VACCI NES CONTAI NI NG CANI NE PARVOVI RUS GENETI C VARI ANTS SEQUENCE LI STI NG
This application includes as the Sequence Listing the conplete contents of
t he acconpanying text file "Sequence.txt", created June 12, 2008,
containing 3,780 bytes, hereby incorporated by reference DESCRI PTI ON
BACKGROUND OF THE I'NVENTION Field al the Invention The invention
generally relates to i nproved cani ne parvovirus (CPV) vaccine fornul ati ons
and di agnostic tests. In parti cNACCINERCONIGINING provi des i nproved CPV
vacci ne formul ati ons and dj L& pri Si ener gi ng

dom nant CPV variants cur@%ﬁﬁgﬁ‘%kggﬁgﬁgﬁﬁﬁ&@rﬁﬁg&w&I ations.
Background of the Invention Cani ne parvov rus (CPV) is primarily an
enteric pathogen that infects dogs, especially young dogs. Parvovirus
infection is characterized by acubPBQUENGHEETHMver and | cukopeni a in dogs

and puppi es nore thar < ,a.an cardi al _di.sease. in.younger
puppi es. The nort a:’ﬁ% ya%})g%‘gé% }r{\{gﬁ&fsshaglﬂ%i Sst'gkgg(%gy%&? t\}%g%l?pﬂ%t & %%]639@1 %S ver y
hi gh. Wil e vascomesyagé&ixnle “SRMearcextiwaialed blne 12b2@BysmiaGRM: 8,38@bytes,

si ngl e-strandeld‘ A viru al{ld_ {\t%as an extrene ability to mutate, the virus
shows a renar kéebffémé%moia?‘iﬂ YdSAPS ant i genical |y and thereby el ude the

i mune protection afforded by vacci nes. Thus, constant nonitoring of the

antigenic type and genotype of the 15,3%{7 ent is necessary. CPV
was first isolated in 1978 and was E%WB I!Pgi@%g to distinguish it from

parvovirus canine M nute vi BASCKCRBUND ORVFHE, INCRWIZONs general |y believed
to be a genetic variant of feline p2nfeukopenia virus (FPV) or of the mnk
enteric virus (MEV), and is geneti €449 %@ ¢t genical |y very closely

related to parvovi riseschitAtsehdiBOaE1a R RS prdvOX %ineﬁﬁ%@ﬁ’t&%CP@?dacgltnger
carnivores. The CPV capsid contains a single-
formulations and diagnostic tests. In particular, the invention provides improved CPV
vaccine formulations and diagnostic tests comprising newly emerging dominant CPV

variants currently circulating in canine populations.

Background of the Invention

Canine parvovirus (CPV) is primarily an enteric pathogen that infects dogs,
especially young dogs. Parvovirus infection is characterized by acute diarrhea, fever
and leukopenia in dogs and puppies more than 4 to 5 weeks old, and myocardial
disease in younger puppies. The mortality rate from the disease in unvaccinated dogs
is very high. While vaccines against CPV are available, because CPV is a single-
stranded DNA virus and has an extreme ability to mutate, the virus shows a
remarkable ability to vary antigenically and thereby elude the immune protection
afforded by vaccines. Thus, constant monitoring of the antigenic type and genotype of
the causative agent is necessary.

CPV was first isolated in 1978 and was named “CPV-2" to distinguish it from
parvovirus canine Minute virus (CMV or CPV-1). CPV-2 is generally believed to be a
genetic variant of feline panleukopenia virus (FPV) or of the mink enteric virus
(MEV), and is genetically and antigenically very closely related to parvoviruses that

infect minks, foxcs, raccoons, and other carnivores. The CPV capsid contains a single-




stranded DNA genone of about 5200 bases with only two open reading franes,
al though at | east four proteins are encoded due to alternative nmMRNA
splicing. Parvovirus capsid is made up of two viral proteins (VP), VPl and
VP2, with VP2 being the major immunogenic parvovirus capsid protein. A
genetic variant of the original CPV isolate was identified in 1979-1980 and
was naned CPV type 2a. In the md-1980's, yet another variant, type 2b, was
identified, angrafidaaeNA BetbmdyRBS RE0Acks 2bmappadb obeh RAVE; QQH&' etely

di spl aced the ori gi nal CPV-2. Current vaccines are directed agai nst only
the 2a and 2b #ﬂﬂ@v%ﬁrﬁté&wti@ﬂ PEHENDHe Gaspiiartue fosaliganafivng&N Adwlieisted hi t he
United States. I arrish and
Kavoka, 2005, T G e o B3R e P BT B i

posi tions: Asnbe428h¢ m2iar i(nenlowgedc ;lm]ch\TF? capsidﬁspemmg@e(lemmd*ecd thyy GAT), and

Irla\?erSE:solnnt (2)at (Ihms ”‘5‘?#&{/%?&% Vive lgﬁltlg q%e%g5 99%@d0hangm541§})ggypﬁ%l Iéélhel c types

appear ed t 0 bemfdeloats,wel ayloslteﬁxlaalnantf 0[562&) mmaieﬁu@a‘d yR&frRe tHopWRYRRa ahdd 2000 a
variant "2c" was descrjbed in which position 426 is G n encoded by GAA

(position 555 TERAFHE %Fyomn*ﬁtélyzl&plﬁaﬁ (Bnerisea Cﬁ’é/e% (g5 eSS t al y
(Buonavogl i a efiftbicd aZ@Rldnly Meh Qﬁnﬂmgﬂ%ﬂh@Qa @hrant 13Q9ﬂ&1g@rqgteg&:@ﬁf
countries, including Spain (Nakanura et al’., 4; Decaro et al., 2006),

but until now thhEpecdystes. B@rewewsW@eSﬁPVﬂiﬁ@@vqrbe@@irquluébn sprePzpdsheadi ant in the
Uni ted States,Kg@g Moyacci nes have not been updated to include such
variants. This Is of special inportance because, unlike previously

descri bed varlants(Hﬁ@Qb&ﬂ%mdﬁmp@?%ﬁaahmhnmppmem)mﬁPN%ﬁmhaskhh@Gabﬁiity to

i nfect adult dogs. Fur r, the o) a Wi .cod
variations at (B‘gé)fl? Wréﬂﬁbﬁéﬂal %ﬁ%ﬁy%ﬁ HT t%)%%?r?r%és %\] &\ gl? The
54646340) in 2[@95'355&61d’al’@l@@g’etlgﬁkuwyﬁh@fé&ﬁhtt@EheQﬁlgf:lﬂal tybd®2 &Q0&nct Ameceeadi ngs
National Acadeny Sciences 102:379-384), but no alterations in CPV vaccine
or di agnost i c €CRHE% PRGNS XREY @’Pﬁ%lﬁbfﬁé’éﬂe ﬁ%@oﬁt% foy i purgles 0 bYreBs .

Several probl %e@@ﬂ ﬁﬁz@@b%@al‘{%@gicn%s @wgs@lll%gtm %Qﬂtp@gtlod: A’fbsig bYU en%&?c'a

vacci nated dogs may be susceptible to infection by CPV variants that arc
not included ity (ﬁ/h/é (vation A&) reBaownvalyThadsenrisdded ean e&}torlclgls Isbcone ill,
their owners f ently I t vVira r e vaccine caused
the disease. Thi “0 Rogliar r‘@qgg(?ln 1\$Iern3’§]3%kadmaet aﬁ %O?ga“r%)ﬁ‘%ﬂ 8t""r"Efuner at i on
to the owners m(Sildiﬁ:gES;th(f\&l(aIﬁmﬁ@t I, 2004t Dadauv\awfm)é; Ibet Lmacmme]eféqwany to
provi de evidence to the contrarépé}Seve r al TV vacci ne preparations have

been proposed:Peen no conlijied rgpprigio §°P’élfaélﬁtns“91U?Pé?§i Yyes aphCRY Yo%1n591 t o

Appel et al., desgdibhg Jfo@&t@df RtiNRh & By dRAS TN AL 8dsdeciki ik @Qm)ce\éé&us%

vacci nes, respectively, whi ch the exenplary vaccine afp forded protfection
agai nst t he ortinbkmﬁww descrlbed vanigjstteay irsech pemapitpapricy CBY3¢ BuBhe o

Carm chael et a%{hw toq h{ﬂ?ﬁ gg I3 %81‘ e QCF\EPJG Q%Iaag v%m@“tﬁ@&%ﬂq%qnﬁ \r{s
produced by pro onge seria assagé of € VIirus I n non-oncogcnic C

| i nes. The exenpbsaiops ¢Hcaidri@2 alas eubprinddec (GenRgdi (ps 5444084® @@0’3&)]11(1 CPV

i sol ate. United States Pat 971,793 to d et ., and United
States Patent rg’oétﬁ%hbg%ct‘%tovi %ie”%@b éj’ OCCQ‘H%W‘Hg’gﬁr"? denpy (ﬁ’ff)'ﬁ”snant subuni t
vacci nes conpriiogi3ng384)eneRY alvitat?nP LY Raddine@ @i aishdstic E@eRBRbRAN e

bacul ovirus. The VP-2 protein is of no specifi ed type or subtype.

Uni ted St at es PPRO&HtbsEdggs g8t GBani sh et al ., describes a CPV vaccine

conprising an atteRpal 36}(31 o0 2ke BhdyaV@kdsa not updated. Firstly, even vaccinated

dogs may be susceptible to infection by CPV variants that are not included in the
vaccine. Secondly, when vaccinated dogs become ill, their owners frequently claim

that the viral strains in the vaccine caused the disease. This has frequently resulted in
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Due to the ability of the CPV virus to nutate and devel op new antigenic
variants, there is an ongoing need to nonitor the genetic makeup of CPV
variants and to devel op vacci nes and di agnostic tests that reflect current
(TV variants. SUWMARY OF THE | NVENTI ON The present invention

provi des updat ed vaccines for preventing CPV infection, and di agnostic

nmet hods for detecting new and energi ng CPV variants. The vacci nes and

di agnosti c met edsynaeohaseskAdn il dvaGoMBIcY (Rfe iIPheN¥IOusS! WapRkpewn and
previously unappreciated CPV variants, and take into account” the energence
of nutant for nECceNe eHRPRY FUNOTIRE ewdehehloprd ewnugisicci ne formul ations and

di agnostics are in 7 v NG £t nt invention provide
protection agai nst ab{eérgrgglg(lhﬁ\gv%éﬁﬁé%g?dt@@/,hg\éen%%?ﬁ@b%l%ggnosti cs provide the
ability to detect tUreteriEwiop Petenk a3 Por arsl 400310 ¢ tovsppes ¢t dboddscidife whi ch

capabilities re previously unayajl.able. In particular, one newrare
variant is u's\é\f%ﬁefmt o q" Wﬁ?‘%étfd ?\Yfglﬁfignvfmf ?‘nac\?lﬁg%i‘?‘?g%cng’én 3’1?“‘3% mar ker
variant makes pespiabl ectios ensida grov@dhiagaid 0RSrighavet her or not di sease
synptons-in an ani nal_ vaccinated with the marker variant arc caused by the
vacci ne, or by anot{idied stafegiPatepid. P45 to Carmichyglect ploWespaibesi aieceivg mul at i ons

i ncl ude whol e 1 i i =St - i r nore of
the fol | owi ng %E%?‘E’??E#??%@?F%@WW PR 2 0se R BAas B D0 o
contai ns at | estonepgsnicsbll budsnbhechiamnples: vapdies deodunteenepdishipe VBinplr ot ei n
position 494 iéP\-é%glaEeat her than TOT, and the codon encodi ng VP2 protein
position 572 is rather than GIA. These changes do not result in am no
aci d changes (bot h Und&l ands PaEnteliyode3 aydloed aeal and Watch SGIE Pardt GTA encode

val i ne). Never I this variant causes disease in ani mals that have
been previ ousl{r@a(’ce?gi%%gtﬂgﬁs Wﬁﬂfoﬁb%ﬁﬁ’?ilf_&?ﬁﬁ“lg‘,“a‘étLﬁ”P‘g‘ht_tWaffc”é?fé?ﬂ_nﬁ’éﬁ?l%g Mscci nes
and shoul d be @meorposaicathrbiilel MeWoudGahichiorinul atd ens bk k& tle changes
at positions 494 and 572 were previously described, they were not
appreci at ed. FuFthgklype dissbtsferi can i sol ate may contain other mutations.
2bA431 is a newy diREOYRIEHaLATEsIBs SR NAN RO -89 Lant, of
2bA494A572) in which the codon encodi ngO pqolgslr]ti on d&%}f %Sfaa?ﬁ‘g%}%gwpr oteinis
CTG rat her t haem@TAng Whitleeudtdsl lSrrehbngevalaso does not result in an am no
acid change, this riant ver.t.h ss. al so causes di sease in vaccinated
ani mal s and nay beYﬁlﬁé%{rﬁﬁg&gEyeo E}?eﬁpg\ Iy ‘\I/\S/t%{]élgq%?‘%’ VAR ATY gHgenie
Si gni ficantly,vadigs, tiferd & 3n 86@HQ deyd to2RAGB1L the @Piicis @ilsupadT drdedlhiaNi@esd ne
"marker" sequence. . Anerican (or United Stat esé 2c is the first 2c
vari ant i sol at'@d°CPPiReriRgPpediagiosicsstaigt iedeqt Rersst BBYreTEnt (81(y0) 2c
variant, This variant is also referred to as the "major 2c variant".
2eA440 is a newy discovered \V_var ; in which the eodon encodi ng
position 440 of the VP2 prot eﬁz‘ﬁw@’@ﬁ)}‘? _V@%B}p%m, which results in a
change in the am Nahagicekns RYHRIIE BrdvidRBNEDERORAE RS (AGNvehdhAbmpi ne (CGCA) at
this position. This variant causes disease in vaccinated animals and shoul d
be i ncor por at édfefiipnorelpapassicintehoy fndpigetingmsw arhegergmei G virgnisuFeent |y a
mnor (199 vaniank «andabe@d SAnSRLAEL SPnbEEEHD: s c
variant". : chAﬁBOA&%O,S a1 drt ﬁer avar(?lar}t lé‘fed‘gle’f@ﬁ%%\kﬂ%‘ﬁ@{"i‘“ﬁ addi tion
t 0 cont ai ni ng a@0reausihenapoctiord oY posnts,iao tdkd Qyto adcsmtiar dnesgdncosi known 2c
sequences by hayi ng t he !euci ne a}. QOSi tion 430 encoded Q}y TTA rather than
the usual TTGmu ant Yorms of the€ virus t6r which prior vaccine formulations and dragnostics are

inadequate. The vaccines of the present invention provide protection against emerging

forms of CPV, and the diagnostics provide the ability to detcct the newly evolved

forms of the virus, both of which capabilities were previously unavailable. In

particular, one new rare variant is useful as a “marker” variant in vaccines. Use of the

marker variant makes possible forensic investigations of whether or not disease



Al'l of these CPV variants were detected by pol ynmerase chain reaction (PCR
and isolated in cell culture fromCPV infected dogs and/or their puppies
that had already been vaccinated agai nst CPV using conventional comrercial
vacci nes. Thus, these newly energing variants are capabl e of escaping

i mmune surveillance i n dogs vaccinated according to current protocols,
whet her the variation does (2cA440 and 2cA430A440 in part) or does not
(2bA4944572 ang/mploAds3it an efianpeictifattd@itR e Mtwrias iveliSHE Y enred Bf tht RgcME2
protein at the indicated positions. In addition, currently available

di agnostic t ecHMYGURETHAN A EPY- use do not detect the new CPV variants or
react poorly, |eadimngt@ VQ&%{eQ%?ﬂaﬁﬁf‘%bﬁ]Hé/ Whdfle at-[é?ﬁat% epoti & mgé“' on

sol ves these problens by providing vaccines and diagnostics that take the
new variants ifiaadedeldbmeying one or moThel thnfpdnvingrehiraetertrées: pr ovi des a net hod
of propagating cani 1.5 4s descri bed
herein, which do no@gggﬁ%\lﬁgé a;%CCP\p%i |c]§féféémims aXr:&‘gf‘ttfjlr%ogPoléilﬁce only a
m | d CPE, V\hemmngesuhecbdton eﬁd@ﬁiﬁgc/@l2lmotahqmﬁnoﬁl'm mr‘@Gh?crdthaaHmT(SBSanﬁ he step
of culturing the c ni ne ary virus in.a mxt of Cran aII Reese feline
i dney. ( CReRy - Berr e GRSt P serih S Kt Shedhiing T et dpnise
culturing is c@yiot egu@itanMRéIRsid SRALHS (AN GChal I@jI| A6dNSsiEiad bty Wovi rus
to propagate to titers higher than those attained when the CPV is cultured
in CRFK, cel | sUAF apbUTA encodegplane iNeypthedngs s viint ganensidiease an mmﬂ@vu rus
vacci ne conpr i gy Oone, BeviRES vER) %al‘é@'ixhtﬂ@%ﬁven (I()}ﬁ gyl Qlt/alﬁgﬁtv% ﬂegat' on of
the one or nore CPV variants is at |east 4- ower than t evel of
neutralizati orﬁndfslmﬂrébfomcmrelem maY}/@nms fcsewcomwmloquh@@s gup

consi sting of 4 as erm si.ng scrum
froman ani mal® %ng%gl ?’lggf; é]gi% ?ﬁlegr%é{)&l 4 %85%18%%?‘ eglwﬁbe @’p(S?Claﬁ%ll' EUTSFP

vari ants CPV- 2hisGR\eran 1569&1-1122@' camdinCMér 2aitatibhs. sone enbodi nents, the | eveI S
of neutralization %Lg determ ned by a serumneutralization assay and
expressed as a neut’ ﬁl‘éf‘ﬂ]%‘ﬁlytdﬂsf%‘fe‘edgﬁlelglb (BESERRPTE ON (AT DRAW NGS

Figure 1. Exemphaoynr2DMH4Aa Re &%H%m&)@m@tpbﬁu&wj 18 th b, SRAUE 0GE
represented by SEQ I D NO 1) in which the codon for position 494 is TGC and

t he codon for Bt 1@’b‘ﬁT57‘Q’1ﬂ%thG1°@a“gPﬁéﬂorﬁ19@ﬁ1@?[@Sdtlndngéqwl@mmsng am no
aci ds 426 to é%arg 1€$%CI¥E zdl 09159%4 séa%e 1?1% mated ammals and Lga&re 2. An

exenpl ary 2bA4 sequence e nuclerc acid sequence represented by SEQ ID
NGO 2) in whi otncoumaaeatcd)dlumduomcpmsloumohati@lﬁlslgmﬁeﬁfﬁy, dhlaeo n:ugcbmitgz, 28083
sequence encodi ngﬁeam no CI ds 42 )téo 572 of the VP2 pr ot ein is shown.

Figure 3. The 'Rl g énéﬂ?f (‘g‘éﬂ%é)ﬁad Teff8Hifg ami no acids 426 to 572 (the

nucleic acid sequer/r@mlrc@p(roe@amémddasg 29EQnE BrshNG va3lanQbol4B@inBE OhitAMEr i can 2c
VP2 protein is shown gure 4. An exenplary 2cA440 (m nor Anerican

2e) sequence (YHE MWdd @Féleé%mtﬂ“‘@éah/eh%ce"aﬁélﬁrB@éh@@ﬁt%?ISSHﬁfll@tN@thﬂ) in
which the codog, fpbcPQSIHI4 on 440 is GCA instead of ACA, encoding al anine
i nstead of threonine. The nucleic acid sequence encodi ng am no acids 426 to
572 of the VP2 protedtliisa sdvowdiscovered 2eKiPguvagiafy. in Ahichxengidar yncadidd 30A440

sequence (the ayglehs 46IFLIURNCE d SR SREMEDLEX, FER LRINGD: & Henge

in the amino acid sequence from threonine (ACA) to alanine (GCA) at this position.
This variant causes disease in vaccinated animals and should be incorporated into new
vaccine formulations. This variant is currently a minor (19%) variant and is also
referred to herein as the “minor 2¢ variant”.

2¢A430A440, a further variant of 2cA440, which, in addition to containing
GCA at the codon for position 440, also varies from known 2¢ sequences by having

the leucine at position 430 encoded by TTA rather than the usual TTG.

4.



Figure 6. Putative folded structure associated with the 2e variant. Figure
7. Putative folded structure associated with the 2bA431 variant. Figure 8.
Putative folded structure associated with the 2cA430A440 vari ant. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS OF THE | NVENTI ON The
present invention provides CPV vaccines and di agnostics, the conpositions
of which include newy discovered variants that reflect the evolutionary

trends of CPV. Eachaafoftire apv w@anﬁhﬁ; WS ddi e ekl dt §elyheRBR hafaSadibatrdigd
al ready been vac0|nated for CPV, but which neverthel ess contracted CPV and

becane ill. Thaad isplatesingesil cpldrg figp (Y pifctedidpes e/os fiea agpis tomViad t hese new
vari ants nmay b%héa@ggé&ql’a@&%d‘ a@EuQsthsﬂ% BEALAGR §01mF [)Itthedlégl]@SsTgﬁscrl bed

in detail bel ow, e identification of these variants

di scovery of aﬂWyvéthmﬂabméVN@@B@Wmeﬂﬂh@%CPWHaommnmcsmvmﬂmmemhbgdlscovery
of the vari ant er s.le th neific of ~a cruci al
hyper vari abl e ?T)§§% a&%&hﬁaﬁ%g m?ﬁ“ﬁ%ﬁﬁ;“é@%ﬁé?evaﬁaFﬁébgﬁéygggﬁpg

nucl eoti des at pb&@ﬁn@hmpiQMﬁdb&rﬁ?@%AhaM67beﬁnﬂmaBSkm&ﬁgdnHﬁ@@hﬁ&mm

However, the epi dem ol i.scoveries described herein have shown t hat
the critical H ”F‘&&O{Sﬁl%é@?%‘rtw af e eicafedpettiqns. I addidp greengy ayaleblepy

genotne from pasbids@dtedidiqred 826 c@fust henG ABRE @ EnWRZP FOREms kS HRY1Y, €91 on
enconpasses at least two critical ﬂypervarlable codons, eodons 426 ‘and 440

of the VP2 genkadipg ifdseispic] sensiaitnylhe piesent abPriionsgiverthessmpriiesesdyt he regi on
begi nni ng one Bl‘é@]dﬁ%tdag@négetg@ﬁﬁ%l Q%Qhaq’%@e fhré W9 G08aR 449, Wt hout being

bound by theory, it at the birological significance of this HPV
region is related tl"iletlheelltlhleﬁm)dymwm'iﬁts agelizidloif pyopedatinheansterpanibouines that are
formed by the se cuss w. The V@ﬁﬁ nts are as

fol | ows: 5@%§ iﬁg? rmnm “ﬁﬂ r%%rkﬁthrﬁpmﬂgéﬁ acHarg <t or

posi tion 494 ofChther MBZuc{él’o@Iy&i mild SPTGhenat etd inlfERFK Miisande.tine neadan for
position 572 of the VP2 protein is (TIC rather than GIA Neither of these

nut at i ons caus%?”ﬁmﬁﬁﬁﬁ§@°P “ﬁWéuﬁﬂ%ﬁﬂéﬁFﬁﬁ?ﬂ@“&%Fagxwﬁy§céwdﬂbgP%Pon 494

and Val at posfehh@ﬂdg’ez/?(tRaK‘}i cdl i@%ﬁ@\/&%@'éwﬁ%%ullﬂﬁﬁem&ﬁﬁﬁ B4 e%é oPERMin
descri bed. Nevertheless, it was not previously appreciate hat the

changes aIIOM/Fﬁ@lwﬁPﬁsmﬂ@W@v®ﬂ@mﬁmﬂﬁh@N&Wéaﬁahmﬁwwnuhwsm@mgaccﬂnated with

Curientiy ava hiahl e Nanel R dhASRTH PR ASLe LAt gsiRpL ATt o depi ot ed

in Figure 1, whe8re a portion &ne encodi ng
am no acids 426 t o Bifaniestighfavther pfdiédes wpanutiantvaaadeospfidfdoand nbf?) are
shown in bol d 8199 Vlcillrl]gl?sr IT!]EI;] ]%gél of neutralization of the one or more CPV variants is at least

4-fold lower than the level of neutralization of one or more CPV variants selected

from the group consisting of CPV-2, CPV-2a, CPV-2b and CPV-2c, as determined

using serum from an animal vaccinated with a vaccine comprising one or more of

CPV variants CPV-2, CPV-2a, CPV-2b and CPV-2c. In some embodiments, the

levels of neutralization are determined by a serum neutralization assay and expressed

as a neutralization titer.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1. Exemplary 2bA494A572 sequence (the nucleic acid sequence
represented by SEQ ID NO: 1) in which the codon for position 494 is TGC and the
codon for position 572 is GTC. The nucleic acid sequence encoding amino acids 426

to 572 of the VP2 protein is shown.



2) 2bA431 is a rare 2b CPV variant in which contains a change from CTA to
CTG at the codon encoding position 431. The original 2bA431 isolate al so

i ncluded the 2bA494A572 mutations and is hence 2bA431A494A572. However, the
i nventi on enconpasses any CPV sequence (2a, 2b or 2e) that includes CTCr at
t he codon encodi ng position 431 of the VP2 protein. This nutation does not
result in an am no acid change (CTA and CTG both encode Leu) but, due to

its scarcity, ZbMS}Lﬁ@ear@ﬁ@f&@ Jap2bAgakeqace (e nudlaE Kk&d seqggRuence for
forensi c purposes ect of the invention is discussed in detail

bel ow. Thi s vafiPERentgddbydaist Bt ¥E: 2) in whicgdfrcecogon {phaesdtion 48613¢HR Bk a 2b (i.e
426 = GAT) szn&@é?@a&(n&%gérggel?cqghﬁgmﬂﬁ'oqadégz% t5%7?312lhé §/P$E P1s-§lﬁ'c?w§ hree

mut ant codons (431, 494 ‘an re shown in d and u
3) American 2e is tlgutBriEic Rclevaridanfuengehatieg anming dfmisuﬁﬁtceiﬂ?sﬂmt es. The

significant e ence.of this vari 1% unappr eci at (see
Figure 3). RIS AT ERAGC ToRTeRo, 2@%66%9%‘2 %) ol%ﬁ \mp%lh&f)ﬂéca]égﬁgﬁzf or
position 440 ofroteheisMiRZviprotein is GCA, rather than ACA. This nutation

results in an amno_acid change frogm Thr to Al a at JDOSItIOﬂ 440. Furt her,
this mitant was al S08Y881 APEETR N LAPOLPIBNSMFricanace eRese (o ddat

neverthel ess fgld se'qlléncwf Pes &R b)-@wﬁfﬂbe@ it ihfh MR dodiM f&ﬁ@éﬁ%}@ﬂfﬁéﬁom d be

i ncor por at ed into new CPV vacci ne and di agnostic preparations

variant is depbétidtsttad ofigidr encpdinghianiac isised of trsonihic. 4 h2ouFRagene (i . e.
426- GAA) enco 9 t ant codon (440)
is shown in ho %ﬁgg}fﬁ lelg%dﬁ%go}&fotn ‘42218%?1%?{% @@)éelgtrlegh?mderl i ned for

r ef er ence. ZMG&ME)exempﬁmy 1dadB oA Isantna@f(th2 0A44i0 aciséqibpeei N

addition to containi qﬁ t hhgz) codon for position 440, also varies from
known 2e sequeﬁgrgge%e@ YHe’)t eucine at position 430 encoded by TTA
rather than the usuagurd EQutalivt Sol¥rstradttire hSsodleRl GiBthd 2 Vihigiire 5. Table 1

provides a summary of the sequence changes in these variants. Table 1.
Codons associ at ed Wilg¥He &riuativa foldgdishuctuginepeciard ib tvBbAd3 byasiant. i n cur r ent

United States CPV vakj:@RtifiMat iy sARIMQ a86kitke AT LilcORARWA4 SRR, AL €d codon

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

The present invention provides CPV vaccines and diagnostics, the
compositions of which include newly discovered variants that reflect the evolutionary
trends of CPV. Each of the variants was isolated from a dog that had already been
vaccinated for CPV, but which nevertheless contracted CPV and became ill. Thus, in
order to stop or curtail the spread of CPV, these new variants may be incorporated
into vaccine protocols. Further, as described in detail below, the identification of these
variants has led to the discovery of a hypervariable region in the CPV genome.

The discovery of the variants described herein has led to the identification of a
crucial hypervariable (HPV) region of the CPV genome. In the past, only nucleotides
at positions 1276 to 1277 have been considered important. However, the
epidemiological discoveries described herein have shown that the critical HPV region
actually falls almost in the middle of the CPV genome from position 1275-1326 of the

complete VP2 gene. This HPV region encompasses at least two critical hypervariable
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426 430 431 440 494 572 2bA494A572 GAT TTG CTA ACA

codons, codons 426 and 440 of the VP2 gene. Preferably, the hypervariable region
comprises the region beginning one nucleotide before codon 426 through codon 440.
Without being bound by theory, it is likely that the biological significance of this HPV
region is related to the thermodynamic stability of the structures that are formed by the
sequence, as discussed more fully below.

The variants are as follows:

2bA494A572 is a 2b CPV variant in which the codon for position 494 of the
VP2 protein is TGC rather than TGT and the codon for position 572 of the VP2
protein is GTC rather than GTA. Neither of these mutations causes a change in the
encoded amino acids (Cys at position 494 and Val at position 572) and these
sequences have previously been described. Nevertheless, it was not previously
appreciated that these changes allow the virus to evade immune clearance in hosts
vaccinated with currently available vaccines, as described herein. This variant is
depicted in Figure 1, where a portion of a 2b (i.e. 426 = GAT) VP2 gene encoding
amino acids 426 to 572 is shown. The two mutant codons (494 and 572) are shown in
bold and underlined.

2) 2bA431 is a rare 2b CPV variant in which contains a change from CTA to
CTG at the codon encoding position 431. The original 2bA431 isolate also included
the 2bA494A572 mutations and is hence 2bA431A494A572. However, the invention
encompassés any CPV sequence (2a, 2b or 2¢) that includes CTG at the codon
encoding position 431 of the VP2 protein. This mutation does not result in an amino
acid change (CTA and CTG both encode Leu) but, due to its scarcity, 2bA431
represents an ideal vaccine “marker” sequence for forensic purposes. This aspect of
the invention is discussed in detail below. This variant is depicted in Figure 2, where a
portion of a 2b (i.e. 426 = GAT) VP2 genc encoding amino acids 426 to 572 is shown.
The three mutant codons (431, 494 and 572) are shown in bold and underlined.

3) American 2c¢ is the first 2¢ variant isolated in the United States. The
significant emergence of this variant was previously unappreciated (see Figure 3).

4) 2¢A440 is a 2¢ CPV variant in which the codon for position 440 of the VP2
protein is GCA, rather than ACA. This mutation results in an amino acid change from

Thr to Ala at position 440. Further, this mutant was also isolated from a previously
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"I CC* CATC* * 2bA431A494A572 GAT TTG CTG* ACA TGC* GIC* American 2c "Mj or

Anerican 2c"

vaccinated dog that nevertheless fell ill with CPV. Therefore, this variant sequence

should be incorporated into new CPV vaccine and diagnostic preparations. This

variant is depicted in Figure 4, where a portion of a 2c VP2 gene (i.e. 426 = GAA)

encoding amino acids 426 to 572 is shown. The mutant codon (440) is shown in bold

and underlined. Codons 494 and 572 are underlined for reference.
2¢A430A440, a further variant of 2cA440, which, in addition to containing |

GCA at the codon for position 440, also varies from known 2¢ sequences by having

the leucine at position 430 encoded by TTA rather than the usual TTG. This variant is

depicted in Figure 5.

Table 1 provides a summary of the sequence changes in these variants.

Table 1. Codons associated with critical amino acids of the VP2 protein in current

United States CPV variants

Variant Amino acid position and associated codon
426 430 431 440 494 572

2bA494A572 GAT | TTG | CTA ACA | TGC* | GTC*
2bA431A494A572 GAT | TTG | CTG* | ACA | TGC* | GTC*
American 2¢ GAA | TTG CAT ACA TGT GTA
“Major American 2¢”

2¢A440 GAA | TTG | CAT | GCA* | TGT GTA
“Minor American 2¢”

2c¢A430A440 GAA | TTA* | CAT | GCA* | TGT GTA

* mdicates a mutant codon

While the changes at positions 494 and 572 were previously described, the
emerging predominance and characteristics of this varian( were previously
unappreciated. All variants described herein were isolated from dogs (or their
offspring) that had already been vaccinated against CPV but which became ill and
died from CPV. Although the variants were first identified in the south-central United
States, they are believed to be responsible for sporadic reports of vaccine-resistant

parvovirus illness in dogs in other parts of the US as well. Variant 2¢c previously



GAA TTG CAT ACA TOT GTA 2cA440 "M nor American 2c" GAA TTG CAT

detected in all continents except Australia and Africa, has now been detected in 14
states (Alabama, Arizona, Arkansas, California, Delaware, Florida, Illinois, Kansas,
Jew Jersey, Missouri, Oregon, Oklahoma, South Carolina, and Texas). Given the
history of rapid dissemination of previously known CPV variants, one or more of
these variants should immediately be included in vaccines throughout the world in
order to halt the spread of these most recent iterations of the virus. Further, CPV
diagnostic tests and methods should be reformulated to take these emerging variants
into account.

As described in the Examples section, the onset of disease symptoms and
death in the vaccinated dogs from which the CPV variants of the invention were
isolated was extremely rapid, indicating the presence of robust escape mutants which
are not deterred by an immune system response to CPV types that are included in
current vaccines. This was true not only for 2cA440, which causes a change in the
primary sequence of the VP protein, but also for 2¢A431, 2bA494A572, which do not
contain amino acid changes in the regions studied. The significance of the
2bA494A572 codon changes has heretofore been unrecognized, and to our knowledge,
there has up until now been no proposal to adjust the compositions of CPV vaccines
and diagnostics to include or take into account these emerging variants, as is described
herein. Further, 2cA440 and 2bA431 are novel mutants that have not been described
previously.

These variations appear to provide a survival advantage for the virus. Without
being bound by theory, it is possible that the mutant sequences confer an advantage to
the virion or to the DNA itself at some stage of the viral life cycle (e.g. protection
against host nucleases; faster or more efficient transcription and/or translation, which
could, for example, result in different patterns of protein folding; faster or more
efficient packaging into the virion particle, etc.). For example, the mutant sequences
may confer an advantage in terms of the thermodynamics of unfolding when DNA
polymerase replicates the CPV DNA. Figures 6-8 depict the folded structures of the
hypervariable region of CPV2c, CPV2bA431, and CPV2cA430A440, respectively,

which are further described in Example 3.



GCA* TOT GFA 2cA430A440 GAA FTA* CAT GCA* TOT GTA

In one embodiment of the invention, a successful, emerging CPV variant such
as CPV2cA430A440 can be used as a challenge virus to check the value of
commercial vaccine preparations under experimental conditions. Most older versions
of CPV2a and CPV2b are not highly pathogenic to dogs, and the newer CPV2c has
not been studied. Because of the lack of a highly virulent challenge model, up to now
it has not been possible for vaccine companics to properly assess the ability of vaccine
preparations to confer protection on vaccinated animals. The present invention thus
also provides a method for doing so by exposing vaccinated animals to the highly
virulent variant CPV2¢cA430A440, and assessing whether or not the vaccine protects
against disease.

For each of the variants described herein, the invention encompasses vaccine
preparations and diagnostics that include one or more of the variants, and methods of
using the same. Preferably, such preparations and diagnostics include either 2¢A440 or
2bA431, or both. Such preparations and diagnostics may further include 2bA494A572
and/or American 2c, and/or other known CPV sequences, such as those that are
already included in current vaccines. In addition, other newly isolated viruses with
novel sequences, particularly with novel amino acid sequences, may or may not be
suitable for inclusion in a new vaccine. In general, the decision to include a new field
isolate is based on the ability of existing vaccines to elicit neutralizing responses to
the field isolate in a vaccinated animal, and in part on the prevalence of the variant. If
a new variant is ubiquitous, its antigenic significance should be determined. One
measure of this is antigenic distance. The total antigenic distance of a particular CPV
isolate can be determined by testing the isolate using a functional assay, such as serum
neutralization titer and/or a hemagglutination assay and/or an indirect fluorescence
antibody test. If, according to one or more assays, an isolate exhibits poor
neutralization compared to viral variants already in the vaccine (i.e. if the level of
neutralization of the new, heterologous isolate is more than 4-fold lower than the level
of neutralization of variants already in the vaccine) then the development of a new
vaccine which includes the new isolate may be warranted. For example, when a new
CPV varant is isolated, the total antigenic distance can be calculated with a serum

neutralization assay, and the results expressed as a neutralization titer. Neutralization
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Anmerican 2c, and/or other known CPV sequences, such as those that are
already included in current vaccines. In addition, other newy isolated
viruses with novel sequences, particularly with novel am no acid sequences,
may or may not be suitable for inclusion in a new vaccine. In general, the
decision to include a new field isolate is based on the ability of existing
vaccines to elicit neutralizing responses to the field isolate in a

vacci nated aninmal, and in part on the preval ence of the variant. If a new
variant is ubiquitous, its antigenic significance should be determ ned. One
measure of this is antigenic distance. The total antigenic distance of a
particular CPV isolate can be determ ned by testing the isolate using a
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aci d sequences represented by SEQID NCS: 1, 2, 3, 4 and 5, and/or

proteins, polypeptides or peptides encoded by those sequences, and net hods
of their use. In addition, vaccines with certain variations of these
sequences are al so enconpassed. Wil e the sequences represent single-strand
(ss) DNA, the invention also includes correspondi ng doubl e-strand (ds) DNA
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preferably about 70 80, or 9096honDIogy, or even about 95, 96, 97, 98 or
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portions thereof that encode antigenic peptides and/or pol ypeptides).
Exanpl es of such vectors and expression systens include but are not limted
to: various bacterial (e.g. F,scherichia coli) O probiotic-based (e.g.

Lact obaci | | us) expression vectors; adenoviral vectors, baculovirus, Pichia,
and yeast expression systens, etc. Such reconbi nant vectors and expression
systens may be utilized, for exanple, in vaccine preparations, or,

al ternatively, poafabdi il WD@@S@@/O%H&QD@fealfeplrdulltﬁp(%rﬁt)@y‘ﬂ”w&nm@b@-t' on of the
sequences, or for research or diagnostic purposes. The invention
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parvovirus. Th Jo) r sequence
SEQ 1D o 1, 3 G R M PRe SORRL R o TRt BB Eb AR Sncode
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included in the vaccine may be vari ed accordln% to any of several

paraneters to cr eatfert8pericalq seitiEgigpes v vadobridzpiospatcatds disclorurhesxanypl e,
vacci nes can bg, desi@neds Qs 0sl ) t.hat have been
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may choose nOta%&nmmen%% h|s v rlan in vac Qe formul ations to be used
in the US. US $R2EPHeEMHY i 3ﬁ §Vﬁ1 8?“5%8%% idize R P EsRBEAUHEE CPV 2D
variants. |n clantihasfhigladtipicas@ntitioRa efeStottf'@h}%ﬂhﬁéatg?\éoﬁ@ihbl@sm&hl&lﬂa Aystralia.
Thus, a vacci ne CﬁngSltlon destlne use in Australia mght include

only the 2a vatPyiic Retoftentfed! %éef]\ﬂfé%oﬂﬁe%dne@reé@éblw%qw 2§Gwinte, for
exampl e, 2e andcRBixakd @Hlalmmﬂn@tlﬁla\@&ﬁb&@ af:ﬂ) o i1 sEiQfiof’ST @ m ght

i nclude 2a and 2b. All such geographically tailored vaccines are
enconpassed byﬂﬁmé$pgé§ehiNiﬁvempﬁeﬁ)Whmas@ByMbemuamﬂmdmdmamghlne as the

tt f der at h such
Geoor aphi cal 1y -oee P b A OREy olith § BRNRORRG TR el hhe °°

cont ai n hi gh amibuniss,efefsraldgDre S/Slcr aianglﬂqmg@mt]o'[hwﬁngH:mﬁpaﬁ(b% aeci nat ed
with a vari ant ocat e mhere that variant does not exi st,

it is preferabf 8“gtﬂbe[lh&?faﬁpﬁ‘ﬁ‘[‘?‘ﬁel PWé’C SR ¢ spaugpees Badne 8L Ybpienersnt h
before rel easeeiuthe: itihiNBN@BMI, ﬂmmwengd?ﬁftﬂﬁﬁefextt(h@le‘ﬁ?gﬁ(ﬁﬂhmvay be
released into the new | ocation. For exanple dogs vacci na

variant shoul ¢opdtignsarisitalloed peicsracidsequsnesaat iepst 80 gudmulétsrcalldl a. Aft er t he
one nonth per 'p?gelawy [%ut§&?gqh(§lgn§a lflldgs S%W?dlzeﬁxgﬁaltncﬁ% Lﬁenge asthgcgut\“ rus
is attenuated, its presence can con oun tenpts to noni

epi demi ol ogy, ‘@nﬁ1@eaﬂdxmﬁb0mdmngexmpprﬁMmmt&qumsn8$¢vemwkmu$es to

reconbi ne mnth hpon shed virus Iresu g 1|ntlroduct|on of the. nore
virulent nutatTon’t i o*fh ﬁ%@BC‘%Hbﬁea Ppyd Washing al Tpom fegneralghin 4/acci ne

conposi tions rlfﬁl)dtnbl&cdnﬂh lsﬁhl’gaﬁioﬁth"\/I@zﬂ@pldﬂn@olp@-ﬂSBG% ahy hegtsolu i h&XRAMP! e,
sone breeds of dogs be nore susceptible to some variants than “to

others: or th&MPF, éblgto&gcestlgxpglle Haessreio 101(5691 gv tWt@gofa@gq}]mges ﬁmyng

predi spose an g BeY séRefYSE&aRt Phd Jctbnk@1ODNE R . arm{lﬁoevaﬂe B Hodiry Blesdihen
hosts other than dogs are to be vaCC|nated (e. , anital's in zoos
or on game re@é@V@@moeF@Hwﬂmﬁheﬂwaewuh@ﬁ&enwggﬁ$V@nngnwdbeﬁﬁMﬂusmed to take
i nt o account QB@,&H@@%ptlbl|lty of the particular - host animal that is to
recei ve the vaccine, For exanple, in the devel opnent of a chall enge nodel,
Chi huahua and LabraummvmemnuEweﬂwb%eeﬂeui@p&cﬁ&mbﬁbﬁ@ﬁﬁe&d&@ﬁ&%fb|e to CPV.
Thus, about 4)Iogs of the hlg Lg vir ent CPV-2c variant should suffice to
i nduce di ar r hEP BRE VT HY THh-XRrSHRE PUTFieac'd saupigs dinglpsed hemin (or

host - specific or host-selective vaccines are enconpassed by the present

i nvention. I'n other enbodinents, the vaccine conposition may he

adj usted according to the |ocal enV|ronH€nt of the vaccine recipient. For
exanpl e, in conmercial kennels housing nore than 100 dogs, where the risk
of contagious infection is high, vaccination with relatively expensive
preparations containing variant 2bA431 AA94A572 in conbination with both the
maj or and m nor Anerican CP-V 2c variants nmay be preferred. However, in
smal l er kennels (e.g. with I ess than 25 dogs) or in hones with one or only
a few dogs, where the risk of exposure is |ower, vaccination with |ess
expensi ve vacci nes containing either 2bA431A4944572 or 2bA494A572 toget her



vacci ne-formul ati ng strategics. The conplete contents of each of these
patents are hereby incorporated by reference. Generally, to manufacture a
vaccine, a viral vector containing the described nucleic acid sequences
(e.g. ssDNA naturally occurring within a virus, or ssDNA or other

equi val ent formgenetically engineered into a nonnative viral vector (e.g.
ci SDNA, ss or dsRNA, RNA-DNA hybrids, etc.) will he enployed. Exanples

i ncl ude CPV (ofor@dRekceoy tab§RSd dddtendts dﬁpm@s bh@6k polpaaedel )V 8L £ehiQrorot her wi se
attenuated so as to not cause severe di sease synptons in the animal to
which it is adirhietias @ expisspeantartcizs nplude By ﬂtea@t By viriegs ealerielarri er .
Preferably, no.di stration.
However , thoséeof§§??%%§MQE§ﬁﬂﬁOM%“Jbﬁﬁﬁggdgﬁﬁ?gg%? Ckm%%ﬁ%qghgtctive
vacci ne conposidenoms! GEMSBbathUMiEwbmfmﬂU@mmemm&amnVﬁmqmmundhmmlstress
upon or after %gg%&]sg a the b nef is ? ﬂg Frotected
agai nst ful | - bI*oWnh sg§§55¥§ X%’Fﬁ@ﬁ&ﬁm?%?gy Engi ?f?ma Al tEFHSti ve, a
het er ot ypi e Vigrtigu zttﬂ’dﬁi off @R&naRtlyN@dt bihal fuybosdfseat asdbr bdhiolagsiddtionor nal Iy
cause disease in the ani mal bei ng vacci nated may be utilized. The
att enuat ed V|ﬂﬁé“ﬁﬁ9mﬁ§”énéwvaﬁﬁé9Oh@ﬁﬁpgﬁﬂym%ﬁﬁ%a|ns the nucleic acid
sequence(s), or thepifdsidnGrvi®k ithiSgeMit bitFdr \JMmb@oﬂp%glgm &AL 1 n that
the nude c acid sequence is inserted into the virus by genetiC engi neering.
In the case oﬂmﬁ@é6Wﬁwwwﬁf”V&Q@PW€§msﬁﬁ@ﬂﬁaén@@dﬂ@@pﬁﬂ@éﬂ@%ﬂt@ﬁumny be

i ncorporated i o) r t t ypi conbi nant
vacci nes. Exaé%%gHYNr %?ﬁdéégag%c §828<ﬁ%53?8%ﬁ§{81%1 %“ﬂg%amﬁPv

vari ous herpesmpm@sQSpmnmpa¢m(hmgem1mgmoﬂpmamommhusﬁwesamﬂtenmCvadmses

h t f. I
2t onuat od (mobPl Ba KD E 4P o THet Hudh bl 40 aRed e s D,

Preferably, sugbfeabRl zﬂW@ét&;ﬁa@&ﬂcé@ﬂcbﬂtalﬁﬂn@(SEQQDtIQ@m &LEE@[IE N@Wél §E@q§nces
encodi ng antlghnlc regions of other CPV variants, g 2, 2a, 2b and/or
2c variants %~%ﬁyp%P%§ﬁh%§m§W%mhe&ﬁ@§aﬂﬁﬁﬂmﬁﬁ¥mﬁew Uﬁé@ﬁu@ﬁtly i dentified
and considered to %oé&%@gﬁﬁl n 1'149‘&{%‘&@1'1 recgcln\{ﬁerfhit Qgccmcqgn ?bﬁltlcﬁfs %ﬁl LR be
vacci ne conpositions containing only t 2a and 2b variants may al so he
benefi ci al to\@ﬂ@ﬂﬂ@@dmaétmnﬁwwénﬁnbnﬂhww@nbomtammmﬁ@<®nmymmndvmmmnmre of
the variants djs % erein

jhd evgmyﬁntwgg%ﬁl ‘“%bmS%cc¥l ismfhrﬁﬁgpmm§dHH&W%c0|nes

conpl enent the e

may be adnln|speﬁ&@mmmghdwa&mm¢&$aagahWSI@th&fvﬂkﬁ@ﬁ&@tﬁ@@ﬁ@ﬁluﬁntItleS
ei ther as separat%gﬁgn805|t|ons or tog ether in a single conposition.

The exact for iod HEY F“haéltsrfai‘} h@‘éﬁlﬁfe“ ﬁe%??énéd’ﬁ’é’&}]%ﬁﬂogl aphigalvaccine is
conpri sed of %6aﬁ&U%ﬁ&a§§¥ Wi DS BFnMRInG TorgONfeftic o w&lk%ﬁe@%& skguences as
di scl osed herein. Preferably the vaccine is nultivalent and also includes
at t enuat ed CPW“QVa%@“”?ﬁmﬁﬁh@$@mdQéprﬁ@ﬂVﬂﬂdséyhmﬂﬁﬂ@ﬁmavkmety, a single
virus nmay be %Q’Rgdu%ﬁg o%e%@&' lpﬁl%r(%j I}Sovagaﬁ'és%'l ?htr&ldﬁ affl For %}? psf qJVng
proteins (e.g proterns, or antigenic portions t%ereo Fro mo or
nore vari ant Qype$CPV7b\@mamnhbmnamﬂzmpkumtQenﬁﬁw&ﬂhavthm@emotn|c regi ons
fromtwo or nore, reg of VP2 can. he constructed by reconbi.nan

t echnol ogy by 8XEHER gfﬁg ﬁﬁﬂ“?@ﬁ?%ﬁ%mFﬁgﬁpf r8$lﬂﬁ?éu%ﬁﬂggnd@ﬂ? known by
those of skil loniynhd hevagkit. Recommpn@dh@lémﬁé@rf@fsﬁtﬁ)igpctrﬁ%hﬁ’lﬂ@%@eox %ﬁzﬁnﬁ(l: SO

cont enpl at ed. For exanple, " ty" vlirion particle vaccines (mnthout

nucl ei ¢ aci d) 2ared 2 ‘s%ldé‘é»ﬁ’(lélﬁﬁll"&%@éf COxROgign @aééiaﬁéélltdwﬁl@ﬁﬂ@z%ﬁ‘tl geni c
virion or ot h%ﬁciiqugl{%ﬁlﬁ&@& @ﬁio;etaeuaoc%{cg af&%%c%%@&@ ?% sgnt n\ceﬁ{i)%}s%mi In these
eases, the proteins in thé vaccine preparation arée en co e D NG 2
and/ or SEQ IDHNWﬁMVﬂGM<b@ﬂhneGﬂhapﬁ@nnavmmaﬂﬁmw®hnmt@mnaﬂL$@eﬂmc regi ons
are encoded tions f r. SE 1D and/ or SEQ NO
5. Proteins e%%g’ ed B““ﬁﬂ%ﬁﬁﬁ“ émq9h§% “ﬁ%§@§” Gyt 130 %%HP@’“&%tlgenlc
regi ons encodedcchnes paitdin bigs ambuBERY akLiNGyiral agpdh. OIH]L1§EQ1 162 Weinded®miyn al so be
i ncl uded. Ot her suitabl e vacci ne conponents, 9 harnacologlcally
accept abl e caFWF%W%“‘8P%“%HPP”RW6%ﬁmF6WFHﬁ§@t%FS§WﬁVﬁ’HHSPﬁﬁnﬁﬁﬁm as is the
preparation of such conpositions for use as vaccines. Typically, such
conpositions are prepared either as quu#p sol utions O suspensions,

however solid fornms such as tablets, pills, powlers and the - like are al so
contenplated. Solid forns suitable for solution in, or suspension in,
liquids prior to admnistration may al so be prepared. The preparation may
al so be emulsified. The active ingredients may be m xed with excipients

whi ch are pharmaceutically acceptable and conpatible with the active

i ngredi ents. Suitable excipicnts are, for exanple, water, saline, dextrose,
gl ycerol, ethanol and the like, or conbinations thereof. In addition, the
conposition may contain mnor amounts of auxiliary substances such as



The i mmunogeni ¢/ vacci ne preparations of the present invention may be
adm ni stered by any of nmany suitable neans which are well known to those of
skill in the art, including but not limted to by injection, orally,
intranasally, by ingestion of a food product containing the antigen, etc.
However, in preferred a enbodi nent, the node of admnistration is by
injection. In addition, the conpositions may be adm nistered alone or in
conbi nati on w fhrdtibemhe fBidiaCRIRNESt Moul JTRWNGERNGre COMPORL] hoAsy €. 9. as
part of n multi-conponent vaccine. Further, administration nmay be a single
event, or nult?Bpﬁmﬁﬁﬁéyﬁﬁ“ﬂﬁs@%Vﬁﬁ?“ﬁ@”&dﬁ?ﬁﬁéﬂé?gﬁTEW1%&?@bﬁértined
intervals to augmBM dddeadcMAAG, iMeSRAASS shdbl PG ol BRneddRiT Ry 1@1%;59@1:115 on may
be prophylactic, i.e. before exposure to the virus has occurred, or is
suspect ed to hagelsedi Al thopneanemsh peried, firet shediling shauld epseal kanchwugbr

Sus pect ed EXPOFU g vRhs &Qﬁé ﬁgf%?,tilsg)%sgl?éb cdi g)‘n{oau];]& %{tentpoSe o2 Cli't'&){ \%pa?e of

di sease synptons aSSOCT ated With Vi ral  infect]on: %bon

adni ni strat i oncpidettiigogy, epbheoatd dfvyd thheppumhiey ©r agivd vaesy encesnidic wine
invention are expr ssed.mjfhin t he host imal to whom the vaccine has been
adni ni st er ed, §ﬁ§w FEUh &SP 55 I oS Uoht & Trmpimirtis T aLigdsiatortae ford
antigeni c protgjpostig@r portions thereof) encoded by the nucleic acid.
Preferably, the imune response that js elicited is a protective imune
response. In some &rBEHiMeHtcsine compastioanaY Bytaypiet éorrse miapgrtichlar bast-1 ity to
replicate wt h NS hS £i.f

The inventionmggg%ﬁ éggﬁg%R%g%hg?g%?gﬁgﬁ??ﬁag$%2§%§ﬁ%%%ﬁ%a§%ﬁ%%%h¥%fection
in a mmal i rethesydr thediesiscGd Heraalniay (e-4. heprgPV adedonaygsedispescagmminat er ed to
provi de active i j .0 puppi es and/or adult dogs.. The nmethod involves
adninisteringq?Sﬂ¥ﬁém§%%%ﬁfgggg?ﬁﬁﬁﬁgg%ﬁf8%%h%F§f%%ﬁg@?ﬁ8gﬁg 3§ition
conpri sing a nuectieitel (@gi dild ey aiimak udess bhen geguenees/ep), eseaiad by at

| east one of SEﬁ%TD.hKI and %Eg Ig NO 4, or SEQ ID NG 5, or portions

t hereof which @€ BHEO%HWZQ;%W@ QlaEnEIGTcCRyBD the shepepittlita PABE parEiedr i si ng
sequences I eprigsented tlyisafRctife RN Eccfe, REQAMHING tle deFEQALR NG 2, SEQ ID
NO 3, SEQID NGO 4, and SEQ ID NO 5,o0r portions thereof which encode
anti geni ¢ r egi@niengs mype, Chipuauppnstlaprader reirisvrtibrasds tend febeprapsisetptible al so

i ncl udes nucl g}, gpacCH [ rocld n el evant V. i ants,
preferably thgbgg@gﬁgﬁéﬁﬂﬁggkgg?g%pg%ﬁﬁ‘@g?ﬁ@%@ Fﬁ?&ﬁﬁgagwﬁEPﬁégathz.

Admi ni st rat i onnafee ttheheomp osinttingnn r esuilotlsd dettinghall elidhdiosadpe@fic @fhoad | Mrune
response by thelrepigient. Preferabhé,lthe i mune .response i s protective
agai nst f ut ur §°EXpESAFE T B EBPIREREY oY I B s di sease synpt oms
entirely, or ameli of @heentosieass, Sy MkRIBohPoskidihalede difveh adcbamapul d be
experi enced w t hout vaccination. . In a preferred enbodi nent of the

i nvention, théNQRFHEPEronRget ofthe ¥rades weipea! figi srgmplseinvamaierréd keetshe

i nvention are {deaRshbe €890 dbicwidie NG RRLA A8 F0ES AN igﬁfpp' es.

However, the vaccination of othér potential CPV hosts Is al €6 cont enpl at ed.
Q her pot ent i akcdiggivs withedlagslyoxhewsive arfpastigychntagingivadadani ds (e. g.

wol ves, wild ., j 4 . .cats. (including donesti.c cats.and kittens,
and | ar ger spg@?é@ggghgﬁ?g?E&Q%Bgﬁﬁﬁ“‘3%@%%?8?#%8“%?mﬁffﬁ¥ycﬂﬁ k,g?ed
panda, foxes, vhiions amdbdprgensd. HeteverMhishelldrenwio@igh®sh Wed thaofs ey se be
used in donestic animals, wld or %ﬁ%Lially donesticated ani mals may al so
benefit from SOEHVHERLRF Gron g2 W dgs it PR1SoYCXBPs BT 8l eted ar eas,
parks, in reseatahiibacithidsi 8enBtCvachids BRLIBI: dhatorgam A@shsbhg CPV and
CPV variants, whether or not the virus causes di sease synptons in the host,
may benefit byPBEIHAG7% iveeiheravidrony the iwioy deedrisen P epananibongioor Waended
herei n. Vacci nat:i:qn il . ar S , I n_i.nfection by the
Virus (e strene N Rl gty PR PR Eb D3 L 2T Y e
spread of the dseasashaudd roweglsdsgapitichdt enibpubidtyi tomsolecularly monildrani nvent i on

al so provides antibodies th ind specifically or selectively to antigenic
det er ni nant s 8%m%ﬁ’?@8%P%”53%?£H§”8¥“b@S@&PWs of the type 2bA494A572,

21) 4431, 2cA440 and or American 2c variant CPVs. Such differenti al
ant i bodi es may be pol ycl onal or nDnocIonﬁi, al t hough nonocl onal anti bodi es
are generally preferred. Monoclonal antibodies will be prepared by
injecting the variants (either in protein form or nucleic acids aneoding
the proteins) in mce. After 3 boosters, the spl.eens will be harvested and
fused with nmyel oma cells. The nonocl onal anti bodies producing clones w ||
be screened by ELISA, HA-H, and indirect fluorescent antibody test. The
clones that react with 2bA494A572, 2bA431, 2cA440 and/or Anerican 2c
genotypes will be saved for devel opment of CPV diagnostic assays.

Pol ycl onal antibodi es nay be prepared by injecting one or nore peptides



medium In a preferred enbodi ment, the cells that are susceptible to
infection by CPV are CRFK cells. However, other types of such cells may
al so be used, including but not limted to: A72 canine fibrona-derived
cells; cells derived from CRFK cells such as Nordi sk Laboratory feline

ki dney (NLFK) cells; feline tongue cells such as Fe3Tg cells; feline lung

cells such as AK-D cells; feline |Iynphoma cell |ines such as 3201; canine
T-cell lines such as y@-ﬁnéﬁelﬂ"aceﬁlalﬁﬁ 151@611&151}’13%31(13@41 H&@ﬂnb @ddt@’?lfd)l%vblldnl%s such as
Cf2Th, etc. Mreover, a variety of feline and cani ne ce lines, as well as

i nstructions fopcE %’HP?WQ‘lﬁeﬁ@ﬁ?“ﬁ‘ﬁﬁb WeC TP HEY LTdueHantiA eupRiesr Resba Type
Cul ture Col | ecihhPmsclati¥RNASSARion ¥ ¥ALRE fr adults and pl; ! es can be
pr opagat ed, tog;elt heera \1/1\/' th @/%r ologel I s,l In guvgrqpegtd})?ﬁfsb%ﬁ@gwgcmgch arc known
to those of skydctinted Wil agries Oﬁmcme@(sathﬁlde‘fel @Tl%ﬁwsl}cm dtbelm@mbéemuﬂxeﬂur ed in

RPM 1640 rredl n DuI beeco' s
m ni mal essentlgfjﬁ\m%)f neE\ﬂ\]}gl\%%%nqa”ig& gt lfnéﬁt %wafﬁ"én 18?6 tﬁ?ﬁ?—‘%bﬁ for 3201,
NLEK, CRFL, A7&inamstefed3o t'ﬁg noeler Smd MiGayies poppiaindstedhbawdurd ihdibdemet h 5% FCS
and be used. T caII h]?e cel. |nes arc | ubat ed tt ether for 4-5 days
at 37C.  EXAVPLERTTRRHEIR AL e‘n“"cme b (hiS e hO BT PEPRALS HEERS on i s

t he nost seri quﬁltﬂlﬂﬂlc&h@m@jl?ﬂﬂ]c%tﬁ@&%c&l{at@ﬂgé)bea:ﬂ&ilﬁ&i tBB@elE@ﬁésoﬁfgmmn
cause of diarrhea in puppies. Al though vacci nes agai nst CPV are avail abl e
and wi del y useticoiadipaigiitapensarit ik shafmarguptitcopyentaralaveinination Fadbgs have
occurred. For gxanppl kenneh .OWIe S ad ﬂ1§&Htoﬁ Al States have
observed hi gh ratgg lg);‘usp%ppy{nrcrlort:’a |'?yC te%@ Jyﬁi"en(l:é?é%ﬁeg? n spite of
vacci nation. technologgGhymugitamgy bsgllnéuosd belrsheidhl@\lmtlw feegs ntap &t pleasital. hi gh rate
of nmutation and the abili to.chan r.an tropi

Commer ci al vacci ne?ef%gtm%})rloélsga?ng%lﬁ Vacmges guqs%f’eort ?ﬁ”lé‘g?rf i‘ﬂdﬁlﬁhé Anly the
CPV2, CPV2a, amdwERVRb amaneairat xaniply; Uﬂgedﬂtﬁtes'iﬂﬁélﬁ§4 $9990%aanl1889§rem CPV
vacci nated dogs with olég a;z%/npt ons of <g\%rvow rus ‘i nfection, we observed

functional chamyesih gsdiafeght-BYP-cirte SREMiEPY ofiahdtsd Setedatest and
failure of the gurment wibl st atlomﬁémﬁtememﬁls%lg@lwz {o%ldése%céﬁdmteﬁoss' bl e
evol ution of CPV beyond the 2a and 2b subtypes. Further invéstigations

resul ted in tKdatpscRsiant §88%8% i Pefrish worly gach 2R waichbIgpVariatanes fsuRiwd 94A572
and Americ ar{/ag&ne-%nﬁulbﬁm s%rapegxegﬁ%e @§ &gﬂe%hﬁg 1t%1§ CQF Ogﬂﬁgs% edtel\llt:s:‘ %ru lcg(}c e and _

broader tissue tropismt i's serve ere re ear
isolates. In aldmbynmnmotatedapppe”axrescet baterdllyetomemuGeMrd selcaihgs: vialsetoy el | ow

mucous di arrhea jnste of .henorrhagic diarr ed by CPV-2 genotypes
" The pact | oM TR T BEHEF S Fenr et (oS BS Sansts St hae two

codon changes.wiiliea ARB! biGBDNACor\back aqaﬁvamﬁoaﬁ%end@mw &g&k&e&%to%o%d in
Italy, Spain and Vietnam but has not been previousl etected in the

Uni ted St at esM2IVER @11 BT dng dWebHegisordeRNN. BEMPYS hybids, pledsilled by t he
Gkl ahoma Ani m@:lnpl%y@c@ Qﬁ%nBe@-gl@Rl%E CPV (or other) viruses that are “killed”, inactivated or

otherwise attenuated so as to not cause severe disease symptoms in the animal to
which it is administered, together with a suitable physiological carrier. Preferably, no
discase symptoms will occur as a result of administration. However, those of skill in
the art will recognize that many effective vaccine compositions cause some
discomfort or relatively minor distress upon or after administration. However, the
benefits of being protected against full-blown disease far outweigh this possibility. As
an alternative, a heterotypic virus that does not naturally infect or that does not

normally cause disease in the animal being vaccinated may be utilized.
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Laboratory by Federal Express over ice packs (about 4-5 C). A m ni num of
2-5 grans of feces or 2-5 m of liquid diarrhea stools were received. The
fecal sanples are generally tested the sane day by CPV Enzyne Linked

| mmunosor bent Assay (FLISA)(s) that are comercially available. W receive
intestinal |oops (about 2-3 pieces) fromdifferent regions of the gut for
fluorescent antibody test (FAT) or immunohi stochemstry (MJ). Sonetines, we
received pi eces of theRN@Ns ihi®maldda bV @ka@ﬁ&ﬁrapﬂ"d%ﬁsazﬁ@mfclf@d Rid eaction
(PCR) for CPV exam nation. These speC|nens are received cool over ice packs
by FedExp. Manycdemyeeasedienaye(@Vhirsthst yires) mepde icagmbiagair et thoruceRy by
field diagnostigqkitisictASsiEd iynbLQ ol EE%% Bar rbor,

Mai ne) . If?sﬂdpgthoﬁody &bsﬁ 1%”$ﬁggioﬁnf Celr| teﬂF?ﬁgék%f puppi es
and adul t dOQSImehmaﬁhasmmsymvombanmbkeqmmuhn@E%snﬁh@mhmsmmmWHUﬂﬁluded

bl oody or nucou & ath. and for fixed intestina

ti ssues were ex%ﬁﬁ%%déﬁkg’@gé1§ﬁ@>@8ﬁﬁﬁﬁﬁmﬂi%WﬁWF%§§% é#Vﬁfmg YI*4%%4t i on and
necrosis, and Inokde biit atd o SitnlitB@to ROV, |v!uaouEhb@é@&G&E‘tnoﬁ—'ibﬁﬂhb&@l% ‘()prgﬁ test was
used to screen the intestines for CPV - antigen. The intestinal sections
6-8 ni cr onet er $TSES t HIlEKndRses s epigding e aedrdredambodinendiieadus Ant i
CPV conj ugat e Js%hﬁz'e Sfheialdd (RbdiGetasaAfidathnd 8RGhLEIRNE! §phAcubat ed for
30 min at 37C. After washes, the sections were counterstal ned W th trypan
bl ue. The sectlons3@@&@bbxawhﬁ@ﬁmEVU@TMﬂﬁé@Genmnmn@mmggdpywe@ﬁv positive
cells stain ap&{gi t FAT

t est . Y 19%%?§§%g¢ gi??ﬂﬁg&é%§§¥¥§n% E |s%opa Cﬁmﬁg?

exam ned by i rrmglnmy hihst GE‘Memmltsrtyatﬁmy bé;B)bsament%elﬂenuﬁed and conB&?ed pldeowed by

sequenci ng were ied out on s and scrapi ngs of the CPV
positive or su%%giﬁidwwﬁfgg??WSW”i‘ﬁﬁP HBQEV%QQEFWB%HP@9S“EE@HP%%“%t al .

2005. A porti ofc 0 atd® vakitdb, i0hot 8idbedRAG VRS ORI LiRe Qb(mﬁ’c@ﬁtongr he
anplified PCR product was det ected by agarose gel electrophoresis and
eluted fromt h(‘é)néaéqmg rdy Oy M%pﬁbe variants dlsgééﬁqiéﬁbf@s f%qsqgmwmjue@ped to

anal ysi s by the;BLAST c&ﬁ?ﬁﬁ%@tﬁ%ﬁecﬁ%m@&ﬁ&wﬁ 1213 93%91 %ISS Flgteﬁelé sfenV aSt
col l ection of sequences have been dep05|te t he
sequences merewwﬂeﬁﬂn®ﬂéﬁﬁa@nSwﬂdh@hVMGHmammnet@hmvmmmnm&muﬁxmmRkE 1
Fai l ure of cur V npl es were anal yzed
as described a éc‘)ajveasgP %%m0ﬂlqm(n%éégnﬁﬁg]P?vgmﬁ%ﬁﬁﬁnthe st andar d
criteria of: charadmemkaiﬁﬁmkﬁﬂhﬁ@&m&ﬁn@&h@rHl@%@nbﬁ&hhﬁiﬂﬁ&h&ﬂkﬂgy

fl uorescent antibodg t est g%? and i muno- hi st pehem stry results.

Nevert hel ess, GPBAS deogrlftmjlatﬁ NeViRIsFFeVhchonBE Rileckonmspedsar  di agnosti c
tests, the resutdscshovrdtRablihevdeat & n‘ﬁﬁﬁ@aléﬁ%rﬁil JJQQL(%J(%QEH@QEMG:J leld
dlagn05|s of these sanples, failing to detect CPV positive cases.
Most of these(épvz#@oWa@&@oMkﬂéﬁﬁbﬂ@?héhmﬁmowhkeﬂnéhsnmha@ﬂanﬁn@umbentIy
usi ng conmer cial, 0 the vacc sti
experi enci ng é%1n9F¥£%ggﬁ%P§§%@ﬁE£@9 ﬂgd& ?%tmnﬁggkbgfpmggSégﬁpéﬁmis likely
due to anti gemocilonaltleedo@cfmnn wd dnenmewhrmneuymsgl mgccGBMnamhmte&s CPVWhi s
epideniologica . d abserv a% over % Y\ﬁ% es (n ---500) signals
the need to i @6?55?5?80?%%? TR BRI PEARS T G2 Bnsrapisiciad bepy

vacci nes. EXAMRIdmbZranBREHRAEY BY ethaltdil DRAI8diOS: frdndent difil fatboR 015
2bA4944572 vari ant and American CPV2c Jsol ate

known by those of skill in the art.

Other forms of the vaccine arc also contemplated. For example, “empty”
virion particle vaccines (without nucleic acid) are also contemplated, as are vaccines
comprising antigenic virion or other CPV proteins that are not assembled into a

capsid. In these cases, the proteins in the vaccine preparation are encoded by SEQ ID

NO:2 and/or SEQ ID NO:4, or both, or alternatively, shorter antigenic regions are
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The failure of vaccines and diagnostic kits is generally considered to be
epi dem ol ogi cal evidence of viral evolution. Therefore, the presence of new
CPV variants in the sanpl es being studied was suspected. To confirmthis,
PCRsequenci ng of a portion of the viral protein VP2 was carried out for
viruses isolated fromthe fecal sanples, and the results were conpared to
known VP2 sequences using conputer software prograns and/ or nanual

al i gnment . encoll &by Rk B SN T NS Al i SRAEFEN68 Qfi/ot %%@S\M . sEMergl ng
CPV types in the sanples: |) a variant of 2b which was dendom nated
2bA494A572; andradinggnseded &m SEQJD Nipi ichndlva EQID Nseehn apl/ @vintgesicyegiepor t ed i n

the United Stal ol - ' encodi i gns o he VP2 proteins
of the two var ierg%%l%d ‘%Pg%g?ﬁ%@@ﬁ?ﬁ&a@%@@}@43@1@@ ﬁfbegﬁbdﬁb NO 1)
and Figure 3 (AneriOtiar 20iablSEQcinBedapondnts, . pirpadol S0l phcckhiggecsegyences
to a known CPV 2 reference sequence reveal ed that, in 2b44944572, a change
in codons 494 &id" e@?“f"ﬁﬁg" thase Slﬁﬁéﬁb@? 1S 18 BICP PP PT sHAGAMAPSIUDA | s TOT

but in 2b449445¢2scad@itittdAnpfalldeuchBoMbbaidn¥ ardfiGHa Uaher GOAQRg at  posi ti on
572 in CPV2 isolates is crrA but in 21)44944572 this eodon 1s GIC. These

changes do not SHES 1 fusPBpiary BV evar wofie feims Aerhae i cse pllermow dos anhige VP2
protein. HOWeV ke ark bish Sorkdnkfdid, SBRE fol N5 GHA! f@roaduantages to the
21) 44944572 vari%%t fn %né&%r nor e 5ﬁa3%§Q@?g§?gﬁﬁg}§’%§gﬂ§?$%gﬁi in
replication, thHandcrioptd smigstratipansy also bnpkpadd. Toé pragaraticSingtyialsodant | y, t he
presence of th Brjcan 2c¢ variant in the sanples.is the first report of
this CPV vari a% ﬁﬁiﬂnﬁle{l'ﬁ@e%}\? et tleélgsenéaya%dmf‘%dawlk%}ici}“%“%‘5#%@ #Ger of its
energence as apldomidmatidally adckgiiiile adboupaBdenh techei easasdiofs wasgiae failure
were due to the presence of the CPV2b44944572 and 50% were attributable to
CPV2e or CPV2e#430AUuy® for examplepildessfiph dptigse. dbiteinb eihaned arhibe Bhergence of
21) 44944572 anchuf\Ri&ANc26L ASBAEh 1AM on BN MR A: A By AN ShoRl o he need
to incorporate these variants into CPV vaccine preparations. er variants
wer e identifi etXlHngsubsipiceasuchantieling EHCMPL NG agdet eHriiuffatigngens, audr i ant
secondary strugt : YelM| . er . The virul ence of viral

pat hogens is knomﬁgg%pgggggggtggﬁgﬁéaﬁ{ﬁxgg%%%%g?9”@%?@@9@@3Wmelenents in
the viral genotekéiRed, levoringetlihadnts, erd@94ers \Mispotsog i@ 03bind& 22689 likeThe

fol di ng pat terns ggugégg%variabke rggjons of variants 2c, 254431 and

2c: 44304440 wer'e as$ © UG PR RPEFE MR OF S1YiCRYARBY S at t he web
site |l ocated atddhfoahidndetiargd @dkhaptotae fh@%oMQcEs'itQ)nW desrMeRitblhe resul ts arc
shown in Figures 6-8, which depict the folding patterns and associ at ed

energy |evels %@?mgﬁﬁﬁnvgﬁﬂ%%%mqmﬂQ%@P%@$@@bhpuﬁﬁéa@é@bﬁgéﬁmubﬂmwcture of
Lhe region Is k) MEAINSAANH sbiRy ALY QYPLSHEOLLIRG Yofll Y. can change.

EXAMPLE 4. Devel'opnent and testing of a new nultivalent vaccine agai nst CPV
A new nmul ti val@nwosiaesimey ftiller corspripe ot editvang seigdlcnstmpleswb {wledeingudg CPV
variants 1s den‘ﬁ?!n%%%ﬁl‘imﬂ-e%%o g;():p(%cl, Ia)%illArlgi\ll 1}%?0sge]?gtec. or more attenuated CPV
vi ruses of
The immunogenic/vaccine preparations of the present invention may be

administered by any of many suitable means which are well known to those of skill in

the art, including but not limited to by injection, orally, intranasally, by ingestion of a

food product containing the antigen, etc. However, in preferred a embodiment, the

mode of administration is by injection. In addition, the compositions may be

administered alone or in combination with other medicaments or immunogenic

compositions, e.g. as part of a multi-component vaccine. Further, administration may

be a single event, or multiple booster doses may be administered at various timed

intervals to augment the immune response. In addition, administration may be
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types CPV2a, 2bA494A572, 2bA431, Anerican 2c, 2cA440 and, optionally, CPV2.
In other words, in this novel vaccine, CPV2b is replaced by 2bA494A572, the
vari ant that has newly been discovered to he energing as the dom nant
genotype. The presence of CPV2, which appears to no longer be a threat, is
optional . Animal s vaccinated with the nultival ent vaccine are

prot ect ed agai nst devel opi ng synptons of parvovirus infection by the

vari ants used }blﬁp]pﬂzﬁﬂ@ﬁe UHelee mahae)mcEsXANRb.&cﬁuné\bUﬂIs sigp¥ael wahve cul ture
met hods for CPV pically growm in a cel]l

cul tures contaft rr’ﬁj1 Qﬂig?rg’eg?ChQFeaﬁtey%]é“O&?l Oéélllslpwé‘ifk%l’%%“% Rethesrpiidatlys f el i ne

ki dney (CRFK) ggldtel thf8ocurrence of dif¥asd FRHAVRAsBLRAGidfvigthtdtdng CPV has
been devel oped. According to the new nethod, CPV is cultivated in an equal

m xture of CRFK and/Pgeréminiingor of th MensintregBemcied ackbgiuaveSVENE. Bot h t he
cell 1ines verg, ghidh od QA SAIRh A% IRLC MRS hANEMANL vkt er plating,

At this stage the ce re attac e early stages of cell
di vi si on. The sswnictelel], audltlteumet amedh othuyys @tdumelmcdeslpenﬁeadnthe agtygeojoat hi c,
effects nore ra th CRFK cells

al one. Mor eovel Btelrlfs gchf bp mtog? %1615?6 @I"-‘\?%g%c}'gﬁ%?llc e %é geﬁ(}rﬂwﬂi’ AFH8ES t he mi xed

cell culture fespodseardtiiedlichasis agsective immune YtbbRellA€ohovaRidinghid)as been
described in terns of its preferred enbodi nents, those skilled in the art
will recogni zeat‘teﬁ‘é?fedt"llfési%@ﬁ{]‘f W Sricpeafsraen Bedoshi Altovaddhis it i on wi t hi n
the spirit andy$gQRecLfaf he appended claims. Accordingly, the present

i nventi on should not be I|mted to the enmbodi nents as descri bed above, but
shoul d further i nclThaevantionmpseiides awmthioghel mmn@caﬂwaiﬂmlss eHEr\emfectiprt hi n t he

spirit and scopg oh, L% ASS Bl QNRACIIG DRESE . Mdinlilidad States

patents, patent applications, ences Ci erein are hereby
i ncor por at ed byoviéd z&nemmenurREFﬁEﬁﬁm%SmemnaM)@sl ‘e 1ﬁth>cDmvc\Ivesl\/B.H€| la, A
Pratel h, M Tenpesta, A. .Cava onavelgchla G Bozzo,. G Elia, N
Decaro and L. CAPHEHEP thel“lla“@éﬂ a”\lz‘?"f‘]&llloge‘fl? §r WLa@IPoslos Decar o,

Ni col a, V. Mardo@pliging Enudiit id Gat 1%5(%’3&1%%(&4611@@%@&6%%%}1 aﬂ—l@ﬁs‘t‘&%cbf Ni. L.
Col ai anni, A. Lorusso, and C. Buonavoglia, Vet cro. 121 (2007) 39-44.

Desari o, ConstHif IThYO: Rianteia fid NOvd, LHNOAS, acagsions therpot whithone, G

Ella, V. encode antigenic regions of VP2, and preferably comprising sequences represented by

one or more of SEQ ID NO: 1, SEQ ID NO: 2, SEQ 1D NO: 3, SEQ ID NO: 4, and
SEQ ID NO: 5,0r portions thereof which encode antigenic regions of VP2. In a
preferred embodiment, the preparation also includes nucleic acids encoding other
clinically relevant CPV variants, preferably the 2a and 2b variants, and, optionally, the
original CPV2. Administration of the composition results in the elicitation of an
immune response by the recipient. Preferably, the immune response is protective
against future exposure to CPV, and either eliminates disease symptoms entirely, or
ameliorates disease symptoms to a milder level than would be experienced without
vaccination.

In a preferred embodiment of the invention, the animals that are vaccinated
using the vaccines of the invention are domestic dogs, including both adult dogs and
puppies. However, the vaccination of other potential CPV hosts is also contemplated.
Other potential hosts include other canids such as wild canids (e.g. wolves, wild dog

species, elc.), cats (including domestic cats and kittens, and larger species of cats,
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Martella, E. Lorusso, M Canero and C. Buonavoglia. J. Viral. Methods 126
(2005) 179-185. Nakamura, Kazuya, M Sakanoto, Y. lkeda, E., Sato, K
Kawakam , T. Myazawa, 'Y. Tohya, E. Takahashi, E. Mkam , T. Nikam and
M Mochi zuki. din. Ding Lab. hinnuno. (2001) 663-668. Nakamura M, Tohya,
Y., Myazawa, T., Mochizuki, M, Phung, IIl. T., Nguyen, N H., Huynh, L.
M, Nguyen, L. T., P. N Nguyen, P. N, Nguyen, P. V., Akashi, H (2004)

Arch. Viral. 1&9@‘[11@%@1410@18@& 1Pv@i|[c2|1§1hk IQ@ dBfonh(ﬁ‘ﬂngQéE”cm W}nlléw()ka
Anna. Rev. M crobiol (2005) 59 ruyen, Une. Vef’erl nary

M cr obi ol ogy (20G8Ys Lilpf ccgus:@éoe uswanmﬁéwseabewdé ot pastidl yglo ST Batestt
kapi | Sanj 2y ChBRer £ I 308 “VACH B bONTAT RIS CARFAE. BARVOV RUS
GENETI C VARl ANI&is<haB6>1n08eddl (asDitics, etc. Any animal that can host the CPV and CPV

variants, whether or not the virus causes disease symptoms in the host, may benefit by

being vaccinated by the vaccine preparations provided herein. Vaccination of animals

that are asymptomatic upon infection by the virus (i.e. silent carriers) would be

beneficial in order to curtail the spread of the virus to more susceptible populations.

The invention also provides antibodies that bind specifically or selectively to
antigenic determinants or antigenie regions of proteins of the type 2bA494A572,
2bA431, 2¢A440 and or American 2¢ variant CPVs. Such differential antibodies may
be polyclonal or monoclonal, although monoclonal antibodies are generally preferred.
Monoclonal antibodies will be prepared by injecting the variants (cither in protein
form, or nucleic acids ancoding the proteins) in mice. After 3 boosters, the spleens
will be harvested and fused with myeloma cells. The monoclonal antibodies
producing clones will be screened by ELISA, HA-HI, and indirect fluorescent
antibody test. The clones that react with 2bA494A572, 2bA431, 2cA440 and/or
American 2c¢ genotypes will be saved for development of CPV diagnostic assays.
Polyclonal antibodies may be prepared by injecting one or more peptides that span the
amino acid codons that are preferred antigenic targets of the 2bA494A572, 2bA431,
2c¢A440 and/or American 2¢ variants e.g. into rabbits.

The invention also provides diagnostic kits for the detection of the CPV
variants described herein, and, optionally, of other CPV variants as well (e.g. CPV2,
2a and 2b). Such kits include oligonucleotide primers specific for amplifying (e.g. by
polymerase chain reaction) the nucleic acid sequences disclosed herein. Alternatively,
such kits may include antibodies (e.g. monoclonal or polyclonal) that bind selectively
or specifically to unique antigenic determinants displayed by the variants, and,
optionally, other CPV variants as well (e.g. CPV2, 2a and 2b).

In a further aspect of the invention, a new method for culturing CPV in vitro is
provided. The method involves culturing the virus in a mixed cell culture of 1) cells

that are known to be susceptible to infection by CPV, and 2) Vero cells, in a suitable

-20-




<150> us 60/ 943, 947 <151> 2007-06-14 <150> LIS 61/027,618 <151> 2008-02-31
<160> 5 <170> Patent-In version 3.4 <210> 1 <211> 441 <212> DNA <213>

Cani ne parvovirus <400> 1 gatgataatg tattgctacc aacagatcca attggaggta
aaaCaggaat taactatact60 aatatattta atacttatgg tcctttaact gcattaaata

at gtaccacc agtttatccal20

medium. In a preferred embodiment, the cells that are susceptible to infection by CPV
are CRFK cells. However, other types of such cells may also be used, including but
not limited to: A72 canine fibroma-derived cells; cells derived from CRFK cells such
as Nordisk Laboratory feline kidney (NLFK) cells; feline tongue cells such as Fe3Tg
cells; feline lung cells such as AK-D cells; feline lymphoma cell lines such as 3201;
canine T-cell lines such as CT 45-S; canine thymus epithelial cells lines such as
Cf2Th, etc. Moreover, a variety of feline and canine cell lines, as well as instructions
for culturing them, may be obtained from the American Type Culture Collection in
Manassas, Virginia.

These cell lines can be propagated, together with Vero cells, in a variety of
media which arc known to those of skill in the art. For example, CT 45-S cells can be
cultured in RPMI 1640 media; AK-D, Fe2lu and Cf2Ths cells may be cultured in
Dulbecco’s minimal essential media (MEM) with 10% fetal bovine serum (FBS); for
3201, NLFK, CRFL, A72 and Fc3 Tg cells, McCoy’s SA and Leibowitz L15 with 5%
FCS and be used. Typically, the cell lines arc incubated together for 4-5 days at 37°C.

EXAMPLES

Introduction

Canine parvovirus (CPV) infection is the most serious and prevalent disease of
dogs, and is the most common cause of diarrhea in puppies. Although vaccines against
CPV are available and widely used, several recent outbreaks of CPV in vaccinated
dogs have occurred. For example, kennel owners in South Central United States have
observed high rates of puppy mortality due to CPV infection in spite of vaccination.

CPV is a single-stranded DNA virus that has a high rate of mutation and the
ability to change its host range and tropism. Commercial vaccines that are currently
available typically contain only the CPV2, CPV2a, and CPV2b variants. During our
analysis of samples from CPV vaccinated dogs with overt symptoms of parvovirus
infection, we observed functional changes in CPV detection by current CPV
diagnostic tests and failure of the current kits to detect the field virus, indicating
possible evolution of CPV beyond the 2a and 2b subtypes. Further investigations
resulted in the identification of two variants of CPV, namely 2bA494A572 and
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aat ggt caaa
gcaccatttg
ttaacaaatg
gatttttggt
aatccaattc

att ggaggt a
par vovi r us

tttgggataa agaatttgat actgacttaa aaccaagact tcatgtaaat 180
tttgtcaaaa taattgccct ggtcaattat ttgtaaaagt tgcgcctaat 240
aatatgatcc tgatgcatct gctaatatgt caagaattgt aacttactca300
ggaaaggt aa attagtattt aaagctaaac taagagcctc tcatacttgg360
aacaaatgag tattaatgta gataaccaat ttaaCtatgt accaagtaat420
tgaaaattgt c441 <210> 2 <211> 441 <212> DNA <213> Cani ne

<40QmeAc ML IR Hed AL LIGLACE ARGRAIALA G RuRh1IF 9L A, ARAC A99aAL

taactatact 60 aatatattta atacttatgg tcctttaact gcattaaata atgtaccacc
agtttatccal20 tropism than is observed with heretofore cultured CPV isolates. In addition, it appears

that the new CPV isolates cause yellow mucous diarrhea instead of hemorrhagic
diarrhea caused by CPV-2 genotypes in the past. Consistent with other reports, the
2bA494A572 variant has two codon changes. The American 2¢ variant has been
previously detected in Italy, Spain and Vietnam, but has not been previously detected
in the United States.
Materials and Methods

Fecal samples were received by the Oklahoma Animal Disease Diagnostic

Laboratory by Federal Express over ice packs (about 4-5 °C). A minimum of
2-5 grams of feces or 2-5 ml of liquid diarrhea stools were received. The fecal samples
are generally tested the same day by CPV Enzyme Linked Immunosorbent Assay
(ELISA)(s) that are commercially available. We receive intestinal loops (about 2-3
pieces) from different regions of the gut for fluorescent antibody test (FAT) or
immunohistochemistry (IHC). Sometimes, we received pieces of the tongue for FAT
or IHC or polymerase chain reaction (PCR) for CPV examination. These specimens
are received cool over ice packs by FedExp. Many CPV cases have a history of testing
negative for CPV by field diagnostic kits (Assure, Synbiotics, CA; or IDEXX, Bar
Harbor, Maine).

Histopathology was performed on the intestines of puppies and adult dogs with
a history compatible with CPV. The history included bloody or mucous diarrhea, and
death. Fresh and formalin-fixed intestinal tissues were examined for lesions
compatible with CPV: crypt dilatation and necrosis, and loss of intestinal villi.

Fluorescent antibody (FAT) test was used to screen the intestines for CPV
antigen. The intestinal sections 6-8 micrometers in thickness were fixed with acetone
and air dried. Anti CPV conjugate labeled with FITC was added and sections were
incubated for 30 min at 37°C. After washes, the sections were counterstained with
trypan blue. The sections were examined by fluorescent microscopy: CPV positive
cells stain apple green and CPV negative cells stain brick red with a FAT test.

Formalin-fixed sections submitted for histopathology were examined by

immuno-histochemistry for CPV antigen.
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aatggtcaaa tttgggataa agaatttgat actgacttaa aaccaagact tcatgtaaat 180
gcaccatttg tttgtcaaaa taatlLgccct ggtcaattat ttgtaaaagt Lgcgcctaat 240
ttaacaaatg aatatgatcc tgatgcatct gctaatatgt caagaattgt aacttactca300
gatttttgglL ggaaaggtaa attagtant aaagctaaac taagagcctc tcatacttgg360
aatccaattc aacaaatgag tattaatgta gataacCaat ttaactatgt accaagtaat 420
08-400 WD Sequence Listing ST25.txt attggaggta tgaaaattgt c441 <210> 3

<211> 441 <212> EmMPGQ¥§R“@aB§R%u@@ﬁ%QMﬁééﬁ%edoutml&cﬂsmnpksmﬂsmamngs
of the CPV positive or suspected intestinal samples, as described by Desario et al.,
2005. A portion of the viral protein gene was amplified by PCR. The amplified PCR
product was detected by agarose gel electrophoresis and cluted from the gel for
sequencing.

Sequences were subjected to analysis by the BLAST program that compares
the results with a vast collection of sequences that have been deposited in the
GenBank. All the sequences were identified as similar to canine parvovirus.
EXAMPLE 1. Failure of current CPV diagnostic tests.

Fecal samples were analyzed as described above, and all samples were positive
using the standard criteria of: characteristic lesions as determined by histopathology,
fluorescent antibody test results, and immuno-histochemistry results. Nevertheless,
upon testing of the same samples using commercial diagnostic tests, the results.
ﬁm“@dﬂmtmemMswmeuanMﬂebrCPVﬁdddMgmﬁsoﬁh%esmmﬂ%,ﬁﬂmg
to detect 33-50% of CPV positive cases.

Most of these CPV isolates were obtained from kennels that are currently
using commercial CPV vaccines according to the vaccine label but still experiencing
CPV outbreaks and mortality. This lack of protection is likely due to antigenic
variation in the newly emerging CPV isolates. This epidemiological field observation
over many CPV cases (n ~500) signals the need to incorporate these new CPV
variants into commercial CPV vaccines.

EXAMPLE 2. Sequencing of CPV isolates: identification of 2bA494A572 variant and
American CPV2c isolate

The failure of vaccines and diagnostic kits is generally considered to be
epidemiological evidence of viral evolution. Therefore, the presence of new CPV
variants in the samples being studied was suspected. To confirm this, PCR-sequencing
ofaponbnofmevhmlnowh1VP2wmscmﬁedout%rﬂnmesmdamdﬁomtheﬁmm
samples, and the results were compared to known VP2 sequences using computer
software programs and/or manual alignment.

The results confirmed the presence of two newly emerging CPV types in the

samples: 1) a variant of 2b which was denominated 2bA494A572; and 2) American
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gcaccatttg tttgtcaaaa ttaacaaatg aatatgatcc gatttttggt ggaaaggtaa
taattgtcct ggtcaattat tgatgcatct gctaatatgt attagtattt aaagctaaac

ttglLaaaagt tgcgcctaat caagaattgt aacttactca taagagcctc tcatacttgg
ttaactat gt accaagt aat

2¢, which had not been previously reported in the United States. The DNA sequences
encoding portions of the VP2 proteins of the two variants are presented in Figure 1
(2bA494A572, SEQ ID NO: 1) and Figure 3 (American 2¢, SEQ ID NO: 3). A
comparison of these sequences to a known CPV 2 reference sequence revealed that, in
2bA494A572, a change in codons 494 and 572 had taken place. The usual CPV 2
codon at 494 is TGT but in 2bA494A572 codon 494 is TGC. Similarly, the usual
codon at position 572 in CPV2 isolates is GTA but in 2bA494A572 this codon is
GTC. These changes do not result in changes in the amino acid sequence of the VP2
protein. However, it is likely that the changes confer advantages to the 2bA494A572
variant in one or more phases of its life cycle, e.g. in replication, transcription or
translational efficiency. Significantly, the presence of the American 2¢ variant in the
samples is the first report of this CPV variant in the United States and is likely a
harbinger of its emergence as a dominant variant. About 50% of the cases of vaccine
failure were due to the presence of the CPV2bA494A572 and 50% were attributable to
CPV2c or CPV2cA430A440.

These findings demonstrate the emergence of 2bA494A572 and American 2¢
as dominant CPV variants, and signal the need to incorporate these variants into CPV
vaccine preparations.

Other variants were identified in a similar manner.

EXAMPLE 3. Determination of variant secondary structure and associated energy

The virulence of viral pathogens is known to be associated with secondary
structural elements in the viral genome (Pellerin et al., 1994, Virology 203: 260-268).
The folding patterns of hypervariable regions of variants 2c, 2bA431 and 2cA430A440
were assessed using the “mfold” DNA folding program at the web site located at
mfold.burnet.edu.au on the World Wide Web. The results are shown in Figures 6-8,
which depict the folding patterns and associated energy levels for each variant. As can
be seen, the secondary structure of the region is maintained and the energy levels for
unfolding can change.

EXAMPLE 4. Development and testing of a new multivalent vaccine against CPV

A new multivalent vaccine that is protective against newly emerging CPV

variants is developed. The vaccine includes onc or more attenuated CPV viruses of
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<210> 4 <211> 441 <212> DNA <213> Cani ne parvovirus <400> 4 gaagataatg
tattgctacc aacagatcca aatatattta atacttatgg tcctttaact aatggtcaaa
tttgggat aa agaattlgat gcaccatttg tttgtcaaaa taattgtcct tfaacaaatg
aatatgatcc tgatgcatct gatttttggt ggaaaggtaa attagtattt aatccaattc
aacaaatgag tattaatgta attggaggta tgaaaattgt a <210> 5

types CPV2a, 2bA494A572, 2bA431, American 2¢, 2¢A440 and, optionally, CPV2. In

other words, in this novel vaccine, CPV2b is replaced by 2bA494A572, the variant

that has newly been discovered to be emerging as the dominant genotype. The

presence of CPV2, which appears to no longer be a threat, is optional.

Animals vaccinated with the multivalent vaccine are protected against
developing symptoms of parvovirus infection by the variants used to prepare the
vaccine.

EXAMPLE 5. Novel mixed cell culture methods for CPV propagation

CPV is typically grown in a cell cultures containing only a single type of cell
such as the Crandall feline kidney (CRFK) cell line.

An improved method of culturing CPV has been developed. According to the
new method, CPV is cultivated in an equal mixture of CRFK and Vero cells in
minimum essential medium (MEM). Both the cell lines were plated and samples were
inoculated one hour after plating. At this stage the cells were attached but still in the
carly stages of cell division. The new cell culture method produced detectable
cytopathic effects more rapidly than when the CPV was cultivated with CRFK cells
alone. Moreover, high titers of CPV production were maintained in the mixed cell
culture for 3 serial passages.

While the invention has been described in terms of its preferred embodiments,
those skilled in the art will recognize that the invention can be practiced with
modification within the spirit and scope of the appended claims. Accordingly, the
present invention should not be limited to the embodiments as described above, but
should further include all modifications and equivalents thereof within the spirit and
scope of the description provided herein. All United States patents, patent

applications, and other references cited herein are hereby incorporated by reference.
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<210> 1

<211> 441

<212> DNA

<213> Canine parvovirus

<400> 1

gatgataatg tattgctacc aacagatcca attggaggta aaacaggaat taactatact 60
aatatattta atacttatgg tcctttaact gcattaaata atgtaccacc agtttatcca 120
aatggtcaaa tttgggataa agaatttgat actgacttaa aaccaagact tcatgtaaat 180
gcaccatttg tttgtcaaaa taattgccct ggtcaattat ttgtaaaagt tgcgcctaat 240
ttaacaaatg aatatgatcc tgatgcatct gctaatatgt caagaattgt aacttactca 300
gatttttggt ggaaaggtaa attagtattt aaagctaaac taagagcctc tcatacttgg 360
aatccaattc aacaaatgag tattaatgta gataaccaat ttaactatgt accaagtaat 420
attggaggta tgaaaattgt c 441
<210> 2

<211> 441

<212> DNA

<213> Canine parvovirus

<400> 2

gatgataatg tattgctgcc aacagatcca attggaggta aaacaggaat taactatact 60
aatatattta atacttatgg tcctttaact gcattaaata atgtaccacc agtttatcca 120
aatggtcaaa tttgggataa agaatttgat actgacttaa aaccaagact tcatgtaaat 180
gcaccatttg tttgtcaaaa taattgccct ggtcaattat ttgtaaaagt tgcgcctaat 240
ttaacaaatg aatatgatcc tgatgcatct gctaatatgt caagaattgt aacttactca 300
gatttttggt ggaaaggtaa attagtattt aaagctaaac taagagcctc tcatacttgg 360
aatccaattc aacaaatgég tattaatgta gataaccaat ttaactatgt accaagtaat 420
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and SEQID NO 4 or a portion of SEQID NO 4 that encodes an antigenic
region. 2. The parvovirus vaccine of claim1 further conprising nucleic
aci d sequences selected fromthe group consisting of: SEQID NO 1, a
portion of SEQ TD NO | that encodes an antigenic region, SEQID NO 3, a
portion of SEQ ID NO 3 that encodes an antigenic region, and sequences
encoding a type V.P-2b protein, 3. The parvovirus vaccine of claiml,
wher ei n sai g S ? LD NO ggﬁrcs%’do%&’t‘)t?eﬁheﬁﬁ 'SEF ' 9BPNO: 2 and sai g, SEQ | D
NG 4 or Sal& %Ptlo of QiD NO 4 are present in an attenuate
parvovirus. __4. A nethod of vaccinating an ani mal agai nst parvovi ns _

i nfection, gc}ﬁi)rizﬂ ng the step of admnistering to said animal a parvovi ns
vacci ne comprpsi Bga SEQ ID NO 2 or a portion of SEQ ID NO 2 that encodes
an anti geni¢lpPegiconneandveEQd D NO 4 or a portion of SEQ ID NO 4 that
encodes an aggigsenic region. 5. The nethod of claim4, wherein said

par vovi r us gaaggiafey frittdaesccCopriges nugdaghc aticdgsaguencesasel ectsed from
the group consistin ortion of SEQID NO 1 that

of SEI%% ID NO 1, a
encodes an &ntig&ht gt?cetéf‘ ,FSED YD NG 37 PO E TGN o SEGFD NG203 that -
encodes an angjiges cttg@ghon, agadigequencestancadiangca dtpga¥i- 2h oot ei n.

gcaccatttg tttgtcaaaa taattgtcct ggtcaattat ttgtaaaagt tgcgcctaat 240
ttaacaaatg aatatgatcc tgatgcatct gctaatatgt caagaattgt aacttactca 300
gatttttggt ggaaaggtaa attagtattt aaagctaaac taagagcctc tcatacttgg 360
aatccaattc aacaaatgag tattaatgta gataaccaat ttaactatgt accaagtaat 420
attggaggta tgaaaattgt a 441
<210> 4

<211> 441

<212> DNA )

<213> Canine parvovirus

<400> 4

gaagataatg tattgctacc aacagatcca attggaggta aagcaggaat taactatact 60
aatatattta atacttatgg tcctttaact gcattaaata atgtaccacc agtttatcca 120
aatggtcaaa tttgggataa agaatttgat actgacttaa aaccaagact tcatgtaaat 180
gcaccatttg tttgtcaaaa taattgtcct ggtcaattat ttgtaaaagt tgcgcctaat 240

e ttaacaaatg aatatgatcc tgatgcatct gctaatatgt caagaattgt aacttactca 300

gatttttggt ggaaaggtaa attagtattt aaagctaaac taagagcctc tcatacttgg 360
aatccaattc aacaaatgag tattaatgta gataaccaat ttaactatgt accaagtaat 420
attggaggta tgaaaattgt a 441
<210> 5

<211> 441

<212> DNA )

<213> cCanine parvovirus
- <400> 5

gaagataatg tattactacc aacagatcca attggaggta aagcaggaat taactatact 60
aatatattta atacttatgg tcctttaact gcattaaata atgtaccacc agtttatcca 120
aatggtcaaa tttgggataa agaatttgat actgacttaa aaccaagact tcatgtaaat 180
gcaccatttg tttgtcaaaa taattgtcct ggtcaattat ttgtaaaagt tgcgcctaat 240
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© sequences

6. The nethod of claim4, wherein said wherein said SEQID NO 2 or said
portion of SEQIIl NO 2 and said SEQID NO 4 or said portion of SEQ ID
NO 4 are present in an attenuated parvovirus. 7. A nmethod of detecting the
presence of CPV in a biological sanple, conprising exposing said sanple to
nol ecul es that specifically or selectively bind to a) one or nore of
nucl eic acid sequences SEQ ID NG 1, SEQ ID NO 2, SEQID NG 3 and SEQ I D
NO 4; O am no aci d seque?fcégo @ﬁc@de@cg@n@goﬁﬁﬁmﬂ of nucleic acid
sﬁ%é)a 1D N0 P2 TITES TG 2 ISEGF Y I Z GhPASER IS NO 3% and
det ecti ng ambtﬂﬂg@gg@Mﬁ@@uh6imﬂgﬂm$akﬁa@ﬂbﬁﬁﬂtﬁﬁa@ﬂﬁc3ﬁb@MQ@ﬁ;Or ﬂmre
nucl ei ¢ aci d_sequences or said one or nore am no acid sequences. 8. The
met hod of @PATTR*TEC ARSI 8F 4 9sHA TG HIF & SAF¥S “Ae P G1f oHGAEBI ARt pr |‘h’19rs 9.
The net hod aatggbatantdaaanberes n sai d nol ecul es are antibodies. | OuA
di agnostic kit, conprising nolecules specific for detecting
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a) one or nore of nucleic acid sequences SEQID NO 1, SEQID NO 2, SEQ ID
NO 3 and SEQID NO 4; O b) amno acid seqguences encoded by one or nore

of nucleic acid sequences SEQID NO |, SEQID NGO 2, SEQID NO 3 and SEQ

ID NO 4 11. The diagnostic kit of claim 10, wherein said nol ecules are

ol i gonuel conde priners. 12. The diagnostic kit of claim 10, wherein said
nol ecul es are anti bodies. 13. A nethod of propagating cani ne parvovirus,
conprising the step of cul turing;agd canine parvovirus in a mxture

of Crandall feline kidney (CRUX) cells and Vero cells in a suitable medium
wherein said stepglan: culturing is carried out under conditions that allow
sai d canine parvovirus to propagate to titers those attai ned when the CPV
is cultured in CRFK cells alone. 14. A parvovirus vaccine conprising one
or nore CPV vali ant/spanigiéiueivpecie ceniisigf ongenmos ¢zat i on of said one or nore

CPV variants is at : - . : | ol ralization of one
or nore CPV varianggggg?ggEgg;??%ﬁ?ﬁﬂgﬁg$ghgobgﬁg#g%Pﬁg%%%nt Qﬁi%y%PV-Za,
CPV-2b and CP\angc. 15. The parvovirus of claim 14, wherein said | evel s of

neutralization are SEQ ID NO: 4 or a portion of SEQ ID NO: 4 that encodes an antigenic region.

2. The parvovirus vaccine of claim 1 further comprising nucleic acid sequences
selected from the group consisting of: SEQ ID NO: 1, a portion of SEQ ID NO: 1 that
encodes an antigenic region, SEQ ID NO: 3, a portion of SEQ ID NO: 3 that encodes

an antigenic region, and sequences encoding a type VP-2b protein.

3. The parvovirus vaccine of claim 1, wherein said SEQ ID NO: 2 or said portion
of SEQ ID NO: 2 and said SEQ ID NO: 4 or said portion of SEQ ID NO: 4 are present

in an attenuated parvovirus.

4. A method of vaccinating an animal against parvovirus infection, comprising
the step of
administering to said animal a parvovirus vaccine comprising
SEQ ID NO: 2 or a portion of SEQ ID NO: 2 that encodes an antigenic
region; and
SEQ ID NO: 4 or a portion of SEQ ID NO: 4 that encodes an antigenic

region.

5. The method of claim 4, wherein said parvovirus vaccine further comprises
nucleic acid sequences selected from the group consisting of: SEQ ID NO: 1, a
portion of SEQ ID NO: 1 that encodes an antigenic region, SEQ ID NO: 3, a portion
of SEQ ID NO: 3 that encodes an antigenic region, and sequences encoding a type

VP-2b protein.

-30-



determ ned by a serumneutralization assay and expressed as a
neutralization titer.

6.

The method of claim 4, wherein said wherein said SEQ ID NO: 2 or said

portion of SEQ ID NO: 2 and said SEQ ID NO: 4 or said portion of SEQ ID NO: 4

arc present in an attenuated parvovirus.

and

10.

11.

A method of detecting the presence of CPV in a biological sample, comprising
exposing said sample to molecules that specifically or selectively bind 1o
a) one or more of nucleic acid sequences SEQ ID NO: 1, SEQ ID NO:
2, SEQ ID NO: 3 and SEQ ID NO: 4;
or
b) amino acid sequences encoded by one or more of nucleic acid
sequences SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3 and SEQ ID
NO: 4

detecting a binding event between said molecules and said one or more nucleic

acid sequences or said one or more amino acid sequences.
The method of claim 7, wherein said molecules are oligonucleotide primers
The method of claim 7, wherein said molecules are antibodies.

A diagnostic kit, comprising

molecules specitic for detecting
a) one or more of nucleic acid sequences SEQ ID NO: 1, SEQ ID NO:
2, SEQID NO: 3 and SEQ ID NO: 4,

or
b) amino acid sequences encoded by one or more of nucleic acid
sequences SEQ ID NO: 1, SEQ ID NO: 2, SEQ 1D NO: 3 and SEQ ID
NO: 4

The diagnostic kit of claim 10, wherein said molecules are oligonucleotide

primers.
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12. The diagnostic kit of claim 10, wherein said molecules are antibodies.

13. A method of propagating canine parvovirus, comprising the step of
culturing said canine parvovirus in a mixture of Crandall feline kidney

(CRFK) cells and Vero cells in a suitable medium, wherein said step of culturing is

carried out under conditions that allow said canine parvovirus to propagate to titers

those attained when the CPV is cultured in CRFK cells alone.

14. A parvovirus vaccine comprising one or more CPV variants, wherein a level of
neutralization of said one or more CPV variants is at least 4-fold lower than a level of
neutralization of one or more CPV variants selected from the group consisting of

CPV-2, CPV-2a, CPV-2b and CPV 2c.

15.  The parvovirus of claim 14, wherein said levels of neutralization are

determined by a serum neutralization assay and expressed as a neutralization titer.
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