@RAparisRi: Gvthe fedidgashce.
3R0A:AGIEL SEQUENCE O, ghegggg&gxwotem iy Wﬂb oS Otgftth
exapepti

8 eumokuses The conserv esequence aston

Y hatEpdcEp ek f@b?égeﬁtwlb%a% ‘Fr&’ﬁé?ﬁﬁﬂ?%@&%é the

- rositiontbé identicabguantinoeddy BIIRER sedalivertacMiy bdsiglsethd 3' and

sAlignment.of L@%ﬁ@%‘?ﬁ%@@&&dﬁ&@ e‘%%‘z'e%@ﬁ%x& é%cy N, grofeln af

%@V with those of other pneumoviruses. The conserve steine

riires wieesBRas are RARER s ﬁwmwghe%%wmrm&aﬂ% Tr:

| trgidevage site of FO is double underlined, the fusion peptide, signal

peptide and membrane anchor domain are shown grey shaded. Gaps are
;E)r fgented by dashes and periods indicate the position of identical amino

ds relative to MPV. 15 Figure 12 Comparison of amino acid sequence
CongrraismoORE sotdipy: WM thoolatos etit A PHeumaABEeS, INTNA similarity

nﬁ'ﬁ&%ﬁﬂx&@ﬁi@ AcfARIERd@sh o, i PANeEA. prifiitle conserved amino
terminus (Collins, 1990; Zamora, 1999) shown grey shaded. The three

conserved cysteine residues are printed bold face and indicated by #.
Figreedfignment of M2-2 ORFs 20 is shown in panel B. Gaps are

cnanfﬂmtepbw %S%%xamﬁ?ﬂgﬂatmaimﬂ%% ar-ofcidepiical
aCICtmgge!. gov“a/ﬁo\és mﬁrgrgt%me.

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

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

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 bMPV isclates
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FigtHfs2onisaRiRmb &

Amino acid sequence analyses of the SIT ORF of MPV. (A) Amino acid
sequence of the SH 25 ORFof MPV, with the serine and threonine
residues grey shaded, cysteine residues in bold face and the hydrophobic
region double underlined. Potential N- linked glycosylation sites are single
underlined. Numbers indicate the positions of the basic amino acids
flanking the hydrophobic domain-(B) Alignment of the hydrophobicity plots
of the SET proteins of MPV, APY-A and hRSV-B. The procedure of Kyte
and Doolittle 30 (1982) was used with a window of 17 amino acids. Arrows
indicate a strong hydrophobic domain. Positions within the ORF are given
Fignrel$:X-axis. 32 Figure 14 Amino acid sequence analyses of the G ORF
AR{NMEYG MALHRINGAGHKL SRAYEHERREIBE: GrotdRFoOEN BNt SAHDE,
. threonine and praline residues grey shaded, the cysteine residue is in
58 face and the hydrophobic region double underlined. The potential N 5
linked glycosylation sites are single underlined. (B) Alingment of the
Fibyeraphobicity’ plots of the G proteins of MPV, APV-A and hRSV-B, The
roceduyre_.of Kyt Doglittle (1982) was used.with a windo 7
A R L e P e e B A BB B vt
isqlade®FF are given at the X-axis. 10 Figure 15 Comparison of the amino
acid sequences of a conserved domain of the polymerase gene of MPV
Figgg %l;e'r paramyxoviruses. Domain Il is . shown with the four conserved
- polymerase motifs (A, B, C, D) in domain Ill (Poch 1998, 1999) boxed.
Arpsnp acife Higpredite dbs PMdasméartithe nelaiprdareciaid gb SO Gptype
hngentieiltamino acid 15 residues relative to MPV. hPIV3: human
parainfluenza virus type 3; SV: sendai virus; hPIV-2: human
parainfiuenza virus type 2; NDV: New castle, disease virus; MV: measles
é’&% AESH e hrosh PHIGHRFEHRS Sh AR EEES Rite
indd@idiedndith @EAFD /o0 MikVoaneieolotted paramyxoviruses. The M2-1 ORF
was aligned with the M2-1 ORFFs of other members of the genus
Pneumoairinnae (A) and the L ORF was ali%Qed with L ORFs members of

Fignze i L8 B rethasiARuR S e B8 LRI P AT KB ra s defected

withe sefiB(p Irnthiertegéatisiofitigusd/ (0B (B PAyfoTeh T reBSNIarEP 1 and

gygenerated by maximum likelihood analyses using 100

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

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

(GP's 10, 11, 12).

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

Figure 32: Mean IgG response against ned/00/01 and ned/99/01 ELISA of 8
bomologous (00-1/00-1), 2 homologous (89-1/29-1), 2 heterologous (99-1/00-1) and 2
heterologous (00-1/89-1) infected guinea pigs.

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

s
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25 bootstraps and 3 jumbles. The scale representing the number of
nucleotide changes is shown for each tree. Numbers in the trees
represent bootstrap values based on the consensus trees. Figure 17: 30
Noncoding sequences of hMPV isolate 00-1. (A) The noncoding
sequences between the ORFs and at the genomic termini are shown in
the positive sense. From left to right, stop codons of indicated OBEs are
shown, followed by the noncoding sequences, the gene start signals and
start codons of the indicated subsequent ORFs. Numbers indicate the
Pt B or et L S B rRici R/ PPIRE 99 pRAIRp! Séenirshesaanaies
a@B3ngli sptHQ0dinilardp 3o patdigtisd gene end signals are underlined and
sequences that display similarity to n3SAAAAAU/A/C are represented with
a sing above the sequence. (B) Nucleotide sequences of the genomic
FREHRIRT of EHB YL FThE GRAGTATE QMM RS, Sracmrjrsts warresh
ingtirbated (bwilty) thidbexa/@FOL, Underlined regions 5 represent the primer
sequences used in RT-PCR assays which: are based on the 3'and 6’ end
s%?ug%ireﬁ ofée\VPV and RSV (Randhawa et at., 1997; Mink et at., 1991).
FJ§08 ital aclfzedor?ﬁaeegtides are part of the gene start signal of the N
Iode hgM| and defd apsionserafienst 6l {10/8 1€ Conepaiisonohtwarpeototypic
(MR égolateswalboARV-A. and APV-C; DNA similarity matrices for
nucleic acids encoding the various viral proteins. Figure 19: 15
Comparison of two prototypic hlv V isolates with APV-A and APV-C;
FigrseehiBhatiertypanatsices for the various viral proteins. Figure 20: Amino
Igacidsplignmeatel Kievvideppretein el dwi Loty RerMP Viisolains, @0
Figure 21: Amino acid alignment of the phosphoprotein of two prototype
bMPV isolates Figure 22: 25 Amino acid alignment of the matrix protein of
F%e&’btgwﬁ@aﬁxw\qfl &l aygecof the hMPV ELISA and the APV inhibition ELISA

for the detection of IgG antibodies in human sera.
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Figure 23: Amino acid alignment of the fusion protein of two prototype h1t
V isolates 30 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 34 Figure 26: Amino acid
alignment of the short hydrophobic protein of two prototype hMPV
isolates 5 Figure 27: Amino acid alignment of the attachement
glycoprotein of two prototype hh@GPV isolates 10 Figure 28: Amino acid
alignment of the N-terminus of the polymerase protein of two prototype f.
. ?‘Fﬁgure 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.

VEgMES BOA 19G [eshRnse against ned/O0101 and ned/99/01 for guinea
pigs infected with ned/00/01 and re-"infected with ned/O0/41 (GP 4, 5 and

6) or NEFIRY BP0 oRPs FEIiTeRs Y. as dseldribomy Bittignts with
seRetOSHOE nyl hied@0Tib 0 £8 uiridenbils! iriestsol atthened DSH0T AKX
BRSSO Banhe @ i O e Wbt in
, 12)..25 Figure 31: Specificity of the_ne and ne ]
Mok or i ko S el o it HeMpoc Fieg indiosd

CREnS9Y(hrezigasengss el gy depuesedan dimstmbit@ored. Shd CPE was

vROHBPLOLELISAHALE AOMAI0ONR LB HASIr RPRMRIGERYS other cell
c%%}%%g%%%%cg]grq%g EJOI%%?E%%% f%:lgxgg naaggerzwgi%{] t tg I;:Oe gs uo%ved rapid

nfected gu
internal disruption, followed by detachment of the cells from the monolayer. The cells

usually (sometimes later) displayed CPE after three pasgsages of virus from original
material, at day 10 to 14 post inoculation, somewhat later than CPE caused by other

Aviruses such as hRSV or hPIV.

We used the supernatants of infected tMK cells for EM analysis which
revealed the presence of paramyxovirus-like virus particles ranging from 150 to 600
nanometer, with short envelope projections ranging from 13 to 17 nanaometer.
Consistent with the biochemical properties of enveloped viruses such as the
Paramyxoviridae, standard chloroform or ether treatment$ resulted in >10¢ TCID50
reduction of infectivity for tMK cells. Virus-infected tMK cell culture supernatants
did not display heamagglutinating activity with turkey, chicken and guinea pig
erythrocytes. During culture, the virus replication appeared to be trypsine dependent

on the cells tested. These combined virological data allowed that the newly identified

virus was taxonomically classified as a member of the Paramyxoviridae family.

We isclated RNA from tMEK cells infected with 15 of the unidentified virus
isolates for reverse transcription 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, mnmpé, Nipah, Hendra, Tupaia"-
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 reaéted positive with the
respective Virus~spéciﬁq primers, the newly identified virus isclates did not reé.ct-with

any primer set, indicafing the virus was not, closely related to the viruses tested.

€
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Figure 33: Mean percentage of APV inhibition of hMPV infected guinea
pigs. 35 Figure 34: Virus neutralisation titers of ned/O0O/01 and ned/99101
infected guinea pigs against ned/00101, ned/99/01 and APV-C. Figure
35: Results of RT-PCR assays on throat swabs of cynomolgous
macaques 5 inoculated (twice) with nedJOO/01: Figure 36 A (top two
panels): IgA, Iglu and IgG response against ned/00/O1 of 2 cynomologous
macaques (re)infected with nedlOO/01. 10 Figure 36B (bottom panels)
IgG response against APV of 23ynbomologous macaques infected with
ned|GRl@dd tvigof €h3 Firizompatis vl dbiedusennf snpedAba it kiSfvanske
g&k}f‘efpf%/m RINED. EllRBsdy, f@é:&%@@%%ﬁ&&!&@h&%ﬁ@éébf’d'eé&” pyman

sera 36 Detailed description Wrus isolation, and characterisation

280 o O SRS B o TR SNSRI R i g ifreneli shsplnend Rrgiinies]
syittiobsSantanik 2espinatend diseassrd éseiR s naidesiiifieibyi(Vnl) sekaigsand

| maﬁféeftw&%ém%e 6EliROALV:INNMERLY Q@Jh‘scﬁ@%&é@c&ﬁﬂﬁﬁﬂ@c@w

t or only little be propagated in MDCK ar chicken emhryonated
BB AL R WA GRS Vi RRSTibe AReTcER CPE Tl Hieee
sopemsddbs writMitidetisfibévimeisdatetoniagdifo arteen plheng Riowapre-

T s e s A
P o e o BT ST S L R AFTEHE the

cells from the monolayer. The cells usually (sometimes later) displayed

RrRAPEogfter three passages of virus from original material, at day 10 to 14

post atlon somewhat later than CPE caused by ather viruses such
as hggéé SPhBRTE W nﬁggglntﬁe%upernaciants ofint Yol(zzattea’ HAESe s for

rapgam RAGqmpifiertioe vealeartheopreae RAE SIRIfa Ry oviend. kB irlis

- wiRRitesAanging & 6nthd 90-49 068tes (isolate 00-1) as well as with hPIV-1
- which served as a control. After both cultures displayed similar levels of CPE, virus

in the culture supernatants was purified on continuous 20-60% sucrose gradients.
The gradient fractions were inspected for virus-like particles by EM, and RNA was
isolated from the fraction containing approximately 50% sucréee,’in 'Wﬁich
nucleocapsids were observed. Equivalent amounts of RNA isolated from both virus

fractions were used for RAP-PCR, affer which samples were run side by side on a 3%

‘NuSieve agarose gel. Twenty differentially displayed bands specific for the

unidentified virus were subsequently purified from the gel, cloned in plasmid pCR2.1
(Invitrogen) and sequenced with vector-specific primers. When we used these
sequences to search for homologies against sequences in the Genbank database using
the BLAST software (www.ncbi.nim. nih.gov/BLAST/) 10 out of 20 fragments
displayed resemblance to APV/TRTV sequences. v

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 8,8,10) (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 pubﬁéhed leader and trailer

* sequences for the Pneumovirinae . Three fragments were amplified, of which

ﬁrag—mé;’lt A spanned the extreme 3' end of the N open reading frame (ORF), fragment
B spanned the phosphoprotein (P) ORF and fragment C closed the gap between the M
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nanometer, with short envelope projections ranging from 13 to 17
nanaometer. Consistent with the biochemical properties of enveloped
viruses such as the Paramyxoviridae, standard chloroform or ether
treatments resulted in >104 TCID50 20 reduction of infectivity for tMK
cells. Virus-infected tMK cell culture supernatants did not display
heamagglutinating activity with turkey, chicken and guinea pig
erythrocytes. During culture, the,virus replication appeared to be trypsine
endent on the cells tested. These combined virological data allowed
aftﬁg ORE 7 ey Rictoameace anrlEsoss tasesidne dngecreatireyealed thember
alektae P arBmadME ddeRFamitiie 22tY¥adP lakabRNA Ve thidmeallsl
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merase chain reaction ) anal ySes usmg primer- -sets
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wilevhGagtiendideasd ogpuSybiaB Vherterbils triuragee idigsdby thehdirl, Mupai &
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in order to 30 detect potentiall relate viruses and RNA isolated from
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shistesitioa b vkBaRAR RERTH pidaincseguensed siornatonv-the unknown
virus isolates, we used a random PCR amplification strategy known as

RAP-PCR10. To this end, t IRf C cells
Phylogeny

Although BLAST searches using nuclectide sequénces obtained from the
unidentified virus isolate revealed homologies primarily with members of the
Pneumovirinae, homologies based on protein sequences revealed some resemblance g’}
with other paramyxoviruses as well (data not shown). As an indication for the
relation between the newly identified virus isolate and members of the
Pneumovirinae, phylogenetic trees were constructed based on the N, P, M and F
ORF5 of these viruses. In all four phylogenetic trees, the newly identified virus .
iéo}.ate' 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 sequence ixiforn‘xation for APV serotype D
is available.

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

-constructed phylogenetic trees based on sequence information obtained from eight to
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were used in VIV assa_yé to confirm the IFA data (tfabie 2).

were infected with one of the virus isolates (isolate 00-1) as well as with
hPIV-1 15 which served as a control. After both cultures displayed similar
levels of CPE, virus in the culture supernatants was purified on
continuous 20-60% sucrose gradients. The gradient fractions were
inspected for virus-like particles by EM, and RNA was isolated from the
fraction containing approximately 50% sucrose, in which nucleocapsids
were observed. Equivalent amounts of RNA isolated from both virus 20
fractions were used for RAP-PC??, after which samples were run side by
i &inter S8 doNTS dueth dd sk IgeToTthisreydiffe raseicRy - RSB asitid phiareds
dspesificfantpiey gi@mﬂﬁgﬁ%wm@mmgmb@gﬂi%%@ggghe gelf,

i id pCR2 1. (Ipyitrogen). and sequengced with vector-specific
e B B AR PRty tomn
toRpAirletebi rsreleging Hemdapm ko atsas e leeifay RbttHes BloAdyTrelated
izmmxurfmmnhmm@@wmw cl&ﬁytr@faggdfﬁagﬁbqfﬂ&her than to

i t TRTV ugnces.. These 10 fragments -
,w%?@%%g%;@dgiﬁg%%@%%ee%%ggﬁm%ﬁﬁg%r?qru Cﬁ‘eeg SO AR Hragmenel and
h’f&?ﬁ%@%&?ﬁ%%%‘w synthe %&ﬂﬁ? PR ETFuphaRgithainclais,
961 A%henthepdhimersise proteigupiagneabho: L) {Foig) e next 365.o.

sdesignedPHRYREMEES pig@mplete the sequence information for the 3'
end of the viral genome based on our RAP PCR fragments as well as

published leader and trailer sequences for the Pneumouirinae 6. Three
Seregpaveirscovere amplified, of which fragment A spanned the extreme 3'

end g6 hady areR R +udSRAmenk B shanned the
<Rhes Igggtein (PzrﬁﬁRF anﬁ‘?%%%e%%ﬁfé%%%% the a%% g‘el'%ewgéenﬁ vtvhe%
e O ST C4°SB0 BB CRPSRRAIES Broee s N YHe el infocted
wib\englefitheenideniiftel oS ieciatk SRIOREY sib the @ thes 25enet efdhe
chiigab oo ancRoRlionshalibe fa QREIMmadiae v adjacert 1o e M
ﬁvce)gelz.iﬂllg /e'nPI_"}I;]IC h?{(%anlsatlon resembles_that of the metapneumovirds
AP ,v?/rhlcﬁgfsoafsg COrStenTs (iRRPaYa gt brtal RosTom Paplaste

brifatisratddAstrre trtedior TR sy Moarkd FOIGRFES Bhomedarniavetads of

th30183%haRoHelo ) Wiih dae AR el 10f the 0 e uis - RREUMAUILHS 205:06-68%
uyyithesyembers of the.genus Metapneumovitus For the SR and Cl OBE's

( no dias}cernatﬁ%éuhpoﬁ?lcg oaé)?v \?\faes&dll%qg ?/?/ll(fhv?nlgrsrr}%%‘rg BreRaHSE eV test
(8 &Y 3 BeiEsa A SR Frortetoptestierini Tt NitloR dabpotitifn the

VIfomioldgy Wiihtable 2). ’

IFA conducted with 72 sera taken from humans in 1958 (ages ranging from 8-99

years}*# revealed a 100% seroprevalence, indicating the virus has been circulating in

the human population for more than 40 years. In addition a number of these sera

Genetic analyses of the N, M, P and F genes revealed that MPV has higher sequence
homology to the recently proposed genus Metapneumovirinae (average of 63 %) as T
compared to the genus Preumovirinae (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 (‘8-NS1-NS2-N-P-M-SH.G-F-M2-L-57,
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-L-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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10 hRSV and 88% with APV-C, its closest relative genetically, as for
example can be deduced by comparing the amino acid sequence of
figure 3 with the amino acid sequence of the respective N proteins of
other viruses. The amino acid sequence for P showed about 25%
homology with hRSV and about 66-68% with APV-C, M showed about
36-39% with hRSV and about 87-89% with APV-C, F showed about 40%
15 homology with hRSV and ab% t 81% with APV-C, M2-1 showed about
34-86% homology with pneumoviruses and 84-86 % with APV-C, M2-2
the gR A 501704 REHFBRSGPRRISEHEURbTIhSAR Y AEE 3696 it APIoss Al
cltiseifratinest MBVaiobddd foshowes a8y aragm ohBdswith

A@W;gggs and64% With ARY-G-20.Rhyloge Ithou h BLAST
oagtalngé%rom

searches us nucleotlde sequences éntified virus

isolafe: ﬁﬁ‘ﬁ%ﬁ?ﬁ@i’ég i Wﬁf’%ﬁ%ﬁ%’é@% from which
Sdﬁnmnfmmmmld@m@as&dﬂmqwmm&ms @qea{ea some
nfSSREINANGS il ATRE PRI AN HAGS asauelL(fala Bobsboum A, n

|nd|f;‘1 tion for the 25 relation between. the newly dentlfleté)vw ate an
& AR RS ERRAMOTRTHTSE:, %&h@ﬁ@ﬁe&mm RIAE ¥dhathmiebeen
ddsasibelosethiyPé, Pyind amet Elo@RhelotsiesdARilbas:dv:aliHol P, M and F

SRYIQ0ENRIE HERsRARVAY iflentified vi tclos
¢ related to A \éﬁ 4) From the four serotyp g%@fﬁv that 5‘\% Se %Xr the ¥

R AT ek re it SsRETRs U REY M %Wﬁﬁgﬁﬁ%@
wiylpcky il ahle. mmﬁmwmfmmwmmmmmwemﬁm
hREVSod mm&%ﬂ@@&mwg&r&ﬁ%&&@ AR FRAUENGEINIRImAtion

PV.s roty vall Q determine the relationship of our
va‘?%ﬁg}hegwly%rén ifieds vﬁﬁss(’?ﬁg e éesc’i?%?ﬁfé‘tfe‘i?fﬁ%%‘fﬁ]gféﬁéﬁ@‘ﬂ%@@

%M@%&M%@M@mmb@n@ﬁd@pmmm&mm&smm@@

sﬁmaa, &J@WVM; ARl mﬁ@gawsgéae@lﬂﬁéﬁ%&mﬁ%%m virus
M,.F and L ORFs, that were

es toa lify sh agments in th
S sequen r;%)quff)r/encgl!(;iﬂéwec'ff]jL e%ﬁ%%r’d&%ﬁ&%%e\ﬁ%?@ al and
ecppamisakRPRAGheL %W@h’?@@ﬁ%@?@bé@@@eﬁﬂ&é@% sedehwens also
defeatichteniesalaisglywalaiiekba0asRliCaihicl fastyal &1 06 ISUABS WEIE clinical

MQ%‘BQ&W&%Q&?QE&QG a h§r than to APV. Although the sequence
information used Tor these p oge TRelic trees was
e slight differences between the TFA and VN results (b samples) maybe due to the

fact that in the IFA only IgG serum antibodies were detected whereas the VN assay

detects both classes and sub-classes of antibodies or differences may be due to the
differences in sensitivity between both assays. For IFA a cut off value of 16 is used,
whereas for VN a cut off value of 8 is used.

On the other hand, differences between IFA versus VN assay may also indicate

possible differences between different serotypes of this newly identified virus. Since

MPV seems most closely related to APV, we speculate that the human virus may
have originated from birds. Analysis of serum samples taken from humans in 1958
revealed that MPV has been widespread in the human population for more then 40

years indicating that a tentative zoonosis event must have taken place long before

1988.
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limited, it appears that the nine isolates can be divided in two groups, with
isolate 94-1199-1 and 99-2 clustering in one group and the other six '
isolates (94-2; 93-1; 93-2; 93-3; 93-4; 00-1) in the other (Fig.5). 10
Seroprevalence To study the seroprevalence of this virus in the human
population, we tested sera from humans in different age categories by
indirect IFA using tMK cells infected with one of the unidentified virus
isolates. This analysis revealedghat 25% of the 15 children between six

mAd hwelye ﬁ&g&l&g had antibodies to the virus, and by the age of five

nearly 100% of the children were seropositive. In total 56 serum samples
tested by indirect IFA were tested by'6?N assay. For 51 (92%) of the
Spgaimpiestiettesults of the VN assay (titre >8) coincided with the results " -
obtained with indirect WA _ (titre>32). Four samples that were found
“positive in IPA, were negative by VN test 20 (titre <8) whereas one serum
OvrsdBtebribaatives R itRrEEs Pl iseistivasrphmrsaciaspimties for
chilthiele spffdFide fondBTicehiitha72 serdnidkeesfedfohtin aps:inck U5 Bifages
AN BRIPLLH ARG A ¥RASHLL Lo EeNERIEH 8.1 A0 U-SRLOREYAIRACE nssays
t%glcatlnggthe Virus P};ﬁgﬁegn circulating in the human population for'more
RARE yERPSSTRASHROTE S FRIPBAPL ABALRSE Witurosavanes b th 494 B,
hR&¥5e9¢ huwenfiarain8usraderatGifE 2 fyBeiaticalialysespidraddaM, P
asipstds 9RAE 5186 Yealed dnal- N RYs Ras RGN QLSS AUBRCE: MNP ROV A I8! o
Varrl%%grégﬁl%]ro .ogfu%j%e%%et neumoviriauze (average of 63 %) as
compared 1o the garus PRERMoVTRREY (8RYECHE StoaksalidratME)
cellte inan srslsth Sedene B LY geltisaxion sivil doth biddae §dMGENgethat

SapARMELRILY chicpantiostiaiherasnarica danisalignofdhe RS Vitich
weg'N%Qﬁb'%' = -Mér%@-%ngz-&}}g'i)ﬂ i&!‘n%tu%P eumoviruses lack MS1 and
NS Genes and have a qifierent positioning of the: Gensg BERYEEH H iite
virps apaqiic prithpiiesigadt gflupnes sirob oS Betnd EnHREWypesdirand
B, geadsdrious, virusiselaiesanghihpdackmiNs2.and NBRpdiacentdq to N,

t igh_amino acid seguence homology found with APV.are
o e ehms e L, e R et i e
casgph ariiglietsrlinge M eeaihir ieRtifiedgerme wrrimemm i taaieiou il
thesé hitnnan @HEih.

Direct Immunofluorescence Assay (DIF)

Nasopharyngeal aspirate samples from patients suffering from RTI were used for
DIF and virus isolation as described'415, Samples were stored at -70 °C. In brief,
nasopharyngeal aspirates were diluted with 5 ml Dulbecco MEM {BioWhittaker,
Walkersville, MD) and thoroughly mixed on a vortex mixer for one minute, The
suspension was thus centrifuged for ten minutes at 840 x g. The sediment was spread
on a multispot slide (Nutacon, Leimuiden, The Netherlands), the supernatant was )
used for virus isolation. After drying, the cells wefe fixed in aceton for 1 minuf;e 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 8 (Dako, Glostrup, Denmark).'Aﬁ:er. three washingsin
PBS apd one in tap water, the slides were included in a glycerol/PBS solution
(Citifluor, UKC, Canterbury, UK) and covered. The slides were analysed using a
Axioscop fluorescence microscope (Carl Zeiss B.V, Weesp, the Netherlands.
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Phylogenetic analyses revealed that the nine MPV isolates from which 5
sequence information was obtained are closely related. Although
sequence information was limited, they were in fact more closely related
to one another than to any of the avian metapneumoviruses. Of the four
serotypes of APV that have been described, serotype G was most closely
related to MPV based on the N,71' M and F genes. It should be noted
however that for serotype D only partial sequences for the F 10 gene were
available from Genbank and for serotype B only M, N and F sequences
were available. Our MPV isolates formed two clusters in, phylogenetic
{FHZS BUPHBth hRSV and APV different genetic and serological subtypes
Kaveibedeotiaser il calth RREM: sl thayge Abtdltisdandd) WP ¢oltatebin 24

tenresaRt sstngicalsuharauns zbagtﬁr@mwmw@fggg%mam

nkn W resentOur serological s s 15 showe .
S?ﬁ’fhgf? ?l%rﬁva?luﬁ%‘\ft%gené tg’re%pL/‘ég &d wal?lo%m’?tggs wrulvlaf\\é ervier,

Erhedwing chbe flessihasrriadinit e pidthssesrereastiPdi ma e ES tnd sherdidizath
gagle%qqmmﬁd ical Impas thmrmfytm@éa mw‘dlag{l' a&tfcalmﬁaw%s

as on VII‘US tion a (0] | | IS
o?’fﬁeexlﬁ%l ence%ln %c nlca?g (gdogr?%gn%l@&c} sa\%rg pa %éygfén
gbtpmingigHevieievce s Hernte Rameliing. 498 Wifé%ﬁﬁ%zx%ﬁmb)tt&ke&
magbﬁﬁmtmbﬁxﬁa@@ammmmmwégﬁ eI BREROWES Wekfam D-

tecte her ) VN ass etec th classes and e
nt?g?)% es 1:ggd%%qr%eerlfces n?g‘y%yetguegﬁ)é%ﬁ% (? frerenice s%?ﬁes%éﬂrfs?%v aaﬁem’
Beadeehastimriasyag 8926 wpsipe (kibifhvahnelosies Betfagde, vaﬁ‘éﬁé&%tes
oV bhar@utaftveluRpirRdsatisetihe n4dsp theyoihal hanchidiferenees,2 ml per
n.1¥A ve I ic |bIe ferences,.
o S i B B
@?E%%éﬁﬁi‘%‘?aﬁéa%cﬁfw %@%ﬁ%@mﬁé frIF PhePRiREiRS Medium
phay sheask arigindtaecirerrbifdekdnddiisiooCBEIUMiteamplegstallzrviam
bYMRRTIN, 189 §ecr&£ﬂggacgé%wﬁx>,/uﬁgécp?gﬁa\%dw ead e uman,,.

&gulaﬂon for more then 4 ears indicating that a tentative zoonosis . .

W?We%ﬁé?ﬁﬁﬁlfé%W@’Bé‘ﬁiﬁe‘“ﬁ%%imﬁé‘@i%‘lﬁsa?ﬁ of the

Msthbg sSipedifinacaltectibed below.

Animal immunisation

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

described below.

Antigen detection by indirect IFA

We performed indirect IFA on slides containing infécted tMK cells. After washing
with PBS the slides were incubated for 80 minutes at 87 °é with virus specific anti-
sera. We used monoclonal antibodies in DIF against influenza A, B and C, hPIV type
1 to.8 and hRSV as described above. For hPIV type 4, mumps virus, measles virus,

sendai virus, simian virus type §, New-Castle Disease virus polyclonal antibodies

P
[
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5 Over the past decades our laboratory has collected nasopharyngeal
aspirates from children suffering from RTI, which are routinely tested for
the presence of viruses. All nasopharyngeal aspirates were tested by
direct.immmunofluorescence assays (DIF) using fluorescence labelled
antibodies against influenza virus types.A, and B, hRSV and human .
parainfluenza virus (hPIV) types 1 to 3. The nasopharyngeal 10 aspirates
were also processed for virus |solat|on using rapid shell vial
techniquesl4on various celllin&s including VERO cells, tertiary

(REVMd vl dorustmrrh Keipsddne yefanense berh Umrﬂé%dtﬁeﬁéhmﬁgfiéﬂgs

wite B anaddarinsoekkidneyiM, DM seliss wabyilasshawig ytaphstic

n%f‘] dcitess %%P%gggélﬁwo othree Spgss?ge%ra,pdw |ctr11 wgre negative in

were este In |rec |mmun

uorescence assays ing 15
aﬂﬁbe@l%qo@aﬁ@mm@@aaammﬂ%mmw Higs‘*?
foltyﬁﬁ*StAlﬁ Nel o BserARASIGHNI (DS LE) GIOPS M, L:Sekamnaoaiwﬁmﬁaﬁ NibbS-

an@gplv j:, %%61(? Sﬂgg’ | II‘u gﬁmlan Vh“éx%BS 8%3@@]{0 20 fold

New- Cas sease virus. A thou&ii for many cases the aetiological agent
diludeiy %’édﬁfe‘ﬁm"%%ﬁ??é apdesrithed fefdfegative for all these viruses

tested. 20 Direct Immunoftuorescence Assay (DIP) Nasopharyngeal

B&é&ééﬁt%éﬁﬁb%@%sfig%w%ﬁ}n%ﬁL%Hr%!r%“ﬂom RTI were used for DIP and

virus isolation as described' 4-11. Samples were stored at -70 C. In brier

Foy éé%ﬁ?%%@@é%ﬁ.ﬁafégﬁwamﬁ%a%ﬂ% MO erte cgraviisgg with cold
acéBindhittakedint Walldreuil B D) dsththal etighbeminedmpla worexo 16
aiiixeT &% JHH‘,P‘&J&& v’%&@’&gﬁi% WS Hhes. mﬁﬁgmﬂu%ﬁmuman

minutes. at he sediment was spread on a multispot slide
anibatiReoTy B &e&%ﬁ%&m ERpethRF ISy SrEeEr PERFRERS AR A8 Ted 18PYe
virus isolation. After drying, the cells were fixed in aceton for | minute at
VIO BLEIIRE ke After Washing the slides were incubated for 15 minutes
t37 C 30 with commercijal available F)TC-labelled pecific an

S e T B Pl e L

mmn@tmt@fmglw@bhtr@@my@BS’Em Evio qathveaterstheesiel e
24WRIEpIREH e i0:8:0h4ee @U&%@ﬁpbﬁ@ Ra{itdQbebdiC RatIRIYed Hde
- 58 B MalOR Sl Rl S AR LA,
with indirect IFA using ferret antibodies against the new virus.isolate. Poscitive
cultures were freeze-thawed three times, after which the supernatants were clarified
by low-speed centrifugation, aliquoted and stored frozen at -70 °C. The 50% tissue
culture infectious doses (T'CID50) of virus in the culture supernatants were

determined as describedit.

Virus neutralisation assay

VN assays were performed with serial two-fold dilutions of buman and animal sera ‘
starting at an eight-fold dilution. Diluted sera were incubated for one hour with IOO
TCID50 of virus before inoculation of tMEK cells grown in 96 well plates, after which
the plates were centrifuged at 840 x g. The media was chghged 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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Virus isolation For virus isolation tME cells (RNM, Bilthoven, The
Netherlands) were cultured in 24 well plates containing glass slides
(Costar, Cambridge, UK), with the medium 5 described below
supplemented with 10% fetal bovine serum (BioWhbittaker, Vervier,
Belgium). Before inoculation the plates were washed with PBS and
supplied with Eagle's MEM with Hanks' salt (ION, Costa mesa, CA) of
which half a litre was suppleme“nted with 0.26 gram HaHC(c)s, 0.025 M
Hopes (Biowhittaker), 2 mM 1, ﬁlutamine (Biowhittaker), 100 units
Vipertbiiacte0oapgrstreptomycin (Biowbittaker), 10 0.5 gram lactalbumine

Hb21igRarddeh e Z0iydrachinibhsrdietBenands): kdorar &rﬂk&ﬂ&ﬁ&s

rck, Amsterdam The Netherland r ept id e
o s e i
supramrdets W @Wh@qsmwé et R0 with afitprerhichhhopeHet was
refl23RRRAIYNGER %@@&&@%&&M&W tdpligater dall Quasl hys

centrif at 840x hour. After inqcu tlon 15 ates we
coABAIEH BE2 e AT AMARe AL BAR TRy T THER A e
sugropecksaingh (2ilores avdidUHecked ‘tﬁilgl‘l&@r@% Euﬁﬁter ibterjipscails were
subGlghadifrom.ig m%ﬁsmgr@r@@ diingy Q@@Qtﬂéﬁ?’%ﬁmﬂ%’i&&%@r&‘é@s

repeated for the third passage. The glass slides were used to
grﬂ%‘ﬁfﬁﬁ%‘?ﬂé?e“iﬁ%cﬁ%@éfﬁ?é @rt%%hmﬁﬁa%&tw& o< Gusrqip g dient |
frdaeiom. waAREPedt iy msaﬂ@m?ﬁbek:&m@ -Bunea- il spe Bl aidtisgya for @3
ac}%&?dx"‘ée? SEOMELRd IS ST (9@ ?ée%t gpﬁﬂé“em%la%@éi?%@‘y e

INfection of two specitic pathoge errets and two nea
Suﬁ@agéaﬁ%@p%ﬁéq@@é%%wmémgw%wﬁmWéglgﬁaqeﬁaaﬂn
andRike-BORnals were bled by cardiac puncture, and their sera were used

as reference sera. The sera were tested for all previous described viruses

with indirect WFA as described below. Antigen detection by indirect IPA
2L W@‘ﬁ@ﬁormed indirect WFA on slides containing infected tMK cells.
Riterawzshiitg fvith B Suthenslidesofer incukiited fore30mintiesgas 3ént

By (&&F&Eﬁf 25078 e
:ag‘%l nst inf uenzgqh Eﬁgeaﬁﬁcl%ﬁ%?@ tQ .3 anoﬁggg\%éé&%%ed

oeued RererencsisnNestu hetlopde:

RT-PCR

Virus-specific oligonucleotide sequences for RT-PCR assays on known

.

pe

paramyxoviruses are described in addenda 1. A one—step RT-PCR was performed in .
50 pl reactions containing 50 mM Tris. HCl pH 8.5, 50 mM NaCl, 4 mM MgCl, 2 mM \,}
dithiotreitol, 200 pM each ANTP, 10 units recombinant RNAsin (Promega, Leiden,

the Netherlands), 10 units AMV RT (Promegsa, 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 8 min. at 72 °C repeated 40 times and

10 min. at 72 °C once.

AT
4

RAP-PCR

4

RAP-PCR was performed essentially as described’®. The oligonucleotide sequences
are described in addenda 2. For the RT reaction, 2 u} RNA was used in a 10 ul
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sendai virus, simian virus type 5, New-Castle Disease virus polyclonal
antibodies 43 (RIVVM) and ferret and guinea pig reference sera were
used. After three washings with PBS and one wash-with tap water, the
slides were stained with a secondary antibodies directed against the sera
used. in the first incubation. Secondary antibodies for the polyclonal anti
sera were goat-anti-ferret (KPL, Guilford, UK, 40 5 fold diluted),
mouse-anti-rabbit (Dako, Glostrup, Denmark, 20 fold diluted) rabbit-
anti-chicken (KPL, 20 fold dllutlog and mouse-anti-guinea pig (Dako, 20

RO R et lgeRileaiiis s TG aaM iBERM Rk SPbHIR 6BFR G TE,
28ntivOTiesHTHp IS8 S 16y MIKE tabird 3 HONE MR, delesdintaf miksspegific

santihediss, infasted MkGelisavere fixed y&'tgfﬁ%l 41855080 Eveslins,

washed with PBS and stained with serum samples ata 1 to 16 di ution.

B, premmsdhifs Technpiesenarereaidat viitn iorrbabiasatalf rShBR6 ek

santibodiest8e tmesdletethindaBs {Baki). mxweﬁe’mo@e'sseﬂ'ammtwe

HESHilRcH ahove, éﬂ%i’ﬁ&‘i %‘A&!{&%MEM o B EOBLSIL RAnR: '§¥8" R Of

tMK cells in media as described above were inoculated with. supernat

3F dMpied tradidisirdl/e b 2a ke malVoldritsre ephaidesnd ﬁmémzﬂ%n
Pt eslidinte SRR Rogheasked dptiGk Codailoand-shesmadiaves changetht

AeS i Wark: Ance ChE differed for saghiseialeal gultures were t&ited

at dae/ 12 to 14 20 with indirect EPA usin erret antibodies a alnst
WA GSERa P 48 Bwsaﬂﬁﬁéglwr% feoutnAliedRhF %é@}‘hﬁ@r
Wﬂth@@qbem sy dyciadified aliyd duSipecskepnt F@EHO0,

mlifHRled 2 Ad.Sial Jmemtuz&&lam@) S0 st CHIHIS INfaGl usts

virys in the culture supernatants Were etermine

S 50 0
SRR SR Z L R A AL S8 DAPHCE.R e it eeen
IwittigeriEidWetioidadifsliond dbimdian @R anickal Gevitraganifyoatnan, The
relghidaldSiutina Rilyiediseaine s neubated farene hour with 100

TCID50 of virus before inoculation of tMK cells grown in 96 well plates,
after which 30 the plates were centrifuged at 840 xg. The media was
Senurngedrafterithree and six days and IFA was conducted with ferret

Fairibogigs.again sloMB Y § Lavispafter 1 (Invitrogen) were sequenced with M13-
specific cligonucleotides. DNA fragmeni:s obtained by RT-PCR were purified from
agarose gels using Qiaquick Gel Extraction kit (Qiagen, Leusden, The Netherlands),
and sequenced directly with the same oligonucleotides used for PCR. Sequence
analyses‘ were performed using a Dyenémic: ET terminator sequencing kit
(Amersham Pharmacia Biotech,.Rooéen&aal, The Netherlands) and an ABI 373
automatic DNA sequencer (PE Biosystem). All techniques were performed according
to the instructions of the manufacturer. ’



10

15

20

25

30

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. 44
Virus characterisation Haemagglutination assays and chloroform
sensitivity tests were performed as describeda,14. For EM analyses, virus
was concentrated from infected cell culture supernatants in a
micro-centrifuge at 4 C at 17000 x g, after which the pellet was 5
resuspended in PBS and inspecg@d by negative contrast EM. For .
RAP-PCR, virys was conc ected tMK cell supernatants by
Gﬂfﬁré”@é%ﬁf?ﬁﬁléﬁ ﬁ‘%ﬁ“ﬁ‘%ﬁff% ? é@@t@lon (2 hours at 150000 x g, 4
C). The 60% sucrose interphase was subsequently diluted with PBS and

T@é%éﬁ%f%@mmlfg%&ﬁs%%sﬁé%t%ﬁﬁ Elﬁi{@@bm&' nawm@n' MBS
centrifu r 0 t crose

frgem f‘%ngﬁ V\Feg?e ispecte ? saégn%e o%w%gs ke rﬁ’%@g{\‘ ?ﬁq\ﬁx%’d
wp@ys%g/mrd@géqmmwmwwwéd by silver staining. The
FedpsexmaielyRDYesuecmasaicctions that appeared to contain

|so?‘%8‘ %Was‘?%%%%%cﬁ%sg%%g%%and Ehtof m@ L[?e pTgh Iﬁcul ures

PER Sragmsuteyphbnined Mt(éh%ﬁ%‘%”@ﬁ‘@%@?@ﬁmﬁ%n kit
Fackasding ®: Wslauatans ftam Mmawmrecmﬁm&@gm&ﬂwm N:

IR Al

sequences for RT- P 4yS on KNOwn aramyxoviruses are described

ErpgmerfsRbined iHid: ﬁeﬁ WERGTES G 80 dal reactions
Fadhigining SOMoMeSiEsdd &4 mei Be8d 20 iR ARBCH frhMgGlstathoah M:

5d&w&§1&%§eﬁg%t§] il an&%yﬁgs% Legs) hinant BN 'Qﬁﬁgg&@

Leiden, 25 the Ne Ounls Promega, Leiden e

Erpgaiptd shtrased HitsGa Qg&é%‘ﬁﬁl‘fa%'l‘ MeTASEAPE Biosystems,
Fidgennney ke parifidd fiseekhEhel, Nethérnaddshantd Ik R84AKSYHbTgre.
conditions were 45 min. at 42 C and 7 min. at 95 C once, 1 minat 95 C, 2

Rﬁ%@ géalaggggm% m|n at72C repeated 40 times and 10 min. at 72 C

For the amplification and sequencing of parts of the N, M, F and L, ORFs of nine of
the MPV isolates, we usedvprimérs N3 (-GCACTCAAGAGATACCCTAG -8’) and N4
(5-AGACTTTCTGCITTGCTGCCTG-3), amplifying a 151 nudeotide fragments, M3
(6-CCCTGACAATAACCACTCTG-8") and M4 (6°-GCCAACTGATTTGGCTGAGCTC-
3y amplifying a 252 nucleotide fragment, F7 (5-
TGCACTATCTCCTCTTGGGGCTTTG-8") and F8 (5'-
TCAAAGCTGCTTGACACTGGCC-3) amplifying a 221 nucleotide fragment and L6
(65-CATGCCCACTATAAAAGGTCAG-2") and L7 (5-CACCCCAGTCTITTCTITGAAA-3)
amplifying a 173 nucleotide fragment respectively. RT-PCR, gel purification aud

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-3'
Probe used in L: 5-TGGTGTGGGATATTAACAG-8

ea,
£ S
o
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RAP-PCR RAP-PCR was performed essentially as describedYO. The
oligonucleotide sequences are described in addenda 2. For the RT
reaction, 2 |d RNA was used in a 10 Icl 45 reaction containing 10 ng/psl
oligonucleotide, 10 mM dithiotreitol, 500 j,.m each dNTP, 26 mM Tris-HCi
pH 8.3, 75 mM KC1 and 3 mM MgCL. The reaction mixture was
incubated for 5 min. at 70 C and 5 min. at 37 C, after which 200 units
Superscript RT enzyme (LifeTechnologies) were added. The incubation
at 37 'C was continued for 5 55 min. and the reaction terminated by a 5
Fhifegnetinsaidriet 72 C. TheRT mixture was diluted to give a50 | PCR -
reaction containing 8 ng/l oligonucleotide, 300 }im each dNTP, 15 mM
rol PG LB SO IMAGL 00N MOGHA 2142 s TiEk B e
polymerase (PE Biosystems). &ycﬁng conditions were 5 min. at 94 8&?

PaskREAnA e Jkribosd Frees BRrSS TRmRRRSISIRE Hin DAAME sofffice

" pagk&fs € tindPhyi( M pekrinGisizgaatcebdBitae A0 d fulilesit. TReeE:

pubASIRARRCR: doPhihe RIBSE. g&gygzﬁ)wsgsﬂmg%@&i%&%%&“ a
%O{o I}IIEeV %%%rfgsgﬁﬁel (FMC. BioProducts Heerh%%g\{vaard ’The ; ‘
v RTAARIS SR o D SISy S RAGTGNES b ABHE oMY GhRge.:
bRSVIMCPARSthEog shwRIDRFadiNdk BE] RRUrAEHA, KIORiMy ARV He (isdeny;
Aﬁh@,wl{lwihaﬁfl&saa%@ Rlenadivpo 1 ,_Bltéé%e&fﬂﬁ-ﬂﬂﬁiéh@%%%% i tﬁ@%ﬁge;
e erlands) accordin instructions from the manufacterer.
A A B R oS A dettep s, Ososs:
ARGt AT We Fos tpul AFEY B, 0BE39spESIG SIRJORACIDIMEATIRGES .

PHyRGEAERS.QRIAIRER O R GRWRIS UL RAH: RO P9AQSE88ISusINg
W].[QliQ,g,qzi%I&GeI(JExtrac‘%tion kit (Qiagen, Leusden, The Netherlands), and

sequenceﬁﬂdlrggtﬁ}lvgﬁ?wu’fhe same olgonucleotides used for PCE.

Sequence analyses were performed using a Dyenamic ET terminator

Abseeensiogdel i mparshamRhaimacRRioeay: BensendaalpThe
Netherlands) and. an ARJ 373 automatic DNA sequencer (PE Biosystem).
pnAlée%%%gﬁgg%v%%’éﬁogméanggoargﬁép PSR ORI eulsngf?uétio% ‘gfs‘%/he

manufacturer. 46 Generating genomic fragments of MFV by RT--FCR To
Exgendate Rodhisdag meidaspmvirg gaps A, B and C between the

Sp%)ﬁ?ﬁ(gﬁkcﬁon

In order to find virus isolates nasopharyngeal aspirates, throat and nasal swabs,
broncheo alveolar lavages preferably from mammals such as humans, carnivores
(dogs, cats, mustellits, seals etc.), horses, ruminants (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 ml Dulbecco MEM medium
(BioWhittaker, Walkersville, MD) and thoroughly mixed on 2 voftex 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

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



10

15

20

25

30

fragments (Fig.2) we used RT-PCR assays as described before on RNA
isolated from 5 virus isolate 00-1. The following primers were used: For
fragment A: TRI designed in the leader: (5'-
AA.AGAAPTCACGAGAAAAAAACGC-3') and NI designed at the Tend of
the RAP- PCR fragments obtained in N

. (5'-CTGTGGTCTCTAGTCCCAC"TC-3') For fragment B: N2 designed at

the bend of the RAP-PCR fragmggts obtained in N: 10

( L‘-CATC@;A@GCTTATGGGGCG') and MI designed at the Wend of the
ABPE Lﬁagments obtained in M: :

(5-CAGAGTGGTTATTGTCAGGGT-3"). For fragment C: M2 designed at

the: Siend widhenRNR-RERHFWNBNERERITERLINdMherlands) were cultured in 24

WA AROASERIA fotad: AR08 il et el

RAP-PCR fragments obtained in £

(et Ee R PErPREPRENCTEC 9% Euiz) bovins agrHEn SRR TS thekfre N Frinr.

hdgelh)chyied and eadass deserbatdiefamn. PRI -RGRUPlied with

;ﬁﬂ'gﬁ%@gﬂ@g/ﬂ%{fgh@C@}L@y&9&5@&9@&5&9&&@&@&%@&@

, Fand L ORFs of nine of 20 the WV isolates, we used primers N
B2 SRR R BRI oReCS i aprind R L-ghutarmin (Biowhitiakes),
EIOAGIOTEFR T RGNS, POGTGEE o) naniphifige ket hatiditer

Lomts . SO NM MG e e

vepseterrAmrsedap ke dptert et Heresrienn (Pedds o5
FeakAGHT CaETGAROAOEECRTC:S) amplififinfealaRlogies)@xttlesda, MD).

fragment dack kB kAN EEGEAGTAT AARARGE 3 AN hte ,
Ay CCC%AG%CTTTGMAAA%mpg%ng a 17§ n‘ucéle;oé%fgggéégaﬁesrﬁm ples, -

E’é%ale RSNy HTPRLEE et DU Y GH S etfett SEUR eI g - After
pradeiatien ths tletoribed mbohveefartbietmbnes prebiesws et Livdags 8hnging
Brobraisetb M vk @Sl TGt Aredeldnetitch HAG Br EPEDAMSEHIRN s,
5'-TAT TTG AAC AA@IIAAG TGT-3' Prohe US%dtind , s Thi
et S TRACABASR7 PRI RASHCRnANERe A gfe: This
pisyIvge e tee &y, ibnkhisbpersace I hrcetasd |Rlived wesgrsad ©ldetaiytrate
sioftyvadence of the virus by indirect IFA as described below.

CPE was generally observed after the third passage, at day 8 to 14 depending on the
1solate. The CPE was virtually indistinghuisable from that caused by hRSV or hPTV
in tMK or other cell cultures. However, hRSV induces CPE starfing 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
isolates CPE was difficult to observe, and IFA was used to confirm the presence of the

virus in these cultures.

..

Virus culture of MPV

Sub-confluent monolayers of tMK cells in media as described above were inoculated
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
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package and maximum likelihood trees were generated using the
DNA-ML software 5 package of the Phylip 3.5 program using 100
bootstraps and 3 jumblesls, Previously published sequences that were
used for the generation of phylogenetic trees are available from Genbank
under accessions numbers : For all ORFs: hRSV: NO001781; bRSV:
N0001989; Par the F ORF: ?V:'M, Dt t t 28; APV-A, 1700850; APV-B,
Y14292; APV-C, AF187152; Fopthe N ORF: PVM, D10331; APV-A,

U39295. APV-B, U39296, 10 APV-C, AF176590; For the M ORF:
P DR o s 0 KT D M ARSI v
cifeup ioiRgtiom Ak sdBEH05 0\ PArisuUR The QuiARY OpAREFSESWere
aktepngenplicwainglysasiaid e Angdifaranat v isalates of MPV were

performed with APV strain C as outgroup. 15 Abbreviations used in

figures: hRSV: human RSV; bRSV: bovine RSV; PVM: pneumonia virus
Veiikerasienisati®, and C: avian pneumovirus typ A, B and 0. Examples of
Haeihgglstod6enibsdibih Snasieiencaliestiony 2050 wedepiorneelitifowing
a&@%@%@%@&%ﬁ’&g&% SIS a’%ﬁe’?éﬁlé‘ﬁf%;bmb&%he%?ms

alveolar lavages preferably from mammals such as humans, carnivores
wedcgaceaTatas el infectedpsib el e pawsrabaiiaitsy eitte; cshifp sy obtls’
CRlC)T000S ¢, rabite hRiEdSd ROkl Y -05Uichesn 818)is eI d R £XBLBINEEy
nFr%ebirg%clgﬁgi swabs 25 and droppings can be examined as well.

era should be collected for immunological assays, such as ELISA and
virus neutralisation assays. Collected virus specimens were diluted with 5

Artdonheqen e Maneciury (BioWhittaker, Walkersville, MD) and
ctherouaghly mixed on a vortex mixer for.one minute. The syspension was
thus %en%r%%nc? %?r_tee%r?ﬁ?ﬁﬁetegsa.egﬁﬁbf% f”f‘rﬁ g%&? iﬂ%se&h?p\sf'vaén seﬁ rggﬁ
SR¥Re4 AR REisERd aldeutdbs iy theeally Fien Sndriarmssjdw for 1 minute
aimrinefparaseence techniques, and the supernatant was used for virus
alsQlations 48, Virys isoletion Eopuirus jsolatign tiK cells (RIVM. Bilthoven,
The NethBérIands We?e cultured ?r%j éiv%elﬁ pla eé;ﬁggntegiﬁ%r?g %iasgsgs ides
shtesstarse armimliges RS, Fithah e itelRHrodndisetrpopir | minute at
regppemrested.with 10% fetal bovine serum (BioWhittaker, Vervier,

After washing with PBS the slides were incubated for 30 minutes at 87 °C with
’poiycianal antibodies at a dilution of 1:50 to 1:100 in PBS. We used immunised
ferrets and guinea pigs to obtain polyclonal antibodies, but these antibodies can be

raised in various animals, and the working dilution of the polyclonal antibody can
vary for each immunisation. After three washes with PBS and one wash with tap
water, the slides were incubated at 87°C for 30 minutes with FITC labeled goat-anti-
ferret antibodies (KPL, Guilfor&, 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
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 80
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 87°C with FITC-
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Belgium). Before inoculation the plates were washed with PBS and
supplied with Eagle's MEM with Hanks' salt (ICN, Costa mesa, CA)
supplemented with 0%a2/liter gram NaHCO3, 0.02514E Hepes
(Biowhittaker), 2 mM L-glutammse (Biowhittaker). 200 units/liter penicillin,
200 pg/liter streptomycin (Biowbittaker), igram/liter 10 lactalbumine
(Sigma-Aldrich, Zwijndrecht, The Netherlands), 2.0 gramlliter D- glucose
(Merck, Amsterdam, The Netherlands), 10 grain/liter peptone (Oxoid,
Haarlem, The Netherlands) and 6002% trypsine (Life Technologies,

Ibaliedgsonsiosy, epHRodiatde herPrsireUtard AN FYSRA JaFR BRoAgased as
dasistipidahovgeal aspirate samples, 0,2 ml per well in triplicate, followed by

ASRAREINGIOG, 33400000 Q1-00E AL HK&&J&AH‘? ﬁ%a%ﬁcib%ﬁ' ASANE'E divect

incubated at 37 C for a maximum of 14 days changln the medlum once
%ﬂﬁ&%ﬁ%?ﬁ%&r%%&eﬁwaﬁ? RFSPEHENE SHells

were scraped from the second passage and incubated for another 14 day

it asieRasrepeated for the third passage The glass slides were
sed to demonstrate the presence, of th e VII’ |nd|rect IPA as

GRS DS FBRRP IS GPEPE GBS GRNOFART 86 8??6?%%?8%%%%&*"‘1
batesingrBorntial vidpandin dnbretice %@Pat@eﬁfe: ORBogeasiart fraitgts and two

ghadistipghuisable mmaw@e@&gxmm RBE BV d o it RS8N the
culta{ses Hc]D vg SVlnducesC Q;?_gtartl around d(? y 4. CPE was
anﬁmrac%nse\g% Eéyncyfi S RERSHNRY SRR AR T L RRISK R isre Pap e
Th@eaqxawms«mmreﬁ fqow&wmeém@méwmemmmm@mnbed
bEB&S@ﬂ@Q&i&Qﬁ&@&QEEMﬁ&OH@%M%@%@MBMEAéﬁ@&ﬁ@%ﬁ&ay

pc{g)nflr the SE rége f the virus |[€}these c%ltures Virus culture of MPV
§ con uen mono egrs ST TR CaYSTA medla as described above
were inoculated 30 W|th supernatants of samples that displayed CIE after

M%Mm@ﬁma@@g Uvmass%})well plates. Cultures were checked for

I h was chanpge awee Since CPE dif red
X%Pagg%h ﬁgﬁ%f) R cuftures \“/}\?e'lr’e?%%)ted%t umof’f to Xffnwnﬁnf rec?ﬁ
stpefiperat it %ﬁb&&%@%ﬁams@%eﬁémmmw@%&wee banFash 100
TWEDS frfeiesiltafed: fuedstiorest M rcalhy @d&hﬁ ﬁu%ﬁﬂﬂl@ﬁ&&waﬁér which

,tﬁ%iﬁ?e@ é‘vgrebééﬁ(%%&%e& sapifugation, aliguel star, dsggl zenat..

he 50% tissue_culture infectious doses (TC D56§ Virus in the.
W&ﬁlﬂﬁe& %ﬁ%ﬂgmged after three and six days, and after 8 days IFA was

‘performed (see above). The VN titre was defined as the lowest dilution of the serum

sample resulting in negative IFA and inhibition of CPE in cell cultures.
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determined following established techniques used in the field's. 5 Virus
characterisation Haemagglutination assays and chloroform sensitivity
tests were performed following well established and described techniques
used in the field14. For EM analyses, virus was concentrated from
infected cell culture supernatants in a micro-centrifuge at 4 C at 17000 xg,
" after which the pellet was resuspended in PBS and inspected by 10
negative contrast EM. Antigen (zljgltection by indirect IFA Collected
ecimens were processed as described and sediment of the samples
EYALYSI9ZG on a multispot slide. After drying, the cells were fixed in
aceton for 1 minute - 15 at room temperature. Alternatively, virus was

RRUtWE] R0 IM% 68! I&H@%&%‘éﬁ'&d&%&@m AP ARSR s i8R LSS tient

ﬁglgss slides W%%\V\@she with PBS and faxed in aceton for 1 minute at
FGOR tempEAattre: AHE M WA AR B SIriag tn T irsbredor
m3guffieires Gogie OimithosEi0sp dlyaton Alzntibtivida mish BilAicmofid: 56 to
1sd1d42Q f&l@%g Wﬁ'e_%%&émﬁuéﬁiﬁ@%fﬁ{ @1@@?&1 @iner: @gﬁo@@ _%%lecular
BE;?' pnal antibodies, _but thege antibodies can be ral_sed in various
animals, and the working dilution of the polyclonal antibody can vary for
each immunisation. After three washes with PBS and one wash with tap
water, the slides were incubated at 37C for 30 minutes with FITC labeled
R%?gaé:ﬁnti 25 ferret antibodies (ICPL, Guilford, Uli, 40 fold diluted), After
three washes in PBS and one in tap water, the slides were included in a
A gRReeteBBE SR ae nadiniad indR € re@ahitoraytaisedifondd Bred (sl
8.5|idesiVErR BN alySAMISINg AR M IRRRAR T OSB5 GAR S MIHECqB G L far!
regoegl smBth,ﬁé\\lxggs he Nether] ndstgﬁl%gt%(%tio%gg antibodies in humans,
Hammals, Fumibants Br ether ahtmak B htErede) st iERtE MK detection
Tapwpiras SptsncThetiicdtandiddoniiy Koplitay BN PN AvsTedixede @i
BRERIAONICONErBINS LA foswibes abryr)-washed v4th RRR a9dyn,
coln?cl%%%gewde%g minuts §§B;§c g/gh serum sa les alt a 1to 16 dilution.
Rfter . we e A’ SRE ?aén {orr! TR Qs frgymein. at
ARGt ErsSe Bl E ap STt WRALRIF@ D10 min. at 72 °C once.
Primers used for diagnostic PCR:

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

- AGACTTTCTGCTTTGCTGCCTG-3"), amplifying a 161 nucleotide fragment.

In the matrixprotein: M3 (5-CCCTGACAATAACCACTCTG-3) and M4 (5-
GCCAACTGATTTGGCTGAGCTC-8') amplifying a 252 nucleotide fragment

In the polymerase protein: L6 (5'-CATGCCCACTATAAAAGCGTCAG-8") and L7 -
CACCCCAGTCITTCTTGAAA:3) amplifying a 178 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, Roosendaal, The Netherlands) and an ABI 373
automatic DNA sequencer (PE Biosystem). All techniques were performed according
to the instructions of the manufacturer. PCR fragments were sequenced directly with
the same oligonucleotides used for PCR, or the fragments were purified from the gel
with Qiaquick Gel Extraction kit (Qiagen, Leusden, The Netherlands) and cloned in
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labelled secondary antibodies to the species used (Dako). Slides were
processed as described above, Antibodies can be labeled directly with a
fluorescent dye, which will result in a direct immune fluorescence assay.
FITC can be replaced with any fluorescent dye. 5 Animal immunisation
Ferret and guinea pig specific antisera for the newly discovered virus were
generated by experimental intranasal infection of two specific pathogen
free ferrets and two guinea pigg,housed in separate pressurised glove
boxes. Two to three weeks later the ];Q nlmal ere q‘ﬂ%p .C8 rdi G n

p%?‘f&tu?%méﬁé‘méﬂgg@r%ﬁ’é%g%e%g ?gf anc sera cserawere =

friestbe formifpraviousndestrbad ity sesionicad nd e iBpredddescribed

obRlov et animal species are also suitable for the generation of
specific antibody preparations and other antigen preparations may be
used. 15 Virus neutralisation assay (.7V assay) VN assays were

Opg«»famadwmssé et melxeﬂugdﬂam of thawrasman (PhamrrarclRl/d8fing
'?mb(afgl@&ém@& a AvereGoTibateskiassanrdibasetith 100

' .I ofwrusb e inQ ulatl \ lates,
ptﬁf%s ﬁu?ﬁces egtghs Wé"?g cen uge %%%’% S%Qr‘néﬁeég(i:{ﬁﬁg

Rmzé@waw@é’tﬁbé@ra@@vé\@m%@T% %%{%%%&'ﬁter

adbree apsksdodaysaand aliaeSaaysiP N yrseipetins REG (Heesahore). The
Se\/ll}leggg was defkrged ts.h(?escw!fv g q)ll%,teon of the serum sample resulting

“innega Ve 12/ ition of CPF in cell cultures. 51 RNA isolation

Wﬁ%léﬂaﬁbe%ﬁﬁtmgaﬁ%ﬁmWﬁ?é&t@%éﬂ}éﬁmffré%‘d&?a&fﬂ'ose

ccﬁiﬁdﬁﬂfo{-ﬁaﬂﬂ@nﬁ)ﬂ SIRYORFHQ hrkd urenSibkiolse diln bitaoperditgric reveal

%g\ctlons from the 5 manufacturer (Roche Diagnostics, Almere, The

alNet erlands). RNA can also be isolated following other procedures
known in the field (Current Protocols in Molecular Biology). 10 RT-PCB A

Denexsteyy Rii:RER\ia & petormednindt) FieaatiotiocotitainmgbB mNFLISA
Tris.HCI pH 8.5, 50 mM NaCl, 4 mM MgCls, 2 mM dithiotreitol, 200 yM
each dNTP, 10 units

In Paramyxoviridae, the N protein is the most abundant protein, and the i meune

response to this protein occurs early in infection. For these reasons, a recombinant
source of the N proteins is preferably used for developing an ELISA assay for
detection of antibodies to MPV. Antigens suitable for antibody detection include any
MPYV protein that combines with any MPV—speci.ﬁc antibody of a patient exposed to.or
infected with MPV virus. Preferred antigens of the invention include those that
predominantly engender the immune response in patients exposed to MPV, which
thérefore, typically are recognised most readily by antibodies of a patient.
Particularly preferred antigens include the N, F and G proteins' of MPV,

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

Methods for cloning genes, for mmulatmg 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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recombinant RNAsin (Promega, Leiden, the Netherlands), 10 units AMV
RT (Promega, Leiden, ? tue Netherlands), 5 units Amplitaq Gold DNA
polymerase (PE 15 Biosystems, Nieuwerkerk aan in ljssel, The
Netherlands) and 5 pl RNA. Cycling conditions were 45 min. at 42 C and
7 min. at 95 C once, 1 min at 95 C, 2 min. at 42 Cand 3 min. at 72 C
repeated 40 times and 10 min at 72 C once. Primers used for diagnostic
PCR: In the nucleoprotein: N3 (5-GCACTCAAGAGATACCCTAG -3') and
N4 (5'- 20 AGACTTTCTGCTTFSCTGCCTG-3'), amplifying a 151
repryehéntidteatréigene fidr s thelimatoiterateins. M8 for instance: Molecular
cz&ng,%l%&%%ﬁﬁ?é;@&;&z%}&@@&ﬂ& ﬁélecular Biology,
GCCAACTGATITGGCTGAGCTC-3') amplifying a 252 nucleagtide
Aﬁ%é?ﬁ'e ﬁfpﬁ?éswaﬁméﬁQggﬁ&@me go produce MPV antigens. For instance,
a {BHEATRARSHCT ATRAANGET OAC B ameieiniSa E. Coli, B.subiilis,
yeb Glsbde ABT bl Th bl AN L AP RIANG Arled NG RPUAR T30 BIR R

25 Other pri be designed based on MPY sequenges, and
AT B BEEA ) BRI E LR VRS F R SpU e PRFpELes.

- pa@egfitence analysis Sequence analyses were performed using a Dyenamic

T%Ed&ﬂ@m&. d lé_l_aﬁhﬁ%N@&PéS}&&idI el &m&sgb&r%g&hm i _%&Lﬁ@A&y
oosendaa e Netherlan and. an automatic .
D e o le APt BT LS G EeD e aaleg o
rramotpsiadnetie oitrsionah MBYiersgere M itagrenialyé 8 s dftemFedL
csdesglyasth the same, oligonucleotides used for PCR, or the fragments
gHHr'f'edf m_the gel with Ojaquick Gel Extractian kit (Qiagen,
%&sden%érﬁ?gglﬁgtﬂe&%%ﬁsaf %%a%%%%%aﬁeﬁé‘i’? 'p?:ﬁ%e. I\I/’“e%%'(‘)s‘rgﬁ%%?gogen,
ImEISIOIAGISA! FTHaYR Etidettatrs-NETh ratAbodemintu eabinat. foin well
estuldivhfal threreachsibsrguentysseqbenced wiplabd b3 mpeciicirus in .
ol ' 2 ligenucleotides used for.analysing the 3'end of the
T R T O Gt YR
The pepars includrediprbtrs dadimehrosarsicnrirdel aesivesseld b asirssard
sutbaddhder hRSphatek APBéaublishe dibyrsRanthavid (B2 Hsand primet Ni

su@%QIﬁliﬁ&i%@Jﬁ%Igg&Mﬂ&é%})n Qﬁﬂg&% . Qg§ %gcgy that use
anggg%r\%elg sequences in the N protein. The RT-PCR assay and 10
enci

seq TEEESBH TR B RS WRB A0S aF st variety of detection

methods can be used in the invention, including colorimetric, fluorescent,

phosphorescent, chemiluminescent, luminescent and radioactive methods.
Example 1 of indirect anti-MPV IgG EIA using recombinant N protein

An indirect IgG EIA using a recombinant N protein (produced with recombinant
baculo-virus in insect (Sf9) cells) as antigen can be performed. For antigen
preparation, Sf9 cells are infected with the recombinant baculovirus and harvested 8-
7 days post infection. The cell suspension is washed twice in PBS, pH 7.2, adjuste"d};o

- & 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 cells are processed
similarly for negative control antigen. : | A o
100 pl 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 dup}icate wells and serves as a



10

15

20

25

30

The RT-PCR gave a product of approximately 500 base pairs which is to
small to contain information for two ORFS, and translation of these
sequences did not reveal an ORF. 15 Detection of antibodies in humans,
mammals, ruminants or other animals by ESA In I'aramyxouiridae, the N
protein is the most. abundant. protein, and the immune response to this
protein occurs early in infection. For these reasons, a recombinant source
of the N proteins is preferably uged for developlng an ELISA assay for 20
detection of antibodies to MPV. Antl wtable for a Md%qitectlon

DR AR A LR A P LTS eg fth 2y RV SPeSE antibody of

PRYpatIEN Brxposhateen: wadm&mxwmmﬂmlm Eﬁﬁér‘?éﬁ%ﬁﬁ@@ns of the

sUppraton RGeS hesadhak g&@@&&?ﬂnﬁﬁlmnm o the iR Gbumine
aresgonse In_patients expos hlftil\ theregg; , typically are

ot é’é‘&‘?ﬂ%’&’?&%&%‘i}%‘?\tﬁ%&es S e artlcularly

preferred antigens include the N, F and G proteins of MPV. Antigens
pised fof MU IRAIGAL LSRN SE. 659 TR bRl NE-asigenSpREGada el abelled

modified versigns thereof Well kno chni
ggg(?h & g’é"e O B RE SRR S %?ut%?c%e Ti Qéﬂdﬁ%zfngt%gr?n %ﬂg&A
bufésdueddndddifietsvend msteddonhhgen 2h 8T maherdaligegtpthen washed
wmrﬁﬂﬁ@@mmd ; \IeSwee MetbadsWanaaninggeneshiaedianisuldtings
enes to ra ression_vectors 7 o <TI0
ttm é(ejnﬂjyxfﬁe gengglrg1 go feterolog \(éugg {o%?%ie?v%%r%ﬁ%%ese
sz@@mﬁawsobmé fremPigmmoviddhn seaxiradsitRRISBRER HOSH iR Mand
ﬂi?@;tﬁﬁﬁap&ﬁxssla@&mad GeliegLneading asigensima hestdeaxpsathmeed
Hﬁhcrf} reco o a%fant ntigens for use in diagnostic assays. See for instance:
olecula

readaer
cloning, A laboratory manual and Current Protocols in

Molecular Biology. A variety of expression systems may be used to
produce MPV antigens. For mstance a varlety of expressmn vectors

A . B gells and
Y describec any of which mig tbe used to
produce a 'V antigen suitable to detect anti-M V antibodies in exposed
Ipedignte IEMEhAculoyithes@xprisssitnsykieamoias themthidntageonbinant

Loy Mﬁg&%§a§>gepga§mag>ymmé%g@mq@maammmm

The system utilizes the pol%hedrl
by Erdiaan et al (1990) J.Chin.Nicrob. 29: 1466-1471.

Affinity purified anti-human IgM capture antibody {or against other specxes), such as

that obtained from Dako, is added to wells of a microtiter plate in a concentration of
250 ng per well in 0.1 M carbonate buffer pH 9.6. After overnight incubation at room
temperature, the plates are washed two times with PBS/0.05% Tween. 100-ul of test
gerum diluted 1:200 to_1:1000 in ELISA buffer is added to triplicate wells and
incubated for 1 hour at 37°C. The plates are then washed two times with in
PBS/0.05%Tween. | ' ' 3
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 BLISA buffer. After 2 washes with PBS/0.05% Tween , the plates are incubated
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10 promoter to direct expression of. WV antigens. (Matsuura et al. 1987,
J.Gen.Virol. 68: 1233-1250). Antigens produced by recombinant
baculo-viruses can be used in a variety of immunological assays to detect
anti-MPV antibodies in a patient. It is well established, that recombinant
antigens can be used in place of natural virus in 15 practically any
immunological assay for detection of virus specific antibodies. The assays
include direct and indirect ass#/s sandwich assays, solid phase assays
such as those using plates oreads among others, and liquid phase
withebsays despysxslitabidehstooitm sa thaty Cedrimanphinansisortaapd

the SREROAICS, ARG LA0RAINAIES: pihody blndlng reagents such as protein
A, Moreover, a vayriety. of detectlnfgﬁ 0%% S can be use

TheipipieiBye, MR CaTiRC SRR i

scent b1osp Oréstent,
at rgfre mm,mn’es@evmthl theipesgensabriree %i\@ﬂﬁ@ﬁ"f@ﬁ@m%}hm%ﬁ
as, égfiﬁ@ﬁ:@@ﬂ%\é&%@&gﬁwmm %maammmz%mmmme
using.a rec nant N, protein (produ recombin
pho ﬁ) 8%/6%%6 ﬁllc'ﬁ\%eéc I%"E ﬁgf aé%antléér? %:r%ﬁge perfLn ?m
mcmﬁttgenlaﬁ?epeéemn Sf9 cells are infected with the recomblnant
baculovirus and harvested 3- 7 days post infection. The cell suspension is

ThevgaSh d élyf\a/el'.c e ca}%ﬁI g’% USt’ed ?‘ %gxlllﬂgens %%{g I‘IS IS

reeze ree tlme% arge ce
Oﬁhﬁamw%wfsﬁe@oﬁeémhﬂ!@%ﬁ%%%@cﬂﬁ%%}ﬁ‘?&rﬂf%ﬂ“d
conGAIPIRABRL IS sa@{iepmgﬂﬂzﬁt@éedx&twm&ummmmeﬁfwmItshare

spe%g%y%%%ﬁe similarly for &at'V%tsonéggLeg g6 100.pk0afA fieezesthaw

ate Is used to coat m|crot|ter plates, at dilutions ranging from 1:50 to
serym) eRGIGR ARG I RRA RS RFTIFPA TP R SH S BRIV Y&es as a
infébéomegative control After incubation overnight, plates are washed twice
with PBS/0.05%Tween-Test sera are diluted. 1:50 to 1:200 in ELISA
buffer (PBS, supplemented to 2% Wlth normal goat sera, and with 0.5%

PotfRiiah s S EBATESSPR HREK V) i B SPRIGHARGHGEHS for 1

pro&wﬂ&bﬁ}lﬂ@b&mmw@msimd two times with PBS/0.05%Tween.
Horseradish peroxidase labelled goat anti-human (or against other
spe(:les) Igfs, diluted 1:3000 to 1:5000 in ELISA

e glycoproteins G and ¥ are the two transmembraneous envelope glycoproteins of .
the MPV virion and represent the major neutralisation and protective antigens.
The expression of these glycoproteins in a vector viras syetem sych as a baculovirus
system provides a source of recombinant antigens for use in assays for detection of -
MPV specific antibodies. Moreover, their use in combination with 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
bumans, carnivores (dogs, cats, seals etc.), horses, ruminants (cattle, sheep, goats
etc.), pigs, rabbits, birds (poultry, ostridges, etc) can i)e examined. From birds, cloaca

and intestinal swabs and droppings can be examined as well: "For all samples,
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buf er, added to wells, and incubated for 1 hour at 37. The plates are then

washed two times with PBS/0.05%Tween and once with tap water,

incubated for 15 minutes 10 at room té&m@perature with the enzyme

substrate TMB, 3,3',5,5' tetramethylbenzidine, such as that obtained from

igma, and the reaction is stopped with 100 Pl of 2 M_phosphoric acid.

serelo AR HE ARH P RS PSR Stas0 HMPUSIG HorARG Al acid
detsaitsatierlrfadeasie bel bedibv d& bt Ae it tida earaliaant

nugleoprotein Example 2: Capture anti A capture IgM.EIA usipng the . .
Mo o e e BBl ey i e ot ol Fpamalo) with
purtdedd PEréomaetsbhenedificediemsf peptijs s previdusiyueshyibethg2tablished
IR0 990 M0 3040804 Ao

anti-human IgM Capture antibody (or against other’species), suc as Hha
displiataekfebayarossuand der tthivatarapeericrotitat pratedalain Immunology).

SinfRNFENYYOR A1 2R RRE WR LIS Mcarknaigulie Lo 48 HMSkmals, or

overnight incubation at room temperature, the plates are washed two

o RIS T B E 6l T 7S QR ATRB b0y
to_TrAOQAQ i EbiSA thierdscadded 4bdepticatansellsransiIpereatad inlbe

our at 37C. Thetplateﬁ are th ashed two times with in . o

PeriSBEFH SVt WES PR GTERS T AW OHPERECEIIPRE RghiARG R e 2

varfsfg bl elidijlgate isejtlutetichid ODhéaldt<addinoE LS AtusHacdvaddechia NS 1 and

NsdY eé'r%eg%g H‘cﬁ%g?ot e&iefoth pe% D %513 Z‘,Céogagte%rgnileﬁ%? de% o" }Xg&\t& Sg rv}ﬁéR with
as a negative controf and is run in dlup}llcate wellS. The plates are then

primerstrid deceenthd on ithPBSIG.064nTwe d¥bdhioubéiedzfores howredlt 87@ith a

vari®iinoF00.0b0f 2-Rehelonal 2piRaduAgaInst MP-V in a optimal dilution in
ELISA buffer. After 2 washes with PBS/0.05% Tween, the plates are

incUinfetesBinmy hetaeradish et diiiedamricr s peerrndry ahbd aynkatthe
viradgabRhit 2P ERrebh 880 HT6RItEs Ale drrHbaled 2QADRYas A8 3L NG
lates are then washed five times inP135/Q/05% Tween, incubated for 15
gen%‘i’ﬁu BO%E F885n Y SEP-ARE MR SRECHh ERG B stratErpRieted segien of the

~ viralegeanethytibazidiner asifof DRENCelRbipined fromagrasiand tae the

sam%eg‘ SE'SQSES ‘%Ii?ep ggge\{lvétehoijgelleé E/MSQ genes is revealed by the length and/or
nucleotide sequence of the PCR product. Primers specific for NS1 and/or NS2 genes
may be used in combination with primers specific for other parts of the 3' end of the
viral genome (such as the untranslated region or N, M or F ORF's) to allow é positive
identification of the presence of NS1 or NS2 genes. In addition to PCR, a variety of
techniques such as molecular cloning, nucleic acid hybridisation may be used for the

same purpose.

Example 3: Different serotypes/subgroups of MPV |

Two potential genetic clusters are identified by analyses of partialrnucleotide

‘sequences in the N, M, F and L ORFs of 9 virus isolates. 90 -100% nucleotide identity

was observed within a cluster, and 81-88% identity‘was observed between the
clusters. Sequence information obtained on more virus isolates confirmed the

existence of two genotypes. Virus isolate ned/00/01 as prototype of cluster A, and
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phosphoric acid. Colormetric readings are measured at 450 nm using
automated microtiter plate reader. The sensitivities of the capture IgM
ElAs using the recombinant nucleoprotein (or 10 other recombinant
protein) and whole MPV virus are compared using acute-and
convalescent-phase serum pairs form persons with clinical MPV virus
infection. The specificity of the recombinant nucleoprotein capture ETA is
determined by testing serum SR (;Clmens from healthy persons and
grggg&ewng{) 55/ r aram ovmﬁii infections. 15 Potential for EIAs for
using recom mant o4 ‘F@?&?ﬁﬁ?&?ﬁeﬁrﬁféﬁ’@ #iesduced by the
neBE@BF@\ﬂPH?é?@Q’I%%’S@? W’gﬁﬂh@mmem@aaa delfadr@ i @ibWeent serotypes
or treistg@braneous envelope glycoproteins of, 20 the MPV virion and
represent the major neutralisation and protective antigens. The expression

of these glycoproteins in a vector virus system sych as a baculovirus
S}Jgf‘em provides a source of recombinant an tigens for use in assays for
detection of - MPV specific antibodies. Moreover, their use in combination

s darinstance, fu ances the sensitivity of
Zl enzy Em%@g%%n%%%ggg?fy% in t %Cg%%é ec%lo oiyghetf%%l?é’?%@&?ﬁéﬁ‘hﬁ‘ﬁ‘?ﬁ 20

B Griealatan %IB@?&&?%&?@(@W@N%@@@&WM&BUnology)
infonaptie ofyedtastibermative mﬁmﬁﬁéﬁh%%éimﬁﬁéj&%@sdﬂt%der to

togHBR ViFUS isRlales plra}tes throat and nasal swabs, 30
: o i v B

throat swabs pre er

tre n?élcheo%} %aar lavages and
HEerhivere rabernfizned dbalsrerenchol bes geantinants
clugbearighueps okt etd/)0(0igs, aabibits:cbigsdpauling AsiHgdes, £lg).gan

 isolae: exanmnad, o al swa bs nd droppings can
mM&i?p& nggal aé%gd tﬁsjf‘ge nuc %O%ﬁ/ugﬁ(a; é‘fﬁ?@’&ﬁ

gmexamlned as well, For all samples, 56 serology
tedtion etéj, Virgs thap, S tnwehils ﬁﬁ@f’éﬁ?&é@d&éﬁé@t% tdehtiigures 8an

85%e performed for the detection of virus. Monoclonal antibodies can be

virgeneratabydomunis g oretenanmalsl uil. pullied MPY o
m‘g%rgg Eggre%s tldes) and subsequently using €s aBieHales
hybridoma techi ese(%’ ﬁer&%ﬁ%ﬁ@%WBﬁﬁWWmem

botiphagees-

Table 3:
Virus neutralization titers

isolate 00-1 | isolate 99-1 |

1 (00-1)

preserum 02 e
ferret A

| 22 dpi

ferret A 1 64 &P

(00-1)

| ferret B
f (99-1)

preserum 02 ' 12

| ferret B T2 164

| (99-1)

22 dpi
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display technology can be used for this purpose (Current protocols in
Immunology). Similarly, polyclonal antibodies can be obtained from
infected humans or animals, or from immunised humans or animals
(Current protocols in Immunology). The detection of the presence or
absence of NS1 and NS2 proteins can be 10 performed using
western-blotting, 1FA, immune precipitation techniques usjng a variety of
antibody preparations. The deteggion of the presence or absence of NS1
and. NS2 genes or homologues thereof in virus isolates can be
performed using PCR with primer sets designed on the basis of known
Fox|iolaimefor teshigeddirs3dfi4® falh a variety of nucleic acid
Tdaybyisis abontirchnRintes -4 26T@detesnaine whether NS | and. N82 genes
are present at the 3' end of the viral genome, a PCR can be performed
with primers specific for this 3' end of the genome. In our case, we used a

InpddigPrpRemasopisetavahrannartiptegivrBrifRen g Yoo et a

(npi0TITRi@A/EIRR) BINET(RImess moaynheodBsigneekiontietsameples
shewe?%ﬂ;mga%ﬁ%g e %éﬁ'ﬁ%z 8isdeusalod by,the JeRoirection

and/or 20 nucleotide sequence of the PCR product- Primers specific for
thy BHaFRFNGY RerB St At ERl HE8y § %ﬁ%%%%ﬁ%ﬂhﬁﬁﬁ%&%ﬁ@&?ﬁ&w
vifas, atirbfop antslbfotinec3s@nd ol thuplichtibg dmehestsudticad the untranslated

region or N, M or F ORFs) to allow a positive identification of the

presence of NSI or NS2 genes. In addition to PCR, a variety of

techniques such as molecular cloning, nucleic acid hybridisation may be

used for the 25 same purpose. Example 3: Different serotypes/subgroups
TMPY 30 Two potential genetic clusters are identified by analyses of

partial nucleotide sequences in the N, M, F and L ORFs of 9 virus

isolates. 90 -100% nucleotide identity was observed within a cluster, and

81-88% identitynwiasaabseryetdrbetween the setestirsy. Seqewmae
information ob{aigdion Marg-yifkitiselates cosdisped the| syistanes of

hua- Oeno Vi dsalatb nad/00/0l-as Hretobve bty A A

n'F f\lll
T TIOUTALLC T TS O vTao pr ultoty gL urciu

noc o nad E7
tWE-goROtyPRes: -t . UV € S17; o
EURS P Tt nadiB9101 as ?o‘%‘é’ffﬁ of cluster B have bee‘r;1 ake % Cros

)

euirestratiZetion a98ays to.teqtdvivatbic? the gefothpes are rqlatest & different

gudhiQiBESs OF SUHQTOUPS. SIRERIILT 5 00-1 2 out of 2

‘guinea pig 10-12 | 98-1 Goutof 3 99-1 loutof 3

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

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

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

with heterologous and homologous virus
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Using RT-PCIt assays with primers located in the polymerase gene, we
identified 30 additional virus isolates from nasopharyngeal aspirate
samples. Sequence information of parts of the matrix and polymerase
genes of these new isolates 10 together with those of the previous 9
isolates were used to construct phylogenetic trees (Figure 16). Analyses
of these trees confirmed the presence of two genetic clusters, with virus

i+~isolate ned/00/00-1 as the prototype virus in group A and virus isolate

ned/99101 as the prototype virugsdn group B. The nucleotide sequence
identity within a group was more than 92%, while between the clusters
the identity was 81- 85%. Virus isolates ned/00/01 and ned/99/01 have
been used to inoculate ferrets to raise virus-specific antisera. These
antisera were used in virus neutralization assays with both viruses. 20
Eabie 3 Vs deulializationdiiers.dgglate 00-1 isolate 99-1 preserum 02
02 ferret A (00.1) ferretA 64 02 22 dpi (00-1) preserum 02~ 2 ferret B
(99-1) ferret B 4 64 22 dpi (99-1) ss For isolate 00-1 the titer differs 32
Thiserayepiel dmsrikesidhe dothethanglssidiffals BeaBae)s N Vopaiditioting
frguiRqORIS HaYeboesinosshatrd\WEReItheHaRg0ELl8eWElS8She genomic

termini.

Sequence analyses of the nucleoprotein (N), phosphoprotein (P), matrixprotein (M)
and fusion protein (F) genes of MPV revealed the highest degree of séquence
homology with APV serotype C, the avian pneumovirus found primarily in birds in
the United States. These analyses also revealed the absence of non-structural
proteins NS1 and NS2 at the 3'end of the viral genome and positioning of the fusion
protein immediately adjacent to the matrix protein. Here we present the sequences of
the 22K (M2) protein, the small hydrophobic (SH) protein, the attachment (G) protein
and the polymerase (L) 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
nucleo{;ides of the genomic termini and establish the genomic orgamisation 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 paramyxoviruses 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
kidn,ey (tME) 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 et al., 2001) as
well as the leader and trailer sequences of APV and RSV (Randhaws et al., 1997;
Mink et al., 1991). Initially, fragments between the previously obtained products,
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(ned/00101 and ned/99/01). RT-PCR assays on nasopharyngeal aspirate
samples showed virus replication from day 2 till day 10 post infection. At
day 70 post infection the guinea pigs have been challenged with either
the homologous or the heterologous virus, and for in all four cases virus
replication has been noticed. 10 Table 4 primary virus secondary virus
infection replication infection replication guinea pig 1-3 00-1 2 out of 3
99-1 1 out of 2 guinea pig 4-6 00-1 3 out of 3 00-1 1 out of 3 guinea pig
7-9 99-1 | 3 out of 3 00-1 2 out o2 guinea pig 10-12 99-1 3 out of 3 99-1
rahging Of SAmeiesombihe setondanginfeaiio pguingadnig Rapd® were not
4S50 R D ORMINR R Beaxs WINANL seia.Aliel e dus!
challenge showed essentla?ly the same resuits as in the agsays
copBrsRhEY SRRAT TRt rerieprfi ertsiepaing R eI rRIRBH . r2og M R itilts
frpiesemtedin tistexaspplecaontithe tirinxidrEm gendblw FGERIOBTR Saphishts,

.boszﬁrga_aw%&%@@?{&%ﬁ&%%&éﬁ%Q&\Q{&B&R&;&%Réiigxﬁgefgc%%ated

infection with heterologous and homologous virus 25 59 Exa )
erpeithERsRtfietiids aaferminanch %@W%ﬂﬁfﬁ@&é&ﬁ%@hﬁ@%ﬂma
withabpisobilie Seqbiericed dhdPMeopengrtaddigiItame s 4R FS) and
Rereninseuencas agwell-a5 Rl RGAURNGER-PIIRE JRN0mIG:, JRLMIn,
eguence analyses of the nucleoprotein (N), phos h(l)\éf?fr;%;em P), .
OREHZB7ERR DOORF I PR ABR e e gertedloe e e
gehighest dedree thissefuendenhemoiogyewity AR WBST etypefitthaa(Birure

7)PPELMEViks faund psimanbein Qirdsiinheiinited Siales ess analyses

also revealed the absenc non-structural
e genomic orgamzat?on og] A.'S‘\/QfBe?ow, we present a comparison between the ORFs

and non-coding sequences of MPV and these of other paramyxoviruses and discuss

the important similarities and differences.

The nucleoprotein (N} gene

As shown, the first gene in the genomic map.of MPV codes for a 894 amino acid (as)
protein and shows extensive homology with the N protein of other pneumoviruses.
The length of the N ORF is identical to the length of the N ORF of APV-C (Table 5)
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 et al (1991) identified 3 regions of similarity between viruses belonging to the
order Mononegavirales: A, B and C (Figure 8). Although similarities are highest (

~ within a virus family, these regions are highly conserved between virus familys. In all

three regions MPV revealed 97% aa sequence identity with APV-C, 89% with APV-B,
92% with APV-A, and 66-73% with RSV and PVM. The region between aa residues
160 and 340 appears to be highly conserved among metapneumoviruses and to a i
somewhat lesser extent the Preumovirinae (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
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e 500 to 800 bp that represented t
s

proteins NS | and NS2 at the 3'end of the viral genome and positioning of
the fusion protein immediately adjacent to the matrix protein. Here we
present the sequences of 15 the 22K (M2) protein, the small hydrophobic
(SH) protein, the attachment (U) protein and the polymerase (L) protein
genes, the intergenic regions and the trailer sequence. In combination
with the sequences described previously the sequences presented here
complete the genomic sequence of MPV with the exception of the extreme
12-15 nucleotides of the genorﬁfc termini and establish the genomic

- TherepeaidUBR bf thiPasn2 8 Sideplyydsitifocofparisprs«l teidesuanceswha

T LA o iy 220 w B P
Viru VI $ VI >
o AT RS b CTBHAE RO LSRRI O st
respagh je felsn dtirammselath00rirararceernbtedferioteal in2004) was
Kqubpapateshs) dedliasienaniiey ogg) kidney (tMTK) cells and RNA isolated
f h atant..3 w fter inoculati as.u s_template for
L e e P DA AL 1 e BEEeh OFr
lacks soainte rertnratbina (kiR eursesk\io0 2 region eé hiklosgelstsat.,
be%wﬁ)eala)m&asﬁmlgd&?aﬁ aw@@% g?%e}a?&lﬁae{ AR VAL R B Vsis
s , 1 ;Srln ul@t at, A Ité&n fragments etween
P %t%%%%%%%%&éﬁ%%de p#\él%cl?ctg,l SORE glrflléhln s‘|¥z%3 gﬁ‘?‘gndﬁnﬁ?}% A4,
regPTofdus b gt ds adse oy R PERY ErepttiGhenecificklequenced
m@ﬁmmqmmfmqmgw&sﬁﬁbmﬁuﬁ@tMWMﬁm%th APV.
8 RS [ RI-PCR fr anging in size
c, 889RIalingiR SeLaS 8 QYSapRing, Ih R @%;%%}9‘% e 06 e

e entir genome:
AG RS ¥ FStHR e tle residesandid brescikeesibathionia8Vs (Ling et

al.af@pfification and sequencing errors. The nucleotide and amino acid

sequences were used to search for homologies with sequences in the
T Gent%ank tabase using the BLAST software

WA HeDI AIRT ARt RRESLAS if. protein names were assigned to open
Thecdhitih @R nfébe [ORFsdoasecharidsanIslbgy withiknewiyakgdnasas v
orwelrtihigihlesationndheldosrpaBaIed andl &’Jef%%ﬁ.:\l;%&%a% the

' omic. map for MPV was congtructed (Figure 7). The M enome Is
RIS L B QIO St fgionce ooy

with the matrix proteins of APV (78-87%), lower homology with those of RSV and
PVYM (37-38%) and 10% or less homology with those of other paramyxoviruses (Table
6).

. Baston (1997) compared the sequences of matrix proteins of all pneumoviruses and

found a conserved heptadpeptide at residue 14 to 19 that is. also conserved in MPV
(Figure 10). For RSV, PVM and APV small secondary ORFs within or overlapping
with the major ORF of M have been identified (52 aa and 51 aa in bRSV, 76 aa in
RSV, 46 aa in PVYM and 51 aa in APV) (Yuet al.,, 1992; Baston éé al., 1897; Samal et

al., 1991; Satake etdl., 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 2853 (fragment 2, Figure
7). Similar to the secondary ORF's of RSV and APV there is no significant homology
between these secondary ORFs and secondary ORFs of the other pneumoviruses, and
apparent start or stop signals are lacking. In addition, evidence for the synthesis of



10

15

20

25

- 30

PPERy EECR DT AR AR RReTH BA i y@i‘

. between MPV and APV-C, which is in agreement with this region being highly

the genomic organization of APV. Below, we present a comparison
between the OR’s and non-coding sequences of MPV and these of other
paramyxoviruses and discuss the important similarities and differences.
15 The nucleoprotein (N) gene As shown, the first gene in the genomic
map of MPV codes for a 394 amino acid (as) protein and shows.
extensive homology with the N protein of other pneumoviruses, The
length of the N ORF is identical to the length of the N ORF of APV-C
(Table 5) 20 and is smaller thar’those of other paramya oviruses.(Barr et
prateinspepiesmpadiagtothses spempiractifdsqs é’%@ ‘i‘é@é%?gd‘ﬂ’féwﬁ SRRt
repaedlogy with APV-C (88%), and only 7- 11% with other paramyxoviruses
(Table 6). Barr et at (1991) identified 3 regions of similarity between
viruses belonging to the order Mononegavirales: A, B and C (Figure 8).
Thefrsign BichfindES 8r8%highest 25 within a virus family, these regions are
TheiGhBREiMdRMe i betvwebadidrastfashityie. ORE| vihideiseyonstéBic for

méRaled QLWAS SEAERES ISRy Mt AN G 8% Wil & Y Ry S2%

with APV-A, and 66-78% with RSV and P e region between as
5{' gﬁ%egl)n : Qlysm of the aa

sepvetsp menarievifl Sekardoty wigohTBWP A T%ssehATIRA tiad ) 818@vivitihe

prddBRAIR B LA eid D90 BT R164P IR AL LhAlyxdARdes [PiDHIS #) One
reement X/%i% MPV bein ?a metapneumovirus, showing g%‘)’/o similarity
o R PR B SBRBBATENAI) Qe FRE SEoT GTE FoRF te

MB¥riethe diriplodttesofow el o4 asipretéiontich, 198 6806las 9@y Tibace

m&apHlaayWitkethe B-piotgieah ARV dGe ARCFANY 22-28% Wilhdhe R piotein
of RSV (Tabl @1 The P rg.of MPV cgntains one substantial OR.FO%Q]ge

paEhaRoVIUSecT, aid vt in 13 T 8 conserved amonz all paramicronenses)

3 prtenial Actinqdeatiscan oK sitsikofsiopnt H0heTe GRICIE METBInck98). In

shﬁ%&mhtasﬂﬂﬁmk QpBsansh E’Mdﬂmmbﬁmlamﬁew : Eﬁﬁ%ﬂhe
MPV P OR.E teine.residues..Li 99 uggested t

ushfid bolaita) AR e R e e M PRERITSRE A,

Figeeiddither the RNA synthesis process or in maintaining the structural

: Déﬁﬁﬁg ik DiviheqidalRacaRSiEaPRKe A piSamyxoviruses, the F protein of

MPV revealed typical fusion protein characteristics consistent with those described

for the F proteins of other Paramyxoviridae family members (Morrison, 1988). F

' proteins of Paramyxoviridae members are synthesized as inactive precursors (F0)

that are cleaved by host cell proteases which generate amino terminal F2 subunits
and large carboxy terminal F1 subunits. The proposed cleavage site (Collins et al.,
1996} is conserved among all members of the Poramyxoviridae family, The cleavage
site of MPV contains the residues RQSR. Both arginine (R) residues are shared with
APV and RSV, but the glutamine (Q) and serine (S) residues are shared with other
paramyxoviruses such as human parainfluenza virus type 1, Sendai virus and

morbilliviruses (data not shown).

‘The hydrophobic region at the amino terminus of F1 is thought to function as the

membrane fusion domain and shows high sequence similarity among
paramyxoviruses and morbilliviruses and to a leaser extent the pneumoviruses

{(Morrison, 1988). These 26 residues (position 137-163, Figure 11) are conserved

conserved among the metapneumoviruses (Naylor et al., 1998; Seal et al., 2000).
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10 region of high similarity is also found in MPV (f igure 9) especifically
when conservative substitutions are taken in account, showing 100%
similarity with APV- C, 93 % with APV-A and B, and approximately 81%
with RSV. The C-terminus of the MPV P protein is rich in glutamate
residues as has been described for APVs (Ling et al., 1995). 15 The
matrix (N) protein gene The third ORF of the MPV genome encodes a 254
as protein, which resembles the {4 ORFs of other pneumoviruses. The M
ORF of WV has exactly.the, s¢ size as the M OR.Fs of
R R R SRS RS
dekehianefrRampapristetn ot (THIBREY, (rwidioh dRibIEgy Hiatkraidse of
HRsMeandrd) MRSV 3R0APANchd Q¥nal IR3%: A0l et haseref ofald to
RIAMROYIyses (Table Ok Faston (197 comparechD SCQUBACeS Ao,
matrix proteins OF Al pheumovirises andctound a consenved
ehabtaapedtiedoatelsdiolRP4 Kherdemrreriide LINEN (aedl HAGFEure3 1) at
theighiifalid) it BV Bt 6 kb AP M giaall-secansRiwWaR BB WIERES oGt of 26
ing. with the major ORF of M have.heen identified and 51
e B R S o
vEgebilitnig sprainathe yerbsnn arekonfomadn 2isha ke kra| terrgigyy, ofial.
altbiioehl durpeSmalbiopR ksstiltbeMWRRBPVMPYV. One small ORF of 54 as
residues was found within the major M ORF (fragment 1, Figure 30 7),
starting at nucleotide 2281 and one small ORF of 33 as 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 Ax'V
The1s de-5ignificant homology between these secondary ORFs and

secaondary ORFs of the other pneumoviruses, and apparent start or stop
Tiﬁatﬁﬁ%sg%?% TRRING® iR SedificHmevident 816 e LgTioRams BFEs HaraieRs

. obearespundingrtorthesmgecBhe firgtQRKs ORP VeanssRB\theddMbpheein

WERRUREATRE fiSINNBLAISIP dFaeRe Prlle: EQRICAMPY J8 Inaatenins,
,_ é?glelgtigg thaed ORS', which is_charateristic for memst})er_S of the ol
1%% PR TERTIEYE 8&%%&%6%@‘3}8@%7 i ShedBE Jgaas et al.

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

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

6). Comparison of all pneumovirus M2-1 proteins revealed the highest conservation in
the amino-terminal half of the protein (Collins et al., 1990; Zamora et al., 1992;
Ahmadian et al., 1999), which is in agreement with the observation that MPV
displays 100% similarity with APV-C in the first 80 aa residues of the protein (Figure

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

aa residues that are conserved among all pneumoviruses. Such a concentration of
cysteines is frequently found in zinc-binding proteins (Ahmadian et al., 1991; Cuesta
et al., 2000).

The secondary ORFs (M2-2) that overlap with the M2-1 ORFs of pneumoviruses ar; A

- 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.,
1985; Elango et al., 1985; Baybutt et al., 1987; Collins et al., 1990; Ling et al., 1992;
Zamora et al., 1992; Alansari ef al., 1994; Ahmadian et al., 1999; Bermingham et al.,
1999). For MPV, the M2-2 ORF starts at nucleotide 512 in the M2-1 ORF (Figure 7),
which is exactly the same start position as for APV-C. The length of the M2-2 ORFs
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protein, which is two as residues longer than F of APV-C (Table 5).
Analysis of the as sequence revealed 8) % homology with APV-C, 67%
with APV-A and R, 33-39% with pneumovirus F proteins and only 10-18%
with other paramyxoviruses (Table 6). One 10 of the conserved features
among F proteins of paramyxoviruses, and also seen in MPV is the
distribution of cysteine residues (Morrison, 1988; Yu et at., 1991). The
metapneumoviruses share 12 cysteine residues in Fl (7 are conserved
among all paramyxoviruses), affiél two in F2 (1 is conserved among all

| apaianaye ita®s).0QhthPY potentiakMdinkBduigyBoSyimtore sitep piesef

£ Mffo@% RYBENANEALE dBshated vith Raiahtbie.4aaitio Ry
and 3 are s ed with APV. The third, uni ten |
AEY}&) ‘i‘fl}ﬁ %ﬁéﬁ‘éraﬁlﬁﬁ\?"@’ﬁcﬁ?@ﬁ’]ﬁ%&m %’éﬁg EiGdte 1%’)aﬁﬁgplte

 (thgdd@V sequence homology with other paramyxoviruses, the F protein of

MPV revealed typical fusion protein characteristics consistent with. those

crlbg foy the F protei % Paramyxoviridan_ family
TH]%%%‘? (é’é 88“’1@%%‘? §S e%lgﬁ%e%f Pararnyxouiridae members are

‘Thymtvedicetkdoditaetivty PBoGRMEY POalinerreletrdal&tanPHogredn (Fie.

1 RIRLERSASMRICH, GeREfRIQANNRRASS fainalth 2was iiss D arge faIIRIR

terminal Fl subunits, The ro oseg cleavage site Colllns etat mﬁt?%@vé%
VEGRHEEN RS SOy r%?r%ehﬁb‘é?s 18 oF the Barﬁr%yxovg?lgae am é o

IniRERER)

10i98isUss arershaked Mﬁﬁe@a\él@ﬂd REMa uskipesgiokamine SRQ)0aKEserine
rBledues are at‘ € AP{{P an@?'%@%%'r 5&9& YRR onine
paraln uenza VII'US ype endai virus an VIrUSGS gata not

2 sovine THERSRIHOSE rEb R &P the knmd ?e%ﬁ?ﬁj%? |
RENE0RSS dhe mqummmaMﬁmﬁmgewme

rSRIA hamongnfg\?ﬁ uses r“?&%ﬁ&qn@%%ﬂll&r“ﬁﬁsﬁ‘@ﬁ% Brifeasy

extent'the pneu Morrison, 1 hese 26 residues (position
%ﬁﬂ%%@@%iﬂ%@{é@ﬁ%ﬁ%ﬁ%%ém BRAafd Apvhersiniehtidas
oﬁgmmﬁmhih}earegiﬂl?m&@ab@uky conserved'among the

2&!% HMQWIrISes.NNAVIRL 8Lkt I3RPPadt Sltlin 2000HE3 28¢ I.geen
for t 2 subunits of APV and other paramyxaviruses PV rg@% e

Ry atirilaf sooxan cuarrberishiriodied Wit ESRA (B E&RiS

2 h¥irophilic N-terminus, a central hydrophobic domain which can serve-as a

potential membrane spanning domain (aa 80-53 for hMPV), a second hydrophobic
domain (aa 155-170) and a hydrophilic C-terminus. In contrast, RSV SH appears to

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

proteins the hydrophobic domain is flanked by basic aa residues, which are also found

. in the SH ORF for hMPV (aa 29 and 54).

The attachment glycoprotein (G} ORF

The putative G ORF of hMPV is located adjacent to the putatzve SH gene and encodes
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 resi&qes 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 ;esi&uee in the same reading
frame (nt 7001-7198), again lacking a start codon. Finally, a potential ORF of 97 aa
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Furthermore, for RSV and AP-V, the signal peptide and anchor domain
were found to be conserved within subtypes and displayed high variability
between subtypes (Plows 5 at al., 1995; Naylor at al., 1998). The signal
peptide of MPV (as 10-35, Figure 11) at the amino terminus of F2 exhibits
some sequence similarity with APV-C (18 out of 26 as. residues are
similar). and less conservation with other APVs or RSV. Much more
variability is seen in the membrane anchor domain, at the carbory
terminus of Fl, although some h@smology is still seen with APV-C. 10 The

reswmm:em%mmﬂmmwm@ iﬁﬁf&%&ﬁﬂ?&ﬁh@&@@&%‘?m
%gggé §,§§ gen 15 observed t|n all pneumoviruses. A |

major ntESREPRT S5 decin Wf’cﬁpéﬁ’f?é‘r‘i@égefﬁ@rt °1' gene
eﬁ*@éeswny @mmlwhlﬁmmm@waaummm rGiodinats BOOAKE a

paftd)ftﬂ;\éﬂmv(wﬁbh(ﬁtéﬂi%ﬁg&mﬁf FTaTleTy S 65@*@%@4«1%9.@-919&811@%&& atat,
e M2-1 gene for MPV, Ioc ted %gl acent to the F gene, encodes

9
§7L%s S Drota (TabTe e 258 raé@e bR RAR 204 aHRsRIBS Rith
PW&%E%HOAW@%@%; @méamw@bmmmwmﬁsv no
sqrolins ORFaladr e Bt@haetlg CAUERNAlaRIA ﬂﬁﬁtﬁ’éﬁzﬁx’é%dm} @é&l{*&?@f
Haeggx@ mora a madian at a
1999), \ii‘sar?%(ﬁ%% L|]ln a reemseW[%W m%’ﬁs@%ﬁtﬁ]’%gnét SRy © g
eXRTO8H N e WA e \rking mvé tereso B raskre sdehtite pmem the
pfEdiptied a2 28quehiba MEWHYRl RROIRIILEYVANS 89932}5@13%!8‘&:1@5&‘?50}61?5
wasateiebhin e dtaRan Asleirise Bt ale coneenid amono &)

gneumokuses Such a concentration o requen ound in

B AR st (sphraamirenfuather dovpstignsism et al., 2000). The
BEaSShataly @R <7) mW%mwam&emekQ%&qﬁmmpwwses

o 0d equence and are though
n@lRo8ADSERMER 0LAon RukNekID 10680 kY |ca§ This

mvolved in the 30 control of the switc between V|rus

158 ASEITRRISH TEDIThe Brdtereqegee @l‘&ﬁ@ﬁeéf‘%tﬁblmdgaymrﬁ akoteins
sukhP, {BoHinSERBLA KO0 (Hs)dTalns30 924 Zeonyr anataby 29921 Kepgari
(Jahggﬁ gn%eg Mnggg at at., 1999; Bermingham at at., 1999). For MPV,

leotide 512 in the M2- i ORF (Figure 7), which

|se§§%sc %e sztr%éffﬁ &%ﬁ%ﬁ%ﬁéﬁ&“ﬁ@&%’ VTiesh dmbpeeh and M2-2

se@qr.@pgeﬁﬂ;e putative G ORF of 236 aa residues of hMPV is considerably smaller
than the G ORF of APV (Table 1). The aa sequence revealed a serine and threonine
content of 34%, which is even higher than the 32% fer' RSV and 24% for APV. The
putative G ORF also contains 8.5% proline residues, which is higher than the 8% for

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

APV, RSV and hMPV has also been observed in glycoproteins of mucinous origin
where it is a major determinant of the proteins three dimensional structure (Collins
and Wertz, 1983; Wertz et al., 1985; Jentoft, 1990). The G ORF of hMPV contains five
potential N-linked glycosylation sites, whereas hRSV has seven, bRSV has five and
APV has three to five.

The predicted hydrophilicity profile of hMPV G revealed characteristics similar to the

other pneumoviruses. The N-terminus contains a hydrophilic region followed by a

‘short hydrophobic area.(ae 33-53 for hMPV) and a mainly hydrophilic C-terminus

(Fig. 8B). This overall organization is consistent with that of an anchored type II
transmembrane protein and correéﬁonds well with these regions in the G protein of
APV and RSV. The putative G ORF of hbMPV contains only 1 cysteine residue in
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are the same for APV-C and MPV, 71 as residues (Table 5). Sequence
comparison of the M2-2 ORF (Figure 12B) revealed 64% as sequence
homology between MPV and APV-C and only 44-48% as sequence
homology between MPV and APV-A and B (Table 6). 5 The small
hydrophobic protein (SH) ORF The gene located adjacent to M2 of hMPV
probably encodes a 183 as SIT protein (Fig. 1 and 7). There is no
discernible sequence identity between this OR.F and other RNA virus
genes or gene products This is got surprising since sequence similarity

) rotein enerally | The at ve. SH

B R AR Y e b B OO, Bl L e
seeqﬂﬁ%}gmwﬁé\es%eﬁ W&my@éﬁw&ﬂswﬁwwumw Ernge
Rl Nedeutiidl aRigh pertentiagewkthieonidchasntserfee dasichiebs 229,
;J§Y&e]1%{?d3e@ 0%, 21% and 28% for hMPV, APV, RSV A, RSV B, bRSV
and PVM respectively). The SH ORF of bMPV contains 10 cysteine 15
residues, whereas APV SH contains 16 cysteine residues. The SH ORF of
THdRlyeoatairsgue Potential N-linked glycosylation sites (as 76 and 121),

IWQQ M5 AR RPN D35 0. ehdEERE FUN as/ %\H@Jpﬁ the
P&%ﬁ ophilicity roﬂle&fgﬁ the putative hMPV SR protein and S

STER SPRERNTES OS (e gemisy tane R o RassRifmP YV
camgibidf Thray ge 2ol MY irephils K 2e0imauspteioe mthadthiadtoplidbédonger
tqgmmmm;@&m@o@% Bl meorRrane ARG HORAIRY 35

53 for cond ydrophobic_domain (aa 155-170) and a
%)V fbdﬁw s it %ﬁf?&%‘f“ﬁf‘g’v‘%ﬁ"é é@ grtaﬂsae?ﬂemses
('@bétﬂﬁilmm@f (R8PS BXIdenhifiey DRPssdryed! gmeadimovithin$he L

ﬁé%ﬁ%@&%%@%&ﬁ%ﬁ&gﬁ%@g&ﬁﬂ%ﬁ%%@%ﬁ%%@#ﬁﬁaﬂ@ﬁh
also 1ou N e e
Sifaiien (e B el e o BSERAND bl e e

ralyjmesatetbuisiquithirre BpHfdheTridlaadddes. m@mwumﬁﬂl’v L
P3RR3r69 fRetkiga 1B A@epmdagxmb@,ﬁiﬁﬂﬁmng}dvmrﬁgcyaéﬁmo%es '

iR B At B R e

ut amklng as in the second readin

entiradoraig {15 &aetidu8ddiin éhﬁeiqé?ﬁﬁhmrﬁbm G thédentdiR F‘@tbtftfﬁfs&'
elzesksi i Favt ool Qb 41b-dRePpatdlibxoviruses (Figure 15). In addition to the

polymerase motifs the pneumovirus L proteins contain a sequence which conforme to
a consensus ATP binding ‘motif K(X)21GEGAGNX)20K (Stec, 1991).The MPV L ORF
contains a similar motif as APV, in whick the spacing of the intermediate residues is
off by one: K(x)22GEGAGNZX)1s K.

Phylogenetic analyses )
As an indicator for the relationship between MPV and members of the
Pneumovirinae, phylogenetic trees.based on the N, P, M, and F ORFs 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 meake it impossible to generate
phylogenetic trees based on the entire genomic 'se_quencé‘ We therefore only

constructed phylogenetic trees for the M2 and L genes in addition to those previously
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OREF is followed by a potential fourth ORF of 65 as residues in the same
reading frame (nt7001-7198), again lacking a start colon. Finally, a
potential ORF of 97 as 65 residues (but lacking a start codon) is found in
the third reading frame (nt 6444-6737, Fig_ 1). Unlike the first ORF, the
other ORFs do not have apparent gene start or gene end sequences (see
below). Although the 236 as G ORF probably represents at least a part of
the hMPV attachment protein it can not be excluded that the additional 5
coding sequences a?e expresseg,as separate proteins or as part of the

attac t . protein througt}so_ NA editing event. It shquld be noted
?ﬁé%f?%‘%ﬁigef a??l(f BERS seco%agg%@ﬁff % é’?t?\%‘fﬁﬁ% V@@g Nave
Bk fhefireapirnre somi\EingeR 8V have secondary ORFs within

the major ORF of G. However, evidence for expression of these ORFs is

ﬁk’i%x‘?—@g&k@ s no sequence identity between the 10 predicted as
sequences for é%?ei}eﬁ?c\:ﬁrsuses Ling et al., 1992). The secondary ORFs

TROEARAT UL 16 @aReRar KL RATSIS OREERT Tnsrtaher hrrikieblver

dhreeadditiotiabDR Eayasacex presedgianiisemtishpsionastigasipenblie hnd
anauses i AbaRDD IReAleLNR HISGRINDE seausnceldenily at the
nucIthlde or as sequence eveal with Qt er Known VII’.US genes or gene
PBETRECT (eranie f-adPeBnicirenmipa i@ dnrrerainageeset ishiveen all
delentitMEUhe fedletheroGspinteins saok a6 thogernf HREM M and Be(F3%M,
IoNseneidta 488 Aang . (389 o h ¥4 QdoEaston, cne
1994). Whe%%;lmost of t ? Eﬁé)l Iﬁ‘{/gg%lglﬁgﬁ%%%%ﬁistegofc.AanV%ugt in
TERb AP Sog MefRn R Bt (erORE 0 99Y J R ST BTIR AP is
1096sRigrabAnbovet|er o200 The GQ@RE-08ARN Tof EabIEH hnEHesases of

MOURACSIEERIS0 430 & ANSIIRANIAS COLEN O AR I YeD.

cﬂ@eé th tr}[g Sé;)ﬁ:\;or RSV and 24% for APV. The putative G O.RFalso
COI‘]%.I%?%?@OO Broine FeFane saria A Higrsrtatie gf?\\énéofr?ﬁéﬁ differgnind

g the somsenThe HRGARTANTIMERD Rprdlinesesidyasdn)thedG proteins
ARV ABS Vaanddy MY, Ras.plse-Reen obssyved in glycoproteins of

1”?&‘24&9&%9{%9{%12 gvrheree itt.jﬁt a gna%’%féedetiermihant ‘ofvthre proteins three
imensional structure (C6IfRE" SAE RS 16815 AL e ttht cpggepsus gene
e3¢ §eaten9sl i hd 6 SR ALRMRasdonaias dive 9961amtiad Notibkéshnd in
tayamsyiatiopsitesquinie B R SNassaueRNR2Y has fueand ABY,:
tﬂe@é&b[ﬁ@e}geglvcex‘egion, was U AAAAA U/AJC, which could possibly act as gene end
signal. However, since we sequenced viral RNA rather than mRNA, definitive gene
end signals could not be assigned and thus requires further investigation. The
intergenic regions of pneumoviruses vary in size and sequence (Curran et al., 1999;
Blumberg et al., 1991; Collins et al., 1983;). The intergenic regions of MPV did not
reveal homology with those of APV and RSV and range in size from 10 to 228
nucleotides (Figure 17B). The intergenic region between the M and 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'nucleoﬁdes, and does not )
appear fo 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 Jocated 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 Fextremities of the genome of paramyxoviruses short extragenic
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The predicted hydrophilicity profile of h(MPV G revealed characteristics
similar to the 30 other pneumoviruses. The N-terminus contains a
hydrophili¢c region followed by a short hydrophobic area (as 33-53 for
hMPV) and a mainly hydrophilic C-terminus (Fig, 8B). This overall
organization is consistent with that of an anchored type H transmembrane
protein and corresponds well with these regions in the G protein of APV
and RSV. The putative G ORF of hMPV contains only | cysteine residue in
66 contrast to RSV and APV (5,and 20 respectively). Of note, only two of
the four g dar RFs the ne contained one addition teine
RSl ’éen‘arfﬁes%gfoe}? Bé’éﬁtleﬂ $ Fevesieq 1300 serlnea%glﬁ%f§1 St
1¥#redenfidercefitielade trd 19y W@W@M@a ey distenplangebss
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néaaaiﬂéisme mmsem ﬁf&é&\(z@m{e& @e%damm@@mghrmmé\s

42:44% Wi ro h other pa |r
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). Poch at at, entified six conserved omalns within

PWNWE%?B?%M%G@H%%% hafrERed ik oL Ho (188
nichichiddgrraind Ulec ahtaine dfthie RV caraipelyae msdentiids, traicare

co‘it}é?&,'&%f?l@&ggﬁﬁi}yﬁx %%@0&@1{?{&?%%&% lofy GG JBPHE éﬁr&a&m

are well conserved in VL proteln in motifs A, B and

nm%@?ﬁléﬁsa?éghfém}%egmﬁ%wyam#ﬁm#éa Rfvirnegednd 4 ?ﬂbﬂffﬁ MPV
netiardded OO:R0lsgy) Slasity fveith tAPMk iaae O 2Y/mwitbo RE & hidintiyeeentipeimer

s&400a M Las 8% 29&1&&@ héBE&%}W SBALESeAR 1t Bé WEBARY.

61- 62% with RSV and 23- 27A) with other iﬁaramyxowruses Figure 15). In

the R BiNE Lerd iR aragse A Ee B9e phERTRERATS bR ntain a

- orgegisefice vt ionfherms toimitonstmstapATiBroirdines (ION-P-M-F-M2-SH-

GHO92HEGAGNKIZOB IRy M%MW@EW&@H&% Ra3ipilar
. ?étn; as %(3 in which thg_‘ acing of of the mtermedlat%r?sé uﬁs |5N[?g, %2-
BB TS B ACNISOTE D Bo% Bh R B A AHETSES
1 and M2-2 genes of MPV an overall amino acid homology of 79% is found with APV.
C. In fact, for these genes APV-C and MPV revealed sequence homologies which are
in the same range as sequence homealogies found between subgroups of other genera,
such as RSV- A and B or APV-A and B. This close relationship between APV-C and
MPYV is also seen in the phylogenetic analyses which revealed MPV and APV-C
always in the same branch, separate from the branch containing APV-A and B. The
identical genomic organisation, the sequence homologies and phylogentic analyses
are all in favour of the classification of MPYV as the first member in the
Metapneumovirus genus that is isolatable from mammals. It should be noted that the
found sequence variation between different virus isolates of MPV in the N, M, F and
L genes revealed the possible existence of different genotypes (van den Hoogen et al.,
2001). The close relationship between MPV and APV-C is not reflected in the host
range, since APV infects birds in contrast to MPV (van den Hoogen et al., 2001). This
difference in 'host range may be determined by the differences between the SH and G
proteins of both viruses that are highly divergent. The SH and G proteins of MPV did
nét reveal significant aa seguence homology with SH and G proteins of any other

virus. Although the amino acid content and hydrophobicity plots are in favour of
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As an indicator for the relationship between MPV and members of the
Pneumovirinae, phylogenetic trees based on the N, P, M, and F ORFs
have been constructed previously (van den Hoogenet al., 2001) and
revealed a close relationship between MPV and APV-C. Because of the
low homology of the MPV SH and G genes 30 with those of other
paramyxoviruses, reliable phylogenetic trees for these genes can not be
constructed. In addition, the distinct genomic organization between
members of the Pneumovirus aggl Metapneumovirus genera make it

' ible to.gener eneiac tree sed on the entire gengmic
o A s B e e Rl s
fupciiorgendsapakaanivillanskeddichiousthemipabitmediitonnl yresapping
ORges e anfianIedl dhe Glpae:¢claticaibohyeejuily AndybAPdn WMIBH bR G

sEsumaIoas A AT (et ME AoliarRe BaienateRIllg,

ene junctions of the genomes of paramyxoviruses contain short and

o MR, 280 EER BRI e e et Rl Tt e SRR i @t of MR
@@@@éme‘wmmm@igw){. mgammamnequegm
of BRI ARENICHTINALAR 8&%@5&%@%%&%%?%%%&& %%eggen%%? bARRY

. the intergenic sequences between all genes of MPV revealed a

TCGHSAMTRE 0BG et b iR B et BiphalordMBY Pthasogerpsupgene
stantls@ra8SEAeAAGL: PR &'d Aywwhiolbisiddettichl toctheresn Sengiis end
ot B e e o Chie
S48 G AT reA TS REF B SAATS AMPTERCHBAE.
RN Asois sensirs SHGGBAUNAAL, o AGA S L kios. ARVl feneed
tlﬁiﬁéé&Ai@Eéai Qtfbrmggcﬁﬁ&éwgﬁct%aﬁéﬂfi@%ﬁ%%%ééﬁgm'ﬁ?%%gg é%fi&iré%oﬁdes
a&%\?ﬁefﬁg‘éﬁ%ﬁuﬁaoyef gt% ‘a’t?‘,%gg%%%? ook ég?atxng ; °§i‘ﬁ9ﬁaﬁf§% e &hg
(RegprasedyrpaPRbisriechmyucthasderesepmysaytories Brvckssiglibnethat ARV,
relbA4a AL (RER ARG\ & S5t %@@e%@%ﬂl}fﬁiﬁ?fﬁﬂ@ﬁﬂ&%gﬁﬁ%
e AL 0 AR (T Wi o™
9895t alimk. Jrie hel- Nyelaptiderrarancsinett hrcdsgdentetislraliRNA
regathenfiammRivditesizityecgemeend signals RRUldRRIhS assignedand
(1%?{?‘3%&&%@ %e' QX(?\%&%Q}?Q&J ge vRINA leader séquence, 2 homopolymer A
tail is added to purified vRNA using poly-A-polymerase and the leader seguence
subsequently amplified by PCR using a poly-T primer and a primer in the N gene. To
determine the sequence of the 5' vRNA trailer sequence, a cDNA copy of the trailer
sequence is made using reverse transcriptase and a primer in the L gene, followed by
homopolymer dG tailing of the cDNA with terminal transferase. Subsequently, the
trailer region is amplified using a poly-C primer and a primer in the L gene. As an
alternative strategy, vRNA is ligated to itself or synthetic linkers, after which the .

leader and trailer regions are amplified using primers in the L and N genés and

linker-specific primers. For the 5' trailer sequence direct dideoxynucleotide

sequencing of purified vRNA is also feasible (Randhawa, 1997). Using these
approaches, we can analyse the exact sequenée of the ends of the hMPV genome.. The
sequence information provided here is of importance for the generation of diagnostic
tests, vaccines and antivirals for MPV and MPV infections.
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intergenic regions of pneumoviruses vary in size and sequence (Curran et
al., 1999; Blumberg et at., 1991, Collins et al-, 1983;). The intergenic
regions of hEpv did not 25 reveal homology with those of APV and RSV
and range in size from 10 to 228 nucleotides (Figure 17B). The intergenic
region between the Idi and F ORFs of MPV contains part of a secondary
ORF, which starts in the primary M ORF (see above). The intergenic
region between SR and G contains 192 nucleotides, and does not appear
to have coding potential based fn the presence of numerous stop-codons
in all 30 three reading frames. The intergenic region between G and L
contains 241 nucleotides, which may include additional ORFs (see
above). Interestingly, the start of the L ORF is located in these secondary
ORFs. Whereas the L gene 0APV does not start in the preceding G ORF,
Mg LORERIY Also starts in the preceding M2 gene. At the 3" and
b'extremitjes of the genome of paramyxoviruses short extragenic 68
SeqReich A eferred to as the leader and trailer sequences, and
Virgpproieimatelyvthefirstagieduol bigldGseof (hepleaiteatalydin8od 2CID50/mi)

on w@g@@eﬁ&th@@i@c&,gggam?@é@{xusgrmmwﬁga%aeemy FRAN
vﬂngtgasw glgemggfg of the viral promoter (Curran et al., 999; |
Grberd etorat e der RHRRRR G §88) ks stlidi gVl restNA

Isolgigng Botlactorfue ¢olitemiritendiopatie somefhdmeio@pds Boemintiteg

AlFegiombetuarm Rdsieplide 16.and &La%@@m@w@&g@n% Pi3Ghea
nuclelot des)dgécl)gyre 171%. As mentmggd before the first 15 nucleotides
' T

P e TP SR OATE R Hre DHLL T S8R Ao gBeRran R isked fon e
leagep ingbireiite oT A8 VERGhBatdbBitradlar! o fLRIF\VMIESS:: milc RSt es), are
avs@ﬁﬁa;@ﬂﬂﬁb %%ﬁ%ﬂf@ﬁ%%ééf&%gél%&%@%:&@ @Rﬁ@@%_ﬁﬁ&h}%&é%&n@
considera I tha at Of. nuclegQriaes). S O e
et et Gk LR R e el
Mefdychrpl P Sul o3pivmmersoridas hdmdlsegeraparinhon? o bdidhie 120
unib RIS aﬂdeg}mﬂev@arqms@nmwimwgmﬁnqwﬁﬁ?ﬁ%ﬂa@@Mﬁaﬁ
. S ce alyses.Jev. e e nce o
B e e Bl AR D ERY
B“’é’f@*&%ahgb?w@%éﬁﬁ%lﬁ?g fisd drepan R iptbeeagapikaarsyinssesription was
con(BlebbPab/kfMBr bl nfErileds). fTNeraighysealienns hosmiagniaums between
cnz%waé%é‘féécgﬁ{éﬁﬁgf%%%&e%%‘ﬂ%?%S?%&Q% gﬂ@e e'%%!%b%}‘g between,
. P, ‘M223genés o an

these two viruses. For the M, F, M2-Tan gen

- fng R atRiAb olaPoRIITBY 6 A%6T S TRRRR AN ORR\I % agarose gel, the

RT-PCR products were purified from the gel using a Qiaquick Gel Extraction kit

-(Qiagen, Leusden, The Netherlands) and sequenced directly using a Dyenamic ET

terminator sequencing kit (Amersham Pharmacia Biotech, Roosendaal, the
Netherlands) and an ABI 873 automatic DNA sequencer (PE Applied'Biosystem,
Nieuwerkerk aan den IJssel, the N ethériands), according to the instructions of the
manufacturer.

-

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

_ software package of BioEdit version5.0.6. (http://jwbrown‘mbio.ncsu.edu/ 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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C. In fact, for these genes APV-C and MPV revealed sequence
homologies which are 20 in the same range as sequence homologies
found between subgroups of other genera, such as RSV- A and E or
APV-A and B. This close relationship between APV-C and MPV is also
seen in the phylogenetic analyses which revealed MPV and APV-C
always in the same branch, separate from the branch containing APV-A
and B. The identical genomic organisation, the sequence homologies and
phylogentic analyses 25 are all intfavour of the classification of MPV as
sdhe dirsbraRaRber tndreyMietannemmaais 969 usihakis ispiaiahis.from
B@O%@gnaxlghllte g,a%uéd blg noted, that the fo%pd sequer ce.varjation between
GifereRt viris 1ola B BR RV tRERE T B 5 S PG TR TR 58 The
riresmiEedsanatrine WB8lferent genotypes (van den Hoogen et at., 2001).
Tﬁmrem%exmlﬁ&iM&bﬁ@ﬁ%meﬁ&m&@%&&ﬂ%@mg&e
r since APV infe irds in_caontrast to MPYV (van den
%%%g%’ gtﬂgi y {)?Jeﬁlfeﬂgn?ss ¢ ﬁﬁe%ﬁecaer?n V%ﬁé,?nﬁrﬁaer%%mm%f%%n%%r?ﬁined by
AHRITMSTIREES ARG KB Bra i pICIRRS ONEARRLTRG Samtimat are
phigihlfhdivergens. tfhe S EIROHIG) pNUeinss of BN sidi-ast 18\t onifioant

ith SH \ [ . ther virus.
- CERSSOHERSRRATRlR Wi SHLRRA G Proten Sl AR OBEL MBS

Although the amino acid content an IC e in favour of
585 AT L RIS G s GILRBS I AP AR GRSToliRAFD
Mdd4e8<HREN ALt R Suchpaiy)yeesodoalgmsived. ighhpndhm et afthe

pasditinng 9eHapPRNeQRERH 5!?6‘9%%93@\&@%%9%6&9%9%&\4 0
g tprOVI e mor

_ | the SH and G of APV-C
U YT b B HHAOSEN b /9 POt S AP e e R M2

OFdl atiemistiign\fitimt Abee 1A PASED), FiFG TA50GAITG- €0 JIERYf D4BdG 5 UEere - A,
nfowngl iosaedaidy ¢imiIRr datosrRbAR Varthe JIesRe) @%%%étfﬁﬂ%% M
C PV_and MPV displayed. a high' degree of homology.
O T AP0 ST A BT WaTo AR ARE Bare
ORah APRZ HAdANIP\A. tROBINSARSBEL 52 0P $i8r FSRRE) s Tk asashai tRe FIRES,
DU WA@@M@@@%M@W@;{E@@ s ﬁfgiﬁg&fé’og:wlﬁ %&tﬁ&\(m |
: : we did find a repetitive
R A RS e e P et
analysis of viral mMRNAs is required to formally delineate those gene end
sequences. It should be noted that sequence information for 15

nucleotides at the extreme Wend and 12 nuclectides at the extreme [‘end.
is obtained by using modified rapid amplification of eDNA ends
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15 (PACE procedures, This technique has been proven to be successful
by others for related viruses (Randhawa, J.S. et al., Rescue of synthetic
minireplicons establishes the absence of the NS1 and NS2 genes from
avian pneumovirus. J. Virol, 71, 9849- 9854 (1997); Mink, M.A-,, et al.
Nucleotide sequences of the 3' leader and 5" trailer regions of human
respiratory syncytial virus genomic RNA. Virology 185, 616-24 20 (1991).)
To determine the sequence of the 3' VRNA leader sequence, a _
homopolymer A tail is added tozpurified VRNA using poly-A-polymerase
and the leader sequence subsequently amplified by PCR using a poly-T
primer and a primer in the Ngene. To determine the sequence of the 5'
VRNA trailer sequence, a cDNA copy of the trailer sequence is made
Tabirly teugvse df dns ORHtasEMNY snpother muthelyxgpenasésllowed by 25
homopolymer dG tailing of the eDNA. with terminal transferase.

e W er-and a
primer inthe L gehe. As¥n alteFnativiéetratsy, vRIA is fgatedto itself

For.the 5' trailer sequence direct dideoxynucleotide 30 se uencing of
AN fHied VISNA isHRo fed8hle (é%dhéﬁ)é\, 1987). Uéhg r?%efse 2004
Ampproaclsss, weZen ana@lyse theséxact&qudisce of-the efids of tie hMPV
alepome.gdhe seguencgsinformation pegvidegh hereis of importance for
the generation of diagnostic tests, vaccines and antjvirals for MPV and
ARYBY infections. 70 Matefials arid Methiods 5'28equé2nce gﬁglysisﬁ\/irus
hHSYldte 086l wasZafiopagzied todvigh titers (afdroxirtately288,000165

LREGIRS0/4gY) onigrtiary,gaonkeys kidngycellsas degeribegprevigatsly (van
den Hoogen at at,, 2001). Viral RNA was isolated from supernatants from
Mﬁﬁ%cted ggﬁs usﬁ‘fﬁgla HiéﬁaPure6 BNA 1Ig%latiﬁ)g Kit égcoré%??g togl%2
PVNstructiosRsfronfiie maiffactUi®t (RAER Didlfnosties, 1BMmere? The
otiNeiherlapgs). Pemers wake degigned hased on sequences publigged

previousl %%van n Hoqgen at at,, 2001) in addition to sequen ‘
publisheg r the a%ade?%%d tr%%r of APV/RSV (Randhawa at%%gﬁ,zl%?;

Mink at at, 1991) and are available upon request. R.T-PCR assays were
wosapducted with viral RNA, using a one- tube assay in a total volume of

500 V¥lit.h 50 mh1 Tris pH 8.5, 50 mM NaCl, 45 mM
1. lengt

in amino acid residues.

2 . sequences not available

3. others: human parainfluenza virus type 2 and 3, Sendai virus, measles virus,
nipah virus, phocine distemper virus, and New Castle Disease virus.

4. . ORF not present in viral genome



10

15

15 MgClz, 2 mM DTT, 1 M forward primer, 1pM reverse primer, 0,6 mM
dNTFs, 20 units RNAsin (Promega, Leiden, The Netherlands), 10 U AM V
reverse transcriptase (Promega, Leiden, The Netherlands), and 5 units
Taq Polymerase (PE Applied Biosystems, Nieuwerkerk aan de Idssel,
The Netherlands). Reverse transcription was conducted at 42C for 30
minutes, followed by S minutes inactivation at 95C. The 20 cDNA was
amplified during 40 cycles of 95C, 1 min.; 42C, 2 min.72C, 3 min. with a
final extension at 72C for 10 miniites. After examination on a 1% .agarose
gel, the RT-PCR products were purified from the gel using a Qiaquick Gel
Extraction kit (Qiagen, Leusden, The Netherlands) and sequenced
directly using a Dyenamic ET terminator sequencing kit (Amersham

T B AL AT BS SR 8 273 e S By S PR e cpies

paatoyraticBA sequencer (PE Applied Biosystem, Nieuwerkerk aan den
lissel, the Netherlands), according to the instructions of the manufacturer.
Sequence alignments were made using the clustal software package
available in the software package of BioEditversion5.0.6.

(http://jwiikown.bio.nésu.edu/ BumwditidB0 biaedit.ntml; Hall, 1999), P
- hylogenetic analysis To construct phylogenetic trees, DNA sequences
were aligned using the ClustaMW_saoftware package and maximum

Ali¥ehihoodPfteesiRere Henerbfed ubing t#8 DNASML 71 software package

ABYiBe Phegtip 3.51program usig 190 boatstraps and 3 jumbles. Bootstrap

Ap@lges wage coggputeg.for gansengus trges created with the consense
ﬁackage gflsenstein, 1989). The MPV genomic sequence is available

erffank Ghder #cestdon rifinbed® AF%71337. All other sequences
hREE® herdlare @%ailalde froas Gerdsank uader 4accession numbers
bER046218 (measles yjus, gll ORE:s), Nf-001796 (human parainfluenza
p irus type 3, aII_ORFsg) NC-001.552 (Sendai virus, all ORFs), X57559
man ;fé?rainf%?enz "J\/irusgﬁ/pe 33 all dﬁFs),'ﬁlC-OOZGl? (New Castle

otBisdaseTitus 48l ORES), NE-002728 (Mipahtgirus, all ORFs), NC-001989

(bRSV, all ORFs), 10 M11486 (hRSV A, all ORFs except L), NC-001803

, D10331 (PVM, N

ORF), U09649 (PVM, P ORF), U66893 (PVM, M ORF),
Footnotes:

1. No sequence homologies were found with known G and SH proteins and were
thus gxclu'ded »

2. Sequences not available.

3. Bee Hst in table 5, footnote 3.

4. ORF absent in viral genome.
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U66893 (PVM, SR ORF), D11130 (PVM, G ORF), D11128 (F ORF). The
PVM M2 ORF was taken from Ahmadian (1999), AF176590 (APV-C, N
ORF), U39295 (APV-A, N ORF), U39296 (APV-B, N ORF),
AF262571(APV-C, MOB?), .U37586 (AP. V-B, M 15 ORF), X58639
(APV-A, ivi ORF), AF176591 (SPV-C, P ORF), AF325443 (APV-B, P
ORF), U22110 (APV-A, P ORE), AF187152 (APV-C; F ORF), Y14292
(APV-B, F OR-), D00850 (APV-A, F ORF), AF176592 (APV-C,. M2 ORF),
AF35650 (SPV-B, M2 ORF), . X63408 (APV-A, M2 ORE), U65312
Refadeiess, L ORE), S40185 (APV A, SH ORE). 20 72 Table 5: Lengths of
the ORFa of MPV and other paramyxoviruses. N'P M F M2- M2- SH G L
12 MPV 394 294 254 539 187 71 183 236 2005 APVA 391 278 254 538

CupgRy STeiPACkOIE Mda-Aas VP iseT: 399284 8485948 P I prAupylc
F.§0/B264, T ALEERABRAL ModeAPYD Spidghan W T, B30, 42 ahRSNAL K.

p&%ﬁ}@é%ﬁ&ﬁémgﬂagpéﬁsg%gmhRSVB 391 241 249 574 195 93
65 299 2166 bRSV 391 241 256 569 186 93 81 257 2162 PVM 393 295

257 537 176 77 92 396 2 others' 418- 225- 335-539- _4-4-4-42183
CuunyBerBod seclppemdomnotvivtes1-8. fshdthGalizainbBciirrisieded 2,

M&@ﬁﬁ@@ q@sm ravaliabiens. Qiheisohlmar ARl ue0ZRVIHR SRR sald
% ai virus, measles virus, 10 nipah virus, phocine distemper virus,
ew Castle Disease virus. 4. ORF not present in viral genome 73
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Table 6: Amino acid sequence identity between the ORFs of MPV and
those of other paramyxovirusesi. 5N P M F M2- M2-L 12 APVA 69 55
7867722664 'APV B 69517667 7127-2 APV C 88 68 67 81 84 56
-2 hRSVA 42 24 38 34 36 18 42 hRSV B 41 23 37 33 3519 44 bRSV 42
22 38 34 2513 44 PVM 45 26 37 39 33 12 2 others3 7-11 4-9 7-10 10- "'
13 18 14 Footnotes: 1. No sequence homologies were found with known
O and Si3 proteins and were 10 thus excluded 2. Sequences not
available. 3. See list in table 5, fegtnote 3. 4. ORF absent in viral genome.
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parainfluenza type | virus NP and M protein génes and construct

tp Ry BEBRBTRIAERS (SRRt PRIAER2BS ERR ot detelohedh iy et ond

babdat 68 IR RIG@N; vhilehid EOGSn @it tRetures fivn dlion Castld Miiseat s

REQSESF NG OERAAMXQYINSIEMARE RiDISRs M8bs BASIQ dlrhpa:
NAYLOR, C. J., BRITION, P., and CAVANAGH, D.élggs% The ,
 SFIRDEEn 288 26

R BRRSHTR PR B ROrINE PLR (i ke e an G Smtaihs

nprp 08 of subtypes A and B avian pneumovirus are conserved to a
similar extent as those of human respiratory syncytial virus. J Gen V arol
79, 1393-8. PLOWS, D. J., and PRINGLE, C. R. (1995), Variation in the

H58n glycoprotein genefSF¥nan respiratory syncytiap?ﬁ?ﬁ%dﬁﬁﬁ?ﬁedﬁ A.

HEYSIGenedwd, 37 48:203T00AGACTBITVARE, B. M., HN
BOUGUELERET, l5: pesrE@ROsL M EH980k Segwaence comparison of

ve polymerases (L, ' t ive-strand RNA

I% Sés: theglyé 'calsdggéﬁ%m%ﬁmm§§% & JﬁGen Viral 71,
1153-62. PBSH, 05 SATGACE THTORLARGEGNCAa#id TORDO, N.

H2PRY). |dentification offuik ceprsenedsngtisramang theRNAggependent
polymerase encodjy . 7-74. RMNDHAWA, J.
S., MARRIOTT, A%%WEE%@%%%@?ON A.J. (1997),

H¥E¥che of Syfhet FiRAMIESAT EARBRSET fHéCabselce of the NS1
and NS2 gemes frosn aagan pREOTOVEGSTANTalC/E, 9849-54.

ﬁ%’ﬁ%ﬁw _ %,S'sﬁém&%g&%ﬁg P CA%%NAGﬂ D.,

i Rev a%’-GGAGATC’ITI‘CTAGAGTGAG%’
NDV Fwd b&-CCTTGGTGAITCTATCCGIAG-3 F
Rev  5-CTGCCACTGCTAGTTGIGATAATCC-8
Tupaia Fwd §-GGGCTTCTAAGCGACCCAGATCTTG-3 N

. Rev  §-GAATTTCCTTATGGAGAAGCTCTGTGC-3'
Mapuera  Fwd 5-GGAGCAGGAACTCCAAGACCTGGAG-3 N
‘Rev: 5-GCTCAACCTCATCACATACTAACCC-3'
Hendra  Fwd 5-GAGATGGGCGGGCAAGTGCGGCAACAG-3' N -
Rev  6-GOCTTTGCAATCAGGATCCAAATTIGGG-3

‘Nipah Fwd 5-CTGCTGCAGTTCAGGAAACATCAG-3 N

Rev  5-ACCGGATGTGCTCACAGAACTG-8

HRSV Fwd 5-TTTGTTATAGGCATATCATTG-8 F
Rev  5-TTAACCAGCAAAGTGTITA-Z

Measles Fwd 5-TTAGGGCAAGAGATGGTAAGG-8 N

Rev.  5-TTATAACAATGATGGAGGG-3

General Paramyxoviridae :
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30 EASTON, A. J. (1996). Nucleotide sequence of the gene encoding the
viral polymerase of avian pneuxnovirus. J Gen Viral 77, 3047-51.
SAMAL,S. K, and ZAMORA, It (1991). Nucleotide sequence analysis of a.
matrix and small hydrophobic protein dicistronic mMRNA of bovine
respiratory syncytial virus 81 demonstrates extensive sequence
divergence of the small hydrophobic protein from that of human
respiratory syncytial virus. J Gen Viral 12, 1715-20. SATARE, M., and
VENKATESAN, S. (1984). Nuclestide sequence of the gene encoding

respiratory SvACY§aLMi MAURCRIGIARALYIEM, 92.9. 5 SEAL, B. S,
SELLERS, H. S., and MEINERSMANN, R. J. (2000). Fusion protein

predicted é%\’no %’F&E@&a“e%@‘&(%ﬁ%%‘f @S avian pneumovirus isolate
Pandidafk 8 RdE@FRogeneity among other US isolates. Virus: Res 66,139-47.

- SEDLMMER, R., and NEUBERT, W. J. (1998). The replicative complex of

3 function. Ado Virus Res 50, 101-39. 10
%T Wég%%%%%ég%&D COLLINS, P.L. (1991). Sequence
ZEh Ay s era GahAterd86TCgEne of human respiratory syncytial virus
7endpredistesdabwlogsoycaligmmpsegmented negative-strand viruses.
Z%IE 00GEN, B. G., DE JONG, J. -C.,
é"g@%@%@%\é@@@ﬁgg OOT, it, POUCHLER, R. A, and ,
Zﬁ§T@ﬁﬂﬁ@@ﬁC@ﬁWﬁﬁqéwly discovered human 15 pneumovirus

zisglatedfraroyaong coildreaavtly respiratory tract disease. Nat Med 7(6),
719-24. VIRUS TAXONOMY (2000). Seventh report of -the international

Corr]mittee on Taxonomy of Virgses. WERTZ, G. W., COLLINS, P. L.,
Cﬁuiﬁ@éﬁ?@ﬁ@@@% GEAANE, S., and BALL, L: A. 20 (1985).
Chuiclentide seq@enoeciiha Gapgotein gene of human respiratory syncytial

c¥ius feveals an-rpusyaliyee obviral membrane protein. Proc Natl Aced
Sei. USA 82,4075-9. YU, Q., DAVIS, P. J., BARI=, ,T., BINNS, M. M.,

C%@MWGQ%‘*%NAGH D. (1991) Deduced amino ac:ld
CSetyienta OAfGGINGIa0 ghEoprotein of turkey 25 rhinotracheitis virus has
céreater idetinawith that @i Ruman respiratory syncytial virus, a

pneumovirus, than that of paramyxoviruses and

20 fragments successfully purified and sequenced:

30 fragments found with sequence homology in APV

Fragment 1 ZF 7, 835bp N gene
Fragment 2 ZF 10, 235bp N gene
Fragment 8 ZF 10, 800bp M gene
Fragment 4 CS 1,1250 bp F gene
Fragment 5 CS 10, 400bp . F. gene
Fragment 6 C8S 13, 1450 bp F gene
Fragment 7 CS 18, 750 bp F gene
Fragment 8 ZF 4, 780 bp L gene (protein level)
Fragment 9 ZF 10, 330 bp L gene (protein level)

Fragment 10 ZF10, 250bp L gene (protein level)

i

Primers used for RAP-PCR amplification of nucleic aéids from the prototype isolate.
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morbilliviruses. J Gen Virol 72, 75-81. Yu, Q., DAVIS, P. J., LI, J., and
CAVANAGH, D. (1992). Cloning and sequencing of the matrix protein (M)
gene of turkey rhinotracheitis virus reveal a gene order 30 different from
that of respiratory syncytial virus. Virology 186, 426-34. ZAMORA, M., and
SAMAL, S. K (1992). Sequence analysis of M2 mRNA of bovine
respiratory syncytial virus obtained from an F-M2 dicistronic mRNA
suggests structural homology with that of human respiratory syncytial
virus. J-Gen Virol 73, 737-41. Primers used for RT-PCR detection of
known paramyxo-viruses. Prime?$ for hPIV-1 to 4, mumps, measles,
E¥upplap Mapuera and Hendra are developed in house and based on
aIIignments of available sequences. Primers for New Castle Disease Virus
e tak n from Seal, J., J. t al; CI ob 2624-2630, 1995. Primers

—1‘3 oéﬁtaoﬁec’rfré Itﬁ'grga W’Sw ts- Rare taken from: Chua, KB., et
al; SC|ence 288 26 may 2000 Virus primers located in protein 10

BES@&%%&W%“@E%@E@@@%%?&W e s ainedso e
\\V/
B R Y ORI E R, 0 £ P o iy of gomotpe
A‘P@@Fﬁ@ﬁ&%ﬂ%@@@@@%HW@ﬂﬁ@

V@ %&%@EZ&E%%@I&A@MNO SudtRE36 Bnkl that re-infection with

%g)ﬂ%féxrs %%é"%?%g?s &%El%e%ce gf pre-existing immunity and the
asuﬂeee@mﬂwméﬂmgewmb%%rﬁ -infection.
Farthekm AARNBTCddpba S8 64 idsshrRded to avian pneumovirus, a virus

pgmﬁ-gf?\? #’é}l}l%%y?@ C%(x?:ﬁ%ge g {}LB&? X\H)oth viruses show high

Pecer@emmmm@remﬁvmeef @e%ﬁﬂ? Sgoteins. Here we show
i1l GIdsECdA Afoks GG ATATC Whisk3N Reedb ek iOGd TATC

nﬁﬁ&éﬁ%%&r ﬁ’z;r x%teM,aQH@{ﬂe‘f %Gq%\ond dlfferently m tests, which are

AGCAGGAACTCCAAGACCITG G-3'N. 2
bgsad e EhR ABLSRB RO EIEAPEATRE ARltereaces | ﬁe‘ﬂﬁ‘?ﬁ rﬁmﬂhsmn titers
pEGA GATEGBCBBE ﬁAﬁq@'@@@%Aﬁ@m grd\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

Protocol for IgG |, IgA and IgM antibody detection for hMPV:

The indirect IgG EIA for hbMPV was performed in microtitre plates essentially as
described previously (Rothbarth, P.H. et al,, | 1999; Enﬁuenza‘virus serology-a
comparative study. J. of Vir. Methods 78 (1899) 163-1689. '

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 buman serum eamples in BIA buffer
were added to the wells and incubated for 1 h at 87C. Binding of hm_man 1eG was
detected by adding a goat anti-human IgG peroxidase conjugate (Biosource, USA).
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Rev 5'-GCCrI'”TGCAATCAGGAPCOAAATITGGG-3' Nipah Fwd
5-CTGCTGCAGTTCAGGAAACATCAG-3' N Rev
5-ACCGGATGTGCFCACAGAACTG-3' 30 EASY Fwd
5-TTFGTTATAGGCATATCATTG-3' F Rev
5-TTAACCAGCAAAGTGTTA-3' Measles |Fwd
5-TTAGGGOAAGAGATGGTAAGG-3'N Rev
S=TTATAACAATGATGGAGGG-3' General Paramyxoviridae : 83 Fwd.
5" CATFAAAAAGGGCACAGA%GC -3'P Rev

A@E@%CATPCI CCE&Q@P&@R ﬂ%r%g% I3vAasp n?el\zgsgred at 450 nm. the
resiRCERCTAGAHCACAAAECOMNZRIrS ASCABACRGIAABOBACC-3

condildPe OpSGNCALRAACHEEANGA G Kdydad the negative control plus

s AG%@%ZC@A CACCAGA-3' 10
R R R AR B CACCAGAGAG-3' CS1:

5'-GGAGGCAAGCGAACGCAA-3' CS4:
hVPGCEERAGEE ARCEMGAA S Axdisds Sbre detected in sera by capture EIA

es&dﬁ}%ﬂ%ﬁ@@ﬁ&%%p‘ %&ES&)& )&z‘th P.H et al. 1999; Influenza virus

CGAACG A
sere@zga: somRpgsebivg Atudaa & Ko Angthodsa?§(1999) 163-169. For the detection of
Ig £ SIBIHCAARE A DL GAMXH b3 pldtiragmae MRS UatassHlYIsM or

1@%@@&%&%&9&8%%0&%&@9réﬂ@lﬁ”&%ﬁ?%%%%ﬁ%fd&%@%{%L?'Ogy
in APV FEragment | ZF 7 p N gene_Fragment 2 ZF 10, 235 bp

incubptiopeofd By atel7Cs %ﬁ%mebw&*w GBmEoR p{HMEN 14 wided af 25*61 P

(10§eds Incubated 1 hr 837C. After washing polyclonal anti hMPYV labeled with
peroxidase was ‘added, the plate was incubated 1 hr 87C. 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 Ié@, 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
Uppsala Sweden. The results were expressed as the S(ignal)/N(egative) ratio of the
OD. A serum was considered positive for IgG, if the S/N ratic was beyond the
negative control plus three times the standard.

1. Guinea pigs

4. (re) infection of guinea pigs with both subtypes of h(MPV

Virus isolates ned/00/01 (subtype A) and ned/99/01 (subtype B) have been used to
inoculate 6 guinea pigs per subtype (intratracheal, nose and eyes).
6 GP’s infected with hMPV 00-1 (10e6,5 TCID50)

6 GP’s infected with hMPV 99-1 (10e4,1 TCID50)
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Fragment 5 CS 10, 400 by IF. gene Fragment 6 CS 13, 1450 by F gene
Fragment 7 CS 13, 750 by F gene 30 Fragment 8 ZF 4, 780 bp L gene
(protein level) Fragment 9 ZF 10, 330 bp L gene (protein level) Fragment
10 ZFIO, 250bp L gene (protein level) Primers used for RAP-PCE
amplification of nucleic acids from the prototype isolate. 35 84 Example b
Further exploration of the two subtypes of hMPV 5 Based on phylogenetic
analysis of the different isolates of hMPYV obtained so far, two, genotypes
have been identified with virus igelate 00-1 being the prototype of
59%%9%%3%}%%&%9@%@5%&%@ LIPS %f &Q@%&%&Mﬁa with the
hypothesise that the genotypes are related 1o subtypes and that

homalrertiorpdrtarriogs fBRIsSH R AL FEHPYBEE ur in the presence of

pre-existing immunity and the 10 antigenic variation may not be strictly

2 w&eﬁé& gﬂg}g&%gf@&&ggmI@é[&h@g{é%%gg%f’v appears to be closely

- related to avian pneumovirus, a virus primarily found in poultry. The

3 BHEed RS JSTEse Bdoth WPsBvesliRPHgh percentages of

2 lgomedqyys:Withntletion@ptiditditidistdabhg @sproteins. =sere we show

3 NALING, USRS AIGiGHARS1-8RCHRY @ﬁﬁg&ﬁ@m are base(_j primarily on
the 15 nucleoprotein and matrixprotein, but they respond differently in

tests, which are based on the attachment proteins. The differences in
Thhest sedrediseriors orsbegrovidedediier 1Y doflidt thiediohenbipye £26f

iPMBM B MR el SRIOL BARETAt-088 Kis g ARM ISR BiffBraNt

virus. 20 The.cross reaction between the two serotypes and the cross
2¥€H&on between APV an hMPV Methods 25 Protocol for IgG, IgA and
IgM antibody detection for hMPV: The indirect IgG EIA for hMPV was

rRpafeyprerrinarcatirerplatesessentially as described previously
(Rothbarth, P.H. et al., 1999; Influenza virus serology-a

Summary of results: guinea pigs inoculated with virus isolate ned/00/01 show infection of
the upper reépiratmy tract day 1 to 10 post infection. Guinea pigs inoculated with
ned/99/01 show infection of the upper rc;spifaiory tract day 1 to 5 post infection. Infection
with ned/99/01 appears to be less severe than infection with ned/00/01. A second
inoculation of the guinea pigs with the heterologous virus results in re-infection in 3 out-of
4 guinea pigs and with the homologous virus in 2 out of 6 guinea pigs. No or only little
clinical symptoms were noted in those animals that became re-infected, and no clinical
symptoms were seen in those animals that were protected against the re-infections,
demonstrating that even with wild-type virus, a protective effect of the first infection is
evident, showing the possible use of heterologous (and of course homologues) isolates as a
vaccine, even in an unattenuated form.

Both subtypes of hMPV are able to infect gninea pigs, although infection with subtype B
(ned/99/01) seems less severe (shorter period of psesenée 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 compietely protect against .
re-infection with both the homologous and heterologous virus, the infection appears
to be less prominent in that a shorter period of presence of virus was noted and not

all animals became virus positive.
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comparative study. J. of Vir. Methods 78 (1999) 163-169. Briefly,
concentrated hMPV was solubilized by treatment with 1% Triton X-100 an
30 coated for 16 hr at room temperature into inicrotitre 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 | h at 37C. Binding of
human’'lgG was detected by adding a goat anti-human IgG perox idase
conjugate (Biosource, USA). 85 Adding TMB as substrate developed

’ plates and OD was measured at 450 nm. the results were expressed as

2\ \ (Rgativeinfatia DEHEHOD sébsaeyBrMdsrgonsidered positive

for IgG, if the SIN ratlo was beyond the negative control plus three times
the standard. S hMPV antibodies of the IgM and. IgA classes were
Al eir OsBaBy [Mptdforpd H%seza Htemrdlected e dhsrsvinersRies

afRbtbipdrtha P.10D dflatidhdaQ; WiftlievizasiLES ssegalgytaaboWerative study.

- nauMdemesthads 78 (1999) 163-169. For the detection of IgA and igM

commercially available microliter plates coated with anti human IgM or 10

IgA specific monoclonal antibodies were used. Sera were diluted 1:100
Fiagrieke ek simd BhE{d neefdhiwr ata8BCoaiiootinnalwediag tlifutioniof ldidRMAB
g@gglgg@t each well (100 uI) Incubated 1 hr 37C. After washing polyclonal

antl gﬁl\f Cﬁ#ﬂ I\ﬂé‘éas Su |das ?&aeg%g%dvgs mgcxlelqbated 1

| h?ﬁ@é@%d%@@dm#ﬁe%sbﬂsew@e esgressed as the 15

Mywm@;g@mﬁgkp@@&mm&@m@w%%%%Ja@%titive f?;
| e ond | con ree umes itne
b T o e e R T e e 2

hespERlogBRTAPONERB RN infRsed einds Meduded the APV- Ab SVANOV'MR. 0
enzyme immunoassay which is 2 0 manufactured by SVANOVA Biotech
Sﬁﬁn@%??é §&|ence Park Glunten SE-75183 Uppsala Sweden. The
results were expressed as the S(ignal)/N(egative) ratio of the OD. A
Oulyraminarifhnente iaesBenidasha g dfiseestBif doinebbryend the
Whelative ERATH |a$ﬁliﬁﬁbCeEdtm9~$ themstanoaset 2odlsctauingde Bid%een the

two subtypes.

C.Reactivity of sera raised against hMPV in guinea pigs with APV anticen

Sera collected from the infected guinea pigs have been tested with an APV inhibition
ELISA

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

Sera raised against hMPYV in guinea pigs, react in the APV inhibition test in a same

manner as they react in the hMPV IgG ELISA’s.

Sera raised against ned/99/01 reveal a lower percentage of inhibition in the APV
inhibition ELISA than sera raised against ned/00/01. Guinea pigs infected with
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A. (re) infection of guinea pigs with both subtypes of hMPV 30 Virus
isolates ned/00/01 (subtype A) and ned/99/01 (subtype B) have been
used to inoculate 6 guinea pigs per subtype (intratracheal, nose and
eyes). 6 GP's infected with b1lv V 00-1 (I0e6,5 TCIY)50) 6 GP's infected
with h114-PV 99-1 (10e4,l TCW50) 86 54 Days after the primary
infection, the guinea pigs have been inoculated with the homologous and
heterologous subtypes (10e4 TCITDSO/ml): 2 guinea pigs: PPinfection
00.1; 20d 99-1 (heterologous) 38 guinea pigs: 1~ infection 00-1; 2-100-1
néB@96108048)h 48 fgim&i&gsf dab ha;mg ' 9@51?323@ mmwmem) 3
ujnea nrectl -1; 0 roa
TeRTABS Pé%%’%éz%% cgﬂ ‘? }é h(?n ygsh% E] ectlon or% gﬁg ?%n fbp V-
AlnielethiiypBE ffceridn, Uéh‘éi ﬁ&?@ﬁé&ﬁéfs@&i LR ediEesiRige- virus by
itT POE assays, Results of RT-POR assay: Figure 29 15 Summary of
e@ults &ug&gﬂggs moculate W|th V|rusdsl : QIQ;L how |q£§ptlon
ay 0 10 . Guinea pigs
moculated with ned/99101 show infection of the upper respiratory tract
seaycbite ik pastdpiediors dnfecticnsoyithtiatladdOv appeadsiic: birtegsross)
nSREERARAN JIEPUR rofk‘%t&&?&'{OQéﬁ)eﬁoi%%H‘M%%@MQf&B&% NgR1 to

pigs with ous virus results in re-infection in 3 out of 20 4
1% &Weh(’B iGSTR il HSHhBIsyBtes-ierire Balsréoguihe £p§s7 Mo or
baiyhlitte tiniedissynptansitetezab e G HOREE anfimaterihatitecadie was
- Jpfected, and no clinical symptoms were seen in those animals that
were protected against the re-infections, demonstrating that even with
Tm&%&pf@%a@r%%?a{%&ﬁ/é HEEOr R VL R OHTE BOMRAE SH8Wing
Ctillz pessibledusisiosdteterstogensd [HAE vkcoursd yroedotddumshieplatss 4PV

fifk 1%’@4@&%8%%@@%5%w%@@égmﬁ?&?e%ym&%@gbmg’v are
able to infect guinea pigs, althou%tl mfect;oné/é subt %g%%h 01)

nERERTE R el e o b B PSR ReR g6
tithatiat} ofl¥ha wetddtip rolvitivs wias/pelndéded/04/01). ThIS may be due to the

_ﬂg@i&_@@&éﬁ@ yﬁ%z@kmmrg‘upﬁégéb@i%%rﬂ@%@m%&ﬁgtyl%éﬁ1p1gs
against ned/OO/Gl ned/88/01 and APV-C

2. Cynomologous macagues

A, {re) infection of cynomologous macagues with both subtvpes of BMPV

Virus isolates ned/00/01 (subtype A) and ned/99/01 (subtype B) (1¢6 TCID50) have

been used to inoculate 2 cynomologous macagues 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 (20 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 macagues
inoculated (twice) with ned/00/01.

Summary of resulis: -
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30 Although the presence of pre-existing immunity does not completely
protect against re-infection with both the homologous and heterologous
virus, the infection appears to be less prominent in that a shorter period of
presence of virus was noted and not all animals became virus positive. 87
I3. Serology of guinea pigs infected with both subtwes of laft~tPV At day
0, 52, 70, 80, 90, 110, 126 and 160 sera were collected from the guinea
_pigs 5.and tested at a 1:100 dilution in a whole virus ELISA against
ned/00/01 and ned/99/Gl antigess. Figure 30 A and L?; IgG response

S&ﬁ&iﬁ&% Bﬂ%@%f%f%%é%@@m&aﬂw%%tm@%méIQed/otoim
ICIty O e ne - N ala
S B g e e e 9l et e, (gt

om omoo ou ave be n US |gu

SRIRRAATIY B¢ m@mﬁﬁyﬁmﬁaﬁﬁ@ﬁém@a@@@w@mm with
thohaloggeiss (A0nd AGuls) & ROMREOEoHEAR-IkRS- 10 PHIOR]BGAUSr, no

cﬁ%?céll]s%&t)o% %g%rologous (00-1199-1) infected guinea pigs. 15
Summary of resu ts: Onﬁy a minor difference in response to the two

different ELISA’s is observed.. Whole virus ELISA against 00-1 or 99-i
cannot be used to discriminate between the two subtypes. 20

wgt[‘w;w QL 2eRdalses agalshal-Lia 9i.ngAIbI ﬁsvggcégu\ésam'ge”

era collected from the infecte guinea pIigs nave peen teste with an
A1'V inhibition ,xon ELISA 25 Figure 38: Mean percentage of APV

Firvmibtibio mafdqiie Windb ctedigrdned/pigel Semnwaarydiaesddsiring 6 months

after the primary infection (re-infeetion occurred at day 240 for monkey 3 and day
239 for monkey 6).

Sera were used to test for the presence of IgG antibodies against either ned/00/01 or

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

Results: Figure 364

IgA, IgM and IgG response against ned/00/01 of 2 cynomologous macaques
(re)infected with ned/00/01.

Figure 36B

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

Summary of regults:
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 IgM antibodies after the first infection,
and the absence of it after the reinfection. IgA antibodies are only detected after the
e»mfectmn showing the immediacy of the immune response | after a first infection.
Sera raised against hMPYV in macaques which were tested in an APV inhibition )
ELISA show a similar response as to the hMPV IgG ELISA.

Biscussionfconclusion
bMPV 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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30 Sera raised against hMPV in guinea pigs, react in the APV inhibition
test in a same manner as they react in the bMPV IgG ELISA's. Sera
raised against ned/99101 reveal a lower percentage of inhibition in the
APV inhibition ELISA than sera raised against ned100/01. Guinea pigs
infected with 88 nedl99/01 might have a lower titer (as is seen in the
hMPV ELISA's) or the cross- reaction of ned/99/01 with APV is less than
that of nedl00/01. Nevertheless, the APV- Ab inhibition ELISA can be
used to detect hMPV antibodies # guinea pigs. 5 M Virus neutralisation

uﬁéﬁﬁ%ﬁx‘ﬁm sefairAlRe e ARRIAST AMEM I alineaIHiIgs. p&%&%&(ﬂhﬁiﬁdf at

, day 52, 70 and 80 post infection were used in a virus (cross)
&’h% ffsation assay with nedl0010I, nedl99/01 and APV-C. Starting
dilution was 1 to 10 and. 100 TCID50 virus per well was used. After

CRELEAISBILY RetlteaYiEHB N3 K9 PRAHO B QR AN 6@ Hsord Buviry casdEitiged
at 3500 RPM, after which the media was refreshed. The APV tests were
%’Rﬁ%’%’“ﬁ ‘a‘gygqgﬁ%l the hMaPV tests were grown for 7 days. Cells were
fixed with 80% acaton, and IFA's were conducted with monkey-anti hMPV
fits labeled. Wells that were negative in the staining were considered as

the 15 neutrali iter. FQr gach virus a lQQ tifration,of the vi
S R By et s 520 0 88 Rl R PG R Sl
sirfém%%aﬂbmr@wﬁb%mtamﬁm%%ﬁ@%{&ﬁahH@aﬁf@éﬂken
aﬁaamstssad{@a@/pﬁlm@wa%&a Bzt ARM-Ri24:3n GyaeragiageusdiBiaguUes

ti f 1?7V
R B e MR s g ?‘%ﬁb”t‘%xpgi P
g SRR A80RAD: 8§éd“t’&?rﬂ§ faters ’E‘fhﬁ%ﬁjﬁﬁ) deXbtigs per

subtype (intratracheal, nose and eyes). Six months after the primary

(;C%% é@&ﬂ@%&lﬁ%&%&@% 0GHIRIRSVOL NG SREORSLIMA IR on
/00/01. Throat swabs have been collected for 14 days ?é( ~ infection) or
a%ﬂ%»@%y@szfm?%%ﬁdﬁ)ap"agﬁﬁr@eﬁaﬁ beh s AN tead s PB{@SM
oftiee\dHib b3y Rdsode.assays. 30 Figure 35.-Results of RT-PCR assays on
throat swabs of cynomolgous macaques

3. Bumans

Sera of patients ranging in age of <6 mon{;hs»to >20 years of age have previously been
tested in IFA and virus neutralisation assays against ;ied/@ﬂ/ﬂi. {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/00/61, and we tested the samples in the APV
inhibition ELISA.

Results: Figure 87 Comparison of the use of the hMPV ELISA and the APV inhibition
ELISA for the detection of IgG antibodies in human sera, there is a strong correlation

- between the IgG hMPV test and the APV-Ab test, therefore the APV-Ab test is

essentially able to detect IgG antibodies to hmPV in humans. -
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inoculated (twice) with ned/00/01. Summary of results: 89 Summary of
results: cynomologous macaques inoculated with virus isolate ned/00/01
show infection of the upper respiratory tract day | to 10 post infection.
Clinical symptoms included a suppurative rhinitis. A second inoculation of
the macaques with the homologous virus results in re-infection, as
demonstrated by PCR, however, no 5 clinical symptoms were seen. B.
Serology on sera collected of hMPV infected cynomologoua macaques 10
From the macaques which receiypd ned/00/01 sera were collected during
6 months after the primary infection (re-infcetion occurred at day 240 for
monkey 3 and day 239 for monkey 6). Sera were used to test for the
presence of IgG antibodies against either ned/00/01 or APV, and for the
4presgnee against IgA and IgM antibodies against ned/00/01. 15 Results:
Figure 36A IgA, 1gM and IgG response against ned/00/01 of 2
cynomologous macaques (re)infected with ned/00/01. Fieure 36B 20 19G
Ofcdictas Rewarieena0iet 2 AyRb oA omH deadtds et Rg00/0L
EREN @0/ ptasaimosy loGrestilisdids\g macapies have been succesfully
infected with ned/00/01 and in, the presence of antibodies against
ned/00/0] been reinfected with the homologous virus. The response 25 to
SHRRARGCIior Wl ot Sre BRIl Fas @ BRPAisbdhEdoateie dret
antitedisna saidsthePabgenceskliafior the reinfection. IgA antibodies are
only detected after the re-infection, showing the immediacy of the
S’immune espanse after a first infection. Sera raised against hMPV in
R RSSHHIER were tested in an APVinhibition ELISA show a similar
_response as to the hMPV Igv ELISA, 30 Discussion/conclusion hMPV

W@n@k(]t)%@t%% IR eYRPNAUPRINNS HagatesoR e el tied withibe ABYeroup 4
| 10, ’

and ned}%)%%l the prototype of subgroup B.

"According to classical serogical analyses (as for example known Francki, R1.B.,,
Fauquet, C.M., Knudson, D.L., and Brown, F., Classification and nomenclature of
viruses. Fifth repdrt of the international 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, 'qu distinct serotypes have either no cross-reaction
with eachother or show a homologous-to heterologous titer ratic >16 in both
directions. If neutralization shows a certain degree of cross-reaction between two
viruses in either or both directions (homologous-to-heterclogous 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—hetemlogous titer

-ration of smaller than eight), identity of serotype of the isolates under study is

assumed.*

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 homologoﬁ‘s and heterologous serotypes of hBMPV revealed
that this is also »true for hbMPV. In addition, IgA and IgM ELISA's against hMPV
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ELISA with a similar sensitivity as with an hMPV ELISA, and therefore the
APV 90 inhibition EIA is suitable for testing human samples for the
presence of hMPV antibodies. C.Virus (cross) neutralisation assays with
sera collected from hMPV infected 5 cynomologous macaques Summary
of results: The sera taken from day 0 to day 229 post primary infection
show only low virus neutralisation titers against ned/O0O/Ol (0-80), the
sera taken 10 after the secondary infection show high neutralisation titers
against ned/00/01:. >1280. Only,sera taken after the secondary infection
show neutralisation titers a alnst ned/99/018((§0 640), and none of the
reggplefidbriarstitR o ARy AntiipdicerRbraTemt EFpL ST LRHBPRDERRRHSed
aaStGMAT bAPV irsrisus (crossiualivalisatidV 2o bERERE Blifehe. ene the

n@cﬁr&%& RAGHA0. Q&&gﬁﬁ,@oﬁg UQQQLANE,Red{990LAEER PRRR 86 WRino
ant| ody respon 0 3. Humans Sera of patients rangin e of <6
RS 05 ke o oy S W B ot R NP i o
maeuuﬁhsmm assay¥iagamstrdid G0 @ds{Bdbralve| th gbaphtenihisP Bublere
sﬂ&é@ﬂ?c@%@g& @ @g%%fﬁm%%fem@ Péé‘vjé‘éhcﬁxt Qt%%%d t M %Igra
i, an we e samples
A%n%?é&&/% Sﬁmﬁﬁﬁa ng&? % xb%lr?s%% of i egu%‘e of the

nho#PAE E4Syieraed eRbMIP i ibitIb th e differaefoin b whatestioivtigCriters

o BRHRRGIRS IR HUIANS8FE BB 8IS - NN ErROMNR | alinke RANB R8s G

bMPV te PV-A t, therefor: theA PV-A test is essenti I
e cp A e R e N
wetiphaaih thas b@%ﬁftéé@edqn iporerhra APy nesdBitton zEs,qltstamdw event

£Ra0RHOL Ebdodnio @Hﬁmm@falﬁ@taﬂiib@d&ﬁwg@im ARMG and SH
o szemnsatri}/agf re 1li11|_tS oth the h A and the APV |nh|bmg§£EILISA

¢.event seems
etect antlbo ies a alns ata n wn

considering the presence of AW in birds.
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10 Summary of results. We found two genotypes of hMPV with ned/00/01
being the prototype of subgroup A and ned/99/01 the prototype of
subgroup B. 15 "According to classical serogical analyses (as for example
known Francki, R.I.B., Fauquet, G.M., Knudson, D.L., and Brown, F.,
Classification and nomenclature of viruses. Fifth report of the international
Committee on Taxonomy of Viruses. Arch Viol, 1991. Supplement 2: p_
140-144), two subtypes can be defined on the basis of 20 its
immunological distinctiveness, 33 determined by quantitative

A CJrgéaur'glfﬂilin%ation assays with animal antisera. Two distinct serotypes have
elther no cross-reaction with eachother or show a homologous-to
heterologous titer ratio >16 in both directions. If neutralization shows a

B&AEAILEHISeRELI0sS PRaGtIeRk Retween two viruses in either or both
directions (homologous-to-heterologous titer ration of eight 25 or 16),
distinctiveness of serotype is assumed if substantial

TheiéwnisieblipiecnenviidodBoteinedy o bibfpatdxitie Perautsadiviriion shdws

tha BisiRl£16e5e CTRE GRASEMAA IR M IWRS LW N USESIBIERer Or both
directions (hgmolpgous-to-heterglogous titer .ration of smaller. than eight),
B (R SIS S R SR Sy
bogngm StiRetRAL renERe o s smaridabrissee anst thepogistnpisimamity
miRUPVMITHE getald:hsiernlog AL dBiRGHINR 9FigHIPRRISSABES (APY.

algy&qggplggoggw‘ques with both the homologous and heterologous
serotyp%s 'oof hMPYV revealed that this is also true for hMPV. In addition,

IgA and IgM ELISA's against hMPV 92 revealed the reaction of IgA
Thenfibotfiestnlyfonelenafteieriesbanly Foia i sathagaibelca MPNa0tical
viAAE WhbeSRONGHD. A0 60Ul WAV A AN MEVELISAsafrom the

nucleotide sequence comparisons, it Is knovv.nflt’hat_t e v!ruseg show about
Preumo i 8- QBRI P i IBE AR HIRE Rerprarouid e e ha¥nmiEp ISA'a the N
noasichityprdtpinteare dhthd Ieainoca thigansie (NS VNES-NEREARSRIOR- M2-L-

- )RS BRNOWRIQ LSRG ALRINS DA HSUITAGCS, AV ORI RIEHNS Da RHRIL L

!(sih?lw a difference between the two different sera.
and the organisation of genes between the M and L coding regions is different: 3-N-P-

M-F-M2-SH-G-L-5".

All members of the subfamily Paramyxovirinae have haemagluttinating activity, but
this function is not a defining feature for the subfamily Pneumovirinae, being absent
in RSV and APV but present in PMV. Neuraminidase activity is present in members
of the genera Paramyxovirus and Rubulavirus (subfamily Paramyxouvirinae) but is
absent in the genus Morbillivirus (subfamily Paramyaéouirinae) and the genera
Prneumovirus and Metapneumouims (subfamily Pneumouvirinae).

A second distinguishing feature of the subfamily Preumovirinae is the apparent
Iimited utilization of alternative ORFs within mRNA by RSV, In contrast, several
members of the subfamily Paramyzxovirinae, such as Sendai and Measles viruses, -
access alternative ORFs within the mRNA encoding the phosphoprotein (P) to dire;t
the synthesis of a novel protein.

The G protein of the Pneumovirinae does not have sequence relatedness or structural
similarity to the HN or H proteins of Paramyxovirinae and is only approximately half
the size of their chain length. In addition, the N and P proteins are smaller than their

counterparts in the Paramyxovirinae and lack unambigous sequence homology. Most

‘ndnsegmented negative stranded RNA viruses have a single matrix (M) protein.
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Although APV an hMFV cross react in El,ISAs, phylogenetic analyses of
the nucleotide sequences of hMPV and APV, the differences in virus
neutralisation titers of sera raised against the two different viruses, and
the differences in host usage 10 again reveal that APV-C and hMPV are
two different viruses. Based on the results we speculate that h(MPV
infection in mammals is possible a result of a zoonotic event from birds to
mammals. But the virus has adapted in such a way (i.e. the G and SH
proteins) that a return (from mannals to birds) zoonotic event seems
unlikely, considering the presence of AVP in birds. 93 -Addendum
%%ﬁ’ﬁfﬁﬁﬁﬁ’ﬁﬁwﬁﬁ‘%n%ﬁ”ﬂﬁ@ﬁ%v?nae EXiHe ?arf’ﬁ;l;f\ DfnE bwo such
Prateiney A6 it N CBnedvhsrobeingebfaatity Shevelte ZianeyKoviiiiae: ennberearts
BREUROWSRRR.TOE: shRMIP R MIRHRE0NSISts of two genera:
Pneumovirue and eta%neu mouirus, | The nu @eumovmus ccBIntaLr¥8 cal

G (e:’ésp"rlne resplra o?yy syncytlarkuses a
thioprtbisraients\ihes bidvpich{RoiRnsttheypanisimaeitreetiltrus
£MRINS Yagyavian pneumoviruses (APV; 10 also referred to as TRTV).
The classification of the genera in the subfamily Pneurnovirinae is based
on classical virus characteristics, gene order and gene constellation.
Viruses of the genus Pneumovirus are unique in the family of

PREAMYEAVITIF XL R INGHND dinROPSiBuRksEpsoteins at the 3'end of
sgsname (s NSLIeNs% i Sg’?%fg, ﬁgman i 40 %%tg%atvmg@eaw
VIrus lac

€ genus tap eumo the Nof and N 2 genes and

erveet o efsgirsderh &w@éﬁ%@%&&s&%&%&%ﬁb@%@hﬁ% feplprn,
M%Mdﬁ:%%@ﬁxﬁw%ﬁt@fﬁb&f@ﬂfeﬁl essubfapilyant pathogen in

%trarrc?%ovwmae hav hae l%%ﬁ .n(%qnwaym%gggst%fgﬂg@@g@s

|n|n fedture ort’l% amlly neu ovir.'rrae, being absent in
Q@O‘%\ﬁ}éoﬁﬁﬂ\ﬁﬁ?ﬁrﬁégéﬂﬁﬁf‘ AP B URAR AL ®Eent in
mmﬁa&&d&ﬂ&gﬁmﬁr@vawmwammmwhf%Wy
%&%&&%{g@ﬁ)&%&% AORSPINleganys Morhllivinas {sublamily

Parainyxovirinae) and the genera Pneumovirus and Maetapneumoyirus

gafierepra ip Hé%}ﬁfﬁ@ﬁ‘f’f%)‘“é% ROBETISHH AR RGTATRG FRAbGFACS PRGY

—r"T

- sulifdmitydRegeumoyhindeds (halemparédls; Johnson, 1987; Sullender, 2000). In

particular the G protein is used in distinguishing the two subtypes. RSV-A and B
share only 53% amino acid sequence homology in G, whereas the otber proteins show
higher homologies between the subtypes (table 1) (Collins, 1896).

Detection of RSV infections has been described using monoclonal and polyclonal
antibodies in immumofiuorescence technigues (DIF, IFA), virus neutralisation assays
and BLISA or RT-PCR assays (Rothbarth, 1988; Van Milaan, 1994; Coggins, 1998).
Closely related to hRSV are the bovine (bRSV), ovine (cR8V) and caprine RSV
(oRSV), from which bRSV has been studied most extensively. Based on sequence
homology with hRSV, the ruminant RSVs are classified within the Pneumoi;ims .
genus, subfamily Pneumovirinae (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, 1893; Vilcek,
1994).

Several analyses on the molecular organisation of bRSV have been performed using
human and bovine antisera, monoclonal antibodies and ¢cDNA probes. These ghalyses
revealed that the protein composition of hRRSV and bRSV are very similar and the
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' A‘ii]lé %l l@gﬁ)&)ﬁ %fgg)e@u Pneumovz:nnae, genus

limited utilization of alternative ORFs within mMRNA by RSV. In Contrast,
several members of the subfamily Paramyxovirinae, such as Sendai and
Measles viruses, access alternative ORFs within the mRNA encoding the
phosphoprotein (P) to direct the synthesis of a novel protein. 30 The G
protein of the Pneumovirinae does not have sequence relatedness or
structural similarity to the FIN or .H proteins of Faramyxovirinae and is

~ only approximately half the size of their chain length. In addition, the N
and P proteins are smaller than*heir counterparts in the Paramyxovirinae

geanthiackgamantivigolisRS8Gttenadlbothated W RFUSFardiate RSN ed hBgH]itie:

¢ Saned B vises e s nolsmalliMMLatelak.Re Metthehls

the, subfamilyPneumaquirinae are_an exceptlon in having two_such

P’ﬁ?%‘ﬁé?ﬁ%“%ﬁl%ﬁari\ﬁ@efﬁ?ﬁﬁ‘b%?e‘?ﬁ‘% SRR e PErAMGREARARBSY
(68 cmdteSPfartsp eutiotdbe KBresg Ui iGe Inetale dBe®s ThthFRansemaxafliRBsend
hﬁ@h%&mvis@e@%%&m dnambelis.of thasuhiamily Bhgungyirinee

a S; the |nd ce characteristic_syncytia
SR P Rt asﬁgamié%ﬁr%ghgsﬁ}a%
two R oV B d0shR S 9074 hqem}m w@d@@@vh@gﬁnw%eumokus and
SusanaleaRd Nideshreadveanseref Qe fe sRiFIgMN T ackilinessdveing

; infancy and e chi od (Selwyn,. 19 SVis
® %rgaélﬁlgly rg%égnlsp%gggegn am ﬁlanstu %Sg%nqﬁ%’;ﬁe BRAR A B’rﬁﬁﬁs

Afﬁma éiﬁanmb%b@emmm@anmmw srveRenslorrhibodi@\enscifie dor
thar@imp@ﬁam&ay%@{ @@mmmiw - EALRG, DS ORI NAREIdS of BRIV

ho |tall ed adults und 991 Falsey, 20 D well,
513}) Wgc m%jél’ antlgenlé) ?ypesg? ei? %\ ana avte%%een ﬁ"er?tﬂﬁed
B%éé‘ddoﬁltélmﬁéé@}ﬁaﬂq@rs@%tWWﬂWﬁeﬁ@@%l%fﬁmM
reatibpoieisdandikys sauetRisRbichsamIanceranghss@svAneE resys) 1985;

m’@%ﬁ?%&%@i g%f&'tl?&‘é’r %9 u%u r%'%“' Lihe gsRé Efa%u;ed '&8%)
distinguishing the two su ar ¥ ity
and ggaly FYeEEJJ %%ﬁﬁ%%&%é?%@%ﬁ%ﬁﬁ%%ém@wﬁ%@ﬁh
thhbovilo ST bebweenntieesichiypessiaialeiiy (Dollistsrd 906 Bateation abo

aRsNeipatians hes.nesnAssehed using monoclonal and polyclonal

antibodies in |mmunofluorescence techniques (DIF, IFA), virus
?neumow.rus is the

Pneumonia virus of mice (PVM).

PVM is a common pathogen in laboratory animal colonies, particularly those
containing atymic mice. The naturally acquired infection is thought to be
asymptomatic, though passage of virus in mouse lungs resulted in overt signs of
disease ranging from an upper respiratory tract infection to a fatal pneumonia
(Richter, 1988; Weir, 1988). _
Restricted serological crossreactivity between the nucleocapsid protein (N) and the

phosphoprotein (P) of PVM and hRSV has been described but none of the external

proteins show cross-reactivity, and the viruses can be distinguished from each other |
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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and ELISA or RT-PCR assays (Rothbarth, 1988; Van Milaan, 1994;
Coggin; 1998). 25 Closely related to hRSV are the bovine (bRSV), ovine
(oRSV) and caprine RSV (0RSV), from which bRSV has been studied
most extensively. Based on sequence homology with bRSV, the ruminant
RSVs are classified within the Pneumovirue genus, subfamily
Pneumouirinae (Collins, 1996). Diagnosis of ruminant RSV infection and
eubtyping is based on the combined use of serology, antigen detection,
virus 30 isolation and RT-PCR agsays (Uttenthal, 1996;Valarcher, 1999;

apiald e S Rinfi5EHG, Se0k RENGIB, ANAINESS, A RS FIBIES Rkt
organisation of RSV have een per?ormed using human and bovine

baptegrlntinstion diaeatiities and cDNA probes. These analyses

They galethd s PV peetaibleompos WRs Of iR &dirgritkb REavhargwrel p siteiarat

» _ i isation.of; sthaiol ARSVidBaE
AR SRR bR&%?f?é*%%%%s%&gﬁ Lo R llor. haob

Thetrslresitsrerepssabiivrerant REBEDHRSTSetg %é?faﬁ‘@ws
vheiisen e RIS Cisubbepe 339K, SetweasnthRSY BNV RSV st(68zdncth @885
WRARBEVRIY) dRE0Zak FI i85 A ARQ 1J RRmPIgEIRS-of Ehe YRRE Rid

bRSV strains present comparable structural characteristics and antigenic.
SPARfRLHESS. P hePEepy HterT JPBR SO EWS SOBT A Rty &pe
bpdilet trat tf EERS\AEVH typdseh arpo8@¥cth encofegysinda AR axepnsekting
a 2B PN S RASAEANRILE 8155, NARSN AN RSV SR80 ngnacional

_antibodies have_ syggested the existence o ,diff,erent antigenic subtypes

iy PSR IRTER AR SRR BF BRI AREFD SR P Yo tRe-

fivatrenancsftasbntienal antibodies specific for the G protein (Furze, 1994;
Prozzi, 1997; Elvander, 1998). The epidemiology of liRSV is very similar

~1q that.of hRSV. Spontaneqys infection in young cattle is frequently. .
: ‘11 Qbie e%f%\?lﬁ{lum Anmino amg%gmgl%ﬁarilag Weﬁnqge aﬁgereni: eﬁvrﬁ{tehéﬁ 5:?113

a W1 . ;
assocla severe respiratory ereas experlmentsa

egeweFaymedois dhthsildiaiibaBeewnaustighe pathologic changes

GEIVaNdeR Skt ASFIS V] BRSAIS0 DEFRRSvIRted 1T
sheep {ORSV) (_eaMaste"h%§§3) and gﬁg{; (cRS mkuhlj 1980).
Both strains shdre 96% nticléotide seduernce with the bovine RSV and

are antjgenically crossreacting. Therefpre‘, these viuses are alsp

, }@@SSITIAWWIU’IIH e PReumovirus genﬁfﬁgdlstlnd raember of tie
stbfamily-Prewinovirnac;-genus-Pne égl_\gius is-th - -

N % 93 60

P 181 |

M- _ IED

F 89 | 80-81 38-40
|G 53 [86-100 |2129  |86.41 60-62 *

M2 Jez 94 ; 41

SH |16 4550 56 ’ )
15 - »

* No detectable sequence homology

The genus Metapneumovirus

4 .
Avian pneumoviruses (APV) has been identified as the aetiological agent of turkey

rhinotracheitis (McDougall, 1986; Co]lins,' 1988} and is therefore often referred to as

wrally jsiggied nrsv)
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20 Pneumonia virus of mice (PVM). PVM is a common pathogen in
laboratory animal colonies, particularly those containing atymic mice. The
naturally acquired infection is thought to be asymptomatic, though
passage of virus in mouse lungs resulted in overt signs of disease
ranging from an upper respiratory tract infection to a fatal pneumonia 25
(Richter, 1988; Weir, 1988). Restricted serological crossreactivity between
the nucleocapsid protein (N) ang7the phosphoprotein (P) of PVM and
hRSV has been described but none of the external proteins show

o ESI I melt RN R TR T Yo STRa disee hdn AGHBREET RO el er in
inféripomel iivakiontioss akisayis (Giiamixeiditd 900aaGable e, dER84iigNg,
md2808). Badhe;aleoninieing oL PMM apReaLIg il laoss f Qier

Raramyx iruses and resemble those of RSV in terms of their pattern of
B L P R AR TP SR R B SRt Radiecsythe
Vi airaibaiterthpabithespa fas yiawinubesieR\dthbeghlitemagglutinating
asag&%&\&g%h g By lonal 5 t." oil to.t &%,pgg%s_ign h'b't’%%?'tO >
responsinle since a monocional antipo 0. tNJS protein INNIpIts
T R PISorerP CIGROLT IS BAOID SARA SR SRt
SQ0rag\ a1 A Sheoivg tare rih strefeiniag phe teinsrabdtssvenebsnt mesinivapense
R@A@ﬁ?@@rgwg&@g&i%mv %c&%%?ﬁxg%@m s, ﬂa%%?gﬁm@% hology
N 20lge uences o e enes are_no C
R HE SRR 8 e pay Beremecn i o STISE ARV
enpsict ROt RIS oRagp s R B RES VheNwe 0vb familys o8 thie 405k while
(Parignghisiietyedife rerk e Rino AoidnmsaamRase s 3Artadenger) (Barr,

X

o]

- PR B, ﬂﬁé?q%ﬁbﬁﬂ? Jlggg’)clpe :Eg\AMEB ene, but not that of

RSV or APV, has been repofted to’encode a sécofrid ORF, representing
AT BRR AR BR8P (RS NS L ey SRIcv DR deres (e W BrviHE
MG -spiatifferbeaioaggiutishtion assay pndtus-Reudtalisation Rssay
ArngasielsImuNe;. fuorescence teghnigues. Table with addedum:

mi%o acid%omo_lo ybetw%%ﬁst{ﬁee%(ﬁ%%%nt VIruses wit itn ?ﬁgwlgfréuesnus

BHEHBAH TSI BRe& AfNily Pneumovirinae. Gene bRSVs bRSV's 0RSV

DiffedhR@\inndRSlswtif Mt s SIS ARG\ HaRENPRSY monoclonal

antibodies have revealed the existence of different antigenic types of APV. Nucleotide
sequencing of the G gene led to the definition of two vu:us subtypes (A and B}, which
share only 88% amino acid homology (Collins, 1998; 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 &

novel subtype, D (Bayon-Auboyer, 2000).

Diagnosis of APV infection can be achieved by virus isolation in chicken or turkey i
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 synctyial formation (Buys, 1989). A
number of serology assays, including IF and virus neutralisation assays have been
developed. Detection of antibodies to APV by ELISA is the most commonly used
method (O'Loan, 1989; Gulati, 2000). Recently, the polymerase chain reaction (PCR)
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Differences in neutralisation patterns, ELISA and reactivity with
monoclonal antibodies have revealed the existence of different antigenic
types of APV. Nucleotide 20 sequencing of the G gene led to the
definition of two virus subtypes (A and B), which share only 38% amino
acid homology (Collins, 1993; Juhasz, 1994). An APV isolated from
Colorado, USA (Cook, 1999), was shown to cross-neutralize poorly with
subtype A and B viruses and based on sequence information was
designated to a novel subtype € (Seal, 1998; Seal 2000). Two
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can be achieved by virus isolation in chicken or turkey tracheal organ
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(viiijJan SHPprotein with the aniinosegidsequencevasshowr ip1Figure 26;
or

(ii))  an M protein with the amino acid sequence as shown in Figure 22;
(iv)  an F protein with the amino acid sequence as shown in Figure 23;

(v) an M2-1 protein with the amino acid sequence as shown in Figure 24;

(vi)  an M2-2 protein with the amino acid sequence as shown in Figure 25;

(vii)  an L protein with the amino acid sequence as shown in Figure 28;

(viii) an SH protein with the amino acid sequence as shown in Figure 26; or

(ix)  a G Protein with the amino acid sequence as shown in Figure 27.

3. An isolated negative-sense single-stranded RNA metapneumovirus, wherein the

genome of the negative-sense single-stranded RNA metapneumovirus encodes:

(1) an N Protein with the amino acid sequence as shown in Figure 20;



(ix) a G Protein with the amino acid{ggguence as shown in Figure 27. 3.
An isolated negative-sense single-stranded RNA metapneumovirus,
wherein the genome of the negative-sense single-stranded RNA
metapneumovirus encodes: (i) an N Protein with the amino acid sequence
as shown in Figure 20; 106 (ii) a P protein with the amino acid sequence
as shown in Figure 21; (iii) an M protein with the amino acid sequence as
shown in Figure 22; (iv) an F protein with the amino acid sequence as
shown in Figure 23; (v) an M2-1 protein with the amino acid as shown in
Figure 24; (vi) an M2-2 protein with the arnino acid sequence as shown in
- Figure 25; (vii) an L protein with the amino acid sequence as shown in
Figure 28; (viii) an SF| protein with the amino acid sequence as shown in
Fig}&ge 26 PSR Y RARBRAHHE SSAtfRF a atisEe Y emdE @8 SR bwn in
Figure 27. 4. An isolated negative-sense single-stranded RNA
meiapneamdlirugeinteitbiththengenardes ef tbecaagativesensezure 22;
single-stranded RNA metapneurnovirus encodes at least two proteins of
thaiigllowdng: (heaa:NRiptcInh he AR add saguente as shoun in
Figure 20; (ii) a P protein with the amino acid sequence as shiown’in’
Figure 21: (iii) an M protein with the amino acid sequence as shown in
Fidlite 2220 (Y AnPEOHTOMETH WK BrEnhirid atrhewguBhteEs Shown in
Figure 23; (v) an M2-1 protein with the amino acid sequence as shown in
Figuig 24an(viRanpla:drovataithwiiitheaanding, a6id SROUeRee Rshawnin
Figure 25; (vii) an 1. protein with the amino acid sequence as shown in
Fi 28, (viji).an. SH. in with the,amino acid sequence.as shoyn in
Figﬁgg 26?%125 %&’ti;&gﬁg%rg%%owaﬁhdt%eeqléerﬁlcﬁoa%%g\ gg&e}?ﬁggfgé) hown
in Figure 27. 5. The virus of claim 1, 2, 3, or 4, wherein the virus is an
attéritiatedildrelsihvintbribe sgtnfcasitisasitivn, avbkosin th&igure 26; or
immunogenic composition comprises the virus of claim 1.2. 3. 4. or 5. 7.
An(isglatedmueteie-aich wWoeraindhe AYsiRicacitk GRERIES FRIRLEW
comprising: (i) an amino acid sequence of the N protein as shown in
Figure 20;

4. An isolated negative-sense single-strarided RNA metapneumovirus, whercin the
genome of the negative-sense single-stranded RNA metapneumovirus encodes at least two

proteins of the following:
(1) an N Protein with the amino acid sequence as shown in Figure 20;
(i1) a P protein with the amino acid sequence as shown in Figure 21;
(il)  an M protein with the amino acid sequence as shown in Figure 22;
(iv)  anF protein with the amino acid sequence as shown in Figure 23;
(v) an M2-1 protein with the amino acid sequence as shown in Figure 24;
(vi)  an M2-2 protein with the amino acid sequence as shown in Figure 25;
(vii)  an L protein with the amino acid sequence as shown in Figure 28;

(viii) an SH protein with the amino acid sequence as shown in Figure 26; or



(i) an amino acid sequence of the H grptein as shown in Figure 21; (iii) an
amino acid sequence of the M protein as shown in Figure 22; (iv) an
amino acid sequence of the F protein as shown in Figure 23; (v) an amino
acid sequence of the M2-1 protein as shown in Figure 24; (vi) an amino
acid sequence of the M2-2 protein as shown in Figure 25; (vii) an amino
acid sequence of the L protein as shown in Figure 28; (viii) an amino acid
sequence of the SH protein as shown in Figure 26; or (ix) an amino acid
sequence of the G protein as shown in Figure 27. 8. An isolated nucleic
acid, wherein the isolated nucleic acid hybridizes specifically under high
- stringency conditions with any of the nucleic acid of claim 7; or with the
genome or antigenome of the virus of any one of claims 1, 2, 3, or 4. 108
9. ke iscréterotierithdhs sméngmes! soaeesier saidhaualdicRagidds at least
18, at least 20, at least 23 or at least 25 nucleotides in length. 10. The
isolated nucleic acid of claim 8, wherein said high stringency conditions
comprise Rybridizatibelana 1haffér @ohsigtiag iaftBX VG Cis 2amtdnkis4 KGhus.
(pH=7.5), 1 mM EDTA, 0.02% PVP. 0.02% Ficoll, 0.02% BSA and 100
g/ml denatured salmon sperm DNA, for 48 hours at 65C.,washing in a
butier congistinehGhdetmSlonth83i ¥ VRe RO e Figal a0 A8 BRAn comprises
for 45 minutes at 37C, and washing in a buffer consisting of O.IX SPSC, for
the viss, o Gl358 4y 30 4197 A method of detecting a human metapneumovirus
in a sample, wherein the method comprises contacting the sample with
any of the nucleic acids of claim 7, 8, 9 or 10. 12. The method of claim 11
whérein thersethed coniprises! P@Rrdi8. thevecioicaribeisindeanyafithe comprising:
nucleic acids of claim 7. 14. A host cell comprising any of the nucleic
acifl of ciiihinca: BLAAES AL, WSHEID G RIIaiRrIBISeS;
(i) an amino acid sequence of the N protein as shown in Figure 20 or a '6
agment thereof; (ii) an amino acid sequence of the P protein as shown in
Figtite 21%%%%%%?6%%8@‘?%63?&5%6 AT QBB R AR the M
protein as shown in Figure 22 or a fragment
(iii)  an amino acid sequence of the M protein as shown in Figure 22;

(iv)  an amino acid sequence of the F protein as shown in Figure 23;
(v) an amino acid sequence of the M2-1 protein as shown in Figure 24;
(vi)  an amino acid sequence of the M2-2 protein as shown in Figure 25;
(vii)  an amino acid sequence of the L protein as shown in Figure 28;
(viii) an amino acid sequence of the SH protein as shown in Figure 26; or
(ix)  an amino acid sequence of the G protein as shown in Figure 27.

8. An isolated nucleic acid, wherein the isolated nucleic acid hybridizes specifically
under high stringency conditions with any of the nucleic acid of claim 7; or with the genome or

antigenome of the virus of any one of claims 1, 2, 3, or 4.



thereof; (iv) an amino acid sequencegpg the F protein as shown in Figure

23 or a fragment thereof; (v) an amino acid sequence of the M2-1 protein

as shown in Figure 24 or a fragment thereof; (vi) an amino acid sequence

of the M2-2 protein as shown in Figure 25 or a fragment thereof; (vii) an

amino acid sequence of the L protein as shown in Figure 28 or a fragment

thereof; (viil) an amino acid sequence of the SH protein as shown in

Figure 26 or a fragment thereof; or (ix) an amino acid sequence of the G

protein as shown in Figure 27 or a fragment thereof. 16. An antibody,

wherein the antibody binds specifically to a protein consisting of: (i) an

amino acid sequence of the N protein as shown in Figure 20; (ii) an amino

acigl sequ?ngge Olf the P ptrotein, s shown in Figure 21; (iii) an amino acid

sequence of th8 ﬁ}iegr?)‘ﬁé RQELHShAHTER D oin s dndaiersidcgat least 18, at
least e haet afthedE Rrotet AR BAAWS i Rigyre. 23; (v) an amino acid

sequence ofthe M2-1 protein as shown in Figure 24; (vi) an amino acid

sequence of the M2-2 protein as shown in Figure 25; (vii) an amino acid

seqyencegft ' in Figure 28:. 110 (viii) an.amino acid.. .

ceduonce arthe SH e e B o R g ions
compsH RyRiadératendn gy brdlaraertising iof RIS Q5 VATmeth6d @H=7.5), 1 mM
EDTIieehng prumandn FIERNQYIROYEISAN A5 %@%ﬂh&r%{{‘m@f $ rplr%tcgfgperm DNA,

comprises_cgntacting the sample with any o ntibodies of Claim
for 43dronr iAo ror aFonsgicalluEiigrosisg rnofEN SSE ction “RVPANEd Ficoll and

0.01$PBWASIBE determibing Wa-samre.alsaid,mammalihe; fSS%?%%%f C, for 45
_ viral isolate or component thereof by contacting the sampfe%Nl h any of
minyies #hrfefe acids of claim 7, 8, 9 or 10. 19. A method for serologically
diagnosing a MPV infection in a mammal, wherein said method
comprises detecting in a sample from the mammal the presence of an

antibody A method of detecting a human metapneumovirus in a sample, wherein the

method comprises contacting the sample with any of the nucleic acids of claim 7, 8,9 or 10.

12. The method of claim 11 wherein the method comprises PCR.

13. A vector comprising any of the nucleic acids of claim 7.

14. A host cell comprising any of the nucleic acids of claim 7.

15 Anisolated protein, wherein the protein comprises:

(i) an amino acid sequence of the N protein as shown in Figure 20 or a fragment

thereof:

(11) an amino acid sequence of the P protein as shown in Figure 21 or a fragment

thereof}

(i)  an amino acid sequence of the M protein as shown in Figure 22 or a fragment

thereof;



spe itcally directed against am MP y'rfj component thereof by reacting

said sample with any of the proteins of claim 15 or a virus of claim 1, 2, 3,

or 4. or a portion thereof. 20. A nucleic acid encoding the genome of the

virus of claim 1, 2, 3, or 4, wherein said nucleic acid further encodes

sequences of other viruses. 21. A nucleic acid encoding the genome of

the attenuated virus of claim 5. 22. An infectious chimeric virus, wherein

the chimeric virus comprises (i) at least two contiguous kilohase pairs of
nucleotide sequence derived from a human MPV of claim 1, 2, 3, or 4;

and (ii) sequences of other viruses. 111 23. An infectious chimeric virus,
wherein the chimeric virus comprises the genome of a human MPV of

claim 1. 2, 3, or 4, wherein one or more of the open reading frames in the
genbihe GABRAAZA MeNFPRsRiteeR REplatbes shana dnhisymilspentagment
reading framedrom an avian MPV. 24. An infectious chimeric virus,

wherein the chimeric virus comprises the genome of an avian MPV,

whgﬁein one or.more.%f the opec?)é adi&qg frames in the genome of the

avian MPY" ARV SEEN FEEEE: 5‘&% AlIGEUR Shdlld Pehtiing&ssmd or a fragment
from huméreMt?V of claim 1, 2, 3, or 4. 25. The infectious chimeric virus of

claim 22, 23, or 24, wherein the chimeric virus is human MPV isolate 00-1

or an MPV.|so 9- . har eutical composition,.whergin
thevﬁlparmgc%%%%a%%égrg%%%é%d%g% n%%\éggjs:%)k 3 (ansréﬂsgo %igir%rﬁ%l,ri %?ﬁ? fragment
or 5, and (hiprgharmaceutically acceptable carrier. 27. A pharmaceutical
composition comprising a nucleic acid encoding the genome or an
MPNTﬁpe%H%&HG%W%éEﬁQH@%ﬁE% W&W%%Wﬁ%ﬁ %ﬁ&&?{ﬁ o4 §ragment
4, or 5, wherein_said nucleic acid further encodes sequences of other

viruses. 2§!eﬁ?@1fégnostic kit for diagnosing an MPV infection comprising a

virus according to claim 1, 2, 3, or 4, a nucleic acid according to claim 7,

8, Qvii0, a.pepiide -proteinehfgnent thersefiaccotding toralaine 46 0Pk fragment
an antibody according to claim 16. 112 A virus causing respiratory tract

illness in s%g‘&?@ tiie mammals. Abstract S

(ix)  an amino acid sequence of the G protein as shown in Figure 27 or a fragment

thereof.
16.  Anantibody, wherein the antibody binds specifically to a protein consisting of:
(1) an amino acid sequence of the N protein as shown in Figure 20;

(i1) an amino acid sequence of the P protein as shown in Figure 21;
(i)  an amino acid sequence of the M protein as shown in Figure 22;
(iv)  anamino acid sequence of the F protein as shown in Figure 23;

(v) an amino acid sequence of the M2-1 protein as shown in Figure 24;
(vi)  anamino acid sequence of the M2-2 protein as shown in Figure 25;

(vii)  an amino acid sequence of the L protein as shown in Figure 28;



The invention relates to the field of \1irﬂ$ogy. The invention provides an
isolated essentially mammalian negative-sense single stranded RNA
(MPV) within the sub family Pneumovirinae of the family Paramyxoviridae
and identifiable as phylogenetically corresponding to the genus
Metapneumovirus and components thereof. 10 Fig. 6a

(vill) an amino acid sequence of the SH protein as shown in Figure 26: or

(ix)  anamino acid sequence of the G protein as shown in Figure 27.

17. A method of detecting a human metapneumovirus in a sample, wherein the

method comprises contacting the sample with any of the antibodies of claim 16.

18. A method for virologically diagnosing an MPV infection of a mammal
comprising determining in a sample of said mammal the presence of a viral isolate or component

thereof by contacting the sample with any of the nucleic acids of claim 7, 8, 9 or 10.

19, A method for serologically diagnosing a MPV infection in a mammal, wherein

said method comprises detecting in a sample from the mammal the presence of an antibody
specifically directed against an MPV or component thereof by reacting said sample with any of

the proteins of claim 15 or a virus of claim 1, 2, 3, or4. ora portion thereof.

20. A nucleic acid encoding the genome of the virus of claim 1, 2, 3, or 4, wherein

said nucleic acid further encodes sequences of other viruses.

21. A nucleic acid encoding the genome of the attenuated virus of claim 5.
22. An infectious chimeric virus, wherein the chimeric virus comprises
(i) at least two contiguous kilobase pairs of nucleotide sequence derived from a

human MPV of claim 1, 2, 3, or 4; and

(i) sequences of other viruses.
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23. An infectious chimeric virus, wherein the chimeric virus comprises the genome of
a human MPV of claim 1, 2, 3, or 4, wherein one or more of the open reading frames in the

genome of the human MPV have been replaced by the analogous open reading frame from an
avian MPV. -

24, An infectious chimeric virus, wherein the chimeric virus comprises the genome of
an avian MPV, wherein one or more of the open reading frames in the genome of the avian MPV

have been replaced by the analogous open reading frame from human MPV of claim 1, 2, 3, or 4.

25. The infectious chimeric virus of claim 22, 23, or 24, wherein the chimeric virus is

human MPV isolate 00-1 or human MPV isolate 99-1.

26. A pharmaceutical composition, wherein the pharmaceutical composition

comprises (i) the virus of claim 1, 2, 3, 4, or 5, and (ii) a pharmaceutically acceptable carrier.

27, A pharmaceutical composition comprising a nucleic acid encoding the genome or
an MPV-specific functional fragment of the genome the virus of claim 1, 2, 3, 4, or 5, wherein

said nucleic acid further encodes sequences of other viruses.

28. A diagnostic kit for diagnosing an MPV infection comprising a virus according to
claim 1, 2, 3, or 4, a nucleic acid according to claim 7, 8, 9, 10, a peptide, protein or fragment

thereof according to claim 15, or an antibody according to claim 16.
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A virus causing respiratory tract illness in susceptible mammals.

Abstract

The invention relates to the field of virology. The invention provides an isolated essentially
mammalian negative-sense single stranded RNA (MPV) within the sub family Pneumovirinae
of the family Paramyxoviridae and identifiable as phylogenetically corresponding to the
genus Metapneumovirus and components thereof.

Fig. 6a



