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PORCINE PARAINFLUENZA VIRUS COMPOSITIONS AND RELATED METHODS

BACKGROUND

Paramyxoviruses are significant pathogens known to affect humans and a range of
animals including livestock species such as cattle, pigs and poultry. These viruses are classified
as members of the Paramyxoviridae family within the subfamily Paramyxovirinae. The
subfamily Paramyxovirinae consists of seven genera: Respirovirus, Rubulavirus, Avularvirus,
Morbillivirus, Aquaparamyxovirus, Ferlavirus, and Henipavirus (Lamb and Parks, 2007). The
genus Respirovirus consists of five recognized species: bovine parainfluenza virus 3 (BPIV3),
human parainfluenza virus 1 (HPIV1), human parainfluenza virus 3 (HPIV3), Sendai Virus
(SeV), Simian virus 10 (SV10) and the proposed porcine parainfluenza virus 1 (PPIV1) (Lamb
and Parks, 2007). Clinical symptoms are variable in terms of severity and presentation. While
swine are the primary reservoir to porcine rubulavirus, cross species transmission of
paramyxoviruses from their hosts to swine have been reported, including Nipah virus, Menangle
virus, Newcastle disease virus and bovine parainfluenza virus 3 (Chua et al., 1999; Ellis, 2010;
Janke et al., 2001; Philbey er al., 1998; Stephan et al., 1988). Importantly, many of these
paramyxoviruses are zoonotic, some of which, namely Nipah virus and Hendra virus, have high
fatality rates in humans (Chadha er al., 2006; Murray et al., 1995). Swine have been shown to
serve as intermediate hosts for Nipah virus (McCormack, 2005).

In 2013, three complete genome sequences of a novel porcine parainfluenza virus,
designated porcine parainfluenza virus 1 (PPIV1), were obtained from nasopharyngeal samples
of slaughterhouse pigs in Hong Kong (Lau er al., 2013). Phylogenetic analysis of the
nucleocapsid gene found PPIV1 to be most closely related to human parainfluenza virus-1
(HPIV1) and Sendai virus (SeV). While the nasal swabs were collected from deceased animals,
nothing is known on the pathogenicity or ecology of PPIV1.

All viruses classified as Paramyxovirinae contain single stranded RNA genomes of
approximately 15,000-16,000bp in length which encodes for six proteins in the conserved order
3’-N-P-M-F-HN-L-5" where N, P, M, F, HN, and L represent the nucleocapsid, phosphoprotein,
matrix protein, fusion protein, hemagglutinin-neuraminidase proteins and the polymerase
protein, respectively (Lamb and Parks, 2007). Both F and HN proteins are involved in receptor

binding, possess neutralizing epitopes and are the most genetically diverse viral proteins.
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While PPIV1 has been identified in the U.S. by veterinary diagnostic laboratories in
recent years, little is known on its epidemiology and role in clinical disease. There is only a
single published report on the detection of the genetic signature of PPIV1 in the U.S. using
microarray technology (Jaing et al., 2015). Here, next generation sequencing (NGS) performed
on nasal swab samples from nursery pigs with respiratory disease from two separate facilities
identified two complete genomes of PPIV1. Additionally, the pathogenesis of the virus was
assessed in eleven naturally infected nursery pigs. Molecular epidemiological and serological
analyses suggest the virus is common throughout the United States. What is needed is an

immunogenic composition or vaccine against PPIV1.

SUMMARY OF THE INVENTION

The present disclosure provides for an immunogenic composition providing protection
against infection by PPIV1.  Further, a method for reducing the viral load of PPIV1 in an
individual animal or group of animals is also provided as part of this disclosure. A method for
reducing the symptoms of infections normally present with PPIV1 infection is also provided,
where the method provides the step of administration of a PPIV1 immunogenic composition of
the present invention.

The immunogenic composition of the present disclosure can either be a nucleic acid
based immunogenic composition; a protein based immunogenic composition; a chimeric
composition; or any combination thereof.

In one embodiment, a nucleic acid based immunogenic composition is provided. The
nucleic acid is preferably selected from but not limited to, killed, inactivated, live, or modified
live DNA or RNA. The nucleic acid is preferably selected from, but not limited to, SEQ ID No.
1 and SEQ ID No. 2. Preferably, the nucleic acid is a sequence that is at least 80%, at least 85%,
at least 87%, at least 89%, at least 90%, at least 92%, or at least 95% homologous, to one of the
following nucleotide sequences or a fragment thereof: SEQ ID No. 1 and SEQ ID No. 2. Some
preferred fragments include the nucleic acid sequences coding for any one of the 6 genes as well
as the open reading frames thereof.

In a further embodiment, a protein based immunogenic composition is provided.
Preferably, the protein component is selected from, but not limited to, a recombinant protein, a

harvested protein, a purified protein, and combinations thereof. In one preferred embodiment, a
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baculovirus recombinant viral vector containing a coding sequence selected from SEQ ID No. 1
and SEQ ID No.2 is provided. In one embodiment, the protein component is selected from, but
not limited to, a protein encoded by one of the following sequences, a sequence that is at least
80%, at least 85%, at least 87%, at least 89%, at least 90%, at least 92%, or at least 95%
homologous, to one of the following nucleotide sequences or a fragment thereof: SEQ ID No. 1
and SEQ ID No. 2. Some preferred fragments include the polypeptide sequences encoded by
any one of the 6 genes as well as the open reading frames thereof.

A method for reducing the clinical symptoms associated with pathogens other than
PPIV1 often found in an animal infected with PPIV1 is provided. The method preferably
includes the steps of administration of the immunogenic composition of the present invention to
an animal in need thereof. The clinical symptoms of pathogens to be reduced include, but not
limited to, porcine astrovirus 4, porcine circovirus 2, porcine kobuvirus, porcine stool associated
circular virus, and combinations thereof. Preferably the clinical symptoms associated with
pathogens other than PPIV1 are reduced in frequency and/or severity by at least 10%, at least
20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least
90%, or reduced by 100%.

DETAILED DESCRIPTION

The immunogenic composition of the present disclosure can either be a nucleic acid
based immunogenic composition; a protein based immunogenic composition; a chimeric
composition; or a combination thereof.

The disclosure relates to the genome sequences and nucleotide sequences coding for
polypeptides of, such as the structural and nonstructural polypeptides of a parainfluenza virus, as
well as vectors including said sequences and cells or animals transformed by these vectors. The
disclosure likewise relates to methods for detecting these nucleic acids or polypeptides and kits
for diagnosing infection by porcine parainfluenza virus. The disclosure is also directed to a
method for selecting compounds capable of modulating the viral infection. The disclosure further
comprises pharmaceutical compositions, including vaccines, for the prevention and/or the
treatment of viral infections by porcine parainfluenza virus 1 (PPIV1) as well as the use of a
vector according to the disclosure for the prevention and/or the treatment of diseases by gene

therapy.
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The present disclosure relates to vaccines comprising a nucleotide sequence of the
genome of porcine parainfluenza virus 1, SEQ ID No. 1, SEQ ID NO. 2, or a homologue or
fragment thereof, and an acceptable pharmaceutical or veterinary vehicle. In one embodiment of
the disclosure, the nucleotide sequence is selected from, or a homologue or fragment thereof. In
another embodiment of the disclosure, the homologue has at least 80% sequence identity to SEQ
ID No. 1 or SEQ ID No. 2. In yet another embodiment, the vaccines further comprise an
adjuvant.

The present disclosure also relates to vaccines comprising a polypeptide encoded by a
nucleotide sequence of the genome of PPIV1, or a homologue or fragment thereof, and an
acceptable pharmaceutical or veterinary vehicle. In one embodiment, the homologue has at least
80% sequence identity to SEQ ID No. 1 (GenBank Accession No. KT749882) or SEQ ID No. 2
(GenBank Accession No. KT749893). Preferably, the nucleotide sequence is a sequence that is
at least 80%, at least 85%, at least 87%, at least 89%, at least 90%, at least 92%, or at least 95%
homologous, to one of the following nucleotide sequences or a fragment thereof: SEQ ID No. 1
or SEQ ID No. 2.

A further aspect of the disclosure relates to vaccines comprising a vector and an
acceptable pharmaceutical or veterinary vehicle, the vector comprising a nucleotide sequence of
the genome of porcine parainfluenza virus 1, or a homologue or fragment thereof. In one
embodiment, the vaccine further comprises a gene coding for an expression product capable of
inhibiting or retarding the establishment or development of a genetic or acquired disease.

The present disclosure also relates to vaccines comprising a cell and an acceptable
pharmaceutical or veterinary vehicle, wherein the cell is transformed with a nucleotide sequence
of the genome of porcine parainfluenza virus 1, or a homologue or fragment thereof.

Still further, the present disclosure relates to vaccines comprising a pharmaceutically
acceptable vehicle and a single polypeptide, wherein the single polypeptide consists of SEQ ID
No. 1 or SEQ ID No. 2.

Additionally, the present disclosure relates to methods of immunizing a mammal against
porcine parainfluenza virus 1 comprising administering to a mammal an effective amount of the
vaccines described above. These and other aspects of the disclosure will become apparent to the

skilled artisan in view of the teachings contained herein.
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The present disclosure relates to nucleotide sequences of the genome of porcine
parainfluenza virus 1 selected from the sequences SEQ ID No. 1, SEQ ID No. 2 or one of their
fragments.

The present disclosure likewise relates to nucleotide sequences, characterized in that they
are selected from:

a) a nucleotide sequence of a specific modified fragment of the sequence SEQ ID No. 1,

SEQ ID No. 2 or one of their fragments;
b) a nucleotide sequence homologous to a nucleotide sequence such as defined in a);
¢) a nucleotide sequence complementary to a nucleotide sequence such as defined in a) or
b), and a nucleotide sequence of their corresponding RNA;

d) a nucleotide sequence capable of hybridizing under stringent conditions with a

sequence such as defined in a), b) or ¢);

e) a nucleotide sequence comprising a sequence such as defined in a), b), ¢) or d); and

f) a nucleotide sequence modified by a nucleotide sequence such as defined in a), b), c),

d) ore).

Nucleotide, polynucleotide or nucleic acid sequence will be understood according to the
present disclosure as meaning both a double-stranded or single-stranded DNA in the monomeric
and dimeric (so-called in tandem) forms and the transcription products of said DNAs.

It must be understood that the present disclosure does not relate to the genomic
nucleotide sequences taken in their natural environment, that is to say, in the natural state. It
concerns sequences which it has been possible to isolate, purify or partially purify, starting from
separation methods such as, for example, ion-exchange chromatography, by exclusion based on
molecular size, or by affinity, or alternatively fractionation techniques based on solubility in
different solvents, or starting from methods of genetic engineering such as amplification, cloning
and subcloning, it being possible for the sequences of the disclosure to be carried by vectors.

Nucleotide sequence fragment according to the disclosure will be understood as
designating any nucleotide fragment of the porcine parainfluenza virus 1, of length of at least 8
nucleotides, preferably at least 12 nucleotides, and even more preferentially at least 20
consecutive nucleotides of the sequence from which it originates.

Specific modified fragment of a nucleotide sequence according to the disclosure will be

understood as designating any nucleotide fragment of the porcine parainfluenza virus 1, having,
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after alignment and comparison with the corresponding fragments of known porcine
parainfluenza viruses, at least one nucleotide or base of different nature.

Homologous nucleotide sequence in the sense of the present disclosure is understood as
meaning a nucleotide sequence having at least a percentage identity with the bases of a
nucleotide sequence according to the disclosure of at least 80%, where ranges and values,
including but not limited to, from 80% to 85%, 85% to 96%, 80% to 95%, 90% to 99%, 88% to
98%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 81%., 88%., 89%, 90%, 91%, 92%, 93%., 94%,
95%, 95.5%, 96%, 96.5%., 91%, 97.5%, 98%, 98.5%, 99%, 99.5%, 99.9%., and higher are
envisioned, where this percentage being purely statistical and it being possible to distribute the
differences between the two nucleotide sequences at random and over the whole of their length.

Specific homologous nucleotide sequence in the sense of the present disclosure is
understood as meaning a homologous nucleotide sequence having at least one nucleotide
sequence of a specific modified fragment, such as defined above. Said "specific” homologous
sequences can comprise, for example, the sequences corresponding to the genomic sequence or
to the sequences of its fragments representative of variants of porcine parainfluenza virus 1.
These specific homologous sequences can thus correspond to variations linked to mutations
within strains of porcine parainfluenza virus 1, and especially correspond to truncations,
substitutions, deletions and/or additions of at least one nucleotide. Said homologous sequences
can likewise correspond to variations linked to the degeneracy of the genetic code.

The term "degree or percentage of sequence homology" refers to "degree or percentage of
sequence identity between two sequences after optimal alignment" as defined in the present
application.

Two amino-acids or nucleotidic sequences are said to be "identical" if the sequence of
amino-acids or nucleotidic residues, in the two sequences is the same when aligned for
maximum correspondence as described below. Sequence comparisons between two (or more)
peptides or polynucleotides are typically performed by comparing sequences of two optimally
aligned sequences over a segment or "comparison window" to identify and compare local regions
of sequence similarity. Optimal alignment of sequences for comparison may be conducted by the
local homology algorithm of Smith and Waterman, Ad. App. Math 2: 482 (1981), by the
homology alignment algorithm of Neddleman and Wunsch, J. Mol. Biol. 48: 443 (1970), by the
search for similarity method of Pearson and Lipman, Proc. Natl. Acad. Sci. (U.S.A.) 85: 2444
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(1988), by computerized implementation of these algorithms (GAP, BESTFIT, FASTA, and
TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group (GCG), 575
Science Dr., Madison, Wis.), or by visual inspection.

"Percentage of sequence identity"” (or degree or identity) is determined by comparing two
optimally aligned sequences over a comparison window, where the portion of the peptide or
polynucleotide sequence in the comparison window may comprise additions or deletions (i.e.,
gaps) as compared to the reference sequence (which does not comprise additions or deletions) for
optimal alignment of the two sequences. The percentage is calculated by determining the number
of positions at which the identical amino-acid residue or nucleic acid base occurs in both
sequences to yield the number of matched positions, dividing the number of matched positions
by the total number of positions in the window of comparison and multiplying the result by 100
to yield the percentage of sequence identity.

The definition of sequence identity given above is the definition that would be used by
one of skill in the art. The definition by itself does not need the help of any algorithm, said
algorithms being helpful only to achieve the optimal alignments of sequences, rather than the
calculation of sequence identity.

From the definition given above, it follows that there is a well-defined and only one value
for the sequence identity between two compared sequences which value corresponds to the value
obtained for the best or optimal alignment.

In the BLAST N or BLAST P "BLAST 2 sequence", software which is available in the
web site ncbi.nlm.nih.gov/gorf/b12.html, and habitually used by the inventors and in general by
the skilled man for comparing and determining the identity between two sequences, gap cost
which depends on the sequence length to be compared is directly selected by the software (i.e.
11.2 for substitution matrix BLOSUM-62 for length >85).

Mutations of the reference sequence may occur at the 5' or 3' terminal positions of the
reference nucleotide sequence or anywhere between those terminal positions, interspersed either
individually among nucleotides in the reference sequence or in one or more contiguous groups
within the reference sequence. Analogously, by a polypeptide having a given amino acid
sequence having at least, for example, 85%, preferably 90%, even more preferably 95%
sequence identity to a reference amino acid sequence, it is intended that the given amino acid

sequence of the polypeptide is identical to the reference sequence except that the given
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polypeptide sequence may include up to 15, preferably up to 10, even more preferably up to 5
amino acid alterations per each 100 amino acids of the reference amino acid sequence. In other
words, to obtain a given polypeptide sequence having at least 85%, preferably 90%, even more
preferably 95% sequence identity with a reference amino acid sequence, up to 15%, preferably
up to 10%, even more preferably up to 5% of the amino acid residues in the reference sequence
may be deleted or substituted with another amino acid, or a number of amino acids up to 15%,
preferably up to 10%, even more preferably up to 5% of the total number of amino acid residues
in the reference sequence may be inserted into the reference sequence. These alterations of the
reference sequence may occur at the amino or the carboxy terminal positions of the reference
amino acid sequence or anywhere between those terminal positions, interspersed either
individually among residues in the reference sequence or in the one or more contiguous groups
within the reference sequence. Preferably, residue positions which are not identical differ by
conservative amino acid substitutions. However, conservative substitutions are not included as a
match when determining sequence identity.

“Sequence homology”, as used herein, refers to a method of determining the relatedness
of two sequences. To determine sequence homology, two or more sequences are optimally
aligned, and gaps are introduced if necessary. However, in contrast to “sequence identity”,
conservative amino acid substitutions are counted as a match when determining sequence
homology. In other words, to obtain a polypeptide or polynucleotide having 95% sequence
homology with a reference sequence, 85%, preferably 90%, even more preferably 95% of the
amino acid residues or nucleotides in the reference sequence must match or comprise a
conservative substitution with another amino acid or nucleotide, or a number of amino acids or
nucleotides up to 15%, preferably up to 10%, even more preferably up to 5% of the total amino
acid residues or nucleotides, not including conservative substitutions, in the reference sequence
may be inserted into the reference sequence. Preferably the homologous sequence comprises at
least a stretch of 50, even more preferably 100, even more preferably 250, even more preferably
500 nucleotides.

A “conservative substitution” refers to the substitution of an amino acid residue or
nucleotide with another amino acid residue or nucleotide having similar characteristics or
properties including size, hydrophobicity, etc., such that the overall functionality does not change

significantly.
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Isolated” means altered “by the hand of man™ from its natural state, i.e., if it occurs in
nature, it has been changed or removed from its original environment, or both. For example, a
polynucleotide or polypeptide naturally present in a living organism is not “isolated,” but the
same polynucleotide or polypeptide separated from the coexisting materials of its natural state is
“isolated”, as the term is employed herein.

In the present description, porcine parainfluenza virus 1 will be understood as designating
the parainfluenza viruses that replicate in respiratory epithelial cells of the upper respiratory tract
and exhibits nasal shedding similar to established swine respiratory disease etiologic agents,
defined below by their genomic sequence, as well as the parainfluenza viruses whose nucleic
sequences are homologous to the sequences of porcine parainfluenza virus 1.

Complementary nucleotide sequence of a sequence of the disclosure is understood as
meaning any DNA whose nucleotides are complementary to those of the sequence of the
disclosure, and whose orientation is reversed (antiparallel sequence).

Hybridization under conditions of stringency with a nucleotide sequence according to the
disclosure is understood as meaning a hybridization under conditions of temperature and ionic
strength chosen in such a way that they allow the maintenance of the hybridization between two
fragments of complementary DNA.

Among the nucleotide sequences according to the disclosure, those are likewise preferred
which can be used as a primer or probe in methods allowing the homologous sequences
according to the disclosure to be obtained, these methods, such as the polymerase chain reaction
(PCR), nucleic acid cloning and sequencing, being well known to the person skilled in the art.

Among said nucleotide sequences according to the disclosure, those are again preferred
which can be used as a primer or probe in methods allowing the presence of porcine
parainfluenza virus 1 or one of its variants such as defined below to be diagnosed.

The nucleotide sequences according to the disclosure capable of modulating, of inhibiting
or of inducing the expression of porcine parainfluenza virus 1 gene, and/or capable of
modulating the replication cycle of porcine parainfluenza virus 1 in the host cell and/or organism
are likewise preferred. Replication cycle will be understood as designating the invasion and the
multiplication of porcine parainfluenza virus 1, and its propagation from host cell to host cell in

the host organism.
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Among said nucleotide sequences according to the disclosure, those corresponding to six
proteins conserved, which are the nucleocapsid (N), phosphoprotein (P), matrix protein (M),
fusion protein (F), hemmagglutinin-neuraminidase proteins (HN) and the polymerase protein (L).
The nucleotide sequence fragments according to the disclosure can be obtained, for example, by
specific amplification, such as PCR, or after digestion with appropriate restriction enzymes of
nucleotide sequences according to the disclosure, these methods in particular being described in
the work of Sambrook et al., 1989. Said representative fragments can likewise be obtained by
chemical synthesis when their size is not very large and according to methods well known to
persons skilled in the art.

Modified nucleotide sequence will be understood as meaning any nucleotide sequence
obtained by mutagenesis according to techniques well known to the person skilled in the art, and
containing modifications with respect to the normal sequences according to the disclosure, for
example mutations in the regulatory and/or promoter sequences of polypeptide expression,
especially leading to a modification of the rate of expression of said polypeptide or to a
modulation of the replicative cycle.

Modified nucleotide sequence will likewise be understood as meaning any nucleotide
sequence coding for a modified polypeptide such as defined below.

The present disclosure relates to nucleotide sequences of porcine parainfluenza virus 1
according to the disclosure, characterized in that they are selected from the sequences SEQ ID
No. 1, SEQ ID No.2, or one of their fragments.

The disclosure likewise relates to nucleotide sequences characterized in that they
comprise a nucleotide sequence selected from:

a) a nucleotide sequence SEQ ID No. 1, SEQ ID No. 2, or one of their fragments;

b) a nucleotide sequence of a specific modified fragment of a sequence such as defined in

a);
¢) a homologous nucleotide sequence having at least 80% identity with a sequence such
as defined in a) or b);

d) a complementary nucleotide sequence or sequence of RNA corresponding to a

sequence such as defined in a), b) or ¢); and

e) a nucleotide sequence modified by a sequence such as defined in a), b), c) or d).

As far as homology with the nucleotide sequences SEQ ID No. 1, SEQ ID No. 2, or one

10



WO 2017/120168 PCT/US2017/012098

of their fragments is concerned, the homologous, especially specific, sequences having a
percentage identity with one of the sequences SEQ ID No. 1, SEQ ID No. 2, or one of their
fragments of at least 80%, preferably 90% or 95%, are preferred. Said specific homologous
sequences can comprise, for example, the sequences corresponding to the proteins of porcine
parainfluenza virus 1. In the same manner, these specific homologous sequences can correspond
to variations linked to mutations within strains of porcine parainfluenza virus 1 and especially
correspond to truncations, substitutions, deletions and/or additions of at least one nucleotide.

The disclosure also relates to the polypeptides, characterized in that they comprise a
polypeptide selected from:

a) a specific modified fragment of at least 5 amino acids of a polypeptide of an amino

acid sequence according to the disclosure;

b) a polypeptide homologous to a polypeptide such as defined in a);

c¢) a specific biologically active fragment of a polypeptide such as defined in a) or b); and

d) a polypeptide modified by a polypeptide such as defined in a), b) or c).

Among the polypeptides according to the disclosure, the polypeptides encoded by SEQ
ID No. 1 and SEQ ID No. 2, a fragment thereof, or one of the six genes of porcine parainfluenza
virus 1 are also preferred, these polypeptides being especially capable of specifically recognizing
the antibodies produced during infection by the porcine parainfluenza virus 1. These
polypeptides thus have epitopes specific for the porcine parainfluenza virus 1 and can thus be
used in particular in the diagnostic field or as immunogenic agent to confer protection in pigs
against infection by porcine parainfluenza virus 1.

In the present description, the terms polypeptide, peptide and protein are
interchangeable.

It must be understood that the disclosure does not relate to the polypeptides in natural
form, that is to say that they are not taken in their natural environment but that they can be
isolated or obtained by purification from natural sources, or else obtained by genetic
recombination, or alternatively by chemical synthesis and that they can thus contain unnatural
amino acids, as will be described below.

Polypeptide fragment according to the disclosure is understood as designating a
polypeptide containing at least 5 consecutive amino acids, preferably 10 consecutive amino acids

or 15 consecutive amino acids.

11
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In the present disclosure, specific polypeptide fragment is understood as designating the
consecutive polypeptide fragment encoded by a specific modified fragment nucleotide sequence
according to the disclosure.

Homologous polypeptide will be understood as designating the polypeptides having, with
respect to the natural polypeptide, certain modifications such as, in particular, a deletion,
addition or substitution of at least one amino acid, a truncation, a prolongation, a chimeric
fusion, and/or a mutation. Among the homologous polypeptides, those are preferred whose
amino acid sequence has at least 80%, homology with the sequences of amino acids of
polypeptides according to the disclosure, where values and ranges, including but not limited to,
from 80% to 85%. 85% to 96%, 80% or 95%, 80% to 99%, 90% to 97%, 80% to 85%, 85% to
96%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 81%., 88%, 89%, 90%, 91%, 92%, 93%., 94%.,
95%, 95.5%, 96%, 96.5%., 91%, 97.5%, 98%, 98.5%, 99%, 99.5%, 99.9%., and higher are
envisioned.

Specific homologous polypeptide will be understood as designating the homologous
polypeptides such as defined above and having a specific modified fragment of polypeptide
according to the disclosure.

In the case of a substitution, one or more consecutive or nonconsecutive amino acids are
replaced by "equivalent”" amino acids. The expression "equivalent” amino acid is directed here at
designating any amino acid capable of being substituted by one of the amino acids of the base
structure without, however, essentially modifying the biological activities of the corresponding
peptides and such that they will be defined by the following.

These equivalent amino acids can be determined either by depending on their structural
homology with the amino acids which they substitute, or on results of comparative tests of
biological activity between the different polypeptides, which are capable of being carried out.

By way of example, the possibilities of substitutions capable of being carried out without
resulting in an extensive modification of the biological activity of the corresponding modified
polypeptides will be mentioned, the replacement, for example, of leucine by valine or isoleucine,
of aspartic acid by glutamic acid, of glutamine by asparagine, of arginine by lysine etc., the
reverse substitutions naturally being envisageable under the same conditions.

The specific homologous polypeptides likewise correspond to polypeptides encoded by

the specific homologous nucleotide sequences such as defined above and thus comprise in the

12
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present definition the polypeptides which are mutated or correspond to variants which can exist
in porcine parainfluenza virus 1, and which especially correspond to truncations, substitutions,
deletions and/or additions of at least one amino acid residue.

Specific biologically active fragment of a polypeptide according to the disclosure will be
understood in particular as designating a specific polypeptide fragment, such as defined above,
having at least one of the characteristics of polypeptides according to the disclosure, especially in
that it is:

capable of inducing an immunogenic reaction directed against a porcine parainfluenza
virus 1; and/or

capable of being recognized by a specific antibody of a polypeptide according to the
disclosure; and/or

capable of linking to a polypeptide or to a nucleotide sequence of porcine parainfluenza
virus 1; and/or

capable of exerting a physiological activity, even partial, such as, for example, a
dissemination or structural (capsid) activity; and/or

capable of modulating, of inducing or of inhibiting the expression of porcine
parainfluenza virus 1 gene or one of its variants, and/or capable of modulating the replication
cycle of porcine parainfluenza virus 1 in the cell and/or the host organism.

The polypeptide fragments according to the disclosure can correspond to isolated or
purified fragments naturally present in a porcine parainfluenza virus 1, correspond to one of the
six genes of PPV1, or correspond to fragments which can be obtained by cleavage of said
polypeptide by a proteolytic enzyme, such as trypsin or chymotrypsin or collagenase, or by a
chemical reagent, such as cyanogen bromide (CNBr) or alternatively by placing said polypeptide
in a very acidic environment, for example at pH 2.5. Such polypeptide fragments can likewise
just as easily be prepared by chemical synthesis, from hosts transformed by an expression vector
according to the disclosure containing a nucleic acid allowing the expression of said {ragments,
placed under the control of appropriate regulation and/or expression elements.

"Modified polypeptide” of a polypeptide according to the disclosure is understood as
designating a polypeptide obtained by genetic recombination or by chemical synthesis as will be
described below, having at least one modification with respect to the normal sequence. These

modifications will especially be able to bear on amino acids at the origin of a specificity, of
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pathogenicity and/or of virulence, or at the origin of the structural conformation, and of the
capacity of membrane insertion of the polypeptide according to the disclosure. It will thus be
possible to create polypeptides of equivalent, increased or decreased activity, and of equivalent,
narrower, or wider specificity. Among the modified polypeptides, it is necessary to mention the
polypeptides in which up to 5 amino acids can be modified, truncated at the N- or C-terminal
end, or even deleted or added.

As 1s indicated, the modifications of the polypeptide may have as an objective:
to render it capable of modulating, of inhibiting or of inducing the expression of porcine
parainfluenza virus 1 gene and/or capable of modulating the replication cycle of porcine
parainfluenza virus 1 in the cell and/or the host organism, of allowing its incorporation into
vaccine compositions, or of modifying its bioavailability as a compound for therapeutic use.

The methods allowing said modulations on eukaryotic or prokaryotic cells to be
demonstrated are well known to the person skilled in the art. It is likewise well understood that it
will be possible to use the nucleotide sequences coding for said modified polypeptides for said
modulations, for example through vectors according to the disclosure and described below, in
order, for example, to prevent or to treat the pathologies linked to the infection.

The preceding modified polypeptides can be obtained by using combinatorial chemistry,
in which it is possible to systematically vary parts of the polypeptide before testing them on
models, cell cultures or microorganisms for example, to select the compounds which are most
active or have the properties sought.

Chemical synthesis likewise has the advantage of being able to use: unnatural amino
acids, or non-peptide bonds.

Thus, in order to improve the duration of life of the polypeptides according to the
disclosure, it may be of interest to use unnatural amino acids, for example in D form, or else
amino acid analogs, especially sulfur-containing forms, for example.

Finally; it will be possible to integrate the structure of the polypeptides according to the
disclosure, its specific or modified homologous forms, into chemical structures of polypeptide
type or others. Thus, it may be of interest to provide at the N- and C-terminal ends compounds
not recognized by the proteases.

The nucleotide sequences coding for a polypeptide according to the disclosure are

likewise part of the disclosure.
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The disclosure likewise relates to nucleotide sequences utilizable as a primer or probe,
characterized in that said sequences are selected from the nucleotide sequences according to the
disclosure.

The cloning and the sequencing of the porcine parainfluenza virus 1, has allowed it to be
identified, after comparative analysis with the nucleotide sequences of other porcine
parainfluenza viruses, that, among the sequences of fragments of these nucleic acids, were those
which are strictly specific to the porcine parainfluenza virus 1 and those which correspond to a
consensus sequence of porcine parainfluenza viruses other than the porcine parainfluenza virus
1. There is likewise a great need for nucleotide sequences utilizable as a primer or probe specific
to the whole of the other known and nonpathogenic porcine parainfluenza viruses.

It is well understood that the present disclosure likewise relates to specific polypeptides
of known porcine parainfluenza viruses other than porcine parainfluenza virus 1, encoded by said
consensus nucleotide sequences, capable of being obtained by purification from natural
polypeptides, by genetic recombination or by chemical synthesis by procedures well known to
the person skilled in the art and such as described in particular below. In the same manner, the
labeled or unlabeled mono- or polyclonal antibodies directed against said specific polypeptides
encoded by said consensus nucleotide sequences are also part of the disclosure.

It will be possible to use said consensus nucleotide sequences, said corresponding
polypeptides as well as said antibodies directed against said polypeptides in procedures or sets
for detection and/or identification such as described below, in place of or in addition to
nucleotide sequences, polypeptides or antibodies according to the disclosure, specific to porcine
parainfluenza virus 1.

The disclosure additionally relates to the use of a nucleotide sequence according to the
disclosure as a primer or probe for the detection and/or the amplification of nucleic acid
sequences. The nucleotide sequences according to the disclosure can thus be used to amplify
nucleotide sequences, especially by the PCR technique (polymerase chain reaction) (Erlich,
1989; Innis et al, 1990; Rolfs et al., 1991; and White et al., 1997).
These oligodeoxyribonucleotide or oligoribonucleotide primers advantageously have a length of
at least 8 nucleotides, preferably of at least 12 nucleotides, and even more preferentially at least

20 nucleotides.
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Other amplification techniques of the target nucleic acid can be advantageously
employed as alternatives to PCR.

The nucleotide sequences of the disclosure, in particular the primers according to the
disclosure, can likewise be employed in other procedures of amplification of a target nucleic
acid, such as: the TAS technique (Transcription-based Amplification System), described by
Kwoh et al. in 1989; the 3SR technique (Self-Sustained Sequence Replication), described by
Guatelli et al. in 1990; the NASBA technique (Nucleic Acid Sequence Based Amplification),
described by Kievitis et al. in 1991; the SDA technique (Strand Displacement Amplification)
(Walker et al., 1992); the TMA technique (Transcription Mediated Amplification).

The polynucleotides of the disclosure can also be employed in techniques of
amplification or of modification of the nucleic acid serving as a probe, such as: the LCR
technique (Ligase Chain Reaction), described by Landegren et al. in 1988 and improved by
Barany et al. in 1991, which employs a thermostable ligase; the RCR technique (Repair Chain
Reaction), described by Segev in 1992; the CPR technique (Cycling Probe Reaction), described
by Duck et al. in 1990; the amplification technique with Q-beta replicase, described by Miele et
al. in 1983 and especially improved by Chu et al. in 1986, Lizardi et al. in 1988, then by Burg et
al. as well as by Stone et al. in 1996.

In the case where the target polynucleotide to be detected is possibly an RNA, for
example an MRNA, it will be possible to use, prior to the employment of an amplification
reaction with the aid of at least one primer according to the disclosure or to the employment of a
detection procedure with the aid of at least one probe of the disclosure, an enzyme of reverse
transcriptase type in order to obtain a cDNA from the RNA contained in the biological sample.
The cDNA obtained will thus serve as a target for the primer(s) or the probe(s) employed in the
amplification or detection procedure according to the disclosure.

The detection probe will be chosen in such a manner that it hybridizes with the target
sequence or the amplicon generated from the target sequence. By way of sequence, such a probe
will advantageously have a sequence of at least 12 nucleotides, in particular of at least 20
nucleotides, and preferably of at least 100 nucleotides.

The disclosure also comprises the nucleotide sequences utilizable as a probe or primer
according to the disclosure, characterized in that they are labeled with a radioactive compound or

with a nonradioactive compound.
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The unlabeled nucleotide sequences can be used directly as probes or primers, although
the sequences are generally labeled with a radioactive element (*°P, *°S, *H, '*I) or with a
nonradioactive molecule (biotin, acetylaminofluorene, digoxigenin, 5-bromodeoxyuridine,
fluorescein) to obtain probes which are utilizable for numerous applications.

Examples of nonradioactive labeling of nucleotide sequences are described, for example,
in French Patent No. 78.10975 or by Urdea et al. or by Sanchez-Pescador et al. in 1988. In the
latter case, it will also be possible to use one of the labeling methods described in patents FR-2
422 956 and FR-2 518 755.

The hybridization technique can be carried out in various manners (Matthews et al.,
1988). The most general method consists in immobilizing the nucleic acid extract of cells on a
support (such as nitrocellulose, nylon, polystyrene) and in incubating, under well-defined
conditions, the immobilized target nucleic acid with the probe. After hybridization, the excess of
probe is eliminated and the hybrid molecules formed are detected by the appropriate method
(measurement of the radioactivity, of the fluorescence or of the enzymatic activity linked to the
probe).

The disclosure likewise comprises the nucleotide sequences according to the disclosure,
characterized in that they are immobilized on a support, covalently or noncovalently.

According to another advantageous mode of employing nucleotide sequences according
to the disclosure, the latter can be used immobilized on a support and can thus serve to capture,
by specific hybridization, the target nucleic acid obtained from the biological sample to be tested.
If necessary, the solid support is separated from the sample and the hybridization complex
formed between said capture probe and the target nucleic acid is then detected with the aid of a
second probe, a so-called detection probe, labeled with an easily detectable element.

Another subject of the present disclosure is a vector for the cloning and/or expression of a
sequence, characterized in that it contains a nucleotide sequence according to the disclosure.

The vectors according to the disclosure, characterized in that they contain the elements
allowing the expression and/or the secretion of said nucleotide sequences in a determined host
cell, are likewise part of the disclosure.

The vector must then contain a promoter, signals of initiation and termination of
translation, as well as appropriate regions of regulation of transcription. It must be able to be

maintained stably in the host cell and can optionally have particular signals specifying the
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secretion of the translated protein. These different elements are chosen as a function of the host
cell used. To this end, the nucleotide sequences according to the disclosure can be inserted into
autonomous replication vectors within the chosen host, or integrated vectors of the chosen host.

Such vectors will be prepared according to the methods currently used by the person
skilled in the art, and it will be possible to introduce the clones resulting therefrom into an
appropriate host by standard methods, such as, for example, lipofection, electroporation and
thermal shock. The vectors according to the disclosure are, for example, vectors of plasmid or
viral origin.

These vectors are useful for transforming host cells in order to clone or to express the
nucleotide sequences of the disclosure.

The disclosure likewise comprises the host cells transformed by a vector according to the
disclosure. These cells can be obtained by the introduction into host cells of a nucleotide
sequence inserted into a vector such as defined above, then the culturing of said cells under
conditions allowing the replication and/or expression of the transfected nucleotide sequence.

The host cell can be selected from prokaryotic or eukaryotic systems, such as, for
example, bacterial cells (Olins and Lee, 1993), but likewise yeast cells (Buckholz, 1993), as well
as animal cells, in particular the cultures of mammalian cells (Edwards and Aruffo, 1993), and
especially Chinese hamster ovary (CHO) cells, but likewise the cells of insects in which it is
possible to use procedures employing baculoviruses, for example (Luckow, 1993). A preferred
host cell for the expression of the proteins of the disclosure is constituted by sf9 insect cells.

The disclosure likewise relates to animals comprising one of said transformed cells
according to the disclosure. The obtainment of transgenic animals according to the disclosure
overexpressing one or more of the genes of porcine parainfluenza virus 1 or part of the genes
will be preferably carried out in rats, mice or rabbits according to methods well known to the
person skilled in the art, such as by viral or nonviral transfections. It will be possible to obtain
the transgenic animals overexpressing one or more of said genes by transfection of multiple
copies of said genes under the control of a strong promoter of ubiquitous nature, or selective for
one type of tissue. It will likewise be possible to obtain the transgenic animals by homologous
recombination in embryonic cell strains, transfer of these cell strains to embryos, selection of the

affected chimeras at the level of the reproductive lines, and growth of said chimeras.
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The transformed cells as well as the transgenic animals according to the disclosure are
utilizable in procedures for preparation of recombinant polypeptides. It is today possible to
produce recombinant polypeptides in relatively large quantity by genetic engineering using the
cells transformed by expression vectors according to the disclosure or using transgenic animals
according to the disclosure.

The procedures for preparation of a polypeptide of the disclosure in recombinant form,
characterized in that they employ a vector and/or a cell transformed by a vector according to the
disclosure and/or a transgenic animal comprising one of said transformed cells according to the
disclosure, are themselves comprised in the present disclosure.

Among said procedures for preparation of a polypeptide of the disclosure in recombinant
form, the preparation procedures employing a vector, and/or a cell transformed by said vector
and/or a transgenic animal comprising one of said transformed cells, containing a nucleotide
sequence according to the disclosure coding for a polypeptide of porcine parainfluenza virus 1,
are preferred.

The recombinant polypeptides obtained as indicated above can just as well be present in
glycosylated form as in nonglycosylated form and can or cannot have the natural tertiary
structure.

A preferred variant consists in producing a recombinant polypeptide used to a "carrier"
protein (chimeric protein). The advantage of this system is that it allows a stabilization of and a
decrease in the proteolysis of the recombinant product, an increase in the solubility in the course
of renaturation in vitro and/or a simplification of the purification when the fusion partner has an
affinity for a specific ligand.

More particularly, the disclosure relates to a procedure for preparation of a polypeptide of
the disclosure comprising the following steps:

a) culture of transformed cells under conditions allowing the expression of a recombinant

polypeptide of nucleotide sequence according to the disclosure;

b) if need be, recovery of said recombinant polypeptide.

When the procedure for preparation of a polypeptide of the disclosure employs a
transgenic animal according to the disclosure, the recombinant polypeptide is then extracted
from said animal. The present disclosure also relates to a polypeptide which is capable of being

obtained by a procedure of the disclosure such as described previously.
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The disclosure also comprises a procedure for preparation of a synthetic polypeptide,
characterized in that it uses a sequence of amino acids of polypeptides according to the
disclosure. The disclosure likewise relates to a synthetic polypeptide obtained by a procedure
according to the disclosure. The polypeptides according to the disclosure can likewise be
prepared by techniques which are conventional in the field of the synthesis of peptides. This
synthesis can be carried out in homogeneous solution or in solid phase.

For example, recourse can be made to the technique of synthesis in homogeneous
solution described by Houben-Weyl in 1974. This method of synthesis consists of successively
condensing, two by two, the successive amino acids in the order required, or in condensing
amino acids and fragments formed previously and already containing several amino acids in the
appropriate order, or alternatively several fragments previously prepared in this way, it being
understood that it will be necessary to protect beforehand all the reactive functions carried by
these amino acids or fragments, with the exception of amine functions of one and carboxyls of
the other or vice-versa, which must normally be involved in the formation of peptide bonds,
especially after activation of the carboxyl function, according to the methods well known in the
synthesis of peptides.

According to another preferred technique of the disclosure, recourse will be made to the
technique described by Merrifield. To make a peptide chain according to the Merrifield
procedure, recourse is made to a very porous polymeric resin, on which is immobilized the first
C-terminal amino acid of the chain. This amino acid is immobilized on a resin through its
carboxyl group and its amine function is protected. The amino acids which are going to form the
peptide chain are thus immobilized, one after the other, on the amino group, which is deprotected
beforehand each time, of the portion of the peptide chain already formed, and which is attached
to the resin. When the whole of the desired peptide chain has been formed, the protective groups
of the different amino acids forming the peptide chain are eliminated and the peptide is detached
from the resin with the aid of an acid.

The disclosure additionally relates to hybrid polypeptides having at least one polypeptide
according to the disclosure, and a sequence of a polypeptide capable of inducing an immune
response in man or animals. Advantageously, the antigenic determinant is such that it is capable
of inducing a humoral and/or cellular response. It will be possible for such a determinant to

comprise a polypeptide according to the disclosure in glycosylated form used with a view to
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obtaining immunogenic compositions capable of inducing the synthesis of antibodies directed
against multiple epitopes. Said polypeptides or their glycosylated fragments are likewise part of
the disclosure.

These hybrid molecules can be formed, in part, of a polypeptide carrier molecule or of
fragments thereof according to the disclosure, associated with a possibly immunogenic part, in
particular an epitope of the diphtheria toxin, the tetanus toxin, a surface antigen of the hepatitis B
virus (patent FR 79 21811), the VP1 antigen of the poliomyelitis virus or any other viral or
bacterial toxin or antigen.

The procedures for synthesis of hybrid molecules encompass the methods used in genetic
engineering for constructing hybrid nucleotide sequences coding for the polypeptide sequences
sought. It will be possible, for example, to refer advantageously to the technique for obtainment
of genes coding for fusion proteins described by Minton in 1984. Said hybrid nucleotide
sequences coding for a hybrid polypeptide as well as the hybrid polypeptides according to the
disclosure characterized in that they are recombinant polypeptides obtained by the expression of
said hybrid nucleotide sequences are likewise part of the disclosure.

The disclosure likewise comprises the vectors characterized in that they contain one of
said hybrid nucleotide sequences. The host cells transformed by said vectors, the transgenic
animals comprising one of said transformed cells as well as the procedures for preparation of
recombinant polypeptides using said vectors, said transformed cells and/or said transgenic
animals are, of course, likewise part of the disclosure.

The polypeptides according to the disclosure, the antibodies according to the disclosure
described below and the nucleotide sequences according to the disclosure can advantageously be
employed in procedures for the detection and/or identification of porcine parainfluenza virus 1,
or of porcine parainfluenza virus other than a porcine parainfluenza virus 1, in a biological
sample (biological tissue or fluid) capable of containing them. These procedures, according to
the specificity of the polypeptides, the antibodies and the nucleotide sequences according to the
disclosure which will be used, will in particular be able to detect and/or to identify a porcine
parainfluenza virus 1 or a porcine parainfluenza virus other than a porcine parainfluenza virus 1.

The polypeptides according to the disclosure can advantageously be employed in a

procedure for the detection and/or the identification of porcine parainfluenza virus 1 in a
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biological sample (biological tissue or fluid) capable of containing them, characterized in that it
comprises the following steps:

a) contacting of this biological sample with a polypeptide or one of its fragments
according to the disclosure (under conditions allowing an immunological reaction
between said polypeptide and the antibodies possibly present in the biological
sample);

b) demonstration of the antigen-antibody complexes possibly formed.

Preferably, the biological sample is formed by a fluid, for example a pig serum, whole

blood or biopsies. Any conventional procedure can be employed for carrying out such a
detection of the antigen-antibody complexes possibly formed. By way of example, a preferred
method brings into play immunoenzymatic processes according to the ELISA technique, by
immunofluorescence, or radioimmunological processes (RIA) or their equivalent.

Thus, the disclosure likewise relates to the polypeptides according to the disclosure,
labeled with the aid of an adequate label such as of the enzymatic, fluorescent or radioactive
type.

Such methods comprise, for example, the following steps: deposition of determined
quantities of a polypeptide composition according to the disclosure in the wells of a microtiter
plate, introduction into said wells of increasing dilutions of serum, or of a biological sample
other than that defined previously, having to be analyzed, incubation of the
microplate, introduction into the wells of the microtiter plate of labeled antibodies directed
against pig immunoglobulins, the labeling of these antibodies having been carried out with the
aid of an enzyme selected from those which are capable of hydrolyzing a substrate by modifying
the absorption of the radiation of the latter, at least at a determined wavelength, for example at
550 nm, detection, by comparison with a control test, of the quantity of hydrolyzed substrate.

The disclosure likewise relates to a kit or set for the detection and/or identification of
porcine parainfluenza virus 1, characterized in that it comprises the following elements: a
polypeptide according to the disclosure, if need be, the reagents for the formation of the medium
favorable to the immunological or specific reaction, if need be, the reagents allowing the
detection of the antigen-antibody complexes produced by the immunological reaction between
the polypeptide(s) of the disclosure and the antibodies possibly present in the biological sample,

these reagents likewise being able to carry a label, or to be recognized in their turn by a labeled
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reagent, more particularly in the case where the polypeptide according to the disclosure is not
labeled, if need be, a biological reference sample (negative control) devoid of antibodies
recognized by a polypeptide according to the disclosure, if need be, a biological reference sample
(positive control) containing a predetermined quantity of antibodies recognized by a polypeptide
according to the disclosure.

The polypeptides according to the disclosure allow monoclonal or polyclonal antibodies
to be prepared which are characterized in that they specifically recognize the polypeptides
according to the disclosure. It will advantageously be possible to prepare the monoclonal
antibodies from hybridomas according to the technique described by Kohler and Milstein in
1975. It will be possible to prepare the polyclonal antibodies, for example, by immunization of
an animal, in particular a mouse, with a polypeptide or a DNA, according to the disclosure,
associated with an adjuvant of the immune response, and then purification of the specific
antibodies contained in the serum of the immunized animals on an affinity column on which the
polypeptide which has served as an antigen has previously been immobilized. The polyclonal
antibodies according to the disclosure can also be prepared by purification, on an affinity column
on which a polypeptide according to the disclosure has previously been immobilized, of the
antibodies contained in the serum of pigs infected by a porcine parainfluenza virus 1.

The disclosure likewise relates to mono- or polyclonal antibodies or their fragments, or
chimeric antibodies, characterized in that they are capable of specifically recognizing a
polypeptide according to the disclosure.

It will likewise be possible for the antibodies of the disclosure to be labeled in the same
manner as described previously for the nucleic probes of the disclosure, such as a labeling of
enzymatic, fluorescent or radioactive type.

The disclosure is additionally directed at a procedure for the detection and/or
identification of porcine parainfluenza virus 1, in a biological sample, characterized in that it
comprises the following steps:

a) contacting of the biological sample (biological tissue or fluid) with a mono- or
polyclonal antibody according to the disclosure (under conditions allowing an
immunological reaction between said antibodies and the polypeptides of porcine
parainfluenza virus 1, possibly present in the biological sample);

b) demonstration of the antigen-antibody complex possibly formed.
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Likewise within the scope of the disclosure is a kit or set for the detection and/or the
identification of porcine parainfluenza virus 1, characterized in that it comprises the following
components:

a polyclonal or monoclonal antibody according to the disclosure, if need be labeled;
if need be, a reagent for the formation of the medium favorable to the carrying out of the
immunological reaction;

if need be, a reagent allowing the detection of the antigen-antibody complexes produced
by the immunological reaction, this reagent likewise being able to carry a label, or being capable
of being recognized in its turn by a labeled reagent, more particularly in the case where said
monoclonal or polyclonal antibody is not labeled;

if need be, reagents for carrying out the lysis of cells of the sample tested.

The present disclosure likewise relates to a procedure for the detection and/or the
identification of porcine parainfluenza virus 1 in a biological sample, characterized in that it
employs a nucleotide sequence according to the disclosure.

More particularly, the disclosure relates to a procedure for the detection and/or the
identification of porcine parainfluenza virus 1, in a biological sample, characterized in that it
contains the following steps:

a) if need be, isolation of the DNA from the biological sample to be analyzed;

b) specific amplification of the DNA of the sample with the aid of at least one primer, or

a pair of primers, according to the disclosure;

¢) demonstration of the amplification products.

These can be detected, for example, by the technique of molecular hybridization utilizing
a nucleic probe according to the disclosure. This probe will advantageously be labeled with a
nonradioactive (cold probe) or radioactive element.

For the purposes of the present disclosure, "DNA of the biological sample" or "DNA
contained in the biological sample" will be understood as meaning either the DNA present in the
biological sample considered, or possibly the cDNA obtained after the action of an enzyme of
reverse transcriptase type on the RNA present in said biological sample.

Another aim of the present disclosure consists in a procedure according to the disclosure,

characterized in that it comprises the following steps:

24



WO 2017/120168 PCT/US2017/012098

a) contacting of a nucleotide probe according to the disclosure with a biological sample,
the DNA contained in the biological sample having, if need be, previously been
made accessible to hybridization under conditions allowing the hybridization of
the probe with the DNA of the sample;

b) demonstration of the hybrid formed between the nucleotide probe and the DNA of the
biological sample.

The present disclosure also relates to a procedure according to the disclosure,

characterized in that it comprises the following steps:

a) contacting of a nucleotide probe immobilized on a support according to the disclosure
with a biological sample, the DNA of the sample having, if need be, previously
been made accessible to hybridization, under conditions allowing the
hybridization of the probe with the DNA of the sample;

b) contacting of the hybrid formed between the nucleotide probe immobilized on a
support and the DNA contained in the biological sample, if need be after
elimination of the DNA of the biological sample which has not hybridized with
the probe, with a nucleotide probe labeled according to the disclosure;

¢) demonstration of the novel hybrid formed in step b).

According to an advantageous embodiment of the procedure for detection and/or
identification defined previously, this is characterized in that, prior to step a), the DNA of the
biological sample is first amplified with the aid of at least one primer according to the
disclosure.

The disclosure is additionally directed at a kit or set for the detection and/or the
identification of porcine parainfluenza virus 1, characterized in that it comprises the following
elements:

a) a nucleotide probe according to the disclosure;

b) if need be, the reagents necessary for the carrying out of a hybridization reaction;

c) if need be, at least one primer according to the disclosure as well as the reagents
necessary for an amplification reaction of the DNA.

The disclosure likewise relates to a kit or set for the detection and/or the identification of

porcine parainfluenza virus 1, of porcine parainfluenza Virus other than a porcine parainfluenza
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virus 1 or of porcine parainfluenza Virus other than the porcine parainfluenza virus 1,
characterized in that it comprises the following components:

a) a nucleotide probe, called a capture probe, according to the disclosure;

b) an oligonucleotide probe, called a revealing probe, according to the disclosure,

c) if need be, at least one primer according to the disclosure, as well as the reagents
necessary for an amplification reaction of the DNA.

The disclosure also relates to a kit or set for the detection and/or identification of porcine

parainfluenza virus 1, characterized in that it comprises the following elements:

a) at least one primer according to the disclosure;

b) if need be, the reagents necessary for carrying out a DNA amplification reaction;

¢) if need be, a component allowing the sequence of the amplified fragment to be
verified, more particularly an oligonucleotide probe according to the disclosure.

The disclosure additionally relates to the use of a nucleotide sequence according to the
disclosure, of a polypeptide according to the disclosure, of an antibody according to the
disclosure, of a cell according to the disclosure, and/or of an animal transformed according to the
disclosure, for the selection of an organic or inorganic compound capable of modulating,
inducing or inhibiting the expression of genes, and/or of modifying the cellular replication of
porcine parainfluenza virus 1 or capable of inducing or of inhibiting the pathologies linked to an
infection by a porcine parainfluenza virus 1.

The disclosure likewise comprises a method of selection of compounds capable of
binding to a polypeptide or one of its fragments according to the disclosure, capable of binding
to a nucleotide sequence according to the disclosure, or capable of recognizing an antibody
according to the disclosure, and/or capable of modulating, inducing or inhibiting the expression
of genes, and/or of modifying the cellular replication of porcine parainfluenza virus 1 or capable
of inducing or inhibiting the pathologies linked to an infection by a porcine parainfluenza virus
1, characterized in that it comprises the following steps:

a) contacting of said compound with said polypeptide, said nucleotide sequence, or with a
cell transformed according to the disclosure and/or administration of said
compound to an animal transformed according to the disclosure;

b) determination of the capacity of said compound to bind to said polypeptide or said

nucleotide sequence, or to modulate, induce or inhibit the expression of genes, or
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to modulate the growth or the replication of porcine parainfluenza virus 1, or to
induce or inhibit in said transformed animal the pathologies linked to an infection
by porcine parainfluenza virus 1 (designated activity of said compound).

Inhibiting the pathologies linked to an infection by porcine parainfluenza virus 1 will
include reducing the severity of or the incidence of the pathologies, or clinical signs, or clinical
symptoms, linked to, associated with, or caused by porcine parainfluenza virus 1.

The compounds capable of being selected can be organic compounds such as
polypeptides or carbohydrates or any other organic or inorganic compounds already known, or
novel organic compounds elaborated by molecular modelling techniques and obtained by
chemical or biochemical synthesis, these techniques being known to the person skilled in the art.

It will be possible to use said selected compounds to modulate the cellular replication of
porcine parainfluenza virus 1 and thus to control infection by this virus, the methods allowing
said modulations to be determined being well known to the person skilled in the art.

This modulation can be carried out, for example, by an agent capable of binding to a
protein and thus of inhibiting or of potentiating its biological activity, or capable of binding to an
envelope protein of the external surface of said virus and of blocking the penetration of said virus
into the host cell or of favoring the action of the immune system of the infected organism
directed against said virus. This modulation can likewise be carried out by an agent capable of
binding to a nucleotide sequence of a DNA of said virus and of blocking, for example, the
expression of a polypeptide whose biological or structural activity is necessary for the replication
or for the proliferation of said virus host cells to host cells in the host animal.

The disclosure relates to the compounds capable of being selected by a selection method
according to the disclosure. The disclosure likewise relates to a pharmaceutical composition
comprising a compound selected from the following compounds:

a) a nucleotide sequence according to the disclosure;

b) a polypeptide according to the disclosure;

¢) a vector, a viral particle or a cell transformed according to the disclosure;

d) an antibody according to the disclosure;

e) a compound capable of being selected by a selection method according to the

disclosure; possibly in combination with a pharmaceutically acceptable vehicle

and, if need be, with one or more adjuvants of the appropriate immunity.
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The disclosure also relates to an immunogenic and/or vaccine composition, characterized
in that it comprises a compound selected from the following compounds:

a) a nucleotide sequence according to the disclosure;

b) a polypeptide according to the disclosure;

¢) a vector or a viral particle according to the disclosure; and

d) a cell according to the disclosure.

In one embodiment, the vaccine composition according to the disclosure is characterized
in that it comprises a mixture of at least two of said compounds a), b), ¢) and d) above and in that
one of the two said compounds is related to the porcine parainfluenza virus 1.

In another embodiment of the disclosure, the vaccine composition is characterized in that
it comprises at least one compound a), b), ¢), or d) above which is related to porcine
parainfluenza virus 1. In still another embodiment, the vaccine composition is characterized in
that it comprises at least one compound a), b), c), or d) above which is related to porcine
parainfluenza virus 1.

A compound related to the porcine parainfluenza virus 1 is understood here as
respectively designating a compound obtained from the genomic sequence of the porcine
parainfluenza virus 1 and/or any one or more of the six genes of porcine parainfluenza virus 1.

The disclosure is additionally aimed at an immunogenic and/or vaccine composition,
characterized in that it comprises at least one of the following compounds:

a nucleotide sequence SEQ ID No. 1, SEQ ID No. 2 or one of their fragments or
homologues;

a polypeptide of sequence encoded by SEQ ID No. 1, SEQ ID No. 2 or one of their
fragments, or a modification thereof;

a vector or a viral particle comprising a nucleotide sequence SEQ ID No. 1, SEQ ID No.
2, or one of their fragments or homologues;

a transformed cell capable of expressing a polypeptide encoded by the nucleotide
sequence of SEQ ID No. 1, SEQ ID No. 2, or one of their fragments including one of the six
genes of porcine parainfluenza 1, or a modification thereof; or

a mixture of at least two of said compounds.

The disclosure also comprises an immunogenic and/or vaccine composition according to

the disclosure, characterized in that it comprises said mixture of at least two of said compounds
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as a combination product for simultaneous, separate or protracted use for the prevention or the
treatment of infection by a porcine parainfluenza virus 1.

In a preferred embodiment, the vaccine composition according to the disclosure

comprises the mixture of the following compounds:

a pcDNA3 plasmid containing a nucleic acid of sequence SEQ ID No. 1;

a pcDNA3 plasmid containing a nucleic acid of sequence SEQ ID No. 2;

a pcDNA3 plasmid containing a nucleic acid coding for the GM-CSF protein;

a recombinant baculovirus containing a nucleic acid of sequence SEQ ID No. 1;

a recombinant baculovirus containing a nucleic acid of sequence SEQ ID No. 2; and
if need be, an adjuvant of the appropriate immunity.

The disclosure is likewise directed at a pharmaceutical composition according to the
disclosure, for the prevention or the treatment of an infection by a porcine parainfluenza virus
1. The disclosure likewise concerns the use of a composition according to the disclosure, for the
preparation of a medicament intended for the prevention or the treatment of infection by a
porcine parainfluenza virus 1.

Under another aspect, the disclosure relates to a vector, a viral particle or a cell according
to the disclosure, for the treatment and/or the prevention of a disease, especially one related to,
associated with, or caused by porcine parainfluenza virus 1, by gene therapy.

Finally, the disclosure comprises the use of a vector, of a viral particle or of a cell
according to the disclosure for the preparation of a medicament intended for the treatment and/or
the prevention of a disease, especially one related to, associated with, or caused by porcine
parainfluenza virus 1, by gene therapy.

The polypeptides of the disclosure entering into the immunogenic or vaccine
compositions according to the disclosure can be selected by techniques known to the person
skilled in the art such as, for example, depending on the capacity of said polypeptides to
stimulate the T cells, which is translated, for example, by their proliferation or the secretion of
interleukins, and which leads to the production of antibodies directed against said polypeptides.

In pigs, as in mice, in which a weight dose of the vaccine composition comparable to the
dose used in man is administered, the antibody reaction is tested by taking of the serum followed
by a study of the formation of a complex between the antibodies present in the serum and the

antigen of the vaccine composition, according to the usual techniques.
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The pharmaceutical compositions according to the disclosure will contain an effective
quantity of the compounds of the disclosure, that is to say in sufficient quantity of said
compound(s) allowing the desired effect to be obtained, such as, for example, the modulation of
the cellular replication of porcine parainfluenza virus 1. The person skilled in the art will know
how to determine this quantity, as a function, for example, of the age and of the weight of the
individual to be treated, of the state of advancement of the pathology, of the possible secondary
effects and by means of a test of evaluation of the effects obtained on a population range, these
tests being known in these fields of application.

According to the disclosure, said vaccine combinations will preferably be combined with
a pharmaceutically acceptable vehicle and, if need be, with one or more adjuvants of the
appropriate immunity.

Today, various types of vaccines are available for protecting animals or man against
infectious diseases: attenuated living microorganisms (M. bovis--BCG for tuberculosis),
inactivated microorganisms (influenza virus), a cellular extracts (Bordetella pertussis for
whooping cough), recombined proteins (surface antigen of the hepatitis B virus), polysaccharides
(pneumococcal). Vaccines prepared from synthetic peptides or genetically modified
microorganisms expressing heterologous antigens are in the course of experimentation. More
recently still, recombined plasmid DNAs carrying genes coding for protective antigens have
been proposed as an alternative vaccine strategy. In some forms, this type of vaccination is
carried out with a particular plasmid originating from a plasmid of E. coli which does not
replicate in vivo and which codes uniquely for the vaccinating protein. Animals have been
immunized by simply injecting the naked plasmid DNA into the muscle. This technique leads to
the expression of the vaccine protein in situ and to an immune response of cellular type (CTL)
and of humoral type (antibody). This double induction of the immune response is one of the
principal advantages of the vaccination technique with naked DNA.

The vaccine compositions comprising nucleotide sequences or vectors into which are
inserted said sequences are especially described in the international application No. WO
90/11092 and likewise in the international application No. WO 95/11307.

The constitutive nucleotide sequence of the vaccine composition according to the
disclosure can be injected into the host after having been coupled to compounds which favor the

penetration of this polynucleotide into the interior of the cell or its transport to the cell nucleus.
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The resultant conjugates can be encapsulated in polymeric microparticles, as described in the
international application No. WO 94/27238 (Medisorb Technologies International).

According to another embodiment of the vaccine composition according to the
disclosure, the nucleotide sequence, preferably a DNA, is complexed with DEAE-dextran
(Pagano et al., 1967) or with nuclear proteins (Kaneda et al., 1989), with lipids (Felgner et al.,
1987) or encapsulated in liposomes (Fraley et al., 1980) or else introduced in the form of a gel
facilitating its transfection into the cells (Midoux et al, 1993, Pastore et al., 1994). The
polynucleotide or the vector according to the disclosure can also be in suspension in a buffer
solution or be combined with liposomes.

Advantageously, such a vaccine will be prepared according to the technique described by
Tacson et al. or Huygen et al. in 1996 or alternatively according to the technique described by
Davis et al. in the international application No. WO 95/11307.

Such a vaccine can likewise be prepared in the form of a composition containing a vector
according to the disclosure, placed under the control of regulation elements allowing its
expression in man or animal. It will be possible, for example, to use, by way of in vivo
expression vector of the polypeptide antigen of interest, the plasmid pcDNA3 or the plasmid
pcDNA1/neo, both marketed by Invitrogen (R&D Systems, Abingdon, United Kingdom). It is
also possible to use the plasmid V1Jns.tPA, described by Shiver et al. in 1995. Such a vaccine
will advantageously comprise, apart from the recombinant vector, a saline solution, for example
a sodium chloride solution.

Pharmaceutically acceptable vehicle is understood as designating a compound or a
combination of compounds entering into a pharmaceutical composition or vaccine which does
not provoke secondary reactions and which allows, for example, the facilitation of the
administration of the active compound, an increase in its duration of life and/or its efficacy in the
body, an increase in its solubility in solution or alternatively an improvement in its conservation.
These pharmaceutically acceptable vehicles are well known and will be adapted by the person
skilled in the art as a function of the nature and of the mode of administration of the chosen
active compound.

As far as the vaccine formulations are concerned, these can comprise adjuvants of the
appropriate immunity which are known to the person skilled in the art, such as, for example,

aluminum hydroxide, a representative of the family of muramyl peptides such as one of the

31



WO 2017/120168 PCT/US2017/012098

peptide derivatives of N-acetyl muramyl, a bacterial lysate, one of the many types of Carbopol,
or alternatively Freund's incomplete adjuvant.

These compounds can be administered by the systemic route, in particular by the
intravenous route, by the intramuscular, intradermal or subcutaneous route, or by the oral route.
In a more preferred manner, the vaccine composition comprising polypeptides according to the
disclosure will be administered by the intramuscular route, through the food, or by nebulization
several times, staggered over time.

Their administration modes, dosages and optimum pharmaceutical forms can be
determined according to the criteria generally taken into account in the establishment of a
treatment adapted to an animal such as, for example, the age or the weight, the seriousness of its
general condition, the tolerance to the treatment and the secondary effects noted. Preferably, the
vaccine of the present disclosure is administered in an amount that is protective against piglet
weight loss disease.

For example, in the case of a vaccine according to the present disclosure comprising a
polypeptide encoded by a nucleotide sequence of the genome of PPIV1, or a homolgue or
fragment thereof, the polypeptide will be administered one time or several times, spread out over
time, directly or by means of a transformed cell capable of expressing the polypeptide, in an
amount of about 0.1 to 1000 pug per kilogram weight of the animal, where values and ranges such
as, but not limited to, 0.5 to 800 pg per kilogram weight of the animal, 1 to 1000 pg per kilogram
weight of the animal, 1 to 500 pg per kilogram weight of the animal, 1 to 300 pg per kilogram
weight of the animal, 1 to 200 pg per kilogram weight of the animal, 1 to 150 pg per kilogram
weight of the animal 1 to 125 pg per kilogram weight of the animal, 1 to 100 pg per kilogram
weight of the animal, 5 pg per kilogram weight of the animal, 10 pg per kilogram weight of the
animal, 15 pg per kilogram weight of the animal, 20 pg per kilogram weight of the animal, 25 ng
per kilogram weight of the animal, 30 pg per kilogram weight of the animal, 35 pg per kilogram
weight of the animal, 40 pg per kilogram weight of the animal, 45 pg per kilogram weight of the
animal, 50 pg per kilogram weight of the animal, 55 pg per kilogram weight of the animal, 60 pg
per kilogram weight of the animal, 65 pg per kilogram weight of the animal, 70 pg per kilogram
weight of the animal, 75 pg per kilogram weight of the animal, 80 pg per kilogram weight of the
animal, 85 pg per kilogram weight of the animal, 90 pg per kilogram weight of the animal, 95 ng
per kilogram weight of the animal, 100 pg per kilogram weight of the animal, 125 png per
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kilogram weight of the animal, 150 pg per kilogram weight of the animal, 200 pg per kilogram
weight of the animal, 250 pg per kilogram weight of the animal, 300 pg per kilogram weight of
the animal, 400 pg per kilogram weight of the animal, 500 pg per kilogram weight of the animal,
600 pg per kilogram weight of the animal, 700 pg per kilogram weight of the animal, 800 pg per
kilogram weight of the animal, 900 pg per kilogram weight of the animal, and 1000 pg per
kilogram weight of the animal are envisioned. In other preferred forms, the above amounts are
also provided without reference to the weight of the animal.

The present disclosure likewise relates to the use of nucleotide sequences of porcine
parainfluenza virus 1 according to the disclosure for the construction of autoreplicative retroviral
vectors and the therapeutic applications of these, especially in the field of human gene therapy in
Vivo.

The feasibility of gene therapy applied to man no longer needs to be demonstrated and
this relates to numerous therapeutic applications like genetic diseases, infectious diseases and
cancers. Numerous documents of the prior art describe the means of employing gene therapy,
especially through viral vectors. Generally speaking, the vectors are obtained by deletion of at
least some of the viral genes which are replaced by the genes of therapeutic interest. Such
vectors can be propagated in a complementation line which supplies in trans the deleted viral
functions in order to generate a defective viral vector particle for replication but capable of
infecting a host cell. To date, the retroviral vectors are amongst the most widely used and their
mode of infection is widely described in the literature accessible to the person skilled in the art.

The principle of gene therapy is to deliver a functional gene, called a gene of interest, of
which the RNA or the corresponding protein will produce the desired biochemical effect in the
targeted cells or tissues. On the one hand, the insertion of genes allows the prolonged expression
of complex and unstable molecules such as RNAs or proteins which can be extremely difficult or
even impossible to obtain or to administer directly. On the other hand, the controlled insertion of
the desired gene into the interior of targeted specific cells allows the expression product to be
regulated in defined tissues. For this, it is necessary to be able to insert the desired therapeutic
gene into the interior of chosen cells and thus to have available a method of insertion capable of
specifically targeting the cells or the tissues chosen.

Among the methods of insertion of genes, such as, for example, microinjection,

especially the injection of naked plasmid DNA (Derse, D. et al., 1995, and Zhao, T. M. et al.,
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1996), electroporation, homologous recombination, the use of viral particles, such as
retroviruses, is widespread. However, applied in vivo, the gene transfer systems of recombinant
retroviral type at the same time have a weak infectious power (insufficient concentration of viral
particles) and a lack of specificity with regard to chosen target cells.

The production of cell-specific viral vectors, having a tissue-specific tropism, and whose
gene of interest can be translated adequately by the target cells, is realizable, for example, by
fusing a specific ligand of the target host cells to the N-terminal part of a surface protein of
porcine parainfluenza virus 1. It is possible to mention, for example, the construction of
retroviral particles having the CD4 molecule on the surface of the envelope so as to target the
human cells infected by the HIV virus (YOUNG, J. A. T. et al., Sciences 1990, 250, 1421-1423),
viral particles having a peptide hormone fused to an envelope protein to specifically infect the
cells expressing the corresponding receptor (KASAHARA, N. et al., Sciences 1994, 266, 1373-
1376) or else alternatively viral particles having a fused polypeptide capable of immobilizing on
the receptor of the epidermal growth factor (EGF) (COSSET, F. L. et al.,, J. of Virology 1995,
69, 10, 6314-6322). In another approach, single-chain fragments of antibodies directed against
surface antigens of the target cells are inserted by fusion with the N-terminal part of the envelope
protein (VALSESIA-WITTMAN, S. et al., J. of Virology 1996, 70, 3, 2059-2064; TEARINA
CHU, T. H. et al., J. of Virology 1997, 71, 1, 720-725).

For the purposes of the present disclosure, a gene of interest in use in the disclosure can
be obtained from a eukaryotic or prokaryotic organism or from a virus by any conventional
technique. It is, preferably, capable of producing an expression product having a therapeutic
effect and it can be a product homologous to the cell host or, alternatively, heterologous. In the
scope of the present disclosure, a gene of interest can code for an (i) intracellular or (ii)
membrane product present on the surface of the host cell or (iii) secreted outside the host cell. It
can therefore comprise appropriate additional elements such as, for example, a sequence coding
for a secretion signal. These signals are known to the person skilled in the art.

In accordance with the aims pursued by the present disclosure, a gene of interest can code
for a protein corresponding to all or part of a native protein as found in nature. It can likewise be
a chimeric protein, for example arising from the fusion of polypeptides of various origins or from

a mutant having improved and/or modified biological properties. Such a mutant can be obtained,
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by conventional biological techniques, by substitution, deletion and/or addition of one or more
amino acid residues.

It is very particularly preferred to employ a gene of therapeutic interest coding for an
expression product capable of inhibiting or retarding the establishment and/or the development
of a genetic or acquired disease. A vector according to the disclosure is in particular intended for
the prevention or for the treatment of other bacteria or infectious diseases due to a pathogenic
organism: virus, bacteria, parasite or prion. The genes of interest utilizable in the present
disclosure are those which code, for example, for the following proteins:
a cytokine and especially an interleukin, an interferon, a tissue necrosis factor and a growth
factor and especially a hematopoietic growth factor (G-CSF, GM-CSF), a factor or cofactor
involved in clotting and especially factor VIII, von Willebrand's factor, antithrombin III, protein
C, thrombin and hirudin, an enzyme or an enzyme inhibitor such as the inhibitors of viral
proteases, an expression product of a suicide gene such as thymidine kinase of the HSV virus
(herpesvirus) of type 1, an activator or an inhibitor of ion channels, a protein of which the
absence, the modification or the deregulation of expression is responsible for a genetic disease,
such as the CFTR protein, dystrophin or minidystrophin, insulin, ADA (adenosine diaminose),
glucocerebrosidase and phenylhydroxylase, a protein capable of inhibiting the initiation or the
progression of cancers, such as the expression products of tumor suppressor genes, for example
the P53 and Rb genes, a protein capable of stimulating an immune or an antibody response, and
a protein capable of inhibiting a viral infection or its development, for example the antigenic
epitopes of the virus in question or altered variants of viral proteins capable of entering into
competition with the native viral proteins.

The disclosure thus relates to the vectors characterized in that they comprise a nucleotide
sequence of porcine parainfluenza virus 1 according to the disclosure, and in that they
additionally comprise a gene of interest.

The present disclosure likewise relates to viral particles generated from said vector
according to the disclosure. It additionally relates to methods for the preparation of viral particles
according to the disclosure, characterized in that they employ a vector according to the

disclosure, including viral pseudoparticles (VLP, virus-like particles).
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The disclosure likewise relates to animal cells transfected by a vector according to the
disclosure. Likewise comprised in the disclosure are animal cells, especially mammalian,
infected by a viral particle according to the disclosure.

The present disclosure likewise relates to a vector, a viral particle or a cell according to
the disclosure, for the treatment and/or the prevention of a genetic disease or of an acquired
disease such as cancer or an infectious disease. The disclosure is likewise directed at a
pharmaceutical composition comprising, by way of therapeutic or prophylactic agent, a vector or
a cell according to the disclosure, in combination with a vehicle acceptable from a
pharmaceutical point of view.

Another aspect of the present disclosure provides a method of producing and/or
recovering any recombinant PPIV1 protein, including any open reading frame protein, by i)
permitting infection of a number of susceptible cells in culture with a recombinant viral vector,
i) expressing PPIV1 protein by the recombinant viral vector, iii) recovering the expressed PPIV1
protein, and, iv) separating cell debris from the expressed PPIV1 protein via a separation step. In
one preferred form, the recombinant viral vector is a baculovirus containing ORF DNA coding
sequences and the cells are SF+ cells. Preferred separation steps are known in the art.

As used herein “ORF” refers to any open reading frame present in the PPIV1 genome.

For recovery of PPIV1 OREF that will be used in an immunogenic or immunological
composition such as a vaccine, the inclusion of an inactivation step is preferred in order to
inactivate the viral vector. An “immunogenic or immunological composition” refers to a
composition of matter that comprises at least one antigen which elicits an immunological
response in the host of a cellular and/ or antibody-mediated immune response to the composition
or vaccine of interest. Usually, an "immunological response” includes but is not limited to one or
more of the following effects: the production or activation of antibodies, B cells, helper T cells,
suppressor T cells, and/or cytotoxic T cells and/or yd T cells, directed specifically to an antigen
or antigens included in the composition or vaccine of interest. Preferably, the host will display
either a therapeutic or protective immunological response such that resistance to new infection
will be enhanced and/or the clinical severity of the disease reduced. Such protection will be
demonstrated by either a reduction in severity or incidence or lack of symptoms normally
displayed by an infected host, a quicker recovery time, and/or a lowered viral titer in the infected

host. Thus, the present disclosure also relates to method of producing and/or recovering
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recombinant PPIV1 ORF protein, preferably in amounts described above, by i) permitting
infection of a number of susceptible cells in culture with a recombinant viral vector, ii)
expressing PPIV1 ORF protein by the recombinant viral vector, iii) recovering the PPIV1 ORF,
iv) separating cell debris from the expressed PPIV1 ORF via a separation step, and v)
inactivating the recombinant viral vector.

In some forms, this inactivation is done either just before or just after the filtration step.
Any conventional inactivation method can be used for purposes of the present disclosure. Thus,
inactivation can be performed by chemical and/or physical treatments. One representative
inactivation method includes the addition of cyclized binary ethylenimine (BEI). After
inactivation is completed, a sodium thiosulfate solution is added to neutralize any residual BEI.
Preferably, the sodium thiosulfate is added in equivalent amount as compared to the BEI added
prior to for inactivation. For example, in the event BEI is added to a final concentration of SmM,
a 1.0M sodium thiosulfate solution is added to give a final minimum concentration of 5 mM to
neutralize any residual BEI.

Thus, another aspect of the present disclosure relates to a method of producing
recombinant PPIV1 ORF protein by i) permitting infection of a number of susceptible cells in
culture with a recombinant viral vector, ii) expressing PPIV1 ORF protein by the recombinant
viral vector, iii) recovering the PPIV1 OREF, iv) separating cell debris from the expressed PPIV1
OREF via a separation step, and v) inactivating the recombinant viral vector.

Optionally, the method described above may also include a neutralization step after step
v). This step vi) comprises adding an equivalent amount of an agent that neutralizes the
inactivation agent within the solution. For example, if the inactivation agent is BEI, addition of
sodium thiosulfate to an equivalent amount is preferred.

In preferred forms and especially in forms that will use the recombinant PPIV1 ORF
protein in an immunogenic composition such as a vaccine, each lot of harvested ORF will
preferably be tested for inactivation. Thus a further aspect of the present disclosure relates to an
inactivation test for determining the effectiveness of the inactivation of the recombination viral
vector, comprising the steps: 1) contacting at least a portion of the culture fluid containing the
recombinant viral vector with an inactivating agent, ii) adding a neutralization agent to neutralize

the inactivation agent, and iii) determining the residual infectivity.
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In preferred forms the recombinant viral vector containing PPIV1 ORF DNA and
expressing PPIV1 ORF protein used to infect the cells is generated by transfecting a transfer
vector that has had an ORF gene cloned therein into a viral vector. Preferably, only the portion of
the transfer vector that contains the ORF DNA is transfected into the viral vector. The term
“transfected into a viral vector” means, and is used as a synonym for “introducing” or “cloning*
a heterologous DNA into a viral vector, such as for example into a baculovirus vector. A
“transfer vector” means a DNA molecule, that includes at least one origin of replication, the
heterologous gene, in the present case PPIV1 ORF, and DNA sequences which allow the cloning
of said heterologous gene into the viral vector. Preferably the sequences which allow cloning of
the heterologous gene into the viral vector are flanking the heterologous gene. Even more
preferably, those flanking sequences are at least homologous in parts with sequences of the viral
vector. The sequence homology then allows recombination of both molecules, the viral vector,
and the transfer vector to generate a recombinant viral vector containing the heterologous gene.

In more preferred forms, the methods of the present disclosure will begin with the
isolation of PPIV1 ORF DNA. Any PPIV1 ORF gene known in the art can be used for purposes
of the present disclosure. The PPIV1 ORF DNA is preferably amplified using PCR methods.
The resulting DNA is then cloned into the transfer vector.

Thus, in one aspect of the present disclosure, a method for constructing a recombinant
viral vector containing PPIV1 ORF DNA is provided. This method comprises the steps: i)
cloning a recombinant PPIV1 ORF into a transfer vector; and ii) transfecting the portion of the
transfer vector containing the recombinant PPIV1 ORF into a viral vector, to generate the
recombinant viral vector.

According to a further aspect, this method further comprises prior to step i) the following
step: amplifying the PPIV1 ORF DNA in vitro, wherein the flanking sequences of the PPIV1
ORF DNA are modified. In vitro methods for amplifying the PPIV1 ORF DNA and modifying
the flanking sequences, cloning in vitro amplified PPIV1 ORF DNA into a transfer vector and
suitable transfer vectors are described above or known to a person skilled in the art. Thus
according to a further aspect, the present disclosure relates to a method for constructing a
recombinant viral vector containing PPIVI ORF DNA and expressing PPIV1 ORF protein
comprising the steps of: i) amplifying PPIV1 ORF DNA in vitro, wherein the flanking sequences
of said PPIV1 ORF DNA are modified, ii) cloning the amplified PPIV1 ORF DNA into a
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transfer vector; and iii) transfecting the transfer vector or a portion thereof containing the
recombinant PPIV1 ORF DNA into a viral vector to generate the recombinant viral vector. In
some aspects, the modification of the flanking sequences of the PPIV1 ORF DNA is performed
by introducing a 5° Kozak’s sequence and /or an EcoR 1 site.

Optionally, methods of the present disclosure can include the step of amplifying the
PPIV1 ORF DNA from a strain of PPIV1 prior to cloning the PPIV1 ORF DNA into the transfer
vector. In preferred forms, a 5' Kozak’s sequence, a 3' EcoR1 site, and combinations thereof can
also be added to the amplified sequence, preferably prior to or during amplification.

A further aspect of the present disclosure relates to a method for preparing a composition
comprising PPIV1 ORF protein, and inactivated viral vector. This method generally comprises
the steps: i) cloning the amplified PPIV1 ORF into a transfer vector; ii) transfecting the portion
of the transfer vector containing the recombinant PPIV1 ORF into a virus; iii) infecting cells in
media with the transfected viral vector; iv) causing the transfected viral vector to express the
recombinant protein from PPIV1 ORF; v) separating cells from the supernate; vi) recovering the
expressed PPIV1 ORF protein; and vii) inactivating the recombinant viral vector.

According to a further aspect, the method for preparing a composition comprising PPIV1
OREF protein, and inactivated viral vector, as described above, also includes a neutralization step
after step vii). This step viii) comprises adding an equivalent amount of an agent that neutralizes
the inactivation agent within the solution. Preferably, if the inactivation agent is BEI, the
addition of sodium thiosulfate to an equivalent amount is preferred. Thus, according to a further
aspect, step viii) comprises adding a sodium thiosulfate.

According to a further aspect, the method for preparing a composition comprising PPIV1
OREF protein, and inactivated viral vector, as described above, comprises prior to step i) the
following step: amplifying the PPIV1 ORF DNA in vitro, wherein the flanking sequences of the
PPIV1 ORF DNA. In vitro methods for amplifying the PPIV1 ORF DNA and modifying the
flanking sequences, cloning in vitro amplified PPIV1 ORF DNA into a transfer vector and
suitable transfer vectors are known to a person skilled in the art. Thus according to a further
aspect, this method comprises the steps: i) amplifying PPIV1 ORF DNA in vitro, wherein the
flanking sequences of said PPIV1 ORF DNA are modified, ii) cloning the amplified PPIV1 ORF
DNA into a transfer vector; and iii) transfecting the transfer vector or a portion thereof

containing the recombinant PPIV1 ORF DNA into a viral vector to generate the recombinant
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viral vector, iv) infecting cells in media with the transfected virus; v) causing the transfected
virus to express the recombinant protein from PPIV1 ORF; vi) separating cells from the
supernate; vii) recovering the expressed PPIV1 ORF protein; viil) inactivating the recombinant
viral vector; and ix) adding an equivalent amount of an agent that neutralizes the inactivation
agent within the solution.

In another aspect of the present disclosure, a method for preparing a composition,
preferably an antigenic composition, such as for example a vaccine, for invoking an immune
response against PPIV1 is provided. Generally, this method includes the steps of transfecting a
construct into a virus, wherein the construct comprises i) recombinant DNA from ORF of PPIV1,
ii) infecting cells in growth media with the transfected virus, iii) causing the virus to express the
recombinant protein from PPIV1 OREF, iv) recovering the expressed ORF protein, v) and
preparing the composition by combining the recovered protein with a suitable adjuvant and/or
other pharmaceutically acceptable carrier.

“Adjuvants” as used herein, can include aluminum hydroxide and aluminum phosphate,
saponins e.g., Quil A, QS-21 (Cambridge Biotech Inc., Cambridge MA), GPI-0100 (Galenica
Pharmaceuticals, Inc., Birmingham, AL), water-in-oil emulsion, oil-in-water emulsion, water-in-
oil-in-water emulsion. The emulsion can be based in particular on light liquid paraffin oil
(European Pharmacopea type); isoprenoid oil such as squalane or squalene oil resulting from
theoligomerization of alkenes, in particular of isobutene or decene; esters of acids or of alcohols
containing a linear alkyl group, more particularly plant oils, ethyl oleate, propylene glycol di-
(caprylate/caprate), glyceryl tri-(caprylate/caprate) or propylene glycol dioleate; esters of
branched fatty acids or alcohols, in particular isostearic acid esters. The oil is used in
combination with emulsifiers to form the emulsion. The emulsifiers are preferably nonionic
surfactants, in particular esters of sorbitan, of mannide (e.g. anhydromannitol oleate), of glycol,
of polyglycerol, of propylene glycol and of oleic, isostearic, ricinoleic or hydroxystearic acid,
which are optionally ethoxylated, and polyoxypropylene-polyoxyethylene copolymer blocks, in
particular the Pluronic products, especially L121. See Hunter et al., The Theory and Practical
Application of Adjuvants (Ed.Stewart-Tull, D. E. S.). JohnWiley and Sons, NY, pp51-94 (1995)
and Todd et al., Vaccine 15:564-570 (1997).

For example, it is possible to use the SPT emulsion described on page 147 of "Vaccine

Design, The Subunit and Adjuvant Approach” edited by M. Powell and M. Newman, Plenum
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Press, 1995, and the emulsion MF59 described on page 183 of this same book.

A further instance of an adjuvant is a compound chosen from the polymers of acrylic or
methacrylic acid and the copolymers of maleic anhydride and alkenyl derivative. Advantageous
adjuvant compounds are the polymers of acrylic or methacrylic acid which are cross-linked,
especially with polyalkenyl ethers of sugars or polyalcohols. These compounds are known by the
term carbomer (Phameuropa Vol. 8, No. 2, June 1996). Persons skilled in the art can also refer to
U. S. Patent No. 2,909,462 which describes such acrylic polymers cross-linked with a
polyhydroxylated compound having at least 3 hydroxyl groups, preferably not more than 8, the
hydrogen atoms of at least three hydroxyls being replaced by unsaturated aliphatic radicals
having at least 2 carbon atoms. The preferred radicals are those containing from 2 to 4 carbon
atoms, e.g. vinyls, allyls and other ethylenically unsaturated groups. The unsaturated radicals
may themselves contain other substituents, such as methyl. The products sold under the name
Carbopol ; (BF Goodrich, Ohio, USA) are particularly appropriate. They are cross-linked with an
allyl sucrose or with allyl pentaerythritol. Among then, there may be mentioned Carbopol 974P,
934P and 971P. Among the copolymers of maleic anhydride and alkenyl derivative, the
copolymers EMA (Monsanto) which are copolymers of maleic anhydride and ethylene. The
dissolution of these polymers in water leads to an acid solution that will be neutralized,
preferably to physiological pH, in order to give the adjuvant solution into which the
immunogenic, immunological or vaccine composition itself will be incorporated.

Further suitable adjuvants include, but are not limited to, the RIBI adjuvant system (Ribi
Inc.), Block co-polymer (CytRx, Atlanta GA), SAF-M (Chiron, Emeryville CA),
monophosphoryl lipid A, Avridine lipid-amine adjuvant, heat-labile enterotoxin from E. coli
(recombinant or otherwise), cholera toxin, IMS 1314 or muramyl dipeptide among many others.

Preferably, the adjuvant is added in an amount of about 100 pug to about 10 mg per dose.
Even more preferably, the adjuvant is added in an amount of about 100 pg to about 10 mg per
dose. Even more preferably, the adjuvant is added in an amount of about 500 pg to about 5 mg
per dose. Even more preferably, the adjuvant is added in an amount of about 750 pg to about 2.5
mg per dose. Most preferably, the adjuvant is added in an amount of about 1 mg per dose.

Thus, according to a further aspect, the method for preparing an antigenic composition,
such as for example a vaccine, for invoking an immune response against PPIV1 comprises i)

preparing and recovering PPIV1 ORF protein, and ii) admixing this with a suitable adjuvant.
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Preferably, the process step i) includes the process steps as described for the preparation and
recovery of PPIV1 ORF. For example, in preferred forms of this method, the construct
comprising PPIV1 ORF DNA is obtained in a transfer vector. Optionally, the method may
include the step of amplifying the ORF from a strain of PPIV1 through PCR prior to cloning the
OREF into the transfer vector. Preferred open reading frame sequences, Kozak’s sequences, 3'
EcoR1 site sequences, recombinant protein sequences, transfected construct sequences, media,
cells, and viruses are known in the art. Another optional step for this method includes cloning
the amplified PPIV1 ORF DNA into a first vector, excising the ORF DNA from this first vector,
and using this excised PPIV1 ORF DNA for cloning into the transfer vector. Preferably, the
recovery step of this method also includes the step of separating the media from the cells and cell
debris. This can be done in a variety of ways but for ease and convenience, it is preferred to
filter the cells, cell debris, and growth media through a filter having pores ranging in size from
about 0.45 pM to about 1.0 uM. Finally, for this method, it is preferred to include a virus
inactivation step prior to combining the recovered recombinant PPIV1 ORF protein in a
composition.

Thus according to a further aspect, this method comprises the steps: i) amplifying PPIV1
ORF DNA in vitro, wherein the flanking sequences of said PPIV1 ORF DNA are modified, ii)
cloning the amplified PPIV1 ORF DNA into a transfer vector; and iii) transfecting the transfer
vector or a portion thereof containing the recombinant PPIV1 ORF DNA into a viral vector to
generate the recombinant viral vector, iv) infecting cells in media with the transfected virus; v)
causing the transfected virus to express the recombinant protein from PPIV1 ORF; vi) separating
cells from the supernate; vii) recovering the expressed PPIV1 ORF protein; viii) inactivating the
recombinant viral vector; ix) adding of an equivalent amount of an agent that neutralizes the
inactivation agent within the solution, and x) adding a suitable amount of an adjuvant preferably
in amounts ranging from about 500 pg to about 5 mg per dose.

Additionally, the composition can include one or more pharmaceutical-acceptable
carriers. As used herein, "a pharmaceutical-acceptable carrier" includes any and all solvents,
dispersion media, coatings, stabilizing agents, diluents, preservatives, protectants including
antibacterial and antifungal agents, isotonic agents, adsorption delaying agents, and the like.
Stabilizers will be effective at maintaining stability or increasing the shelf life of the composition

for a longer period of time than a composition without the stabilizer. Preservatives will increase
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the shelf life of the composition for a longer period of time than a composition without the
preservative. Antibacterial agents will include antibiotics.  Most preferably, the composition
provided herewith contains PPIV1 ORF protein recovered from in vitro cultured cells, wherein
said cells were infected with a recombinant viral vector containing PPIV1 ORF DNA and
expressing PPIV1 ORF protein, and wherein said cell culture was treated to inactivate the viral
vector, and an equivalent concentration of a neutralization agent was added, and wherein
adjuvant and physiological saline is also added.

Thus, a further aspect relates to a method for preparing an antigenic composition, such as
for example a vaccine, for invoking an immune response against PPIV1 comprising the steps:
i) amplifying PPIV1 ORF DNA in vitro, wherein the flanking sequences of said PPIV1 ORF
DNA are preferably modified, ii) cloning the amplified PPIV1 ORF DNA into a transfer vector;
and iii) transfecting the transfer vector or a portion thereof containing the recombinant PPIV1
ORF DNA into a viral vector to generate the recombinant viral vector, iv) infecting cells in
media with the transfected virus; v) causing the transfected virus to express the recombinant
protein from PPIV1 ORF; vi) separating cells from the supernate; vii) recovering the expressed
PPIV1 ORF protein; viii) inactivating the recombinant viral vector; ix) adding an equivalent
amount of an agent that neutralizes the inactivation agent within the solution; x) adding a
suitable amount of an adjuvant; and xi) adding physiological saline, preferably in an amount of
about 50 to about 90% (v/v), more preferably to about 60 to 80% (v/v), still more preferably of
about 70% (v/v). Optionally, this method can also include the addition of a protectant. A
protectant as used herein, refers to an anti-microbiological active agent, such as for example
Gentamycin, Merthiolate, and the like. In particular adding a protectant is most preferred for the
preparation of a multi-dose composition. Those anti-microbiological active agents are added in
concentrations effective to prevent the composition of interest from any microbiological
contamination or for inhibition of any microbiological growth within the composition of interest.

Moreover, this method can also comprise the addition of any stabilizing agent, such as for
example saccharides, trehalose, mannitol, saccharose and the like, to increase and/or maintain
product shelf-life.

A further aspect of the present disclosure relates to the products resulting from the
methods as described above. In particular, the present disclosure relates to a composition of

matter comprising recombinantly expressed PPIV1 ORF protein. Preferably, this composition of
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matter also comprises an agent suitable for the inactivation of viral vectors and comprises an
agent, suitable for the inactivation of viral vectors.

In yet another aspect of the present disclosure, an immunogenic composition that induces
an immune response and, more preferably, confers protective immunity against the clinical signs
of PPIV1 infection, is provided. The composition generally comprises the polypeptide, or a
fragment thereof, expressed by an Open Reading Frame (ORF) of PPIV1, as the antigenic
component of the composition.

Any PPIV1 ORF would be effective as the source of the PPIV1 ORF DNA and/or
polypeptide as used herein. A preferred PPIV1 ORF protein is an ORF of SEQ ID NO. 1 or 2,
but it is understood by those of skill in the art that this sequence could vary by as much as 10-
15% in sequence homology and still retain the antigenic characteristics that render it useful in
immunogenic compositions. The antigenic characteristics of an immunological composition can
be, for example, estimated by challenge experiments. Moreover, the antigenic characteristic of an
modified antigen is still retained, when the modified antigen confers at least 70%, preferably
80%, more preferably 90% of the protective immunity as compared to a PPIV1 ORF protein,
encoded by the ORF polynucleotide sequence of SEQ ID NO:1 or 2.

An “immunogenic composition” as used herein, means a PPIV1 component which elicits
an “immunological response” in the host of a cellular and/or antibody-mediated immune
response to PPIV1 component. Preferably, this immunogenic composition is capable of
conferring protective immunity against PPIV1 infection and the clinical signs associated
therewith. In some forms, immunogenic portions of PPIV1 ORF protein are used as the
antigenic component in the composition and in some other forms, PP1V1 DNA is used. The term
“immunogenic portion” as used herein refers to truncated and/or substituted forms, or fragments
of PPIV1 OREF protein and/or polynucleotide, respectively. Preferably, such truncated and/or
substituted forms, or fragments will comprise at least 6 contiguous amino acids from the full-
length ORF polypeptide. More preferably, the truncated or substituted forms, or fragments will
have at least 10, more preferably at least 15, and still more preferably at least 19 contiguous
amino acids from the full-length ORF polypeptide. It is further understood that such sequences
may be a part of larger fragments or truncated forms. Preferably, such truncated or substituted
forms, or fragments will comprise at least 18 contiguous nucleotides from a full-length ORF

nucleotide sequence, e.g. an ORF of SEQ ID NO: 1. More preferably, the truncated or
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substituted forms, or fragments will have at least 30, more preferably at least 45, and still more
preferably at least 57 contiguous nucleotides a full-length ORF nucleotide sequence, e.g. an ORF
of SEQ ID NO: 1.

Thus, a further aspect of the present disclosure relates to an immunogenic composition
effective for lessening the severity of clinical symptoms associated with PPIV1 infection
comprising PPIV1 ORF protein. Preferably, the PPIV1 ORF protein is:

i) a polypeptide comprising an ORF encoded by the sequence of SEQ ID NO: 1 or

2;
ii) any polypeptide that is at least 80% homologous to the polypeptide of 1);
iii) any immunogenic portion of the polypeptides of 1) and/or ii);
iv) the immunogenic portion of iii), comprising at least 10 contiguous amino acids
included in the sequences of an ORF of SEQ ID NO: 1 or 2;

V) a polypeptide that is encoded by a polynucleotide comprising an ORF of sequence
of SEQ ID NO: 1 or 2;

vi) any polypeptide that is encoded by a polynucleotide that is at least 80%
homologous to the polynucleotide of v);

vii)  any immunogenic portion of the polypeptides encoded by the polynucleotide of v)

and/or vi); or

viii) the immunogenic portion of vii), wherein the polynucleotide coding for said

immunogenic portion comprises at least 30 contiguous nucleotides included in
the sequences of SEQ ID NO: 1 or 2.

Preferably any of those immunogenic portions will have the immunogenic characteristics
of PPIV1 OREF protein that is encoded by the ORF of sequence of SEQ ID NO: 1 or 2.

According to a further aspect, PPIV1 ORF protein is provided in the immunological
composition at an antigen inclusion level effective for inducing the desired immune response,
namely reducing the incidence of or lessening the severity of clinical signs resulting from PPIV1
infection. Preferably, the PPIV1 OREF protein inclusion level is at least 0.2 pg antigen / ml of the
final immunogenic composition (pg/ml), more preferably from about 0.2 to about 400 pg/ml.

The PPIV1 ORF polypeptide used in an immunogenic composition in accordance with
the present disclosure can be derived in any fashion including isolation and purification of PPIV1

ORF, standard protein synthesis, and recombinant methodology. Preferred methods for
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obtaining PPIV1 ORF polypeptide are described herein. Briefly, susceptible cells are infected
with a recombinant viral vector containing PPIV1 ORF DNA coding sequences, PPIV1 ORF
polypeptide is expressed by the recombinant virus, and the expressed PPIV1 ORF polypeptide is
recovered by filtration and inactivated by any conventional method.

Thus, according to a further aspect the immunogenic composition comprises i) any of the
PPIV1 OREF proteins described above, preferably in concentrations described above, and ii) at
least a portion of the viral vector expressing said PPIV1 ORF protein. Moreover, according to a
further aspect, the immunogenic composition comprises 1) any of the PPIV1 ORF proteins
described above, preferably in concentrations described above, ii) at least a portion of the viral
vector expressing said PPIV1 ORF protein, and iii) a portion of the cell culture supernate.

According to a further aspect, the present disclosure relates to an immunogenic
composition that comprises i) any of the PPIV1 ORF protein described above, preferably in
concentrations described above, ii) at least a portion of the viral vector expressing said PPIV1
ORF protein, iii) a portion of the cell culture, iv) and inactivating agent to inactivate the
recombinant viral vector, wherein about 90% of the components i) to iii) have a size smaller than
I pm.

According to a further aspect, the present disclosure relates to an immunogenic
composition that comprises i) any of the PPIV1 ORF proteins described above, preferably in
concentrations described above, ii) at least a portion of the viral vector expressing said PPIV1
ORF protein, iii) a portion of the cell culture, iv) an inactivating agent to inactivate the
recombinant viral vector, and v) an neutralization agent to stop the inactivation mediated by the
inactivating agent, wherein about 90% of the components 1) to iii) have a size smaller than 1 pm.

The polypeptide is incorporated into a composition that can be administered to an animal
susceptible to PPIV1 infection. In preferred forms, the composition may also include additional
components known to those of skill in the art (see also Remington's Pharmaceutical Sciences.
(1990). 18th ed. Mack Publ., Easton). Additionally, the composition may include one or more
veterinary-acceptable carriers. As used herein, "a veterinary-acceptable carrier” includes any and
all solvents, dispersion media, coatings, adjuvants, stabilizing agents, diluents, preservatives,

antibacterial and antifungal agents, isotonic agents, adsorption delaying agents, and the like.
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In a preferred embodiment, the immunogenic composition comprises PPIV1 ORF protein
as provided herewith, preferably in concentrations described above as an antigenic component,
which is mixed with an adjuvant and physiological saline.

Those of skill in the art will understand that the composition herein may incorporate
known injectable, physiologically acceptable, sterile solutions. For preparing a ready-to-use
solution for parenteral injection or infusion, aqueous isotonic solutions, such as e.g. saline or
corresponding plasma protein solutions are readily available. In addition, the immunogenic and
vaccine compositions of the present disclosure can include diluents, isotonic agents, stabilizers,
or adjuvants. Diluents can include water, saline, dextrose, ethanol, glycerol, and the like.
Isotonic agents can include sodium chloride, dextrose, mannitol, sorbitol, and lactose, among
others. Stabilizers include albumin and alkali salts of ethylendiamintetracetic acid, among others.
Suitable adjuvants, are those described above.

Thus, the present disclosure also relates to an immunogenic composition that comprises i)
any of the PPIV1 ORF proteins described above, preferably in concentrations described above,
ii) at least a portion of the viral vector expressing said PPIV1 ORF protein, iii) a portion of the
cell culture, iv) an inactivating agent to inactivate the recombinant viral vector, and v) a
neutralization agent to stop the inactivation mediated by the inactivating agent; and vi) a suitable
adjuvant in amounts described above; wherein about 90% of the components i) to iii) have a size
smaller than 1 pm. According to a further aspect, this immunogenic composition further
comprises a pharmaceutical acceptable salt, preferably a phosphate salt in physiologically
acceptable concentrations. Preferably, the pH of said immunogenic composition is adjusted to a
physiological pH, meaning between about 6.5 and 7.5.

The immunogenic compositions can further include one or more other
immunomodulatory agents such as, e. g., interleukins, interferons, or other cytokines. The
immunogenic compositions can also include Gentamicin and Merthiolate. While the amounts
and concentrations of adjuvants and additives useful in the context of the present disclosure can
readily be determined by the skilled artisan, the present disclosure contemplates compositions
comprising from about 50 pg to about 2000 ng of adjuvant and preferably about 250 pg/ ml dose
of the vaccine composition. In another preferred embodiment, the present disclosure
contemplates vaccine compositions comprising from about lug/ml to about 60 pg/ml of

antibiotics, and more preferably less than about 30 pg/ml of antibiotics.
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Thus, the present disclosure also relates to an immunogenic composition that comprises i)
any of the PPIV1 ORF proteins described above, preferably in concentrations described above,
ii) at least a portion of the viral vector expressing said PPIV1 ORF protein, iii) a portion of the
cell culture, iv) an inactivating agent to inactivate the recombinant viral vector, and v) an
neutralization agent to stop the inactivation mediated by the inactivating agent; vi) a suitable
adjuvant in amounts described above; vii) a pharmaceutical acceptable concentration of a saline
buffer, preferably of a phosphate salt, and viii) an anti-microbiological active agent; wherein
about 90% of the components 1) to iii) have a size smaller than 1 pm.

It will be found that the immunogenic compositions comprising recombinant PPIV1 ORF
protein as provided herewith are very effective in reducing severity of or incidence of the clinical
symptoms associated with PPIV1 infections. Clinical symptoms will include one or more of
respiratory symptoms similar to influenza or PRRSV, decreased appetite, decrease rate of weight
gain, weight loss, and slower weaning.

A further aspect relates to a container comprising at least one dose of the immunogenic
composition of PPIV1 ORF protein as provided herewith, wherein one dose comprises at least 2
ng PPIV1 OREF protein. Said container can comprise from 1 to 250 doses of the immunogenic
composition, preferably it contains 1, 10, 25, 50, 100, 150, 200, or 250 doses of the
immunogenic composition of PPIV1 ORF protein. Preferably, each of the containers comprising
more than one dose of the immunogenic composition of PPIV1 ORF protein further comprises
an anti-microbiological active agent. Those agents are for example, antibiotics including
Gentamicin and Merthiolate and the like. Thus, one aspect of the present disclosure relates to a
container that comprises from 1 to 250 doses of the immunogenic composition of PPIV1 ORF
protein, wherein one dose comprises at least 2 pg PPIV1 ORF protein, and Gentamicin and/or
Merthiolate, preferably from about 1 pg/ml to about 60 pg/ml of antibiotics, and more preferably
less than about 30 pg/ml.

A further aspect relates to a kit, comprising any of the containers, described above, and
an instruction manual, including the information for the intramuscular application of at least one
dose of the immunogenic composition of PPIV1 ORF protein into piglets to lessen the severity
of clinical symptoms associated with PPIV1 infection. Moreover, according to a further aspect,
said instruction manual comprises the information of a second or further administration(s) of at

least one dose of the immunogenic composition of PPIV1 ORF, wherein the second
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administration or any further administration is at least 14 days beyond the initial or any former
administration. Preferably, said instruction manual also includes the information, to administer
an immune stimulant. Preferably, said immune stimulant shall be given at least twice. Preferably,
at least 3, more preferably at least 5, and even more preferably at least 7 days are between the
first and the second or any further administration of the immune stimulant. Preferably, the
immune stimulant is given at least 10 days, preferably 15, even more preferably 20, and still
even more preferably at least 22 days beyond the initial administration of the immunogenic
composition of PPIV1 ORF protein. It is understood that any immune stimulant known to a
person skilled in the art can also be used. “Immune stimulant” as used herein, means any agent
or composition that can trigger a general immune response, preferably without initiating or
increasing a specific immune response, for example the immune response against a specific
pathogen. It is further instructed to administer the immune stimulant in a suitable dose.
Moreover, the kit may also comprise a container, including at least one dose of the immune
stimulant.

A further aspect of the present disclosure relates to the kit as described above, comprising
the immunogenic composition of PPIV1 ORF as provided herewith and the instruction manual,
wherein the instruction manual further includes the information to administer the PPIV1 ORF
immunogenic composition together, or around the same time as, with an immunogenic
composition that comprises an additional antigen effective for reducing the severity of or
incidence of clinical signs related to another porcine pathogen. Preferably, the manual contains
the information of when the PPIVI ORF containing composition and the immunogenic
composition that comprises an additional antigen are administered.

A further aspect, relates to the use of any of the compositions provided herewith as a
medicament, preferably as a veterinary medicament, even more preferably as a vaccine.
Moreover, the present disclosure also relates to the use of any of the compositions described
herein, for the preparation of a medicament for lessening the severity of clinical symptoms
associated with PPIV1 infection. Preferably, the medicament is for the prevention of a PPIV1
infection, even more preferably in piglets.

A further aspect relates to a method for (i) the prevention of an infection, or re-infection
with PPIV1 or (ii) the reduction or elimination of clinical symptoms caused by PPIV1 in a

subject, comprising administering any of the immunogenic compositions provided herewith to a
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subject in need thereof. Preferably, the subject is a pig. Preferably, one dose or two doses of the
immunogenic composition is/are administered, wherein one dose preferably comprises at least
about 2 pg PPIV1 ORF protein. A further aspect relates to the method of treatment as described
above, wherein a second application of the immunogenic composition is administered.
Preferably, the second administration is done with the same immunogenic composition,
preferably having the same amount of PPIV1 ORF protein. Preferably, the second administration
is done at least 14 days beyond the initial administration, even more preferably at least 4 weeks
beyond the initial administration.

According to a further aspect, the method of treatment also comprises the administration
of an immune stimulant. Preferably, said immune stimulant is administered at least twice.
Preferably, at least 3, more preferably at least 5 days, even more preferably at least 7 days are
between the first and the second administration of the immune stimulant. Preferably, the immune
stimulant is administered at least 10 days, preferably 15, even more preferably 20, still more
preferably at least 22 days beyond the initial administration of the PPIV1 ORF immunogenic
composition. It is within the general knowledge of a person skilled in the art to administer the
immune stimulant in a suitable dose.

According to a further aspect, the present disclosure provides a multivalent combination
vaccine which includes an immunological agent effective for reducing the incidence of or
lessening the severity of PPIVI1 infection, and at least one immunogenic active component
against another disease-causing organism in swine.

In particular the immunological agent effective for reducing the incidence of or lessening
the severity of PPIV1 infection is a PPIV1 antigen. Preferably, said PPIV1 antigen is a PPIV1
OREF protein as provided herewith, or any immunogenic composition as described above, that
comprises PPIV1 OREF protein.

However it is herewith understood, that a PPIV1 antigen also refers to any composition
of matter that comprises at least one antigen that can induce, stimulate or enhance the immune
response against PPIV1 infection, when administered to a pig. In some forms, said PPIV1
antigen is the whole PPIV1 virus, preferably in an inactivated form, a live modified or attenuated
PPIV1 virus, a chimeric virus that comprises at least an immunogenic amino acid sequence of
PPIV1, any other polypeptide or component that comprises at least an immunogenic amino acid

sequence of PPIV1. It is understood that any ORF of PPIV1 can be used for purposes of the
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present invention. Multiple ORFs of PPIV1 may be used for purposes of the immunogenic
composition. The terms "immunogenic protein”, “immunogenic polypeptide” or “immunogenic
amino acid sequence” as used herein refer to any amino acid sequence which elicits an immune
response in a host against a pathogen comprising said immunogenic protein, immunogenic
polypeptide or immunogenic amino acid sequence. An “immunogenic protein”, “immunogenic
polypeptide” or “immunogenic amino acid sequence” as used herein, includes the full-length
sequence of any proteins, analogs thereof, or immunogenic fragments thereof. By "immunogenic
fragment” is meant a fragment of a protein which includes one or more epitopes and thus elicits
the immunological response against the relevant pathogen. Such fragments can be identified
using any number of epitope mapping techniques, well known in the art. See, e.g., Epitope
Mapping Protocols in Methods in Molecular Biology, Vol. 66 (Glenn E. Morris, Ed., 1996)
Humana Press, Totowa, New Jersey. For example, linear epitopes may be determined by e.g.,
concurrently synthesizing large numbers of peptides on solid supports, the peptides
corresponding to portions of the protein molecule, and reacting the peptides with antibodies
while the peptides are still attached to the supports. Such techniques are known in the art and
described in, e.g., U.S. Patent No. 4,708,871; Geysen et al. (1984) Proc. Natl. Acad. Sci. USA
81:3998-4002; Geysen et al. (1986) Molec. Immunol. 23:709-715. Similarly, conformational
epitopes are readily identified by determining spatial conformation of amino acids such as by,
e.g., x-ray crystallography and 2-dimensional nuclear magnetic resonance. See, e.g., Epitope
Mapping Protocols, supra. Synthetic antigens are also included within the definition, for
example, polyepitopes, flanking epitopes, and other recombinant or synthetically derived
antigens. See, e.g., Bergmann et al. (1993) Eur. J. Immunol. 23:2777-2781; Bergmann et al.
(1996), J. Immunol. 157:3242-3249; Suhrbier, A. (1997), Immunol. and Cell Biol. 75:402-408;
Gardner et al., (1998) 12th World AIDS Conference, Geneva, Switzerland, June 28-July 3, 1998.

Preferably the other disease-causing organism in swine is selected from the group
consisting of: Actinobacillus pleuropneumonia; Adenovirus; Alphavirus such as Eastern equine
encephalomyelitis viruses;  Bordetella bronchiseptica;  Brachyspira spp., preferably B.
hyodyentheriae; B. piosicoli, Brucella suis, preferably biovars 1, 2, and 3; Classical swine fever
virus; Clostridium spp., preferably Cl. difficile, Cl. perfringens types A, B, and C, Cl. novyi,
Cl.septicum, CIl. tetani; Coronavirus, preferably Porcine Respiratory Corona virus;

Eperythrozoonosis suis; Erysipelothrix rhusiopathiae; Escherichia coli; Haemophilus parasuis,
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preferably subtypes 1, 7 and 14: Hemagglutinating encephalomyelitis virus; Japanese
Encephalitis Virus; Lawsonia intracellularis; Leptospira spp.; preferably Leptospira australis;
Leptospira canicola;  Leptospira grippotyphosa; Leptospira icterohaemorrhagicae; and
Leptospira interrogans;, Leptospira pomona; Leptospira tarassovi; Mycobacterium spp.
preferably M. avium; M. intracellulare; and M. bovis; Mycoplasma hyopneumoniae (M hyo);
Pasteurella multocida; Porcine cytomegalovirus; Porcine Parvovirus; Porcine Reproductive and
Respiratory Syndrome (PRRS) Virus; Pseudorabies virus; Rotavirus; Salmonella spp.;
preferably S. thyhimurium; and S. choleraesuis; Staph. hyicus; Staphylococcus spp. preferably
Streptococcus spp., preferably Strep. suis; Swine herpes virus; Swine Influenza Virus; Swine
pox virus; Vesicular stomatitis virus; Virus of vesicular exanthema of swine; Leptospira hardjo;
and/or Mycoplasma hyosynoviae.

An “immunological active component” as used herein means a component that induces or
stimulates the immune response in an animal to which said component is administered.
According to a preferred embodiment, said immune response is directed to said component or to
a microorganism comprising said component. According to a further preferred embodiment, the
immunological active component is an attenuated microorganism, including modified live virus
(MLV), a killed-microorganism or at least an immunological active part of a microorganism.

“Immunological active part of a microorganism” as used herein means a protein-, sugar-,
and or glycoprotein containing fraction of a microorganism that comprises at least one antigen
that induces or stimulates the immune response in an animal to which said component is
administered. According to a preferred embodiment, said immune response is directed to said
immunological active part of a microorganism or to a microorganism comprising said

immunological active part.

Formulations

An important aspect of the present disclosure is the preparation of the combination
vaccine(s). The skilled person knows additional components which may be comprised in said
composition (see also Remington's Pharmaceutical Sciences. (1990). 18th ed. Mack Publ.,
Easton). The expert may use known injectable, physiologically acceptable, sterile solutions. For
preparing a ready-to-use solution for parenteral injection or infusion, aqueous isotonic solutions,

such as e.g. saline or corresponding plasma protein solutions, are readily available. The
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pharmaceutical compositions may be present as lyophylisates or dry preparations, which can be
reconstituted with a known injectable solution directly before use under sterile conditions, e.g. as
a kit of parts.

In addition, the immunogenic and vaccine compositions of the present disclosure can
include one or more veterinary-acceptable carriers. As used herein,"a veterinary-acceptable
carrier"includes any and all solvents, dispersion media, coatings, adjuvants, stabilizing agents,
diluents, preservatives, antibacterial and antifungal agents, isotonic agents, adsorption delaying
agents, and the like.

Diluents can include water, saline, dextrose, ethanol, glycerol, and the like. Isotonic
agents can include sodium chloride, dextrose, mannitol, sorbitol, and lactose, among others.
Stabilizers include albumin and alkali salts of ethylendiamintetracetic acid, among others.

Preferred adjuvants are those as described above. The immunogenic compositions can
further include one or more other immunomodulatory agents such as, e. g..interleukins,
interferons, or other cytokines. The immunogenic compositions can also include Gentamicin and
Merthiolate. While the amounts and concentrations of adjuvants and additives useful in the
context of the present disclosure can readily be determined by the skilled artisan, the present
disclosure contemplates compositions comprising from about 50 ug to about 2000 ug of adjuvant
and preferably about 250 ug/ ml dose of the vaccine composition. In another preferred
embodiment, the present disclosure contemplates vaccine compositions comprising from about
lug/ml to about 60 ug/ml of antibiotics, and more preferably less than about 30 ug/ml of
antibiotics.

According to a further embodiment the combination vaccine is first dehydrated. If the
composition is first lyophilized or dehydrated by other methods, then, prior to vaccination, said
composition is rehydrated in aqueous (e.g. saline, PBS (phosphate buffered saline)) or non-
aqueous solutions (e.g. oil emulsion (mineral oil, or vegetable/metabolizable oil based/single or

double emulsion based), aluminum-based, carbomer based adjuvant).
Dosage and administration

According to the present disclosure, an effective amount of a combination vaccine

administered to pigs provides effective immunity against microbiological infections caused by
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PPIV1 and at least one further pathogen as listed above. Preferred combinations of antigens for
the treatment and prophylaxis of microbiological diseases in pigs are listed above.

According to a further embodiment, the combination vaccine is administered to pigs in
one or two doses at an interval of about 2 to 4 weeks. For example, the first administration is
performed when the animal is about 2 to 3 weeks to about 8 weeks of age. The second
administration is performed about 1 to about 4 weeks after the first administration of the first
vaccination. According to a further embodiment, revaccination is performed in an interval of 3 to
12 month after administration of the second dose. Administration of subsequent vaccine doses is
preferably done on a 6 month to an annual basis. In another preferred embodiment, animals
vaccinated before the age of about 2 to 3 weeks should be revaccinated. Administration of
subsequent vaccine doses is preferably done on an annual basis.

The amount of combination vaccine that is effective depends on the ingredients of the
vaccine and the schedule of administration. Typically, when an inactivated virus or a modified
live virus preparation is used in the combination vaccine, an amount of the vaccine containing
about 10” to about 10° TCIDsg per dose, preferably about 10° to about 10® TCIDs per dose, more
preferably, about 10" to about 10° TCIDsg per dose. In general, inactivated antigen is normally
used in higher amounts than live modified viruses. Typically, when bacterial antigen is used in
the combination vaccine, the vaccine containing an amount of about 10° to about 10° colony
forming units (CFU) per dose, preferably, about 10" to about 10° (CFU) per dose, more
preferably about 10° to about 10° (CFU) per dose. Sub-unit vaccines are normally administered
with an antigen inclusion level of at least 0.2 pg antigen per dose, preferably with about 0.2 to
about 400 pg/dose, still more preferably with about 0.3 to about 200 pg/dose, even more
preferably with about 0.35 to about 100 pg/dose, still more preferably with about 0.4 to about 50
ng/dose, still more preferably with about 0.45 to about 30 pg/dose, still more preferably with
about 0.6 to about 15 pg/dose, even more preferably with about 0.75 to about 8 pg/dose, even
more preferably with about 1.0 to about 6 pg/dose, and still more preferably with about 1.3 to
about 3.0 pg/dose. For example, the antigen inclusion level of the PPIV1 ORF antigen,
preferably of the PPIV1 ORF protein as provided herewith, contains about 2 pug to about 150 pg,
preferably about 2 pug to about 60 pg, even more preferably about 2pg to about 50 pg, even more
preferably about 2pg to about 40 pg, even more preferably about 2pg to about 30 ug, even more
preferably about 2pg to about 25 ng, even more preferably about 2pg to about 20 pg, even more
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preferably about 4 ug to about 20 pg, and even more preferably about 4pg to about 16 png. In
the case of combination vaccines that include (37), it is preferred to use at least 1 to 10 logs,
more preferably, 5-10 logs, and most preferably, 6-8 logs. In the case of combination vaccines
that include (41), it is preferred to use at least 1 to 10 logs, more preferably, 3-10 logs, and most
preferably, 5-6 logs.

The composition according to the disclosure may be applied intradermally,
intratracheally, or intravaginally. The composition preferably may be applied intramuscularly or
intranasally. In an animal body, it can prove advantageous to apply the pharmaceutical
compositions as described above via an intravenous injection or by direct injection into target
tissues. For systemic application, the intravenous, intravascular, intramuscular, intranasal,
intraarterial, intraperitoneal, oral, or intrathecal routes are preferred. A more local application can
be effected subcutaneously, intradermally, intracutaneously, intracardially, intralobally,
intramedullarly, intrapulmonarily or directly in or near the tissue to be treated (connective-,
bone-, muscle-, nerve-, epithelial tissue). Depending on the desired duration and effectiveness of
the treatment, the compositions according to the disclosure may be administered once or several
times, also intermittently, for instance on a daily basis for several days, weeks or months, and in

different dosages.

Methods for treatment

Yet another important embodiment of the disclosure is a method for the prophylaxis or
treatment of diseases caused by PPIV1, and one or more swine pathogenic microorganism(s),
wherein a PPIV1 antigen, preferably a PPIV1 ORF protein as provided herewith, and further
immunological active components effective for the treatment and/or prophylaxis of the infection
caused by said further swine pathogenic microorganism is administered to an animal in need
thereof at a suitable dosage. According to a further aspect, said PPIV1 ORF protein, is part of an
antigenic composition, as described above. Thus, yet another aspect of the present disclosure
relates to a combination vaccine that comprises any one of the antigenic compositions provided
herewith and that comprises PPIV1 ORF protein, and another immunological active component
effective for the treatment and/or prophylaxis of an infection caused by said other swine

pathogenic microorganism.
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EXAMPLES
This example illustrates the PPIV1 sequences used in the present disclosure.
Materials and Methods

Collection of samples. Metagenomic sequencing was performed on a pool of two nasal
swabs originating from a commercial swine operation in Oklahoma. The samples were submitted
to KSVDL from 10-21 day old pigs with acute respiratory disease and had previously tested
positive by quantitative reverse transcription polymerase chain reaction (qQRT-PCR) for PPIV1 at
ISUVDL. Furthermore, these nasal swabs tested negative for influenza A virus (IAV) at
ISUVDL. In addition, samples from four pigs with acute respiratory disease were collected from
a commercial swine farm in Illinois. A total of 279 porcine nasal swab, oral fluids or lung
homogenate samples submitted to ISUVDL for diagnostic testing were screened for the presence
of PPIV1 using a qRT-PCR targeting the N gene. The serum samples used for serology were
submitted to ISUVDL for porcine reproductive and respiratory syndrome virus (PRRSV) qRT-
PCR testing. The serum samples for serology were obtained from eight states: Jowa (n=18),
North Carolina (n=6), Nebraska (n=6), Missouri (n=1), Oklahoma (n=6), Minnesota (n=1),
Indiana (n=1), Illinois (n=2), Mexico (n=5) and unknown (n=14). Sera (n=18) were also
obtained from 3-week old pigs from a specific pathogen free research herd and used as negative
controls.

Metagenomic Sequencing. Metagenomic sequencing was performed as previously
described (Hause et al., 2015b; Neill ef al., 2014). Nasal swab samples were pooled and treated
with nucleases at 37°C for 90 minutes to enrich for viral genetic material. Viral nucleic acids
were extracted using the MinElute Virus spin filter kit (Qiagen, Valencia, CA) according to the
manufacturer’s instructions. Synthesis of the first-strand cDNA from viral RNA was performed
using the Superscript III first-strand synthesis kit as specified by the manufacturer with
previously described primers (Allander et al., 2005). Second strand synthesis was completed
with Sequenace 2.0 DNA polymerase followed by cDNA purification using the Agencourt
AMPure XP beads using the suggested protocol size selection >300 bp. The double stranded
cDNA was amplified with TaKaRa DNA polymerase primers identical those used for first strand
synthesis but lacking the random hexamer. A second round of size selection and purification was
performed using the Agentcourt AMPure XP beads again selecting for products >300bp.

Amplicons were quantified using a Qubit fluorimeter and libraries were prepared by the standard
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Nextera XT library preparation kit protocol. Libraries were pooled and sequenced using paired
150 bp reads on an Illumina Miseq instrument.

Data Analysis. Raw sequence reads were parsed based on barcodes incorporated during
library preparation and imported into CLC Genomics Workbench (CLC Bio version 7.0). Reads
were mapped to the host genome (Sus scrofa) and from the unmapped reads, contigs were
assembled de novo. Contigs were analyzed by BLASTN. PPIV1 genomes were assembled using
a reference based assembler with the S119N strain of PPIV1 as a reference (GenBank
JX857411). Sequences were aligned using ClustalW and phylogenetic trees were constructed
using MEGA 6.06 software using the maximum-likelihood method with topology verified by
1000 bootstrap replicates (Tamura et al., 2013).

RT-PCR for PPIVI HN. Viral RNA was isolated using the MagMax-96 total nucleic acid
isolation according to manufacturer’s instructions. To determine the presence of PPIVI1 in
samples, a 5’-nuclease assay was designed targeting the N gene: probe, 5’-FAM- AGC AGA
GGA GAT GGG AAA CAA CCA (SEQ ID No. 3)-lowa Black-3’; Forward, 5’- CGG ATA
CTT CAT CGT CAG TGT T-3’(SEQ ID No. 4); Reverse, 5’- TGG AGA CAA CAA AGG GAG
AAT AG-3’(SEQ ID No. 5). Quantitative RT-PCR using the Qiagen Quantitect RT-PCR kit with
the following conditions: 50°C, 30 minutes; 95°C, 15 minutes; and 45 cycles of 94°C, 15
seconds and 60°C for 60 seconds. The specificity of the assay was verified using samples
positive for PPIV1 by metagenomic sequencing and common swine respiratory viruses, IAV and
PRRSV. To investigate PPIV1 genetic diversity, 1976 bp fragment of the HN gene was
amplified using forward primer 1: 5°-TTA GGG TGC ACG ACA GTA AC-3’(SEQ ID NO. 6)
and reverse primer 1: 5°-GTC CAC AGG TCA CTT ATC-3’ (SEQ ID No. 7)or forward primer
2: 5°-TTA GGG TGC ACG ACA GTA ACT C-3°(SEQ ID No. 8) and reverse primer 2: 5’-CCA
CAG ATC ACC TGT CTC TAA G-3° (SEQ ID No. 9) which amplified a 1873 bp fragment.
PCR products were sequenced by Sanger methodology using forward and reverse primers
utilized for PCR. Sequencing of the HN gene fragment derived from HN primer set 2 required
additional primers: 5°-CGG TGA GAA AGG ATG A-3°(SEQ ID No. 10) and 5’-CAA AGG
GTC CTC TAG AAG-3’ (SEQ ID No. 11). The RT-PCR was performed using the Superscript
III One-Step RT-PCR kit with Platinum Taq with the HN primers and probes as follows: 45°C,
30 minutes; 94°C, 2 minutes; followed by 40 cycles of 94°C, 15 seconds; 55°C, 30 seconds; and
68°C for 30 seconds.

57



WO 2017/120168 PCT/US2017/012098

Virus Isolation. Virus isolation was attempted on swine testicle cells (ST), porcine
alveolar macrophages (PAM), primary porcine kidney cells (PK-15) and African green monkey
kidney cells (Vero). Cell lines were maintained in minimal essential media (MEM)
supplemented with L-glutamine and 5% fetal bovine sera. Porcine kidneys, sourced from an
abattoir, were purchased from Innovative Research. Primary porcine kidney cells were cultured
by treatment of finely minced kidneys with 0.25% trypsin at 37°C for 4 hours following transfer
to cell culture flasks with MEM with L-glutamine and 100 units/mL penicillin, 100 pg/mL
streptomycin and 0.25 pg/mL amphotericin B. Cell culture fluids were removed from the 12-
well plates (>80% confluency) and 25-100uL of sample (depending on available sample volume)
was inoculated into ImL of viral replacement media, which consisted of MEM and penicillin-
streptomycin solution. Plates were incubated 5 days before being frozen, thawed, and passaged
as above to fresh monolayers. Cells were observed daily for cytopathic effects and PPIV1
growth was monitored by qRT-PCR.

Immunocapture PCR. Serological analysis was performed using an immunoprecipitation
coupled to PCR detection assay (ICPD) modeled after the luciferase immunoprecipitation
system (Burbelo ef al., 2009, 2011). To measure antibody titers, 10ul serum was added to 40ul
buffer A (50mM Tris, pH 7.5, 100mM NaCl, 5 mM MgCl,, 1% Triton X-100) in a 96-well
microtiter polypropylene deep well plate. A pool of PPIV-1 RT-PCR positive nasal swabs
(Ct=29.3) served as antigen; 50 ul was added to sample wells on the assay plate and incubated at
1800 rpm for 60 minutes at room temperature. Next, 500ul of Protein G magnetic Dynabeads®
were resuspended in 1 ml of PBST and 10ul was added to the bottom of each well of the assay
plate. The plate was incubated with rotation for 20 minutes at room temperature. After
incubation, magnetic beads were captured at the bottom of the wells by incubating the plate for 1
minute on a magnetic plate separator. The plate was washed with 100ul buffer A, incubated for 1
minute on a plate shaker at 1800 rpm and subsequently captured on the magnet for one minute.
The wash liquid was discarded and the plate was washed two more times with buffer A and two
times with PBST following the same procedure. After the final wash was discarded, bound
antibodies were eluted by the addition of 20ul of 50mM Glycine pH 2.8 to each well. The plate
was incubated at room temperature on a plate shaker for 2 minutes and captured on the magnetic

plate separator. The supernatant was transferred to a clean 96-well plate. The pH was adjusted by
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adding 30ul of 1M Tris pH 7.5 and the resulting nucleic acid was purified using the Qiagen
MagMax DNA/RNA isolation kit and subsequently tested for PPIV-1 by qRT-PCR.

Recombinant F protein ELISA. A fragment of the PPIV1 F gene encoding amino acids
44-245 was commercially synthesized and cloned into the pET28a (Novagen, Madison, WI)
vector using the BamHI and Xhol restriction sites. The pET28a-F plasmids were transformed
into E.coli BL21 (DE3) cells, grown in 2x yeast extract tryptone (YT) medium and induced by
the addition of isopropyl B-d-1-thiogalactopyranoside (IPTG). Protein purification was
performed using B-PER reagent extraction (Pierce, Rockford, IL) followed by Ni-NTA affinity
purification using the N-terminal His tag from the pET28 vector. The Ni-NTA agarose (Qiagen,
Valencia, CA) purification was completed following the manufacturer’s instructions. Aliquots of
purified protein were stored at -80°C. Recombinant protein purity was assessed by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) under denaturing conditions
and stained with Coomassie brilliant blue G-250 (BioRad, Hercules, CA). Further verification
was performed by Western blot detecting the His-tag at the N-terminal of the recombinant
protein. Briefly, protein from the SDS-PAGE gel was transferred to a nitrocellulose membrane
(Whatman Piscataway, NJ) by electroblotting and incubated at room temperature for two hours
with anti-Histidine monoclonal antibody (Novagen, Madison, WI). The membrane was washed
3x with phosphate saline buffer with 0.05% Tween 20 (PBST) and incubated for 2 hours at room
temperature with IRDye 800CW-conjuagted goat anti-mouse antibody (LI-COR Biosciences,
Lincoln, NE). The membrane was visualized using a digital imaging system (FLUOstar Omega,
microplate reader, BMG Labtech).

The ELISA was performed similar to assays previously described with a few
modifications (Hause er al., 2015a; Lin et al., 2005). Briefly, Corning EIA/RIA High-binding
plates were coated with 100ul of 2ug/ml purified recombinant PPIV-1 F protein diluted in 0.1M
sodium carbonate buffer (pH 9.6) and incubated at room temperature for 20 hours. Plates were
washed 3x in PBST and 100ul Starting Block (Thermo Fisher Scientific, Waltham, MA) was
added to each well. After incubation for 1 hour at 37°C, plates were again washed in PBST.
Serum samples were diluted 1:100 in PBST and 100ul/well was added to the plates. Plates were
incubated for 1 hour at 37°C before being washed 3x with PBST. The goat anti-swine IgG
secondary antibody labeled with horseradish peroxidase was diluted to 1:2,000 in PBST and
100ul was added to each well of the assay plate. Plates were incubated at 37°C for 1 hour and
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washed 3x with PBST. Plates were developed using a commercial peroxidase assay kit (ABTS
ELISA HRP substrate, KPL, Gaitersburg, MD) for 10 minutes at room temperature. The reaction
was stopped by the addition of stop solution and measure at an absorbance of 405nm on a
microplate reader.

In situ Hybridization (ISH). A viral RNA probe targeting nucleotides 2-1206 of the N
gene was synthesized for ISH analysis (Advanced Cell Diagnostics, Hayward, CA). The assay
was performed on trachea and nasal turbinate tissue samples from the pathogenesis study. The
assay was completed as specified by the manufacturer with a few modifications. Three
pretreatment steps included Pretreatment 1 for 10 min at room temperature, Pretreatment 2 for 15
min at 100-105°C and pretreatment 3 for 30 min at 40°C. The RNA probe was added to cover
sections on all slides and incubated at 40°C for 2 hours. The excess liquid was removed and
slides were washed 2x in wash buffer at room temperature for 2 minutes. All slides went through
six rounds of amplification with washes between each round alternating 30 minutes at 40°C and
15 minutes at 40°C. Then the chromagen, DAB, was applied for 10min atroom temperature.
Finally, slides were counterstained using Gill # 1 hematoxylin for 30 seconds and blued for 5
minutes in running tap water.

Pathogenicity studies in pigs. Eleven three-week old pigs from a farm that was qRT-PCR
positive for PPIV1 were transported to the University of Nebraska-Lincoln facility for swine
research and allowed to acclimate for four days prior to sampling. Pigs were observed daily for
clinical signs of illness such as sneezing, coughing, and nasal discharge. Nasal swabs were
collected on days 0, 2, 4, 6, 9, 11, and 14. Blood was collected on day O and day 14 for
serological analysis. Two pigs were randomly sequentially sacrificed on days 2, 4, 6, and 9.
Lungs, trachea and nasal turbinates were collected at necropsy and fixed with 10% buffered
formalin before embedding in paraffin. Slides were prepared from tissue blocks and stained with
hematoxylin and eosin. Nasal swabs were assessed by qRT-PCR. Serum samples were analyzed
for antibodies by ICPD.

Genbank Accession Numbers. The two nearly full genome sequences used in the
phylogenetic analysis have been submitted to GenBank under acession numbers KT749882
(1438-1) and KT749883 (3103-1). In addition, the ten PPIV1 HN sequences used for
phylogeentic analysis were submitted to GenBank as follows; KT749884 (1438-1), KT749885
(1438-4E1), KT749886 (1438-2E6), KT749887 (1438-4E6), KT749888 (1438-3C11),
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KT749889 (3103-1), KT749890 (3103-D0A4), KT749891 (3103-D0A7), KT749892 (5031-4)
and KT749893 (5031-2). Previously published sequences used for phylogenetic analysis
include: Swine parainfluenza virus 3 (SPIV3) EU439428; Bovine parainfluenza virus 3 (BPIV3)
NC002161; Human parainfluenza virus 3 (HPIV3) NC001796; Sendai virus (SeV) NC 001552;
Human parainfluenza virus 1 (HPIV1) NC003461; Porcine parainfluenza 1 (PPIV1) JX857409,
JX857410, and JX 857411.

Results and Conclusions

A commercial swine operation in Oklahoma experiencing recurrent disease in pigs
approximately 10-21 days of age with clinical symptoms of a moderate cough, minor sneezing
and a serous nasal discharge with unknown etiology submitted nasal swabs to be tested negative
for influenza A virus (JAV) and positive for PPIV1 by quantitative reverse transcriptase
polymerase chain reaction (qQRT-PCR). Samples were transferred to KSVDL and metagenomic
sequencing was performed on a pool of two nasal swabs. The MiSeq run generated 8.8 million
reads with 1.5 million mapping to the Sus scrofa reference genome. De novo assembly of the
remaining host subtracted reads resulted in 4,236 contigs which were analyzed by BLASTN.
viruses identified were porcine astrovirus 4, porcine circovirus 2, porcine kobuvirus, porcine
stool associated circular virus and PPIV1, all with expectation (E) values of 0. Templated
assembly using a PPIV1 reference sequence (JX857411) mapped 51,941 reads encompassing
99% of the PPIV1 genome with an average coverage of 353x.

A commercial swine operation in Illinois with similar clinical symptoms to the farm in
Oklahoma submitted two approximately 10 day old pigs for diagnostic testing. Metagenomic
sequencing of a nasal turbinate homogenate pool generated 2.9 million reads which, following
subtraction of reads Sus scrofa, yielded 134 contigs following de novo assembly. BLASTN
analysis identified multiple contigs with highly significant E values to porcine astrovirus 4,
porcine kobuvirus, porcine hemagglutinating encephalomyelitis virus and PPIV1. Templated
assembly of PPIV1 using JX857411 afforded only ~45% genome coverage.

Asymptomatic pigs from a commercial breeding herd in Nebraska that were qRT-PCR
positive for PPIV1 were transferred to UNL to monitor PPIV1 pathogenesis. A pool of nasal
swabs were subjected to metagenomic sequencing. Of the 617,736 reads, 17,521 mapped to
PPIV1 JX857411, resulting in 99% genome coverage. In addition to PPIV1, analysis of 58 host
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subtracted, de novo assembled contigs identified porcine astrovirus 4, porcine astrovirus 5,
porcine bocavirus 3, porcine bocavirus 5 and a small circular DNA virus most similar to one
identified in fur seal feces.
PPIVI gRT-PCR

To investigate the differences seen in the metagenomic sequencing results, a Tagman
gqRT-PCR assay was designed to target the N region of the PPIV1 genome. Individual testing of
the five nasal swab samples from Oklahoma resulted in cycle threshold (Ct) values of 26.0, 28.1,
31.8,28.9 and 26.0. A nasal swab pool for use in the serological assay had a Ct value of 29.3.
Nasal turbinate, lung and brain homogenates were tested individually from the two pigs from
Illinois displaying acute respiratory disease with unknown etiology. Only the nasal turbinate
from one pig was positive with a Ct of 20.3. Additionally, nasal swabs were submitted from four
pigs with similar clinical symptoms from the same site. All of the nasal swabs were positive for
PPIV-1 with Ct values of 26.5, 28.0, 32.6 and 34.9. The nasal swabs were negative for IAV by
qRT-PCR.

To assess the prevalence of PPIV1 in porcine samples submitted for diagnostic testing,
279 lung homogenate, oral fluid or nasal swab samples of unknown infection status were
screened by qRT-PCR for PPIV-1. Seventeen samples tested positive (6.1%). Of the qRT-PCR
positive samples, twelve were nasal swabs, four were oral fluids and one was lung homogenate.
Virus Isolation

Virus isolation was attempted on swine testicle, Vero, porcine alveolar macrophage, and
primary porcine kidney cells. No CPE was evident. Viral titers were monitored by the N gene
gRT-PCR. Following two passages, all samples were negative by qRT-PCR.
Phylogenetic Analysis

The near full genome sequences determined from the nasal swabs from pigs originating
in Oklahoma (strain 1438-1) and Nebraska (3103-1) had 97.7% pairwise identity to each other
and 90.0-95.3% identity to three PPIV1 sequences from China at the nucleotide level. An
approximate 1760 bp fragment of the HN gene was sequenced from 10 U.S. samples and
nucleotide identities ranged from 93.7-99.9% for samples from the U.S. and 85.0-95.5% identity
to Chinese PPIV1.

Phylogenetic analysis of the genome sequences found that the two nearly complete U.S.

sequences formed a well-supported clade that was most similar to Chinese PPIV1 strains S119N
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and S206N (Figure 1a). SO33N represented a divergent ancestral PPIV1. The PPIV1 clade was
most closely related to a clade consisting of human parainfluenza virus 1 and Sendai virus.
Phylogenetic analysis was also performed on the HN gene of the parainfluenza virus samples
collected in this study and other members of the genus Respirovirus (Figure 1b). Similar to the
phylogeny of the genome sequences, all U.S. HN genes formed a well-supported clade most
closely related to Chinese strains S119N and S206N. Strains originating from the same state
additionally formed well supported clades and for samples from OK (1438-1, 1438-4E1, 1438-
2E6, 1438-4E6, 1438-3C11) and NE (3103-1, 3103-D0A4, 3103-D0A7), little diversity between
samples was observed. As seen with the genome sequence phylogeny, strain SO33N represented
a divergent, ancestral member of PPIV1. The PPIV1 clade was well supported and was most
closely related to a clade consisting of HPIV1 and SeV. Phylogenetic analysis of predicted HN
amino acid sequences yielded identical topology (data not shown).
Pathogenesis of PPIV-1 in naturally infected pigs

Eleven randomly chosen weaned pigs (18-19 days old) from a farm naturally infected
with PPIV-1 were analyzed. Throughout the two week observation period, no clinical symptoms
of disease such as coughing, sneezing, nasal discharge or lethargy were observed. Nasal swabs
collected on day 0 (22-23 days of age) were positive for PPIV1 for six of the eleven pigs (55%)
(Table 1). Three additional pigs shed PPIV1 during the course of the study. The length of time
for viral shedding was 2-10 days. Quantitative RT-PCR analysis of lung homogenates showed
the presence of virus in the lungs of a single pig (A8, Ct=35.2). Histopathology was examined on
lung, trachea and nasal turbinates for eight out of the eleven animals (A4-11). Animals A4, A7,
A8, and A9 animals had marked atelectasis in the lung tissues but this pathology is not
associated with PPIV1. Animals A4, A7, A8, A9 and All displayed a subjective decrease in
cilia, goblet cells or both in the trachea. In situ hybridization (ISH) using a probe designed to
detect PPIV1 identified virus genetic material in turbinate respiratory epithelial cells (Figure 2a)
and to a lesser extent in the trachea (Figure 2b) in pig A8. The sole pig positive for ISH (A8)
displayed the highest amount of viral shedding at time of euthanasia (Ct=25). Mild
lymphoplasmacytic rhinitis was observed for all pigs in the study and is likely a background
lesion unrelated to the PPIV1 status.

Serological analysis suggests widespread infection of PPIV-1 in swine herds
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Sera collected at day O and day 14 of the pathogenesis study was subjected to ICPD
serological analysis. All day O sera were negative for antibodies to PPIV1 as was the negative
control where phosphate buffered saline replaced serum. Additional negative controls consisting
of 18 serum samples from age-matched specific pathogen free pigs were also all negative. A
positive control consisted of pooled sow sera from the farm in Illinois with recurrent unexplained
acute respiratory disease in pigs which tested positive for PPIV1. Of the three pigs bled on day
14 of the study, two (pigs Al and A3) had a detectable antibody response as determined by ICPD
with Ct values of 35.0 and 35.1. Pig A2 failed to seroconvert to PPIV1. PPIV1 antibodies in the
same samples were also assayed with an indirect ELISA using a recombinant F protein peptide.
Using 18 serum samples from age-matched specific pathogen free pigs, a value of >0.36 Ajos
was determined to be a positive result (3 standard deviations above the mean). All but four of the
animals on day O of the study were positive for PPIV-1 F antibodies by ELISA. While animals
Al and A3 tested negative at the beginning of the study for PPIV-1 F antibodies by ELISA, over
the two week observation period these animals shed PPIV1 and subsequently seroconverted.
These results were further verified using the ICPD, with these same animals testing negative on
day 0 and positive by day 14 of the study. Pig A2 displayed different serological results as those
seen for Al and A3. Pig A2 tested positive for antibodies on both days 0 and 14 and shed virus
during the two week observation period. Increased sensitivity associated with the ELISA assay
and presence of waning maternal antibodies could explain the discrepant results for pig A2. This
hypothesis is also consistent with the finding of seven of eleven pigs positive on the ELISA at
day 0 and subsequent PPIV1 infection.

To investigate the prevalence of PPIV1 antibodies in commercial swine, sixty serum
samples collected from at least eight states were subjected to ICPD and ELISA serological
analysis. PPIV1 antibodies were confirmed positive in 33 samples (55.0%) by ICPD. These
results were similar to the PPIV-1 F ELISA in which 38 samples (63.3%) tested positive for
PPIV-1 F antibodies. In conjunction with the 6.1% PPIV1 prevalence determined by qRT-PCR,
these data suggest that PPIV1 is prevalent in the U.S. swine herd.

Discussion

A number of novel paramyxoviruses causing outbreaks of lethal disease in livestock and

humans have been described in recent decades. Some of these, such as Nipah and Hendra

viruses, can cross species barriers and cause disease (Chua et al., 1999; Philbey et al., 1998). For
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instance, Hendra virus (HeV), thought to have originated in bats, caused an outbreak of fatal
disease in horses and humans in Australia, 1994 (Murray et al., 1995; Selvey et al., 1995).
Furthermore, in 1998, Nipah virus (NiV), also thought to have originated in bats, caused an
outbreak of severe encephalitis and death in pigs and humans who had exposure to pigs in
Malaysia (Chadha et al., 2006; Chua et al., 1999).

Paramyxoviruses have also caused disease in pigs in the United States. In the 1980s and
1990s two novel swine paramyxoviruses, Texas-81 (81-19252) and ISU-92 (92-7783), were
isolated from an outbreak of respiratory and neurological disease in pigs (Janke er al., 2001).
These viruses were later determined to be bovine parainfluenza virus type 3 (BPIV3) (Coelingh
et al., 1986; Qiao et al., 2009, 2010). BPIV-3 has also been shown to infect humans (Ben-Ishai et
al., 1980; Schmidt er al., 2000). Given the propensity of paramyxoviruses for interspecies
transmission, further study is warranted, in particular for paramyxoviruses with reservoirs in
animals with which humans have frequent contact.

In 2013, a novel paramyxovirus, porcine parainfluenza virus 1, was identified in deceased
pigs from a slaughterhouse in Hong Kong, China. No clinical or pathological data were available
nor was there information on PPIV1 distribution outside China (Lau er al., 2013). In the present
study, we identified PPIV1 in 6% of samples from a collection of acute respiratory disease
diagnostic submissions from geographically diverse swine facilities in the United States. Our
serological results also support widespread circulation of PPIV1 in the U.S. swine herd, with
over 50% of animals having detectable antibodies to PPIVI1. It is unclear if PPIVI is an
emerging virus in the U.S. or if it has circulated undetected for some time. Our phylogenetic
analysis indicated that the Chinese PPIV1 strain SO33N is an ancestor of contemporary U.S.
strains and that Chinese strains S206N and S119N had a close sister-clade relationship to U.S.
strains. Further genetic analysis of additional genomes, both contemporary and archived, is
needed to resolve the evolutionary history of PPIV1. Several swine viruses identified in China
have recently emerged in the U.S., including porcine epidemic diarrhea virus and mutant porcine
circovirus 2b, illustrating the ease with which swine pathogens can move intercontinentally
(Huang et al., 2013; Xiao et al., 2012)

While PPIV1 was detected in nursery-aged pigs with acute respiratory disease in the
absence of common etiological agents such as IAV and PRRSV, metagenomic sequencing

identified a number of other viruses present in nasal swabs. Porcine astrovirus 4 (PAs4) was
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identified in all three PPIV1 positive samples analyzed by metagenomic sequencing. PAs4 was
previously shown to be commonly detected in swine diarrhea samples in the U.S. (Xiao et al.,
2013). PAs4 was also readily identified in both diarrheic and normal swine feces in China
(Zhang et al., 2014). An etiologic role for PAs4 in clinical disease has not been established. The
two samples from symptomatic pigs were positive for viruses shown to contribute to respiratory
disease, porcine circovirus 2 and hemagglutinating encephalomyelitis virus. No clinical
symptoms were observed during the course of our pathogenesis study, raising the possibility that
PPIV1 infection is asymptomatic without additional cofactors. One difference between our
study and PPIV1 positive pigs exhibiting clinical symptoms is the age of pigs. Clinically ill pigs
positive for PPIV1 were 10-14 days of age while naturally infected pigs in our studies were
approximately 22-26 days of age. Differences in clinical outcomes due to age have previously
been seen in swine for viruses such as PEDV (Jung ef al., 2015). While our results demonstrate
that PPIV1 replicates in respiratory epithelial cells of the upper respiratory tract and exhibits
nasal shedding similar to established swine respiratory disease etiologic agents, we were unable
to show clinical significance or specific pathological lesions that could have been due to PPIV1
infection.

In addition to PPIV1 identification and characterization, this study developed an
innovative method of detecting antibodies using an immunocapture PCR coupled to antigen
derived from nasal swabs. This is potentially useful for the large number of novel viruses being
discovered which lack in vitro cultivation systems and has the advantage of using native antigen
and circumvents potential conformational issues common for recombinant antigens. Further
development of this serological method would provide a simple, cheap, and multiplexable

method of detection of pathogen exposure in unprocessed animal samples.
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We claim:

1. An immunogenic composition comprising:
a) an antigen of porcine parainfluenza virus 1 (PPIV1);
b) an pharmaceutically acceptable carrier; and
c¢) a component selected from the group consisting of an adjuvant, stabilizer, preservative,

or any combination thereof.

2. The immunogenic composition of claim 1, wherein said antigen of PPIV1 is selected from the
group consisting of:

a) a nucleotide sequence selected from SEQ. ID No. 1 or 2;

b) a polypeptide encoded by the nucleotide sequence of a); and

¢) any combination thereof.

3. The immunogenic composition of claim 2, wherein said nucleotide sequence comprises at

least 20 contiguous nucleotides from SEQ ID No. 1 or 2.

4. The immunogenic composition of claim 2, wherein said nucleotide sequence comprises a

gene of SEQ ID No. 1 or 2.

5. The immunogenic composition of claim 2, wherein said nucleotide sequence comprises an

open reading frame of SEQ ID No. 1 or 2.

6. The immunogenic composition of claim 1, wherein said polypeptide comprises at least 6

contiguous amino acids encoded by SEQ ID No. 1 or 2.

7. The immunogenic composition of claim 6, wherein said polypeptide comprises an expressed

gene of SEQ ID No. 1 or 2.

8. The immunogenic composition of claim 6, wherein said polypeptide comprises the protein

expressed by an open reading frame of SEQ ID No. 1 or 2.
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9. The immunogenic composition of claim 1, wherein both an adjuvant and a stabilizer are

included.

10. The immunogenic composition of claim 1, wherein administration of said composition to a
pig results in a decrease in severity or incidence of clinical signs associated with or caused by

PPIV1 infection.

11. The immunogenic composition of claim 1, wherein said composition includes an antigen

from a second disease causing organism in swine that is not PPIV1.

12. The immunogenic composition of claim 11, wherein the PPIV1 antigen and the antigen from

said second disease causing organism in swine are combined prior to administration.

13. The immunogenic composition of claim 11, wherein said second disease causing organism
in swine is selected from the group consisting of Actinobacillus pleuropneumonia; Adenovirus;
Alphavirus such as Eastern equine encephalomyelitis viruses; Bordetella bronchiseptica;
Brachyspira spp., preferably B. hyodyentheriae; B. piosicoli, Brucella suis, preferably biovars
1, 2, and 3; Classical swine fever virus; Clostridium spp., preferably CL. difficile, Cl. perfringens
types A, B, and C, CL. novyi, Cl.septicum, CL. tetani; Coronavirus, preferably Porcine Respiratory
Corona virus; Eperythrozoonosis suis,  Erysipelothrix rhusiopathiae; Escherichia coli;
Haemophilus parasuis, preferably subtypes 1, 7 and 14: Hemagglutinating encephalomyelitis
virus; Japanese Encephalitis Virus; Lawsonia intracellularis; Leptospira spp.; preferably
Leptospira australis; Leptospira canicola; Leptospira  grippotyphosa; Leptospira
icterohaemorrhagicae; and Leptospira interrogans;, Leptospira pomona; Leptospira tarassovi,
Mycobacterium spp. preferably M. avium; M. intracellulare; and M. bovis; Mycoplasma
hyopneumoniae (M hyo); Pasteurella multocida; Porcine cytomegalovirus; Porcine Parvovirus;
Porcine Reproductive and Respiratory Syndrome (PRRS) Virus; Pseudorabies virus; Rotavirus;
Salmonella spp.; preferably S. thyhimurium; and S. choleraesuis; Staph. hyicus; Staphylococcus
spp. preferably Streptococcus spp., preferably Strep. suis; Swine herpes virus; Swine Influenza
Virus; Swine pox virus; Vesicular stomatitis virus; Virus of vesicular exanthema of swine;

Leptospira hardjo; and/or Mycoplasma hyosynoviae.
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14. A method of decreasing the incidence of or severity of clinical signs associated with
infection by PPIV1 in a pig comprising the step of administering the composition of claim 1 to a

pig in need thereof.

15. The method of claim 14, wherein said administration occurs before any symptoms of PPIV1

are observed in the pig.

16. The method of claim 14, wherein said composition is administered intravenously,
intravascularly, intramuscularly, subcutaneously, intranasally, intraarterially, intraperitoneall,

orally, or intrathecally.

17. The method of claim 14, wherein said composition is administered two times.

18. The method of claim 14, wherein a second antigen from a disease causing organism in swine

is administered to the pig at the same time as the composition of claim 1.

19. The method of claim 18, wherein the second antigen is combined with said composition.

20. The method of claim 18, wherein said antigen from said second disease causing organism in
swine is selected from the group consisting of Actinobacillus pleuropneumonia; Adenovirus;
Alphavirus such as Eastern equine encephalomyelitis viruses; Bordetella bronchiseptica;
Brachyspira spp., preferably B. hyodyentheriae; B. piosicoli, Brucella suis, preferably biovars
1, 2, and 3; Classical swine fever virus; Clostridium spp., preferably CL. difficile, Cl. perfringens
types A, B, and C, CL. novyi, Cl.septicum, CL. tetani; Coronavirus, preferably Porcine Respiratory
Corona virus; Eperythrozoonosis suis,  Erysipelothrix rhusiopathiae; Escherichia coli;
Haemophilus parasuis, preferably subtypes 1, 7 and 14: Hemagglutinating encephalomyelitis
virus; Japanese Encephalitis Virus; Lawsonia intracellularis; Leptospira spp.; preferably
Leptospira australis; Leptospira canicola; Leptospira  grippotyphosa; Leptospira
icterohaemorrhagicae; and Leptospira interrogans;, Leptospira pomona; Leptospira tarassovi,

Mycobacterium spp. preferably M. avium; M. intracellulare; and M. bovis; Mycoplasma
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hyopneumoniae (M hyo); Pasteurella multocida; Porcine cytomegalovirus; Porcine Parvovirus;
Porcine Reproductive and Respiratory Syndrome (PRRS) Virus; Pseudorabies virus; Rotavirus;
Salmonella spp.; preferably S. thyhimurium; and S. choleraesuis; Staph. hyicus; Staphylococcus
spp. preferably Streptococcus spp., preferably Strep. suis; Swine herpes virus; Swine Influenza
Virus; Swine pox virus; Vesicular stomatitis virus; Virus of vesicular exanthema of swine;

Leptospira hardjo; and/or Mycoplasma hyosynoviae.
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