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CANINE PARVOVIRUS TYPE 2¢ ISOLATES AND METHODS OF USE

FIELD OF THE INVENTION
The present invention relates to attenuated type 2c¢ canine parvoviruses (CPV-2c). In
addition, the present invention relates to isolated and/or recombinant CPV-2c capsid
proteins and to the nucleic acids that encode these CPV-2c capsid proteins. The
present invention further relates to immunogenic compositions and/or vaccines
comprising the attenuated CPV-2c isolates, corresponding capsid proteins, and/or
recombinant vectors which express nucleic acids that encode the canine parvovirus

capsid proteins.

BACKGROUND

Canine parvovirus (CPV) is primarily an enteric pathogen that infects dogs, particularly
young dogs, and is characterized by acute diarrhea, fever, and leukopenia in dogs and
puppies more than 4 to 5 weeks old. Even very young puppies can suffer myocardial
disease. The mortality rate from canine parvovirus (CPV) is relatively high and vaccines
that protect puppies/dogs from canine parvovirus are among the most common and

important canine vaccines.

CPV is a single-stranded DNA virus that has a genome of about 5200 bases within a
lone nucleic acid segment [Parrish and Kawaoka, Annu Rev. Microbiol., 59:553-586
(2005)]. This DNA segment contains two open reading frames, each of which encode
at least two proteins due to alternative mRNA splicing. The two components of the virus
capsid, VP1 and VP2, are encoded by one of the open reading frames, whereas the
other open reading frame encodes two nonstructural proteins: NS1 and NS2. VP2 is
the major immunogenic CPV capsid protein. The primary host binding partner for VP2
is the transferrin receptor [Hueffer et al., J. Virol. 77:1718-1726 (2003)]. NS1 has been
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identified as a helicase and is essential for genome replication and protein production
[Niskanen et al., J. of Virol. 84(10):5391-5403 (2010)].

CPV was first isolated in 1978 and was named CPV-2 to distinguish it from canine
parvovirus Minute virus (CMV or CPV-1). Approximately a year after the initial isolation
of CPV-2, a genetic variant, CPV-2a, was identified. In the mid-1980's, a second
genetic variant, CPV-2b, was identified. CPV-2a and CPV-2b soon completely
displaced CPV-2. Today, CPV-2a is no longer detected in the United States [Parrish
and Kawaoka, Annu Rev. Microbiol., 59:553-586 (2005)]. A fourth CPV variant in this
family, CPV-2c, was first described in 2000 and has been reported in Italy [Buonavoglia
etal., J. Gen. Virol. 82:3021-3025 (2001)], in Vietham [Nakamura et al., Clin. Diag. Lab.
Immuno. 8(3) 663-668 (2001)] and in Spain [Nakamura et al., Arch. Virol.,149:2261-
2269 (2004); Decaro et al., J. Vet. Med. B Infect. Dis. Vet. Public Health, 53(10):468-72
(2006)] and more recently in the United States [U.S. 8,227,593; U.S. 8,258,274; Hong et
al., J. Vet. Diagn. Invest. (5):535-9 (2007)].

The amino acid sequence of the major capsid protein (VP2) of CPV changed relatively
little as CPV progressed from CPV-2 to CPV-2a, to CPV-2b, and to CPV-2¢c. The amino
acid changes in the VP2 protein between CPV-2 to CPV-2a are: a methonine residue
(Mg7) at position 87 to a leucine residue (Ls7), an isoleucine residue (l101) to a threonine
(T101), an alanine residue at position 300 (Asoo) to a glycine residue (Gsoo), an aspartic
acid at 305 (Dsos) to a tyrosine residue (Y305) and a valine residue at position 555 (Vsss)
to an isoleucine residue (Iss5) [see e.g., Stucker et al., J. Virol. 86(3):1514-1521 (2012)],
although more recently strains of CPV-2a have been identified with apparent reversions
of the valine residue at position 555 back to the isoleucine residue. The VP2 proteins of
CPV-2a and CPV-2b differ at two amino acid residue positions: the asparagine residue
at position 426 (N426) of CPV-2a was replaced with an aspartic acid residue (Da42s) in
CPV-2b, and the isoleucine residue at position 555 (lsss5) in CPV-2a was replaced with a

valine residue (Vsss) in CPV-2b. As indicated above, the Isssto Vsss change is actually a
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reversion back to the original CPV type 2 amino acid sequence. The VP2 protein of
CPV-2c differs from that of CPV-2b by only a single amino acid difference: the aspartic
acid residue at position 426 (Da4g6) is replaced by a glutamic acid residue (Eazs) [see,
Spibey et al., Veterinary Microbiology 128:48-55 (2007); U.S. 8,227,583 B2;

U.S. 8,258,274 B2].

Indeed, changes at position 426 of VP2 from N4z of CPV-2 and CPV-2a, to D4y of
CPV-2b, and then to E4p6 of CPV-2c appear to have significantly altered the antigenic
structure of the corresponding viruses [Parrish and Kawaoka, Annu Rev. Microbiol.,
59:553-586 (2005)]. More recently, CPV-2¢ isolates have been identified that have an
additional amino acid change in their VP2 protein: the threonine residue at position 440
(T440) has been converted to an alanine residue (As40) in these isolates

[U.S. 8,227,583 B2; U.S. 8,258,274 B2]. This variant has been reported to cause
disease in vaccinated animals, and accordingly, it has been suggested to include this
variant in future canine parvovirus vaccines [U.S. 8,227,583 B2; U.S. 8,258,274 B2].

CPV is most closely related to feline parvovirus (FPV) and is generally regarded as a
genetic variant of FPV. FPV, which is also known as feline panleukopenia virus, is the
etiological cause of feline panleukopenia, a highly contagious disease that is common in
unvaccinated kittens. FPV infections cause leukopenia, fever, diarrhea, and often can
be fatal. CPV is also genetically and antigenically related to the parvoviruses that infect

minks, foxes, raccoons, and other carnivores.

FPV and CPV isolates have complex host ranges. For example, FPV isolates can infect
canines, whereas the original CPV-2 isolates could not replicate in cats, though
subsequent variants of CPV-2, i.e., CPV-2a, CPV-2b, and CPV-2c, can. On the other
hand, both FPV and CPV isolates can readily infect feline cells, but only CPV isolates
infect canine cells [Parrish and Kawaoka, Annu Rev. Microbiol., 59:553-586 (2005)]. In

addition, the pH dependence of hemagglutination of CPV isolates differ appreciably
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from that of FPV isolates, i.e., whereas FPV isolates only hemagglutinate below pH 6.8,
CPV isolates hemagglutinate over the pH range of 6.0 to 8.0 [Chang et al., J. Virol.
66(12) 6858-6867 (1992)].

Insight into the role of a number of amino acid residues in the VP2 protein of FPV and
CPV has been obtained through recombination mapping and mutagenesis [Chang et
al., J. Virol. 66(12) 6858-6867 (1992); Parrish and Kawaoka, Annu Rev. Microbiol.,
59:553-586 (2005)]. For example, Parrish and Kawaoka [Annul. Rev. Microbiol.,
59:553-586 (2005)] reported that amino acid substitutions of both a lysine residue at
position 93 (Ke3) by an asparagine residue (Ng3) and an aspartic acid residue at position
323 (Ds23) by an asparagine residue (Ns23) enabled FPV to bind the host cell canine
transferrin receptor and infect canine cells, although neither substitution alone was
capable of introducing either property. Moreover, it has been reported that either
replacing a glycine residue at position 299 (Gag9) with a glutamic acid residue (Exg9) or
replacing an alanine residue at position 300 (Asq) with an aspartic acid residue (Dsoo)
prevents canine parvovirus both from binding the host cell canine transferrin receptor
and from infecting the cells or dogs [Parrish and Kawaoka, Annu Rev. Microbiol.,
59:553-586 (2005)]. Amino acid positions: 80, 564, and 568 of the VP2 protein also
have been reported to influence host range.

In addition, following repeated passages in Norden Laboratories feline kidney (NLFK)
cells, a nonhemagglutinating mutant of a 1978 isolate of canine parvovirus was
obtained and found to comprise a VP2 protein having a lysine residue at position 377
(Ks77) in place of the native arginine residue (Rs77). This change was reported to
eliminate all virus binding to erythrocytes [Parrish et al., Virology 163(1) 230-232 (1988);
Chang et al., J. Virol. 66(12) 6858-6867 (1992)]. More recently, it has been shown that
changing an isoleucine residue at position 219 (I219) to a valine residue (V219) and a
glutamine residue at position 386 (Qsss) to a lysine residue (Ksgs) of a CPV-2¢c VP2

protein enhanced the attenuation of a recombinant canine parvovirus that comprises a
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heterogenous CPV-2¢/CPV-2 genome, i.e., the region encoding the capsid proteins is
from a CPV-2c¢ isolate and the region encoding the nonstructural proteins is from a
CPV-2 isolate [W0O2011107534 (A1); WO2012007589 (A1)].

In the U.S. all canine parvovirus vaccines currently are directed against only the CPV-2,
CPV-2a and/or CPV-2b variants. Although a vaccine comprising a live attenuated CPV-
2 isolate (NOBIVAC® DHPPi) was shown to protect dogs against a CPV-2¢ challenge
[Spibey et al., Veterinary Microbiology 128:48-55 (2007)], it is generally believed that
vaccines containing a CPV-2¢ VP2 antigen would be desireable. Indeed, unlike CPV-2,
CPV-2a, and CPV-2b that primarily infect puppies, CPV-2c¢ appears to have a greater
affinity for infecting adult dogs [U.S. 8,227,593; U.S. 8,258,274]. Therefore, there is a
need to develop new canine parvovirus vaccines comprising a CPV-2c VP2 antigen in
order to increase the certainty of providing protection to canines against CPV-2c.
Moreover, because multivalent vaccines are often preferable to monovalent vaccines,
there also is a need to develop new multivalent vaccines comprising a CPV-2¢ and/or a
CPV-2c VP2 antigen.

The citation of any reference herein should not be construed as an admission that such
reference is available as "prior art" to the instant application.

SUMMARY OF THE INVENTION
Accordingly, the present invention provides novel attenuated canine parvovirus type 2¢
(CPV-2c) isolates. In addition, the present invention provides isolated and/or
recombinant polypeptides from CPV-2c isolates, including the capsid protein.
Moreover, the present invention provides nucleic acids that encode the CPV-2¢
polypeptides and recombinant vectors that comprise and express such nucleic acids.
The present invention further provides immunogenic compositions comprising the
attenuated canine parvovirus isolates, corresponding polypeptides, e.g., capsid

proteins, and/or recombinant vectors which express nucleic acids that encode the
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CPV-2¢ polypeptides. Furthermore, the present invention provides vaccines, including
multivalent vaccines, that comprise the attenuated CPV-2c¢ isolates, and/or
corresponding polypeptides, and/or recombinant vectors which express nucleic acids

that encode the CPV-2c¢ polypeptides.

In one aspect the present invention provides an isolated attenuated canine parvovirus
type 2¢c (CPV-2c) isolate that comprises a genome that encodes a capsid protein
comprising an amino acid sequence that comprises 95%, or 98%, or 99% or greater
identity with the amino acid sequence of SEQ ID NO: 2; wherein the amino acid
sequence of the capsid protein comprises a glutamic acid residue at position 426 (E4),
and a lysine residue at amino acid positions 93 (Kg3), and/or 219 (Kz19), and/or 377
(Ks77). In related embodiments, the isolated attenuated CPV-2c isolate comprises a
genome that encodes a capsid protein comprising an amino acid sequence that
comprises 95%, or 98%, or 99% or greater identity with the amino acid sequence of
SEQ ID NO: 2; wherein the amino acid sequence of the capsid protein comprises a
glutamic acid residue at position 426 (E426) and a serine residue at position 300 (Ssoo),
and/or an alanine residue at position 301 (Aso1), and/or an isoleucine residue at position
555 (Iss5). In still other embodiments the isolated attenuated CPV-2c isolate comprises
a genome that encodes a capsid protein comprising an amino acid sequence that
comprises 95%, or 98%, or 99% or greater identity with the amino acid sequence of
SEQ ID NO: 2; wherein the amino acid sequence of the capsid protein comprises a
glutamic acid residue at position 426 (E426), and a lysine residue at amino acid positions
93 (Kgs), and/or 219 (Kz1g), and/or 377 (Ks77) and further comprises a serine residue at
position 300 (Ss00), and/or an alanine residue at position 301 (Aso+), and/or an isoleucine

residue at position 555 (lsss).

In more particular embodiments, the isolated attenuated CPV-2c¢ isolate comprises a
genome that encodes a capsid protein comprising an amino acid sequence that

comprises 95%, or 98%, or 99% or greater identity with the amino acid sequence of
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SEQ ID NO: 2; wherein the amino acid sequence of the capsid protein comprises a
glutamic acid residue at position 426 (E426), and a lysine residue at amino acid positions
93 (Kgs), and/or 219 (Kz1g), and/or 377 (Ks77) and further comprises a serine residue at
position 300 (Ss00). In other particular embodiments the isolated attenuated CPV-2¢
isolate comprises a genome that encodes a capsid protein comprising an amino acid
sequence that comprises 95%, or 98%, or 99% or greater identity with the amino acid
sequence of SEQ ID NO: 2; wherein the amino acid sequence of the capsid protein
comprises a glutamic acid residue at position 426 (E42), and a lysine residue at amino
acid positions 93 (Kgs), and/or 219 (Kz19), and/or 377 (Ks77), and further comprises an
alanine residue at position 301 (Asp1). In still other particular embodiments the isolated
attenuated CPV-2c isolate comprises a genome that encodes a capsid protein
comprising an amino acid sequence that comprises 95%, or 98%, or 99% or greater
identity with the amino acid sequence of SEQ ID NO: 2; wherein the amino acid
sequence of the capsid protein comprises a glutamic acid residue at position 426 (E4),
and a lysine residue at amino acid positions 93 (Kg3), and/or 219 (Kz19), and/or 377
(Ks77), and further comprises an isoleucine residue at position 555 (Isss).

In even more particular embodiments, the isolated attenuated CPV-2c¢ isolate comprises
a genome that encodes a capsid protein comprising an amino acid sequence that
comprises 95%, or 98%, or 99% or greater identity with the amino acid sequence of
SEQ ID NO: 2; wherein the amino acid sequence of the capsid protein comprises a
glutamic acid residue at position 426 (E426), and a lysine residue at amino acid positions
93 (Kgs), and 219 (Kz19). In related embodiments of this type, the isolated attenuated
CPV-2c isolate comprises a genome that encodes a capsid protein comprising an
amino acid sequence that comprises 95%, or 98%, or 99% or greater identity with the
amino acid sequence of SEQ ID NO: 2; wherein the amino acid sequence of the capsid
protein comprises a glutamic acid residue at position 426 (E4z), and a lysine residue at
amino acid positions 93 (Kgs) and 377 (Ksz7). In still other related embodiments of this

type, the isolated attenuated CPV-2c isolate comprises a genome that encodes a
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capsid protein comprising an amino acid sequence that comprises 95%, or 98%, or 99%
or greater identity with the amino acid sequence of SEQ ID NO: 2; wherein the amino
acid sequence of the capsid protein comprises a glutamic acid residue at position 426
(E426), and a lysine residue at amino acid positions 219 (Kz19) and 377 (Ks77). In other
embodiments the isolated attenuated CPV-2c isolate comprises a genome that encodes
a capsid protein comprising an amino acid sequence that comprises 95%, or 98%, or
99% or greater identity with the amino acid sequence of SEQ ID NO: 2; wherein the
amino acid sequence of the capsid protein comprises a glutamic acid residue at position
426 (Ea2s), and a lysine residue at amino acid positions 93 (Kgs3), and 219 (K1), and
377 (Ks77).

In a more particular embodiment the isolated attenuated CPV-2c¢ isolate comprises a
genome that encodes a capsid protein comprising the amino acid sequence of SEQ ID
NO: 2. In another embodiment of this type, the isolated attenuated CPV-2¢ isolate
comprises a genome that encodes capsid proteins comprising the amino acid
sequences of SEQ ID NO: 2 and SEQ ID NO: 4, respectively. In a related embodiment,
the isolated attenuated CPV-2c isolate comprises a genome that encodes a capsid
protein comprising the amino acid sequence of SEQ ID NO: 2 and a nonstructural
protein comprising the amino acid sequence of SEQ ID NO: 6. In yet another
embodiment, the isolated attenuated CPV-2c¢ isolate comprises a genome that encodes
a capsid protein comprising the amino acid sequence of SEQ ID NO: 2 and a
nonstructural protein comprising the amino acid sequence of SEQ ID NO: 8. In still
another embodiment, the isolated attenuated CPV-2c¢ isolate comprises a genome that
encodes a capsid protein comprising the amino acid sequence of SEQ ID NO: 2, a
capsid protein comprising the amino acid sequence of SEQ ID NO: 4, and a
nonstructural protein comprising the amino acid sequence of SEQ ID NO: 6. In yet
another embodiment, the isolated attenuated CPV-2c¢ isolate comprises a genome that
encodes a capsid protein comprising the amino acid sequence of SEQ ID NO: 2, a

capsid protein comprising the amino acid sequence of SEQ ID NO: 4, and a
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nonstructural protein comprising the amino acid sequence of SEQ ID NO: 8. In still
another embodiment, the isolated attenuated CPV-2c¢ isolate comprises a genome that
encodes a capsid protein comprising the amino acid sequence of SEQ ID NO: 2, a
capsid protein comprising the amino acid sequence of SEQ ID NO: 4, a nonstructural
protein comprising the amino acid sequence of SEQ ID NO: 6, and a nonstructural
protein comprising the amino acid sequence of SEQ ID NO: 8.

The present invention also provides an isolated attenuated CPV-2c¢ isolate that
comprises a genome comprising an open reading frame that comprises nucleotides
2286 to 4541 of SEQ ID NO: 9. The present invention further provides an isolated
attenuated CPV-2c isolate that comprises a genome comprising an open reading frame
comprises nucleotides 273 to 2279 of SEQ ID NO: 9. In a related embodiment, an
isolated attenuated CPV-2c isolate comprises a genome comprising open reading
frames that comprise nucleotides 273 to 2279 and nucleotides 2286 to 4541 of SEQ ID
NO: 9. In a particular embodiment of this type, the genome comprises the nucleotide
sequence of SEQ ID NO. 9. In still a more specific embodiment of this type, the isolated
attenuated CPV-2c isolate has the ATCC accession No. PTA-13492. In a related
embodiment the isolated attenuated CPV-2c isolate comprises all of the identifying
characteristics of ATCC accession No. PTA-13492.

The present invention further provides immunogenic compositions and vaccines. In
particular embodiments, a vaccine or immunogenic composition of the present invention
comprises an isolated attenuated CPV-2c isolate of the present invention. In addition a
vaccine or immunogenic composition of the present invention can be a multivalent
vaccine (or multivalent immunogenic composition). In more specific embodiments, a
multivalent vaccine of the present invention combines a CPV-2c¢ isolate of the present
invention (either live attenuated or killed) with one or more live attenuated or killed
canine and/or feline antigens. In certain embodiments a CPV-2c isolate of the present

invention is combined with a canine distemper virus. In other embodiments a CPV-2¢
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isolate of the present invention is combined with a canine adenovirus type 2. In yet
other embodiments a CPV-2c¢ isolate of the present invention is combined with a canine
parvovirus type 2b. In still other embodiments a CPV-2c¢ isolate of the present invention
is combined with a canine parainfluenza virus. In yet other embodiments a CPV-2¢
isolate of the present invention is combined with a canine coronavirus. In still other
embodiments a CPV-2c isolate of the present invention is combined with a canine
pneumovirus. In yet other embodiments a CPV-2c¢ isolate of the present invention is
combined with an infectious canine hepatitis virus. In still other embodiments a CPV-2¢
isolate of the present invention is combined with a canine herpes virus. In yet other
embodiments a CPV-2c isolate of the present invention is combined with a rabies virus.
In still other embodiments a CPV-2¢ isolate of the present invention is combined with a
canine minute virus. In yet other embodiments a CPV-2c isolate of the present
invention is combined with a canine influenza virus. In alternative embodiments a CPV-
2c isolate of the present invention is combined with a pseudorabies virus. In other
alternative embodiments, a CPV-2c isolate of the present invention is combined with a
live attenuated Bordetella bronchiseptica. In related embodiments, a CPV-2c¢ isolate of

the present invention is combined with a Bordetella bronchiseptica bacterin.

Multivalent vaccines of the present invention can further include three or more canine
antigens, e.g., a CPV-2c isolate of the present invention combined with a canine
adenovirus type 2 and a canine distemper virus, or a CPV-2¢ isolate of the present
invention combined with a canine parainfluenza virus and a canine distemper virus. In
still other embodiments, the multivalent vaccines of the present invention can further
include four or more canine antigens, e.g., a CPV-2c isolate of the present invention
combined with a canine parainfluenza virus, a canine distemper virus and canine
adenovirus type 2. Similarly, a live attenuated or killed CPV-2¢ isolate of the present

invention can be combined with live, killed or recombinant canine antigens.

In a particular embodiment, a live attenuated CPV-2c isolate of the present invention is
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combined with a live attenuated canine parainfluenza virus, a live attenuated canine
distemper virus, and a live attenuated canine adenovirus type 2. In another such
embodiment, the multivalent vaccine of the present invention includes a live attenuated
CPV-2c isolate of the present invention combined with a live attenuated canine
parainfluenza virus, a live attenuated canine distemper virus, a live attenuated canine

adenovirus type 2, and a live attenuated canine coronavirus.

In addition, a live attenuated (or killed) CPV-2c isolate of the present invention can be
combined in a multivalent vaccine with one or more live attenuated or killed feline
antigens including one or more of the following antigens: feline herpesvirus (FHV), feline
calicivirus antigen (FCV), feline parvovirus (FPV), feline leukemia virus (FeLV), feline
infectious peritonitis virus (FIPV), feline immunodeficiency virus (FIV), borna disease
virus (BDV), rabies virus, feline influenza virus, feline pneumovirus, Chlamydophila felis,

Bordetella bronchiseptica, and Bartonella spp. (e.g., B. henselae).

In particular embodiments, a vaccine of the present invention can comprise a
pharmaceutically acceptable carrier. The present invention further provides methods of
immunizing a canine or feline against CPV comprising administering a vaccine (e.g., a
multivalent vaccine) of the present invention to the canine or feline. In a particular
embodiment of this type, a vaccine of the present invention is administered to a canine
by parenteral administration. In a more particular embodiment of this type, the

administering is performed subcutaneously.

The present invention further provides isolated and/or recombinant CPV-2c¢ proteins,
including chimeric proteins (e.g., a fusion protein), isolated and/or recombinant nucleic
acids that encode such proteins and chimeric proteins, and recombinant vectors that
comprise these recombinant nucleic acids and which can express the proteins and/or
chimeric proteins of the present invention. In particular embodiments the present

invention provides a capsid protein comprising an amino acid sequence that comprises
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95%, or 98%, or 99% or greater identity with the amino acid sequence of SEQ ID NO: 2;
wherein the amino acid sequence of the capsid protein comprises a glutamic acid
residue at position 426 (E42s), and a lysine residue at amino acid positions 93 (Kgs),
and/or 219 (Kz19), and/or 377 (Ks77). In related embodiments, the capsid protein
comprises an amino acid sequence that comprises 95%, or 98%, or 99% or greater
identity with the amino acid sequence of SEQ ID NO: 2; wherein the amino acid
sequence of the capsid protein comprises a glutamic acid residue at position 426 (E46)
and a serine residue at position 300 (S300), and/or an alanine residue at position 301
(Aso01), and/or an isoleucine residue at position 555 (lIsss). In still other embodiments the
capsid protein comprises an amino acid sequence that comprises 95%, or 98%, or 99%
or greater identity with the amino acid sequence of SEQ ID NO: 2; wherein the amino
acid sequence of the capsid protein comprises a glutamic acid residue at position 426
(E426), and a lysine residue at amino acid positions 93 (Kg3), and/or 219 (K219), and/or
377 (Ks77) and further comprises a serine residue at position 300 (Ssg0), and/or an

alanine residue at position 301 (Asp1), and/or an isoleucine residue at position 555 (lsss).

In more particular embodiments, the capsid protein comprises an amino acid sequence
that comprises 95%, or 98%, or 99% or greater identity with the amino acid sequence of
SEQ ID NO: 2; wherein the amino acid sequence of the capsid protein comprises a
glutamic acid residue at position 426 (E42s), and a lysine residue at amino acid positions
93 (Kgs), and/or 219 (Kz1g), and/or 377 (Ks77) and further comprises a serine residue at
position 300 (S3e0). In other particular embodiments the capsid protein comprises an
amino acid sequence that comprises 95%, or 98%, or 99% or greater identity with the
amino acid sequence of SEQ ID NO: 2; wherein the amino acid sequence of the capsid
protein comprises a glutamic acid residue at position 426 (E426), and a lysine residue at
amino acid positions 93 (Kgs), and/or 219 (Kz19), and/or 377 (Ks77), and further
comprises an alanine residue at position 301 (Aso¢). In still other particular
embodiments the capsid protein comprises an amino acid sequence that comprises
95%, or 98%, or 99% or greater identity with the amino acid sequence of SEQ ID NO: 2;
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wherein the amino acid sequence of the capsid protein comprises a glutamic acid
residue at position 426 (E426), and a lysine residue at amino acid positions 93 (Kos),
and/or 219 (Kz19), and/or 377 (Ks77), and further comprises an isoleucine residue at

position 555 (Isss).

In even more particular embodiments, the capsid protein comprises an amino acid
sequence that comprises 95%, or 98%, or 99% or greater identity with the amino acid
sequence of SEQ ID NO: 2; wherein the amino acid sequence of the capsid protein
comprises a glutamic acid residue at position 426 (E42), and a lysine residue at amino
acid positions 93 (Kgs), and 219 (Kz21g). In related embodiments of this type, the capsid
protein comprises an amino acid sequence that comprises 95%, or 98%, or 99% or
greater identity with the amino acid sequence of SEQ ID NO: 2; wherein the amino acid
sequence of the capsid protein comprises a glutamic acid residue at position 426 (E4),
and a lysine residue at amino acid positions 93 (Kgs) and 377 (Ks77). In still other related
embodiments of this type, the capsid protein comprises an amino acid sequence that
comprises 95%, or 98%, or 99% or greater identity with the amino acid sequence of
SEQ ID NO: 2; wherein the amino acid sequence of the capsid protein comprises a
glutamic acid residue at position 426 (E42s), and a lysine residue at amino acid positions
219 (K219) and 377 (Ks77). In other embodiments the capsid protein comprises an amino
acid sequence that comprises 95%, or 98%, or 99% or greater identity with the amino
acid sequence of SEQ ID NO: 2; wherein the amino acid sequence of the capsid protein
comprises a glutamic acid residue at position 426 (E426), and a lysine residue at amino
acid positions 93 (Kg3), and 219 (K21g), and 377 (Ks77).

In a more particular embodiment the capsid protein comprises the amino acid sequence
of SEQ ID NO: 2. In another embodiment the capsid protein comprises the amino acid

sequence of SEQ ID NO: 4. In a related embodiment, a nonstructural protein comprises
the amino acid sequence of SEQ ID NO: 6. In yet another embodiment, a nonstructural

protein comprises the amino acid sequence of SEQ ID NO: 8.
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The present invention also provides isolated, recombinant, or both isolated and
recombinant nucleic acids that can encode any of the CPV-2¢ proteins of the present
invention. In a particular embodiment the nucleic acid comprises the nucleotide
sequence of SEQ ID NO: 1. In another embodiment the nucleic acid comprises the
nucleotide sequence of SEQ ID NO: 3. In yet another embodiment the nucleic acid
comprises the nucleotide sequence of SEQ ID NO: 5. In still another embodiment the
nucleic acid comprises the nucleotide sequence of SE ID NO: 7. In yet another
embodiment the nucleic acid comprises the nucleotide sequence of nucleotides 2286 to
4541 of SEQ ID NO: 9. In still another embodiment the nucleic acid comprises the
nucleotide sequence of nucleotides 273 to 2279 of SEQ ID NO: 9. In a particular
embodiment of this type, the nucleic acid comprises the nucleotide sequence of SEQ ID
NO. 9.

The present invention also provides recombinant vectors that comprise the nucleic
acids of the present invention. In particular embodiments the recombinant vectors are
recombinant expression vectors. In certain embodiments of this type, the recombinant

expression vector is a recombinant viral vector.

The CPV-2c proteins and corresponding recombinant vectors can be included together
with, or alternatively, in place of the CPV-2c¢ isolates of the present invention, in any of
the immunogenic compositions or vaccines of the present invention. Thus, any of the
multivalent vaccines of the present invention can comprise a recombinant expression
vector encoding and expressing a CPV-2c¢ capsid protein, e.g., the VP2 protein, and/or
antigenic fragments of the CPV-2c VP2 protein of the present invention in place of

and/or together with a live attenuated CPV-2c isolate of the present invention.

These and other aspects of the present invention will be better appreciated by reference

to the following Figures and the Detailed Description.
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BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows the serum cross neutralization (SN) of two test CPV-2c isolates, isolate
#4, ATCC accession No. PTA-13492, or isolate #12, with a standard CPV-2 isolate and
assorted CPV-2c isolates. All of the CPV-2c¢ isolates, including the two test isolates
have a threonine residue at amino acid position 440 (T440) of their VP2 capsid protein.
This is consistent with the sequence found for all VP2 proteins of CPV-2¢ isolates that

were initially identified.

Figure 2 shows the serum cross neutralization (SN) of two test CPV-2c isolates, isolate
#4, ATCC accession No. PTA-13492, or isolate #12, with a standard CPV-2 isolate and
assorted CPV-2c¢ Isolates. All of the CPV-2c isolates, other than the two test isolates,
have an alanine residue at amino acid position 440 (A440) of their VP2 capsid protein. A
VP2 protein having a substitution of an alanine residue for the threonine residue at
position 440 has been reported for a significant number of CPV-2c isolates in recent
years.

DETAILED DESCRIPTION OF THE INVENTION

While the amino acid sequence of the major capsid protein of canine parvovirus, VP2,
has changed relatively modestly over the 35 years since the discovery of this virus, the
antigenicity of CPV has been significantly altered several times over this period, with
each change resulting in the later variant completely displacing the earlier variant as the
disease causing agent. Should this paradigm continue, the most prevalent CPV in the
U.S. may soon become CPV-2c. Therefore, it is only prudent to replace and/or
supplement exisiting CPV vaccines that had been designed to protect against the earlier
variants with a vaccine designed to protect against CPV-2c. Towards this end, the

present invention provides vaccines, including multivalent vaccines, that comprise live
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attenuated and/or killed CPV-2c¢ isolates and/or CPV-2¢c VP2 antigens and/or

recombinant vectors encoding the CPV-2c VP2 antigens.

Therefore in one aspect, the present invention provides novel attenuated canine
parvovirus type 2c isolates that comprise a genome that encodes a VP2 capsid protein
comprising a glutamic acid residue at position 426 (E426) and a lysine residue at position
93 (Kg3) in place of an asparagine residue, a lysine residue at position 219 (Kz19) in
place of an isoleucine residue, and a lysine residue at position 377 (Ks77) in place of an
arginine residue, relative to typical wild type CPV-2c strains. Surprisingly, despite the
fact that two of these amino acid changes involve the substitution of a neutral amino
acid with a positively charged amino acid residue, thereby causing a change in the
overall charge of the VP2 protein, this isolate was found to have superior serum
neutralization properties when ascertained with either a standard CPV-2 isolate or a
variety of CPV-2c field isolates, including those having the recently reported

As40 modification [U.S. 8,227,583 B2; U.S. 8,258,274 B2]. More surprisingly, the
presence of a lysine residue at position 93 (Kgs) of the VP2 protein had adversely
affected the binding of FPV isolates to the canine transferrin receptor, and the presence
of a lysine residue at position 377 (Ks77) of its VP2 protein had eliminated the ability of
an earlier CPV variant to bind erythrocytes (see, Table 1 below). Neither of these
attributes would, a priori, be desireable in a new live vaccine strain. However, as a
constituent of a live multivalent vaccine, this CPV-2c¢ isolate was found to be fully
attenuated in canines, and furthermore, protected vaccinated puppies against a CPV-2b

challenge.

The amino acid sequence of the VP2 capsid protein of the particular isolate described in
the Examples below (ATCC accession No. PTA-13492) actually has six (6) amino acid
residue modifications relative to that of the corresponding prevalent VP2 amino acid
sequence for CPV-2c. Aside from comprising lysine residues at position 93 (Kg3), at

position 219 (K219), and at position 377 (Ks77), the amino acid sequence also comprises
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an isoleucine residue at position 555 (Isss5) in place of a valine residue, a serine residue
at position 300 (Ssq0) in place of a glycine residue, and an alanine residue at position
301 (Asp1) in place of a threonine residue (SEQ ID NO: 2). All six of these modifications
appear to be unique for a CPV-2c isolate, i.e. unique/identifying characteristics of ATCC
accession No. PTA-13492, though as noted above, at least five of the six sites had
been noted earlier in one or more of the earlier CPV variants, or FPV.

Therefore, in a particular aspect of the present invention, attenuated CPV-2c isolates
(attenuated or killed) are provided which share the unique/identifying characteristics of
the canine parvovirus ATCC accession No. PTA-13492. In another aspect of the
present invention, an isolated and/or recombinant capsid protein obtained from such
isolates are provided. Included in the present invention are novel antigenic fragments of
the capsid proteins of the invention. In a related aspect, isolated and/or recombinant
nucleic acids encoding the capsid proteins and/or encoding antigenic fragments of the
capsid proteins are provided. In a further aspect, the present invention provides
recombinant vectors, including recombinant virus vectors that comprise and/or express

such nucleic acids.

The present invention further provides vaccines against canine parvovirus comprising
any of these isolates (live and/or killed), and/or isolated and/or recombinant capsid
proteins, and/or novel antigenic fragments of the capsid proteins, and/or recombinant
nucleic acids encoding the capsid proteins and/or encoding antigenic fragments of the
capsid proteins (including recombinant viruses that comprise and/or express such
nucleic acids), either individually or in any combination. The vaccines and immunogenic
compositions of the present invention can be administered to the subject animal (e.g.,
canine) by any method. In particular embodiments a vaccine of the present invention is
administered by injection through the parenteral route, e.g., subcutaneously. In other

embodiments a vaccine of the present invention is administered by oral administration.
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In addition, the present invention provides related booster vaccines which can be

administered by the same way as the primary vaccine, or by an alternative method.

As used herein the following terms will have the following meaning:

As used herein the term, "canine" includes all domestic dogs, Canis lupus familiaris or

Canis familiaris, unless otherwise indicated.

As used herein, the term "feline" refers to any member of the Felidae family. Members
of this family include wild, zoo, and domestic members, such as any member of the
subfamilies Felinae, Panterinae or Acinonychinae. Nonlimiting examples of species
included within the Felidae family are cats, lions, tigers, pumas, jaguars, leopards, snow
leopards, panthers, North American mountain lions, cheetahs, lynx, bobcats, caracals or
any cross breeds thereof. Cats also include domestic cats, pure-bred and/or mongrel

companion cats, show cats, laboratory cats, cloned cats and wild or feral cats.

As used herein, the terms “protecting” or “providing protection to” and "aids in the
protection" do not require complete protection from any indication of infection. For
example, "aids in the protection” can mean that the protection is sufficient such that,
after challenge, symptoms of the underlying infection are at least reduced, and/or that
one or more of the underlying cellular, physiological, or biochemical causes or
mechanisms causing the symptoms are reduced and/or eliminated. It is understood
that “reduced,” as used in this context, means relative to the state of the infection,
including the molecular state of the infection, not just the physiological state of the

infection.

As used herein, a multivalent vaccine is a vaccine that comprises two or more different
antigens. In a particular embodiment of this type, the multivalent vaccine stimulates the
immune system of the recipient against two or more different pathogens.
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As used herein, the term "pharmaceutically acceptable” is used adjectivally to mean that
the modified noun is appropriate for use in a pharmaceutical product. When it is used,
for example, to describe an excipient in a pharmaceutical vaccine, it characterizes the
excipient as being compatible with the other ingredients of the composition and not

disadvantageously deleterious to the intended recipient animal, e.g., canine.

"Parenteral administration" includes subcutaneous injections, submucosal injections,

intravenous injections, intramuscular injections, intradermal injections, and infusion.

As used herein the term “polypeptide” is used interchangeably with the term “protein”
and is further meant to encompass peptides. Therefore, as used herein, a polypeptide
is a polymer of two or more amino acids joined together by peptide linkages.
Preferably, a polypeptide is a polymer comprising twenty or more amino acid residues
joined together by peptide linkages, whereas a peptide comprises two to twenty amino

acid residues joined together by peptide linkages.

As used herein a polypeptide "consisting essentially of” or that "consists essentially of” a
specified amino acid sequence is a polypeptide that (i) retains an important
characteristic of the polypeptide comprising that amino acid sequence, e.g., the
antigenicity of at least one epitope of the inventive capsid protein(s), and (ii) further
comprises the identical amino acid sequence(s), except it consists of plus or minus 10%
(or a lower percentage), and preferably plus or minus 5% (or a lower percentage) of the
amino acid residues. In a particular embodiment, additional amino acid residues
included as part of the polypeptide are part of a linked Tag, such as a C-terminal Hisg
Tag. In the specific case of the CPV-2¢c VP2 protein of the present invention, the
polypeptide (i) retains the antigenicity of at least one epitope of the inventive capsid
protein(s), and (ii) further comprises the identical amino acid sequence(s), except it
consists of plus or minus 5% (or a lower percentage) of the amino acid residues, yet still

retains a glutamic acid residue at position 426 (E42) and at least one, preferably at least
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two, more preferably at least three, and most preferably all six of the unique amino acid
residues as defined in Table 1 below, i.e., a lysine residue at position 93 (Kgs), a lysine
residue at position 219 (Kz19), a lysine residue at position 377 (Ks77), an isoleucine
residue at position 555 (lsss), a serine residue at position 300 (Ss00), and/or an alanine

residue at position 301 (Aso1), as defined by the amino acid sequence of SEQ ID NO: 2.

A molecule is "antigenic" when it is capable of specifically interacting with an antigen
recognition molecule of the immune system, such as an immunoglobulin (antibody) or T
cell antigen receptor. An antigenic polypeptide (and/or fragment of the polypeptide)
contains at least 6, and preferably at least 12 or more amino acid residues. An
antigenic portion of a molecule can be that portion that is immunodominant for
recognition by an antibody or a T cell receptor, and/or it can be a portion used to
generate an antibody to the molecule by conjugating an immunogenic portion of the
antigen to a carrier molecule for immunization. A molecule that is antigenic need not be

itself immunogenic, i.e., capable of eliciting an immune response without a carrier.

As used herein the term “antigenic fragment” of a particular protein is a fragment of that
protein that is antigenic. For example, an antigenic fragment of a CPV-2c capsid
protein of the present invention can be any antigenic fragment that retains a glutamic
acid residue at position 426 (Ess) and at least one, preferably at least two, more
preferably at least three, and most preferably all six of the unique amino acid residues
as defined in Table 1 below, i.e., a lysine residue at position 93 (Ko3), a lysine residue at
position 219 (Kz19), a lysine residue at position 377 (Ks77), an isoleucine residue at
position 555 (Iss5), a serine residue at position 300 (Ssu), and/or an alanine residue at
position 301 (Aso1), as defined by the amino acid sequence of SEQ ID NO: 2, including
large fragments that retains are missing as little as a single amino acid from the full-
length protein. In a particular embodiment, an antigenic fragment of a CPV-2c capsid
protein of the present invention contains between 60 and 580 amino acid residues. In

yet another embodiment, an antigenic fragment contains 100 amino acid residues or
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more, but fewer than 500 amino acid residues. In still another embodiment, an
antigenic fragment contains 250 amino acid residues or more, but fewer than 500 amino
acid residues. In yet another embodiment, an antigenic fragment contains 300 amino

acid residues or more, but fewer than 500 amino acid residues.

An antigenic fragment of a CPV-2c¢ capsid protein of the present invention can be
obtained from a recombinant source, from a protein isolated from natural sources, or
through chemical synthesis. Similarly, an antigenic fragment can be obtained following
the proteolytic digestion of such CPV-2c¢ capsid proteins or fragments thereof.
Alternatively, an antigenic fragment of the present invention can be generated by

recombinant expression, or alternatively, through peptide synthesis.

As used herein the term “chimeric protein” is used interchangeably with the terms
“chimeric polypeptide” and “chimeric peptide” and is meant to include fusion proteins,
polypeptides, and peptides. A “chimeric protein” comprising a CPV-2c¢ capsid protein of
the present invention comprises at least a portion of the CPV-2c capsid protein that
retains a glutamic acid residue at position 426 (E42) and at least one, preferably at least
two, more preferably at least three, and most preferably all six of the unique amino acid
residues as defined in Table 1 below, i.e., a lysine residue at position 93 (Kgs), a lysine
residue at position 219 (Kz19), a lysine residue at position 377 (Ks77), an isoleucine
residue at position 555 (lsss), a serine residue at position 300 (Ss00), and/or an alanine
residue at position 301 (Aso1), as defined by the amino acid sequence of SEQ ID NO: 2
joined via a peptide bond to at least a portion of a different protein. A chimeric protein
of the present invention also can comprise two or more different proteins and/or portions
thereof. Chimeric proteins of the present invention also can have additional structural,
regulatory, and/or catalytic properties. As used herein a chimeric protein can contain
multiple additions to at least a portion of a given protein, e.g., a chimeric protein can
comprise both a HisgTag and an epitope from another antigen. In a particular

embodiment, the non-capsid portion of the chimeric protein functions as a means of
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detecting and/or isolating the chimeric protein or fragment thereof after a recombinant
nucleotide encoding the given protein or antigenic fragment thereof is expressed. Non-
CPV-2¢ capsid protein amino acid sequences are generally, but not always, either

amino- or carboxy-terminal to the protein sequence.

As used herein one amino acid sequence is 100% "identical" to a second amino acid
sequence when the amino acid residues of both sequences are identical. Accordingly,
an amino acid sequence is 50% "identical" to a second amino acid sequence when 50%
of the amino acid residues of the two amino acid sequences are identical. The
sequence comparison is performed over a contiguous block of amino acid residues
comprised by a given protein, e.g., a protein, or a portion of the polypeptide being
compared. In a particular embodiment, selected deletions or insertions that could
otherwise alter the correspondence between the two amino acid sequences are taken

into account.

As used herein, nucleotide and amino acid sequence percent identity can be
determined using C, MacVector (MacVector, Inc. Cary, NC 27519), Vector NTI
(Informax, Inc. MD), Oxford Molecular Group PLC (1996) and the Clustal W algorithm
with the alignment default parameters, and default parameters for identity. These
commercially available programs can also be used to determine sequence similarity
using the same or analogous default parameters. Alternatively, an Advanced Blast
search under the default filter conditions can be used, e.g., using the GCG (Genetics
Computer Group, Program Manual for the GCG Package, Version 7, Madison,

Wisconsin) pileup program using the default parameters.

As used herein a "nucleic acid" refers to the phosphate ester polymeric form of
ribonucleosides (adenosine, guanosine, uridine or cytidine; "RNA molecules") or
deoxyribonucleosides (deoxyadenosine, deoxyguanosine, deoxythymidine, or

deoxycytidine; "DNA molecules"), or any phosphoester analogs thereof, such as
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phosphorothioates and thioesters, in either single stranded form, or a double-stranded
helix. Double stranded DNA-DNA, DNA-RNA and RNA-RNA helices are possible.
When referring to a nucleic acid that is double stranded both the “sense"” strand and the
complementary "antisense" strand are intended to be included. Thus a nucleic acid that
is hybridizable to SEQ ID NOs: 1, for example, can be either hybridizable to the "sense”
strand of the respective sequence, or to the "antisense” strand which can be readily
determined from the respective sense strands listed in the Sequence Listing provided

herein. The individual components of a nucleic acid are referred to as nucleotides.

Transcriptional and translational control sequences are DNA regulatory sequences,
such as promoters, enhancers, terminators, and the like, that provide for the expression
of a coding sequence in a host cell. In eukaryotic cells, polyadenylation signals are

control sequences.

A coding sequence is "under the control" of transcriptional and translational control
sequences in a cell when RNA polymerase transcribes the coding sequence into
MmRNA, which can then be trans-RNA spliced, if, when, and where appropriate, and

translated into the protein encoded by the coding sequence.

As used herein, the term "encodes” in the context of a CPV-2c¢ isolate comprising a
genome encoding a protein comprising a given amino acid sequence not only includes
proteins that have coding sequences that are uninterrupted in the genome such as the
VP2 capsid protein (e.g., encoded by nucleotides 2787-4541 of SEQ ID NO: 9) and the
NS1 protein (e.g., encoded by nucleotides 273-2279 of SEQ ID NO: 9), but can also
include those proteins that are encoded through alternative mRNA splicing such as VP1
(e.g., encoded by nucleotides 2286-2315.... 2388-4541 of SEQ ID NO: 9) and NS2
(e.g., encoded by nucleotides 273-533.... 2006-2242 of SEQ ID NO: 9).
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A nucleotide sequence is “operatively linked” to an expression control sequence when
the expression control sequence controls or regulates the transcription and translation
of that nucleotide sequence. The term operatively linked includes having an appropriate
start signal.

A "heterologous nucleotide sequence" as used herein is a nucleotide sequence that is
added by recombinant methods to a nucleotide sequence encoding a polypeptide of the
present invention or encoding a fragment thereof (i.e., an antigenic fragment), to form a
nucleic acid that is not naturally formed in nature. Such nucleic acids can e.g., encode
chimeric proteins. In addition, as used herein, a heterologous nucleotide sequence
need not be a single contiguous nucleotide sequence, but can include multiple non-
contiguous nucleotide sequences that have been combined with a nucleotide sequence
encoding a polypeptide of the present invention, or a portion thereof. A heterologous
nucleotide sequence can comprise non-coding sequences including restriction sites,
regulatory sites, promoters and the like. In still another embodiment the heterologous

nucleotide can function as a means of detecting a nucleic acid of the present invention.

Preparation of Attenuated and/or Killed CPV-2¢
Live attenuated vaccines may be prepared by the conventional means as detailed in the

Example 1 below. Conventional means generally include, for example, modifying
pathogenic strains by in vitro passaging, cold adaptation, modifying the pathogenicity of
the organism by genetic manipulation, preparation of chimeras, insertion of antigens
into viral vectors, selecting non-virulent wild type strains, and other methods well known

to the skilled artisan.

In some embodiments, the live attenuated CPV-2c strain is derived by serial passage of
the wild-type virus through cell culture. In alternative embodiments, an attenuated strain
is derived by serial passage of the wild-type virus through laboratory animals, non-host

animals, or eggs. The accumulation of genetic mutation during such passage(s)
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typically leads to progressive loss of virulence of the organism to the original host.

In some embodiments, the live attenuated virus strain is prepared by co-infection of
permissible cells with an attenuated mutant virus and pathogenic virus. The desired
resultant recombinant virus has the safety of the attenuated virus with genes coding for
protective antigens from the pathogenic virus.

In some embodiments, the live attenuated virus strain is prepared by cold adaptation. A
cold-adapted virus has an advantage of replicating only at the temperature found in
upper respiratory tract. A method of generation of a cold-adapted equine influenza virus
has been described in U.S. 6,177,082 [hereby incorporated by reference in its entirety].
A desired resulting cold-adapted virus confers one or more of the following phenotypes:

cold adaptation, temperature sensitivity, dominant interference, and/or attenuation.

In some embodiments, the live attenuated virus strain is prepared by recombinant
means, such as by recombinant recombination, a point mutation, deletion, or insertion
to convert a pathogenic virus to a non-pathogenic or less-pathogenic virus compared to
the original virus, while preserving the protective properties of the original virus. In
some embodiments, the live attenuated virus is prepared by cloning the candidate of
genes of protective antigens into a genome of a non-pathogenic or less-pathogenic

canine parvovirus, or other virus or organism.

Alternatively, inactivation of a CPV-2c¢ isolate of the present invention can be
accomplished by treating the virus with inactivation chemicals [e.g., formalin, beta
propiolactone ("BPL"), bromoethylamine ("BEA"), and binary ethylenimine ("BEI")] or by
non-chemical methods [e.g., heat, freeze/thaw, or sonication] to disable or decrease the
replication capacity of the virus.
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Vaccines and Multivalent Vaccines

The vaccines of the the present invention can comprise any of the CPV-2¢ isolates of
the present invention (live and/or killed), and/or corresponding isolated and/or
recombinant capsid proteins, and/or novel antigenic fragments of the capsid proteins,
and/or recombinant nucleic acids encoding the capsid proteins and/or encoding
antigenic fragments of the capsid proteins (including recombinant vectors, such as
recombinant viruses, that comprise and express such nucleic acids), either individually

or in any combination.

In addition, any of such CPV-2c antigens can be included in a multivalent vaccine.

Such multivalent vaccines can comprise live or killed antigens of and/or from other
canine or feline pathogens including subunit antigens and/or corresponding
recombinant vectors that expressing such subunit antigens from other canine and/or
feline pathogens. For example, a multivalent vaccine could include a CPV-2¢ antigen of
the present invention along with a recombinant myxoma virus expressing a feline and/or

canine influenza virus hemagglutinin.

In particular embodiments a multivalent vaccine comprises an isolated CPV-2c¢ isolate
of the present invention that further comprises a canine canine distemper virus, and/or a
canine adenovirus type 2, and/or a canine parvovirus type 2b, and/or a canine
parainfluenza virus, and/or a canine coronavirus, and/or a canine influenza virus, and/or
a canine pneumovirus. These viruses can be live attenuated or alternatively killed

viruses.

The vaccines, including multivalent vaccines, of the present invention may include one
or more excipients that enhance an animal subject's immune response (which may
include an antibody response, cellular response, or both), thereby increasing the
effectiveness of the vaccine. Use of such excipients (or "adjuvants") may be particularly

beneficial when using an inactivated vaccine. The adjuvant(s) may be a substance that
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has a direct (e.g., cytokine or Bacille Calmette-Guerin ("BCG")) or indirect effect
(liposomes) on cells of the canine patients immune system. Examples of often suitable
adjuvants include oils (e.g., mineral oils) water and oil adjuvants, metallic salts (e.qg.,
aluminum hydroxide, such as Alhydrogel, or aluminum phosphate), bacterial
components (e.g., bacterial liposaccharides, Freund's adjuvants, and/or MDP), plant
components (e.g., Quil A), and/or one or more substances that have a carrier effect
(e.g., bentonite, latex particles, liposomes, and/or Quil A, ISCOM), or combination of
these. As noted above, adjuvants also include, for example, CARBIGEN™ adjuvant
and acrylic block copolymers such as CARBOPOL. It should be recognized that the
present invention encompasses both vaccines that comprise an adjuvant(s), as well as

vaccines that do not comprise any adjuvant.

It is also contemplated that the vaccine may be freeze-dried (or otherwise reduced in
liquid volume) for storage, and then reconstituted in a liquid before or at the time of
administration. Such reconstitution may be achieved using, for example, vaccine-grade
water. In certain embodiments, a vaccine of the present invention can be formed into
freeze-dried compositions, such as spheres, e.g., as produced by a method previously
described [see e.g., WO 2010/125084; US 2012/0049412 A1, hereby incorporated by

reference in their entireties].

Stabilizer components may also be included in the vaccines. Appropriate stabilizers
include: sugars and sugar alcohols (such as sucrose, dextrose, trehalose, sorbitol) and
gelatin protein hydrolysates (lactalbumin hydrolysate, NZ Amine) serum albumin (bovine

serum albumin, ovalbumin) and buffering compounds.

Vaccine Administration

It is contemplated that a vaccine of the present invantion may be administered to the
animal subject, e.g., a canine, a single time; or, alternatively, two or more times over

days, weeks, months, or years. In some embodiments, the vaccine is administered at
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least two times. In some such embodiments, for example, the vaccine is administered
twice, with the second dose (e.g., a booster) being administered at least about 2 weeks
after the first. In some embodiments, the vaccine is administered twice, with the second
dose being administered no greater than 8 weeks after the first. In some embodiments,
the second dose is administered at from about 2 weeks to about 4 years after the first
dose, from about 2 to about 8 weeks after the first dose, or from about 3 to about 4
weeks after the first dose. In some embodiments, the second dose is administered
about 4 weeks after the first dose. The first and subsequent dosages may vary, such
as, for example, in amount and/or form. Often, however, the dosages are the same as
to amount and form. When only a single dose is administered, the amount of vaccine in
that dose alone generally comprises a therapeutically effective amount of the vaccine.
When, however, more than one dose is administered, the amounts of vaccine in those

doses together may constitute a therapeutically effective amount.

The preferred composition of the vaccine depends on, for example, whether the vaccine
is an inactivated vaccine, live attenuated vaccine, or both. It also depends on the
method of administration of the vaccine. It is contemplated that the vaccine may
comprise one or more conventional pharmaceutically acceptable carriers, adjuvants,
other immmune-response enhancers, and/or vehicles (collectively referred to as
"excipients"). Such excipients are generally selected to be compatible with the active
ingredient(s) in the vaccine. Use of excipients is generally known to those skilled in the
art.

The vaccines may be administered by conventional means, including, for example,
parenteral administration (such as, without limitation, subcutaneous or intramuscular
administration) or mucosal administration, (such as intranasal, oral, intratracheal, and
ocular). The vaccines may also be administered (including, without limitation, via a skin
patch, scarification, or topical administration). As seen in Example 2, the subcutaneous

injection of a multivalent vaccine comprising a live attenuated CPV-2c¢ isolate of the
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present invention proved to successfully protect against a virulent CPV-2b challenge.

It is also contemplated that the vaccine may be administered via the animal subject 's
drinking water and/or food. It is further contemplated that the vaccine may be
administered in the form of a treat, toy, or by supralingual administration [see e.qg.,
WO 2011/008958].

The vaccines (including multivalent vaccines) of the present invention may be
administered as part of a combination therapy, i.e., a therapy that includes, in addition
to the vaccine itself, administering one or more additional active agents, adjuvants,
therapies, etc. In that instance, it should be recognized the amount of vaccine that
constitutes a "therapeutically effective" amount may be more or less than the amount of
vaccine that would constitute a "therapeutically effective” amount if the vaccine were to
be administered alone. Other therapies may include those known in the art, such as, for
example, anti-viral medications, analgesics, fever-reducing medications, expectorants,
anti-inflammation medications, antihistamines, antibiotics to treat bacterial infection that
result as a secondary infection to a canine parvovirus infection, and/or administration of
fluids.

Nucleic Acids Encoding the CPV-2¢ Capsid Proteins of the Present Invention

A nucleic acid, such as a cDNA, that encodes a CPV-2¢ capsid protein, e.g., VP2
protein of the present invention, can be placed into a vector, e.g., a recombinant
bacterial host cell, to express a protein and/or antigen of the present invention.
Alternatively, the vector can be a recombinant virus (e.g., a rabbit myxoma virus) to be

used in immunogenic compositions such as vaccines.

In addition, obtaining and/or constructing a DNA that encodes a CPV-2c capsid protein
of the present invention, including antigenic fragments thereof, facilitates the production

of economically important quantities of the protein or antigenic fragments thereof. The
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large quantities of the proteins and/or antigenic fragments thereof produced are useful

for making certain vaccines of the present invention.

Accordingly, the present invention provides nucleotide constructs that allow for the
expression and isolation of large quantities of the proteins and/or antigens of the
present invention, such as the CPV-2c capsid protein. These nucleic acids can further
contain heterologous nucleotide sequences. To express a recombinant protein of the
present invention in a host cell, an expression vector can be constructed comprising the
corresponding cDNA. The present invention therefore, provides expression vectors
containing nucleic acids encoding the CPV-2c capsid proteins of the present invention,

including variants thereof, and/or antigenic fragments thereof and/or chimeric proteins.

Due to the degeneracy of nucleotide coding sequences, other DNA sequences which
encode substantially the same amino acid sequence as a nucleic acid encoding a CPV-
2¢ capsid protein of the present invention may be used in the practice of the present
invention. These include, but are not limited to, allelic genes, homologous genes from
other strains, and/or those that are altered by the substitution of different codons that
encode the same amino acid residue within the sequence, thus producing a silent
change. Host cells comprising the expression vectors of the present invention are also

provided. One particular host cell is an E. coli cell.

General methods for the cloning of cDNAs and expression of their corresponding
recombinant proteins have been described [see Sambrook and Russell, Molecular
Cloning, A laboratory Manual, 3* edition, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor L.1. (2000)]. Preferably, all of the nucleic acid constructs of the present

invention are sequence confirmed.

In addition, any technique for mutagenesis known in the art can be used to modify a

CPV-2c¢ capsid protein of the present invention, including but not limited to, in vitro site-
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directed mutagenesis [Hutchinson et al., J. Biol. Chem., 253:6551 (1978); Zoller and
Smith, DNA, 3:479-488 (1984); Oliphant et al., Gene, 44:177 (1986); Hutchinson et al.,
Proc. Natl. Acad. Sci. U.S.A., 83:710 (1986); Wang and Malcolm, BioTechniques
26:680-682 (1999) the contents of which are hereby incorporated by reference in their
entireties]. The use of TAB@ linkers (Pharmacia), etc. and PCR techniques also can
be employed for site directed mutagenesis [see Higuchi, "Using PCR to Engineer DNA",
in PCR Technology: Principles and Applications for DNA Amplification, H. Erlich, ed.,
Stockton Press, Chapter 6, pp. 61-70 (1989)].

The present invention also provides nucleic acids that hybridize to nucleic acids
comprising the nucleotide sequences of the present invention. A nucleic acid is
"hybridizable" to another nucleic acid, such as a cDNA, genomic DNA, or RNA, when a
single stranded form of the nucleic acid can anneal to the other nucleic acid under the
appropriate conditions of temperature and solution ionic strength [see Sambrook and
Russell, Molecular Cloning, A laboratory Manual, 3* edition, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor L.I. (2000)].

The conditions of temperature and ionic strength determine the "stringency" of the
hybridization. For preliminary screening for homologous nucleotides, low stringency
hybridization conditions, corresponding to a T, of 55°C, can be used, e.g., 5X saline
sodium citrate (SSC), 0.1% sodium dodecyl sufate (SDS), 0.25% milk, and no
formamide; or 30% formamide, 5XSSC, 0.5% SDS. Moderate stringency hybridization
conditions correspond to a higher Ty, e.g., 40% formamide, with 5X or 6XSSC. High
stringency hybridization conditions correspond to the highest Tr,, e.g., 50% formamide,
5X or 6XSSC. Hybridization requires that the two nucleic acids contain complementary
sequences, although depending on the stringency of the hybridization, mismatches
between bases are possible. The appropriate stringency for hybridizing nucleic acids
depends on the length of the nucleic acids and the degree of complementation,

variables well known in the art.
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The greater the degree of similarity or homology between two nucleotide sequences,
the greater the value of T, for hybrids of nucleotides having those sequences. The
relative stability (corresponding to higher Ty,) of nucleotide hybridizations decreases in
the following order: RNA:RNA, DNA:RNA, DNA:DNA. For hybrids of greater than 100
nucleotides in length, equations for calculating T have been derived [see Sambrook
and Russell, Molecular Cloning, A laboratory Manual, 3" edition, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor L.I. (2000)]. For hybridization with shorter nucleic
acids, i.e., oligonucleotides, the position of mismatches becomes more important, and

the length of the oligonucleotide determines its specificity.

Depending upon circumstances a suitable minimal length for a hybridizable nucleic acid
can be at least about 12 nucleotides; or at least about 18 nucleotides; or the length can
be at least about 24 nucleotides; or at least about 36 nucleotides. Alternatively, the
minimum length can be at least about 48 or at least about 72 nucleotides, or longer, as
indicated above. In certain embodiments the nucleic acid is between 12 and 72
nucleotides long. In other embodiments the nucleic acid is between 18 and 48
nucleotides long. In yet other embodiment the nucleic acid is between 1800 and 2010
nucleotides long. In still other embodiments the nucleic acid is between 1200 to 2010
nucleotides long.

In a specific embodiment, the term "standard hybridization conditions" refers to a T, of
55°C, and utilizes conditions as set forth above. Under more stringent conditions, the
Tm is 60°C, and under even more stringent conditions, the T, is 65°C for both

hybridization and wash conditions, respectively.

Recombinant Vectors

The present invention also provides vectors that comprise the nucleic acids and express
the proteins of the present invention. Such vectors can contain one or more nucleotide

sequences and/or heterologous sequences of the present invention operatively linked to
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an expression control sequence. In certain embodiments the vector is an animal virus
vector. Examples of such vectors include adenoviruses, herpesviruses, poxviruses,
paramyxoviruses, rhabdoviruses, and baculoviruses. In other embodiments, the vector
is a plasmid or a bacterium such as E. coli. Any of the vectors of the present invention

can be used in a vaccine.

CPV-2¢ Proteins of the Present Invention

The present invention provides isolated and/or recombinant CPV-2¢ capsid proteins,
including antigen fragments and chimeric proteins thereof. In addition, CPV-2c¢ capsid
proteins containing altered sequences in which functionally equivalent amino acid
residues are substituted for those within the amino acid sequence resulting in a

conservative amino acid substitution are also provided by the present invention.

Thus, one or more of these amino acid residues within the sequence can be substituted
by another amino acid of a similar polarity, which can, but not necessarily, act as a
functional equivalent, resulting in a silent alteration. Substitutes for an amino acid within
the sequence may be selected from other members of the class to which the amino acid
belongs. For example, the nonpolar amino acids include alanine, leucine, isoleucine,
valine, proline, phenylalanine, tryptophan and methionine. The polar neutral amino
acids include glycine, serine, threonine, cysteine, tyrosine, asparagine, and glutamine.
The positively charged (basic) amino acids include arginine and lysine. The negatively

charged (acidic) amino acids include aspartic acid and glutamic acid.

Particularly preferred conserved amino acid exchanges are:

(a) Lys for Arg or vice versa such that a positive charge may be maintained;
(b) Glu for Asp or vice versa such that a negative charge may be maintained;
(c) Ser for Thr or vice versa such that a free -OH can be maintained;
(d)

d) GIn for Asn or vice versa such that a free NH, can be maintained; and
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(e) lle for Leu or for Val or vice versa as being roughly equivalent hydrophobic amino

acids.

All of the CPV-2c capsid proteins of the present invention, including antigenic fragments
thereof, also can be part of a chimeric protein. In a specific embodiment, a chimeric
polypeptide is expressed in a prokaryotic cell. Such a chimeric protein can be a fusion
protein used to isolate a CPV-2¢ capsid protein of the present invention, through the
use of an affinity column that is specific for a protein fused to the CPV-2¢ capsid protein,
for example. Examples of such fusion proteins include: a glutathione-S-transferase
(GST) fusion protein, a maltose-binding protein (MBP) fusion protein, a FLAG-tagged
fusion protein, or a poly-histidine-tagged fusion protein. Specific linker sequences such

as a Ser-Gly linker can also be part of such a fusion protein.

Indeed, the expression of one or more of the inventive proteins, as a fusion protein, can
facilitate stable expression, and/or allow for purification based on the properties of the
fusion partner. Thus the purification of the recombinant CPV-2¢ capsid proteins of the
present invention can be simplified through the use of fusion proteins having affinity
Tags. For example, GST binds glutathione conjugated to a solid support matrix, MBP
binds to a maltose matrix, and poly-histidine chelates to a Ni-chelation support matrix
[see Hochuli et al., Biotechnology 6:1321-1325 (1998)].

The fusion protein can be eluted from the specific matrix with appropriate buffers, or by
treating with a protease that is specific for a cleavage site that has been genetically
engineered in between the CPV-2¢ capsid protein, for example, and its fusion partner.
Alternatively, a CPV-2c capsid protein can be combined with a marker protein such as
green fluorescent protein [Waldo et al., Nature Biotech. 17:691-695 (1999); U.S. Patent
No. 5,625,048 and WO 97/26333, the contents of which are hereby incorporated by

reference in their entireties].
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Alternatively or in addition, other column chromatography steps (e.g., gel filtration, ion
exchange, affinity chromatography etc.) can be used to purify the recombinant
polypeptides of the present invention (see below). In many cases, such column
chromatography steps employ high performance liquid chromatography or analogous

methods in place of the more classical gravity-based procedures.
In addition, a CPV-2¢ capsid protein of the present invention or an antigenic fragment
thereof can be chemically synthesized [see e.g., Synthetic Peptides: A User's Guide,

W.H.Freeman & Co., New York, N.Y., pp. 382, Grant, ed. (1992)].

General Polypeptide Purification Procedures:

Generally, initial steps for purifying a polypeptide of the present invention can include
salting in or salting out, in ammonium sulfate fractionations; solvent exclusion
fractionations, e.g., an ethanol precipitation; detergent extractions to free membrane
bound polypeptides, using such detergents as TRITON X- 100, TWEEN-20 etc.; or high
salt extractions. Solubilization of membrane proteins may also be achieved using
aprotic solvents such as dimethyl sulfoxide and hexamethylphosphoramide. In addition,
high speed ultracentrifugation may be used either alone or in conjunction with other

extraction techniques.

Generally good secondary isolation or purification steps include solid phase absorption
using calcium phosphate gel, hydroxyapatite, or solid phase binding. Solid phase
binding may be performed through ionic bonding, with either an anion exchanger, such
as diethylaminoethyl (DEAE), or diethyl [2-hydroxypropyll aminoethyl (QAE)
SEPHADEX or cellulose; or with a cation exchanger such as carboxymethyl (CM) or
sulfopropyl (SP) SEPHADEX or cellulose. Alternative means of solid phase binding
includes the exploitation of hydrophobic interactions e.g., the use of a solid support such
as phenylSepharose and a high salt buffer; affinity-binding immuno-binding, using e.g.,

a inventive protein bound to a suitable anti- CPV-2¢ capsid protein selective antibody
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bound to an activated support. Other solid phase supports include those that contain

specific dyes or lectins etc.

A further solid phase support technique that is often used at the end of the purification
procedure relies on size exclusion, such as SEPHADEX and SEPHAROSE gels.
Alternatively, a pressurized or centrifugal membrane technique, using size exclusion
membrane filters may be employed. Oftentimes, these two methodologies are used in

tandem.

Solid phase support separations are generally performed batch-wise with low-speed
centrifugation, or by column chromatography. High performance liquid chromatography
(HPLC), including such related techniques as FPLC, is presently the most common
means of performing liquid chromatography. Size exclusion techniques may also be
accomplished with the aid of low speed centrifugation. In addition size permeation
techniques such as gel electrophoretic techniques may be employed. These
techniques are generally performed in tubes, slabs or by capillary electrophoresis.

Almost all steps involving polypeptide purification employ a buffered solution. Unless
otherwise specified, generally 25-100 mM concentrations of buffer salts are used. Low
concentration buffers generally imply 5-25 mM concentrations. High concentration
buffers generally imply concentrations of the buffering agent of between 0.1 - 2.0 M
concentrations. Typical buffers can be purchased from most biochemical catalogues
and include the classical buffers such as Tris, pyrophosphate, monophosphate and
diphosphate and the Good buffers such as Mes, Hepes, Mops, Tricine and Ches [Good
et al., Biochemistry, 5:467 (1966); Good and lzawa, Meth. Enzymol., 24B:53 (1972);
and Fergunson and Good, Anal. Biochem., 104:300 (1980].

Materials to perform all of these techniques are available from a variety of commercial

sources such as Sigma Chemical Company in St. Louis, Missouri.
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Antibodies to the CPV-2¢c Capsid Proteins of the Present Invention

The CPV-2c capsid proteins of the present invention, and antigenic fragments thereof,
as produced by a recombinant source, or through chemical synthesis, or as isolated
from natural sources; and variants, derivatives or analogs thereof, including fusion
proteins, may be used as an immunogen to generate antibodies. Such antibodies
include but are not limited to polyclonal, monoclonal, chimeric including single chain,
Fab fragments, and a Fab expression library. Such antibodies can be used in

diagnostic kits or as components in vaccines.

Specific anti- CPV-2c¢ capsid protein antibodies of the invention, for example, may be
cross-reactive, that is, they may recognize closely-related CPV-2c¢ capsid proteins
obtained from a different source (e.g., a different CPV-2c¢ isolate). Polyclonal antibodies
have greater likelihood of cross-reactivity. Alternatively, an antibody of the invention
may be specific for a single form of an inventive protein, for example, such as a specific
fragment of the capsid protein that has the amino acid sequence of SEQ ID NO: 2, ora
closely related variant thereof.

In a particular aspect of the present invention compositions and uses of antibodies that
are immunoreactive with only a CPV-2c capsid protein of the present invention are
provided. Such antibodies "bind specifically" to the particular CPV-2c capsid protein
protein respectively, meaning that they bind via antigen-binding sites of the antibody as

compared to non-specific binding interactions.

The terms "antibody" and "antibodies" are used herein in their broadest sense, and
include, without limitation, intact monoclonal and polyclonal antibodies as well as
fragments such as Fv, Fab, and F(ab') fragments, single-chain antibodies such as scFv,
and various chain combinations. The antibodies may be prepared using a variety of

well-known methods including, without limitation, immunization of animals having native
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or transgenic immune repertoires, phage display, hybridoma and recombinant cell

culture.

Both polyclonal and monoclonal antibodies may be prepared by conventional
techniques. [See, for example, Monoclonal Antibodies, Hybridomas: A New Dimension
in Biological Analyses, Kennet et al. (eds.), Plenum Press, New York 37 (1980); and
Antibodies: A Laboratory Manual, Harlow and Land (eds.), Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY, (1988)].

Various procedures known in the art may be used for the production of polyclonal
antibodies to a particular CPV-2c¢ capsid protein, variants or derivatives or analogs
thereof. For the production of an antibody, various host animals can be immunized by
injection with the CPV-2c¢ capsid protein, variant or a derivative (e.g., or fusion protein)
thereof or fragment thereof, including but not limited to rabbits, mice, rats, sheep, goats,
etc. In one embodiment, the inventive protein can be conjugated to an immunogenic
carrier, e.g., bovine serum albumin (BSA) or keyhole limpet hemocyanin (KLH). Various
adjuvants may be used to increase the immunological response, depending on the host
species, including but not limited to Freund's (complete and incomplete), mineral gels
such as aluminum hydroxide, surface active substances such as lysolecithin, pluronic
polyols, polyanions, peptides, oil emulsions, keyhole limpet hemocyanins, and

dinitrophenol.

For preparation of monoclonal antibodies directed toward a given inventive protein,
variant, or analog, or derivative thereof, any technique that provides for the production
of antibody molecules by continuous cell lines in culture may be used. These include
but are not limited to the hybridoma technique originally developed by Kohler and
Milstein [Nature, 256:495-497 (1975)], as well as the trioma technique, and the human
B cell hybridoma technique [Kozbor et al., Immunology Today, 4:72 (1983); Cote et al.,
Proc. Natl. Acad Sci. U.S.A., 80:2026-2030 (1983)].
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The monoclonal antibodies of the present invention include chimeric antibodies versions
of antibodies originally produced in mice or other non-human animals. Technigues
developed for the production of "chimeric antibodies" by splicing the genes from a
mouse antibody molecule specific for a given inventive protein, for example, together
with genes from a canine antibody of appropriate biological activity can be used. Such
chimeric antibodies are within the scope of this invention [see in general, Morrison et al.,
J Bacteriol, 159:870 (1984); Neuberger et al., Nature, 312:604-608 (1984); Takeda et
al., Nature, 314:452-454 (1985)].

Kits
The present invention further comprises kits that are suitable for use in performing the
methods described above. The kit may comprise a dosage form comprising a vaccine
described above. The kit also may comprise at least one additional component, and,
typically, instructions for using the vaccine with the additional component(s). The
additional component(s) may, for example, be one or more additional ingredients (such
as, for example, one or more of the excipients discussed above, food, and/or a treat)
that can be mixed with the vaccine before or during administration. The additional
component(s) may alternatively (or additionally) comprise one or more apparatuses for
administering the vaccine to the canine or feline subject. Such an apparatus may be,
for example, a syringe, a supralingual applicator, inhaler, nebulizer, pipette, forceps, or
any medically acceptable delivery vehicle. In some embodiments, the apparatus is
suitable for subcutaneous administration of the vaccine. In some embodiments, the

apparatus is suitable for intranasal administration of the vaccine.

The present invention may be better understood by reference to the following non-
limiting Examples, which are provided as exemplary of the invention. The following
examples are presented in order to more fully illustrate the preferred embodiments of
the invention. They should in no way be construed, however, as limiting the broad

scope of the invention.
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EXAMPLES

EXAMPLE 1

Isolation and Attenuation of a Novel CPV Isolate

Two canine parvoviruses were selected (Isolates #4 and #12) from a group of isolates
obtained from canine intestinal samples submitted to Oklahoma Animal Disease
Diagnostic Laboratories (OADDL). The viruses were identified as being CPV-2c
isolates by sequence analysis of their respective VP2 proteins. Initial studies showed
that the selected CPV-2c isolates induced severe parvovirus disease in puppies. To
attenuate their virulence, the viruses were serially passaged approximately forty times
on Crandell feline kidney cells (CrFK), followed by a minimum of four additional
passages on feline embryonic fibroblast (FEF) cells. The cells were grown on Eagle's
minimal essential medium (EMEM) with 5 to 10% fetal bovine serum. During the in vitro
attenuation process, the viruses were subjected to limited dilution cloning after every

10" passage.

Initial cross-neutralization studies with serum from dogs inoculated with CPV-2c isolates
# 4 and #12 demonstrated that attenuated isolate # 4 induced higher levels of cross
neutralization antibodies compared to the attenuated isolate #12 (see, Figures 1 and 2).
Indeed, attenuated CPV-2c isolate #4 (ATCC accession No. PTA-13492) was found to
have superior serum neutralization properties when tested against either a standard
CPV-2 isolate or against a variety of CPV-2c field isolates, including those having the
A440 modification [U.S. 8,227,583 B2; U.S. 8,258,274 B2].

The amino acid sequence of the VP2 capsid protein of the attenuated CPV-2c isolate #4
has six (6) amino acid residue modifications relative to that of the corresponding publicly
available consensus amino acid sequences for CPV-2¢ VP2: a lysine residue at position

93 (Kg3) in place of an asparagine residue, a lysine residue at position 219 (Kz19) in
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place of an isoleucine residue, a lysine residue at position 377 (Ks77) in place of an
arginine residue, an isoleucine residue at position 555 (lsss) in place of a valine residue,
a serine residue at position 300 (Ssg0) in place of a glycine residue, and an alanine
residue at position 301 (Asp1) in place of a threonine residue. All six of these
modifications appear to be unique for this particular CPV-2c isolate, though at least five
of the six the amino acid sites had been noted earlier for FPV and/or earlier CPV
variants. The affect of these amino acid substitutions are provided in Table 1. In
addition, the overall charge of the VP2 protein of the CPV-2c¢ isolate #4 has been
altered due to two of these amino acid changes involving the exchange of a neutral

amino acid residue with a lysine residue, which is a basic amino acid.

The change of a lysine residue at position 93 (Kg3) to an asparagine residue (Ng3), along
with the change of an aspartic acid residue at position 323 (Ds323) to an asparagine
residue (N323) enabled FPV to bind the host cell canine transferrin receptor and infect
canine cells. Therefore, it would appear that the presence of an arginine residue at
position 93 in place of a lysine residue enhances the binding of a canine parvovirus
isolate to its host cell receptor. Accordingly, substituting a lysine residue at position 93
(Kg3) for an asparagine residue, as is found in the VP2 protein of isolate #4, would be
expected to adversely affect the ability of that isolate to bind its host cell receptor.
Similarly, changing an arginine residue at position 377 to a lysine residue (Ks77) of the
VP2 protein had eliminated the ability of an earlier CPV variant to bind erythrocytes
(see, Table 1 below). Therefore, the analogous amino acid exchange in CPV-2c, as is
found in the VP2 protein of isolate #4, also would be expected to adversely affect the

ability of that isolate to bind erythrocytes.

Changing the glycine residue at position 300 (Gsg) to a serine residue (Ssg0) of the VP2
protein might also be expected to have an adverse affect on isolate #4 to bind to its host
cell receptor. In this regard, a CPV-2 isolate that had an aspartic acid at position 300

(Dsoo) was reported to be unable to either bind the host canine transferrin receptor or to
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infect canine cells or dogs. On the other hand, the change of an alanine residue (Asqo)
to a glycine residue (Gsoo ), which occurred when CPV-2 mutated to CPV-2a, does not
appear to have adversely affected the binding of the new variant to the host cell
receptor. Interestingly, the glycine residue at position 300 of the wild type CPV-2¢c VP2
protein differs from the alanine at position 301 of isolate #4 by only the addition of a
methyl group (CHs) of the alanine, whereas the wild type threonine at position 301 of
the VP2 protein differs only by the loss of a methylene group (-CH3-) relative to the
serine at position 300 of isolate #4. Therefore, the changes at these two adjacent

amino acid residues may simply complement each other.

The lysine residue at position 219 (Kz19) of the VP2 protein of the CPV-2c isolate #4
may aid in its attenuation, since a change of the isoleucine residue to a valine residue at
position 219 in a recombinant heterogenous canine parvovirus enhanced the
attenuation of that recombinant parvovirus when it was performed in conjunction with a
concomitant change at position 386 of a glutamine residue to a lysine residue
[WO2011107534 (A1); WO2012007589 (A1)]. Finally, the change of the valine residue
to an isoleucine at position 555 (lsss) in the VP2 protein of the CPV-2c isolate #4

appears to be simply the third reiteration of a cyclical reversion.
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Table 1

Amino Acid Changes in VP2 Capsid Protein of CPV-2c Isolate

i3

From

To

Related Functional Changes

93

Lys

Changing a lysine residue (Kgs) to an asparagine residue (Ngs)
enables FPV to bind the canine transferrin receptor when the
aspartic acid residue at position 323 (Ds»3) is changed to an
asparagine (Ns23) as well.

219

lle

Lys

Changing an isoleucine residue (l219) to a valine residue of a
CPV-2¢c VP2 protein (V219) attenuates a CPV-2¢c-CPV-2 chimeric
virus, when the glutamine residue at position 386 (Qsss) is
changed to a lysine residue (Ksgs) as well.

300

Gly

Ser

One difference between the VP2 protein of CPV-2 and
subsequent CPV variants, is that CPV-2 has an alanine residue
(Asgo) at positiin 300, whereas the later variants all have a glycine
residue (Gsoo) in its place. However, when that same alanine
residue (Asoo) of CPV-2 was changed to an aspartic acid residue
(Ds00), CPV-2 was prevented from binding the host canine
transferrin receptor and from infecting canine cells or dogs.

301

Thr

Ala

377

Arg

Lys

Changing an arginine residue (Rs77) to a lysine residue (Ks77) in
CPV-2 eliminated the ability of the parvovirus to bind
erythrocytes.

555

Val

lle

CPV-2 —» CPV-2a —» CPV-2b —» CPV-2c —» CPV-2c (#4)
Val —» lle — Val = Val — le

The nucleotide sequences (SEQ ID NOs: 1, 3, 5, 7, and 9) and the amino acid
sequences (SEQ ID NOs: 2, 4, 6, and 8) of the CPV-2c isolate (ATCC accession No.
PTA-13492) are provided below:
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EXAMPLE 2

Efficacy of the Novel CPV-2¢ Vaccine Against a Virulent CPV-2b Challenge

The efficacy of a multivalent vaccine comprising the attenuated CPV-2c isolate # 4 of

the present invention in combination with a live canine distemper virus (CDV) isolate, a
live canine adenovirus type 2 (CAV2) isolate, and a live canine parainfluenza virus (CPI)

isolate was tested against a virulent CPV-2b challenge.

Materials and Methods

Study Protocols: Prior to initiation of animal studies, all animal study protocols were

reviewed and approved by Institutional Animal Care and Use Committee (IACUC).

Animals: Twenty-five 6 to 8 week old, specific pathogen free (SPF) puppies from a
licensed breeder were randomly assigned to either test vaccine group (N=20, Group 1)
or placebo group (N=5, Group 2). All puppies were tested and found free of CPV

antibodies prior to vaccination.

Vaccines: A multivalent vaccine was formulated with CDV, CAV2, CPI antigens and
CPV-2c isolate #4 (ATCC accession No. PTA-13492). All antigens in the vaccine are
modified live viruses. The multivalent vaccine was then lyophilized using standard
procedures. Each dose of the test vaccine contained approximately 4 10g1oTCIDsg of
CPV-2c virus. A modified live vaccine also was formulated with the CDV, CAV2 and

CPi antigens, but without CPV-2c. This placebo vaccine was also lyophilized.

Vaccination and challenge: The puppies were vaccinated with two doses (3 weeks
apart) of either the test vaccine (Group 1) or the placebo vaccine (Group 2) by
subcutaneous injection, and then were challenged with a virulent CPV-2b isolate

following a standard protocol at 3 weeks post-second vaccination.
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Clinical observations: All animal were observed for fever (> 103.4°C), clinical signs
which include diarrhea, vomiting, mucous or blood in feces, lymphopenia (> 50%
reduction prior to pre-challenge level) and fecal shedding. A puppy was considered as
being positive for parvovirus disease if it was positive for 3 of the 4 pathogenomonic

signs: lymphopenia, fever, fecal shedding, and clinical signs.

Results and Conclusion

Prior to the challenge with CPV-2b, all puppies receiving the test vaccine were positive
for CPV SN antibodies following the 2" vaccination dose (> 2800), whereas all puppies
receiving the placebo vaccine were free of CPV SN antibodies (< 2). Following the
CPV-2b challenge, 100% of the puppies that had been administered the placebo
vaccine were positive for parvovirus disease, whereas 100% of the puppies vaccinated
with the vaccine comprising the CPV-2c isolate #4 (i.e., the test vaccine) were free of
parvovirus disease.

Table 2

EFFICACY OF TEST VACCINE WITH CPV-2c ISOLATE # 4 FOLLOWING A
CHALLENGE WITH VIRULENT CPV-2b.

No. of dogs Vaccine Challenge virus % Dogs
Treatment protected
Group
1 20 Test Vaccine CPV-2b 100
2 5 Placebo CPV-2b 0

The dogs were vaccinated subcutaneously with either two doses of the Test
vaccine or two doses of the placebo prior to the challenge with CPV-2b

The results from this study (Table 2 above) demonstrate that the vaccine comprising the
CPV-2c isolate #4 (ATCC accession No. PTA-13492) provided 100% protection against

a virulent CPV-2b isolate. Indeed, although completely avirulent in dogs, the attenuated
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canine parvovirus of the present invention can still induce significant levels of protection

against a CPV-2b challenge.

EXAMPLE 3

Efficacy of the Novel CPV-2c¢ Vaccine Against a Virulent CPV-2c Challenge

The efficacy of a multivalent vaccine comprising the attenuated CPV-2c isolate # 4 of

the present invention in combination with a live canine distemper virus (CDV) isolate, a
live canine adenovirus type 2 (CAV2) isolate, and a live canine parainfluenza virus (CPI)

isolate was tested against a virulent CPV-2¢ challenge.

Materials and Methods

Study Protocols: Prior to initiation of animal studies, all animal study protocols were

reviewed and approved by Institutional Animal Care and Use Committee (IACUC).

Animals: Twenty-five 6 to 8 week old, specific pathogen free (SPF) puppies from a
licensed breeder were randomly assigned to either test vaccine group (N=20, Group 1)
or placebo group (N=5, Group 2). All puppies were tested and found free of CPV
antibodies prior to vaccination.

Vaccines: A multivalent vaccine was formulated with CDV, CAV2, CPI antigens and
CPV-2c isolate #4 (ATCC accession No. PTA-13492). All antigens in the vaccine are
modified live viruses. The multivalent vaccine was then lyophilized using standard
procedures. Each dose of the test vaccine contained approximately 4 10g1oTCIDsg of
CPV-2c virus. A modified live vaccine also was formulated with the CDV, CAV2 and
CPi antigens, but without CPV-2c. This placebo vaccine was also lyophilized.

Vaccination and challenge: The puppies were vaccinated with two doses (3 weeks

apart) of either the test vaccine (Group 1) or the placebo vaccine (Group 2) by
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subcutaneous injection, and then were challenged with a virulent CPV-2¢ isolate

following a standard protocol at 3 weeks post-second vaccination.

Clinical observations: All animal were observed for fever (> 103.4°C), clinical signs
which include diarrhea, vomiting, mucous or blood in feces, lymphopenia (> 50%
reduction prior to pre-challenge level) and fecal shedding. A puppy was considered as
being positive for parvovirus disease if it was positive for 3 of the 4 pathogenomonic

signs: lymphopenia, fever, fecal shedding, and clinical signs.

Results and Conclusion

Prior to the challenge with CPV-2c, all puppies receiving the test vaccine were positive
for CPV SN antibodies following the 2™ vaccination dose (> 4096), whereas all puppies
receiving the placebo vaccine were free of CPV SN antibodies (< 2). Following the
CPV-2c challenge, 100% of the puppies that had been administered the placebo
vaccine were positive for parvovirus disease, whereas 100% of the puppies vaccinated
with the vaccine comprising the CPV-2c isolate #4 (i.e., the test vaccine) were free of
parvovirus disease.

Table 3

EFFICACY OF TEST VACCINE WITH CPV-2c ISOLATE # 4 FOLLOWING A
CHALLENGE WITH VIRULENT CPV-2c.

No. of dogs Vaccine Challenge virus % Dogs
Treatment protected
Group
1 20 Test Vaccine CPV-2¢c 100
2 5 Placebo CPV-2¢c 0

The dogs were vaccinated subcutaneously with either two doses of the Test
vaccine or two doses of the placebo prior to the challenge with CPV-2¢

The results from this study (Table 3 above) demonstrate that the vaccine comprising the
CPV-2c isolate #4 (ATCC accession No. PTA-13492) provided 100% protection against
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a virulent CPV-2c isolate. Indeed, although completely avirulent in dogs, the attenuated
canine parvovirus of the present invention can still induce significant levels of protection
against a CPV-2c challenge.

SEQUENCE LISTING TABLE

SEQ ID NO: Description

Nucleic acid sequence of VP2

Amino acid sequence of VP2

Nucleic acid sequence of VP1

Amino acid sequence of VP1

Nucleic acid sequence of NS2

Amino acid sequence of NS2

Nucleic acid sequence of NS1

Amino acid sequence of NS1

O 0 Nl & O & WO N -~

Nucleic acid sequence of >95% of the genome

BIOLOGICAL DEPOSIT

A culture of the following biological material has been deposited with the following

international depository by: Intervet Inc. 556 Morris Ave, Summit NJ, 07901.

American Type Culture Collection (ATCC) 10801 University Boulevard, Manassas, Va.
20110-2209, U.S.A., under conditions that satisfy the requirements of the Budapest
Treaty on the International Recognition of the Deposit of Microorganisms for the
Purposes of Patent Procedure.

Organism Accession No. Date of Deposit

CPV-2c¢ (isolate #4) ATCC accession No. PTA-13492 January 24, 2013
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The present invention is not to be limited in scope by the specific embodiments
described herein. Indeed, various modifications of the invention in addition to those
described herein will become apparent to those skilled in the art from the foregoing
description. Such modifications are intended to fall within the scope of the appended

claims.

It is further to be understood that all base sizes or amino acid sizes, and all molecular
weight or molecular mass values, given for nucleic acids or polypeptides are

approximate, and are provided for description.
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WE CLAIM

1. An isolated attenuated canine parvovirus (CPV) isolate comprising a genome
that encodes a capsid protein comprising an amino acid sequence that comprises 98%
or greater identity with the amino acid sequence of SEQ ID NO: 2; wherein the amino
acid sequence of the capsid protein comprises a glutamic acid residue at position 426

(Ea26), and lysine residues at amino acid positions 93 (Kgs), 219 (K219), and 377 (Ks77).

2. The isolated attenuated CPV of Claim 1, wherein said capsid protein further
comprises an amino acid residue selected from the group consisting of a serine residue
at position 300 (S300), an alanine residue at position 301 (Aso), and an isoleucine

residue at position 555 (lsss), or any combination thereof.

3, The isolated attenuated CPV of Claim 2, wherein the amino acid sequence of the

capsid protein comprises a serine residue at position 300 (Sso0).

4, The isolated attenuated CPV of Claim 3, wherein the amino acid sequence of the

capsid protein comprises an alanine residue at position 301 (Aso1).

5. The isolated attenuated CPV of Claim 2, wherein the amino acid sequence of the

capsid protein comprises an isoleucine residue at position 555 (lsss).

6. An isolated attenuated canine parvovirus (CPV) isolate comprising the identifying
characteristics of ATCC accession No. PTA-13492.

7. A vaccine comprising the attenuated CPV of Claim 1 and a pharmaceutically

acceptable carrier.
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8. The vaccine of Claim 7 further comprising an additional live attenuated canine
virus selected from the group consisting of canine distemper virus, canine adenovirus
type 2, canine parvovirus type 2b, canine parainfluenza virus, canine coronavirus,

canine influenza virus, canine pneumovirus, or any combination thereof.

9. The vaccine of Claim 8 that comprises a live attenuated canine distemper virus, a
live attenuated canine adenovirus type 2, and a live attenuated canine parainfluenza

virus.

10.  The vaccine of Claim 9 that further comprises a live attenuated canine

coronavirus.

11. A method of immunizing a canine against CPV comprising administering the

vaccine of Claim 9 to a canine.

12.  An immunogenic composition comprising the CPV of Claim 1 and a

pharmaceutically acceptable carrier.

13. A polypeptide that comprises an amino acid sequence that comprises 98% or
greater identity with the amino acid sequence of SEQ ID NO: 2 or an antigenic fragment
thereof;

wherein the amino acid sequence of the polypeptide or that of the antigenic
fragment thereof comprises a glutamic acid residue at position 426 (E42) and an amino
acid residue selected from the group consisting of a lysine residue at position 93 (Kg3), a
lysine residue at position 219 (Kz219), a lysine residue at position 377 (Ksz7), an
isoleucine residue at position 555 (lsss5), a serine residue at position 300 (Ssoo), an
alanine residue at position 301 (Asp1), or any combination thereof; and wherein said
polypeptide or the antigenic fragment thereof is in a form selected from the group

consisting of isolated, recombinant, or both isolated and recombinant.
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14.  The polypeptide of Claim 13 that comprises lysine residues at amino acid
positions 93 (Kgs), 219 (K219), and 377 (Ksz7).

15.  The polypeptide of Claim 14, wherein the amino acid sequence comprises a
serine residue at position 300 (Ssg0), an alanine residue at position 301 (Asp1), and an

isoleucine residue at position 555 (lsss).

16.  An immunogenic composition comprising the polypeptide or antigenic fragment
thereof of Claim 13.

17. A nucleic acid that encodes the polypeptide of Claim 14; wherein said nucleic
acid is in a form selected from the group consisting of isolated, recombinant, or both

isolated and recombinant.

18.  The nucleic acid of Claim 17 that comprises the nucleotide sequence of SEQ ID
NO: 1.

19.  Arecombinant expression vector that comprises the recombinant nucleic acid of
Claim 17.

20.  The recombinant expression vector of Claim 19 that is a recombinant viral vector.
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Figure 1
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