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" which are the infective

[05] The econom c effects of coccidiosis infections in donestic aninmals is
especially severe in the poultry industry, where intensioovsber AP%f birds
favors the spread of the disease. For fow, e.g., poultry, and other

domest i ' 16 Novenber 2006 WD 03/099325 PCT/ US03/.16302 Cocci di a
infectigﬁnkég%F%s in economc |loss fromstunting andégﬁﬂﬁmﬁwggoloration.

In addition, nunerous Eineria species can infect a single host via the oral
route and/or by inhalation of the infectious particles fromthe
environment. Once ingested, the parasite penetrates and damages the
nmucosal |ayer of the intestinal wall, causing acute norbidity, e.g,
resulting in decreased growmh and feed wutilization in the infected avians.

[ 06] Protozoa of t b i i Jo t ol sospora, or
Cryptosporidiumty gﬂfﬁ é% é;r@!ﬁé st to conplete their life
cycle. Under natur & ) C egins with the ingestion

of sporulated oocysts fromthe environnent. The cell wall of the ingested

sporul at ed oocyst is broken by nechanical disruption in the gizzard and/or

di gested by intestinal enzymes. Wthin the sporocysts are the sporozoites,
OB THEHNVENHERAN M The sporozoites invade the

intestin | 1 i afpl . The site of

i nfecti oidz"il guglﬁeziﬁgegﬁé??62%%828%?&%%ﬁﬁg%gﬁde@e@%%gﬁ/ﬂé%%g@? Wthin a host

ani mal ' s culehd of, spenocyst foiireprotezcalodthe chtnSporzoéanndl gepareandner ont s, al so

cal l ed schi zopts. ch _nmeront. nucl eus devel ops. i n Lnfective body

cal | ed aSE‘Fﬁ‘reﬁ)g]ﬁch’é Fﬁﬁeﬂﬁ‘feﬂ s @F%reﬁg%yocrg?r%mtgﬁgt‘droeoﬁésa% agﬂtr lé't e(gr ocess. After a
variabl e S?étﬁ”z*b%ﬁ 1iRfsts e¥lUAroAREE A BREvERIINZOHsREmsdedmkibpdsi nt 0 ei t her

m croganet ocytes or nmacroganetes. M croganetocytes devel op into many

" ni cr ogamiRrase ipprRedines,; 4553y82Ad fr SMET YSPY e t he nmacroganmetes. The resul ting
zygotes encyste by form ng a tough outer coat, and are then called

oocysts, which are shed wunsporulated in the feces. Under proper
envi ronment al condi t i BAEKGROUNDOE TEHE BPFENTHIN and becone infective.

| ngestion. by susceptible animls the he .c 08] Infection
with COCE(PE i aﬁ?ﬁ Rrafopd oﬁ% CE%SF qrgzﬁg%{%F{ugg?p%cx%tﬁwlﬂ%ﬁog’%%%mI e, there are
seven Knewfy sPeitiesre efiologie i Ainsriaduf didedsaf @ahinedls aldegiesple sioxndof whi ch are

the world. Of particular commercial concern are the diseases caused by Sporozoea

of the subclass Coccidia, order Eucoccidiida and suborder Eimeriina, as well as
the sporocyst-forming protozoa of the genera Cystoisosluom, Eimeria, Isospora,

- Neospora, Sarcocystis, Toxoplasma, Tyzzeria and Wenyonella.
[04] Tn particular, coccidiosis is an enteric disease of animals, including
domestic livestock e.g. poultry, caused by protozoan parasites of the subclass
Coccidia, genus Eimeria. These are obligate intracellular protozoan parasites that
replicate primarily in the intestinal epithelium, These parasites have a
monoxenous life cycle and exhibit a high degree of host-species and tissue
specificity. Overall, the combination of losses due to coccidiosis and the costs of
prophylactic medication results in significant annual economic losses to the
affected industries.
[05] The economic effects of coccidiosis infections in domestic animals is
eépecially severe in the pouliry industry, where intensive housing of birds favors

~ the spread of the disease. For fowl, e.g., poultry, and other domestic birds,




considered to be noderately to severely pathogenic. [09] Thus, |n donestic
avi ans, the introduction of another species of Coccidi d06d¥ov 2006
introduction of new, previously unexposed birds may result in an outbreak
of the 5@%&; Qocysts are resistant to extrenes in E detergents

pr ot eol yt| ¢ 16 Novenmber 2006 WD 03/ 099325 PCT/ USGSFAERYS3% yeol ytic,
and |ipolytic enzynes, nechanical disruption (although they can be broken
by | aboratory nethods) and chem cal s such as sodi um hypochlorite and

pot assi um di chromat e, and mﬁll survive for many weeks outside the host. For
exanpl e, 4 here. n i Jnfect chickens,
si x of F%ﬂagﬁgg%g El 1 %xpma@S%f%’e tg%§ﬁggh§g§§%%%¥;pathogenlc [10]
Nuner ous Mm&hmdsndmmstmﬁmdi@\tﬁbmﬁdﬂ@alsmgleﬂnnztmqjhelbrtatmuagal nst Cocci di a.

comrer [ u,cce net hods _are sed on drri ni strati on of
I|ve enc %ﬁ’ MB(S‘?%B fi‘ﬁf‘tf@’i‘c’ﬁpagwleﬁtﬁio SP%VdePF% %°fhe nost comon

route of mgﬁ%tét?%ﬁc%iagﬂfb peRetPhidand BhrhARHGD nRHRT laf,réi'dﬂfﬂﬁnﬂﬁzés’ﬁﬁalbeen used. Edgar,
U S. Pat 86, teaches vaccination of chickens by oral

adni ni st wealli egpsing aoyieamorbidity, e.g, esultinginglsereesed oy tioelfesdls. Davis et al., U. S
Pat . met hod of vaccination by continuous

adm ni st r@?‘ﬁ#%ﬁ?lg\?ﬁ%ﬁe&%ﬁ@% of sporul ated oocysts, wth or wthout

si mul t an@isjis Bndtuzmsﬁthaganenam:emﬂaosmvz;@mdoawp@mgs [ 11] Attenuation can

be achi eved by serial .passage in chi SeI trains of

Cocci di a%@%ﬁé‘? Waﬁgpﬁg{%ﬁesﬁm%@ﬁ{w ﬁgég][%trelgeu 1;%on has been
descri bedmay: e eord@ions, tRE Rl RMtI&b&thsithrine ﬁg&ﬂﬁﬁof‘@bﬁﬂaﬂbd ts entirety.
[12] . Oral ly-adm ni stered attenuat ed st.rains sts have al so been

util i zedooeysts &gryths enwptty’fh@%% of Shedpes .Sl%o ﬁP WEYS U'S. Pat. No.
4,438, Ogﬁrokew&i%i/ i 16R tn thiizzard ARfPorddste@bylinRGtmmt z et al ., PCT

pubI i cation 25] An"alternative to attenuation is d| scl osed
i n Jenki eszystes.aVithin feisperogysts. aretheﬂ(on)zoil%‘,ﬁhlcbmlnfqﬁmftﬁﬁagﬁeaches the oral

adm ni str n of s RAL 0z 0l hay, ganmma radi ation
to preveft ?&ﬁgr%ﬁ‘%‘y fip?fozlg§§ Lh‘fa?% e et Qﬁﬁ@ % %p?%g@%%lshave i ncl uded
subcut an(ﬁﬁ@tﬁer(l-ﬁcaubrﬁt TWelot'mﬂ@ﬁbn 1sr¢h:§mtt¢rmnc ofthexpmms axtolypdr ozoi t es, Bhogal ,

U S. Pat. 08, 404 . .
. [07} 4ﬂ1§n a host animal's cells, sporozoites develop into multinucleate

meronts, also called schizonts. Each meront nucleus develops into an infective
body called a merozoite, that enters new cells and repeats the process. After a
variable number of asexual generations, merozoites develop into either

- microgametocytes or macrogametes. Microgametocytes develop into many
microgametes which, in turn, fertilize the macrogametes. The resuliing zygotes
encyste by forming a tough ouiter coat, and are then called oocysts, which are shed '
unsporulated in the feces. Under proper environmental conditions, the oocysts
sporulate and become infective. Ingestion by susceptible animals then repeats the
cycle.
[08] Infection with Coccidia elicits a species-specific immunity. For example,
there are seven known species of Coccidia which infect chickens, six of which are
considered to be moderaiely o severely pathogenic.
[09] Thus, in domestic avians, the introduction of another species of Coccidia or
the introduction of new, previously unexposed birds may result in an outbreak of

the disease. Qocysts are resistant to extremes in pH, detergents, proteolytic,




Bhogal et al., U S Pat. No. 5,6 068,104, and intra-ovo }\g ectign of either
oocysts or sporocysts, Evans et al., PCT publication Neysudwr 200033;
Watkins et al., Poul. Sci., 4(10) :1597-602 (1995). Thaxton, U S. Pat. No.

5,311, 8 es a nethod of vaccination agai nst I.di a hy
adm ni Sﬁ':oaots%ogpgs?%f oocysts or sporozoites to newy h%%ﬁ’é%’@?ﬂzcks by yol k
sac injection. [14] The need for viable protozoa for vaccination is a

common factor-in all of 3 16 Novenber 2006 WD 03/099325 PCT/ US03/ 16302
the current vaccination nethods. Non-viable protozoa, or antigens from

pr ot ozoa ?ﬂif& H{ESE? evel of imunity
needed tgyc&]@t?’cgg.l? d}ﬁg C ﬁ%\#%a ﬁjgﬂ%ﬁ&{%ﬂ&[ %@?‘ Eie%abtéof ore, viable,
living pbmﬂcazbga]ﬁbmaigryznmmdslal,dchanmalpslmhlamlﬁiwmmchlomaﬁMbst ed fromliving,
i ntact infected | ans he us s or, in some

Cocci di a g%%&ﬁégl 8“‘?%1(“33"\3@5%6 %‘&%&’é"ﬁf% gﬁ&eq%ogﬂ:%r cell's for vaccine
product i eganigle, Airdare Ssveh ¥nowihpbdi&f dfiCoeutt whichGifeArhiekanoin 6fal and effi ci ent
alternative nethod for produc ng the required, quantities of Coccidia for

use in vadEhIE GpgdUed o b moderateht tRerveply IS Chas | ong  been sought.
P o002 b KSR sfods e R By BB BTB 8 it i 1 ol y 1 i

success y Bovi ne Kidne K) cell s have been reported to
support Ebcmdzaa'\k‘l)cammwclalhy sncoqssfubu@thodw:@rd@s@l @gh@aﬂmmlgtrauomof ed to one

repllcat C S I . Cell Culture,
5: 241 “'}/'&e r?%g%ﬁ%%&%fm?%%@;&@@ﬂ acervuftl nlm}?@?o Cri-Bontenps, Arm
rech. 71@2&1&&:&36@] ab]mig]Eoﬂlmheatgﬁ haviebesn sl Gdgdrj W SePataVe. J. Prot ozool .,

25: 82, 97 as well as eer Z. .Pa tenkd, (1973)],
wer e obt lﬁiﬁi% \R??&l??sv?ﬂc’cnﬁ“é‘?n?fggicﬁﬂéi aﬁﬁ’é‘F’d&%ﬂ(’Pé’g é@? been used as the
i nocul Uwenm@%ﬁﬂate@&ocyé&obﬁﬁs 2RV ©.S. 1Pae No &) 544 ITBBAchE D 1M6BodTer | ZOi t es
derived frominfected animal tissues |imts the useful ness of these

appr oac heﬁvacpmat}ontbysontmao@mdmstr@,o@a%lowzrmn&erg ef sperdatethoosyitan cel | i ne
derived LR wARDALR R ARhSadoR 3 G- CALAYRRREL o Lhe growth of =
neca X, but replica

tenel | a &n 'on"was sustained for only 72 hours.
Anot her itawbAténviasiort danbe adhieved by serial passage in chickens. Selection of

strains of Coccidia showing early formation of oocysts, and attenuation, has been
described by 5,055,292, incorporated by reference herein its entirety.
[12]. Orally-administered atienuated strains of sporocysts have also been utilized
to confer immunity against coccidiosis. [Shirley, U.S. Pat. No. 4,438,097,
MecDonald, U.S. Pat. No. 5,055,292; and Schmatz et al., PCT publication No. WO
94/16725]. An alternative to attenmation is disclosed in Jenkins ez al., Avian Dis,,
37(1):74-82 (1993), which teaches the oral administration of sporozoites that have
- been treated with garnma radiation io prevent merogony.
f13]  Parenteral routes of vaccination have included subcutaneous or
intraperitoneal injection of excysted sporozoites, Bhogal, U.S. Pat. No. 4,808,404;
Bhogal et al., U.S. Pat. No. 5,068,104, and intra-ovo injection of either oocysts or
sporocysts, Evans et al., PCT publication No. WO 96/40233; Watkins et al., Poul.
Sci., 4(10) :1597-602 (1 9.95). Thaxton, U.S. Pat. No. 5,311,841, teaches a method
of vaccination against Coccidia by administration of oocysts or sporozoites to
newly hatched chicks by yolk sac injection.

- {14} The need for viable protozoa for vaccination is a common factor in all of




i mortalized cell line derived fromchickens provides a risk for
transmtting tumorigenicity to chickens if used to naké Nowpabeu2iones.
[18] Limted passage of nerozoites has been known. For exanple, in U S

Pat ent %%99?%0,438, sporozoites were infected into gri rrarg@chi ck ki dney
cells at are grown in culture as cell aggretf;' rl”g§°,3’1 ?ng a
nodi fi cation of the nethod described in D. J. Doran, J. Parasit. 57:
891-900, (1971). However, once nerozoites produced by this nmethod are

rel eased, the culture is termnated. It is current dogma that Eineria
exhibits ' I : ' ced to produce
an i nmor Pge%’ cﬂﬁ%ﬁgadg ﬁ%@%%@%égag"ivgpg P gjtﬁoﬁ’e&%ﬁn%g% %gjglip{%(g%tg hat 4 12
Novenber h2a(&en MEn@8ys09 aBam iy thishigh k6802 imnesitynmeddddo piotest e, after a

rel ativelg.shol?ntéareriﬁd of tinme, in the release of oocysts. [19]
Therefor@',mﬁ%S ° @#’& % a | ongfelt and | ongstandi ng need for an

econom c@l5) anHerefoforg ivixble, mgﬁﬂtdzea,@l@t &dchsts; tib¥e grbdodslyGeesi di a cells for use
in vaccine producti.on and ot her endeavers. G owh_ of perozoites, in vitro,
on i rmofiesteldPTRiYRg Rt Trferied dreARe-dHoECER dioruas PELIVEIBIRAIET; as not ed

- above, Ngyidhe C’Jc@iﬂﬁ_s?égiésyﬂﬁckséé?& %T%mﬂfcg\ﬁ.aglie%c&watc@ﬁ’é for WRshe Cel | s, has
previously been available that "alTows for indefinite propagation of the
asexual prdydionfs dcenstly and ipefficietfe nerozoites, with conversion to the
infectio st : C I | The citation
~of any rglf% ére%ggcohglr%}eﬁ&sa ﬁglﬁﬁl%@%% Pﬁg‘é @S%gﬁﬁgﬁﬁgéh%ﬁg%@rﬁn%si on that such
r ef er enc quarsitiesudidoadidlia fasuse pr vaosinagrbductian, tiibotheryiugposesalmgsliongat i on  SUMVARY

OF THE | NVENTI first ect, of th esent inventign provides a nethod
For | cont PRAGEU: pRgeomt Chregiar ool fen SUEniE Bb WRLEBEoan of ol ass
Spor 0z 0e §initdd kdSesd Sersdia DR AR ineMid s (WIDHKYRBfls h298 BRArgored (a) providing a
cell culture systemconprising an imortalized manmalian host cell

sui t abl e q @Dyt Bimerig spdh dvdea bedecdeudopmayy isdisnitedde pARy t he host cell with
an i nfecti ‘ ' h RE & r of cla
S_polr 0z oeg%pﬂ?%gﬁﬁfﬁ%ﬂ%%ﬁ@h%gglr)%nﬁ [%'M ' géﬁrrgalrt%% Celt G g?“?%}rl\ t hat >

(1987)]. Eimeria oocysts from E. acervuiina [M. Nacri-Bontemps, Ann. rech.
Vet., 7:223 (1976)] and E meleagrimitis { Augustin et al, J. Protozool., 25:82,
(1978)] as well as E bovis [Speer et al, Z. Parasitenkd, (1973)], were obtained

when initial host-derived merozoites have been used as the inoculum. However, as

noted above, the requirement to use merizoites derived from infected animal

- tissues limits the usefitlness of these approaches.
[17] U.S. Patent No. 5,846,527 describes an avian cell line derived from
abnormal embryonic tissue that supports the growth of E. fenella and E. necatrix,
but replication was sustained for only 72 hours. Another drawback is that an
immortalized cell line derived from chickens provides a risk for transmitting

* tumorigenicity to chickens if used to make live vaccines.
[18] Limited passage of merozoites has been known. For example, in U.S.
Patent No. 6,500,438, sporozoites were infected into primary chick kidney cells
(PCK) that are grown in culture as cell aggregates, using a modification of the
method described in D. J. Doran, J. Parasit. 57: 891-900, (1971). However, once
merozoites produced by this method are released, the culture is terminated. It is
current dogma that Fimeria exhibits synchronized growth and therefore can not be

induced to producc an immortal line of merozoites, ie., a line of merozoites that
' 4




i s capable of continuous gromh in the asexual phase in the host cell;
wherein said contacting is performed under conditions Efi¥embee2¢Qsy
infection of the host cells; and (c) propagating the nerozoite popul ation
in its weasgsisisy-dividing form wherein the obligat epcritscaassbt ul ar
protozoan is a species that belongs to a genera selected fromthe group
consi sting of |sospora, Cystoisospora, Cryptosporidium Eineria, and
conbi nati ons thereof; and wherein when the obligate intracellular
protozoan is a species that belongs to the genera Eineria, the Eineria
speci es idvennut tdrindiate; afteriantletivelpshod pedml dfamte, intths edonelofxopestt of t he
present inventjon_.praoyvides the nethod.of the first . aspect, further
conpri si f¥lt h g’iegﬁe’glim%ﬁ“i‘af‘lsiaﬂ%n %teangg?qgﬁt?’édl{’%me@ﬂsfﬁﬁa@ a conti nuous

product i QRoRimifR Hed SffcRE: methdbtoNBMBIHAECict) OB ccidiathlly fdr mepect of the present
invention provides an antiprotozoal vaccine conposjtion conprising a

mer ozoi t evapripsuadicsian propberenduvey Grethel REQZYISR&M% PLt  aspect. A
fourth ashffehaffeddiEnRARATEA wolli 50 LLALIRIRNERS 28 Rotkd ott.a ipopul ati on of

prot ozoan merozoites, or nerozoites wth oocysts, wherein the protozoan is
sel ect ed vitfa aitutdwysigmo providongsigdblatpsofellgibappicuiondn bédnayvaiBbleer i a acer vul i na,

Eineria i El i.a necatri X, .Eineria.mti Ei.neria praecox, and

Ei meria Bﬁ%ﬁg‘?‘ﬁ for Ei%%é’m%?téoé‘gog Fﬁaf?ngﬁpéﬁaﬁee?%cgglgh%é;ﬁges{ Ei neri a

gal | opav afnérézoitti, FEfH cntkrsipefohe infcti@isisage that eadiiisiveed dily®r i a i nnocua,

Ei meria subrotunda, and conbi nations thereof. A fifth aspect of the present
i nventi orfefﬁﬁlfé@-i des a use of a viable organism produced by the nethod of

the firstymasp N AL i toRuh& &lanCit  protective
anti-pr ot[%@oaﬁﬁ%ﬁ%él}lr?ﬂb; iI'n %&&g%%%ﬁgﬁiﬁﬁeagﬁect of the present

i nvent i oradmissivhdie sechorefetencais nvrilebls s tpeior ant'oihd instant applicetiatal | zed
phagocytic host cells suitable for growi ng Sporozoea species, and a cell
cul ture nedi um conprising an anount of a reducing agent effective to

enhance survival of a SpSUMNMAERY SFEHEINVERFKIN |y reproducing |ife stage
inindefinite re relative, to quevi val of a Sporozoea species

| |
cul tured witho ?'“St P%’(%Cttrogﬁjﬁ@feﬁa’t Hy&nfion provides a method for continuous

culture of an obligate intracellular protozoan of class Sporozoea in the asexual phase
of development, comprising:

(a) providing a cell culture system comprising an immortalized mammalian
host cell suitable for growing Sporozoea species;

(b) contacting the host cell with an infectious stage of an obligate intracellular
protozoan of class Sporozoea, resulting in the growth of a merozoite population that
is capable of continuous growth in the asexual phase in the host cell; wherein said
contacting is performed under conditions effective for infection of the host cells; and

(c) propagating the merozoite population in its asexually-dividing form;

wherein the obligate intracellular protozoan is a species that belongs to a
genera selected from the group consisting of Isospora, Cystoisospora,
Cryptosporidium, Eimeria, and combinations thereof: and wherein when the obligate
intracellular protozoan is a species that belongs to the genera Eimeria, the Eimeria
species is one that can infect an avian host. |

A second aspect of the present invention provides the method of the first
aspect, further comprising the step of splitting the culture to ensure a continuous

. production of merozoites.




A seventh aspect of the present invention provides a vaccine conposition of
the fourth aspect conprising a pharnaceuticalIy-acceptd@h@%ﬂﬂ%£gﬂﬁi An

ei ght h aspect of the present invention provides a vacci ne conposition
according to the seventh aspect, further conprising a food conposition in
adm xture wth said vaccine. A ninth aspect of the present invention

provi des a nethod of screening for agents which destroy or inhibit the

growth of pr ok g&Qaspbt kRIS AVRZRR A SHiBtozGH ViddeNd @ Spor ozoea
species of inter es?&by th?ersret hod of Efjtrhe iEr s'tlBasogect, with and without

cont act SRPWFSLEGT qBeHTiNg pprezaie peridion penagatid e theimrthadshifhsifiston of growth or
viabi |'i typdcgl ative to growth in the absence of the agent of interest. A
tenth aspect of the present invention provides a nmethod for continuous

cul ture of ol fQyERaspesif te arese Bvension peoyisias visalsied repelaiamlofphase of

devel oprg&tbzoan BREALEIEM neRzbil8 withl8lysRSPREdin thE BRIRIZbs iDEkleckd) Providing a
cell culture system conprising |nnnrpa1[zed bovine nonocyts; wherein the

i nmor t al FPRHe BOVP RSt Pireeradeneda.digersrcerulng Bvsripgesie, the prot ozoa by
phagocytmimkiSa ndedurik EiNONERBR! EidPRSprabhi8! £l Rikdd 158l Bl e system
conprises a culture nedia suitable for growth of the inmmortalized bovine
nonocyt é’éel%’ﬁﬂmﬁlsn@Wé‘b{“@é‘?%ﬁ@mFW gelleprrewntlimeniadispersanigimata f r om about 0. 01
t o aboutmdlea@rit Eifeba HRMAWihHE BRHMAS lané Slhtin¥bidindbri Nfectious stage of
the protozoa under conditions effective for infection of the host cells,
resul ting in 4 fBhgPeRAChhepreserbinywtipe BieVies ayseotrodibleerinismand (c)

pr opagatprét@ieddss HEMAESH df eheIRRUSREN iR helntinbihSuR DEX YRkhY rdiuk di ng form — An

el eventh aspect of the present invention provides a vaccine to inmunize
chickgn§“6?MF%WW@V@D€§5mH§PﬂbHﬁmﬁwmﬁnre Ei meria species of protozoa
conprising a A f%hagRbtlo® 1R preddht aNERidn BloTRIet AcHRERLESysted OOCYst that had
been generated froma nerozoite, or a mxture thereof; wherein the

mer ozoi CETHALEBERTRIZSP AbraeeHC host gells setblerercemisefonrecof an i mortal i zed
manmal i apecRi3 @06 ¥él GilteR mediuth owplilih aPSRRGE ofAfredubBg REGSENt T NVention

provi des ghe met hod of the first ]
effective to enhance survival of a Sporozoea species asexually reproducing life stage

in indefinite cell culture relative to survival of a Sporozoea species cultured without
the reducing agent.

A seventh aspect of the present invention provides a vaccine composition of
the fourth aspect comprising a pharmaceutically-acceptable adjuvant.

An eighth aspect of the present invention provides a vaccine composition
according to the seventh aspect, further comprising a food composition in admixture

with said vaccine.

A ninth aspect of the present invention provides a method of screening for

agents which destroy or inhibit the growth of protozoa of class Sporozoea comprising

culturing a Sporozoea species of interest by the method of the first aspect, with and

without contact with an agent to be screened, and detecting inhibition of growth or

viability relative to growth in the absence of the agent of interest.
A tenth aspect of the present invention provides a method for continuous
culture of obligate intracellular protozoa in the asexual phase of development,

according to the first aspect, comprising:

(a) providing a cell culture system comprising immortalized bovine
-monocyts; wherein the immortalized bovine monocyte cells are able to incorporate

the protozoa by phagocytosis;

Sa




aspect further conprising: (d) allowng the culture to increase to a
density such that oocysts and sporocysts are rel eased IGWevanhsr 894 ure
medium A thirteenth aspect of the present invention provides the nethod of
the twelfth aspect further conprising: (e) harvesting the sporocysts. A
fourteenth aspect of the present invention provides the nmethod of the first
aspect further conprising: (d) harvesting the nerozoites. A fifteenth

aspect of - t NeyREGS BB kell ANERLY D8 PEPHEEScuft e Ml RERHRZ0A oW CCl ne

conposi tion conprising the iSolated population of protozoan nerozoites, or
mer ozoi t¥dhafperiplized sednegponopesand Brrperesgivethanol in agopeeatsaiion aspect of the

present hiWentdRRbdl OV desor 0dsevof the isolated popul ation of protozoan
merozoites, or nerozoites wth oocysts of the fourth aspect in the

manuf act ur e dP) @nipgiingthrchasieclls with en ipfestiaue stpgeeof thetpirotpropmiadeal i mmunity in an
avian. [RaditRissabane thr LR of So RosBINAAAE iGA0LLRYGYS cul ture of obligate

intracel lular protozoa of class Sporozoea In the asexual phase of
devel oprigfipzoites B thedogtgelidpdin is the method which includes the steps of:

providing a qejﬂroﬁﬁitﬁgﬂ%é&%ﬁgb&lﬁEBBﬁ 8 9sexhdTyREVidhk ZRM. host cells.
suitable for growth Sporozoea species, contacting the host cells with an
i nfectious stdydesrthptpsciobfieprsed inypeionsrovidstieyaceisnt ipimynize of f ecti ve 5b - -

- - - - - - ~chickems or turkeys agath& oNOY LB EimdHiGpEcs of Rh86dd BipAling e host cel s,
resulting in the growh of nerozoites in the host celpls; wherein the host

cel I's ar@eremsite ok avide Simpsiaapecios e oppxst Batdad brgn genstpirdfrassi s. [ 22] The

met hods radshofisllof bHinBed SleROT: WhdkelAfeRleBLiR i bedh bRPadRf if fe production of
her et of or e _unobt ai nabl e quantities of oocysts, nmerozoites and/or other life

stages GPRERGIsEREYe gf andmnogalisd masgabian phagocsticellabi | ity of such quantities

of these cel |f§tu¥%ﬁﬂ{3'3ﬁ§e%t &F MY (SHEseNBidBfioh REvidkk einhdiiRdof iHAG4di NG provi di ng
vi abl e Sporozoea cells for inclusionin |ive vaccines for animals, cells
f r om whid&pgct further comprising:

(d) allowing the culture to increase to a density such that oocysts and
sporocysts are released into the culture medium.

A thirteenth aspect of the present invention provides the method of the
twelfth aspect further comprising:

(e) harvesting the sporocysts.

A fourteenth aspect of the present invention provides the method of the first
aspect further comprising:

(d) harvesting the merozoites.

A ﬁﬂeénth aspect of the present invention provides an antiprotozoal vaccine
composition comprising the isolated population of protozoan merozoites, or
merozoites with oocysts of the fourth aspect.

A sixteenth aspect of the present invention provides a use of the isolated
population of protozoan merozoites, or merozoites with oocysts of the fourth aspect
in the manufacture of a vaccine to elicit protective anti-protozoal immunity in an
avian.

{21]  Disclosed herein is a method for continuous culture of obligate intracellular
protozoa of class Sporozoea in the asexual phase of development. Disclosed herein is
the method which includes the steps of: providing a cell culture system comprising
immortalized host cells suitable for growth Sporozoeci species, contacting the host

cells with an infectious stage of the Sporozoea species under conditions effective

5b




econom cal quantities of Sporozoea proteins and/or nucleic acids are
readily obtained for any useful purpose, e.g., for di dgidetembsr 2006
prot ei n-based vacci nes, nolecul ar biology and/or genetic studies of the
organism and the like. [23] The cell culture systemcan include a growh
medi a suitable for maintaining the host cells and the Sporozoea species
organismin culture. Any culture 5c¢c 16 Novenber 2006 WD 03/099325

PCT/ US03/ b6 Bl tiomedf thehaapeilg pesubibe irf the grbiveh detceebied ilths hostedlls; | 1 ne can be
used. [24], | referr odinent,.the grom h nedia includes a reducing
agent, eJﬁV%?r%}n %ﬁ%ggfglilsc%%?b?% il%ﬁmé)¥a$detg? Pr\?té’g?agbyrpahf"%({c |%S't he Sporozoea

speci es ol2ghni 'Sim rmethods mokbfulinietsestauitlisclosed herem, dllofvdocthie predigtiarge wWher e

r eproduct e?%of‘oxseu%?&%t(i%%he %lﬁagt\(tieré%p(lilo%%/srt] meRSHL. Sggpatible with the culture
system can be enployed, e.g., Inh a concentration that is functionally

equi val entthdrdifeatiages oOpi0fbzooofabmsiSpobozbeanThefavhilabiiity cBqtioquehiidesol . [ 25]
Preferred st |ls are iymortaljzed cells. retaipin hagocytic activity
that ar e”'d&°F (&3 PFY Wﬁﬁﬁi‘ffﬂ&hﬁl&ﬁﬁ%ﬁn&‘l@ﬁ%ﬁﬁvﬁ %E@?I s, e.g., an

i mor t al | $eebze€d dells Fdrigeheheon i Bt facaiiRsFoMMASN I RIIERbh vhidhe. [26] Preferred
organisnms to be cultured using the nethods and culture systens disclosed
her ei n - ar EOMIEER S¥antiyies of Pporozeprarelpiseand/orauciigiagida preyeddilf ect only a singl e
type of h@shn Vi : I Ay uccessfully kept in
indefinite ceclglqalnlaélt:.sff%ltg'%:lrlf nosa’ae' Gr%‘}rgﬁlafﬁg%%g’g’gﬁgﬁ gswg&:ﬂ%g’l ude, for exanple,
"Cocci di a melesudar bislegy, andfer geretiastudised fieroaganBys tod thedikar a, Cryt ospori di um and
conbi natiQns thereof -~ that infect avian re preferred are nenbers of the
Ei neri a s[gj;ci esr c%ﬂhu?p%f%l?(%ﬁn@mfta %%WF%I\%%IV“F?IPT%FE’E ME3MABhes of host

cel |, e. ghghdda@pardahe Spbeozoql spediad ordanBarik ellives. ABesilaikd i a, Hammondi a, and
Sarcocystis, have generally been nmuch nore susceptible to long-term
culture, and while they mght growin the cell culture systens of the
present invention, these Sporozoea, are not preferred organisns for growh
by these nethods. [28] Disclosed further is a protozoa of class Sporozoea
produced by the nethods described herein, as well as anti-protozoal

vacci nes conpri sing such protozoa. '
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Met hods of vaccinating avi ans agai nst such protozoa of class Sporozoea are
al so disclosed. [29] Vaccine conpositions conprising a®¥ewamesi¥%y oduced
by the culture systens and nethods disclosed are al so provi ded that

i ncl udey, pharmaceutical |y acceptabl e adj uvant juvants, as
003/4993 : . :
wel | as art@?(nzos\e/:n preservatives, colorants and the {11‘“12" /S0 “onal | y, a

vacci ne can be adm xed with drinking water, food grains or pellets for
oral adm nistration. 6 16 Novenber 2006 WD 03/099325 PCT/ US03/ 16302 [ 30]
Di scl osed yet further are avians that have been vacci nated using organi sns

pr oduced . n descri bed herein. [31]

D scl ose&%@ﬁ’p%gfr&iﬁgg%gcﬁ‘gtlﬁg#egﬁhg?ﬁ%%hﬁé% for agents which can
destroy [ i iha pefeniet embadimtit, thée gromdt media iefuded asgu@gagesipea conpri si ng
culturin% a. Sporozoea spe jef of. %ntgrgst as descri bed s%ﬁra, wi th and
Wit hout &St FORGPRIFFISR © S%'é(ﬁ 0 ynign RePROKFRR? SBRES ST Ty i nhibition of
gr owt h ofndékiahed dulfuye ihQlldd JSMI% e 9mehEprodutidd e asteAN AQy &fduéihe agent of

i nterest. DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 32] Accordingly, the
present B RIMRAIbEY Bk he sulbe eysiem ) be enployHae i Hcd (USSR cel | s and

met hods fyak i ctfoﬂa%)éeg{]ﬁﬂh%ﬂﬂ aﬁ&h?H.gégd’él}oH{(fs%AéPﬁ’f ocyst-formng protozoa

Iy
of the class Sporoz SO provi are protozoal cells produced by a
cul t ure sysdaptoethbndine present invention, e.g., Sporozoea nerozoites and/or

oocysts of.her anti ic materials. Such.materials can he used in the
- product i 5ofﬁﬁﬁ?ﬁﬁh%ﬁ%%@?ﬁ%ﬁmEQF@Fﬁ@?Hf fm?ﬂ%p%%ﬁﬁﬁﬁﬁgpgﬁ%@f animals in
need of RfeeA¢éd Boin MaBifhalioh BfiedIo@RciholiR 6£llsD8S., artintmortalideRE, avi ans and
donesticated aninmals, includi ngﬂ donesticated birds. [33] Thus, the
3

i nvent i ohnpieived Semesppncsiiercell Bnssyst ens and nethods that will allow the

asexual phase of Sporozoea cells to be maintajned i ndefini-tely, or for a
suffi ci Neliy PFOTEHAERIN SRS 100 cBifured yiene tb%mefft?qsa{lg MESYEHT or the
econoni casclaad he@fnfdr@;bretakoamfeﬁémfb@!aoe@ftha% Hﬁﬁta%)einkq‘ét- orly3fdingldie i nventive
culture systens and met hods result in the production of .
| type of host celi, and that have not previously been successfully kept in indefinite cell
culture on a commercial scale. These include, for example, Coccidia and/or e.g.,
Eimeria, Isospora, Cystoisospora, Crytosporidium and combinations thereof, that

infect avians. More preferred are members of the Eimeria species.

[27]  Sporozoea that naturally infect two types of host cell, e.g., Neospora,
Toxoplasma, Freankelia, Besnoitia, Hammondia, and Sarcocystis, have generally
been much more susceptible to long-term culture, and while they might grow in
the cell culture systems of the present invention, these Sporozoea, are not preferred
organisms for growth by these methods.

[28]  Disclosed further is a protozoa of class Sporozoea produced by the methods

described herein, as well as anti-protozoal vaccines comprising such protozoa.
Methods of vaccinating avians against such protozoa of class Sporozoea are also
disclosed.

[29] = Vaccine compositions comprising an organism produced by the culture
systems and methods disclosed are also provided that include, e.g., a
pharmaceutically acceptable adjuvant or adjuvants, as well as art-known
preservatives, colorants and the like. Optionally, a vaccine can be admixed with

drinking water, food grains or pellets for oral administration.




viable and virulent, ie, infectious, culture populations of

sporocyst-formng protozoa. These nethods are general Iy NgysmbeaBld to any

. sporocyst-form ng .protozoa of the class Sporozoea, particularly of the
subcl as idia and nore particularly of the order Eucoccidiida and nore

particu & @%g% |l of the suborder Eineriina, and tl‘FgTZ'%g?ﬂcgéezst-form ng

prot ozoa of the genera Cystoi sospora, Eineria, |sospora, Neospora,

Sar cocystis, Toxoplasma, Tyzzeria and Wenyonella. [35] The nethods

provi ded herein are contenplated to be useful for all Sporozoea, and

parti cul ag?)l()g F Blsc 6 eOiuftherd s i Hab S ch QR AMEN Sy Ghdnisgyi an 7 16

Novenber 2006 WD 03/099325 PCIT/ US03/ 16302 infectious species of Eineria,

Sar cocyst peductdkoiic awtheds @dyeel odpor dyetiempdescribsdbgreiva, Hanmondi a, Frenkel i a,

and Besno[atli a, Dﬂg%séa%pﬁ Qfis b the 'oaEpscgéé;ﬁhgfdrggemsrmé@&ﬁ_aesua d/or can
suppl ement, “"the use o iIve ani mal growth and/®r assays in the species

t hat host otinkibit theigerantiedf nretozesiof eless Ya@Foarwomprisingraliingay pref erred _
e.nb odi ”E“S*porJS)aS §p@é€§srﬁ'ﬂix9&e§t?s ﬁeﬁgﬁb%ﬁpzli &,%ﬂthta(ﬂd %hodt'%&ftéé't witfald- fo_r the in
vitro cul tre of protozoa of the genera Eineria, lsospora, (%/stm sospor a,
or Crypt oagsottp 8¢ errseasd and drtgceingiinhibition of frawihair Nighidithisletivedelgrowth equi r enent s.
These pro :1fl.c receptor for their preferred host cell,

- and typi cgﬁqﬁé;ﬁ)\?méﬂcggf/ﬁtg%g%eaf(gg%tygt&her cells, adding to the difficulty of
culturing these cells. As noted supra, these protozoans typically require
a single host to conplete their life cycle. [37] In contrast, other genera
of cl ass Spor 0zoeDEESILER DESCRIBFIGN OF THEINMENTION r | i fecycle. For

exanpl e, ospora,.. Toxapl asny,. Freankel.ia, Besnoitia, . ndi a, and

Sar cocyst[ig\% rg‘ﬁ:ﬁ?ﬁdﬂlgf ST 1Y n%%?‘_@{leé 9 FFyS!t"ir‘fséh’g;}‘}I;?“ggDand t hese have
proved t chobieselltIgdl theBadscof the Gidifo stifidud baltile b spbrBoPti@iggel | cul ture,
e.g., see, Dane et al., U S Patent plication No. 2002/ 0115828Al1, the

di scl osurREotogFa offireclass Sperrensrpdlsaprarided arepsotesnal pebls prodesedibtia descri bing t he
cul ture Qhymmaleaey Bk ins ]preﬁéiﬂruﬂ/@ ionl &3 % %?ya%agangﬂé{%‘i&kg%??}&%tg equire a very

specific single type o ost, for ermculture; 1n vitro, has
her et of oraz ofhensrdigenio nséerials. | Such meteallk eandrealsbdim the production of anti-

Sporozoea vaccines for the vaccination of animals in need of protection from

Sporozoea infections, e.g., humans, avians and domesticated animals, including
domesticated birds.
[33] Thus, the invention provides cell-culture systems and methods that will
allow the asexual phase of Sporozeea cells to be maintained indefinitely, or for a
sufficiently prolonged period of time, ir vifro, to allow for the economical and
efficient production of such cells.
[34] The inventive culture systems and methods result in the production of
viable and virulent, e, infectious, culture populations of sporocyst-forming
profozoa. These methods are generally applicable to any sporocyst-forming
protozoa of the class Sporozoea, particularly of the subclass Coccidia and more
particularly of the order Eucoccidiida and more particularly still of the suborder
 Eimeriina, and the sporocyst-forming protozoa of the genera Cystoisospora,
Eimeria, Isospora, Neospora, Sarcocystis, Toxoplasma, Tyzzeria and Wenyonella.
[35] The methods provided herein are contemplated to be useful for all

Sporozoea, and particularly for Coccidial oocyst cultivation such as all avian




particularly in genera Einaeria, |sospora, Cystoisospora, or

Crypt osporidi um and ot her Sporozoea sp. requiring onl yl6aNasiembee2®¥st . The
i nventive nmethods solve this problemand provide nmethods and a cell
culture_system for the prolonged culture of these organisns. Definitions
[39] | nY&'383%0 better appreciate the scope and nat ﬁ%yUéqmﬂ?é i nvention,
the followng terns are defined. [40] The term "host cells" refers to
immortalized cells of any mamrmalian species enployed in the inventive
culture system Preferably, these are "phagocytic cells” that wll

i ncor porate protozoa hy the process_of phagogytosis,, 8 16 Novenber 2006 WO
031 00590 B BERF IOaPa R RS ST o LR CRBGRAoT 2ot 0708 that i ¢ 1 9

desi red §QspBrh, Wdhor i, PRSI dnd BRsiyEd €Me mélitbdldTa vilrbeulftiog 0zoa i s
incorporated into a phagosone. For exanple, the invention contenplates

enpl oyi n&pkasss, prlercas sunplassnt, theprofiityg enimel arowh wd/or B Per o culture and
that wil

li nes dgg%ggﬁfﬁ&t{hgﬁﬁga%hgm@wgf interest. These include, e.g., cell

rom nonocyt es and their progeny, e.g., macrophages, as well

as reti c{A6hm Incal esgecidly preferied mpbodimetdsthe sbmion, is comtendpiated to1be r ow,
hi stiocytes.. e.0 m.croglia of . the central nervous,system alveol ar
nmacr opha&%%',u’ “eipfr & "(’:Eﬁ?’%scu S oih OTPFQ?é)?rﬁéerﬁ?ner? ?ém‘irfaké?‘%%aé i mortalized
cells ar e‘:ygp&&s@&?, lbx_yCﬁjpiowh " dn@ istHelbomieh @mﬂ@sﬁ%ﬂd—ﬁwtceﬂrg?] bovi ne, porcine,

cani ne, sinan, feline, human, equine, ovine rine, or upi ne
-~ sour ces, IGIPBRIS. BHESCRHRAPAEIEH Hibe Fr?ﬁﬁ?%@é%‘ﬁﬁgﬂegg?’%ed cells are
di sti nguighesh fyhRAMPRIIGHRE i8St otRericBRY, ¥ddifpab ihd diffRSIt} oF cilk@ingt hey do grow
indefinitely ©n in vitro, whereas prinmary cell lines behave as they did in
vi vo, anthes ¢ells.nds notedpipra dheee protoxaans typicelynefwird 4 dngle hopiete] The term

"cul ture” . cenent of oocysts or nerozoites onto host cells and
‘passage P%[Eﬁgt\%ﬁetégﬁegg?'s, as required. Preferably, the nunber of

pr ot ozoal37¢ el Inscohtvasy, othep peata of tihds\Sperosyeatrequiteswg hestd tecormplete 106, or in
oL e e g AL SR Er L o, 100, et o SRR A fece nurers ey
i ndi cat e@rFRaRR, MdWeldocystis require two hosts to complete their life cycle, and

these have proved to be much less difficult to maintain in immortal cell culture,

e.g., see, Dame et al., U.S. Patent Application No. 2002/0115828A1, the disclosure

of which is incorporated in its entirety herein, describing the culture of Sarcocystis

neurona.

[38] Itis protozoans that require a very specific single type of host, for which

long term culture, in vitro, has heretofore proved to be an infractable problem,

particularly in genera Eimeria, Isospora, Cystoisospora, or Cryptosporidium and

other Sporozoea sp. requiring only a single host. The inventive methods solve this

problem and provide methods and a cell culture system for the prolonged culture

of these organisms.

Definitions

[39] Inorder to better appreciate the scope and nature of the invention, the
following terms are defined. _

[40] The term, "host cells" refers to immortalized cells of any mammalian
species employed in the inventive culture system. Preferably, these are

"phagocytic cells" that will incorporate  protozoa by the process of phagocytosis,
8




culture that propagates indefinitely. Preferably, for the culture of Ei;
neria, a line that propagates and continues to grow i d6tievemdbex¥6 phase,
in culture, for 18 days or longer, is a continuous culture. Mre
-preferably, a continuous culture continues to grow and remain in the
asexual WBHA8®3¥or as 1 ong as 150 days, or |onger, an8CTESO318348i |y preserved
by chilling or freezing, followed by resunption of asexual growh after
re-introduction into a suitable host cell. [42] The term "donesti cated
bird(s)", as used herein, unless otherwi se indicated, includes chickens,

turkeys, .dugcks bird i ncl udi ng, t not limted 1 ail, -
pﬁeasgnt ée,"u %ﬁelﬁgvgﬁg?@EﬁW%?zé% &PL’S Isl(‘iégif‘?d&g' B’?m‘ﬂ)l?lt@%ﬁmm SPF%F%tqjut Io, ostrich).
[43] The sé giafihe pREVDE BAncoffRaM& ihidoer phagISine SF@GRamdlle, theinpémionzoan parasi te.

[44] The term "sporocyst” refers to_the capsules than encl ose the
spor ozoi cawemplates faPlgyay a1y phagosgtiogsliding dat Bedpicdigyrire 88 pCT/ USO3/ 16302

The tinme Wi sihi r ce of oocysts in
t he fecegﬁ&@?térn%%ﬂa@hq%é%?tg%aatogE?é@ﬁ'ng?&¥%csﬁld%%fggg§rslgﬁ%t ween the various

Ei meri a dpissiddom ndajcyEhanditesirproginges. 4. ahacrephages,od wellraeraticulynl ess ot herwi se

i ndi cat ed ns,. o0 [ re_species of ,th n | Ja-that infect
donest i cﬁ?@%@&@%ﬁ?%ﬁ%ﬁn’ %@Copggq%%lhﬁggcﬁeﬁbég, lﬁﬁg%ﬁl gr%g found in

chi ckens theantkrdl AevuEEsysténJalyedkar maeg@hms, Kupffen@Hs wﬂlﬁéﬁ?a:aﬁi Lraxi mah E.
necatrix, E, mgtis, E. _praegox, an . brunetti, and also those that are
found 1 nieTieo b meiaidRglieae potaly sl domshod qaapattes &

gal | opaveRshoviae, SHroiRE tifne, SmidnNRNiBE Bhinth, Bquike, obMBAftthe, AagbrE.  subr ot unda,
and also Eineria species that I nfect other donesticated birds as defined
above. Thwinesonices, i nameibata fgvsuch aimelseurces (Imzortelized cdlls afhe f or egoi ng

speci es El TR I NC In ) 4 m %&m, jous strains, and
at t enuat g&“@@%‘aﬁéﬁf’mﬁ%‘# i ﬁ%.‘ﬁr&eégus@rg%}nnﬂslwﬂﬁeﬁg? avitia)lFl eeniyior radi ated, or
ot her Wi s én innéad, ethereaoprirhay cdliimgs behiabe 4sdheyatipinatie, amdevillnopnent . The term

Ei meria al so i ncludes, any new y-di scovered strains or species of Eineria
that i nf &S HEErP ade8elY-r ds” as defined above. [46] The terms "oocysts",

and " ner %E! t ¢he terA SculSRY meSisThd pladéfleBEST 0BéRRoMERzoitdd @htddiosd, mean vi abl e,
ie, live, Einmeria oocysts, and nerozoites, e.g., as, obtained
. cells and passage o new host cells, as required. Preferably, the number of
protozoal cells in a typical culture system ié greater than 106, or in other
embodiments, greater than 109 cells, although these numbers may vary. The term
. “continuous culture”, as used herein, unless otherwise indicated, means 2 cell
culture that propagates indefinitely. Preferably, for the culture of Eimeria, a line
that propagates and continues to grow in the asexual phase, in culture, for 18 days
or longer, is a continuous culture. More preferably, a continuous culture continues
to grow and !remain in the asexual phase for as long as 150 days, or longer, and is
readily preserved by chilling or freezing, followed by resumption of asexual
gl'owth after re-introduction into a suitable host cell.
[42]  The term "domesticated bird(s)", as used herein, unless otherwise
indicated, includes chickens, turkeys, ducks, game birds (including, but not limited
to, quail, pheasants, and geese) and ratites (including, but not limited to, ostrich).
[43] The term “encysted” means the oocyst stage of the protozoan parasite.
[44]  The term “sporocyst” refers to the capsules than enclose the sporozoites in

the ococyst.




fromthe environment, animals, and the imortal cultures according to the
invention. [47] As used herein, the ternms "imunize" an® Nexgoden2dd' are
synonynmous and are used interchangeably. The term "effective i mmuni zing
dose", & gﬁgd herein, unless otherw se indicated, neans a nunber of
oocyst sVOrNEPBzoi tes, or, when mixed, a nunber of S6LYSPESHNAG nerozoites,
sufficient to elicit an immune reaction in birds so vaccinated, e.g., a
rise in anti-Einmeria sp. antibody titers and/or an activation of
cell-mediated imunity. Preferably, the elicited i mmune reaction provides

protectiw imi hat .| i m.ts. or reduces clinical disease signs, weight
| oss, m)r’@}ec} | ey,oéﬁi&f%lro iEllr(r){‘)sr Ogﬂ?tg%/o‘)lcﬁsﬁééceﬁef%?%ca&ﬁ??yété?ni‘ﬁlg?ecgsr e chal | enged
wth a s tenhehthe grepatentftiogy This diffetdefveen BervatisEBimpedpesies. Sour ces of

Spor azoe 48],..Sporozoea to be cultured by the inyentive culture systemare
obt ai neda[fk%]omT}%f’Cte%%%‘hb@rus em:\m?ee%%b@rmsn%ﬁ%dusw 98302 known

sanpl es, drii@SiReicPdN tRRonuEE heria Ma®Rct H53E&Beatdd BERAYCBimePH from contam nated
environnmental nmaterials. If the population present in a sanple, e.g., a

sanpl e ofspeagsiipclede those b pre Seumg limchickeny, ppdvinelndsy eign £ tesellgpBr ocyst st age, a
sanpl e of . PGP ' i ' . CHl I rein. If the
popul at i oaﬁgrpglzrba?lgh’glrlﬁ%/@ rﬂzecsa{r%}é%g%%lyg’s R %‘%%g‘g ,a‘qfﬁ'gﬁ%%%}ﬁ?g??%ﬁ can be induced
t 0 under gboss fiei ededound in tuykeps; lidcludimpoimeelattinis, X odenmriagdEent of the

envi ronmen or a le fromthe,. ulatio an_be induced to undergo
spor ul at i% bf_ffé’f”?fﬁj %@%Pef %M@e &f{%%ﬁ‘gomﬁﬁff’%&%§&r ?‘F"“E’%émffgi?m ation or
sanpl e | sEipeidEictiey that infobieotisd Abbstit /et BIAR WS Hefhbd Bbve. BRAGACYSt S can be
readily qbtained by nmethods well known in the art, for exanple, nechanical

di srupt i off"irtan alge selidealtrtrans gfithe &geasinecpesjestod Lpawis OsB¥Es are obtai nabl e
from fecag: Qi H‘inﬁt%a'flf;‘ Bféégodié&‘%ﬁﬁiﬁg a4t RhaRed sﬂ?ﬁ%@lﬂﬂ&lﬁ&j@sfsﬁﬁﬂs or water;

soil; pen Titter or "bedding;, or a variety o sources. Methods for
i sol at i orthashaeiseniriadiated arettienpismiredidescghatdheyfaiboedmplete used to separate
oocysts Vaelrelzlop\ﬁ%n}/. e erllmt mecerqc%lgor fnglludgsra%rrn new &-&Qcév%?edosgg%g gms are

species of Eimeria that infect domesticated birds as defined above.

[46] The terms "oocysts", and "merozoites", as used herein, unless otherwise
indicated, mean viable, ie, live, Eimeria oocysts, and merozoites, e.g., as obtained
from the environment, animals, and the immortal culfures according to the
invention,

[47)  As used herein, the terms "immunize" and "vaccinate" are synonymous and
are used interchangeably. The term "effective immunizing dose", as used herein,
unless otherwise indicated, means a number of oocysts or merozoites, or, when
mixed, a number of oocysts and merozoites, sufficient to elicit an immune readtioﬁ
in birds so vaccinated, e.g., a rise in anti-Eimeria sp. antibody titers and/or an
activation of cell-mediated immunity. Preferably, the elicited immune reaction
provides protective immunity, that limits or reduces clinical disease signs, weight
loss, morbidity, and/or mortality in vaccinated birds that are challenged with a

virulent dose of avian-specific Eimeria species.

Sources of Sporazoea

- [48]  Sporozoea to be culltured by the inventive culture system are obtained from
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obtained and wll be readily apparent to those skilled the art. 50] The
follow ng summari zes one avail abl e approach to isol ati n%?%‘?% from
raw environnental sanples In brief, the initial step is separation of the
oocysts raneous material. Soil or excreta is nerall processed by
form ng“;adgsagr%?gy wi th saturated saline solution and s‘%ﬁ ‘é t he
sporocysts from the slurry. For exanple, the material to be processed is
mxed with a mnimumof 2 volunes (wWv) of saturated aqueous NaCl to form
a slurry. If necessary, the slurry can be processed in a m xer or bl ender
until a haee GRBS S entrifuged at
about 800 x gesfa%?ESO m%ﬁ%@gﬁgeé bl&@tp%@%gmeé?ﬁ% alrééﬂt%é%]h%% | ected by

pouri ng twygmewlmm&b Ifdmopdah@lQJrcseﬁtAnamqﬂe,@rgeesmnple bHt h. O her

met hods tQ: %llll‘lféo\é > S Hog) ﬁ’ﬁ Ea%t are C? nIy used include the
Sheat her Bicr A& :Ttat SH VL s (‘?P%rﬁ?}fs 1% 4 BRO BN e. g., see LR Ash
and TC OrpdpelatioPirsasily agture aSdésdfbddthekad) Of A psmeb@i:s%Hfaﬁ@ gnd-

I dentification, i ncorporated by reference herein.

[51] The ?P?@FW@%@%E@H?RGWQC&P@&%@GW¥$PWE\P@Pb}ﬁ’é’g I of potable water
and 11 ot (0ol 08925, RET LU ISRRA et 11 uoed af about

1600 x g for 10 mnutes at 4 C. The | et’ed sts are washed with water
and pel | d%oéﬂlaﬁwwﬁmdﬂl@ﬁjé@mrwpd@mnb%wﬂlb:mmnlabm@tbryt hree times. The

ame pr ochdni e T PRt Sl P e P AR e, the.
oocysts caerobgtstan bectadily chididédrby esisids mell kadwroiaheart) foréx4mplQr transferred

to a conta ner .f.or orylatiqn. . [52] Alternatively, sequential filtration
can be us%cf oM ﬂlggﬂgﬁgﬂ‘gﬁ%%@ﬂg}fsed on size. If filtration is used, the
oocysts are washed wth water and 2.5% potassium dichromate as previously
descri beoubR@bpDakys®n [53] It is possible to induce sporulation in
oocysts bé’ art-known nethods. For ‘exanple, sporul ation can be acconpl i shed

by pl aci i#floo&ipsysss arpobiainghlefiom feces Omsmofpﬁ@mumlﬂl chromate in a
cont ai nereoRtlimiAGtdd%r Fafhsbihef fitttr P TedMRPE o VY drDeher

sources. Methods for isolation of sporocysts are known. The exact procedures

%

used to separate oocysts will vary with the material from which the oocysts are
obtained and will be readily apparent to those skilled in the art,

[50] The following swnmarizes one available approach to isolating organisms
from raw environmental samples In brief, the initial step is separation of the
oocysts from extraneous material. Soil or excreta is generally processed by
forming a slurry with saturated saline solution and separating the sporocysts from
the slurry. For example, the material to be processed is mixed with a minimum of
2 volumes (w/v) of saturated aqueous NaCl to form a shurry. If necessary, the
slurry can be processed in a mixer or blender until a homogenous consistency is
achieved. The slurry is cenfrifuged at about 800 x g for 10 minutes at 4° C. The
supernatant is collected by pouring through a double layer of 24 x 24 weave cheese
cloth. Other methods to purify cocysts from samples that are commonly used
include the Sheather sucrose flotation and Zinc-sulfate flotation, e.g., see LR Ash
and TC Orihel, Parasites: A Guide to Laboratory Procedures and Identification,
ASCP Press © 1991, incorporated by reference herein.

[51]  The filtered supernatant is diluted with two volumes of potable water and
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t he opening. The container is agitated on an orbital shaker at 250 rpm and
28-30 C. for 48-72 hours. Alternatively, the sol ution Iédevmbeng0idhe
oocysts can be constantly agitated while air is bubbled through the

sol ution at _about 25 to 75 cubic feet per hour. During the sporul ation
processYOYM3f8s are withdrawn at regul ar interval sP& S‘F@@L"gd for

sporul ation by m croscopi c exam nation of the oocysts to determne if they
contain sporocysts. [54] Alternatively, if the sanple is to be obtained
fromthe environnment, for exanple, floor litter, the litter can be managed
to provi . |t . 0b stHre t enperature to cause

nat ur al g:g%%lgﬁg{){lt%ﬁ&'{tﬂg@g%%qrﬁgv%lﬁ%essaggr(31 e’lpgﬁag%%oc??ﬁ?%r ed oocysts are

col | ect edvashedfwitht weitriand pelletdrbly cedtrifightionras déscibdden additienl dldee concentrati on
procedures kngwn to those skilled .in the_art. For exanple, sporul ated
oocyst s g‘éﬂf’sb 388W§5§ﬁ{ert§?“e‘ﬁashﬁ}h§’éaﬁtt’i“fef" H&a@%@ﬂtasasfum é‘ﬁﬁ’iﬁ{m‘?soo x g for 10

M nut es  aking te.saiB@ProtdliRredBEfoR BloWiter WaStea RS theMnhBRashcg@cent rat i on,

sporul ated oocysts may. be disinfected by suspension in 5.25% sodium

“hypochl oroPexstsicar begiored i - B4 pafessipnpdiclompiewt HoC-dr srpsfaseediton, t he sporul at ed
oocysts &hfaih g t he sodi um hypochlorite by centrifugation at 1600
X g 12 16 Nov%%s?’g?j}%g WD 03/ 099325 PCTI US03/ 16302 for 10 nminutes at 4 C.
or ot her [34 cepitabitivelyeseqsentighitratiomroah b¢ estd toisylsit soase badedon washed four to

Six tinmes; w .er.dle ter. After shi.n th rul at ed oocysts can be
stored i %125.%@)“%%?%15 gfe&m%‘él PRI ﬁ@tv'&d%hvﬂb‘p‘ﬁ%?r&ngaﬁ%?o WA i ne (PBS)

cont ai ni @dirhtdhagy lpregtntigdeseiibedor ot her acceptabl e disinfectants. [56] The
sporul at ed oocysts can be disrupted to obtain sporocysts free of the outer
coat, by art-known nethods, e.g., nechanical disruption and/or proteolytic
di gesti ogpefulddty outer coat. One convenient nethod is as follows. In brief,
spor ul at e_g_oo_cy'§t s, e.g., optionally those separated from environnental

mat er i al [53] solths nessifle icigfucg spateledon inedcysispy art-kaewn tiethotdsdForo a

concentrat, t 2.x.1 . i n._PBS, e.m aliqu of this PBS are
added t og%[. % ?ﬁ% Orﬁa (Q:tﬁ)ééfctﬁﬁ 8O R Elglghéhg%m’ glflﬁjll%%m%%mgﬁ SO%POB .Ogé'%%‘u gl ass beads.
The. t ubegpotassint dielromais i:ex ethiider Bhdyplacisgpeation of fohm\vrebbet plug @s, and t hen
LR %1% olpgxﬁilg. tla lco%\’é\gil?eg isva%gt:fttg()i( (I)I'? gri or%{t]ael shaker at 250 rpm and 28-30°

C. for 48-72 hours. Alternatively, the solution confaining tﬂe oocysts can be

constantly agitated while air is bubbled through the solution at about 25 to 75

cubic feet per hour. During the sporulation process, samples are withdrawn at
regular intervals and tested for sporulation by microscopic examination of the
oocysts to determine if they contain sporocysts.

[54]  Alternatively, if the sample is to be obtained from the environment, for
example, floor litter, the litter can be managed to provide the proper conditions of |
moisture and temperature fo cause natural sporulation.

[55] Following sporulation, sporulated oocysts are collected by filtration,
centrifugation or other acceptable concentration procedures known to those skilled
in the art. For example, sporulated oocysts can be concentrated by centrifugation at
about 1600 x g for 10 minutes at 4° C. and the supernatant discarded. After
concentration, sporulated oocysts may be disinfected by suspension in 5.25%
sodium hypochlorite for 10 minutes at 4° C. Following disinfection, the sporulated
oocysts are removed from the sodium hypochlortite by centrifugation at 1600 x g |
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supernatant is renoved and saved. The gl ass beads are then washed w th PBS
and the supernatant saved and conbined with the supern&tMevembst 2008ed aft er
vortexing. The supernatant is then centrifuged at about 900 x g for about
two to three mnutes and the supernatant discarded. The pellet with the
spor ocy¥OM N3 Besuspended in 0.2 nl of PBS. The con®ERUBB(IFWA of
sporocysts per m is then determned by using a hemacytoneter or other

nmet hod of determ ning cell nunber. Culturing Sporazoea on Host Cell Line In
Vitro [57] For conveni ence of description, the culture systemis described

in terms of a batch culture system The artisan will appreciate that the
culture §?fslpétﬁ?‘§?fc?%?h 'OIéEﬁé%@?%Ptéﬁe H’éf‘ﬁgg’i%ﬁpg aé%{]p‘?olcwsaﬁg ®d to other

ar t - KnowRyaail e $o iR fima§ R¥h BGrileGRikdr SA ftdh wastitg) KR, spbritkeddobgtsbat ch- f ed and
continuous culture sytems. Detai l ed descriptions of a nunber of art-known

met hods Fatbegiased ing- S potassiuaricompteahospbate pptforgd sline G2BP) for exanpl e, by
R lan F s _ adsdie 68 for oxamlc.
- E&ﬁ?@@ g%gg/,ﬁ li%%@%‘rﬂ%%)‘fg;ﬂfﬁl' %cggﬂté o diGiRtEL ition, John Wl ey

Sons, Inc. y reference herein in its entirety.
[ 58] For [i6he Thesporuiarel aoystacan be distupted ta dhdais sparedystg fisoplihait i on can be

either a_naturally,occurrin opul atiQq [ on i j in the

abor at Py Bk, B st St sfBbEb Beiitio3: 1 6302

popul at i digestionofiheSuRf tdihr Ohe/coavaymt Bethod Bpofalloaksednbhefysts, it is not
necessary to xcyst the parasites according to this.invention if a
phagocyt iSP,"rE@P‘i? OPYHE G8- Q?B@%e%é@hc’s? W@arﬁ@ggoeleqn]vggn@qpaql M3eEdnpl i shes rel ease
i n phagol.ysosenes. [59 he spor t.S | | tured with host
celils fo@@ °b§ePfr‘SiEF %ﬁscﬁqellﬁ%p rfl’oar%ﬁ?,lf%% "%68&1?(5‘2‘3%‘1%%?@@@ gtl |66(;n and grow h of
mer 0zoi t @8l in®@BF| Ohd Mblaligfubidion thisRB arbagled wel.§ ml Mitrsfuige tubeperi od will vary
for different, host cells and speci of nerozoites, hut is typically about
72 _hours°?13?1‘_11E3i'1.%5rﬁ”d)f§p§.mf“£’issB@ﬂﬁﬁgﬁ&ﬁwm}ié{?ﬂ@‘%?ﬁ“@_cuI ture nedia as
defined BRLEER vt HiMAds, HRRh&C@MIed BH ice! BIIRRAng Jok@Rig MRSl @ i s added every
three days. The cultured nmerozoites are allowed to nmature and produce

oocysts ewpempbRde yrayed Prksaved: Abaglrsheads s thenysisbed with PBRaRS rom about 4
to about tﬁ)é%ulge%ya?ant 5k SaPIBRlbfned Jrith R s%ﬁ@m&téxﬂ%b{a&ed after vortexing.

The supernatant is then centrifuged at about 900 x g for about two to three minutes

and the supernatant discarded. The pellet with the sporocysts is resuspended in 0.2
ml of PBS. The concentration of sporocysts per ml is then determined by using a

hemacytometer or other method of determining cell number.

Culturing Sporazoea on Host Cell Line In Vitro

[57] For convenience of description, the culture system is described in terms of
a batch culture system. The artisan will appreciate that the culture system and the
associated method are readily adapted to other art-known methods for growing
cells in culture, including batch-fed and continuous culture systems. Detailed
descriptions of 2 number of art-known methods for growing animal cells in vitro
are described, for example, by R. Ian Freshney, Culture of Animal Cells, Fourth
Edition, John Wiley & Sons, Inc. © 2000, incorporated by reference herein inits -
entirety. |

[5 8] For the inventive culture system, the starting population can be either a

* naturally occurring population or one maintained in the laboratory. If the
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produce nerozoites in culture is about 10 days, and a typical tine to
produce oocysts is 18 days. [61] In particular, if thd6d¥avember 2&06not
divided, and is allowed to increase in density, at about 18 days oocysts
or sporocysts are released into the culture nedium Qherwise, with

appr opr VE¥"BPi tting of the culture, ie., periodic PFEHYBHFNA in the cell

density, the culture continues to produce nerozoites. [62] The sporocysts
are harvested fromthe naintenance nedia by centrifugation, and preserved
either by refrigeration, cryopreservation, or freeze drying. Merozoites
are harvest by renoving.an aliquot cultured cell nerally limted
to aboutP%PP 016%/04%% Ve %ﬁﬁo%gliﬁdr?f)@@kjseﬁlsﬁgg{mgses g(? The aliquot is
then i nsgicl etheQiat-Ritd s5ethdia® ftf thid @ventica) €4 plfpodytie 861l ¥metis y@dbni zed host cell's.
In | aboratory scale production, the optinmumfrequency of transfer of the

mer ozoi t @8 hegellsyrkasragpliskericlaase th PhaglysPsandays,  al t hough this will vary
somewnat sy { RrpabdioGileah miaRhplE fleloulnlrB@ith 808 bIRTocd peiBpspz0Ca, and/ or as

the cul e system’s scal ed. merozoites are being passed between
two cel | tilé toedlowi sporutatien/exaystaiidn ad grawile pEaereepites.amplifiewitlsR virul ence to a

new host sirain,. the ..optimum.tinme .of.. rhS, R ly, but not
limted ?a8%1£9ft8%§73fh? ‘ﬁ‘?’-‘ge‘%‘?" N Faﬁg%rtmﬁ%gﬁﬁé&icgﬂst%gﬁg %@% gfm’ ned usi ng any
means s uinbidblites,/tk issfptally aboud it ek éathimegrid re st ai ned protozoa (e.g.,

G ensa stain). By correlation, the viabilj f the protpz 14 16 Novenber
2006 WioB/ OdaBRserRCR0F sbaBe e g SRR can be

est i mat eghtpAGSE SRR niddf i€ ¥ddRAbvedf thide Ayl Mile SlildrfiEmerBidiecoZoa i N the sanpl e.
Potency testing can be related to via |I|té‘by live hird assay. The live

bird assallpwedio maturapsd @radyes 9asysi A SBOTpYISn de IEkatip e epare a vacci ne.
63] In Qn [ | \ | ' a culture system
(5] 0GP, R RO o, | e o

capabl e gro e exc on, I n continuous culture
of  Ei meproducs merddoiteinlctlinreisshatt é ndagsi atdad tpsicd] Hemewerpoxduse e popul ation in
its asexuall) -gi viding formfor as long as required, and when required,

t he cuIt?R“gStsé} 8% can i nduce the nmerozioites to encyst, ie, to termnate

the merog®j t &f pasicular, if the culture is not divided, and is allowed to increase in

density, at about 18 days oocysts or sporocysts are released inio the culture
medium. Otherwise, with appropriate splitting of the culture, Ze., periodic
reduction in the cell density, the culture continues to produce merozoites.
[62] The sporocysts are harvested from the maintenance media by
centrifugation, and preserved either by refrigeration, cryopreservation, or freeze
drying. Merozoites are harvested 'by removing an aliquot of cultured cells,
genérally limited to about 1/20 of the culture volume of infected host cells. The -
aliquot is then inserted onto a sub-confluent layer of freshly-trypsinized host cells.
In laboratory scale production, the optimum frequency of transfer of the
merozoites has typically been about every 10 days, aithough this will vary
somewhat with particular host cell lines, species of Sporozoea, and/or as the
culture system is scaled. If the merozoites are being passed between two cell lines
in order to achieve increased virulence, or virulence to a new host strain, the
optimum time of transfer is preferably, but not limited to, 4 days. Infection of host

- cells is then determined using any meaus suitable for staining and detecting the

stained protozoa (é.g., Giemsa stain). By correlation, the viability of the protozoa
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oocysts for vaccines, or other uses. The host cells of the inventive
culture system are any suitable imortalized mammal i arl6d¥¢venben20@bhat can
be economically adapted to the inventive nethods. [64] |In another

pr ef errﬁgg«;@? iment, the host cells are selected from immortalized
phagocy ¢ €erts that will support the excystation aRd"JPB{H2of Eirneria
sp., and-that are able to thrive in continuous culture, e.g., imortalized
cells that originated from e.g., nmanmalian reticul oendothelial cells.
These include, for exanple, nonocytes and their progeny, e.g.,

h | | i cul I f the lLynpb , | , d
pone. nar i ofe PoruyfiEe bbb P Bss Sp e ko iBReTERS 3% om '

al veol ar pigaebORRORPIKHENEY testiglctn B relafd tb idkility bydive birhe | i ke. The
immortalized cells are optionally selected fromthose originating from

bovi ne, pE®EiThe live hisd away @nyalidactheincrro nay fest WiPFPER2 fel i ne, human
(e.g., AJLG,dlB202), equine, ovine, nurine (e.g., ATCC TIB 61), and/or

| upi ne sources, to nane but a few such sources. [65] Wthout neaning to be
bound by([6hy Inleeoprefamed kpbodimeni the myentionipowiden @ culjuigesieiion ni ght oper at e,

it is beliewv t hat . j [e opti turing Sporozoea
or gani sEPa iﬁg{)%lpw,gmggglg%%%hé?‘ftﬁ%%?cm&%t&nt%CP Ig@?goﬁsgéutkﬁ%légar asite cells

i nto i nt Eagedalsp) The QiNagessiomnailtditd thé meycebiteepoptilaton jpitef er red enbodi nent
the inventio . sQ provides. a screenjng, system.for.identifying suitable
host cel E@ﬂﬂi‘ﬂ%@@ﬂ@#@yf@raéd?l%&ﬁféquygi@gﬂW Priogiredite QR { Jpl'e nost cel
I s ident kgtsteﬁpcaﬁyn@e%emef&i&ﬁ@ﬁoleﬁés@mé, Whetthdtethe mkfozbfiesioverber 2006 WO
03/ 099325 PCT/ US03/ 16302 system as exenplified herei nbel ow, and

subst i t upbaygs foryaasifiear ethatuses. c Bhe hasbeells plcthe pygntive cCWBELBFEE cel | | i ne of

t hose ex?gm . b N -he i h of merozoites in
t he subs Itf%ﬁtg@lﬁ%?%ﬁi;zysuglg%&ra%%a%elh\%ggﬁ\é{%aﬁg?@%gﬁ%c\%% w th the bovine
nonocyt eadsptet $9 thalidventiveenetipais.anet ers being the sane or simlar. Suitable
host cel | . hagocyi i el l i1l provide l.ongevity and growth for
Spor ozoa@] o%g"ﬂé@%ﬁ’r&oﬁ%ﬁt@@og’?@gfh@%ﬁ? e?eeéﬁd%{?%l ure of such organi sms
in the asAUdzed SRERFHE b ehaSWal Rpp&t Be exdttafidant gasvibotcessful |y as do

the exenplified o . ) .
Eimeria sp., and that are able to thrive in continuous culture, e.g., immortalized

cells that originated from, e.g., mammalian reticuloendothelial cells. These
include, for example, monocytes and their progeny, e.g., macrophages, as well as
reticulum cells of the lymph nodes, spleen, and bone narrow, histiocytes, microglia
" of the central nervous system, alveolar macrophages, Kupffer cells of the liver,
and the like. The immortalized cells are optionally selected from those originating
from bovine, porcine, canine (e.g., ATCC CRL 10389), simian, feline, human
(e.g., ATCC TIB202), equine, ovine, murine (e.g., ATCC TIB 61), and/or lupine |
sources, to name but a few such sources.
[65] Without meaning to be bound by any theory or hypothesis as to how the
invention might operate, it is believed that phagocytic cells are optimal for
culturing Sporozoea organisms, in part, due to their ability to take up the parasite
cells into intracellular phagosomes.
[66] Inyetanother preferred embodiment, the invention also provides a
screening system for identifying suitable host cells for use in the culture system.

In brief, a suitable host cell is identified by employing the inventive culture

15




bovi ne nonocyte cells for Eiiiieria sp. and related organisns. [67] In a
further preferred enbodi ment, the host cells are culturlédNoyembe 6um
suitable for |ong termcul ture of the selected host cells, and al so

i ncluding a redUC|ng agent, e.g., a reducing agent in a concentration

havi ng V%Hﬁ UMY activity that is the functional equiB¥3{UP¥16¥R about 0.01
to about 0.5 nmM beta- nercaptoethanol. A suitable reducing agent is any
reduci ng agent that enhances the |longevity of Sporozoaea organisns in |ong
termculture, e.g., including Einmeria sp. [68] In one particular optional

enbodi nent, dithiothreatol ("DTT") is_.excluded., from ferred reducing
agents ac¥RyemRas gxereplificd hprginRelpygwd s t@@']““ﬁ‘ﬁ?caél TeIhPStchﬁ&‘iﬁ’re preferred

enbodi Membyink BRnbEPHERIILRB 0PI ApIas, ST RRMhDEng 1BY Phedith and | denti fyi ng
sui tabl e reduci ng agents for use in fhe cul ture system In brief, a

sui t abl e gredthef mgrozejéastin the syhgtityied filbne Biptemrslobys ‘i‘?ghqtﬁ@lqvﬁ@ent ive cul ture
system f n di date reducin
aéent fg‘?ht%ﬁgg%Hml?g%ﬁ?tgeﬁaﬁgtﬂé%ﬂﬁgtg@%xgtﬂ es@%r&ﬁﬁ%gterm ning the °

| ongevi t WBuiatie hapt m;bgfphagm@nmeﬂlasnﬂlprdvm lengowity dndtgemvtl firt ur e system

relative o that achi eved thot ( oeth for

ol o Saoveatiat onpaien SpeisShestl fGnateint Silyed PR SERUPRETEE o 1 ose
successf ubdxnalasirb@ade ftare, e(g?.-amaﬁam@@asmn@és doSlié bxabipified educi ng agent s
will provide |ongevit growm h for Sporozoaea organisns that is useful

f or Iongbf’?éliﬂ?rﬂ’@ﬂ‘l’@cytﬁ ﬁ%f“@ﬂ’éﬁ’i‘“épga&ﬁif@ PrgAiHEs- asexual reproductive state,
€.g., at g ASth ARuBHOS &@?&d‘%{ﬂ Pm%%&%eﬁ%@aﬁmtlﬂamemuﬁpr Eimeria sp.

and relate organi s exanpl e, preferred reducing
agent s amuitabpcior ong beamn cult@e Qﬁh&mtﬁdépstzd%anmooaﬂg@%?% PCT/ US03/ 16302

reduce di SH | £i de bonds ncl ude I capt oet hyl am ne,
e g it i ST e R R M Fecbr R SO PR e IRE S 201 0P Y A e
ascor bat ehatlsatnaﬁmht&mral@ﬂwamicﬁlabcﬁlta.omwdboﬁmobmﬂathemns thereof. [71] The

artisan will |ikew_.se be able to optim ze the conce on of a suitable
r educi ng BEgERiccthpngl od%F‘H@ﬁlSI@HﬁP% SRS P edeEASE t@’(ﬁ ‘?’@P Sculture system

whil e the longevity of Sporozoaea organisms in long term culture, e.g., including

Eimeria sp.

[68] In one particular optional embodiment, dithiothreatol ("DTT") is excluded
from preferred reducing agents according to the invention.

[691 Inasiill further preferred embodiment, the invention provides a screening
system for identifying suitable reducing agents for use in the culture system. In
brief, a suitable reducing agent is identified by employing the inventive culture
system, as exemplified hereinbelow, and substituting a candidate reducing agent _
for the B-mercaptoethanol of those examples, and determining the longevity and
growth of merozoites in the substituted culture system relative to that achieved
with and without B-mercaptoethanol, for example, at analogous levels of reducing

activity, relative to those successfully employed for p-mercaptoethanol. Suitable

reducing agents will provide longevity and growth for Sporozoaea organisms that
is useful for long term culture of such organisms in the asexual reproductive state,
e.g., af least as successfﬁlly as does B-mercaptoethanol for Eimeria sp. and related
organisms.

[70]  Simply by way of example, preferred reducing agents are agents that
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varying concentrations of a selected reducing agent, and hol di ng ot her
parameters constant, in order to determne optimal cullolNevepbeaZRds vity
and | ongevity. For exanple, for a reducing agent of interest,
concentrations of increasing levels can be tested to determ ne the |evel
at whi cWOREBEnefits no | onger inmprove with increaleHVeGAERAtration or
the levels at which any negative effects of the reducing agent outweigh
the benefits to culture productivity and |ongevity. [72] Mst preferably,
the reducing agent is (3-mercaptoethanol, in a concentration in the cell
cul ture nmediumr | ng fromahoyt 0.01 to about 0. 5. or higher, and
nor e preF%qg’ﬁ%%?I%H%L‘gl%ﬁ’c?ﬁ@@ﬁﬁa?a&nbeﬁcamoe tmﬁf’@%ﬂ’%ﬁmm%hout meani ng to
be bound Yol i t1a. i 4 Lon m ght

oper at e, d?%{er?@clgsg i eég%&tpﬁlg%ﬁ?%@’fﬂ hgdc%glﬁ’clgr?{;%?fs%%g’ %ﬁg?%?fed, general |y

| ess t hand thelviequinalegs afddor atrhinitiopstheteafh 0. 1 M t he reduci ng agents

sel ectiv nterferewith host.cell .and/or parasit i S relating to
par asi t e?J]sléquarEe alglsq’nf“e’lpg%( nghlig)eogr?leatﬁ SPEFIZS ﬂfc’)eecioe%eél %g%".n%rﬁ gfﬁ%@e@nt . [ 73]

Wt hout rehRing@gér b foulinsnenlyyiagihe ekaaplificd celhyubintesosers, vaslet 0 how t he

i nvention mght operate, it _is_hypaothesized t, In one alternative
“enbodi meYATYIIg COpesiTRtiqRg 0 P?Ptesirﬁyqﬁﬁpsgge&tﬁ%éfg 8 POCTHBENAES | from

di gest i Ngofank iih bideStoRIcREAZOGptind) eATPOPBERAVILT AR 10081ink ok Phagosones, thus
effectively contributing to the viability of’ the protozoa parasite in

cul ture wikahplp far 3 Tedecing agp af dsyest. codneentragersiof increpsiag leyels etnpre preferred

enbodi ne %5 1o . g@ﬂm . 8 phagocytic

i mort al {B%éeg&gz F& | neeedé%ll(i%g%:% u‘?lé%[rh're Ium %)%?mﬁﬁ% uvggls a suitable

reduci ng imgestd comcentratidi or therl eafstab whivh aoy nepative effebtm nfthe cdatingqui val ent ,

e.g., inth aboye-stated copncentration r es, e.g., for the continuous
culture 5’53"‘%9}1‘??@}5\{13}‘%“ t‘é'?od’é{'ﬁ?rg REpduptivity @%ﬁgg%tgt preferred enbodi nent,

t he host/[@gl | vigdt reB@dtly) e TRURRY aferf & f-fherchtodiRanb wegrber 2006 WO 03/ 099325
PCT/ US03/16302 (sonetines referred to as BVMb1l7) from Speer et alL, 1985,

| nf ect i oozpsitratiomin thewell dnBeGdim ranging dioprabantd0iypMrierbewfAde in its
entirety reid . [ e | Vet el i ci ne, College
Station, ek%{sh)l“ &is %%Bﬁeg)ﬁeg%rﬁﬁg’slhg %gl%cgétfaetl\égé)?%};\?ggé'ysm'

Without meaning to be bound by any theory or hypothesis as to how the invention

might operate, it is believed that, at the concentrations employed, generally less
than 1mM, and preferably less than 0.1 mM, the reducing agents selectively

interfere with host cell and/or parasite signals relating to parasife sexual
differentiation and/or a release signal event.
[73]  Without meaning to be bound by any theory or hypothesis as to how the
invention might operate, it is hypothesized that, in one alternative embodiment, a
reducing agent inhibits a phagocytic host cell from digesting or killing protozoa

- incorporated into host cell phagosomes, thus effectively contributing to the
viability of the protozoa parasite in culture within a line of phagocytic host cells.
[74]  In amore preferred embodiment, the host cell culture system employs both
a phagocytic immortalized cell line and a culture medium that includes a suitable
reducing agent, e.g., f-mercaptoethanol or its functional equivalent, e.g., in the
above-stated concentration ranges, e.g., for the continuous culture of Eimeria sp.
organisms.

[75]  In amost preferred embodiment, the host cells are bovine monocyte cells

17




from ATCC CRL 6017 and ATCC CRL 6057 are also exenplified. [76] The :
i nventive culture system enploys cul ture nedia, densitiléNovspbeo?¥l6 growt h
substrates or surfaces, tenperatures and atnosphere as appropriate to the
sel ected host cells. Optionally, the host cells grow in suspension wth
flask WO%PYHS or rotation. Alternatively, e.g., foPCHYSB/IE¥E| s requiring
a solid substrate, the cells grow on flask surfaces, on slides inmmersed in
the gromh medium in Petri dishes, and/or on the surface of m cro-beads,
optionally magnetic, suspended in the growh nmedium or on any other

art-known cel |l ul ar growt rt r [ t.0,. the,se ed host cells.
[77] For(sewa‘iﬁfaﬁef,ef[e&ﬁ‘é?? %W@&?ﬁ@%sﬁggﬁg&:@%@%@%@? i xenpl i fi ed
her ei n apgsentBd ibipbated by eefbiehdesn &5 entRétghatialgby Spee €dllsge ofin about 150 cnp
tissue <culture flaSk at a density of |ess than 80% conf I,u%ncy for use in

cul t ur e. Veleriagrs Mediojue, Colles Station diexas) Foyinemenacyis Al FFedleddd  cul ture nedi a,
e.g., RPM_f i t i LhMgenobi als, e.g.,

penicllin Isntérfé%?t:g%['(tﬁb%? %@?«2@ unﬁgg}té%tatjboi%% _al;HS%_C_ZOZ at nosphere at 37 C
On a | abpicat ofMyie swvadtive culbheasyateoudniploys cultira giediaf dengities, eptional r eaches maxi mum

density, e.q.,.80%to 100% confl| uenc h f . iyl ded or "split”
to reducgmt“%lbé"@gfartescf’éﬁlg 5 %eg}Par.ang?so%ﬁf‘%nﬁPnheﬂéc%rﬁaE rl?@?\%‘eg) e‘!F']si ty. OF course,
the arti %ébtﬂﬂghto%p@regt;citﬁiaﬂy,ttli@ﬁost&Hllsgﬂbm_dﬁiem?nsiohlwiﬂﬁﬁaﬁkmhen ﬁcal ed for
comrerci al, production of protozoa terjals.for vaccine or, other |

pur poses?“IFJPBPrrPF?QO’éuM?IPBéW§1)’s%%n¥L°Fg‘? Bﬂ%ﬁﬂuﬂﬁg&ﬁoﬁéﬂﬁéﬁ?’m&es appropri ate

for the SRIAG 65ARRSErEe, bn biid8 jmfERESH I sowihiRddnas iiDPetis conducted at a
tenperature ™ rangi ng fromabout 25 to about 45 C, and nore preferably from

about 37 dishesadndior on i s@facetef migye-beass raptionally spenctivawisperded i vacci nati on of
Birds wth | twred Ei men 7 i e i re known,
al t houghg]ﬂ"l‘gijgll@é% %rr%’é‘%‘ gthg’g a!“h‘%%‘ é&%"%@é@%@ﬁ%@%ﬁ& 03/:099325

PCT/ USO3fhkGdeed istedlsve ani mal or egg sources. Details are given, e.g., by

h/ngin ﬁl ?We?ﬁ t ﬁ‘gﬂ%ﬁ@s}yh%gter%g{oyll\ln%'me%o%% %nlzo%géyté s E}Pe%{p%tﬁg&i by reference

herein and noted supra, the cells are preferably seeded in an about 150 cm? tissue

culture flask at a density of less than 80% confluency for use in culture.
Preferably, the host cells grow in a standard cell culture media, e.g., RPMI from
Gibco, supplemented with antimicrobials, e.g., penicllin/streptomycin, and a
fungistat, in a 5% CO, atmosphere at 37° C. On a laboratory scale, when a culture
flask of host cells reaches maximum density, e.g., 80% to 100% confluency, the
flasks are divided or “split” to reduce the cell density, e.g., to 1/6 the confluent
density. Of course, the artisan will appreciéte that this process will vary when
scaled for commercial production of protozoal materials for vaccine or other
purposes. |

[78] The culture system is conducted at temperatures appropriate for the
selected host cell line. Preferably, incubation is conducted at a temperature
ranging from about 25 to about 45 °C, and more preferably from about 37 to about
41 °C. Most preferred is 37°C.

Vaccines and Vaécination of Birds with Cultured Eimeria sp.
[791 Eimeria species vaccine are known, although the organisms are obtained
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[80] Purification of the nmerozoites obtained by the cul Lére systemis
acconpl i shed by any art-known nethod. Sinply by way of Hperaber 28086 wi t hout
limtation, oocysts can be released into the culture nedium and/or the
uIture%OW;ﬁsruptured by art-known nethods to harvcs rrer0| zoites. The
cell debris can be renoved, e.g., as described in J. PCATUSSY 1931 - 1990,

Anti mi crob. Agents Chenot her 34: 1435-1439. In brief, dson' s nmet hod

i ncluded collecting the culture nmedium containing the rel eased nerozoites
is collected and spun at 450 x g for 10 minutes to concentrate the

mer 0201 { Gim [FA%nBiEN bPdgeGOrLAl Melkls bAGIVIR A2 GhISDAAM 4 e (igst  cel | debris
i's suspended in O. %%a Cl-0. 05 M KO™20% ine serum al bumin and applied
to a DE- ?zteaﬁﬂ@rs,(éﬁé%my@mtmrebmm herein mdtswnt:r%ﬁf mM Tris-40 mM NaH2PO4

-86 MM tes flow through the colum.
Mer ozoi t CO%@P&%L#F&%%} %’5 yogtr%ﬁwggb hSe ﬁ.gggyggerq; Br purity by electron
m cr oscopgcoa:@hd&dmylamem lmwﬁ.méﬂld(banaplyb&waBbﬂéxanﬂbemd waffut 4650- 4655,

(1974) or020| rozoite tur ereof, when
enpl oyedluﬁ’éta!é"n’\?%‘é’éﬁgﬁ@]?e&fe ﬂ%%tr}r‘e&?@%% lé’iﬂaﬂd@r 3‘5 rated in ovo or

by inj erélB&uﬁt@re@'ByﬁI@mdnﬁh meRYdsb Vs S Al deAitky THicbRBéis BRBeUm  Preferably,
they are suspended in si ol ogi cal | y-bal anced sallne such as

phosphat &MYEderghs desct .mﬂﬁ:« e &9 iigothesl |y i ncl ude one
or nore §&L51Q§§‘qh@slﬂgﬁ5!§ ﬁlsPh‘an Ligd nglu]dé’c{%?l&ﬂing%g c%itln% ok bl e gels,

gel atins,hydrosol ose sacc I n one
preferr edoﬁammg iheeelegsed metvzaiiea i cmllentagbandsp]m atd5Qx g fmrri@lrmduteeg nmer ozoi tes

and/ or spor.ozoi t m.ni stered in o r to chicks by
i nj ect | oﬁ P SPCTo, Silileaffl?r%ootﬁiilﬁﬁgé}%f “%H%%Fm%gltesﬁ‘ggg’r‘?&'@ft subcut aneous,
scari fi cadli dubris arsdép@mddnﬁ oamm@l @05 BONCI2®L batibOskrinh al@ﬁMmSUI tabl e,

art-known _fornulation conpati bl e buffer and/or hysi ol ogi cal | y
accept abf apalisdie a DEr52 %94 @Wh@nge IR sayibbratgil ion/ Syt d/ or i nmune

enhancer §;85pS) Iggwha ] series, e.g.,
before or a%te‘i vacciﬁ\agtl_i(lggwgg%({%%ﬁgglhgéﬁogn%gbvz{tl aﬂrll(?s i.ncl ude but

are not Léltinh Sderogoites Yol Rlded €6m theld@ukin M \be fIRE f@QRELy BHEIREFHM 99325
PCTl USOS{I&CEIS_%%EPY as described in A. Xilejian, . Biol. Chem. 249: 4650-4655, (1974).
[81]  The sporozoites or merozoites, or mixture thereof, when employed as a
vaccine for avians, are preferably administrated in ove or by injection to chicks in
any physiologically-suitable medium. Preferably, they are suspended in
physiologically-balanced saline, such as phosphate-buffered saline. The selected
medium may optionally include one or more suspending agents, including
physiologically-suitable gels, gelatins, hydrosols, cellulose, or polysaccharide
gums. -
[82] Inone preferred embodiment, such viable organisms, e.g., including
merozoites and/or sporozoites, are preferably administered in ove or to chicks by
injection or inoculation by the following routes: parenteral, subcutaneous,
séariﬁcation, and/on intramuscular administration in any suitable, art-known
formulation, e.g., a compatible buffer and/or a physiologically acceptable saline, in
optional combination with adjuvants and/or immune enhancers or stimulants {(co-
~ administered or administered in series, e.g., before or after vaccination).
 [83]  Suitable immune stimulants include, but are not limited to, cytokines,
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grow h factors, chenokines, supernatants fromcell cultures of |ynphocytes,
monocytes, cells from|ynphoid organs, cell preparatiord$ Navegder 2@t r act s
(e.g. Staphyl ococcus aureus or |ipopol ysaccharide preparations), mtogens,
or adjuvants including |ow nol ecul ar wei ght pharmaceuticals. An inmmune
stinul afP %8N PBe adninistered in ovo at any tine duPFHYSPHENRati on.
Preferably, an imune stinulant is admnistered in ovo in the nedi um
containing the dose of Eineria sporozoites or nerozoites, or mxture
thereof. [84] For orally-adm nistered vacci nes/vacci nati on net hods, any of

the physiol ogically-suitable buffers o spendi nqg agents that are known
to the agfpwmfgctmise%laiﬂplyn%@nﬂpa%tams HWGQF%%,O??%@%(?S&?DQ tion can be

i ncor pOfﬁBﬁ&gte@-cQﬂsﬁcﬁﬂW@id okgdh§) oflll prafsiritibnwes @fl eRfrackie@yed onto food
pellets, dusfed or sprayed onto corn or other grains, and the like. [85]
For vacchiapliasacoynepyesses lipepelysasehaidernasparationsy, R BAHWAM nel udes 11 vi ng
and acti ?q@? AndRHLAS stk eatveons thereof, of
two or %ﬁp@ﬁg%&ﬁéggﬁ |$%§??Q%éfélsls'—'or vacc??la_tion, a preferred dose
of Ei mer i adnsipistenselit svecat byutiraciddringtisvabationyBmferably, s, r anges from about
10 to about 106 qocysts.or nerozoites, of.a ] r eof , wherein the
Lotar ot SERRHEe Hey HE Hsilic Rl B EblEC T 5" 108 "rhe
adm ni st gofskoRt@lor SefdzBit@PéringiRakd ier@dft enuat ed by passage through
appropriate host cells, by jrradiatiqn, by reconbi t mutation and/or by

ot her arEgAknoﬁ%OWﬂYﬁ%g’?S“[r@Y‘]“%fl??&a@%F FbQ Sﬂ’b’éﬁ%nges from about 102
to about ?ﬁgﬁlc%ﬁﬁﬁﬁélﬁtgﬂ% buftRE OZRPeRding Qfend tHAt 4k UnBwh Rethe skt agherein the total
0 sts an

nunber 00cC merozoites ranges fromabout 103 to 105. [88] A
further madiyemmieyedobadditingdke fompesitipoean beaxomera@he.soedmixed or  nerozoit es,

or a mxture.thereof wherein e f ' ysts and

ner 0zoi tg‘go &Hlt)fa]@sw ?Sﬁfpfﬁ’fdfn(l)tBri}%qu%ﬁ‘@g]dq%g&;)&rbslp%kéﬁlﬁgfﬁg?ng donesti cat ed

bi rds i notheagaind, avdibelikat i on, is contenplated to receive this treatnent.
birds receiving such vaccination ar mnblimrﬂggesﬁsoci ated with

Pr ef er abl
comrer ci Eﬁ%j or FOR AREEIIHR RATRAISeS, g7 W‘Pﬁ?eé‘?d%gﬁf Or Ino¢ ing

and active cells of merozoites, oocysts, and/or combinations thereof, of two or

more species of Eimeria.

[86] For vaccination, a preferred dose of Eimeria sp. cells cul_tured by the
inventive methods, ranges from about 10 to about 106 oocysts or merozoites, or a
mixture thereof, wherein the total number of cocysts and merozoites ranges from
about 10 to 105. The administered cells are optionally attenuated by passage
through appropriate host cells, by irradiation, by recombinant mutation and/or by
other art-known methods.
187] A more preferred dose ranges from about 102 to about 103 oocysts or

. merozoites, or a mixture thereof wherein the total number of oocysts and

merozoites ranges from about 103 to 105,

[88] A further preferred dose ranges from about 102 to 10° oocysts or
merozoites, or a mixture thereof wherein the total number of said oocysts and
merozoites ranges from 102 to 103.

[89]  Any bird, including domesticated birds in need of vaccination, is
contemplated to receive this treatment. Preferably, birds receiving such

vaccination are birds associated with commercial or noncommercial aviculture,
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16 Novenber 2006 WO 03/099325 PCT/US03/16302 e.g., birds raised in | arge
numbers, under conditions where Coccidial infection is 19fdeeinice2@d

undesi rable. These include e.g., Anatidae, such as swans, geese, and
ducks, | upbi dae, e.g., doves and pigeons, such as donestic pigeons,

Phasi anl'd48"”8%y. . partridge, grouse and turkeys, Th&ETASPYE¥2 e g.,
donestic chickens, Psittacines, e.g., parakeets, nacaws, and parrots,
e.g., raised for the pet or collector market. Gane birds, and ratites are
al so contenplated to be vaccinated wth the protozoa cells or other
derivatives .produced .by the inventive.culture  nethods. .The preferred

reci pi entesg"(yfgdﬁ }na}euégp Pﬁ%ﬁ?@%’%ﬂﬂﬂﬁi‘” r@&c‘fhﬁﬁn’?‘?‘ig%]isnati on are

chi ckens poitle AidhmHaausle! @hﬁs@ﬁﬁfud@é.?‘j,Hﬁzc&id&é}tshélﬂas%vaﬁs’;lgéésé]aﬁd on is readily
enpl oyed., Thus, a dose is optionally adm nistered in ovo to chick eggs. A
dose is &rdd. Colpnbidem ey datiapd pigemeduelyasdomestianigRynine f eat hers of a
young, e. : -9l.d i | aAGL ) e i ..0r adm ni stered
orally irfgl ?’é‘é’g%aéh%'a? f% Epgrrdgiﬁa %}dtt&gﬁ%ébgfe%@%g)?%%%g&% ﬁseurcy is achi eved by
appl yi ng chickkss.d sitiacizes, leyg.,iparakdeés, macaws, and pawots,tdg, rdisedor thg petat er, and/ or
spraying th Qse t o« t he.f.eat her. rovi din I | 1.V via preening.
A doe | 9 AieESEERRE Sy b A ik o B PO aGsm TG AR 1 i ho e
grganismﬁi&ﬂ@rb@t@@ﬂzg@tﬁerﬂ%ﬁﬁvésh@m_ kb@xbybyeinhmtghbﬂkﬁ% [Qg] ﬁ\prefer_red
ose to be admpistered in ovo t.o chicken eggs or, da chi cks conpri ses
oocyst s G'?eﬂf?g'?'o K ngedorremﬁleﬂtFQ% T8 R O %g‘éﬁg‘f‘w&“%?do‘%%re speci es of

Ei neri a sgicili®art bgbtehbe group consisting of E. tenella, E. acervulina,

E. maxima, E. necatrix, E. mtis, E. praecox, and E. brunetti. [91] A

preferred déspan-bnayen muieiof pdmisisationr geasinetion igreedily egpleyek day ol d chi cks
. conpri SG%PRQE}éééeﬁs %ﬂggﬁiﬁ@ﬁ@fgﬁq 9{ %vg t&ﬁéﬂgg%tﬂ%geﬁ@ als@f tWo or rmore

species 0 I merl group nsisting of EE neleagrimtis,
E. adenoeptieslly émingatdddyavatadtmg tie. fealhespafiasamg; e.gnelapaljrchitks, E. i nnocua,

and E. sub'ﬁ1 unda. The .dose E%ef er IXl i.nﬁl gde% from10 to 106 oocysts or
mer ozoi t Q4 W ageing greqpisms, (o pdmmstere orally i foed aadlpERY SPRYOTj s i ncl uded in th
dose. [ 9%toppl! iORdladetivery ishehivad Gl Bfpljifig £ Bos8 difbdilySh EieQfbutlt ifo , -

si mul t aneous| y; before and/or after vaccination with Eineria sp. produced
by the i Mw&mg water.and/ar spyagingthe dose onto the feathers, providing oral

-delivery via >preenjng. A dose is also optionally administered orally by applying or

mixing the organism to pellets or gels to be ingested by the chicks.

[90] A preferred dose to be administered in ovo to chicken eggs or day old
chicks comprises oocysts or merozoites, or a mixture thereof, of two or more
species of Eimeriaselected from the group consisting of E. tenella, E. acervulina,
E. maxima, E. necatrix, E. mitis, E. praecox, and E. brunetti.

[91] A preferred dose to be administered in ovo to turkey eggs or day old chicks
comprises oocysts or merozoites, or a mixture thereof, of two or more species of
Eimeria selected from the group consisting of E. meleagrimitis, E. adenoeides, E.
gallopavonis, E. dispersa, E. meleagridis, E. innocua, and E. subrotunda. The dose
preferably includes from 10 to 10° oocysts or merozoites, or a mixture thereof, for
each species that is included in the dose.

[92] Optionally, the vaccine is co-administered, e.g., simultaneously, before
and/or after vaccination with Eimeria sp. produced by the inventive culture system,

- with any suitable art-known anti-Coccidial chemotherapeutic or
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wi th any suitable art-known anti-Coccidial chenot herapeutlc or 21 -
----------- 16 Novermber 2006 WO 03/099325 PCT/ US03/ 1630 NevesmspedFhyl actic
agent at a dose range effective to blunt the effects of the wvaccination,

wi t hout 0%?' ring formation of a protective imune response in vacci nat ed
ani mal s% 8??3?%erapeut i c agents include, wthout [|i RACGIASIMEI2any

effective anti-protozoal agents, e.g., antiprotozoal conpounds such as
antimcrobials, antibiotics, composit i ons that include anti- Cocci di al

anti bodi es, e.g., nonocl onal anti bodi es, and/or fragments or reconbi nant

et orerbS i ogatont 4 g (BHRE Rt AP SEARERIE, X ng any
ar t - knownvacdimios, wﬁhdnummnglf@ngnomﬂalpr&tbammuﬁ@ﬂespmseaﬂd/ or at any other

time. [94 referred nethod of adm njsterin the | mune stimulant is
si nul tan GEFéIFE\?Ed\maIf hehemp e‘&@r?‘g?ﬂt%w]éifl?aaﬁ ¥t lanigpen 2BY oocysts or

Mer 0zoi t Qffective antipididbos! REntS i L aﬁﬁ]ﬁ&t%&éalé&ﬁﬁadﬁﬁ&s%%@ﬁ&ses during the final
quarter of incub ﬁJtpl on ora% ay ol d chicks. [95] Another aspect of the

i nvent i or?nil@loffrbéal?araé%léﬁﬁﬁéiqomowoﬂsﬁ@f thsbyls aieti-Gpccidinlraptibsidicss, or mi xture of
d d F
sal Oocyﬁlgﬁﬁﬁo@rﬁﬁ%dﬁg%ﬂﬁpﬁép 'oﬁlgeco&%ﬁl% B mbggeze drying. For

exanpl e, reezin e via ani sns i nventive
culture dﬁlho@snhnﬂtlmmremnmtssgcsarémgmﬂheﬂivmnadsoymﬂudeservat ives are
optional | oyed., These .incl.ude, si of, osnotic

pr ot ectoragméng%) R ﬁ%ﬁ“ﬁ?ftﬁw\éﬂ%ﬁ“ %%@“?ﬁg‘ggars e.g.,

gl ucose, w@ah@aﬁgceﬁamonr@%fmﬁ,ﬂmm ei ns, serum and /or al bum n and
ot her serum conponents urea Qr am no, aci d co ositions, e.g., caseine

hydr ol ysat®s, Adyefyredme ol RiigEyteryng A inpuns }EDRIRTE i r om Quest
| nt er nat isQiAaneod) zmrihéﬁto% Eministratloh '35 1) eofg&r B} Rrofdifes, ANt i - Protozoal

Agents [96] The 1 hventive cu ture systema ovi de an ei?flm ent and
usef ul nwt durefof paid caysts m@namblﬂesj dutinig the ﬁgala;mrter pf mtweti@d oragent s, and

par ti cul gk, liel o1 2

[95]  Another aspect of the invention is the preservation of the cocysts or

- merozoites, or mixture of said oocysts and merozoites, by chilling, freezing, or
freeze drying. For example, when freezing the viable organisms produced by the
inventive culture methods and culture system, art-known cryopreservatives are
optionally employed. These include, simply by way of example, osmotic
protectors such as glycerol, dimethylsulfoxide (DMSQ), sugars, e.g., glucose,
galactose, raffinose), proteins, .., serum, and /or albumin and other serum
components, urea, or amino acid compositions, e.g., caseine hydrolysates, such as
N-Z-AMINE® A (IPL:5X59027 from Quest International, Hoffiman Estates,
Iilinois).,

Screening for Anti-Protozoal Agents
[96] The inventive culture system also provide an efficient and usefiil method

for screening and identifying anti-protozoal agents, and particularly anti-Eimeria
sp agents. Agents to bescreened include potential prophylactic or therapeutic
pharmacentical agents, e.g., drugs or antibodies, among others.

[97] Inbrief, a species of Sporozoea is cultured and the culture divided. To test

for prophylaxis the test agent is introduced in the culiure media prior to excystation
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Sp agents. Agents to be screened include potential prophylactic or

t herapeutic pharnmaceutical agents, e.g., drugs or antil§d¥vestberzRifg
others. [97] In brief, a species of Sporozoea is cultured and the culture
divided. To test for prophylaxis the test agent is introduced in the

cul tur eWRHHOR3Brior to excystation 22 - ---- -- - -PCTUSEI63 Noverber
2006 WO 03/099325 PCT/ US03/ 16302 of the oocysts by the nonol ayer cells .
To test for therapeutic efficacy the first divisionis grown in the
culture systemon normal naintenance nedia. In both nethods, the second

di vision i rown.in the culture stem on maj.nt enange dia suppl enmented
Wi th an S5EREOGER Y e meclRE EUER 5 IOdPTmete YRCRIEdETat od i nto test
strips oivigsd is GroWash tHeulitre 8ystntad RmbDhaihfefand®inkdibynthitki | | or suppress
t he asexual ly reproducing protozoal stages. [98] Drug sensjtive protozoa
or or ganiusthodaitheserondwdivisipmiy sreva i dhpralivie sxyiqus opmaintea@ice 841 v enpl oyed in
order to . t | Laen alternative
strat egy,s @géé&geiﬁgétho K %rg?%i%egeas{ gpg‘%cul t%orlli;c%ﬁg%gnptrﬁgg@ﬂgg tur%gt di vi ded. The
first disipsonteitslisys)dwhe evaliuated fonitstability o ket arsnpmess dherragxunaliit Nt enance nedi a.
The second dj vi sion is1 rown in the culture system on mai ntenance nedi a
suppl eneﬁ?pé(ﬁi“ﬁﬁngﬁmé%og Sof interest (present in solution or inpregnated
i nt 0 t es{98] st DhipSemitiieqBdtoLbask SgatismPeitemadwairagireliotndetuaitade| ity to kill or
suppress the asexual |y reproduci pr ot .ozoal stagess. Drug sensitive

a

pr ot ozoa °BYC ﬁﬁﬁ?@@%ﬂ?ﬁ?ﬁ&r\ﬁﬁgg?ﬂi?&ap@%ff%ﬂﬁé its are al so
cont enpl gjogd Bﬁn%eﬁﬁﬂ?&e%t@giﬁs%gﬁsGfkﬁ'ﬂo%z%ecﬁiﬁéﬁlﬁﬁ%ddﬁdﬂ%rcﬂﬁﬁret0 screen for

alternative therapeutic drugs. Devel opment of Attenuated Eineria Strains
For Use Wividgdc dhabrst digiionds gtewn inkthe oiltupesybied ongomeal 8WUMANBNSgi r uses for the

Pr epar at L af Ofy BECH SISl o 8P Fe billd SSUE of UobbSnde kg passage
evel s. rough Fong-termcufture, ~organrsns tend to accunulate traits
t hat ar e sabimicnted vith dnlagert of intersst (Easaelit in @heioandimmegnated ieo tebtr ul ence traits.

The cul ture t escri bed rein. i. for th | ong-t erm propagation
of CEr et Dt B et Al B cebaisd Sorals SpiR 6 s barss s ety o ™ Pr oPagat

reproducing protozoal stages. Drug sensitive protozoa or organisms with known

drug resistance fraits are also contemplated to be employed in the culture system in

order to screen for alternative therapeutic drugs.

Development of Attenuated
Eimeria Strains For Use In Vaccine

[100] A well-known method to attenuate viruses for the preparation of vaceines is

. to pass in tissue culture to high passage levels, Through long-term culture,
organisms tend to accumulate traits that are adaptive to the culture conditions and
may lose virulence traits. The culture system described herein is used for the

~ long-term propagation of Eimeria for the purposes of developing non-virulent
strains to be used as live vaccines. The technique employs the passage of
merozoite cultures as described in Example 2 for 50 or more passages.
[101] Alternatively, merozoites that have been adapted to growth in bovine
monocytes could be selected for their ability to grow on alternative cell lines such
as kidney cells from a variety of species (e.g. dog, cat, cattle, or others). At

- various passage levels, the merozoites or oocyts derived from these continuous

culiures could be tested for virulence by inoculation into day-old chicks or

23




strains to be used as |live vaccines. The techni que enpl oys the passage of
nmerozoite cultures as described in Exanple 2 for 50 or @Wﬁﬁ§§a@5§. [ 101]
Al ternatively, nerozoites that have been adapted to growh in bovine
nonocyt |.d be selected for their ability to grow on alternative cel

l i nes sﬁ@HﬁB%?gkidney cells froma variety of speci edCTUSYI6Y3g, cat,
cattle, or others). At various passage |evels, the nerozoites or oocyts
derived fromthese continuous cultures could be tested for virul ence by

i nocul ation into day-old chicks or 23 16 Novenber 2006 WO 03/099325

PCT/ US03/ gﬂn%r ribed in Exampl.e 4. H gh passage
strains \?\%lﬁ%a&ft]av gygﬂﬁgﬁﬁgﬁﬂﬁ(gﬁiﬁ%ﬁ?ﬁ@gastc.%gelsg%ﬁ vg@{:}gha[\rﬁ cul ture, but
show r edwmteckdiheivdbéliiyéo teplidatedn balftre, bushbat rice&btiaddnedinfios hosacci ne

devel opnent ... EXAVPL 102], The foll owi ng specific exanples are included
for pur pg"é’}é]gbtggé?‘it?‘ﬁgﬂ’%ﬂ%hwe B e not intended to limt the scope of
the invention unless otherw se indicated. EXAMPLE | PREPARI NG A CONTI NUOUS
CULTURE SYSTEM FOR | NOCULATI ON_ [ 103] A continuous culture system was
prepared, as follows. [104] AnEXANMREES | zed |1ine of bovine nonocyte host
cells wa e ' : .asma. -The bovi ne
ronocyt rl | e ctortile sl SR B mb UKl bER R ofHEBRATTY Shcer e
‘al ., |d eeferanctimesied Thimi dstscapelof thevimvertiominkdsa bthersviserind®ikdd. 1640 (G bco)
suppl emented with penicillin (100 Units/m), streptomycin (100 g/m),
anphotericin (2.5 ug/m), beta; apt oet hanol (.055m\V) and 10% horse or

bovi ne SGM edra) 106] . The host cells were seeded in a
150 cn® tiP —..ib. = !J.r!e.t SLEM FOR INOGHEATK) s/m and 15 nil

per flask, resulting in a nonolayer with a density no greater than 80%to
100% conkPHerfe gontioppysculipe systorr Wscrenaredsas follews. onary f1asks at 37C in a. 5%
CC2 | NCURAAON AL hdrmalNE] Bhef ' ' nepce media every 3
days andf_isal it every 7 afﬁ?g%%ﬂ?%@%m£§%%§l& Wgﬂoagéag

times and was found free of mycoplasma. The bovine monocyte cell line was a

derivative of the cells according to Speer et al., Id, supra.

-[105] The host cells were maintained in RPMI 1640 (Gibco) supplemented with
penicillin (100 Units/ml), streptomycin (100 pg/ml), amphotericin (2.5 ug/ml),
beta-mercaptoethanol (.055mM) and 10% horse or bovine serum (maintenance
media).

[106] The host cells were seeded in a 150 cm? tissue cultﬁre flask at
approximately 6 x 10" cells/ml and 15 mi per flask, resulting in a monolayer with
a density no greater than 80% to 100% confluency. Cells wers incubated as
stationary flasks at 37°C in a 5% CO, incubator. Cells were fed with 15mL fresh
maintenance media every 3 days and split every 7 days. Cultures v;/ere split by
disrupting the monolayer with 0.25% trypsin and planting 1/6® of the culture into

each new 150 cm? flask using the same media and incubation conditions.

EXAMPLE 2
CULTURING EIMERIA SPECIES PROTOZ0OA
- [107] A sample of Eimeria acervulina oocysts from infected chicken feces was
. prepared for culturing as follows. A slurry of feces was made by adding 10 parts
of water to 1 part of feces and the oocysts were purified by sugar flotation
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di srupting the nonolayer with 0.25%trypsin and planting 1/6th of the

~culture into each new 150 cn® flask using the same nediteNevmntened¥ati on

conditions. EXAMPLE 2 CULTURI NG EI MERI A SPECI ES PROTQZOA [107] A sanpl e of

Ei meri a_acervulina oocysts frominfected chicken feces was repared for

cul turi NG U PH lows. A slurry of feces was nade by &'Ea"ﬁﬂfﬂfg”parts of

water to 1 part of feces and the oocysts were purified by sugar flotation

24 16 Novenber 2006 WO 03/099325 PCT/ US03/ 16302 procedure (simlar to

Sheat her's Sugar Flotation as described in LR Ash and TC i hel,

Par asi t es; 1 : t R edures and. .l dentifi j on, ASCP Press
prggt?d%u 4@%&9 %Lﬁﬁlgﬁﬁe@ s%’ugar Eﬁ&gt?on as%escp egrlgg_gd&%eapéﬁ‘

(c) 1991, reference 1's 1Tnco inits

ent i r et y. OrldcBegasitessey Guidotod@htm@teRiobaduee aid idbniifiebticdanASOH resuspended in
2. 5% pot assi i chr te d aerated for 24 to 72 hours at room

t enper at ?rgsﬁﬁl?gfc?’ﬁ#' e¥ aﬁﬁﬂ?@?i‘%‘ﬁ@rﬁ?@wghﬁ%é‘}/gﬁ?u&\‘?&"e stored at 4C

unti | useQocykievesPenténdted bPesishatioNBhESUERABIRD. S8 ho@fun NUt € at about
25C in a c¢hl or ohexi di ne t%lhuconate solution [ PerioguardTM to kill

cont ami nafifgmatsepd asrated foréd tori2dostsek ragnniemperiutedn Zcditstes renoved by
washi ng. | t QOCYSL S entrifugation (800
x g for G%ﬂr%ﬁ&g's;mé ?fﬂgdggsrtg?é?fgﬁato egag E‘g—’(‘a{r'ﬁr@ﬁlgeﬁt ﬁf ?pror@%tggooscﬁ'g%r nate is
di scar dedwemeuspasied datont dnupedt libdu 250intwbilbreHesiae giuagnapel | et in 100
vol unes of . ant igfi oticlf Tng tati c. mai ntenance nedi a descri bed by Exanple 1.
The centlgg&tssuadd] tekillcppamingting basteriap £hy dprehgsidingr e tines. [108] The

fl asks of g1%ﬁh@%a§%h%¥&§3?ﬁg§hﬁ1§aﬁﬁé§hi%gv5§ Ibc;é%]&%e@gﬁ}eltbég}%&i mredi at el y

after trypsinization see ';[ no re than . Each freshly
pr epar ed B eBiifigation (R0 xigfortumbntss), Wischrdigdhs sup@bfaro@fitbe s in 15nL of

mai nt ena - ed a scri hed.above t a nsi of
spor'ocys?s?ﬁ %rg%ggﬁscg%ﬁtﬁ%getsgscpgﬁ?sgﬁe eﬂf@-agd pglgp?r@ggpygﬂe Fi‘bl(ﬁ(ycel | . Cultures
were i ncwhahadfiantitdstitingidte nhdiaskescaiedp PésorbedBly SximBé 1CThe a 5% C2

i ncubat or. l{ﬂ%ﬂlgﬂ) The oocxég:ts wer e incubated with bovi ne nonocyte cells for
10 days, SFPHISaHPRayl IpusReRsion Wagepeaiaddwg mayeless days. After 10 days, the

cul ture quger e IMsksdPBovine monocytes prepared in Example 1 were used
immediately after trypsinization seeding, at no more than 80% confluence. Each

freshly prepared flask was then inoculated with about 1000 cocysts in 15mL of

maintenance media, prepared as described above, at a density of .

sporocysts/oocysts to host cells of 10-3 parasites per host cell. Cultures were
incubated in stationary flasks at approximately 37° C in a 5% CO, incubator .

[109] The oocysts were incubated with bovine monocyte cells for 10 days, with
fresh media (15 m!) added every 3 days. After 10 days, the culture supernatant and

 infected cells were harvested by scraping the monolayer into the culture fluid and
1/20™ of the culture was inoculated onto a monolayer of fresh (uninfected) bovine
monocytes at less than 80% confluency as described in Example 1. The culture
was observed daily for schizonts and sporocysts/oocysts were observed to be

. released from the host cells and floated in the medium. The viable
sporocysts/oocysts were collected by decanting the supernatant culture fluids
followed by cenuifugatibn at 800 x g for 6 minutes to concentrate the parasites.
The sporocysts/oocysts were used immediately or stored in culture media at 2-7 °C

uniil used for further experiments. The cells infected with merizoites were passed
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infected cells were harvested by scraping the nonolayer into the culture
fluid and 1/20th of the culture was inocul ated onto a lLed¥wiemper 2¢6 fresh
(uni nfected) bovine nonocytes at |ess than 80% confl uency as described in
Exanple 1. The culture was observed daily for schizonts and
spor ocyWOIBHEYEst s were observed to be rel eased fro®Crdodiode cell s and
floated in the nmedium The viable sporocysts/oocysts were coll ected by
decanting the supernatant culture fluids followed by centrifugation at 800
x g for 6 mnutes to concentrate the parasites. The sporocysts/oocysts
wer e used irrrreﬂ:ﬂ%tel or stored in culture nedia at 2-7 C until used for
further elpafst t1§0.éyﬁé“dc@?l}’@mieﬁﬂ@tﬂab@%wP‘PPW?IL‘/ZIQPIEC@@W\I@Fse passed 25 16
Novenber @& WO 03/099325 PCT/US03/16302 for a total of 180 days and
mai ntai ned their ability to continually replicate in this culture. EXAVMPLE
3 STORI NG SPOROCYST- FORM NG ORGANI SMS [110] The invention also provides a
met hod for evaluating the vi abiﬁj’%‘m% tored Eineria oocysts/sporocysts
15

by observing i nfectii i fLr i thout the need for

i nocul ation of bi r%ﬁg—l@&%w?wu uuy@?@‘%\g@acer vul i na were

obt ai ned m.chi.cken feces h sucrose flotation using nethods or could be
Gori ved 1 nbf clivitad SOdERBTGS3aRethad forsvalpimg the viphiligof figeed

oocyst s/ sweﬁabséﬁtsmpdrscﬁtswé@%ﬁiﬁgigfeaiﬁsr i B4Rko BlihiiQhg - Four of the
aliquots were frozen at - 20t usynég cryopreserving agents (such as Freezing
Medi al "', Withayg the ngedfor imecuigtionef birdsquot stored at 2-7C. [113] Viability of

t he four z %w&l } r red to the

vi abi | i ty[ﬁ?ﬁ f.t?;bec I toﬁ%g%en%qﬁe{%?%rgtfl&ﬁ]é‘;(fg%’et’gé#eﬁdteﬁoﬁ é@é@?é@gﬁﬁ conpari son of

i nf ecti visugrosefl¢tationnvsingoretods erscou]dlhib4ferivddefroni ailiutes by dsaihedin Son was
conducte ’gf’?”é’ie | ows. [115] Briefly, bovine nonocytes were planted into
24-wel | p ontaining sterile coverslips at a density of approxinmtely

1-2 x 1051cq| IThep6eysttepdrocysts were divided into five equal aliquots. Four of the

aliquots were frozen at -20°C using cryopreserving agents (such as Freezing
Media™, Gibco) and the fifth aliquot stored at 2-7°C.
[113] Viability of the four frozen samples derived from the culture were
compared to the viability of the fifth sample that had been refrigerated by
comparison of infectivity in bovine monocytes.
[114] The viability comparison was conducted as follows.

| [115] Briefly, bovine monocytes were planted into 24-well plates containing
sterile coverslips at a density of approximately 1-2 x 10° cells per well,
immediately prior to parasite inoculation (less than 80% confluency when
inoculated) using the methods of Example 1. Serial dilutions of test samples (107
to 10 for example) were made in maintenance media (from Example 1) and 0.1
ml inoculated into duplicate wells of the 24-well plates. Plates were incubated at
approximately 37°C, 3-5% CO; for 1 to 4 days. Wells were examined for the

- presence of E. acervuling infective stages by microscopic examination.
Alternatively, coverslips were removed from the wells and stained with Giemsa to
facilitate observation of E. acervulina parasites. The titer of each sample was
calculated as the highest dilution showing 50% infectivity. Samples were

- compared for viability based on relative infectivity titer.
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i mredi ately prior to parasite inoculation (less than 80% confl uency when

i nocul ated) using the nethods of Exanple 1. Serial dil utiNgigmber2

sanples (10-1 to 10'4 for exanple) were nmade in nmai ntenance nedia (from

Exanple 1) and 0.1 m inoculated into duplicate wells of the 24-well

pl at es. WPI0PY3Sner e i ncubated at approxi mately 37C, PETASH3EEW2for 1 to 4

days. Wells were exam ned for the presence of E. acervulina infective

stages by m croscopic exanm nation. Alternatively, coverslips were renoved

fromthe wells and stained with Gensa to facilitate observation of E

acervulina parasites. The titer of each sanple was calculated as the

hi ghest dilution showi ng 50%infectivity. Sanples were conpared for

viability based on el "L Rk DS titer. 26 16 November 2006 WO

03/ 099325 PCT/ US03/A 8322 ERANVMERULULRER EROMSULEIRE TES FROM CULTURE [ 116]

Mer ozoi t e harvested when the cultures (see Exanples |land 2) were

acti vel ye[ileégleihgeéﬁoﬁas, Wg@?f@‘?’%ﬂtqdy”@%he,cumﬁfsﬁ Bxprpdsps! avfl 2) werel ast split

(subcul tLarcﬁx)elyrebﬁﬁaﬁﬁg,%@ne@ﬁi)ﬂe?g.,%ﬁﬁﬂﬂ%ﬁ&%@fﬁé‘&%&ﬁﬁl@@cﬂ@@r@e harvested using

a cell scraper. Host cells were |ysed by nechanic rrean)s (aspiration

t hrough dnisstedieallyendedd@rasupermatant swerd hagreyted iitieg anellozmpére ower € t hen

concentr i I Q. x. or .10, m nute and resuspended in

mai nt ena%%g%g}% FL%%%@%P%L ralésd@l?gﬁté%s HeR A&7 e Resded® 2 o vacci nat e

test ani riinge). BANRIEZCHesHARMBGT¢INGerRRIEY 5 SentREMAHGKI(A: fot1g] Oocysts were
2) allowed to run at 18 days

har vest eq_: cultures, (see .Exanples., 1 and 2) . ]

or Ionge(r}mI\}\ﬁt? ﬂ:‘%ﬁ‘frea‘i%‘r‘%eé 4 maiglepagee pgtia, - Thprgriling sysneasion®gsts. The cul ture
super nat adlxn vasksto ¥addired ied amndist he oocysts were purified fromthe cell
debris using Sheather's flotation nethod, discussed Supra. The oocysts were
then concentrated by centr_iftrJT%ati on (405 x g for 10 mnutes). The pelleted
oocysts were resuspended in XAMRdhte nedia and used i mmedi at el y.
EXAMPLE 6 HARVESTING OOCYSTS FROM CULTURE

[117}  Oocysts were harvested from cultures (see Examples 1 and 2) allowed to
run at 18 days or longer without a split in order to accumulate more oocysts.

The culture supernatant was collected and the oocysts were purified from the cell
debris using Sheather’s flotation method, discussed Supra. The oocysts were then
concentrated by centrifugation (405 x g for 10 minutes). The pelieted oocysts were

resuspended in maintenance media and used immediately.

EXAMPLE 6
VACCINATION OF CHICKS

[118] This example demonstrates the potential for using Eimeria acervulina and
Eimeria tenella oocysts and merizoites grown with the culture methods of

Example 2, supra as a protective vaccine.

Experiment A: Vaccinating Chicks with
E. acervulina and E. tenella oocysts

Methods

[119] E. tenella and E. acervulina oocysts derived from cultured bovine
_ ‘monocytes were harvested by decanting the culture supernatant from 19 day-old
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VACCI NATI ON OF CHI CKS [118] This exanpl e denpnstrates the potential for
using Eimeria acervulina and Einmeria tenella oocysts a®dNorambes?®lds gr own

with the culture nethods of Exanple 2, supra as a protective vaccine.
Experinment A: Vaccinating Chicks with E. acervulina and E. tenella oocvsts
Met hodsWPP#0993E. tenella and E. acefvulina oocysts d@ETAB®/1H33m cul t ur ed
bovi ne nonocytes were harvested by decanting the culture supernatant from
19 day-old 27 16 Novenber 2006 WD 03/099325 PCT/ US03/ 16302 cul tures. The
oocysts were concentrated by centrifugation and resuspended in culture

medi a at C f.1 00C er and. used i medi ately.

[120] Thi glltt%%gt?g%‘f&g er%“?%"gg% e%ﬂ"‘a %ﬁﬁ%‘gﬁmﬂéﬁl 048900 day- ol d chi cks.

Exper i nen@l&ﬂure@@hq)atla cmme&trﬂi@h@kmﬂ,mtooby%ﬁs@eyﬁﬂaﬂd@%’ﬁuﬁé&h&éﬁe derived

oocysts flﬁﬁo 51, ac pvuL)l n(ﬁ@ \EE%I‘ Experinental Group 2 were chicks that

recei ved 7% s &5 employediree gEtiby §Isﬂ9§ﬁREddﬂ3éﬂélchlakﬁ(n 3): and

Exper i mnﬁﬁeﬂﬁ?ﬁwﬂl}r3uﬁ\@%re Rt fh@ireé\ehd'eﬁlfﬁsuewﬁluﬂg’ﬁg cﬁﬁg‘grs%)f Qocysts were
chi

orally ad n| stered gavage g 00 to eac of Groups 1 and
2, respe W”‘“FQES@FE@EHP@Q@] n%gtesﬂclmkethamemmdmsm the feces of the

. Goup 1 cémt@@geﬁ{,gﬁoc?st £ A l“@}%)g%l%fé’ﬁ%ﬁgﬁﬁrg?m?mh the Goup 1 and G oup

2 chicks after ese TWF®ur e- der i ved
oocysts v@ﬂ@OI\ﬂﬂ@zbt’r éloamdyﬂse(pﬂ)cﬂoe]&tsweréhxellj?lmmniatetddbytghﬁ gor mal prepat ent

times ex es The G oup 3 control chi cks t hat
‘were not Rg%@ﬁogg%yeg{%&&?kzgﬁﬁ{oug%%%‘]azé%@%qlg‘%’n their feces. These data
confirmthat there was no evidence of environnental contam nation with

Ei naeri al'gn he test birds or housing conditions. Therefore, the sheddi ng
of oocyst'3® G oups 1 and 2 can be attributed to the culture inoculum

Hi st opat fod199ocysts were observed in the feces of the Group 1 chicks after 9 days and
in the feces of both the Group 1 and Group 2 chicks after 12 days. These data
confirm that the culture-derived cocysts were viable and replicated in the host with
the normal prepatent times expected for these species.

(122] The Group 3 confrol chicks that were not given oocysts did not shed
oocysts in their feces. These data confirm that there was no evidence of
environmental contamination with Eimeria in the test birds or housing conditions.
Therefore, the shedding of oocysts in Groups 1 and 2 can be atiributed to the

culture inoculum.

Histopathology

[123] One chick given the E. fenella oocysts died from severe diarrhea.

[124] Microscopic inspection of gut tissue sections from the chick that died
confirmed a diagnosis of coccidiosis. These data indicate that oocysts derived

from bovine monocyte cultures can maintain their virulence for the avian host.

Experiment B: Challenge in Chicks with
: E. acervuling and E. tenella

~ Culture and Passage of Organisms

(125] In a preparative experiment, aliquots of oocysts from the lot of oocysts

used in Part A, above, were cultured as described in Bxample2, supra to
. . 28 :




[ 123] One chick given the E. tenella oocysts died from severe diarrhea.
[124] M croscopic inspection of gut tissue sections frdihNouenber 2§06t hat
died confirned a diagnosis of coccidiosis. These data indicate that
oocysts derived from bovine nonocyte cultures can nmaintain their virulence
for t heWABAM3Host. Experinent B: Challenge in Chi cRETHSEH6I2 acervul i na
and E. tenella Culture and Passage of Organisns [125] Ina preparative
experinment, aliquots of oocysts fromthe |ot of oocysts wused in Part A,
above, were cultured as described in Exarrpl e2, supra to 28 16 Novenber
2006 WO %/ 099325 PCT/ 11S03/.16302. 21'1 uce con tinuous .cul ture of

ner ozoi t A RO O Pre S eEgaS, 43 1Roc 1]@8(99@@@“&%1}? cont ai ni ng

bovi ne nommm? ﬂmebhmnmwmed}onam Bl Wh RedePhlBERWvas pRsaiescri bed in the
Exanpl e 2 f(}% Ib\'\@ tgssages to ensur.e that no unexcysted ~oocysts were
present i 7 GEprEbedinthe Exanple & fora¥e passagpa ipEpsuon Bathgtnskeystehi cks (one hal f

Rhode |S|é’d&9st8%@re%es§§h{ﬁl@c K and Anericana) were inoculated with
cultured nmerozoites by oral |nocul ation. Birds that received the 100, 000

cul t ur e- d¥agcinagioE, acervulina or E. tenella mer 020| tes, prepared above,
exhibite a C dose of 1000,
5000, anﬁ% ngp@%@cﬁ(sg%lhglfgg?ﬁe@ “u‘#?%a"& ﬁga'ica[n 27] Fourteen days
after moAmbmanm)nvm inocwdated wﬁtedmﬂmdqmbmas byt il iGbdutdient Bads were given
1000, 500@at and é%&ﬁﬁ@ﬁ& 20| nd 1 un| nocul ated control chick were
noved i ntO-an e ‘3 EiS’lYE & GOV Dhierels BREZ9188t  shed oocyst s
from Par tprépardub s eﬂﬂﬁte@@ﬂmﬁleﬂ vﬂﬁlbe 61&%mc@tﬁatf}96eﬁeeﬁﬁb§é%f”er020' tes died
from coccidial infection | ace hi s contam nated environnent.

However, 048 S0EH; @Qéoﬁﬂ%mematqgé@mopcwlwwgpm nocul ated with | ow | evel s of
er 0zoi t 7rermmqge e that the
subcl i ni ?Zu dose o ngd(#%ﬁltglédslé{ﬁggﬁ&cgﬂg E&% Olgeﬁdtﬁ% égi( nity in the
birds t hamferpgmblet@(@dSQdﬁemdthng mh:zeitpsand 1 umlnaidlaag@nmmma | et hal dose of
Ei neri a. . . . . .
were moved into an environment previously occupied by chicks that shed oocysts
from Part A, supra. The day-old chick that did not receive merozoites died from
coccidial infection when placed in this contaminated environment. However, the
chicks that had been previously inoculated with low levels of merozoites remained
clinically healthy. These data indicate that the subclinical dose of merozoites was
capable of inducing immunity in the birds that protected them from subsequent

challenge with a lethal dose of Eimeria.

[128] TABLE 1
Results of Chick Inoculation Experiments
#E, #E. tenella Fecal/Clinical Clinical
Birds Exp# acervulinag merozoite Response to Response to
merozoite Merozoites Challenge
2 B 60 60 fecal negative ~ Not Done
2 B 100,000 100,000 Diarrhea Not Done
2 B 10,000 10,000 fecal negative  No Clinical
' Signs
2 B 5,000 5,000 fecal negative  No Clinical
: Signs
2 B 1,000 1,000 fecal negative  No Clinical
Signs
1 B 0 0 fecal negative  Died of
Coccidia
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[128] TABLE 1 Results of Chick Inoculation Experinments #E. #E. tenella
Fecal /Cinical dinical Birds Exp # acervul i na nerozoi {&NReswhsn2804 o
Response to nerozoite Merozoites Challenge 2 B 60 60 fecal negative Not
Done 2_B 100,000 100,000 Di arrhea Not Done 2 B 10,000 10,000 fecal
negat i VBB hi cal Signs 2 B 5,000 5,000 fecal ned&E(USES/ 1920 i ni cal
Signs 2 B 1,000 1,000 fecal negative No Clinical Signs 1 B O 0 fecal
negative Died of Coccidia 29 16 Novenmber 2006 WO 03/099325 PCT/ US03/ 16302
Experiment C. Inocul ation of 10 Day Enbryos with E. acervulina and E
tenella [129] In ovo inoculation by the allantoic route of 1000 bovi ne

m)nocyte %géé er|v .07 0 s, per anple 2) of E. acervulina
and E. Eiparlihi G ;‘!g Hﬁg}%(’fe oﬁ S¢HMcken eggs resulted in embryo-

deat h |n elther speC| es Hetfere was no evi dence of oocyst
formatlonklbgﬁ tlhe tiss Iﬂ}%‘} ? data indicate that both species of Eineria
r et ai ned ul‘B ¥R at&w llagteig royse,pk 1908 bpyine wendenie cwlbmocyt es.  EXAMPLE

7 SCREEN v altro5aE QROBLEARBNES of £30Lr T B4 £SLLUPREST A 2 pr oposed

antl-prot(i oal agent ainst a Sporozoea species IS eva ed by using the
syst em of® b&%@l oegs NSUIEdﬁ@emblryg déaﬂa inGiithéraspeidslos

merozmtes. There was no evidence of oocyst formation in the tissues. These data

indicate that both species of Eimeria retained virulence for embryos after culture in

bovine monocytes.

EXAMPLE 7
SCREENING ANTI-PROTOZOQAL AGENTS

[130] The effectiveness of a proposed anti-protozoal agent against a Sporozoea

species is evaluated by using the system of Examples 1 and 2.

A, Screening for Diclazaril
[131]  24-well tissue culture plates containing Thermonax™ (Nalge Nunc
International, Naperville, IL) were employed, bovine monocyte cells were éeeded

and grown to <80% confluence in maintenance media using the methods of

Example 1. Subsequently, each well was inoculated with a E, acervuling and E.
tenella. The anticoccidial agent diclazuril was introduced into the media of each
of 10 test wells, while 10 other wells are kept as controls. The presence of

- schizogony at 24, 48, and 72 hours in culture was compared between conirol wells
and treated wells, to evaluate the anti-protozoal activity of the tested agent.
Observation for parasite growth was by microscopic examination and coverslips
that were stained with Giemsa. The presence of schizogony as well as the per cent

reduction from the control well was nsed to evaluate drug treatment.

- B. Screening for Other Agents
[132] 24-well tissue culture plates are employed, host cells are grown to <80%
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[131] 24-well tissue culture plates containing ThernmonaxTM (Nal ge Nunc
‘International, Naperville, IL) were enployed, bovi ne ndfdésmeambee?d0$ were
seeded and grown to <80% confluence in mai ntenance nedi a using the methods
of Exanmple 1. Subsequently, each well was inoculated with a E. acervulina
and E. WOMEIBH. The anticoccidial agent diclazuril REEUSHH6¥Auced into the
media of each of 10 test wells, while 10 other wells are kept as controls.
The presence of schizogony at 24, 48, and 72 hours in culture was conpared
bet ween control wells and treated wells, to evaluate the anti-protozoa
activity e ent. Chservation for rasite growth was by
nicroscoﬁ%%ﬂgggﬁhﬁgpgg% T 98#@?1%@im?m%?mﬁéggugiﬁﬁﬁed with G ensa. The

presence mmosphbiczpgomyatafor ik hbstaslls, Al tHE catBWhil isifiHkidam 4 om t he control
wel | was ysed to ev.al(gate drl}i}gg treatment. B. Screening for O her Agents
I

[132] 24-WETT7°F] PEUE L ieE e APIagent or agents énds toyadds inweduced @ntd s are grown to
<80% 30 thénbnerben o Qe ol A28 3R, RGN MR K030 gonf | uence i n

sui tabl e nui ntenance nedia, at a tenperature, a under "an at nosphere
appr opr i dF@WMintfier geouh b4 desisiin eyltuzaid cothpameddmteenedrtrol svelliwadul at ed with a
Spor 0z0eg,SRAGH [ ‘. agent . or ts to he tested is

i ntroduced i nt gﬁgttﬁgevah%%?%eeo lpé@@ﬁoag?c P%@?‘%&)ﬁ‘??gﬂﬁ(&hi le 10 other wells
are kept [3¥]cEiserwition for@ansitdgrakthenn 8OByinictostépiciaminafios bl their € i s conpar ed
bet ween ol |l.s and, .treated wells, to evaluate the anti-protozoal
activit ycugggfﬁ'?ger\t,s\ﬁépsst@aﬁmﬁﬁ?me@%. (ﬁi‘ﬁ@]‘:’rw%@éﬁ%ﬁ opsrvehieasite growth can
be by m guasitswpi c exam nation or the wuse of coverslips that are stained
with Gensa or a suitable stain to observe the parasites. EXAMPLE 8
EVALUATI NG METHODS FOR CONTROLLI NG PROTQZOA [134] One way to reduce
protozoal infections of donmesti IdBs is to inplement a managenent
practice desig A TINGIMETHGIPS FOR BG PRAQIGADIA. such organi snms as

. d. . ‘ . h l . . h
oract cod 2 o CrERaF K UBE prlcPal ksl SRt et fdE o o

implement a management practice designed to remove materials that may transmit

A
L=lafe

such organisms as Coccidia to animals housed in that location.

[135] Suchmanagement practices are readily evaluated using the culture system
-and the methods of Examples 1 and 2, respectively.

[136] Standardized samples (e.g. samples of litter) are taken frora the area of
interest, and processed to isolate oocysts that may be present. These are inoculated
into the culture system as described by Example 2, and growth after 5-10 days is
measured and correlated with samples having a known number of organisms to
determine the level of growth associated with range of starting samples.

[137] = The new management practice is then implemented, and thereafter,
standardized samples are collected, at locations and in quantities as taken before
the change in management practice. The new samples are then cultured, and the
growth at 5-10 days compared to the growth in the pre-management samples fo

determine any lessening of viable protozoa in the environmental area of interest.
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intracel

and the nethods of Exanples 1 and 2, respectively. [136] Standardi zed
sanples (e.g. sanples of litter) are taken fromthe ard# Ngvembat 2006st , and
processed to isol ate oocysts that may be present. These are inocul ated
into the culture system as described by Exanple 2, and growth after 5-10
days is mneasured and correlated wth sanpl es having a known nunber of
organisns to determne the. |level of growh associated with range of
starti ngrsame:es. [137] The new nmanagenent practice is then inplenented,
and thereafter, standardi zed sanples are collected, at locations and in
gquantities as taken before the change in nmanagenent practice. The new

sanpl es jar e tA@Bhed ok birdiuoud Bl tukd & an ObIDMelntHcelRiat Broitdys sronpared to the
growh in the pre-nmanagenent sanples to determ ne any | essening of viable

pr ot 0z 0&BhHOHEC I} hedRirEs Phnse 9 deyelgpmentcemMBRSNg: 31 16 Novenmber 2006

CLAIMS: 1. A@shd\@dng OfeliGamir BrRuScobiphifiby & igfmotaliRBIagiMagad Nt racel [ ul ar
prot ozoan of c|ass. Sporozqgea in the asexual phase of devel opnent,

conpr i sitRy cellssitadiefor FPHEE Peeraed sRFFiFtir e syst em conprising an i nmortal i zed
mamal i an  h@stcos@ttng tiftoktabllBwititdh igleQWugagSRO kPR a&eSpeci es; (b)

contacti,ng t host cells with an infectiqus stage of an obligate
lt%ral{l‘?aﬁw&%a@aﬂf clgfs Wrrsecagmladathe 2l Pia WYOTHet he growth of a

: mﬁrOZOi tpﬁpuﬁﬁfbﬁlﬂ{aati.b szﬁ)lablhafcdnﬁn@a@@bkgli@fhe@@iﬁéi@ﬁ@_@&tﬁéﬂ?ﬁthlli3 thg asexual
phase in the host cell; erein_said contacting is performed under

condi t i SHETCBY P CPRgng &y Periprred tindss copditiopget! %B‘éetfgf:@?q‘:‘é‘fn 4 (c) propagating
t he mer ggaictle; a@pul ation in its asexually-dividing form wherein the
obligate intracellul ar protozoan is a species that belongs to a genera

sel ected frofPPHEAGBE JICCuHEPLT popylatien ip &5 assevally-degdipeioE s por a,

.Crypt ospor i dintheteinfthéSdligate il el GRMPoREdHn ¥ Bspbiiay Bafbeloagdo wher ei n when the
obligate int E?%‘gl | ul ar grot 0zoan ?L”ré a species that belongs to the genera
Ei meri a BHR© Frpog thesgpnm qousisting ghisospag: CRIF A &ct an avian host. 2. The
et hod @l bspbiidhn IQER, Bnd ddgbe@tidns Ehéetdol afd GlGtAMbeRIPLbIRAR a growh nedia
Sultabl ¢ ol ARl kS, BOThoEE) b ettt B SB O OAER, SPect es organi sm

species is one that can infect an avian host.

2. The method of claim 1 wherein the cell culture system comprises a growth

media suitable for maintaining the host cells and the Sporozoea species organism.

» 3. The method of claim 2 wherein the growth media comprises a reducing
agent. '
4. . The method of claim 3 wherein the reducing agent is present in a

concentration effective to maintain the Sporozoea species organism in indefinite

. culture in a life cycle stage where reproduction is asexual.

5. The method of claim 3 wherein the reducing agent is setected from the group
congisting of B-mercaptoethanol, mercaptoethylamine, 2,3-dimercaptosuccinic acid,
penicillamine, B-lactams, N-acetylcysteine, ascorbate, glutathione, and combinations

thereof.
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3. The method of claim2 wherein the growmh nmedia conprises a reducing
agent. 4. The nethod of claim3 wherein the reduci ng agéi¥ovember 2¢nt in a
concentration effective to nmaintain the Sporozoea species organismin
indefinite culture in alife cycle stage where reproduction is asexual. 5.
The nethod of claim3 wherein the reducing agent is selected fromthe group
consi sting of (3-mercaptoethanol, nercaptoethylam ne,

2, 3-di mercaptosuccinic acid, penicillamne, O-lactanms, N acetylcysteine,
ascorbate glutathlone and conbi nations thereof. 32 16 Novenber 2006 6.
The met Hod of Themmethedsf Glpiay 2vherein thepredugiap Agenbis Srivereaptogeneb Mciapt oet hanol in a
concent rhdcfftation Raiahg foh L@ 1oQb&k olsGnbout 0.5 mM 7. The met hod of
claiml1 wherein the host cell is an immortalized cells retaining
phagocytic activity that is derived froma mammlian reticul oendot heli al

cell. 32a 16 ™ewemalhf A@61 whbreid 0R heRtcBPd aRimbbiliRdceher ei n the

reticul oendothelial cell is a nonocyte. 9. The nethod of cIa|n11 further
conpr i sitAgnNg@hagoapicaetidly that isidggved fomqmegmaliangeticglgendetbelial cont i nuous
producticem of nerozoites. 10. The nethod of claim1 wherein the protozoan
is an Eineria species that can infect an avian host selected fromthe
group consisting of Eineria tenella, Eineria acervulina, Eineria maxing,
Eineria necatrix, Eineria mtis, Eineria praecox, and Eineria brunetti,
Eineria neleagrimtis, Einmeria adenoeides, Einmeria gallopavonis, Eineria
~dispersa, Eineria neleagridis, Eineria innocua, Eineria subrotunda, and
conbi nations thereof. 11. The nethod of claim 10 wherein the protozoan is
Einmeria acervulina or Eineria tenella. 12. The nethod of claim 1l wherein
the merozoite population in the host cell is capable of continuous growth
in the asexual phase of devel opnment for at |east 18
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days. 13. The nethod of claim 12 wherein the nerozoite population in the
host cell is capable of continuous growth in the asexd&Ngysmber 4106

devel opnent for at |east 150 days. 14. An antiprotozoal vaccine :
conposition conprising a nerozoite population propagated by the nethod o
claiml. 15. An isolated popul ati on of protozoan nerozoites, or nerozoites
W th oocysts, wherein the protozoan is selected fromthe group consisting

of Ei neria t qRehboed of el wheRGEMY Wik NFondbhlR de mm)ﬁmg,eﬁ meria necatrix,
Eineria mlls, Eimeria praecox, and Einmeria brunetti, Eineria

nel eagrimtis, Einmeria adenoeides, Eineria gallopavonis, Eineria dispersa,
Ei meri agnel eqye indindd offl iR fBrthed B RiIng Bl TR bspliftR i Migla o and conbi nat i ons
thereof. 16. Use of a viable organi smproduced by the nethod of claim1l1 in
the naAUTER QREMGEs RIodrshen ofdnererolssi cit protective anti-protozoal inmunity
in an avian. 33 16 Novenber 2006 17. The use of claim 16 wherein the
~avian is_a donesticated bird and the protozoan is a Coccidiosia. 18. The
use of ¢Pai mbemihest & dpimi evherainthe potoseandeandgmeriatactipe by ceup consisting  of
Anat i dainf6ep b iindRe sclER@biaR tidaroup RESIER S0EimcRS idnbRL ERfria@Nd speci es
thereof. 19. The use of claim1l6 wherein the avian is a turkey or a

chi cken @B ingHemeien e EAneraL eoiiter Bmyie wainbimsst BrepraBiie or gani sns
CONDI i S SmerNHi-DL, B8 nPREYSLSs, Eherfy BlebdMS Aiherseof wherein the total
nunber of said viable organisns ranges from 10 to 106. 21. The use of

cl ai m 26°XgRayosisnEimgEa Egperigimglspgridis Gaparerirocembingds 102 to 105

Mer 0Z0i k@FoMkdaORR:chbinatidas théker, use of claim 16 wherein the viable organisns
conpri se merozoites, oocysts or a conbination thereof, and wherein the
vaccine is suitable for being admnistered orally by dusting or msting of

f eat her $1. by Thémeue 4106 tli0Q hedtfihe FRMRbMAL EMRBL LESHEAE 023. A cell culture

system conprising imortalized phagocytic host cells suitable
FEimeria tenelld.

12, The method of claim 1 wherein the merozoite population in the host cell is
capable of continuous growth in the asexual phase of development for at Ieast 18

days.

13. The method of claim 12 wherein the merozoite population in the host cell is
capable of continuous growth in the asexual phase of development for at least 150

days.

14, An antiprotozoal vaccine composition comprising a merozoite population

propagated by the method of claim 1.

15. An isolated population of protozoan merozoites, or merozoites with oocysts,
‘wherein the protozoan is selected from the group consisting of Eimeria tenella,
Eimieria acervulina, Eimeria maxima, Eimeria necatrix, Eimeria mitis, Eimeria
praecox, and Eimeria brunetti, Eimeria meleagrimitis, Fimeria adenoeides, Eimeria
gallopavonis, Eimeria dispersa, Eimeria meleagridis, Eimeria innocua, Eimeria

subrotunda, and combinations thereof.

16. Use of a viable organism produced by the method of claim 1 in the

manufacture of a vaccine to elicit protective anti-protozoal immunity in an avian.
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for grow ng Sporozoea species, and a cell culture nedium conprisin
anount of a reducing agent effective to enhance survi vIN ‘é)‘fenﬁ’e{s%@(?%zoea
speci es asexually reproducing life stage in indefinite cell culture
‘relative to survival of a Sporozoea species cultured w thout the reducing
agent. 24. A vaccine conposition of claim15 conprising a

phar maceuti cal | y-acceptabl e adjuvant. 34 16 Novenber 2006 25. A vaccine
conposi ti7on dﬂe()u[sdioﬂ@aitrolﬁoﬂd&'rdmtﬂéavi:iniﬁhﬁé&heﬁ&ﬂ@fﬁiﬁ!iaﬁ@t}ﬁ food conposition in
adm xture ne. 26. A method of screening for agents which
dest r oy p5?t°?°ﬁmsl5"ia¢ocfzﬁé’s’§r owth of protozoa of class Sporozoea conprising
culturing a Sporozoea species of interest by the nethod of claiml1, with

and wi t hqut ntact .wi.th an agent to .be s ene and detecting inhibition
o gr owc I or ‘OBt P Hher e s SR IORNEe eUermESE  ne” agent. of

i nter estofAzarzdaMmmhdcb, Phdasiamlat Thasieni8aes Blikiarire, aid spdales grteef.i Nt racel | ul ar
protozoa in the asexual phase of devel opnent, according to claiml1,
conprising (a) providing a cell culture systemconprising imortalized

bovi ne 1®onocEiease oflaimelicrwlickedn thermoard iak hzley obavhicdkennonocyte cells are able
to incorporate the protozoa by phagocytosis; wherein the cell culture
system conprises a culture nedia suitable for growmh of the imortalized
bovi ne rﬁOnocy’ﬂesusanﬂcm&mhewmthehmMObfvmblmrgmmmbmﬁmses)n rangi ng from

about O. about 0.5 n%‘acil ng gst W th an
i nfecti org%ozgqesoroo ysﬁshoéaglv}( %%eéeogn grm ﬂ%{]%% mf wa 1|eve for infection

of the hﬁ@;nsﬁ@kdnﬁesﬂ’-ﬁm{olmq in the growh of rrerozm tes in the host cell;
and (c) propagating the nmerozoite population in its asexually-dividing
form 28. The nmethod of claim 27 wherein the protozoa is an Eineria species

| ect f th f t I
B mor i & e e REP R RBRat 1S e o B e F pecox, and

Ei meri at@!i@ﬁlﬁér&mteﬁbrm%g&% nmel eagrimtis, Einmeria adenoeides, Eineria
gal | opavoni s, Einmeria dispersa, Eineria

22. The use of claim 16 wherein the viable organisms comprise merozoites,
oocysts or a combination thereof, and wherein the vaccine is suitable for being
administered orally by dusting or misting of feathers, by in ovo injection and

combinations thereof.

23, A cell culture system comprising immortalized phagocytic host cells suitable
for growing Sporozoea species, and a cell culture medium comprising an amount of a
reducing agent effective to enhance survival of a Sporozoea species asexually
reproducing life stage in indefinite cell culture relative to survival of a Sporozoea

species cultured without the reducing agent.

24. - A vaccine composition of claim 15 comprising a pharmaceutically-acceptable

adjuvant.
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nmel eagridis, Eineria innocua, Eineria subrotunda, and conbi nations thereof.
35 16 Novenber 2006 29. The nethod of claim 27, wher eilff Nayembst H¥® f urt her
conprises the step of reducing the concentration of host cells in the

cul ture system whenever growth of the host cells reaches at |east 80%
confluency. 30. A vaccine to inmmnize chickens or turkeys agai nst one or
nore Einmeria species of protozoa conprising a nerozoite of an avian

Ei mer i a 2Specifegacciatcaqoyison acchrding hadaibenivgaaenmpisthefafood a merozoite, or a
m xture ther etof e %r ei n .%lhe. nmer ozoi te had been propagated in a continuous
cul t ur e BFPEPIRETHEPIC2EE A1 an phagocytic cell. 31. The vaccine of
claim 30, wherein the mammal i an phagocytic cell is a nonocyte. 32. The

vacci ne ,of claim 31,. wherein the n e is. vi ne fmonocyte. 33. The
ot hod 3 of TR PERE Reladhe BRRR VLSt bEpRoR PR BRl T gt o

i nt r acelpkatbzan ofxlos Szaramenéongiriang ciBping 2 Spaoioss geciesvfanaysby 34. The nmet hod
of claiml further.c i Si,ng; d%) allowmng the,.culture to increase to a
density ﬂ%eu%1 tH?%Ota}tC{ab%g%Ehsangr‘?% hoéﬁ %%?’éqﬁ%n %’eg Pg? E45BE -t o the culture
medi um dactinglmhibiedrhdgranfth o ~aahihit3 deldtive tdeowthdmthe hisetng of thee) harvesting t he
sporocysts. 36, The method of claim1 further conprising: (d) harvesting
the mer 28T P85, An anti prot ozoal vaccine conposition conprising the

i sol ated popul ati on of protozoan nerozoites, or nerozoites with oocysts of
cl ai m 137. 38 .A igstbodfor ¢dnéinicme tudtneschf pbiigateatirapplluddr ppt@boincbe ner ozoi tes, or
mer 0zoi t it h f claim15.in the manufacture of a vaccine to
eliore prapdlebls oPElBbiu g ecdudidoithnd RGN avian. 36

' (a) providing a cell culture system comprising immortalized bovine

monocytes; wherein the immortalized bovine monocyte cells are able to incorporate
the protozoa by phagocytosis;

wherein the cell culture system comprises a culture media suitable for growth
of the immortalized bovine monocytes and B-mercaptoethanol in a concentration
ranging from about 0.01 to about 0.5 mM;

(b) contacting the host cells with an infectious stage of the protozoa under
conditions effective for infection of the host cells, resulting in the growth of
merozoites in the host cell; and

(c) propagating the merozoite population in its asexually-dividing form.

28. The method of claim 27 wherein the protozoa is an Eimeria species selected
from the group consisting of Eimeria tenella, Eimeria acervulina, Eimeria maxima,
Eimeria necatrix, Eimeria mitis, Eimeria praecox, and Eimeria brunetti, Eimeria
meleagrimitis, Eimeria adenoeides, Eimeria gallopavonis, Eimeria dispersa, Eimeria

meleagridis, Eimeria innocua, Eimeria subrotunda, and combinations thereof.
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29. The method of claim 27, wherein the method further comprises the step of
reducing the concentration of host cells in the culture system whenever growth of the

host cells reaches at least 80% confluency.

30. A vaccine to immunize chickens or turkeys against one or more Eimeria
species of protozoa comprising a merozoite of an avian Eimeria species, an oocyst
that had been generated from a merozoite, or a mixture thereof; wherein the
merozoite had been propagated in a continuous culture of an immortalized

mammalian phagocytic cell.

31. The vaccine of claim 30, wherein the mammalian phagocytic cell is a
monocyte.

32. The vaccine of claim 31, wherein the monocyte is a bovine monocyte.
33, The method of claim 1 wherein the infectious stage of the obligate

intracellular protozoan of class Sporozoea is as an oocyst.

34, The method of claim 1 further comprising:
(d) allowing the culture to increase to a density such that oocysts and

sporocysts are released into the culture medium,

35, The method of claim 34 further comprising;

(e) harvesting the sporocysts.

.36, 'The method of claim 1 further comprising:

{d) harvesting the merozoites.

37. An antiprotozoal vaccine composition comprising the isclated population of

-~ protozoan merozoites, or merozoites with oocysts of claim 15.

38. Use of the isolated population of protozoan merozoites, or merozoites with
- oocysts of claim 15 in the manufacture of a vaccine to elicit protective anti-protozoal
immunity in an avian. | '

36




