16 November 2006 WO 03/099325 PCT/US03/16302 METHODS FOR THE IN VITRO CULTURE OF
SPOROZOEA SP. AND USES THEREOF FIELD OF THE INVENTION [02]frida¢@RebAM¥ates to
culture systems and methods for the continuous culture of sporocyst-forming protozoa of the class
Sporozoeawendgenes and species thereof The invention also relates to gpgipz@itRsANd oocysts and
related- Sporazoea life-stage cells produced by the inventive culture systems and methods, for use in
vaccines, assays, and for other uses. BACKGROUND OF THE INVENTION [03] The protozoa of the
class Sporozoea include sporocyst-forming protozoa, 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 protoz fthe r if‘ ra, Ei Isospora, Neospora,
Sarcocystis, Toxoplasma, Tﬁé @?g\ié %?&% E% coccidiosis is an enteric disease
of animals, including domestic Q .g. podltry; 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 specifi%ﬁgglkﬁfﬁw of losses due to coccidiosis and the
esults in sic

costs of prophylactic medication results in significant annual economic losses to the affected

industries. [0BRThe Bsonseniioaieleies i epdeiaivsicnsfardisdirfa MhBSOBHIMMA is especially severe

in the poultry inglystsy sshesginisnsive havsingahbirds Tayers. Jhe.snreadofthe disease. For fowl,
e.g., poultry, and other domestic birds, 16 November 2006 WO 03/099325 PCT/US03116302

Coecidia infegtisieTdannefin BEdRBTHOTRSTFERCS IO ZIF SR arsysidratispated-

Sporazoea life-stage cells produced by the inventive culture systems and methods,

for use in vaccines, assays, and for other uses.

BACKGROUND OF THE INVENTION
03]  The protozoa of the class Sporozoea include sporocysi-forming protozoa,
many of which are etiologic in a myriad of diseases of animals and people around
the world. Of particular commercial concem are the diseases caused by Sperozoea
of the subclass Coccidia, order Eucoccidiida and suborder Eimeriina, as well as
the sporocyst-forming protozoa of the genera Cystoisos;vora, Eimeria, Isospora,
Neospora, Sarcocystis, Toxoplasma, Tyzzeria and Wenyonella,
[04] Inparticular, coccidiosis is an enteric disease of animals, including
domestic livestock e.g. poultry, caused by protozoan parasites of the subclass
Coceidia, genus Fimeria. These are obligate intracellular protozoan parasites that
replicate primarily in the intestinal epithetium. These parasites have a
monoxenous life cycle and exhibit a high degree of host-species and fissue
specificity. Overall, the combination of Josses due to coccidiosis and the costs of
prophylactic medication results in significant anmual economic losses to the
affected industries.
[05] The economic effects of coccidiosis infections in domestic animals is
especially severe in the pouliry industry, where intensive housing of birds favors

the spread of the discase. For fowl, e.g., pouliry, and other domestic birds,



In addition, numerous Eimeria species can infect a single host via the oral roy and/or by inhalation
of the infectious particles from the environment. Once ingested, the parasite'é %‘f?ﬁ%%rgrqgédamages
the mucosal layer of the intestinal wall, causing acute morbidity, e.g, resulting in decreased growth
and feed ulilizetionsis the infected avians. [06] Protozoa of the genera Eiperiasisaspera,
Cystoisospora, or CTyptosporidium typically only require a single host to complete their life cycle.
Under natural conditions, the life cycle begins with the ingestion of sporulated oocysts from the
environment. The cell wall of the ingested sporulated oocyst is broken by mechanical disruption in the
gizzard and/or dig _stg%by intestinal enzymes. Within the sporocysts are the sporozoites, which are
the infective ﬁ‘b 8“8Pg%ﬁlfiﬁl.nﬁ‘?gné)&)‘&}%ﬁtgglfh%‘é‘gnt%gﬁ‘r%]/t%élﬁn%l Pn?ﬁ%%%[, or epithelial cells in
other locations addigositepidsrfectionsschetactesistidaf therspehias tviblved: {873 Within a host
animal's cells, Oor%)zg)ggts multinucl nts, also cageg)l§§ehizonts. Each meront

develgp into Ix leate. me
nucleus devé’l%ps Into an iaﬁlf)enc%{l/%g)eﬁg(?ﬁucoéﬁég& %%r%gr%%%ﬁt{ég,etﬁngtﬂgﬁ%% new cells and repeats the
process. Aftengesialitislpamsitioeeofrase xudigenerationsnoerbioitesideveisplipeb either

microgarmetoq e ALIIAGIAUBIAIAS MIo/oBamSIan fes dRUe a0 AaRY, microgametes which, i

turn, fertilize the macrogametes. Theresulting zygotes encyste by forming a tough outer coat, and are
then called obtyigesontidhe apéeeRddvisnsporulated in the feces. Under proper environmental

conditions, theaocysig,spAtpaleand.uscome infestive dngsstignRy susceptible animals then repeats

the cycle. [0 ngnfection with Coccidia elicits a species-specific immunity. For example, there are

seven known(@paEsafies cara iRl TRisEe Rt h RO OSPRIER e 85h8186red to be moderately
to severely pathegenic:AQ3hdinuss, me omest avianswiliedptegiatian Dipnoder species of Coccidia

or the introduction of new, previously unexpo é%ﬂrd may result in an o tbrealt<.of the disease.

Oocysts are G &&Fé’r‘ﬁé@qﬂ%f—lﬁggﬁje Pﬁ%?égﬁﬁ%&?%ﬂ%ﬂi\%%%&%? 2006
broken by mechanical disruption in the gizzard and/or digested by intestinal
enzymes. Within the sporocysts are the sporozoites, which are the infective stage
of the organism. The sporozoites invade the intestinal mucosa, or epithelial cells
in other locations. The site of infection is characteristic of the species involved,
{071 Within a host animal's cells, sporozoites develop info multinucleate
meronts, also called schizonts. Each meront nucleus develops into an infective
body called a merozoite, that enters new cells and fepeats the process. After a
variable number of asexual generations, merozoites develop into either
microgametocytes or macrogametes. Microgametocytes develop mto many
microgametes which, in turn, fertilize the macrogametes. The resulting zygotes
encyste by forming a tough outer 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.
1081 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 moderately to 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. Oocysts are resistant to extremes in pH, detergents, proteolytic,



they can be broken by laboratory methods) and chemicals such as sodium QHIBHE
potassium dichromate, and will survive for many weeks outside the host. For example, there are
seven knowrogpeesessof Coccidia which infect chickens, six of which are gensidgreg:to be moderately
to severely pathogenic. [10] Numerous methods have been developed to inuuunize poultry against
Coccidia. All commercially successful methods are based on the administration of live encysted
protozoa, often of an attenuated strain. The most common route of inoculation is oral, although other
routes have b en sed. d}%ﬁ\r .U.S. Pat. No. 3,14{, 86, %eacgﬁf v%ﬁcgation of chickens by oral
administration-of viabla £ Herneld §pornatse %%%‘i/s SRV Al o, “pat. Ro. 4,544,548, teaches a
method of vhcdiratipiebyontinaibod dndinistratin softow swimbensrokbporalatéd oocysts, with or
without S'm“'é SquR gﬁ‘@&@ﬁ @ &‘&Iﬁ%ﬁ%‘s&ﬁﬂﬁ%‘&%@&a&%%rlsfq%‘%ﬁé‘ﬁ%%%?” be achieved by serial
ic ele arly

passage in chickens. ctionof strains of Coccidia showing early formation of oocysts, and
attenuation, hagTiRéeihaie st itsaenlynev0cS X, dhEorsiratadibl vekstahedk Merain ifs entirety. [12]

Orally-administered.attentated t%“é%@x?o@&%&@ﬁ%@&%r@%‘ﬁﬁﬁ@é&ﬁ@.en utilized to confer immunity
against coccidiosis. [Shirley, U.S. Pat. No. 4,438,097; McDonald, U.S. Pat. No. 5,055,292; and

Schmatz at altOPCTNBUBIRSTBHIES Pots amE Ty oIsp SACRENAIRAPRY WE§AAON is disclosed in
Jenkins at al.cAwvian: Dis: coRfirédiB2(L82 30 whishdeachesdhe:oirl agminigtiaiaT of sporozoites that

have been treated with gamma radiation to prevent merogony. [13] Parenteral routes of vaccination

have included §UBSHEE BRI iRt e B AL AR L O F SR Y REE EPLBBPE Z8HE L Bhogal, U.S. Pat.
No. 4,808,404 cd3hngaliatal,, ditSuftesiiNordn06R 1d8eanddaibdgmo Inf¢tharNef either oocysts or

sporocysts, Ev al., PCT publication.No. WO.96/40233;. Watkins at al., .Paut. Sci., 4(10)
:1597-602 (E?&%a&et%cﬁfew%cﬁlgg%g.f’gl?é%]ﬁﬂ}, re%%%(g’émas rr?‘l%e1 no%{vé?@ggdnation against
Coccidia by agmihistratibnedfocnyst®anisporbZ0ife$ o e wlydaidbedachisksisjhypdlk sac injection.

[14] The need for Viabie PEO10AAR RLY AESARHANIS & SAMMAR AP B AIEE oocysts.

WO 03/099325 PCT/US03/16302 glycolytic, and lipolytic enzymes, mechaniligl isruptiorl?r %{tﬁhough

with or without simultaneous administration of anti-Cocceidial drugs.

[11]  Attenuation can be achieved by serial passage in chickens. Selection of
strains of Coccidia showing early formation of cocysts, and attenuation, has been
described by 5,055,292, incorporated by reference herein ifs entirety.

[121. Orally—administered attenuated strains of sporocysts have also been utilized
to confer immmunity against coccidiosis. [Shirley, U.S. Pat. No. 4,438,097,
McDonald, U.S. Pat. No. 5,055,292; and Schmatz ez a/., PCT publication No. WO
94/167251. An alternative to attenuation is disclosed in Jenkins et ¢l., Avian Dis.,
37(1):74-82 {1993), which teaches the oral administration of sporozoites that have
been treated with gamma radiation to prevent merogony.

(131 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 infra-ovo injection of either oocysts or
sporocysts, Evans ef al., PCT publication No. WO 96/40233; Watkins ef al., Poul.
Sci., 4(10) :1597-602 (1995). Thaxton, U.S. Pat. No. 5,311,841, teaches a method
of vaccination against Coccidia by administration of oocysts or sporozoites fo
newly hatched chicks by yolk sac injection.

[14] The need for viable protozoa for vaccination is a common factor in all of



3 16 November 2006 WO 03/099325 PCT/US03/16302 the current vaccination methods. Non-viable
protozoa, or antigens from protozoa, have been unsuccessful in conferring th@m@ﬁi@ﬁél%ﬂ@nmunity
needed to protect against clinical infection, [15] Heretofore, viable, living protozoa, e.g. oocysts, have
previously bagm®agyested from living, intact infected avians. However, thg-4saafliyg;animals or, in
some Coccidia species, chick eggs, to produce viable Coccidia cells for vaccine production is both
costly and inefficient. [16] An economical and efficient alterative method for producing the required
guantities of Coccidia for use in vaccine production, and other purposes, has long been sought.
Propogation qf Coccidia in.vitro has been_attempted, but with only limited success. Madin Darby
Bovine Kidney {FEK ) Bty HAV &P BREnA repBitae fPERIpHH EifMEREPgroWRPTAIS but the
developmentlisvirbéeriiaupnestplicatomcyeeohasexual savelapment{RMo Seheatz, Adv, Cell
Culture, 5:241 1%8 PJJ Elim?r@ oocysts from E. acervulina [M. Nacri-Bontemps, Arm. rech. Vet.,
7:223 (1976)]l§n8 Eclne %é&rfrcn%ﬁrsl‘[Augustin et al, J. Protozool., 25:82, (1978)] as well as E bovis
[Speer et al, ZL3Pardsitenlod;, (19718) [; wwey erobtainete. wherst biatdost-derlyddamerozoites have been
used as the i : r : th uirement to use merizoites derived from
nfected. ani. T I AT REARS, N 5,846,527
describes an&vgincelidiradenvies Hopl eebhdprmeldansbipbiiCissivéntiritssuppentsnthe growth of E.

tenella and E,pRGalis.ispdt eRUcAtoN:Wassugtained 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 maktlive VACEREEIPRBIId FitstE P cdisaye vimeibedifes Rad sl i TEWHtEor example, in

U.S. Patent lyeufiSQQ A3 Sparpzqiiesnweseaiactad it linoary shickdddneyieslls (PCK) that are
grown in cultyre as cell aggregates, using a maodification of the method described in D. J. Doran, J.
Parasit. 57 8 ﬁ_@lgwgﬁg W%&M?{S%gza in vitro has been attempted, but with only

limited success. Madin Darby Bovine Kidney (MDBK) cells have been reported
to support Eimeria growth in vitre but the development is limited to one

replication cycle of asexual development [D.M. Schmatz, Adv, Cell Culture, 5:241

(1987)]. Eimeria oocysts from 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 merizottes derived from infected animal
tissues limits the usefulness of these approaches.
[t7]  U.S. Patent No. 5,846,527 describes an avian cel! line derived from
abnormal embryonic tissue that supports the growth of E. fenella and E. necatrix,
but replication was sustamed 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.

T18] 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 & modification of the
method described in D. J. Doran, J. Parasit. 57: 891-900, (1971). However, once
merozoiies produced by this method are released, the culture is terminated. It is
current dogma that Eimeric exhibits synchronized growth and therefore can not be

induced to produce an immeortal line of merozoites, ie., a line of merozoites that
4



merozoites produced by this method are released, the culture is terminated. It is current dogma that
Einieria exhibits synchronized growth and therefore can not be induced to prb@b\@‘aﬁhﬁﬁ al line of
merozoites, ie., a line of merozoites that 4 1.6 November 2006 WO 03/099325 PCT/US03/16302 does
not terminat®? 4ft8ta%felatively short period of time, in the release of oocysBT[U8)3 & efore, there
remains a longfelt and longstanding need for an economical and efficient method to obtain sufficient
Coccidia cells for use in vaccine production and other endeavers. Growth of merozoites, in vitro, on
immortalized mammalian cell would be desirable. However, as noted above, no in vitro culture

system, PrOViQB%Q 1%%@@1%%9&?&&@1”%&%@{?!&&’ H@@Hﬁ&ﬁgﬂ@%é%&@é@é@%@%@deﬁf_‘ite _
propagation of the asexual phase of Coccidia, ie, the merozoites, with conversion to the infectious

stage that caBk indieesdosn (Pes ratine  r e Speriidrgmipseisictice herein should not be

construed as agnegiRiasian ik sHeh-reierenads ayailable ascdwialcalts torthe ifstant application
SUMMARY OF THE INVENTION A first aspect of the present invention provides a method for

continuous cORIFRPRABERGAR B BIAAY Folor Rt 8f BISEELI5r82 847N he asexual phase of
development,isomptisirg niahpididing! avoeltidultixdraykiciv eereprisingt@hammertalized mammalian
host cell suitable for.growing Sporozoea species; (h) contacting the host cell with an infectious stage of
o abiigate int ST SO o e S O CH RNy IR G A emerozoite
population thahasiapalite wfictntinpopsgtowtbr ihd hecasepialsphdswmithe, Fostcell; wherein said

contacting is 0 der iti fecti infect the. 4 .,and (c) propagating
the merozoite%gggéﬁﬁg’n%t?gg%gﬁg%?ﬁ%%?%gf%ﬁ%rn%&\%%%%gi%hggﬁﬁggte(gl![nﬁ ggellular protozoan is

a species thatrbblopdgs to a genera selected from the group consisting of Isospora, Cystoisospora,

Cryptosporidiysy; Eimgria.and sempipatians hesotRut whess i ydhendhe oligate

admission that such reference is available as "prior art” to the instant application

SUMMARY OF THE INVENTION

A first aspect of the present invention provides a method for continuous
culture of an obligate intracellular protozoan of class Sporozoeq 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 intraceliular
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 1o a
genera selected from the group consisting of Isospora, Cystoisospora,
Crypiosporidium, Eimeria, and combinations thereof, and wherein when the obligate
intraceltular 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.

h



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 MESABAGHH first
aspect, further comprising the step of splitting the culture to ensure a continuous production of
merozoites. 5 16 November 2006 A third aspect of the present invention provides an antiprotozoal
vaccine composition comprising a merozoite population propagated by the method of the first aspect.
A fourth aspect of tRe resent inyention provides an isolated population of protozoan merozoites, or
merozoites with 006yt Wﬁ%"‘ile(ig%ﬁé’ I5Poth 2o AR ISISRIRERST HtERTRALGPELIF EdRsisting of Eimeria
tenella, EimeriarastrvuliapiEinerinamaximaprkimerianeeatiik, Hrimeriatmoitisf fintesia praecox, and
Eimeria brungfti.Eimeria meleagrimitis, Eimeria adenocides, Eimeria gallopavonis, Eimeria dispersa,
Eimeria meleagridis, Eimeria innocua, Eimeria subrotunda, and combinations thereof. A fifth aspect of
the present inventioh BroViEEA G dbedr S HaBIE B gamMET BT st FoSdp P IR HhelTEd of the first aspect
in the manufaotureaofreevactinsotonelicibiprotettive aii-pretezopt braupityiisap.avian. A sixth aspect

of the preseqtivenlion PLaYIRs.A FRILEUIG System, comprising mimortalized phagocytic Rost cells
suitable for growing Sporozoea Species, and a cel cufture meditin comprising an'amount of a

reducing agént sfetide to/dirAnEE SuRial o P Siserepd darsyiadiag aisekimdyaeproducing life stage
in indefinite eelcaptureas elative. liswival ofa-Sperrpedspeciss culitedkwithput the reducing
agent. A sevenft]h asé;laecgj.of the present.invention provides %vacbcine. composition of the fourth aspect

A A T enih Finocka, Luperid subrotinga. an ‘ﬁ%é’baé%’f‘ﬁf}iﬁg%resent invention provides

comprising a pharmaceutically-acceptable adjuvant.” Afi eig
a vaccine compositivfifthesesdinghe hsesevarsthies pectidisrthee compaiging gfcad composition in
admixture vyihasaid vaecngob it asRectRLIe RIS REINROLED RIQYIdEs A method of screening
for protective anti-protozoal immunity in an avian.
A sixth aspect of the present invention provides a cell culture system
comprising immortalized phagocytic host cells suitable for growing Sporozoea
species, and a celi 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.
A seventh aspect of the present invention provides a vaccine composition of
the fourth aspect comprising a pharmaceutically-acceptable adjuvant.
An cighth aspect of the present invention provides a vaccine composition
according to the seventh aspect, further comprising a food composition in admixture
with said vaccine.
A ninth aspect of the present invention provides a method of screening for
agents which destroy or inhibit the growth of protozoa of class Sperozoea 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 prox}ides a method for continuous
culture of obligate intraceflular protozoa in the asexual phase of development,
according fo 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



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 withB Y BERBER ol 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 s;/stem comprising immortalized bovine monocyts; wherein the
immortalized bovin& 1 otgfhn‘éeliéﬁg%?é* Ab5T8 fTREGRIGratE R E Y R b PP EEyBRy tosis; 5a 16
November 2808¢ wirersitizhbboslheulture gysterhfcompiisestiantlltirecmedia:sisitable for growth of the

immortalized peying spORRaYEes and.Rimesgaptoethanol in a concentration ranging from about 0.01 to
about 0.5 mM; (b) contacting the host cells with an infectious sta‘%&a&?f the protozoa under conditions

effective for infectidR GPIHE HESEE S EURRy IR SrewtRESO MBS indle host cell; and (c)
propagatingdielmerozifite pojouiatiendn dsirgexuadly: dividing: forme Aowaleyenth aspect of the present
invention pr%’éﬂu%i?eé’ﬁ‘ﬁ%@l%ﬁ%@ﬁrﬁ%{@ize chickens or turkeys against one or more Eimeria species of
protozoa comprising a merozoite of an avian Eimeria species, an oocyst that had been generated
from a merozoite, gf}Qﬁi@&ﬁ#@&ﬁ@f@éf?Wﬁéf@wpkﬁ@m@r&@%%&d@@éhnﬁr@mgated ina continuous

culture of an immoralized-noamsraal Enmphagesytic ceibrAweltih.aspest of the.present invention
provides theC Cthod otf tlﬁe first .as{pect furthergomlprisinq:(g((a%i allowing the culture to increase to a

density such that 0odysts And- Sporoty St Sre FISHESEIRtS e QP ABEIRS. %A thirteenth aspect of

the present iMv@tibhPrEVIdES fhadrietivodasf ahectwsIftitdspéetfthencomprising: (e) harvesting the

SPOrOCYStS. merozoite, or 2 mixture thereof; wherein the merozoite had been propagated in a
continuous culture of an immortalized mammalian phagocytic cell.

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

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

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

(¢) 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 fha fourth aspect
in the manufacture of a vaccine to elicit protective anti-protozoal immunity in an
avian,

[21]  Disclosed herein is 2 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 celis suitable for growth Sporozoea species, contacting the host

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

5b



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 pro@é&?é i&%zoal
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 ofa,aceine 19 Llicit RENE Rlive ANt ARRIOZAR) IPMUNILY:ID any@¥ian. [34] Disclosed herein

is a method for continuous culture of obligate intracellular protozoa of class Sporozoea in the asexual
phase of develSSTHENECBRLRISE A RAPSAS S Pa R RBPRIRAS AR g tHESSteps of. providing a cell
culture systenfi2edmpfisingetimiariatizied gsteeels Suitabberton, growthvSpowzaed species, contacting

the host cells,yith ap.feclions aas a1ne Segreeqsaspscissyder conditons effective Sb 16

November 2006 for infection of the host cells, resulting in the growth o'f merozoites in the host cells;

wherein the hB%eEEl St8caBiertereapoiate e prenez by phdgboyebsish[@Mmtiesmethods and

culture systenadisglosad bereiny allow tkithe pradustiomat. disteiRfare.ynehiginable quantities of
oocysts, merc;inoites and/or ather life stages of protozoa of _class'ﬁ;?gorozoea.‘The availability of such

quantities of tHEEERENSPIrmFLI HHieR B e NrernifsueNrRY pfowditichiable Sporozoea cells

for inclusion indiventactinesmfor-animpise el fremmyiieh-ecenamigal guaniitigs of Sporozoea proteins
and/or nucleic g%dgdaire reaqgs)é btained for any useful purpose, e.g., for diagnostics, protein-based

vaccines, mofecuiar bioldgy RS it Gt T S BRORR B GER TP AR RS RS [23] The cell culture
system can inclidenbugbovidpymediia sedkablerfdicmeintaiminoithe hosheells and the Sporozoea species

organism in cltyre. cylture 5¢ 16 November 2006 :
9 HLJH %lqé/ <H cuﬁ&xre system can include a growth media suitable for maintaining

the host cells and the Sporozoeq species organism in culture. Any culture

5¢



WO 03/099325 PCT/US03/16302 medium appropriate for the selected host cell line can be used. [24]
In a preferred embodiment, the growth media includes a reducing agent, e.g??iﬁ%"@@ﬂ%@@t@%on
effective to maintain the Sporozoea species organism in indefinite culture in a life cycle stage where
reproductiowgseasesaaal, Any reducing agent compatible with the culture systepyganidae employed,
e.g., in a concentration that is functionally equivalent to about 0.01 to about 0.5 mM of fi-
mercaptoethanol. [25] Preferred host cells are immortalized cells retaining phagocytic activity that are
derived from mammalian reticuloendothelial cells, e.g., an immortalized cell line derived from a

monocyte cell line. [26] Preferred organjsms to be cultured using the methods and culture systems
s AR e
disclosed herBiff'AF8 HrEtEYEE OPERESSEd bas s tHattAih &R fifect only a single type of host cell,

and that have2ddt pievipushthéemboutioassfuly deptimisdefinirealk ediivie:apsatcommercial scale.
These include, for exam%e Cocmcii}gcand/or e. téinE%Q?gba’ Isosgora .Cystoisospora, Crytosporidiuni

4 conl Stefredare ERBErs o thd Eirmeria species. [27]

) TALI0n ve 1o m

and combinatiéris thereo %a et aviansd" vore prée
Sporozoea thiat plaiicathitinfent adidctypésofchosice licprginMeospasayudloxeplasinaingreankelia,
Besnoitia, Hapyrpondia, and @ﬁﬁ%&%ﬁ%@r@%‘% ecgﬁrggglﬁ%e uch mare susceptible to long-term
culture, and while they might grow in” the cell culture syst 0 ’tfwé"present invention, these -
Sporozoea, aférietpnetfondly erganigmt fogtdWintbyihese hethod$- [28] Disclosed further is a
protozoa of C'xﬂ%?bz%;%@fﬁ%ﬁ@? 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 aréZlso” Eikersdaws| 2ois e dinacstise siebnzctoning Bhagoartisrepinisniitoduced by the
culture systemsapddnethadsdiscloseracsidlseonroviged thatinglide.g-guaqRaarmaceutically

acceptable adjuvant or adjuvants, as well as art-known preservatives, colorants and the like.
Optionally, a VAREHE'EAA PR agnesdisst Binking water, food grains or pellets for oral administration.

[26]  Preferred organisms to be cultured using the methods and cuiture syﬁerﬁs
disclosed herein are protozoa of class Sporozoea that naturally infect only a single
type of host celi, and that have not previously been successfully kept in indefinite cell
culture on a commercial scale. These include, for exampie, Coccidia and/or e.g.,
Eimeria, Isospora, Cystoisospora, Cryiosporidium and combinations thereof, that
infect avians. More preferred are members of the Eimeria species.

[27]  Sporozeoea 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
diéclosed,

[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.



6 16 November 2006 WO 03/099325 PCT/1JS03/16302 [30] Disclosed yet further are avians that have
been vaccinated using organisms produced by the methods and cell culture YO, ed
herein. [31] Disclosed still further is a method of screening for agents which can destroy or inhibit the
growth of prataseavafsclass Sporozoea comprising culturing a Sporozoeaspgoias afiinterest as
described supra, 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. DETAILED

DESCRIPTION OF THE INVENTION [32] Accordingly, the present invention provides culture systems

that include h;@% celgisand meg@g%snfor the in viE 0 %ontinuous cu.ItU{e of .sBoroclyngf;orming protozoa
X ‘

closed ef are avlans ihat have becqn vaccinaled USINg oras
of the class S zoea. }Mgso rovided are protozoal cells produce By a culare system of the present

invention, e.g.SpsreZvchamatbedites! sald vbscystemedethebadritigenic materials. Such materials can

be used in therpr Pduﬁim&f@ﬂiﬁirMP%%G%\&M%&E@B&&M@@H@W&%&QW” need of
protection from SE rgé_]gea infections, e.g., humans, avians and domesticated animals, including

i h I .
domesticated Birgs 'ﬁﬁ?}%thtﬁépﬁ’i\t/%ﬁéﬁ ﬂ?&ix?&@é“é@ﬁ%‘iﬂ’fﬁ%s%%&}?ﬂé‘%?ﬂ methods that will allow
the asexual plfase o8 porozoeacelisties besmbittained wmdefinielythor fam&csufficiently prolonged

period of time,agéaﬁIB%etQCPééggﬁ,fgﬁﬁfa%&ﬁ@qmﬁ%ﬁhcﬁpgf'gﬁw{ﬁm RIAgHCtN Rl SHER.GalS. [34] The

inventive culture systems and methods result in the production of viable and virulent, ie, infectious,
culture populatidhs BrElsIde s pidtozoa. 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 Einteriina, and the
sporocyst-forming protozdsEdf ARE KBers CIYRRGIBOSPoR I BNtk sTspora, Neospora, Sarcocystis,

Toxoplasnaa, [yzzeig 3nh iSRRI dFRLTNG SO s HIaNIS S aRIdiR A SR e mplated to be
host cells and methods for the in vitro continuous culture of sporocyst-forming
protozoa of the class Sporozoea. Also provided are protozoal cells produced by a
culture system of the present invention, e.g., Sporozoea merozoites and/or cocysts
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 Sporozoea cells 1o be maintained indefinitely, or for a
sufficiently prolonged period of time, in vitro, to allow for the economical and
efficient production of such cells. _

[34]  Theinventive culiure systems and methods result in the production of
viable and virulent, /e, infectious,.culture populations of sporocyst-forming
protozoa. 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



Sporozoea, and particularly for Coccidial oocyst cultivation such as all avian 7 16 November 2006 WO
03/099325 PCT/US03/16302 infectious species of Eimeria, Sarcocystis, Toxdplasimanber 2006

Cryptosporidiuni, Isospora, Hanunondia, Frenkelia, and Besnoitia. The method of in vitro culturing
replaces, aggiql;gassupplement, the use of live animal growth and/or ass}@e(qs/ﬁrgﬂt)t}%ﬁpecies that host
the indicated parasites. [36] In an especially preferred embodiment, the invéntion'is contemplated to
be useful, e.g., for the in vitro culture of protozoa of the genera Eirneria, Isospora, Cystoisospora, or
Cryptosporidiuni and others with similar single-host cell requirements. These protozoans have a
specific receptor for their preferred host cell, and typically will not infect other cells, adding to the
difficulty of cultfadfigithessécsoliikerirteucoaprs, tese/psotozZCamstypiddiyrequire a single host to

complete thelr s 6yl ) £ RSt LR ASNSHR.OfSlasa SARIERACR PGB WO hosts to

complete their lifecycle. For example, Neospora, Toxoplasina, Freankelia, Besnoitia, Hainmondia,
and SarcocydtiBlreduFEitic HoSIBRISEs phetestrdiliTiecraljerd camuthreder Bavesdrdied to be much less

difficult to maigtaiasihifipart g@icggggti{ﬁasgeg,, 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 Sarcocysti&®Heurdrft RSP prefarurebtiipraguieiavrarrepeenteargieddhRof host, for which
long term cultueeuire\dtr &oriias MeretotalaproMaditodecamintaetadisprablemyoparticularly in genera

Eimeria, Isospora, Cystoisospora, or Cryptosporidiuni and other Spqraozoea sp. requiring only a single
host. The invgg’ﬁ{?és%?ﬁ%o% Q’@éoﬁ%”%%bft Ogi‘"?&sﬁffb 'a’é“%aeftﬂé)é%%ﬂ%? & ¢ell culture system for the

prolonged culturerafithastloganisorsaid éfinitionsc{l38}docptadeivtainétierappdéoiate the scope and

nature of the inyention, e JQIMING RIS IRM0S ke to the difficutty of culturing
these cells. Asnoted supra, these protozoans typically require a single host to
complete their life cycle.
[37] In confrast, other genera of class Sporozoea require two hosts to complete
their ifecycle. For example, Neospora, Toxoplasma, Freankelia, Besnoitia,
Hammondia, and Sarcocystis require two hosts to cornplete their life cycle, and
these have proved to be much less difficult to maintain in immertal 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 vifro, has heretofore proved io be an intractabie probliem,
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 culfure

of these organisms.

Definitions

[39]  In order fo better appreciate the scope and nature of the invention, the
following terms are defined.

401 The term, "host cells" refers to immortalized cells of any mammalian
species employed in the inventive culture system. Preferéb}y, these are

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



[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 iné&mwgéa by the
process of phagocytosis, 8 16 November 2006 WO 03/099325 PCT/US03116302 ie., the cells will
engulf protezgasihatikis desired to maintain in the culture system, so thapthe REQIRZeA is incorporated
into a phagosome. For example, the invention contemplates employing any phagocytic cell line that is
adapted to in vitro culture and that will maintain the protozoa of interest. These include, e.g., cell lines
derived from monocytes and their progeny, e.g., macrophages, as well as reticulum cells of the lymph
nodes, spleen, and bone narrow, histiocytes, e.g., microéglia of the central nervous system, alveolar

. ! e.g.,m T U
macrophagedeKUpHENTEIL FrapEnobrahthatibiiides id hmisimizdbecatis &vsistionally selected
from those orginating freRyboMnecRRieBe iBaRipRaiRsian, Riingahyeane aduinaovine, murine,
and/or lupine squrces, to name, but a few such animal sources, Immortalized cells are distinguished
from so-calIeﬁQIB?WE?VSSQfPE%@%ﬁr%gfﬁoe?&b"oc% ﬁ%%tffﬁi?gf?t‘?ﬁ i Wit AGHEPEAs primary cell lines
behave as theyddithinvilivazamadnvilt patioreplidatectasvitithsdefinite)\. 44 LRI Hiecterm “culture” means the

placement of oocysts.or mglr}%zggégg %n[}o.host cells and Qass%gee'épag%vglpost ceHIs as required.

Preferably, the hnumber of pro zoal cells i rﬁ%?&’c%?&ﬁiu?@%y em’is gre%l é?mt%a‘rjlﬁi%, or in other
embodiments;afjretthethyamh 09dsel kyicith sudhotrasemunibersayiey sgrymithesternd "continuous

culture”, as uged hgrein Hpless Qinerwise indicatsd, means, asell fulivre that propagates indefinitely.

Preferably, for the culture of Eimeria, a line that propagates’and continues to grow in the asexual

phase, in culttieliksr T8ayBoBr Gt s eifirlioUsIEtiRAEONBIEDPEIER4BIE a continuous culture

continues  to grpLangdsihRRdNthe asexual phasefonas lopshas iR daysionipnger, and is readily
preserved by chilling or freezing, followed by resumption of asexual growth after re-introduction into a

suitable host BER§AS1FRS RIFPHBIha SR AN BHOTE) Pous T ez HelsBtherwise
distinguished from so-called "primary" cell lines in that they do grow indefinitely

in in vitro, whereas primary cell lines behave as they did in vive, and will not
replicate in vitro, indefinitely.

[41]  The term “culture” means the placement of oocysts or merozoites onto host
cells and passage to new host cells, as required. Preferably, the number of
protbzoai cells in a typical culture system is greater than 109, or in other
embodiments, greater than 10° cells, although these numbers may vary. The term
“continuous culture”, as used herein, unless otherwise indicated, means a 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 ;"emain 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
growth after re-introduction into & suitable host cell.

{421 The term "domesticated bird(s)", as used herein, unless otherwise
mdicated, includes chickens, turkeys, ducks, game birds (including, but not limited
to, quail, pheasants, and geese} and ratites (inciuding, but not limited to, ostrich).
[43]  The ferm “encysted” means the oocyst stage of the protozoan parasite.

[44]  The term “sporocyst” refers to the capsules than enclose the sporozoites in

the oocyst.



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]%%@%%@9&%"
means the oocyst stage of the protozoan parasite. [44] The term "sporocyst" refers to the capsules
than enclose ¢hs/eparszoites in the oocyst. 9 16 November 2006 WO 03/Q99825,R6:1/US03/16302
The time from ingestion of sporulated oocysts to emergence of oocysts in the feces is termed the
prepatent time. This differs between the various Eimeria species. [45] The term "Eirneria”, as used
herein, unless otherwise indicated, means one or more species of the genus Eimeria that infect

domesticated {)ﬂ']rd{_lslmEi%eria safcie% inclu%et ose that are found in chickens, and include, e.g., E.
tenella, E. acervuling, FUMEKIHE" £ FeCafis ROMIR B e P ESErA i cand also those
that are foundisrdunkdyse inepacingifac imblieagiismitiarReadanoeides HBimegallppaveonis, E. dispersa, E.

rneleagridis, E.,inno nd E..subrqtunda, and also_Eirneria species thaf infect other domesticated
birds as definiﬁbo?/%s%?réﬁtz%a‘gimaés'r}ias'é{gf%egﬁlﬁl(bﬁ%%sss gﬁlgWaPFﬁé HHETIPEFRIRY Species of
Eimeria, includingorbepeatslivhitedtoypiéwenio tisistréinsi@anesatteniidtds stiainsg which includes strains
that have beeaiadigied o albanyise igaletl aRJALTEY falig. complete, development. The term

[ iscovered s ¢ 0 In

Eimeria also includes any newly- trains or species Eltfieria that hféct domesticated
birds as defindgeaBeie:. [4erarivadimscrasyanitnd meeorovited = dsused, hetelns unless otherwise

indicated, meagviabie i iV FiTRUAOREKSIS ARG EIDZANIRS: £ 94 A5 AiaiRed from the

environment, animals, and. the immortal cultures according to the invention. [47] As used herein, the
terms "immuniHOBARP IR dCifaRE ar & SRSASHGULafidoste. yed Fintdrerdifgealiy2lsphe term "effective

immunizing dasieieras spseidshpiein:cuplipssdthemvise dnslisaledmeansAdumberef oocysts or
merozoites, or, when mixed, Qgsrélﬁ)er af oogysts and merozoites, sufficient to elicit an immune

reaction in birdd’46 actiiats o Gl ﬁ%ﬁ%@ﬁ%?ﬁ?]ﬁﬁﬂ%ﬁ’fﬁfﬂ%r@ﬁﬁﬂl‘% an

but not limited to, precocious strains, and attenuated strains, which includes strains
that have been irradiated, or otherwise treated, so that they fail to complete
development. The term Eimeria also includes any newly-discovered strains or
species of Eimeria that infect domesticated birds as defined above.

[46]  The terms "oocysts", and "merozoites”, as used herein, unless otherwise
mdicated, mean viable, ie, live, Efmeria oocysts, and merozoites, e. g., as obtained
from the environment, animals, aﬁd. the immortal cultures according to the
invention.

[47]  Asused 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 cocysts or merozoites, or, when
mixed, a number of cocysts and merozoites, sufficient to elicit an immune reaction
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 imits 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 culf:ured by the inventive culture system are obtained from

10



activation of cell-mediated immunity. Preferably, the elicited immune reactionl(g vidgaP?R roit%ective
immunity, that limits or reduces clinical disease signs, weight loss, morbidity, SPRTSFA ?)?in
vaccinated birds that are challenged with a virulent dose of avian-specific Eirneria species. Sources of
SporazoeayBiSiparazoea to be cultured by the inventive culture system grg ghigingg from 10 16
November 2006 WO 03/099325 PCT/US03/16302 known samples, infected animal, e.g., blood, feces,
tissues, or from contaminated environmental materials. If the population present in a sample, e.g., a
sample of soil or a fecal sample, is primarily in the sporocyst stage, a sample of the population is
simply cultured as described herein. If the popg ation is primarily in the oocyst stage, the population
can be inducaﬁl?gﬁﬁ%}’ & SHSHRAABIPRY G DlowiT reliotrs 16t Fish SHUATRAREF the environment,
or a sample framithenpogutationied e toduked:ipreserrige spapidation usingwel-known laboratory
methods. If the population or sample. is primarily at the sporulated oocyst. stage, sporocysts can be
readily obtain&? Oy ?n%%ﬁgs & Slg’lll RoWh ﬁﬁf %Het%r??%?fg)%gﬁﬁ%%,a WBE%W%@&? disruption with glass
beads. Sourcesmf@ionvsisfd9]cGiboystss s wiial hable fif thdfpomsd dictissgenafiitfdated animals;
contaminatedfeef QMRS SollopaRdilecareaaing: of Aately aloter ;sayges. Methods for
isolation of sporocysts are lulown. The exact procedures used to separate gocysts will vary with the
material from ik Brihede st aresoinains thasavivihbereadiypappardeonttithose skilled in the art.
150 The followingsuimaaiisesene AvplaRle saRiash-ip.S/ABL AI9RRIRMS.5AM raw environmental

samples In brief, the initial step is separation of the oocysts from extraneous material. Soil or excreta

is generally proEBesed e RaphiAiPR SRS Refbralsd'dhnsROSHRiEdAHE Separating the
sporocysts frogoihgssiusity bE L ExATHIe By RAIATAL DS RIRees RS mixed withea minimum of 2

volumes (w/v) of saturated aqueous,NaCl to form a slurry. If necessary, the
( )mecianlijcgl isrulﬂlflon wﬁh glass %eads. y Y

Sources of Qocysts

[49]  Oocysts are obtainable from feces or tissue of infected animals;
contaminated feed or water; soil; pen litter or bedding; or a variety of other
sources. Methods for jsolation of sporocysts are known. The exact procedures
used to separate oocysts will vary with the material from which the cocysts are
obtained and will be readily apparent to those skilled in the art.
{50] The following summarizes one available approach to isolating organisms
from raw environmentai samples In brief, the initial step is separation of the

- oocysts from extraneous material. Soil or excreta is generally processed by
forming a shurry 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 agueous NaCl to form a slurry. If neceésary, the
shurry can be processed in & mixer or biender until a homogenous consistency is
achieved. The siurry is centrifuged 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.

[$1]  The filtered supernatant is diluted with two volumes of potable water and
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slurry can be processed in a mixer or blender until a homogenous consistency is achieved. The slurry
is centrifuged at about 800 x g for 10 minutes at 4 C. The supernatant is coll t@a‘@ylﬁ@ﬁ?ﬁ)@through
a double layer of 24 x 24 weave cheese cloth. Other methods to purify oocysts from samples that are
commonly wseghdbeiside the Sheather sucrose flotation and Zinc-sulfate fiptatin..€.9,, see LR Ash
and TC Orihel, Parasites: A Guide to Laboratory Procedures and Identification, ASCF? Press (c) 1991,
incorporated by reference herein. [51] The filtered supernatant is diluted with two volumes of potable
water and 11 16 November 2006 WO 03/099325 PCT/US03/16302 centrifuged at about 1600 x g for
10 minutes at 4 C, The pelleted oocysts are washed with water and pelleted by centrifugation as

described an SIS THIER HAEE: FhY (B ayerderatthen: whs ReUetri@eRi=¥ i 2.5% potassium

dichromate usingdheisamespradediteaseddariinsvaties washesd Alteddhefinalwash, the oocysts
can be stored in 2.5% potassium {:iichro a&? at 4 C. or transferred to a container for sporulation. [52]
se

AR 5 1B Got RS Bilug SISIGPEIAT filtration is used, the

. 1IES, & 11 SHEs
Alternatively, sequien fal Ttration can be
oocysts are weshgthstnevaterdind R&Dopitassiemy diekrematehasinrevigtsiyedescribed. Sporulation

[53] It is possihle Q. Yge SPort ion In pogysts, by art-known methods. For, example, sporulation
can be accompli hg y pfgt):glng%agb%% )Oi%SglégI%i%%og%ag%&/oﬁp@t3%&%%%%8%}&ghate in a container
and placing a‘esteeoiofaamuiabier plug in the opening. The container is agitated on an orbital shaker

al 250 1o and;98-30 Gk 49 L NouiprAliEmAlel e solulon coniginig ine,oocysts can be

constantly agitated while air is’bubbled through the solution at abou cublc feet per hour.
During the spdiitatiGifptisedsusshiipRacye wWihasaodvdth ragfaramihleiValarumsted for sporulation

by microscopigi@ amiralionofdhng, aaeystsito determine if they contain sporocysts. [54] Alternatively, if
the sample is to be obtained from the environment, for

Sporulation _

{53]  Itispossible to induce sporulation in cocysts by art-known methods.  For
example, sporulation can be accomplished by placing oocysts in a solution of 2.5%
potassiuim dichromate in a container and placing a cotton er 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 containing the 00Cysts can be
constantly agitated while air is bubbled through the solution at about 25 to 73
cubic feet per hour, During the sporulation process, samples are withdrawn at
regular intervals and tested for sporulation by microscopic examination of the
ooaysts to determine if they contain sporocysts.

[54]  Allematively, 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 to 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 hypochiorite for 10 minutes at 4° C. Following disinfection, the sporulated

oocysts are removed from the sodium hypochlorite by centrifugation at 1600 x g

12



example, floor litter, the litter can be managed to provide the proper conditions of moisture and
temperature to cause natural sporulation. [55] Following sporulation, sporulaﬂé&%@%@%goéollected
by filtration, centrifugation or other acceptable concentration procedures known to those skilled in the
art. For exapmpigospesulated oocysts can be concentrated by centrifugation-at;ahayt 1600 x g for 10
minutes at 4 C. and the supernatant discarded. After concentration, sporulated oocysts maybe
disinfected by suspension in 5.25% sodium hypochlorite for 10 minutes at 4 C. Following disinfection,
the sporulated oocysts are removed from the sodium hypochlorite by centrifugation at 1600 x g 12 16
November 2006 WO 03/099325 PCT/US03/16302 for 1.0 minutes at 4 C. or other acceptable means.
The sporulatéd boEyERes# thdn Wadrberfariztl: setinesinrprstaind opsiers Ardishashing, the
sporulated oggusta feanibeistored ind At perassiumdichimatenhasabatmbufiered saline (PBS)
containing 30 g/ml gentamicin or other acceptable disinfectants. e sporulated oocysts can be
disrupted to SBtalR ¥ Vfr%@%f}ﬂ?édﬁﬂf@%@aﬁ%@?@%@éﬂ%éﬂ%@?@é, mechanical
disruption aneiéerjmatetiytientligastiomnof dhetioutacepablOneickoranient method is as follows. In. brief,
sporulated oogysts,.e.g., optionally those sepatated from environmental material (soil or feces) as
doscribed suptl, arb oA LoD CHEs Aaca  SPAOLE £ L 06 T BS (ORE ml aiquots of tis
PBS are addeudtgoct®, il aidrofugentibel, egntaicihgni2bpshgfids amhvglesisdeads. The tubes are
then vortexeqgl.high ,PReedliar dive minuiss ANdBrASAIed anice. Fallguing vortexing, the

. T I ea th P

supernatant is femoved and save he glass s are then washed wi BS' and the supernatant
saved and coiriifeddviese sepairiarmbdbeanteneatied formesigormraiLpatsidtant is then
centrifuged aés%‘HO‘r“fe%%s é%%&aﬁ%ﬁ%%? 59{&;%@&35”#&%%03&9&?% ?g%’g‘oec{{#%“fd@scarded- The pellet
with the sporocysts is resuspended in0.2 ml o . The concentration of sporocysts per ml is then
determined byalisirtpa. Remadytometer drottish metkddlab deteninmmgfesditmber. Culturing
Sporazoea Orc]oli't%ﬁﬁl([\'gellﬂﬁlﬂ?c!fqo\.@%n glass beads. The tubes are then vortexed at high

speed for five minutes, and then chilled on ice. Following vortexing, the

supernatant is removed and saved. The glass beads are then washed with PBS and

the supernatant saved and combined with the supernatant obtained after vortexing.

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

and the supemnatant 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,

Culturine Sporazoea on Host Cell Line in Vife

571 For convenence 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 & nmumber of art-known methods for growing animal cells in vitro

are described, for example, by R. lan Freshney, Culture of Animal Cells, Fourth

Edition, John Wiley & Song, Inc. © 2000, incorporated by reference herein in its
entirety.
[58] For the inventive culture system, the starting population can be either a

naturally occurring population or one maintained in. the laboratory. If the



[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 associatéd ﬁl\%‘fﬁgﬁ’%é%dily
adapted to other art-known methods for growing cells in culture, including batch-fed and continuous
culture systegssddeigailed descriptions of a number of art-known methodspfplr@g%' animal cells in

)

vitro are described, for example, by R. lan Freshney, Culture of Animal Cells, Fourth Edition, John
Wiley & Sons, Inc. (c) 2000, incorporated by reference herein in its entirety. [58] For the inventive
culture system, the starting population can be either a naturally occurring population or one
maintained in the laboratory. If the I3 16 November 2006 WO 03/099325 PCT/US03/16302 population
contains prirfRNABERFeMsHBRIAIcePE B AtsPrIEl e Aevetsas dptaResSEthé parasites according

to this inventigeyi sphageryiiscesthlinadsused asidherAocalisidst aacomplighes release in
phagolysosomes. [59] The sporocysts in the sample are cultured with host cells for a period of time to

allow sporuldBoRfEkes LB hAar R g AR T RA& D PBRELIYAPSPIFED within each host cell. This time
period will vaspifor Wiitespsibbnst tefls andpspaciesiofcmerozuieseuidsdypitallyfabout 72 hours for

Eimeria sp. [ggsl\{(l}alﬂtenance megl}%aﬁ?egsg .a culture mtﬁ%'? as defined he{%gd |strg?r} replaced but

allaw, sporulatio alion OW Erozoiles, 1 1
rather, fresh media‘1s added évery ays. e Ut red TRroZiteerare “allowed to mature and

produce oocysts brsspeliociiststimbedncdbalionrtifee diypicall zosnghs fadrpabesti4 to about 30 days.
For example ical time t em ites.in sulture is about 10 days, and a typical time to
m%x%ﬁ%tgﬁ& 1 %[Jg%%%%ous SO0 Efme; i s%.

produce oocysts Is 18 days. particular, if the culture is'not divided, and is allowed to increase in
density, at aléit 18VHaRsHOeySESWBR. SpOroCYHIE Bt ftlea el inid erateistoperapladidm. Otherwise, with

appropriate splitting.0fihe cultire. iRerediguedusionin teael densityihg.culture continues to
produce merozoites. [62] The sporocysts are harvested from the maintenance media by
allowed to mature and produce oocysts or sporocysts. The incubation time

typically ranges from about 4 to about 30 days. For example, a typical time to
produce merozoites in culture is about 10 days, and a typical time to produce
oocysts is 18 days.

[61]  In particular, if the culture is not divided, and is allowed to increase in
density, at about 18 days oocysts or sporocysts are released into the culture
medium. Otherwise, with appropriate splitting of the culture, ie., periodic
reduction in the cell density, the culture continues to produce merozoités.

[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,
generally limited to about 1/20 of the culture volume of infected host cells. The ’
aliquot is then inserfed 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, although 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 o 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 means suitable for staining and detecting the

stained protozoa (é.g., Giemsa stain). By correlation, the viability of the protozoa
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centrifugation, and preserved either by refrigeration, cryopreservation, or freeze drying. Merozoites
are harvested by removing an aliquot of cultured cells, generally limited to aB6UJYayo® ks theéulture
volume of infected host cells. The aliquot is then inserted onto a sub-confluent layer of
freshly-trypsinizedotast cells. In laboratory scale production, the optimumgrggugscysef transfer of the
merozoites has typically been about every 10 days, although 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 deterifEcPUigiAY BPRFHNEAM S8 eBIITErkbanth il tetatah gt sehiied protozoa (e.g.,

Giemsa stain)rddy69talatiomihe viabiityofthepoozanddkd OiNONEBPaLIZAR6 WO 03/099325
PCT/US03/16302 in th% original population can be estimated based on the extent of staining of the

protozoa in tHE&Amide TBOREHET ety Rr e iatdd (OISRl By i IRI® assay. The live bird

assay can valiglaiecthe in vitro potency test to prepare a vaccine. [63] In one preferred embodiment,

the invention &%tsj)\/id)%‘s a Cl{,gyergea%st%rg]dica%amg .1%{[ g&%ﬂoryn\g &Qse %%VL\{}Q Sag]cd Ilghe excystation, in
continuous cultire of Eiasna Sp. e Cuftlie system Maintams the merozoite population in its
asexually-dividireyiforfrsdppatiigie asoetuinddhaend yshdinreguivetinthesculiureosystem can induce the

merozioites_ t%%mé’g,?{fﬁ% %{/@?%@ﬁ}&@g@ﬁg 5‘3&09&9%% é}%%%clﬁiﬂ s, or other uses. The host

cells of the inventive m" are any suitable iImmorta Z) mammalian cell line that can be

economically 2gaapleditodhia frvantvestretheds et nahsliver preletdacabseiment, the host cells
are selected fram jmmarialized phagaeyiiccelishatwill SHRRQE e fxRysiakiar and growth of

Eifneria sp., and that are able to thrive in continuous culture, e.g., immortalized cells that originated
from, e.g., mARREEH&T reaEURSe At PEellhehigseslls of the mventive culture system

are any suitable immortalized mammalian cell line that can be economically
adapted to the mmventive methods.

[641  In another preferred embodiment, the host cells are selected from
mmmortalized phagocytic 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
inciude, for example, monocytes and theif progeny, e.g., macrophages, as well as
reticnlam cells of the lymph nodes, spleen, and bone narrow, histiocyies, microglia
of the central nervous system, alveolar macrophages, Kupffer celis of the fiver,
and the like. The immortalized cells are optionally selected from those originating
from bovine, porcine, canine (e.g., ATCC CRIL. 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]  In yet another 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
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include, for example, monocytes and their progeny, e.g., macrophages, as well as reticulum cells of
the lymph nodes, spleen, and bone narrow, histiocy.tes, microglia of the centPaNREFIITS 2J%em,
alveolar macrophages, Kupffer cells of the liver, and the like. The immortalized cells are optionally
selected fropptiyase;etiginating from bovine, porcine, canine (e.g., ATCC LRk dQ388), 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 STE6TH Y BEEHEHEd Brefaidave McUbReRtinaS pvdittn aderEvilss a screening

system for idggtifyingdosdiiable-nastaslisder dseiniheaultiue sysieme hbsiehk aguitable host cell is
identified by employing the inventive culture 15 16 November 2006 WO 03/099325 PCT/US03/16302
system, as exSMPHndPREraHBID e SRR SR tetg SESRUTaHIL RESIRERTYFIFR bovine monocyte

cell line of thagghexanRtas nasdeetarniningthe leRgavity: athorawimebmeardzeites in the substituted
culture system relative to that achieved with the bqvine monocyte. cells, all other parameters being the
ot o S BT e Y S RO R O ot growth for

Sporozoaea dhganisnes thgiismseliat fondeinbite inng tturewdfise ol oxdanigmissin thékeasexual

reproductive state, e.g., at least as successfully as do the exemplified b vi]l Inonocyte cells for
Eimeria sp. anc )%?g{ég%t ﬁ%ﬁﬁfgﬁ;@cﬁﬁ’lﬁ Ze?lsjtiltaﬁes}l%cr%s eﬁrlrﬁe}(rjaéﬁg gﬁiﬁ%‘éﬁlﬁ the host cells are cultured
in a medium Beitabledierddagadstechiméasbtrodelettedriosiseslls, and also including a reducing

agent, e.g., a gaducing, agent.in.a;concantraine-naying eduging.ackivity fhatisdhg,functional

equivalent of about 0.01 to about 0.5 mM beta- mercaptoethanol. A suitable reducing agent is any

reducing agentitdbledhhknederaraibryelity sisirsroos sebsorgdismiashisigterm culture, e.g.,

including reducing agent, e.g., a reducing agent in a conceniration having reducing activity

that is the functional equivalent of about 0.01 to about 0.5 mM beta-
mercaptoethanol. A suitable reducing agent is any reducing agent that enhances
the longevity of Sporezoaea organisms in long term culture, e.g, including
Eimeria sp.

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

1691  In 2 still 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
systemn, 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 empioyed for f-mercaptoethanol. Suitable
reducing agents will provide longevity and growth for Sporozoaen organisms that
ig useful for long term culture of such organisms in the asexual reproductive state,
e.g., at least as successfully as does -mercaptoethanol for Eimeria sp. and related
o;ganisms.

[(70]  Simply by way of example, preferred reducing agents are agents that
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Eimeria sp. [68] In one particular optional embodiment, dithiothreatol ("DTT") is excluded from
preferred reducing agents according to the invention. [69] In a still further preférPétembditiént, the
invention provides a screening system for identifying suitable reducing agents for use in the culture
system. In Reaf;geplable reducing agent is identified by employing the igg@{};'\égf&%tyre system, as
exemplified hereinbelow, and substituting a candidate reducing agent for the (3-mercaptoethanol of
those examples, and determining the longevity and growth of merozoites in the substituted culture
system relative to that achieved with and without (3-mercaptoethanol, for example, at analogous
levels of reducing activity, relative to those successfully employed for (3-mercaptoethanol. Suitable

reducing agehtdusHdiiglidebionsevitnreg lowritar Sporozo msscepaHisimsitisal.3s useful for long
term culture of;guch. organisms, int X ] VS at] s successfully as does
(3-mercaptoetr11anolh or E_imﬁgréia Spir%%ﬁ%aﬁe%%g’e@rlg%%%ﬁ;% é@gﬁgﬁ%ﬁ%ﬁgﬁ%% “example, preferred
reducing agerits! dbaisppyitsl enistandor @NovembeRogd. WO 03/099325 PCT/US03/16302 reduce
disulfide bonqsaﬁndﬁagla%{@mqmaﬁm@@meItomgfgﬁe%@yéﬁeamﬁ%&aﬁi@iﬁ{ﬁﬁ@toSuCcinic acid,

penicillamine, 3-lactams, N-ace%lcysteine, ascorbate, and their equivalents and/or combinations

thereof. [71] TRESHHEAFFHIY; & FERlBIANS (Bp fRsRe fedicanEtivrstena difable reducing
agent by routingi-eropheyingibes exerupiied-call.aultwens\ste b v e i@ ning eRAcentrations of a

selected reducir'ml%a ent, and holding.other parameters constant, in order to determine optimal culture

productivity afg Tohgelit %%ro@ SSETIIE SRS SR B g R ARSI LE T cdrations of increasing
levels can bectesteittdodetedmnitg Haentevahatwhichitedbenefitsmaclenges ismpikoye with. increased

concentration,or.the levels at which any.negative effects of the reducing agent outweigh the benefits
to culture proggéﬁ%l é%gr% o%né%%&?.?ﬁgﬁ ﬁ\gl%% é[glrtebfeera?ﬁ? ! fh%i@ﬂ%eéiﬁal%&‘égn‘tvf (3-mercaptoethanol, in

a Increased concentration or the levels at which any negative effects of the reducing
agent outweigh the benefits to culture productivity and longevity.
[72]  Most preferably, the reducing agent is B-mercaptoethanol, in a
concentration in the cell culture medium ranging from about §.01 mM to about .5
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
mght operate, it is believed that, at the concentrations employed, generally less
than ImM, and preferably less than 0.1 mM, the reducing agents selectively
interfere with host cell and/or parasite signals relating to parasite 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 & 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]1  In a more preferred embodiment, the host cell culture system employs both
a phagocytic immortalized cell line and a culture medium that inciudes a suitable
reducing agent, e.g., B-mercaptoethanol or its functional equivalent, e.g., in the
above-stated concentration ranges, e.g., for the continuous culture of Eimeria sp.
organisms.

[75]  Inamost preferred embodiment, the host cells are bovine monocyte cells
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concentration in the cell culture medium ranging from. about 0.01 mM to about 0.5 mM, or higher, and
more preferably, in a concentration of about 0.055 mM. Without meaning to B@%B‘dﬂabﬁ/ theory or
hypothesis as to how the invention might operate, it is believed that, at the concentrations employed,
generally lagg d¢henskinM, and preferably less than 0.1 mM, the reducing agents,sglggtively interfere
with host cell. and/or parasite signals relating to parasite 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 hast cell phagosomes, thus effectively

contributing {STRERSHIRET IR p RIS JA Batashec et ftutvithiacomadd Mg tic host cells.
[74] In a morgopsefesradiemhpeinesy, Hiehestinal euliwe sysienDengpleys deolisgadghagocytic
immortalized_cell line a culture medium that incluges.a suitable redycing.agent, e.g.,
(3-mercaptoe ﬁgquff%ﬁié@%%gf%f% By O(Wéleﬂ)%\?é%ﬁfga c%en%%%\i%tion ranges, e.g.,
for the continfiemsACIiUrérdf HiThendh ASPCOGRNISHIS. {5 itn exengsifpreferred embodiment, the host
cells are bovine,mongcyte cells 17 16 November. 2006, WO 03/099325. PCT/ 3/16302 (sometimes
reforred to a4 BB LT} o Sie st S S At B B ororated by
reference in l&@ﬁh&@shminr@rfa%e@mr@@m@@e aofd Waneriiary alepicineiaBdiidee Station, Texas)
Bovine monogytes ihatatedertyad, iom AT G GRT HALE G ATGCHRInARS7 are also exemplified.

[76] The inventive culture system empIoYS culture media, densities, optional growth substrates or
surfaces, tenfieiagPeoiigathisprerelac gpdrs pRateds freuisipaedingebEaie. Whtionally, the host

cells grow in é&@@%}% with BaskecstisHng ok totalionAlterpatively ne@udoihpstcells requiring a solid
substrate, the cells grow on flask surfaces, on slides immersed in the growth medium, in Petri dishes,

and/or on thelitifad@YphareiBesEHEs SotbmamprfagniieLy fenary fHmaded m tae

growth medium, or on any other art-known cellular growth support appropriate te
the selected host cells.

[771  For example, when employing the bovine monocyte cells exemplified
herein and noted supra, the cells are preferably seeded in an about 150 ¢m? tissue
culture flask at a density of less than 80% confinency for use in culiure.
Preferably, the host cells grow in a standard cell culture media, e.g., RPMI from
(ribeo, 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 appreciate 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 Vaccination of Birds with Cultured Eimeria sp.

[79]  Eimeria species vaccine are known, although the organisms are obtained
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growth medium, or on any other art-known cellular growth support appropriate to the selected host
cells. [77] For example, when employing the bovine monocyte cells exemplifié@l Neiaiband Poted
supra, the cells are preferably seeded in an about 150 cm2 tissue culture flask at a density of less
than 80% caaflygney,for use in culture. Preferably, the host cells grow in g %gmg}&ell culture
media, e.g., RPMI from Gibco, supplemented with antimicrobials, e.g., penicllin/streptomycin, and a
fungistat, in a 5% CO2 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 appreciate that this

process will VERF Y SEARG56 PR SrEialp He Gbion oof P tieb s dEiidder vaccine or other

purposes. [78LihercalItinessystantiseendesied Riderpperatikesapprepriate for the selected host cell
line. Preferably, incgﬁba_tion Is conducted at a temperature ran%ng from about 25 to about 45 C, and

more preferabiy/ from BBEEE S HHBEOI e MBLEARY e e A5 (ines and Vaccination of
Birds with Cultarech ihaetia . Mninserighspesies vabeineyartcknops, althelighuthe organisms are

obtained is 116 I.\{ovember éﬁOOG 1\)/}3/0 03/0§%§§aP§g/U803/16302%%mlIive nimal or egg sources.

Details are gl\il%lrlna téc.’élf,olg)c/y cﬁ%nalaﬁigﬁ%ﬁ. 7 ntﬁ’l{ff)e.d 5055, t Col pcg?gted by reference

herein in its extisetypt{86] Rurifisation okthedsierorvitesratinies. byihectiultbns sysiem is

accomplishe art-knawn hod. Simply b y,of .example, and without limitation, oocysts

can be releagg%xfr?%tﬁgbulﬁj@égnrrﬁg({dmr%,%r@d%%nfh}g%?ﬂm{ i Rea Choltd hf nown methods to

harvest merolfoitéd? THé%cdl bietriosan uctiurhoviers. gollagidedbribeithin Bieudison, 1990, |

Antimicrob. AR CERmaSt. AR 30m sl Qisonsimelhodingyded collecting the culure
X

medium containing the released merozoites is collected and spun at for 10 minutes
to concentrate the merozoites. The pellet containing the merozoites and the host

cell debris is suspended in 0.1 M NaCl-0.05 M KCl1-20% bovine serum albumin
and applied to a DE-52 anion exchange column equilibrated in 75 mM Tris-40 mM
NaH,PO4 -86 mM NaCl-100 mM glucose at pH 8.2. Merozoites flow through the

column. Merozoites coliected from the column can be tested for purity by electron
microscopy as described in A. Kilejian, J. Biol. Chem, 249: 4650-4655, {1974},
(811  The sporozoites or merozoites, or mixture thereof, when employed as a
vaccine for avians, are preferably administrated in ove or by injection o 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. |

821  In onepreferred embodiment, such viable organisms, e.g., including
merozoites and/or sporozoites, are preferably administered in ovo or to chicks by
injection or inoculation by the following routes: parenteral, subcutaneous,
scarification, 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 imited fo, cytokines,
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to concentrate the merozoites. The pellet containing the merozoites and the host cell debris is
suspended in 0.1 M NaCl-0.05 M KC1-20% bovine serum albumin and appliftit6 s&nEe52084ion
exchange column equilibrated in 75 mM Tris-40 mM NaH,P04 -86 mM NaCl-100 mM glucose at pH
8.2. Merozaitgsflgmsikrough the column. Merozoites collected from the column £aR:hs 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 ovo or by injection to chicks in any physiologically-suitable medium.
Preferably, they are suspended in physiologically-balanced saline, such as phosphate-buffered saline.

The selectedRTEGItHFH WiafEPesHERY SHCIABEH & TP $1dT6SUsperdimaPagents, including
physiologicallyssHifable-opis- a8 By SresRlsc0ailulose: sRelyspsehaide. gums. [821 In one
preferred embodiment, such viable grganisms, e.g., including merozoites and/or sForozoites, are

: e
preferably adHRRR{araeris W@Lﬁr%’@ﬂﬂfﬁ?ﬁ?bﬁﬁ FOFPERHBEH THBR By -tReXBREWIRg routes:
parenteral, sikeudanaousnseaniication: snaiandottamusaulanadsitistiatioairbany suitable, art-known

formulation, e.g.,a co p,atible%?uffe.an /or a physiologicall eptable saline, in optional

combination \a}\?%ﬁﬂgffﬁ\? At En /%Wré%eunug]é%ﬁg%gae#g%rg §ﬁ%é1rglﬁa§¥ft§n(é%{n§3?ninistered or administered
in series, e.gstipefore iorditensiaedihationy {B3rSdikabteitrummisistimsdantsiineiade, but are not limited
to, cytolcines, 19 16 Novembeg%OO . V\II}QU%S{QQI(?&ZS PCTIUS03/16302 growth factors, chemokines,

SpOT0Z 1t<—i Or Imeroz 1TES, & . .
supernatants from cell cultures of lymphocytes, monoeytes, cells fi-om lymphoid organs, cell

preparations B¢ TellBxesdis-(droiniStaphylocoetuscainsivs oripool=adharide preparations),
mitogens, or Ativanis, inclfing ngfkoé‘?gﬁ'é?éﬁﬁﬁig@Q%&ﬂ@ﬂﬁ?&»%%}%ﬁ-t@‘ﬂlyﬂm%e stimulant can be
ion. Pre

administered’'in"ovo at any time during incuba erably, an immune stimulant is administered in

ovo in the mEERIHY EBIRIRNTIhgLRIHESE. FHEOHEPAHGTE, BRES P AEFdz 6ile< B Hikture thereof.

mto drinking water or sprayed onto food pellets, dusted or sprayed onto com or
other grans, and the like.

[85]  For vaccination purposes, an administered dose or inoculum includes fiving
and active cells of merozoites, oocysts, and/or combinations thereof, of two or
more species of Fimeria.

[86]  For vaccination, a preferred dose of Eimeria sp. cells cultured by the
inventive methods, ranges from about 10 to about 109 cocysts or merozoites, or a
mixture thereof, wherein the total number of oocysts and merozoites ranges from
about 10 to 105, The administered cells are optionally attenuated by passage
through appropriate host cells, by frradiation, by recombinant mutation and/or by
other art-known methods.

[87] A more preferred dose ranges from about 102 to about 10° oocysts or
merozoites, or a mixture thereof wherein the total number of oocysts and
merozoites ranges from about 103 to 105,

[88] A further preferred dose ranges from about 102 to 10° cocysts or
merozoites, or a mixture thereof wherein the total number of said oocysts and
merozoites ranges from 102 {0 105,

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

vaccination are birds associated with commercial or noncommercial aviculture,
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[84] For orally-administered vaccines/vaccination methods, any of the physiologically-suitable buffers
or suspending agents that are larown to the art are readily employed. In addifdio¥FEe8mH8Eition can
be incorporated, e.g., admixed into drinking water or sprayed onto food pellets, dusted or sprayed
onto com ol ®REGRAINS, and the like. [85] For vaccination purposes, an gdmiigiersd dose or
inoculum includes living and active cells of merozoites, oocysts, and/or combinations thereof, of two
or more species ofEineria. [86] For vaccination, a preferred dose of Einreria sp. cells cultured by the
inventive methods, ranges from about 10 to about 106 oocysts or merozoites, or a mixture thereof,
wherein the total number of oocysts and merozoites ranges from_about 10 to 105. The administered
cells are optiéi¥alRidf et & Bepagshee TrisUkRANBRSTaTE ResEeasByiffatiation, by
recombinant pagtatio Bransiftshys et trtiawn methogs 8 dhA mewpreferseddose ranges from
about 102 to about 105 oocysts or merozojtes, or a mixture thereof wherein the total number of

oocysts and THEFSZHEL A es $roth"Ab B PLEFSTS 1058 IBSPRRHHERSEferred dose ranges from

about 102 to 2AGRecisiser, Rerreiiesues eniixiuresiTBmwaiwherein thertesiad number of said oocysts
and merozoites gang%s from 102 to 105 8t9] Ani)/ bird, i cludi? dgmestig?te%birdts in need of
vaccination, i§€" Cft 51%?85“?6’ FeceRE TS reatment Préfera I)‘f’,"lﬁi%@erecoéivﬁgesuch vaccination
are birds associatbaivitmatmmerciaboriynend omiteenciad sy isuiters) 26116 Idowerntaerd2006 WO

031099525 PTIUISOSA6302. 610 DS lsedh NIaas.uibets, HOdshconsifians where Coccidia

infection is possib & Bnd undesira le. These include e.g., Arfatidae, such as swans, geese, and
ducks, Coluniiibedse Gheduovsethtbpigavne! BiucirasplomgssiimsigdoissiFidsianidae, e.g., partridge,

grouse and. tygkeys,: Thesiepidae e.g., domestic chickens, Psittacines, e.g., parakeets, macaws, and
parrots, e.g., raised for the pet o L _
Any art-known route of administration or vaccination is readity employed.

Thus, a dose is optionally administered in ovo to chick eggs. A dose is also
optionally administered by contacting the feathers of a young, e.g., day-old chick
with the vaccine organisms, or administered orally in feed and/or by spray or
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 preen@ng. A dose is also optionally administered orally by applying or
mixing the organism to pellets or gels to be ingested by the chicks.

[907 A preferred dose to be administered in ove 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. fenella, 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.
gailopavonis, 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 afier vaccination with Eimeria sp. produced by the inventive culture system,

with any suitable art-known anti-Coccidial chemotherapeutic or
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or collector market. Game birds, and ratites are also contemplated to be vac%nﬁted v%ith i@ protozoa
o : ) ovember 0

cells or other derivatives produced by the inventive culture methods. The pre errecf‘remplen S of
Eimeria sp. organisms administered for vaccination are chickens. Any art-known route of

administratipg @yaeeination is readily employed. Thus, a dose is optionglly,.adinisigred in ovo to
chick eggs. A dose is also optionally administered by contacting the feathers of a young, e.g., day-old
chick with the vaccine organisms, or administered orally in feed and/or by spray or 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 preening. A dose is also optionally administered
orally by appSifgBroRdAgiERs ﬁi@ﬁﬁ@ﬁ%ﬁl@%@%f"ééf’ﬂ@ i geetEPhPEhe chicks. [90] A
preferred doseateihgia&drimtisigradnayddachickenaggsarvdaypighhigksLamprises oocysts or
merozoites, or a mix%re thereof, of two or mare s ec.i%a of Eimeriaselected from the group consisting

of E. tenella, ESRERAAREE. MISARATED RECAFREEVHNTS: B BPAEEBR2H8% E brunetti. [91] A
preferred doseftatbe adininistesethiravo-to tarkpyeggsi ovdayualth ehwbks: comprises oocysts or

merozoites, of, & mixtue NEIGAT AL 0,0t Atk Shecics of Fimeria seiegied iom the aroup consisting
of E. meleagrlmltls,lig. adsénoell es, E ggﬁopavonls, . ]élspersa, £ meleagridis, E. innocua, and E.
subrotunda. T, doswcpreferaibipditsliddofiormdi ot 06 onbysis! denveryzofesedr a mixture thereof,

for each Spe%si thaliineideddn e doserifal Qalionally: s NasHinG IS co-administered, e.g.,

simultaneously; before and/or after vaccination with Eimeria sp. produced by the inventive culture
system, with #HyEsEABRAANTovEas CHtE R PEhENEhERaPBg 8RR #B™ovember 2006 WO

03/099325 PGIigO341630%hemarophylacticiagent at a dose range effective to blunt the effects of
the vaccination, without impairing formation of a protective immune response in vaccinated animals.

Chemotherapétitic d48HE AR WiHSGmImHSHRR rjproune stmulant is

simultaneously with the in ovo adminstration of a dose of oocysts or merozoites,
or mixture of said oocysts and merozoites, during the final quarter of incubation or
to day old chicks.

1957  Another aspect of the invention 15 the preservation of the cocysts ot
merozoites, or mixture of said oocysts and merozoites, by chilling, freezing, or
freeze drying. For example, when freezing the viable organisms produced by the
mventive culture methods and cuiture system, art-known cryopreservatives are
optionally employed. These include, simply by way of example, osmotic
protectors such as glycerol, dimethylsulfoxide (DMSO), sugars, e.g., glucose,
galactose, raffinose), proteins, e.g., 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, Hoffman Estates,

Hiinois)..

Screening for Anti-Protozoal Agents

[967 The inventive culture system aiso provide an efficient and useful method
for screening and identifying anti-protozoal agents, and particularly anti-Eimeriq
sp agents. Agents to be screened include potential prophylactic or therapeutic
pharmaceutical agents, e.g., drugs or antibodies, among others.

[977  In'brief, a species of Sporozoea is cultured and the culture divided, To test

for prophylaxis the test agent is introduced in the culture media prior to excystation

22



effective anti-protozoal agents, e.g., antiprotozoal. compounds such as anti %oblaI; a g tlcs
compositions that include anti-Coccidial antibodies, e.g., monoclonal antlbo es’ andior ents or
recombinant derivatives thereof [93] Combination treatments according to the invention also include,
administerigg angéas£o-administering any art-known immune stimulant algRgywith.Hje vaccination
and/or at any other time. [94] A preferred method of administering the immune stimulant is
simultaneously with the in ovo administration of a dose of oocysts or merozoites, or mixture of said
oocysts and merozoites, during the final quarter of incubation or to day old chicks. [95] Another aspect
of the invention is the preservation of the oocysts or merozoites, or mixture of said oocysts and
merozoites, L‘if}@ﬁﬂiﬂ‘i@ﬁ%ﬁﬁ&‘%@ﬁ-‘é"éﬁﬂdw?ﬁgte?i(f?‘égeﬁfﬁﬁghwgﬁaﬁ%@flﬁ{iftthe viable organisms
produced by éheswﬁx\&@@iwsﬁrﬂﬁ'wéﬁ:m@m@ﬁa@mdn%m{ﬁ systeMmaRtRoWNIeE@preservatives are
optionally e dg %’)]g I\I}gese clude, smle of exam Ite osmotlc rotectors such as glycerol,
dimethylsulf Y%Slgngls ) %?§8f8§ 5 Fé’i‘f%%’g POUEME €Y., serum, and /or
albumin and mﬁﬁmsemwmw@mmpagemsf mxaaﬁtc{pﬁmmtommmnmumpmmdgmoawm hydrolysates,
such as N-Z- AMINEth)tAS(kP esgvoégfe?@o %ya Jnt '8{19& I—{gﬁs enas%%%{ , lllinois)..

Screening for R% rotozoa gents he |nven ure S also provide an efficient and
useful methottpfofdsengaminepasididaatifying anti- protozoal agents, and particularly anti-Eimeria sp
agents. Agerjigfo bsrﬁgrs%ﬁm%g&mfom}% ial pronflastic.ardherabeniic. pharmaceutical agents,

e.g., drugs or antibodies, ansong others. [97] In brief, a species of Sporozoea is cultured and the

culture leldé@P’iTPB&ﬂé’s@KF@’Pﬁ?é%9@?@‘?@?@%@5@’&%@%%8@%?ﬁ&‘ﬁésculture media prior to
excystation 22,16 Noyember,2006- W, 03i0993%7 Ffeidthed 3/ LaRRRritheoaaysts by the monolayer

cells. To test for therageutlc efficacy. the first
divided. The first division is grown 1n the culture system on normal maintenance

media. The second division is grown in the culture system on maintenance media
supplemented with an agent of interest (present in solution or impregnated into test
strips or test disks) to be evaluated for its ability to kill or suppress the asexually
reproducing protozoal stages. Drug sensitive protozoa or organisms with known
drug resistance traits are also contemplated to be employed in the culture system in

order to screen for alternative therapeutic drugs.

Developmen{ of Attenuated
Eimeria Strains For Use In Vaccine

[100] A well-known method to attenuate viruses for the preparation of vaccines 1s
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 Exampie 2 for 50 or more passages.

1101]  Alternatively, merozoites that have been adapted to growth in bovine
monocytes could be selected for their ability to grow on altemative 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 cocyls derived from these continuous

cultures could be tested for virulence by inoculation into day-old chicks or
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division is grown in the culture system on normal maintenance media. In both methods, the second
division is grown in the culture system on maintenance media supplemented%ﬁvﬁgﬁ%(?% interest
(present in solution or impregnated into test strips or test disks) to be evaluated for its ability to kill or
suppress thecagayualy reproducing protozoal stages. [98] Drug sensitive,profz0a. gf, organisms with
known drug resistance traits are optionally employed in order to screen for alternative treatment
agents. [99] In an alternative strategy, a species of Sporozoea is cultured and the culture divided. The
first division is grown in the culture system on normal maintenance media. The second division is
grown in the culture system on maintenance media supplemented with an agent of interest (present

in. solution of RN FAEEET S ST i Faor e dis ke rBes s it AR IBCH B4 Bility to kill or suppress
the asexuallyefgs@eheingintotozesli&iRgesulidghse IBHY e-aiRtaZzamRAQ @ARISAIS With known drug
resistance traits are also co ite[n lated to he employed in the culture system in order to screen for
alternative th‘é’f’&@e%ﬁ %Fﬁ"ﬂg{ BEIEBS ISP KR nuated Eimeria Strains For Use In Vaccine [100] A
well-known method to attenuate viruses for the preparation of vaccines is to pass in tissue culture to
high passage levels. Through long-tenor cnﬁ] [ %%nisms tend to accumulate traits that are
adaptive to the culture conditions and may fose virtilence traits. The culture system described herein,
is used for thig OfdngtherfalioropggatioficodEinperiscfmcinéep doppsam ol déudlgpitignnon-virulent  strains
10 be used asliyevAGCIAEIdIG BN AR e eRATSAdS ol RIREqg U res as cescribec 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 or alternative cell lines such as kidney
cells from a variety of specie at ealB8LEr lothe passage levels, the
merozoites or eoeyts-BaNTel EatiAbUBILON S Wedddd idiNirulence by

inoculation into day-old chicks or 23 16 November 2006
[103] ~A continuous culture system was prepared, as follows.

[104] An mmmortalized line of bovine monocyte host cells was passaged 76
times and was found free of mycoplasma., The bovine monocyte cell line was a
derivative of the celis according to Speer ¢t al., Id, supra.

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

[106] The host cells were seeded in a 150 cm? tissue culture flask at
approximately 6 x 10° cells/ml and 15 ml per flask, resulting in a monolayer with
a density no greater than 80% to 100% confluency. Cells were 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 were 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

{1071 A sample of Eimeria acervulina oocysts from infected chicken feces was
prepared for culfuring as follows. A slury 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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WO 03/099325 PCT/US03/16302 embryonated eggs as described in Example 4. High passage strains
which have retained their ability to replicate in culture, but show reduced virdiBAty’ & A would
be selected for vaccine development. EXAMPLES [102] The following specific examples are included
for purposeg@blstation and are not intended to limit the scope of the ipygntiQA;14aless otherwise
indicated. EXAMPLE 1 PREPARING A CONTINUOUS CULTURE SYSTEM FOR INOCULATION
[103] A continuous culture system was prepared, as follows, [104] An immortalized line of bovine
monocyte host cells was passaged 76 times and was found free of mycoplasma. The bovine

monocyte cell I}ngﬁglas ﬁ\ ds ri\gga' e ftheciealls according to Speer et al., Id, supra. [1051 The host
cells were malitained in RPMIM %@ﬁbg E4T p A Eh A A SRR ST RiEiA T 86U Nits/m 1),
streptomycin @08eh Banabii@raphotéritin {Bcbatgh B cbdieemencaptoathanal £856mM) and 10% horse

or bovine sery.(maingghance ,media) [106] The host cells were seeded in a 150 cm2 tissue culture
flask at appr;%(?emg%%lgégg%%E%rgﬁéﬁﬁcén%@?% bselr 8 O,I"F‘¥eg§dfﬁ%“ ik ég?ﬁe lﬁﬁﬁ%’yer with a density no
greater than 8096%8sT100%rcotHiirelvdynICetiifigatiinculdatadsasndtdiion ey flasksat 37C in a 5% CO2

incubator. Celieie RS, 12h /ARARINECE MeslacXED 3 gaysand spit every 7 days

Cultures were split by disrupting the monolayer with % trypsin and planting 1/6th of the culture
into each newWPKSBEAD- flkkspeipey tevssmatoraedid Hhdninkuisdtidhcarditiald oBXAMPLE?2

CULTURING GERIALSREGISS. BRATOZOAIL0TA sempls o imelia aggyuiina oocysts from

infected chicken feces was prepared for culturing as follows. gfﬁrry of teces was made by adding 10

parts of wateEe6i PRt Gioreed Ahépthid sonpstisiomaawfied Byesblfariiotaiion 24 16 November 2006

gluconate was removed by washing. Washing was done by pelleting the oocysts
by centrifngation (800 x g for 6 minutes), discarding the supernatant, (if the
supernate is discarded one suspends the pellet) and then suspending pellet in 100
volumes of antibiotic/fungistatic maintenance media described by Example 1. The
centrifugation and resuspension was repeated two more times.

- [108] The flasks of bovine monocytes prepared in Example I were used
immediately after trypsinization seeding, at no more than 80% confluence. Each
freshly propared flask was then inoculated with about 1000 cocysis in 15mE of
maintenance media, prepared as described above, at a aensity 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 mi) 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 centrifugation 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

until used for further experiments. The cells infected with merizoites were passed
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WO 03/099325 PCT/US03/16302 procedure (similar to Sheather's Sugar Flotation as described in LR
Ash and TC Orihel, Parasites: A Guide to Laboratory Procedures and Identifl€RIBHEREER Wress (c)
1991, pp. 34-35, which reference is incorporated herein in its entirety. Oocysts were concentrated by
centrifugatiqmapfsasyspended in 2.5% potassium dichromate and aeratgg]@%gé} Ltﬁgz hours at room
temperature to facilitate sporulation. The sporocysts were stored at 4C unti used The sporulated
ooeysts were suspended for one minute at about 25C in. a chlorohexidine gluconate solution
[Perioguard™] to kill contaminating bacteria. The chlorohexidine gluconate was removed by washing.
Washing was done by pelleting the oocysts by centrifugation (800 x g for 6 minutes), discarding the
supernatant, (fPEfe oG PERSAass andcnrasaliendininpailitsttropitiel)amglibenisdsisending pellet in 100
volumes of angfiigtie/fungistatic maintenance media described by Example 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 inoculatedwritheapout 1000 oocysts in 15mL of maintenance
media, prepared as descritgtDaINZES RO ROENSI. B RpONGYSisiagysisdo host cells of 10-3 parasites
per host cell. Cultures were incubated in stationary flasks at approximately 37 C in a 5% CO2
incubator. [109] Theldwdyststive rsineubvatedawitibbdine:ranantytecelisiiary 20eays, with fresh media
(15 ml) added g ter the. culture supernatant and infected cells were harvested
by scraping th?ﬁ%%%%f@%é%’fﬂi%%ﬁ%?I?Jr?/dn 5113%10&%&%{ HE& Pér%zﬂgnoculated onto a
monolayer of fe8W{tikinfseddd) ivovitriiomoRnbicgtes at less than 80% confluency as described in
Example 1. Thergyltuse s ohseaeddaily ot ashionts nd sPRgeYsisiancystsere observed to be
released from the host cells and floated in the medium. T%e viable sporocys s?ooc?}sts were collected
by decanting tFFSIpEFaiantenametnds s romdiveeidsy weinfagatiorsassdecxitefon6 minutes to
concentrate thexaassisites. The sporocysts/ooeysts were used immediately or stored in culture media

at 2-7 C until tjsed for further experiments. The cells infected with merizoites were passed
112]  The oocysts/sporocysts were divided into five equal aliquots. Four of the

aliquots were frozen at ~20°C using cryopreserving agents (such as Freezing
Media™, Gibco) and the fifth aliquot stored at 2-7°C.

[113]  Viability of the four frozen samples derived from the culture were
compared fo 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] Brefly, 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 sarnples (10
to 107 fqr 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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25 16 November 2006 WO 03/099325 PCTIUS03/16302 for a total of 180 ?é%nd En%air'gtﬁérgd their
ability to continually replicate in this culture. EXAMPLE3 STORING SPOR YEOR
ORGANISMS [110] The invention also provides a method for evaluating the viability of stored Einaeria
oocysts/spargeysiedy observing infectivity in in vitro cultures and withoubtheaggekfgr inoculation of
birds. [111] Oocysts/sporocysts of E. acervulina were obtained from chicken feces by sucrose flotation
using methods or could be derived from cultures as described in Example 2. [112] The
oocysts/sporocysts were divided into five equal aliquots. Four of the aliquots were frozen at -20C
using cryopreserving agents (such as Freezing Medial™, Gibco) and the fifth aliquot stored at 2-7C.
[113] Viability of the four frozen samples deﬁ%‘ﬂﬁ Ehe culture were compared to the viability of the
fl!th ;_ample that_ had been ’ﬁﬁﬁ@@ﬁ%‘?ﬁh GoIppatisen ofin o _ ‘Ro Qvine monocytes. [114] The
viability comparison was conducteo : B , ocytes were planted into
24-well plate tai L J [ty of roximately 1-2 x 105 cells per well,
immediately ;[rli:g]]to %ﬁ%ﬁﬁrﬁ%&%ﬁﬁﬁ%gss ?rI]lgEQSg#g/ﬁmc:ega%ueﬁé@mﬁ[ﬁeg& Efﬁ%%&l‘ﬁféed) using the

methods of EZARBIE PLsaiRe EHIFEHE 6fte¥ithinifldayerd the Bt fditéxemple)ayere made in

maintenance Inedisamxample b anghdml npeulaiednic.duplicalcglsof the 24-well plates.
Plates were in%Hbated at (?nggroxi ately 37C, 3-5% CO2 for 1 to 4 ays. Wells were examined for the
SIS v GRRR %@L@WW&P&%@%@@@&%%@M%W&%V@M coverslips were

presence of E. atervul

removed fronsthiegyelhandrsiainedwithisiemsrdeafaciifatesoseration ok & geesvulina parasites.

The titer of e was calcylated as the highest dilution showing 50% infectivity. Samples were
afﬁﬂlﬁt%g? Qlll% resuspenc!i%ﬁ m ma%%enance z%edia. The resulting sus%)ensign was Y g

then used to vaccinate test animals,

EXAMPLE 5
HARVYESTING OQCYSTS FROM CULTURE

1117]  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 supematant was collected and the oocysts were pornified 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 pelleted oocysts were

resuspended in maintenance media and used immediately.

EXAMPLE 6
VYACCINATION OF CHICKS

[118} This example demonstrates the potential for using Eimeria acervuling and
Eimeria tenella cocysts and merizoites grown with the culture methods of

Example 2, supra as a protective vaccine,

Experiment A: Vaccinating Chicks with
E. acervuling and E. tenelln oocpsts

Methods

[119] E. tenella and E. acervuling oocysts derived from cultured bovine

‘monocytes were harvested by decanting the culture supernatant from 19 day-old
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compared for viability based on relative infectivity titer. 26 16 November 2008 \go 03/09932.
PCT/US03/16302 EXAMPLE 4 HARVESTING MEROZOITES FROM CULTUREQYT8PfdtSbites
were harvested when the cultures (see Examples 1 and 2) were actively replicating, generally e.g.,
within 10 days@fitlae:kast split (subculture). Infected cells and culture supgrataint were harvested
using a cell scraper. Host cells were lysed by mechanical means (aspiration through a 27 gauge
needle on a syringe). The merozoites were then concentrated by centrifugation (450 x g for 10
minutes) and resuspended in maintenance media. The resulting suspension was then used to
vaccinate test.apimal E 5 HARVESTING OOCYSTS FROM CULTURE [117] Oocysts were
harvested fro%ﬁgﬁgrse%%%e &%‘?ﬁﬁ SFARES NSHEEHEHH A4 s Hsperrdanger without a split in

order to accurfiifdiemidieabecyseenThiéonuwfifd Sopemstanswas esllestadansthgipocysts were
purified from thepeelly I8 dUS] I's flotation od, discuss upra. The oocysts were
Ul O

then concentrated by centrifugation (405 0 cysts were resuspended
in maintenancEPRESISEE P TRBd i edisislhaExafRL B Sul ACGINATION @FC EICKS [118] This

example demansieains,iherotentipliatHeing-ipnara.acenilling and; Einperia tenella oocysts and
merizoites grown wi\t@ the culture methods of Example 2, supra as a pro eciive vaccine. Experiment A:

Vaccinating CRICKS With'Ed Seeiftifth & afdete @ndlicnd s inahbdwpldjE tenella and E.
acervulina oocmlctéﬁbled}ﬁmmcg@m&&dﬁqy&@%tm%}gwm\g@ﬁ%ﬂ@g%g&@%ﬁ&%&%ting the culture
Supematant ﬁa% g‘oglgeéﬁglgaoh chick) of Groups 1 and 2, respectively.

Results

[121]  Oocysts were observed in the feces of the Group 1 chicks after 9 days and
in the feces of both the Group 1 and Group 2 chicks after 12 days. These data
confirm that the culture-derived oocysts were viable and replicated in the host with
the normal prepatent times expected for these species.

(122] The Group 3 control 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 attributed to the

culture inoculum.

Histopathology

[123] One chick given the . tenella oocysts died from severe diarrhes.

[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 viralence for the avian host,

Experiment B: Chalienge in Chicks with
E. acervuling and E, fenelin

Culture and Passage of Organisms

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

used in Part A, above, were cultured as  described in Example?, supra to
28



27 16 November 2006 WO 03/099325 PCT/US03/16302 cultures, The oocyg{g’\}g%% g}ng&@&rated by
centrifugation and resuspended in culture media at a concentration of 100,000 oocysts per ml and
used immediately. [120] This test employed three groups of Rhode Island Red day-old chicks.
Experimented Grospzkwere chicks that received tissue culture-derived oogystsgs iEsgacervulina (n=3);
Experimental Group 2 were chicks that received tissue culture-derived oocysts for E. tenella (n=3);
and Experimental Group 3 were control chicks. No oocysts (n=2). Oocysts were orally administered
by gavage (100 to 1000 to each chick) of Groups 1 and 2, respectively. Results [121] Oocysts were
observed in t e Group, 1 chicks after 9 days and_in the feces of hoth the Group 1 and
Group 2 chicl?s?oﬁ%grsﬁ%%}g? Cegshemgaot%ncefgr%ﬂlr{r%s't %Hﬁffr@-%éﬂ\?@&y%&/gf?were viable and
replicated in theOposiikcahieinomal prepatenyttivmis expacted Tidtbesespeciassdd22] The Group 3
control chick - iven %9 did. not.shed. oocysts.in, their feces. These data confirm that
there was no%eg\?i%%agrﬁ%)%?gr%l/iron e%ltag‘lcgﬁ% r%nswgé%?ogr%owﬁ]t% w?h%rlllg ?r?%%’%gt birds or housing
conditions. Tﬁ@rléﬁér\é(?ltﬁéf§%élmr§§e@f~lb@l‘@ysts in Groups 1 and 2 can be attributed to the culture
inoculum. Histopatheiagy [123] One chick given the E. tenella oocysts died. from severe diarrhea.

[124] Microscopic inspection of gut tissue sections from the chick that died. confirmed a diagnosis of

coccidiosis. THE8E daRS THYICHS Hike bty BarretrlsshR oboiRarméiyegtendultures can maintain

their virulencesieetoamayian hasiurasrimenkB.Shallsngeds Chisksiuith By, aggyulina and E. tenella
Culture and Passage. of Qrgani 125] Ina preparative experiment, aliquots of oocysts from the lot of
Bove.

oocysts used In BAT R 058 degcrpadiin Bxarife Besreiss:

prepared above, exhibited diarrhea, while day-old chicks that received a dose of
1000, 5000, and 10,000 merozoites did not exhibit diarrhea.

[127] Fourteen days after inoculation with cultured merozoites, the chicks that
were given 1000, 5000, and 10,000 merozoites and 1 uninoculated control chick
were moved into an environment p’revibu.sl.y 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 mducing 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#  acervuling merozoite Response to Response o
merozoite Merozoites Challenge
2 B 60 60 fecal negative  Not Done
2 B 100,000 100,000 Diarrhes 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 E 1,000 1,060 fecal negative  No Clinical
R Signs
1 B ¢ { fecal negative  Died of
o Coceidia




28 16 November 2006 WO 03/099325 PCT/US03116302 produce a continuzg%culture of merozoites.
An inoculum of 100 oocysts in one 150cm2 flask containing bovine monocytec ﬁéfwgkcﬁ%%%ﬁ. The
culture was passed as described in the Example 2 for two passages to ensure that no unexcysted
oocysts wepsprgsenisin the culture. Vaccination [126] One-day old chicks {epahalffFhode Island Red
or Barred Rock and Americana) were inoculated with cultured merozoites by oral inoculation. Birds
that received the 100,000 culture-derived E. acervidina or E. tenella merozoites, prepared above,
exhibited diarrhea, while day-old chicks that received a dose of 1000, 5000, and 10,000 merozoites
did not exhibit diarrhea. [127] Fourteen days after inoculation with cultured merozoites, the chicks that
were given 1 d 10,000 merpzoit nd 1 _unjnoculated control chick were moved into an
environment prev%%ggn?@'upied c"gf:é)%t??a?[ haY ]EJ;J RIS H¥ Part A, supra. The day-old chick
that did not receive merozoites diedTror

wiina ang £, renello . . .
O COCCI t#8n when placed in this contaminated

environment. Higwevgr,the, ehicks,thathagd, viously inoculated with low. levels of merozoites
remained clinjcally heglthy, These da§ta indigﬁtgeﬁtr%‘t%t %@%Q}?ﬁ‘éﬁﬁ@d‘a%%%ﬁﬁ%é‘}%nes was capable
of inducing infRAHE e desthatrowiedd thénehromkubsedfertdhdtientedsjth a lethal dose of

Eineria. [128] cid\BhbrbReauisati-bickinoeualion, FXBeImERS. 6 #E.Lenella Fecal/Clinical Clinical

Birds Exp # acervulina mfléozmte Response to Response to merozonltg)ﬁﬁleerozoites Challenge 2 B 60
60 fecal negativa KOt Dohe™ B4 86 DtFAGE Do BideraiNoiDbntss2B Thsee0a10,000 fecal

negative No Qlidiicat Sigrisih species of Fimeria retained virulence for embryos after culture in

bovine monocytes.

EXAMPLE 7
SCREENING ANTI-PROTOZOAL AGENTS

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

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

A. Screening for Diclazuril
{1311 24-well tissue culture plates containing Thermonax™ (Nalge Nunc

International, Naperville, IL) were employed, bovine monocyte cells were seeded

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

Example 1. Subsequently, each well was inoculated with a Z. acerviling and E.
tenella. The anticoccidial agent diclazuril was introduced into the media of gach
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 control 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 contro] well was used to evaluate drug treatment.

B. Secreening for Other Agents

[132] 24-well tissue culture plates are employed, host cells are grown to <80%

30



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 29 16 November 2006 WO 03/09932 %%aﬁ%)@é (©%02
Experiment C: Inoculation of 10 Day Embryos with E. acervulira and E tenella [129] In ovo inoculation
by the allantaiaseuieof 1000 bovine monocyte culture- derived nierozoiteg(agHsh&¥ample 2) of E.
acervuliraa and E. tenella into 10 day old embryonated chicken eggs resulted in embryo death in
either species of merozoites. There was no evidence of oocyst formation in the tissues. These data
indicate that both species ofEin2eria retained virulence for embryos after culture in bovine monocytes.
EXAMPLE 7 | I-PROTOZOAL AGENTS [130] The effectiveness of a proposed
anti-protozoal%%%%%ﬁa%g%?g ﬁlé%nz%%agcgr%egﬁeas%aef\?ﬁﬁﬁﬁ@ﬂ]'%fﬁ%iﬁﬁi%@lsystem of Examples 1
and 2. A. ScrééniliBhrie Bptapatt (b8 1) Qo elilissué huliereiplatie scastainiag-inarmonaxT™M (Nalge
Nunc Internag NARR ille.ll ) were loyed, bovine monocyte cells were seeded and grown to
<80% conflue%%%%i%l malnt%(ggsgi%@ﬁ?ée%ia%é’r}t{h% ?ﬁg?ﬁsotgs@(%ft eﬁ?(éfﬁﬂ?g‘ﬁ%ghuently, each well
was inoculateth s Bf el Al Ea e, wiielld dhe antisoccidial agentdiglazuril was introduced

into the medi@@jm&iﬁe@m&gqsf(y\@@g,iwmw_gggg{p\gfggwegggg r%%o?orgﬂiols. (ﬁThe presence of

schizogony a 24t, 38, nd 72 hours in culture was compared between contro P s and treated wells,
to evaluate thd BHit-Brot 2o 8T deaithomiietesnsal aghrity dibersaitdagfoniarasite growth was by

microscopic eXasinabesanidrCRY@EBHRAE growth can be by microscopic examination or the
use of coverslips that are stained with Giemsa or a suitable stain to observe the

parasifes.

EXAMPLE &
EVALUATING METHODS FOR CONTROLLING PROTOZOA

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

implement & management practice designed to remove materials that may transmit
such organisms as Coccidia to animals housed in that location.

[135] Such management 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 from the area of
interest, and processed to isolate oocysts that may be present. These are inoculated
into the culture system as described by Examiple 2, and growth after 5-10 days is
measured and correlated with sampies having a known number of organisms o
determine the level of growth associated with range of starting samples.

{137] The new management practics is then implemented, and thereafter,
standardized samples are collected, af 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 to

dstermine any lessening of viable protozoa in the environmental area of Interest.
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that were stained with Giemsa. The presence of schizogony as well as the per cent reduction from the
control well was used to evaluate drug treatment. B. Screening for Other Agents [132] 24-well tissue
culture plates are employed, host cells are grown to <80% 30 16 November 2006 WO 03/099325
PCT/US03/16302 confluence in suitable maintenance media, at a temperature, and under an
atmosphere appropriate for the host cells, and then each well is inoculated with a Sporozoea species
of interest. An agent or agents to be tested is introduced into the media of each of 10 test wells, while
10 other welftd-4 ﬁ'ept as controls. Growth after about 1-10 days in culture is compared between
control wells and treated wells, to evaluate the anti-protozoal activity of the tested agent(s). [133]
Observation,for parasjte.growth can be by nucroseopic.examinatio the use of coverslips that are
stained with Giemes bF & SUIabIo AR 1o Shubre (o praSita EXAMPL RS BVALUATING
METHODS FORSCONTRO |t RESPROTH 20K fidajcaneowaysigeduce protozoal infections of

domestic animals igjgrivpigMendiadmanagement Raatse designsdde-cemarmmaaierials that may

transmit su%h organisms as Coccidi%to animals housed in that location. [135] Such management
. 10st © Su1tab?e (%re%fowm orozoFta species;
practices are readily evaluated usi e culturesystem and the methods of Examples 1 and 2,

respectively. [136] Siadiartimediskrsipids yalyasafeplessofdittar) aretiddesniftore obuarea of interest,
and proces%t@&ép@{aaep?g;ézm@g FRaYRE: RFERE MR AESE AR IDRGIBIRHIINR 40 culture system as

described by Example 2, and growth after 5-10 days is measured and correlated with samples having

a known nuiSBEPEYHRISATSIHELS SRterniinbeHesiabiPBrs i 2osbeslictP it faithe of starting
samples. [13@}ktimneweanianademientardicihos difither impidasnied landiheiéattet, standardized
samples are CO““E@Ppr@;&JQEtﬁFMé ﬁ@:%éﬁi&ﬁa%@ﬂfé%&ﬁ% fRkeRReI0rE 15 FRFRgE In management
practice. The new samples are then cultured, and the
wherein the obligate intracellular protozoan is a species that belongs to a
genus selected from the group comsisting of Isospora, Cystoisospora,
Cryptosporidium, Eimeria, and combinations thereof, and wherein when the obligate

intracellular protozoan is a species that belongs to the genus Eimeria, the Eimeria

species 18 one that can infect an avian host.

2. The method of ciaim | wheremn 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 & life cycle stage where reproduction 1s asexual.

3. The method of claim 3 wherein the reducing agent is selected from the group
consisting of B-mercaptoethanol, mercaptoethylamine, 2.3-dimercaptosuccinic acid,

penicillamine, [3-lactams, N-acetylcysteine, ascorbate, glutathione, and combinations

thereof.
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growth at 5-10 days compared to the growth in the pre-management samples to determine any
lessening of viable protozoa in the environmental area of interest. 31 CLAIMS: I. A method for
continuous culture of an obligate intracellular protozoan of class Sporozoea in the asexual phase of
development, comprising: (a) providing a cell culture system comprising an immortalized mammalian
host cell suitable for growing Sporozoea species; (b) contacting the host cell with an infectious stage of
an obligate intracellular protozoan of class Sporozoea, resulting in the growth of a merozoite
population that is capable of continuous growth in the asexual phase in the host cell; wherein said

contacting i performechendescongitions affectivedarinfection;ohthrbasbealissand (c) propagating
the merozoite %g%rjalgtion in its ﬁsex%all}é-gividinr%)form; wherein the obligate intracellular protozoan is
t

a species that SISAGL B Yot &RIEEET H8PNE %t 8 consisting of Isospora, Cystoisospora,
Cryptosporidium, Eimeria, and combinations thereof; and wherein when the obligate intracellular

protozoan is;a speqifs,alBeiPngs 1 MRIRNHS FIMENa:s NeiHMatRReHes IR ARe that can infect

an avian host. 2. The method of claim | wherein the cell culture system comprises a growth media
suitable for FIARNAHART KL HB R drd vaA dr e acpitrsrban epetrsadigelinbfil' 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 selected from the group consisting of R-mercaptoethanol, mercaptoethylamine,
2,3-dimercaptosuccinic acid, penieillamine, ~-lactams. N-acetylcysteine, ascorbate, glutathione, and
combinations thereof. 32 6. The method of claim 5 wherein the reducing agent is (3-mercaptoethanol
ina



concentration ranging from about 0.01 to about 0.5 mM. 7. The method of claim | wherein the host cell
is an immortalized cell retaining phagocytic activity that is derived from a mammalian
reticuloendothelial cell. 32a 8. The method of claim 7 wherein the reticuloendothelial cell is a
monocyte. 9. The method of claim | further comprising the step of splitting the culture to ensure a
continuous production of merozoites. 10. The method of claim | wherein the protozoan is an Eimeria
species that can infect an avian host selected from the group consisting of Eimeria tenella, Eimeria
acervulina, Bimeria ifaRfithad eflawn rieeeraix tEirpdriemiheiphesibipraresgyend  Eimeria brunetti,
Eimeria meleagrimitis, Eimeria adenoeides, Eimeria gallopavonis, Eimeria dispersa, Eimeria
meleagridis SEimeriminnetia,JEinara suReingaianticombinatpnsibeneehidde £he method of claim

10 wherein @?ﬁtﬂé%t%%ﬁdﬁs%m@ﬁoﬂ%‘?%QJ@@%&E. 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 least 18 days. 13. The method of claim 12 wherein the merozoite population in the
host cell is ¢8pabld Bt BSHEH RS e iRowthH th&asexoaprHase Sirrictppriseacrat least 150 days.
14. An antipiofitss galavaecheet colentessfion boraprisingnaismerofotereoputatitin propagated by the
method of claieaviiidb LThe eompositiomefelairuid, Wherein e rBerezeite-pepylation is an isolated
population of HtRZQAN.IRIOZAlES A MeIzaiesMith aneysts. sglestedfron s, group consisting of
Eimeria tenella, Eimeria acervulina, Eimeda maxima, Eimeria. necatrix, Eime%a rpll%s Eimeria

141 VRIS, Ieri Crsa, Limerid. ni TEIGLS, . g IROCcud, 11 .
praecox, anﬁ |r‘?1er| forunettl aEIm fa me eagrlmlfls,%mérla aéenoeldes, Eimeria gallopavonls,

Eimeria disp&rég ¢ é‘ﬂgcﬂ’fgg‘éa?ﬂfi&eﬁﬁferia innocua, Eimeria subrotunda, and combinations
thereof. 16. Use of a viable organism produced by the method of claim I in the manufacture of a
vaccine to eli¢it protéetivetantiqirokozoal imhattiityin a@wan. is Eimeria acervulina ot

Eimeria tenella.

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

I35, The composition of ciaim 14, wherein the merozoite population is an isolated
population of protozoan merozoites, or merozoites with oocysts, selected from the
group consisting of Eimeria tenella, Eimeria acervuling, Eimeria maxima, Eimeria
necatrix, FEimeria mitis, Eimeria praecox, and Eimeria brumetti, FEimeria
meleagrimitis, Eimeria adenoeides, Eimeria gallopavonis, Eimeria dispersa, Eimeria

meleagridis, Eimeria innocua, Fimeria 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 protectiveé anti-protozoal immunity in an avian.



33 17. The use of claim 16 wherein the avian is a domesticated bird and the protozoan is a
Coccidiosia. 18. The use of claim 16 wherein the avian is selected from the group consisting of
Anatida, Columbidae, Phasianida. Thesienidae, Psittacine, and species thereof. 19. The use of claim
16 wherein the avian is a turkey or a chicken. 20. The use of claim 16 wherein the number of viable
organisms comprises merozoites or oocysts, or a mixture thereof wherein the total number of said
viable organisms ranges from 10 to 106. 21. The use of claim 20 wherein the number of viable
organisms cbmprist&18% 5 05 mkroybites oheceyatsis2a. dpmetisatest disdnfxh therein the viable
organisms CainpLse MeZeitessiO0Cysts 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 $horozbea Bpediekinnd abuliculursimddistacouhfiprsihg nvamountiof a reducing agent

effective to @rhanGe.SUtYIViRla SRPZALTRREGIES APX AN, Iepipducingifsrstage in indefinite cell
culture relative to survival of a Sporozoea species cultured without the reducing agent. 24. A vaccine

composition of claim 14 comprising a pharmaceutically-acceptable adjuvant. 34 25. A vaccine
compositionl&ccordihg toechiinhaizd| furbeeichmprising addeg ccanipdsition in admixture with said
vaccine. 26. 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 claim 1, with and
without contat witH &n &gt t%%’@ deredREd Afanaehsetiig iAPoRISANSTEr6WIRSEYiability relative to

growth in thenabgeinseooithesiagent efinterast37 wicmethied fof conthatons.cultma.0f an obligate

intracellular protgzoan in the 6
organisims ranges from 10 to 100,

21 The use of claim 20 wherein the number of viable organisms comprises 102

to 107 merozoites or 00Cysts.

22. The wuse 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 enbance survival of a Sporozoea species asexually
reproducing hife stage in indefinite cell culture relative to survival of a Sporozoea

species cultured without the reducing agent.

24. A vaccine composition of claim 14 comprising a pharmaceutically-acceptable

adjuvant.
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asexual phase of development, according to claim I. comprising (a) providing a cell culture system
comprising immortalized bovine monocytes; wherein the immortalized bovine monocyte cells are able
to incorporate the protozoa by phagocytosis; wherein the cell culture system comprises a culture
media suitable for growth of the immortalized bovine monocytes and (3-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 ifPthe WosYXEIRafRIMRPBITpatattigRHe fidr2ditd isulermpprinngsaaiodially-dividing form.
28. The methempofittain 2amrheteindhaipratezean 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
gallopavonisgSEimefiamidiodrsh sEieienia feneleatyridivcEdaeriy innodustBlimeriensubrbtunda, and
combinationgréfstaals 32 SpdheomeathagRinclaimueil, Wietsindhesmethad futher Gomprises the step

of reducingthhe con;:denf%%on of host cells in the culture system whenever growth of the host cells
reaches at I85sPS058 COritriBhEy 4B, 2RO KERMNE SRS, B CHIBRERS B PHFRI's Hainst one or more
Eimeria spebiestiofprbibitva obmprising ainbdinzoitaiof an aviah hinderisbspeciesian oocyst that had
been generaied;from:a.merozoite, or a mixture thereof; wherein the merozoite had been propagated
in a continuous culture of an immortalized mammalian phagocytic cell. 31. The vaccine of claim 30,
wherein the fpamm Iiar%&%}%ag%ﬁoé: tic cell is a monocyte, 32. The vaccine of claim 31, wherein the

monocyte is“a bovifie i BPUPRSHHBYRGY Ut ChliAte s FUHAH Sdidtidtage of the obligate
intracellular protez phasobClassPperozeeadngsoarondystngdisiiae method of claim | further
comprising: (a) providing a cell culture system comprising immortalized bovine
monocytes; wherein the immortalized bovine monocyte cells are able to incorporate
the protozoa by phagocytosis;

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

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

merozoites in the host cell; and

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

28. The method of claim 27 wherein the protozoan is an Eimeria species selected
from the group consisting of Eimeria tenella, Eimeria acervuling, Eimeria maxima,
Eimeria necatrix, Eimeria mitis, Eimeria praecox, and Eimeria brunetii, Eimeria
meleagrimiiis, Eimeria adenoeides, Eimeria gallopavonis, Eimeria dispersa, Eimeria

meleagridis, Eimeria innocua, Eimeria subrotunda, and combinations thereof,



(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 | further comprising: (d) harvesting the merozoites. 37. An antiprotozoal vaccine
composition comprising the isolated population of protozoan merozoites, or merozoites with oocysts
of claim 15. 38. Use of the isolated population of protozoan merozoites, or merozoites with oocysts of
claim 15 in the manufacture of a vaccine to elicit protective anti-protozoal immunity in an avian. 36 39.
A compositioh comBK<IsgP e iinB i ydarsinthmmatief ShEbB cpmyHesttbefer#ld a viable protozoan
produced bydheimathedmbaiatitnl40sT hacanpesitien Ktekainhavahesein tresprotozoan is a
species belqlrg)%@glg%% er;ir%gs(?lﬁ%ﬁe{g ;]rf?urgmt:he group consisting of Eimeria, Cryptosporidium, and
Isospora. 41. The met od of claim 1 wherem the obligate intracellular protozoan is a species that
belongs to the genus Isospora. 42. The method of claim | wherein the obligate intracellular protozoan

is a speciesthat beleagse ihengemisGysinisospamk43. abardnetikos ofclaimmkwherein the obligate

intracellular pr ies that belongs to the.genus Cryptosporidium, 44. The composition of
claim 40 Wh&%ﬁ%@%@%ﬁ%%f Sé“gﬁe“é?é%z‘t}ﬁ%{’to% on 1%} %E)Jn% remép ?fﬂsS"’I':alnmc'eorcl}zats.t‘!lﬁ:éa.t The composition
of claim 40 RiEhedh gresretdvan W@é‘ﬁ@ei‘é’sﬁfﬁﬁﬂf@I%ﬁﬁ‘é’fwm@fgébm@@%f%%ridium. 46. The
compositionseéClatipagitaghiere v ihigupiotaanan ds & spaciasithat Relngs.doihegerus Isospora. 47.
The methodco]fl claim 1 wherein the immortalized mammalian host cell is an immortalized bovine
monocyte; wherein the immortalized bovine monocyte is able to

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

32, The vaccine of claim 31, wherein the monocyte is a bovine monocyte.

33. The method of claim ! wherein the infectious stage of the obligate

mtracellular protozoan of class Sporozoed 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 isolated population of

protozoan merozottes, or merozoites with oocysts of claim 15.
38. Use of the isolated population of protozoan merozoiies, 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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incorporate the protozoan by phagocytosis; wherein the cell culture system comprises a culture media
suitable for growth of the immortalized bovine monocyte, and R- mercaptoethanol in a concentration
ranging from about 0.01 to about 0.5 mM; and wherein the merozoite population is propogated in its
asexually-dividing form. 37

39. A composition comprising the immortalized mammalian phagocytic host cell,

and a viable protozoan produced by the method of claim 1.

40 The composition of claim 39, wherein the protozoan is a species belonging to
a genus selected from the group consisting of Eimeria, Cryptosporidium, and

Isospora.

41. The method of claim 1 wherein the obligate intracellular protozoan is a

species that belongs to the genus Isospora.

42, The method of claim 1 wherein the obligate intracellular protozoan is a

species that belongs to the genus Cysfoisospora.

43, The method of claim 1 wherein the obligate intracellular protozoan is a

species that belongs to the genus Cryprosporidium.

44, The composition of claim 40 wherein the protozoan is a species that belongs

to the genus Fimeria.

45, The composition of claim 40 wherein the protozoan is a species that belongs

to the genus Cryprosporidium.

46. The composition of claim 40 wherein the protozoan is a species that befongs

to the genus Isaspora.

47. The method of claim | wherein the immortalized mammalian host cell is an
immortalized bovine monocyte; wherein the immortalized bovine monocyte is able to
incorporate the protozoan by phagocytosis; wherein the cell culture system comprises
a culture media sustable for growth of the immortalized bovine monocyte, and B-
mercaptoethanol in a concentration ranging from about 0.01 to about 0.5 mM; and

wherein the merozoite population is propogated in its asexually-dividing form.



