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C. PERFRI NGENS ALPHA TOXA D VACCI NE CROSS- REFERENCE TO
RELATED APPLI CATI ONS This application is a

woemwetvl si onal application that clainms priorPCHUSIMAE014669

35 U.S.C. 119(e) of provisitonal application U S.
Serial No. 60/672,289 filed April 18, 2005, the
contents of which are hereby incorporated by reference
in their entireties. FIELD OF THE | NVENTI ON The
present invention relates to vaccines conprising C.

perfri ”ge”ScT%Pﬁzm@l EF\I%XRLIE"?,*_AT ?BBdcﬁﬁ“VRcfglﬁg;E”t S
thereof, in

toxi ns, and any conbi nati ons thereof. The present

i nvent i QROSBLREFERENTES O RETATOUARPLICHTIONS t h
t hese vaccines to protect animals agal nst clostridial

d . .
TR TicgIAN S K3RoLLAal AR AR Bty uncer
CBo4t. BiGli &1 ) fof |pmge$lenalcapm|eaﬁmm hig8nSerialsNar60/672,289

apaer obi rlumt nat.ur al | ound in soi
RS e RS chihieniss ghu i B bV fRkorhBiated bijur
f lgernel :ﬁtmémbﬁmreha@ udl ng hunmans. C. perfringens is
al so the etiol ogical agent for nunerous clostridial
di seases found in econom cally val uabl e donestic
s produces a nunber of toxins
t at hoge fects in i ncludi n
ﬁ@‘é aré%e}‘?e@ B3 Rlatest L Hichhds odRnE £ SebiAcRS Tige
ﬁ(blhlaQBxélQKl éhtlgtdhﬁ: fraginantsothiePeof! h@cﬂ%tb@@nﬂgeh i’&efra%ments
ta toxin, the iota toxin, the pﬁatoxm
| gmleaattwnﬁ anaba@oo«émblr@tlomrth@reﬁ@e Be @resrid dnvartien

b t

0Bl bl S SRR 1 T gty apirts

pag»alpbad:lasmmab digezses., Thelpragemtdaeention 4lad aslatedtd methods
am ni gase Different strains of C. perfringens are
E] ©88 VBFYP§Pes A through E, depending on the

spectrum of toxins that the particular bacterium

BACKGROUND

Clostridium perfringens (C. perfringens) is an anaerobic bacterium that is

naturally found in soil, decaying organic matter, and as part of the normal
gut flora of animals, including humans. C. perfringens is also the
etiological agent for numerous clostridial diseases found in economically
valuable domestic animals. C. perfringens produces a number of toxins
that cause pathogenic effects in animals, including the alpha toxin, the
beta toxin, the beta 2 toxin, the epsilon toxin, the theta toxin, the mu toxin,
the delta toxin, the iofa toxin, the kappa toxin, and the lambda toxin.
Moreover, C. perfringens encodes other biologically active substances that
can cause pathological effects, including: hyaluronidase, acid

phosphatase, protease, collagenase, sulfatase and neuraminidase.

Different strains of C. perfringens are designated as biotypes A through E,
depending on the spectrum of toxins that the particular bacterium
produces [Justin et al., Biochemistry 41:6253-6262 (2002); McDonel,
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produces [Justin et al., Biochemstry 4 1:6253-6262
(2002); MDonel , PHARMACOLOGY OF BACTERI AL TOXINS; F
Ox f PETUS2006/014669
(1986)]. Initially, such typing was based on serol ogic
neutralization assays in mce or guinea pigs. Mre

r PEARMATOLO®Y oF BABTERMP TOZINIE FDE% e BNH QYD RS (&isAs €
chai n reacti onés)gCR ﬁt ar 3et ed to genetic sequences
2

t RAEgaRRR FECTh S8RlrdnEaly tsusenriypig veas based on
. . ti i osis in h
peledio RERra RS ER ARYS 1 BCL LIRS pidh. (flopé Feckihy,
pmoiedwrgetypin@ypgth@dbhremﬂ)ieyg)mynaérfaﬁ;bidhbﬂfd?e@x}wbmfmog a
f t - di arrhea and a hi nortali rate. C
e ot RA B sy SCRIBRS AbeBeele PR RG] BUBAIES foxirs of
qb$P@ﬁﬁnbé‘n§UCkl ing and feeder pigs, with the synptons

including mld necrotizing enteritis and vill ous
atrophy [Songer, CHn. Mcro. Rev, 9(2):21 6-234

(ke oo 508 eSS o b 1
bédritserttatibng @R 0. wertinbbhs fl’?@@ 2Cihahb Gut eAMBRd(eqUii& hale a
towel ") in the small Intestine (enteric fornms), and/or

CProfieser winkajy kiishes aad edigle paartalitsratet 1. perfringens Type A

PR R TG Brorflr HREp B8 Vs E M B b Eios. vith
d&wsqm;?toms idi}mlfjl‘r’(gégﬂ}d ail?@rcdiaingitéﬁiﬁeriﬁﬁ anlhfb/ﬁ Itoclﬂisit dtyophy

% % _Liver patholo eads to
{:%’ é@%ndéf?ﬁ%?’?%\ﬁ&%}i%@-&égr(ﬂ %96)]-%cr otic enteritis
(NE) is an exanple of a clostridial enteric disease

caused by C. perfringens that |eads to significant
eClosinidial diseaszrueauses hnCppeltftingensTare chissectsdzed by sudden

ragARR et BRTER g Bor i frivheesPli g Clure
bRRVEIT SR eHd Sshall mqtbgmrl@yéwt?ﬂmfcﬁﬁ&tﬁdaﬂcﬁw 09pBANRgens-

Necrotic enteritis generally occurs in poultry either
agsspciaied mepalitisl Witb ahelangiohepaditisi enfihrineid hacrasiscin thae

ATl LIE e ) iy oo, n
pesihydratiems Mortityoraegak fivee 296 t6 0%, i NV§Bpathology leads to

carcass condemnations at slaughter.

Necrotic enteritis (NE) is an example of a clostridial enteric disease
caused by C. perfringens that leads to significant economic consequences
in poultry. The disease is especially common in floor-reared broiler
chickens from 2 to 10 weeks of age, though the disease also has been
reported in turkeys and caged laying hens. Necrotic enteritis generally
occurs in poultry either as a secondary disease, or in a situation in which
the normal intestinal microflora are altered so as to allow the abnormal
proliferation of pathogenic C. perfringens. The prevalence of subclinical
necrotic enteritis is unknown, since the lesions can only be observed

through post-mortem examination. However, reports of impaired feed
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necrotic enteritis is unknown, since the |esions can
only be observed through post-nortem exam nati on.

i mpai red feedconversi on aPdI/US2006/014669
reduced body wei ghts have b&en attributed to the
subclini cal disease [Lovland and Kadhusdal, Avian

Reriversion 2@ edueed bodty wé@mdir%ntgﬁje@@téta@mé@ ;[dbhﬂit ‘s
t natural outorea
sibeubpal fiefsal sl and Kachusdal dp rocelasbsTseT (3901

"F’l@@i’éﬁd&%@fac&ﬂ‘é@ﬁét}lb;&d lté‘héél%tlc(e‘?*)teﬁt%‘%ﬂsodgh e f S h

i NMUNOSUppr essi ve di seases.
a@dbt&&kﬁ anteexpsrinterdat modelssincladeb@)eopeidioaist(s) hygratlon

Q%?Q%gf%w%%e@}e%%ﬂi g d‘h—ﬂﬁﬁgflﬂeé}\ : OE d\}‘%% conz am nat ed

\Aﬁ@‘ﬁ@l@ésup?)rééél\vélﬂ%éagé@" Wa@cﬁltlbﬁtrﬁbéraﬁc Eﬁfé?ltls%{\(ﬂé )

i ntraduodenal adm ni stering of broth tures
sadesmertalberaprodecacdiy:fy rrovidhng amm% feed@ontaminated by

Lée NECT ot ﬁ%m'@rs?‘%rff@ %ﬁfﬁ}?&%??é at'\?\%gh "é{eﬁr%{aﬁb% into

bEIae regop, e (m)iittralmam@ﬂat ainiistering of BrditMeatE ey 6f bacteria-
Necrotic Enteritis pp: 781-785, In: D sease

ar t
g?%v%ﬁ&ﬁd@r’fg?xmﬂ@fﬁh%amm%ds Saif et a/.), lowa State
Press, Ames, |A (2003)]. Indeed greater than 90% of
the C perfrlngens i sol at es obt ai ned fromforty-two
. g@ﬁlﬁlngﬁfmﬁmsﬁbm Craredhe ddodidtypbalkhatl qalnge treéydtic

s e i 505 5800 iy commaniandn detected
GV Rfe! 4nd (Dp@hggﬂcﬁgcﬁ\‘lc@n@ﬁﬁg lpg‘?@ﬁ‘S?BB/W PisBase Bpen

i dentifi chickens with necrofic entéritis and may

ed
Pt 1 ed r(edmeSanﬁeégt) hewa @itatecd3resp NAiries, 1ACE2003)].

B8 Wil TS0 B0 A WyBPR e
efonm\eo t'ﬁypeotp hﬁ‘e@@d dolvibidaeickd &f lefal a/&m@x%o%lo‘i@r \Z@h

ress its product, the beta t oxi n.

c%’r“? Qwa heém aB@t%éCﬁ('mfhED@JQﬂ elsali, dw\lﬂ 54 at9%- 501
Lq’%%@éeﬂqf@ueéﬁaéﬁte%ﬁﬁ BroGubey B PehigRRs Type A has

mtlﬁqi'q‘entlf‘ﬁubmhﬂfﬂd(ehst\mm nealotio ehasritiseatd imap!pl d)ﬁbﬁ‘éle&ﬁ the

t tis of horses and cattle
mt%a{lné%%eseacsef[ﬁf almn Je o%[l) I\I/Ied 42:357-363 (1978)].

Recently, it has been reported that C. perfringens Type A or Type C can
encode the cpb2 gene [Gilbert et al., Gene 203:56-73 (1997)] and express
its product, the beta 2 toxin. A strong correlation between the expression
of beta 2 toxin and neonatal enteritis in swine has been observed
[Bueschel et al., Vet Micro 94:121-129 (2003)]. The beta 2 toxin also has
been implicated as a pathogenic factor in enteritis of horses and cattle.
Bueschel et al., supra, further reported that 37.2% of the three thousand
and twenty C. perfringens isolates that they obtained encoded the beta 2
toxin, and of the C. perfringens Type A isolates examined, 35.1% encoded
the beta 2 toxin. The limited sample (n=5) of avian C. perfringens Type A
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Bueschel et al., supra, further reported that 37.2% of
the three thousand and twenty C. perfringens isol ates

W0 bab/11312y obt ai ned encoded the beta 2 toxin, BCMUSL006/014669

the C. perfringens Type A isol ates exam ned, 35.1%
encoded the beta 2 toxin. The Iimted sanple (n=5) of

afielé s dlatcRarérie fogRt 3o BERB5H ipekRive 5o t&be;pmeg@wdtgw%nd
to be "35% positive for the cpb2 genotype, and 40% of

t He%eofdhese alsgredsessachibedata 22toxex i In.additiand ¢inpleying

s A Rt e NG SRR

f Copeahihgdsnisomitéirbepetickers wits bepatits flesivéreedsitive for
cpb2. The enterotoxin of C perfri ng\ens Type A has

412 6B COIRSAIPHLObE. PAKHRGRT EYRMAAGHER SoeaEhom Ao

56 Bt dGerfOnUhick sy padsf L OB AT 2 GRa,
eintastinal loopanodelqNiil, Appl.fMicng 28888891 (pOT4 ani t ary

nmeasures and placing antibiotics in the animl feed.
The clostridial conponent of the disease responds well

t @uaBht BiGkd fbscé\ﬂ%di@._ &ﬁﬁﬁfgﬁh@f%ﬁg&)ﬁﬁn@sﬁ%r&%easums and

antibiotic feed additives [ or ous,
aplecingavitiiceticsdn tiys anidoaldeed., Thptdldstadiatsomapenentsefi the
and subj ect tdo ir]grea i ng. concerns rel s/ted to t%e
oVISRETS B Rnds G ko Afiitios And s dengilly; sERRrERSed 2%
hastitiere g deduditiRey i ionePRbfdils, BRASOHCRIIANI @B Hdwever,
ani mal s, since the course of many C

pantibiptinseare. castly and wtbientde sweasisg capramarelaied émthe
gﬁteo%otid?%f t?é%fl'érﬁ’él(?ﬁc?igta CePat ent No. 4,292,307 defines

uni versal ™ multivalent vaccine prepared from
toxoids of C. perfringens Type A Type B, and Type D

that further includes toxqQids fromC/ . oedematiens, .
aﬂacwatﬁ%a{srvm hesesne animpeHant sHol yarasuiedn dpmestic

CORRAS, hée trRVeUral o ni g.aﬁ&ff%dé?ﬁ-éggo%iaﬁgé HeadBd is

consi st of iInactivated cel'ls,” toxims, or co |§at| ons
ofapichasd oftwo fatebe FoBexrgmple, CHB. Pitant dNo. Re292,9072 Jdefiies one

i Ay e e
22%%% f\fe ;rypé iB&ndPRgE Dahat Rieek intfudds toROTB IR CI.
oedematiens, and Cl. septicum toxoid. In addition, vaccines are
commercially available that are often multivalent and consist of inactivated
cells, toxins, or combinations of these two [see, Songer, Clin. Micro. Rev,

9(2):216-234 (1996)].

Vaccination of female livestock may also elicit passive protection of their
subsequently born offspring. Passive protection of mammalian neonates
against pathologic Clostridial infections relies upon the transfer of specific
antibody in the form of colostral antibodies. For example, Smith and
Matsuoka [Am. J. Vet. Res. 20:91-93 (1959)] employed an inactivated
vaccine to inoculate pregnant sheep and reported maternally induced

protection of young lambs against the epsilon toxin of C. perfringens.
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agai nst pathologic Costridial infections relies upon
the transfer of specific antibody in the form of

w@oioest1y7al anti bodi es. For exanple, Smth and RE/ESIRE014669

[Am J. Vet. Res. 20:91-93 §1959)] enpl oyed an
i nacti vated vaccine to inocul ate pregnant sheep and

r @aeswedmrfmrenynalybung marathHE g@@@ll@ﬂs@ftoy@wwké 39b8ger,

a nst the ep an tOX|n of perfringens. Passi ve
wigfoi R dﬂh@ 9 cal Iy lasts 2 to 3 weeks

[Songer CI|n M cro. Rev 9(2):21 6-234 (1996)]. In

contrast to suckling nannals, passive inmmunity in

aln corgrasdo sevidingl mammalsspsseive trmmbn'@yé indma'shs @@tsasl@lvgral
the conplete | ack of the ternal antibodi es obtaine
fPEWPH? |Sb0rt%fatr@§ Wéar[?‘?wnﬁ.c@m lgte;lagl opfhe maternal

i
Fangles 65@'@5?@*3“%%JB‘?E?“E%'%?@%“%&?%& 4 g
r @p@ﬁlbletmmlana‘t@nsfor theimdbssrved cokslatian, Bietpmiel ia ajfvian

FaPleet Pl oo P0G bienpdBaTIng SV al e atigks was

ag*ghm@dnw higgharr 15 Nofwe §iah Brongemsckal Mﬁqg RighBr hié%‘ of

those flocks having low titers. In addition, Lovland

espegific, najiray pseusinggyateznalartipodies zwmast C r paréingsms
Fippe Brtitn W ARIS OAR 1ol terd PP RIS Qigifand ot .

| Podar Badtblogy B3M31&3—9@$20mﬁp¢p§xme@ reﬁ&lltsf tHangene c}lﬁMﬁl@tent
e C toxoids, as conpared to the progeny o

Withces it dasRuReTOlastion Of Biprassina eapithat had been

S i r o

L Ve RIS (e G polhadre B AT IR

migxpjds, Bsrmompdred dé thehprapminyalf agivaccinafeoinssriss pr oduced

by C. perfringens bacteria were present in the
i nocul um For exanpl e, vaccination of the damwith a

Heflteford) & 0/ ' &
Dot Bt BT o G op e B N O R 2 not

afPP&Y e aﬁalﬁebﬁmnlgﬁmm%gmt eﬁ’m@(h@@fmsnoﬁeﬁmt Bl ofthe

P dbig Do BBbnEoB3Le By B8 250 ks At BLp ELPresen:

t mothkedboauiuel Ror dxzipfisie svactititvnt dftthe @bndw‘.tﬁ d gaudt thet
does not contain enterotoxin only offers partial protection to piglets, and
anti-epsilon toxin antibody in mother goats protects against death from
toxemia, but not against enterocolitis [Songer, Clin. Micro. Rev, 9(2):216-
234 (1996)].

Indeed, despite the tabulation of an impressive quantity of data regarding
the various biotypes of C. perfringens and their corresponding toxins and
deleterious bioactive substances, clostridial diseases in food producing
animals remain a significant economic problem for farmers. Therefore,
there is a need to provide additional means for protecting livestock against
the pathological effects of C. perfringens. More particularly, there remains

a need to provide a safe and effective vaccine against C. perfringens in
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t he various biotypes of C. perfringens and their
correspondi ng toxins and del eteri ous bioactive

waostgatces, clostridial diseases in food prodeCi/ng006/014669

animals remain a significané econom c problemfor
farnmers. Therefore, there is a need to provide
alRHEY o MgrepEain shereris grrrastiol providevesinutli vageinesigaims C.

i , fri .
DB NPt €30 B8 et B histereB 30 temat Al egialyfertio
camitl/ef pesgnaneforaglei ivesr@R] tisk will pRSYTdI) PesRst their offspring.

inpoultry. Moreover, there is a need to provi
si npl e vacci ne against C. perfringens that can be

} P L.ma| ially fertil
g R RS A B D ARS: Chptricilas pber
pdnissiontthet sudf fefpranag.is abailalé @bi"pﬁoroért'a!b)/th%%ﬁ%tﬁf‘ce
a

rbfﬁ@ﬁiicn'smu' d not be construed as an admi ssion t
s PlP%r ence is available as "priof art” to the

I nstant appl i cat SPJIMM@%?B\{”% INU%N%NT! | ON The
present invention pr ' st C
perfringens that conprise a C. perfringens al pha

t j .an_antigeni c.fragnent of a C.
b e AN ah PR Ve g Srbaines Goetriagann thgbni c
foocagpriseta O perfBngpes BIiHA0BRSId2 RGBT taﬁxérﬂ':geﬂfbdfr%mgﬂy of a
_c(grrbl pati on thereof as an antigen. The present

[

W&itngiens @lefiretoxpics aindéer amineicties antigenic faghsnt of a G,

bakl . Si ! rfringens Type al pha
PEEPEEAL IRl S i S FOBRBAT i Sh2on.
Pévef prieageisvahtidrafuribie ipfovidesi aécimds ihaRebhyist ?Qéérﬂi%ﬂil bf
rfringens al pha toxin, and/or any

fragnent of .a C )
@oﬂﬁglﬁaé'i RSHTHGENS oY Pesalaha dwaigseand/er an entigenic fragmert of
0. fOFRTgs Apha toxdld Sarl/er & fna%ﬂ?c? @ﬁiig%@i‘é?@%&mt% acC.

t he present invention is suffi cien
Pedringans aphiartoxin, Bsd(ohady)conibinalidn tepber 49k Bntigen.
anti body per nL of antisera of an animal (e.g., a

chi cken) vaccinated with the vaccine. In one

embethiipnénedfo tWH Godadss 0.08e FgtHAr Bl P@&éé’Bf :Qf\/ﬂc%igg)pf the

antitoxin units (A U ) of anti-alpha toxin an
PEFSERL InyendiAR i sufiicient tminduicermt losst Eurairtitoxih Uhits 1&.U.) of

R RSP T o PR o 84 Bk
vaccinated with the vaccine. In one embodiment of this type, the
determination of antitoxin units (A.U.) of anti-alpha toxin antibody per mL
of antisera of an animal vaccinated with the vaccine is performed six to
seven weeks following the immunization. In a particular embodiment, a
single dose of the vaccine is sufficient to induce at least 4 antitoxin units
(A.U.) of anti-alpha toxin antibody per mL of antisera of the vaccinated
animal, whereas, in an alternative embodiment, two doses of the vaccine
are necessary. In a one embodiment the antigen has 2 or more Total
Combining Power units (TCP).
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singl e dose of the vaccine is sufficient to induce at
| east 4 antitoxin units (A U ) of anti-alpha toxin

wa@eshody2 per nl of antisera of the vacci nat edPERUSR06/014669

whereas, in an alternative @nbodi nent, two doses of
the vaccine are necessary. In a one enbodi nent the
aht orge sudtasmbodiment the Entimbl isarbaviang Paventiculat s

TCP) .| n one such enbodinent the animal is an avian,
fﬁmé)%sgw%mteﬁ}ea%v'@%aicg&\"%p- dn@ngiieneaodiment dRervianis
aneLmey enbodi nent, the avian is a turkey. In one
enbodi ent, the antigen originated froma C.
perfringens Type A cell, e.g., a C perfringens Type A

h id. | . nbod] h i
ol e San(dn FRaGel me ©: BRIMHGEry Type s
i aap,téq.,e ad@D i pHBidensIBYENG/sHa Bx6id. RBIdndtRGeSBbAYiRferfe

al pha toxin. In yet another enbodi nent the antigen

othegamipeadoriginated. frqraef €i pedirgenspy® Claellseid.) an inactive

38 B BP, & 5 DOl R O gt
asinboement the ratigen forigmated ReRi Cl peaIBgdnPTyEe Bl Nn still

still another enbodi nent, the vaccine conprises an
anbei§enembogirmant theg antigenLrigingied fionh §e Rerfgngers pype Ch In

0 j ; i na: pf i [

b2 RS ERBedinfot oA AR i RERTREh CBEFPgBRs Type
Tipén atill egetherwintbodimenf rthe ivaocihbabnmrisgsarsamigjen C.
per.f.ri{n ens T antigen is qresent in that vaccine.

" ATQIREUE oM. 8 (G PoHHIGR S SHP Pt hi s type, the C
perfringens is Type A In a related enbodi nent, the C

perfringens is Type C. In one enmbodi nent the antigen
i i ame empledimenio ad/accinexofighe toresgriinvartiodi coenprissis ari s

t t | pha toxpid is conprised,.by a .C .

oA BenE ARBRSER RErPaBRET kit Sfid¥n i gerovise that

eghigdi sihgle C! PENRFSHS TRy SPAMIJTES prEséi iR ghdtageichhe. In one

supernatant of a single C. perfri &%{?ns Type Tﬁ)e A

| RagisElay gsehasiment ehBisesete Crieingsns isHyper fea

[ : [ : j a

B UERBRRAE e A L Y0 o NSRS e
antigen is an alpha toxoid. In a particular embodiment of this type, the
alpha toxoid is comprised by a C. perfringens alpha toxoid supernatant. In
a specific embodiment, the vaccine comprises an alpha toxoid supernatant

of a single C. perfringens Type, Type A.

In one vaccine of the present invention, the antigen is an alpha toxoid of
an alpha toxin naturally encoded by a C. perfringens cell. In another
vaccine of the present invention, the antigen is a recombinant polypeptide,
i.e., one that is encoded by a gene that had been genetically manipulated.
In an embodiment of this type, the recombinant polypeptide is an alpha
toxoid in which enzymatic regions of the corresponding alpha toxin had
been genetically removed or altered, but, one or more antigenic epitopes

had been retained.
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vaccine of the present invention, the antigen is a
reconbi nant pol ypeptide, i.e., one that is encoded by

w@2@ene7that had been genetical ly mani pul at ed. PCTIUS2906/014669

enbodi nent of this type, th& reconbi nant pol ypeptide

is an al pha toxoid in which enzymatic regions of the

clora pagioutirregniaddgitreent cthe antigeh keam gholetdatiadrepartiony a6
ere ne nor e antigenic epi t gpes had

ceefiheepaPRckne. San igeiLisdp 2cRibHPPBFRPAARORNIN Yein
| SndtRePetRfnERt, thdh @fs'é}Pa/P%B 8R4 RS (?zpf{f}‘gr‘{r’%ts

the antigen is in a celT-free pfeparation. t>
ariphaéex@disogernatant. tihe paticglen ehﬂacmﬁmahphtétlhtwbypedthenc.
a : ringens alpha toxoid, supern nt. In a,
p@&?ﬁ”@%’f r”@ﬁ%&%ﬁ%ﬁf‘p‘a@ ?ﬂts‘f’“?(g/%ee,‘ C%ﬁfge@.prﬁe?rfettpﬂgens
al pha toxoid supernatant also is a cell-free
preparation. |In another aspect of the present _

i mathemaspecy gt heneraseyt veotionra vagrimemaypaleo contain

i i i tion,of ..
PHBERRRE E7 At B DA RARIEL GRuRbotes or
adhriaty of spedifiditie awhani atvhinfidyedab .anNeinall kubject. NRSEall of

tibodi.es need to he protective against a disease. |n
b8 BntBF4PS Gestde henpromevpiagaInma diseese a3 gamisular
38 RbaH Pt ' Sty e dukh %géns Epé‘ﬁlsoq‘rdlrﬁcé.' P¥r g\</957g.e
present invention may contalin various other active or
i hawes, ianeaasihepelt thegerasentfincention, mal angtain variens sthghactive

S Bn el R aRpic oS ORE Wiberrs Sibrielioh: cheseties. in
Cacvdid arficalitia st Pféée%'t aiehtigh ahe &b A toXoRX AT De c%ﬂﬁhined

extracts, as well as inactive antigenic fragnents o
aWithatheselastridinkard ppnrelostiidial eelts, iexoids andfexttasts, as well

P Drgtve AR oG R I BL Af B Pedpdlint o B G T
perfringens al pha toxoid, and/or an inactive antigenic

fragment of a C. perfringens al pha toxin, and/or an
c‘éﬂfgiSHa'P mytivalepteccingel themrasentdaygtioneepraprisesad C.

, o b f as]
AR R SBIGn ARNGAE AUFRS oE RS B3 s
\alpbé teoid,cndidr amnaative getigesicifrtigendnt@isa OUpemtingens
dils ase.virus. In ano%hert_ er{ﬁodi mdf trtrple viral_ sour (;el
& pg?]gm%rhtq QF gry combination thereof, and further comprises a vira
antigen and/or a bacterial antigen and/or a parasite antigen. In a particular
embodiment of this type the viral source of the antigen is infectious bursal
disease virus. In another embodiment, the viral source of the antigen is
infectious bronchitis virus. In yet another embodiment, the viral source of
the antigen is reovirus. In still another embodiment, the viral source of the
antigen is Newcastle disease virus. In yet another embodiment, the
bacterial source of the antigen is E. coli. In still another embodiment, the
bacterial source of the antigen is Salmonella. In yet another embodiment,
the bacterial source of the antigen is Campylobacter. In still another
embodiment the parasitic source of the antigen is from Eimeria. In a

particular embodiment of this type, the antigen employed in the vaccine is
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i nfectious bronchitis virus. In yet another
enbodi nent, the viral source of the antigen is

WO ewe¢ilti132 I n still anot her enbodi nent, the viPEL/US2006/014669

source of the antigen is Netwastle disease virus. In
yet anot her enbodi nent, the bacterial source of the
am pagen ansEiertzoineroAaites tinl Ainrenat dudyst s eomiémie, thehsof. In

554 fls emBotriR he PRErBheda 1S pathsia lspniavin. In a
a@éﬁtl@@lﬁr bﬁqb@@'ﬁﬁéh?@ﬁﬁ?ﬁﬁ/{)ﬁg E)tafééltqu@tl ‘éFIa%E‘aocﬂb'ﬁ%%ral

the parasitic source of tigen s from

| hos op e pardsite ieainhiékeent of this type, the antigen
enpl oyed in the vaccine isa part of an Eineria
nmerozoite, an Eineria oocyst, or a mxture thereof. In

MfmIW@éane@}@s@ﬁtlHﬂéﬂh&P@n SisolddpnHiedsid 6r

is an avian. In a particular enbodi nent of I's type
tRereak thei fekowiggmnigens: enderfriegers betal tohmsC pfen‘nhgens

I f th
DRLBZ %, e e B TR enfer el B B RS iR 1905 Ge
fpyérfmwewg jetat togien €. p@rfriﬁgéf:é kagen et @. perkinyerfs-lambda
beta 2 toxin, C perfringens enterotoxin,

é%&fw:s o) %%QH‘SG@%”% thata AT sordellil perorinagintoxingtGa sordellii
t I@’?Ha'l‘ to% (9 ec?/fffgﬂ@ g\efb?dﬂ‘ ;EP Qﬂff’fcf?ﬁ Boxift, P %EI)&&U if r'@nﬁ foxin,

| anbda t ens theta toxin
I*@nmvyha@nha tomi, andCC) mmydbdanaltoxinet hal toxin, C.
difficile Atoxin, C difficile Btoxin, C septi cum
al pha toxin, C. novyi alpha toxin, and C. novyi beta

tiedd Partibilaf nafivdiest ccind bf tH@';ﬁBéerVﬂE\Férﬂ%nofhé {ccine

present invention, the vaccine conprises
FERRliSRgen €. aepiagens aloha taxcidoandior antanglgenm ffagrgeﬁlm)f a

o P indbls A RBRNT. HRfor SR g BRLSEn BBl ©

qmifmrgeae)elmthﬂﬂtar@Vbﬂé\Wﬁ%bméﬂénfth’érbbﬁran@%ﬁhéﬁes
one or nore viral antigens frominfectious bursal

RarRRises ana er Mere vBal anifoessifiaie infeelinis bursaldisease virus,
S ERALS ol 0, EHBE AR ERB Ry Moo

ShseaneeVitus, aadrdractigh phtigans f#om BN/ ana/dreSaipionefia,

BB Rt B Srloes Vo RS 2

In an alternative embodiment, a multivalent vaccine of the present
invention consists essentially of a single C. perfringens Type alpha toxoid,
and/or an antigenic fragment of a C. perfringens alpha toxoid, and/or an
inactive antigenic fragment of a C. perfringens alpha toxin, and/or any
combination thereof. In a related embodiment, the vaccine further
contains a viral antigen and/or a bacterial antigen and/or a parasitic

antigen, as provided herein.

A vaccine of the present invention can also comprise an adjuvant. One

popular animal adjuvant is an aluminum hydroxide adjuvant. An
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i nvention consists essentially of a single C
perfringens Type al pha toxoid, and/or an antigenic

wo eagired1r2 of a C. perfringens al pha toxoid, anPlDUSHENG/014669

i nactive antigenic fragnentloof a C. perfringens al pha
toxin, and/or any conbination thereof. In a related
eatterdaiienbdjuvhet caacbeé compuisttdn acoateaimsil @nwilsiah along with

tigen and/or a bacterial antigen and/or. a parasitic .
e dligenadn g RATIRdEr Fefahne of Jis s fee BRtTHB-gl aulston is
| Bfécgmtﬁ \a/dmd/ﬁﬂl &%éﬁcﬁa%‘@ﬂﬁ%%éﬁé phSBE. RPBNORES

ani is an al um num roxi de adj uvant.
Aerabodinmentti the adjjivantris spadificallycnotan slecinumahydroxide

wat.er-i,n-oil emulsio | on withthe.anlﬁJi en. |n2? .
SaTbY Nl 4R g EiGherBpodine, (syaceie EREHY % ngiduminum
e rokiaB ddfu e RREEshiNsleRedto/ PORIAY! 1IPBasRtIANEr 8mBB%iment,

aqueous phase. In another enbodi nent, the adjuvant is
spEatgine gbmprises saq. ALUHNGRE Apla dxale, aripdikyant, ang one

Qe B AR A ens, BRug S8R 0B BB e om o
patlg, bactdriing dryon & bhateriahbrighdtent, a vacci ne

conprises a C. perfringens al pha toxoid, an adjuvant,
and one or nore protective antigens, either

I RCSNER t : i i i
EC AT a Snck, B8 b Bt R Aol R AptHolit® provicing
asgieetimnibvatypioesre avianrbyeintmoenizimgean deisnmitthadacahe of the

4R, PR o TS0 e Dl PR e
PaEthieGH rAliniBTBQH IR 0t03 REANARY. PenLdORPGIfe %ﬁ{rlﬁo‘émﬁént the

active immnity is about 0.05 to about O. In one

eaviadiisreiurkere In@natharenbadimesy the aviands Ashicken. In still

e i A A ' St ]
cERHFERbobtEo R &b & £hh&kEh. "hecbisbhuffpbAt aio
| preitiason nidtised Bf adimitsistedingel molivafentdatcihetof thé present
mul tival ent vacci ne of the present .invention to an
alnventientpanexan torpratast Hadanatmytiplefiseasess. The
present invention also provides methods of providing
passive inmunity to the progeny of a fenmal e anim

(€hg preserniregmdionh disorpr@jdesomethadsngf @dvidingspasdivey a

VESRURRY B the BroBhy o7 & tomat Bhiial'(.g-. S preghant female)
comprising administering a vaccine of the present invention to the female
animal (e.g., mother) prior to the birth of her progeny. In one embodiment,
the female is an avian and the vaccine is administered to the avian female
prior to her laying of the eggs that comprise the progeny. [n this manner
her progeny are provided passive immunity. In one such embodiment, the
avian is a chicken. In another embodiment, the avian is a turkey. In still

another embodiment, the avian is a pheasant.

In a particular embodiment, the method provides passive immunity against
a clostridial disease to the progeny of the vaccinated animal. In one such

method the clostridial disease is a clostridial enteric disease. In a
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animal (e.g., nother) prior to the birth of her
progeny. In one enbodi nent, the female is an avian and

W b@estsoct ne is adm nistered to the avian f enaP@I/ps1006/014669

to her laying of the eggs tHat conprise the progeny.
In this manner her progeny are provi ded passive

| pamtioiikay mdthod o thsisi ypes i diodEritlial drit€riedisaBsé $s Aecrotic
chi cken. I n another enbodi ment, the avian is a turkey.

| anterifis| ImABeiher seahmBthesthe Plﬁétrtﬁiﬁlﬂﬁsﬁaﬁedspheasant
! a]aan@%g%lﬂ.ﬁ BRI e rfl e‘?NbcﬁngC{wd?sh
C e

assi v agai nst a r dlal seas

ppa:sﬁvqlmmuhhﬁ agamst natiestridial mabasda to theepiwigehy g theod
ase is a clostridial, enteric

e claostridi aJa di s
%“é&éag eﬁ‘”HB 7% Well1asPraides prefectien §‘9tagﬂ§éga'f‘%f@”ous
Cb@ﬁﬁémgl abpihls érﬁj/gtﬁgﬁflﬁls' S necrotic enteritis. In
e C

anot her SUC?] met hod t ostridial disease is
chol angi ohepat itis. In still another enbodi nent the

th d d t tridial
T OBE P mE, RS Bie) e SThEvnd PRssiie sy tadte °
WBldgea§ dp acehiits aRimedl Jﬂﬁe@%rﬁﬁsté@@é@ﬁ@lﬂ%lent vaccine
dermatitis, septlcum and/ or hepatitis. In one

eletibaifagele aninea ﬁ@ﬂﬁ@t@ctalﬁermr@qeay agapws siuiple tisasiseg. Ina
galltllaﬁl eﬂgc?d@(m%t |va ég %’%al&%ﬂ%%lﬁg? ’g}rarlaoultry

mnistering nt ~vacci né

afzinmiBl aricoher pﬁo@@hyfwe ppstegieayfraganisiplenpbilirp dseases.
di seases. In a particular enbodi nent of this type, the
female animal is in the poultry famly and her progeny

e PERFSE ST ot ol st o
i theuprogeny of aHempieogrimal df aboditdh5 enlapendbsé sf tilgovdccine.
0 25 t i he. th

ither Brirar i e dOSae febe AL Ber daseer Be « he

V@éfé‘dlrﬁ@ In ﬁllﬁéhdtheﬁéll‘ﬁbbafm&ﬁﬁﬁé ldéBAGe 'ishﬁbé@ts@g nl er dose
about 0.6 m _ per dose of the vaccine. In an

efblbgi asainee Xl embedimntexempiied bsiay, the dasage i9about
nb_é rﬁE[peq%gnggtﬁg$a¥cﬁﬁ i ne. The present invention
furthe [

provi a proc 'ss for making a C. perfngens

al pha toxoi d vacci ne of the present invention. One
%he present invention further provides a process for making a C.
perfringens alpha toxoid vaccine of the present invention. One such
method comprises growing a C. perfringens cell in a culture medium to
produce a quantity of cultured cells that secrete a C. perfringens alpha
toxin into the cell medium. The C. perfringens alpha toxoid is then
produced by inactivating the secreted alpha toxin. A majority of the
cultured cells are removed from the culture medium to form a C.
perfringens alpha toxoid supernatant. In a particular embodiment of the
method, the concentration of the C. perfringens alpha toxoid supernatant
is adjusted so that it is sufficient to induce at least four antitoxin units
(A.U.) of anti-alpha toxin antibody per mL of antisera of an animal (e.g., a

chicken) that has been vaccinated with either one or two doses of 0.25 —
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nmet hod conprises growing a C. perfringens cell in a
culture nmediumto produce a quantity of cultured cells

wWo bab/1s38¢r ete a C. perfringens al pha toxin i ntBCT/082006/014669

cell nmedium The C. perfringens al pha toxoid is then
produced by inactivating the secreted al pha toxin. A
n@jcomLtperafosehvd said vasoink.chl bise aueh eatbwdideht tre t he
culture mediumto forma C._perfringens al pha toxoid .
SEpERELRD PIOESs Ipalces sialitreian agstent 2 Bilferes saviiouin
! brick a9 eafibialdw hdtalifPwEighP 8bAANTASAR, al Pha t oxoi d
supernatant is adjusted so“that 1t 1s sufficient to

i nduce at least four antitoxin units (A U) of

ant\-al pha foxin.antibod er m_ _of antjsera of_ an
P EBE O MR AP HER R atp oo chitoma e «
epieRent PREnttn EXR fdsa o pribeZPixi inGORe

sgi d vacci ne.n I n _one such Fgerrbodil)arrlx’;e)gnfh,éﬁf’lﬁggﬁfhn alﬁﬁa
cioreishsunarnaianp milbearsadineanidds aniessudht embodimeargathest. a

b S [ y eppye | ow.npl ecul ar | .
e idEns b SR SRR R e LR # sk Auision.
plerd partigals emipdtinienk of thiy gpel, tee @htdrhig-direigBion is

i nvention, c%noj urt her conpri se m xing the C. _
p‘érrePPf‘?fg\é’HQ $'pRY Phggsiandsi e @eseaHs PRBSA. an adj uvant .

I n one such enbodi nent, the C. perfringens al pha

t oxoi d supernatant is mxed in a water-in-oil

ehie §. prifringens pells eowlaeddniios presdssafant e Fotrypeingld €.

L-in-aoll e sjon is. epared w t % oi | phase
hesalsotinsul HaZpaSicbleE B hkime b af s bies e Single
eOPhONRTYdri ’ﬁypé BEIPRAS €. HBATIRGehd *qu)élASééIQ' |§_a‘ﬁ alternative
perfringens Type cell. In a particul ar enbodi ment o
tembodimant, hesingladl.coatfringensrivpgeradl iTwp6. peftfiingensalye C
P ”f ringens Type A cell. In an alternative enbodi nent,
t%’(te'si ngle C. perfringens Type cell is a C

- perfringens Type C cell. These and ot her aspects of

t_B%a present invention will be better appreciated by
r otheraspeeis afdp Peec et dvesdonyyt behatien appreciated

%Wfééﬁc@'fé‘ﬁ% ngl'o% oldifed [’)\%/?é}%yﬁ } The present

i ivention provides urf que vacci ne ainst C
perfringens

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides unique vaccines against C. perfringens
that are both safe and effective for the prevention of clostridial diseases in
animals. In a particular embodiment, the administration of a vaccine of the
present invention to a female animal subject results in both the
immunization of the female animal, and the development of antibodies that
can be passively transferred to her subsequently born progeny. In one
embodiment the present invention provides a vaccine that comprises a
specific, minimum amount of an alpha toxoid of a single C. perfringens
Type that is effective against harmful C. perfringens infections. In a

particular embodiment, the vaccine comprises a safe and immunologically
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that are both safe and effective for the prevention of
clostridial diseases in animals. In a particular

wepdediirtent, the adm ni strati on of a vacci ne OPCT/EI82006/014669

present invention to a fenalde ani mal subject results

in both the i munization of the fermale animal, and the
deffettiyeneombiobtiambf Bodilgfa tdxatld cithelmepasishverltion and a
tr nsferr?d h@ her ,subsequently born progeny. In one
eRbaTmaarticaieanrertable a9iVant on provi des a vacci ne
that conprises a specific, mninmmanunt of an al pha
toxoid of a single C. perfringens Type that is

ef heyerdiseaghihs prasenhinvention panthe uspen® profet Bigaimst any

I . | qul mbodi t, th accine ¢ I ses. a

S Bt FilbsAbe SURRIGH Coprtindrts Gaubrrata onsh dispases
ainehriet Ssstidicd isdcheedr AFBAE embRIMneRNofIMS @/ge, the clostridial
phar maceut i cal !j%ﬁaccept abl e adjuvant. The vaccl nes o{

t Hisepse fea clasiidiak eniarie disesseuddereforgrinwarartiagar nst

a Il ' ] Leh C. perfringens.plays
Oirspal, it SHesShE BT fio T i vaodiies el dEtaBeor
ot Erebentioreof thef clbdtiigial gprictdiseadeointgdudirakneiva ease

is a ﬁl os%ri_dig,bJ enteric disease. Therefore, in a

pBFEPHE ERICTHISh ShRE Hiseasn SYRdsRes alsaveay berpreveeddy the
VaseingSof AR lpraséntihiciftion/shd Rcildae pBE SYERL IR 1J, e
clostridial enteric disease 1n poultry khown as ’
nelostvidiec redatedrhiapatitis Gthodangh alepadtis yardt gregredas may
bﬁ%r%qe%ent ed by the vaccines of the present invention

a i ﬁsude, but are not limted to,

clostridia-related hepatitis, chol angeohepatitis, and
grangrenous dermatitis. The present invention

df e Persest inventian digaloses thehpvasting comspising aspecificnal

I Ld..(i,e. . ifi
i) SlngBP B oAb 1 nal Rl LSRR A T )
Totpteinepirfedrac singleeCpporgigiyerad T préeetmeqstoeiPbethe
ani mal sg?ﬁgct fromclostridial diseases such as
n&RgcHate ale animal pebjgetirerisclostridiab diseasaapuch as

aRirbliCBRterttS! '
gkl Rl B AP IS ERER Y o B
dexressark by avdradenge (h glerfeinigens.s TaegpesartiiGvanitionmatther
ant\-algha t oxi r][ r{esPonse e . . .
discloses a vaccine that elicits a specific minimal anti-alpha toxin response
from the vaccinated female animal, which also protects the progeny of that
vaccinated female animal subject from clostridial diseases, regardless of
whether any additional lethal toxins are expressed by a naturally occurring
C. perfringens. The vaccines of the present invention also may be

administered with an acceptable adjuvant.

As exemplified below, vaccinating hens with a vaccine derived from an
inactivated C. perfringens Type A isolate that expresses an alpha toxin,
but not a corresponding beta 2 toxin, unexpectedly, led to the passive

immunization of the three week-old progeny chicks against a challenge

from a C. perfringens strain that expressed both the alpha toxin and the
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fromthe vaccinated femal e aninal, which also protects
the progeny of that vaccinated femal e ani nal subj ect

wo e@aiicd7est ri di al di seases, regardl ess of whet PEr/US2U96/014669

addi tional |ethal toxins arld expressed by a naturally
occurring C. perfringens. The vaccines of the present

i bmem taxin.aHeestoftye pibeds b dibskear e Vidéhc@foratehradd-e
{%vant As exenplified below, vaccinating hens with

@l%%@éﬂWB@S@ F\%@nda%’ﬁmph%mwam%re@rep PreRgeins
Tbhﬂ}@ntbbr‘l E%\ﬁtﬁ@s Fegéﬂve é%cé\ﬂeglﬂ%}aaré%'pgpegﬁ not

a correspondi ng unéxpect e to the
pstgailading renspre cifat nmmrrmrin atmuinh bfeanm@ha)lo@tlrmra)g;emereby,

¢
Pl At uGaEusEats oo, BpRMCRBe oA Hiess ol
2wh9t<b’ﬂ*\er w3683 Heorep eﬁpﬁé%lgggets@%lﬁmasﬁél@%&m

such crossprotection agal nst wo di stin
toxins. Therefore, the present invention provides

SR ShiR TS o AR iRb aRbniBeb el astivg
t ppot@ias @r@uad@r BPE. pBFHBhESHs BERhAGE beleASHowH @ have

di seases, ., hecrotic enteritis, regardl ess of what

obHBPIEBIRiaiethen eningalst and gemeudinie |céa@@%m;tae hiterature on
! GRRodRRST ek RO R Uire B olRE, e

ppamoldggm‘fmefchattc dﬂﬁe&h@&hé upiuvdcTiey displab 6o Gierdin
effecsotg ani and the nultiple citations in the

| PRoy %ﬁutﬁanf&‘ihmmmreéﬁ@n tq e REIMUAGPRBUE
t Pxddiifated br&idrelent! 9h& passile ith tﬁ‘@ B%é’igﬁuﬁgecﬁféﬁ@tﬂoﬁ:n
I sCl osed

enteritis, the unique vaCC|nes erei
poitspring. both a substantial immune response to C
perfringens in vaccinated broiler hens, and passive
immunity to their subsequently born offspring.

Mﬁﬁ@h@htf@ﬁe@éﬁﬁﬁﬂénﬂidw @rﬁdn%ete‘h{ ﬁ"@!@bleﬁﬁéh‘b’of any theory or

|ndependent of any theor the results
megeh doe restdisorayided dmelstaémcowmsterttwtrﬂhep@rmerv‘mm

et e
nsm‘flabntfoe pretection agihist re¢rbtic ketaritisbalaild the beta, beta 2
and enterotoxins may be critical to the pathology of necrotic enteritis, the
results provided herein are consistent with the alpha toxoid being the only
toxoid necessary in a vaccine for necrotic enteritis. In addition, since
alpha toxin production is generally the highest in Type A strains, C.
perfringens Type A strains are particularly useful as a source of C.
perfringens alpha toxin. However, other C. perfringens Types also can be
successfully used, especially when genetic modification has been used to

increase the level of alpha toxin production in these other Types.

As used herein the following terms shall have the definitions set out below:
As used herein a “protective antigen” is an antigen that results in the
production of specific antibodies that impart protection against infection

and/or disease to the animal vaccinated with that antigen and/or her



10

15

20

25

30

35

and enterotoxins may be critical to the pathol ogy of
necrotic enteritis, the results provided herein are

weomsitsizent with the al pha toxoi d bei ng the onP@T/US2006/Ci4669

necessary in a vaccine for 1ecrotic enteritis. In
addition, since al pha toxin-production is generally
tm@ganghé\svaqmﬂerwb@hmcmtalas ssich@ prpeecﬁwenagglgnw prermed
strains,ar.e larly useful as a source of C
ngFFVH$§H§ 1§§§&8X|n However, other C. perfringens
Types al so can be successfully used, especially when
genetic nodification has been used to increase the
| Ay dpedhesgipriae teyn rarigeaiscdragment; in Frraasdde Repartigwas .

I
gﬁ' pieit ?sl %ﬁéa@an?ﬁtouttﬁ% eér8¥§|ﬁ‘%§§t€f gﬁtl %@é #Bgéﬁaﬁib?e an

" atigendd fmgm@m bben'alpim @Rinamt argy etphiaftakondes al ft@g rhentt dfethe
prlgguctl on of specific antibodies that inp

8 OB Ar alphiAGroR ke AogA oS tpea et can patigenio
diRbnt8esn BRI diT'a thﬁ%k&a RaRHH Sy ﬂg{;me% Bftifre

C|ne whi contains s rotective an
t dph& doXin _rmmmﬁa)@xow Irgspefctigelyi mrudlm large dirdgm@tsu thatare

b S a S Bne e 90 19 RaB b
a{ﬁﬁﬁtl@@l@'r @md&fm@ﬁﬁﬁrﬁ) bftigéic Wégh%ﬂ'd? ahl APRE [an‘?f)r éfbha
| pha toxin or an al pha toxoid is a fragment of

aﬂogsmﬁ! etpinsdretyepn g arwk&@ atmae acisl r@ﬁtd@@nuln adﬁlﬁlonséd

il R0 Ret 8P 3 gfuak APPE Rl cafb oAbty 2001 7o
aﬂelabmhimmﬁl gburces e al prétain idolsteddiorg nLaarrgescﬁuraesr&m S

that are mssing as |little as a single amno acid from
tfheoygh ehersica ﬁyfﬂﬂﬂéﬁ'é: aioregvar. @mnttgﬂnéﬁ fragmeat GamPbean

0, I |
oot YN ATIRE prdlocc oo S ah, Alpn BidR, bifgBroic
aoitd friagmerd thenedf, glenuiughfreagmbmrxbfexpreysioen oalaﬂematiwliyn it
can Be obt ai.ned, by a reco nt source, . from

5740t BF GENSEAER &lf H9'Gimerih IV RHSTE BEPRIS SYPCBRY ough

chem cal synthesis. Moreover, an antigenic fragnent

can be obtained follow ng the proteol ytic digestion of
afs slisptl dereirian “iragive antigenis, fragmeant’ pégr@nme ingerdéalpha

t{&&ug%nr gﬁt?ﬂlg fi3 &m%)ﬁPme gsd (})ne'rﬁl%ryer% et:l;% ox1r\1/ ?hé(t rejcams at

least one antigenic epitope, but does not possess sufficient catalytic

activities of the alpha toxin to make it deleterious. Such inactive antigenic
fragments may be used alone, or alternatively, can be incorporated into

fusion proteins.

As used herein, the term “alpha toxoid” refers to any inactive alpha toxin,
(e.g., an inactive full-length alpha toxin) but is not meant to limit in any way
the particular means of inactivating an alpha toxin to produce that alpha
toxoid. Such inactivating methodology includes: (i) chemical methods that
modify the intact protein, e.g., formaldehyde or glutaraldehyde treatment;
(i) physical methods, such as heating; (iii) enzymatic methods that alter

the protein, such as a protease that cleaves the toxin into fragments; (iv)
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can be generated de novo, e.g., through peptide
synthesis. As used herein an "inactive antigenic

wo eagiedr? of a C. perfingens al pha toxin is aPCT/US2006/014669

antigenic fragment of a C. I¢erfingens al pha toxin that
retains at |east one antigenic epitope, but does not

prsspedsinant hettoeRt seett as yehetiaehgivietring odthd Sphaltekia gene
toxin to make it deleterious. Such inactive antigenic
f%@W%OWFV@WM'Cd?QW@S b ﬂh@pf@embubaﬂt@mr@ﬂn%@r

'Hfb?é%ﬂ &t dotbBed (sdeoB f@é%é‘ﬁsﬁ“? 2D EIHE P wHilPis
RHERTE cibPgs (e g fegoniie

term ref er’'s to any 'I'nac
t baiety llﬁeorgoratad biyrafarenes fruitd ehiregies); alnnl‘tﬂ dom(cbméitldnﬁ of
S t tolimt in any way the particul ar neans
ofny Hé@ﬁepggﬁ ﬂBO‘éﬁw al pha toxin to produce that al pha
toxoi d. Such inactivating nethodol ogy includes: (i)
chem cal nethods that nodify the intact protein, e.g.,
f BB rmledd‘lwelie ol gbdﬂ‘@\eabdemdéomidaupematam” i a solution

cal ne 23S h

n%%ffﬂsaémsﬁa%c Refed B Reritens oMLt it Wl $iTBasCa

ority @ﬁ%ﬂ,ﬁcélhﬁhb@iﬂddidc@ﬂ @hé ERGNRAYE be(eh\/r)afr%%aw sant
ne ods, such as genetic engineering of the al

t @reaerfbar 1036 oé theveellsrbeing spmenedand t 2 pgrtisy rof t he

?é@@%gﬁneﬁuggé%é%h%}f%?ﬁ@ 8%?% t?elﬁgtrég\% Wﬁ&% hl'%' éggﬁﬁular
henbb;dlm@mOthmmb’&datba C.gfeefimgerss alphi toxie hadridenesacreted
e SO RIS € o b R g
?ulﬂ;rée}ég%\ivﬂnn muutﬁréwmeuma%vmbﬁ%é&wa% 'R RAher

a Xin, in wh I'edst 'a nmmjorit he ce

t ewbodrmelmtcd’ce tnaetivaird . mmgmmlpbm@d w(oluc&s the C.

%of th d
PRSP B S AT o gLl REiele ORBIRD Ly Stec

beiroGgti ééﬂ)g@@ aan’chén W&lVé@darTm'nmbreﬁé}ﬁ'\g the “alpha
i nactr1vate i ngens al pha toxin had

stoxpist supernatant’ El@ i uptwmem%ot to bg hmltegetOfanygmmmdaw S

o8 BRQACHE e, ST i ot e SgRiBg, At Miuces

esbadfugzition, thlanimeaabmaad§apy, ulpefifiiatieanstcal pha toxin
i ncl udes the C
As used herein a “cell-free” solution is one in which greater than 90% of
the cells from a culture have been removed. The means of preparing the
“cell-free” solution is in no way meant to be limited to any particular
method of removing the cells or cell debris from the solution, and includes

centrifugation, column chromatography, ultrafiltration, etc.

As used herein the term “single C. perfringens Type” refers to one C.
petfringens Type, e.g., Type A or Type B or Type C etc., as opposed to
multiple Types, e.g., Type A and Type B and Type C. Therefore, a cell,
supernatant, composition, preparation, vaccine, etc. comprising an alpha
toxoid of a “single C. perfringens Type” is a cell, supernatant, composition,

preparation, vaccine, etc. that contains alpha toxoid from only that one
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perfingens al pha toxin associated with the cells,
whi ch had been |iberated through cell lysis, and then

w0 pet1137at ed. The nmeans of preparing the "al phBCT/UK9061014669

supernatant” is in no way nigant to be linmted to any
particul ar nmethod of renoving the cells or cell debris

fsgoiidhe. pehdhgens Tavslahadoedemt eentain Blpgattbesid festh lémy
chromat ograpy, ultrafiltration, etc. As used herein

"QBer G P@éf””%%tT yBe: QN Hieeothar hand, rs%ﬁhézﬂ!érswmnaw%

0

n%oarﬁgs%@s }r&?&n’é‘h@n%%a{ e 2YE (BEP ot BIPYRALy ndR%nna
V\’m;yomermrhpd)lmerﬁe |hcimdtr@loiﬂwer anyepainteos tca«mdtetdm@lﬁbrof

r enov cells or ceII debrlsfromthe sol ution,
?ﬂiu}’?fggua'é Of ERRVUPE RYMYIBALS, 18 urm chr ormat ogr aphy,
ultrafiltration, etc. As used herein the term"single

C. perfringens Type" refers to one C. perfringens
Thpeised hgreinByp@ntaxin tmip”eorBAold "Bf patic/eba toximantibody per

o8P Tl et M B G

PT&RanAkS @ﬁ“TN‘ﬂ’CGmlfkﬁan&tstefﬁ@My fHeEbift) @'s@?@td A& &lize
of a perfringens Type" is a Cel
ﬁh\ﬁé@ﬁl&tﬁ%ﬂs @foar‘pb@ l@XIa i apnewss hicassay. vbitfztmawt@st e lgnown

S ABUCS AR 1340 33aSAed Ll TRkl EhaRRRSRE i g
(Pioamanopueties o0 0 7200500888, BABE0AY s thRoO MY sHnC,

h ceils, er nat ant s, con‘posn tions, preparations,
v‘ﬁﬁ‘é'Pﬁé@f S@f%#g%‘{ﬁc&ﬂ?ﬁt%@ ANBRAS, Thsmtyieds trsuhaged one

acl%nd[?oéori gdﬁvut\?hﬁ%r’é@'ré‘ Httﬁé m{ﬁtﬁ%@é{lﬁﬁé\fﬁﬂu@ % |ﬂi83|lnﬁj%s The
uBie Willrssirviveuif tharwxmwcompmtely reutrafized by dhe sera, ;
d) . tis,
a8 e B, T Frgh Tifemtetk FFRetinpd g

Tieelprosdli df $h@ highENT dilttitint & 2 that ifitftiahedd e 1d¥h.
ability of sera to neutralize the toxic effects of

al pha toxin in a nouse bioassay. In this test, a known

A0k r L AR bR Pl B Ry P

84Kt BOddfines & d@ﬁbrWeUrbySBéltyﬁ[Tcﬁmb-Wﬂt/m)&n Alss&L I Mefticein

y ?ccrlo l%}oeg?v, %Wag?elr% Vorl]u me 5A (1r9e71|) Seclj nJCI'-\gj %%trr(les ar?g %W
Ribbons]. In this assay, a specific volume of the alpha toxoid supernatant
is contacted with a known quantity of antitoxin units. After providing a
suitable incubation period to allow the antitoxin and alpha toxoid to bind,
e.g., one hour at room temperature, a known quantity of the alpha toxin is
added. The remaining free antitoxin then is given a suitable period to bind
with the alpha toxin, e.g., one hour at room temperature. The amount of
free alpha toxin is then determined by adding a substrate to the solution to
measure the enzymatic activity of the alpha toxin. Suitable substrates
include red blood cells (particularly sheep red blood cells) and lecithin.
The alpha toxoid can then be quantified through a calculation based upon

the amount of enzymatic activity determined. The greater the amount of
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hour at roomtenperature and then injected
intravenously into mce. The mce wll survive if the

W0 2006113732 conpl et el y neutralized by the sera, PCTES2M068€14669

they die. The antitoxin unit8s or titer is determ ned
as the reciprocal of the highest dilution of sera that
redeha ok praseat inothierassay seldivnh drehighenthe ameuntret al

R B e s BB b B % roxi n ant i foxi n_ Assay.
Met hods in M crobi ol ogy, Chapter 8, Volunme 5A ( 1971

)., €d. JR Norris and DW ons]. In this assay
sTﬁ&terrn@ Vype m’én‘é)fb'PW@eaﬁ%HS*F%%B?@h@UB%?WMth&ﬁ?'”r §nd refer
W i
D S o B2 B Bs BRSLA O oo o
tMDaBttoxln)gemean cClakip/UﬂJm pediidgens = aimll,deel igto, typee blaseld

AP ISHREHTE HE Mo, AlPRG bt (s DR, <
gﬁé’rﬁﬁggrqguﬁﬁ{gﬁbﬁ\ i)trcﬁtﬁlde%da/bﬁa N W@Btd?éd@éé%hﬁthXbél‘a

. , room terrper ature. The anount of free
aarpmapwm toxins; Tyee Cdetodunes e(pfmaraij betagtoxinsubbype &t e

fretilEest APt SSSIPPARNES s THts EIFERRbRS AR dldbrd logtps:
CRS hfankyPay 17 @Nbﬂfxir)é sheepemaihersaatcosddrsdesitibed. A

| ecithin. The al pha toxoid can then be quantified
tiriebgrofeL.ceartingers dhawiassifiogtion hased aroerrdugtion of some or

eé]ﬁﬁnﬁg %%d’ﬁ?c}r{ it %Ie[[)mw S/ h eifortcgélrﬁﬂgg%tn

oxor g presen he assay ’solution
fbi]rgbm‘toilben@mmmmypé oél&pwfrmgeasﬂ’ lypetA/mwaﬁmdade theta and
the assa and "bi otype" are used
|’i’i’f~’é%'ﬁ§r'l@@ggﬁ'§’“ﬁ@rﬂé? ﬁph%ﬁﬂxmefer to the particul ar
phenotype of a C. perfringens based on expression of
vari ous toxin genes. Clostridiumperfringens is
dis uded hiergio, ayrmdﬁvaialsfe\dac@mqoiscajmdimmthﬁt compriseartwo or

Tabre Al BleRA n SRt T B BRE T ifiseVie, the

pmﬁ%fém%eaae s}ﬁﬁmateadh@nﬁmum@ dyeie i of tHe Rssifsient a amst
produces al pha and beta toxins, Type D produces al pha

aled epriore diftesentizathagens. E produces al pha and iota
toxins. As many as 17 exotoxins of C perfringens have
been described. A

The terms “adjuvant” and "immune stimulant” are used interchangeably
herein, and are defined as one or more substances that cause stimulation
of the immune system. In this context, an adjuvant is used to enhance an
immune response to one or more vaccine antigens. An adjuvant may be
administered to the target animal before, in combination with, or after the
administration of the vaccine. Adjuvants of the present invention may be
obtained from any of a number of sources including from natural sources,
recombinant sources, and/or be chemically synthesized, etc. Examples of
chemical compounds used as adjuvants include, but are not limited to
aluminum compounds, metabolizable and non-metabolizable oils, block
polymers, ISCOM'’s (immune stimulating complexes), vitamins and

minerals (including but not limited to: vitamin E, vitamin A, selenium, and
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bi otype of C. perfringens is a classification based on
production of sone or all of the additional

w@b@stiti7dt al toxi ns and/ or enzymes. For exanplBGI/ES$2006/014669

ent er ot oxi geni ¢ pat hotype of C. perfringens Type A may
produce theta and nu toxins in addition to the al pha

tvitdrin B$2)1 €A A ¢sagioning, and TUARBEOPOL@.CAdARIONS] 8xamples
vaccine that conprises two or nore different antigens.

| 7 2digwants cea poeeliBthsrhave Reen raferreq b spegitically as immune
. _ \ sl . ¢

R S R

Ty paty seecciadgs) lipoptotaind, gg/nnplm%ia?,! nmuganyl'bepti@esislﬁﬂa-

[ I . n as qne or nore

] B oY orihisaor e PR e Ty e RN SRR Pants (6.0,

2%!2&@:’1’%, ddérﬁéﬂr%nz,%r@&ts}f)raféiﬁsdéf“k‘! ‘?J%F)tiaés Hefved Rom animals

ance an | nmuné respornse to one mor € vaccl ne
al® §.gbnsmones, axyfakines, ovestinglatmiyifactotsyr @t novelhreicleic acids

+ R, PO useS el GitnphaSiRs 8 Shutls e led RNE coo).
Pies@dition, BYidrAPe NGy cdtbinbtigh$ 8EtHe FBraN¥NRInadl SRS ces

of sources including fromnatural sources, reconbinant
siay quevidgrady adjupantettest.cand thesgfate @ainAeem ast adjuvant of the

EyamBhemyBhieRem cal conpounds used as adj uvant s

are not limted to al um num conmpounds,
net abol i zabl e and non-net abol i zabl e oils, block

I , 1.SCOM s (i ne st.inulatjng conpl exes),
VRE P Hossi 2R 1BHAIEN Rl UGN Or o
: ; it i _ i . _ i
SRS SRR Agrpth i, APugdRK o1 Byl ik e
aticasaradshy a NT assayt asrdestribes bloavre. r Aftennadely pantibodies

<" b e B el PBEbhsuERE e hegdly i SHect 8PS aifha
| ol Olny:5 n@ﬁ@ws@mhiﬂiﬂicma%ﬁ@ iaeovel YGAMIY O alha toxin,

mur anyl peptides, beta- 1,3 , 6- gl ucans), " various
ceHfficient taeatalyyd canueledysis of afgiven preparatiqreofysheep red

g . eMAhLous oraoteins and peptides
ShH50 2515 SRR O SRl F6Pone
Cloowt 4tr88 4200y Thee trixia)e isathen igaliatéed! it C5%Csiesep red
derived from viruses and other sources (e. % doubl e
skIpgH gells feudhreggurs at 36 + 2 °C. When antibody binds to the alpha
toxin, the toxin is unable to hemolyze the red blood cells. The titer is
determined by the reciprocal of the highest dilution of sera that results in
no hemolysis. In a similar assay, the ability of antibodies bound to alpha
toxin to inhibit phospholipase activity can be measured by determining the

highest dilution of antisera that blocks the enzymatic cleavage of lecithin.

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. Polypeptides of the present invention
include naturally occurring proteins; recombinant proteins; chemically

synthesized proteins; fragments of any of the naturally occurring,
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I n addi tion, any nunber of conbinations of the
af orenenti oned substances may provide an adj uvant

we@tdoea1377and t herefore, can form an adjuvant oOPCT/L82006/014669

present invention. As used §Merein an "anti-al/pfra
toxin" is an anti body (nonoclonal or polyclonal) that

bicedmbigari| phehdraically smmiebrzé'dgﬁotéms’i@n@mb@ntrs}étéin§ﬂﬂat
be nmeasured b¥ha TNT assay as descri bed above

AFANBPRSR POY O theanatuprlly _ecugring, ﬂécwbm%oaw“ ehemically
?%I{IIIAQ %%@ gI:IIIgI?nIéI BII&/OI] %Hﬁio\é%&r ﬁgéﬁ%htso PI{Sra\?\)ﬁf RRe term
painpeptidecit wEepha demmtma mlh)frﬁelccmprmmg ¢webatyy@emore amino

I t f sh d
raRsctared oined faceeferit ERER lfkageputheipsdhodeim
f
e g Bnefg et "Z‘é"prﬁ?”?ﬁ%% 3.0 Rpffy'§rid e

tﬂﬁiﬁ@bleﬁdgm@ddog%erby@eptmmankagﬁ;s body binds to the
al pha toxin, the toxin is unable to henolyze the red
bl ood cells. The titer is determ ned by the reciprocal

oA "h&erdlogbes hublebtiié 8BqIEnGLTR dERt hérRRHist$ nliBleBiide
hemol ysis. In a simlar assay, the ability of

aFRIUsHERdBats Added dyaiesambingntimetbora e Binucleotide sequence
g
PRI, BROGTGHnt P o PaufEi 3 A R R R Lot
epregent invenli@g\crgmcotlinges frlabmeant Aseresk@. denriimadtive
&Terfi GHSRDafRIT® 4 Dicleis St dat € GObRYsHpliormed i
pr%ﬁh IéI GSUCHbﬁ&%I@é&dS 28n'\SeBd%nSHR gr&eﬁ’%'. gﬂea@dlt?ﬁ I8
ds j ol ned togethér

mer of two or nore am no acl
bysqmblmnede_a hefleerjegousoligipetidé deguarfce ieednetesmt single

t I I
SR nSfottE shabehf U AR h G RBLRNE Mo centignous
frﬁlﬁg&ﬁfﬂessétiueﬁ%bs%aﬂﬁ‘éi/é’@ééﬁ 8bmdined with a nucleotide
occurring, reconbi nant, or chemcally synthesized

prestusines -ensadinaLe pelypeptige phithe presepbinpenten, ama portiohe

el L bR u BRSO o Eat B PP frtoing

eri‘ﬁmh&bhynclmdnﬁgtreﬁ;tﬁbmﬁ ¥ientrogelatcry 6ies, pronitesed sndthe
ngeﬂggr conpr.i si ng t went or nore am no aci d residues

st geother asjbediptardéhe heleselegousneeleatide ganthengtion
as a means of detecting a nucleotide sequence of the present invention.
The present invention provides heterologous nucleotide sequences that
when combined with nucleotide sequences encoding a polypeptide of the
invention or a fragment thereof, are necessary and sufficient to encode all

of the fusion proteins of the present invention.

As used herein a vaccine "consisting essentially of” or that "consists
essentially of” a single C. perfringens Type alpha toxoid, and/or antigenic
fragment of the C. perfringens alpha toxoid, and/or inactive antigenic
fragment of the corresponding alpha toxin is a vaccine that contains an
immunologically effective amount of the single C. perfringens Type alpha

toxoid, and/or antigenic fragment of the C. perfringens alpha toxoid, and/or
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peptide is used to denote a polynmer conprising two to
twenty am no acid residues joined together by peptide

wo covkagss2 A "heterol ogous nucl eoti de sequencePCHBS208€014669

herein is a nucl eotide sequdnce that is added by
reconbi nant nmet hods to a nucl eoti de sequence encodi ng

angctiviecaritigehid fregipeatenthel doreipbAdingealgha t@in aoRftdtect
toxin of the present invention, or encodjng a fragnent

tagsingfa fe'@sf@ld'al Qﬁseiaﬁﬁcb%@%ﬁnmfgrémt@nf%lmmnnqﬂogmlly
fHdBide %Q‘Htﬁit Of % %tﬁé}aéné@%n%tov%alro #ééf ag% (%Y dl@strldlal

nat ur e. nuc I C acl cah enco pr 6t e
Idiseabd $uabnas asotheed. Iper/émgenaahﬁ{gm,@rmalﬁemaﬂ%e@t I de

SERERES: 55 ke Fhor harofpe AR g eB.A
VLR rﬂsy ﬁﬁwnﬁaadé %ﬁggéﬁy ?elé’t%@”co Gy mgg?yé#h@] as

nucl eot’i de’ sequence encodfng a pol ypeptide 0
p/nr@i; antigéns/komi infactious bupsal dissase vinuspfeovikus, and Newcastle

i .
A R Batinl Bhtighs T St BRrorBle. Sces.
t E%@b&te%l drtba pRFedR @ﬁtﬁge@@%dcheaé ¢H@frohﬂ5ﬁhéhé
ano

er enbodi ment the heterol ogous nucl eoti de can
function as a neans of detecting a nucl eotide sequence

ent i T e

B b LECRET He o B0 ISl BT BRI RABA WEE 2 gricuier
Gimiagee/dalwe slgpmeﬁItleattﬂqéemegee@ms%se/vsmd ft\mértﬂﬁ! percent of the

et e of the invent] or a fragnent er eof

: ‘é%?‘é‘? V- Gn@ %Qﬁagec@f@rohow 8 %ml:o@gl gPmpEse bgiween 0.4
frHE'a%B @6}hei ns of the present invention. As used
here| n a vacci ne "consisting essentially of or that
"consists essentially of a single C. perfringens Type

al pha toxoi d, anglgr antilcgﬁ E fragﬁnt gf the C.
perfringens alp anti genic
f@.as8mBgepis i$18teB0E0ES agr@i Ipwfrmb@hg t}pﬁaXA”céﬁ b8 db%éiﬁé&e

that contains an i munol ogically effective anount
tfraam deead Isamplepand/ior injestinalppeapingshef infsated anianals o rT he

i i r of, t : ringe al.pha toxoid,
ST e SR on e SRR SRS O,
arpierotiioAlynat 3B+ pI°Ctfer P4aPhd\Es, and toBhidstthat rebcpsisis ©.
but does not contain an i mmunol ogi cal |y
perfringens type A are individually picked. To confirm their identity as C.
perfringens type A isolate(s), the selected colonies can be further tested
for characteristic C. perfringens type A biochemical properties, including

genetic makeup.

The presence of the alpha toxin gene in the isolate can be determined by
genetic analysis, e.g., by PCR. The expression of alpha toxin can be
shown by its lecithinase activity in an assay using egg yolk and/or by a
hemolysis assay employing sheep red blood cells. In a particular
embodiment, C. perfringens isolates that express a high level of alpha
toxin are used in the preparation of a vaccine of the present invention. A

selected C. perfringens isolate(s) can be grown anaerobically in nutrient
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wW@eebni1ytgens anti gen,

effective anmount of any other antigen known to protect
against a clostridial disease such as another C

or an alternative C perPCT/IgHN&014669
Type al pha toxin, al/pfratox3id, or fragnent thereof.
Such vaccines may further include antigens related to
obratt fah 424 $@8iIrs UThe 28iltMig @dn BB IHARRSII WIth | e1bE Gdintalmh,
bursal disease virus, reovirus, and Newcastl e di sease
vieneentrigied apd plended igtsugh avaecingol i, Sal monel | a,
and Canpyl obacter, and a parasite antigens such as one
fromE neria. As used herein the term "about" when
used in conjunction wWitRedimparid Taias dosage val ue
signifies that the dosage value is within twenty

PAIERNbxXAf — N}fhd t@mmgt;ﬁadu@éwsy af t;g>es &F @gﬁ@ﬂ#ggns Alpha

about 0.5 can corrErl se bet ween

| @eﬂrhusua)mu&iffumptlml phpsiferiipasy §e that cansefit lecitgienforming

Ry Pt B gl ) SR fp R B venousy,

salpaaltcmga hefs bewnesticavh anbatdthal tﬁhﬂucearmblaalt@am aepans@
can be streaked on bl ood agar plates, incub

amaeresily bamoytigs %@Ne\i@c’c%?uwﬂbm%@ﬁ red t&a@ﬁ @@ilebﬁaraas
W@\Q qu@éqy'@éﬁerfdm fthé%%%g%stc}f%%nﬁaﬁt%d QQ;H@ IHRLE %t the

con her'r entit perfringens
t Isqdebleod <ellat é(pﬂa, tokmealselbemgedaboot the aggregatidre of platelets

H\élher&tﬁqeﬁaéel r cha cter| E %@dl@gﬁg %%relgﬁglns t usmg

Taﬁwﬂfreéﬁ]mﬁcutd?«eeah@aeuﬁ;ox' n gene in the isolate
can be determ ned by geneti’c analysis, e.g., by PCR

The expression of al pha toxin can be shovvn by its
| Beta foixinas Beéa taxin tsyprioduaed @yi&weﬁﬁm@@neg’g/pyeel&aadlw.o"fhe

b henol ysis a red.blood cells.
He B FEsarRaNE Yo B et BhaligR o the) b nd Ing
tWAble8XRY 1888 oﬁn’fUcﬁBa' 8y Well%fs tﬁbﬁﬁ'ﬁb&l@?ﬁ'd’f ifeStinA 8Hovdment.
the preparation of a vaccine of present invention.

ATke beta txirds gerateinriping amlac@leswedgm ab@5didmand is

SRR A5 bR LA s A g i e

other C. perfringens toxins. Beta toxin has been reported to be lethal to

animals, with mice being the most sensitive and chickens being the least

sensitive.

Beta 2 toxin — The befa 2 toxin is the most recently discovered of the C.
perfringens toxins. Despite their similar names, the amino acid sequences
of the beta 2 toxin and the beta toxin show no homology. The literature
has shown a strong association between befa 2 toxin and necrotic enteritis
in certain animals [Garmory et al., Epidemiol. Infect. 124:61-67 (2000),
Herholz et al., J. Clin. Morco, Feb:358-361 (1999)]. The beta 2 toxin has a
molecular weight of 28 kDa. Beta 2 toxin has been found to be lethal to
mice and cytotoxic to certain cell lines, inducing rounding of the cells and

lysis without affecting the actin cytoskeleton [Manteca et al., Vet. Microb.



10

15

20

25

30

35

concentrated and bl ended into such a vaccine. C
Perfringens Toxins Al pha toxin - Alpha toxin is

wee@dncs® by all types of C perfringens. Al pheCT/U%1006/014669

is a nultifunctional phosptlipase C that can split
l ecithin, form ng phosphorylcholine and a diglyceride.
Véen 9&{2621(2@02) eBchatter ehegNOU Yy Meal B15d : 428416 [2B04een

wn | t e |et | pha toxin is al so
ﬁqu@aﬁg Eeﬁﬁp92%§(&£%3k%%97 )\t he susceptibility of red
bl ood cells can vary greatly depending on the species
of animal used as the source of the red blood cells.

AEptesotosini A Ealt@’otdxiri isg‘spb;btb}aprddmedggr @gpbﬁfnﬁrg@fs Type A
| eukocyt es,

]

DRSS IBb rrerence o AR GSuE hes meehirs %qr@éa@aeﬁ to
VS Hdlats eﬁ@rﬂﬁ:ﬁ@éééé é(sso%?étéd 5843 frorﬁ‘ h&sd Qi
rirthdse gl

produced by C. perfringens Types
t@SﬁQﬁ?la’f@d Métﬁﬁmyetge@ dangrene. Brhfaﬁrsam’alchmawfe geh;egangrene

BB BRATY Ba SRR G no R TerBlad KR BealierTing

| proaemrtmmars aenolecular welghe of 34 KR, Jite lé’théﬂﬁjds@a‘oaﬁﬂce is
much nore susceptible to proteolytic enzynmes such

ﬁbqqtﬁ&merQWWt ke giitiRinteragliontafithg enterobmimis. toder
I | :
G5 1% PSSACRA A el ket APl . Pyon
Idanacmmnﬂed:uIaesyrBlaéaschtoxkenetal disintbgtation, émhfmallys lysis

/ f f
{35p nachgtrs Fi MG B %&Vﬁ&ﬁ%ﬂ%@f@ SNk niprIoND d
SEFRIANSES tId ré@s&%f%e@tr‘a% as fchw &@Isk{ﬁttﬁeﬁﬁ’c&{he%how

no honol ogy. The |terature own a stron
assom ati on between beta 2 toxin and necroti c

N O
JEpﬁJdnrtoxMUé secrdted ag2Bprefidxit #9R93 bonvdreed By @naoé%d’s

has a nol ecul ar wei ght of 28 kDa. Beta 2 toXxin
Hegsin tnﬁﬂ@nt%tr@@qelﬁméﬁnttr@umt@élnaﬁuheytadmm|s¢,ered

GRS, | EQdiBftoxih %%H%J‘Qxﬁé’rﬂg@/i 1BfhaPlo M. Cgbglfona’tr(])gdn
has a high affinity for neural tissue and has the effect of causing vascular
permeability. Epsilon toxin also causes permeability of the gut wall
allowing large molecules, including itself, to enter the bloodstream. The
epsilon toxin then progresses through the bloodstream to the brain where
it disrupts the osmotic balance. This disruption of osmotic balance in the
brain results in the neurological signs observed prior to the death of the

afflicted animal.

Kappa toxin — Kappa toxin is a collagen-hydrolyzing enzyme produced by
C. perfringens Types A, D, E, and some Types of B and C. Kappa toxin
has a molecular weight of 80 kDa and is lethal to mice. Intravenous
injection of kappa toxin to a mouse produces death within one hour due to

the intense hemorrhaging of the lungs.
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lysis without affecting the actin cytoskel eton
[ Manteca et al., Vet. Mcrob. 86:191-202 (2002),

w®edvetity7et al., J. Vet Med B 5 1:423-416 (200BJT/US2006/014669

Glbert et al., Gene 203: 62473 (1997)]. Enterotoxin -

Enterotoxin is typically produced by C. perfringens

TVipetaAosinr-aMost strhies of a& glminlgfe nt heodt meetﬁt egaapgg_m, h@Beta

been traditionally used . elineate enteric di sease

a@é%‘c‘?ﬁg&é%w@? reﬁPBﬂ?'i’%ofgé thghelear aprengtbematysis seen

Vérolink icofdtfie P88 HIGHRY é@‘éieplat?sr. i ek ﬁ)%hs@ ddremely

gangrene do not typically have enterotoxin. The

dathad tn oii¢e preducing deatieinsa matier pf ativitest Wdieftdﬂ doximis
Lar wejght, of. 34 The | ethal dose for mce

TBh B YTt bsdhien TR0 st BbO R B Biast Gttt he

gAhpitot.oxin is to form pores in the host cell,

foll owed by altered perneability of the cell,

i nhibition of macronol ecul ar synthesis, cytoskeletal

di si ntegration, and fi,g%! l/% [I éil = [ see, Songer, CHn.

Mcro. Rev, 9(2):21 6- —Enterotoxin

efieeptesanemvehtion MoIdes a 0hcdlRE cbhBBAIDS d sarkh@ace! | s

ipes, Epsilon toxin - Epsilon toxin is

f the  intest . . - .
g%ﬁd@é&ﬁsﬁéﬁ%@%mr ﬁeaf?&lowﬁ@smsumm pmogEpt pf an antigen
LPthd prSsetf fiveingen ,aé.ﬁia, ] Qh)%'tgxéia%rltﬁ? Gggé/lﬁétﬁo%dop%n—
endogenous trypsin [iif'o an extremely poten _
rrauman fechalesVvpaicaldimifentikt and/dr pregnavefesnsley, whp $ahdhen

' . | . i ce. FEpsilon toxi
B R P Rl sl
O L PR oty e itk
lIEnganiyorasche ascomplis Iiﬂéeﬁallgdhfqugmheﬁn@esttdmec:fh ]
i| i.n then progresses thro
SeTMG A oditfs B PauRBels i e P EOrioq A Ba fid the
ddomdsteapafronctie 94y olli 8¢ BBEHRIN PbuRs L KidiMaRge in

the brajn results in the neurol ogical "signs observed
$Psah e, ROt BrRYgRasHTa artiediemimeio, wiaghpeesults in

PRI PR AL b BRI RREBARKE °E 0] Sore

Types of B and C. Kappa toxin has a nol ecul ar wei ght
9{3 ggm(lgr[])gtrgtgg Hesreljn(,etpggéivélg)/ tlrgn%%rri;]g talrsapveecri}‘%ue?moun’c of anti-
alpha toxin to the neonatal animal protects neonates against a virulent
Clostridium perfringens challenge. The extent of protection, as disclosed
below, was completely unexpected, as heretofore, it had been believed
that the gut had to be bathed with antibodies in order to significantly
protect against an oral C. perfringens type A challenge. Similarly, it is
quite surprising that a correlation would exist between maternal antibody
transfer of mucosal immunity through the ingestion of colostrum in the
neonatal mammal and the absorption of maternal antibody in the egg.
As demonstrated below for chickens, anti-alpha toxin antibodies are
absorbed into the blood stream in ovo. Moreover, the present invention
discloses that inducing a specific, defined minimum anti-alpha toxin

antibody titer in the bloodstream of the hen is sufficient to protect the
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injection of kappa toxin to a nouse produces death
W thin one hour due to the intense henorrhagi ng of the

wo evga13Tet a toxin - Most strains of C perfriPQENS2006/014669

produce theta toxin. Theta 2oxin is 74 kDa protein
responsible for the clear zones of henolysis seen
anctindtedaftsprieg afthal heifragea Gplpetfssgemsibine A¢halrigs

toxin is extrenely lethal to m .produci ng death in
ReRRIER Wae '%q%{i'%?%‘fﬁb?faﬁ‘PF&ioﬁgPE'%'nhi bi t od by
certain steroids, with chol esterol being the nost
potent inhibitor. Passive Imunity The present

i nvention includes a véﬁ}ﬂ_ﬁﬁﬂ_ﬂﬁﬁtﬂj& sed of a safe and

[ nol ogi.cal lv eff [ ' f WHH
IrGunesSR Efenlar pefies tor BSPRERION JhbSh RS .0
Hoifdrihrcke Py AL br ttﬁmé%/tdwnsa@p'rmﬂdé aotive inmanhityragainst

f emal es, t I ti] d/ f I
T A R S Y
t hei oy .

(BRUP SEH Y s e RREFEal i TRt hBoquRl o SRdgo or
isiighithy bilee anititia the disstpleakhedifehith aadingletditwogloserof the

i ngestion of colostruns, as ocgcurs .in manmals or the
A8EENEt iARPTEPIAIR YASSHP doRapeRa" BUBUEr LAy AP g Gan
Sedy f@wﬁbﬁgrmes WAIS td BbOAUW 5l |Ma ddeiidilaMemB&diment the

close ein, poultr{ may consune anti bodies in
oraccinetdadageds abost 05 m éowéouh@ﬂl @lel of circul ating
system c anti bodi es. As denonstrated herein, passively
transferring a specific anmount of antialpha toxinto

t he neonatal ani mal prot el Cukepnat es agai nst a
virulent dostridiumperfringens, chal

I o T
oflogtrishnesiinggss §PsEtes éwh@épzsi\w/,'ntﬁa@%cr}%grﬁiﬁﬁgiffgxgtfgmh-

u . X i ; I

AR R0 R FARY Bt lopkt ARfeIpRETbidAe RS o
sgrowith neshd, | the pestltng salysionds refarreddd as.amaiphaitoxmas
type A challenge, Simlarly, it is quite surprisin
serentant r Bha cobm alfoapRealy sempupd mities Refraneots
%%%Sm I@?U%%cﬁlg% ?I{h lljénﬁj ﬁﬁ@?ﬁhoethérﬂmélé bYorhBteoeativitieand
lessen the immune response. However, there is also a finite amount of

cell-associated alpha toxin. Therefore, the alpha toxin antigen may be
derived from the cells and/or the media, in either concentrated or non-

concentrated form.

C. perfringens may be grown in any appropriate vessel including flasks,
bottles, jugs, or mechanical fermenters. Fermentations may be monitored
during growth so as to harvest the fermenter when the alpha toxin
production is at its peak. Typical methods include affinity chromatography,
gel electrophoresis (PHAST system, etc.), immuno assays, hemolysin and
lecithinase activity assays. The cell culture fluid or cellular extract can be
inactivated with formaldehyde (0.1-2.0%) or a combination of
formaldehyde and heat. Other chemicals that are typically used for protein

denaturing and may also be used include, but are not limited to:
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neonat al mammal and the absorption of naternal
anti body in the egg. As denonstrated bel ow for

wehioske3132 ant\ - al pha toxin anti bodi es are abspeEs2006/014669

into the blood streamin ow. Moreover, the present
i nvention discloses that inducing a specific, defined

mtarylmeagde FHEMOR iU dutéi ﬁ@iysaidﬁ 8% Triforf X€100, Sodium
bl oodstream of the hen is sufficient toﬁfrot ect

t fedagyt swiate ISP spnd Alpobpls: Naesideal fProadghgde levels may

05 BRSSO SR TR
i GST\XENUFILMGI‘ tedaiding. fTypidahmetiacdd fdﬂtménistmfngcﬂ’eél’ftﬁmaldehyde
broil er_ chi cks) and/or_ turke

%‘réﬁ:sa%cf i fie L PRR R AT B AP Res BB S0 B A Eh of a9 CFR
GBI, ESHITEY trichifod S IRRABBRS RIS difier 788 of
cks n in | -1

poults are vaccl nhated early
aliowint indetjvaonie  tf cetmn anstahceghtHeyalphd ¢oxin g déliveratety under-

Viediel S o maint i et B M dardturlin S Rplopsmcrical

at@tr ItW@démryaﬂntem 5fi@nmaf<m3f é;%mfmpwhh%r treatdd fok AefB@iation
.5 1ml In a particular enbodi ment the vacci ne dosage

%t aat%@n p@nip the precetso Udther suithble ab@lrmlcailﬂrtmtbleglcal agents

R L T N
aphdreAstaribugRjedeidentosudhas Teitdrs XE10oNSdikuraiidodiey! sulfate
di a, the resultlng solution is referred to as an

a 89 (ﬁ‘éPrQ,ﬁ"oernat ant. The cells are generally
renmoved to minimze extraneous antigens in the vaccine
whi ch mi ght otherwi se pronote reactivity and | essen

t hire revuliitg alpbpdosEd naywbe estored Hexr & pesiod|of dirree prior tbeany

a it _of cel |l -assqgi at ed xin. _Therefore, the
SFlona] pricessin, aniody Ok TaentalL eBRa oAb e e catina
agtefRYe he 208 et a Hdwewrirt RAELHERBE %le’tﬁ?dlﬁfjto%lds are extremely
nonconcentrated form C. perfringens nmay be grown In
astablgprcbmalyalso beﬁ@edmtdﬂgtcarrtgrﬂpleammm Bot pénriags of

L#ﬁfqggﬂrgBHEP 3R & Rlonte 4RE Eugher tha g“a’&tl%ttcler%p%rar{aye k{ may

be advisable to retest the potency of the toxoid by a Total Combining

Power test (TCP), or another similar immunological assay to determine the

immunogenic stability of the toxoid.

The cells may be removed from the inactivated culture medium by
centrifugation and/or filtration to obtain the toxoid supernatent. Removal of
the cells serves to reduce tissue reactivity that can be caused by the cell
components, whereas, removing extraneous antigens from the preparation
helps the immune response to focus on the toxoid component of the

vaccine.

The inactivated culture medium may be concentrated by any of a number

of means including ultrafiltration (preferably using ultrafiltration membranes
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during growth so as to harvest the fernenter when the
al pha toxin production is at its peak. Typical nethods

wo pwbads7af finity chromat ography, gel el ectropPOr/ES1086/014669

(PHAST system etc.), imurg assays, henolysin and
| eci thinase activity assays. The cell culture fluid or
cefl naliceatex tharc 80.08R meleculac Warght&dﬂwﬁt) lor by ryap Hiletagida.

hdeonskihidlorbrorE B ifoufe dtyiauagenstabeansous
dsolatiarn {0g., phdsprated Ferde séﬁﬁ& ih PR, re%ve%\‘i’/ rHBFecuIar

limted to:glutaral dehyde, phenol, various detergents
SWeighksontamipant framo th@@tﬁmme&‘pe cgubératrmed ﬂnﬁ) may be

TR el S B MAEb R STl SO e BT 3p0RK Bt v

| iiteblerpsdayindicatss it tHdiid ke didig red; walqakmﬁyt Bodg
for rreas r|n free Eormal dehyde are listed in

@Lﬁsaeféa?f: r?ﬁ%‘é?f‘o iOQS%@)i/l@ooste@mng? Huidtinte mlc(emc(
0 surlng

Ser Rl SO bR RS 0 e R hBNoRel R ViE o coe

tlﬁ@nﬁ‘llmﬂf&ﬁ adiiiity, €. del i berat el y undert oxoi ded at this

point in order to mninze denaturation of epitopes
critical for the devel opment of antitoxins, and then

e bHrof&lﬁ@abmﬂoﬁ%aﬁﬁé@é(tcf b& 3l e bnér 0a5| F\dﬂ 't terisOre
fr

t he process O her suitable chem ca
Lpkimal bindiag madmvan@memmsmmqmmth @:ds,ramﬁyr kﬂabmtysof

JERsion The BoBloR BN & 1BTBGR IoRis Sikrpyimately 5.5

48 fitht et e(ISDE)s- RattlogbmieaeroBisBa s, (BYER) Bharkexoi d
be o[r for a period of time prior to ang
"E% ypli Sgt%%&sﬂrﬁg 198¢]h ddiustarent g thex pHeftbe texoid

Ebﬂt%' Wil aIt%PFHéTﬁét Ljfé?pé%% the Bte;r)n %NIQ?? é&ﬂ%ﬂ\%@?gﬁ% for

i nactivated clostri tox0| At oy

managmahtof hedstgdbembrwm ladjgxlvantst euvlﬁe@taﬂérﬂwuﬁ@édjuvants.
of onger than 6 mont hs an [

f'ﬁ%?' qgs Il’%ot Reaqea'ﬁveHw'CBén@r@as%meesfﬁalllty of the

ragsf%stoxbl@pfora@tcﬁagé o%r hgfolbﬂzgéa emsd%fmea' arﬁb@g

Power test (TCP), or an [ar |mTuno oglc
Rselgins yeduoks Inheh)etq peecipiiate oytoi solstiabat tHejr mf bathare

tu‘@:ﬁgl'lfflstable at 1 pH unit above or below this value.

Nucleic Acids Encoding the Polypeptides of the Present Invention

A nucleic acid, such as a cDNA, that encodes a polypeptide of the present
invention, can be used to generate recombinant bacterial host cells that
express a protein and/or antigen of the present invention, e.g., the alpha
toxin. Such recombinant host cells can be inactivated, i.e., converted to

bacterins, and used in immunogenic compositions such as vaccines.

In addition, obtaining and/or constructing a nucleic acid that encodes a
polypeptide of the present invention, including those encoding an alpha
toxin of the present invention, or an inactive antigenic fragment thereof,

may facilitate the production of the alpha toxin, alpha toxoid or fragments
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The cells may be renoved fromthe inactivated cul ture
medi um by centrifugation and/or filtration to obtain

W0 b@etiewoi d super nat ent .

Renoval

reduce tissue reactivity ti?8 can be caused by the

cel |

conponent s,

ftheraof. N T hpradpred &iximra/ied foxoldhend omantgesis fiigseerits of either
focus on the toxoid conponent of the vaccine,

wher eas, r

enovi ng extraneous antigens

The

iafadsei fegmalindurestar Hrerin oyt the RESEBHNVERERN- by any
of a nunmber of nmeans including ultrafiltration
(preferably using ultrafiltration nenbranesof not
gmc&mrdanglyhﬁte B&s@ﬁﬂlmehth@mlrm:iudmi midleicscidbEdnstarctbihat

d?/

é\ws%f%

CU ar wel

h lization.

IO( thE PYRresyiAN R '§H
Rht FRINABH. 'Séngﬂéés & é&ﬁ%lél@‘é(mds and

i

The c Fnt

cont am nan

PN &B e B

|nclude

rati.on
tlgemc

I‘ OCEeSS

tﬁ'ﬂ‘lscﬁﬂ“

ts fromthe preparation.

ﬂmresopoémgrracembinant@rm@msw the-antigane to baelsed inbie
ther. fornal de

h
U L

SoTtiBY SR T IFn G

Bkl Bl A

rHh1i 58 plifes bE tHeYantiRiesid tRaSEMEbe NBEH e tife UBLEISes of the

bi oassay, i .e.

Injecting t

he fluid into m ce and

dyseent ingention, alanswith thalhSepPaak ascensian mumker, and a
I(Bé’ ngrg{elhgmlrﬂ{ le@ %H%E%é’ é"é/ Pro‘?ﬁd‘edoB—QSW.

bI ending to ensure opti mal

ARG AR Q8 R

emul

bi ndi ng to adjuvants,

sol A e lsoey e 25 =
BBUREE aPPT OXIMREEEESTOR lbmtn T ARTICIE®
Fatnogeni ¢ Anaerjobi cygacterfia, (3rd arl es
Thomag, hi sher|s, p7116 ({1984)]. Ad] ust rrent of the
pH of € toxoid solution will alter the net charge o
{TE FERERINGENST|CT TS aovam‘a‘geﬁmw
ti‘n‘oﬁ‘t‘g—\m ain adJ uvants, such as al um num
adjuv, e 0 e
whi chaq‘ﬁmna:trwggses ﬁ]e st a | I [ gﬁﬁi ‘Sj& a‘lwggl g%\(;'l Gen%tr
Storagg gygs @ o é’AAE}( 'St‘éfhtl‘r&rsddtﬂ?fet aTUle ganple,
groterns are more Tikely t 0 Ricrstidl! £t q3815-32'27- 78,
gol uti on at th.e'.r pl,l_but arﬁggg)ual y sta e ‘at
UM 3 ox P8V 150070 ¥ o Sfimizu ef al., Proc. Natl. Acad.
Sci. U.S.A. 99 (2): 996-1001 (2002)
enterotoxin BAE79112 Miyamoto et al., J. Bacteriol. 188
(4): 1585-1598 (2006)
epsilon toxin AAA23236 Havard et al., FEMS Microbiol. Lett.
97: 77-82 (1992)
jota toxin CAA51959 Perelle et al., Infect. Immun. 61 (12):
5147-5156 (1993)
kappa toxin NP_561089 Shimizu et al., Proc. Natl. Acad.
Sci. U.S.A. 99 (2): 996-1001 (2002)
lambda toxin CAA35187 Saint-Joanis ef al., Mol. Gen. Genet.
219 (3):453-460 (1989)
theta toxin NP_561079 Shimizu ef al., Proc. Natl. Acad.
Sci. U.S.A. 99 (2): 996-1001 (2002)
C. DIFFICILE
A foxin A37052 Wren et al., FEMS Microbiol. Lett.
70: 1-6 (1990)
B toxin CAA43299 von Eichel-Streiber et al., Mol. Gen.

Genet. 233: (1-2), 260-268 (1992)

! The sequences provided in these articles are hereby incorporated by reference.

of the cell s BET/URNIE/OI4669
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Nucl ei ¢ Aci ds Encodi ng the Pol ypepti des of the Present
I nvention A nucleic acid, such as a cDNA, that encodes

w@2oliyypept i de of the present invention, can bRCTUBES06/@14669

gener ate reconbi nant bacter?9al host cells that express
a protein and/or antigen of the present invention,
.@.SEPTYeum pha [t oxi n. Such|reconbinant host cells carn

b tedh—i—e—converied to bas%}er—{;%——and—uses, -
iln i G&Wi ¢ cﬁr%%%%ap?ons Uﬂﬁdﬁéalvg Eftnemup.p3 (1):

ddition nbtW’ ' SalisS | id
th@&%des a pol ypeptide pof the present invention,

ncl ughmdickinose [eAame7 g an| BhIPBA.T Mfe&. Kimdd1S 1R ESent
nvention, or an inactive anpofieps{ f1oggyrent thereof,

may facifitate the production of the alpha toximn,

a r ™ fl

B b g0S b AR bR A Ao, Tl oBhBAuceRtining
usatained of thegkiesgnideverdion ceactirtnes contaimbetarelogous

[ tlhon. Al dingly, th t i t i ncl ud
nFEPIdS seqlieisies: PRI A TEEPBRINEE AFE L e Past
aipdehBoN ff & PosPEell, P SIPESIIGS vabr ebn et édiiiueied
fragments of the present invention. Sequences for such

ne@merigingdhe soaraperding SPhMYI hherseseri Ineentioprtbeedfors,

onehise TR AR OBl (T bb RS AR buproibd®
arddosebinant rotdihs stiel pregenf invdstic) ingeding Vadibntsathe fsof.

used in the vaccines of the present invention, along
with their GenBank accessi on nunmber, and a scientific

R L L e G T
| sequetCeszdhith ensede snbesnpalyvihdeshime anfies ecil séquesse as
ch QR STEoH T PobRePi o R SbscaEmenion sy be -
vas&d etheQirakii@ Bf BeitbséMURMEARIN. CAeddinthRe, BANAR fbt

het er ol ogous nucl eoti'de sequences. To express a
r bobed tovallelip genes rhanologeup geseafrommoetheristiains aadwst

cBiase B FERAETE BD IS ShBF P RRa MRS ekl gt encode
| theegdrh@ ainting laefddresiduewithifl@Re @%BLEAGE, AALY PESRICIG a silent
cont ai ni ng nucl ei ¢ aci ds encodi ng reconbi nant proteins

ofhange. piasksrlls garaprsinthe extreasing weatarasf &e pwsest .
invention are also included. One commonly employed host cell, is an E.

0]

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)].

In addition, any technique for mutagenesis known in the art can be used to
modify a native alpha toxin of the present invention, including but not
limited to, in vitro site-directed mutagenesis [Hutchinson et al., J. Biol.
Chem., 253:6551 (1978); Zoller and Smith, DNA, 3:479-488 (1984);
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Due to the degeneracy of nucleotide coding sequences,
ot her nucl eoti de sequences whi ch encode substantially

W b@essTe2 ami no aci d sequence as a nucl ei ¢ aci PICT/US2006/014669

encodi ng a pol ypepti de of t3fe present invention may be
used in the practice of the present invention. These
i @ﬁplmmt etalt Gare, 4dt117 (1OB6Y Hwchmsbelet @l gPRRS Natl. Acad.

ooe LS e %%3%%@?&@%#@6 Gofl Shlspiri 1p P ehnioUoRI S 50-
1688 (RIuNdRe CBRtIRIBS \ﬂ'mcﬂoaréﬂ {)?@'ch)ﬁpg%r’éﬂt%sy( recfgfensce in

sequence, thus producing a si
clheprendireiieshe henmeeefsT/&B@/mdtarss(Pbérmdamapreea@nd PCR

REFREBR o5 BB gy linsecurtat mufesiatest oot ne

CHRfucAD "OkingIPAR t@@hgﬁ%@é@ﬁﬁﬂ nlnquRh?édhn%Rfédgegﬂﬁg?)

reconbi nant protei ns have been descri bed
aner Appleationsnpr BAA Amptifieationy H. A dieihoscat StqckMHnBe&ss

3 ng Harbor Laboratory Press, Cold
S%ﬁ]aﬁl% ﬁaﬁ@o‘?gﬁbﬁ(@g%goon . I'n addition, any techni que
for nutagenesis known in the art can be used to nodify

a native al pha toxin of the present invention,
i ncl udi ng but rfgel vmmﬂdeémffthe Rrasentlpyertians- di r ect ed

STASBELEE) TR ILTEOR el Pitlon i pgenios

(imoBdjngitie béipfta tekinaland &phe toxbidd d7tHel®88int invention,

g'%*tfag%gf‘%@é&erwn@a%\@ %'\ﬁawwagmﬁg{mﬁraofu@@d fusion
28r088iAs tHEtéof. LB ditidie Wﬂés ‘?;Bn%t‘u Ref: t{‘§éqﬂ1%ﬁces in

i ncorporated by refere hei r ent|
uwbichfuraasily meur\ele(rmmmmaacm) residugs anedsubGRtuted for those

A af Sty 38 ohfe A8 SRaER goBuib i alrsnRebRtiRamino
| aciPERbIHtation beg¥isoRhElnaed bytha e liheaitioans for DNA

Amplification, H Erlich, ed. t ockt on Press, Chapter
6 pp. 61-70 (1989)] PoI ypeptl des of the Present

LY ABLe T BF FRFBICTINEILIA b6 '488e! SRk

|nan ype des
sequence can be substituted by another amino acid of a similar polarity,

which acts 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.
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i ncluding, the al pha toxins and al pha toxoids of the
present invention, strain variants thereof, inactive

w@niosgeTrr fragments thereof, and fusion prot eP@BUS2006/014669

thereof. In addition, polypdptides containing altered
sequences in which functionally equival ent am no acid

r Partibueslyasrefartdis toissresd bating hereshahigss bhe Wi | d
ti/ﬁ%e anmino acid sequence resul ti ng In a conservative
a

hysder Ara ap¥ePieSDRUE akisrositive ehpsae tiyay e
PLESRindgnvention. For exanple, one or nore of these
amno aci d residues within the sequence can be
S <Glutfot Adp lay véueordrea saoh fttatachegatfveactsrge Inaay be
pol arity, which acts as a functional equivalent,

r BRI in a silent alteration. Substitutes for an

i : 2 I _
o B R O R e
béd)dslgFor Ren osvéneprarsa sheh tlatEofrae Nifd cam e ndntiaimeldy dend
a ' | euci_ne,, i sol.euci ne, vali r.ol.in :
oAYar kRE Ot Yoo BaasiauahGreduvaishEhysispgpobic
ngHikabciggl no aci ds i nclude glycine, serine,

threonine, cysteine, tyrosine, asparagine, and

gAUtoéﬁhEhEO'YHTﬁEﬁiﬁﬁs@ftthleéJFQSQjﬁélﬂ‘ng’le@bm]@in@ﬂim@nﬂﬁﬁrﬂ@
RO SIS B o S Bro0f PP Bb LR Voftiet. o

giusiampelypepiitearéxpeedsd ivi ppikaryatid cstinssuches fuibm protein
aci d exchanges are; (a) Lys for Arg or vice versa such
t it bg U;§6§if8f Q¥ATRIG: @%eﬁa@n%th@a@mwm@w;of@@ AP i

s be
pEgfny tiRa 1o But TR b0RletisBRRH WRNBIFRIGIFRIS ®,
f apgeribity; an td sofate rncanigdn dfdhe Gresdrdrinvastionr 1solation of

versa such that free Nhb can, be npjntajned;, gnd (e)

/i Risiohateli m Bre Bfr fioe Fas bedrantated fiagsn Jie usS br an

e HinitR lcBRim M 1kt 09 BpEEific ASAtRE pAStefipeptide Riscli S the antigen.

pol ypeptides of the present invention, including the

aﬁupgémﬁl@r_l preiginsrinelude an ghdathione-Sttransfersiser(Gsrlotfesion

l Bro%ﬁ‘t',oS%glkézse@%aﬁ\'gnﬁr%{ein Zfl\/lBP) 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 a fusion polypeptide can facilitate stable
expression, and/or allow for purification based on the properties of the
fusion partner. Thus the purification of the recombinant polypeptides 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)].
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fusion polypeptide is expressed in a prokaryotic cell.
Such a fusion protein can be used for exanple, to

wenivants7t he antigenicity of an antigen or fr ap@EN$2006/014669

thereof, to lower or renoved2its toxicity w thout
negating its antigenicity, or to isolate an antigen of

tTiee fusise ptoteimvet hoeluidd fbai tmﬁspécnﬁmmatmswmn aphesRidie
in the latter case can be facilitated through the use

RUTERTS o1 PYiIrepting Wit PIodeasesthed icsnedia G accﬁéavage site
t
el Bab BER RS bR difletnat (A HetsEihn aliiha K54igidar
fersiroplepand disriysian rmlme?eAﬁenwwglyp aatadpina {(OMBPrah bei on
FLAG rote or a .
BBt Aaoa kEE B IrDsh B GresiliosSrrant pEoteimVkaIdo
SEBISNABrSBedH 17681668 §1é9§)k€1f S CRiteRt AR, BB RIS Shd

such a fusion protein. t he expressi o
F\0KD 8R/26a3pp thst mfﬁen@mffvmjclh araherahtyabterpexated 4ni reference
nqbor ah Qu or purification based on the properties

of 'PHE S g?@ﬁ ‘partner. Thus the purification of the

reconbi nant pol ypepti des of the present invention can

be S|nPI|f|ed t hrough the use of fusion proteins
Haerngtivelyiosin addidgs. other cgwmp@on@wgtﬂm§teps (e.g., gel

is r

Dt 108 BxERMAE Hefithy) rBupRodrphY RRE) baTBE sk idluity
ttbheandtliirat bek@ddmnannmypemmesg iof the ﬁ@ei@ﬂh’oﬂént@h (8be,
[ hpol o 6: 132 3 1 e fusion protein

e Eﬂ a8 %Lréﬂ %‘g'ééinfcg‘t‘ %iﬁ‘?grﬁpmyﬁtﬁps employ hlgh

t

that&?id@bgﬁ“ | EifomaiBbreBhy dr Ehiel bus BRI pRAR of the
genes claasﬂcgal grayitndased procdsktregen an al pha toxin, for

exanple, and its fusion partner. Alternatively, an
al pha toxin can be conbined with a marker protein such

as sHdRRsh, fthe b?@@gﬂ%@bﬂﬁ@ rebdAd |ﬂ9er¢l’iorﬁ|lnclu&4ﬁg%§ a fha
Bi ot ech. 17: 5 (1999 U S. Patent

atﬁam@rgima@mantml@ &ﬁgms tferenf ean be ehamicslly

SR B P SRR AR USB RO Freeman

c&r(mml\leg/r‘ﬁ@’fky NsY epp. 682 gGrarﬂeéd (1992)].

General Polypeptide Purification Procedures

Generally, initial steps for purifying a polypeptide of the present invention
can include salting in or salting out, e.g., in ammonium sulfate
fractionations; solvent exclusion fractionations, e.g., an ethanol
precipitation. 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
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w@oiogper: des of the present

filtration, ion exchange, affinity chromatography

etc.) can be used to purify the natural or reconbi nant
i nvention (see bePCDRIS20061014669
many cases, such col um chr3ddmat ogr aphy steps enpl oy
hi gh performance |iquid chromat ography or anal ogous

Fﬁ@llhm bﬁ\/\@ﬂhaa?eatﬁlfn éXeshangee s%l@%%ldéﬂbmqm&?éfthy W;ﬁ@d

rocedur es, ition, the /ge ptides of "t

p?téf@@ﬁ@pyl ASBa.ﬁEo%ADE& Qroq%glqaeﬁe fgsRativemiass s golid

SRR RIRR 98005 1S AIERA BER L RA0: ReRAT 6 by
Cﬂaedfse Mla-bcﬂrcéaumjoresm as NhenYSelhafds¥. andoa higiBgalt buffer;
T e N it IR AR AN N
pt@' PSS Shipd a({;r% oS éang@%gtéugibo%nnaneéle% e fhat

salting in or salting out ammoni um su

f eandainapecifodyessal lgetins mcl usi on fractionations,
e.g., an ethanol precipitation. In addition, high
speed ultracentrifugati on nmay be used either al one or

| A AGEE b gHh o édﬁ)p@ﬁh@bhrﬂiﬁbé AGA .96ﬁbﬁ%@b%@ﬁe end of the
CGeneral |y good secondary isolation or BUI‘I i cation

sRwfisatiag Ieeedite ireligshens sizatxehysiarosugsiasS ERHARMX and

e h t I
AT s Ut R B B s orré%c%ﬂ%e%‘é@ﬁ@ﬁﬁw.%ﬂﬂbrgne
geoldlglqge usihh sﬁze{ Mus&@n mémb:ja‘?vecmhﬁalmg?ﬁzayhb%@h]méy Il
et am noet or diethy y roxypropy
a‘h&‘ﬁ'& RS th @eﬁéyogéﬁh@@@xg@sc@pmeéga tapdenyi th™ a
cati on exchanger such as carboxynmethyl (CM or

sul f opropyl (SP) SEPHADEX or cellul ose. Alternative
nealitspladses slipebrp beysarationsl argggemerally perfolraed batati-wid with

JnppeeE e gt i SRre dramatcomphn cude '
i rarEfliguid Mhﬂé‘nﬂéib@&dhmmd)' MlUMIng Y8R EoIStel) -

an al pha toxi n-anti body bound to "an actlvat ed support
denleniqyesied fs.as puggrntlyshe mavsicommons enedrnst Oﬁ:mff@mnng

urther solid
JEEE hriRRray. fHkk RelbndA oo SR e AR o “tne
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);
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purification procedure relies on size exclusion, such
as SEPHADEX and SEPHARCSE gels. Alternatively, a

w@e@ssw7rzed or centrifugal nmenbrane techni quePCTBEE2906/014669

si ze excl usion nenbrane fil¥ers may be enpl oyed.
Otentinmes, these two nethodol ogies are used in

t GodemndSehivd, M. eEszppoN, 12482 P3N #07 DN anAFer@enIpahy
perforrred bat ch-wi se w t h | ow speed centrifugation, or

bFoe8l ARl S et -odP4iteP. (1BPEN- per f or mance 11 qui d
[ .

e 8 PO A P oo kRl g Avb itk Som 2 vaieteo!
ofomerdroiahsogcks guthl asiBigmet Obempday CoBhzaneincdtusoois,
t@\%hni gues may al so be acconplished with the aid of

ed centrifugation. In addition size perneation
t echni ques such as gel el ectrophoretic techniques nay
be enpl oyed. These techni ques are generally perforned
in tubes, slabs or byVacgiie Cmmmmrophoresi S.

A bl W0, rY S RS PR oA i LS SR bR geous
sirend nAfnaldeiemn?l tbicohbain M MthERIG M bW@itigy Fﬂﬁe @fpha toxoid
buffer salts are used. Low concentration buffers

g@siradIfor prasestion aamingh neshelimenteritiond haHeyrl was
CROBRAEE 6 Bk MBIk TFHY FERF 50 bl 8Rder e
cpamtlegltalr gbhditisns E)(Bnmlaﬁedb befov. 3TC)ah|u’ﬂt§ @rtlerhsdt aﬁaeédfdp@lm

t nd i nclude the classica
[FJ ArBRUOTH] SArBres T9atty Hg AT EA B MREABe and

R c,q%ﬁ, S,

I\/b S, BTr | 3}3 t%}‘géheselﬁgo E@%ﬂg%&nﬁcﬂ%m %({_'rgw
SRMDn§19%}h®mblaeEJoi Mesmmvexﬁmm be r@ddly3dended
Gaiasing Koot R o vss Dencp SERwR R Bt useh swen

t @6dNsY tHEES cangitiaMay if tﬂé‘ @ad‘cimmh\é%bmpws% iR ci al
sources such as Sigma Chem cal Conpany in St. Louis,

\slipulants. Nsam meodnp@ﬁ@fﬁfable that the vaccine elicit 4 or more
antitoxin units per mL of animal sera.

Quantifying Alpha Toxoid: 1t is generally desirable to quantify the alpha

toxoid to ensure that optimal levels are included in the vaccine. One
conventional method of quantifying toxoids employs the Total Combining
Power (TCP) test. In this assay, a specific volume of the alpha toxoid
supernatant is contacted with a known quantity of antitoxin units. After
providing a suitable incubation period to allow the antitoxin and alpha
toxoid to bind, e.g., 0.5 - 2 hours, a known quantity of the alpha toxin is
added. The remaining free antitoxin then is given a suitable period to bind
with the alpha toxin. The amount of free alpha toxin is then determined by
adding to the solution a substrate for the phospholipase C activity of the
alpha toxin. Suitable substrates include red blood cells (particularly sheep
red blood cells) and lecithin. The alpha toxoid can then be quantified

through a calculation based upon the amount of phospholipase C activity.
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C. Perfringens Al pha Toxoid : In particular
enbodi nents it is advantageous for the animal vaccine

W@ e0o6om7ai N t he m ni mum anmobunt of the al pha t orRCI/US2006/014669

required for protection agasSnst necrotic enteritis.
That |evel was determned to be 2 Total Conbining

Pole greatet the( diGBUNeT a/0bs toxvid ereddie it dsadyadolution, the
condi ti an exenplified below TCP units are set based

upERteHheame s RiPhesRhelnags ¢ pativily measuraddnithe aopay-

. h . T | L
(h8eibel B tOR HR0  madioRou fined QiR
g}ﬁh@&pé\r?;ﬁpgse!ﬁlacttw%e.@qranymDL rbpeﬂri;ctw@o%dtyroggb/mt@dgta@alygis
ave .t he ire otency. .Less than units may be
(D8 beRar IngadinD RacQIPRiaas S shomatporanby\sieR: ozyme

0RO SBELIATIY S s 23R

aBiecosxinstrumang opéhe like.of ani mal sera. Quantifying
Al pha Toxoid : It is generally desirable to quantify
the al pha toxoid to ensure that optimal |evels are

| Agtiitioadl Amviders: \@Iesirkital didtases bintddiRbs MEkBAGhiektions
quantifying toxoids enploys the Total Conbini ng Power

d

(aeshihargiore theadeition £ sier dosifidiel foxeidsonaydudieneduce

y r a > .
SH B RIS o Brfi 36 ity i
s?kb'milslfmm _ruggémisin_smélmh iapel khowaltb @e{uﬁb gastrid éng&'riﬁs,and
a .t oxol to na, .e. g., . - ours a Known
q'UgE'%i"}%/ effam 2'} m&‘fmagﬂﬁ tﬁé? mﬁtﬁ adged fea¥pRFIRY Of the
g eeearp O et JURE Bosid AL PRGBS
i gerfirigenschaiaioxiedbdip Ziwdim dheta fokie, spsilari fowing enterotoxin,

trate f t.he phasphol i C iVt f th .
Hi B el Fofld 8P e PRRE S shetallibudtAdi i
c@T)sar(doRERdl esiaLY), thesmcie A dHPBAokiBS] 8) séifbum alpha
| ecithin. The al pha toxoid can then be quantified

t lexis gRALC.c2wii pfiad A) bk BetadB) toxies.amount  of

phosphol i pase C activity. The greater the anount of

al pha toxoid present in the assay solution, the
ghriigerts frive atheuibactofia phinsieBofungise farasitdsvinby also be
r[easgrﬁgd in the _assa]y. Alternatively, the ) )
declidpfdathe MarrifeH el hedd eRpRHBYeN R sBk¢hgntigrns include

other toxins or toxoids, bacteria and/or extracts from bacteria; fungi and/or

extracts from fungi; viruses and/or viral proteins; and/or parasites or
proteins from parasites. Appropriate viral, bacterial, and parasitic antigens

from the sources provided herein are well known in the art.

Non-limiting examples of bacterial organisms are: Escherichia coli,
Camplobacter spp., Pasteurella spp., Staphylococcus spp., Streptococcus
spp., Enterococcus spp., Chlamydia, Erysipelas spp. Pasteurella,
Bordetella, and Ornithobacterium.

Non-limiting examples of related toxins are: Gram negative bacteria

lypopolysaccharide (LPS), which is known to enhance the immunological
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wWOo pwenporat i ng a chromat ogr aphy st ep,

phosphol i pase C activity, e.g., any conpetitive
anti body bi ndi ng anal ysis may be used, i ncluding
enzyme | PaRE2006/014669
i mmunosor bant assay (ELI SA)36 or conpetitive binding
anal ysis by a Biacore instrunment or the Iike.

Athélpbngé@lf vAGdingeBAd thid peproveithé prbdERABA DT AintifikiE ©Hthe
m xed i nfections and therefore the addi ti on of

o@lwé?a texip A (G- die4fingeRsiadd Mmysotexinsher reduce pat hol ogy
o Endimihg Badipktor bt iR HERE SRRk btavius.

cAsrs@v:gmstBﬁt@roemusl'rMet\hms Toedwidisngdehosieud, RuviEus,
perfri, n t hat be added to a vaccine of the

E@%Yff SREFHIYS: b AT HBYXAURISH BicaRRgVIEtaiRiEKFDisRpse
'vfr§§tmém6rmagic@lﬁenﬁ‘s vﬂﬁéféhc‘i‘&%%aeﬁé@:éé’é%é‘\/nré’ ta 2

toxin, theta toxin, epsilonh toxin, enterotoxin, Kappa
t oxi n, Ianbda toxin and iota toxin; C. sordeII|

h
GRBRI G i (5@%%“6%:&%2%4@%tﬁ?#?g)e(f@xﬁn%c'%f&r
Céxélﬁiébé' afl [@Y9plodboadi, P@@USB?OG%O%Z’IM’{ 'tﬁ@%nﬁérﬂg‘of

other bacteria, viruses, fungi, or paraS|tes may al so
behicharadedeby inceparatas! e gefetencedn sheis entiratiesknt i on.
Such antigens include other toxins or toxoids,
bacteria and/or extracts from bacteria; fungi and/or
extracts fron1fungi; vi r uag@givanty or viral proteins;

and/or parasites or proteins from parasites.
Aﬁﬁi‘-‘(‘!ﬁl"{) SA'E aJ$9 aﬁerbgw@Prca\{mg Heiimarasireskonsa AMEAL

f
| PETECRI FRASBSRYSAR BERRAle ARl tee il
e&tmflbedmsan@mspec@alsbhmltmmmf thp mnmtﬁ’asd;ysﬁeml bat alsp.can
Sla %ggéifqiﬁgés%ﬁgwg| ? ;qerﬁgso%fgﬁg lilqrssggfr&ﬂ@ nt er 1918 (c:)(r: lrJ1wsorta
B@érﬂsb@ha@whmévéﬂuhﬁm&my%m el ththé \/99

exanples of related toxins are: G am negative %'acterl a
| Vensdores padicdlar vaccinPs)of thehprdseint inveotion furthatcamerise an

R e e T LI
pedjuvanigdnduasthuneretrtliffted to aluminum compounds (e.g.,
aluminum hydroxide), metabolizable and non-metabolizable oils, mineral
oils including mannide oleate derivatives in mineral oil solution (e.g.,
MONTANIDE ISA 70 from Seppic SA, France), and light mineral oils such
as DRAKEOL 6VR, block polymers, ISCOM’s (immune stimulating
complexes), vitamins and minerals (including but not limited to: vitamin E,
vitamin A, selenium, and vitamin B12) and CARBOPOL®.

Other suitable adjuvants, which sometimes have been referred to as
immune stimulants, include, but are not limited to: cytokines, growth
factors, chemokines, supernatants from cell cultures of lymphocytes,
monocytes, cells from lymphoid organs, cell preparations and/or extracts
from plants, bacteria or parasites (Staphylococcus aureus or

lipopolysaccharide preparations) or mitogens.
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Non-1imting exanples of appropriate viruses are:
Coronavi rus, Rotavirus, Astrovirus, Enteroviruslike

WO 20068137TDr ovi rus, Adenovi rus, Reovirus, Bi mavP€LIES2006/014669

Her pesvi rus, Paranyxovi rus,37Pi cor navi rus, Mareks
Di sease Virus, Hermorrhagic Enteritis Virus, and
Genersly| an Bdipastis\adrinisteinst at thesame Bxgms a. agtigen of

Baasprertianarian prguguss atlfaptOEA BsOBE sy be
ad hesterdt fithn #fwakieelk ;%rbd?fwc&tw thevaceinatdredariuyor for a

erence in their entireties]. Adjuvants Adjuvants
aereothb"stbrnaﬁfanlvaﬁ@ﬂatl%rlcﬂu $y1aNge?s IRLATEIGCES fhsa" alpha

[ nc stability of vaccine
ﬁ?@&&%’?‘% %Q\%ﬁﬁ%\ge%‘rs are typically described as
non-specific stinmulators of the i mmune system but
al so can be useful for target]j specific arnms of the
i mmune system One B@%@@Bﬁ&%@ﬁ:ﬁ@v\hi ch have this
Egééeisgt& IPhaRR. %HQ%FEme%*b? tP{é‘EFés'éﬁt inVRafish %\rré‘ also

& VEETnes '6f T he pres i nvention further
B e elrﬁam@dmboalnhenﬁﬂmrpa@sn@tomgﬁee blensng 8wz and

th t be
el SRS B R 4R SHhaThesan
'i}wyn%pd@br ememha'tb%&alsapaﬂ%tamf@suag@ czp@ﬁfmgnnss

m ner a s 1 ncluding nmanni de ol eate derl vativ P
fyper ahd ai phasmiageudeallyeaacgeptatp@diuvert. | G 200G alpha

B ep oo AR 1o 8Bl BhledB 20! ?Gmbﬁnﬁg%m%? (TCP)
%‘hitmﬂe@blb@é of GV S00Hss . Thetﬂmhan’s)xamﬂsupenaa‘mm can be

(1rncluding but not limted ¢
seneammﬁe%etﬂ danipireizaithe dose S&%{ e\éielt EFG)' 6}?@? 4

3 't ;@5’,1, ﬁHEQJéN‘(fﬂ;mr m‘ﬂ’%f%l?ﬂ%@ %P%vé“@éfﬁatﬁﬁeéhlm@f eThed

| ants, |nc , but are not limted
ta@ldltidﬁ @ﬂ@theSph@nwddmtltalw acmptabienmkmmmodulatlon agents

supernatants_from cel | | tur hoc
S o e A 55l A HTRIGENASSS, solong
Rh& %E Bbﬁ?@sﬁﬁ‘ ﬁéé@ﬂts@%iﬁ@Féqﬁuélfmm aNos anhagbied toxiror
par asi phyl ococcus aureus or

antibody per mL of antisera from the vaccinated animal. In certain
embodiments, the C. perfringens alpha toxoid is further purified from the
alpha toxoid supernatants by such techniques as, but not limited to,

concentration/ultrafiltration, chromatography and centrifugation.

Administration of Vaccines

Vaccines may be administered as a liquid, emulsion, dried powder and/or
in a mist through any parenteral route, intravenously, intraperitoneally,
intradermally, by scarification, subcutaneously, intramuscularly, or
inoculated by a mucosal route, e.g., orally, intranasally, as an aerosol, by

eye drop, by in ovo administration, or implanted as a freeze dried powder.
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W@ 2006/1137me as an antigen of the present

| i popol ysacchari de preparations) or
m t ogens. Generally, an adjuvant is adm nistered at the

However, adjuvants can alsd8 or alternatively be

adm nistered wwthin a tw-week period prior to the
vacci nati on, and/ or forAminke Sk tine after

vacci natjon, i SO | on(tg as the antigen, tg@ )
aTB%ernbm@al ﬁ‘étPJ@P%tr@feirﬁ Q A anirpalaReCias g péheusrg
Vi R f n e

AGEABT By o RaiD3 e elotcTRifh ohd i KRS Rrbodfen

em:bkmdilesrmmartsh eAppropriate aninal issiefechd alsditlmgude b nar‘tﬁl?
ol o effective conbhjination o n antjgen o
W RStk erel er eSO B, Mk B sMac 0@ Qe 1oather,
Si‘é%@r'iéiéta%@?or%?&) %éé%'t@o@urﬂ% I tdSRGRGS }‘r%f?s Hbdhi
pharmaceuti cal Iy”accept abl e adj uvant. The anount o
ahmpivls, ol earthdse qisaed fdrlirdoos, withhabitataandéastirclses.
total conbining power (TCP) units per dose of the
vacci ne. The al pha toxoid supernatant can be
CONg 9aﬁrc@tae<érﬁ@omn%hearﬁmgl §\9c§§ctsdf4ﬁe rr%wnbﬁds b(’food
obtain at least 4.0 antitoxin units (A U ) per of
apiodueing” Bnnela Relduirpesesiobiherrpsenttinventon; “thmtaﬁrn “food-

oS HPREA SHeHA Y RRATR, b F 1 VREK et -
umrtsmnmﬁi‘ord(%@ turReysx fwo%r dhﬁtﬂ(eweb;ér fortdonBusiablds (e.g.,
%i;ultsmthereqwsme U of anti-a/pfta toxin

INbeRMS (RAg-AYINg hems .%@rtaefh.k@hby hemanscanieeether
2€h| ls. A'h ﬁrﬁ'\ﬁqngr EJBPQUWBH%%\EP'FCI \%B% sHQﬁ%§ oultry,

patox0| urrfie 3 fox
si@eclmiakem éumysmeseednnkmmﬂctm eﬂmt bmaheis (exgt, axchttle,

to,. [ultrafiltrat h t. h d
ey Pt T RitheRiBid o999 OB PhoSE L PRESTOR Lo P soie,
NRYgPEr Bige), Hirdl &fiffedfe.8., oy et@mul sion, dried

powder and/or in a m st through any parenteral route,

intravenously, intraperitoneally, intradermally, by

b B AR slbiegl 5 P ER B G il For
| plirp@8es af tha peseANineenBe® the B¥rm “companion” animal shall be

understood to include housecats (feline), dogs (canine), rabbit species,

horses (equine), rodents (e.g., guinea pigs, squirrels, rats, mice, gerbils,
and hamsters), primates (e.g., monkeys) and avians, such as pigeons,

doves, parrots, parakeets, macaws, canaries, and the like.

Other animals are also contemplated to benefit from the inventive
vaccines, including marsupials (such as kangaroos), reptiles (such as
farmed turtles), game birds, swans, ratites, and other economically

important domestic animals.

The following examples are intended for exemplification of the present
invention only and should not be construed to limit the scope of the

invention in any way.

i nvent PONUS2006/014669
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w@aiwprcl72 refers to an ani mal

eye drop, by in ovo admnistration, or inplanted as a
freeze dried powder. Ani mal Subjects The term "ani nmal
speci es capabl e PET/D8I0N€014669
i nfected by a pathogenic ba@terium and in a
particul ar enbodi ment includes humans. Appropriate

ani mal subjects al so i ncEX4AMRHESe in the wild,
livestock (e.g., raised for neat, mlk, butter, eggs,
fur, leather, feathers / ), beasts of burden
research ani mal s, conpaﬂggﬁ&gﬂﬁggls, as well as those
rai sed for/in 2003 hahitats and/or |rcuses I n
a particul &Ed ok, 5L NBROUHEBHENS ( he

i nventi onVMQINﬁRTEB B‘mY %UBE{UTA}NE s WTIEur poses
of the present |nvent|on the term' 'f oodpr oduci ng"

ani mal shall be understooﬂunnmégmﬂ ude all animals bred
for consunption (e.g., turkeys, broiler chickens) or
f\paichpatfrigBYRlieshés By a SlAcuYardis, roam:énﬁglanmd@ms

and the |'ike) by humans and/or other aninma

rSHOPSING _ringle 3. REMTEGERSANP@A/BNA HB10IR éTBéRﬁ éhgesydéw

a@ﬁ%?%%ﬁﬁo%%nlg re%r%Hs%k]ﬂn[ﬁe VBUEIKS%% ?@ﬁ&?ﬁen%%@‘s significant

r'i che
barftf-alotry, toxoid mesibody tn theg@@g$obhhesja«zem)ated) brailenaens, and

HBQ%@@?'V@tRfqucﬁggsﬁ&%ﬁegu&é%’&”ﬂg IPE%JP %prﬁq bl ihesyascinated

| SrofleCRémRani on ani mal . For pur poses of the present
invention, the term"conpani on" animal shall be
under st ood to include houMateng/s(feline), dogs

(Caﬁémsib)gensaﬁme Asgipba momlo(r)sleesrﬁ(maisn@pe A aderd oxoid is
. g., bi ,

aPainrae RapuR, B ad dinddrsyiod B bty B Bt

SMSdbr8BicRidaRbhs if %"Iﬁ?ge Qé’élé P iEnerial g@g)? ?at Ha&RPRrature

canari es, and the her ani nal e al so
c@ﬁﬁYe‘fﬁ‘a . elaunng wmntatlcm sediurehydroxidei iy @ddad di peder to

(Baune PR e peliomgiie BRRALT Reanettb fifig the
?ﬂéﬂn@hﬁ%nqun@ g A Mol ;fr’@ﬁfdt@ gtowmrremei SulRe @ bBowdd &
ol  owi ng exanpl es are intended for exenplification of
t revpios Sefhours. At the end of the growth period, formaldehyde solution

is added to the fermenter to a final level not to exceed 0.5%. Cells are
removed by centrifugation and the resulting supernatant is filtered with a
depth filter having pore sizes in the range of 0.25 - 2.0 ym. The
temperature is maintained at 5 °C x 3 °C during this process. The
inactivated culture supernatant is then diafiltered and concentrated 10-30
fold using ultrafiltration with filters not greater than 20,000 molecular
weight cutoff. Concentrated supernatant is stored at 2-8 °C for future
blending into vaccines. Prior to blending, the concentrated supernatant is
assayed for potency by using the combining power test (TCP) described
above. The potency of each batch of toxoid is assigned in TCP units per

mL.
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i nvention only and should not be construed to limt
the scope of the invention in any way. EXAMPLES EXAMPLE

wa28kf1ZACY OF VACCI NE | N BRO LER HENS VACCI NAHEDUS1044014669

SUBCUTANEQUS ROUTE Summrary #acci nati ng broil er hens by
a subcutaneous route using a vaccine conprising a

siaatige I h@emﬁémammﬁm&nﬁg PRAnbeRItEd Cﬁbl@?fnﬁbens type A

results in é an |mTuno eni c response in the
valbgrAaxQid Ifbb noed asehya qr*rmjoﬂsergnis»fqrb%@ﬂta@mg 4 £1g5nkining
t h
ES2eFLAE (PERY peBrii TTREBEBRioh i PR A e
bamd130f/éaqméaw; piagehe vacci nat ed br0| | er hens.

ial.s C. Perfrin Type A al pha toxoid: C.
perfrhen‘ﬂgmasﬁl'ﬁé)rﬁp ’geﬁ' @BWﬁd is prepared as
fol l ows: Ninepglfir i ngens Type A culture is grgywgdinder
anaer obi g t| ons in a large scale ferrren]toeéo%

(5000L) ature of 37 0OC 2. Durin
f er ment a?rle % ﬁ(lr%ll hydroxi de is added in o%dégo/"t
rmlntalnzgrf}' aping ~ 2. Car bohydrate (dextr 9s

al so added during the fernentation (up to 1% wyv) to

Pr OM(eCa s bhakBas préAdtES dsSofblewed to grow for 3-6
hour s. (?Itherber?d o?‘bt hrse grovvtﬁ period, formal dehyde

sol ut i on G.geditigens bypehA toxoidensalinet o a fi ndl8%evel
not to exe8edweeniBO/Salinessalutomr enoved by 12%
centri fugati on and the resulting supernatant is

Ite depth filter having pore_sizes in t
gl 6F s8leaniboustiase inmaded RA oS 70%hal baseand

SR SRS AR RGOSR o er oy
calsodet usedgd The-iBoe fotf)hdmm@iengzalubn depehds anitbe valurhe of the
f||t S No reater t

cHbfon B3 EhER g L uRRo i PRTE PP eand Ry gthe
f efufsidrifa? at least three days at 37 °C. Gentamicin is added to the
aqueous phase to provide a final concentration of up to 30 pg/mL of serial
volume. Thimerosol is added to the aqueous phase to provide a final

concentration of up to 0.01% of serial volume.

Vaccination: The pullets are vaccinated subcutaneously with 0.5 mL per
dose of the blended vaccine. The first dose of vaccine is administered at
14 weeks of age, and the second dose is administered at 20 weeks of age.
Twenty broiler pullets are vaccinated with the blended vaccine described
above containing 1 TCP per dose. A second group of twenty pullets are
vaccinated with the blended vaccine described above containing 2 TCP
per dose. A third group of twenty pullets are used as controls and are not
vaccinated. A total of 2-3 roosters are commingled with each group of

pullets to produce fertilized eggs.
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bl endi ng into vaccines. Prior to blending, the
concentrated supernatant is assayed for potency by

wa@giong137me conbi ni ng power test (TCP) descri bePCHDS2006/014669

The potency of each batch oft toxoid is assigned in TCP
units per nLVacci ne: The supernatant conprising the

i nactivated C. perfringassiveypenuhifd pha toxoi d IS
bl ended as a water-in-oil enul sion containing

O%%%? Brengollasiad rom 82 ranyl Gwestt-ol Nl & sentro

r e

R S6e Bradbrk MOl pASE A AR QSN Ry e
Sp@ersn@priﬂeﬁ@%@h&tyu imTableol. 0. 75% Tri et hanol ami ne
0. 05% The aqueous phase is prepared as follows: C
perfringens type A toxoid_+ saline 88% 33% Tween
80/ sal i ne solution 12% A TABLE 4t 30% aqueous phase i s
added NUMBER QF PROGEMYoCHIGKEISSERIAE iil: y
a Silverson honogeni zer. (O her inline hom)genl zers
may al so be used). The tinme of honobgeni zati on depends
on t helevslagee of Phejeemdhidi@inand i s FregemyIthieks by
viscosity, particlecsinate gt St abchalehdd cdritll group
emul sion for at | east three days at 37 OC. Gentam Cin
i s adgedytgd he aqueousgphase to provide adinal
concegs (/@% of ug to ng/ mL of Sﬁ“ al l ume. ;
Thi ne I's added to e aqueous phase t9,provide a
finaléggﬁ %}?‘T’(ration of 1lﬁ1p to 0.01 % of SeI‘I% vol une.

CC|na ion: The pullets are vaccinated subcutaneously
¢ CRICKS @re fRY a@@@emsriloﬁtﬁéi RigBridetein diet ferdhefirgt tvor st

t
S58E 3561 AR ITESS gt Ao MBRIG o 1l
algach ke g grably sinladenged Wihsa dndenaCcpevdiiegens Type Adhat

bé)?pr}gggesvggtﬁ tHS a(;pel%: {olenegnd the beta 2 toxin. The challenge dose

contains 6.3 X107 to 6.3 X10® colony forming units per mL, in a 3 mL dose.
The birds are challenged for 3 consecutive days starting at 18 or 19 days
of age. Two days after the last day of the challenge the birds are
sacrificed and then examined for necrotic enteritis lesions. The efficacy
results for the progeny chicks are listed individually in Tables 2-4, denoting
the vaccination status of the individual chick’s mother, and the extent of its
necrotic enteritis lesions, if any, according to the Rating Scale provided
below. Table 2 denotes progeny chicks from 32 week-old hens, Table 3
denotes progeny chicks from 52 week-old hens, and Table 4 denotes
progeny chicks from 65 week-old hens. Table 5 shows the median score
for progeny chicks from hens that were vaccinated with 2 TCP per dose.
As shown, the progeny of the vaccinated hens are significantly protected
against the administered bacterial challenge relative to the progeny of

unvaccinated hens.
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above containing 1 TCP per dose. A second group of
twenty pullets are vaccinated with the bl ended vacci ne

waemeniperl above containing 2 TCP per dose. A BEi/D82006/014669

group of twenty pullets aret2used as controls and are
not vaccinated. A total of 2-3 roosters are comm ngl ed
with each gr RabingfSqald FatiSedrotip Epkritis (NI )tlidgigred

eggs. Passive I nmunity Eggs are collected from 32, 52,
and 065 WeekedPblic ¥ARSIHIB 6k I@@%r@qmﬂﬁé’%mnﬁtesﬂ_ﬁ@ mtestlne
pr Ogenyhég"néhﬁahéﬁbﬁ'@ﬂ/ rél%éa@?ﬁltgagéﬁéf @elt\ée f h&d).

eval uat e passi ve pr otection as sted I n

TAB 1 T .EA

l‘1E W'\@‘Fcﬁf R%@SE %ll%ﬁﬁ ﬁfb eﬁoalgﬁ(ﬁH& Cgopened
VaCCI na ro E‘ﬂgs O %W?'d?oséﬂcgﬁ exeesaIhicsered
52 V\éek Q“W TRSMPrANROF facek or Alitpeal aild
non- ned' QhP Gihegneeesnousrgastipniaidhe perasal vigssels.
weeks and then switched to normal feed for the
r em&i idSiNgde ot fesv multfocalkzrehs loif reldening aht swatiind efithed
wi t h a intestinehtvall; sipglef ori fegemsitifygs afedheaf ulespitionses
bot h t hreeloplseoftthiimtestialtrgcdset a 2 toxin. The
chal | enge dose contains 6.3 X107 to 6.3 X108 col ony

f or @ HYERRINSK/eNRUItHbGal lafeds Sf ﬁ@croﬁ@%ﬁ"rd di egra*ﬁbﬁ t €

8ha| | e?ﬁ!ﬁé’stfn%f mi Qﬁs‘eéigﬁl'ﬁ?fgnlﬂ?éfﬂ b bl‘?ﬁ o2
cﬁ)alllsl gngé&:%fﬁ?%r ?ﬁng sacril ?%e % m ned
for necr@? %érl tis lesions. The effl cacy resul ts

for the % 8 en hi cks are listed individually in
Tabfics D5ad AnHet WitG NeRmtiste TS 9t9eSdesions seprechor
i ndi vi dBBPV&hi ck' s nother, and the extent of its
necrotic enteritis IeS|ons i f any, according to the
Rati ng Scal e provided belABLEbl e 2 denot es progeny
chi cks fromNECROGKC ENTERIES |TESICN 3CORES IN
INDIVIDUAL PROGENY CHICKS FROM 32 WEEK-OLD HENS

Non-vaccinated Non-vaccinated Vaccine Vaccine
non-challenged challenge with 1 TCP with2 TCP
controls controls per dose per dose
0 1 4 1
0 2 1 0
0 1 2 0
0 1 1 1
2 1 0
3 3 1
3 0 1
1 4 1
4 1 4
3
1
1
1
Mean= 0 2.0 1.8 1.0
Median= 0 2.0 1.0 1.0



denotes progeny chicks from 52 week-old hens, and

Tabl e 4 denotes progeny chicks from 65 week-ol d hens.
waawba1B75hows the medi an score for progeny chPCRESINEM4669

hens that were vaccinated wi3th 2 TCP per dose. As

shown, the progeny of the vaccinated hens are

significantly protected agABLE 3t he adm ni stered

bacterial chnECROJECTENTERVESIIESIGNBOORES N~

unvacymghBaANPROIE NP IPEKS FROMNSE it ER-BINd §(ENSS

_(NE) LCesions U = No_ necr_otl C enteritrs gross [ ési ons
in thegmall snLegtine: | NtRIKELARBEEdCr Ml viaccine with 2
el astic T oL S K Onlha el sl Pel ng ned)
1 = Thishalighoed conirdls e sehdllange Ganiial testiﬁg—perd—ose

remai ns fl at en opened and doegn't roll back i nth
normal position); excess or thi ckened nucus coveri ng
nucus nenbrand or focal or multifocal nild reddenilng
of the nucosa®r congestion of tHe serosal vesselsl 2
= Single or fdéw multifocal areas1of reddening andO
swelling of the intestinal wall; 2single or few 1
mul ti focal areas of ulceration orff necrosis of the?2
intestinal nucosa. 3 = Extensiveqmultifocal areas ff
necrosis and ulceration of the intestinal nmucosa
significant henorrhage or layer of fibrin or necrgjic
debris on the nucosal surface (T%rki sh t ownel

T

T

appearance). 4 = Dead animal witlk necrotic enteritgs
gross lesions scored 2 or above. “TABLE 2 NECROTI C
ENTERI TI'S LESI ON SCORES | N | NDI VI'TDUAL PROGENY CHI éks
FROM 32 WEEK- OLD HENS Non-vacci ndt ed Non-vacci nat el
Vacci ne Vacci ne non-chal | enged cRallenge with 1 TEP
with 2 TCP controls controls per Zdose per dose 0

1 1

2 0

1 0

1 0

0

2

1

0

1

0

1

0

2

0
Mean= 0 1.7 0.6
Median= 0 1.5 0.5



0141021001200111210331301114

14143111 Man=0 2.0 1.8 1.0 Median =0 2.0 1.0
wa20¢ABZR 3 NECROTI C ENTERI TI' S LESI ON SCORES | PCT/US2006/014669

| NDI VI DUAL PROGENY <3HI CKS 44ROM 52 WEEK- OLD HENS

Non- vacci nated non- Non-vacci nated Vaccine with 2

chal | enged controls challenae controls TCP per dose 0

400310310110114pjEH41 2111120

NECROTIC ENTERITIS LESION SCORES IN
INDIVIDUAL PROGENY CHICKS FROM 65 WEEK-OLD HENS

Non-vaccinated non- Non-vaccinated Vaccine with 2
challenged controls challenge controls TCP per dose
0 4 0
0 0 0
0 0 0
0 2 2
0 2
0 0
3 0
3 3
2 0
0 2
3 0
2 0
0 0
0 0
0
2
3
3
Mean= 0 1.5 0.6
Median= 0 2.0 0.0
TABLE 5

MEDIAN SCORE IN PROGENY CHICKS FROM
HENS VACCINATED WITH A DOSE OF 2 TCP

MEDIAN NECROTIC ENTERITIS LESION SCORE
FROM PROGENY OF HENS

TREATMENT
GROUPS 32 WEEKS OLD 52 WEEKS OLD 65WEEKS OLD
Vaccinate 1 0.5 0
group

Control group 2 1.5 2



202010112220112010100210101

020 Man=0 1.7 0.6 Median = 0 1.5 0.5TABLE 4
WORGROTI7Q ENTERI TI' S LESI ON SCORES | N | NDI VI DUARCTPREXSBMY 4669

CHI CKS FROM 65 WEEK- OLD HENS Non- vacci nat ed non-

Non- vacci nated Vaccine with 2 chall enaed controls

chal | enge controls TCP per dose 0 4 O

Antibody Titers
Sera: Blood samples are collected from hens at 33 and 78 weeks of age.

Blood is allowed to clot for 2-4 hours at room temperature and then sera is
obtained following centrifugation. Sera is stored at -10 °C or colder until
tested for antibody titer. The antibody titer to C. perfringens alpha toxin is
evaluated by a haemolysis inhibition assay using serial dilutions and
sheep red blood cells as follows: Serial dilutions (two-fold) are made in a
V-bottom microtiter plate for each sample tested. A known amount of
alpha toxin is added to each well containing a dilution of the sample. The
plates are then incubated for one hour at 36 * 2 °C to allow the antibodies
obtained from the sera to complex with the alpha toxin. Following this
incubation, a 0.5% solution of sheep red blood cells are added to the wells
and the plates are incubated for three hours at 36 °C £ 2 °C to allow
uncomplexed alpha toxin to lyse the red blood cells. The plates are then
checked for the absence of haemolysis. The reciprocal of the highest
dilution of the test sample that shows no haemolysis is considered the end

point. The antibody titers are shown in Tables 6-8.

Egg Yolks: Egg yolks are processed to determine the antibody titer.

Briefly, the yolk is separated and mixed with commercial exiraction buffer

(Promega EGGstract System®, Promega Catalog No. G1531 and G2610,

Madison, Wisconsin). Following the extraction, an IgY pellet is obtained,
which is then resuspended to the original volume of yolk with phosphate
buffered saline. Egg yolk extract is pooled from at least 5 eggs and tested
for antibody titer using a haemolysis inhibition (HI) assay as described for
the sera above. The yolks from eggs collected from layers at 40, 52, and
65 weeks of age are evaluated for antibody titer in this manner. The

antibody titers for the egg yolks are shown in Table 9.



000000022020030332002302000
000233 Man=0 1.5 0.6 Median = 0 2.0 0.0 TABLE 5
WORDLAN7ECORE | N PROGENY CHI CKS FROM HENS VACOPCWTELD06/014669
WTH A DOSE OF 2! TCP MEDI AN6NECROTI C ENTERI TI' S LESI ON
SCORE FROM PROGENY OF HENS TREATMENT GROUPS 32 WEEKS

OLD 52 WEEKS OLD 65 WEEKS OLD Vaccinate 1 0.5 0

TABLE 6
INDIVIDUAL HEN SERUM ANTIBODY TITER TO
C. PERFRINGENS TYPE A ALPHA TOXIN AT 33 WEEKS OF AGE

Vaccinated hens Control hens*
(2 TCP/Dose)

1024

8192

256

1024

1024

256

256

1024

512

64

Geomean = 588 Geomean £ 2

=) =2 NN NN-2AN=

*Values < 2 were considered as 1 for the purpose of
calculating the geometric mean

TABLE 7
INDIVIDUAL HEN SERUM ANTIBODY TITER TO
C. PERFRINGENS TYPE A ALPHA TOXIN AT 78 WEEKS OF AGE

Vaccinated hens Control hens*
(2 TCP/Dose)
512
32
128
512
128
16
1024
512
8192
128
64
512
64
1024
256
128
Geomean =235 Geomean =2
*Values < 2 were considered as 1 for the purpose of
calculating the geometric mean

SOENBNN2=22NNDNN



group Control group 2 1.5 2Antibody Titers Sera: Bl ood

sanples are collected fromhens at 33 and 78 weeks of
wao®s/1Bi7ond is allowed to clot for 2-4 hours aPCT/OSI006/014669

tenperature and then sera i49 obtained foll ow ng

centrifugation. Sera is stored at - 10 OC or col der

until tested for antibody titer. The antibody titer to

C. perfringens al pha togiABLE 8eval uated by a

haengbyis TRIOINIEANGHAESRAYY 9 INHERTIGN TUTER!INCSER2N

sheep feg;rbhfm@s%rV%\F@@Uso*rh\@Efpows al diTutions
(two-fol crotiter plate for

each sanple tested. A known a %%I fS@hUJ\ toxin is

e i, sach bl cont g i SGaE the )

LA B B | O 1T Ul Ul'te  11TUu4J

36 2 OCto all ow the anti bodi es obtained fromthe
sera to conplex with the33VWEEKSoxi n. FAB\MEERSt hi s
i ncubation, a 0.5% solution of sheep red blood cells
are added to the wells and the plates are incubated
VAICCINASKE BROBIPat 36 0C 2588C to al | ow un@86pl exed
g poe/bogm to lyse the red blood cells. The plates
are then checked for the absence of haenvolysis. The
reci procal of the highest dilution of the test sanple
aenol ysis i swgonsidered the end point.
TROLS IBters are sh0\/\<2 in Tabl es 6- 89 EQQ
Yol ks: Egg yol ks are processed to determ ne the
antibody titer. Briefly, the yolk is separated and
m xed with comrercial extraction buffer (Pronega

EGGst t t 1 d
&610. a@adgmmm&:wsilﬁétﬂsﬂg R THEGR YOER: on.

an 1gY pel FROM HENS SOl CHEDOAT MARIENSS T

to the original volune of yolk wth phosphate buffered
saline. Egg yolk extract is pooled fromat |east 5
eggsTREATMENGD for anti body TITERNNUSGRYY@LKaenl ysi s

i nhi BH ep (H') assay as gQserAPead @OLIeCTRY™) above.

The yol rom eggs collected fromTayers at 40, 52,
and 65 vveeks of age are evaluated for antibody titer
In this manner. Thg) weeks 52 WEEKS 65 WEEKS
VACCINATE 515 2048 64
GROUP
CONTROL <2 2 <2
GROUP
EXAMPLE 2

EFFICACY OF VACCINE IN BROILER HENS
VACCINATED BY AN INTRAMUSCULAR ROUTE

Summary

Vaccination of broiler hens by an intramuscular route using a vaccine
comprising a single C. perfringens Type alpha toxoid (Type A), also results in

(i) an immunogenic response in the vaccinated broiler hens, (i) significant



antibody titers for the egg yol ks are shown in Table 9
. TABLE 6 | NDI VI DUAL HEN SERUM ANTI BODY TI TER TO C.

WEHRERINGENS TYPE A ALPHA TOXI N AT 33 WEEKS OFPGIZES2006/014669
Vacci nated hens Control hem8* (2 TCP/ Dose) 1024 1 8192
2 256 1 1024 2 1024 2 256 2 256 2 1024 2 512 1 64 1
Ceonean = 588 CGeonean < 2 *Values < 2 were considered

anfiSa/dhd Wxoid18nfbs methefegggldf%@bbe&néfé% B ASEREAL BA)
TABLE 7 | NDI VI DUAL HEN SERUM ANTI BODY TI TER TO C.

papPEiRE RIrdiBENSN TorFae AubsPae M NNATTSPBINYEE KIS @RciBEed

br\/i ccnifrﬁat ed hens Control hens (2 TCP/ Dose) 512 2 32 2

9 512 2

Passive Immunity

A total of 14 broiler pullets are intramuscularly vaccinated with two doses of a
0.5 mL of the vaccine of Example 1 above, containing 2 TCP. An additional
group of 40 pullets are used as controls. Three roosters are commingled with
each group of pullets, as described above. The first dose of vaccine is
administered at 10 weeks of age and the second dose is administered at 23
weeks of age. The eggs are collected from the hens at 32 weeks of age and
hatched to determine passive protection in the progeny chicks following an

experimental C. perfringens challenge.

Table 10 shows the incidence of necrotic enteritis and the median score for its
corresponding lesions as determined by the Rating Scale of Example 1
above, for the progeny chicks of vaccinated and control hens. Table 11
shows that median score for the necrotic enteritis lesions for the individual
progeny chicks. Table 12 lists the antibody titers against C. perfringens Type
A alpha toxin of the individual progeny chicks, whereas, the antibody titers for
the egg yolks from eggs collected from the vaccinated and control hens at 32

weeks of age are provided in Table 13.

TABLE 10
INCIDENCE OF DISEASE AND NECROTIC ENTERITIS LESION
TREATMENT Number % Median Mean
GROUPS of birds Incidence Score Score
VACCINATE 8 0 (0/8) 0 0
GROUP
CONTROL 29 76 (22/29) 2 1.7

GROUP



128 1 16 1 1024 1 512 2 8192 2 128 4 64 2 512 8 64 16

1024 256 128 Geonean

= 235 CGeonean = 2 *Values < 2
wowene/1c0msi dered as 1 for the purpose of cal cuPEr/USZP06/014669
the geonetric meanTABLE 8 GBOVETRI C MEAN HAEMOLYSI S
INHI BI TION TI TER I N SERA OF HENS AT VARI QUS TI ME
PO NTS TI TER | N SERUM TREATMENT GROUPS (AGE AT SAMPLE
COLLECTI ON) 33 WEEKS 78 WEERABVACL] NATE GROUP 588 235

(2 TQBE@WETI@@N&@IT@QE%W.@ |HAREPSH &L

I NHI BI'T1

VARI QUS THVE P

I\IID |

Non-vaccinated

non-challenged

Non-vaccinated

J ED AT
K

Vaccine with 2

controls

0

0

0

0

0

0
Mean = 0.0
Median = 0.0

challenge controls

TCP per dose

RANWOONOW_2WNNWWWaANNO~OW_00=2N—-

N -
o~

0

OO OO OOO0O

0.0
0.0



GROUPS (AGE AT EGG COLLECTI ON) 40 WEEKS 52 WEEKS 65

VWEEKS VACCI NATE 515 2048 64 GROUP CONTROL <2 2 <2
WOERORPIEXAMPLE 2 EFFI CACY OF VACCI NE | N BRO LBRCTHEBE06/014669

VACCI NATED BY AN | NTRAMUSCWAR ROUTE Sunmary

Vacci nation of broiler hens by an intranuscul ar route

usi ng a vaccine conprising a single C. perfringens

Type al pha toxoid (Type AjgaBLgojgesults in (i) an

I mmunogeni c respoggRUmmmﬁ% roil er hens,

(ii) significa AP ' §§ { Ak he
eggs of the vanmrD@ HENS Wéﬁﬁg?ﬁié‘c?Epassi ve
protection for &m‘é@;ﬁ%&lg bmmﬁf t he
vacci nat ed broi . e al of
14 broiler pullet s(ZateP{Pesnuscul arl y vaccinated with

two doses of a 0.5 m_12<§f the vacci ne of1Exanple 1
above, containing 2 TGHZ2 An additional gtoup of 40

pul l ets are used as dff36ol s. Three roosters are

conm ngled with each 4g006p of pullets, at descri bed
above. The first doseq@p4vaccine is admfistered at 10
weeks of age and the spoond dose is admiqistered at 23
weeks of age. The eggspage collected fronthe hens at

32 weeks of age and h ed to determ ne, passive
protection in the pro chicks foll ow g an
experimental C. perfrijidens chall enge. ble 10 shows
the incidence of necr enteritis and fhe nedi an
score for its corresp 'ng | esions as determ ned by

the Rating Scal e of Ex%’@pl e 1 above, forlthe progeny
chi cks of vaccinated &% control hens. Thble 11
256

1024
1024
64
681

> Antibodies to C. perfringens Type A Alpha Toxin as Measured by
Haemolysis Inhibition Assay described in Example 1 above.

? Values < 2 were considered as 1 for the purpose of calculating the
geometric mean.



shows that nedian score for the necrotic enteritis

| esions for the individual progeny chicks. Table 12
WO e@ba137Me anti body titers against C. perfri ngeCiHUIZ0PE014669

A al pha toxin of the individual progeny chicks,

whereas, the antibody titers for the egg yol ks from

eggs col lected fromthe vacci nated and control hens at

32 weeks of age apgomican €ediin Table 13.o TABLE 10

I NCI DENCE OF DI SEASE AND NECROTI C ENTERI TI S LESI ON

TREATMENT Nunber % Medi an Mean GROUPS of birds

I nci dence Score Score VA .i 8 0 (0/8) 0 0 GROUP

T A0 il

ENTERI TI S £ =N ERY. CHI CKS
FROM 32 WEEK- OFIRQMNIEN&A /ﬁrWEﬁl@QFnAﬁﬁwal | enged
Non-vacci nated Vaccine with 2 controls chall enge
controls TCP per dose 01 002 00100000000
1 0 3 0 TREATMENT GROUPS HAEMOLYSIS

INHIBITION TITER

VACCINATE GROUP 512

CONTROLS GROUP <2

EXAMPLE 3
SEROLOGY IN SPF WHITE LEGHORN PULLETS
VACCINATED BY A SUBCUTANEOUS ROUTE

Antibody Titers

Antibody titers are evaluated in SPF white leghorn pullets that are

vaccinated subcutaneously with the vaccine of Example 1 above,
containing 1, 2, or 3 TCP. The pullets are vaccinated at 15 weeks of age
with 0.5 mL of the vaccine and a booster dose is administered 4 weeks
following the initial vaccination. Blood samples are collected 6 weeks
following the booster vaccination. Serum from each individual bird is
evaluated for antibody titer by the haemolysis inhibition assay as

described above in Example 1.



02213332231302003244 Man=20.01.7
0.0 Median = 0.0 2.0 0.0TABLE 12 SERUM ANTI BODY TI TER

W@R00bMDI7VA DUAL HENS AT 35 WEEKS OF AGE2 VACCI NATEDS14BMNB 4669
CONTROL HENS3 (2 TCP/ Dose) 228 1

TABLE 14
INDIVIDUAL PULLET SERUM ANTIBODY TITERTO
C. PERFRINGENS TYPE A ALPHA TOXIN

1 TCP/DOSE 2 TCP/DOSE 3 TCP/DOSE CONTROLS
Bird Id Titer | Birdld | Titer | Birdld Titer BirdId | Titer*
923 4096 932 1024 | 922 1024 921 4
924 1024 938 8192 | 927 64 928 <2
925 4 940 512 931 2048 929 2
926 2048 942 1024 | 935 4096 933 2
930 512 943 2048 | 945 1024 937 2
941 1024 948 2048 | 947 2048 946 2
953 32 949 2048 | 952 1024 957 2
954 2 950 2048 | 956 128 966 <2

955 32 951 512 959 512
962 512 958 512 | 960 64
965 4096 961 512 963 2048
967 512 964 2048 | 968 2048
Geomean | 242 1290 724 | <2

* Titers of <2 are considered as 1 for determining geometric mean titer

The antibody titer in the eggs collected at 25 week of age from the white
leghorn layers are evaluated for haemolysis inhibition titer. The results are
tabulated in Table 15.

TABLE 15
POOLED EGG YOLK ANTIBODY TITERTO
C. PERFRINGENS TYPE A ALPHA TOXIN

GROUP VACCINE ANTIBODY TITER
1 1TCP 512
2 2TCP 512
3 3TCP 512
4 Controls <2

DETERMINATION OF TOXIN NEUTRALIZATION TITER (TNT)
IN POOLED SERA OF WHITE LEGHORN HENS

Antitoxin titer to C. perfringens Type A alpha toxin in the pooled serum of

the hens is evaluated using mice. The pooled sera are tested for anti-



512 1 65536 1 4096 1 1024 1 512 1 2048 1 1024 1 512 2
256 1 1024 1 128 1 256 1 256 1 1024 1 1024 2 64 32 681

wQ@26A13271 1 2 2 2 1 2 PCT/US2006/014669
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toxin titer using a method as described in Code of Federal Regulations,
Animal and Plant Health Inspection Service, Department of Agriculture.
The methods used to measure the antitoxin was similar to the current 9
CFR §113.111 (c), except that alpha toxin and antitoxin reagents are used
instead of beta toxin and antitoxin. The following test reagents are used to
determine the antitoxin titer:

1) C. perfringens Type A alpha antitoxin: IRP 426 (obtained from

Center for Veterinary Biologics, USDA).

2) C. perfringens Type A alpha toxin IRP 446 (obtained from
Center for Veterinary Biologics, USDA).

Briefly, diluted standard antitoxin or sera are combined with a known
amount of standard alpha toxin. The presence of un-neutralized toxin is
then detected by injection of the mixture into mice. Comparison to the
effects of known amounts of standard alpha antitoxin on toxin activity are
then evaluated by determining the dilution of standard or test sera that
protects the mice from death in a bioassay. The antitoxin titer in the

pooled sera of white leghorn pullets are as shown in Table 16 below.

TABLE 16
TOXIN NEUTRALIZATION TITER (TNT) IN
VACCINATED AND CONTROL PULLETS

ANTITOXIN TITER IN SERUM
GROUP VACCINE Pre-vaccination | Post -vaccination
1 1TCP <1 >2 and <4
2 2TCP <1 >4
3 3TCP <1 >4
4 Controls <1 <1
EXAMPLE 4

SEROLOGY IN SPF WHITE LEGHORN PULLETS
VACCINATED BY AN INTRAMUSCULAR ROUTE

Antibody Titers
Antibody titers in SPF white leghorn pullets that are vaccinated twice

intramuscularly with vaccine of Example 1 above, containing 1, 2, or 3 TCP



32121121112 Antibodies to C. perfringens Type
A Al pha Toxin as Measured by Haenolysis Inhibition
wo\s®was1xdescri bed in Exanpl e 1 above. 3 Val ues RCRUSBNE014669
considered as 1 for the puryose of calculating the
geornetri c mean. Geonean = 681 < 2 TABLE 13 ANTI BODY
TITER I N EGG YOLK COLLECTED FROM HENS AT 32 WEEKS OF
aré ol BT M ptireidRire NAEMARIEY & telN E8KE Sﬂ\éwpc@ WER0.5 mL of
VACCI NATE GROUP 512 CONTROLS GROUP <2 EXAMPLE 3
theEaatiosendN Spesteriose isSEHaROPULeEkETolEDIONATBD BY A

SUBCLITANEOQUS, ROUT ti bady, Tit Ant,j £t

vaZ Rl BT SREPRS T8 COGHEH SR M Aol ©

vakaigatioRt Feesudoiduanpanstserard dvdihigtevdseantosfy trsppp! e
1 above, containing 1, 2, or 3 TCP. The pullets are

hagmalysiairdubiien assap ar sleseribg@in Example 1 above, and is
tabulated in Tables 17 and 18 below.

TABLE 17
INDIVIDUAL PULLET SERUM ANTIBODY TITERTO
C. PERFRINGENS TYPE A ALPHA TOXIN

1TCP 2TCP 3TCP Controls
Bird Id | Titer | BirdId| Titer |BirdId| Titer |BirdId *Titer

951 256 631 1024 646 4096 661 <2
952 128 632 2048 647 4096 662 <2

953 1024 633 2048 648 2048 663 8
954 128 634 256 649 2048 664 <2

955 | 2048 635 128 650 4096 665 8

956 512 636 2048 651 2048 666 4
957 1024 637 512 652 2048 667 <2
958 256 638 2048 653 1024 668 <2
960 512 639 1024 654 4096 669 <2
961 2048 640 2048 655 4096 670 <2
962 1024 641 2048 656 4096 671 <2
964 1024 642 1024 | 657 4096 672 <2
965 256 643 1024 | 658 1024 673 16
644 512 660 1024 674 16
645 2048 966 4096 675 16

Geome| 540 1024 2580 3

an

* Titers of <2 are considered as 1 for determining geometric mean titer

Toxin neutralization titer (TNT) in pooled sera of hens is evaluated using
the procedure as described in Example 3 above, and the results are

provided in Table 18 below.



with 0.5 nL of the vaccine and a booster dose is
adm ni stered 4 weeks following the initial

wo 2we6ilnEvi on. Bl ood sanpl es are coll ected 6 weR&KBUS2006/014669
foll owi ng the booster vacci¥ation. Serum from each
individual bird is evaluated for antibody titer by the
haenol ysis inhibition assay as described above in
Exanpl e 1. TABLE 14 | NDI VIEABLEPId-LET SERUM ANTI BODY
TITER TO C. PERFRI NGENS TYPE A"ALPHA TOXIN * Titers of
<2 are consTaetIBNEY TRAIGZATEDNr THT BiRO NIEDEt ri ¢ nmean
titer The anVABGINATBERAND CONMTR@ISPObLE&St ed at 25
week of age fromthe white | eghorn | ayers are

eyal uat ed [f or haenol ysi $ | r,zm'nrr(j)gn[ -ﬁrﬁqu IN g@wmsu ts

ar | Elt edh/j Tﬂl@ e
Al
CTERM-NATLON r11: n\(I N} ONLTILTER 3 NT)— N

POO EP SERA OF2SRE | E toxin ¥ter to
C| peBfringens3TpE A alpha toXlin in the poatded serum
of the hens | Touedlgiat ed usi ngim ce. The pooted sera
are tested for anfitoxin titer using a nethod as

d?ﬁérahhsg ﬂte@‘ﬂﬁ’ﬁwé’é &@éarei,ﬂtecﬁseyt)%e%rﬁa vorRlthadwhite
Sy o

Plant He I nsp ect on Service, Depart
Algghotn layees aﬂéh@va‘maﬂedder ha@notyslsmhmcm mtbeaaniescm@min

el 2bol: P8 ESUT Plessirosizgd ticlod o Tibie,fS P!
i nstead of beta toxin and antitoxin. The follow ng

test reagents are used to determ ne the antitoxin
titer: 1) C perfngens TyPABBEASha antitoxin: |RP 426

(obt ained frppSanh RGEAFOVRLAT RS HYBIRERGLES: USDA) .
2) C frimee A N ‘ LIRS o g
2) C per{ i NGPEE A e ISHRE IATAHAE AR (00t ai ne

GROUP VACCINE 'ANTIBODY TITER
1 1TCP 512
2 2TCP 256
3 3TCP 512
4 Controls <2
EXAMPLE 5

COMPARISON OF A MUTIVALENT AND A MONOVALENT
C. PERFRINGENS ALPHA TOXOID VACCINE IN PORCINE

Summary
Methods are described for providing passive protection in neonatal pigs by

vaccinating the pregnant sows/gilts with the C. perfringens type A alpha
toxoid vaccines of the present invention. The results show an antibody

response in sows that can be transfered to piglets through colostrum.

Materials

C. perfringens Type A alpha toxoid: C. perfringens Type A alpha toxoid

was prepared as described in Example 1 above.



Briefly, diluted standard antitoxin or sera are

conbi ned wth a known anount of standard al pha toxin.
wab@eprsence of un-neutralized toxin is then PEL/Es1006014669

by injection of the m xturé6into m ce. Conparison to

the effects of known anounts of standard al pha

antitoxin on toxin activity are then eval uated by

detesiAbNiAgaddiee Bf ih‘é%br@@eﬁtﬂn%ﬁt’itﬁ%@h 8k H]@ﬁdeoﬁ\ﬁftﬁ t hat

protects the mce fromdeath in a bioassay
aimectivated G. maﬁrlngﬁnsmepqﬁcal/elda $@cad obnigining >Relgiar n

S, h n Table 16 ,be E 16 TOX
REBRTE R B G b ST oR e h&?&%ﬂxﬁbw&a N
Pilsblo§6d BSAARL Rt akd¥ SRGbIsWA dbnth eral oils,
PULLETS VACC NATE AN | NTRAMUSCULAR ROUTE Anti body

Tvegetablapilsdpaanui @Ibﬁ@ybﬂarsmt waLalenee §avalang @ndeatser

tp%@cglﬁlaﬁ%ccﬂ g@@%rta% In'ft}s?%ufl{fgég‘élp%“r% %Oﬁﬁf@ngnd
ealallrmaumbonmmumdjathar(aluwanumwc&dxuab slemimeeks of
Se with 0.5 nl  of the vaccine and a,  booster dgse is

DesPhaiel alfe SRE Beowseshinnaca Prapaaian. nbiie ¥accins 684
S t
ﬁé“i‘.@ﬁ?ﬁﬁfoaﬁ?ﬁ er HiGns RRARINGE 2ol t81K 08, SFrFIBlbe 1)
f taxoitst fryody. pénfrérgems, aa@/moltcymlds frahi oliher patl*@@eayc kecteria
descrij.bed.in.Examle .1 above ul ate
SRRl SRR Rk, IRe. 0/ PREEP sl
SERUM ANTI BODY Tl TER TO C. PERFRI NGENS TYPE A ALPHA

TOXIN Titers of <2 are considered as 1 for determ ning
geonetric mean titer Toddwinisiatiani zation titer (TNT)

FBY3kBe3 558 8l 50Eet o YR 8180 g epgeina
r eithiértigtramiscular or subcutaneous route in order to provide passive

protection in neonatal pigs though the ingestion of colostrum.

Results
The study is conducted in 32 week-old pigs comparing three vaccines:
Vaccine #1: blended with an aluminum hydroxide adjuvant containing

4 TCP of C. perfringens Type A alpha toxoid in a 2 mL
dose.

Vaccine #2: blended with 4 TCP of C. perfringens type A alpha toxoid,
E. coli K88, E. coli K99, E. coli 987P, E. coli Type 1 and
C. perfringens type C beta toxoid in a 2 mL dose.

Vaccine #3: prepared as a placebo vaccine containing no C.
perfringens type A alpha toxoid, but containing E. coli
K88, E. coli K99, E. coli 987P, E. coli Type 1 and C.
perfringens type C befta toxoid in a 2 mL dose.

One group of ten pigs is vaccinated intramuscularly with 2 mL of Vaccine
#1. A second group of ten pigs is vaccinated intramuscularly with 2 mL of
Vaccine #2. The third group of seven pigs is vaccinated with 2 mL of

Vaccine #3. A booster dose of 2mL is given 20 days following the initial



provided in Table 18 bel ow. TABLE 18 TOXi N

NEUTRALI ZATI ON TI TER (TNT) | N VACCI NATED AND CONTROL
wWOROLETB72The anti body titer in the eggs col | ece@€dUs1002614669

week of age fromthese whit¥ | eghorn | ayers are

eval uated for haenolysis inhibition titer as descri bed

in Exanple 1 above. The results are summari zed bel ow

| acbttRns. ThEARE éﬁ@a@c&%@(@aﬁh@{m@g@mﬂéﬂER

TO C. PERFRI NGENS TYPE A ALPHA TOXI N

ocavrirIteoNDEy O, ROTiayalsHeT theboastvoxanoingtion (Day 40) and 41

VDA B BRI PR e FSSr Mo AR B on

| vaiestedtfat ammﬁd;}arytewﬁﬁgﬁpnattom HynBeM=ReMGPis inhibition
sows/gilts wth the C. perfringens type A al pha toxoid

vagsayritescobet i Ee;a@r@%ﬂ aheyentlingnresy éfcpretbmt ReESRPRINGS

ransfered to
%@?@%ﬁﬁ%&ﬁ eﬁ)?%%?(t) :%f é% CHS%E/ perfrinpens
TypeA al pha toxoi d C. perfringens Type A al pha toxoid

was prepared as described in Exanple 1 above. Vacci ne:
A vacci ne of the present TABLEZG,n can be bl ended with

| MONOPARENT: CPPERFRINBIENS MNPE Al A FENOID VACCINE
contarmng =2 IUldI H‘égH A:y légl bnhrllltl S vaL,L,ll

can tHh—ah atit Fselosed—heretn

i ncl udi Edggll-in Mly on c éﬁonl ng m L

oi | S’_V_g%el_ahl e Di I s ;ﬁa\!\aﬁ)f oil cm[hp oi )
squal_endV288ual ahe and 24 her |net abgﬁézab: e oi | 2560 he
adj uvant’®2didch as SeponiZn, CARBOPOLBr), land al u®i num

cont @i niM®@78dj uvant s (al@m ndm hydr3xi de, al um 3@&m
phosphati@poal so can be 1&ed ijn vacawqe prepar atqiogn.

=

The yacgigagzcan 16 64 128
10312 8 64 64
10316 2 16 16
10317 64 64
10324 64 128 256
10331 16 32 32

Geomean 12 49 60




further contain other antigens including E. coli

K99, 987P, Type 1), toxoids fromC perfringens,
w@nabo137voxo0i ds from ot her pat hogeni c bact eri aPCT/US2006/014669

including Costridiumdiffisile, rotavirus, and/or

Crypt osporedi a. Adm ni stration The vaccines are

adm ni stered to pregnant gilts/sows prior to farrow ng

by either intranmuscul ar orpBulcaf aneous route in order

to prevhARFRAREIENS IYEEATA DPHIT HROMBIEO MBI Y AGORED
the I NGRPANENCOLIEE PEAFRINGERE TYPEE A2 PATAROID

condug

(K88,

ALY I. CULlpal—d. 01 LTI €T
vacci nes—Vageine Haaemoé %‘g hy .'anjrl.te HH-paHg
hydr oxi de ad]'@#ant conPavill ng 4 Reydl| c Rﬁryf(ﬂ ngens
Type A al pha toxoid i n(B'® ni _ dose. Vaccine #2:
bl ended with 4 TCP of O/aQerfringens type A al pha
toxoi d, E1026#i K88, E. 16oli| K99, &8 cpli 98B#, E.
col i Type 30asd C. perfridzgens type2& beta toxxg d in a
2 ml _ |[dosqqo§8Cci ng #37 prepared & a pl acebgpvacci ne
cont ai i N C perfringens| typesAgat pha t a1 but
cont aillilljgg?gbpii K88; g cot K2§B E——cof ?Z@%,\_/P, E.
col i Type 102 c. erfr.a.geno typeChbeta—toexpgd—in a
2 m . oup of "t en pi
intranmuscdO8BYy with 2 #6 of vac@%e # 1. Ab4ecand
group lof t 48280gs ils vacdibnatied i n2P@nuscul ardd6 wifh 2
m _ of| VadOBRé #2.| The tl6i rd| gr oup2®f seven Pégs is
vacci nat ed0880h 2 mM _ of4Vacci ne #3 A boostesq dose of
2m _ IS gicdmélndays foglow ng thg 74
i nitialvaccinations. The Sera sanpies are coftected at
the tinme of initial vacci-pahie éDay 0), 20 days after
t he booster Magci -e-‘.-v ] nd 4 I er
boost er vEeETFat+o— Day ——The es—ar e
t hen eL\:aLuaLed—Lox—am—i—bod-E_t_i_t_e;_t__o_a
the haemnlysis inhj bifagmolyssahipitien Ikl i n Fxanple|1
above.| The Mmigd#l ts| for a0t hr ee Daycdd des  Day 61
(Pre-
vac)

Group 3 Day 0 Day 40 Day 61

10272 4 32 32

10292 16 32 32

10303 2 16 16

10305 2 32 32

10313 8 8 8

10318 4 16 16

10319 4 64 64

Geomean 4 24 24
EXAMPLE 6

DETERMINATION OF TOXIN NEUTRALIZATION TITER (TNT)
IN POOLED SERA OF VACCINATED SOWS

Four pregnant sows are evenly divided into two treatment groups. One
group is vaccinated by intramuscular route with 2.0 mL of vaccine
containing 4 TCP in a 2 mL dose of Vaccine #1 of Example 5 above. The
other group is the controls who are not vaccinated. The sows are

vaccinated at approximately 6-7 weeks prior to farrowing, and a booster



are individually shown in Tables 20-22, respectively.
TABLE 20TABLE 2 1 C. PERFRI NGENS TYPE A ALPHA TOXO D
w@EaNBO37ACCI NE W TH E. COLI - C. PERFRI NGENS TYREL/TCSBRI#4669
TOXO D TABLE 22 E . COLI - C39PREFRI NGENS TYPE C BETA
TOXAO D EXAMPLE 6 DETERM NATI ON OF TOXI N NEUTRALI ZATI ON
TITER (TNT) I N POOLED SERA OF VACCI NATED SOAS Four
PSS RGivER WireBRedReaBter. HINbd8EmipELaleIletRRL hEBle
groups. One group is vaccinated by Intramuscul ar route
wageinatpnyiandfjustaisrie fasewinoni Tapld 28Ghows thevaluationeof

of,...Vacgi I, ve, The_. e roup is
¢ e G P Bded i Ao et B LT

VAS Gl Alpatign aéstqTNTY st shibe i EBAiSe Brdbivet 0

farrowi ng, and a boosterdose is given three weeks

| ater. Bl ood sanples are coll ected before vaccination,
and just prior to farrovviﬂg LEap e 23 shows the

eval uation of the sera sa-rrpge%r antitoxin titer to
al pha toxin using a toxi TNIEUITERI zation test (TNT) as
desgrihed inExapnple 3 above— TABLE 23 TN H-TER The

pr esentLiealmant o | SOt tp belle-%agcination s copo$iBeoster
spe¢i f i €r@kbodi nent NutBker | bed hed&Nh) | ndeed, V@seinatian
modi{fi cations of| the invention in addition|to thdENT)
desc¢ri bed herein will beconhe apparent to those skilled
in the Vdatécihatem t he flogegoj ng descrdfpti on. | Such >4 <8
nodi-H ' intended to fall within the scope of

ficatigns-ar p
t he | appéaedatel aj ns. 19816 s| furt her o be under st Gdd<8
t ha aiéoHﬂBF ST ZEes ) fgilo acTd Qkfﬁb, amd—ad
nmol ecul ar wei ght| or m)?ecu ar mass val ues, | gi ven for
nucli ei cCanirdis or| pol ypepri des are approxi mate, andckare
provi-ded for description

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.

Various publications are cited herein, the disclosures of which are hereby

incorporated by reference in their entireties.



Various publications are cited herein, the disclosures
of which are hereby incorporated by reference in their
wenitsnerres. WHAT 1S CLAIMED : 1. A vacci ne conpeT/B52996/014669

an antigen selected fromth® group consisting of a C
perfringens al pha toxoid, an antigenic fragnment of a

C. perfringens al pha toxoid, an inactive antigenic
fWAONETS GIf ARVIEED: perfringens al pha toxin, and any

conbi nation thereof; wherein one to two doses of 0.25

- 0.6 m _ per dose of the vaccine is sufficient to

i nduce at .least four antitoxin unit A\ ) of -
A BranE ity BoahtaEh Srietacihfh tlarBip ognsisting
chil & ke peymiBgbRgafthavokoidt BR avdigehieragimertsf & 8CpbABEn@éns
Caim1l, wherein the antigenis in a cell-free
prlepartaxqidnan Mactive aptgenigdragmentofa @, pemdresns alRaa

' [ .de.in a C. perfringens al pha
?@%‘or?g]?'gupﬁarﬁ%ﬁ florh_ gf’vacci ne of Claim1l, wherein
t he amihér@émons tatwe dosks 00125000 . Brabiiedeosd of Tieevaccine is
vacci ne of gl aim [1%,9 wherein said ant] %E{] as.2 or nore

Y faith) 9

_ Ticignt tenipdyae &f (RasbfouramtifXn _UWA_% rf-aiagerin
'§ntfd'ﬂ &GInl 'R Bntibera f%&wiﬁﬁ’é\?bé&%ﬂ&e@fwi% fhe vaccine.
pertrindens Type A al pha toxoid and a C. perfringens

Type C al pha toxoid. 7 . The vaccine of Cdaim1l,

fyrt i Si , dj . 8.,.Th ' f
Fai nfte Y4g0e B CERIRal eI iRl ot B Ges the
\e/:g,tép@eéﬁ@nd adj uvant. 9. The vaccine of Caim 8§,

erein the water-in-oil enul sion was prepared with a
70% oi | phase and a 30% aqueous phase. 10. The vacci ne

Tope DIoraceiRSs Sl I RREER plisiiachCHbht B8 a o
Coemrndgens@ipha tdxmé sapphmtamtxoid is present in said

vacci ne. 11. The vaccine of Claim 10, wherein said
al pha toxoid is conprised by a

4. The vaccine of Claim 1, wherein the antigen is a recombinant

polypeptide.

5. The vaccine of Claim 1, wherein said antigen has 2 or more TCP.
6. The vaccine of Claim 1, wherein said antigen is selected from the
group consisting of a C. perfringens Type A alpha toxoid and a C.
perfringens Type C alpha toxoid.

7. The vaccine of Claim 1, further comprising an adjuvant.

8.  The vaccine of Claim 7, wherein a water-in-oil emulsion comprises

the antigen and adjuvant.

9. The vaccine of Claim 8, wherein the water-in-oil emulsion was

prepared with a 70% oil phase and a 30% aqueous phase.



C. perfringens al pha toxoid supernatant. 12. The
vaccine of Caim1l, which is a nultival ent vaccine
wo eoobh&77zonpri sing one or nore of the foll ow PQI/US2006/014669

toxins: C perfringens betaltoxin, C.  perfringens beta

2 toxin, C perfringens enterotoxin, C perfringens

epsilon toxin, C perfringens iota toxin, C

Penf rimeoascike BRI NwhéreiPRid At 8 d @@Qﬁriﬁ@éﬂﬂ ype

C. perfringens theta toxin, C sordellii henorrhagic

t alpha, toxnidswith éhe provisa Heat onbxa sing®: Cdipeffringers Aype alpha

toxin,. C._difficile Btoxin, C septicum alpha toxin,
.Oxﬁbq/S?i prg%rp]tdnts YA c novyi beta toxin. 13. The

vacci ne of Claim 12, wherein the nultival ent vaccine

further conprises one or nore viral antigens, one or

nbi e Daeveesiae chkiaigehs, wherginsidstpitmiaxoihissarapidsed by a
apt i ; [ re viral antigens is
f%%ggfﬁég%)r‘@%?’gqg%&gﬁgﬁggﬁtg(ﬁ?ng sources: infectious
bursal di sease virus, infectious bronchitis virus,
reovirus, and Newcastl e di sease virus; wherein the one
ofl Znof e Naesiae CAClaif 1 guhighiis arpyitvalgat vacaing Birdiert he

f i : Sal | ;
comBIShg FRbrgeip b tdlow g GRS, 07 peffgons bota foxin
att pgohsgéens betarn2 BxingrC.goerfringehiseentamtoxie, Gf p&ifaigarts,
which is a | tival ent .vacci.nethat .further copprises
oRBSTHY e G TGREF IIREPYRG; PRETdRESTY Kappa 1ohin, T
ageiftih§evee IadiBd0RRir, €. ioePiingens MhetBRbRnOL. EbRIellii

follow ng sources: infectious bursal disease virus,

ij heeorihegis toxtm Ehisordelliilethel tm@})\@-rdié’écilwé«lﬁ@aa G difﬁCiledB
HIRERE H7HGm FonfiSetin, GehER o B ot PR 0l et

atgxigen sel ected fromthe group consisting of a single
C. perfringens Type al pha toxoid, an antigenic
fragment of the al pha toxoid, an inactive antigenic
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an eor

any conbi nation ther
comprises one or more viral antigens, one or more bacterial antigens, and

one or more parasitic antigens;

wherein the one or more viral antigens is from one or more of the
following sources: infectious bursal disease virus, infectious bronchitis
virus, reovirus, and Newcastle disease virus;

wherein the one or more bacterial antigens is from one or more of the
following sources: E. coli, Salmonella, and Campylobacter, and

wherein the one or more parasite antigens is from Eimeria.

14. The vaccine of Claim 1, which is a multivalent vaccine that further
comprises one or more additional antigens;

wherein the additional antigen is from one or more of the following
sources: infectious bursal disease virus, infectious bronchitis virus,
reovirus, Newcastle disease virus, E. coli, Salmonella, Campylobacter,

and Eimeria.



wherein the single C. perfringens Type al pha toxoid

and the inactive antigenic fragnent of the single C
w@eebniytgens Type al pha toxin are the sane TypeCT/ESIH06/014669

wherein one to two doses 0f620.25 - 0.6 nl _ per dose of

the vaccine is sufficient to induce at |east four

antitoxin units (A U ) of anti-a/p/?a toxin antibody
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vaccine. 16. A nmethod of providing passive imunity
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avi sai d rsin
veameéengpef ataim 1 to the femal e avian prior to her

| aying of the eggs that c rise the praogeny; wherein .
the gifyong i @%9%%%9@@5@%6;%% figise eftheryrecine is
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20. The method of Claim 19 wherein the clostridial
enteric disease is necrotic enteritis.2 1. The net hod

of6.0 RivBtAdd Wh Pfcﬁﬁimn@ e ssive sinfheHig! aqéliﬁﬁ&ﬁ@ltip% poultry
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pesrhpiise tespieglehyi Wharet thaipgaegidtenproviped passive immunity
guantity of cultured cells; wherein said quantity of
cliPmypeliinledisgaslerete a C. perfringens al pha toxin

into the cell nmedium

17. A method of providing passive immunity against a clostridial disease
to the progeny of a female avian, said method comprising administering
the vaccine of Claim 1 to the female avian prior to her laying of the eggs
that comprise the progeny; wherein the progeny are provided passive

immunity.
18. The method of Claim 17 wherein the avian is a chicken or a turkey.

19. The method of Claim 17 wherein the clostridial disease is a clostridial

enteric disease.

20. The method of Claim 19 wherein the clostridial enteric disease is

necrotic enteritis.



(b) inactivating the secreted al pha toxin to produce a

C. perfringens al pha toxoid; (c) renoving a majority
wobiocshe7quant ity of cultured cells fromthe cuP€TUE2006/014669

mediumto forma C. perfrimgens al pha toxoid

supernatent; and (d) adjusting the concentration of

the C. perfri ngens al pha toxoid supernatant so that it
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nmet hod Claim25 wherein said si ng C. perfringens
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Calppgrt&wggens Type A cell and a C. perfringens Type C
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(c) removing a majority of the quantity of cultured cells from the
culture medium to form a C. perfringens alpha toxoid supernatent; and

(d)  adjusting the concentration of the C. perfringens alpha toxoid
supernatant so that it is sufficient to induce at least four antitoxin units
(A.U.) of anti-alpha toxin antibody per mL of antisera of an avian that has
been vaccinated with either one or two doses of 0.25 - 0.6 mL per dose of

said vaccine.

23. The method of Claim 22, further comprising mixing the

C. perfringens alpha toxoid supernatant with a water-in-oil emulsion.

24. The method of Claim 23, wherein the water-in-oil emulsion is

prepared with 70% oil phase and 30% aqueous phase.

25. The method of Claim 24 wherein the C. perfringens cell is a single C.
perfringens Type cell.

26. The method of Claim 25 wherein said single C. perfringens Type cell
is selected from the group consisting of a C. perfringens Type A cell and a

C. perfringens Type C cell.



