Title: METHODS FOR THE IN VI TRO CULTURE OF SPOROZOEA SP. AND USES THEREOF
Abstract: The invention relates to a method of excysti n NMenemhendploy

prot ozoal oocysts by in vitro tissue culture resulting in production of a
continu re of nmerozoites. The invention al so _provides an economn cal
and relﬁgﬁPeﬂéupply of cultured Einmeria sp. for vacggﬁ SﬁVﬁﬂﬁction, assays
and research. Donesticated avians that have been vaccinated using the
prowl ed Ei nmeriasp. are also provided. 16 Novenber 2006 WD 03/099325

PCT/ US03/ 16302 METHODS FOR THE I N VI TRO CULTURE OF SPOROZCEA SP. AND USES
THEREOF FI ELD OF THE | NVENTI ON [02] The invention relates to culture
systens and net hods for the continuous culture of sporocyst-formng

prot ozoa of the cl b o & eci es thereof. The
invention also rela %Bﬁ P %ﬁ trl‘z nd rel ated- Sporazoea
|ife-stage cells pr &G % r n T systens and net hods,

for use in vaccines, assays, and for other uses. BACKGROUND OF THE
| NVENTI ON [ 03] The protozoa of the class Sporozoea include
sporocyst-form ng protozoa, nmany of which are etiologic in a nyriad of

 diseases of animals and FEPOEFUEINVENEONr|d. O particul ar conmerci al
concern the .di [ obAe) G b ek ass Cocci di a,

or der Eui%ici@%lg%&gﬁ%@%%ggggﬁ%@?l na, &g%dswe t%l as thg

spor ocys culfune ofi sporopystfarmis prétotdaef the clsaSpeyepei adgosraandsi neri a, | sospora,

Neospora, Sarcocysti.s,. Toxopl as Tyzzer. n n _[04] In
parti cul éli’ef;leﬁﬁ]@?ggi’h’sellqu“ﬁ‘) #s nﬁtﬁc’ F"\ém P%%%%%%?O\é\gsrt\%/%ﬁé%@ ncl udi ng
donest i ¢ shiniReh BiKstdre GelliRbticsd/by thonisativbyulpioiysrenaanpaetsds es of the
subcl ass ~Coccidia, genus Eineria. These are obligate intracellular

* pr ot 0zoafPryse BYRecERes35EAYS, ARG HITOBSEWCHhri narily in the intestinal epithelium
These parasites have a nonoxenous |ife cycle and exhibit a high degree of
host - species and tissue specificity. Overall, the conbination of |osses
due to coccidi osi s anBACK&GROEND QF THE BYWENEEPNc nedi cation results in

stgnific ?&E a‘fﬂ]eup%togc?aoor}?hrg c(iasls 950%-8%& %cﬁlgg spo?gcgr&-%&ﬂné Bt%'tb%e[, es.

many of which are etiologic in a myriad of diseases of animals and people around

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,




[ 05] The economc effects of coccidiosis infections in donestic animals is
especial |y severe in the poultry industry, where intendioNoveawst AP birds
favors the spread of the disease. For fow, e.g., poultry, and other
dorrestlgvobd 99§ 16 Novenber 2006 WO 03/ 099325 PCT/ USQ3/ 16302 Cocci di a

i nfecti on resuﬁs in econonmic |oss fromstunting and PS®URSEP¥%01 or at i on.

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 penetrat es and damages the

nmucosal tinal I aus dity, e.g,

resul ti né’aﬁdtﬁg}]{?c lggéeé&tts g‘\/\f%o%cdlm?eég&l ST |”| za?llﬁo%\iﬁfdgaﬂ Ae i nfected avi ans.

[06] Pr ommo@jmﬂm@m&;@a @bﬁwaaﬁmfbcsasmgleapst@ameo&mmar a, or

Crypt osp dlumt pi ca only requir .e host ocorrpletetheir life
cycl e. @Pfif %@ﬁéﬂf‘?ﬁt‘BPﬁsPa%ﬂ%%f"méee OB, wi th the i ngesti on

of spor ul ﬁsli tlﬁ%bﬁ%i‘tépehét?ﬁésta!ﬂ@dﬁﬂéﬁﬁéﬁeﬂﬁﬁésalI-E{j@‘o‘fﬂiémtmhﬁl of the ingested

sporul at e oocyst br oken nmechani cal disruption in the gizzard and/ or

di gest ed Wi}, qamlgqqm@orb@ﬁy,mges tng ini dscresred gioplbaiddeed are the sporozoites,

whi ch ar f Q’ﬁgﬁe of the organism The sporozoites invade the
intesti ngflﬁﬁﬁ()ﬁﬂltﬁgﬁﬁb\égedl t ial cells in other |ocations. The site of

i nfectiofo6]s Bdarextihe ginex Rifierid)dsospesi@stoisngotyed.  [07] Wthin a host

ani mal ' ells orozo devel o o.multin ronts, also
cal | ed séf’ﬂ' {’ré‘?’ %Pﬁ‘%fﬁ%ﬁ? %ha’h%ﬁ%ﬁ %’6@1&%%%@%% Phfective body
cal | ed a[]iiﬁéﬁé@ltatl@omﬁtﬁtﬁxk tﬁélﬁﬁrc?clélﬁéguﬁ&hih&haamgesuepeﬁipsnmm process. After a

vari abl e nunber of asexual generations, merozqQites develo |nto ei t her
M cr ogamepEtydiem the em@@%aﬁn%%@ilwmfﬁgdﬂ%@gﬁ% a'&g $into many
M cr 0gangfgsn ¥§inG am onﬁx?ﬂz&b'zha?@a&dﬂﬁd‘i@%@gﬁﬁﬁésﬁ&al The resulting
zygotes encyste orm g a tough outer coat, and are then called

oocyst s, emtyineh leﬂan Stessglorocirstspos the spoeetoites, whish ﬁ@dhﬂsmﬁ%‘tﬁmgﬁr oper
e . it
Wi th Cocén 6thér 16daticist Thesiwpéifetion Rehirhdtaistiontihe speciektvolesdinpl e, there are
Seven K n(EWn S%Ei\t%ne; hoos’]nc an%&%lcgflsaspvc\)nggesldr;ve?gl;[ m%ohmgliﬁggc eateSI X of which are

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,




considered to be noderately to severely pathogenic. [09] Thus, in donestic
avi ans, the introduction of another species of Cocci di alhNovenher 2006

i ntroduction of new, previously unexposed birds may result in an outbreak
of the,dj Qocysts are resistant to extrenes in pH. detergents,

pr ot eol?ﬁ"é},‘:ﬁ"’g%la Novenber 2006 WD 03/099325 PCT/ usé’§%f§%’é‘é3"dl ycol ytic,
and |ipolytic enzynes, nechanical disruption (although they can be broken
by | aborat ory nethods) and chem cal s such as sodi um hypochlorite and

pot assi um di chromate, and will survive for many weeks outside the host. For

exanpl e, . 2 rlgggqu LeS: . | di L i nfect chickens,
si x of &hﬂa@ﬁ&é%ﬁé@%@ge edt o&ggﬁar;fagglesﬁl "Ele ﬁl%ogl'gggh\\%g% yel pat hogeni c. [ 10]
Numer ous broktoiabdraivey rslenisedehenieas swhiasdninz kypochlbrite yndigai nst  Cocci di a.
Al'l commercial |y, successf.ul... nethods are based on thhe @grri ni stration of
live encydpsi %8’?8@’, andpll SUTgve Jor many eeks Oupde e host Fohe ' host comon

route of exdni€ dhedd 4r0 FeviiSkitinal specidst ST Q@R ihivh ififectichiskdma\ix &feen used. Edgar,
U S Pat. No. 3,147,186, teaches vaccination of chickens by oral
adni ni st Maichae onsidergdiobe moderatelydp sevesshopahoged®l oocysts. Davis et al., U S.

Pat. No. Fl‘l‘)i 541%5&?1%?18 ﬁ%&d@%ﬁv@b&?ﬁ%ﬂ:lpa?fo MRf5iz8 BbliRPagiinsE ONt | NUOUS

adm ni stration of ['ow nunbers of sporul ated oocysts, "w th or wthout

si mul t an€oagdiadiil pirapereipilosucedssfatmeth@lsaes tisedl ongheafeninigiration &f't enuat i on can
be achi eyed rial p [ i ; I ] rains of

Cocci di aﬁgﬁ%rg\%%%ue%{éﬁ?% oe%?r’g I '%%enggte%%ga% F}%‘,‘Sﬁlgﬁg&lgé}{&el%ué??éon, has been
descr i bethobylathor(ds bral 9Rhoughcihemotiat karebyen sk Edgrr I BePeiMo.i ts entirety.

[12]. Oral ly-adm ni stered. attepuated strajns, of.sparo s have al so been
i1 zod o610 i PR S S RRHE Y Gt SRS GR e ot SR F Py U S, Pat. N,
4, 438, 09 enddpoanatdbockhisoDaR3a br aINOLS. Pal Na, £944, 548Ndachedumbtio€t al ., PCT

publication No. WO 94/16725]. An alternative to attenuation is disclosed

i n Jenki nEvaseination by sontintous administgrion pf lpwrembers 9bspprulgied @usytteaches the oral

adm ni st ion. ' %ﬁﬁ 'F'?@il' . 0z 17t ed with gamma radiation
to preven r?g?%tg%ur@%@%?h aren erlét)ﬁ%\rf%m ggﬁg?élva (E:'i nation have incl uded

subcut angdas Attenustidr;ap e adhiavedby senpbeassagninahickorsy Selediospédr ozoi t es, Bhogal ,

U.S. Pat 'stral}lnos' of4C'o%9i§zhA§}904“;/ing 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




Bhogal et al., U S Pat. No. 5,6 068,104, and intra-ovo IN(%] ection of either
oocysts or sporocysts, Evans et al., PCT publication . 7 44933:
Watkins et al., Poul. Sci., 4(10) :1597-602 (1995). Thaxton, U S. Pat. No.
5,311, 03 b8 hes a method of vaccination agai nst C?cci di a by
admi ni sYPACLonof oocysts or sporozoites to newy hRECHEY 18407 ck s 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 vacci nation nethods. Non-vi able protozoa, or antigens from
pr ot ozoa : 1L rL i vel of inmmunity
needed tg]epéﬁ%%ﬁgg?&ﬁ%ﬁgﬁgﬁ‘lﬂ%#(k:rgrﬁip%?eg’tg’iogr%&@%e%g?oﬁggdg?ég ‘ore, viable,
l'i vi ng phetedranynsaccgssiid atysifaringithe bigh fesvliof iminymibawadedtaproéwt ed from | i vi ng,
intact inf ecield.%/‘]éﬁnﬁ. However, the use of live animals or, in sone
Cocci di a *8PRR FEL2 W™ eggs, to produce viable Coccidia cells for vaccine
product i gr5]i SHEGlokbrE &fdbley ARG prodbi, leGl 6dtysts, hi@] prévio@dosem cal and efficient
alternative nethod for producing the required qu ntitie% of Coccidia for
use in vé‘é‘é’?ﬁ‘i"élffﬂ“b@%&i@ﬂ?“%fﬁ‘ae VIR %wws&é?,usm 11‘[%95“"‘ ‘b¥en sought.
- Propogat i000f cfea8Gisfides! thidkl db0 tdABaRE SALR I BIRLLHs Rbackibh only 1 nited
success. Madi n Darby Bovi ne Kidney (MDBK) cells have been reported to
support Brodietioa igrogwedstly sndipefifiietfut t he devel opnent is linmted to one

replicati cycl . . el op Cell Culture,
- 5: 241 (E&g?) ﬁe@%ﬁgﬁégﬁ%‘%ﬁ&f 0 rﬁ@&;&é&gﬁo\%fﬁﬁggﬁﬁé T‘?@g}f{c} -Bontenps, Arm
rech. Zqﬁﬁﬁﬁéslcﬁ'ﬂb)x]iclﬁlaﬁ‘ﬁk use h?aﬁa'gfli’rg‘ﬂﬁcﬁm’ bﬁ\l@?&tp;rpogas, hds,lonk, k(F;r o'E igggl)] ,
25: 82, 978 wel | . as oV S. er. et al, ar asi tenkd, ,
oo 02 ot B eshbasalion of Cotgiea s FaNbh AR R B o Lsod ac 1 he

I nocul uNiiedVRMEdss. MBdin TRFROBARRVE dndy TIMDBRY BEHHIRE bednQepbsted MeT | ZOi t es

derived frominfected animal tissues limts the usefulness of these
appr oac héssuppatFimerig gravgh antirabut the dxdompent isdiswitsddesnan avi an cell line
derived ‘ ' [ el p he.growt h of E
tenel |l a g%?g‘%élﬁg%g‘%%iﬁgpﬁ@%’%%# I%gl?;ggn waim eal b for only 72 hours.
Anot her (1S8R akimerig obtyats foom E. acervuling [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




immortalized cell line derived from chickens provides a risk for
transmtting tumorigenicity to chickens if used to makld Nexgmbgadeithes.
[18] Limted passage of nerozoites has been known. For exanple, in U S

Pat ent Wo.0369%B80, 438, sporozoites were infected into peioswyssehi ck ki dney
cells (PCK) that are grown in culture as cell aggregates, using a

nodi fication of the nethod described in D. J. Doran, J. Parasit. 57:
891-900, (1971). However, once nerozoites produced by this nethod are

rel eased, the culture is termnated. It is current dogma that Eineria

exhi bi t s doyned tammirets] afjerewtiativahydshbh perdddoofdinea in thoteldnee ofiavdystsed t o produce
an i mort | i ne of rozoites, i line of nerqzoites that 4 16
November [%oeﬂ%?%%ﬂg%wwqﬁ%é@%%é‘%@%n%&%&a&m nate, after a

rel ati velgfomi@édl 2R@EIFREnOhethdd®.obiath subfidnt Coag@iaeblisfoeyetis. [ 19]

Therefore, there remains a longfelt _and | ongstandi ng _need for an

econom cafecqnripredyction and othercRddvery Gropal af BEFOLOIESIHPERi dia cells for use
in vacci; ' r ptes, in vitro,
on i nmor L?lgjfol zg%u%%?ﬁgge@gpﬁﬁ\kgg%? lg' %%gﬁeg\glg g‘.)teaH%H\fg\%’g%?h as noted
above, novitraxuluid system, prouidingsyidbdrhosirels,ibds prgviously hésneviilble cells, has

previously been available that al.l.ows for .indefinit rapagati on of the
asexual ﬂ%"é %% %CBE‘%&W]& ,ml?a@jgtmcnr?é erﬁ?&%cﬁﬁa%es&f%cftﬁ%éféh@gr sion to the

i nf ect i oufersiones withedontaslobn théwietshseaky irascantbeduiucetonly #0] The citation
of any reference herein should not be construed as an adm ssion that such
r ef er encdequéedvai | abl e as "prior art" to the instant application SUMVARY
OF THE | NT Wy : i izan provi des a net hod
for cont :Y%/(ﬁougge\l 813?{0:1}?25“3?& %ﬁ&g%ﬁr%%?gmﬁlﬁgggﬁ%uﬁ&pa?pt ozoan of class
Spor 0z oeadinissioh ¢ha sechuraferepbeis evailoble ae\psico pitktatthe ingagrapplicaden (a) provi ding a
cell culture systemconprising an imortalized manmalian host cell
suitable for grow ng Sporozoea species; (b) contacting the host cell with
an infectious stage of asUBDIMARWIOF THE DACENTIGNI  prot ozoan of cl ass

Sporozoea, resulting in.the growh of a rozoite popul ation that
P X ﬁIrst ascf)ect of the pregent yr\,ltventlon provides a method foFr) cgntinuous

=

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.




i s capabl e of continuous growth in the asexual phase in the host cell;
wherein said contacting is performed under conditions &f¥ewembee2¢®y
infection of the host cells; and (c) propagating the nerozoite popul ation
in its asexually-dividing form wherein the obligate intracellular
protozoan is a species that belongs to a genera selected fromthe group
consisting of |sospora, Cystoisospora, Cryptosporidium Eineria, and

combi nations A hgkiefect AR p‘f@@rﬁ%v@ntm%ﬂwrlﬁga@mu Qa6 vhddeacel | ul ar
protozoan is a species that belongs to the ra Eineria, the Eineria
speci es TRPHHEPT REPriHEg? PePEvie PapHaion RTPPARS: bymesmtlmd@fﬁ@@e%t of the
present dsﬁeéﬁntl on provides the nethod of the first aspect, further

conpri sing the step of P|Ittln the culture to ensure a continuous
producti on offFB2WeEe§thepreset iyeutien aroviren®: isohetedopelaticmpéct of the present
i nvent i QRotBZdaN hidRSoifs, oﬁﬂfei'd%l%%tﬁ%l)cﬂécﬁﬁe%n ﬁl@%ﬁﬁbéﬂl?&l&%p” sing a

nmer ozoi te popul ati on pr ated by the method of the first aspect. A
fourth dupate g’E?PPF‘Wéng‘F 2 Eptperiadenetie fovernpt esgivalien, Bimeriggesimed popul ati on of
pr Ot OZ OHImBRY PRk FDmerd mﬂﬁ'ﬂ?ﬁz@i‘z&ﬁ%eé%cta'ﬁdQﬁ%tﬁune»pgfn’fehg the protozoan is
selected fromthe group consisting of Eimeria tenellTa, Eimeria acervulina,
Ei ner i a MesaETRIns, IEmpiy pdenoriiestlimeria galloproris liimpréa digierser Fimeng aecox, and

Ei BT | @ AUIARRNA BimbidWhdcia, TRbLRAGbI R, Snd Biriidignateagel des, Eimeria

gal l opavoni s, Eineria dispersa, Einmeria meleagridis, Eimeria innocua,

Ei meria subr o’%ﬁ%%smcéﬁ%‘h‘éﬁrﬁfﬁnﬁﬁﬁn&ﬁ%PfPWé?@deeo ‘flilbﬂft%gﬁwem of the present
i nvent i QRodREMydRSmahdiSS 1Rffir@ aMjcatth he@@Rbeor PYRLYERGLRY t he method of
the first aspect, in the manufacture of a vaccine to elicit protective
anti - pr &f¥%Y SIS aqtigprefaTaRlimmspngy ingpaxign. A si xt h aspect of the present

i.nvention pr wglﬂﬁaspacmme pfaddr WH/Entid¥ BloRTlles &@mmh%b Retehymor tal i zed
phagocytic host cell s suj tabl e for ugrovm ngI[ Sporozoe€a species, and a cell
S ele:lVa

cul t ur e SABRTURE EERPRRZS RRpeasytis Aot Aells gritabler YipngSregesaes ef fective to

enhance spatiod] aah cOf culuRRURAARH: ﬁﬂﬁgh:%@%ﬁa%%duxmgﬁgéhpdum ng life stage
in |ndef| ite cell culture relative to survival of a Sporozoea species

cul t ur e §HGFVR i grhance, suryisa) gE# ﬁ@)r%@hqpecws 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 vacciﬁe.

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




A seventh aspect of the present invention provides a vacci ne conposition of
the fourth aspect conprising a pharmaceutically-accept alfl Howmhevdfe 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
growt h of  pr o484 o &gﬁ? IS cull taur i a Sporozoea
speci es of Lnteres?ﬁgﬁﬁ%ﬁgééggﬁ%%%%?g?he ?%?F&ggﬁggkf&r gﬁhand wi t hout
cont act fitherimgiertalizedboving menogviesand Bdnerespietienobintz qapcenintiioni t i on of growth or
vi abi |i tyndig) @4 ¥ut ®0BAVER oistmlihe absence of the agent of interest. A
tenth aspect of the present invention provides a nethod for continuous

culture of otfP) ¢pateeinetke hoseaclluwith apinfsrenss stagapitiisareleeruader phase of

devel oprefditionsfed#e i thitdfioh Bethé hdsBlendsARRe iGRTBLKEIJ#9: () providing a

cel l culture,systen1co%gr|5|ng immortal i zed bovi he nonocyts; wherein the
innortaﬂm%g@ﬁﬁﬁvﬁﬁﬁmﬁﬁ s@de cells are able to incorporate the protozoa by
phagocyt osi s ;(Cﬁﬁophgati}lgufelmé%z_oﬁQE@;ula%ﬁﬁﬁ!s Bk My SBViding WrUr © system
conprises a culture nedia suitabl'e for growth of the imortalized bovine
monocyt es and\pElfERE apceiaf themersent invantio meavisics aivdceine trigyrghidg from about 0. 01
t 0 aboutchRkéns BMurkels agtRRIAE bi Mke ERfe QP Lcids 6F ll)rﬁto%atclamﬁﬂsihé]; ectious stage of

t he protozoa_under _conditions effective for infection of the host cells,
resul ti MFPAIE Hangyisneresi spepiss gpaioesstthatiad bren gensrateddfam 2 and (c)

pr opagatrdi€rolté)@r MRAREE tHeReoR ARl thORerbibite hid RER pMBhdatadi yi ding form — An

el event h aspect of the present invention provides a vaccine to imunize

* chi cken$OBPRTRIYS obgdmmertalized mepmsbignrhepasisiq #llspeci es of prot ozoa

conpri sing a A fRIMZERpdcEofPhe RiseMhRRidH JTBVdR IRRRARDL 1RFirgOCYst that had
been generated froma,  nerozoite, or a mxture thereof; wherein the
nerozoiﬁ%?qﬂﬂ¥ﬂﬁégﬁﬁﬁﬁw§agated ina continuous culture of an inmortalized
~mammal i an phagRwking telulture & ih¥edst tdh RIRESGhchhat bB&sRRESENt | nvention

~provides the method of the first
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 fifteenth 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
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aspect further conprising: (d) allowng the culture to increase to a
density such that oocysts and sporocysts are rel eased liod¥evenhsr 2006 ur e
medium A thirteenth aspect of the present invention provides the method 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 for ndecporesishd hashaelintrésohing inolie glowthart nendzbjxrsdid bz best callacci ne

conpositi i Si the.isol at ed ul ati on of prot.ozoan nmerozoites, or
mer 0zoi te‘gf;‘%&ﬂ%ohggtfg sar%?%lff%én P Bnﬁfafeﬁgggrﬁg’é?é W%Eslgog: ggésrith aspect of the
present i[22knt Tiomehoak aokailtaresgeernflistlbsed haoinailled fopbppreditciianofof pr ot ozoan
Mer 020i t ey O TREAZANE Sualidel oPOZYR! FreRrodBGndQUI L aspect in the

manuf act ure of a Vacci ne to ericit pro ectrvétanti -protozoal imunity in an
avi an. [ 2dtherbifsstdges efiplotred of dss Sporazblo dTHeavaitability of sadsqantitiasr e of obl i gat e

intracell r ot ozpa of, class .Sporozpea.in the asexyal phase of

devel opméﬁtl?esf)c P& %‘@PE?’W?%Of“BﬁE‘?S : ﬁwgm%%n%ﬁ@qﬁdes the steps of:
provi di ngsfpar&aéd celll Fdr iicBusfonSh B0 CREMEs foF ABmals, 03NS frethivag@ host cel l's
suitable for growm h Sporozoea species, contacting the host cells with an

i nf ect i ouoRMEEE dymtitiseolneraspesanoteipbanddy nyplgisacids agireadins ef fective 5b - -
- === - - - shtditied For Sy Uz her, j Gl -khe host cells,
resul ti ngoi n et h%r_aél 3&%@3’%&\%r ig?@%g?%@%’%&&%%geg&a@e& wherein the host
‘cel | s ar emeleduiar bivlogycndfoogauctic stinbespf Gteorgemisny aphthgdiks:t osis. [22] The:

met hods cul.t ur st em di scl.qsed herein,,.. all or the. production of
her et of o?[gﬂuno eﬁﬁﬁ%{ﬁ F5 %FEEHP?‘PP@B ec?fgr?)‘ﬁtgﬂ"td?,s“'r‘r%’\l‘go'rﬁ’bli“flﬂ@ngﬁd/ or other life
st ages ofthgliost @ioandahe FoawsedSpari@vagaism theulavaishabillued y of such quantities
of these cells permts a wide variety of utilities, including providing

vi abl e Sporozoea cells for inclusion in |ive vaccines for animals, cells
from whi ch :
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econom cal quantities of Sporozoea proteins and/or nucleic acids are
readily obtained for any useful purpose, e.g., for di dgddexembsr 2006
protei n- based vaccines, nol ecul ar bi ol ogy and/ or genetic studies of the

~organi s e like. [23] The cell culture system de a growth
medi a s{t?lot ab e for mai ntai ning the host cells and t He ﬁgbéggﬁﬁ? ea species

organismin culture. Any culture 5c¢c 16 Novenber 2006 WD 03/099325
PCT/ US03/ 16302 nedi um appropriate for the selected host cell line can be
used. [24] In a preferred enbodiment, the growth nedia includes a reducing

agent,  Gndijum S;%r@pr&?e%?ﬂ%s&&dt&rhoﬁqéeﬁ?ﬁléXaﬁlbt Qﬂs@' ntain the Sporozoea

speci es or gani infte culture n a e cycl e stage where
repr oduct[24n imsa m&nmdbmbdﬂnﬁemteﬁagtom@ madje icludenpatinditgagantt h t he cul ture

systemcan he e in.a con ntration . that .is.functionally
i val effe-obe SrBeaoh e ol il o HeecdRE hanol | [ 25]

Pr ef er r ednde€ifite @ftuteSinAlie &yeTEded k& deptSivcton 8 hedxBAIN QnphAgeisyt i C act fvity
that are derived_from nmanmmalian reticul oendothelial cells, e.g

i o t al 2B ceuEPatible Wikthe eplfupesysiersan Be HBRISKSH: 62 81 4 coupeEatiqr 6] broferred
or gani sy, f & PeEHLE )PE{qﬁlQ’rﬂéﬁﬂtH §i'6. oif?éib%ﬁtso apflsGpplure systems disclosed

herein are protozoa ass orozoea that naturally infect only a single
type of haséapwethbnoland t hat have not preV| ously been successfully kept in

i ndefinite. ce cylture . on a co cale e |ncl for exanpl e,
~ Cocci di al&hd/ J'O)’Fefeéreah"é{ %lsr?é‘?i’%fm %%d;%"ﬁ%m ggl?ag @%‘8?‘&” MOSDOI’I di um and

conbi nat i@ iV AER &R manoidin rdh@ﬁl@éi{doﬁh\ﬂmﬁi@ells'\@?earpihﬁﬁﬁfa!h%ﬂi e menbers of the
Ei neria speC| es. [27] Sporozoea that nat ur al y infect two types of host

cel |, e. dne dotivsd Somea mormsyissplhbivm, Freankelia, Besnoitia, Hammondia, and
Sar cocyst have ener al | been pmuch nore, susc ptl ble-to long-term
culture, %ﬁrsl.d e%wsmérhﬂ%%sﬂwg%eef%qsen S SEStEYSt ens of t he

present Id{%to,'lewdlh@ﬂama& 518203 ERZQPBr0zAuEhd QdturRN S ekt &a&aﬁﬁgam sms for growth
by these nethods. [28] Disclosed further is gul&e‘*tozoa gﬁ{qe ﬁlss Spor ozoea

pr oduced Y of kst ?Fé‘t #ddlat bays agt nreydepshyhest fice cpt ig dndg ot ozoal
vacci nes cGlaPsd StdntnsHfRcild. ahesé Hitlude, 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.




Met hods of vaccinating avians agai nst such protozoa of class Sporozoea are
al so disclosed. [29] Vaccine conpositions conprising 3&Nevwawes#9er oduced
. by the culture systens and met hods di scl osed are al so provided that

i ncl ud pharmaceuti.cal | y accept abl e adj uvant juvants, as
wel | agwgﬁ)f”;g???\zos\in preservatives, colorants and the IITCIIESG “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

produced pi t neiofitdaQHSr AR afEhanEihiiEncty Shctiihedl GBS drbifinhier el 1. [ 31]

Di scl osed st | urt I's a net screeni ng for ‘agents which can
destroy piodiosthbpihe methodgingoeh cdfurgygeny descrdfed bérgiss Spor ozoea conpri si ng

culturin i £ I; , With and
9 gﬁl SB%E]Btgeﬁ%g% RMAEL €37 nféihog BF &Ee%ﬁﬁl% g% aQ@%ﬁﬁﬂx@ﬁ% AEHLR

wi t hout contact w agent to be screened, detecting inhibition of
gr owt h or oninkibit the tgyowtle pEprptpeoatad clgsscinptezoda sompresingeabwéng 20f t he agent of

intefest-%@%ﬁ&i nAING WG 1 &,Wﬁ%ﬂ@&&&%ﬁlma&g@%% ngly, the

present | provides culture systens that |nclud ost cells and
met hods f agentthée paconed, pnd detertinginbibisiop of gravik opfviabilibrslalisttogeith ng  prot ozoa

of the C'ﬂﬁﬁczﬁ?&{p&’éﬁﬁ@a A F9aBLqVvi ded are protozoal cells produced by a
stem of the pr I Ny

- culture sy pt esent 1 nvention, e.g., Sporozoea nerozoites and/or
oocysts or other antigenic materials. Such materials can be used in the
production of anti- Sporozoea vaccines for the vaccination of animals in
need of protecti oDETAMEISPESCRIPEION IR THEINVENDION humans, avi ans and

donestic d gnimals, includin donest.icated birds. [33] Thus, the

i nvent i o?ﬁ%r o?’r"ag@m&&f’ Fhe(yﬁ?ﬁﬁlﬁf,ﬂg’e %’tpé??ﬁheéﬁﬁﬁﬁﬁfﬁm t{‘%éﬂ %"I | allowthe
asexual HvasRIindIAehedsdBAhS 81 Vifo ERtiRGouTBMAEAbNGIrdc i ediniig el y, or for a
sufficiently pral on(_?ed period of time, in vitro, to allowTfor the

economi c Ao of dherglass Sperogneaddise pwictﬁfl axpgegtoraal ¢adls progugedpi@ i nventive
culture SyfbRstah dr FRHRAER idveiith! e b NspoPSoBs AARGHHR A @br oocysts

or other antigenic materials. Such materials can be used in the production of anti-
Sporozoéa 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




viable and virulent, ie, infectious, culture populations of
sporocyst-formng protozoa. These nethods are general |1 NgysmbeaBi t o any
sporocyst-form ng protozoa of the class Sporozoea, particularly of the
subcl ass _Coccidia and nore particularly of the order Eucoccidiida and nore
parti cuVQ®?315 || of the suborder Eineriina, and t RETAEBAEWYst - f or ni 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

particularly for Coccidial qocyst cyltiyation such gs all avian 7 16
Novenbe'rng US SREFI6%9109%9 %5 ﬁéﬁﬁ%gﬁfgg’éf?a’i @tB‘fH"b‘g "speci es of Eineria,
Sar cocy s YoSpord, FrARL SR Frédilinf AWl Mhe nhdiiRRTipvirblaimengi a, Frenkelia,
and Besnoitia. The nethod of 1n vitro cul turl% repl aces, ~and/ or can

suppl enefaplaces, andiexcap punpisment e eg ofgive arimaberarsy andes a5&sihthehe  speci es
t hat hos%[%etcﬁgHiapﬂés?%te%hicﬁ?erd§§ﬂa§i%§.' [36] In an especially preferred
, the

enbodi e rnvention i's contenplated to be wuseful, e.g., for the in
vitro cul3lr elncin espesially prefanied embodjerd, the Hivengionas conteopiataddo be Cy st oi sospor a,

or Cryptospgri di and others with sim.Jd.ar singl.e-host cell requirenents.
These” pr B8 Duhts Rt yPiedalts PhomoRiafe oR sl B B RbePR r oo host cell
and typi ¢pitbi¥ospbid, oNOkypioRdcidiumoint ethessebittSsimlsidsingle-ost detle di fficulty of

culturing these cells. As noted supra, thesge protozoans typically require
~a si ngl eIHBEPmenss. Thetepreipzoatshiays 2 fnesific spenter fo g‘?‘]rp’fe#"@gﬁ?ﬁt ast, other genera
of cl asscépgié@@?gﬁlilﬁmﬂo& RfdcV\RndF @8HisS add@n e MR BERultf SRLfurinef ecycl e, For

exanpl e, Néospo oxopl asma, Freankelia, Besnoitia, Hamondia, and
Sar cocys thiese ¢eliguis Botedvenphe diese protorasnpiypicelly tgawire 4 single kogblre, and these have

proved t h ifficult to maintain in imortal cell culture,
e.g., seg?lgﬁgtne eé"tﬁfgfsif?",lgu. S. Patent Application No. 2002/0115828A1, the

di scl osu[3} oln cohirash otiser pamerrof clastSporozseairtquirentvo hetstobenglete, describing the
e L LSRR e s bt BEARU AR 2L 20U e @ Very
her et of orgRfoRYRdarldBaR@cifs feiiifAtb 2Bt toRioRIple@dMiheir 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




particularly in genera Einaeria, |sospora, Cystoisospora, or

Crypt ospori di umand other Sporozoea sp. requiring onl y6NoviemfeeZWest . The
i nventive methods solve this problemand provide nmethods and a cel
-culture system for the prolonged culture of these organisns. Definitions
[39] | n"WB"&¥3%50 better appreciate the scope and nat BEEUS18H@ i nventi on
the followng terns are defined. [40] The term "host cells" refers to
imortalized cells of any mammal i an species enployed in the inventive
culture system Preferably, these are "phagocytic cells” that wll

I ncor por ate, prot ozoa by.the process, of phagocytosis, .8 16 Novenber 2006 WO
03/ 09932 egal ¢ ?rqt‘éz.‘);%{ﬂﬁ ISCC&FIF@WP?%?}ﬂl? UHSRYIED: that it is
desired &@tHARhB bAjtdkok b ihddEpotaidd itot hSdseiit. F&@xint, thdi@vetiohozoa is

i ncorporated into a phagosone. For example, the in\_/entioq cont enpl at es

enpl oyi ngomAyPpisagBRPYIpE aydhpeacyiferelliie takis adapidde i e A ro cul ture and
that wi | bod BV bl R B607R Blierk ! Sh&8tnclufBeRL dliahiide, e 0., cell

| ines derived fromnonocytes and their progeny, e.?., macr ophages, as wel |
as reti cdbuved from inonawftes imd theirprhgany ks, maguorbeges, 2 riellas riicnamy ow,

hi stiocytes, &.q.. mcroglia of,, the central rvyous. al veol ar

macr ophaﬁglzs,Of%]%W@Fn d:ff’lggle%'f alfdhbémF P%?w,%sﬁocﬁeﬁbe.g.ﬁ%g?&'gﬁ hg?} mortal i zed

cel | s ar eheaphird) Matvbiys syebirCileebldrmturtdphages, Kupiflt seils ofthe lifarand bovi ne, porci ne,
canine, siman, feline, hungan, equine, ovine, rine,. and/ or | upine

sour ces, _ﬂ%e&‘kﬁa;%e Prmporipliped e %HO%%&S%@B%@?WEP&W%M cells are

di st i nguisgReshvide0pB:8ife, ¢alideC dmid! flBE, Yumee |ehuihé, 06He,iurtdegdndidiey do grow
indefinitely inin vitro, whereas primary cell |ines behave as they did in
vi vo, andupine sousses, to neapsibubafew speh animplgoutcesd dnmartelized cells#tq  The term

"cul ture's. | : " aqﬁ)ﬁg & ;ﬁg r | R host cells and
passage Qgﬂﬁn@v&ﬁ%gﬁm@é’%ﬁ@aﬁ%@&qgl re £ retfﬂ?a%zggﬁll{v} % nuﬁrber of
pr ot 0zoalin izekfa whereas pritpirg edll linet behwee myihéyatid insvivgy seltvetl tobhan 106, or in

ot her enbodi nents, . ater than 109 cells, although these nunbers may
vary. Th& lﬁ?tﬁfnwgﬁrdg‘ieﬁ%‘ﬁ% cul ture", as used herein, unless otherw se

i ndi cat eqy1] "TeFAStefin S&lture” means the placement of oocysts or merozoites onto host
cells and passage to 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.




culture that propagates indefinitely. Preferably, for the culture of Ei;

neria, a line that propagates and continues to grow i rlétfeveadbex2@6 phase,

in culture, for 18 days or longer, is a continuous culture. Mre

pr ef era& continuous culture continues to grow and remain in the
ﬁ%g@% Por as long as 150 days, or longer, an8CTUSO{&N%i |y preserved

asexual
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 otherw se indicated, includes chickens,
turkeys, 4 rd but not l.imt qua| I,

pheasant sﬂﬂ’%ﬁ% gees mn %Sp(oflﬁ%[ OCW%S oem%nc%oétoowgﬁuﬁhﬁﬁcgd to, ostri ch).
[43] The it mmdﬁlpwatadhmmmsdﬁhﬁmmﬁthe%m Bihefid@e¢iésot 0zoan parasite.

[ 44] The rm "spor of, refer tQ th sul e han encl ose the

spor ozoi ti Thertprm c%’é%‘i asgisqEheeiy Frogw ﬂﬁﬁﬂa@g/@%ﬁﬂge PCT/ US03/ 16302
The tine cfrrnﬂﬁ'é spReies b tRoddhis ARRIM Bk ﬁ:&’ec?@&b{éshéaté&n‘ﬁgefiﬁ%ﬁﬁe of oocysts in
the feces is ternmed the prepatent tinme. This differs between the various

Eineria sqﬁef&ffse%Cluqe@qSﬂh@eal’@é@W'llEﬂn@ﬁen%‘and lasludsed Weteatlla, Eunl ess ot herwi se
ndi cat e r S Qf hat i nf ect
ot o Qo ERBn O TSR T Yo IS BRI RS 1oL

donest i cate meri-a dt are found in
chi ckens,thesathai arciforohd in wrlgys, llﬁludngﬁlrdeée,agﬁmtw,a&eﬂmdendaaﬂ E. nmaxi ma, E.

necatrix, m ti E. praeco and _E, brunet and t hose that are
oo | N epllomdbotis . dsperk B malcog B E ity G A, RS2

gal | opav @iingria @ecﬁsﬁ:aﬁﬁfeanot@rdmﬁedueagmmsasdeﬂrmeaﬁmeuphetaﬁﬁ E. subrotunda,
and also  Eineria species that infect other donesticated birds as defined

above,  THEMeSiaalso Hchdes Al stamS 6t {06 EPRINE SRISISO FRIINE: BEARE, f of egoi ng
SPeci s Qfyt fdt MRfided to, bf¥ dlwsrgﬂ?msdes aﬂéﬁﬁatédsﬂ’aﬂﬁ%tﬁ y inBlhE Qrhipd!s strains, and

ghe&
attenuated strains, I nc stral ns ave been i1rradi ated, or
ot her wi séhathwwmmdlateﬂatrothwyiSématedt@thﬂrﬂ;tb(émbto cdepllcopment . The term

E e e R 45 PR B R ST ARG, ST
and " mer epedidses$ Eimertu thst @fedl dobsticatedbiftB 9 éfhed wbse. i ndi cated, mean viabl e,
te, live, [4(5 ! m’Hé frms O%EBES?S" aad dmgr%;(gé(s)l tase t?sed herglil, un?esss 8tt})ér%\;lsreed

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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fromthe environment, animals, and the imortal cul tureﬁsﬁccordi ng.to the
invention. [47] As used herein, the terms "i munize" antP NOuEebsHa£Pe are
synonynous and are used interchangeably. The term "effective i mmuni zing
dose", % daesiderein, unless otherw se indicated, neans a nunber of
oocysts or merozoites, or, when mixed, a nunber of Jd&CYSI¥Md nerozoites,
sufficient to elicit an imune 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
pr ot ect i ViehdyisambleY infbdlad adithsli §.5 W56 ot signs, weight
| oss, norbidity, band/ or nor t al i%S/ﬁl[)%d’g%g%;agsél%gp%@égﬂﬁ]g@‘gr e chal | enged
with a venwopenentd oenterisls. Hiliepopdpitom grésentin p sanple ezpecheple oSour ces  of

Spor azoea, .| ea t.0 be .cul tured the inyentive culture systemare
obt ai nedaﬁoﬁlgb?n]a f%gpgf%%%ogé’ ' '@?ﬁiﬁg’@ PR %559%52‘311’%@#]19803/ 16302 known

sanpl es, pophiatdteis samilyedliured.a§ deschibedd@reis. @OBS pophulaHH Rprim@filyfih OM cont ami nat ed
envi ronnent al rra}ﬂegri | s. 1f, t he popul ation present in a sanple, e.g., a
sanpl e of ° QP sfAee4Ng RAPRIatia,cRY b Indusedpiupdareq sporulation by wplr ocyst st age, a
sanpl e Of ol mdBRal ik eRflchien MY chvEstrhdtt 82 @ﬁ&{liﬂ%ed herein. If the
popul ation is primarily in the oocyst stage, the popul ation can be induced
to under Q}I?P%B?Ih?a&tb'ﬁéwzllb%d toandergdapomtntion usingiwell-nowrdlabggorsnt  of t he

envi ron r f Lol | an be i nduced to undergo
spor ul a{rﬁ?)%h%dsgi Ir{gievso\g?@ %tﬁor?o(%aﬁnggglpg% :%'?i ﬁ#gg %lﬁ%?edlofwsﬂsgag%bpul ation or

sanpl e | ssppropysérdah pe mdilybtamdrby nadtleds oell kadwsinalgeart, forpedngsdy,st S can be
readi |y qbtained.b t hods |1.known in the art, for exanple, nechanical
di sr uptionrllec\;ﬁ\n ﬁaqgisé?ggb‘gglggl?s\gesb&ﬁﬂsces of OCocysts [49] Oocysts are obtainable
fromfeces or tissue of infected animals; contam nated feed or water;

soi | ; pergourées 8f OQéyshkeddi ng; or a variety of other sources. Methods for

i sol ation of "'sporocysts are known. The exact procedures used to separate
oocysts Wil \Q%PWW@@W%ﬁ?@ﬁ?ﬁasoﬁusmqumdtmn@mcysts are

contaminated feed or water; soil; pen litter or bedding; or a variety of other

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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obtained and wll be readily apparent to those skilled in the art 450] The
fol | owi ng summari zes one avail abl e approach to isol ati ri§ Moy from
raw envi ronnental sanples In brief, the initial step is separatl_on of the
oocysts from extraneous material . Soil or excreta is _generally processed by
form ng™g g/n;a Py with saturated saline solution and EEHHF‘HFWI t he
sporocysts from the slurry. For exanple, the nmaterial 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 hompaeno ] ch| L urr |s centrifuged at
about 80(5’°I>l<“gg%#%R%ﬁlgéﬁgg&é?nﬂmg afﬁe&egt?ﬁgﬁ%%f%% St Yol ected by
pouri ng twaskadgbithowaderabdl pellcaeddy ca‘itnﬂlgan@n%édawﬁm a@hddisenal thet h. O her

met hods to 00C s fr mpl es, t are,.co nly used include the
Sheat her ﬂfpm?é’x‘fyisﬁta}été‘%wﬁ eﬁ(t,méeﬁp’fg éPP’iaﬁﬁlﬁli‘ n‘é , see LR Ash
and TC Ouksingthe sha¢ potddars usé for Syt waslRe! AP e fﬁﬁp@%ﬂ}-ﬁl@s and

I dentification, A  ASCP Press (c) 1991, incorporated by reference herein.

[51] The opfysissnbe Serplindai®anetassimedichromateat 471Congansfimetésa of potabl e wat er
and 11 ?n xefor'ﬁ?xBru?d%Qﬁ WO 03/ 099325 PCT/ US03/ 16302 centrifuged at about

1600 x g for 1 nutes at 4 C. The pelleted oocysts are washed with water
and pel | ¢§2d B;temgmem $qualt1akﬁitrammsbcudaéd)1amiataddwsisbmﬂ onhree tines. The

t h t 2,,5% di.ch t i th
R T L

oocysts @Muolﬁ&xt@ds@r@ﬂmsmdé?scﬁﬁ/edpot assium di chromate at 4 C. or transferred
to a container for sporulation. [52] Alternatively, sequential filtration
can be used to isolate oocysts based on size. If filtration is used, the
oocysts gheriafped Wi th water and 2. 5% potassi um dichromate as previously
descri be porulation [53] It is possible to induce sporulation in

oocyst s W] ar ¥ isqessiple tﬁelﬂdilmgporﬂ@hon lea)oamstSéyasmmm awethods. cHer be acconpl i shed

by pl aci ?%r%ﬁgéf&ﬁaﬁ&c%nﬁgl Bﬂsltheégséﬂlig?,m& cP(s S5 ;s gionof?g‘%t eina

cont ai ne acing a
potassium dichromate in a contamer and placing a cotton or foam rubber plug in

the opening. The container is agitated on an orbital 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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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 Iéd¥vsmbengfithe
oocysts can be constantly agitated while air is bubbled through the
solution at about 25 to 75 cubic feet per hour. During the sporul ation
processWOIHHP®Es are withdrawn at regul ar interval s PRRYSPEEed 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 provide the proper conditions of noisture and tenperature to cause
nat ur al gﬁdbﬂ%‘ﬁ?sﬁﬁ FS%I]O%Ia?CSWﬁan?ﬁEr@%FPP ,t‘%s‘i%y "é‘?@&“ oocysts are
col | ect eqyabhed ok td a8 ti91Rs witk Siefileivatt M ftep Wading tlRQporakeRbaflse concentrati on
procedures known to those skilled in_ the art. For exarg)l e, sporul ated

oocysts 6abestoredindei¥ pelastimyickramate; thowphete duifered sale (#BSI600 x g for 10

m nut es : i def ter concentration,

spor ul at g%nt%gg%?ggjnﬁg%%g%ﬂ@lﬁ@}% eg%cé:%! %%%pgtg@{son in 5.25% sodium
hypochl ofi6f e Therspaflatednocysts @h bd disupfed id chwtingpatogystafise oftbe, t he sporul at ed
oocysts are remved.fromthe.sodi um,hypachl ori t ..fugation at 1600
2o 12 1 B R R s R 05 o R B A Boh B B, T et 4
or ot her dggsidpbhibk eulRPans . Oddwns@ixntinahedlisao ®lbivg. dnbriefhen washed four to
six times with sterile water. After washin t he sporul ?t.ed oocysts can be

stored i APOUIEGH PSS LrAPHPRANY inse spargied SRR AR IRRaiAl BELE) | ne ( PBS)

cont ai ni ng.,30.9/ ent.agi cin or .. r C J i Si ants. [56] The

spor ul at Z%ﬂ(%@y??i & (geéﬂqbgg] S%@r%%?@%ﬁ %agﬁcgﬁ]a%g%ﬁ%ﬂ(@{s?% ?ﬁ ee of the outer

coat, by /alrihPREOOH: MkLillRoS of higPBS aeaddadichl mlinderofiize tubesand/ or prot eol ytic

di gestion of the outer coat. Oge conveni ent nethod i.s,.as follows. In brief,
P W&F‘&Pe

spor ul at éﬁflt%]%‘.é%g%td of Ogp o glgs | fppae Q@BXP%?X@G 2 envi r onment al
materi al s,ge_(eéﬁ:lrlﬁv@ﬁﬁﬁlﬁ&,eﬁdtﬁél@ﬁ%bh%@&wmv@&ﬁngﬁwt ed toa
concentration of about 2 x 106 /m in PBS. One m “aliquots of this PBS are
added t o supeBeisnt intamaybd ged sapigse The glavibeads aegharsashed with BBB apdn gl ass beads.
The t“be?heas[lﬁmﬁa%@&‘ N2 Lr?(f(c%gﬂbﬂ‘ged Qe sﬁﬁ&ﬁﬁaﬂt%xaﬂeé{ GndivollEs, and then
chilled O TCe 2 E6IT Wi ng vortexing, the

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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supernatant is renoved and saved. The gl ass beads are then washed w th PBS
and the supernatant saved and conbined with the super d&M¥gviembst 2¢0ed after
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¥PPNMYPesuspended in 0.2 nl of PBS. The conBEﬁP?@{IF@ﬁ 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 convenience of description, the culture systemis described
internms of .a batch culture system The artisan W ll a ciate that the
culture %@EFE?I‘?%‘WE&EW agi%%ocf’y gcfp%{aﬁegc?ogsiés’ $ésﬁ?|t Tk E) ed to ot her

ar t - knowsk oo @ fasfi@raceir@nb fdthis @flehitoni iNa phigbeitie cell Yied inakied gs bat ch-f ed and
continuous culture systens, Detailed descriptions of a nunber of art-known
met hods Thehosieelis that aspemplishesaplpase i phpgely9somsse descri bed, for exanple, by

R lan Fggshngy, ;£ 1 Eaml L Sith EOMEdIR folidib®@pf John Wley &
Sons, In@.gjs(gﬁx\éfg%{:ﬁ#rﬁgfre;gor ?gﬁcg%ﬁreflergnce_ hecrngéiiﬁn inits entirety.

[ 58] Fortinh® allowspoinlation/akaysindonsind geomth ofmeroraiies.iapglifebwitti i on can be
either a tural ly.occurri popul.at J. h ' i in the

| abor at o?%?ﬂg?# c@%e?’hﬁﬁ%%%w@ﬁ fﬁ@é@&?/@hﬁgﬂ%@ggﬁ%g}?ﬂsos/ 16302

popul at | erogites,ub s tRficaliRabdy T2dows fer Kimespsy ul at ed oocysts, it is not
necessary to__excyst the parasites acgcordj to this invention if a
phagocyt%e] c dYlpiniepgpge P?gﬁs%%i’ %@Hm{eﬁﬁed%%gt%eg’g?q@fe‘q’ I’\%‘E"%?B@B‘ﬁfpl i shes rel ease
I N phagohy $A6RMesh neaftlis iR SREY Mk hyss. IThe thlfurePEBRbLIRE &ecul tured with host
cells for a period of tine to allow sporulation/excystation and growth of

‘mer ozoi t dlpwed fpmpireandpradurerocEsiscd sheygeysise The inpphation {¥e period will vary
for differ | ' 0% J¥BL,Q7%04 is typically about
%nyé{]aﬁ)néets fof %ﬁul‘?ﬁ%&aﬁ%&gg ?@rs] For &% Iléia é ﬁvg'&al o yp y

72 hours ria s ance ne g., a culture nedia as
defined prediemerdzoiteih colopt mabaht 10 daysy atdrgypicdl ribsdtorpeaiuee | s added every
t hree days. Thcrz-1 cultured merozoites are allowed to nmature and produce
oocysts y%ti)’é 8&?&5. The incubation tine typically ranges from about 4

to aboute30 daysrichier, ifNSETMu: is ot ddcdpdndlis MBvieA 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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produce nerozoites in culture is about 10 days, and a typical tine to
produce oocysts is 18 days. [61] In particular, if thd6dNevember 2&0not
divided, and is allowed to increase in density, at about 18 days oocysts
or spor‘g@)@b}n’%re released into the culture nedium _ Oherwise, with
appropriat@ spritting of the culture, ie., periodic TFEUHEHYA in the cel
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 harvested.by,.renpvin al.i qu of cultured.cells, enerally limted
to about mffl%%ﬂ%%/ﬂ?w@?@&ﬂﬁ?a@e?mgﬁ?@gw&P%ﬁ‘&&“&’g‘ Stéltnm@é)lff}%. The aliquot is
then i nsgiotRea BthdsahpTed PoteRbf festiiican Be@latedfto Finbitityl by-live ¥idi ni zed host cel | s.
In | aboratory scal e production, the optinumfrequency of transfer of the
Mer 0zoi té%a}hé@wth;vﬁbggﬁqsw@ééfﬂh%b%me%?@ot%ma&%preaﬁﬁeﬁough this will vary
somewhat (Wi.d.B particular host cell l|ines, species of Sporozoea, and/or as

the culture systemis scaled. If the nmerozoites are being passed between
two cel | [63] nda ong prefarmié embedimeti the mvention @eayédds e cvlinresysiem or virul ence to a

new host st r.ai t ti i r ansfer.. | rably, but not

limted {;%):'a.blgog%lyg%%ﬁ%gq%%%ﬂ%%%&sét?% ]‘?lsf;&lﬁts]ﬂ ut8 Sg(gﬁlﬁglgtogr m ned usi ng any

means SuEinablegpf§ The ailintedystgm athisied the mergoitdywpulatial néd pr ot ozoa (e.g.,

G ensa stain). By.correlatiqn, the viabi]li of .t he. protozoa 14 16 Novenber
i A P

2006 WOAEEAyEEadnpEsan fenis/latiges sequiy PR W on can be
esti mat eghsRASAH s A8 nR¥d-Riks RlendsBid) tdtermihaté I meRizBit@%9a i n the sanple.

Potency t'esting can be related to vi abilléﬁ'g% by I'jve bird assay. The live
bi rd assescysiafprvageingatos othgeusen The hrast gs8s efeginveive coltuse Bl§e a vacci ne.

(03] 10 GRS PL AR baloSIBOs RALal A5 DUSILER0 DEGKIAE 2 cul ture system

capabl e ppor e gro e excystation, continuous culture
of  Ei nerdapted o the heventisdetnititndsy st em mai nt ai ns the merozoite popul ation in

its asexually-diyiding formfor l,o S requir and when required,
the cul t[ﬁ:‘iﬁ Ié?@?tg?ﬁp& “f%@g‘qeﬂﬁwgg’ie Fe¥ ctedzf?gﬁ/st, ie, to termnate
t he mer ozphb:@gizébphagocytic cells that will support the excystation and growth of

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




oocysts for vaccines, or other uses. The host cells of the inventive
culture system are any suitable imortalized mammal i anléd¥¢vemben20that can
be economically adapted to the inventive nethods. [64] |In another
preferred errbodl ment, the host cells are selected from imortalized
phagocyMOYEERIS that will support the excystation af§TgPEHH20f Eirneria
sp., and that are able to thrive in continuous culture, e.g., imortalized
cells that ori ginated from e.g., mamualian reticul oendot hel ial cells.
These include, for exanple, nonocytes and their progeny, e.g.,

nmacr ophages, as wel | |culu el.ls of the, | h des, spleen, and
o D i s e el d bere bty st pg ot eteothaet 5 e system
al veol ar yaweE ARAGGRSocll B bf @bsccRithSieQfind Q@rinintiey the loapstity gl | | ke. The

imortalized cellS are optionally sefected fromthose originati ng from
bovi ne, Eatheémerapiasdn the sypstituist cdtuoreysteoaBbiive Withat atieve@! i ne, human

(e.qg., |§&‘[ AL 61), and/or

| upi ne sourtg%s, om%%%gﬂega%s’ %ﬁtﬁ;e\?vpsuc éefs%gjgign tgesafﬁ-sgi W%Iﬁout meani ng to be
bound by Saitgblé hummqlls,oarg mﬁagmdy’éeswﬂs aﬁllpmvmwloﬁgemty and\gentth &m i ght operat e,

It is beljeved that s are ti for .cul.turing Sporozoea
organi s po”oﬁoaﬁﬁpfga“’g %Fg%é rcfralﬁl?g tﬁ?’%/c'ﬁ@“ ‘gﬂ,} o gregniRIns f)]éﬁlgm te cells
into int ramhllrbﬁraaucﬂhagaa@geat 1cb @3 subbesyfelly anmitheexeppifier red enbodi ment

the invention al so provides a screening systemfor identifying suitable

host cel [bavippmopasyts gells fa Béuariosp end ylatehoreaqitbr j ef , a suitable host cel |

S |dent| [ xgnber 2006 WO
0%/ 0908 BerT  KEEPR AR Elldibie Rionk ool e EnaDer

subst i t utsititeleaforlmng kamtcalikro of the exlldctedl dpstictlls, atbbal'smeclndim%yt e cell line of
t hose exa Ies and deternmning.the | | t f merozoites in
the. subsePBaedhiedy bt lan W S dRRR R BROMN, I RE v ne
nmonocyt e tiekidthe ﬁx’ﬁhﬂio@l diivaleny i ebiue0.91 hﬁabﬂ@t 0 Bmama or simlar. Suitable
host cells, e.qg,, ic cells rovide | ongevity and growth for
Spor oz 0adREIEPiS Wf’%‘#s fg %‘;{’]F%edﬂ%‘% Eﬂemf‘éﬁnﬂ%ﬂﬁ’“%gea@ﬁ“ %?Fﬁ%géf such organi sns
in the agexpalit 6PSRMMELIMBRLAE o8z &rm cilturk @aStindsdispiccessful Iy as do
the exenplified

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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bovi ne nonocyte cells for Eiiiieria sp. and rel ated or%anlsns In a
further preferred enbodi ment, the host cells are culturédqQWﬁQbe ﬁun
suitable for long termculture of the selected host cells, and al so

i ncludin redUC|ng agent, e.g., a reducing agent in a concentration
haV|ng‘W§&3@ g activity that is the functional equP(EVER{I6YE 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 Eineria sp. [68] In one particular opt i onal

enbodi nent, dit ato ! " ded r,red reduci ng
agent s aEﬂ?F?ﬂhﬁ@ﬁg%Q? ‘51\?5—3 ﬁ)‘er‘faﬁ@fﬁ’ﬁ?‘?q laefgacpfq ﬁﬂ%’“ﬂ Z £ preferred
embodi ey Jciﬁoduéﬁﬁ‘ﬁ@%él@’i!:exﬁ&ﬁ%hﬁi@sﬁ-ﬁcﬁﬁ{s%@b&ﬁcysﬁ}h%t geahae, i dentifying
sui tabl e reJ ng agents for use in the culture€ system In brief, a
SU|tabIean@ﬂmcmmgvdgummmkscmdbnﬂumsé@nbﬁ enpl oyi ng the inventive cul ture
system i.fied bstitu dat e reduci ng
agent fifl] gggaﬂn%arnc“élgt oot ano %opﬂ%%zg ex°<'§1mc &atl%%&ag%&tgerm ni ng the

| ongevi t yedudhg agemd by fbuﬁﬁeljfrﬁﬁp'léjﬁhg ths ekemnpilified selbaﬂuﬁasyadn ouiiteur e syst em
relative to, that achi evegﬁg ﬁ‘?igd wi t hout é?i-.rrer apt oet hanol for
“exanpl e, VARINgfapesgHations alatelecis redueig pergt 2ad WP&&;& I RANAIL o those
SUCCGSSf%bﬁdan@@b%ﬁféd@@fmﬁ@oﬂlﬁﬁa@&ﬂ fBakality s214i16:3RYi®. Foeduci ng agents
will provide IongeV|ty and growt h for porozoaea organi sns that is useful
for | ong example.cor 2 vedeciug agsni of ingarephneoppentiationsieé ingtrasinglevelegloduct i ve st at e,
e.g., at taet for Einmeria sp.
and rel atb%ﬁ&%}%%e&%ﬁﬁ%&ﬁffyﬂ%ﬁ%wﬁ%@1‘8%1?113%%&5%@9 ‘Fé pirgﬂeferred reduci ng
agents ammmmyﬂnmmmﬁmﬁmuiﬁmﬂammmwwhhhmmiﬂ@ﬁuwMﬁ&G@bﬂﬁﬁBﬁﬁdm@T/U803/16302

reduce disulfide, cl ud 3-er t oet hanol , mercapt oet hyl am ne,
2,3- di n@g?‘f’éﬁll%vﬂﬁ%gﬂ%?e&eﬁﬂ% ERT fgtfvé%aﬁ‘gﬁ’%g‘%”t%ct ans, N acetyl cysteine,
ascorbat@zrl] an@ogfcBf‘éféra}ﬂ%e\f@du%mg%g@ﬂfefyﬂnﬁae bihabi ans thereof. [71] The
artisan wl'l Iikew se be able to optimze the concentration of a suitable

r educi ng cenpsnigatiop in thetcelhenltyreandliuey ranging Hiomesbentd). O iddo gbeut Odul t ure syst em
whil e mM, or higher, and more preferably, in a concentration of about 0.055 mM.

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
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varying concentrations of a selected reducing agent, and hol di ng ot her
paraneters constant, in order to determine optimal cullod¥evembet?6i vity
and |longevity. For exanple, for a reducing agent of interest,
concentrations of increasing levels can be tested to determ ne the |evel
at whi cWOA®¥énefits no longer inprove with increa®6HU8EAERAtration 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 pedi yum rapging f ut 0.01 gggét O.EI mvl.. or hi gher, and
nor e prefsémﬁﬁq“ﬁre? e%\%ﬁﬁ%@?%”i‘lﬁgﬁeﬁd&g&g%’ LS Hi¥out nmeaning to
be boundspyeasy, iRepbMtcaby RIBRAARES itS cidfetl BerBiR\DE. I$pedri Coliége@ll i ght
operate, 1t iIs beliéved t%at, at the_concentrations enp] Q%q%d’ general ly

| ess t hXwetctinayy Medisins Colisea Blajion. d§xas) Reing mpnpaytes thid e daitedng agent s

sel ectiv i i C ite signals relating to
par asi teﬁjgéx%%& %glfL]f't‘;OZ’rl %%%??Wa@gygﬁmg%%?%@s%%i gnal event. [73]

Wt hout [#8ani Mhe inveditve butumelsysieraamployscoltyre medinydsositiess p¥ioasl t o how t he
invention mght operate, it . is hypothesiz that . in. ternative

enbodi neft Su%?‘éeg?f&rﬁgfaﬁﬁseﬁnﬂeﬁﬁﬁﬁ atng aié“"g% eéé(;cfp ?fgﬂﬂ%é'ﬁtgél | from

di gest i ngelevtediokd deNg PHRdAKNahe hosteilp groatir duspadsivntvitt flskl | phagosones, thus
effectively contributing to the f[i ﬁlbi I |1t¥ of . t he %o 0z0a arasite in

cul ture WTFHAE pr IRtaipmAlgmatyeloeg  for hob eqlls xequiring 2 sphYJUbSERe, e o o eferred

embodi e g etdiP ol Ak sifhcks, Ghshidkt S SLARRIBbtiSmdaRlch in BetAnagocy | ¢
inmortal I zed ce l'ine and a culture nmediumthat includes a suitable

r educi ngdishesnand/az og the spifaaewf ougre-deadsaptipnally magaeticysspandedin thequi val ent |

e.g., in_the above-sta > | : : he conti nuous
culture gfou%W@@ﬁ@ﬁﬁ?%@éﬁ#%ﬂ%@@%# ﬁﬁg‘%%so?[ agPl’é’P é@%’éofj enbodi nment
t he host {izaklsedh®t &dlvi ne nonocyte cells 17 16 Novenber 2006 WO 03/099325

PCT/ US03/ 16302 (sonetines referred .to.as BVMb17) ..from Speer et alL, 1985,
| nf ect | oW%ndF?rr‘Fﬁﬂﬂ%PlPWrﬁB(ﬁmB ng%e,bqvﬁ‘(‘?é"raﬂi%? ‘?%EHS W’@%S‘?ence inits

entiretyy ﬁleain?n%l%su ) oells Q@H@?&@olﬁeedéd@lhﬁﬁh%aﬁf ys0\ae? tekiee,  Col | ege

Station, Texas) Bovine nonocytes that” are derive
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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from ATCC CRL 6017 and ATCC CRL 6057 are al so exenpl ifiig. [ 76] The

i nventive culture system enpl oys culture media, densiti&NopsRbEREP6 growt h
substrates or surfaces, tenperatures and atnosphere as appropriate to the
sel ect edyd@skoe! | s q)t ionally, the host cells grow in Sus enS| on with
flask stirring or rotation. Alternatively, e.g., f orPHESY 8% 5 requiring
a solid substrate, the cells grow on flask surfaces, on slldes I mrersed in
the gromth medium in Petri dishes, and/or on the surface of m cr o- beads,
optionally magnetic, suspended in the growh nmedium or on any other

ar t - knowgofifhe bl OF fsBursddp Bs RRRIRA! A Mol SEIES! €d host cells,

[ 77] For exanpl e, when enpl oyl ng the bovine nocyte cells exenplified
her ei n aﬂ?ﬁteﬂdﬂ@é,(lﬁé@%lmmh@réﬁ@lﬁyseﬁmcqiweq’nematsleym%ded in an about 150 cn®

tissue Uh ess an_80% confl uency for use in
culture.(féﬁlFLJ ﬁnﬁkﬁiﬁﬁ ﬁ%‘e ego%f)ﬁé@e "%“68?’ ech' e%’fsgeﬂjdlgrd cell culture nedia,
e.g., | :?PMcofnphshedﬁylamrt-qumlrﬂﬂ?d& Sinjply by wan bf shatipbaral withoet ﬁ. ,

penicl i cin, an ungi stat, i.n a 5% sphere at 37 C.
On a lab {3‘?@ W@ﬁasﬁd%‘?%%lm‘? Rmoﬁndéﬁg’t%z"é‘gﬁ“gg reaches maxi num
density, c@nsgu m&@%h@l&&@&m@ﬁﬂ&éwﬁmmnﬁ%onéé e REGrEemisked or "split”

to reduce the cell densit ., to 1/6 the confl uent density. O course,
the arti SuRPVEfhIeE. 5 gpsah IBJtAwéi’ISCtﬂhi@Op whRents Ghanoplisen  scal ed for

conmer Ci Qh[l%f’q 'IB'B i ORGAL AEMABA inIRlE 4 %%cfﬁmg‘ﬁ{ec A Qi ot her

pur poses 6 culture system1s conduc errpera ures appropriate
for the c@mmmg&trbleasedmetotzmtesmolléhtmf@ﬂajnhmt%mmglﬁmmomimhtss conducted at a

t enper at froma about 45 re preferably from
about 37%]%(5’“336%6%&%?6%2.01%3?‘ lﬁef%‘?’&é e?f&’zg@? Hﬁggl 8nd Vacci nation of
Bi rds wi tdil dbtis isrs&@eﬁieﬁﬁﬁl@IM?NaCF@bSHKEP@%B@ﬁh@&nﬂﬁﬁEﬁrﬁﬁl are known,

al t hough the grganisns are obtained 18 16 Novenber 2006 WD 03/099325

PCT/ USO37aappbied togRE-p% anigmexehangs colugp cquilirated in Hamdf Trs-40m8Mgi ven, e.g., by
MeDonal dl\ﬁﬁgp(bgéa%lﬁﬂ@ NaCPRbERM Macose at}Ps 2 erob e HER LSS By T ef erence

herein in i ntiret
: column. Merozoites collected from the column can be tested for purity by electron

microscopy as described in A. Kilejian, J. 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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[80] Purification of the nerozoites obtained by the culture systemis
acconpl i shed by any art-known nethod. Sinply by way of lé&xX¥awsinber 20{ wi t hout
limtation, oocysts can be released into the culture nmedium and/or the
cultured cells ruptured by art-known nmethods to harvest neroi zoites. The
cel | deBP%3R be renpved, e.g., as described in JPCKUSGIEYA 1990,

Antim crob. Agents Chenother. 34: 1435-1439. In brief, dson's nethod

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 ozoi tes. . The pellet .containin he razoit and the host «cell debris
is suspeHQ¥lh 'aﬁ"%’.“’PeW‘Plﬂﬁ?ﬁ sypergal h@ncg@& ﬁg‘%ﬁ“ﬁ@’@g@f}ﬁ?m bunin and applied

to a D& ﬁgn&?{eQ Qel@@ﬁ[}%h&@'okﬁﬁis,%ﬁl@lbﬂek}ﬁﬁtﬁinﬁdrédﬂ exBacidNeEr i S- 40 mM  NaH2PO4
-86 mM NaCl- 100 nM gl ucose at pH 8. 2. rozoites flow through the colum.
Mer 0z oi t Saplodicpesss ewrers s dipenndysaesharifle neeparafians) arifogans 872dBYAM Py by el ectron
mi cr osco bio RS v tfondSinh Soligds, AbimBhgl stinfifibarfd: 4650- 4655,
(1974). g%’é‘ﬁg e&gigglﬁ%z‘%%?%@gh%%hﬁ%g&z&oﬁ%és, ors m xture thereof, when

enpl oy edadsiniateredade cvore afyoiimadiring sncubatinpPrefembhbhyingaineni strated in ovo or
by injection to chicks in an hysi ol ogj.cal | y-sui dium Preferably,
they ar es@ﬂgﬂ’é }F&@Wﬁereéwg f’b‘%/ %15 Féﬁi"ﬁmg%f%t %Ec&sé'g}o?%!g?erféﬁch as

phosphat grobszbit@roe thefozbitedor nfikRresttreet ed  nmedi um may optional ly include one
or -sui tabl e gel s,

nore suspendi ng agents, jncluding, physiql qgi cal
gel at i nsl34hydfase x:agwwqt%%@éemﬁfvag%wgéwﬁ]aﬁga@’ 0 In one

[ 82]

f SOrey . |
preferr e&ﬁ%t@mﬁm@ ffery b@éﬂtb}fe?@%g

and/or s

i nj ect i oreadity émpdeyefl.alni additioy, theeontpobitionsande insginomtedpag e plraired |

tes, are prefera

agHnfTRat af 1Gown kRt bR BT OZOi tes
mnistered in ovo or. to chicks by

subcut aneous,

scarification,.and/on intr I 1 i i sui tabl e,

art - knovfoltto l\%z}tefrgﬁ@%@(ﬂ%%ﬁ%&ﬁ%@?,ﬂ%@%{J@%dggcf'%ﬂr‘%g?tg{i%é physi ol ogi cal | y
accept abbersghihg)@nd thalikept i onal conbi nation with adjuvants and/or inmune
enhancers or stinmulants (co- adnjnistered or .admnistered. in series, e.g.,
bef or e 0E3_5hft%’r‘W’&E@P?PaE‘iSH?‘??S?alf%’fmlﬁ{ﬁetdé]ﬁfeeoril?ﬁ?g]ﬁﬂ‘@waﬁﬁﬁ%’mgs i ncl ude, but
ar e not Ljiqu.tiedeeii® of Birbaiies) @8eysts 1ehdAR cHIBMBATIRAE théfER of ME d#3/ 099325

PCTI US03/ 16302
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.

[87]

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

A more preferred dose ranges from about 102 to about 10° oocysts or

merozoites ranges from about 103 to 105,
[88]
merozoites, or a mixture thereof wherein the total number of said oocysts and

A further preferred dose ranges from about 102 to 105 oocysts or

merozoites ranges from 102 to 103.
[89]
contemplated to receive this treatment. Preferably, birds receiving such

Any bird, including domesticated birds in need of vaccination, is

vaccination are birds associated with commercial or noncommercial aviculture,
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grow h factors, chenokines, supernatants fromcell cultures of Ig hocyt es,
monocytes, cells from|ynphoid organs, cell preparati onkd Mevesder ‘ﬁi racts
(e.g. Staphyl ococcus aureus or |ipopol ysaccharide preparations), mntogens,
or adj uy nt}s i ncl udi ng | ow nol ecul ar wei ght pharmaceuticals. An inmune
stinul af B4H3Pe adninistered in ovo at any tine duPCRESH3HEWBati on.
Preferably, an imune stinulant is admnistered in ovo in the nedium
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 physiologically-suitable buffers.or sus di ng,agents. that are known
to the aletg"é’FaSra}s@é\ﬁ’ﬂ?‘ﬁ%‘%"ﬁféﬂé“ﬁ?f‘%&?&ﬁWﬁﬁﬁ%i’n"fﬁag‘é%ﬁ?}‘?i on can be
i ncor por gb&ghle ddndesaiile X Ehkse indtude 65, AkdidEe, WadtEds sans; sy, @l ont o food
pell ets, dusted or sprayed onto corn or other _grains, and the |like. [85]

For  vaccidHeltsi Gnuipkifen §€s dovs B MRpInSstfley d9BstlicarieoRdeul um i ncl udes |iving
and act | yhogalis, oF, FRERGR!GHABe uRARXSHSTISRLSL, ccomBiuegly ons { her eof  of

two or nore species of Eimeria For vaccrnat’ion, a preferred dose
of Ei mer i ahiskens,dsltlasingu ey perdkdsis, maeaws; and patroty,e. groriseti®dr theaeiges from about

10 to abo 06 00ecys of..Ier 0zoi.t es roa. m re.there wherein the
Cotal nusberiegr BRRE Gl R aRg Bl e P e CubbRE Y o 105, he
admi ni st wim%mb%m?eﬂs atgiﬂh@ﬂadi&aﬁvatprrﬁnc?!twdhé)ﬁwaﬁﬁrﬁ_ s agawe t hr ough y ]
appropri at osf, cel|s, . jrradiation, r econbj nant tation and/ or by
ot her arf’laﬁwgﬁm W?#S‘G%d.re%/@?]‘tsﬂ é‘“ﬁ?'ﬂéﬂsg’aa Wstrethiobs from about 102
t 0o about viQEaRQCHSESicihs, Merozoites, or a mxture thereof wherein the total
nunber of oocysts and nerozoites ranges from about 103 to 105. [88] A
further prefaypélneyasieuten gdminisiratiangs seacination isgeatipempleydk s or nerozoi tes,

o or a mx I; %ﬁr L : I 0 | - cysts and
ner 0zoi tgg[“’?z‘iﬁg%ég rtlgm O@Et@lg&%gbpﬁsﬁ &%?;e%rgls'r%,dﬁlgénlgfl@@i ng donesti cated
bi rds i noptedllpidminceraddtyicontacting thedeatiheengf] agtoenis, te@.  kleg-eldwbickhi s t r eat ment .

Pr ef er abl irds recei.ving such, vaccihati.on ate birds associated with
oner b St 68 Vet SR o SR g 3 2 aBd Br B st of
dropper. Oral delivery is achieved by applying a dose directly in the mouth, into

the drinking water, and/or spraying the 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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16 Novenber 2006 WO 03/099325 PCT/US03/16302 e.g., birds raised_ in |arge
numbers, under conditions where Coccidial infection is l6fbemhies2@6fy
undesi rabl e. These include e.g., Anatidae, such as swans, geese, and
ducks, &ol unbi dae, e.g., doves and pi geons, such as donmestic pigeons,

Phasi ant@480%%8%y., partridge, grouse and turkeys, ThPETERIHAR2 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

derivati ' ti | t hods, Th f d
reci prent SR BB Rt Ao RAET BRI Wh B iR ST i it | on o e

chi ckens.vaduiyatian twikmanimpaiing gorafati T aprstediive idimune repagiipat i on is readily
enpl oyed. Thus, a dosg is optiopally adm nistered .in ovo to chick eggs. A
dose is aPegnatedanitgs 6?%@?@%“@3%3 W?QE%H“E@EWIWQ‘“‘FH% ¥¥at hers of a
young, e.dffeetivéanti ptdtosohl é‘glénts,‘é!gﬁ,'&nﬁﬂ?@toﬂ@a@&éﬂij%uﬁ&%@ﬁﬁm1 or adm nistered
orally in feed and/or by spray or = dropper.” Oral delivery is achieved by
appl yi ng 28timissebials, eaidhiptcs; aemphitions thahinclude enti-Checidiglianiibadigswat er, and/ or
sprayi ng jJt [ . y via preening.
A dose i SJ%%%BE%F?%QT%QQEQ%%?%?%? rgérégﬁg‘?){;lgﬁg e%%ﬁvg%%rgﬁ m xi ng the

or gani sm[#% pEombinstion treprhants apedrding oihs frvention aldoénatiniecks. [ 90] A preferred

dose to he administered in.ovo.to chicken eggs or.d | d chicks conprises
oocyst s @ﬁ%&%ﬂ’&@%f@dff e%&ﬁ“é’@ﬁ%’?%?gglﬁeﬁ%ﬁ%ﬁtaﬂ?ﬂe speci es of

Ei neri a sdihakd edcinbidh nbRr s-ayptheaisd sting of E. tenella, E acervulina,

E. maxim, E. necatrjx, mtis, raecox, and E. brunetti. [91] A

E. .S, E . 2
pr ef er r ed®¥os & Rrefened methodholadministering ths igmumestimpleyt isggs or day ol d chi cks

conpri se %hﬂﬁﬁﬂ&)ﬁlﬁy%thrfﬁé ) E«;ﬁﬁinisﬁ’a[ ioft ofh Wbd¥c? o&grlgtrs %Pinarogt{ite Wo or nore

species of Einmerfa selected fromthe group consistin nel eagrimtis,

E. adeno&f nadyrepf saidjaddystp andomérezoiiss, duiimgibe §ingl qRartaref magetidi @, E. i nnocua,

and E. Slllg)&atlﬂlaﬁ. The dose preferably includes from10 to 106 oocysts or
. 1) ¢ks, . S )

merozoites, of a mxture thereof, for each species that is included in the

dose. [ 924571 OpAnothed dsiysct bitthe inaetion & thepreservadioh bf thé 86&6ts 0. J. |

si mul t aneousl bef or e after vaccination with Eineria sp. produced

Y, nd/ or n
by the i ,I}‘\l,e@qu%%orctm%? gia ggisqogyﬁs and merozoites, by chilling, freezing, or
. freeze drying. For example, when freezing the viable organisms produced by the

T

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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wi th any suitable art-known anti-Coccidial chenotherapeutic or 21 -
----------- 16 Novenber 2006 WO 03/ 099325 PCT/ US03/ 163039 Navgawent®6hy| acti c
agent at a dose range effective to blunt the effects of the vaccination,
wi thout inpairing formation of a protective inmune response in vaccinated
ani mal s‘.”oglg@?%’ﬁherapeut ic agents include, without |i RFTEBPEIM2any

effective anti-protozoal agents, e.g., antiprotozoal conpounds such as
antimcrobials, antibiotics, conmpositions that include anti-Coccidi al

anti bodi es, e.g., nonoclonal antibodies, and/or fragnments or reconbi nant

derivatives thereof. 93] Conpination treatnents acgording to the
i nventi oﬁ?i'ﬁ%%ﬁ?’wa‘beefgon%fﬁﬁ %ﬁ%gﬁﬂeﬁr&m ﬁ?ﬁfng%gﬁ%ﬁ&ﬁifgﬁteri ng any
ar t - KNowviididfLie @rowin it ctturd ls@fdh ovhdrihal ASntéaees Medih.OMm hafd/ or at any ot her

time. [94] A preferred nmethod of adm nistering the immune stinmulant is
si mul t an&sthods thg sepondiidvision isveep vt cpltprgsysiem o maingganse gredisocyst s or

ner ozoi t 1% ' : | : Lng the final
Quar tor - STPRIERR kel oF AP RSl Ao BB I LTt o the

i nvent i ontrips ot the dizkslde by atalwted dér itshibiliGookdt o soppressihrecsexiuellss, or mi xture of
sai d 00Cyst S and qgro o,tes, by chilling, freezing, or freeze drying. For
exanpl e, %%dflimflggé ?thélsﬁggs.vi abl e organi sns produced by the inventive
culftureI :p%ghoblii;gakeghi@;t#%ima@_as)ylsﬁgamd mﬁ@ﬁhlgﬁwmtil s r@gmgﬁfmarauazltrbves are
optional ly enpl oyed. These include, sinply way of exanple, osnotic

pr ot ect oPBlGEEReERloyd B apdsy to SW%@E?F%?I%V%FE‘F%EWW, sugars, e.dg.,

gl ucose, 19992l BCHAHEmatiRf stk & bpecRk BF §JoRShoefis ultur&dnd Me Aftere/ O @l bum n and
ot her serum conponents, urea, or am no aci d conpositions, e.g., caselne

hydr ol ysdivided. $he firshdivisignzs gumvmi( thy cyliugg sten g0l Matieneaniss t

I nt er nat i onal f A4 RoLS r 'Hg:f . Anti - Protozoal
Agent s [é”é]agﬂ?%g?gﬁelg%@?@‘éﬁﬁﬁﬁ? léltié%/!é en%%w’tg%l %rnga\?/r%e aer?%éjfl?i cient and
usef ul  metigptenented withcmegeit ofinsngt fpekaadt if solunign antnprggmeted mdatestagent s, and

articularly anti-Eineria o g ens .
P strips or test dlSES) to {)e evaluated for its ability to kill or suppress the asexually

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
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Sp agents. Agents to be screened include potential prophylactic or

t herapeutic pharnaceutical agents, e.g., drugs or anti Pgnbep

others. [97] In brief, a species of Sporozoea is cultured and the culture
di vi ded,,.T t for prophylaxis the test agent is introduced in the
culturewr(r’eogll(}%g%rior to excystation 22 - ---- -- - -PCTUS031638 Novenber
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

cul ture systemon nornmal naintenance nedia. In both nethods, the second

di-vi si on_j J S n__mai_nt ena dia suppl enmented
with an g%zwgﬁﬁﬁéﬁ?%%%g%%%ﬁ%@ie’lérﬁ?%ﬁmsﬁ%fi S%?’mﬁ‘??%&é dted into test
strips oretdiesitthelr sty td mphetedu ahltias, &dt show rédusediiulldntyinttee fiost | or suppr ess
t he asexuah)l'51 rle(Rr uci B’% rof ozoal stages. [98] Drug sensitive protozoa
or organ$ B Téﬁ%ﬁﬁa‘s BB e ance traits are optionally enployed in
order to screen for alternative treatnent agents. [99] In an alternative
strategy, a species of Sporozoea is cultured and the culture divided. The
first division is grown in t heESAMEEES system on normal nai ntenance nedi a.
The seco I ¥l S i ' i Nf enance nedi a
suppl emeglftil %a]g Wﬁﬂgy}hgﬁﬁ%#@%;ﬁ%%g h%léﬁi{tgg@%ﬁés?%&ggﬁm% cgln or inpregnated
i nto tesend ae nitpfensied tekmit tieskas of thetieventicn uddse othéroviseiitidicatddli | i ty to kill or
suppress the asexually reproducing protozoal stages. Drug sensitive
protozoa or organisns W th knowg, g resistance traits are al so

contenpl a t.Q .1 oye &ﬁﬁw to screen for
alternati tHer égfc?)\l%\' 80. 3H AR HeRy g Ei neria Strains
For Use | n Vaccine [100] A well-known nethod to attenuate viruses for the
prepar at 83 ob centimppyscyltyrg system yessgenared; ssfolleveul ture to hi gh passage

that a7 e adapt] g RS bbE Emon i IO SR Wb R T Bl Gnce tra ts.
The cul times angstae flougd dice pieytohsmed. n Thebavirednémcytt bell lideovey-at er m pr opagat i on
of E nerﬁe%iv];t?\;e otflal% R gc%csxrﬁlsng?g Sge%}/ e%‘la?f)ﬁ,n.&ppaqn_ virulent

-[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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~strains to be used as |ive vaccines. The techni que enploys the passage of
merozoite cultures as described in Exanple 2 for 50 or evamehes 30, [ 101]
Al ternatively, nerozoites that have been adapted to growh in bovine

nonocyt es cPuI d be selected for their ability to grow on alternative cell
lines sUPEE:Xi dney cell's froma variety of speci e?CAUSE 1689 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 ati on into day-old chicks or 23 16 Novenber 2006 WD 03/099325

PCT/ US03/ : cribed .in,. e i gh passage
strains | g%%ﬂeg@%&%?g)?é g?%%%%ﬁgiﬁ?ﬂ%%& 1%%333%"8{’?%‘%@%%&“#{? d(jul ture, but
show r edu@sbel iten deGuide tliabéresty Procadusks bed Bedtidiehtes, ABCPvacci ne

devel opmept . LE 102], The fol.l owi ng specific_exanples are included
for purpoS&e %ﬁ%ﬂ’ﬁé“#ﬁtWﬁ#‘ihregﬂﬁmﬁrl%’nﬁ%gfﬁﬁﬁgﬁ%&l’ct%equf ‘t the scope of
Lhe | nvenObets wekessmotael  SanifHgion it resushakAMPRE. 49, BRERARI NG A CONTI NUOUS
CULTURE SYSTEM FOR_| NOCULATI ON [103] A continuous culture system was

pr epar ed, diglyomate|agdaerated fon 24 iRy 2 hewtsiat enonylepiperataes to faclidal® ne monocyte host

[ ' § f f | . The bovi
ronocyt e Sorpapsdnd BordHEeAMF « QU WL nelodERELATE. (00700 "
SUpbl ement o Lhe pemiol L LN (100 U Ll et omein (100 g/ ).
suppl ement ed. with, penjcil]in 0 Units/m), s nyCi ,
arrBF\oteriS@?‘i‘i“’?ﬂﬁ?"ﬁg‘?ﬁmj,wEH&P&WE%?@?P%%@WW&% ¢ and 100/?h0r_se or
Bovi Ne_ S CUTHLRY:81ARAREFy i sk 0Gke A0 B0ShuhElSatare seded in a

150 cn®? tissue culture flas appr oxi mat e s/m and 15 nil
per fl askby qentsifitgationg (800 xg fondrivinates), diceidingshakmperhatynty (@ thy eat er than 80%t o

L00% cont g L VBT S B BB RBIGEIR 2, STC07, %
days and wiinds of uatibiotic/ fohepisatic Gudiriteiia@Se Wedie d&Blited bPExample 1. The

centrifugation and resuspension was repeated two more times.

. [108] The flasks of bovine 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

25




di srupting the nonolayer with 0.25% trypsin and planting 1/6th of the
culture into each new 150 cn? flask using the same nedtdNevsamben2@®at i on
conditions. EXAMPLE 2 CULTURI NG EI MERI A SPECI ES PROTQZOA [107] A sanpl e of
Ei meria acervulina oocysts frominfected chicken feces was prepared for
cul turi W 89831 | ows. A slurry of feces was nade by XA#BIUSE/1EP2parts 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,
Parasites; A Qéi de td%olﬁrabor atory Procedures and |dentification, ASCP Press
(c) 1991, fopp totalof 480 daypandmatpieiied hew ability t sentivaslinreplicasinitis i n it s
entirety. suifgReysts were concentrated by centrifugation and resuspended in
2. 5% potassium dichromate and aerated for 24 to 72 hours at room
tenperature to facilitate sporulation. The sporocysts were stored at 4C
until used. The sporul ated oocysi per e suspended for one m nute at about
25C in achlorohexi'b i PerioguardTM to kill

contam nati ng bact erra SHrotonexT drre—ygt-ocorate was renoved by

washi ng. hi .was.done by .pelleti t he opcysts . hy centrifugation (800
'x g for GM\ﬁfﬁnJﬂ’gél}‘femb‘?“sa&?rm ‘ngstaﬁ’ée e syaualme the Ylﬁblll%;(é’fs@t?ﬁer nate is

di scar dedzaRfia SBSREAR0dEE b 8bdeRlilg RRGHHNGR mOHSPENHIQGnge! | et in 100

vol umes of anti biotic/fungistatic maintenance nedi a described by Exanple 1.
The cent'WlﬂM'@%inéﬁﬁlfalﬂéf’?l\g%@gﬁéh‘sdson was repeated two nore tinmes. [108] The

f1 asks of;bgvi ?[9 i i mredi ately
after try[psﬁnicg%%%gg%gﬁf%ﬂg%j%g n%’“%@ﬁ%ﬁ@&%@%ﬁ%ﬁ@’& Each freshly
prepar ed fukrskilotaisontising metiwds badoalll beidetivedfioum culiOfR aodmpided in N 151 of

mai ntenarﬁﬁggﬁ%a, prepared as descri bed above, at a density of

spor ocyst ts to host cells of 10-3 parasites per host cell. Cultures
were i ncubgt etheiobeysts@pdrocyass Yvekd @igilied iato MRREME bERbR Yodrlofthd N a 5% C2
i ncubator., [109] The oocysts were incubated with bovine nonocyte cells for

10 days, 39pets wefediogeng a2 hCusing Fypriassdng agpats (such aikreczingf t er 10 days, the
cul ture SHeSsLAHH) e fifih 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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infected cells were harvested by scraping the nonolayer into the culture
fluid and 1/20th of the culture was inocul ated onto a LbdWiemper 246 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 ocy¥OPBYEPst s were observed to be released froRFTNEH6WE cells and
floated in the nmedium The viable sporocysts/oocysts were collected by
decanting the supernatant culture fluids followed by centrifugation at 800
x g for 6 mnutes to concentrate the parasites. The sporocysts/oocysts
were used imediately or stored in culture nmedia at 2-7 C until used for

further experinments. The cells jpfe wth nmerizoites were passed 25 16
Novermber 2006 WO Q3 [ AS3 1§ for a total of 180 days and
mai ntai ned their a Sliimmii £n this culture. EXAMPLE

3 STORI Nﬁ;ﬁﬁi’d;?cYST- FORM NG ORGANI S {110 The invention al so provides a
met hod f v MGROTER Vet baxypsias; when phepultwesiseeExamplesrl amd 8hwyrst s/ spor ocyst s
by obser Vctigkly RhESkihY igeNerdlly d 2 Wikt | t he need for

i nocul ati_on o}f' Ei rdsggkleil? %’cyg{iﬁsﬁs% %%gfag@sgﬂt(sﬁﬂé%@@ ul i na were

obt ai ned fegisd eqlis ardent perhatant suetrosvesttd udtiag 4 cofl susperg Hoet hods or coul d be

derived f i L. ampl e,2. [112]. The

oocyst s/ sﬁgﬁg%’{sﬁﬁﬁ?g&éﬁ gﬁﬁgﬂeeag Sle(%ﬁpga?cf'\%mgébﬁ?%ﬁaﬁ[gﬁﬁ %our of the

al i quot s syrugs). flho mervzaites-W@HThars congentialyd by OE@i MbARDn BV Sfok $9ICh as Freezing
Medial "', 113] Viability of

(€ and t fift.h aliquot stored_ at 2-7C.,
the four Wﬁé@@%&%ﬁwﬁﬁ&@%@n@%w%e%ﬁw% sWencasiorWahar ed to t he
vi abi | i t yheafuséde vhididake isaBRihRIst hat had been refrigerated by conparison of
infectivity in bovine nonocytes. [114] The viability conparison was
conducted as follows. [115] Briefly, bovine nonocytes were planted into
24-wel | plates containing steEXARIEerslips at a density of approxi mately
1-2 x 105 cel|ls per 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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i mredi ately prior to parasite inoculation (less than 80% confl uency when
i nocul ated) using the methods of Exanple 1. Serial dil dtﬁibé%‘@ﬂﬁlf@ril@ét
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. WRI030¥32ner e i ncubated at approxi mately 37C, PETHSE3@EM2for 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
acervulin agq titer of..each .sanple s calcylated as the
hi ghest dﬁlﬂgﬁsbﬁhi o%?t%ggrgGg)écl%‘rlﬁrag%dtqy\ﬁe]??%uggg LeseneRded® mar ed f or
vi abi | i t yeubasatedinat aebadehtvation of 880,000idoyystsidefinl andfisddi er 2006 WO
03/ 099325 1?(&;/@1509/ 16302 MPLE 4 HARVESTI NG MEROZO TES F CULTURE [ 116]
Mer 0zoi t eS2er i gt gRioy graupsoihiode fstand Red daynid gpickss | and 2) were
activel y Emptinestl Gioup YRS dlddy 8t xgceiveﬁﬂt{fséﬂe'&ulkﬂe-ﬁéﬁ’v%d%&%&@?ﬂ ast split
(subcul tg&e). } nfected cells and cul ture supernatant ré harvested usi ng
a cel |l scidsarHingdsts); Beerimeniel Gropy 2 swgraxmpicke thatmcaiwdd tiseens (aspirati on
~ through n Li0 he rozoites were then

concent rgﬁugtgregﬁﬂggnc{&r% uiggg'i 66?5‘31{03@03&81??"8}“9}6“%#ﬂm%E’?feand resuspended in
mai Nt enark®gir chs. Nphnocysed(ut2)i Qpcptispeeasiallp adiinistetddedy gidpd t o vaccinate

test ani . STI YSTS FROM CULTURE [117] OQocysts were
‘har vest e @?%%Wé&e@%igg B F@iﬁsawaveéy- allowed to run at 18 days
or longer without a split in order to accunul ate nore oocysts. The culture
super nat g@t was collected and the oocysts were purified fromthe cell
debris ust¥i®heather' s flotation nethod, discussed Supra. The oocysts were

then . comeant Gabpt wdte SeivEd il482ELQY ik Wo Qcﬁﬁ{s&ﬁ%é‘&&%’ es). The pelleted

oocysts were resuspended in mal ntenance di a and use diately.
EXAVPLE @ 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
o 28 '




VACCI NATI ON OF CHI CKS [118] This exanpl e denpnstrates the potential for
using Eimeria acervulina and Einmeria tenella oocysts a®dNo#eriben24s 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 hodsWPIE89935. tenella and E. acefvul i na oocysts d&®CTHEW I3 m cul t ured
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 oncentration.of 100, 00 and uysed i medi ately.

[ 120] Thl@ro EE P OB 89%%11??938166928 SREYSEBEOMay - ol d chi cks.
Exper i men1$emf¥laskpohtainiotbontii ﬁiﬁﬁodytbﬁfeﬂé ﬁ@ﬁis&@d]?ﬁel GufiR vab pdskdde- der i ved
oocysts for §ﬁ|§1@ (?E]L}Bvul i na &n- Experimental G oup 2 were chicks that
recei ved 15%8grge ¢ Hxasonle £ foF &0 Baseagss to engire that nosknskeyated n=3) ; and

Experi ”E%&bst%%@réeﬂ%ﬁlecﬁﬁ{}ym chicks. No oocysts (n=2). Qocysts were
orally adm nistered by gavage (100 to 1000 to each chick) of Goups 1 and

2, respecYpegdlafionResul ts [121] Oocysts were observed in the feces of the

> oht cks Updie osaon i Forl Mo phSheiind B Haed RSk ur e dor i ved
oocysts wimerisaha)blee moculatedvits atlrged lﬂerbilﬂe&@séramwgﬂaggiri]l?]?iglﬂkr gﬁ! cE ; e Pﬁ; tent

times expgcted.for t eci 122] The Gou

wer e not ?t\fﬁﬁ’?lv(?gg&?s][bg%ﬁﬁ) H’S?‘S%WE‘LE WHYHaOTIn t‘%"ﬁ@? petoElies,  These data
confirm thafarddBbee, VRASHIA @AHIL MSe fy-018 BMEEQRAR M eRled s%l}e%@“ nation with
Einaeria in the test birds or housi ng conditions. Therefore, the sheddi ng

of oocyst¥00x0eP.cud40.90Qmerozoies didnet exhibii diantwd. t 0 the cul ture inocul um
H st opat (93 9%ourteen days after inoculation with cultured merozoites, the chicks that

were given 1000, 5000, and 10,000 merozoites and I uninoculated control chick
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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[123] One chick given the E. tenella oocysts died fromsevere diarrhea.
[124] Mcroscopic inspection of gut tissue sections frokf Naeeraher R0 hat
died confirned a diagnosis of coccidiosis. These data indicate that
oocysts_derived from bovine nonocyte cultures can nmaintain their virulence
for theWAPAH Host. Experinent B: Challenge in Chi clRETHSEN6E2 acervul i na
and E. tenella Culture and Passage of Organisns [125] Ina preparative
experiment, aliquots of oocysts fromthe | ot of oocysts wused in Part A,
above, were cultured as described in Exanple2, supra to 28 16 Novenber
2006 WD 03/099325 PCT/11S03/ 16302 produce a conti nuous cul ture of

ner ozoi t qu 0 9 tspin one  150cn? flask containing
bovi ne m)(-}E linddl¥ nkl?gcﬂég&" igﬁi FYOsHth hassed as described in the
Exanpl e 2 for two passa 2no unexcysted oocysts were
present cul tur tion 126 One-day ol d chicks (one half ‘
Rhode I sl 'gzgh %8"%?‘0%3?40&3’3’%8@@&5% rou&mﬂ 008 hayinewmerocyinoelairat ed wi t h
~cul tured dmwazmbfoﬁﬁltetﬂas@feﬁﬂxah@%ﬂlogﬂ' %rvuﬁhcg 451 £ 408k, fn‘teocf\dd/a d the 100, 000
cul ture- d?l‘l ved E. acervulina or "E. a nerozoltes, prepared above,
exhi bi t el @IF’&PWH%”&M%ﬁ]ﬂ%e%a;ﬁs'éiﬁdlltbmbﬂyedmlamm@aapmoﬁ dose of 1000,
5000, an ibit diarrhea., ]127] Fourteen days
after mg]é%rlggit}@gnffvﬁr Q%%O%?ll??ﬁog 0@8‘5 zt)(;f?%a@on @E‘fﬁuﬁsk ?Sﬁg% were given
1000, SOG@dlcﬁﬁﬂlﬂtﬂ@tEQ&cmoﬁﬁmmmtaamd virulsnée LY RAREOM TN Chi ck  were
nmoved i nty %@nn%% rgnrrent previously occupi ed by chicks that shed oocysts
from Part supr SThe day-ol d chick that did not receive nerozoites died
from coccidial |,nf ection when placed in this contam nated environnent.
. However, the chicks that had been previously inoculated with |ow | evel s of
nmerozoites remained clinicall yxpagbify. These data indicate that the

subclinical dose of RERRERNNG AN ducing imunity in the
birds that protected themfrom su R AS ge with a | ethal dose of
Ei neri a.

[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
{1311  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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[ 128] TABLE 1 Results of Chick Inocul ation Experinents #E. #E. tenella
"Fecal /Clinical dinical Birds Exp # acervulina nerozoil6&Nmespend®ot 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 vVONSOPnical Signs 2 B 5,000 5,000 fecal ne&&TOS®/IE2C 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 Novenber 2006 WD 03/099325 PCT/ US03/ 16302
Experiment C. Inocul ation of 10 Day Enbryos with E. acervulina and E

tenell a [%? ln.o Lnocul ation hy the allantoi¢ route of 1000 bovine

nmonocyt e cu ltl%nrcglnSgg?qi%lg%nﬁg?%fg}e?’ésﬂ@z%mwm% T8y of E. acervulina

and E. t estmbipheierpprofifhteifay the bt cellepinconet &gh #Bll KhituRBdSyfiesul ted in enbryo
There was no evi dence of oocyst

deat h indfither spegsis[ﬁ_s of ggrozoites. S C

f or mat i orPACH 2P FSPEFIER duierest A8 3% Phagenis & badested: in ntrodesedl idpeci es of Einmeria
retai ned e mdi@ 0€ ach 8F 1(AERWAS, vl | [ f§s onocyt es. EXAMPLE
7 SCREENI NG ANTI - PROTQZOAL AGENV%E?QC{%)%#‘%[hﬁeseaé%%&%%é{elﬁggs of a proposed

ant i - pr ot S84 aflgg abrut kgl dapstin enlSprois ouropsmed spech esotios welledndat ed by using the
syst em of yaaRRIE S, dvafRd R arﬁ'—pr&%&c? vy bPhe LSS ggzeg{(é)!

[133]  Observation for parasite growth can be by microscopic examination or the

use of coverslips that are stained with Giemsa or a suitable stain to observe the

parasites,

EXAMPLE 8
EVALUATING METHODS FOR CONTROLLING PROTOZOA

[134] One way to reduce protozoal infections of domestic animals is to

implement a management practice designed to remove materials that may transmit
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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[131] 24-well tissue culture plates containing ThernmonaxTM (Nal ge Nunc
International, Naperville, 1L) were enployed, bovine nofdéguember?dl® wer e
seeded and grown to <80% confl uence in mai ntenance nedi a using the methods
of Exanple 1. Subsequently, each well was inoculated with a E. acervulina
and E. tenella. The anticoccidial agent diclazuril was introduced into the
nmedia of each of 10 test wells, while 10 other wells are kept as controls.
The presanarsof schizogony at 24, 48, and 72 hours in culture was conpared
between control wells and treated wells, to evaluate the anti-protozoal
activity of the tested agent. (bservation for parasite growth was by

M croscapi ¢ exmbhbdior Sdhtihtths GAMES Silah BBligaleimtacRilR pRidodiest W th G emsa. The
presence_ of schizaogony as well as the per cent reduction fromthe control

vel | waSlass#graeaeadl) tiegsaxuel dhesg of develepmsit comPrisiRg eeni ng for Other Agents

[132] 24-wel la)tprssdite Lot Bsthf®nphigneamihmoedlizcd afinnkghd S are grown to
<80% 30 16 Novenber 2006 WO 03/099325 PCT/ US03/ 16302 confl uence in

sui t abl doMgrifsEiadifdar gRYng SPYpzoge sREFiSEr at ure, and under an  at nosphere

appropriate f(eycohti@ind@sthosi@ellswittddnfefiRis @aklds Webllightt | nocul ated with a
Spor ozoea Sﬁﬁf' es of interest. An agent or agents.to be tested is
% Profarean il §lass wproasqenrediingdn thegfoie P &amegiife 10 ot her wells

- ar e keptpopdatoaitat Ok SapablSoOMtnhmatié Gowale te adexdf pBay s theh&tiddlyr e i s conpar ed
bet ween control, wells and treatgd wel |s gg,evf]%l%ﬁ?te toge anti - prot ozoal
ST

acti vi t PGl copaging isprepednder pensiuoppelfisct e P&fieasite growth can
be by mhest@slzofpidc exam nation or the wuse of coverslips that are stained
with Gensa or. a suitahle stajn to observe th ar.asjtes. EXAVPLE 8
EVALUATI NG H@ﬁ%@@ﬁ%@ﬁi?%@aw&@&x“aﬁﬁ%‘[%%%y to reduce

-prot ozoal i nf@eteinaRSotdiatd ARSI IuRr fBioARnSs 4 pedits thitBEbeRBAE a mManagement

practice designed_to renove materials that nmay transmt such organi sns as
Cocci di & %%Fﬁ?‘gﬁgmﬁﬁ%‘é‘@ 9°H51%“H§P?-1369€a”1“i OWoeP®E Such managenent

pract i CeSymssporidan Hiyey ahdidhdehatisis Agrdoh @nd whdrkh &/hSy fik Obligate
intracellular protozoan is a species that belongs to the genera Eimeria, the Eimeria

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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and the nethods of Exanples 1 and 2, respectively. [136] Standardized
sanples (e.g. sanples of litter) are taken fromthe ard#® MNévenbet 20@st, 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
starting sanples. [137] The new managenent practice is then inplenented,
and thereafter, standardized sanples are collected, at |ocations and in

quantitifes astheancdipd Bé?wwle%@n&hﬁa?f&@nsﬂg%ﬁ JesreRiochmtiace. The new
sanpl es Rh@nfrAtRR réigink Wokhbo@NElof B&bol03WANL. at 5- 10 days conpared to the
growh in the pre-nmanagenent sanples to determ ne any | essening of viable
protozoa in the environnental area of interest. 31 16 Novenber 2006

CLAINE: 71. A TiRinhebd bPEIaONKhAIR S hoslchVs@n Rhmahliok] dat e intracel I ul ar
protozoan of class Sporozoea in the asexual phase of devel opnent,

conpri sFFF@Im@é’}‘a%?PH’&laﬂ‘i“ﬁ@ that gdpiveddion t Bagpaiasseticslpdolrky an i mortal i zed
manmal i agl. host cells suitable for growi ng Sporozoea species; (b)
contacting the host cells with an infectious stage of an obligate
intracel lul ar protozoan of class Sporozoea, resulting in the growh of a
nmerozoite population that is capable of continuous growh in the asexual
phase in the host cell; wherein said contacting is perfornmed under
~conditions effective for infection of the host cells; and (c) propagating
the nmerozoite population in its asexually-dividing form wherein the
obligate intracellular protozoan is a species that belongs to a genera
selected fromthe group consisting of |Isospora, Cystoisospora,
Cryptosporidium Eineria, and conbinations thereof; and wherein when the
obligate intracellular protozoan is a species that belongs to the genera
Eineria, the Eineria species is one that can infect an avian host. 2. The
met hod of claim1 wherein the cell culture systemconprises a gromh nedia
suitable for maintaining the host cells and the Sporozoea species organi sm
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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 agéMovembprz¥ént 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-nercaptoethanol, nercaptoethylam ne,

2, 3- di mgr captiag HehbdbClAhi70vher REME fib ISR Gelialednac APRocyR- acet yl cyst ei ne,
ascor bate, glutathione, and conbinations thereof. 32 16 Novenber 2006 6.

The met hod of claim$5 wherein the reducing agent is (3-nercaptoethanol in a

~concent at i Ok KBAbDEF AN FRRARY Lorbhrihg iR sRBARLpIRing tl\ulnfe to/he Met hod of
claiml1l wherein the host cell is an immortalized Cells retaining

phagocy EPETeAROPHUEYS RIpHICHOIofaRar9708Rs- f r om a mammal i an reti cul oendot hel i al
cell. 32a 16 Novenber 2006 8. The nethod of claim 7 wherein the
-reticul gendothelial cell is a nmonocyte. 9. The nethod of claim1 further
conpri sithg t fbe wietbpd oficlaimljwherginythe potozeandsanekimgria weeipytBataatt ont i nuous

product igeet of avilH&QbILAS frdifl the BRI XBANAR & ESleRl MndiidViBi#Lin the protozoan
is an Einmeria species that can infect an avian host selected fromthe

group ¢8RS et neireg. iEdmerish Beopsix, Eimeas imgtis, fbearigupreerar a8l neri a maxi ma,
Ei neri a enegatbrint, BinBid melfudiimitis, BilBld 8406386 Pimednd Einmeria brunetti,
Eineria |eagrimtis, Einmeria adenoeides, Eineria _gallopavonis, Eineria
di sper s&3HBrYRBIS; Hmeds diskricyEanerigimeleagridis, ftereiadnnocvanBfeia subr ot unda, and
conbi nakkwsEnddheiaehbindtibns theRofet hod of claim 10 wherein the protozoan is
Ei meria acervulina or Eineria tenella. 12. The nethod of claim 1 wherein

the nerozoite population in the host cell is capable of continuous growth
in the asexuahe RABSEoIRfaiH QNSIHRRIPME ploRizoatis ERRSL addvudina or

Eimeria tenella.

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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days. 13. The nmethod of claim 12 wherein the nerozoite population in the
host cell is capable of continuous growth in the asexu&N?) 1 3906

devel opment for at |east 150 days. 14. An antiprotozoal vaccine
~conposition conprising a nmerozoite popul ation propagated by the method of
claiml. 15. An isolated popul ati on of protozoan nerozoites, or nerozoites
Wi th oocysts, wherein the protozoan is selected fromthe group consisting
of Ei neri7a t eftel dsa of clEnnirwigrexcihe wddd i6a doestieatédbirdaxd the, Ei neria necatri x,

i.a . praecox, and Eimeria brunetti, Eineria

Eineria m"IIsh.Ei r

mel eagr i PP lsé'icg%'fﬂfhgs’ﬁdenoei des, Einmeria gallopavonis, Eineria dispersa,
Einmeria neleagridis, Eineria innocua, Eineria subrotunda, and conbi nations
t her eof .. ,16. e of vighl.e organi.sm pro ed the method of claim1l in
the' ekt act\Pesgpr deaitet S8R PAGTRIER By g lRe PR opoal | rmmuni ¢y
i n an awfanatida3Bollbiley Ehddeinid2Dasiciidae, Fligadizeandfspelicatiieredf wherein t he
avian is a donesticated bird and the protozoan is a Coccidiosia. 18. The
use of claim 16 wherein the avian is selected fromthe group consisting of
Anat i da,19Col uitlei waef clizhalsivertcilathe Fi@sk e nirkkyer a Blsttehaci ne, and speci es
thereof. 19. The use of claim 16 wherein the avian is a turkey or a

chi cken. 20. The use of claim 16 wherein the nunber of viable organisns
conpri se¥. nefhezee bidaiorl6odeyest the monbeaoiviatieswrearisnercomprissbier ei n t he tot al

nunber of said viable organi ranges from10.to0 106..21. The use of
e m 20 TR o oPReS AR el AP AL PRt 00 to 108
Mer 0Zoi t@sanfs GRAE%Stom 1@8-109he use of claim 16 wherein the viable organisns
conprise nmerozoites, oocysts or a conbination thereof, and wherein the

vaccine is suitable for being admnistered orally by dusting or msting of
feathers, by.Ln ovo.injection.and conbinations.thereof 23,5 A cell culture
yot om oy 0 Al PEAHB PR TR B o1 QP iT FRmgi L) e

to 109 merozoites or oocysts.

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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for grow ng Sporozoea species, and a cell culture nmedium_conprising an
anount of a reducing agent effective to enhance survi JQINWGS%@%ozoea
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 t5on adcmbidé 6tgnﬁoﬁti@d al‘icdil’dﬁéxo ¢laimt Heforibanpinpisingg: faod ood conposition in
adm xture wt t dg_%lvtac @\/?f 26. . A nethod of screening for agents which
dest r oy “GFPTH H)lnﬁ?? RECGHEREE Y85y ot 0z0a of class Sporozoea conpri sing
culturing a Sporozoea species of interest by the nethod of claiml1, with

and wi t hout contac ent e scree and d tecting inhibition
of grow? or Vi %%?ﬁlmﬁreré?ggfp ot g °P§ RRY °F m@ﬁgthﬁlgrsoé‘ﬁl&g of the agent of

i nt er estprot@iba ofclass Shoozobocongoising nulnmsgaﬁpdrwoea geciabifigatebynt racel | ul ar
pr ot ozoa i h se ua e ment CCOI’dI o claim1,

conpri s:ﬁrllg ?tflcide()fcglmdlvﬁha% tﬁ?u? Iﬁ?%?"étg %%enfrﬁo cf’l“%l gdtl mortalized

bovi ne dﬂwauxgym}elsclomdfgrc&wthnoﬁM1htyrthvatd gexdthbmhb nlaemamf)thyt e cells are able
to |ncor or a 1%terest e protozoa by phagocytosis; wherein the cell culture
system & nprises a culture nedia suitable for gromh of the imortalized
bovi ne nonocytes and (3-mnercaptoethanol in a concentration ranging from
about - 0201 t & mbtbord foOcdntinddus ¢udiprecdobligatd inigactlhdar pogdzocmithe Wit h an

i nfecti ta [QLozea un condi.tions effective for infection
of the %gech]ﬁ %FOP&VEIO%T o acco’r m%tﬁggaérfllvﬁoﬁlplé‘?mg nmerozoites in the host cell;
and (c) propé@atovngngmumltwqmsitemqompuimﬁizmnmrializeﬂﬂ:swarsexual | y-di viding
form 28 t hod of cl ai,.m 7where|nth togoa 1S an Einmeria species
el oot o R TheRTuS SR e B o Rttt B PR er & acer vil i na.
Ei meri athmmtnmabyﬁhzrgemitraisnecatri X, Eimeria mtis, Eineria praecox, and

Ei mer i @ brunghuly L 06 e OR1BAGLETLL 8ol TBYL RudeRpgidRs. Eimeria

gal | opavoni s, Einmeri a |spersa RET |

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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nmel eagridis, Eineria innocua, Einmeria subrotunda, and conbi nations thereof.
35 16 Novenber 2006 29. The nethod of claim 27, whereil® Niovenbet B0é 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 neria species, an oocyst that had been generated froma nerozoite, or a

m xt ur e ,her eof ; rei.n the . nmerqzoit.e had been propagated in a continuous
U tur e 281 ar e mePE R iR PR B AR et et e Vacel ne o

cl ai m 3@gdusing theiconceitenting nfbalst aels iphisgaityt sxtetrewWheneer growtdosfalyt e. 32. The
vacci ne . of aim31, . wherein the nonocyte is a bovine nonocyte. 33. The
met hod gP“@%%f%g%%ﬁﬁgﬁ%gggfﬁgﬂ?ﬁ?bctious stage of the obligate

intracel lular protozoan of class Sporozoea is as an oocyst. 34. The net hod
of cl ai B0l f uxtaeane eompiuhige cldgckesr nakdyswgangt éreer awld Kimerid 0 | ncrease to a
densityss %Q q L2 Q08 sﬁﬁnan%mng pr?c sts re.releasqg in&o the culture
medi um “BS et hod ot o1 ar a4 of UrtHer S Prerag: °°{e) harvesting the
spor ocy shas had3en generatew fromch rodromitaionn iftue theeof;cdrpEin thé ng:  (d) harvesting

t he mer g CQAZE)I Sh d.%Zén p'?“npa%aqu ra%%I%IZn(l)l(a)illS MAGE b RS ?zleEll on conprising t he

i solate popdféilon of protozoan ferozol'tes, or nerozoites with oocysts of
-clfai m 1man@@liatstegarfyti¢ &dl. i sol at ed popul ati on of protozoan nerozoites, or
merozoites with oocysts of claim15 in the manufacture of a vaccine to
elicit protective anti-protozoal immunity in an avian. 36

T ) 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. '
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