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MOLECULAR METHODS AND COMPOSITIONS FOR DETECTING AND

QUANTIFYING RESPIRATORY VIRUSES

CROSS-REFERENCE TO RELATED APPLICATIONS

This application ¢laims priority on Canadian applications serial number 2,411,264
filed on December 19, 2002 entitled "Sequences for detection and identification of the
hurnan metspnevmovirns” and serial number 2,418,004 filed on.January 24, 2003
entitled "Multiplex assays for detection and identification of viral respiratory
pathogens. '

TECHNICAL FIELD

This application relates to the field of microrganisms detection and more particularly
to the deteclion of respiratory tract viruses using virus specific nucleic acids,

EACKGROUND OF THE INVENTION

Respiratory tract infections are a significant cause of morbidity and mortalily inl all
age - groups but especially in young children, elderly subjecits, and
immunocompromised ﬁaﬁents. Most of these infections are caused by viruses with
influenza A and B and the human respitatory syncytial virus (hRSV) being associated
with the most frequent and severe complications i.6. pnermonitis and death (Dowell
et. al,, 1996, J, Infect, Dis. 174:456—462; Simonsen et al., 2000, J. Infect. Dis.
181:831-837; Han et al,; 1999, T. Infect. Dis. 179:25-30; Neuzil et al., 2000, N, Engl.
J. Med. 342:225-231; Simoes, 1999, Lancet 354:847-852.). Qther viruses such as
adenoviruges (> 50 serotypes), parainfluenzg viruses (PIV) (4 serotypes), thinoviruses

(> .100 serotypes), and coronaviruses also contribute to acute respiratory tract
infections (Trcanor, 2002, Clinical Virology, 2™ ed., ASM Press, Washington, D.C.,
7-26). Also, recent studies by the inventor and others have suggested that the new -
buman metapneumovitns (AMPV) should be added to the list of human respiratory
viral pathogens in all age groups (van den Hoogen et al,, 2001, Nat. Med. 7:719-724;

PCT/CA2003/001994
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2 .
Peret et al,, 2002, J. Infect, Dis. 185:1660-1663; Boivin et al., 2002, J. Infect.

Dis.186:1330-1334).

The hMPV was initlally isolated from nasopharyngeal aspirates recovered from 28
children suffering from respiratory tract infections. Based on paitial nucleic acid
sequences, gene organization, and electron microscopy (EM) findings, this vims was
pteliminary ass1gned to the Paramyxoviridae family, subfamily Preumoviringe, genus
Metapneumawrus Since then, hMPV has been isolated in North America by our
group (Peret et al., 2002, J. Infect. Dis, 185:1660-1663), in Australia (Nissen et al.,
2002, Med. J. Aust. 176:188), and in England (Stockton et al., 2002, Emerg. Infect.
Dis. 8:897-901).

Preliminary virological characteristics of BMPV,

The initial report by Van Den Hoogen ef al. (van den Hoogen et al., 2001, Nat; Med.
7:719-724) indicated that the new virus replicated slowly in tertiary monkey kidney
(TMK) cells with cytopathic effects (CPE) consisting of syncytium formation
appearing 10-14 days post inoculation. Notably, the virus grew very poorly in Vero
and A549 cells and could not be propagated in Madin Darby canine kidney (MDCK)
cells. Vitus-infected TMK cell-culture supematants also did not display any’
hemagglutinating activily. The supematants of mfected TME cells were used for EM
studies, which revealed the presence of paramyxovuus—hke pleomorphlc particles in
the range of 150-600 nm with short envelope projections in the range of 13-17 nm.
However, RT-PCR studies with pn'inar sets specific for known patamyxoviruses were
initially all negative. Using a random PCR amplification procedure known as RAP-
PCR (Welsh et al., 1990, Nucleic Acids Res. 18:7213-7218; Ralph et al., 1993, Proc.
Natl. Acad. Sci. U.S.A. 90:10710-10714), the Dutch investigators identified
differentially displayed bands (compared to human parainfluenza-1 virus) which,
upon sequencing, wete found to be most closely related to the avian pnewmovirns

(APY).

PCT/CA2003/001994
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APV, the agerw v uuscy nwuotracheitis, has been the sole member of the recently

assigned Metapneumovirus genvs within the Preumoviringe subfamily (Taxonomy
Vitus, 2000, Seventh Report of the Intemnational Conmmittee on Taxonomy of Viruses.
San Diego. 551, 557, 559-560). The latter virus is & major respiratory pathogen of
turkeys and ofher domestic fowl worldwide (Yu et al., 1992, Vivology. 186:426-434;
Jones et al., 1987, Vet. Ree. 120:301-302; Jones, 1996, Avian Pathol. 25:639-648,;
Seal et al, 2000, Virus Res, 66:139-147). There are four serotypes of APV with
serotype C (present in US) being the most closely related to hMPV (van den Hoogen
et al.,, 2001, Nat. Med, 7:719-724), The metapneumoviruses (including APV and
HEMPV) are structurally similar to- the human respiratory syncytial virus (hRSV),
which also belongs to the Preumovirinae subfamily, except for two features: they
lack fhe two non-structural proteins (NS1 and NS2) and they have a different genomic
otganization (Yu et al,, 1992, Virology. 186:426-434). Recently, an almost complete
HMPV sequence (13.4 kb) was reported in GenBank (accession number: AF371337) .
(van den Hoogen et al, 2002, Virology. 295:119-132). The overall percentage of
amino acid sequence identity for the N (nucleoprotein), P (phosphoprbfein), M
(matrix), F (fusion), M2 (membrane), and L (polymerase) proteins is in the range of
56-85% between hMPV and APV whereas it is 18-44% between EMPV and hRSV.
However, the G (glycoprotein) and SH (small hydrophobic) proteins of hMEPV do not
possess significant amino acid sequence identity with those of any othér viruses. In
contrast to APV, hMPV was shown to be unable to replicate in turkeys and chickens
but the human virus replicated efficiently in the respiratory tract of cynomolgous

-macaques inducing upper respiratory tract symptoms that correlated with peak viral

replication in throat samples between 2 to & days post infection (van den Hoogen &t
al., 2001, Nat. Med. 7:719-724), Thus, these preliminary data indicated that EMFPV
was a primate pathogen associated with respiratory diseases.

PCT/CA2003/001994



WO 2004/057021 PCT/CA2003/001994

>

Slinical importance of EMPY,

There is little information about the climical presentation of hMPV infection. In the

original report by Van Den Hoogen ef al, 27 of the 28 infected children from the

5  Netherlands were below the age of five (van den Hoogen et al,, 2001, Nat. Med,

| 7:719-724), It was mentioned that those infected patients were diagnosed with a range

of acute respiratory tract infections (ARTI) from mild to severe including

bronchiolitis and pneumonia although no detailed clinical data were p;:ovided. Ina

limited study conducted in the winter of 2000, the same authors found that 7 (= 10%)

10  of 68 pediatric patients with unexplained ARTI had evidence of acute hAMPV iufection

by RT-PCR (van den Hoogen et al, 2001, Nat. Med. 7:719-724). In addition,

Australian investigators reported the detection of WMPV by RT-PCR iu 3/200 (1.5%)

nasopharyngeal aspirates from childten whose specimens were negative for the

comtnon Tespitatory virnses duting the winter of 2001 (Wissen et al,, 2002, Med, J.

15  Aust 176:188). Recently, hMPV RNA was detected by RT-PCR in 9/405 (2.2%) of

nasopharyngeal swabs from English patients who consulted for influenza-like

illnesses and had negative tests for other pathogens (Btockton et al., 2002, Emerg.

Infect. Dis, 8:897-901). These studies, however, suffer from major limitations such as

theit small size (in most cases), the superficial description of clinical features, the lack

20  of morbidity/mortality data, theit retrospective nature, the exclusion of patients who
tested positive for other vimses, and the absence of a control group.

Thus far, seroprevalence studies have been limited to the Dutch population. An
indirect immunofluorescence assay (IFA) using infected TMK cells has revealed that

25  25% of the children aged between 6 and 12 months had hMPV antibodies and 70%
had become seropositive by the age of 5 years (m=60) {van den Hoogen ¢t al., 2001;
Nat. Med. 7:719-724). Retrospective serological testing also indicates that EMPV has
been circulating in the Dutch population for at least half a cenfury.

"30 Diagposis of WMPV infections
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5
Our laboratory was the first to report the presence of hMPV in America and the

second in the world following the initial report from the Netherlands (Peret et al,
2002, J. Infect. Dis. 185:1660-1663). Our first 11 KMPV strains were isolated on
LLC-MK?2 cells, 2 continuous cell line from rhesns monkey kidneys that is used in
our center to recover parainfluenza viruses (PIV). Electron microscopy studies of
thesé isolates revealed pleomorphic, spherical and filamentous particles with
charactetistics (nucleocapsid diameter and pitch spacing, length of projections) that
were consistent with paramyxoviruses. RT-PCR and immunofluorescenit assays for

' paramyxoviruses (PIV 1-3, hRSV) and other respiratory viruses (adenoviruses,

coronaviruges, influenza viruses A and B, rhinoviruses) were negative for all 11
isolates, In contrast, amplification of the hMPV F (fusion} and M (matrix) genes
based on published partial sequences (van den Hoogen et al., 2001, Nat. Med. 7:719-
724; van den Hoogen et al., 2002, Virology. 295:119-132) was positive for all isolates
(Peret et al,, 2002, T. Infect. Dis. 185:1660-1663).

Subsequently, the ﬁxblogical features and clinical findings associated with a larger set
of 38 hMPV strains from subjects hospitalized at our institution {CHUL, Québec
City) since 1993 were examined in our laborstory (Boivin et al., 2002, J. Infect. Dis.
186:1330-1334). With all cell lines nsed in our laboratory, we were able to determine
that the previously unidentified hMPV strains only consistently grew on LLC-MK2
cells after a mean incubation time of 17.3 days (range 3-23 days). Interestingly, most
isolates recovered before 2002 produced only limited syncytia on LLC-MK2 cells,
whereas some of the recent strains produced large syncytia typical of those induced

" by hRSV. Notably, we also observed & seroconversion for tMPV in two adult patients

for whom acute and convalescent sera were available using an IFA test designed in
our labotatory. Such seroconversion episodes (titers from < 1/10 to 1/80 and. from <
1/10 to 1/160 over 2 and 4 weeks, respectively) ocourred during the course of the
patients’ [llness suggesting that hMPV was a true respiratory pathogen. A
phylogenetic amalysis of hMPV Cenadian straing based on F gene sequences
identified two mgjor phylogenetic groups. At the nucleotide level, we found a
similarity of 94.2-100% and 92.6-100% for isolates of groups 1 and 2, respectively,
whereas the similarity at the amino acid level was higher i.¢. 96.8-100% (group 1) and

PCT/CA2003/001994
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97.2-100% (group 2) sugpesting a,ﬂmcﬁor;al/ﬁxmmological conservation of the F

protein. Interestingly, co-circulation of the two hMPV groups during some years was
observed. :

S Over the past 9 years, most (86.7%) hMPV strains from our center were isolated
during a 5-month period, from December to May. As an indication of the relative
frequency of detection of hMPV compared to other respitatory viruses, we reviewed
all respiratory samples (n = 862) sent to our virology labotatory for wiral Aculture
during the winter season (Dec. to May) of 2000-01. During this period, hIMPV was

10 recovered in 2.3% of all respiratory samples tested by viral culture compared to 2.3%
for PIV, 3.4% for adenovituses, 4.8% for hRSV, and 19.8% for jnfluenza A or B
viruses, Overall, hMPV 1epresented 7.1% of all positive culfures from respiratory
samples during that winter season with percentages of 4.1%, 2.8%, and 29.3% for
patients aged 0-5, 5-65, and > 65 years, respectively. A retrospective review of the

15  clinical charts from hMFV-infected subjects identified for the first time the role of
this virus as & cause of severe lower respiratoty iract infections in all age groups but
especially in youpg children, elderly subjects, and immunocomprotuised patients.
More speciftcally, the most frequent diagnoses associated with hMPV infection in
hospitalized children were pnetmonitis (66%) snd bronchiolitis (58;3%) whereas

20  bronchitis/bronchospasm (60%) and pneumonitis (40%) were most commonly seen in
elderly subjects (Boivin et al,, 2002, J. Infect. Dis. 186:1330-1334). Although no
histopathological studies were available, hMPV was the only pathogen identified in
respiratory tract secretions of 3 subjects (including 2 with immunosuppregsive
conditions) who died of respiratory insufficiency.

25
We recently studied in greater details one of the cases associated with a fatal hMPV
infection (Pelletier ef al, 2002, Emerg. Infect. Dis. 8:976-978). Interestingly, this
child with acuie lymphoblastic loukemia was snceessively infected by two
genetically-distinet hMPV stiains on two consecutive winter seasons. On each

30 occasion, hMPY was the only pathogen isolated from a nasopharyngeal aspirate

obtained during the course of lower respiratory tract infections (bronchiolitis in the
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first year, bronchiolitis followed by fatal pueumoniiis in the second year).

Compatative sequence analysis of the amplified F gene products (759 bp) revealed
that the two viral isolates differed by 114 nucleotides (10 amino acids) and belonged
to two different hMPV groups. Overall, our data suggést that many hIMPYV strains may
5 co-circulate in a specific population during a given period and such viral diversity
coupled with § waning immunity (s found in elderly subjects and
fmmunocompromised patients) may lead to multiple and sometimes fatal reinfections
similar to those reported with KRSV (Hall, 2001, N, Engl. 7, Med. 344:1917-1928;
Couch et al., 1997, Am, J. Med. 102:2-9).
10 .
' The tole and relative contribution of hMPV were recently further expanded in a
prospective case-control study pexformed at our institution during the winter of 2001-
02 (Dec. 15-April 20). All children < 3 years were eligible as cases if they were
hospitalized for a lower respiratory tract infection (bronchiolitis, croup, pneutnonitis)
15  whereas controls consisted of children thatched for age and hospitalized for an
gleclive surgery during the same period with no - respiratory symptoms.
Nasopharyngeal aspirates were obtained from all participants for real-time PCR
studies performed on 2 LightCycler (Roche). The latter included a multiplex RT-PCR
for common respiratory viruses (influenza A, influenza B, hRSV) and a real-time RT-
20 PCR assay for AIMPV (analytical sensitivity of 100 copies per PCR reaction). No
viruses were detected in samples from the 51 control patients. In contrast, At least one
virus was identified in samples from 163 (78.4%) of the 208 cases (51% hRSV,
21.6% influenza A, 0% mfluenza B, 5.8% hMPV, and 5.9% co-infections), hRSY and
influenza A infections occurred predominantly in the period betwgen January and
25  March 2002, whereas hMPV infections increased after February. In fact, 11/12 hMPV
cases oceurred within 2 4-week period from mid-March to mid-April accounting for
18.9% of all ARTI in children during this period. Data collected from our virology
laboratory indicated that the KIMPV outbreak extended after the end of the study
protocol (April 20) which suggests that hMEV seasonal pattern may differ from that
30  of other respiratory viruses, A bronchiolitis was diagnosed in 67% of hMPV-infected
children whereas 16.7% developed a pneumonia. In brief, there was no statistical
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difference between the different viruses with regard to ihe symptomatology and

teported diagnoses. Similarly, the median duration of hospitalization for the 3 viruses
was identical (4-5 daye).

5 In view of the above, it will be appreciated that diagnosis assay that ¢an rapidly detect
the presence of many respiratory viruses is needed.

Regpiratory viruses have been classically identified by viral culture using a variety of

permissive ¢ell lines, However, viral culture is not convenient for clinical
10 management due to the mneed of specialized techniques  (cell culture,

immuneflnorescence methods), the long trnaround time before appearance of typical

cytopathic effects for many viruses (up to a few weeks), and the need for rapid

inoculation of an infectious virus into multiple cell lines for optimal sensitivity
(Specter et al., 2002, Clinical Vir.ology, 2™ ed., ASM Press, Washington, D.C., 243-
15 272). '

Antigenic detection kits for some respiratory viruses (influenza vireses and hRSV)
have been developed by many companies. Most are immunosnzymatic assays
(ELISA) based on the capture of a viral antigen'by a specific monoclonal antibody.
20  Although such assays climinate many of the problems inherent lo viral cultures (no
need for specialized equipment, rapid tumaround time in < 30 min, no need to recover
an infectious virus), they have not Been widely adopted due to poor sensitivity and/or
specificity compared to viral culture. For instance, the sensitivity and speoificity of
some rapid antigenic tests for influenza has varied from 46 to 96 % and from 52 to 99
25 %, rtespectively, compared to viral culture. The performance of these tests is
dependent on many variables such as the palient’s age, the type of specimen and the
duration of the disease (Hayden et al,, 2002, Clinical Virology, 2™ ed., ASM Press,
Washington, D.C., §891-920). The petformance of the rapid antigenic tests for hRSV
has been considered quite good in children with sensitivity and specificity varying
30 from 80 to 95 % (Piedra et al., 2002, Clinical Virology, 2" 4. ASM Press,
Washington, D.C., 763-790) but poor in adults (Englund et al, 1996, J. Clin.
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Microbiol. 34:1649-1653). Detection of antibodies against viral pathogens (serology)

has a'limited value in the diagnosis of acute viral infections since two serums,
collected at a 2 to 3 week interval, are required in order to document a significant rise
in viral antibody titers.

More recently, PCR or RT-PCR assays have been developed for many respiratory
viruses allowing detection of small amounts of viral DNA or RNA in a clinical
sample. In the so-called "multiplex" format, PCR assays have been designed to
arnplify more than one viral target in the same PCR. reaction (Ellis et al., 1997, J. Clin,
10  Microbiol, 35:2076-2082; Fan et al., 1998, Clin. Infect. Dis. 26:1397-1402; Liolios et
al., 2001, J.-Clin, Microbiol, 39:2779-2783; Grondahl et al,; 1999, J. Clin, Microbiol.
 37:1-7). However, moét multiplex PCR assays reported to date do not allow the
simultaneous deteclion of all viruses involved in acute respiratory tract infections of
humans and they require separate steias for the amplification and detection of viral
15 genes, greatly increasing the assay’s tumaround time and preventing reliable
quantification of the amplicons. At present, only one multiplex PCR assay (the
Hexaplex test from Prodesse, Waukeshs, WI) is commercially-available. The
Hexaplex detects § respirdtory vimses (influenza A and B, PIV 1-3 and hRSV) using
specific viral probes in a microplate format (Fan et al, 1998, Clin. Infect. Dis.
20 26:1397-1402; Kehl et al,, 2001, J. Clin. Microbiol, 39:1696-1701), This assay does
not use real-time amplification methodologies and has a turnaround time of about one
full working day. Thus, there is 2 need for developing more rapid molecular assays
that permit detection of a larger panel of respiratory viral pathogens. '

25  Rapid and semsitive detection of respiratory viruses is an importaut clinical goal to
help physicians select the most appropriate antiviral, reduce nosocomis] transmission
of pathogens; decrease the length of hospitalization, and teduce antibiotic use and
bacterLal tesistance. The present invention relates to the development of mulhplex
assays based on nucleic acids detection for sensitive and rapid diagnosis of most vxral

30  respiratory pathogens of imans,
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SUMMARY OF THE INVENTION

It is an object of the present invention to provide a rapid and sensitive method using

amplification primers and/or probes for determining the presence and/or the amount

in a test sample of nucleic acids from clinically important respiratory viral pathogens
5  including human metapneumovirs,

In another aspect there is provided multiplex assays aimed at detecting conserved
genes of common respiratory viral pathogens such as influenza A and B, human
respiratory syncytial virus (hRSV) A and B, human metapneumovirus (hMPV),

10 parainﬂuénm vitnses (PIV) types 1-4, adenoviruSes; thinoviruses, enteroviruses, and
coronaviruses. '

The nucleic acid amplification method is preferably but not exclusively PCR. In'a
preferred embodiment, identification of the amplicons produced by the amplification

15  ofnucleic acids from respiratory viruses is achieved by verifying the specific melting
temperature of amplified viral products or by hybridization with specific viral probes.
Other amplification technologies including target and probe amplification techniques
as well as signal amplitication techniques performed in liquid phase or orito solid
suppotts may also be used.

20
It is an object of the present invention to provide a method wsing nucleic acid

amplification and/or detection for determining the presence and/or the amount of
nucleic acids of the human metapneumovirus (hWMPV).

25 In a prefered embodiment, the nucleic acid amplification method is PCR. However,
other amplification teckmologies including target and probe amplification techniques

as well as signal amplification performed in liquid phase or onto solid support may
also be wsed. ‘
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This invention provides a method to detect the presence of hMPV in a tesi sample

based on ihe detection of a nucleotide sequence from cither the nucleocapsid (N),
phosphoprotein (P), mattix (M), fusion (F), membrane (M2), polymerase (L},
glycoprotein (G), and small hydrophobic (SH) genes. In a particularly preferred

5  cmbodiment, the method to detect the presence of hMPV in a test sarnple is based on
the detection of a nucleotide sequence from the nucleoprotein (N) or polymerase (L)
genes,

In another embodiment, identification of amplified hMPV products is achieved by
10  verfying the specific melting temperature of amplified viral producis or by
hybridization with hMPV-specific probes.

It is another object of this invention to provide a method for typing hMPV straing
which comprises the steps of reproducing the above amplification method followed
15 by either hybridization nsing type-specific probes, DNA sequencing or restriction
enzyme analysis. Typing is done preferentially, but mot exclusively, on the most

- variable hMPV genes i.e, the fusion (F) and glycoprotein (G) genes. ‘

All the proprietary DNA fragments and oligonueleolides useful in the detection or

20  identification of a hMPV strain are further objects of this invention as well as any
composgition of matters that include them (recombinant vectors, hosts, diagnostic
kits...).

25 BRIEF DESCRIPTION OF THE DRAWINGS ,
Fucther featutes and advantages of the present invention will become apparent from
.the following detailed description, taken in combination with the appended drawings,
in which:
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Figure 1 represents a melting curve analysis of amplified hMPV strains using specific

nucleoprotein primers (Sequence ID Nos, 92 and '94) ;

Figure 2 shows an gthidium bromijde-stained agarose gel showing restriction fragment
5 length polymorphism of amplified hMFPV fusion (F) gene sequences digested with ,
enzymes ApaL I and Avr ILPCR products of the kMPV F gene (atplified with
primers sequence ID Nos. 97 and 98) were digested with Apal. X and Avr II. Strains
belonging to hMPV genotype F-1 were digested only by ApaL I resultihg in two
fragments of 532 bp and 227 bp whereas strzins belonging to hMPV genotype F-2
10  were digested only by Avr I resulting in fragments of 447 and 312 bp.;

Figure 3 shows the age at admission of children hospitalized for acute respiratory tract
infections (ARTI) oaused by tMPV (A), hRSV (B), and influenza A (C) as well as for
the whole study population (D) described in example 4;

15

Figure 4 represents the biweekly distribution of virologically cases with acute
respiratory tract infections and their controls in the study reported in example 4;

Figure 5 represents the biweekly distribution of hMPV isolates in the study group
20  (hospitelized children) described in example 4 and in respiratory specimens tested at
the regional virology laboratory (RVL);

Figure 6 illusirates a phylogenetic tree of AMPV strains recovered as part of theé study
described in example 4 also including the prototype strain from the Netherlands

25 (GenBank af371367) and a Canadian isolate from season 2000-01 (hMPV35-2001).
The dates of sample coliection are in parentheses;

Figure 7 is a melting curve analysis of vira] strains amplified nsing the respiratory-1
multiplex real-time PCR assay. A- Multiplex real-time PCR assay using hMPV N
30  primers (SEQ ID NOS. 95 and 96). B- Multiplex real-time PCR. assay using hMPV L
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primers (SEQ TD NOS. 112 and 114), Note: the internal control is apparent (Tm:

91°C) in the absence of amplification of specific viral products.;

Figure 8 is a melting curve analysis of viral sirains amplified using the respitatory-2
5  multiplex real-time PCR assay. Note: The internal control is apparent (Tm: 91°C) in
the absence of amplification of specific viral products;

Figure 9A 1is a fluorescence sigmal as a function of elongation step for the
determination of the hMPV load in clinical samples using quantitative real-titne PCR;

10
Figure 9B is a standard curve for determination of the hMPV using quantitative real-
time PCR;
Figure 10A is a phylogenetic tee for the F gene of IMPY;

15

Figure 10B is a phylogenetic {ree for the G gene of EMPV;

Figure 11 is a melting curve analysis of amplified viral genes and of an intetnal
conircl as delermined by the LightCycler instrument. Note that high amounts of
20  amplified viral products may preclude detection of the intetnal control in some PCR

runs; and
Figure 12 is a melting curve analysis SARS-cotonavirus using a real time PCR assay.

25 It will be noted that throughout the appended drawings, like features are identified by
like reference numetals.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The invention provides nucleic acid based diagnostic methods and compositions to
detect and guantify respiratory viruses.

In a preferred embodiment respiratory viral pathogens targeted by the diagnostic
assays include oll genotypes of influenza A and B viruses, hRSV, hMPYV, FIV,
adenaviruses, rthinoviruses, and enterovimses. Other less common (coronaviruses,
reoviruses) and yet to be discovered respiratory viruses are also targets under the
10  scope of the present invention, u

In the description of this invention, the terms «nucleic acids» and «sequencesy might
be used interchangeably., Mowever, «nucleic acidsy are chemical entities while

«sequencesy are the pieces of information encoded by these «nucleic acids». Both
nucleie acids and sequences are equivalently valuable sources of information for the
15  matter pertaining to this invention,

In ome embodiment the method targets conserved EMPV nucleotide sequences for
diélgnostic purposes and variable hMPV sequences for epidemiological typing .
purposes. Nucleotide sequences were selected either from a number of KMPV viral

20  sequences obtained in the inventor’s laboratory or from public databases (GenBank
accession number AF371337), |

OQut proprietaty DNA fragments and oligonucleotides (a non-restrictive list of primers
and probes) are listed in the following lables.

25

It will be understood by those skilled in the art that sequences that can selectively
hybridize to the sequences of the present invention are also comprised in the scope of
the invention, By selectively hybridizing it is meant that a nuclsic acid molecule binds
to a given target in a manner that is detectable in a different manner from non-targot
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sequence under moderate, or more preferably under high, stringency conditions of

hybridization, "Complementary” or "target" nucleic acid sequences refer io thoss
nucleic acid sequences which selectively hybridize to a nucleic acid molecule, Proper
annealing conditions depend, for example, upon a nucleic acid molecule's length, base
5  ¢omposition, and the number of mismatches and their position on the molecule, and

must often be determined empirically. For discussions of nucleic acid molecule
(probe) design and anﬁeah'ng condilions, see, for example, Sambrook et al. 1989
(Sambrook, et al., Molecular Cloning: A Laboratory Manual, 2d Edition, Cold Spring
Harhor Laboratory Press, Cold Spring Harbor, N.Y, (1989)) or Ausubel et al. 1987

10 (AuSubei, F., et al,, Current Protocols in Molecular Biology, New York (1987)).

' The detection of the viruses including the hMPYV is ¢conducted through compositions
of matters such as diagnostic kits comprising the amplification primers or probes of

this invention.

15
In the methods and kits of the present invention, probes and primers are not limited to
nucleic acids and may include, but are not resiricted to, analogs of nucleotides, The
diagnostic reagents constituted by the probes and the primers may be present in any
suitable form (bound to a solid support, liquid, lyophilized, ete.) for detection and/or
20  amplification of nucleic acid sequences of the viruses. 7

In the methods and kits of the present invénﬁon, amplification reactions may include
but ate not restricted to: a) polymerase chain reaction (PCR), b) ligase chain reaction
(LCR), ¢) nucleic acid sequence-based ampliﬁcaﬁon (NASBA), d) self-sustained
25  sequence replication (38R), ) straud displacement amplification (SDA), £) branched
DNA signal amplification (bDNA), g) transcription-mediated amplification (TMA),
h) cycling probe techrology (CPT), i) nested PCR, j) multiplex PCR, k) solid phase
amplificalion (SPA), 1) nuclease dependent signal amplification (NDSA), m) tolling
circle é:npliﬁcaﬁon techmology (RCA), n) anchored strand displacement
30  amplification, o) solid-phase (imtmobilized) rolling circle amplification.
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- In the methods and kits of the present invention, detection of the nucleic acids of

target genes may include real-time or post-amplification technologies. These detection -
technologies can include, but are not limited to, the use of intercalating agents such as
SYBR green, fluorescence tesonance energy transfer (FRET)-based methods such as
adjacent hybridization of probes (including probe-probe and probe-primer methods),
TagMan probe, molecular beacon probe, Séorpion probe, manoparticle probe and
Amplifluor probe. Other detection methods include target gene nucleic acids detection
vig immunological methods, solid phase hybtidization methods on fiters, chips or any
other golid support. In these systems, the hybridization can be monitored by
fluorescence, chemiluminescence, potentiometry, mass specirometry, plasmon
Tésonance, polarimetry, colorimetry, flow cyiometry or scanometry. Nucleotide |
sequencing, including. sequencing by dideoxy termination or sequending by
hybridization (¢.g. sequencing using a DNA chip) represents another method to detect
and characterize the nucleio acids of target genes.

Amplification of WMPV sequences

In one aspect of the invention there is ﬁrovided methods and compositions for
detecting kMPV in a sample,

In a preferred embodiment, a reverse-transcription (RT)-PCR protocol s used for
nucieie acid amplification. The single-stranded viral RNA is converted to
complementary DNA using an enzyme possessing a reverse transcriptase activity and
a specific h(MPV primer, Alternatively, random hexamer primers can be substituted to
the specific hWMPV primer. In a preferred embodiment, viral RNA was prealably
extracted from 200 pl of naso-pharyngeal aspirates using the QLAamp Viral RNA
Mini Kit (QIAGEN). Complementary DNA was synthesized using 10 pl of eluted
RNA, 0.75 uM of a specific h(MPV primer (Table 2, sequences ID Nos. 91, 97, 100,
102, 109, 112), and the Omniseript Reverse Transcriptase Kit (QIAGEN,
Mississauga, ON, Canada) following the manufacturer’s recommendations,
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For DNA amplification by the widely used PCR method, primer pairs were derived

from our proprietary DNA fragments or from public database sequences (Table 1).
During DNA amplification by PCR, two oligonucleotide pritners binding respectively
to each strand of the heat-denatured target DNA. from the microbial genome are used
5  to amplify exponentially in vitro the targel DNA by successive thermal cycles
allowing denaturation of the DNA, ammealing of the primers and synthesis of new
targets at each cycle (Persing, 1993, Diagnostic Molecular Microbialogy: Principles
and Applications, American Society for Microbiology, Washington, DC. 88-109),

10 In a preferred embodiment, complementary DNA. was amplified using a real-time
PCR procedurs with.'the LC Faststart DNA Master SYBR Green 1 Kit (Roche
Diagnostics, Laval, QC, Canada) or the SYBR Green TAQ ReadyMix for quantitative
PCR capillary formulation (Sigma-Aldrich, Oakvill, ON) in a LighiCycler
instrument (Roche Diagnostics), Fach reaction had a total volume of 20 pl including 2

15 pl of RT mixture and 18 ! of a reaction mixture ¢onlaining 4 mM MgClp, 2 ul of
Faststart DNA SYBR Green Master Mix ot the 8YBR Green TAQ ReadyMix for
quantitative PCR ocapillary" formulation, 3% DMSO, and 0.5 pM of each hMPV
primer (see Tables 2 and 4 for sequence ID Nos. and specific combinations of primers
for amplification, respectively). Cycling conditions typically included an initial

20  denaturation step of 10 min, at 94°C, followed by 50 cycles of 13 s at 94°C, 5 s at
54°C, and 30 s at 72°C, However, the cycling conditions could slightly vary
according to the WMPV gene to amplify.

The person skilled in the art of nucleic acid and/or signal amplification knows ihe
25  existence of other rapid amplification procedures such as ligase chain reaction (LCR),
reverse transcriptase PCR (RT-PCR), transcription-mediated amplification (TMA),
self-snstained sequence replication (38R), nucleic acid sequence-based amplification
(NASBA), strand displacement amplification (SDA), branched DNA (bDNA),
cycling pfobe technology (CPT), solid phase amplification (SPA), rolling circle
30  emplification technology (RCA), solid phase RCA, anchored SDA and muclease
dependent signal amplification (NDSA) (Persing, 1993, Diagnostic Molecular
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Microbiology: Principles and Applications, American Society for Microbiology,

‘Washington, DC, 88-109; Lee, 1997, Nucleic Acid Amplification Tecbnologies;
Applications to Diseage Diagnosis, Eaton Publishing, Boston, MA. 61-125; Westin et
al., 2000, Nat. Biotechnol. 18:199-204). The scope of this invention is not limited to
5 {he use of amplification by PCR, but rather includes the use of amy nucleic acid -

ampliﬁéaﬁon method or any other procedure which may be used to increase the
sensitivity and/or the rapidity of nucleic acid-based diagnostic tests. The scope of the
present invention also covers the use of any nueleic acid and/or sigmal amplification
and dstection technology including real-time or post-amplification detection

10  technologies, any amplification techmology combined with detection, anmy
hybridization nucleic acid chips or artay technologies, any amplification chips or
combination of amplification and hybridization chip technologies, Detection and
identification by any nucleotide sequencing method is also under the scope of the
present invention.

18 .
Any oligonucleotide, wseful for diagnosis, and which are derived from hMPV
sequences and used with any nucleic acid amplification "and/or hybridization
technologies are also under the scope of this invention. .

20  Detection of amplification products

Classically, the detection of PCR amplification products is performed by standard
ethidium bromide-stained agarose gel electrophoresis, Using this approach, primers
specific for a nucleotide sequence from either the nucleocapsid (N), phosphoprotein
25 (P), matrix (M), fusion (F), polymerase (L), glycoprotein (G), genes generated
amplicons of various lengths depending on the selected primers pairs (Table 4). It is
however clear that other detection methods of amplified products may be faster, more
sensitive, and more practical. Amplicon detection may also be performt;:d by solid
support or liquid hybridization using strain-specific internal DNA probes hybridizing
30 to an amplification product. Such probes may be generated from sequences from our
repertory (Table 1) and designed to spevifically hybridize to DNA amplification
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products which are objects of the present invention. Amplicons can also be

chatacterized by DNA sequencing, Alternatively, a rapid detection method developed
with real-time PCR assays consists of determining the specific melting temperaturs of
amplicons at the end of the amplification reaction.

In a preferred ¢mbodiment, detection of hMPV amplicons was characterized using the
melting curve apalysis feature of a real-time PCR instrument. Briefly, following the
~ last amplification cycle on a LightCycler instrument, the internal iemperature was
) rapid]y increased to 94°C then decreased to 60°C for 30 seconds, followed by slowly
10  increasing to 94°C at a rate of 0.1°C per second, with continuous fluorescence lecture.
Using this procedure, the specific meliing temperature obtained with the spetific
amplicons produced by the pairs of primers specific for the N (SEQ ID No 92+94), M
(SEQ ID No 100+101), F (SEQ ID 97+98), P .(SEQ ID No 102 +103) and L (SEQ ID
No 112 + 113) gene sequences was found to be 82.63°C +* 0.87°C, 82.75°C =+ 0.80°C,
15  83.29°C £ 0.45°C, 80.48°C + 0.46°C, and 77.99 % 0.33°C, respectively (Table 5 and
see also Figure 1 for example of the melting temperaiure cbtained for different hMPY
strains with the N primers). Alternatively, we also designed specific adjacent and
TagMan fluorescent probes for the various hMPV gene products (N, M, F, G, P and
L) that can be used for real-time detection and quantification of amplicons (Table 3).
20  Here, quantification of hMPV gene products is achieved through fluorescence
resomance energy transfer (FRET) when the two probes hybridize nearby on a
complementary DINA sequénce. Qther types of detection methods including the use of
TagMan or molecular beacon probes specific for the IMPV sequences deseribed
above are also under the scope of this invention,
25

Typing of hWMPV

Previous studies have shown that two major penotypes of hMPV circulate in North
America and Europe (van den Hoogen et al,, 2001, Nat, Med. 7:719-724; Boivin et
30 al, 2002, J. Infect. Dis, 186:1330-1334). We also designed a rapid molecular typing
me’r?:od for epidemiologic studies based on amplification of a portion of the F (fusi?n)
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glycoprotein (primer sequence ID Nos. 97 and 98, Tables 2 and 4) followed by DNA

sequencing or digestion with resttiction enzymes (Apal I and Avr II). Teble 6
summarizes the size of the F fragmenis obtained for different hMPV isolates
following enzymatic digestion and the correspending genotype (see also Figure 2 for
5 an example of the band pattern following elecirophoresis on af agarose gel).
Alternative typiﬁg methods based on the nse of type-specific hWMPV F primers and/or
probes as well as DNA sequencing of amplified products are also within the scope of
this invention, hMPV subtyping using similar methodolagies for the other surface
glycopfotein (i.e. the G gene) may also be used. '
10 : A
A method for detection of a plurality of potential hMPV strains having different
genotypes may be condueted in separate reactions and physical enclosures, one type
at the time. Alternatively, it could be conducted simulianeously for different types in
sepatate physical enclosures, or in the same physical enclosures. In the latter scepario
15 a moultiplex PCR reaction could be conducted which would' require that! the
oligonucleotides are all capable of annealing with a target region under common
conditions. Since many probes or primers are gpecific for 4 determined genotype,
typing an hMPV strain is under the scope of the present invention. When a mixtute of
oligonucleotides ammealing together with more than one type of hMPV is used in a
20  single physical enclosure or container, different detection labels would be used to
distinguish one type from another.

The diagnostic kits, primers and/or probes mentioned above can be used to detect
and/or identify hMPV, whether said diagnostic kits, primers and probes are used for
in vifro or in situ applications. The said samples may include but are not limited to:

25 any clinical sample, any environmental sample, any viral culture, any tissue, or any
cell line,

It is also an object of the present invention that said diagnostic kits, primers and/or
probes can be used alome or in combination with any other assay suitable fo detect
30 and/or identify other mictoorganisms (ie. viruses, bacteria, fungi, and patasites)
including but not limited to: any assay based on mucleic acids detection, ainy



WO 2004/057021 PCT/CA2003/001994

21 .
fmmunoassay, any enzymatic assay, any biochemical assay, any lysotypic assay, any

serological assay, any cultwre on specific cell lines, and any infectivity assey on
animals. '

5 In the inethods and kits described herein below, the oligonucleotide probes and
amplification primers have been derived from larger sequences (i.e. DNA fragments
of at Jeast 100 base pairs). All DNA sequences have been obtained either from owr
proprietary sequences (Table 1) or from 8EQ ID No. 1 from public databases.

10  Itis clear to the individual skilled in the art that oligonucleotide Seqﬁences other than
those described in the present invention and which are appropriate for detection
and/or identification of hMPY may also be derived from the proprietary fragment
sequences or sclecled public database sequences. For example, the oligonucleotide
primers or probes may be shorter but of a length of at least 10 nucleotides or longer

15  than the ones chosen; they may also be selected anywhere else in the proprietary DNA
fragments or in the sequenées selected from public databases; they may also be
variants of the same oligonucleotide. If the target DNA ot a variant thereof hybridizes
to a given oligonucleotide, or if the target DNA or a variant thereof can be amplified
by a given oligonucleotide PCR primer paix, the converse is also true : a given target

20 ‘DNA may hybridize to a variant oligonucleotide probe or be amplified by a variant
oligoﬁucleoﬁda PCR, primer. Alternatively, the oligonucleotides may be designed
from said DNA fragment sequences for nse in amplification methods other than PCR.
Consequently, the core of this invention is the detection and/or identification of
HMPV by targeting DNA sequences which are used as a source of specific and

25 ubiquitous oligonucleotide probes and/or amplification primers. Although the
selection and evaluation of oligonucleotides sunitable for diagnostic purposes require
much effort, it is quite possible for the individual skilled in the art to derive, from the
selected DNA, fiagments, oligonucleotides other than the ones listed in Tables 2 and
3 which are suitable for diagnostic purposes. When a proprietary fragment or a public

30  database sequénce is selected for its specificity and ubiquity (i.e. ability to detect all
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hMPV strains), it inoreases the probability that subsets thereof will also be specific

and ubiguitous.

The proprictary DNA fragments have been obtained as a vepertory of sequences

5  created by amplifying hMPV nucleic acids with proprietary primers, These primers
and the repertory of nuclejc acids as well as the repertory of nucleotide sequences are
further objects of this invention (Tables 1-3).

As part of the design tules, all oligonucleotides were evaluated for their suitability for

10  hybrdization or PCR amplification by computer analysis using standard programs
(i.e. the GCG Wisconsin package programs, the primer analysis software Qligo™ 6
and MFOLD 3.0). The potential suitability of the PCR. primer pairs was also
evaluated prior to their synthesis by verifying the absence of unwanted features such
as long strefches of the same nucleotide and a high proportion of G or C residues at

15 the 3" end (Persing, 1993, Diaénosﬁc Molecular Microbiology: Principles and
Applications, American Society for Microbiology, Washington, DC. 83-109).
Oligomucleotide amplification primers were synthesized using an automated DNA
synthesizer (Applied Biosystems).

‘ ! .

20  The oligonucleotide sequence of primers or probes may be derived from either strand
of the duplex DNA. The primers or probes may consist of the bases A, G, C, or T or
analogs and they may be degenerated &t one or more chosen nucleotide position(s)
(Nichols et al., 1994, Nature. 369:492-493), Primers and probes may also consist of
nucleotide apmalogs such as Locked Nucleic Acids (LNA) (Koskhin et al, 1998,

25  Telrahedron Lett, 34:3607-3630), and Peptide Nucleic Acids (PNA) (Egholm et al,,
1993, Nature. 365:566-568). The primers or probes may be of any suitable length and
may be selected anywhere within the DNA sequences from proprietary fragments, or
from selected database sequences which are suitable for the deiection of WMPYV.

30  Variants for a given target microbial gene are naturally occurring and are atiribytable
to sequence varigtion within that gene. For example, different strains of the same viral
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species may have a single or more nucleotide variation(s) at the oligonucleotide

hybridization site. The person skilled in the art is well aware of the exisiénce of
variant nucleic acids.and/or sequences for a specific gene and that the frequency of
sequence variations depends on the selective pressure during evolution on a given
5 gene product. The detection of a variant sequence for & region between two PCR
primers may be demonstrated by sequencing the amplification product. Tn order to
show the presence of sequence variations at the primer hybridization site, one has to
amplify a larger DNA target with PCR primers outside that hybridization site.
Sequencing of this larget fragment will allow the detection of sequence variation at
10  this primer hybridization site, A similar strategry may be applied to show variations at
the hybridization site of a probe. Insofar as the divergence of ihe target nucleic acids
and/or sequences or a part thereof does not affect significantly the sensitivity and/or
specificity and/or ubiquity of the amplificatiot primers or probes, vatiant microbial
DNA is under the scope of this invention. Variants of the selected primers or probes

15 may also be-used to amplify or hybridize to a variant target DNA.

In an other aspect of the invention there is also provided newly isolated human

metapneumoviruses deposited with Tnternational Depository Authority of Canada on

December 11 2003 and beating IDAC numbers 111203-01 and 111203-02 (also
20 reforred herein as CAN 97-83 and CAN 98-75 respectively).

In a further agpect of the invention the diagnostic method is designed at performing
sitmultaneous detection of nucleic acids from a variety of respiratory viruses using
specific primers and/or probes. The method is aimed at detecting and/or quantifying

25  conserved viral sequences from respiratory viruses for diagnostic purposes. Target
nucleotide sequences were selected public databases and from viral sirain sequences
obiained in the inventar’s laboratory,

The specific respiratory viral pathogens targeted by the diagnostic assays include all
30 penotypes of influenza A and B +viruses, hRSV, hMPV, PIV, adengviruses,

thinoviruses, and enteroviruges. Other less common (coronaviruses, reovinses) and
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“yet to discover respiratory viruses are also targets under the scope of the present

invention.

The specific combination of oligonucleotides (primers and/or probes) in a multiplex
5  format is also another object of this invention.

Composition of matters such as diagnostic kits comprising amplification primets
and/or probes for the detection of respiratory viruses are also objects of the present
invention.

10

Amplification of viral sequences

In a preferred embodiment, a PCR protocol is used for nucleic acid auipliﬁcaﬁon.
Multiplex assay, aimed at amplifying:a plurality of respiratory viruses i the same
15  physical enclosure, is an object of the present invention.

We aim at developing DNA-based tests or diagnostic kits to detect and identify most
tespiratory viruses in a limit‘ed number -of armplification reactions using specific
primers (Table 10) and/or probes (Table 11). Although some of the primer sequences
20  used for amplification of the various respiratory viruses, with the exception of hMEFV
(SEQ. ID, Nos. 95 and 96 or 112 and 114), PIV-1 (8EQ. ID. Nos. 147 and 148), PIV-
3 (SEQ. ID. Nos. 151 and 152), and adenovirus (SEQ. ID. Nos. 153), have been
described previously by others (Fouohier et al., 2000, J. Clin. Microbiol. 38:4096-
4101 for influenza A virus / SEQ. ID. Nos.139 and 140Q; Li et al., 2001, J. Clin.
25  Microbiol, 39:696-704 for influenza B virus / SEQ. ID. Nos. 141 and 142; Mazulli et
al,, 1999. J. Infect. Dis. 180:1686-1689 for hRSV / SEQ. ID. Nos. 143 and 144;
Osiowy et al,, 1998, J, Clin. Mictobiol.. 36: 3149-3154 for PIV;I, PIV-3, and
adenovirus / SEQ. ID. Nos. 145 and 146, 149 and 150, and 154 and 153, respeclively;
Atmar et al., 1993, J. Clin. Microbiol. 31; 2544-2546 for thinovirus and enterovirus /
30  SEQ. ID. Nos. 160 and 161) and that one influenza A primer (SEQ. ID. No. 139) is
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almost identical to the one described in another patent (U.8. patent number

6,015,664), the object of the present invention is to combine many sets of primers
and/or probes in the same physical enclosure (multiplex format).

5 Briefly, viral RNA was extracted from 200 ul of naso-pharyngeal aspirates or other
Tespiratoty tract samples using the QIAamp Viral RNA Mini kit (QTAGEN,
Mississauga, ON, Canada). Complementary DNA (cDNA) was then synthesized
using 10 pl of the RNA preparation, 0.75 M of random hexamer primers (Amersham
Phattnacia Biotech, Baie d'Urfé, QC, Canada), 300 copies of an intemal control

10 template, and the Omniscript Reverse Transcriptase Kit (QIAGEN, Mississauga, ON,
Canada) following the manufacturer’s instructions, The internal control template
consisted of a 554 or 558 bp (depending on the multiplex assay) transcribed region of
an herpes simplex virus type 2 DNA polymerase region flanked by either influenza B
or rhingvims/enterovirus complementary primer sequences (depending on the

15  multiplex assay) cloned in the pDrive plasmid (QIAGEN).

For DNA amplification by the widely used PCR method, primer pairs were mostly
derived from public database sequences (Tgble 10). Duriﬁg DNA amplification by
PCR, two oligonucleotide primers binding respectively to each strand of the heat-

20  denatured target DNA. from the viral genome are used to amplify exponentially in
vitro the target DNA by successive fhenmal oycles allowing denaturation of the DNA,
annealing of the primers and synthesis of new targets at each cycle (Persing, 1993,
Diagnosis Molecular Microbiology: Principles and Applications, American Society
for Microbiology, Washington, D.C., 88-109).

25
In a preferred embodiment, cDNA was amplified using a real-time PCR procedure
with the LC Faststart DNA Master SYBR Green 1 Kit (Roche Diagnostics, Laval,
QC, Canada) or the SYBR Green TAQ ReadyMix for quantitative’ PCR capillary
formulation (Sigma-Aldrich, Oakville, ON) in a LightCycler instrument (Roche

30  Diagnostics). Each reaction had a total volume of 20 pl including 2 ul of ¢<DNA and
18 pi of a reaction mixture containing 4 mM MgCl, 2 ul of LC Faststart DNA SYBR
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Green 1 Master Mix or the SYBR Green TAQ ReadyMix for quantitative PCR

capillary formulation, 3% DMSO, and 0.3-1.0 pM of each viral primer (sece Tables
10, 12, and 13 for primer sequence ID NOs., Tength of amplicons, and specific
combination of primers, respectively). Cycling conditions typically included an initial

5 denaturation step of 10 min at 94°C, followed by 50 cycles of 15 s at 94°C, 5 s at
58°C, and 25 s at 72°C. However, the .cycling condilions could vary slightly
according to the mulﬁplex PCR assay.

In a preferred embodiment, two real-time multiplex PCR assays were used to amplify

10 and detect the panel of common respiratory viruses (Table 13). The respiratory-1
multiplex assay sombines 4 sets of primers for amplification of influenza A and B
viruses, hRSV, hMPV, and an intemnal control template. The tespiratory-2 multiplex
assay comprses 4 other sets of primers for ampliﬁéation of PIV-1, PIV-3,
adenoviruses, rhinoviruses/enteroviruses, and an internal conirol template. The use of

15  any other combinations of the same or sitnilar primer sequences in two or more than
two multiplex assays for detection of common respiratory viral pathogens is also
vnder the scope of this invention.

The person skilled in the art of nucleic acid amplification knows the existence of other

20 rapid amplification procedures such as ligase chaiti reaction (LCR), reverse
transetiptase PCR (RT-PCR), solid phase PCR, transcription-mediated amplification
(TMA), seli-sustained sequence replication (3SR), nucleic acid sequence-based
amplification (NASBA), strand displacement amplification (3DA), branched DNA
(bDNA), cycling probe technology (CPT), solid phase amplification (SPA), rolling

25 circle amplification technology (RCA), solid phase RCA, anchored SDA, and
- nuclease dependent signal amnplification (NDSA) (Persing, 1993, Diagnosis Molecular
Microbiology: Principles and Applications, Ametican Society for Microbiology,
Washington, D.C., 88-109; Lee, 1997, Nucleic Acid Amplification Technologies:
Application to Disease Diagnosis, Eaton Publishing, Boston, MA., 61-125; Westfn et

30  al, 2000, Nat. Biotechnol.18:199-204). The scope of this invention is not limited to
the use of amplification by PCR, but rather includes the nse of any nucleie acid
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amplification method ov any other procedure which may be used to increase the

sensitivity and/or the rapidity of nucleic acid-based diagnostic tests. The scope of the
present invention also covers the use of any nucleic acids amplification and detection
technology including realtime or post-amplification detection technologies, any

5 amplification tectmology combined with detection, any hybridization nucleic acid
chips or aray technolog,;ies, any amplification chips or comibination of amplification
and hybridization chip téchnologies. Detection and identification by any nucleotide
sequencing method is also under the scope of the present invention,

10  Detection of amplification products

Classically, the detection of PCR amplification products is performed by standard
ethidium bromide-stained agarose gel electrophoresis. Using this approach, the
amplicons may be discriminated based on their size. In the present invention, the |

15 length of the different amplicons vades from 84 to 929 bp (Table 12). It is howé:ver
clear that other detection methods of amplified products may be faster, more sensitive,

and more practical. Amplicon detection may alse be performed by solid support ot
liquid hybridization using strain-specific, internal DNA probes hybridizing to an’
emplification product. Such probes may be generated from sequences designed to

20  specifically hybtidize to DNA amplification products which arc objects of the present
invention. Amplicons can be also characterized by DNA sequencing. Alternatively, a

tapid detection method developed with real-time PCR assays consist of determining

. the specific melting temperature of amplicons at the end of the amplification reaction.

25  The detection of viral emplicons was first characterized using the melting curve
analysis feature of a real-time PCR instrument. Using this procedute, the different
viral targefs amplified in each of the multiplex PCR assays could by differentiated by
their specific melting temperature (Table 13 and Fig, 7 and 8). Alternatively, specific
fluorescent probes (Table 11) for each viral target can be used for real-time detection

30  and guantification of amplicons in a single amplification/detection assay. Real-time
quantification of viral produsts can be performed through & variety of fluorescence-
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based technologies such es adjacent probes, Tagman probes, and moleculsr beacons.

Alternatively, these probes may be used in & separate post-amplification step.

The diagnostic kits, pﬁmcrs and probes mentioned above can be used to detect and/or
5 identify respitatory viruses, whether said diagnostic kits, primers and/or probes a;’e
used for in vitro or in situ applications. The said samples may include but are not
limited to: any clinical sample, any environmental sample, any viral culture, any

. tissue, and any cell line,

10 It is also an object of the present invention that said diagnostic kits, primers and/or
probes'can be used alone or in combination with any other assay sguitable to detect
and/or identify and /or quantify microorganisms, including but'not limited to: any
assay based on nucleic acids detection, any immunoassay, any enzymatic assay, any
biochernical assay, any serological assay, any culiure on specific cell lines, and any

15  infectivity assay on animals,

In the methods and kits described herein, the oligomucleotide probes and amplification
primers have been derived from larger sequences (i.e. DNA fragments of at least 100

base pairs). It is clear to the individual skilled in the art that oligonucleotide sequences

.20  other than those described in the present invention and which are appropriate for
detection and/or identification of any respiratory viruges may also be derived from

those selected in the present invention. For example, the oligonucleotide primers or
probes may be shorter but of & Iength of at least 10 nucleotides or longer than the ones
chosen; they may also be variants of the same oligonucleotide, If the targef DNAora

25  vatient thereof hybridizes to a given oligonucleotide, or if the target DNA or & variant
thereof can be amplified by a given oligonucleotide PCR primer pair, the converse is

also true; a given target DNA may hybridize to a variant oligonucleotide probe or be
amplified by variant oligonucleotide PCR primers. Alternatively, the oligonucleotides

may be designed for use in amplification methods other than PCR. Consequently, one

30  aspect of the present invention is the simulianeous detection and/or identiﬁcaﬁoq of

varous respiratory vituses by tatgeting nucleic acid sequences which are used as a
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source of specific and ubiquitous oligonucleotide probes and/or amplification primers.

Although the selection and evaluation of oligonucleotides suitable for diagnostic

purpo'sés tequire much effort, it is quite possible for the individual skilled in the art to

derive, from the selected oligonucleotides (listed in Tables 10 and 11), other
5  oligonucleotides which ace suitable for diagnostic purposes.

Thus, the spec{ﬁc primers and/or probes selected for amplification and detection of
respiratory viruses and their specific combination in multiplex assays ate objecfts of
this invention (Tables 10-13).

10

EXAMPLES:

Example 1; Evaluation of different primers for hMPV detection
15

An evaluation of the sensitivity of different hMPYV pritmer sets in a real-time PCR
assay was performed using 20 positive hMPV cultures grown in LLC-MEK2 cells and
10 naso-pharyngeal aspirate specimens. These samples were collected in the Quésbec
City area (QC, Canada) over a perdod of 3 years (2000-2002). Viral RNA was
20  prealably extracted from 200 pl of viral culture supematants or naso-pharyngeal
agpitates using the QIAamp Viral RNA Mini Kit (QIAGEN), Complementary DNA
was synthesized vsing 10 pl of eluted RNA, 0.75 uM of a specific hMPV primer
(Table 2, sequences ID Nos. 91, 97, 100, 102, 112), and the Omniscript Reverse
Transcriptase Kit (QLAGEN, Mississauga, ON, Canada) following the manufacturer’s
25  recommendations. Complementary DNA was amplified using a real-time PCR
procedure with the LC Faststart DNA Master SYBR Green 1 Kit (Roche Diagnostics,
Laval, QC, Canada) in a LightCy¢ler insh-uman;c {Roche Diagnostics). Each reaction
had a total volume of 20 1 ineluding 2 pl of RT mixture and 18 pl of a reaction
mixture containing 4 mM MgCla, 2 Wl of Faststart DNA SYBR Green Master iz,
30 3% DMSO, and 0.5 pM of each hMPV primer (Table 4: sequence ID Nos.: 92 and 04;
100 and 101; 97 and 98; 102 and 103; and 112 and 113, for the nucleoprotein (N),
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matrix (M), fusion (F), phosphoprotein (P), and polymerase (L) genes respectively).

Cyeling conditions typically included an initial denaturation step of 10 min, at 94°C,
followed by 50 cycles of 15 s at 94°C, 5 s at 54°C, and 30 s at 72°C. However, the
cycling counditions could slightly vary aocording to the hMPV gene io amplify.
5 Detection of hMPV amplicons was characterized using the melting curve analysis

feature of a real-time PCR. instrument. Briefly, following the last amplification cycle
on a LightCycler instrument, the internal temperature was tapidly increased to 94°C
then decreased to 60°C for 30 séconds, followed by slowly increasing to 94°C at
rate of 0.1°C per second, with continuous fluorescence lecture.

10
Using this procedure, the specific melting temperature obtained with the hMPV
‘amplicons produced by the primers specific fot target genes coding for N, M, F, P and
L proteins was found to be 82.63°C + 0.87°C, 82.75°C & 0.80°C, 83.29°C % 0.45°C,
80.48°C £ 0.46°C, and 77.99 £ 0.33°C, respectively. As shown in Table 5, a real-time

15 PCR assay using primers complementary 1o the N gene successfully amplified RNA
from all 20 cultures and 19 olinical specimens. In conirast, h(MPV primers specific for
the M, F, P, and L genes had sensitivities of only :70%, 63.3%, 50%, and 89.7%
respectively. Thus, primers aimed at amplifying the hMPV N gene appear to target
more conserved regions of the hMPV genome and, consequently, were selected for

20  further detailed evaluation (see example 2).

Example 2:Validation of a real-time PCR assay for the hMPV nucleoprotein (N)
gene in a pediatrie population

25  An hMPV N plasmid was constructed by subcloning the amplified BMPV N region in
the plasmid pDrive (QIAGEN, Mississanga, ON, Canada). The new plasmid was
transeribed using the RNA Transcripiion Kit (Stratagene, Vancouver, BC, Canada)
for sensitivity analysis. Using the previously described RT procedurs (N primer,
sequence ID No, 91) and real-time PCR protogol (N primers, sequence ID Nos. 92

30 and 94) reported in exemple 1, the sensitivity of the assay was estimated at 100 copies
per teaction with a specific melting temperature of 82 °C, The assay was found to be
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specific with no amplification signal observed when viral cultures positive for the

human respiratory syncytial virus, the parainfluenza viruses, the influenza viruses A

and B, and the adenovimses were tested. The real-time PCR assay for the hMPV N

gene was subsequently validated in a prospective case-control study in children below

5 the age of 3 years hospitalized at Laval University Hospita] Center (CHUQ-CHUL) in

- Québee City, Canada, during the winter season of 2001-02. Cases comsisted of

children hospitalized for a respiratory syndrome whereas controls consisted of

children hospitalized during the same period for = surgery with no respiratory

symptoms. At admission, a nasopharyngeal aspirate was collected for viral antigen

10 . tests, viral cultures, and RT-PCR studies for influenza A and B vﬁusas, the human
respiratory syneytial virus (hRSVY), and the hMPV N gene.

No virus was detected in any of the samples from the 51 contro! children. Among the
208 cases lested by real-time PCR for hMPV, ERSV, influeniza A and B vituses, the

15  positivity rates were 5.8%, 51.0%, 21.6%, and 0%, rcspecﬁx'/ely. Viral culture was
positive for hMPV in only 2 cases whereas the real-time hMPV PCR assay for the N
gense was positive for 12 cases including the 2 positive by viral culture, All positive
hMPV PCR results for the N gene were confirmed by a second PCR 'asselxy targeting
the hIMPV fusion (F) gene and by the use of DNA sequencing which indicated the

20 presence of multiple hMPV strains clustering in the two previously-teported F
genotypes. Thug, the real-time PCR assay degcribes in this invention appears to be
much more sensitive than conventional viral culture for the detaction of hMPV in
clinical samples.
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Example 3: Typing of hMPV clinical st?aijns using resiriction enzyme analysis
We designed a rapid molecular typing method for hMPV epidcﬁiological studies
based on amplification of a portion of the fusion {F} gene which is then digested with
specific restriction enzymes. Brefly, a 759-bp fragment of the hMPV F gene was

5  amplificd by a real-time PCR proceduré as described in example 1 using specific

primets (sequence ID Nos. 97 and 98). After PCR amplification, two aliquots (10 uL)

» of the PCR product were digested during 2 honrs at 37°C with 10 units of ApaL. Tand
4 nnits of Avr I (New England Biolabs, Mississauga, ON, Canada) according to the
‘manufacturer’s recomtnendations. Digested products were then loaded on an 1%

10  agarose pel for elentrophoresis.

Table 6 summarizes the gize of the ¥ fragments obtained for different hMPV isclates

following enzymatic digestion and the corresponding genotype as defined by DNA

sequencing and phylogenetic studies, In brief, all WMPV isolates belonging to the

15 genotype F-I were digested by Apal. I (fragments of 532 and 227 bp) but not by Avr

4 II whereas those belonging to the genotype F-IT were digested by Avr II (fragiments of
447 and 312 bp) but not by Apal I (see Figure 2 for an exatuple of the band pattem
following electrophoresis on an agarose gel).

20 Example 4 : A prospective ¢ase-control stady for defining the role of respiratory
viruses in children hospitalized for acute respiratory tract infections

Summary,

The human metapneumovirus (hMPV) is a new paramyxovimus recently isolated from
25  young children with respiratory syndromes. The ohjectives of this study were fo

estimate the relative contribution of hMPV in children’s hospitalization for acute

respiratory tract infections (ARTI) and to define its clinical presentation and seasonal

pattern, |
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We evaluated the percentage of hospitalizations for ARTY in children aged 0-3 years

attribtiate to KMEPV and other respiratory vimses in a prospective case-control study
during the wintet/spring seasons of 2002. We used multiplex redl-time PCR assays
and other conventional diagnostic methods to detect hMPV, the human respiratory

5  syneytial vius (hRSV), and the influenza viruses in nasopharyngeal aspirates of
children,

HMPV was detected in 12 (5.8%) of the 208 children hospitalized for ARTI as
compared o 118 (56.7%) for hRSV and 49 (23.6%) for influenza A, In contrast, none
10  of the 51 controls harbored any of the respiratory vituses. Most hRSV and influenza
infections oceurred in Yanuary and February whereas the peak hMPV activity was in
March and April. The peak age for hospitalizations for hRSV and tMPV infections
. was < 3 months and 3-5 months, respectively. biagnOSes of bronchiolitis and
pneurmnonitis were made in respectively 67% and 17% of hMPV-infected children
15 comparcﬁ to 84% and 25% for those with RSV infection. None of the hMPV-
infected children was admitted to the intensive care unit compared to 15% for those

with hRSV or influenza A infections.

HMPV causes significant morbidity in young children and its clinical presentation is
20  similar although lesg severe than that of hRSV.

)

Introduction

The human metapnenmovims (hMPV) is the fitst human member of the mew

Metapneumovirus genus within the Paramyxoviridae fatily (van den Hoogen BG, de
25  Jong JC, Groen J, et al.. Nat Med 2001;7:719-24; van den Hoogen BG et al. Virology

2002;295:119-32.) The human respiratory syncytlal virus (hRSV) belongs to a

separate genus within the same family (Taxonomy V., Seventh Report of the

International Committee on Taxonomy of Viruses. Academic, San Diego, 2000.).

30  HMPV has been recently identified if masopharyngeal aspirates of children and adults

suffering from a range of respiratory tract infections in various parts of the world (van
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.den Hoogen B(G, de Jong JC, Groen J, et al. Nat Med 2001;7:719-24; Nissen MD, et

al. Med J Aust 2002;176:188; Peret TC, Boivin G, Ii Y, &t al. J Infect Dis
2002:185:1660-3; Stockton J, et al. Emerg Infect Dis 2002;8:897-201). The clinical
syndrome of the infected children encompasses mild respiratory problems to

5  bronchiolitis and pneumoﬁitis (van den Hoogen BG, de Joné IC, Groen J, ¢t al. Nat
Med 2001;7:719-24; Pelletier G, et al. Bmerg Infect Dis 2002;8:976-8; Boivin G,
Abed Y, Pelletier G, et al, J ufect Dis 2002;186:1330-4). ’

Using, reverse-franseription polymerase chain reaction (RT-PCR), the rate of hMPV
10  detection in nasopharyngeal aspirates (NPA) of pediatric patients with unexplained
ARTI varied between 1.5 and 10% (van den Hoogen BG, de Jong JC, Groen I, et al.
Nat Med 2001;7:719-24; Nissen MD, et al. Med I Augt 2002;176:188). These
retrospective studies are small, excluded patients who tested positive for other viru’s,es,
only superficially describe the clinical features of the disease and lack
15  morbidity/mortality dats, In absence of a control group, these studies cammot
differentiate if AMPV is a colonizing or a pathogenic virus. More recently, Stockton et
al. identified hMPV RNA in 2.2% of 405 specimens from patients with influenza-like
illnesses who consulied gemeral praciitioners i England although few swabs were
collected from children < 5 years (Stockton J, et al. Emerg Infect Dis 2002;8:897-
20  901).

The objectives of this stndy were o estimate the relative contribution of hMPV in
childrett’s hospitalization for acute respiratory tract infections (ARTT) and to define
its clinioal presentation and seasonal pattern.

25
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Materials and Methods

Study ﬁesign. Participants were children aged < 3 years hospitalized between
December 15, 2001 and April 20, 2002 at Laval University Hospital Center (CHUQ-
CHf]IJ in Québec City, Canada. Cases were admitted for an ARTI (bronchiolitis,
5  pneumonitis, laryngotracheobronchitis, et¢...) whereas controls were hospitalized for
an elective surgery and had no respiratory symptoms or fever. Children hOSpitaiized
twice were counted as two cases. At admission, after signed consent was obtained
from their parents, all children had an NPA (1-2 ml) collected and tested for hRSV
antigen (TestPack, Abbott Laboratories, Abbott Patk, IL). The specimen was frozen at
10 -80°C until subsequent RT-PCR studies. Additionally, viral cultures, direct
immunofluorescence staining, and microbiological testing were performed according
to the treating physician. A slandardized questionnaire was completed at admission by
‘2 gingle research nurse with the parents, At the end of the hospitalization, the
children’s charts wers reviewed to collect clinical and laboratory data, The study was

15  approved by the CHU Q-CHUL 1esearch ethics board.

" RNA extraction and ¢DNA synthesis. Viral RNA was extracted from 200 pl of
NEA spocimens using the QLAamp viral RNA Mini Kit (QIAGEN, Mississauga, ON,
Canada). Complementary cDNA was synthesized using 10 pl of luted RNA and the .

20  Omniscript Reverse Transcriptase. kit (QIAGEN). Random hexamer primers
(Amersham Pharmacia Biotech, Baie d’Urf€, QC, Canada) were used in the RT step
of the muliiplex respiratory PCR assay whereas a specific prmer (5-
TGGGACAAGTGAAAATGTC - 3') serves to synthesize EIMPV cDNA. in a separate
PCR assay. An intemnal control (300 copies) consisting of a 534-bp transcribed region

25  of the pDrive plasmid (QIAGEN) flanked by influenza B complementary primer
sequences (see below) was spiked in the RT reaction of the multiplex respiratory PCR.
assay to verify the presence of PCR. inhibitors.

RT-PCR assays and phylogenetic studies, The multiplex respiratory PCR assay
30 was designed to amplify conserved regions of the influenzs A (SEQ. ID Nos,139-140)
(Fouchier RA, et al. J Clin Microbiol 2000;38:4096-101) and B (SEQ. ID Nos. 141-
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142) (Li J, Chen 8, Evans DH. J Clin Microbiol 2001;39:696-704) matrix genes as

well as the fusion gene of hRSV (SEQ. 1D Nos. 143-144) (Mazzulli T, Peret TC,
MeGeer A, et al. T Infect Dis 1999;180:1686-9),

5 Complementary DNA was amplified using a resl-time PCR procedure with the 1.C
Faststart DNA Master 8YBR Green 1 Kit (Roch:e Diagnostics, Laval, Québec,
Canada) in a LightCycler instrument (Roche Diagnostics). Each reaction had a tatal
volume of 20 pl Including 2 pl of cDNA and 18 pl of a reaction mixture containing
2.4 mM MgCly, 2 pl of Faststart DNA SYBR Green Master Mix, 3% DMSO, 0.3 mM

10 each of influenza A and B primers, and 0.8 mM of hR8V primers. The thermal
cycling incubations consisted of an initial denaturation step at 94°C for 10 min,
followed by 50 cycles of 15 s at 94°, 5 s at 58°C, and 25 s at 72°C. At the end of each
cycle, the fluorescent signal was measured at a wavelength of 530 nM using the
LightCycler Fluorimeter. The melting curve analysis program of the LightCycler was

15  used to identify specific PCR products of influenza A (Tm: 85°C), influenza B (Tm:
83°C), hRSV (Tm: 79°C), and the internal conirol (Tm: 92°C). The sensitivity of the
multiplex respiratory PCR assay was estimated at 50 copies for each viral target when
mixed with 300 copies of the internal control.

.20 A specific PCR assay was designed for amplification, of the EMPV Nucleoprotein (N)
gene in the LightCycler instrument. The sequences of the forward (MPV-NCS) and
reverse (MPV-NCA) primers were respeotively 5 -GAGTCTCAGTACACAATTAA-
3" (SEQ ID NO 92) and 5-GCATTTCCGAGAACAACAG-3' (SEQ 1D NO 94). The
specific cDNA was amplified using conditions similar to those of the multiplex

25  respiratory PCR assay except that 0.5 mM of each primer was added to the master
mix. Cycling conditions included an initial denaturation step of 10 min at 94°C,
followed by 50 cycles of 15 s at 94°C, 5 g at 54°C, and 30 s at 72°C. The melting
temperature of the amplified IMPV N fragment was 82°C and the sensitivity of the
PCR assay was 100 copies. For phylogenetic studies, nucleotide sequences were

30  determined from amplified hMPV F (fusion) gene products then analyzed using the
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neighbor joining algorithm and Kimura-2 paramsters. (Boivin G, Abed Y, Pelletier G,

et al. J Infect Dis 2002;186:1330-4).

hMPV in the general population, To further assess the seasonal distribution,
affected age groups and frequency of hMPV, we compared data fom the study to
those of the general population derived from the viral cultures found positive for
bMPV in our regional virology diagnostic laboratory, the only one performing viral
cultures for the Québec City area (population approximately 600 000). Respiratary
specimens were inoculated in 96-well plates containing ten cell lines (MDCE, LLC-
MK2, Hep-2, human foreskin- fibroblast, Vero, mink lung, A-549,
thabdomyosarcoma, 293, and HT-29) then incubated for a period of 21 days. A
positive cytopathic effect was confirmed by immunofluotescence testing using
monoclonal antibodies or by RT-PCR (hMPV).

Statistical analyses. Proportions were compared by the % ® test.

Resulis

The study population included a total of 208 hospitalized cases with ARTT (including
8 children who wers admitted twice) and 51 childven who served as conirols.

Description of the study population and viral etiologies. The age distribution of
children with ARTI is presented in Fig. 3: 56% (116) were male and 44% (52) were
female, Hospitalization was the highest in infants £ 3 months of age and steadily

decreased thercafter. Most (90%) children had no underlying medical conditions at
admission. '

All 208 cases had an NPA. The mean delay between the onset of symptoms and
collection of NPA was 6 days (median 4 days). This delay did not differ for the
different vimses detected. All 208 cases wete lested by PCR, 204 had an. hRSV
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antigen detection test, 100 had a direct examination procedure for other viruses, and

100 had a viral culture, At least one Tespiratory virus was detected in 164 (79%) cases
whereas nione was detected in 44, Twelve children (5.8%) were positive for hMPV,
118 (56.7%) for hRSV, 49 (23.6%) fot influenza A, and none for influenza B (Table
5 7). Thete was no PCR testiﬁg for adenoviruses and PIV type 2 but these two viruses
were found it 6% and 2%, respectively, of the 100 viral cultures of antigenic assays.
Single virus infections occurred in 141 (86%) of the 164 positive cases and mixed
infection was present in 23 (14%). Two of the 12 hMPV infections wete mixed
(hMPV-influenza and hWMPV-hRSV). The other combinations were hRSV-influenza
10 A (18 cases), hRSV-adenovirus (2), and influenza A-adenovirus (1).

Among the 208 cases tested by PCR for hMPV, hRSV, influenza A and B viruses, the
positivity rates were 5.8%, 51.0%, 21.6%, and 0%, respectively (Table 7). In addition,
16 other cases had one of the four latter respiratory viruses identified only by culture

15 (3 influenza A and ong hRSV), only by an antigen detection test (10 hRSV and one
influenza A) or by both culture and antigen detection test (1 HRSV). Among the 8
children hospitalized twice, none had the same viral infection at both admissions. The
combinations observed were hMPV — hRSV (2), AMPV — o virus (1), hRSV — no
virus (2), hRSV — influenza (2), no virus — 70 virus (1).

20 ‘
The biweekly distribution of cases with respiratory tract viruses is shown in Fig. 4.
bRSV and influgnza A infections occurred predominantly between January and
March, whereas hMPV infections o¢curred mostly in March and April. The
ptoportion of children with virologically-confirmed respiratory tract infection

25  decreased after February. '

4Clinical features of cases, The distribution of the age distribution by different viral
infections is shown in Fig. 3. While the peak age for hMPV infection was 3-5 months,
it was before 3 months for hRSV infection. For influenza A, it spread evenly during
30  the first vear of life. The peak age for mixed infection was 6-11 months and dﬁcre;\sed
thereafter, Gender was distributed evenly with each virus group but more males
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{70%) had mixed viral infections. The majority (75% with hMFPV, 53% with hRSV,

90% with influenza A virus infectionj of the children in different etiological groups

had no medical underlying conditions. Three (25%) ¢hildren with hMPV infection

had a cardiac disorder, one having concomitant cardiae, pulmonary, and neurological
5 problems.

Signs and symptoms recorded with the different respiratory vimses were generally
sitnilar except for the vomiting which ocours more frequently with hMPV infections
{p = 0.05) (Table 8). The mean and median duration of hospitalization was similar for

10 HMPV, hRSV and influenza A viruses being respectively 5.5 and 4,5, 5.8 and 5.0, and
4.9 and 4.0 days. Of note, one third of hMPV-infected children were hospitalized
more than 7 days. None of the children with hMFV infection was admitted to the
intensive care unit (ICU) contrasting with 15% and 16% of children with hRSV and
influenza A, respectively. There was no death ag part of this study. The duration of the

15 hospitalization in children with no detectable virus was shorter than that in children
with single or mixed infection (Bruskal-Wallis Test, p < .0001), Two-thirds of the -
children were given antiﬁiotics during their hospitalization, independently of the
etiology of their respiratory disease.

20 At hospital discharge, a final diagnosis of bronchiolitis was given to 67% of children
with hMPV, 84% v\{ith hRSV, anc} 51% with influenza A (p <0.001) (Table 9). Otitis
occurred in about half of children with KMPV, hRSV, and influenza A infections.
Pneumonitis was less frequently diagnosed in children with hMPV compared to those
with HRSV or influenza A (17%, 25%, and 37%, p=0.22). Final diagnoses were

25  similar with single and mixed infections.

Controls. There were 51 children in the control group, 29 (56.9%) males and 22
(43.1%) females. The age distribution of the controls was similar to that of the cases

(Fig. 3) as was the period of hospital admission (Fig. 4). None of the controls had a
30  virus detecicd by PCR.
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BMPV in the general population. The regional virology laboratory received 1505

respiratory specimens for viral culture between January 1 and June 30, 2002. In total,
36 (including two study participants) or 2.9% were positive for AMPV: 24 (66.6%)
in children < 2 years of age, 5 in those 2 to 4 years, 4 in adults 30-49 years, and 3 in

5  those 70 years or oldet. Most cases (81%) were isolated over a two-month period
(from March 23 to May 18 ) (Fig. 5). When comparing the seasonal distribution of
KMPV in hospitalized children (study population) and in the general population, it
appears that the study in hospitalized children did not cover the entire hMPV season
as it was stopped just after the peak time of WMPV transmission (April 6-20).

10
Phylogenetic analyses of hMPV sirains. The 12 hHMPV strains isolated in the
prospective study clearly clustered into two F lineages with nine strains belonging to
group 1 and three to group 2 (Fig. 6). Seven of the 9 group 1 strains had identical F
gene sequences. Al the nucleotide level, there wag 84-85% similarity between gtoups

15  versus 98-100% (group 1) and 93-99% (group 2) similatity within groups. There were
fewer differences at the amino acid level i.e. 94-96% similarity between groups versus
99-100% (group 1) and 98-99% (group 2) among straing within the same group.
Although there was a trend for more recent sitrains to cluster in growp 2, the
correlation between genotypes and date of hospitalization was not perfect as two

20  stains detected on the same day (No. 216 and 217) belonged to two different F
lineages.

Disecugsion

Qutr prospective study has revealed important clinical and epidemiological features
"25  1slated to hMPV, First, our data indicate that hMPV is really a respiratory pathogen,
Second, we found that it contributes to ARTI leading to children’s hospitalization in
sroportion similar to adenoviruses or PIV but significantly less than hRSV and
influenza vimses. Third, the symptoms and complications associated with hMPV
were indistinguishable from those caused by hRSV, Finally,' our Tesults suggest that
30  the epidemiology of hMPV infection in children may differ from that of hRSV and
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influenza viruses both in terms of the age of first acquisition and in the timing of the

seasonal epidemics,

Recant‘ studies by our group (Pelletier G, et al. Emerg Infect Dis 2002;8:976-8; Boivin

5 G, Abed Y, Pelletier G, et al. J Infect Dis 2002;186:1330-4) and others (van den

Hoogen BG, de Jong JC, Groen J, et al Nat Med 2001;7:719-24.; Nissen MD et al.

Med J Aust 2002;176:188; Stockton J, et al, Emerg Infect Dis 2002;8:897-901) had

suggested that HMPV should be added to the list of human respiratory viral pathogens

(Dowell SF, Anderson LI, Gary HE, Jr,, et al. J Infect Dis 1996;174:456-62; Treanot

10 JT. Respiratory Infections, In: Richman DD, Whitley, R.J., Hayden, F.G., ed. Clinical
Virology. Vol. 1. Washington: ASM Press, 2002:7-28).

The absence of hMPV in respiratory tract of our 51 control children, the abs;ence of
other respiratory virnses in 83% of the 12 hMPV-infected children and the severity of

'15 their symptoms (bronchiolitis and/or pneumonitis) provide further evidence that
hMPYV is really a, pathogenic respiratory virus. The absence of undetlying medical
conditions in 75% of "the hMPV-i nfected children further demonstrates iis
pathogenicity. The use of PCR assays was particularly advantageous( for hMPV
because its prowth in culture is fastidious and limited to a few penmissive cell lines

20 (Boivin G, Abed Y, Pelletier G, ct al. J Infect Dis 2002;186:1330-4) and because
rapid antigenic detection tests are owrrently unavailable,

Our study provides for the first an estimate of the proportion of ARTI hospitalizations
attributable to hMPV in a pediatric population. During ithe period ranging from
25  December 15 to April 20 2002, KMPV accounted for 5.8% of all hospitalizations for
respiratory tract infeotions in children aged 0-3 years. This underestimates the real
propottion as our hospitalization study stopped before the end of the hMPV season
prevailing in the community (Fig. 5). Although we did not perform PCR testing for
adenoviruses and PIV, the percentage of hospitalizations caused by hMPV seems
30  similar to that attributable to these two viruses and much smaller than that of hRSV or
influenza A. '
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One of the most important conclusion of our study is that EMPV discase canmot be
distinguished on clinical findings from that caused by hRSV snd influenza A (Tables
8 and 9) bui tended to be somewhat less severc with fewer pneumonia and no

5 admiésim in the ICU. Nevertheless, hMPV infection was associated with a significant
clinical and economical burden as shown by a mean hospital stay of 5.5 days and one-
third of hMPV-infected cases being hospitalized for > 7 days.

A small serclogical study from the Netherlands showed that all children over the age
10  of 5 years had hMPV antibodies suggesting a high level of transmission.] Data from
our study suggest that morbidity caused by hMPV is greatest in children « 2 years of
age as they represented 83% (10/12) of our hospitalized cases and two-thizds of the
hMPV isolates recovered in our diagnostic virclogy laboratory. This suggests that
similar to other paramyxoviruses such as hRSV, the morbidity of hMPV in children
15 occurs through primo-infection. In contrast to hRSV which peaked during the first
three months of life, AMPV infections peaked at a slightly older age i.e. between the
third and fifth month of life. Whether this difference, depends on a longer persistence
of maternal antibodies or a less cfficient transmissi_on‘mode in the case of hMPV
would require additional studies.
20 ,
Duting the 4-week period from mid-March to mid-Aptil, KMPV infections clustered
(11/12 detected) and acoounted for 18.9% of all hospitalizations for ARTI in children.
This contrasts with hRSV and influenza A which occurred mostly in January and
February (Figure 4). Based on passive surveillance }iata from our regional virology
25  laboratory, the peak tnne of hMPV transmission in the comtnunity occurrad between
April 6-20, 2002, and'contmued beyond the end of our study in hospitalized children
(Fig. 5). Year-long a?twe surveillance studies will be required to better assess the
seasonal patterns of WMPV transmission.

30 As described for hR':SV (Mazzulli T, Peret TC, IT/[cGaar A, et al J Infect ‘Dig
1
1990;180:1686-0), several strains of KMPV circulated during & very shorl period of
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time (ove month) in our study area. The hMPV strains segregated into two F

subgroups in agreement with previous studies although ome strain  clearly
preddmiuated accounting for 58.3% of all isolates (van den'Hoogen BG, de Jong JC,
Groen J, et al. Nat Med 2001;7:719-24; Peret TC, Boivin G, Li Y, et al. J Infect Dis
5 2002:185:1660-3; Boivin G, Abed Y, Pelletier G, et al. J Infect Dis 2002;186:1330-4),

Due to the small number of hMPV strains belonging to one of the F sub:gmup, we did
not attermnpt to comelate hMPV gemotype with clinical outcome. Such viral
heterogeneity may allow multiple reinfections throughout life especially in elderly
10  subjects and immunocompromised patients (Pelletier G, Dety P, Abed Y, Roivin G
Emerg Infect Dis 2002;8:976-8). '

In conclusion, our study supports the concept of the epidemic nature of hMPV
infection and establishes its role as a significant pathogen in severe ARTI of children.
15

Example 5: Determination of the hMPV Load in Clinical Samples Using
Quantitative Real-time PCR

20 Am evaluation of 2 quantitative real-time PCR hMPV assay usiﬁg a TagMan probe
was performed using naso-pharynpeal aspirate specimens collected from children snd |
adults in Québee City during the winter seasons of 2001-02 and 2002-03. Viral RNA
was first extracted from 200 pl of naso-pharyngeal aspirates using the QlAamp Viral
RNA Mini Kit (QIAGEN) and eluied in a volume of 40 pl. Serial concentrations

25 (5%10” to 1X10" copies) of a transcribed hMPV plasmid were used to construct the
standard curve of the assay. Complementary DNA was synthesized using 10 pl of
eluted RNA from clinical samples or hMPV plasmid dilutions, 50 ng (0.75 pM) of
random hexamer primers (Amersham Pharmacia Biotech), 0.5 mM of dNTPs, 1X
Omniseript buffer and 4 units of the Omniscript reverse transcriptase (QLAGEN) in 2

30  final volume of 20 pl. The reverse transcription (RT) mixture was incubated during
1.5 hr,at 37°C and inactivated at 70°C during 10 min. Complementary DNA was
amplified by real-time PCR with a TagMan probe for the KMPV I gene and the LC
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Master Hybridization Probe Mix (Roche Diagnostics) in a LightCycler instrumen

(Roche Diagnostics). Each reaction had a volume of 20 pl including 2 pl of RT

mixture, 4 mM MgCl2, 0.3 uM of specific HMPV L primers (sequence ID Nos. 112

and 114), 0.6 pM of a specific hMPV L probe (SEQ. ID. No. 127), and 2 pl of the LC

5  Master Hybridization Probe Mix (Roche Diagnostics). Cycling conditions included an

initial denaturation step of 30 s at 94°C, followed by 60 cycles of 5 5 at 94°C, 5 s at

56°C, and 25 s at 72°C. A fluorescence lecture was taken after each elongation step

(Fig. 9A). A standard curve for the PCR reaction was constructed by plotting cycle

threshold values against log concentrations of each HMPV plasmid dilution. The

10 number of EMPYV copies present in clinical samples was calculated by interpolating
cycle threshold values into the essay’s standard curve (Fig. 9B).

1

Example 6: Dcterm.ination of hMPV genoiypes based on amplification and
sequencing of the viral F and G genes,
1B
Determination of BEMPV genotypes was achieved By PCR amplification of the F or G
genes followed by DNA sequencing of the viral amplified products. Different sets of
primers were used for PCR smplification and DNA sequencing of the F (SEQ. ID.
20  Nos. 97 and 98) and G (SEQ. ID. Nos. 104 and 107 or 108 and 109) genes. Alignment
of viral DNA. sequences was done with the CLUSTAL W, software version 1.7 for
Unix and phylogenetic trees were computed by maximum patsimony, distance and
maximum likelihood-based criteria analysis using PAUP version 4.0.48. Phylogenetic
trees for both the F (Fig. 10A) and G (Fig. 10B) genes from Canadian and non-
25 Caﬁadian viral isolates revealed the existence of two hMPV groups (genotypes A and
B) with two subgroups (subtypes 1 and 2) within each group.

Example 7: Comparison of viral culture and multiplex PCR assay t:or detection
of influenza A, virus,

30
A multiplex PCR assay (including PCR primers defined in SEQ. ID. Nos. 139, 140,
141, 142, 143, and 144) aimed at detecting influenza A and B viruses and the
1espiratory syncytial virus was nsed to assess the etiology of severe aquie respiraiory
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tract infections (ARTT) necessitating hospitalization in children aged 0-3 years during

the winter season 2001-02 at the CHUL, an university-based hospital, in Québec City
(Canada). Nasopharyngeal (NPA) samples from all 208 children with ARTI were
tested by multiplex PCR whereas a subset of 100 NPA specimens was inaculated on
§ Madin Darby Canine Kidney (MDCK) cells for influenza culture, Briefly, viral RNA
was prealably extracted from 200 pl of naso-pharyngeal aspirates using the QIAarap
Viral RNA Mini kit (QTAGEN, Mississauga, ON, Canada). ¢cDNA was then
synihesized using 10 pl of the RNA preparation, 0.75 yM of random hexamer primers
{Amersham Pharmacia Biotech, Baie d*Urfé, QC, Canada), 300 copies of an internal
10 control template, and the Omnisctipt Reverse Transcriptase Kit (QIAGEN,
Mississauga, ON, Canada) following the manufacturer’s instructions, T: he internal
control template consisted of & 538-bp ‘rranssn'béd region of an herpes simplex virus
type 2 DNA polymerase region flanked by infloenza B complementary primer
sequences cloned into the pDrive plasmid (QIAGEN). cDNA was amplified using a
15  real-time PCR procedwre with the LC Faststart DNA Master SYBR Green 1 Kit
(Roche Diagnostics, Laval, QC, Canada) in a LighiCycler instrument (Roche
Diagnosiics). Bach reaction had a total volume of 20 ul including 2 pl of
complementary DNA and 18 ul of 2 reaction mixtute containing 4 mM MgClz, 2 Wl of
LC Faststart DNA SY’ER Green Master 1 Mix, 3% DMSQ, 0.3 1M of influenza A
20 ﬁnd influenza B primers, and 0.8 uM of human respiratory symcytial virus primers
(Table 10). Cycling copditions included an initial denaturation step of 10 min. at
94°C, followed by 50 cycles of 15 s at 94°C, 5 s at 58°C, and 25 5 at 72°C. Detection
of viral amplicons was characterized using the melting curve anglysis featute of a
real-time PCR instrument Briefly, following the last amplification cycle on a
25  LightCycler, the reaction temperature was rapidly increased to 94°C and was then
decreased to 60°C for 30 seconds followed by a slow increase to 94°C at a rate of
0.1°C pet sccond, with continnous fluorescence lecture. Using this procedure, the
amplified products of influenza A, influenza B, hRSV, and the internal control could
be differentiated by virtue of their specific Tm values ie. 85, 83, 79, and 91°C,

30 respectively (Table 13 and Fig. 11).
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Influenza A virus was detected by multiplex PCR (specific Tm value of 85°C) in

45/208 (21.6%) of the samples tested whereas the culturc was positive for this virus in
14/100 (14%) tested NPA samples from children. For the subset of 100 NPA
specimens tested by both methods, 88 (88%) had concordant results (11 positive, 77

5 negative) whereas discordant results were obtained for 12 (12%) samples (3
gulturs™/PCR™, 9 culture /PCR’). Assuming that all positive results (by ¢ither culture
or PCR) were true positive, the sensitivity values of the culture and the multiplex PCR
for influenza A virus were 60.9% and 87:0%, tespectively. There was no positive
result for influenza B virus by any detection method as part of this study.

10

Example 8: Comparison of antigen detcction and multiplex PCR assay for
detection of the human respiratory syncytial virus.

Same as example 1, except that the multiplex PCR assay was used to detect hREV
15  from NPA samples obtained from 211 children with ARTI and compared with an
* antigen detection test for hRSV (TestPack, Abbott Laboratories, Abbott Park, o).

RSV was detected by the multiplex PCR (specific Tm value of 79°C) in 109/211
(51.7%) of the tested samples whereas the hRSV anﬁ'gen detection lest was positive in

20 93/211 (44.1%) tested NPA samples from children, Concordant results were found in
183 (86.7%) samples (87 positive, 96 megative) whereas discordant results were
obtained for 28 (13.3%) samples (6 antigen'/PCR™, 22 antigen/PCR™). A second RT-
PCR assay for detection of another hRSV gene (glycoprotein G) was used to resolve
the discrepancies (Peret et al., 1998, J Gen Virol.79:2221-2226). After the resolution

25 of the discrepant results, the sensitivity values of the antigen detection test and tiw
multiplex PCR for hRSV were 80.5% and 96.5%, respectively.
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Example 9: Evaluation of multiplex real time PCR assay for Influenza and

human respiratory syneytial viruses.

We developed a real-time multiplex PCR assay for influenza viruses and HRSV using
§ the melting curve analysis feature of the LightCycler instrument to rapidly distinguish
' |
viral products. ‘ '

Materials and tethods
Study population and antigenic test, Nasopharyngeal aspirates (NPA) were

10 prospectively collected from children aged 0-3 years hospitalized for ARTI during the
winter season 2001-02 at a single, university-based hospital, in'Québee City (Canada)
(Boivin, G., et al. 2003. Emerg. Infect. Dis. 9:634-640). The study was approved by
the instltutional review board of the Centre Hospitalier Universitaire de Québec. All
samples were tested by the multiplex real-time PCR assay whereas antigen detection

15  tests were performed on a subset of samples upon tequest by the treating physician.
An"aliquot (750 pl) of fresh NPA was first tested for the presence of HRSV and
influenza A/B antigens using respectively the RSV TestPack (Abbott Laboratoties,
Abbott Park, IL) and the Directigen Flu A+B test (Becton Dickinson, Sparks, MD),
The rest of the specimen was frozen at ~80°C for a maximum of 3 months before

20 mnucleio acid extraction and PCR, testing,.

RNA extraction and ¢DNA synthesis. Viral RNA was extracted from 200 ul of NPA,
samples using the QlAamp Viral RNA Mini kit (QIAGEN, Missisauga, ON, Canada).
Complementary DNA was then synthesized using 10 pl of the RNA preparation, 0.75
25  uM of random hexamer primers (Amersham Pharmacia Biotech, Bale d'Urk, QC,
Canada), and the Omniscript Reverse Transcriptase kit (QTAGEN) in presence of 300
copies of an intemal control. The interna] control template consisted of a 558-bp
transcribed tegion of the herpes simplex virus type 2 DNA polymerase gene flanked
by influenza B complementary primer sequences (see below) cloned into the pDrive
30  plasmid (QTAGEN).
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Real-time maltiplex and conventional PCR assays. The multiplex PCR respiratory

assay was desigried to amplify conserved regions of the influenza A (Fouchier, R.
At al. . 2000.. J. Clin. Microbiol, 38:4096-4101) and B (Li, J., S. Chen, and D, H.
Bvans. 2001.. . Clin. Microbiol. 39:696-704) matrix genes as well as the fusion gene
5  of HRSY (Mazzulli, T., et al, 1999, J. Infect. Dis. 180:1686-1689). Complementary
" DNA was amplified using a real-time PCR procedure with the LC Faststart DNA
Master SYBR Green 1 kit (Roche Diagnostics, Laval, QC, Canada) in a LightCyeler
instrument (Roche Diaghostics). Each reaction had a total volume of 20 pl including 2
~pl of cDNA and 18 pl of a reaction mixture containing 2.4 mM MgCly, 2 ul of
10  Faststart DNA SYBR Green 1 Master Mix, 3% DMSO, 0.3 mM of inflnenza A and B
primers (SEQ. ID Nos. 139~140_ and 141-142), and 0.8 mM of HRSV primers (SEQ.
ID Nos. 143-144). Cyoling conditions included an initial denaturation step of 10 min
at 94°C, followed by 50 cycles of 15 5 at 94°C, 5 s at 58°C, and 25 s at 72°C. At the
end of each cycle, the fluorescent signal was measured at a wavelength of 530 nM
15 using the LightCycler Fluorimeter. The melting curve analysis progtam of the
LightCycler was used to identify specific PCR products. Briefly, following the last
amplification cycle, the reaction temperature was rapidly increased to 94°C and was
then decreased to 60°C for 30 g followed by a slow increase to 94°C at a rate of 0.1°C
per §, with continuous fluorescence monitoring. For resolution of discrepant results
20  between the multiplex PCR assay and antigenic tests, conventional RT-PCR assays
for detection of the glycoprotein G gene of HRSV (Peret, T. C., et al, 1998, I. Gen.
Virol. 79:2221-2229) and the M2 gene of influenza A viruses (Klimov, A. L, et al. .

1995, I. Infect. Dis. 172:1352-1355) were performed retrospectively.

25  Results
Assay’'s characteristics. The sensitivily of each individual real-time PCR assay and
of the multiplex PCR respiratory assay was dstermined for each target by testing'
serial dilutions of transcribed plasmids containing specific viral sequences. The lower
lirnit of detection for {nfluenza A, influenza B, and HRSV was found to be 10, 50 and
30 50 coples, respectively, in individual PCR assays whereas it was 50 copies for each
target (10 out of 10 times for influenza A and 9 out of 10 times for influenza B and
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HRSV) in the multiplex PCR test. No amplification signal was detected in the real-

time multiplex assay when testing viral DNA or RNA from adenovimses,
. thinovirnges, enteroviruses {echo 11), paminfluenza viruses 1-3, human
melapneumovirus, and herpesvimuses (herpes simplex virus type 1 and 2,
§ oytomegalovirus, and varicella-zoster virus). Specific melting temperature (T
values were first determined by testing a set of clinical isolates and vaccine strains (11
influenza A/H1, 10 influenza A/H3, 10 influenza B, and 17 HRSV) from different
years (Table 14). A representative set of resulis is shown in Fig.11. The mean Tm
values were 85.27+0.22 , 83.4720.46, and 79.51+0.30 °C for influenza A, influenza
10 B, and HRSV comresponding to fragments of 245, 524, and 380 bp, respectively, after
gel electrophoresis (Table 14). We found no influence of influenza A subtype (H1 and
H3) and HRSV genotype (A and B) on the Tm values (Table 14). The addition of 300
copies of the internal control in the assay’s master mix resulted in a specific
amplification peak with & Tm value of 91°C (558 bp) in the absence of amplified viral

15 products. :

Evaluation of the multiplex PCR respiratory assay in a pediairic population. The
multiplex PCR assay was evaluated using extracted RNA from 208 NPA samples
collected during a prospective pediatrc study aimed at assessing the role of the

20 human metapneumovirus in hospitalized children (0-3 years) with ARTI (Boivin, G.,
et al. 2003. Bmerg. Infect. Dis, 9:634-640). The number of positive samples by
multiplex PCR for influenza A, influenza B, and HRSV was found to be 45 (21.6%),

0 (0%), and 106 (51.0%), tespectively. Overall, the rate of positivity for any of the 3
viruses was 66.8% (139/208) including 5.8% (12/208) of co-infections with influenza

25 A and HRSV, None of the samples was considered to contain PCR-inhibitory samples
as verified by the amplification of the intemnal control in all PCR-negative samples.

The ranges of Tm values for influenza A- and HRSV-positive samples were 85.10 &

0.39 and 79.60 *+ 0.42°C, respectively. All amplified products with one of the latter

Tm values were confirmed as specific viral targets by visualizing the appropriate band

30  on agarosc gel. As none of the samples contained influenza B virus sequences (which
corrclates with the véry occasional isolation of influenza B viruses in the Québec City
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area during the 2001-2002 season), a clinical evaluation of the multiplex PCR assay

was conducted for influenza A and HRSV only.

Evaluation of the multiplex PCR respiratory assay for detecting influenza A
5  virns, From the 208 NPA evaluated by multiplex PCR, a subset of 172 samples were
_also tested for the presence of influenza antigens using the Directigen Flu A+B test
(Table 15), Concordani results were obtained for 145 (84.3%) samples jncluding 17
positive and 128 negative results by the two tesis. A total of 27 (15.7%) samples
showed discordant results with 25 b;eing positive by the multiplex PCR as;say only and
10  two positive by the antigenic test only. Tn order to resolve the discrepant results, &
gecond RT-PCR test targeting a conserved gene (M2) of influenza A viruses was
performed as reported (Klimov, A. L, et al. . 1995. 1. Infect. Dis. 172:1352-1355). As
shown in Table 15, influenza A virus M2 sequences were detected by the
conventional RT-PCR assay in 22 (81.5%) of the 27 discordant samples. Using the
15 M2 RT-PCR assay as the reference test, the sensitivity, specificity, positive predictive -
and negative predictive values of the multiplex real-time PCR assay and the antigenic
test for influenza A virus wete 100%, 97.7%, 92.8%, 100% and 43.6%, 98.5%,
89.5%, 85.6%, respectively. The multiplex PCR respiratory assay was positive for
HRSV in 12 (44.4%) of the 27 discordant influenza A samples with 10 of these
20  samples showing dual HRSV/influenza A infections by the multiplex PCR assay
(Table 16). The mean cycle threshold (Cr) values, which are inversely comrelated with
the amourds of viral RNA, were 28.1 and 33.0 for PCR-positive/antigen-positive and
PCR-posiﬁvé/anﬁgen-negaﬁve samples, tespectively (Table 16). These wvalues
correspond to approximately 5000 and 50 copies, vespectively, when a specific
25  influenza A plasmid was tested in the multiplex PCR assay.

Evaluation of the multiplex FCR respiratory assay for detecting ;HRSV A total of
204 NPA samples could be evaluated by both the multiplex real-time PCR assay and
the presence of MRSV antigens Lising the RSV TestPack (Table 17). Concorci;lant
30  rosults were found in 172 (84.3%) semples including 83 positive and 89 megative
results by the two tests. Thitty-two (15.7%) samples had discordant results with 21
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being positive by the multiplex PCR, assay only and 11 by the antigenic test only.

Conventional RT-PCR tests for the HRSV glycoprotein G (A and B subtypes) were
performed as previously desoribed (Peret, T. C., et al. 1998. J. Gen, Virol, 79:2221-
2229) to resolve discrepant results. Specific sequences were detected by RT-PCR
5  assays for .the HRS8V glycoprotein G gene in 26 (81.2%) of the 32 discordant samples

including 11 A and 15 B straing (Table 18). Using the latter test as “gold standard®,
the sensitivity, specificity, positive predictive and negative predictive values of the
multiplex real-time PCR. assay and the antigenic test for HRSV were 94.5%, 98.9%,
99.0%, 94.0% and 81.6%, 94.7%, 94.7%, 81.8%, respectively, Four (66.7%) of the

10  six false-negative HRSV results by multiplex PCR were positive for influenza A
(Table 18). The mean Cr values of the PCR-positive/antigen-positive and PCR-
positive/antigen-negative samples were 28.6 and 32.7, respectively (Table 18). These
values correspond to approximately 1000 and 100 copies, respectively, when a
specific HRSV plasmid was tested in the multiplex PCR assay.

15
Discussion
In this report, we desoribe a new multiplex real-time PCR assay for the most
cornmonly detected respiratory viral pathogens, namely influenza viruges (A and B)
and HRBV. The key features of this nove] agsay include ils rapidity (turnaround time

20  of approximately 2h30 including 30 min for sample preparation, 60 min for RT and
60 min for real-ime PCR including viral identification), and its sensitivity (30 copies
per assay for each viral target), Our results clearly demonstrate that our muliiplex
real-time PCR assay is more sensitive than commercially-available antigenic
detection tests for both influgpza A ind HRSV with the greatest difference in

25  sensitivity noted for influenza viruses.

Multiplex RT-PCR assays targeting up to nine different respiratory pathogens have
been previously reported (Fan, J,, K J. Henrickson, and L. L. Savatski. 1998.. Clin.
Infeet. Dis. 26:1397-1402, Grondahl, B., et al. 1999, J, Clin. Microbiol, 37:1-7, Kehl,
30 8.C, etal 2001, 39:1696-1701, Qsiowy, C. 1998, J. Clin. Microbiol. 36:3149—3[154,
Stockton, I, et al. . 1998, M J. Clin. Mierobiol. 36:2000-2095, Valassina, M., A, M.
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Cippone, M. G. Cusi, and P, E. Valensin.s‘?QQG. Clin. Diag. Virol. 8:227-232). More
recently, a TaqMan-based real-time PCR assay for simultaneous detection of
influenza A and B viruses has also been described (van Elden, L. J., et al. 2001, J.
Clin. Microbiol. 39:196-200). Compared to conventional multiplex PCR assays, our
5 realtime PCR test is much more rapid because it avoids additional nested
amplification and/or hybridization steps required for identification of viral products.
Furthermore, the real-time amplification procedure minimizes the chances of
contamination because there is no post-PCR processing of the samples. Althongh our
multiplex Teal-time PCR assay based on melting curve analysis of amplicons does not
10  permit absolute quantification of the viral targets as in the TagMan PCR procedure
(van BElden, L. J., et al. 2001. J. Clin. Microbiol. 39:196-200), it allows for a larger
nmumber of vital targets to be simullaneously detected since there is no limitation
related to the capability of the system to detect mulliple dyes linked to detection
probes with distinct emission wavelengths. Eventually, more than three viral targets
15  could be simultaneously detected in the LightCycler assay assuming the absence of
interaction between PCR primers and a reproducible and discriminative Tm value for

gach viral amplicon. ’

Evaluation of our multiplex real-time PCR assay in a pediattic population with severe
20  ARTI oleatly illusirated its clinical potenﬁal.‘r.ndeed, our assay identified a viral
pathogen (influenza or HRSV) in two-thirds of the hospitalized children. These
numbers are similar to the ones previously reported by our group in the same
population using individual real-time assays for these viral pathogens (Boivin, G., et
al. 2003. Emerg, Infect. Dis. 9:634-640). Notably, we were able to show that 6% of
25  hospitalized children had dual viral infections, a finding that has been reported albeit
at a lower frequency by other investigators (Grondahl, B., et al. 1999. 1. Clin.
Microbiol. 37:1-7, Kehl, 5, C.; et al. 2001. 39:1696-1701, Qsiowy, C, 1998, J. Clin.
Microbiol. 36:3149-3154), Rapid identification of theses viral pathegens (influenza
and HRSV) is of paramount importance for isolation purposes in the hospital setting
30  and early institution of specific antivial therapy (Whitley, R. Y., ot al. 2001.. Pediatr.
Infect. Dis. I 26:127—133). We are currently designing additional multiplex assays



WO 2004/057021 PCT/CA2003/001994

53
based on the same technology to cover the whole spectrum of respiratory pathogens

including parainfluenza vimses (PIV), adenoviruses, enteroviruses, and coronavituses

(Treanor, J. 2002. Respiratory Infections, p. 7-26, In Richard. J. Whitley, Douglas D.

Richman and Frederick G. Hayden (eds.). Climical Virology. 2™ ed. ASM Press.

5  Washington, D.C.). To this list, we should also add the recently deseribed human

metapneumovirs which has been reported by our group and others in ilp to 10% of

ARTI in hospitalized children (Boivin, G., et al, 2003. Emerg. Infect. Dis. 9:634-640,

Jartii, T., B. van den Hoogen, R. P. Garofalo, A. D. Ogsterhaus, and Q. Ruuskanen.

2002.. Lancet, 360:1393-1394, Nisser, M. D, et a1 2002, Med. J. Aust. 176:188, van

10  den Hoogen, B. G., J. C, de Jong, J. Groen, T. Kuiken, R. de Groot, R. A. Fouchier,
and A. T, Osterhaus. 2001., Nat. Med. 7:719-724):

A specific evaluation of the real-tite multiplex PCR: assay for influenza A revealed
that it was twice. as sensitive ag the rapid antigen detection test in nuse at our institution
15  duting the winter season of 2001-2002. None of the two PCR-nepative, antigen-
positive saruples were confirmed by a second PCR targeting another conserved gene
(M2) of influenza A whereas most (22/25, 88,0%) multiplex PCR-positive, antigen-
negative were. In general, the false-negaﬁvé antigenic test results could be explained
by low amounts of viral RNA in those NPA samples as demonsteated by high Cr
20  values in the corresponding real-time PCR assays. Three muliiplex PCR fest results
were not confirmed by the influenza A M2 PCR. test and were thus considered falge-
positive results. However, as we have not formally evaluated the sensitivity of the M2
PCR test apd since vua] cultures were not routinely done, we cannot mle out the
possibility that such discrepant resulls were indeed true positive. We and other
25  investigators have shown the superiority of RT-PCR tests over conventional methods
(antipenic tests and viral culture) for detecting influenza vimses in clinical samples
including those sent to the labotatory by mail (Boivin, G., I Hatdy, and A. Kress.
2001. I. Clin, Microbiol. 39:730-732, Ellis, J. S.; D. M. Fleming, and M. C, Zambon.
1997, 1996. J. Clin. Microbiol. 35:2076-2082, Kehl, 8. C., &t al. 2001, 39:1696-1701,
30  Steininger, C,, et al. 2002, J. Clin. Microbiol. 40:2051-2056, van Elden, L. 1., et al,
2001. J. Clin. Microbiol, 39:196-200). Tt is now commen procedure at our institution
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to confirmn any negative antigenic tests results for influenza A and B by either viral

culinre or RT-PCR considering the high specificity but relatively poor sensitivity of
the former assays.

5  For HRSV, the multiplex real-time PCR assay was also found to be more sensitive
(by approximately 15%) than the tapid antigenic test when a second RT-PCR assay
for the HRBV ¢G gene was used 1o resolve the discrepancies, Most of the falge-
negative antigenic test results could e explained by low amounts of viral RNA in the
NPA samples as shown by mean Cx values of 32.7 for discordant results compared to

10  28.6 for concordant positive results, The specificity of the multiplex assay was
excellent with only one positive result not confirmed by the second PCR test. In
contrast, the multiplex PCR. assay missed six cases of HRSV which tested positive in
both the antigenic test and the second PCR assay for HRSV gG. Notably, four of
those six samples tested positive for influenza A in the shultiplex PCR. assay, Thus,

15  althoungh our multiplex PCR test has the capability of detecting dual infections (as
seen in 6% of our cases), it is possible that high amounts of one virus could inhibit
amplification of other pathogens. It is noteworthy that the multiplex PCR assay had
the ability to amplify both HRSV genotypes as shown by the detection of 15 B and 11
A genotypes using specific PCR assays aimed at detecting variable regions of the

20 HRSV gG gene (Mazzulli, T., et al, 1999. J. Infect, Dis. 180:1686-1689). Although
the rapid antigenic test had a relatively good performance (sensitivity: 82%,
specificity 95%) for detection of HRSV in young children, the real advantage of PCR
probably resides in the adult population where viral titers are lower and where
antigenic tests are not recommended with upper respiratory tract samples (Englund, J,

25 A, otal1996.. 34:1649-1653). '

There are some limitations to our study which are worth mentioning, First, the
absence of circulation of influenza B viruges during the study period prevents
adequate validation of our multiplex assay for this pathogen and in particular fm.; its
30 ability to detect mbcedy(inﬂuenza B and HRSY) infections. Second, the performance
of our multiplex PCR assay cannot be generalized to other types of samples (throat
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swabs, sputum) and to other populations (outpatients, adults) at the present time. Also,

the absence of serological testing in our study may have underestimated the tate of
viral infections especially for those children who presented late after the onset of
symptoms. Finally, although it was relatively easy to discriminate between the

5  different viral pathogens based on their specific Tm values only (Table 14), we
sometimes had to confinn viral amplicons by gel electrophoresis, which increases the
assay’s turnaround time.

In conclusion, we described a rapid and sensitive multiplex teal-time PCR. assay for

10  detecting influenza viruses and HRSV in children’s NPA samples. This new assay is
as specific and much more sensitive than currently-available antigen detection tests
and could complement the latter in the hospital seiting when there is high clinical
suspicion despite negative results. Future work is needed 1o expand the panel of viral
pathogens detected by such rapid molecular methods in order to eventually

15  circumvent the need for viral cultures, Also, future evalation of the mmltiplex PCR
assay is warranted iu the adult population with severe ARTL
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" Example 10 : Deseription and Evaluation of the Mulﬂplex Respiratory-1 PCR,

5 Same as example 9, except that HMPV primers (as defined in SEQ. ID. Nos. 95 and
96 or 112 and 114) were added to the multiplex PCR assay (already containing
primers of SEQ. ID. Nos. 139+140 for influenza A, 141+142 for influenza B, and
143+144 for hRSV) at a concentration of 0.3 M. The cyeling conditions included an
amplification step of 50 cycles of 15 s at 94°C, 5 s at 58°C, and 28 s at 72°C. The Tm

10  values determined with the LightCycler instrument were 91°C, 85"C; 83°C, 79°C, and
§2°C/77°C for the interal conirol, influenza A, influenza B, hR8V, and BMPV N/L
genes, respectively (Fig. 7A for hMPV N primers of SEQ. ID, Nos. 95 and 96 and
Fig. 7B for hMPY L primers of SEQ. ID Nos. 112 and 114). The lower limit of
detection of the multiplex respiratory-1 PCR was 10, 50, 100, and 100 copies for

15 influenza A, influenza B, hRSV, and hMPV, tespectively, in the presence of 500
copies of an internal control (plasmid flanked by influenza B complementary primer
sequences). The multiplex respiratory-1 assay was found to be specific with no
amplification of adenoviruses, enteraviruses, thinoviruses, parainfluenza vimses 1-3,
coronaviruses, herpes simplex virus type 1 and 2, vavicella-zoster virus,

20  cytomegalovirus, HHV-6, HHYV-8, and Epsiein-Barr virus,

The multiplex respiratory-1 PCR was evaluated with NPA samples from 248 children
<3 years with acufe trespiratory tract infections and 108 adults 250 years with
.exacerbation of chronic obstructive pulmonary disesse or pnewmonia requiring
25 ‘hospitalization during the 2002-03 winter/spring peried in Québec City, Canada. In
children, the detection tate for influenza A, influenza B, hRS8V, and hMI'V wasg 9/248
(3.6%), 4/248 (1.6%), 123/248 (49.6%), and 13/248 (5.2%), respectively. Five (2.0%)
of the 248 children had a mixed viral infection, None of the NPA saniples was found
to comiain PCR-inhibitory substances as shown by successful amplification of the
30  intemal control in all negative samples. In adults, the detection rate for influenza A,
influenza B, hRSV, and hMPV was 3/108 (2.8%), 0/108 (0%), 13/108 (12.0%), and
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2/108 (1.8%), respectively. One patient had a mixed viral infection (influenza A and

EMPV). No samples contained PCR-inhibitory samples.
Example 11: Description and evaluation of the multiplex respiratory-2 PCR.
Same as example 9, except that the multiplex PCR assay is composed of the following

PCR. ptimers for detettion of parainfluenza-l (SEQ. ID: Nos. 147 and 148),
parainfluenza-3 (SEQ. ID. Nos. 151 and 152), human adenoviruses (SEQ. ID. Nos.

‘153 and 155), and rhinoviruses/enteroviruses (S8EQ. ID. Nos. 160 and 161). Primers

are added in the PCR reaction mixture at a concentration of 0.2 uM (SEQ. ID. Nos.
147 and 151), 0.3 M (SEQ. ID. Nos. 153 and 155), 0.4 1M (SEQ. 1D. Nos. 148 and
152), and 0.5 pM (SEQ. ID. Nos. 160 and 161). The cycling conditions included an
amplification step of 50 cycles of 15 s at 94°C, 5 5 at 58°C, and 26 s at 72°C. The Tm
values determined with the LightCycler instrument were 91.0°C, 80.0°C, 77.5°C,
89,0°C, 82.0°C, and 85.0°C for the internal control, parainfluenza-1, par'ainﬂuenza-?l,
adenoviruses, thinoviruses, and enteroviruses, respectively (Fig, 8). The lower limit of
detection of the multiplex respiratory-2 FCR was 50, 100, 10, 50, and 200 copies for
parainfluenza-1, parainfluenza-3, adenoviruses, thinoviruses, and enteroviruses,
respactively, in the presence of 500 copies of an internal conirol (plasmid flanked by
thinovirus/enterovirus complernentary primer sequences). The multiplex respiratory-2
assay was found to be specific with no amplification of influenza A, influenza B,
RSV, hMPV, coronzavirus, herpes simplex virus type 1 and 2, varicella-zoster virus,
cytomegalovirus, HIV-6, HHV-8, and Epstein-Barr virus. '

|

Example 12 : Description of real-time PCR assays for the SARS-coronavirus,

Same as example 9, except that the PCR assay is composed uniquely of ptimers (two
different possible sets) for the SARS-coronavirus as defined in SEQ. 1. Nos. 156
157 and 158-159, The concentration of the primers in the PCR reagtion mixture is 0.5
{M. The amplification step included 50 cycles of 15 s at 94°C, 5 s at 58°C, and 20 s
al 72°C. The Tm for both PCR products is 83°C (Fig, 12),

PCT/CA2003/001994
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Table 1t List of BEMPV sequences revealed in the presetit invention
SEQ 1D NO. Isolate No. Tarcet gene
2 hMPV-118 Nucleoprotein
3 hMPV-174 Nucleoprotein
4 EMPV-176 Nucleoprotein
5 hMPV-193 Nucleoprotein
6 C-77807 - Nucleoprotein
7 C-77748 Nucleoprotein
8 hMPV-217 Nucleoprotein
10 hMPV-163 Nucleoprotsin
11 hMPV-174 Nucleoprotein
12 . hMPV-184 Nucleoprotein
13 hMPV-185 Nuc¢leoprotein
14 C-76837 Nucleoprotein
15 C-77807 Nucleoprotein
16 C-78123 Nucleoprotein
17 C-78132 Nucleoprotein
18 C-78163 Nucleoprotein
19 . C-91205 Nucleoprotein
20 . C-91364 Nucleoprotein
21 . C-91830 ‘ Nucleoprotein
22 © BEMPV-Q86 Nucleoprotein
23 . hMPV-QI7- Nueleoprotein
24 Can 97-83 Nucleoprotein
25 .Can 98-75 Nucleoprotein
26 " Can 98-75 Fusion type IT
27 : C-67345 Fusion type I
28 Can 97-83 Fusion type I
29 C-68661 Fusion type 1
30 C-73750 Fusion type I
31 C-74549 Fusion type 1
32 C-74783 Fusion type I
33 C-76837 Fusion type I
34 C-77748 Fusion type I
35 C-77807 Fusion type I
36 C-78132 Fusion type I
37 C-78163 - Fusion type 1
38 - C~78406 Fusion type I
39 hMPV-174 Fusion type II
40 hMPV-193 Fusion type I
41 bMPV-194 Fusion type I
42 ' hMPV-198 Fusion type I
43 hMPV-217 Fusion type II
44 EMPV-208 " Pusion type I
43 hMPV-223 Tusion type I

46 hMPV-228 Fusion type I
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47 C-85885 Fusion type I
48 C-60298 Fusion type I
49 C-63778 Fusion type I
50 C-64199 Fusion type Il
51 C-64200 Fusion type I
52 C-64536 Fusion type 1I
53 C-73769 Fusion type IT
54 C-74501 Fusion type IT
55 C-78429 Fusion type I
56 C-78562 Fusion type II
57 hMPV-118 Fusion type I1
58 hMPV-200 Fusiontype I
59 hMPV-176 Fusion type I
60 hMPV-193 Glycoprotein .
‘61 EMPY-228 Glycoprotein
62 C-77748 Glycoprotein
63 C-78132 Glycoprotein
64 C-78406 Glycoprotein
63 C-73750 Glycoprotein
66 C-60298 - Glycoprotein
67 C-74783 " Glycoprotein
68 C-74549 Glycoprotein
69 C-77807 Glycoprotein
70 C-78163 Glycoprotein
71 C-68661 Glycoprotein
72 C-88448 Glycoprotein
73 C-88470 Glycoprotein
74 C-86316 Glycoprotein
76 hMPV-118 Polymerase
77 bMPYV-163 Polymerase
78 hMFPV-174 Polymerase
79 hMPV-184 Polymerase
80 hMPV-196 Polymerase
21 C-76837 Polymerase
82 C-77807 Polymerase
83 hMPV-185 Polymerase
84 C-78123 Polymerase
83 C-91205 Polymerase
86 C-91364 Polymerase
87 . C-91749 Polymetase
88 hMPV-Q86 Polymerase
29 hMPV-Q97 Polymerasa
90 Can 97-83 Polymerase
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Table 2: List of hMPV PCR primers developed in the present invention
, Originating DNA
SEQ IR NO. Target gene Pogition™ SEQ ID NO.

o1 Nucleoprotein (N) 23 1
92 Nucleoprotein (V) 97 1
93 Nucleoprotein (N) 146" 1
94 Nucleoprotein (N) 1025° 1
95 Nucleoprotein (N) 58 9
96 Nucleoprotein (N) 986" 5
97 Fusion (F) 3052 1
08 Fusion (F) 3g1o" 1
99 Fusion (F) 4671° 1
100 Mairix (M) 2165 1
101 Matrix (M) 2943b 1
102 Phosphoprotein (P) 1248 1
103 Phosphoprotein (P) 2124 1
104 Glycoprotein (G) 6231 1
105 Glycaprotein (G) | 6247 1

- 106 Glycoprotein (G) 6957° 1
107 Glycoprotein (G) 6981" 1
108 Glycoprotein (G) 6235 1
109 Glycoprotein (G) - 7227 1
110 RIA polymerase (L) 142 75
111 RNA polymerase (L) 691° 75
112 RNA polymerase (L) 7308 1
113 RNA polymerase (L) 7857° 1
114 RNA polymerase (L) 7616 1

® Position refets to nucleotide position of 5? end of primer. Oligonucleotides are 17-20 bp in length
® Primer is reverse-complement of target sequence,
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Table 3: List of AMPV probes developed in the present invention

SEQ ID NO. Target gene QOriginating DINA
Yositjon® SEQ ID NO.

115 Nucleoprotein (N} 786 1

116 Nucleoprotein ON) 808 1
117 Fusion (F) 3163 1
118 Fusion (F) 3187 1
119 Matrix (M) 2636 1
120 Matrix (M) 2659 1
121 Phosphoprotein () 1492 1
122 Phosphoprotein (F) 1518 1
123 Glycoprotein (G) . 6509 1
124 Glycoprotein (G) 6530 1
125 RNA polymerase (L) 7600 1
126 RNA polymerase (L) 7627 1
127 RNA polymerase (L) 7331 1
128 Nucleoprotein (N) 824 9
129 RNA polymerase (L) 434 75

® Position refers 10 nucleotide position of 5°end of probe, Oligonucleotides are 21-23 bp in length.
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Table 4: Length of amplicons obtained with different h\WMPV primer pairs which are ohbjects of the
" present invention
SEQ 1D NO. Target Length of
Gene -amplicon
01+94 Nucleoprotein (N) 1001 bp
92+94 Nucleoprotein (N) 929 bp
91 +93 Nucleoprotein (IN) 122 bp
97 +99 Fusion (F) 1620 bp
97 + 98 Pusion (F) 759 bp
100+ 101 Matrix (M) ~ 779 bp
1024103 Phosphoprotein (F) 877 bp
104 + 107 Glycoprotein (G) 751 bp
105+ 106 Glycoprotein (G) - 711 bp
108 + 109 Glycoprotein (G) 993 bp
112+ 113 RNA. polymerase (L) 550 bp

112+114 RNA polymerase (L) 308 bp
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Type N M F r L
Strains of  Year Primers primexs primers primers primers
No. sample SEQ. ID. SEQ.ID.Nos. SEQ.ID.Nos. SEQ.ID.Nos. SEQ.ID. Nos.
Nos. 92+94 1004101 97498 102+103 112 4113
TorS +- Tm +-  Tm(C) +- Tm(C) +- T +/- Tm
O ‘ (S I CO)
C-74501 1 2000 + B2.92 - + 83.65 - +, 78.14
C-74783 1 2000 + 8276 + 83.49 - + 81.51 + 78.20
C-76837 1 2000 + 8294 + 83.43 + 83.17 + 80.86 -
C-77719 1 2001 + B83.26 -+ 84.64 - ~ + 77.87
C-77738 | 2001 + 8299 - - - + 77.51
C-77748 1 2001 + 8306 + 82.96 + 83.10 + 8127 =+ 77.38
C-77807 1 2001 + 8299 + 83.26 + 83.25 + 80.65 <+ 78.34
C-78024 1 2001 + 8286 + 83.95 - - -
C-78028 1 2001 + 8298 + 83.13 - - + 78.32
C-78123 1 2001 + 82.83 - - - + 78.48
C-35984 1 2002 + 8259 83.21 + 83.51 + 7999 + 77.97
C-85448 1 2002 + 83.66 + 82.72 - + 8031 + 78.88
C-85983 1 2002 + 8259 + 83.03 + 83.88 + 8046 + 78.01
C-85988 T 2002 + 8217 - + 84.39 - + 78.06
C-86316 1 2002 + 8264 + 82.75 + 83.18 + g0.18  + 78.02
C-85126 1 2002 + 8189 4+ 82.05 + 82.39 + 80.00 -+ 78.04
C-85473 1 2002 + 8239 + 82.57 + 8291 + §0.74  + 77.82
C-85332 1 2002 + 8198 - - - L 77.72
C-85596 1 2002 + 8224 + 82,73 * 8317, + §0.35 + 77.58
C-85542 1 2002 + 8222 4+ 82,72 - + 80,08 + 77.67
HMPV- § 2002 + B247 - - - ND ND
118 .
HMPV- 8§ 2002 + 8218 + 82.06 + 83.16 + 80.17  + 78.20
174 :
HMPV- § 2002 + 8141 - o+ 83.97 - + 77.81
176
HMPV- 8 2002 + 8222 + 81.69 + 83.00  + 80.58 + 77.94
193
HMFPV- 8 2002 4+ B2.24 + 81.32 + §2.98 - + 77.84
194
HMPV- § 2002 + 8§2.66 - - - .
198 .
HMPV- S 2002 + 8253 - + 83.46 - + 77.62
200
HMPV- § 2002 + 8211  + §1.81 + 83.33 + 80.06 + 78.40
208
. HMPV- 8 2002 + 8213 + 81.58 + 83.01 - + 77.76
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HMPV- 3 2002 + 81.89 + 8236 - 83.04 - + 78.10
223 :
Mean 82.63+ 0.87 8275+ 0.80 83,20+ 045 8048 & 0.46 77.99 £ 0.33

Note: 1 = viral isolates; 8 = clinical specimens; Tm = melting tempetature as idetcnnined by a LightCycler
instrument. )
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Table 6; Size of the viral fusion (F) gene fragments vbtained for different hMPV

isolates following enzymatic digestion with restriction endonucleases

SEQID NO. Fragments obtained after digestion F genotype®
with the restrdction endonucleass
Apal. 1 Avr Il

35 532 bp + 227 759 bp I
bp

58 532 bp + 227 759 bp I
bp .

39 759 bp 447 bp +312 1]

bp

40 532 bp + 227 759 bp 1
bp ’

41 - 532 bp +227 -759 bp 1
bp

43 759 bp 447 bp + 312 i

bp

44 532 bp +227 759 bp I
bp

59 532 bp +227 759 bp 1
bp

45 532 bp -+ 227 759 bp I
bp

5  “Asdetermined by DINA sequencing and phylogeheﬁc studies.
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Table 10:List of PCR primers nsed for amplification of respiratory viruses

Primer ' Originating DNA
SEQ m NO. Virus Target Gene Position®  SEQID NO,

139 Influenza A - Mattix 32/7 130-131
140 Influenza A Matrix 276°1251°  130-131
141 Influenza B Matrix 82 132
142 Influenza B Matrix 605" 132
143 RSV Fusion 1111 133
144 RSV’ Fusion 1490 133
95 hMPV Nuelcocapsid 58 9
96 hMPY Nucleacapsid 986" 9
110 hMPY Polymerase 142 75
111 hMPYV Polymerase . 691° 75
145 PIV-1 Nucleocapsid 64 134
146 PIV-] Nucleocapsid 147° 134
149 PIV.3  Nugcleocapsid 416 135
150 PIV-3 Nucleocapsid 649° 135
154 Adenovirus Hexan 154 136
155 Adenavirus Hexon 368° 136
160 Entero/Rhinovirus 5*-non coding region 94771 137/138
161 Entero/Rhinovirns  5'-non coding region / VP2 746°7603° . 137/138
141 IC® multiplex 1 DNA polymerase HSV-2 1 170
142 IC* multiplex 1 ~ DNA polymerase HSV-2 558° 170
160 IC® multiplex 2 DNA polymerass HSV-2 1 171
161 IC° multiplex2  DNA polymerase HEV-2 554" 171
112 hMPV Polymerase 7308 1
114 Py Polymerase . 7616 1
147 PIV-1 Nicleocapsid ' 822" 134
148 PIV.1- Nucleocapsid 1029 134
151 PIV-3 \ Nucleocapsid - 792 135
152 PIV-3 Nucleocapsid 902 135
153 Adenovirus Hexon 7 136
136 Sars-CoV nsp9
157 Sars-CoV nsp?
158 Bars-CoV nspll
159 - Sars-CoV nspll

" Position refers to nucleotide position of 5°~end of primer. Oligonuclcomdes are 1626 bp in
length
® Primer is reverse-complement of target sequence,

® 1C refers to the internal control used to monitor the efficiency of the FCR amphﬁcatmu



WO 2004/057021 PCT/CA2003/001994

- 73 -

Table 11: List of viral ﬁrobes developed in the present invention

Probe , Originating DNA
SEQ ID NO. Target Position" SEQ ID NO.

162 Influenza A 114"/ 89° 130/131
163 Influenza B 383 132
164 hRSV 1391" 133
128 WMPY 824 9
129 hMPV 434 75
165 ' PTV-1 96 134
166 PIV-3 616° 135
167 Adenovirus 228 136
168 Rhinovirus 467° 138
169 * Boierovius 644 137
172 TInternal Control® 321°/ 325" 170/171

BPosition refers to nucleqtide position of 5°-end of primer, Oligonucleotides are 20-23 bp in
length, ’

*Probe i3 reverse-complement of target sequence.

°A modified DNA polymerase gene sequence of herpes simplex virs (HSV) type 2 serves as the
interhal control template.
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Table 12: Length of amplicons obtained with the differcnt viral primer pairs
Primer Length
SEQ ID NO. Virus "Carget gene of amplicons

139+ 140  Tnfluenza A Matrix 245 bp
141+ 142  Influenza B Matrix 524 bp
143 + 144 hRSY Fusion 380 bp

95+ 96 hMPV Nucleocapsid 929 bp
110+ 111 hMPV Polymerase 550 bp
145 + 146 PIV-1 . Nucleocapsid 84 bp
149 + 150 PIV-3 Nucleocapsid 234 bp
154+ 155  Adenoviruses Hexon 215bp
160+ 161  Rhinoviruses  5’-non coding region — VP2 533 bp
160+ 161  Enteroviruses 5%-non ¢oding region 653 bp
141 + 142 IC multiplex 1 DNA polytnerase HSV-2 558 bp
160+ 161 [Cmultiplex 2 DNA polymerase HSV-2 554 bp
112 +114 hvIPY Polymerase 308 bp
147 + 148 PIV-1 Nucleocapsid 208 bp
1371 + 132 PIV-3 Nucleocapsid 111 bp
153 +155  Adenovirus Hexon 362 bp
156 + 157 Sars-CoV nspd 198 bp
158+ 159 Sars-CoV nspll 368 bp
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Table 13: Selection of primer sets with resulting melting temperature (Tm) values of the
corresponding amplicons for each multiplex assay

Primer

SEQ ID NO. Target Muliiplex NO. Tm (°C)
139+ 140 Influenza A 1 85
141 + 142 Influenza B 1 83
143 4+ 144 KRSV 1 79
95+ 96 or hMPV 1 82 or 77
112+114 A
141+ 142 Internal Control 1 gl
147+ 148 Parainfluenza 1 2 80.0
151 +152 Parainfluenza 3 2 7715
153+ 155 Adenovirus 2 89.0
160+ 161 Rhinovirus 2. 82.0

. 160+ 161 Enterovirus 2 85.0
160 + 161 2 91

Internal Control
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Table 14, Evaluation of the multiplex PCR respiratory assay with temporally-
different strains of influenza (Flu) and human respiratory syncytial (HRSV) viruses,

Virus Subtype / Year Type Strain Tm (°C)
Genotype® ]
Flu A Hi 99.00  ¢linical - 85.10
Flu A H1 99-00  climical - 85.39
Flu A Hl 00-01  clindcal - 85.12
Flu A Hi 00-01  clinical - 85.20
Flu A H1 00-01 clinical - 85.04
Flu A M 01-02  climical - 84.62
Flu A H1 01-02  clinical - §5.07
Flu A Hi 0203 clinical - 85.50
Flu A Hl 02-03 clinical - 85.29
Flua H1 95 vaceine A/Beijing/262/95 85.06
Flu A H1 33 vaceins ASWSN/33 35.25
Mean AHI . 85.1510.22
FluA H3 98-92  clinical . 85.58
Flu A H3 98-99  climical - 85.18
Flu A H3 98-99 clinical - 85.35
Flu A H3 98-99 clinical - §85.57
Flu A H3 98-99  clinmical - 85,37
Flv A H3 01-02 ¢linical - 85.07
Flu A H3 01-02  clinical - 85.65
Flu A H3 02-03  clinical - 84.92
Flu A H3 99 vaccine  A/Panama/2007/99 85.18
Flu A H3 97 vaceine A/Sydney/5/97 85.06
Mean AH3 : ' 85.3140.25
Mean FluA 85.274H0.22
F B - 98-99 clinical - 83.87
Flu B - 98-99  clinical -~ - 83.12
FluB - 00-01 clinical ~ 83.01
FluB - 00-01  clinical - 83.03
Filu B - 00-01  clinical - 22.88
FluB - 00-01 clinica) ~ 83.75
ThvB - 00-01 clinical - 83,17
Flu B . 02-03  clinmical - 33.89
FluB - 02-03  clinical - 83.84
FluB - 97 vaccing B/Harbin/7/97 24,12

Mean FluB 83.474H0.46
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Table 14. Bvaluation of the multiplex PCR respiratory assay with temporally-
different strains of influenza (Flu) and human respiratbry symeytial
(FIRSV) viruses. (Continued).

HRSV

B 99-00  clinical - 79.32
HRSV A 99-00 clinical - 79.83
HR3V A 00-01  clinical - 79.06
HRSV A 00-01  ¢linical - 78.85
HRSV B +01-02  clinical - 79.34
HRSV B 01-02 clinical - 79,52
HRSV B 01-02  climical - 79.98
HRSV B 0102  clinical - 79.52
HRSV A 01-02  clinical - 79.84
HRSV B 01-02  olinical - 79.42
HRSV B 01-02 clinical - 79.49
HREV B 01-02  climical - 79.48
HRSYV B 01-02  climical - 79.55
HRSY B 01-02  climical - 79,32
HREV A 01-02  clinical - 79,77
HRSY A 01-02  climical - 79,92
HRSV A 0102 ¢linical - 79,40

| Mean HRSV-A _ 49.52:0.43

i Mean HRSV-B ©79.4940.19

| Mean HRSY 79.5140.30

5 .
® Subtyping was performed by multiplex PCR Ffor the influenzas hemagglutinin gene
(2) whereas genotyping was done by conventional PCR for the HRSV G gene (22)
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Table 15, Fvaluation of the rnultiplex PCR. respiratory

PCT/CA2003/001994

assay for detection of

influenza A (Flu A) virus.
Antigenie test ‘Flu A M2
(Directigen Flu A+B) PCR assay *
(n=172) (n=27)
+ - +
Multiplex PCR + 17 .25 22 3
- 2 128 0 2
5 Sensitivity: 39/39 = 100%
Specificity: 130/133 = 87.7%
Positive predictive value: 39/42 = 92.8%
Negative predictive value: 130/130 = 100%
3 Only performed for samples showing discordant results with the

10 multiplex PCR assay and the antigenic test,
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Table 16: Evaluation of discoxdant test results for influenza A (Flu A} virus.

Sample No.  Multiplex PCR Antigenic test M2 PCR Other PCR-~
Flu A results (Cp)* Flu Aresults  Flu A resulis amplified

, virnses®
16 - + . HRSV
23 +(27) - +
24 - + . HRSV
27 - H2®) - + HRSV
35 +(28) - + HRSY
46 +(32) - o+
a0 . +(34) - +
43 +36). - + HRSV
44 +(35) - +
50 +(34) - +
51 +(33) - + HRSV
103 +(35) - +
107 +35) , - +
114 +37) . -
118 ’ +(38) - + HRSV
120 +36) - + HRSV
125 +(38) - +
130 +(35) - + HRSV
131 +(36) ‘ - -
132 +(24) - + HRSV
134 +36) - .
41 +(28) - +
Hész +H34) - +
158 +(32) L - +
xiao +(33) - + HRSV
1161 - H28) - + HRSV
163 +(32) - +

* Cycle threshold value as determined by LightCycler.

®  Vimses amplified by the multi plex BCR agsay i. e, influerze (Flu) A and B 4s wall as the human |

res?iramry syacytial virus (HRSV), )
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Table 17: Evglua’cion of the multiplex PCR respitatory assay for detection of

hurnan respiratory syncytial virus (FIRSVY).

Antigenic test HRSV G

(R8Y TrstPack) PCR assays'
(n=204) (o =32)
+ - e -
Multiplex PCR + 83 21 20 1
' - 11 89 6 5
5  Sensitivity: 103/109 = 94.5%

Specificity: 94/95=98.9%
Positive predictive valus: 103/104 = 99.0%
Negative predictive value: 94/100 = 54.0%

10 Only performed for samples showing discordant results with the multiplex PCR
assay and the antigenic test.
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Table18: Evaluation of discordant test results for human respiratory syncytial

_8;\]_-

PCT/CA2003/001994

virus (HRSYV).
Sample No. Multiplex PCR . Antigenictest Glycoprotein G PCR Other PCR-
BRSY results (Or)  HRSV results HRSV amplified viruses®
- resnlts (senotype)

16 +(32) . +(B)

17 +27). - +(B)

26 +(36) - +(B)

34 - + -

35 +H33) - +(B) Flu A
43 +(36) - +(A) Flu A
46 H34) - +(®)

35 +(34) - +(B)

58 +(33) - +(B)
62 - + +(A) Flu A
70 +(37) - +(B)
- 71 +(35) - +(B)

72 +(34) - +(B)

73 +(26) - +(A)

7 +(33) - +(®)

20 : - o+ -

91 P4(35) - +(A)

05 b e . +(B)
100 +(30) - +(A)
112 - )
129 TN ; +(B)
130 38 - +(B) Flu A
134 ! - + +(A) Flu A,
139 ' - + +(A)

142 ; - + + (A) FluA
144 I - + +(®B) Flu A,
150 +(34) - . .
187 +(31) - +(A)
191 +29) . +(A)
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Table 18: - Evalustion of discordant fest tesults for human respiratory syncytial
virus (HRSV). (Continued). :

193 S . + +({A)
211 - + -
212 - + .

® Cyele threshold valne as detetmined by Lightoycler.

b Viruses amplitied by the multiplex PCR assay i, e. influenza (Flu) A and B as well
a3 the human respitatory syneytial virus (HRSV).
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CLAIMS:
1- A method for aetecﬁng and/or quaniifying human metapneumovirus (hWMPV)
ina sample said method comprising: ‘ A
-providing at least one probe or primer specific fot a tueleic acid sequence of
5 said KIMPV; ' '
-contactitly aid at least one probe and/or primer with said sample to allow
anmealing of said probe and/or primer with said mucleic acid sequence; and
-detecting and/or quantifying said nuclsic acid sequence using said anuealed
probe and/or primer. '

Lo
2- The method as lclaiméd in claim 1 whetein said nucleic acid sequence is
cotiprised in a WMPV gene selected from a group consisting of nucleocapsid (N),
phosphoprotein (P), matdx (M), fusion (F), membrane (M2), polymerase (L),
glycoprotein (@) and small hydrophobie (SH) genes,

15~

3. The method as claimed in claim 2 wherein said nucleic acid sequence is
selected from any one of SEQ ID NO 2-8, 10-74, 76-90 or fragments thereof.

4-  The method as claimed in clahm 3 whetein said probe or primer is at least 10
20 nucleotides in length. 4 '

5.+ Amethod for detecting and/or quantifying mman metapneumavirus (h\MEV)
in a sample said method comprising:

25 -performing reverse lranscription using & termplate RNA derived from said
sample to obtain 2 nucleic écid product;

-amplifying said nucleic acid product using s pair of oligonucleotide primers

wherein said primers are specific fot a sequence comprised in a hMPV gene slected

from a group consisting of nucleocapsid (N), phosphoprotein (P), matrix (M), fusion
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(F), membrane (M2), polymerase (L), glycoprotein (G) and small hydrophobic (SH)
genés to prodice an, ampliﬁcatioﬁ product; and '

~detecting and/or quantifying said amplification product.

8-  The methed as claimed in claim 5 wherein said oligommeleotide primers are at

least 10 nucleotides in length and capable of hybtidizing with any one of SEQ ID 2-8,
10-74, 76~90.

7- The method as claimed in claim 5 or 6 wherein said step of performing reverse
transctiption comprises contacting said template RNA with 3 primer selected from

SEQ ID Nos 91-114 and wherein said oligonucleotide primers for PCR are selected
from SEQ ID Nos 91-114, ' '

8-  The method as claimed in any one of claim 5-7 wherein said oligonucleotide
primers are pajrs of primers selected from SEQ ID Nos 91 and 94, 92 and 94, 91 and
93, 97 and 99, 97 and 98, 100 and 101, 102 and 103, 104 and 107, 105 and 106, 108
and 109, 112 and 113 and 112 and 114. ‘

- The method as claimed in claim 5 wherein said template RNA is contacted
with primer selected from SEQ ID NO 91-94 and 112-114 and wherein said

oligonucleotide primers are selected from SEQ ID NO 91-94 and 112-114,

10-  The method as claimed in any ome of claitn 5-9 wherein said step of
amplifying is performed using PCR.

11-  The method as claimed in claim 10 wherein said PCR {s RT-PCR.

12-  The method as claimed in c¢laim 11 wherein said RT-PCR is teal time RT-
PCR.

PCT/CA2003/001994
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13- The method as claimed in claim 11 or 12 wherein said RT-PCR compises _

detecting said ampliﬁc'ationproducts by characteristic melting temperaturs of said
amplification products.

5 14~  The method as claimed in claitm 11 or 12 wherein said RT-PCR comprises

detecting and/or quantifying said amplification products with proﬁes specific for said
products. ‘ ‘

15-  The method as claimed in claim 14 wherein said probes are selected from SEQ
0. TDno115-129. '

16~ A cofnposiﬁoa for detecting a hMPV said composition comprising a
combination of oligonucleotides for performing reverse transeription of a template
RN‘A from said EMPV virug and for an amplification reaction of a product obtained

L5 froxln said reverse transcription wherein said oligorucleotides for said amplification
reaction are specific for a sequence comprised in 2 hMPV gene selected from a group
consisting of nucleocapsid (), phosphoprotein (), matrix (M), fusion (F), membrane
(M2), polymerase (L), glycoprotein (&) and small hydrophobic (SH) genes.

20 17- The composition of c¢laim 16 wherein said oligonuclcoi,"ldes for said
amplification reaction are primets sclected from the group comprising SEQ ID Nos
91-114 amd combination thercof.

18-;A kit comprising a combination of oligonucleotides wherein the oligotucleotides
25  aresslected from:
$EQ ID NOs; 91-114 and the pairs of $EQ ID Nos 91 and 94,’; 92 and 94, 91
ax_ld 93, 97 and 99, 97 and 98, 100 and 101, 102 and 103, 104 and 107;, 105 and 106,
108 and 109, 112 and 113 and 112 and 114,

30 19- A method for typing an hMPYV strain which coruprises the steps of:
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-amplifying an WMPV nucleic acid fragment and detecting specific viral

-digesting said fragment with one or more restriction endonuclease; and
~analysing the restriction fragment length polymorphisms,

20-  The method as claimed in claim 19 whetein said nucleotide sequences are
found in fusion(F) or glycoptotein ((F) gene.

21-  The method as clatmed in claim 20 wherein said sequences are selected from
SEQID NO 26-74. ‘

22- A method for detecting and/or quantifying two or more respiratory viruses in a
sample said method comprising: '

-providing at least two prébes and/or primers Speciﬁc for a nucleic geid
sequences in said two or more respiratory viruses;

-conttacting said at least two probes and/or primers with said sample to allow

annealing of said probes and/or primers with said nucleic acid sequences; and

~detecting and/or quantifying said nucleic acid sequences using said annealed
probes and/or primers.

23-  The method as claimed in claim 22 whetein at least one of said nucleic acid
sequences is comprised in a hMPV gene selected from a-group consisiing of
nucleocapsid (N), phosphoprotein (P), matrix (M), fusion (F), membrane -(M2),
pblymamse @), é;lycoprotcin (G) and small hydrophobic ($H) genes,

24-  The method as claimed in claim 23 wherein said nucleic acid sequence is’

" selected from any one of SEQ ID MO 2-8, 10-74, 76-90 or fragments thereof.

25-  The method as claimed jn claim 24 wherein said probes and/or primers are at
least 10 nucleotides in length. '

PCT/CA2003/001994
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26- A method for detecting and/or quantifying two or more respiratory viruses ina
sample said method comprising:

5 -performing reverse transcription using a template RI&.A{ derived from said
sample to obtain nucleic acid products for sach of said virses;
-amplifying said nucleic acid products using two or mo:e‘ pairs of
oligonucleotide primers to produce an amplification product; and
-detecting and/or quantifying said amplification producls.
10 ' \
27-  The method as claimed in c¢laim 26 wherein at least one of said primers is
specific for 2 sequence comprised in 8 hMPV gene selected from a group consisting
of nucleocapsici (M), phosphoprotein (P), matrix (M), fusion (F), membrane (M2),
polymerase (L), glycoprotein {G) and small hydrophobic (8H) genes.
15

28-  The method a3 claimed in claim 27 wherein said oligonucleotide ptimers
specific for a sequence comprised in a h(MPV gere are capsble of hybridizing with
any one of SEQ TD 2-8, 10-74, 76-90,

20

"29-  The method as claimed in clatm 28 wherein said oligonucleotide primers ave at
least 10 nucleotides in length, ' .

30-  The method as claimed iIn claim 29 wherein said oligonucieotide primer

25  specific for a sequence comprised in a WMPV gene are selected from SEQ D Nos 91-
114,

31-  The method as claimed in any one of claim 26-30 wherein said at least two
respiratory viruses cormprise influenza A and B, human respiratory syneytial viruses A
30 and B, parainfluenza viruses (PIV) types 1-4, ademoviruses, rhinoviruses,
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enteroviruses and coronaviruses or any combination thereof and wherein said primers
and said two or more viriises are seleeted such that the detection and or quantification
is specific for each of said viruses.

5 32~  The method as claimed in claim 31 wherein said oligonucleoﬁdc primers are at
least 10 nucleotides in length and capable of hybridizing with any one of SEQ ID NO
130-138 and 170-171.

]
33-  The method & claimed in ¢laim 31 or 32 wherein said at least two viruses are

10 influenza A, human Respiratory syncytiel virus, human metapneumovirs and
influenza B. '

34. The methed as clajmed in claim 31 or 32 wherein said at least two viruses are
Parainfluenza 1, Rhinovims, Adenovirus, Parsinfluenza 3, FEnterovirus, and
15  coronavitis. '

35.  The method as claimed in claim 31 wherein said pairs of oligonucleotide

primers are selested from SEQ ID Nos 139 and 140, 141 and 142, 143 and 144, 92

and 94, 112 and 113, 112 and 114, 145 and 146, 147 and 148, 149 and 150, 151 and
20 152,154 and 155, 153 and 155, 156 and 157, 158 and 159,160 and 161,

36- The method as claimed in any one of claim 26-35 wherein said step of
amplifying is performed using PCR and said primer are selected such that the
products of the amplifications can be distinguished.

25

37-  The method as claimed in claim 36 wherein said PCR is RT-PCR.

38.  The method as claimed in claim 37 whetein said RT-PCR is real time RT-
PCR.

30
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39~ The method as claimed in claim 37 or 38 wherein said RT-PCR comprises
deteoting said amplification products by characteristic melting temperature of said '
amplification products.

5 40-  The method as ¢laimed in claim 37 or 38 wherein said RT-PCR comprises
detecting and/or quantifying said amplification products with probes specific for said
products.

41-  The method as claimed in claim 40 wheréin said probes are 'seIecfed from SEQ
10 IDuo 162-16% and 172, '

42« A composition for detecting at least two respiratory viruses said vimses
comprising at least hMPV said composition comprisiﬁg a combination of
oligonucleotides for performing reverse transctiption of a terplate RNA froru said at
15  least two respiratory viruses and for an amplification reaction of a product obtained
from said reverse transcription wherein said oligemucleotides for said amplification
reaction comprise oligonucleotides specific for a sequence comprised in a HMPV gene
selected from a group consisting of nucleocapsid (N), phosphoprotein (F), matrix '(M’),

fusion (F), membrane (M2), polymerase (L), glycoprotein (G) and small hydrophobic
20 (SH) genes,

43- The composition of claim 42 wherein said oligonucleotides for said
‘amplification reaction are primers selected from the group cmﬁprising SEQ I Nos
91-114 and combination theteof.

25

44- A method for simuliansously detecting two or more respiratory tract viruses in
a sample, said method comptising: '
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Selecting primers specific for a nucleic acid sequence in each of said
two of tmore vituses, said primers to be used in an amplification reaction for detection
of said nucleic acid sequences;

distributing said primers in one or more assay mixture comprising said
sample and at least two pairs of primets; and '

wherein seid selecting and said distributing is based on said detection of said nucleic

acid sequence of said two or mote viruses being substantially free of overlap and
enabling to distingnish between said two or more viruses.

45-  The method as claimed in ¢laim 44 wherein said amplification reaction is
PCR. |

46-  The method as claimed in claim 45 wherein 5aid PCR is RT-PCR.

47-  The method as claimed i claim 45 wherein said RT-FCR is real time RT-
PCR.

48- The method as claimed in claim 24 wherein said detection is melting
temperature, '

49- An isolated mucleic acid comprising a sequence that hybridizes nnder stringent

. conditions to a hybridization probe the nucleotide sequence of which consists of any

one of SEQ ID NO 2-8, 10-74, 76-90 or completients thereof,
50- A kit comprising a nucleic acid probe that is at least 10 nucleotides in length and

is sclected from & group consisting sequences hybridizable to SEQ ID Nos 2-8, 10-74,
76-90 or fragments thereof. '
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51- A human metapneumovﬁus {("MPV) deposited with the International Depository
Authority of Canada under Accession number IDAC 111203-01 (CANS7-63).

5 52- A human  metapneumovirus (WMPV) deposited with the International
Depository Authority of Canada under Accession number IDAC 111203-02 (CAN 08~
75).
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SEQUENCE LISTING

Accession number af371337

<400> 1

gtataaatta
ttgagtgatt
gatgrgggta
tgtggagaaa
caatatatta
agtgaagtce
ggagaagatt
gacaaagaay
caazatcaga
atattcacta
aacegtgtac
agatccttct
ggcaaagcat
ticatgcaay
tecaacaata
© gtctatgact
ccagaagctg
aatgccteay
ttttcageag
tcattaggac

gacagtcaaa

aaggaaaage
aatcattaag
ctgratcaga
cagaaccaaa
caatcaaagt
- ccagtoatgg
aggtttcatt
atttgetetc
gagatacttc
tgatattagg
atggyatcag
aagctaaagg
gaaatggtag
adageacaag
aagaagatga
aaaaatggag
agttgatcta
tcaggeeaac
tetgtatget

gattccaaaa
tatcatacaa
caacaactyc
tretgtatge
gcacagettt

aagtggtctt

tacagatytt
caaggaaaac
ggccotcage
aactagcate
taagtgatge
atgacttatt
taggotcatce
cttatggggce
taatgttagg
tggtgecgaga
gactgttatc
gcttaggcat
ctgadagtta
ttacagatga
atgattatga
tattcrttte
aaraccaggt
aacattgaan
gtrageatdy
catggatecce
gaaaacccct
tacaccaaat
agataatgaa
atcattaagc
gctattaaga
agatgcaaty
gaaagcagea
tgtaaaatta
tdgagaatcc
catttaccag
toctacctag
atagaaaaqgg
acaccaccag
gcatcacaaa

aaatatggga
gcatgotata
agtyacacee
taaacatget
aggatcagag
aaccagaacyg
agacatacac
aatggeasce
accagacacs,
aaccatagaa
actcaagaga
tgaacaaaza
atctacagge
cggtcaaaca
acatgtatcc
aatgggeect
actagecaag
aatcggtaty
tgccaaaagt
agagaaagag
gtagttaaag
atgggtaaty
cataaaagat
ttacctacta
acagataaag
attgaagaag
gcagaaaaga
gaaccagegga
gaagaagatyg
attgaggeea
acacteaaca
attggegtaa
gaaatgatoy
acagadaaay
gaagaagaag
ttaattatgt
tagacacota
acctgttacce
cagtgectget
atggteocaat

Fastseqg for Windows version 4.0

taagtyaaaa
ttazaagagt
teatcatnge
gactacaaat
agagtgecage
tactctetag
ggggtagaga
ttgettaagg
cocataatet
gtggyactag
tacocctagaa
gtgtatcaca
agcaaageay
atgctaaggt
gtecaagctg
gaatctggac
tgtcccaact
tatcgaggyga
ttgaaagaaa
gotgcagaac

Aaagtgggaca

aagcagcaaa
ctcaatctat
tcagtagacc
gtggggeaac
aagagtetac
aactgaaace
aatatacaaa
cagaatctee
gattggaatc
ttagctacage
gayaggaatt
aagaggdaat
caaaagagct
aagaaccaaa
agtttaataa
tcaaggeatt
tgeaageota
cgatcagcta
actcaaagtg

METHOD FOR DETECTING RESPIRATORY VIRUSES

tgtetettea
cteagtacac
apcaagaaat
atgergeaga
agattctgag
guazaattaa
agagctgggt
aatcateagg
tattatgtgt
agaccacagt
tggacatace
gaagtttgtt
agagtctatt
ggggggtcat
agttaaaaca
ttotacattt
ttgcaagtygt
gagtaccaaa
geaatazaat
atttettaaa
agtcaaaatg
attagcagasa
tataggagaa
tgcaaaacea
cdaaactgaa
cyagaagaag
atcaactaac
gttggaaaaa
gatcttaace
aatagaggag
aggaccgaca
satagcagac
gagtcaacga
caacaaaatt
agacacacasg
dagtaaacas
ccttacacag
acaatatggt
aaaaccctga
aatgcatcag

PCT/CA2003/001994
agggattecac 60
aataaaaags 120
aacactotty 180
aataggaata 240
gaactcagge 300
aaacaatasa 360
agaagagata 420
taatatccea 480
aggtgcctta 540
cagaaggget 600
aaagattgee 660
catfgagtat 720
tgttaatata 780
tgcoaggtea 849
ggtcacagaa 900
aaggcaaage 960
tgttctegga 1020
cacagaatta 1080
%aatttctct %%gg

gtgagtgac
tcattgcctg 1260
gotttccaga 1320
aaagtgaata 1380
accatacegt 1440
ataaagcaag 1500
gtgctaccet 1560
accaaaaaga 1620
gatgctctag 1680
tttgaagaaa 1740
aaattaagea 1800
gcageaagag 1860
ataataaagg 1920
tCcaaaaatag 1980
gttgaagatg 2040
gacaatagtc 2100
tgggacaagt 2160
cagergttca 2220
tecotttgtt 2280
caataaccac 2340

cccaaggtoe
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agcaatgtet
tagcaaacty
catgaaacca
aacacatgat
aataccagea
tgctataagc
attaattatd
gactgaagte
caagacttdyg
cttggecaad
aaaatcaagt
aaagtggtya
ttagaagagt
treaceaatg
cecageteaa
gtttctgctg
gttctaggay
attgocaaad
" gccaatgaag
gagctgaaay
attgetgacce
gtgcggcaat
gatgctgaac
atgttggaga
ggaagctecg
tggatagtaa
agagaagacc
aaagactgtg
gctgageagt
agcacaggaa
fgctacaagg
aacaaagqget
gtataccage
agcagetttg
ttegagagca
gcagagadag
accatgatec
-cetecagage
aatazagtaa
ctcgeaaggc
agtttaacca
tattaaarca
caggcagaga
atattgatga
tcaaacaact
aacatgtagce
ctttaatcaa
sfaattgactt
gcactaatca
atatggactd
aacarttaca
tagtaaaaac
gatgggtctt
gtgcrtattg
atcaattata
aaaaaggact
atcacacagt
acatgetgga
tttaaatctg
adaccaaaac
aaatggaagt
taggatccat
agtaagtttc
aagattatte
gtagttatgg
sanaatcgto
actacattga
acatctgaat
acggteccea
acagaaggct
teaacaccag
gcaagcagaa

gtacttccca
gaatttgaca
tacgggatgg
ctaatcgeac
thcatcaaar
agtgaagcag
atcatgacta
atagtagaac
agecatcaag
agctactaac
tagaacaaga
teatttttc
cargtageac
trtttacact
taaaaacaga
atcaactgyc
caatagcact
ceatcogget
cagtatctac
attttotogag
tyasaatgge
ttrcagacaa
tagccagage
aceégtgeaat

taatttacat

aagcageeed
aaggatggta
aaacaagagqg
caaaggagtd
gacatcetat
gagtgagctg
getettatat
taagcaaagt
acccagtcaa
ttgadaacag
gasacactyg
tagtgagtgt
tgagtgotgt
attaaaataa
toagtgcaaa
caatrtactgg
acttttaagg
agataggaca
taaccaaagce
acaagaagtt
acttcacaac
caatctcaag
atcagcaggt
agtgcagtga
acaaggactt
attgttattt
acatcagagt
caagaacaty
tacttaagtt
taaaagtgga
catcatcaaa
attttaaaay
aaataaacag
aagacacaaa
cagcagttog
gotatcatta
ccaagtetgt
tatgatactt
gaaaccataa
aggtgaaagt
tggcacgcag
gtattgeect
cagaacatca
cagacaactc
ccacactcta
atacaacaaa
tazagacaag

agaaatrrga
gactecacagt
tatcaaaatt
tatgtogattt
cagtttcaat
accaagotet
tgaacaatce
taggageata
ggacaagata
ccratcteat
attaaatcaa
attgttaata
tataactgaa
ggagygtagge
attagacctg
aagagaggag
cggtgttgea
tdaaagtgaa
attggggaat
caagaatcta
cgttagettc
cgetggaata
tgtticcaac
ggtaagaaga
ggtgcaactg
ttetigreca
ttgtcaaaat
agaccatgtc
cagcataaac
cagtatggtt
ttccattogce
aaccaaccag
tgaaggcgaa
gtttcctgaa
tcaggeatty
cttcatcatt
tittatcata
cacaaacaat
attaaaatta
tatgaagtge
agttggccad
aacactgata
caagatttig
ataacaaaagd
gaagtiagge
ttagtcotat
agactgecga
gctgaaaaty
gecatggtccs
aaaagaagct
agaadacata
gggatazatg
tactcacctc
aatattaget
aaacaatctg
taccacatca
tttgattcaa
aaatcaatge
aaccaacaat
agtgtatcac
cccaaccgat
tagticaaca
cataataata
ctattcaatt
ggagaacatt
caaatgettt
caatatctat
caceagetca
agacaccaac
ctttgecagee
CCcgeeegoee
taeygeagie

agtcaatygcg
ctgtdgaagta
tgtgagetea
tatggatcta
caaagagagt
aacacaggee
taaaggceata
totccaggen
tdtcttgaag
agatcataas
tcaagaacgg
acacetoaac
ggatatctca
gatgtagaga
accasaagtg
caaattgaaa
actgcagerg
gtaacagcaa
ggagttcgtg
acacgtgcaa
agtcaattca
acaccagcaa
atgccaacart
aaagggttcg
ccaatettty
ggaaaaaagg
gecagygtcaa
ttittgcgaca
atatctacta
gcactatcte
agcaacagay
gacgcagaca
cagcatgtta
gatcaateca
gtggatcaat
gtaataattc
ataaagaaaa
ggettcatace
aazataaaaa
ggggcaaatg
atagatactt
gagctgatgd
tectaggtto
ttgcagcctyg
aggetagaga
cttatatgga
gagagaaact
actoctteata
gttttcatta
ttatctygatg
gaaattatat
acaatgataa
adaaaaataa
ttactaacat
caaatatgcce
gtcacaacca
aggtatacaa
acaaatataa
Tgtgataaac
atagtagaat
gaaacccaat
atttagttart
agtaataatt
taaaaagtaa
tgaacaatag
asaaatgcct
ctgatcataa
tecacccatgg
tcadageeeac
tcagcaaaget
ttegtcgaca
cacacaaaaa

2/52
actgtageac
anaacagttt
gccraatcag
danaagaaca
gagtcagota
aaaattgeac
ttcaaaaage
gaaagcataa
tocagataac
gtcaccattc
gacaaataaa
acggtcttaa
grgttctgay
accrtacaty
cactaagaga
atcccagaca
cagrracage
Ttaagaatdgc
tgttggeaac
TCaacaaaaa
acagaaggtt
tatctttgya
ctgcaggaca
gattccrgat
gggttataga
gaaactatgce
ctgtttacta
cagcageagg
Ctaattacee
ctettoggge
taggyatcat
gagtgacaat
taaaaggaag
atgttgcact
caaacagaat
taattgctgt
caaagaaacc
cacataatita
tttggagacaa
caatagagga
attaataaga
cttatcaata
caccaatgtg
ftacagtcta
taacaaacta
gatgageaaa
gaaaaaatta
tgcottgeaa
ctatagagyt
gaatagrgas
atgtcaaggc
cattagatgt
ttaaagacca
ttotcacagt
agtcadaaac
agactactct
actctgeaart
caacatacaa
tgacagatts
goeattgtat
cctaaatgtt
rttaaaaatat
aattgcttaa
asdaacaataa
atatgctcaa
crttggtect
actataaaat
aatecageay
agcatccasc
caccagagac
cacacacaac
acaacccaay

gacaagctct

PCT/CA2003/001994
tcgatgaata 2460
acttaacaac 2520
Trygcaaaas 2580
cacctgttac 2640
ctgttgaage 2700
cttatgcgay 2760
ttogagetygg 2820
geaagataty 2880
aaccaageac 2940
tagttatata 3000
aatgtetnag 32060
agagagctac 3120
gacaggttgy 3180
tgrcgatgga 3240
gcteagaaca 3300
atcrtagatte 3360
aggrgttgea 3420
cctcaaaaag 3480
tgcagtgaga 3540
caagtgcgac 3600
cctasatgtt 3660
cttaatgaca 3720
aataaaactyg 3780
aggagtrtac 3840
cacgeottge 3900
ttygoccrctta 3960
cecaaatgaa | 4020
aatcaatgtt 4080
atgcaaagtt 4140
trtggttget 4200
caagcaactg 4260
Agacaacact 4320
goeagtytca 4380
tgaccaagrt 4440
cctaageagt 4500
cottggotet 4560
cacaggagcea 4620
gttaattaad 4680
atcataatgt 4740
agtgagtgea 4800
teaaattatt 4860
atatcaggag 4820
gttcaaggtT 4980
cataatataa 5040
tctygacagea 5100
actcctgcat 5160
gcazagctea 5220
facagtgaaa 5280
Tgatgacatg 5340
gtotcatact 5400
ttacttaagt 5460
cattaaaagt 5520
ctectograsaa 5580
aacaatcacc 5640
taaatcagac 5700
aaatcatgat 5760
aaacagtgac 5820
atttttatgt 5880
atgcagaaac 5940
atacacagtt 6000
aacaccagat 6060
tttgaaaaca 6120
teatcatcac 6180
catygygacas 6240
agcaagagta G300
cataggaata 6360
geaaaaaaac 6420
agaaacteca 6480
tcaacagtee 6540
agaaccaaca 6600
accaccaage 6660
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agaacacatt
acaagcagea
acccacaaad
atacaaagya
gaaatdcasd
caatteacaa
gaadaaacac
aaacaacacc
atottoctga
catgtctett
arcctgttat
attacaagat
gtgagetcac
taaatatgat
grtttataga
atCctcaacaa
tgtgtaggtc
gcaacaaaag
tgatgttaag
atcaagaagd
aaactgtaga
tcgaaggett
gatttagaaa
acagactcag
tacttaagtt
agaatgotge
gagatgcaat
gottgacaga
acaaaagatg
tcaangcaaa
ctgcaataca
taaatgataa
acttacotga
tcadaacaag
Ttaaaagtta
ctggaaaaga
gacaaataca
azaccttaac
tttcttetat
tagtaacaga
cggatgtagce
toectatgac
atgatataga
aaggatgoty
taaazacacd
gtaaaccagt
taaaaatgtt
gggaaacata
taatgcatcc
tagatgacat
ggggggaaay
tgcatgaatc
cattaacatc
ggatgaacat
atagaaggacd
tatdagccaa
aaaaagdtga
agcgacaage
tttctocaaa
teggaatcat
apteattace
taaccaactt
cecatgatgot
tagaaattcc
gggagacate
geatggatgt
gtactgacay
ctcaagagaa
aacagcraga
gattactcaa
tattacctag
tggaatteec

ctccaccacy ggcaacgaca.

caagaaagag
acgaagaagce
aaagcgtoga
ataactcetaa
toteaccaaa
tegeceatat
caagagacaa
ctcatatett
adaaagacct
cgagcatgtt
agtagagcea
attattaaaa
atgtgattgg
tgragaattt
gttgattocty
attgggtaaa
caaaanagty
fagattcast
gcLaggyttg
ttatatgctt
tattatgagt
tactttatta
agttcatggt
attagdgagat
tgaattatac
ggatgctgtc
actaagagqg
geacaaaatt
aagttaccec
gitttgaacaa
agetatatea
gaaadtaaaa
aagagtacta
tgttgttaas
azagagaatta
aatattggct
aaagratogt
tagaactaga
tttaagtaag
agatgaacta
aacaatgata
taagatagaa
traaanactce
atgtcaaatd
taagttatct
saaagaaata
fatatcaaga
tacecctata
taaaaccagt
cataatagtt
aaagcaacac
agtgcagaga
accaatgeag
cectgatttt
cataagazat
acgtgctaca
gaaagtaaca
teaactttte
tgctgacaac
ttttcataaa
attacagaga
ggagaaccta

aacgazatet’

atggaataat
catatatyca
aactacaaga
aaaattagtt
agcaattgga
taagatttgt
gtttatgagt
agcatcagtt

accgtecaca
aagtccagey
ggccaacaca
gataaaceat
aaggcaacas
acaaaaata
ataacaatgg
aaaggagtga
tacctaaaay
agactcaaaa
gtasacatge
cagtttttaa
ctgcagttaa
atacetaget
gaattcagga
ttagttttiyg
agertctica
goaaatourt
agaagtastc
agtrratgtt
gaaattctta
aatggattaa
accgtgttay
actttgagat
tatatattta
aAaattaaaca
gcattcatart
dadaacttaa
agtcaactty
gagttttctg
cotactaaar
aatcgatatc
gagtactatt
caagaatatt
agtgtaggta
gaaaaatigt
gatctagate
agazatgata
ttcaaccaag
catggaacac
tgtgectata
gagcaaagtg
tggacaatgy
acatctttat
gagggtttag
agagatgecat
gatctrcagn
aaaaagatct
gcagagtcaa
agtctgatat
cooetageay
ttttttgaaa
trrggagyay
ttaactgaag
gaagegaaaa
ctgacaacac
agtgatatca
agcgatagtg
ataacaccty
gctgaaznag
acatctycta
ggattattat
aatggtagge
atggaaatag
actagetetc
ggtcaaagag
cotgtttata
adaaatdagat
cttgyaagtt
gtaaatttce
ccagettata

aggacggcac
gecatcaghece
agcecacaaa
tcaacaacat
gcagacacca
caccatatta
tcacaaccac
atcetotcaa
tttcctttag
atgacaacac
atgcagtcaa
aacatgaaat
caaggagtaa
agtctacate
gggtaagcaa
aagaagaagt
trgtatcato
catacaatea
gtatatgggt
Tgcaaggeat
gcaatgaagg
ggattacrga
ctgatcaatt
aagataatya
gtattazatt
gaatattcgg
atgaaatcac
‘taaggattat
aagtgcttag
aattaagcga
tccotgaaaa
gattaatatg
tagaagagac
tgaaagataa
taaatgataa
gaatgtttge
tagctgataa
ttcagagaat
gttataataa
cctttaggta
aaagcctatt
gacatggace
gtttatatag
aagctatatc
taaacggtga
atgaagtgaa
acagaaatat
Ttataagtaa
taagagtagyg
tagggagtct
taaggaattt
ggaagcagtt
taaazaagga
gagatccagt
caatcagtca
taagtttett
taatgagaga
atagaacagc
cltatacacta
tttatcctea
ttgtgaatat
tTtaatggtga
ctagaatatt
tgatatgttg
ttggagtaac
atttgadagg
gtocaaagag
acagacaaat
gggtatataa
taggcattag
racacaggtt
gaacaacaag

3/52
gcagasgcac
aacctgacat
catectgcaag
acaaccaaac
acaatggaga
gerotgeoca
cocaagasaa
tgaatceact
tgagactaat
tgcaaaagtt
ttctaagatg
tatgaagaat
aaatattage
agatgatace
ttggtttagt
agtaagaact
atatggatgy
actgtraaca
aagcaacagr
attaactaat
tttckcactt
acatgctcaa
aacasaatta
ttatccaatg
attaatcaat
tcacceaaty
azasatrcett
caaaggattt
taagagatgg
acaagattty
aaccaacctt
gtctgtgrat

tttcaatgca

taaaunagac
ggatecatatt
tatgcaacea
tattgtacct
aatggaaatc
ttacattgca
TQaaactaca
ctgtrggtta
accagaaaca
atatcatatg
tetattagat
caaccadtca
agcagattat
aggccataas
ggtgattcaa
accatggata
atgtcaggaa
ttggetgtat
attcaaacaa
asdtgaagta
agtcttetat
tgtggatatt
caaagectta
teetcaaget
agttaccage
cagtagaaat
tggactgaga
gatatcagga
agatattgac
gtcagtagtt
tcagatatcet
atcccotage
gataatcatt
ccettgggta
tottrcaaaa
agggacaccs,
ttacapatgt
atctgteagt
ttaccatitt

gacactagte

PCT/CA2003/001994
rcactctecge 6780
cagcgeaaca 6840
cacaacaaga 6900
Tagttaacaa 6960
agcraaaaga 7020
aatctcectg 7080
aaactgggea 7140
gttaatgtet 7200
gcaattggtt 726Q
gccatagaga 7320
daaatatcay 7380
gtacacagtt 7440
actctcaaat 7500
tcaatcctaa 7560
aatrggraca 7620
ggttcaatct 7680
atagtcaaga 7740
tggaaagatg, 7800
ctgaatgaaa 7860
aagetataty 7920
gtgaaagagt 7980
tteagtacta 8040
aazaatazaa 3100
tacgaagttg 8160
aaaaacttag 8220
gtagatgaaa 8280
aggtgygaga 8340
gtagacaaca 8400
actatgtact 8460
ttagagetty 8520
gagatggtat 8580
ccaaagaatt 8640
agtgatagte 8700
-cagaaagaac 8760
gtetegetaa 8820
ggaaaacage 88860
tttiteccag 8940
aaatcygaac 5000
agageatcca 9060
gcgatetgtg 93120
catcttateg 9180
aaaggtgaat 4240
ggtggtattg 9300
gttgtatcty 9360
atagatgtaa 9420
agcttagetg 8480
cttaaagaag 8540
tctgaaggag 9600
aacacaatat 2660
ttagaattta 9720
aatttataca 9780
ctasataaaa 9840
gtagatctat 9900
agaterttet 9960
ctgttaagaa 10020
ctgtecaatag 10030
gttggctcag 10140
atcttaagte 10200
gaagaagagg 10260
gttttgtatg 10320
acgaaatcea 10380
agagetgtat 10440
gitgatagta 10500
agaaccctaa 10560
atcactacat 10620
gaaaagttca 10680
gggtcgagea 10740
caacaaagag 10800
ggtttaagac 10860
gtaaszacctt 10920
agtagaccrta 10980

11040
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ctattaatca
atgcaatcag
taaaacagtt
ttcaaggga’a
gtccagacaa
agagaacaga
agtctttgec
aaaataatat
actteaaaat
ggaaaaacat
ataatacttl
taatgttata
ttatagaaca
gtgatctggt
Trttaagaat
gaaagaagth
taactcaagt
ggctaaaaaa
tgatactgtt
gtaaagttag
tgtactttat
acatcaaatt
accagagagt
aaacaacagda
ctitattaat
taattctatg
tcratrratt
gatcagtagc
tettaacact
tgaaaatage
aagoceaacty
atagacagag
gtagraaggt
tagaacatat
'aaaatactta
aactgatcaa
taadataggt
tagtraatta
aaaataagaa
%211> 782

«212> DNA

agcactangt gagagatttg ggaatgaaga -
dgcataatga gtgtagtaga

ctgrggaatt
agttttaata
attcaattat
aatagatatg
tcagttcetg

agcagegtta

tttcaagaaa
attecctatgt

taaagatgaa
Ttggagaaty
tgatgtaaaa

gttgagatca
tgagatcaag
aactgtttiyg
gatgtgtgat

tatrtgatcot
ttatgacact

geeatggeaa
totaaaaaca

tggagaaggg

tgtatacaga
tataggagaa

tgcaactcag
aactttatgt
gaggaaacat
cgcaaagtat
caccrtrate
aggecaccac
agtgtgtaat
taaatcactt
aaggttatta
catagaghct
Tttaaattct
ccotaatatg
agtaactgga
gacaacttca
aaaactaaaa
attataattg

corcaattag
aagctagtag
ttaacactgg
aacaagagag
gcatgtcatt
gactggggtg
gtctttaaaa
gatatagtag
Ttcagcaagg
TLtcrateat
gctgagttge
tcaatrtaaaa
aactatacag
aatgcactat
acagaacaat
agttcaaatt
catgttaata
tgcattggaa
geaggaaatt
agtttaaaag
ttaagcagoa
aaaactcatt
gatgcagaat
grattatcat
catgctaaag
atgcaaggta
aacaatttag
gattrttatg
ttatcaggge
acactacaaa
aaatggtraz
ccaaaaggty

attaaactaa

tatatycttg
tactattoca
atcaaaagtt
gatgtatacg

«213% human metapneumovirus

<230
«221» gene
<222» (1)..

. (782)

I

aagaaataga
ataagataac
ggaaaatgct
agaattatrt
ggtgtgggat
acgggttcat
ctaaactttt
atgyaatcaat
ttatgttitga
tagtaggita
atgaggtace
tectattigea
atatggeaca
taactccgat
tagcttattt
atgctaaagg
gatataactt
aacttatgaa
ggatggccay
atgaccrtga
taatagatag
gggatttgat
ttaaggacag
gcagaatttg
actgcaatgt
gtaaactgtc
cctgecatyy
ctgcasaaaa
tadgaatace
gcaaccattc
caaacaaggce
aattaaatta
tagatastct
taagtaaaaa
aagtaatcat
agaaactaac

4/52

tattaatitg

acaattaact
cattatgeca

tictgatcas

catgooecact
ccatgggaat
attaacagag

ateggatcat

atgtagttgg
agataaactg

atcaaaggtt
tatagggttt
ttggattgte
actgatagag
tgctotcaca
Tocatececa

ccctaagata

aaagctaaca
tgtetttagt

agatctaaac
aacagcatgt

teatcattat

cggtgasggy
acacagagta
agatgattit
cactacttat
afaattacct
aggctcagagy

agaaatacaa

acttgacaat

gataaataag

ttctgragea
aaacacaata
tgattrreet
agggaatgea
atgazaaaty
ttyattatge
aacrgteatt

=223 himan metapneumovirus, strain Quebec Isolate No
hMpV-118

400> 2
atgtaggcac
gtggagagat
aatatatttg
gtgaagttca
gggaagagtt
acaaagagge
aasaccagag
tatteactaa
acagagtgct
gatcttucta
ggaaagcttt
ttatgccaog
ctaataatac
gt

210> 3
<211» B78
<212> DNA

cacaactgcea
totttacact
cacggeters
ggrggtteta
gcaaatgtta
aagaaaaaca
gecttcagea
actagcatca
aagtgatgcg
tgaactatrt
aggcteater
thatggagce
attgctagagg

gtgacacctt
daacatactg
goatcagaaa
accaagacat
gatatacaty
atggtagactt
ccagacacac
acaatagaay
actcaaagat
gagcagaaag
Togacaggaa
ggtcaaacaa
catgtatctg

213> human metapneumovirus

220>
<221> gena

catcattgea
attacaaata
gagtacaaca,
actctttagy
gagtgygaaaa
tgctaaagga
caataatttt
ttggactaga
accotagggt
tgtattacay
geaaagcaga
tgctaaggtg
Tgcaacctgg

gcaagagata
tgctgcagay
gattttaags
gaazggtasa
gagtigggta
atcatcaggt
attatgtgta
gactacagtt
agatatacea
gagtctatte
aagtttgrey
gggtgtiatt
atttgaagca

PCT/CA2003/001994

gtcttccaaa
ggtaggagte
ctaccagtgt
catatcttca
ataaaadgtc
aatcrratty
caatgtatag
gCTTLLatyy
gggtcecaag
ttaaggattg
dagazalzgyga.
aagaattggt
aatgcegaag
caaagtttat
agattaatca
atgyttaate
acatttgaaa
aggaattaca
TCtactygat
cctaaagite
gaatatcetg
cctitggaat
cttteantgg
agcaaagatg
Tttaagatag
gggacagacce
trtittgiga
tgctacatac
aattctaaga
aaatctattg
aaagaattaa
acagttggag
attgattggt
gaageattag
gagataaaaa
ataazaatga
aattatgtaa
aagtttatta

acacttttgt
atagggatac
aattcagyca
aatagtadag
gaagaaatag
aacateccac
gogtgetttaa
agaagageta
aagattgcta
attgagtatg
gtaagtatast
gceagateat
agtcacagag

13350«210> 2
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2222> (1)...(878) .
<223> human metapneumovirus, strain Quebec Isolate No

hwpv-174

<400> 3

atgtgggtac
gtggagasat
aatatattag
gtgaagtcca
gagaagattt
dcaaagaagc
aaaatcagay
tatttactaa
accytytact
gatcetiota
geaaageatt
tcatgcaagc
ccaacaatat
~gtetatgact
ccaaaagety

<210> 4
<211> 876
<21Z> DNA .
<213

<220
<221
222>
<223>

<400> 4
atgtaggeec
grdgagagat
datatatttg
gtgaagttea
gggaagaglt
acaaagagge
 aaaaccagad
tatteactaa
acagagtgct
gatctittta
ggaaagcttt
ttatgcaage
ctaacaacdt
tetatgattt
caaaggcagy

<210~
<2211
212
<213>

5
869
DNA

<400=> 5 .
atgtgggtac
gtggagaaat
aatatattag
gtgaagtcea
gagaagattt
acaaagaagc
aggatcagag
tatiTactaa
accgtgtact
gatoottcta
gtaaagcatt

caccactges
tetgratget
cacagettta
agtggtctia
acagatgtta
daggaaaaca
geocteagea
actagcatea
aagtgatgca
Tgacttattt
aggeteatea
ttatggagee
aatgttatga
tggtgecgaga
gactgratca

gene

1)...(876)
human metapneumovi
hMPY~176

cacagactgcoa
tetttacact
cacggeteta
ggtggtteta
gcaaargtta
aagadagacs
goctteagea
actagcatea
aagtgatgcg
tgaacrtattt
aggcteatect
ttatgyagec
aztgctagog
ggtgagagaa
actgttatcg

gena
{1)...(869)
human meta
hvMpv-193

aacaactgea
retgtatget
cacagcttta
agtgghetta
acagatgtta
aaggaaaaca
geccteagea
gctageatea
aagtgatgca
tgacttattt
aggatcatea

gtgacaccct
aaacatgetg
ggatcagaga
accagaacgt
gacatacacqg
atggcaacct
Ccagacacac
accatagaag.
ctcaagagat
gaacaaaaay
Tetacaggea
ggtcaaacaa
catgtatccy
aatgygtcet
ctagccaact

human metapneunovirus

gtgacacctt
aaacatactg
ggatcagaaa
accaagacat
gatatacatyg
atggtgactt
CCagacacac
acaatagaag
ctcazaagat
gagcagaaag
tTcaacaggaa
ggtcaaacaa:
catgtatcry
atgdgtectg
tggctaatge,

human metapneumovirus

gtgacaccet
aaacatgctg
ggatcagaga
accagaacgt
gacatacacg
atggcaacet
teagacacac
accatagaag
ctcaagagat
ga3caAaaay
tetacaggca

catcattgea
attacaaats
gagrgoagea
actctetgyg
gggtagagaa
tgcttaagga
ccataatctt
tgggactaga
accotagast
tgtatcacag
gcaaageaga
tgctaaggtg
tccaagetga
gaatctgoac
toecaact

catcattgca
attacaaata
gagtacaaca
actctttagg
gagtggaaaa
tgcradagga
cdataattrt
ttggactaga
accotagygt
tgtattacay
gcaaagcaga
tgctaaggty

5/52

acaagaaata
tgetgoagaa
gattctgagg
gaaagttaaa
gagcrggata
atcatcaggt
attatygtota

gaccacagtc:

ggacatccea
Aagtttgttc
aagretattt
ggdggtcatt
gttaaacaca
ttctacattt

pus, strain Quebec Isolate No

gcaggagata
tgctgeagag
gattttaaga
gaaaggtaaa
gagttgggta
atcatcaggt
attatgtgta
gactacagtt
agatataccs
gagtotatte
aagtttgrtt
gagtygteatt

tgcaagcetgai attgaaacaa

aatctggact
cccaat

catcattgea
attacazata
gagtgcagea
actctctygg
gggtagagaa
tgctraagya
ccataatett
toggactaga
accctagaat

tgratcacig:

gcaaagcaga

tttactotta

prieumovirus, strain Qubec IsoTate No

acaagaaata
tgctgeagaa
gattctgagy
gaaagttaaa
gagctyggra
atcatcaggt
attatgtogta
gaccagagte
ggacateeca
agdtttgree
aagtctattt

PCT/CA2003/001994
acgctgtigt 60
ataggaatac 120
aactcaggea 180
aacaataaag 240
gaagagatag 300
aatatcoegce 360
ggtgccttaa 420
agaagggcta 480
aaaattgees 540
attgagtaty 600
ghtaatatat 660
geecaggteat 720
ggtcacagaa 780
aaggeaaage 840

878
acacttttyt 60
atagggatac 120
aattcaggta 180
aaragtaaag 240
gaagaaatag 300
aacatcecac 360
gotgcgttaa 420
agaagagcta 480
aagattgcta 540
attgagtatg 600
gtaaatatat 660
gccagatcat 720
gttacagagy 780
agaacaagtc 840

876
acgetgttot 60
ataggaatac 120
aactcaggta 180
aacaatadag 240
gaagagatad 300
aatalcccac 360
ggtgccttaa 420
agaagggcta 4B0
aaaattgecea | 540
attgagtaty 600

gttaatatat
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hMpv~217

‘ 6/52
tcatgecaage ttatggages ggtcaaacaa tgetaaggty gggggtcatt gocaggteat 720
ccaataatat aatgtiagga catgtatccg tocaaggety agttaasaaca ggtcacagaa 780
gtctatgact tggtgcgaga aatgggtect gaatchggac tictacattt aaggcaaage 840
ccaasaagetg gactgttatc actagccaa . 869
<210~ &
«211> 248
<212> DNA i
«213> human metapneumovirus
<220 .
«221» gene , ,
<222> cl) R C848> N .
<223> human metapneumovirus, strain Quebec TsoTate no

. c-77807 :

<400> 6 4 .
atgtagycac cacaactgca gtgacacctt catcattgea acaagaaata acacttttgt 60
gtgggoaaat tTotttacact aadcacacty attacaaata tgctgcigag ataggaatge . 120
aatatattty cacagctcta ggatcagaas gagtacaaca gattttgaga aactcaggta 180
gtgaagttca ggtggtttta accaaaacat actoccttagg gasaggcaaa aacagtiaag 240
gggazgagct geagatgtta gatatacaty gagrggaasa gagttgdggha gaagaaatag 300
acaaagaggc aagaragaca atggtaactt tgettaagga grcarcaggt aacatcogac 360
aaaaccagag acctitcagea ccagacacac caataatttt attatgtgta ggtgeocctaa 420
tattcactaa actageatca acaatagaay ttggattaga gactacagtt agaagagcta 480
atagagtget- aagtgatgea ctcaaaagat accctagyyt agatatagca aagattgcta 340
gatctitita tgaactattt gaacaaaaayg tgtactacag aagtttattc attgagtacg 600
gaaaagettt aggetcatct tcaacaggaa gcaaagoaga aagrttgttt graastatat 660
ttatgcaage ttatggaget ggrcazacac tgctaaggtyg gagtgtcatt gecagatcat 720
ccaacancat aatgcotaggg catgtatcty tgcaatciga attgaageaa ttoacagagg 780
trttatgactt ggtgagagaa atggdtactyg aatctgggct tttacatcta agacaaaghe 840
caaaggea 848
210> 7
«211> 894
<212> DNA .
«213> human metapneumovirus
<220
<221 %ene .

' {222} 1) (AN | 6894) . )
«22%> human metapneumovirus, strain Quebsc Isolate No

C-77748 . :

«4Q0> 7 -
atgtgggtac aacaacrgea gtgacacect catcattgca acaagagata acgetgttgr 60
gtggagasat tcrgtatgct aaacatychg attacaaata tyctgcagaa ataggaatac 120
aatatattay cacagetita ggatcagaga gagtgeagda gavtotgagg aactcaggea 180
grgaagtcca agrgotctta accagaacgt actctotggg gamagtiaaa aacaataaag 240
gagaagatit acagatgtta gacatacacg gggtagagad gagetyggta gasgagatag 300
acazagaage aaggaaaaca atggcaacet tgcottaaggs atcatcaggt aatatcccac 360
aasatcagag gecctcagea ccagacacac ccataatett attatgtgta ggtgcortaa 420
tatttactaa gerageates accatagaag tgggactaga gaccacagtc agaagggota 480
accgtgtact aagtgatgca cctaagagat accctagaat ggacatccca aaaattgoca 540
gatccttota tgacttatit gaacaaaaag tgtatcacag aagtttgtte attgagtatg 600
gcaaageatt aggotcatca totacaggea geaaacgaga aagtctattt gottatatat 660
tcatgegage ttatggagee ggtocadcaa tgoetaaggrty gggopotcatt gocagatcat 720
ccaacaatat aatgttagga catgtatctg tccaagetya atttaaacaa gacacagaag - 780
tccatgactt ggtggtagaa atggggectg aatctggact TTLCtactita aggcaaagce 849
cazaagrtgg actgtttaca ctagocaact gteccaactt tgcaagtgit gtte 894
<210 8 :
<211 850
%212 DNA
«213> human metapneumovirus
<220>
<221> pene
222> (1)...(850) .
<223>» human metapneumovirus, strain Quebec Isolate No
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<400> 8
atgtgoggiac aacaactgca gtgacacect catcatigoa acaagaaasta acgetgttgt 60
gtggagaaat tctgtatgot aaacatgctg attacaaata tgcrgoagaa ataggaatac 120
aatatattag cacagcettta ggatcagags gagtgcagea gattetgagg aactcaggta 180
gtgaagtccd agtggtetta accagaacgt actctotggg gaaagrttaas aacaataaag 240
gagaagattt acagatgtta gacatacacd gggtapagaa gagctgggta gaagagatag 300
acaaagaagc aagpaaaacs atggcaacct tgottaagga atcateaggr matatcccac 360
anaattagag gecctcagea ccagacacac coataghctt attatgtgta ggtgccttaa 420
tatttactaa getagdatca agcatagaag tgogactaga gaccacagts agaagggeta 480
accgigtact aagtgatgca cfcaagagat accctagaat ggacatccca azaattdoca 540
gatcctteta tgacttattt gaacaazasg tgtatcacag aagtttgttc attgagratg 600
gtasagcatt aggatcatca totacaggea goaaageaga aagtorattt grtaatatat 660
tcatgcaage ttatggagee ggtcaaacaa tgcotaaggtg ggoggtcatt gocaagteat 720
ccaacaatat aatgitagga catgtatccg tecaagetga attaaaaaca ggtcccagas 780
gtccatgact tggitgcgaga aatgggyect gaatctggac ttotactttt aaggcanage 840
ccaaaagety 850
210> 9
<211» 1185
«212> DNA : .
«213> human metapreumavirus
<§%0>
- gene
«222» (1)...CL185) ] L .
<223> human metaprneumovirus, strain 00-1, accession
number af371337
<A00> 9 ' .
atgtctcette aagggattca cctgagtgat ttatcaraca ageatyctat attasaagag | &0
totecagtaca caataasaag agatgtgggt acadcaachy cagigacaco cteateattg 120
caacaagaaa taacactgtt gtgtggagaa attetgtatg ctaazcatge tgactacaaa 180
tatgetgcag arataggaat acaatatatt agcacagett taggatcaga gagagtgcay 240
cagrttctga ggaactoagg cagtgaagtc caagrtggtet taaccagaac gtactctotg 300
gggaasatta aaaacaataa dggagaagat ttacagatgt tagacataca cggggtagag 360
aagagetggg tagaagagat agacadagaa Jgoaaggadaa cadtggeaac ctigettaay 420
gagtcatcay gtaatatccc acaaadtcag aggeccteag caccagacad acccataate 480
ttattatgtg taggtgactt aatattcact aaactageat caaccataga agtgggacta 540
gagaccacag tcagaaggge taaccgtgta ctaagtgatg cactcaagag ataccotaga 800
atggacatac caaagattge cagatcotte tatgacttat ttgaacaaza agtgratcac 660
agaagtttgt tcattgagta tggcazaged titaggctcat catetacagy cageazagoa 720
gaaagtctat thgttaatat attcatycaa gertatgogg ceggtcaaac aatgctaagg 780
tggggogtca trgccaggtc atccaacaat ataatgttag gacatQratc cgtccaaget 340
gagtitaaaar aggtcacaga agtctargac ttggtgcgag aaatgggeece tgaatctaga 900
ctitctacatt taaggcaaag cccaaaaget -ggactgttat cactagecas c¢tgtcocaac 960
tttgcasgty ttgttctcgg aaatgccrca ggoettaggea taatcggtat gtatcgagag 1020
agagtaccaa acacagaatt attttcagea gotgaaagtt atgecaaaag tttgazagia 1080
agcaataaaa taaatttote ttcattagga cttacagatg aagagaaaga goctgcagaa 1140
catttcttaa atgtyagtga cgacagtcaa aatgattatg agtaa 1185
<210> 10
<211= 700 ;
<212> DNA N
<213> human metapneumovirus
220>
w221 %ene
<222» (1).,.C700) . .
<223> human metapneumovirus, strain Quebec Isolate No
hMPV-163
<400= 10
tgcagarata ggaatacaat atattagceac ageittagga teagagagag tgcageagat 60_
tctgaggaac tcaggeagtg aagtecaagt ggicttaace agaacgtact ctetggggaa 120
agttaaaaac aataaaggag aagatttaca gatgtragac atacacgggg tagagaagag 180
crgggtagaa gagatagaca aagapgcaay gaaaacaatg gcaaccttge ttaaggaatc 240
atcagytaat atcccacaaa atcagagges ctcageacca gacecaceca taatcttatt 300
argtgraggt gccttaatat ttactaaact agcatcaace atagaagtgg gactagagac 360
cacagtcaga agggccaace gtgtactasg tgatgcacte aagagatadc ctagaatgga 420
catcccaaaa attgccagat ccttctatga cttatttgaa cadadagtgt atcacagaiay 480
TLigttcatt gagtatggca aagcattagg ctcatcatct acaggcagla azgcagaaag 54Q
totatitglt aatatatica tycaagotia tggagecggt cazacaatyd tadggttoag 600
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ggtaattgee aggteatcca acaatataat gttaggacat gratccgtee aagotgaght
zaaacaggtc acagaagtct atgactiggt gegagaaaty

<210
<2170
<212
©213>

%220
<221>
wid 22w
<223

11
705
DNA

gene
(1)..
human
hMpyv=

<400> 11

tattageaca
agtccaagtg
agatttacag
agaagcaagy
-tcagaggece
tactaaacta
tgtactaagt
ctrctatgac
agcattaggc
gcaagertat
caatataaty
tgacttguty

210> 12
<211 700
212> DNA

.{705)
174

gotttaggat
gtettaacca
atgttagaca
aaagcaatyg
tcageaccag

geatcaacca

gatgcactea
ttatttgaac
toatcatota
ggageeggte
ttaggacatg
cgagaaztga

human metapnauttoviTus

cagagagagt
gaacgtactc
tacacggggt
caacctigct
acacacccat
tagaagtagg
agagatacce
aaaaagtgta

caggcagean

aaacaatgct
tatcegtect
ttoctgaate

<4213= human metapneumovyrus

«220>
221>

ene
<222 %1)..

(7000

gecagcagatt
tetggagaaa
agagaagage
taaggaatca
aatcrtatta
actagagacce
tagaatggac
tcacagaagt
agcagaaagt
gaggtyggag
agcrgageta
tngacttcta

metapneumovirus, strain Quebec Isolate No

ctgaggaact
gttaaaaaca
toggtagaag

caggcagrga
ataaaggaga
agatagacaa

tcaggtaata tccogcaaaa

tgtgtaggty
acagrcagaa
atcccaaaaa
ttgttcatty
gtatttgtta
gtecattgeca
aaaccggtca
catta

«223» human metaprneumovirus, strain Quebec Isolate No
hMpv-184

<400> 12

aaatatgetg
cageagattc
ctggggaaag
gagaagaget
aaggaatcat
atcrrattat
ctagagacca
agaatggaca
cacagaagtt
geagaaagtc
aggtggoaqq
gctgagttaa

=210 13

<211> 650
<212 DNA
213>

gene
..

400> 13

taggaataca
actcaggeag
acaacaaagg
aagagataga
atattccaca
grgeotTaat
gaagagctaa

cagaaatagg
tgaggaacte
ttaaasacaa

ggragaaga
%aggtaatat
gtgtaggtgc
ragtcagaag
tcccasnaat
tgttcatiga
tatttgttaa
taattgceeag
aacaggtcac

. (650)
3

atatattage
tgaagteeas
agaagattis
caaagaagea
aaatcagayy
attraccaaa
cogtgtacta

aatacaatat
aggcagtyaa
taaaggagaa
gatagacasa
cccacazaaat
crraatatty
ggccaacegt
tgccagatco
gtatggcana
tatatteaty
atcatecaac
agaagtoctat

human metapneumovirus

acagctcetag
gtggttttaa
cagatgttag
2g3222aCA8
cetteageac
ctagcatcaa
agtgatgcac

attageacag
gtocaagtog
gatttacaga
gaagcaagga
cagaggeect
actaaactag
gtactaagtg
tretatgact
geattagget
caagctratg
aatataatgt
gacttagtge

gatcagagag
ccagaacgta
acatacacgg
tTggcaacttt
cagacacace
ctatagaagt
tcazaagata

ctttaggate
tottaaccag
tgttagacat
aaacaatgge
cageaccaga
catcaaccat
atgcactcaa
tatttgaaca
catcatetac
gagecggtcy
taggacatgt

human metapneumavirus, strain Quebeg Isolate No
hmpv-138

agtacageag
CTCCTTygag
agtagagaaa
gcttaaagaa
tataatctta
gggattagag
ccctaggatg

ccrtaatatt
gggctaaceg
ttgceagatc
agratggecaa
atatattcat
goteatceaa
cagaagtecta

agagagagtyg
aacgtactct
acacggogta
aaccttgett
cacacocata
agaagtggga
gagataccect
aaaagtgrat
aggeageaas,
dacaatgcta
atcegtccas

attctaagaa
A3agrtaaas
agctgggtgg
tcatcagyca
ttatgtgtag
accacagtca
gacatadcas

660
700
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aaatcgetag- atctttctat gacttatttyg aacaaaaagh gtattacaga
ttogagtatgg caaadcatta ggotlatoct ctacaggcag caaagcagaa agrrraticg
ttaatatatt catgcaaget tacggrgoig gteaaacaat goetgagotgy ggagrtcattg
ccaggtcate taacaatata atgttagyad atgraictgt Ccaagctgag

<2310
21>
<212
w213

14
650
DNA

gene
(1) .

<400> 14

acaaatatgce
gtgcagoaga
totetgggga

gtagagaaga

cttaaggaat
ataatcttat
ggactagaga
cotagaatgg
tatcacagaa
aaagcagazad
ctaaggkgeg

«210> 15
<211> 650
<212> DNA

.. (6500
human meta
C-76837

atcaraazata
tTctaaggaa
aagttaaaas
gotgagtaga
catcaggraa
tatgtgtagg
ccacagtoag
acatcccaan
gtttgttcat
gtctatttygt
gggteattge

human metapneumovi rus

ggaatacaat
crcaggeagt
caataaagga
agagatagac
tatcocacaa
tgecttaata
aagggctaac

aattgccaga

tyagtatgge
taatatatte
caggteatce

<213> human metapteumovirus

<220
221
- 222>
<223

ena -
%l)...CGSQ)
human metapneumov

C-77807

<400~ 15

gtatgetaaa
agotttagga
ggtcttaacc
agatgrtags
ggaaaacaat
ccteageace
tagcatcaac
gtgatgcact
acttatttga
gctecatcate

atggageegg

«210> 16
<2ll> 630
«212> DNA

catgetgatt
tcagagagag
2gaacgract
catacacggg
ggcaaccttg
agacacaccee
catagaagtg
caagagatac
acaaaaagty
tacaggcagc
tcaaacaaty

aczaatatge
‘tgcagecagat
ttctgygggaa
gtagagaaga
ctraaggaat
ataatcttat
ggactagaga
cctagaatygg
tatcacagaa
aaaglagaaa

ctaaggtggg

<213> human metapneumavirus

<220
<221
«2220

2

. (650)

atattagecac
gaagtccaag
gaagatitac
aaagaageaa
aatcagadgc
titactaaac
cgtgtactaa
teettetatg
aaagcattag
atgcaagett
aacaatataa

tgcagaaata
tetgaggaac
agttaazaac
gctgggraga
catcaggtaa
tatgtotagg

pneumovirus, strain quebec Isolate No

agetttagay
tggtettaac
agatgttaga
ggaaaacaat
ccteageace
tagcatcaac
gtgatgeact
acrLatriga
gotcateate
atggagceag
tgttaggata

irus, strain Quebec Tsolate No

ggaatacaat
TCaggcagty
aataaaagga
agagatagac
tatcccacaa
tgeettaata

ccacagtcag aagggctaac

acatcccaaa
gtitgtteat
gtctatttgt
gggteattge

aattgecaga
tgagtatggc
taatatattc
caggtcatce

<223» human metapneumovirus, Strain Quebec Isolate Ne
hmpv=-C=78123

<400> 16

ttaggatcag
ttaadeagaa
ttagacatac
acaatggeas
gcaccagaca
tcaagecatag
geactcaaga

agagagtgca
cgtactotet
acggggtaga
cettgottaa
cacccataat
aagrtgggact

gcagattcta
ggggaaagtt
gaagagergy
ggaatcatca
cttattatgt
agagaccaca

gataccctag aatggacatc

aggaactcag
azaaacaata
gtagaagaga
ggtaatatce
gtaggtgcet
gtcagaaggg
ccaadaattn

gcagtgaagt
aaggagaaga
tagacaaaga
cacaaastca
taatatitac
ctaaccgtgt
CCagarcett

PCT/CA2003/001994

agettgtrea 480
A 540
600

63¢

atcagagaga 60
cagaacgtgc 120
catacacggg 180
ggcaacotty 240
agacacacee 300
catagaagty 360
caagagatac 420
Acaaagagtg A80
tacaggeage 540
tcaascaaty 600
650

atattagecag 60
aagtccaagt 120
gaagatttac 180
aaagaagcaa 240
aatcagagge 300
tttactaage 380
cgtgtactas 420
tecttetaty 480
aaagcattag 540
atgcaagert 600
650

ccaagtggte 60
tttacagaty 120
agcaaggaas 180
gaggooctea 240
Talactagea 300
actaagtgat 360
ctatgactta 420
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. ’ 10/52
ttgaacaaa aagtgtatcea cagaagtttg ttcattgagt atggcaaage
gca%ﬁ%acag gcggcaaagc agasagicta tttgttaata tattcatgca
geegytoaga caatgetaag gtggagggtc attgccaggt catccaacaa
ggacatgtat ccgtccaage tgagttaaaa‘caggtcacag aagtctatga

<210 17
<211> 650
«212x DNA

<213% human matapneumovirus

w220
<221>
w222

<400> 17

cagaaagagt
aaacatactc
tagatggagt
taactttget
acacaccaat
‘tagaagrttgg
aaagataccco
asaaagtgta
caggaageaa
aAaacactget
tatatgtgea

«210> 18 .
<21 650
=212> DNA

gene

(1) ... (700D )

<223 human metapheumovirus,
C-78132

acaacagatt

cttagggasa

ggaasagagt
‘taaggagtea
aattttatta
attagagact
tagggragat
ctacagaagt
agceagaaagr
aaggtggggt
atctgaattg

ttgagaaact
ggcazaaaca
Tygytagaag
tcaggtaaca
tgtgtaggtyg
acagttagaa
ataccaaaga
ttattcattg
Trgtttotaa
gtcattgeea
aagcaagtta

<213 human metapneumovirus

<220
<221
w222

ene
.. (550 _
223> human metapneumovirus,

c~78163

<400~ 18

ggatcagaaa
accaaaacat
gatatacatg
atggtaactt
ccagacacac
acaatagaag
ctcaraagat
gaacaaaaag
téaacagga’
ggtcaaacac
catgtatcty

«210> 19
<211~ 600
<212> DNA

gagtacaaca
actocttagy
gagtggaaaa
Tgettaadgos
caataatttt
ttggattaga
accctagggt
tgtactacag
gcaaageaga
tgetaaggty
tgcaatetga

gattttgaga
gaazggraaa
gagttgggta
gteatcaggt
attatgtgta
gactacagtt
agatatacca
aagtttattc
aagtttgttt
gggtgteatt
attgaagcaa

<213> human metapneumovirus

<220
«221> gene

<222 (1)..

.{600)

cagytagtga
gtaaagggga
aaatagacaa
tcecacaaaa
ccctaatatt
gagctaatag
ttgetagatce
agtacggaaa
atatatttat
gatcatccaa
cagaggttta

aactcaggta
aacagtaaag
gaagaaatag
aacatcccac
ggtgcectaa
agaagageta
aagattgcta
attgagtacy
gtaaatatat
gecagatoat
gttacagagg

strain Quebec Isolate No

agttcaggtg
agagctgcag
agaggcaaga
ccagagacey
cactaaacta
agtgctaagt
tttttatgaa
agetttaggce
gcaagettat
caacataatg
tgacttggtg

- strain Quebec Isolate No

gtgaagitcg
gggaagagcet
acaaagagqc
aaaaccagay
tatrcactaa
atagagtgct
gatcttttta
gaaaagetrt
ttatgcaage
ceaacaacat
tttatgactt

<223> humah metapneumovirus, strain Quebec Isolate No
¢-91205

<400> 19

atattagcac
gaagtceaag
gaagatitac
daagadgcaa
aatcagagge
titaccaaac
cgtgtactas

agctctagyy
tagttttaac
agatgttaga
gaagaacaat
cttoageacs

atcagagaga
cagaacgtac
catacacyya

Jggcaactttyg

agacacacct

tagcatcaac tatagaagty

gtoatgcact

cadadgatac

gtacagcaga
teottgggga
gtagagaaaa
cttaaagaat
ataatcrtat
ggattagaga
cectaggatgg

ttctaagaaa
adagttaaaaa
gctgggtgga
catcaggcaa
tatgtgtagy
ccacagtcag
acataccaaa

PCT/CA2003/001994

attaguctea 480
agottatgga 540
tataatgtta 600
650
gttttaacca 60
atgreagata 120
aagacaatyy 180
tcageaccag 240
gcatetacaa 300
gatgcactca 360
ctatttgaac 420
tcatettcaa ggg
dgagaragro
ctagggcaty 600
! 650
ggtggtttta 60
geagatgtta 120
aagaaagaca 180
accttcagea 240
actageatca 300
aagtgatgea 360
tgaactattt 420
aggcteatet 480
tt%tggagct ggg
aatgctagag
650
ctcaggeagt 60
caacgaagga 120
agagatagac 180
tatteccacaa 240
tgcettaata 300
gagagetaac 360

aatcgotaga
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teprtotatyg acttatitgn acaaaaagty tattacagaa ¢

11/52

PCT/CA2003/001994

cttgricat tgagtatggce

catta cteatecte tacagygcage zaagcagaaa grttattegt taatatatte
ggégaagctg gcggtgctgg Tcalacaatg ctgaggtgygy gagteattge caggteatet

<210> 20 -
«211= 700
%212
213>

<2 20>
<221
4222w
w223

g

.(700)

, €-91364

<400= 20

gattacaaat
agagtacaac
tactccttag
ggagtggaaa
Ttgottaagg
ccaaraattt
gttggattag
taccotagyy
gtgtactaca
agcagageag .
ctgctaaggt
gtdcaatocrg

atgergotga
agattttyag
gogaanggcaa
agagttgggt
agtcatoagg
tattatgtgt
agactacagt
tagatatace
gaagtttatt
aaagrttgtt
ggggtgteat
aattgaagea

ONA . :
human metapneaumovirus

gataggaaty
amactoagot
aaacagtaaa
agaagaaata
taacateccs
aggtgeccta
Tagaagaget
aaagattget
cattgagtac
tgtazatata
tgccagatca
agttacagag

caatatattt
agtgaagttc
ggggaagage
gacaaagagg
caaaaccaga
atattcacta
aatagagygc
agatctitit
ggaaaagctt
tttatgeaag
tocaacaaca

human metapneumoviris, strain Quebec Isolate No

geacagetet .
aggtggtict
rgcagatgtt
caagazagac
gacctrcage
aactagcate
taagtgatge
atgaactatt
taggcteate
cttatggagc
taatgctagg

grttatgact

<210 24

<211l> 600

«212> DNA .
<213> human metapheumovirus

<220~

«221> gane

222> (1)...(600) ] ) -

<223 hugigsgetapneumov1rus, strain guebac Isolate No
C_ .

<400= 21

cagcetetagg
tggttectaac
agatgttaga
gaaagacaat
cttcageace
tageatcaac
gtgatgecact
aactatttga
geteatoctie

atggagengyg

<210 22

<211 650

%212> DNA .
<213> human metapneumovirus

atcagaaaga
caaraacatac tecttaggga
tatacatgga grggaaaaga
ggtaactttg cttaaggagt
agacacacca gtaatiteat
aatagaagtt ggattagaga
caaaagatac cctagggtag
dcazaaagtyg tactacagaa
aacaggaagc aaagcagaga
teagacactyg ctaayggtagg

gtacaacaga ttttgagaaa
aaggcaaasa
gttgggtaga
catcaggtaa
tatgtgtagy
ctacagttag
atataccazaa
gcttattcat
gtttgruegt
gtgtcattge

ctcaggtagt
cagtaaaggg
agaqatagac
catcocacaa
tgcottaata
aagagctaat
gattgctaga
tgagtacgga
anatatattt
cagatcatce

ene;
... (650)

human metapneumovirus, strain Quebec Isolate No
hMPv-G86

<400> 22

atgctgatta
cagagaaagt
gaacgtactc
tacacggagt
caactttact
acacacctat
tagaagtggg
aaagataccc

caaatargct
acagcagatt
tttggugaaa
agaaaaaage
tazagaatca
aatcttatta
attagagacce
tagaatggac

gcagaaatag
ctaagaaact
gttaaaaaca
tgggtggaag
tT€aggtasty
tytotaggty
acagrcagaa
ataccaasaa

gadtacaata
caggcagtyga agtccaageg
atafaggaga agatttacag
agatagacaa.agaagcaaga
Ttccacagaa tcagaggact
ccttaatatt caccaaacta
gagctaaccg tgtactaagt
ttgctagatc cttotatgac

tattageaca

aggatcagaa
aatcaaaaca
agatatacat
aatggtaact
accagacaca
aacaatagaa
actcaaaaga
tyaacaazaa
ttcaacagya
tggtcaaaca
geatgratct

gaagtteagg
gaagagctge
aaagaggcaa
2accagagac

Tteactasac

agagtgctaa
tetttttatg
azagctitag
atgcaagctt
aacaacataa

getotagogt
gttttaacca
atgttagaca
aaaacaatgg
tcagcaccag
geatcaacta
gatgcactes
ttatttyaac

480

540
500
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aaagtgta tcacagaagt ttgtitcat
g%agg%agca aagcagaaag tttatteg

caaacaatge g

<210 23
<211~ 850
212> DNA

<213> human metapneumovirus

<220
<24 1>
222>

<400~ 23

tageacagcet
ccaagtggtt
fttacagatgy
agcaadaand
gaggecettea
caaactagea
actaagtgat
ctatgactta
artaggctca
aagcttacgg
atataatgtt

<210 24
«211> 741
<212
«213>

<220>
<221
222
<223

<400> 24

agtgacacce
taagaatgot
aggatcagagy
aaccagaacg
agacatacac
aatggeaact
accagacaca
aactatagaa
actcaaaaga
fgaacasasa
ctetacaggce
tggtcaaaca
acartgratct

«210> 25

<211= 650
d L2
213>

w220
A
©222
<223

400> 25

caatatattt
agrgaagree
ggggaagagt
gacaaagayy
caaaaccaga
atattcacta
aacagagitge
ggatctttct

e
Rutan metaphneumovirus, strain can 98-75

ane

e, (650 .
<223= human metapneumavirus,
hMPV-

Q97

ctaggatcay
Traaccagasa
ttagacatacd
acaatyggcaa
geaccagaca
tcaactatag
gcactraaaa
tttgaacaaa
toctctacag
tgotggteaa
aggacatgta

enea
%1)...(741) . .
human metapheumovirus, strain can 97-83

‘teatcattge
gattacaaat
agagtacage
TACTCCTTgg
ggagtagaga
ttgctraaag

cctataatct

graggattag
Taccotagya
gtgtarraca
agcaaagcag
atgctgaggt
gtccaagotg

. (650)

gcagggggct
a ct
tocasatgit
caagaaaaac
ggccttecage
aactageate
taagtgatgc
atgaactatt

agagagtaca
cgtactectt
acggagtaga
ctttgcttaa
cacctataat
aagtgggatt
gataccctag
aagtgtatia
gcageazage
acaatgctga
tCtgtccaag

DNA '
human metapneumovirus

aacaagaaat
atgctgeaga
agattrctaag
ggaaagttaa
aaagctgggt
aatcatcagy
tattatgtgt
ggaccacagt
tggacatacc
gaagritgtt
aaagtttatt

ggggagrcat
4

DNA .
bumarn metapnaumovi rus

geagaticta
ggggaaagrty
gaaaagctyg
agaateatca
ctiattatgt
agagaccaca
gatggacata
cagaagcttg
agaaaguitt
ggtggggagt
ctgagrraaa

aacagtattag
aataggaata
aaacteagge
adacaacasa
ggaagagata
cagtattcea
aggtgeotta
cagaagagct

daaaatcgct

cattgagtat
cgttaatata
tgccaggtca

aggatcagaa agagtacaac
adccaagaca tacrctitay
agatatacat ggagtggaza
aptggrgact ttgctazagy

accagacaca

ccaataattt

gacaatagaa gttggactag
gctcaaaaga taccctaggy
tgagcagaaa gtgtattaca

12/52

strain Quebec Isolate No

agaaactcag
AAAaacaaca
gtggaagaga
ggcaatattc
gtaggtgect
grcagaagay
ccaaaaateg
tteatigagt
attcgttaat
cattgccagy
acaagteacg

tgtggagana
caatatatta
agrgaagtec
ggagaagatt
gacaaagaag
caaaatcaga
atantracca
aaccgtgtac
agatctitet
ggcazageat
Trcatgcaag
tetaacaata

agattttaag
ggaaaggtaa
agagttgggt
aatcatcagy
tattatgtgt
agactacagt
tagatatace
ggagtctatt

PCT/CA2003/001994

g agtatgggca asgcattagg ctcatcctol
tc aatatattca tgcaagetta tggtgctggt
agotogog gogttatdge caggtcatct aacaatataa

gecagtgaagt
aaggagaaga
tagacaaaga
caCIaAaTca
taatatttac
ctaaccgtgt
ctagatettt
atgggeazage
atattcatge
fcatctaaca

ttctatatge
geacagetot
aagtggtttt
tacagatgtt
raagasaaac
ggecttcage
sactagcate
taagtgatge
atgRtLtatt

taggcteate

cttacgyroc
taatgttagg

aaattcaggc
aaatagtaaa
agaagaaata
taacatccca
aggtgcttta
tagaagagct
gaagattget
cattgagtat

540
650
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taggctcate ttcaacagoa agcaaagcag aaagttigtt tgtaaatata
dggaaagert ct%gtggagc cggtcanaca atgetaaggt ggggtgtcat tgocagatca
taatgctagg acatgtgtct gtgcaagctg aattgaages

tttatgcaag
totaacaaca

26
759

e

«223> human metapneumavi

. <40Q> 26
atgtcettgga
gaaagttatt
acaggttgat

S actdatggac
ctcaasacad
teaaggrttg
ggeattgega
ctoaaaacan
gcagtaagag
_aaatgtgaca
ctaaatgttg
ctaatgactg
ataaaactaa

22108
2Ll
212
213>

<220
w221
<222

27
759
DNA

h

<223» human gatapneumovirus, st

-

(759D

DNA -
human metapneumovirus

a

aagtggrgat tartcatticy Ttactcataa

‘tagaagaate
acacaatgt
ctagcttaat
tttctgetga
teotaggtge
tagecaaaac
ccaacgaggeo
agctygaaiga
ttgctgacct
tgcggeagtt
atgctgaget
tgttagagaa

. (738)

Cc-6734

<400> 27

atgtoitgga
gagagatace
acaggttggt
tctgatggac
ctcaaaacay
totaggttty
qggtgttgcaa
ctcaaaacga
gcagtgagag
aagtgegaca
ctaaatgtty
ttaatgacag
ataaaartga

<210~ 28

<211> 759
<212> DNA
%213

<220
<221> gene
w222 (1)

aagtgatgat
TAgARgRATC
ataccaacgt
CtagCCLaAaT
tetctgotga
ttetgagage
tTtgecaaaac
ccaatgaage
agetgaaaga
ttgatgacct
tgcggeaatt
atgetgaact
tgttggagaa

. (759)

atgtagtact
ctttacatta
cadascagaa
teagttayeg

aatagetctt

cataaggctt
agtatccaca
artrgtgage
gaagatggct
frcagacaat
goccagaget
cogrgcaaty

human metaphneumovirus

catttritca
atgtatcact
tritacatta
azaaacagaa
ceaattggoa
aatageactc
catceggett
agratotaca
cttigtgagc
FEEEERRS (Tl w
trcagacaat
BgeCAYgyes
ccgtgegatg

human metapneumovirus

ataactgaag

gaagttggty
cttgacctaa
agagaagaac
ggtgttgeca
gagagtgaag
ctaggazaty
adasacctga
gteagettca
gcagggataa
gtatcataca
gtaagaaga

ttgeraataa
ataactgagg
gagatgggtg
ttagatctga
agagaggaac
ggtgttgcaa
gagagtgaag
1togggaatg
aagaatttaz
grragettea
getgaaataa
grutccaacs
gtaagaaga

rus, strain Can 88-7S

caccteagea
gatatctcag
atgttgaaaa
ccazaagtge
aadattgaaaa
cagecagcage
tgaatgeaat
gagtgcgagt
ctagtgcaat
gtcaattcaa
caccageaat
tgecaacate

rain Quebec Isolate No

cacctcaaca
gatatcttag
atrgragaaaa

-ccdaaagtge

aaattgagaa
cagcagetge
tcacagraat
gagttcgagt
ctcgtgcaat
gteaattcaa
caccagcaat
tgcegacate

223> Ruman metapneumavirus, strain can 97-83

<400> 28

ataaaaatgt
cttaaagaga
ctgaggacag
acatgttctg
agagagctca
agacaatcta

ctitggaaagt ggtgatcatt
gotaccetaga agaatcatgt

gttggtatac
atggacctag

caacgttrit
cctaataaaa

aaacagtote tgctgaccaa
ggttrgttct aggagcaata

tttteatnge
agcactataa

TAATAACACE
ctgagggata

acattagagy tgggtgatgr

acagaattag

atctgaccaa

Ttggcasgag aggaacaaat
geacteggtyg ttgcaacage

cggactaana
Tgttttaaga
tettacatgt
Totaagagaa
tceccagacaa
agtcacagea
caaaggtgcet
cectagocace
taacaagaac
cagaagattc
atcatiggac
tgcaggacag

cggtottaaa
tgttctgaga
ccttacatgh
actaagagag
toocagacaa
agtcacagea
taagaatges
gttggcaacy
caatadaaad
cagaaggtty
atctttggac
tgcaggacaa

Teaacacggt
tettagtgtt
agaaaacctt
aagtgcacty
tgagaatece
agctgeagte

540
G50
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acagcaggtg
aatgccotea
gcaactycag
aaaaacaagt
aAggrrtctaa
ttggacttaa
ggacaaataa

29

753
DNA
2213
<220
2221

Yy
#223>

gene
.. . _
hu%an metapreumovi rus, .strain quebac Isolate No

trgcaattge

caaaaccatc

aaacgaccan tgaageagta

tgagagaget gaaagacttt

gcgacatiga
atgttgtgeg
‘tgacagatge
aattgatgtt

.{759)

C~63661

<400 29

atgtettgga
fagageratt
acaggttggt
gotgatggac
ctcagaacag
tctagattty
ggtattgeaa
ctcaaaaaga
geagtygagdg
aagtgcgaca
ctaaatgttd
trtaatgagcag
atazaactga

<210= 30
211> 759
<212> DNA

aagtggtgat
Tagaagagtc
ataccaacgt
crtagcttaat
tttetgetga
thetaggags
ttgccaaaac
ccaatgaage
agctgaaaga

ttgctyacet

tgcggcaatt
atgctgaact

“tgttggagaa

tgacctaaaa
gcaatttrca
tgaactagee
ggagaaccgt

human metapneumovirus

cartrttica
atgtagcact
trttacactg
aaaaacagaa
tcaactgyca
aatagcactg
catecggatt
agratctaca
ttttgtgage
gasaatggee
ttcagacaat
agceagaget
ccgtycaaty

«213> human metapneumovirus

<220
<221> gane

<222» %1)...(759) .

«223:> hugggsgetapneumovirus, strain Quebec Isolate Na
c-.

«400> 30

atgtcttgga
gagagctatt
acaggttggt
gctgatyggac
ctecagaacag
totagatttg
ggtgttgcaa
ctcanagaga
gcagtgaggg
aagtgegaca
ctaaatgttg
ttaatgacad
ataaaactga

<210= 31
<211 759
<212 DNA

aagtggtgat
tagaagagtc
ataccaacgt
ctagcttaat
tttctgctga
ttctaggage
ttyccaaaac
cecagtgaage
aactgaaada
LACTORCCT
tgcggeaatt
atgotgaacy
tgttggagaa

Cattititca
atgtagcact
ttitacactg
aaaaacagaa
tcaactggeoa
aatagcactc
catcocoggetrt
agtatcraca
trttgtgagce
gansaatggcee
ttcagacaat
agecagaget
ccgtgeaatg

<213» human metapheumovirus

<220>
w220
<222

ene

<400= 31

1)...(759) )
«223>» human metapneumovi
C-745

49

14/52

PCT/CA2003/001994

cggettgaga gtgaagtcac ageaattaag
tctacattgy ¢ggaatggagt tegagtgtig
gtaagcaaga dtttaactcy tgcaatcaac
gtggecgtta gotteagtea attcaacaga
gacaatgcty gaataacacce agcaatatct
agggcegttt ctaacatgee gacatorgea

gagatgatg

ttgttaatan
ataactgaag
gaggtaggtg
ttagacctga
agagaggage
ggtgtigcaa
gaaagtgaag

ttgagudatg,

aagaatetaa
gttagcttca
getggaataa
gtttoccaaca
gtaagaaga

ttgttaataa
ataactgaag
gaggtaggty
ttagacctga
agagaggagc
ggtgttgcaa
gaaagtgaag
ttggggaaty
aagaatctaa
gttagettes
gctggaataa
gtttccaaca
gtaagaaga

cacctcaaca
gatatcteag
atgtagagaa
ceaaaagtyc
aaattgagaa
cagcagctge
taacageaat
gagttcgagt
cacgrgeaat
gtcaattcaa
CACCAgQLaat
tgccaacatc

cacctcaaca
gatateteag
atgtagagaa
ccaaaagige
azattgagaa
cagcagetge
taacageaat
gagttegagt
tacytgcast
gtcaatteaa
caccageaat
tgecaacate

rus, strain Quebec Isolate Ng

cggtcttaaa
tottctgagy
ccttacatgt
Actaagagagy
teccagacaa
agttacagca
Taagaatgce
gtrggcaact
caacaaaaac
cagaaggttt
atcettggac
tgcaggacaa

cgotettaaa
Tgrtotgagg
ccttacatgt
actaagagag
teocagacaa
agtiacagea
taagaatgece
gttggeaact
caataadaac
cagaaaggtt
atccrtggac
tgcaggacaa
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atgtcttgga
gagagctace
acagatigot
totgatggac
ctcaaaacag
tctagatttg
ggtgttgeaa
ctcaaaacga
qcagtgagay
aagtgcgaca
ctaaatgrtg
ttaatgacag
atassattga

32
759
DNA

<222

aagtggrgat
tagaagaate
ataccaacgt
cragectaat
Torctgetga
ttetaggage
Ttgccaaaac
ccaatgaage
agctgaaaga
ttgatgacct
tgcggeaatt
atgctgaact
Tngttggagaa

gene :
()...(759

cattttitca
atgtagcact
ttttacatta
aaaaacagas
ccaattggca
aatageacte
catccggett
agtatctaca
ctttgtgage
aaaaatggeoc
ttcagacaat
agcecagggee
ccgegegatg

human metapneumovirus

ttgctaataa
ataactgagy
gaggrgggty
ttagatctga
agagaggaac
ggtgttgeaa
gagagtgaag
ttggggaatg
aagaatttaza
gttagettca

grhggaataa

gittctaaca
gtaagaaga

15/52
cacctcaaca
gatatcttag
atgtagazaaa
ccaaaagtge
aaattgagaa
cagcagetqc
teacageaat
gagticgagt
ctegtgeaat
gtcaattcaa
caccagcaat
tgcegacate

223> humansgetapneumovirus, strain Quebec Isolate No

c-747

<400> 32

atgtcttgga
gagagetace
acaggttggrt
tctgatggadc
ctcaaancag
totaggtttd
ggtgttgeaa
ctcaaaacga
gcagtgagag
aagtycgaca
ctaaargttg
ttaatgacag
ataaaattoa

33
759
«212= DNA

<213

<220
%221~
222
w223

ane

.. ,
human metapneumovirus, strain Quebec Isolate No

aagtgytgat.

tagaagaanc
ataccaacgt
ctagoetaat
tetetgotga
rtetaggage
ttgccaaaac
ccaatgaage
agctgaaaga
ttgatgacct
tgeggcaatt
atgctgaact
tgttggagaa

L(759)

C-~76837

<400> 33

atgtcttgga
gagagetatt
acaggttggt
goetdatygac
ctcagaagag
tetagattte
ggtgttgcaz
cteaaaasga
gcagtgagog
aagtgcgaca
ctaaatgttg
ttaatgacag
ataaaactga

210> 34
<211> 759
w212 DNA

’

aagtggtgat
tagaagagoe
ataccaacgt
ctageottaat
TLLCctgctga
ttetaggagye
tigccaaaac
ccaatgaage
aactgaaaga
thgctgacct
tgcggeaatt
atgctgaact
tgttogagaa

cattttttca
argtagcact
ttttacatta
aaaaacagaa
ccaattggea
aatageactc
catecgyctt
agratcraca
ctttgtgagce
aaaaatgged
ttcagacaat
agccagggece
ccgegegatg

human metapneumovirus

cattttttca
atgrageact
ttttacactg
asadacagaa
TCaactggra
aatageacte
catceggrrt
agtatctaca
ttttgtgage
gaaaatggce
ttecagacaat
agccagaget
ccgtgcaatg

<213> human metapneumovirus

<220

ttgctaataa
ataactgagy
gaggtaggtg
ttagatctga
agagaggaac
ggtgttgcaa
gagagtgaag
Ttggggaatg
aagaatttaa
gttagettca
gctggaataa
gtitctanaca
gtaagaaga

ttgttaataa
ataacrgaag
gaggtaggty
tragatctga
agagaggagc
gotgttgcaa

-gaaagtgaag

ttygagaaty
aagaatcraa

gttagcttca
getggaataa
gtttccaaca
graagaaga

faccteaaca
gatatcttag
atgtagazaa
ceaaaagtge
aaattgagaa
cageagetge
tcacageaat
gagttegagt
ctegtgcaat
groaartoas
caccageaat
tgecgacate

cacctcaaca
gatatcrcag
atgtagagaa
ccaaaagtge
aaattgagaa
cagaagetge
taacagcaat
gayttcgagt
cacgtgcaat
gtcaattcaa
cacccacaat
tgccaacate

PCT/CA2003/001994
cggtottaaa 60
tgttctgagy 120
ccttacatgt 180
actangagag 240
tcoccagacaa 300
agrcacagea 360
taagaatgee 420
gttggeaact 480
caacaagaac 540
cagaaggttt 600
atetttggac ;gg
tgcaggacas ,

? 759
cogtettaas 6¢
Tortctgagy 120
cottacatgr 180
actaagagag 240
teccagacaa 300
agtcacagca 360
taagaatgee 420
gttggcaact 480
caacaagaac 340
cagaagottt 600
atctttggac Ggg
tgcaggacan 7

: 758
cggtcttaaa 60
tgtictgagy 120
cettacatgt 130
actaagagag 240
tcccagacaa 300
agttacagea 360
taagaatgee 420
gttyggeaact 480
caacaaaaac 540
cagaaggttt 600
atccttggac 660
tgcaggacaa ;gg
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221>
w222%

ena
.. 759

77748

«223> human metapneumov?
., G-

<400» 34

atgtottgga
gagagetatt
acaggttggot
getgatggac
Ctcagaacay
tetagatttyg
gytottgcaa
ctcaaqaaaga
geagtyaggy
aagrgegacs
ctaaatgtty
ttaatgacag
ataaaactga

33
759

<213

<220
<221
£222>
«223% h

aagrggtgat

tagaagagtc

ataccaacgt

ctagcttaat

tttetgerga

ttctaggage
ttgccaaaac

ccaatgaage
agctgaaaga

trgctgacct
tgcggcaatt

atgctgaact

tgttggagaa

gene
(1. (7590
uman metapnsumavt

C-77807

«4Q0> 35

atgtoettgoa
gagagcratt
acaggttggt
gctgatggac
cteagaccag
tctagatttg
ggtgtitgcaa
ttcaaaaaga
gecagtgaggg
aagigcgaca
ctaaatgtty
Ttaatgacag
atasaactga

w21Q> 36

<211> 758
«212% DMA
<213

<220 .
<221~

aagtggraat
tagaagagtc
ataccaacgt
ctageitaat
tttctgatga
ttotaggage
ttgocadaac
ccaatgaage
aactgaaaga
ttgetgacct
tgcggcaatt
atgctgaact
tgttggagaa

.gene :
%222 (1)...(759)

<223

c-78132

<400~ 36

atlgterigga
gagagetatt
Acagottgart
getgatggac
ctcagaacay
tctagatttg
agtgttgcaa
ctcazaaaga
geagrgaggg
aagtygcgaca
ctaaatgttg
ttaatgacag
ataaaactoga

ARQTOOtORT

tagaagagtc
ataccancgr
¢tagettaat
trtotgotga
ttcraggage
titgecaaaac
ceaatgaage
Aactgaasga
ttygctgacet
tgcggeaatt
atgctgaact
tgttogagaa

cattttrttea
atgtagcact
ttttacactg
dadaacagaa
Teaactggea
aatagcactc
CatCCgaett
agtatctaca
ttttgtganc
gaaaatggeg
ttcagacaat
agccagaget
ccgtgeaatyg

ONA .
human meatapheumovirus

catrtrttteca
atgtagcact
TLTTACACTg
aadaaragaa
tcaactggea
aatagcactc
catceggett
agtatctaca
ttttgtgagc
gaaaatggcee
ttcagacaat
agecagaget
ccgtgeaatyg

human metapneumovirus

catrrettca
atytageact
tTTracactg
aaaaacagaa
Tcaactggaa
aatagcactc
catecggett
agtatctaca
TLLLgtgage
gaaaatdgec
ttcagacaat
agecagagcet
cegtgeaaty

ttgttaataa
ataactgaag
aaggtaggty
ttagacctga
agagaggagc
ggtgttgeaa
gaaagtgaag
ttggagaatg
aagaatctag
gttagecttca
getgoaataa
grtitecaaca
gtaagaaga

tigttaataa
ataactgasg
agggtagyty
ttagatctga
agagaggage
ggtgttgeasa
gaaagtgaag
ttogggaaty
aagaatotas
gttagottea
gctggaatay
gtttoccaaca
gtazgaaga

ttgttaatas
ataactgaag
gaggtaggty
ttagatetga
agagaggage
ggtgttgcaa
pgaaagtgaag
ttgyhyaaty
aggaatetaa
gttagcttca
gotggaataa
gtttccaaca
gtaagaaga

16/52

rus, strain Quebec Isolate No

cacttcaacs
gatatctcag
atgtagagaa
ccazaaagtae
azattgagaa

cageagetyge’

taacagcaat
gagttcgagt
cacgtgcaat
gtcaattcaa
caccagcaat
tgccaacate

rus, strain Quebec Isglate No

Tacttcaacy
gatatctcay
atgtagagaa
‘ccaaaagtqc
aaattgagaa
cagcagetge

taagagcant.

gagttigayt
cacgtgcaat
gtcaaticua
faccageaat
tgeeaacate

human metapneumovirus, strain Quebec Isolate No

cacchcaaca
gatatcteag
atgtagagaa
CCaaaagtgce
aaatrgagaa
cagcagetge
taacageaat
gagttigagt
€acgrgeaat
gtcaattcaa
caccageaat
tgocaacatce

PCT/CA2003/001994

cggtettana 60
tgttctgagg 120 .
ccttacatgt 480
actaagagaa 240
teccagacas 300
agrracagea 360
taagaatgee 420
gttggeaact 480 -
caacaaaaac | 540
cagaaggttt 600
atccttggac 660
tgcaggacaa 720
759
cggtcttaaa &0
tgttctaagy 120
ccttacatgt 180
actaagagay 24Q
teocagacaa 300
agttacagca 360
taagaatgcc 420
gttgacaact 480
caacaaaaac 540
cagaaggttt 600
atcortggac 660
tgcaggacaa 720
759
cggtettasa @0
tgttctgagy 120
ccriacatgt 130
actaagagag 240
tcocagacaa 300
agttacagca 360
taagaatgee 420
gttggcaact 430
caacsaaaac 540
cagaaggrit 600
atccttggac 660
tgcaggacaa 720
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<210» 37
«2311» 759
<212> DNA

<213> human metapneuwovirus

<220
221> gqen
<222

e
13...(759) ]
<223> human metapneutiovirus,

C-78163

<400 37

atgtettaga
gagagctatt
Acaggriogt
getgatggac
ctcagaacay
tetagatteg
ggtgttgeas
ctcaaaaaga
gcagtgaggy
aagtgegaca
ctaaatgttg
Traatgacag
atasaactya

38
759

<213

<2 20
<221
<222
=223

c-78

<400> 38

atgtettogga
gagagcratt
acaggttggt
gotgatggac
ctcagaacag
tctagattto
gatgttgcaa
ctcaaaaaga
gcagtgaggg
aagtycgaca
ctaaatgttg
ttaatgacag
ataaaactga

w210
«211>
<212
w213

39
759

aagtggtgat
tagaagagtc
ataccaacgt
ctagcettaat
tttctgetga
ttotaggade
ttgocagaac
ccaatgaage
aactgaaaga
ttgotgacet
tgcagcaatt
atgotgaact
tgtiggagas

.. 759y

humag getapneumovirus, strain Quebec Tsolate No
0

aagtggtgat
tagaagagtc
ataccaacgt
cragetraat
tttetgotga
ttcotaggage
TEgecaiaac
ceaargaage
aactgaaaga
ttactgacct
tgoggcaatt
atgctgaact
tgttggagaa

gene
(1)...(759)
human metapneumovi

hwpv=-174

e
a a
.gagagctggt
acaggttogot
gctgatggac
cteagaacag
tctagatttg
ggtgttgcaa
ctcaaaaaga

aagtggtoat
tafjaagagrc
ataccaacgt
cragettaat
THtctgciga
ttetaggage
ttgccazaac
ccaatgaage

catttttica
atgtagoact
ttttacacty
aaaaacagaa
tcaactagca
aatageacte
catccggett
agtatctaca
ttttytgage
gaaaatggee
Ttcagacaat
agacagaget
€CoTgcaaty

DNA .
human metapheumovirus

cattttiteca
atgtageact
tritacactg
aaaaacagaa
teaactggea
aatagcacte
catcocggott
agtatcraca
tTttgtgage
gaaaatggece
ttcagacaat
agceagaget
cegrgeaatg

DNA
human metapheumovirus

cattttitca
atgtageact
ttttacactg
aaaaacagas
traactyggea
aatageactc
catcegyctt
agractctaca

ttgttaataa
ataactgaag
gaggtaggty
tragatotga
agagaggage
ggtgttgcaa
gaaagtgaayg
ttggggaatg
aagaatctaa
grtagettea
gctggaataa
gtttecaacs
gtaagaaga

ttgttaataa
ardactgasag
gaggtaggty
ttagatctga
agagaggage
ggtgttgcaa
gaaagtgaag
ttggggaatg
aagaatctaa
grfagettea
getggaataa
gtttccaaca
gtaagaaga

ttgttaataa
ataactgaag
gaggtaggtg
ttagacctga
agagaggagc
gotgttgcaa
gaaagtgaag
ttggggaatg

17/52

strain Quebec Isolate No

cacctcaaca
gatatcteag
atgtagagaa
ccaaaagtqe
aaattgagaa
cagcagetge
taacageaat
gagttcgagt
cacgtgeaat
gteaattcaa
caccagcaat
fgccaacate

cacctcaaca
gatatcteag
atgtagagaa
ccazaagtoe
aaattgagaa
cageagetge
taacagcaat
gagttcgagr
cacgtgeaat
grcaattcas
caccagtaat
tgecaacate

rus, strain Quebec Isolate No

cacctcaaca
gatatctcag
atgtagagaa
ccaaaagtqe
aaattgagaa
cagecagetgc
taacagcaat
gagttcgagt

PCT/CA2003/001994

coggtetiaaa 60
tgrtotgagy L20
ccttacatgt 18()
actaagagay 240
teocagacaa 300
agttacagca 360
taagaatgec 420
gttgycaact 480
ciacaasaac 540
cagaaggtt - 600
atcortggac ?gg
tgcaggacaa
758
cggrertaan 60
tgttctoagy 120
cottacatyt 180
actaagagag 240
teccagacaa 300
agttacagea 360
taagaatgcc 420
gttggraact 480
caacaaaaac 540
cagaaggttt 600
%tccttggac ggg
caggacaa ~
gcagy %8
cggtcttaaa &0
togttctgagg 120
cottacatgr 180
actaagagay 240
teccagacaa 300
agttacagca 360
taagaatgee 420

gttggcaact
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18/52

agag aqctgasaga ttttgtgage aagastctaa cacgtgcaat
ggggégggcg t%gctgaCCt gasaatggce gttagcttca gtcoaattceas
ctaaatgtty tgcggcaatt ttcagacaat gotggaataa caccageaat
ttaatyacag atgatgaact agocagaget gritccaaca tgocadcate
ataaaactga tgttggagaa ccgtycaatg gtaagaaga

<2 10>
<211
w212
<23 3>

220
<221> gane
222> CL)..

40
759
DNA

.{759)

human metapneumayirus

<223> human metapneumovirus, strain Quebec Isolate No
hMpv=-193

<400 40

atgrcttgga
gagagctatt
acaggetggt
getgatggac
ctcagaacag
tetagattty
gotgttygcaa
ctcaaazaga
gcagtgagag
gagtgcgaca
ctaaatgtty
ttaatgacag
ataaaactga

<210> 41

<zils> 759
<212> DNA
<Z213>

e

<400 41

atgtcttgga
gagagctatt
acaggttagt
gctgatggac
ctecagaacag
tctagatttg
ggtgttgeaa
ctcaaaaaga
gcagrgagag
aagtgcgaca
ctaaatgttg
ttaatgacag
atazaactga

<210> 42

<211~ 739
<212> DNA
<213,

<220
<221> gane
222> (1),
£223> human

hMpPY-

<400 42
atgrcttgga

gagagctatt taga

human m
hMpv-19

aagtggtgat
tagaagagtc
ataccaacgt
ctagettaat
Trrctgotga
ttetaggage
ttgccaaaac
ccaatgaage
agctgaaaga
ttgctgacct
tgeggeaact
atgctgaact
tgttggagaa

L7590

aagtggtyat
tagaagagrte
ataccaacgt
ctagattaat
tttctgotga
ttctaggage
ttgceasaac
ccaatgaage
agctgaaaga

ttgctgacct’

tocggcaatt
atgctgaact
tgttogagas

 (739)
198

aagt

cartttitea
atgtagcact
titttacactg
aaaaacagaa
tcaactggca
aatagcacte
catccggett
agtateracs
ttttgrgage
gazaatggee
ttcagacaat
agccagaget
cCgtygcaatg

human metapneumovirus

cattitttea
atgtagcact
ttttacactg
aaasacagaa
teaactygea
aatagcacte
catcceggott
agtatctaca
tEttgtgage
gaaaatggee
tteagacaat
agccagaget
ccgtgcaaty

human metapneumovi rus

ggtgat cattttttea tt

ttgttaataa
ataactgaag
gaggragaty
Ttagacctga
agagaggage
ggtgttgcaa
gaaagtgaag
Titgyggaatg
dagaatctaa
grtagettca
getggaataa
gttrccaaca
gtaagaaga

ttgttaataa
ataactgaag
gaggtagytg
ttagacctga
agagaggage
ggtgttdcaa
gaaadtgaag
ttggggaary
aagaatctaa
gtiagettea
gctggaataa
gittecaaca
gtaagasga

cacctcaaca
gatatctoag
atgtagagaa
ccaalagtge
aaattgagaa
cagcagetge
taacageaat
gagttcgagt
cacgrgeaat
gtcaatteaa
caccageaat
tgccaacatce

gtapneumovirus, strain quebec Isolate Mo

cacctcaaca
gatatcteay
atgtagagaa
ccaaaagtye
daattgagas
cagcagotge
taacagtaat
gagttcgagt
cacgtgeaat
grcaatteaa
caccagcaat
tgecaacate

metapneumovirus, strain Quebec Isolate Na

PCT/CA2003/001994
caacaaaaac 540
cagaaggttt 600
atccttggac ;gg
tgCaggacaa

9rR0e : 75%
cggtettaasa 60
tattctgagy 120
ccttacatgt 180
actaagagag 240
toceccagacaa 300
agttacagea 360
taagaatgcc 420
gttggeaact 480
caacaaaaac 540
cagaaggttt 600
atcortggac 660
tgcaggacaa 720

759

cgattttaaa 60
tgttotgagg 120
ccttacatgt 180
actaagagag 240
tcoeagacaa 300
agttacagea 360
taagaatgeo 420
grtggcaact 480
CAacannaac 540
cagaaggttt 600
atccttggac 664
tgcaggadaa ;gg

gttaataa cacctcaaca cgytcttaaa
agagtc atgragcoact dtaactgaag gatatercag tgttctgagg

60
120
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. 19/52 :

acaggttggt ataccaacygt ttttacactg gaggtaggtg atgtagagaa ccitacatgt 180

gctgatggac ctagettaat asaaacagad ttagacctga ccaaaagtge actaagagag 240

ctecagaacag tttctgctga toaactgygca agagaggage aaattgagaa tccgagacaa 300

tctagatttld Tretaggage aatageactc ggtgttgeaa cagcagoetde agttacagear 360

ggtgttgcaa ttgccaaanc catccggett gaaagtgaag taacagcaat taagaatgee 420

ctcasaaaga ccgatgaage agtatctaca ttooggaatg gagttcgagt grrggeaact 480

geagtgagay agetgaaaga ttiugtgage aagastctaa cacgigcaat caacaaaaac 340

aagtgcgaca ttgctgacct gaaaatggee grtagertea gtcaattcaa cagaaggttt 600

ctaaatgttg tgcggcaart ttdagacaat gctggaataa Caccageaat atccttggac 660

ttaatgacag atgotgaact agecagaget grrtecaacs fgocaacatc tgeaggacas 720

ataaaactga tgrtggagas ccgtycaatg gtaagaaga 759

w210> 43

«211> 759

<212 DNA

«213» human metapneumovirus

- gen

222> (1)...€(759) . .

<223> human metapneumovirus, strain Quebec Isolate No

hMpv-217 .

<400> 43

atgtcttgga aagrgglgat catttittca ttygttaataa cacctaaaca cggtcttaaa 80

gagagctatt tagadgagtc atgtagcact- ataactgaay gatatctcag tgttotgagg 120

acaggttgygt ataccaacgt ttrtacactg gagytaggtg atgtagagaa cottacatgt 18D

getgatggac ctagettaat azaaacagaa ttagacctga ccaaaagtgc actaagagag 240

ctcagaacag Tiicigetga tcaactggea agagaggage azattgagaa tcccagacaa 300

toragarttg thctaggage aatagcactc ggtgttgeaa cageagetge agttacagea 360

ggtgttgcaa tigocaadac Catcogortt gasagigaag tazcagcadt taagaatgec 420

ctcagaaaga ccaatgaage agtatctaca ttaggpaatd ¢gayttcgagt grtggeaact 480

geagtgagag agctgaaaga trtitgtgagc aagaatcotad cacgtgcadt caacaadaac 540

aagrgcgaca ttgotgacct gasaatggce gtiagottea gtcaattcaa cagaaggttt 600

ctaaatgttg tgcggcaatt ticagacaat gotggaataa cacgageaat atocttggac 660

ttaatgacag atgotdaact agccagaget gritocaaca tyccaacats tgcaggacas 720

atazaaactga tgttggagaa ccytgcaatg graagaaga i 759

210> 44

«211> 759

<212> DNA

«213>» human metapneumovirus

=220

<221>» gene

<222 (1)...(759) .

<223> human _metapneumovirus, strain Quebec Tsolate Na

hvpv=208 .

<400~ 44 '

argtettgga aagtggtgat cattitttca ttottaatas caccteaaca cggtcttaaa 60

gagagctatt tagaagagtc atgtagcact atdactgaag gatatctcag tgttctgagg 120

acaggrtggt ataccaacgt ttttacactg gaggtaggtyg atgtagagaa ccttacatgt ig0

gctgatggac ctagettaat aaasacagaa ttagacctya ccaaaagtge actaagagag 240

ctcagaacag TTTLTQorga tcaactggea agagaggage aaattgagaa téccagacaa 300

tctagatttg tictaggage aatagcactc ggtgttgeaa cageagetge agrtacagea 350

ggtgttgcaa ttgecaaaac catccggett gaaagtgaag taacagcaat taagaatgce 420

Ctcaaaaaga ccaatgaage agtatctaca ttggggaatg gagttcgagt gttggeaact 480

gecagtgaggy agctgaaaga ttttgtgage nngaatotaa cacgtgeaat caacaaasac 540

aagtgcgaca ttgctgacct gaaaatggee gttagettca gtcaattcaa cagaaggttt 600

ctaaatgfty tgcggcamtt ttcagacaat getdagaataa caccageaat atcecttggac 660

ttaatgacay atgctgaatt agccagaget gtticcaaca tgccaacatc tgoaggacaa 720

ataaaactga tgttggagaa ccgtgoaaty ¢gtaagaaga 758

210> 45

<211» 759

«2172> DNA

<213> human metapneumovirus

<220
<221> gen

<222 Cl)?..(?SQ)
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: 20/52
<223» humah metapneumovirus, strain Quabec Isolate No
hMpy=-223

<400 45

atygterigga
gagagctatt
acagorrggt
gcrgatyggac
cteagaacag
tctagatity
ggtgttocaa
ctcaaaraga
geagrgagag
aagtgcgaca
ctanargtty
ttaatgacag
atagaactga

210> 46
w21lls 759
<212> DNA

aagtggtgat
Tagaagagtc
ataccaadtyt
ctagettaat
tttetgatga
Ttctagygage
ttgocaaaac
coaatgazge
agctgaaaga
ttgetgacot
tgcggeaatt

atgctgaact

tgttggagaa

cattttttcy
atgtagcact
TrTTatact
Jzaaacagas
teaactggea
aatagcacte
catacggent
agratctaca
Ttittgtgage
gaaaatggec
ttcagacaat
ageeagaget
ccgtacaaty

=213 human metapneumovirus

<221 %éne

LY. .. (759)

ttgttaataa
ataactgaag

g aaggtaggtg

ttagacctga
d4gagaggayc
ggrgttygcaa
gaaagtgaag
ttggggaaty
aagartctaa
gttagcttoa
gorggaataa
gritccaaca
gtaagaaga

cacctcaaca
gatatcteag
atgtagagas
L£caaaagtge
asattgagaa
cagcagotge
taacagcaat
gagtitcgagt
cacgtgcaat
gtcaatteaa
caccagcaat
tgecaacata

%223> human_metapneumovirus, strain Guebec Isolate No
hMpv-228

<400 46

atgtctigna
gagagoratt
acaggttggt
grtgatggac
ctcagaacag
Trragattty
ggtgttycaa
crcaaaadga
gcagtgagag
aagtgcgaca
ctaaatgtig
ttaatgacag
atazaactga

<210 47
<211 759
<212 DNA

aagtggraat

tagaagaote
ataccaacgtn

cragcttaat

tttatgetga
ttctaggags
ttgccazaae
ccaatgaagc
agctgaaaga
ttgetgaccet

tgcggcaatt
atgcotgaact
tgttggagaa

catttttica
atgtagcact
ttttacact
aaaaacagaa
teaactggea
aatagcacte
catccggott
agtatctaca
trttgtyage
gaaaatggcoe
ttcagacaat
agcragaget
ccgtgcaaty

«213> human metapneumovirus

<220
<221> gene

«222» (1)..

.(759)

ttgttaataa

ataactgasg
g gaggtaggtg

ttagacetga
agagaggage
ggtgt%gcaa
gaaagtgaa

ttggggaatg
aagaateraa
grragctica
getggaataa
grttccaaca
graagaaga

cacctcaaca
gatatcicagy
atgtagagaa
ccaaaagrge
aaattgagaa
cageagetge
taRcageast
gagttcgagt
cacgtgcaat
gtcaattcaa
caccagecaat
tygccaacate

<223> human mertapneumovirus, strain quebec Isolate No
C-85885 '

<4Q0> 47

atgtottyga
gagagetatt
acaggttoygt
getgatggac
cteagaacay
tetagatttg
gotgttgcaa
ctcaaaaaga
gcagtgagag
aagtgcgaca
ctaaatgttyg
ttaatgacag
ataaaactga

<210> 48
<211 759

aagtagtgat
Tagaagagtce
ataccaacat
ctagcttaat
tEECtgotga
Ttctaggage
ttgeeaaaas
ccaatgaage
agctgaaags,
Ttgctgacct
tgcgycaatt
atgetgaact
tgttggagaa

v

cattttttca
atgtagecact
TTttacacty
asaaacagag
teractggca
adtagcacte
catoaggett
agtatctaca
tittgtyage
gazaatggcc
Ttcagacaat
dgccagaget
CCYtgcaatyg

thottaataa
ataactgaag
gaggtaggtg
ttagacctga
agagaggage
agtgtigceaa
gaaagtgaag
ttgggadatg
aagaatoraa
gttagcttca
gttggaataa
gtttccaaca
gtaagaaga

CACCTOARCE
gatatcteay
atgtagagaa
ccazaagtye
azattgagaa
ragcagetge
taacagraat
gagtucgagt
cacgtgeast
gtcaattcaa
caccageaat
tgccaacate

PCT/CA2003/001994

cggtcrtiaaa
tgttotgagy
ccttacatgt
actaagagag
tLCocapacaa
agttacagca
taagaatace
gttggcaact
Caacazaasc
cagaagarty
atcottggac
tgcaggacasa

cggtcttana
tgttotgagg
ccrtacatat
actaagagag
tcocagacaa
agttacagca
taagaatgce
gttggeaact
caacaaaaac
cagaaggttt
atcettggac
tgcaggacaa

cggtocttaas
tgttctgagg
ccttacatgt
actaagagag
tcocagacaa
agttacagea
taagaatgee
gttggcaact
¢gacaaaaac
cagaaggttt
atccttggac
Tgcaggacaa
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w212
<213

<220
2227
222
<223>

DNA

el

.(759)

human metapnaumovi

c-60298

<400> 4B

atgrcttaga
gagagetats
acaggtiogt
getgatydac
ctcagaadag
tctagatttg
ggrgttycaa
ctcaaaaaga
geagtgagag
aagtgcgaca
ctaaatgtty
ttaatgacag
ataaaactga

<210 49 .
<211 759
212> DNA
<213

=220
<221
“Z2 22>
<223

gne
%1)..

<400 49

atgtcttgga
gaaagttatt
acaggttggt
acrgatggac
ctcaaaacag
teaaggtty
ggeattgega
crcaaacad
gcagtaagag
aaatgrgaca
ctaaatgitg
ctaatgacty
ataaaactaa

210> 50

<211l> 739
212> DNA
#2113

<221 %i?e

aagtggtgat
tagaagagtc
ataccaacgt
ctragcttaat
trtetgetga
ttetaggage
ttgccaaaac
ceaatgange
aactgaaaga
ttgetgacct
tgcggeaatt
atgctgaact
tgttggagad

.(759)

gagtgdtgat
tagaagaatc
acaccaatgt
ctagotiast
trtetgetga
tectaggrge
tagecaaaac
ccaacgaggoe
agetgaaaga
tLgetgatet
tgegacagtt
atgetgager
tgttagagaa

(759)

human metapnaumovirus

c

cattttttea
atgtagcact
ttttacacty
agaaacagaa
tcaactggea
aatagcactce
catceggott
agtatctaca
tittgtgage
ganaatggce
ttcagacaat
agecagaget
cegtgcaatyg

humatt metapneumovirus

tatcatttey
atgtagtact
ctitacatta
caaaacagaa
toagtiageg
aatagcictt
cataaggett
agtatccaca
atrtgtyage
gaagatggct
tteagacaat
ggccagaact
ceytgcaatg

human metapneumavi tUs

ttgttaataa
ataactgaag
gaggltaggty
ttagatctga
agagaggage
ggtgttgeaa
gaaagtgaag
ttggggaatg
aagaatciaa
gttagcttea
gctyggaataa
gtrtccaaca
gtaagaaga

ttactcataa
ataactgaagy
gaagttggtg
cttgacctaa
agagaagaac
ggtgttgeeca
gagagtgaag
ctaggazaatg
aaaaacctga
gtcagettca
geaggygataa
gtatcatacs
gtaagaaga

21/52

rus, strain Quebec Isolate No

cacctcaacy
gatatctcag
atgtagagaa
ccaaaagtge
aaattgagaa
cageagetge
taacageaat
gagttegagt
cacgtgcaat
gtcaatteasa
caccageaat
tgccaacate

human metapneumavirus, strain Quebec Isolate No
C-63778

cacctcagea
gatatctcag
atgttgaaaa
coagaagtge
aaattgaaaa
cagcagoage
tgaatgcaat
gagtgcgagt
ctagtgcaat
gtcaattcaa
caccageaat
toccaacatt

<223» humam metapneumovirus, strain Quebec TIsolate No
C-£4199

400> 50

atgtettgga
gaaagttatt
acaggttogt
actgatgyac
chcaaaacag
tcaaggttty
ggcattgcga
ctcdaaacaa
gcagtaagag
aaatgtgaca

asgrgatgat
tagaagaatc
acaccaatgr
ctageottaat
tttctgetga
tactaggtge
Tagccaaaac
ccaacgagge
agctgasaga
ttgetgatct

tatgatiteg
atgtagtact
ctrracatta:
cagaacagaa
teagttagey
aatagcetctt
cataaggett
agtatecaca
atttgtgage
gaagatygct

ttactcataa
ataactgaag
gaagttggtg
cttgacctaa
agagaagaac
gutgttgeaa
gagagtgaag
ctaggaaatg
agaaagctga
grcagertca

cacttcagea
gatatcteay
atgttgazaa
ccaaaagtge
zaattgaaaa
cageagoage
tgaatgeaat
gagtgcgagt
ctagtgcaat
gtcaattcaa

PCT/CA2003/001994
cggtettaaa &0
tOtLcrgagy 120
ccttacatgt -~ 180
actaagagag 240
teccagacan 2040
agttacageca 360
taagaatgec 420
gttggcaact 480
caacaaaaac 340
cagaaggttt 600
atccttggac ?gg
tgcaggacaa

’ 759
cggactaaagy 60
tottttaaga 120
tcttacatgt 180
TCraagagaa 240
teccagacaa 300
agtcacagea 360
caaaggtget 420
cetagecace 430
taacaagaac 540
cagaagatte 600
atcattggac 660
tyraggacag 720

759
cggactaaaa 60
tgttitaaga 120
tcttacatot 180
tctaagagaa 240
tcccagacaa 300
agtcacagea 360
caaagatget 420
cetagecace 430
taacaagaac 540

cagaagattc
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22/52

craaatgttg tgcggoagtt ticagacaat geagggataa caccageast atcattggac 660 .
ctaatgactg Atgcrgaget ggccagagct gtatcataca tgoczacate tgcaggacag 720
ataaaactaa tgttagagaa dagtgcaaty grtangaaga 759
<210= 51
«211> 759
<2125 DNA R
<213 human metapneumovirus
<220
<221> gene ,
<222 (1)...(759) i .
<223> human metapneumovirus, strain Quebec Isolate No

C~64200 ,
<400> 51 : .
atgtcttgga aagrggtgat tatcatttcy ttactcataa cagctcagea cggactaaaa 60
gaaagttatt tagaagaatc atgtagtact ataactgaag gatatctcag tgttttaaga 120
acaggttggt acaccaatgt ctttacatta gaagtigytd atgttgaaaa tottacatgt 180
actgatggac ctagottaat caaaacagas cttgacctaa ccaaaagtge totaagagaa 240
ctcaasacag tricrtgotyga tcagttageg agagaagaac aaattgasaz toccagacaa 300
tcaaggtttg tectaggtge aatagetott ggtgttdeca cagcagcage agtcacagea 360
ggcatigega tagocadasc cataaggett gagagtgaag tgaatgeaat caaaggtget 420
‘flcRAaacas CCaacgagge agtatccaca ctaggaratg gagtgegagt cotagcocace 480
gcagtaagag agetgaaaga atttgtgage aaaaacchtga ctagtgcaat taacaagaac 540
aaatgtgaca ttgetgaltct gaagatggot grcagottca grcaattcaa cagaagattic 600
ctaaatgttyg tocggcagtt ttoagacaat goagggatha caccageaat atcattggac B60
ctaatgactg atgctgagot ggocagaget gtatcataca tgoocaacato tgcaggacag 720
ataaaactaa tgttagagaa cCgtgcastg gtaagaaga : 759
210> 52 '
<2ll> 759
<212 DNA
<213> human metapneumovirus
<220
<221 %ene
<222> (1)...(759) . . .
<223 human wetapneumovirus, strain Quebec Isolate No

c~54536
<400 52 : .
atgtottygga aagtggrtgat tatcatticg ttactcataa caccteagea cggactaraa &0
gaaaqttatt tagaagaate atguagract ataactgaag gatatctcag tottthtaada 120
acaggttgygt acaccaatgt critacatta gaagttggtyg atgttgaaaa tcrtacatgt 180
actgatggac ctagettaat caadacagaa cttgaccta’ ccaaaagtge totaagagia 240
ctezanacag tttotgerga tcagttageg agagaagaac aaattgaaaa toccagacaa 300
tcaaggtttyg toctaggtyge antagerctt gotgttgcca cageageage aghcacagea 360
ggcattgeyga tagecaanac cataaggcett gagagtgaag tgaatgcaat caaaggtgot 420
ctcaaadacaa ccaacgagge agtatdcaca ctaggazatg gagtgegagt ccragccace 480
goagtasgag agetgaaaga aittgtgage samsacctga ctagtgcaat taacaagaac 540
aaatgtgaca ttgctgatct gaagatgget gteagettca gtcaattcaa cagaagatte 600
‘ctaaatgtty tgCggoagtt ttcagacaat geagggatas caccagcaat atcattagac 660
ctaatgacty atgctgagct ggccagagot gtatcataca tgecaacats tgcaguacag 720
ataasaactas tgttagagaa crgtgoaatg gtaagaaga ' 759
<210~ 53
<211 759
<21Z> DNA .
«213>» humgn metaprneumavicus
<220
<221%> gene
<222% (L)...(759) . )
223> human metapneumovirus, strain Quebec Isolate No

C-73769
<400> 53 '
atgtcttgga aagtggtgat Catcatticg tractcatac cacttcagca cggactaaaa 60
gaaagttaty tagaagaatc atgtagtact ataactgaag gatatctcag tgttttaaga 120
ccaggttggt acaccaatgt Critacatta gaagttggty atgttgasaa tottacatgl 180
actgatggac ctagcttaat caaaacagaa cttgacciaa ccaaaagtgc toetaagagaa 240
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ctcaaaacag
teaaggtttg
ggcattgeya
CTcaagacad
geagiaagag
aaatgrgaca
ctaaatgttg
ctaargactg
atagaactaa

<210> 34
«211s 759
<212» DNA

thtetgctga
tectagatge
‘tagocasaac
ccaacgagge
agttgaaaga
ttgctgatcet
tocggeagtt
atgctgaget
tgttagagaa

tcagttagey
aatagctctt
cataaggctt
agtatccaca
atttotgage
gaagatggct
ttcagacaat
gaccagaget
ccgtgeaaty

<213> human metapheumovirus

w220
<221 %e e
222> (1
<223= h

ne . ‘
3. (759) . .
uman metapheumovicug, strain Quebec Isolate No

C~74501

<4D0> 54

atgrcttgya
gaaagttatt
acaggttogt
actgatggac
QTCaaaacayg
tcaaggttty
gycatigega
ctcagaacaa
geagtaagag
aaatgtgaca
ctaaatgtty
ctaatgactg
ataaaactaa

<210~ 55

211> 759
<212> DNA
<213

<2 200
<221> gene
<222» (

<223

1.
human metapneumovirus, strain Quebec Isolate No

aagtggtgat
tagaadaanc
acaccaatgt
ctagcttaat
tttetgotga
toctaggtge
Tagecaanac
ccaacgagge
agetgaaaga
ttgctgatct
tgoggcagtt
atgetyaget
tgttagagaa

-(759)

C-78429

<400> 55

atgtcttggs
gagagttatt
acagoctggt
actgatggac
ctcaaaacag
tcaagatttg
ggeattgean
ctcaaacaaa
gragtgagag
azatgtgaca
crtoaatgitg
ctaatgacty
araaaactga

«210> 56
<211 758
<212 DNA
w213

22205
<221
222>
24223

ene

aagtogtott
togaagaatc
acattaatgt
ctagettaat
tetetgetga
tcctaggtge
tagecazaac
ctaatgaagc
agctaaaaga
ttgctgater
tgcggceagtt
atgetgaatt
tgttggagaa

1)...€759) . !
Eugggsgetapnepmovirus, strain Quebec Isolate No

tatcatttey
atgtagtact
ctttacatta
caaaacagaa
tcagttageg
aatagetett
cataaggett
agtateeacy
atttgtgage
gaagatgget
ttcagacaat
ggccagaget
cecgtgeaatg

human metapneumavirus

catcatttca
atgcagtact
ctteacatta
caagacagsa
tcagttagey
aatagoeroue
catazggett
agtatccaca
atttgtgage
gaagatgygct
ttecagacaat

agagaagaac
gotottgcca
gagagrgaag
ctaggaaatg
aaaaacctga
gtcagettca
geagggataa
gtatcataca
gtaagaaga

ttactcataa
ataactygaay
gaagttggatg
cttgacctaa
agagaigaac
ggtgttgeca
gadgagtgaag
ctaggaaatg
aaaaacctga
gtcagettca
geagggataa
gtatcataca
gtaagraga

ttacteataa
ataactgaag
gaagttggty
cttgacctaa
agagaggage

gnagrigcta

gagagtgagg

Traggaaatg

aamaatctya

gteageerea
gcagggataa

ggccagaget gtatcataca
ccgtgcaaty gtaagaaga

human metapnaumovirus

23/52
aaattgaaaa
cageageage
tgaatgeaat
gagtgegagt
ctagtgcaat
gtcaattcaa
caccageaat
tgocaacatc

cacttcagea
gatatctcag
atgttgaaaa
ccaaaagtygc
aaattgaaaa
cageageage
tgaatgoaat
gagtgcgagt
ctagtycaat
gtcaattcaa
caccagrast
tgccaacate

i

1

cacceeagea
gatacctcay
atgttgaasa
caaaaagtge
Azatrgaaaa
cagcageage
tgagtgcaat
gtgtgcgggt
ctagtgcaat
grcaattea
caccagcaat
rgocaacate

)
)

PCT/CA2003/001994

toccagacaa
agtcacagca
caaaggtgct
cclageeacc
taacaagaac
cagaagatte

.atcattagac

tgcaggacag

cggactaaaa
tgrretaaga
tottacatgt
tetaagagaa
tcecagacaa
agtcacagea
casaggtgct
cctagecact
taacaagaac
tagaagattc
atcattagac
tgcaggacag

cgpgctaaay
tgttttaaga
TCttacatgr

tttaagygaa -

tedcagacaa
agtcacageca
taaaggtyct
cctageeact
caacaggaac
cagaagattt
atcattygac
tgcaggacag
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<400 56

atgtcttgyga
gagagttatt
acgggctggt

aagtgytgat
tggaagaatc
acactaatgt

actgatggac .ctagottaat

ctcazaacad
tecaagatttg
ggcattgeas
ctcaaaraaa
gcagtgagag
aaargrgaca
ctaaatgttg
craatgacty
atazaactga

210> 57

<211 759
212> DNA
<213

<220
Z2 2]
<222
<223

rorcrgetga
tecetagotge
Tagecaaaac
ctaatgaage
agctaaaaga
ttgctgatcet

tgcgycagts.

atgctgaatt
tgtrggagasa

gena
iy, ..(759) . .
human metapneumovirus, strain Quebec Isolate No

hmpy-118

<400 57

atgtettgga
gaaagttatt
acaggttggt
actgatggac
cteoaazacay
rcaaggttty
ggecattygega
ctcaaaacaa
gcagtaagag
aaatgtgaca
ctaaatgtig
ctaatgactg
ataaaactaa

«210> 58
<211 759
<212> DNA
213>

220
<221
<222
<223

gene
(L..

aaggggtgat
tagaagaitae
acaccaatgt
ctagotiaat
ttrcrgetga
tectaggtge
tageraagac
ceaacgagge
agctgaaaga
ttgetgatct
tgcggcagtt
atgctgaget
Tgttagagaa

-(759)

hmpy-200

<A00= 58

atgtettgga
gaaagttatt
acaggttyagt
Agrgartggac
ctcaaaadcay
TCaagytLty
ggcattgecga
ctcaaaadaa
geagitaagagd
aaatgtgaca
ctaaargttyg
ctaatgactyg

gagtggtyat
tagaagaatc
acaccaatgt
ctagcttaat
tttctgetga
tectaggtyge
tagccaaaac
ceaaggagge
agetgaaaga

ttgctgatcy
tgcggeagtt
atgctgaget

ataaaactaa tgttagagaa

<210> 59
<211 758
<212 DNA

catcattteg
atgcagtact
cttcacatta
caaaagagaa
tcagttaacy
aatagenote
cataaggett
agtatccaca
atttgtgagce
gaagatggct
tteagacaat
ggccagagcet
cogtgcaatg

human metapneumovirus

tatcatttey
atgtagtact
ctttacatta
caampacagaa
teagttaacg
aatagcetett
cataaggett
agtatccaca
atttgtgage
gaagatgget
tTtcagacaat
ggCcCagaget
ccgtgcaatg

human metapneumovirus

cartrtrteg
atgtagtact
cittacatta
cagaacagaq
tecagttaacg
aatagctctt
cataaggett
agtatcecaca
atttgtgage
gaagatgget
ttcagacaat
ggccagaget
ccgtgeaatg

<213> human metapneumovirus

ttacrcataa
ataactgagg
gaagttggty
cttgacctaa
agagaggage
ggagrtgcta
gagagtgagg
ttaggaaaty
aaaaatctga
gtcagettca
geagggataa
gratcataca

gtasagaaga

Ttactcataa
ataactgaag
gaagrtoglg
cttgacctaa
agagaagaac
ggtgttgecea
gagagtgaag
ctaggaaaty
aaaaacctya
gtcagottce
gcagggataa
gtatcataca
gtaagaaga

tractcataa
ataactgaag
gaagrrggtg
cittgacctaa
agagaagaac
ggtgttgeea
gagagtgaag
ctaggaastg
daaaacctga
gtecagcttea
geagggataa
gtatcataca
gtaagaaga

24/52

caccecagea
gatacctcag
atgttgaaaa
caaaaagtyad
aaattgaaaa
cagrageagdc
tgaatgeaatr
gtgtgcgggt
ctagtgraat
gteaattcas
caccageaat
tgecaacatc

caccteagea
gatatctcay
atgttgaaaa
ccaaaagtge
aaartgaaaa
cagcageage
tgaatgcaat
gagtycgagt
ccagrgeaat
gteaattcaa
caccagcaat
tgccaacatc

human metapneumevirus, strain Quebec Isolate Na

cacctcagea
gatatcteag
atgttgasaa
ccazaagtge
aaattgeaaaa
tageageagc
tgaatgeaart
gagtgcgagt
coagtgcaat .
gtcaattcaa
caccageaat
tgecasgcate

PCT/CA2003/001994

cgggetaaag
tgttttaaga
tottacatgt

‘tLtaagggaa

tcacagacan
agtcacagea
taaaggtget
cctageeact
caacaggasac
cagaagattt
atcattggac
tgcaggacag

tggactaaaa
TgTRTLaaga
tcttacatgt
tetgagagaa
teccagacaa
agtcacagaa
caaagatget
CeTagecase
taacaagaac
cagaagatte
atcattagac
tycagggcag

cggactaaaa
tgttttaaga
tettacatgt
tctaagagaa
tcecagacaa
agtcacagcea
caaaggtgot
cctagecace
taacaagaac
cagaagattc
atcattagac
tgcagggcag



WO 2004/057021

<220
«221> gene
«222% (A) s+

«272%% human metaprneumovs

,{759)

hMPv-176

<400~ 59

atgtottgga
gaaagttatt
acaggrtodt
actgatggac
ctcaaaacag
tcaagottty
ggcattgcad
ctcaaaacaa
gragtaagag
aaatgtgaca
ctaaatgrtg
ctgargacty
atazaactaa

210> 60
<211> 711,
212> DNA

aagtggtgat
tagaagaarc
acaccaatgt
ctagettaat
tttctoctga
teataggtae
TRgCCAaRaAC
ccaatgagos
agctgaaaga
ttgctgattt
tgcggcagte
atgctgaget
Tgrtagagaa

tatcatitcg
atgtagtact
ctttacatta
tadaacagas
tcagttagey
aatageteto
tataaggctt
agtatcaaca
atttygtgage
gaagatgget
Trcagacaat
ggcoagaget
ccgtgeaaty

<213= human metapneumovirus

220>
=221> gene
<223> (1)..

L(711)

ttactcataa
ataactgasag
gaagttggta
cttgacctaa
agagaagaac
ggagttgoca
gagagtgaag
ctaggaaatg
Adadacoetga
gtcagettea
gcagagataa
gtatcataca
gtazgaaga

25/52

rus, strain Quebec Isolate No

cacctcagea
gatatcteag
atgttgaaaa
coaadagrge
agattgaaaa
cagecageage
tygaatgcaat
gagtgcgggt
ctagtgcgan
gtcagttcaa
caccagcaat
Tgccaacato

<223» human metapneumovirus, strain Quebec Ysolate No
hMpv~193

<400 60

atggaggtga
cgtgrggoac
ttgagtatag
gaatcagaas
cccatagact
ggctocacan
tcaaacacaa
agaacaaaga
catteeccac
agcacaagaa
gaacacgaag
aggaaggrca

<210> 61

<211 711
<212> DNA
<213

gene
..

«400> 61

atggaggtes
cgtgtggcac
ttgagtatag
gaatcagaac
Lecatggact
ggctecacac
ccamacacaa
agaacaaagsa
cattececac
agcacaagaa
aaacacgaag
aggaaggteca

aagtggagaa
geagcaaatg
cectoaatat
atcacaccag
acccagacac
fotactttgo
caageogees
caagtccggo
catgggeaat
agagaccgta
aageaagece

-Lggaggecad

!

L(711)
8

aagtygagaa
gecagcaadty
ccctcaatat
atcacaccag
acccagacac
tetactttge
caageegece
caagtcocgge
catgggcaat,
aaagaceygte
aageaagecc
tggaggicay

cattegaacs
ctttaaaaat
ctatctgata
ctcatcaceo
cagtcoagyc
agectcagea
gceecttegte
agtccacaca
gacaagygacg
wacagcatca
agtgageceg
cacatcaaca

human metapneumovirus

human metapneumovirus, strain Quebe
hMpv=22

cattcgaaca
ctttaaaaat
ctatcrgateo
ctcatcacec
caatccagge
ageoctcagea
gcecttegto
agtccacaca
gacaaggacg

“tacageatea

agtgageeey
cacatcaaca

atagatatoc
geetotttga
ataaactata
atggaatcca
teacagLate
agctcaccay
gacacacaca
aaaaacaatc
gtccgeggaa
gtcecaacctg
caaacatctg
acatacaatc

atagatatgce
geetertiga
ataaactata
atggaateca
tecacagtate
agctcaceag
gacacacaca
adaaacaatc
gtecgeggaa
grecaacctg
caaacatctg
acatacaate

tcagagcaag
tectaatagy
caatgcaaga
gcagggaaac
caactcaaca
agacagaacc
Caacaccacc
caaggataagy
ccaccactat
acagcagege
taagtacagc
aaactagtia

c Isolate No

“tCaaageaag

tectaatagy
caatgcaaga
gcagggaaac
caactcaaca
agacagaace
caacaccace
caaggataag
ccaccactet
acagcagege
cragecacage
aaactagtta

PCT/CA2003/001994

cggactaaaa ]
tgttctaaga ~120
tettacatgt 180
tttaagagaa 240
tcccagacad 300
aghcacagesa 360
caaaggtgct 420
cetageeact 480
caacaagaac 540
cagaagatte 600
atcattggac ggg
tgcaggacag

? 759
agtgaazaat 60
aataactaca 120
aaacacatcc 180
tocaacggte 240
gtccacagaa 300
dacatcaaca 360
aagtgcaage 420
cetcagaaca 480
ccgeacaage 540
dacaacceac 600
aagaccacaa 660
a 7iL
agtgaaaaat 60
aataactaca 120
aaacacatece 180
tecaacggte 240
gtccacagaa 300
aacatcaaca 360
aagtgcaagc 420
cctoagaacsa 480
cogeacaags 340
aacaacocac 600
aagaccacaa 660
a ‘ 711
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<210> 62
<211s 711
«212> DA .
<213% human metapneumovirus
B ge
L4
<222» (1).. (711)
<223> human wetapnaumovirus, strain Quebec IsoTate No

C-77748
<400~ 62 . .
atggagutga aagtydagas cattdgaaca atagatatge tcaaagcaag agtgaaasat &0
cgtgtggeac geageaaaty ctttaqaaat goctottiga tectaatagg aataactaca 120
ttgagtatag ccctcaatat cratctaatc atasactata caatgcaaga aaacacatee 180
gaatcagaac atcacsccag ctcaltcacoe atggaateca goagguaaac tocaacagtc 240
coctatggaca actcagacac caatecaggl teacagtatc caactcaaca gtdcacagaa 300
ggctccacac tetactitge agcoctcagea agcetcacdag agaragaacce aacatcaaca . 360
ccagacacas caagecgoos gooettagie gacacacacd caacaccace aagtycaage 420
agaacaagpga caagtecgge agtccacaca aaaaacaatc caaggacaayg coccagaacsa 480
cattccoccac catgggdaat gacaaggacg gtoogtggaa ccaccactet cegeacaage 5S40
agcacaagas ARAgACCOLC tacagcatca giccaacctg acagcagoge a3acaacocac 600
asacacgaag aagcaagecee agtgagoecg casacatctq cgagcacage aagaccacas 660
aggaagguca tggaggeday cacatcaaca acatacaacc aaactagtta a 711
<210 63
«211s 711
<212» DNA .
«213> human metapneumovirus
<220
<221>
<2275 %1) 00 (711)
«223» buman metapneumov1rus, stiain Quebec Iso1ate No

C~78132
<400> 63 :
arggaggtga aagtggagaa cattegaaca atagatatge tcaaageaag agtgaaaaat 60
cgtgtggcac gcageaaatdg ctttaasaat goetetttga toctaatagg aataactaca 120
ttygagtatag cccteaacat ctatctgate ataaactata caatgoaaga gaacacatee 180
‘gaatcagaac atcacaccag cteatcacce arggaatcca goagggasac tecaacggtce 240
rctatagaca actgagacac caatccagge teacagitatc Caactcaaca grecacagaa 300
ggetocacac tocacttige ageCtcagea agotcacrag agacagaace aacatcaica 360
ccagacacaa caagocgeoe goccttogic gacacacaca Cadcaccace aagtgraage 420
agaacaagga caagtccgge agtccacaca aaaaacaatc taaagatsag coccagaata 480
cattccccac catgggcaat gacaaggacy gtocgtggaa ccaccactet ccgeacaagc 540
agcacaagaa aaagaccgic tacagoatoa gtccaaccty acagoageac aacaactcac 600
adacacgaag aagcaagece agtgagored Caaacatcig caageacage aagaccacaa 660
aggaaggyca tggaggecag racatcaaca acatacaacc aaactagtta a 711
<210> 64 .
<21l 711
<212 DNA .
<213» human metapheitiovirus
220>
<221 %
«222» (LY., . (711
<223 human metapneumovirus, strain Quebec Isolate No

C-784086
400> 64
atggaggtga aagtggagaa cattcgaaca atagatatge tcaaagcaay agtgaaaaat 60
cgtgtggcac gcagcaaatg ctttazaaat gactotttga toctaatagyg aataactaca 120
ttgagratag cccteaacat ctatctgatc ataaactata caatgcaaga aaacacatce 180
gaatcagaac atcacaccag ctcatcacce atggaatcca ‘gragggaaac tccaacggte 240
cctatagaca actcagacac caatccagge tcacagtate caactcaaca gtccacagaa 300
ggcteccacac tecacttige agoctcagoa agetcactay agacagaace aacateaaca 360
ccagacacaa cadgoogcac goocttigte gacacacaca caxcaccace aagtgcaags 420
agaacaagga caagtccggce agtccacaca aaraacaatc tasagataay ccccagaata 48Q
cattecccac catgggecaat gacaaggacy gicegtggaa ccaccacteot coycacaagye 340
dgcacadgaa akagaccyrc tacagcatca gtocaacctyg acagcageac aacaactcad 600
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gageaagces agtgagecca caaacatctg Caageacage aagaccacaa

23322383%2 tggaggccag Cgcatcaaca acatacaacc aaactagtta a. 711
<210 B3
<211» 711
<2125 DNA .
«<213> human metapneumovirus
<220
221> gene ,
<222 %1)...(7113 . .
<223» human metapneunovirus, strain Quebec Isolate No

C-73750
<400> 65
atggaggtoa Ragtpgagaa cattcgaaca atagatatge tcaaagcaag agtgaanaaart 60
cgtgtggeac geagcaaaty Ctttaaaast goctetttga toctaatagg astaactaca 120
ttgagtatag cccteaacat ctatctgatc ataaactata caatgeaaga aaacacatce 180
gaatcagaac atcacaccag ctcatcacce atggaatcca geagggaaad tocaacggte 240
cctatagaca AacLcagacac caatccagge teacagtatc caactcaaca gtocacagaa 300
ggeteceacac tocacktige agectgagoa agetcaccag agacagaace aacatoaacs 360
ccagacacaa caagoecgeoce grocttogic gacacacaca Caagaccacc aagtgcaage 420
agaicaagya caagtclggc agtccacaca asamacaatc tasagataay ccccldgaaca 480
cattcceccac catggdoaat gacaaggacg gtecgtggaa craccactct ccgoacaage 540
ageataagaa aaagaccghc cacageatca gtocdacctg acagoageoac aacaacocac 600
maadacgiag aagcaagccc agtgagecca caaacatctyg caageacage aagaccacaa 660
aggaagggoa tggaggccag cacatcaaca aciCacaacc aaactagria a 711
<210> G6°
<211> 660 A
<2125 DNA '
<2132 human metapneunovdru
<220
<221> gene
<222» (1)...(660) . .
«223> human metapneumovirus, strain Quebec Isolate No

c-60298 ) ) :
<400> 66
atggaggtga aagtdgagas cattcgagca atagacatgc tcaaagcaag agtgaaaaar G0
cgtgtggeas gtagcaaaty ctttaaaaat gottotttaa tocrcatagy aataactaca 120
ctgagtatag ctetcaatat ctatcigatc ataaactaca caatacaaa’d aacetcatet 180
gaatcagaac accacaccag cteaccacce acagaateca acaaggaags ttcaacaate 240
tecacagaca acccagacat caatocaaac tcacageatc caactcaaca gtrcacsgaa 300
Raccccacac tcaaccoccge agcatcagtyg agocccatcag aaacagaace agcatcaaca 369
ccagacacad caaaccgect gtootccgta gacaggtoca cageacaace aagtgaaage 420
agadcapaga caaaaccgac agtecacica agaaacaace caageacage ttocagtaca 480
cagtceccac cacgggcaac aacgaagyca atocgcagay ccaccacttt ccgeatgage 540
agcacaggaa aaagaccaac cacaacatca gtocagtccg acagcageac cacaiacccaa 600
aatcatgaag aaacadggtte agogaacocca caggcatotyg taagcacaat goaaaactagy 660
<210~ 67 '
<Zz1ll> 654
<212 DNA
213> human metapneumovirus
<220
<221~ gene
€222 (1)...(654) . .
«223> human metapneumovirus, strain Quebec Isolate Na

C-74783
<400> 67
atggagguga aagtggagaa cattcgagea atagacatge teasagcaag agtgaazaat 60
cgugtggcat gtagcaaatg ctttadaaat gottorttaa tocteatagg aataactaca 120
ttgagtatag ctctcaatat ctatitgatc atamaccaca caatacaaad aaccacatet 180
gaatcagaac accacaccdy ctCacCRcds Acagaatcra acaaggaage ttcaacaatc 240
tecacagaca acccagacat caatcdaaac tcacageatc caactcaaca gretacadaa 300
gacccoacac tdaacdacge agratcaaca agoccatcag aaacagaace aacatcaaca 360
cragacacaa caaaccgect gteckocgta gacaggtcca cageadaace aagtgasage 420
agagcanada CRAAKATCJGAC agtccacada agaaacaacc caagcacage ttecageaca 480



WO 2004/057021

28/52

PCT/CA2003/001994

raatecoccac cacggueaac aacgaaggea atccgcagag crcaccacttt ccgeatgade
agcacagaas adagacCiaac cacaacacta grtocagtacyg acagoagoac cacaacecaa
aatcatgaag aaacaggttc agegaaccocn caggcatctg caagoacaat gtaa

68
660
PNA

<210>
<211
212>
<2138

<220>
<221
<222>

gene
(..
“223>

. (660)

C~74549

<400 68

atggaggtga
cgtoTtgycac
ctgagcatag
gaatcagaac
tecacagaca
aaccccacac
ccagacacaz
agaacasaga
caatccecas
ageacagaaa
aatcatgaag

210> 69
<211 711
<212> DNA

aagtagagaa
gtagcaaaty’
ctotcaatat
ACCACACCA]
acccagacat
tcaacceege
caaaccgect
caaaatcgac
cacgggeaac
AAZgACCAAC
aaacaggrte

human metapheumovirus

cattcgagea
cttcaaaaat
ccacctgatc
Ctcaccacee
caatccgaac

agtatcaaca.

gtccteocgta
agtccacaca
aacgaaggea
cacaacatta
agegaacoea

i

<213> human metapnaumovirus

<220
<221

ene
<222 %1)..

L7110

atagacatgc
gettecocaa
ataaactaca
acagaatcta
tcacagcate
ageccateag
gacaggteeca
agaaacaace
atccgeagag
gtccagtacg
caggcatctg

human metapneumovirus, strain Quebec Tsolate No

tcaaagcaag
teeteacagg
caatacaaaa
acaaggaage
caacteaaca
aaacagaace
CAYCACRACT
caagcacagc
ccaccacttt
acageageac
taagcacaat

<223 humanogetapneumovirus, strain Quebec Isolate No

C~778

«400> 89

atggaggtga
cgtgtggcac
ttgagtatag
gaatcagaac
cotaragaca
ggctecacac
coagacacaa
agaacaagga
cattecceac
agcacaagaa
aaacacgaag
agdgaagggca

<210= 70

<211 711
<212 DNA
<213

ane
i

aagtygagaa
gcagcaaaty
cccteaacat
atcacaccag
actcagacac
tecactitge
caagcegeee
caagtccgge
catgggcaat
aaagacegte
aageaageee
tggaggceay

(711

C-78163

<400> 70

atggaggtga
catgtggcac
Trgagtatag
gaatcagaac
cctatagaca
ggcteecacac
ccagacacaa

aagtggagas
gcagcaaatg
cecteaacat
atcacaccag
actcagacac

tccactttye

caagcegeee

cattcgaaca
ctttaaaaat
ctatctgatc
cteatcacce
caatccaggo
agoctcagea
gceettegte
agtocacaca
gacaaggacg
tacagcatcea
agtgageccca
cacatcaaca

human . metapneumovirus

cattcgaaca
ctttaaaaar
gtatctgatrc
ctéatcacee
caatccagge
agectcagen
gcecettegte

atagatatge
gectetttga
dtaaactata
atggaatcea
tcacagtatc
agercaccay
gacacacaca
aaaaacaate
gteegtggaa
gtooracctg
caaacatctg
acatacaacc

atagatatge
geetetttga
ataaactata
atggaatcca
teacagtate
agctcaccag
gacacacaca

tcaaageaag
tcctaatagyg
caatgcaaga
gcagggalac
caactcaaca
agacagaacc
caacaccace
taaagataag
ccaccactct
acagcageac
caagoacage
aaactagtra

human metapheumovirus, strain Quebec Isolate No

tcaaagcaag
teetaatagy
caatgcaaga
gcagggaaac
caactcaaca
agacagaacc
caacaccacc

agtgaaaaat
aataaccaca
aaccacatct
tteaacaatc
gtctacagaa
ancatcaaca
aagtgaaagc
ttCcageaca
cegeatgage
cacaactcaa
gtaaaactag

agtgaaaaat
aataacgaca
gaacacatec
tecaacggte
gtecacagaa
aacatcaaca
aagrgcaags
ccccagaata
ccgcacaage
aacaacicac
adgaccacaa
a

agtgaaaaat
aataactaca
agdacacatce
toceaacgare
gtccacagaa
aacatcaaca
aagtycaagc

540

600

654
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e toaagaeaag © T 480
aacaagga caagtccuge agtocacaca aaaggcaatc taaagataag coccagaata

ggttcccggc catgggcaat pacaaggacg grccgtggaa ccaccactet ccgracaage- 54Q
agcacaagaa aadgaccgic tacagcatca gtccaaccig acagcagcac aacaactcac 600
aaacacgdag aagcaagccc dgtyagocca caaacatctg caagtacage aagaccacaa 660
aggaagygca tggagyccag cacatcaaca aCatacaace aaactagtta a 711
<210> 71
«%21i> 711
<212> DNA T
<213> human metapneumovirus
<220
<221~ gena .
<222» (1),..(711) .
«223> human metapneumovirus, strain Quebec Isolate No

C-68661
<400 71 .
atggaggtga aagtggagaa cattegaacs atagatacgc tcaaagcaap agtgaaaaat 60
cgtgtggcac geagoazaartg cttraaaaat gectoitttga toctaatagy aataactaca 120
ttgagtatag cecctcaatat ctatctgate ataaactata caatgceaaga aaacacates 180
aaatcagaac atcacdcCag ctcatcacce atggaatcca geagggaaac tecaacggre 240
cctatagaca actcagacac caatccagge toacagtate caactcaaca giccacagaa 300
ggcrccacac tecactttge agocctcagoa agoicaccag agacagaace aacatcaaca 360
tcagacacaa caagccgooe goocttogtc yacacacaca Caacaccacce aagtgcaage 420
agaacaagga caagtccggc agtccacaca daaaacaatc caaggataag coccagaaca 480
cattocccac catgggelat gacaaggacy gtocgtggaa ccaccactct cegeacaage 540
agcacaagaa asagaccyrte cacagcatca grecaactcg acagoagege aacaacccac €00
aaacacgaag aagcaagocce agtgagocea cadacatotg faagracage aagaccacas 660
aggaagggca tggaggecay cacatcaaca acatacaacc aaactagtta a 711
210> 72
«211» 711
<212 DNA .
«213> human metapneumovirus
<220
<221> gene
222 (... (71D , ‘
«223> human metapneumovirus, strain Quebec.Isolate No

C-88448
<400 72
atggaggtga aagiggagaa cattcgaaca atagatatgc tcaaagcaag agtgasaaat 60
cgtgtggcac geageaaatg ctrtadaaat goctetttga tectaatagg aataactaca 120
trtgagtatag ccctcastat ctatcraatc atasactata caatgcaaga aaacacatcc 180
gaatcagaac arcacaccag Crcateacce atggaatoca gragggaaac tocaacagte 240
coratggaca actcagacac caatccagge tcacagtatc taactcaaca gtdcacagaa 300
ggcteccacac tetactitgc agocteagoea agotcaccag agacagaacc aacatcaaca 360
ccagacacaa caagccgcco goocttogtc gacacacaca Caacaccace aagtgcaage 420
agaacaagga caagtccggce agtccacaca Aaaaacante caaggacaa coqeagaaca 480
cattcaccac €atgggeaat gacaaggacg gtecgtggaa ccaccactet cogoacaade 540
agcacaagaad asgagaccgic cacageatca ghecdddcty acagcagoge aacaacccac 600
adacacgaay aagaaagecc agtgageccy CRaacatoig cgagcacagc aagaccacas 660
aggaagggea tggaggecay cacatcaaca acatacaacc aaactagrta a 711
<210> 73
<211 711
«<Z1Z» DNA )
«213> human metapnaumovirus
=2 20>
«221> gene
<222 (1)...(71L)
223> human metapneumovirus, strain Quebec Isclate No

C-88470 .
<400~ 73
atggaggiga aagtggagaa cattcgaaca atagatatge toaaageaag agtgaaaaat 60
cgtytggcac goageaaaty critadaaat gectctitga tcctaatagd aataactaca 120
ttgagtatag ccctcaatat ctatctgatc atasactata castgcasga maacacatoo 180

gaatcagaac atcacaccag ctcatcaccce atggaatcca gcagggaaac

teccaacggte

240
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:ccatggact
jgcrccacac
caszacacaa
agaacaaaga
pattccccac
agcacaagaa
daacacgaag
aggaaggrca

<210> 74

«211> 711
<212> DNA
<213

<220
<221
“222>
<223

=400» 74

atggaggtga
cgtgtagcac
ttgagtatag
gaatcagaac
cetatggaca
ggetccacac
ctagacacaa
agaacaagga
cattececad
agcacaagas
aaacacgaay
aggaagggea

<210= 75

211> 6017
<212 DNA
<213

i

acccagacac caatecagge
Lctactttge agectcagea
caagcegece goecttegte
caagtecgae agtecacaca
catgggeaat gacaaggacg
aaagaccgtc tacageatca
aagcaagece agtoagoccg

tggaggecagy

%ene

... (711)
human meta
C-863

16

aagtggagaa
gcagcaaaty
ccctcaatat
atcacaccag
actcagacac
tetactrige
caageecgece
caagtccgge
catgggcaat
aaagaccgte
azgcangecc
tggaggecay

.. (6017) )
human metapneumovirus, strain 00-1

Lacatcaaca

human metapnaumovirus

cattcgaaca
ctttaaaaat
ctatctaatc
ctoatcacees
caatccagyc
agcoateagea
gecettogic
agtceacaca
gacaaggacg
cacagcatca
agrgageoeg
cacatcaaca

human metaprnaunovirus

accession number afizi3zz

<400> 75

atggatecte
gtgatttect
aaaaatgaca
aaaaatgcag
atgcaacatg
ttaacaagga
Trhaaagtcta
agctgggataa
aggaaagaag
tttgttgtat
ttecacataca
Ttrtgtatat
aatctgcaay
Tgttacaatg
cttaggatta
traacngats
ttagaaaata
agatgtatta
tttagaatat
aacaatgaaa
atattaagga
trtaaaagtge
cttgaatiaa
totgtoccty
dasagattaa
Tatctagaag

tcaatgaatc
ttagtgagac
acactgcaaa
tcaatictaa
aaattatgaa
gtaaaaatat
catcagatya
gcaattggtt
aagtaataay

catcatatgg

atcasctgtt
gggtaageaa
gcatattaac
AAggTrcte.
ctgaacatyge
aattaacaaa
atgattatce
aattartaat

tcggtcacec
Tcacaaaaat
ttatcaaagg

ttagtaagag

gcgaacaaga
aaraaaccaa
tatggtetgt

agactttcaa

cactgrtaat
taatgcaatt
agtrgecata
gatgazaata
gaatgtacac
tagecactete
taccrcaate
tagtaattgg
aactygrrea
atgrataglic
aacatggaaa
cagtctgaat
taataageta
acttgtgaaa
teaattcagt
artraaaaaat
aatgtacgaa
casataaaqaac
aatggtagat
ccttaggtyg
atttgtagac
atggactatq
ttttttagag
ccttgagatg
gtatccaaaa
tgcaagtgat

Tcacagcatc
agcteaceay
gacacacaca
Aaaaacaatc
gtecgeggaa
grLccaaccetyg
caaacatoig
acatacaacc

atagatatgc
goectetttga
ataaactata
atggaateca
tc¢acagratc
agcteaceag
gacacacaca
aaaaacaatc
gtcecgtggaa
gtacaacctyg
caaacatoty
acatacaacc

gtcrtatcote
ggttcatgte
gagaatcctg
tcagattaca
agttgtgage
aaattaaata
ctaagrttta
tacaatctca
atcttgtgta
aagagcaaca
gatgtgatgt
gaaaatcaag
tatgaaacty
gagrtcgaag
actagattta
daaagragac
gttgtactta
ttagagaaty
gaaagagatg
gagagcttga
dacaacaaaa
tacticaaag
cttygctyoaa
gtattaaatg
aattactiac
agtctcaaaa

30/52
caactcaaca
aAgacagaace
caacaccace
caaggataag
ccaccactcet
acagcagege
caagcacagc
aaactagtta

pneumovirus, strain quebec Isolate No

tcaaagcaay
tcctaatagg
caatgcaaga
gcaaggaaac
Caactcaaca
agacagaacc
caacaccace
caaggacaay
ccaccactet
acagcageyc
cgagcacagro

PCT/CA2003/001994

grccacagaa
aacatcaaca
aagtgcaage
ccteagaaca
cegeacaade
ARCAACCCAC
aagaccacaa
a

agtgazaaat
aataactaca
aaacacatce
tccaacagte
gtceacagaa
aacatcaaca
aagrtgeaage
cclcagaaca
cogeacaage
aacaaccrac
aagaccacaa

aaactagtta a

chgactcata
tcttaaaaay
ttatcgagea
agatagtaga
tcacattatt
tgatatgtga
tagatgtaga
acaagttgat
ggtcattggg
aaagcaaaag
taagragatct
aagggetagy
tagattatat
goetitattat
gaaatacttt
tcagagttca
agttattagg
ctgctgaatt
caatggatge
cagaactaag
gatggoccan
caaaaagtta
tacagrttga
ataaagctat
Ctgagaaaat
caagaagagt

tettasagga
accrraccta
tgttagactce
gcoagraaag
aaaacagttt
Ttggetdeag
atttatacct
tctggaatte
taaattagtt
agtgagcrtce
caatgcaaat
gttgagaagt
gottagttea
gagtgaaatt
attaaargga
tggtacegtg
agatactttg
atactatata
tgtcaaatta
aggggcattc
aattaaasag
ceccagtcaa
acaagagrtr
atcacctect
azaaaatega
actagagtac
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tatttgaaay
tatttaaang
ggragaatgt
ttgttagctyg
gatcttcaga
gatagttata
taagccttta
acacadagec
tatagacatg
agtggritat
arggaagcta
ttattaaacg
ttagatgaag
gcatacagaa
cagtttataa
atctiaagay
teaatagaga
atattaagga
gcagggaage
gaaataaaaa
ggagyagarc
gaagcaatca
aaaataagtt
acactaatga
atcaatagaa
agtactatac
coctgttratc
anagrttgtga
gctattaatg
.rratctagaa
aggcetgatat
atagttggag
totcatttga
agaggtccaa
tataacagac
agatgoggtat
agtttaggca
ttcetacaca
tatagaacaa
tttggyaaty
atgagtgtay
tragaagaaa
gtagataaga
ctggggaaaa
agagagaatt
cartggtgtg
ggtgacgggt
[aaactaaac
gtagatgaat
aaggttatgt
* tcatragtag
tgcatgaggt
aaatctattt
cagatatgyc
tattaactcg
aattagctta
attatgetaa
Atagatataa
gaaaacttat
attggatqagc
aagatgacct
ggataataga
attgggattt
aatttaagga
catgcagaat
aagactgcaa
gtagtaaact
taccctgeca
atgctgeaaa
goctaagaat
d3agcaacca
taacaaacaa

ataatanatt
ataaggatca
ttgetatgea
atraatattgt
gaataatgga
ataatrtacat
ggtatgaaa
Tattcgtty
caccaccag
atagaratc
tatctetat
gtgacaace
tgaaagcag
atatagged
gtaaggtga
tgggaceat
gtctatgtc
atttrtgge
agttatica
aggaaaatg
cagtagtct
gtcatgtag
TCTtcanage
gagatcetcd
cagcaghtac
actacagta
cteatggacy
atatgatate
gtgaagatat
tattgtcag@
gttgteagat
taacatcced
aagggataat
agagccottg
adattctite
ataaagggaq
ttagttacad
ggrtatctgy
caaattace
aagatattaza
tagaacaatt
tagacattat
taacttctga
tgetcatyce
atttccatoy
ggatattaag
tcatategga
trrtatygtad
caatagatai
ttgaatcaas
gttatatag
accttggat
gcaactgata
acatgctcte
gattccatc
tttocctaa
aggaaagoua
cggtgtcttt
gaaagatcra
cagaacagc
tgatcatea
tagcggtga@
gatacacaga
cagagatga
ttgeactac
tgtaaaatty
tcaggctca
ggagaaata
aaaacttgaz
accgatada
trcttctgra
ggcaaacaca

cgaccaaaaa
tattgtcteg
accaggaada
acctttitte
aatcaaatcg
tgcaagagea
tacagogate
gtracatctt
aacasaagot
tatgggtogt
agatgttgta
atcaatagat
ttatagettg
taaacttaasa
tcaatetgaa
gataaacaca
ggaattagaa
gtataattta
acaactaaat
agtagtagat
ctatagatet
tattetgtta
cttactgtca
agctgttgoe
cagcatctta
aaatgaagad
gagagttttyg
aggaacgaaa
tgacagaget
agttgttygat
argragaaco
tagcatcact
cattgaaaag
ggtagggteg
adaacaacad
accaggtita
argtgtaaaa
cagtagtaga
ttttgacact
trtggtctte
aactgqtagg
ccaccacea
caacatate
cactataaaa
gaataatctt
Agagcaatgt
tcatgetttt
ttgggggrce
actgttaagg
ggttaagaaa
gtttaagaat
gtcaatgceg
gagcaaagtt
acaagattas
ccaatggtta
ataacatttg
acazggaatt
agttctacty
aaccctaang
‘tgtgaatate
Yatcotttag
gggctticaa
gtaagcaaag
Etgtttaaga
a 2Ca
cetitirerg
gaatgetaca
caaaattcta
aataaatcta
aagaaagaat
gcaacagtrg
ataattgatt

gaacttaaaa
ctaactggaa
cagcgacaaa
ccagaaacet
gaactttctt
tccatagtaa
tgtgcggatg
atcgteccta
gaatatgata
attgaaggat
tetgtaaaza
gtaagtaaac
gctgtaaaqaa
gaaggggaaa
ggagtaatgc
atattagatg
trtagggggg
tacatgcatg
adaacattaa

ctatggatga

ttctatagaa
agaatatcag
atagaaaaaa
teagagegac
agtctttcte
gaggtcggaa
tatgaatcar
tocataacca
gtatccatga
agtatagaaa
ctaaggaaga
acatgcatgg
ttcagcactg
agecactcaag
agagaacagc
agacgattac
CoTtTattac
cctatggaat
agtcctatta
cagaatgcaa
agtcragaac
gtgtttcaag
ttcagtccag
ggtcagaaaa
atrgagtctt
atagaaaata
atggacttca
cangggaaas
attgataata
aggataatgt
tggtttatag
aaggrgatct
tattittaag
tragaaagaa
atttaactca
aaaggctaaa
acatgatact
gatgtaaagt
Ttetgtactt
ctgacatcaa
aataccagag
tggaaacaac
atgorttartt
tggtaattct
acctetattt
tgagatcagt
tactcttaac
agatgaaaat
TTgaagccaa
taaatagaca
gaggtagcaa
ggttagaaca

31732
gttatgtigr
aagaaagaga
tacaaatatt
taacaaagta
ctattaasac
cagatttaag
tagcagatga
tgacaacaat
tagataagat
ggtgtcaaaa
cacgatgtca
cagttaagtt
tgttaaaaga
catatatate
atcetaccee
acattaazac
azageataat
aatcaaagta
catcagrocs
acataccaat
ggacecatya
ccaacataag
atgaacgtge
aagcaaaagt
caaatcaact
Teattgetga
taccttttca
acttattaca
tgetggagaa
ttecaaccaa
catcatggaa
atgteatata
acagaactac
agaasaaatt
tagaagcaat
tcaataagat
ctagotttat
teccageate
atcaageact
tcagetgtgg
agtragttTt
ggaaattcaa
acaaaataga
cagatcagtt
tgtcagecage
atattttcaa
aaarattect
acattaaaga
ctttttggag
tatatgatgt
aacagttgga
ggrtgagatc
aataactgtt
gtrgatgtgr
agtrattgart
aaattatgac
gttgecatgg
tagtctaaaa
tattggagaa
atttgtatac
agrratragga
agatycaact
aataacttta
atggaggaaa
attcgeaaag
agccaccttt
actaggeeac
agcagtgtat
ctgtaaatca
gagaaggtta
ggtcatagay
tattttaaat

PCT/CA2003/001994
Tdaacaagaa 1620
attaagtgta 1680
ggctgaaaaa 1740
tggtgatcta 1800
tagaagaaat 1360
taagttcaac 1920
actacatgga 1980
gatatgtgcc 2040
AgRagagtaa 2100
actetggaca 2160
aatgacatct 2220
atdtgagggt 2280
aataagagat 2340
aagagatctt 2400
tataaaaaag 2460
cagtgeagag 2520
agttagtctg 2380
acaccceccta 2640
gagatttttt 2700
gcagtttgga 2760
tTritttaact 2820
aaatygaagceg 2880
tacactgaca 2940
aacaagtgat 3000
trtcagogar 3060
caacataaca 3120
taaagctgaa .3180
gagasacatct 3240
cctaggatta 3300
atcraatggt 3360
taatatyggaa 3420
tgcaactage 3480
aagaggtcaa 3540
agttoctgtt 3600
tggapaaatyg 3660
tigtettgya 3720
gagtgtaaat 3780
agttcecagcet 3840
aagtgagaga 3900
aattagcata 3960
aatacctcaa 4024
ttataagcta 4080
tatgrraaca 4140
ccrgaacaag 420D
gttageatyt 4260
gaaagactgg 4320
atgtgtettt 4380
tgaagatata 4440
aatgttcage 4500
gaaatttota 4560
tcagctgagt 4620
aagtcaatta 4680
ttgaactata 4740
gataatgcac 43800
cctacagaac 4360
actagttcaa 4920
caacatgtta 4980
acatgecattg 3040
ggggcaggaa 5100
agaagttiaa 5160
gaattaagea 5220
caaaaaactc 5280
tgtgatgcag 5340
catgtattat 5400
Tatcatgeta 5460
attatgcaag 5520
cacaacaatt 5580
aatgatttLt 5640
cttttatcag 5700
ttaacactac 5760
tetaaatgyt 5820

tctecaaaag
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32/5ﬁ: t atgattaaac 5940
attaaa ttatgatttt tttgaagcat tagaaaatac traccctaat atga
%gg%agataa tctagggaat gcagaggraa aanaaactgat caaagtaact ggatatatgc 6000

ttgtaggtaa azzatga 6017<210> 76

«211> 450
«<212> DNA
<213

<220
=221~
<222
<2 23>

gene :
(1)...(450) ) ,
human metapneumovirus, strain Quebec Isolate No

hmpPy-118

400> 76

taaaatgaas
gaagaatygta
cattagcact
tggtacctca
gtttagtaat
aagaaccagt
tggatgtate
gttaacatgg

210>
<211
212>
<213

=2 20>
=221
222>
223> h

77
450
DNA

hMpv-

<40Q0> 77

ttgaaatate
atgtacacag
gcactctcaa
cétcaatcet
gtaattggta
ctgyticaat
gtatragtcaa
catggaaaga

210> 78

<211 500
<212> DNA
213>

2220
<221>
<222
223>

<400= 78

gagaartcctg
Tcagattaca
agttgtgagc
aaattaaata
ttaagttita
tacaatetea
atctrgtgta
gagagcaaca
gatgtogatgt

«210= 79
<21)> 450
<212> DNA

e
hufian metapneumovirus, strain Quabec Isolate No
hMPV~174

atatcagatt
cacagctgtg
ctcaaattaa

atcctaagtt

tggtacaatc
teaatcttyt
gtcaagagea
aaagatotga

gena
1) ... (450)
uman metapnaeumovi

163

agattacagg
thgtgagcte
attaaatatg
aagttrTata
caatctcaac
cttgtgtagg
gagcaacaas
tgrgatgtna

.(500)

ttatcgagea
ggatagtaga
tcacattatt
tgatatgtga
tagatgtaga
acaagtrgat
gatcattggg
aaagcazaag
taagtagatt

human metapneumovirus

acaaggtagt
agcacacact
gtatgatatg
ttatagatgt
tcaataagtt
gcaggtcatt
acadagagoaa
tgttaagtcg

human metapneumovirus

atagtagage

acattattaa

atatgtgatt
gatgtadaat
aagttgatic
tcattaggta
agcaaaagag

agragattea

human metapneumovirus

tgttagactc

gceagtaaac
anaacagttt
tTggctgcag
atttatacct
TCtggaatte
taaattagtt
agtgagette

213> human metapneumovirus

w220

agaaccagta
attgaaacag
tgattggctg
agaatttata
aatttragaa
aggtaaatta
sagagtgagce

cagtaaacart
aacagrtttt
ggctgcagrt
tratacciag
tggaattcag
aattagtttt
tgagcttctt

aaaaatgcaa
atgcaacatg
ttaacaagga
ttaaagtcta
agctgggtaa
agganagaag
tittgttgtat
ttoacataca

aacatgcaac
terttaacaa
caattaaaat
cotagttogg
itcaggagag
gtittrtatty
ttottracat

rus, strain Quebec Isolate No

gcaacatgaa
jacaaggagt
aaaatctaca
¢tgggtaage
gaaagaagaa
tottgtatea
cacatacaat

tcaatetaaa
aaattatgaa
gtaaazatat
catcagatga
geaattggtt
aagraataag
catcatatgg
atcaactgrt

atgaaataat
ggagtaagaa
ctacdteaga
taagcaactg
aagaagtaat
tatcatcata
acaatcaact

attatgaaga
aaaaatatta
tcagatgata
aattggttta
gtaataagaa
teatatggat
caactgriaa

gatgaaaatra
gaatgracac
tagcactete
tacctcaatc
tagtaattgg
aactggttea
atgtatagte
aacatggaaa
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221> gene
«222= (1)..

/057021

. (430)

33/52

<223 Euman metaprneumovirus, strain Quebec IsoTate No

MPV-

400> 79

attgaaatat
aatgtacaca
agcactctea
accteaatct
agtaattggt
actggttcaa
“tgtatagtca
acatggaaag

<210 80

211> 500
<212> DNA
213>

w220
<221~
22 2%
<223

gene
1)..-
hMpv~-

<400> 80

ttgeocatag
atgaaaatat
aatgtacaca
agcactctca
acctcaatcce
agtaattogt
accggttcaa
Tgratcgrea
acatggaaag

<210
<211
<212
<213

<220
<22
222>
=223

81
450
DNA

e

184

cagattacag
gtigtgaget
aatrtaaatat
taagttttat
acaatotcad
tctrgtgtag
agagcaacaa
atgtgatgrt

. (500)
196

agaatcergt
cagattacaa
gttgtygaget
aattaaatat
taagtttcat
acaatctcaa
tettatgeag
agagcaacaa
atgtgatgtt

(450)

human metapneumovi

C-76837

«<400> 81

agatgaaaat
agaatgtaca
Ttagcactct
atacctcaat
ttagtaattg
gaactgglto
gatgtatagt
taacatggaa

<210> 82
<211> 450
<212 DNA

atcagartac
cagttgtyag
CARATTARAT
cttaagtttt
gtacaatong
aatctrgtac
caagagcaac
agatgtgatg

gatagtagag
cacattatta
gatatgtgat
agatgtagaa
caagttgatt
gteattagot
aagcaaaaga

ccagtaaaca
aaacagtttt
tggotgeagt
tttataccta
ctggaattca
aaattagttt
gtgagettct

aagtagattc |

human metapneumovirus

tattgagecas
ggtagtagag
cacactattg
gatatgtgat
agatgtagaa
tragttaatt
gtcattgggt
aagcaaaaga

human metapneumovirusg

gtgagactea
ccagtaaaca
aaacagtttt
tggetgcaat
TTTAtacCcLa
Ttggaattea
aaattagrtt
gtgagcttct

tgcaacatga
taacaaggag
taaagtctac
gctgggtaag
ggaaagaaga
TTITtgtate
tcacatacaa

hutan metapneumovirus, strain Quebec Isolate No

aaaatgcagt
tgcaacatga
taacaaggag
taaagtctac
gttgggtaag
gaagagaaga
rrattgrate
tcacatacaa

rus, strain qQuebec Isolate No

aggatagtag agecagtaaa catgcaacat
ctcacattat taaaacagtt tttaacaagg
argatatgtg attggctgca gttaaagtet
atagatgtag aatttatacc tagctgggta
aacaagliga Lictggaatt caggadagaa
aggtctttgy gtaaattagt ttttgttgta
aaaagcaaaa gagrgagett cttcacatac

Ttaagtagat

<213> human metapneumovirus

220>

<221>
<222>

ene
..

. (450)

<223 gugggogetapneumovirus, strain Quebec Isolate No .

<400> 82

PCT/CA2003/001994

aatrtatgaag 60
taaaaatatt 120
atcagatgat 180
caattggtit 240
agtaataada 300
atcatatgga 360
tcaactgtta 420

450
caattctaaa 60
aataatgaag 120
taaaaacatt 180
atcagatyat 240
caactggttt 300
agtaataaga 360
atcatatgga 420
teaactgtta 480

500
gaadttatga 60
agtaaaaata 120
acatcagaty 180
agcaattggt 240
gaagtaataa 300
tcatecatatg 360
aatcaactgt 420

450

taagatgaaa atatcagatt acaggatagt agagccagta aacatgcaac atgaaattat
gaagaatgra cacagtigty agotcacatt attaaaacag tttttaacaa ggagtaaaaa

60

120
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tattageact ctcaaattaa atatgatatg tgatiggctg cagttaaagt ctacatcaga 180
rgatacetea atcttaagtt ttatagatgt apaatttata cctagotggg taagoaatty 240
gtttagtaat tggtacaatc tcaacaagtt gattctggaa ttcaggaaag aagamgtaat 300
aagaactgyt rcaatcttgt gtaggteatt gggtasatta grrtttgttg tatcatcata 360
cggatgtata gtcaagagca acaaaagcds aagagtgage thcttcacal acaatcaact 420
gttaacatgy azaagatgtga tgtraagtag 450
<210~ 83
<211> 450
<212> DNA .
<213> human metapneumoviprus
=220
<221

ena
5555 ... (450) _ _ ‘
<223> human metapneumovirus, strain Quebec Isolate No

hMev-185
<400> 83 ’
taaaattgaa atatcagart acaadggragt agagccagta aacatgceaac atgaaataat 60
gaagaatgta cacagttgtg agctcacact attgaaacag tttttaacaa ggagtaaasa 120
cattagcact ctcaaattaa atatpataty tpattggctg caattaaagt Cctacatcaga 180
tgatacctea atccraagtt tcatagatgt agaatitata cotagttggg taagoaactg 240
gtttagtaar rggtacaate tcaataagtt aattttggaa ttcagaagag aagaagtaat 300
aagaaccggt tcaatcttat geaggteatt gggtaaatta gtitttattg tatcatcata 360
tggatgtatc gtcaagagca acagasgoaa aagagtgage trtottcacatl acaatcaact 420
gttaacatgg aaagatgtga ‘tgttaagrag ‘ : 450
<210~ 84
<21Ll> 500
<212 DNA .
«213> human metapneumovirus
<220
«221> gena ,
<222 (L)...(500) . .
«223% human metapneumovirus, strain Quebec Isolate No

c-78123
=400> 84 .
atcctgttat cgagcatqit agactcaaaa atgeaatcaa ttctaagatyg aaaatatcag 60
attacaggat agtagagcca gtaaacatge aacatgaaat tatgaagaat gtacacagtt 120
grgagctcac attattaaaa cagttiitaa caagyagtaa aaatattagec actctcaaat 180
taaatatgat argtgattgg ctacagttaa agrtetacatc agatgatacc tcaatcttaa 240
gtrttataga tgtagaattt atacctaget ggghaagceaa ttggtttagt aattggtaca 300
atctcaacasd grtgattctg gaattcagga aagaagaagt aataagaact ggttcaatct 360
totgcaggtc trtgggtaaa ttagtttttg ttgtatceate atatggatgt atagtcaaga 420
gcaacaaaag caaaagagtg agcitcttca catacaatca actgttaaca tggasagatg 480
tgatgitaag tagattcaat ) 500
<210> 85
«211= 450
%212 DNA 3
«213> human metapneumovirus
<220
<221> gene
2257 (D...(450) . .
«<223> human metapneumovirus, strain Quebec IsoTate No

c-91205
<400 85 : '
caattctaaa atgaaaatat cagattacaa ggtagtagag ccagtasaca tgeaacatga &0
aataatgaag aatgracaca gltgtgaget cacactatty aaacagtttt taacaaggag 120
taaaaacatt agcactctca aattasatat gatatgrgal tggotgcaat tadagtctac 180
atcagatgat acctcaatcc taagtttcat agatgtagaa tLtataccta grtgggtaag 240
caactggttt agtaattggt acaatctcaa taagttaatt ttggaattea gaagagaaga 300
agtaataaga accggtitcaa tcttatgcag gtcattgggt aaattagttt ttattotatc 360
atcatatgga tgtattgtca agagcaacaa aagcaaaaga gtgagattct tcacatacaa 420
teaactgtta acatggaaag atgtgatgt: 450

<210~ 86



WO 2004/057021

<211> 400
<212 DNA
<213

<220
w221
22 2
<223

. (400)

¢~91364

<400> 86

ttgcatagag
gaaaatatca
tgtacacage
cactctcaaa
crcaatccta
taattggcac
cggttcaatc

87
300
DNA

«400=> 87
atagagaatc
atatcagatt
cacagtigty
ctcaaattaa
arcctaagtt
. tggtacaatc
tTCaatorttt
grcaagagca
aaagatgrga

210> 88

«211» 450
<212 DNA
<213

<220
<221>
<222
223>

ena

<400~ 88

aattctaaaa
ataatgaaga
aaaaacatta
tcagatgats
aactggttta
gtaataagaa
tratatggat
caacrgtran

<210> 89

«211s 450
<212> DNA
<213

ene

1)..
Ruman metapneumovirus, strain Quebec Isolate No
MPV~

aatcetgrta
gattacaagy
tgtgagecaca
ttaaatatga
agttttatag
aatctcaata
ttgtygcagat

ene
%1)...(500) . )
huga; metapneumovirus, strain Quebec Isolste No
C-91

49

ctgrtattga
acaaggragt
agctcacact
atatgataty
teatagatogt
teaataagtt
gcaggteatt
acaaaageaa

Tgttaagtng

. (450)
Q86

tggaaatate
atgtacacag
gcactercas
cetcaateet
gtaattgyta
€COgtteaat
gtatcgteaa
catggaaaga

1) LI ] c450) R .
human metapneumovirus, strain Quebec Isolate Ne

hMPV-Q97

human metapnaumovirus

ahe
e, _ _
human metapneumovirus, strain Quebec IsoTlate No

ttgageatgt
tagtagaace
cactattgaa
tatgtoattg
atgtagaatt
agttaatttt
cattaggtaa

human metapneumovirus

gcatgtgaga
agagccagta
attgaaacag
tygattggetg
agaatitata
aattttggaa
gggraaatta
aagagtgage

human metapneumovi rus

agattacaag
ttgtgagete
attaaatatg

cagactcaaa
agrtaaacatg
acagttttta
getgecaatta
tatacctagt
agaattcaqq
attagrirtt

Ctcaazaatg
aacatgcaac
ttrrtaacta
caattaaagt
cetagttygo
ttCagaagag
gtrtitattg
ttcttoacat

gtagtagaac
acactatiga
atatgtgatt

35/52

aatggcagta
caacatgaaa
acaaggagta
aaatctacat
tgggtaagea
agagaagaag

cagtoaarte
atgasataat
ggagtaaaaa
ctacatcaga
taagcaactg
gagaagtaat
tatcatcata
ACRATCAACT

caataaacat
AacagrLtt
ggctgcaatt

aagttttata gatgtagaat ttatacctag

caatctcaat
crtotgeagg
gagcaicaaa
tgtgatgtra

human metapneumovirus

aagrtaattt

agcaaaagag

tagaattca
tgageottett

PCT/CA2003/001994

attotaaaat
taatgaagaa
aaaacattag
cagatggtac
actggtitag
taataagaac

taaaatgaaa
gaagaatgta
cattagcact
tgatacctca
grttagtaat
gagaaccggt
tggatgratc
gttaacatgg

gcaacatgaa
aacaaggagrt
aaaatctaca
ttaggtaaqc

g gagagaggaa
teattaggta aattagtttt

tattgtatca
cacatacagt
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<400~ 89

aaaatgaaaa tatcagatta caaggtagta gagccagraa acatgcaaca tgaaataatg 60
aagaatgtac acagttgtoga gercacacta ttgasacagt tittaactag gagtaaasac 120
attagcactc tcaaattaaa tatgatatgt gatiguctgc aattmaagte tacatcagat 180
gatacctcaa toctaagttt catagatgta gaattiatac ctagttgggt aageaactyy 240
ttragtaatt ggracaatct caataagtta attttugaat tcagapgaga agaagtaata 300
agaaccgdtt caatcttatg caggatcattqg gutaaattag tttttattgt atcatcatat 360
¢ggatgtatcy tcaagageaa cadaagcaaa agagtgaget tettcacata caztcaactg 4290
ttaacatgga aagatgtgat gttaagtaga ' 450
<210> 90

«211> 537

<212 DNA .

«213> human metapneumovirus

<220

<221~ g

<222 (1) .€537)

223> human metapneumovirus, strain Can 97-§3

<4005 90

agaatcctgt tattgageat gtgagactca aaaatggeogg tcattctaaa atgaaaatat 60
cagarttacaa ggtagtagag ccagtamaca tgeaacatga aataatgaag aatgtacaca 120
gttgtgaget cacactattg asacagitttt taacasggag taaaaacatt agcactctca 180
aattgaatat gatargtgat tggotgoaat taaagtctac atcagatgat acctcaatcc 240
taagtttcat agatgtagaa tttataccta gtitgogtaag caactggttt agtaattggt 300
acaatctcaa taRQLTaatt ttggaatica gaagagagga agtaataaga accggtitcaa 360
tecttatgecag gteattggyt aaattagtit trattgtate atcatatgga tgtatcgrea 420
agagcaacaa angeaaaaga grgagettot teacatacdaa teaactgita acatggaaag 480
atgtgatgtt aagtagattt aatgcgaatt tttgtataty ggtaagcaac agriotg 537
{210} 91

<211= 20

w212 DNA

«213»> human metapneumovirus

<220

«223> primer no 55

<400> 91

atgggacaag tgaaaatgtc 20
210> 92

«<211> 19

212> DNA

<213> human metapneumovirus

220>

«223» primer ng 56

<400> 92

gagtctcagt acacaataa 19
«210> 93

«211> 18

<212 DNA .

«213> human metapneumovirus

220>

«223> primer no 57

4= 93
‘gtracrtgcag ttgttgta 18
<210> 94

<211> 19

<212> DNA

«213> .human metapneumovirus

<220

«223> primer no 58
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400> 94
jcatticcga daacaacac

210>
w211
<212
<233

<220
<223

w400

035
19

DNA .
human metapneumovirus

primer no 18 muitiplex assay
95

gagtetcagt acacaataa

210>
w21l
<212
%213

220
223

400>

96

19

DNA )
human metapneumovirus

primer no 19 multiplex assay
o6

geattTcoga gaacaacad

<210>
w211
212
«213s

<220
<223

<400

97

18

DNA

human metapheumovirus

pritmar no 59
97

atgtcttgga aagtggeg

<210
211>
<212
<213>

220>
<223

<400

98

17

DNA _
human metapneumovirus

primer no 60
98

tcrtcttace attgecac

<2 10>
211>
<212
213>

<220
<223

<400

human metapneumovirus

primar no 61
83

ctaattatgt ggtatgaage

%210
<211
w212
<213

<220
223>

<400>

100

i8

DNA,

human metapneumovirus

primer no 62
100

atggagtccet acctagta

<210
<211

101
19

PCT/CA2003/001994

19

19

19

18

i7

20

18
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<212> DNA ,
«21%> human metapneumovirus

<220
<223 primer no 63

<400> 101
aaggtgcity gtigttatc

<210 102
<211l> 18

<212 DNA .
<213> human metapneumovirus

<220
<223 primer hao 64

<400 102
atgtcattce ctgaaggaa

<213> human metapneumovirus

<220
<223> primer no G5

<400> 103
ttaactggta aatctcatc

«210> 104

<211» 19

<212> DNA

<213 human metapneumovirus

<220 .
«223> primar no 86

<400 104
catgggacaa gragttatg

%210 105

«21l= 19

<212> DNA

«213> human metapneumovirus

=220
«223> primer no 67

<400= 105
atggaggtga aagtogaga

<210> 106

211> 19

212> DNA ]
«213%> human metapneumovirus

220>
<223> primar no 68

<400~ 106
tTtaactagtt tggrrgtat

<210~ 107
<211~ 19
<2125 DNA

<213 humah metapneumovirus

220>
<223» primer no 69

38/52

PCT/CA2003/001994

19

19

19

19

19

19
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39/52
2400>» 107
sttagagrts Ttttgtatt

<210> 108
24

«212Z> DNA .
«<213> human metapneumovirus

<220
£223> primer no 70

<400 108
ggacaagtag ttatggaggt gaaa

«210> 109

211> 28

<212> DNA i
«213> human metapneumovirus

«220»
<223» primer no 71

<400> 108 .
ctectttaag atatgagtca ggmagrta

<210= 110

=211 22

<212 DNA ;
213> human metapneumpvirus

<220>
«223> primer no 20 multipTex assay

400> 110
gttgccatag agastcctgt ta

<210 111

<211 22

<212 DNA .
«213> human metapneumovirus

<220 .
<223= primer no 21 multiplex assay

<A400> 111
cattcagact gttgecttace ca

210> 112

<211 22

«212> DNA

<213> human metaprnautovirus

<220
<223> primer no 72

<400= 112
gttgccatag agaatcctgt ta

«210> 113

<211 22

=212> DNA

<213> human metapneumovirus

220>
«223> primer no 73

<400> 113
cattcagact gttgettace ca .

<220> 114
<211> 27 |
«212% DNA

PCT/CA2003/001994

19

24

2B

22

22

22

22
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«213> human Metapneumovirus

%220 .
<223» human Metapheumovirus
primatr Al

<400 114
ccaattacta aaccaartge ttaccca

<210> 115

<211 21

<212 DNA .
«213»> human metapheumovirus

w220
<223> probe no 74

<400> 113
gcaagettat ggggccggte a |

«210> 116

«21ds 25

212> DNA .
<213 human metapneumovirus

220>
«223» probe no 75

<40~ 116
acaatgctaa ggtgoggggt catig

%210> 117
<211 23
«212% DNA

<213> human metapneumovirus

<220
%223» probe no 76

<400> 117
gttctgagga caggttggta cac

<210> 118

<211> 23

217> DNA

<213> human metapneumovirus

<220
«223> probe no 77

<400 118 '
aatgtittta cactggaggt agg

210> 119

211> 22

<212 DNA

<213> human metapneumovirus

<220
<223> probe no 78

«400> 119
gttacaatac cagcattcat ca

«210= 120

211> 25

<212 DNA .
«<213> human metapneumovirus

220>
«<223s praobe no 79

44/52

PCT/CA2003/001994

27

21

95

23

23

22
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<400 120
atcagtttca atcaaagaga gtgag

«210» 121

<211» 25

«212> 'DNA .
«213> human metapneumovirus

<220
<223> probe no 80

<400= 121
taaagcaage aatcaaagic atgga

«210> 122

<211> 2%

«212> DNA .
<213» human metapoeumovirus

<220>
<223> probe no 81

<400= 122
cccattgaag aagaagagte taccg

210> 123
<211= 20

<212> DNA

<213 human metapneumovirus

<220
<223 probe no 82

<400» 123
actcaagece agfagcatcea

<212> DNA .
<213> human metapneumovirus

<2 20>
<223> probe no 83

<400> 124
cteaacagte cacagaaggc toc

<210 125

=211 26

<212~ DNA .
«213> human metapneumovirus

<220
«223> probe no 84

<400> 125
attggtttag taattggtac aatctcg

«210= 126
<211> 26
<212 DNA
«213> human metapneumovirus

#4220 .
<223~ probe no 85

<400 126
acaagttgat tctgpaattc aggaaa

<210~ 127
«211% 25
<212> DNA

41/52

PCT/CA2003/001994

25

25

25

20

23

26

26
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<213> human Metapneumovirus

220>

<223> human Metapneumov1rus
probe A2

400> 127

cgagcatytt agactcaaaa atgca

«210> 128
<211> 23
«212> DNA

<213 human metapneumoviprus

<220

«<223> probe no 33 multiplex assay

<400> 128

atgratccgt ccaagctgag tta

<210x 129
<211> 26
#212> DNA

«213> human metaphneumovirus

220>
<223

<400> 129

attggtttag taattggtac aatcte

<210
<211~
<212
<213~

<220
220
42220
w223

130
1027
DNA

%EHE

C1027)

human Influenza A virus

human “Influenza A virus -
strain A/Hong Kong/1180/99(H3N2)

accession number af38677

<400= 130

agcaaaagea
ctctategtt
tgctygggaaa
greacctetg
aggactgcag
catggacaad
cdaagasata
caataggartd
acagattgct
aataagacat
ggctggatea
ggtgcaggea
tettettgaa
gtgacceget
ttgatcgtct
cttctacgga
ctriggatgc
ttctact

210> 131
<211~ 987
c«212> DNA
=213

<2205
«221s gene
<222 (1)..

ggtagatatt
ccatcaggcc
aacacagatc
actaagggga
cgtagacgct
gragtraaac
geactcagtt
agggergtad
gactcecage
gagaacagaa
dgtgagcady
atgagagecg
aartrgcaga
tyttgtigoc
TtTtttcaaa
aggagtacet
tgaccacagt

human Influenza

. (987)

«223> human Influenza

gaasgatrgag
ccctcaaadgc
ttgagactet
ttttagygtt
Ttgtccaaaa
Tgtatagaaa
attctgetgg
ccactgaagt
acaggtctca
tggttttgge
cageggagge
trtgggactca
cctatcagaa
geoagtatoa
tgcatctatc
gagtctatga
cattttgtea

A virus

A virus

probe no 34 multiplex assay

CCttCtacee
Cgaaatcgey
catggaatyg
tgtgttcacy
tgceocteaat
acttaagagg
Tgcacttgoe
ggcatttgge
taggcaaatg
cagcactaca
catggagatt
tectagetee
acggatgaog
ttgggatcit
gactcttcaa
gggaagaata
gcataaagtt

42/532

gaggtcgaaa
cadagacttg
ctaaagacaa
ctcaccgtge
gggaatogdy
gagataacat
agttgeatgy
ctggtatgtg
gtggcaacas
gctaaggcta
gctagtcagg
agtactggte
gtgcagatgce
gractigata
acacggectt
tCgaaaggaa
ggagtaazaaa

PCT/CA2003/001994

cytatgttct
aagatgtectt
gaccaatect
ccagtgageg
atccaaataa
TrLeatgggge
gecteatata
caacatgtga
ccaatcecatt
tggagcaaat
ccaggcaaat
taagagatga
aacgattcaa
ttatggatte
daaagagggc
cagcagaatg
actacctitgt

25

23

26
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strain A/chariottesville/31/95 (HINL)
accession number af39BB76

<400> 131

atgagtctic
aaagccgaga
getoteatgd
ggatrigtgt
caaaatgece
agaaagetta
gctggtgeac
gaatcagcat
tectcatagge
ctggeecagea
gaggccatgg
actcatccta
CAgRAACoRR
tatcattagg
TEATCHLRATC
tatgagggaa
tgtcageata

<210= 132
211> 1076
<212
<213>

<220
221>
w222
<223

taaccgaggt
tegeacagag
agtggctaaa
tcacgotcac
‘ttaatgggaa
agagggagat
ttgcecagttya
ttggcctgat
aaatggtaac
ctacagctaa
aggrtigctag
gctotageac
tgggagrgca
attgtgecace
Trraaacacg
gaatatcgag

gagctyaagt

DNA
human Influenza

%ene
.. .
human Infiuenhza B virus

. (1076)

cgaaacgtac
acttgaagat
gacaagaccg
cgtgcccagt
tggggatcca
aacattecat
tatgggcete
atgcgcaace
aacaaccaat
agetatggag
tcaggecagg
tggtetgaaa
gAtgcaacga
tgatattgty
gtetgaaaag
aggaacagea
dqzdaaac

B virus

strain B/Nagoya/20/99

<400= 132

atgtegetgt
aBAGCAGRAC
tetgecttgg
ggrgecheta
gagcccctat
agaaaaatga
ageteagege
caagtaaaic
gereatagea
tcagetatga
ctggcagaag
aatggggaag
tcagetotty
ctrttatctt
aaagaggagt
aagtatcaat
aagtgctete
ctygaagagat

210> 133
<211 1725
«212> DNA
<213

<220
w221
<222
<223

ttggagacac
tagcagaaaa

datggataaa

totgottttt
caggaatggg
gaagatgtgt
tactatattg
taggaacgect
gagoagogag
acacagcaad
aactgcaaag
gaattgcaaa
toaagaaata
atcagetetc
azscartgaas
tttgagacac
tgacaacata
aataanaaatg

(17253

strain BL
acecession number af(13254

<400> 133

aattgcctac
attacactgt
adacaaaaga
aaaacccaaa
aacaacagca
gagctttcat
tetcatggte
ctgtgetttg
atcttcagtg
aacaatgaat
caarattgga
ggatgtaaty
cctataatge
catttcatag
atacgaataa
aattaccaaa
gaagtattga
ggcaaaacadg

gttctctota
gtcttigetg
atcctgteac
gagcgagoac
aataacatgg
ggggccaaad
atatacaaca
tgtgaacaga
ccattaataa
caaatggetyg
caaatogtgc
aatgatcttc
ttcaagtgat
gattattgat
A0ggLCrTLT
gaatgctgty

ctgctbicat
Tggrtceggaty
togcttaactg
gaccadyaaa
acaaaaaaga
gaagcattig
atgtacetga
tgcgagaaac
cctggagtya
ggaatgggaa
gtgttgagat
gaagtgectaa
Ttgaaccatt
cttggaFaat
aaggrcraaa
aagaaatcca
gtgaccacat
trrtggaggt

human Respiratory syncitial virus

.
Human Respiratory syncitial virus

atggagetye tgatccacag gttasgtgea atottectaa
tacctcacct caagtcagaa cataactgag gagttitace
agcagagatt attitagtgce tttaagaaca ggttggtata
ttaagtaata taaaagaaac caaatgcaat ggaactgaca
caagazttag ataagtataa gaatgcagtg acagaattac
ccagatygcla. acaaccggge cagaagagaa geaccacagt

43/52

tegtoecgtc
gaaagaacac
ctctgactaa
tgcagcgtag
acagagcagt
aaatagcact
gagatggggac
ttgctgactc
gacatgagaa
gatcgagtga
aggcaatgay
ttgasaattt
cetettgttg
cgeettttit
acggaaggag
gatgctgacg

tgacggaaga
ggaaagaatt
atatacaaaa
gaasaagaag
aaggcctgat
aaatagcaga
acccetggaaa
aagcatcaca
ggcgagaaat
agddagaaga
crcttggaqc
agcagagotc
tcagartett
agggcatttg
taaagagaca
ggocaasagaa
agtgattgag
agaaaaattay

ctcttgetat
aatcgacatg
ccagrgtcat
ctaaagtaaa
agctacttat
atatgaacta

PCT/CA2003/001994

aggeecccte 60
cgatcttgag 120
gaggatttta 180
acacrrtgtc 240
taaactgtat 300
cagtrattct 360
tgtgaccace 420
ceageataay 480
cagaatggtt 540
acaagcagct 600
agccattgdg €60
gcaggeetat 720
ttgccgeaag 780
teaaatygeat &840
Taccagagre 900
aaggtcattt 960
987 .
‘tggagaaggc 60
tgacctagac 120
agcactaatt 180
attcatcaca 240
tctagetgag 300
aggccatgaa 360
Tttattcaatg 420
ttcacacady 480
geasatgate 540
tytccaaaaa 600
aagrcaaaag 660
tatgggaaat 720
teaatttgtt 730
agtcaaataa 840
ataaacagag 200
acaatgaagg 960
gggctttety 1020
cattaa 1076
taatgcattg 60
tagtgcagtt 120
aacaatagaa 180
acttataaaa 240
graaaacaca 300
tacaateaat 360
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accactaaaa
TLLOTTAgOtY
gaaggagaag
ctatcaaaty
aaccaattat
atagaatice
gcaggtgtaa
atcaatgata
gtaaggcaac
gtacagetac
ctatgcacca
tggtattgtg
cagtccaatc
cttrgtaaca
gacatadagca
aaatgcacty
tatgtgrcaa
aagetggasg
ctagtgtttc
cagagtitag
tctactacaa
ttaatagcta
aaagaccaac

<210> 134
«211= 1575
212> DNA
«213>

<220
221>
222>
«223> h

ene
.

acctaaatgt
taggatcege
tgaacaagat
gggtcagrgt
tacccatagt
agcagaagaa
caacaccttt
tgecctataac
aaagttattc
ctatctatgg
ccaacatcaa
ataatgcaqgg
gagtattitg
ctgacatatt
gctcagtaat
catccaacaa
acaaaggagt
gcaagaacct
cttetgatga
ctthtattcy
atattatgat
ttggtttogct
taagtggaat

. (1573}

washington/1964
acecession number nc003461

<400 134
atggeegage
aagictggeg
ggcccgagty
tcattgyaca
atggcctaca
tatgtgatat
ddaacaagag
aagaacccat
tatggatatc
gccatancas
caggatyggaa
gcagtgatga
aacacatcca
ataagagaty
atggeogeec
garatctatc
catggagact
.grggtacaaa
atgttectac
gaggaagaac
ctticaggag
attgatcata
tggacaaatg
attegtggtg
aacaagattyg
cgagacacca
ataggaggaa

<210 135
<2LL» 1548
«212» DNA

<213 human Parainfluenza 3 virus

<220
<221~ gene

tactaagtac
gaggagcaat
tgacagatga
cagataaaca
gtagtccaga
acaatataga
acatggagta
tgttccaagg
ctgcatgtet
gragtgctgg
ccgttaaaag
ggtcacaacs
ggtcagattt
caggattage
tgacactatc
tatcaaagyg
ttgcecoctgg
acaaagetat
ttggacaage
taggtgtgac
gggatggtgc
cagacataac
acagcaatga
cagaagaact
cacgaaggect
gcagtgatge
trraa

atcaataage
aatagcaagt
Caaaaatgct
trraaccage
aaatcaacag
cagcagattg
aagcacttac
gaatgatcag
tatcatgtct
tgtaatagat
agaaggatca
atcagtatcce
tgacactaty
caattccaag
tacttctctt
aaatcygtgyy
agatactgtyg
ttatgtaaaa
gtttyatgea
Tagatctgat
aactacaatt
gttgtattge
caataatatt

uman Parainfluenza 1 virus

trttgacaca
tatacctygt
tgcagataaa
acactctcaa
gttatatcte
dagagatect
tgaaagaaca
ataangagan
cggagctata
totaagaaaa
Tgocetggte
gagcettagta
aactacatta
atctttcatg
aaatctgaga
agccocgagee
aaactatcca
geaacagtat
totagctaaa
agatacagcy
gtaccacaag
atttggagtce
aagatggatg
tygaagaagag
qgccgacaga
tgactatgag

aagaagagga
ggtatagcty
ttgttatcta
aaagtgrtag
agctgtcgea
tigyaaatca
atgttaacaa
daadaattaa
ataataaagg
acacctrget
aatatttgtt
TtoLttccac
aacagtttya
tatgactgca
ggagctatag
attataaaga
Tcagtggaca
ggggaaccta
teaatatote
gaattactac
attatagtaa
aaagccaaaa
geattcagea

human parainfluenza 1 virus

strain

trttagttcea
caaagaagta
ttattaatag
agaggaggat
actacaaacq
aaaagaacaa
acagagtggt
2ATHCONALC
atagttcaag
goattettea
ttcacaggag
tctottatag
gagaagaaca
aacaccatca
ccagatataa
cettttatat
gractgtgga
gtaactggaa
gatgctgatt
aaagagagac
cctacaggtg
gaggacacty
aatcactcga
acaaatgatg
aaacagagac
aatgatgatg

44752
aacgaagatt
tatccaaagt
cazacaaage
atetcaagaa
tetecaacat
acagagaatt
acagtgagtt
tgtcaagcaa
aagaagtcct
ggazattaca
taacaaggac
AgoCrgacac
cattacecaag
aaatrtatgac
tgtcatgcta
cattttctaa
acactttata
taataaatta
aagteaatga
ataatgtaaa
tcattgtagt
acacaccagt
aatag

ggagaagtya
cegtttorgt
caaccacttt
ttttagtatc
gtgtcaatge
saacagatgg
tgtttggace
tagaggcatt
tttggatagt
atagattaga
acacagtitga
tagaaactct
ttcagatrgt
agtatggtot
acaaattgag
gtatactcag
gctacgcaat
gaacatattt
ccanaateag
taagacacca
grggagctat
ctgatcggga
tcagtaacca
dagacatcac
taagceaggce
atgctacagec

PCT/CA2003/001994
tetgggette 420
mctaggcctt 480
tgtagtcagt 540
ttacataaat 600
tgaaacagtt 660
CRgtytcaat 720
actatcattg 780
tgtteagata 840
tgcatatgtt 500
cacatcacct 960
tgatagagga 1020
ttgtaaagia 1080
tyaagtcage 1140
atcaaaaaca 1200
tggtaaaact 1260
tggtigtygac 1320
cratgtasac 1380
ctatgaccet 1440
aaaaatcaat 1500
tactggcaaa 1560
attgttatca 1620
tacactaagce 1680

1725
gagcatcaat el
cttcacatta 120
cttageecac 130
ACTCCLTOCA 240
tyatgtcaay 300
grtcattgte 360
tatgatcaac 420
getteagaca 480
gttggttaaa 540
agcattcaga 600
aggtattogt 660
ggtyactaty 720
aggaaattac 780
dgaaacygdag 840
aageortor: 20D
agacccagrt a6
gggegrtgeT 1020
ggacatggaa 1080
cagrgetaty 1140
tctgacaaac 1200
agaagtggca 1260
caacaagaac 1320
cacaatcacy 1380
tgatatagaa 1440
aaacaataza 1500
ggcrgcaggg 1560

1575
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«222> (1)...(1548)

<223> human Parainfluenza 3 virus

strain GP
accession number ab012132

<4Q00> 135

atgtrtgagac
ggiggagcta
ataactgatyg
aargagaaac
gccaatecag
tacatgateg
gagatggtat
gaaactatgt
gggtatccat
atcactagta
gatggaacag
attatycggt
actagcagaa
agagatgcag
gcagctttoa
ctgtatttat
ggtgagttcg
gtacafaata
ttecagcotag
gatgaacttg
aatagtteag
gatgaagaac
tecatetataa
gatacagaat
agactcaacg
aatcaggacg

«210» 136
<211> 2910
<212% DNA
<213>

<220
<221
%222
%223

tatttgatac
fcattcctgg
ataatgagaa
aacatgcaca
agctctacct
agaaagarct
atgacaagac
tgcagaacaq
catgtttagg
totcaggatt
tgcaggcagg
ctcaacagag
atgacctcac
gtctcgette
ctetatccac
caaagggacc
caccaggcaa
gagecatgca
gacaagcagt
gagtgacaca
agacatcttt
cagaacaartt
tteaatatge
ctgacaatat
aaaagangas
aaatagatga

human Adanovirds

%ene
1).. .
human Adenovirus

. (2910)

strain 105
accession number 3j293003

<400> 136

atggctacece
Tcggagrace
ctgaataaca
ToCccagegrt
aaggcgeggt
TTEgacated
tacaacgctc
agcggecggy
gaggaagagc
cetttgtotg
acacaagcta
tctcagtgga
cccatgaaac
gtcctggttc
aatactacct
agtgaagatg
gatgaaaatt
gritttcaggg
cttgetggte
ctgtectatc
aatcaggatg
gatgaattge
gctattaagg
gaaacttttg
ctaaatgceca
aagetaaaat

cttcgatgat
tgagooocyy
agrttagaas
tgacgotgeg
tcaccoctgge
geggegtoct
tagetoeecaa
cggtigccga
daaacgoteg
gagaaacaat
aacctgtata
acgaagetga
catgetatgg
cggatgaaaa
crttgaacga
taaatttgda
ctaaagctat
acaattttat
aggeatcgcea
aacttttgct
tagacagcta
cazattattg
ctaatggcaa
caacacgtaa
accratgaay
acaaccccac

atttaatgea
acagaaaaat
aatgacatta
dagggcagaqg
aacaacaaat
apaacggcaa
aactgattgg
aagasacaat
agctcttata
aagaaaaggec
gctggtatty
ctrggraact
aaccatagaa
attcttcaat
totcagacca
acgcgotoct
ctatcetgee
acagtatgtg
agcacgtgat
cgaagctaaa
ccacaaacea
cgaacataga
ttgggeagaa
caagactgaa
acaagqeagt
tctgtttaat

gccgeagtgg
gerggrgeag
cccecacggtg
gtteateeat
1Tgtgggtgac
ggacagggge
gggcgeteeg
ggatgaagaa
agatcaggcet
tacaaaaage
tgcagatcct
tgctaatygca
atcrratglc
aggggtgcct
ccggeaagge
aaccecagac
grrgggrcaa
tygcctaatyg
gctaaargoe
tgattceata
tgacccagat
Ttteccctett
tggogcaggt
tgaaatagga
aaatttcctt
caacgtggaa

cgtaggcaag
actgictcta
getotrottt
Ttcotogigt
ggaagtaatyg
aagtatggag |
atattiggaa
Tcaacaattyg
atacagatct
TLLLLCacce
agegytgaca
cttatyggttg
aagaatatac
acaatcagat
gacatcaata
ttcatctgta
atatggagct
acgggaagat
gctgaagete
gaaagcitga
acaggtggat
tcagatcaag
ggaaacagaa
caadaaaaca
caacgaccta
geatttggaa

Tcttacatge
tttgeccycy
gegectacge
gtggatcgly
aaccgegige
cetactttea
aactectgtyg
gaagaggaag
actaagaaaa
gggctacaaa
TeCtatcaac
gcaggaggga
aggoctacaa
cttcecaaagg
aatgecacta
acacatctgt
caatoratge
tattataaca
gtgdtagatt
gytgatagaa
gttagaatca
gggggtatty
gataatggaa
gtggytaaca
TacLccaata
atatctgaca

45/52

2333CATAAC
tatttgetcet
Trrtatctea
ccttattate
cagatgtcaa
gatttgtggt
gtgacctgga
aagaccttgt
ggatagttct
gattggaage
cagtggatca
aaacatiaat
aaattgttgy
atggaattga
gattaaaagc
tecteagaga
atgcaatggg
catatctgga
agatgagctce
agagacatat
cagecataga
aacgagatgg
gegatgateg
tcagagacag
ceaateocas
gcaactaa

acatcteggg
ccaccgagac
acgacgtgac
aggataccgc
Ttgatatgge
agcectactc
agtgggaaca
atgaagatga
cacatgittta
taggatcaga
cagaaccrea
gagtgritaa
atccttttag
Tigacttgca
daccaaaagt
cttacaaacc
caaacagace
gcactggcaa
tgcaagacag
ccagatattt
Trgadaacea
gggtaactga
atactacaty
actttgcecat
Trgeactata
accocaacac

PCT/CA2003/001994
aaaatcagec 60
tggaccgaca 120
Ttcactgoat 180
aatggcttat 240
gtatgtcata 300
taagacgaga 360
ttgtgateag 420
ccacacatit 480
ggtcaaaget 540
tttcagacaa 600
gattgggtca 660
aacaatgaat . 720
taactatata 780
gactagaatg 840
trtgatggaa 900
teccatacat 960
agtggcagtt 10290
tattgataty 1080
aacactagaa 1140
aaggaacata 1200
gatggeaata 1260
agaacctcas 1320
gactgagcaa 1380
actaaacaaq 1440
aaacagaacq 1500

1548
ccaggacgec 60
gtacttcage 120
cacagaccgdg 120
gtactcgtac 240
ttccacgtac 300
.tggcactgee 360
aatcgaagat 420
agaagaggaa 480
LgCcCaqget 540
caatgcagaa &00
aattgycdaa 660
aaaaacaact 720
tyggecaateoe 780
attcttctea 840
ggtgttgtac 900
tggaaaaggt 950
caattacate 1020
catgggtgtt 1080
aaacacagag 1140
ttctatgtgg 1200
tggaactgag 1260
cacctatcaa 1320
gacaasagat 1380
ggagattaac 1440
cotyccagac 1500
ctacgactac 1560
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argaacaage
tggtetetgy
cgrtaccget
cgaa’lgritt
aacttcagoa
gacggggcta
cacaacacgg
aatgactacc
cccatcteca
aagacaaagg
tecataccat
sCcttttgact
gagatrtaage
gactggttcc
ccagaaaget
caagtggtag
aacaactcay
goraatgrre
titctttgeg
gegetoacay
acctttgaqag
gacgtggtcc
cccttctegy

210> 137
«211> 810
212> DNA
<213

w220
w221
222>
<223

gene
(1).. :
human Enterovirus

gagtggtgoc
actacatgga
CCatqrigrt
ttgccattaa
aggatgttaa
gcattaagtt
cctecacget
titccgeege
tcccateycy
ARACCCCTLIC
accttgacgyg
CcLLCTgrtag
goteagttga
tagrgcagat
acaaagaccg
acgatactaa
gettegtagg
coraccocet
accgcaccct
acctgggcca
tggatcccat
gtgtgcacea
ccggcaacyge

. (810)

tecctgggett
caacgrtaat
gggaa’acgga
aaacctectc
catggriatg
tgacagcatt
ggaagceatg
caacatgcta
caactgggea
cCtgggatea
aaccttetat
ctggccggge
cggagagage
qttogccaac
‘catgtacteg
atacaaagat
ctaccteget
aataggcaaa
gtggcgeatc
aaaccttectc
dgacgageec
geegcaccge
cacaacataa

human Enterovirus

strain Coxakievirus BL
accession number ml6560

<400> 137

cggcecctoga
gtgtcgtaac
attcctatac
tggceatceg
cttgaaagag
caagtatcaa
atcatccatt
caggatttca
tcgatgeoeag
tcaataacced
Tatggrgtyt
taacccgacg
teageaggtt
aatatgcagt

210> 138
<211> 681
<212 DNA
213>

<220
<221
<222
<223

atgecggetaa
gggcaactct
tggctgetta
gtgactaaca
gttazaacac
cacaaaagac
2CaCaARCAT
ctcaagacee
catitgaactc
tcgggaactc
ggccagaata
tggccacaty
ggtggtggaa
accactactt

ene
e (681)
human Rhinovirus

strain 14
accession number k02121

<400> 138

taaccetaga
acgggacega
dcagcatata
atctcacgaa
ttactataag
taagttiaca
caatgttgag

goottatgee
CTactttgygg
tatacatata
aatcaaaaca
gatgcagcaa
gaaccagrra
gcctgtggrt

ToCtaacrge
gcageggaac
tggtgacaat
gagcaattat
TALATCECAT
tggagcacat
aaactactat
aggtaaattt
cecetetygee
cactatcaca
tttgaaggac
teggttetac
grtaccagat
agggagaaca

human Rhinovirus

acgarccagt
tgtecgtatt
ctgtgatcat
TTrrgaccaa
gtacatcate
aagatqreat
atagtgatag

gtagactget
ccoctttaace
cgctacgtge
ctectgecay
cagagerotc
tgtctttacg
ctcagaaatg
tateccatac
gcatrtcycg
gacracgaceo
cttaatcaca
aacgaccgeeo
tataacgtag
TACARLATIG
ttettcagaa
Tatcageaqgqg
cccaccatge
accgeggrty
ccattcteea
tacgcaaact
accettettt
ggcgteatcg

ggagcacata
cgactacttt
tgacaggtty
atatctottt
cattaaacta
gagaccggge
aaagatgctg
actgagccag
gaagagtgtg
acacaggagt
aatgaagcca
actttagagt
gcactttcac

ggttgraagg
totcattttt
gggcgctcag
tggatcazat
agctggtcaa
gettaagggt
agtacadacas

46/52
acattaacct
accaccgcaa
ctittcacat
geteatacac
Tgggaaacga
ccaccttoctt
acaccaacga
ccgecaacge
gttgggoectt
cttactacac
cctttaagaa
tgctractee
ctcagtygcaa
gctaccagog
actteceagee
ttggaattat
gcgagggaca
atagrattac
gtaactttat
ccgoecacge
atgttttgit
agaccgtgtra

cceotcaaace
gagtgteoat
ttaccatata
gttoggtrtta
aatacaacaz
tgaatgcaag
catceaactc
tgaaggacat
gttatagtga
gtgctaatgt
caggcgagga
ccgtgcageg
aaatgggotT

tcgtaatgag
cttcatattg
gtttctacac
cagactttda
tcactgtcaa
gcaccageat
atcacactcy

PCT/CA2003/001994
tggagegcac 1620
tgcgggeetg 1680
tcaggtgeec 1740
atatgaatgg 1800
ccttagaght 1860
cocoeatggec 1920
ceagteettt 1980
caccaacgty 2040
cacacgcttg 2100
cractcrggc 21860
ggtggccatt 2220
CRAATOAGTLT 2280
catgacaaag 2340
crtctacatn 2400
catgagecgg 2460
ccaccageat 2520
agcttaccece 2580
ccagaazaag 2640
gtccatggge 2700
gcitagacatg 2760
tgaagrettt 2820
cctgegeacy 2880

2910
agygggeagt 60
gtrtcatttt 120
gttattggat 180
taccacttag 240
aatggggget 300
cgggaattec 360
agccaacaga 420
tatgatcaaa 480
cagagttcga’ 540
tgtggttggy 600
ccaaccaaca 860
gatgaagaat 720
gritggacaa 780

810
caattecgg 60
tcttatggtg 120
agaaaagtyy 180
cagttataaa 240
£ggacccatc 300
tgaattcacc 360

ggaatrticaac
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aataacaaca cadgaagcag ccaacgetgt tgtgtgttat g

PCT/CA2003/001994

ctgaatgge cagagtacct 480

tccagatgtg gacgctagig atgtcaataa aacttcasaaa ccagacactt ctgtctgtag 540
gtttiacaca TtQgatagta agacatggac aacaggttct aaaggetggt getggaaatt 600
accagatgca ctcaaggata tgggtghgtt cgggcaaaac atgtitttce actcactagg 660

aagatcaggt tacacagtac a

210> 139

<211 21

<212> DNA ]
<213» human Influenza A virus

<220} .
<223> primer no 12 multiplex assay

<400> 139
cttctaaccg aggtcgaaac g

<210> 140

%211 24

<212 DNA .
<213> human Influenza A virus

«220> )
<223> primer no 13 multiplex assay

<400> 140
2ggocattlt ggacaaigeg tota

210> 141
<211= 20

DNA X
<213> human Influenza B virus

<220
«<223» primer no 14 multiplex assay

<400 141,
ttacactytt ggttcggtgy

<210> 142

<211» 20

<212> DNA ]
<213> human Influenza B virus

<220 .
«223> primer no 15 muitiplex assay

400> 142
geeagtitttt ggacgtctic

<210> 143
%211 23
«212> DNA

%213> human Respiratory syncytial virus

220
<223> primer no 16 multiplex assay

<400> 143
aacagtitaa cattaccaag tga

<210 144
<211 23
<212 DNA

<213> human Respiratory Syncytial virus

«220> .
<22%» primer no 17 mulviplex assay

<400 144
teattgactt gagatattga tgc

21

24

20

20.

23

23
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48/52
<210> 145
<211> 26
212> DNA
«213> human Parainfluenza 1 virus

<220
<223 primer no 22 mu1t1p1ex assay

| <400> 145
tctggeggag gagcaattat acctgg

<210> 146

<211 26

<212> DNA . .
<213» human Parainfluanza 1 virus

<220 .
<223> primer no 23 multiplex assay

400> 146
atctgeatea totgtcacac teggge

<210 147

<211 22

<212> DNA . ]
<213 human Parainfliuenza 1 virus

<220
<223> human Parainfluenza 1 virus
primer Pl

<400~ 147
qtatggtgta gaancgzaga tg

210> 148

<211 22

212> DNA

<213> human Parainfluenza 1 virus

<220 : ) ]
<223> human Parainfluenza L virus
primer P2

<400 148
ttgtaccaca gcaacaccca tt

«210> 149

<211> 26.

212> DONA .

<213> human Parainfluenza 3 virus

<220
«223» primer ho 24 multiplex assay

<400 149
aacaggaaac tatgctgcag aacgge

210> 150

«211> 26

«Z212> DNA

<213» human Parainfluenza 3 virus

<220> | )
«223> primer no 25 multiplex assay

=400 130
gatgcactyt gtcaccgete aatacc

<210 151

<211 23

<212> DNA ,

«213> human Parainfluenza virus

PCT/CA2003/001994

26

26

22

22

26

26
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<220 . .
<223 humna Parainfluenza virus
primer P3

<400 151
tottgottea tLCttcaata caatc

<210= 152

<211> 23

<Z212> DNA . .

«<213> human Parainfluenza 3 virus

<220 ; ]
<223 human Parainfiuenza 3 virus
primer P4

<400> 152 :
aattccatca gagettttaa tct

<210> 153

<2101~ 18

=212 DNA L
<213 human Adenovirus

<220 ‘ .
«223> primer human Adenovirus p5

<400> 153
actccctega tgatgecg

«210> 154 -

<211> 26

212> DNA .
«213> human Adenovirus

<220 ]
<2Z23» primer no 26 multiplex assay

<400 154
cctacgcacg atgtgaccac agaccg

<210 155

<211> 26

<212 DNA .
<213 human Adenovirus

220> .
<223 primer no 27 multiplex assay

<400> 155
grgttgtagy cagtgecgga gragyg

<210~ 156

211 21

<212 DNA

<213» human Sars <orophavirus

220> :
<223> primer SARS no P35

<400> 156
ctaacatgct taggataatg g
<213> human Sars Coronavirus

<223» human Sars Coronavirus
primer P§

PCT/CA2003/001994

25

23

13

26

26

21
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<400 157
caggtaagcyg tasaacticat ¢

210> 158

<211> 24

«212Z2» DNA

«213> human Sars Coraonavirus

<220> ]
<223 human sars Coronavirus
primer P7

<400> 158

atgaattacc gagtcaatgg trac
<210> 159

211> 22

<212> DNA ]
«213> human Sars Coronavirus

<220
«223> human sars Coronavirus
primer P8

<400> 159
cataaccagt cggtacaget ac

<210> 160

<211~ 16

<212> DNA

=<213> human Enterovirus/human Rhinovirus

w220
<223> primer no 28 multiplex assay

400> 160
ctactttggg tgtccg

210> 161
<211 19

«212> DNA .

<213> human Entarovirus/human Rhinovirus

<220
«223> primer no 29 multiplex assay

400> 161
ggtaattcca <caccance

<210 162
 <211> 23
<2L1Z= DNA
<213» human Influgnza A virus

<220
223> probe no 30 multiplex assay

<400> 162
tectteaagte totgtycgat cte

<210 163

«211l> 23

<212> DNA .

<213> human Influenza B virus

<220
«223» probe no 31 multiplex assay

<400> 163
agctcagege tactatattg tot

'
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21

24

22

16

19

23

23
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<210> 164
211> 23
<212> DNA

<213» human Respiratory Syncytial virus

<220 .
<223> probe no 32 multiplex

400> 164
ccttecaget togtttacata gta

<210> 165
<211 23
<212> DNA ]
- «213> human Parainfluenza 1

<2 20>
«<223> probe no 35 multiplex

<400> 165
aagtaccgtt TCTOUCLTCA Cat

<210= 166
211> 23 .
<212> DNA
213> human Parainfluenza 3

<220
<223» probe noe 36 multiplex

<400> 166
cetgcactgt tecatettgt cty

<210 167

<211 18

<212> DNA

<213> human Adenovitus

<220»
<223> probe no 37 multiplex

<4Q0> 167
cgcegtacteg tacaagge

<210> 168

<211> 23

«212> DNA

<213> human Rhinavirus

<220
223> probe no 38 multiplex

<400 168
attcageata acacacaaca gcg

«210> 169

<211 23

<212> DNA ]
«213> human Enterovirus

<220
223> probe no 39 multiplex

400> 169
ccrgtggctt catigtococtt caa

<210 170
<211 558
<212> DNA
«213> human Herpesvirus 2

<220

assay

virus

assay

virus

assay

assay

assay

assay
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<223~ moditied human Herpesvirus 2

internal control

multiplex no 1

<400 170
ttacactgee
aacctgtgct

cgggactacc tggagatcga

cgcgagagec
tegoggato
atcaaggtgg
tgectdcacyg
gcgtacgtge
gccggeatge
agacgtccaa

210> 171
«211> 554
«<212> DNA

gattcggtay
tcagtacget

tgetgageat
ccoagageac
tgtygcaactc
tggccgecac
acgcgegetg
gegooccegg
aaactggc

cgactttgec
ctcectyegg
ggtgggaggc
cctgetgada
ccecegaggag
ggtgtacgad
cgtgacgacc
ggcggagtie
tecegtactec

«213» human Herpesvirus 2

«220 .
<223> modified human Herpesvirus

internal control

multiplex no 2

<400> 171
ctactttoog
togtgetteay
actacctgga
agagectgot
ggatceccea
aggtggtgtg
Tgcargtgge
acgtycacga
geatgcgeac
tggtggaaat

%213

<220
<223

tgtccgegac
tacgetotoe
gatcgaggtg
gagcatcety
gagcacccce
caactcgatg
cgecaccgtyg
gegetggocy
ccceggteoy
tacce

multiplex assay

=400> 172

rttgccagee
ctgcggeceg
gggggcecgac
ctgcgogact
gaggaggccyg
tacgggttca
acgaccatcg
gagttegate
tactccatge

human Herpesvirus

acaccgagtt gcacaccaco ttg

ageetgracc
cccgaggecd
cgacggetgt
gactggcetgy
geocgtectec
rtcaccgygg
atcggeocgeg
gatcagctge
atgcgcatea

tgtaceccag
aggccgtcge
ggctgttctt
ggctggceat
tcctectocga
ccggggtgca
gccgegagat
agetgetgge
gcatcatcta

Internal Control probe no 42

32/32

ccagoeatcat
tcgcgeacct
tcttegtygaa
ccatgcgaaa
tegacaagea
tgcagcacgg
agatgetect
tggeegactt
tctacgggga

catcatccag
geacctggag
cgtgaaggcc
gcgagagcag
caagcaacay
geacggtott
gcrectegeg
cgactitecy
cggggacacy

PCT/CA2003/001994

ccaggeceac 60D
ggaggcggac 120
agceccacgta 180
gcagatccge 240
acaggcegee 300
tettetgeee 360
cgegacgege 420
tccggaggeg 480
cacggactga 540

558
geccacaace 60
gcggaceggyg 120
cacgtacgcg 180
atccgetcege 24Q
goecgecatea 300
ctgcocetgee 360
acgegogegt 420
gaggcggccg 480
gactggctdg ggg

23
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