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United States Provisional Application serial no.

60/ 490, 001, filed July 25, 2003, the disclosure of
which is incorporated by reference in its entirety.
BACKGROUND The present invention relates to Lawsonia
intracellularis vacci nes and net hods forgfrotectin

agailASKSQNEH BVERAGEL hYLURIS QF FRIROPEAN OBIGHY 40 YACCINES,
The prod Li‘ifA%ﬁB@T?t? %‘@%?%A% Igd}ﬁtﬂ ) §'U¥ OSEATEEREOF

attai nabl'e, i n pa ere an i nproved
method for cultivating | arge scale supplies of L.

[ u [ j udi ng both a novel isol ate of
i M%Ehﬁﬁ#@lﬁﬂﬁﬂ opean origin and a nethod of
PrEH¥dppligatian ki benefed Upitaltiates RrowisiahaliApgliediion serial no.

T PGPS B LR BB bt

preétitebyer ati ve enteropathy ("PPE'), affects virtually
all animals, including: rabbits, ferrets, hansters,
fox, horses, and other animals as diverse as ostriches

angh erdgRObLND Ntracellularis is a particularly great

cause of losses in swne herds in_Europe as Il .as_Ln

t h“éhewswdn@pa%@lat%t%%ﬁog'taé’?ffa“r”é’g{”&fr Frcgnessipg megiog 1
O‘L?}U&Etﬁf%%%aiﬁgt ahd Hfa%ﬁdﬁn@m BHaEQlul AR mfsavar aneplodundand processes
curved bacilli within enterocytes i affectgd Hﬁr%ionﬁ d
of ofithe igueniige are pHainghle (e Parh 25108 SEHA LN HPFFYedpetied Jy cultivating
been. . Lo 185 SehRs QRAGdIRE bdth Kk Rowl GBRLSITE. intracellularis
I\/b%}'less,‘fedflﬁdbgﬂes . A b 20, 264 (1989)

Sutfdaeupem dygin eivks wathedef wepapag & biophilirs\ROBIEESP
|(¥§¥ﬁ£%§§W€&?§#£EM§%\%%%gﬂggiﬁtgenus and speci es,

vernacu eferre ITeal symbiont (IS)
intracellularis. C Gebhart et ah, Int'l. J. of

Syst.em ¢ cteri . ; : : . aff
N I A A e
t heirthallyoiticminals) amdudirpnaahbits, feriety, himsteracfok horsgs.jagd otier animals as

Nb(%/ei:rget aseotstrl%nés alngtemlus E-| 'intch];cel%}fg}iselgia %aﬁ@&l&ﬂ &1@5&9@(&6 of losses in

swine herds in Europe as well as in the United States.

A consistent feature of PPE is the occurrence of intracytoplasmic, non-membrane bound
curved bacilli within enterocytes in affected portions of intestine. The bacteria associated
with PPE have been referred to as “Campylobacter-like organisms.” S. McOrist et al., Vet.
Pathol., Vol. 26, 260-264 (1989). Subsequently, the causative bacteria have been
identified as a novel taxonomic genus and species, vernacularly referred to as lleal
symbiont (IS) intracellularis. C. Gebhart et al., Int’l. J. of Systemic Bacteriology, Vol. 43,
No. 3, 533-538 (1993). More receritly, these novel bacteria have been given the taxonomic
name Lawsonia (L.) intracellularis. S. McOrist et al., Int’l. J. of Systemic Bacteriology,
Vol. 45, No. 4, 820-825 (1995). These three names have been used interchangeably to

refer to the same organism as further identified and described herein.

-1-



Vol . 45, No. 4, 820-825 (1995). These three nanes have
been used interchangeably to refer to the sane
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intracellulars is an obligate, intracellular bacterium
whi ch cannot be cultured by normal bacteriol ogica
nmet hods on conventional cell-free nedia and has been
thought to require attached epithelial cells for
gromh. S. MOist et ah, Infection and I mmunity, Vol.
61 hb 19, 4286-4292 (1993) and G Lawson et al, J.

f e ﬁt?c!rzs% & @[ﬁi‘ Qﬂe qg‘%acel\{lﬁér bagtlmur{‘}kavhl& cario? Be gﬂlﬂnged by normal
( 96@3 PECiss™ cUl B vat | on . Intracellularis using
| Bestdflogital metheds omednvensiondl ekl énee wedip anbhps|bagrethgughhto require

n S t addilyl

P:il(‘[% g eqlﬁjfiéaé celzsnfglg T %h Y ﬁdcﬁr@%% Ih%& d Iﬁ’lﬂqunﬁ'!y Vol. 61,

32%7&@21366 419X1993)iasd GsEawson gi aigJ quCémtca}ercﬂQbTolhmé[ﬁl 31, No.

B e

C QP MIRINa] @l @honblaFss tn @ubéntional tikwas kelturBasknt Inaddigion,(H. Stills,

It ﬁtgfre%?ﬂiltalé\g | 1%{1{121{811@;! ch%?eﬂ 33%%97%3? gﬁ@g%cﬁgcufgs%g Eéﬁge Inltgtlne 407
| Hubdf embHbAiC itedtingll Rl @®nelepes indasbP@nél gaihed pig dolbmic

United States PatentNos. 5,714, 375 and 5f 823, both
ofadgificeingBe 67l gonglayeReip epventifual thsve Ly eﬁ% %f erence

in their entireties. The above-described vaccine is

sol d by Boehringer |ngel hei m Vet nedic I nc,

Nd}cqcpptéremt L. pptg:mgﬁzg/amgyaccgl@ g@sﬁﬁen ngcglag £qr ug @dgengl%eg States,
u%ﬁ Wﬁ%} (srdemmnk, FINTEERLBHs i€olates! deSiribb® andXIAMMBRN Whited States

ON One object of the invention js to
erﬁWndEOari T3 Dove 885 528 rose 6 Y oe A BT TRESTTgEped by

5 AN foRs ?x!:@ﬁﬁheq{ ?nﬁ%tﬁov a‘BB{leg&égcrlb%H %&ﬁfe iPQIIE6F B@éhrihé’& Ingelheim

i nven e an | nproved nethod fo
cuvastmvma,m @mLNortthhHeghmmﬁ Josaph, Mlﬂswg@%%-ap@ ypdpr the

ove e r production of L.
|n %%%@?I&f§$§§8§a§%ﬁﬁes To achi eve these and ot her
obj ects, and |n accordance with the purpose of the
in y broadl y descri bed herein,
HéﬁgﬁéggXt ht1 o E ovides a newly isolated L.
| @ﬁ@(ﬁ@éck oif thé lnS'elftfoﬁm faproide, anampevébll iofacailtlerisgaccing using an

suc Esolate and the attenuated
iso ate of uropean origin.

Another object of the invention is to provide an improved method for cultivation of L.

intracellularis on a large scale and improved techniques for production of L. intracellularis

vaccines.

To achieve these and other objects, and in accordance with the purpose of the invention as
embodied and broadly described herein, the present invention provides a newly isolated L.
intracellularis from Europe, a method of attenuating such an isolate, and the attenuated

isolate thereof. Also provided herein is a vaccine comprising the attenuated isolate. Also

provided herein is a method for producing a vaccine comprising the attenuated isolate in
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i solate thereof. Also provided herein is a vaccine
conprising the attenuated isolate. Al so provided
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the attenuated isolate inlyophilized formfor
reconstitution at the time of admnistration and the

| yophilized product thereof. In one enbodi nent, the
newy isolated L. intracellularis fron1Europe i sol ate
DK 15540, is deposit isolate ATCC accession

mmopnmzed form ferrrotchetituéonss dhertime of a@mwlsaqat@h%lttéﬂlyophlhzed
|soI &1 §@§ved fromisol ate DK 15540, is designated

i 61 f“' B3Y03, ATCC accession No. PTA-4926. DETAI LED
DESCRI PTI ON As used herein, the term"L.

intracel | ul a mean b Ll
o R aRea fept he FEAD Kol 1 MhlaBAAdH R e ¢late DK 15540,
Gﬁb H@i’ohlt Bbla@M TAM hcclessmill N PTSy®2@ninanBthet %leodir@@}' the attenuated

Ly R ST Rl A e

82&y62§u11995) each of which is incorporated hereln
by reference in their entireties, and includes but is
not limted to the isolate designated DK 15540 which

oS E§ 8 POosh DS craeenoNne Budapest Treaty with the
Anerican Type Culture Collectio versit

Bod Wg}lgemmﬁ em gy anq:e I rzg Iﬁgafié eZQ%LEﬂarj qurvec r%}ratg-negatlve

20&&eﬁyées@§§édgﬂaaa v\ﬁ@ @Q&ﬁﬁ%t &zn U ef SysEfvid Backerididwy, Vol. 43,
causati ve bacteri a ch can ?bta ed fr

PP

ot SH5-5iA R DANSE AUPOHAPHEh B LRGN BHECHRGEY Vol 45

g' Ng My %ﬂ?fi%r@%ﬁ dgen biwitibieis %{ctorp'éfh@edt}féﬁélﬁ Bﬁ@fdrﬁ@é in thelr entireties,
ei h;

ariants or nutants of an ah
bam_denqhaies titds hetdimsied #n e isglatsy %gsgpat%lgy(flﬁ ééfoawu(]‘ was depos1ted

Obtq%l {kﬁg Bu&}e&sﬁ(% ftl?ﬂfg 'Antné?ﬁaﬁ f e Itﬁﬁﬁe@dlfé&tﬁql 10801 University

ns an . I ntracel s isolate that IS
pqun&mcﬁ Meoassal, Ngrginge MéO@m%qmﬂanua@w 2083 pkassignsdhTCC

%:c:g}?sg ﬁ%ﬁmgerm 4881 &l Qa&s&l\%%&t@f V\EMI B4t RNYbRiMAIflofh PPE

|nnunogeh|c properties dm ni st ered
t Oln&ch:d stvinaror othkr annmdtlmdlrmgh@u thervorld glmnttbqjkrt%‘/ lgdge in the art and
enu t.ed i sol at esi gnat
e SRt e 2wl ap BLER s ST Ry i, yhcther
Tyﬁﬁm@a&cilblyer &oifitielty beained 0801 Uni versity Boul evard,
Manassas, Virginia 20110-2209 on January 9, 2003 and
assi gned accessi on
As used herein, the term “attenuated isolate” means any L. intracellularis isolate that is

prepared according to the cultivation and passaging techniques taught herein to achieve
avirulence while maintaining immunogenic properties when administered to a host animal
including but not limited to the attenuated isolate designated B-3903 which was deposited
under the Budapest Treaty with the American Type Culture Collection, 10801 University
Boulevard, Manassas, Virginia 20110-2209 on January 9, 2003 and assigned accession
number PTA-4926.

The attenuated isolate of the invention can be used as an immunogen in antimicrobial

vaccines for animals, including birds, fish, and mammals such as cattle, swine, horses, and
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nunber PTA-4926. The attenuated isolate of the
i nvention can be used as an i mmunogen in antim crobi al
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mammal s such as cattle, sw ne, horses, andprimates.
Such vacci nes can be prepared by techniques known to
those skilled in the art and gi ven the teachings
cont ai ned herein. Such a vaccine would conprise an

i mrunol ogi cal |y effective amount of the attenuate

| poimatee. Pyrchavapdiags P8t e pIERAEG] ly tg(&]@agf:salgqogn(g%];l\opeeqkﬂ?eq}%the art
V Ak glqg n lﬂéa?liuggs c?ﬁﬁln@ﬂ flEneduddh PRENOWoR rc@mgﬁ%% An

ective amount 1s determ ned by,

nmanmndxdngmdlyl etﬁfecm agnountygif thecienugted u@l?’é@({l}l@rﬁhﬁﬁﬁcﬁ‘ﬂt}%\lﬁ’
g ven O eLS i Of FAD

I L R
arimtmlmlngcz{lbfwiem anounli is deisrersddy eptapdlre varin el agt without undue
whi | e, st bei n I
D gFPﬁrgrEﬁniﬂlo% r‘%“ﬁglgh B{ngg con:tamela&%gems e’l!glgglﬁll%ﬁv a f \lz}gﬁ)ﬂerh IBQcterla
r %ﬁ@ﬂ&ﬁ@dﬁﬂcﬂﬁs@stmlhe aldirhuriesespoesd it d)lsttah@slsmmanmaéﬂ while

ia%%l fing gwggef © /olv%lh pﬁl&(‘? mop?lae-rgg%%%r a%llol‘%? %gct%ﬁl, 54 Hsease

T%Lamﬁd cns@rea&elmemee dpseath @6 adlhﬁdls&b@lut) the. sﬂsc‘éﬁiﬁ]ﬁ@ﬁm@be
bout 0 Td D50/é{‘ose In

a
{ rectrblsabast 3O s e bt Bk ve S5t FE B Rl o about 6.0
d eﬁcﬁbgg/crb%éiamn&e SEHGal Lﬂscm 20 fIIUIngIdoyeeto Bose SEH%IDso/dose Ina

endpoi nt ution assay
O e et e g PPy e 3 Sermined by
stalil CaRES 188G ivE DosesTos endpufmb difut bR a§shy) €T CTBY,) aTBOcarriers are

contaln an appropriate adjuvant. The vacgines of the
oo RomosmpTlsa baart vl N SHEIGH 4 (HUGEheKch & Vaceine may
5V i ﬁﬁé{P A8 FhelhéditRRbr A ideRidi8hay be used in
vg%%ﬁﬁgﬁmfﬁggvg C|néﬁg$%par§tlons may élso be i
desmbiratieyith otherveasindsefor yanipla ey editieyt Hfgneiber weghagre

9 ' NheRzd diGHb or st
D ABREGeBluleRl Rl 256 B el O, B SEPE (e e or sorage
medulymdesf avfori snbeqiamg foamulationuints liguloeasieest o vi rul ent,
wild-type L. intracellularis bacteria in an ani nal
host for the purpose of protecting the host from such
ba@dcefdnagly, Tﬁbanmtlmoaﬂs@mmmrismmhm for deeingign mrmune response to

[ ] ffect t of
S LS b T SR R s
hasibteai@, thticst R6ra bhc}h baagiia. MTigtresthatgcohipeisasadmimserof anhe

i nvention,t
1mmunologlcal?y etJP ctive amount of the attenuated bacteria or killed bacteria of the

invention to the host and, preferably, administering the vaccine of the invention to the host.

As used herein, the term “large-scale cultivation” means a level of cultivation of L.
intracellularis greater than approximately 2.0 to 3.0 liters and includes production on a
scale of 100 liters or more. “Cultivation” as used herein, means the process of promoting

the growth, reproduction and/or proliferation of L. intracellularis.



As used herein, the term"|arge-scale cultivation”
means a | evel of cultivation of L. intracellularis
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i ncl udes production on a scale of 100 liters or nore.
"Cul tivation" as used herein, neans the process of
pronoting the growh, reproduction and/or
proliferation of L. intracellularis.L. intracellularis

can be cultivated by nethods known in the art,, i
pilefmsuadiinarisaet be eiligiaddywpithada keyve isdhaart eraiagRly, according to

S, Uyn}t\éd §17a?e %thm%d &8;‘:? 7275 a%@% 88X 89| 1or eRdthil8lcBItGE LIS may first be

e | nocul’at éd "w an IHOCU|UHICOHDFISIn9
i nmcakaeu Iweithaami igoci bt mmmlsme Lagvtm@ellruhmé bacterkpesogg fq iglect the cells

d %tfn hgacpe? t gﬂﬁn%rou PR Banl G%'daed ﬁl'ﬂ)?a%tl&ﬁg tIQQn\%%ﬁ&l hﬂ%ludlng,

C|ng Invention, Inc g, but hot limt
t ®ut hdtGmittd tc(, BFKCGB 1580 -1589)t—rat intestirtal ertheligd icellse HEA12 (ATCC

CSoh et B o b S8t R LB PR et
Cec' éBcﬁ%/K%y he értﬁwh%)-#if%m&g{één mbiifeh R dMegbaR and swine

S, sSwi ne Intestinal It hel i um
c ehﬂestmal'l'dpahqziwef @dls eahq:mpﬁeu¢<b01&@re| cglipgre HEPR. 8/1 Gopopp/ EC-18 cells.
or IEC 18 cells. If culture cells are used, prior to
bei ng i nocul ated, the cells may be in the forn1of a
mifcllmyesells Tie kot prier torbeiog ipevlated, e csls mgy heaip theeform of a

seeded int onvent i
g éwg}ogqyfn‘y 'Jg et‘égga mon?l%ye% tp%eg% iﬁisa%o u?&? ?osé%n’vfhtmnal flasks. Each
alfoidk isRuctilly wedddsvifheret?den aidt 1489 celBS@ abawp 1934185¢ell per 25, 75,

I i

| rlsfﬁ'y lﬂd:ﬁfa for é@ll&ﬁﬂ@'&ﬂibn&@lﬂ&ﬁﬁcluﬁﬁmeﬁm@ey sgrospndressagt gyowth factors
for the chosen cu tur and a?carbon S

Suf@hthggh(&Frb&lH’gl@C s, ag ?8@ on éﬂque,pﬁug & g,llécé)se or actgs% The preferred

DNEMif RriNifhe@rtiict Rvitiamnss F 12 ithi 1t 36 Tet@ Yotiat mrulhpahhn@h other
serum al t hough ot her commerci al | vai | abl e nedi a may

b ecogpesicipiist Waa%‘?jmle‘@% may §e u%ﬁ@@@s%’f’%fes Wit ti vation of

L. intracellularis is enhanced by nalnta|n|ng t he

culture cells in a constant state of

ro
S tcotsohbSuIRYREOR of b Jb/Bace QT 5 AU oY SR g dhegultre cels in
ab&)ﬂgtalftgta #L‘%ﬁ%ht PLAbRH 1RQuARE 6&MNhokVet dRRbeat aHohEQO

time of Inoc tion. Preferably, the cells shou%@
at peadsotto aBOuL8 pewspint cpeflughayiat the0imsettdrastlatio f1relEHOY g@ cells
t h& Ly we o1, F{J‘%)Cnﬁélrc%h%‘a Abodt48 et@én@ E&IrRBhY a@the@ﬁ%f i®fdulation,

percent con ternatfvely, the cells, prior to
bemns;prerﬁmb]}zat@dut%ayrdgat@nfbwcyn suspensi on, as

Alternatively, the cells, prior to being inoculated, may be grown in suspension, as
described infira. Preferably, the cells are first grown to 100% confluency in the form of a
monolayer in an adherent type system, e.g., a roller bottle system, and then transferred to
3-3000 liters and grown in suspension. Alternatively, the cells can be grown in suspension
to the desired cell density, e.g. 2 x 10° cells/ml, within the 3-3000 liter vessel (bioreactor,
Fermentor, spinner flask, etc.) using parameters suitable for growth within this system

prior to inoculation.



described infra. Preferably, the cells are first grown
to 100% confluency in the formof a nonolayer in an

w@oddvsnersl t ype system e.g., a roller bottle SPEI/ER1004/022704

10

20

25

30

and then transferred to 3-3000 liters and grown in
suspension. Alternatively, the cells can be grown in
suspension to the desired cell density, e.g. 2 x 105
cells/m, within the 3-3000 liter vessel (bioreactor,
Fermentor, spinner flask, etc.) using paraneters
suitable for growth within this systemprior to

I Rgeyl gPI:qu a}n% d opg]t éﬂlt"d JFRY irP Bl s Bbibel Gof igfected swine or

intrac alne frominfected sw ne or otu?
anitreahsmaBr Bfefraly thetimsulumona ke g ciarepdy i acelWqfs@btained

p-ﬁgmdf@;gbr ace%lgr%‘k@rﬁlsA gbjai ned from ATCC accession No.

'nocul’'umcan be an intestinal honpbgenate
prepared by scraping the nucosa off of the ileum of a

p\Afé‘g él?qcﬁlélglgc%g rbﬁ ?12 lgqtrtg 1na[1 'ﬂﬂl%ﬁ%éﬁgte gc{?eﬁ) F) S T thle 81r1]1§03a off of the
sglegfitofd sivide o€ uihbwnenﬂhnfactwﬁ whﬂm RPS eWdice pﬂeemrxgrﬂg intestinal

gross thickenin

0o en pepoBiselsr B A R Shoh R b o RN Gyt s
atthicil@RME Ashepik.CRLYtoake Pasisnblur dftednctase sapplys shanld preferably
antibiotic to whic .in ellularis,is

siherstosed aya LG Ry ﬂP‘ﬁﬁyﬂ\ﬁB‘Pfé'i’%ra%@i HeBPYHr %%%‘e@"o(% @F%hL

ang, PRGINGEAS is36siGae Rhok Vanddnrycal Aﬁl@hotelﬁuhh Bdir n@mbers of the
Gentam ci n _and Neonycin,

achdsoglysosif@ SioRp e{ﬂr@mopas, %B@p‘xgs%en’@gmlg ﬁ)ilcﬁlg{?c?rwgcm ?o na¥ne a few,

baig Pﬁ%ér?ol%@ﬁde@ t(PtﬁE HobdllnRdo supphesd doatlihatibg baerirvohitetpermitting L.
er tthe itnoculumis a pure Culture or an

] wne«eqeﬂmlax is EomBy eWhetker thiiBReHR iSGPYst e QU Gn dfpinal
n?olg%@art]e lﬂﬁx:ﬁ)lgtrlé1 fqﬁéjculﬂi{re\é@fw QHDe baESHMIe8 YR Farkono Vdhnitues

gi ven the teachings herein. The bacteria

anldiown in thoewt] givendthe teachings hegin s are t hen i ncubat ed
under a reduced dissolved O2 concentration. At
di ssol ved oxygen concentrations greater than 10% L.
i rﬂ‘ltedmeﬂehmhral/cbréncg:ukammumge cellsgre tggwn@tmateﬁﬁnd%atrﬁfluced dissolved

sation r pis
R e e
bagbeth ia leamthhmbptinm mﬂl1a;b&sahqnujflgm“éh eesinfugllppecurringib SsEan

in a dissol ved, en c

ab%emlws%mfg)%g&ng%oﬁ &:ratbiélf ehre %g?téﬁh %nﬂﬁ‘)r ag&gtre&’ Eulture cells
anglé afcubddd i8 a@ﬁ@ol%&@b@érﬁ@ncﬂtr&ﬁmm ylgaerangemﬁ oboitt 0%t tp @bout 10%.
! nl\/Itopeepreferably, the bacteria and/or cells are incubated in an oxygen concentration in the

range of about 0% to about 8%, with an oxygen concentration of about 0% to about 3.0%

being most preferred.

The proper concentration of carbon dioxide is also important to the proper growth of L.
intracellularis. At carbon dioxide concentrations greater than 0% and less than 4%, non-
optimum growth occurs with cessation of growth eventually occurring at carbon dioxide

concentrations outside this range. Preferably, the carbon dioxide concentration is in the



range of about 0% to about 8% wth an oxygen
concentration of about 0% o about 3.0% bei ng nost

w@e@smeLretd. The proper concentration of carbonpdi/ogi0d¢022704
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is also inportant to the proper growth of Z
intracellularis. At carbon dioxide concentrations
greater than 0% and | ess than 4% nonopti mum grow h
occurs with cessation of gromh eventually occurring

at carbon di oxi de concentrations outside this range. .
Prrafee fimbi about 696 taczhobiokd Vel ivaskiackerhen dissife canqenigatiog of pbout 8.8%
tQFran etﬁégg% bout 6% to about 10% wth a carbon

di"GRE 4T BRCERT r at i on of about 8. 8% bei ng nost

preferred. In addition, the cells are preferably

I ncubat ed .at hydr n t [ '

f A5 Aedtgatesfy 8¢ BT SORe! Ehi Rk Sph el RAGE e enee
arfRon Akoubateslabont B136.UMos frefermblyyithe 8s13%e0Rsubatsd int atguigdso about
c2 nd  abou % H2.. Nitr N.d.S U @ s e
i B B AR N By M e
h)’rﬂi&ﬁﬁcgébnfa‘ﬂ%% ?g%én% (9@3@;&«}&6&@? @ﬁg)tmonitmgm(qxa%),(cam dioxide
an rogen or gr .of this organis .

a8} wrdRameyn (1 Bsieet e lisireps COBARAT P ghdioaeda

| My {iB6eeh %B&%?tfra&%g}i@ﬂl_@ lﬂéngg Q%nfjdb_o&@%/o tolv6ve Therefores eél]sstgeo/most
are nost preferably incubated apou about .

e atblrinese) oG PoHSUH G doahBa0° BRuO 4 s abou
!qg@ﬁkated cells may be incubated in a dual gas

i ncuba

tor or other gas chanbers which contain the
proper hydrogen, oxygen and carbon di oxi de

¢ %8&@%‘5@&(‘1}9&% 38 glc%l%éahn @ld{lﬂ‘_%’ﬁ Reutafk bSoth& dagchambers which
suspended urlﬁg I ncubation. The chanber shoul d .

c orvptairsige aropeshydrogen, oxpgentand pathp diodds GgeTnatiens apd pvhich allow
i n, suspensl i It M cBRPFiS: théuns f
SUBE IR TG leopPAffp Rl Tho BRELEL MU SRS fie o
i nenibatnignht sopdated crlle isfispdngionent a garaoritpn gad JPrkSayFrFe to

or PP ardagei B eR Bl i siteuRlof cLf aoiop b pdraihould b
t efipRs @hgh o fiom HAUb ABNCA5 Trend e ers peafgraldy in haeange phirom about
R
hegqiiinenORe ceXadtoh andhttengatiopiemtdilyuavsitbleso thwse ebordippgkill in
gfj;tjl_ef pt%ﬁrgé f’[e}lseze;ga{ghlj(llgglggﬂ%ilpg@lé %@?r}pgegogj eﬁlg?%’erllt{gﬁf)ﬂﬁﬁqﬂ: carrying out the
present invention is a dual gas incubator, e.g:, model 480 (Lab-Line, Melrose Park, IL) in
conjunction with spinner flasks to maintain the cells in suspension. The presently
preferred equipment comprises a fermentor, bioreactor, stir plate or rotary shaker
containing at least about 2 liters media and capable of maintaining the culture cells in
suspensién via sparging gas of the appropriate concentration, or other means of mechanical
agitation, and continuously monitoring dissolved Oz levels in the media. New Brunswick,

Braun and other companies make suitable fermentors and bioreactors for this purpose.

By maintaining the inoculated cells in a suspended state during incubation, maximum

growth of the cells, and hence L. intracellularis, is achieved by increasing each individual
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conjunction with spinner flasks to maintain the cells
i n suspension. The presently preferred equi pnent

w@eeopioises a fermentor, bioreactor, stir pl at ePOr/US2004/022704
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rotary shaker containing at |east about 2 liters nedia
and capable of maintaining the culture cells in
suspensi on via sparging gas of the appropriate
concentration, or other nmeans of mechani cal agitation

and contlnuously moni toring dissolved 2 levels int
rrecil siexpNewe Br growthi rokdia @yddhamprapry myxtHEs© élbj(‘ifﬁ&qﬁ, SEVERRR carbon

sul LAl gl %l{ﬁ?@‘%eﬂg St b ¢ &Pétgcf ﬁfﬂ%ﬁﬁﬁmg@fn shgﬂeﬁm&ug)nﬁﬁﬁ}ety of

B TRl nt al Al n ated cells in a suspen
strr&ﬂmdsilqmowmmlthmblacludmg, forsoxiampie gtaietiiesles rqﬂﬁ’éb%@sl igembrane

i ﬁg g Ewgaggaﬁ%\?ﬁ% Iréﬂ ‘E’ﬁ[r ycﬁtelrﬁ éfeﬁﬁgﬁt@rg &t S¥nner ﬂask% The cells

Imdi v exposure to gro
rrmhya;e &agt it mpmmpelnrmg ntubatioroly hyldqab@ﬂie celleyiny @ ApipRRY flask

The cul ure

i s e Sl et M€ R o iR RO G A0 heein
i @ndaﬂﬁa Adsk ok Bhktibntagher ﬁ/hfch emallmé :epaddlﬂ:l, pnop@lef brethey means to
rol]er bottles, I blO .
WASALR'E Hhy BP@FE&@%%?ggﬁ Fﬁgﬁ? 3% IZi nner
flasks. The cells may be kept in suspen3|on during
i ncubation by i ncubat |ng l.a
| s Pt abogasTh fedbaeBRsh e r g R fls R
t %Eﬂﬂueﬁg’}} ﬁﬁﬁﬁerf thaedls are%ﬁac@& 8ch @ﬁﬁl@ﬂ flask bB@AIRING gfdvab knedia and

ot her caontai ner which enpl oys a pad
otinmibatad irfsduabgasgioubiter VHls ianpa e sk E‘gé*bﬁ’%h e ipqulated cell
ga,g %EZ{I}E@ 4 of A ﬁﬁ{éd LM SHSRENRe spithe fliNke fTalsroanl be achleved by a
he 1 nocul ated cells are_incubated u

t herietglof seihodeinovnt theareycheasdsing a el freanceio tagh ﬂle cells. Once
p | RS e‘filts % 1f?trc§ﬁl:egﬂﬁ{o thd %ﬂﬁef:ﬁam( ahOhdud et ot S inRBICH Rk Q‘l’tyblcally

i ncu I'n a ncubator while spinning th
f |ramied iPthe frarzalof §r9mtah@1tl5 o alAub? W pmedn) amagngtiatir @Béf-‘deFdef to

tgﬁﬁsg%} %ﬁ: g % th&to t he spinner flask. This

I'eve rlety of methods known in the
art such as u5|ng a ceII scraper to detach the cells.

O&g% gxa Pgt%(ej FU 1Haéteec¥p nt t%)cgﬁ??;qs i% pgﬁgge%% Qﬁlrcuit{lﬁstg mcrease

Hnet y rotated
| nthé pRdii@iog ef Df infrodiiabiobactdsiat & hatmnf pet'swmgﬁ o1 Bayiagons thereof

d
ggl%qrr]egrtl Iq%ar%&]‘g %el%%ﬁf tlra%s %Pgra éofql%o]n #’ﬂ}ee%hﬁv%tgfL zngrgc%ylﬁlgms to

cul

I NfdsACElkre! bearssn bidleit th @ifeqaigsegl dells ovifhrts baceuiti rTéle temm “fresh”, as
i ncrease the @guctlon of

baesed hgrgin, means £ rﬁ' glalgaélga?tryat.besllta rr@%f%da ILg ﬁnstrc%cFlllula; is. Preferably

such cells are on the average no more than approximately one day old.

The passage of L. intracellularis in suspension cultures may be accomplished by removing
a portion of the original culture and adding it to a new flask containing fresh culture cells.
If the original culture has a high number of bacteria/ml, for example, greater than about 10*
bacteria/ml, it is preferable to add between about 1 to 10% (volume to volume) of culture
from the infected flask to a new flask containing fresh cells. This is preferably done when

50-100% of the cells are infected. If fewer than 50% of the cells are infected, passaging is
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herein neans the process of transferring a portion of
the cultivated L. intracellularis to fresh culture

w@edob®1i781 order to infect the fresh cells w t hPahES2004/022704
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bacterium The term"fresh", as used herein, neans

celI's which have not yet been infected by L.
intracellularis. Preferably such cells are on the
average no nore than approxi mately one day old. The
passage of Z. intracellularis in suspension cultures
wq:yefbebla@cmrpills@déﬂ spljttingthewilige 42 pwp eingty fgpk andescaling-up the

o r I eﬂ)y a%Hin? lflxre ﬁ? aﬁ'ﬂ%erbg éndtn(l)ed"i‘a NR Witk 8%, cell lysis and other

NI ure ce the ori gi nal
c u;ltdpsl ae nbaﬁqmrdd; gﬁdlmcmbetrasbtfo thﬁapﬁ@@%‘? af rrwnOlfWGf culiugagysisdn the
gr?ater t han about 104 bacteria/m, it is preferable
t P"R8¥ bet ween about 1 to 10% (vol unme to vol une) of
culture fromthe infected flask to a new fl ask

|'s. Thi .
DR ¥ e B ST Sk B0 Mg
Ofasde@?ﬁﬁéd RAbgeck fifi@redcest antitasly WFA) gtainigy ECHDsalbot gnother
o e OB B B G PR e Bt g oen
; #g&%&tﬁtﬁd Cﬁhﬂtv§sti%@ 3 tﬂfﬁdal?f peffameadtah &dll 1ﬁﬁste\;1tyaﬁ‘labodtﬁ9%3>r hlgher
er steps are no re
tm@erp@@% 3 ot s Gnayan o eiing Sotl 4 BE BT R B
%fecN1Wf 184 frlah €bRNtTHE h@f%sﬁn@ﬁteﬁ ﬁh@y BelpdrfoiBed Y separatiel the

sequént infection by L. intracellulari
deheierts from thesusprisioa by VeTiqys fesarighss kapiy E’éﬁ?ﬁec’? pigjnary skill in the

Zt M Vng the %‘cgﬁgﬁer ROPRESHHD HRA! AR NREMSActedd ishRABSted by

|ono tivated L. intracellularis
bawnmfuang e corsenthelralies ogrtiopiaf e sesprsiando pelist thgopfjure cells,

pertor gh%ﬂl acfle 1% 11 fll%%ﬁét lah 1y %Qh‘ﬁact@(@c@l@r TOpiAIBT at least a
e TR K ahd g

howev nows that harvestin
C opdrdorbmf thfecrmttmmdcmrlfagﬁd@lt abouh3090xg far WOU@?‘O mdrygestip gier to

600 ti
g]leta{{? ﬁegﬁ (?E te@ eri gs?lr om f gﬁ’g%ffsegﬁesﬁgr?igg%b)gor\? 3?1?%15 sa

t eﬁhfusé}pﬁiSpka;@glutmtet (SBEpsaditionradil passed apkioximdtely £ dmes through a
I ven et

b iy Rl ot GRG e S PRkl BlcBRnts alsif, the samples can

t hl&i @?mttfﬁgwat iﬂ{ouﬁMng forabgo five oxinutds to feencye sgbas |ng¢ielta@d debris.

elle e cu
SIERECTIMN GIEMA SIS Y FES T I

TYRE@8hS Pollefresispésitd i apQbpropiat@liiehe swhmat SBGSNlthsfetal bovine serum
centrifuged at about, 300 0 m nut

or e Prepse B Fetd PRETE ShREle Ay BATEE P ForE Ber at Shiggetan)
t e eI ESES REPEpste hilvestedlba¥idd bR suigeble for passaging to fresh cells).

As previously mentioned, effective growth of L. intracellularis for large-scale production
is enhanced by keeping the tissue cells actively growing. With monolayers, when cultures
become confluent, the rate of cell division decreases substantially. Attempts to grow L.
intracellularis on monolayer tissue cultures have had limited success and scale-up has not
been possible. However, using suspension cultures greatly facilitates keeping the cells

actively growing and permits continuous culture expansion and scale-up. Using a
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sucr ose- phosphat e- gl utamate (SPG solution and passed
approximately 20 tinmes through a 25 gauge needle in

woe@snitel | yse the cells. If further purificatPOUBE04/022704
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desired, the sanples can be centrifuged at about 145xg

for about five mnutes to renove cellular nuclei and
debris. The supernatant may then be centrifuged at

about 3000xg for about twenty mnutes and the

resulting pellet resuspended in an appropriate

diferrentor asUirstwees aBRGOP 8% dissolued Gois eblaingd abaves @ables growth of

PEReLS: banusalef: bashake sui tavl e for

ation, freezing, or use as an inoculant) or
grow h nedia (to prepare harvested bacteria nore

syj,ftabl e f as i. ' :
bt 1EGr RERHE a Belstholy SR e, B nido or
| aflge bewia) sctpasathitidphen-G sorewsminmeariby (Hp€lohe fatiomatories, Logan
ti e cell cti row ng. Wth I , .
SIS, by Yol e b TR ARG o0
degicReSEsrs atddsdiagiol thd mythodttsediptraint 0 gr ow L.

intracellularis on nonol ayer tissue cultures have had
limted success and scal e-up has not been possi bl e.

E@’(‘ﬁ)ﬁﬁfure i?]iﬁi'nféﬂlarlﬁﬂé $PROSIs ONitICHED-QlcaBurey, eefdrybly ai%lto 56 ethe
eeping the cells actively grow.ng and pernits

C IR GO e s s i e ouecly Ierek g ool cultures

af SRRt RArr R BeidesBreRBR WS Yo t50%:35%0EH ciftleVetbnidRedand replaced
expl ai ned above, enables growth of up to qgﬁ. rﬁ?$g¥5ov ¢
t eifth fro8 nisdia le? fiaeniveckii Jipr SeiGrep MERoses) 81 Bl 1470 10070 0

P rl‘ﬁ&ﬁ% %Plalgdig Qi e Q8Arfbiks MayRalesRo teultd@en,

acry or silica beads,” such as Cultisphere-G
porous mcrocarriers (HyCd one Laboratories, Logan

&I?{Pgncgﬁ% 9}2}?1&1{\4 T datt i OV TR i Boe c bRV R Eed, HAERIE to fresh cells

ers 0 not require mcrocarriers
acgeoerdilngectis betveemeldubderud techbhelr fedais. Aspming thajthe culture cells

2o agoiss o REREEY vl 2 TP e TR ey LB RO sbous

f resty Tedidayat weekly intervals. For cell cultures

with mcrocarriers or beads, preferably 25%to 50% of

the culture is renoved and replaced with fresh nedia .
1-Phetprésest imeakibly alsdmovidesdaeeings apdmpthodsior predadal v4coines against a

25% t o, 50% of nedia,. or dia with n,c re -
2 0 PSPPSR SETRAL S P
Whinedatetl Rel1sGh kispérsionabl £ dxepdakinma(feckadplei8 smyths), at least a
TRy A Mgt ARG b aesbich g motired for
potential attenuation. Such monitoring is preferably accomplished by host animal or

animal model challenges to select for an attenuated isolate. Such attenuated isolates are

used in vaccines according to the methods taught herein.

The present invention allows rapid culture expansion, an increase in yields of 100-1000
fold, and reduced cost for production of L. intracellularis of Buropean origin. As a result,
the abundant supply of L. intracellularis bacteria produced is readily attenuated for vaccine

production purposes. The method of growing L. intracellularis in suspension greatly
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beconme at |least 70%infected within 2 to 7 days,
pref erabl y passage occurs between about every 5 to 7

welayws/0117Be present i nvention al so provi des vackCTiES20841022704
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nmet hods for produci ng vacci nes agai nst a novel isolate

of L. intracellularis of European origin. Preferably,
after maintaining the infected cells in suspension for

an extended tine (for exanple, 6-8 nonths), at least a
portion of the cultivated L. intracellularis bacteri
anﬁacrbmea/thsbaad, sperd, arsimiumberef bheferiyo peaileblg fordhis gpipater due more

eﬁ’?ﬁ b Lk IV‘;hl rebgr fﬁ? Fﬁéa@f:{flg RED oF 'ﬁﬁﬁad%s B&Qstring which are
arfe gl SR el chal Fenges to select for an
atadem@gee@h ih S(mdcate&ievefﬁnmﬂrﬁnat"ﬂelﬁw@‘é@ in suspeitsiogs Hceeases e

| nheé(\lg % gsgﬁlg"g‘?ﬁ ‘\%’é‘ﬁ Hl%ﬁnog?xrs o(;\?)\gtr(m;eg :Bg g@\ﬁ{o?idlrggﬁlelg %;gﬁfgfég r%enes and

annéin&peasion prvdydtel ds of 100- 1000 fol d, and reduced

cost for production of L. intracellularis of European
origin. As a result, the abundant supply of L.

' nTHe@Gﬁ'ltidgl aﬁélﬁtﬁteﬁa@ﬂﬁsi can p¢ adineeed in Sssue eliurgmonolayers but are

g]E grgﬂgg\a}q}tyﬁ@llt[vgtrep \I{Ragugéegl%oﬁ pgl}q.\l# Ct. :q%ﬁ]eg 18 gsgcii?%t%nu-mgn IRiNAeke

Or @R RHeh8ARE By itase s Gor esfBslel ,N-ﬁi&dlyhnﬁtrbmgumﬁdine and others
bacteri um avai | ag [

le for this pur ohczle..TQ?e1 nor e . nuats I
ankhoga in theiagt SYlsker Rk Pl ge e LrE S’taﬁl Feve
Of ;b )3%5 &8&%@& hiiselébie € For &ﬁ@nﬁdﬁ{@ﬁfaﬁgﬁouﬁ préferred
vaccl ne devel opnent. Thus, qrowth in suspe gﬁz 4926,

i nemeodireentsthereaxppeaisneieddso i‘tﬁﬁﬁrf%(ﬁ?c‘ﬁeﬁﬁeﬂﬁﬁi‘b "
controll ed by environmental | y regul ated genes and

their expression products. The resulting, atfenuate g bed
[ s’ﬁha‘taesm@ airtigloe can Hetharvgstediby eentrifegatien ey icty gtratlon as describe

9l QYShS e&?#n gtdfen@{aﬁﬁzﬁﬁl%a X a Qfideld 1&leEbhsédlorShe BFtialR Rost

cu NFes tenuati on can i ncl ude
ch er[mxaaknnatnb essparist oletepyineh by o desedifratignop tl@)gms@qn@nal species. The

V%EEC%%% HBB;}]’I %l?af ? Qa[l’éeadnbag &ﬁoa@'ﬂ'ﬁo@ﬁ QhSark @%y'u@m% tfbe,a"/ﬁlfdrmahn or

ssage or cC enlca neans,
at betiaitidating dgarts mqeéard alrillel Vascips. cEhecatisaris ﬂ@@ ur@eltpe@ted into

t e sBE et R b v et pEf e STR GRS e grmune
PTRsA4E. THMtiYacS thee u@emltto gmma‘anhetimsh‘aa intrgmasbulsy or subcutaneous
o R 90 SRR o
based on the optimum host
Preferably, the bacteria is serially passaged to induce and select for an attenuated, avirulent
live culture. The culture is tested in the host animal for signs of attenuation. The culture is
harvested as described earlier and lyophilized. Swine, for example, are orally vaccinated
with 1x10% to 1x10° bacteria. About twenty-eight days after vaccination, the swine are
orally inoculated with about 1x107 organisms from a less passaged (less than 30 passages
in vitro past the original isolation from the intestinal homogenate) virulent culture of L.
intracellularis. Infected animals are necropsied 21 days after challenge and the small
intestines observed for gross lesions as well as microscopic lesions. PCR, indirect

fluorescent antibody (IFA) or immunohistochemistry (IEIC) should also be performed.
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ani mal i mune response, determned by a dose titration
in the host ani mal species. The bacteria may be
wo p@siwvat ed by net hods known in the art, e.g.pPCbysS2004/022704
using 0.3% formalin or other inactivating agents to
prepare a killed vaccine. The antigen is then
incorporated into a suitable adjuvant, such as
al um num hydroxi de or mneral oil to enhance the
I mmune response. The antigen is then used to vaccinate
t h GAxH’(DOBélghty @emdﬁtt bAthE senttodanimals swilb chdvaglegsuﬁ mmf)a:@bicm;ons and test

{
oo By R B Mot BE L Sy o T g P Rp e e kst wsing
se reﬁtHéﬂPﬁHdQ a&45 ag GI?HlCTt@tlhglﬂlHﬁhSdsa :’\Chc&ﬁé.taCzinnﬁﬁlﬁ l\Aﬁ\IIIl have normal mucosal
attenuat e avlr e lye. cu ture e . cu ture IS
SRS Y defrininsd by Bisolasioat ghecrsfhians ag Wil Beuioietive i PCR festing 3

sTheo & Webltb st ifodudivest ed as described earlier and
| yophilized. Swi ne, for exanple, are orally vaccinated

with 1x104 to 1x106 bacteria. About twenty-eight days

af (RheA$, GhAAéduaRd 1ﬂnlﬂﬁno°g\%19 g, z%@ce%@t 5 Ysol a0 Bt@h@é& after
with about | x| O7 organi sns from a essgfassa | ess

t h&AntBYopsRdEgder abquiviS0daysiageout AR days.giuring W %&b Itizrei tegeulture is
fr %Q&sﬁ&% abBit&BL 10D Binel) oﬁysggs@ﬁtoﬁé fléﬂlédtﬂl %tar%lo@vy ﬁ'%t Qherlattenuated

intracellularis. Infected aninals are necropsi e
10dayultues may b&mpd@ﬂ@by vaping Hessshigirds. i nt est i nes obser ved
for gross lesions as well as microscopic |esions. PCR
indirect fluorescent antibody (IFA) or
i mthakdcgpodtent ofttheyinydnkia) cantbedyaphaized Afer harvesting, the isolate can

pe 'BF: %%ggrf@cpbﬁft va‘faﬁo%é(th&% rkggxgn 1n|QtBe ath] Snd"3N %r %q{u(et WIHH 1a s%ablhzer

m Cr oscop esli ons an
po:elgt sucensé gclammﬂam]nz&s e’the/aocfmd_produmt caachdnl hel sabJSGtemtotﬂBez1ng and

osal cells of |t nes u ei.t her o
or IREE QBB e, ey Ve B e dmatiis Fpine fobatt 45°C +
n O Bh@ hndﬂhtﬂdlﬁ@ for bt aﬁt@ﬁurﬁt&:s dﬁilﬁpﬂ&@&ﬂlntﬁys hTigtdeying lstelﬁban
observati ons Wi | | atlv .%esthg
4 \XEER%SC&S@WX csﬁtoé?t’?réﬂ ry‘ "é’Fa ?V&a‘aﬁ CAt't BHGE mg Step can
| MOLIAPGRNI(H rhmpihHtd eeedeh ubait LC IOARUE-5PC afd ﬁkﬂ&hﬁ% €or between
after ontlnuous cul ture for about 150 days to a

2560y 20 mies fakant E40mipkes ard, epfianatie () garrﬁsa%f&dvéween about -

202bgett 1ot P ClandBSIdingT¥YRIEBIcen ARSIt $50 tnlrReks tdlatol€2@0 Iminutes. The
knows t hat ot her attenuated cul tures may be produced

by sqp@p%ry] gfen Easelly comprisss rapping ta abquh &7 =b€i°lfcqndd101c{np%for between
| NY&Rk B@(ﬂmﬁﬁ&s BeadoPPRo |rﬂ1ﬁ1ﬁ99 RlelsRiiled BT MESE klﬂgvs thi¥%hese ranges

i solate can be concentrated by various nethods known
i ncahke agijusted depending oo conditians.g g tstagting voljinng. zer |

25 A vaccine is then prepared comprising an immunologically effective amount of the
attenuated L. intracellularis in a pharmaceutically acceptable carrier. In a preferred
embodiment, a vaccine comprises ATCC accession No. PTA-4926 in a pharmaceutically
acceptable carrier. The combined immunogen and carrier may be an aqueous solution,
emulsion or suspension. An immunologically effective amount is determinable by means

30  known in the art without undue experimentation given the teachings contained herein. In

general, the quantity of immunogen will be between 5 and 5000 micrograms, and between
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e.g. sucrose gelatin stabilizer. The vacci ne product

can then be subjected to freezing and drying
W@ boosphi7Bi zati on). Generally, the freezi ng st epCT/US2004/022704

conprises ranping to about -450C 3C and hol ding for

about 150 m nutes to about 480 m nutes. The drying

step can conprise primry and secondary dryi ng steps.

For exanple, the primary drying step can conprise: (a)
ranpj hg to, betmeen about -300C to about -5C and
hollaJ rfgd 167 HIDwe prefeathbybetan 167 Qrantl 88° 4T IRhobreliB&Prably between
m 1 [ to between about

Eg%%tﬁ%lgbggtlﬁgévg%glukﬁféj?gﬁter or lb ‘ween about 150
ntnutes to about 2000 minutes. The secondary step

S ra about 27C 50C a

ot Ri'bs FORRIRAED ch@mRe St RGP b ot Mg atenuated
sm lﬁumeecellﬁmezsﬁogdté &ﬂlglgﬁtgd he Cgrabcdsﬁﬂv\ﬂotmdm 49169% antigenic material

ra ependi n it :

st LPH %Eea5 £ RS e, el b(“ﬂl%?tq Bé& e%' etefe fi o8-
anSalmuﬁai dhgleeddsiiy, Sefkdald iy BhimeEY, E%fszﬁen)@hr@ct spg! r(bl at ed
|ntrPceII laris in ha maceut i cal » accept abl e

2P PP D5 et e e lD S (- ooy s parasus),

C Ombépﬁ&ﬁqa/ﬁ% 26 SBBSH M MPopiR Z%oﬁ’zg)zﬁeﬁtﬂsp@a asPp. Clostridium spp.
IOpha eutical ™ acceptable carrjer. nbi ned

BHT It REHFISEES C??d? iy dffcd epu%%or%rzmspm fe-g-» Streptococcus
eMkli$] BicRspSH e (;]b'i%) %c%z#d%%kﬁ&lz&e")‘l édﬁdﬁglfae(tg %l ¥ordetella

anpunt 1Is eterm means "known in
Wi %Wﬁr‘tlseeﬁcﬂ)ep@f@ﬂéqltartﬁm(%mw@t &/ermulieeidas aietrivirgs (e.g., porcine

C oéﬁtc%'vi?@sctyﬂéef)eb&cmé Qﬁﬂ@cfv@land %@}gbag%@ E}%ﬂdtré{né)g’RRS) vmas swine

Imﬂ.an en" W | be be ween crogr
benfibea i Smal cqxogo\orusr@l gaoomsrpxssble rgasjtoyentn@nmm)m@s porcine

N

pr@@qﬁﬂﬂ¢ﬁveﬂt|on al so enconpasses conbi nation

vacci nes conprising the attenuated L. intracellularis

i sol ate desi gnated ATCC accessi on No. PTA-4926 and

anki qpe pinbodiment; thalcorhbinaicatvat@mstomprisesahd@tenipadd VD g@rucellularis

i ncl mte nella s,
o iR s P B G g BranoP AR e R it B germoneta
20 Si qzifayemdsmlv XErgipelotieiv gpp, CEJ@#&M@E&@I Bﬁdcﬂyspﬁal §ppO, Rahdthisddle gastro-

w%lg% Ié’hgﬁ)sbtﬁp e(xéeﬁéfghemﬁggé’? a’]g% pﬁzvglgr G g%gn a):ceptable carrier.

L epitiipic meat& P from @/ogtiditalisppNcSiPRclul € bt is n&H 198iteditsl 1BBridium
per f %ens ostrldl ntdl ficile) Streptococcus spp.
( epeé} ing %’d@@’ﬂé" 1cil. Antigenic materlal from Erysipelothrix spp. can

include, but is not limited to, Erysipelothrix rhusiopathiae.

25
In another embodiment, the combination vaccine comprises the attenuated L.
intracellularis isolate designated ATCC accession No. PTA-4926 and antigenic material
from Salmonella choleraesuis and Erysipelothrix spp.; and a pharmaceutically acceptable
carrier. In another embodiment, the combination vaccine comprises the attenuated L.

30  intracellularis isolate designated ATCC accession No. PTA-4926 and antigenic material
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suis), Brachyspira spp. (e.g., Brachyspira
hyodysenteri ae), Bordetella (e.g., Bordetella

whe@sohi7sept i ca), Pasteurella spp. (e.g., Pastper/@sioas/022704
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mul tocid), circovirus (e.g., porcine circovirus type

2), porcine reproductive and respiratory syndrone

(PRRS) virus, swine influenza virus (SIV), coronovirus

(e.g., transm ssible gastro-enteritis (TCE) virus

porcine respiratory corona virus), parvovirus,

Eimfalmhmaéla@bwemewné Esysinefodlaéiifndepahiqs @ grmaceutically

ne enbodi nent, the conbination vaccine

&?%é§§£$hg attenuated L. intracellularis isolate

deS|gnated ATCC accession No. PTA-4926 and antigenic

|
I‘rgégrrl ere §§1J {ﬁg%gllnkﬁ F@Wa&fn?eec%ﬁl SisesEhd/steR@IQE AT 1 X

unfspp ysplr transm ssi bl e
gasd &c@llﬁﬂ;tz@fsblbtegieé@(@d ATCQ sgcessin N d’ﬂ“ érﬁiﬁ jagd erfigenic material

T
Lj:(%??ftﬂ@zuhzﬁetaﬁib ,@giiiné thfluenzpeirds EHENG.gaddVv d, iEEt’-r’lD ,@fuing herpes virus
O A VBN TBEPS) By RIS 4510 PO R o5

r hudsibiaRAtPhARs virDs, avefefeshcepibitiii viras)tV entduelan endsiphdlitis gitus), or
vacci ne conprises the attenuated L. intracellularis

i sWesiPaleyaus gpdp Boprmaeseticply aeephle Ry A- 4926 and
antlgenlc material from Sal nonella chol eraesui s and
c iyl AT AU ED 1D BB S TGP o animals,
3& 1bly %W {588 of RSredok@Nuat Ak dr-killddtvaasied iy Berad&nmstered 1
ate"desi gnated ATCC accessi on No. PTA-4926 an

mr|2g@m8@t el e val FOSK AETBFITR 1D SPeiEe 4l dosgpretered. The
?&L}I%e{ég b%adiﬁl%ﬂraﬁf&ﬁtoh bR uaté G eds M 8GR iusaalak,Yoral or

carrier. anot her enbodi nent, the
c antnanasﬁl,l bowh infrawosokar @W@E@@Wﬂﬁle‘éﬁopéﬁ‘%ﬁt qig)most preferred for the
aris isolate designated ATCC accessi on No.
PQ%ﬁ%gg%&géd antigenic material fromat |east one
ot her pathogen including but not limted to:

i n?ﬁ%ﬁéﬁezglggr}]}o‘?ig @f }E](él?b?s d(lsocgegrﬁllil&?e\}w tkfw{ﬁggéq’uggcgflé'ncgﬁure the
h ecrapemvw bactesia( Blsh)result.ofjthe pElsM}t linveidv; develophied, OfEHgnQ‘ﬁtlc tools

VI I UsS e
b B B PR B, BT b s
Veqapus hken aosepal dntliothew arfimsl susoesptlble to PPE is now possible.

The L. intracellularis bacteria of European origin of the instant invention, or components
derived from such bacteria, can be used as an antigen in an ELISA or other immunoassay,
such as an immunofluorescent antibody test (“IFA”), to detect antibodies to L.
intracellularis in the serum and other body fluids of animals suspected of being infected
with the bacteria. The presently preferred immunoassay is an IFA as described in the
example below. Alternatively, the bacteria of the instant invention can be used in a

Western Blot assay.
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West Nile virus; and a pharmaceutically acceptabl e
carrier. The vaccines according to the invention are

w@ewsnal7By admi ni stered to suscepti bl e ani mal SPCT/US2004/022704
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preferably swine, in one or nore doses. The live or
killed vaccine may be adm nistered 1 or 2 tines at 2
week intervals. For the attenuated, |ive vaccines, one
dose is preferred. The preferred routes of

adm ni stration of attenuated |ive isolates are

i e arefised FEAISA pratdcobsccprdingdm e anventign is phiollaftis cul ar

and su ne | BL&CH LR if QMRS bafhE. TRebat®fRI8hb@SE at 4°C.
for ﬁhgﬁgml%ﬁ%\i%@c %‘e‘§‘1“ flfécat)hlttlv% di agnosias of PPE has

al s@.b®&sh Bitimdewitt PBY. t he time required to culture the
causative hacteria .. PHESEAE 1 to 2 hours at
i nve tﬁgﬁpagévéﬁfé%ﬁlgﬁ?b‘gfférg?%%%gg?iogﬂtgtgo[r[s pr ormc%i n(g)gu
rapi d ayg.accurate assays for the presence of L.
intracellularis i.n bio i cal sanples taken from sw ne
and ‘gt ﬁ\éaéﬁéﬁlm?a%tﬂé’@%{é‘%?‘ﬁ“bl e to PPE i s now possi bl e.

The . Dilptesatel ihblking bbtfatand hdd @1 niktr thp Eash wolls of atof Make
the instant .invention, or conponent riVv, from such
bact er pHial &2lipEon; 2ergss{c plaie, ‘ﬁ“g%%ﬁ’.rﬂ%g‘ﬁr %ﬁ?‘SA or

ot heg, iWHIHNIAS Sisés wiHGAsEsufRA | munof | uor escent

anti body test ("IFA"), .tq t ect t.i bodi es t , .

i ntréac @yﬂutﬁ CRRUgAtP /1 l?lﬁ‘é“%q"‘g% %Pr‘il(fdgtrd Hé’?ﬂB 8"&@5 ??Pdr!""ta gndipcubate

ani mal g, suspRestgecof being infected with the bacteria.
The presently preferred i nmunoassay is an | FA as
descBi Deashi3io £ igneawithpiagh Befdw, Al ternatively, the

bactgri i nstant invention can be used in a
T i 210,
V\éstgr nadgl ot assay. The preferred ELI SA protocol

ac coi @liMepsuro absetbanepafhighionith spesirpBPIOBIRET 1. Add 0.1
m/ I t.] L4 ' | Rhks. | ncubat e

For T oS VEnghgdth g i RGP hen D Res. '3 Age
0. 25 12rPosifivbhsiolegatiye lsartfad swing seamisheudd plspe yed path each test.
I ncubate 1 to 2 hours at 37C. 4. Wash 3 tines wth

wash buffer. 5. Dilute serumin blocking buffer and
adtherdfentd Westtind1fti pratocobd dsdolfwspl at e. Make seri al

é72 (i“ | Iyutni an 12<“§’e:nao(%1r 958 sHEP AR trah FEHD Rt iffiosd nfdRfdFang!
2. Place membrane in blocking buffer for 2 hours.
3. Remove blocking buffer and rinse with PBS for 1 minute.
4. Dilute serum in blocking buffer and add to membrane. Incubate for 2 hours at
room temperature.

Wash 3 times with wash buffer (5 minutes for each wash).

W

6. Dilute conjugate in blocking buffer and add to membrane. Incubate for 1 hour at
room temperature.

7. Wash 3 times with wash buffer.

8. Add substrate for 10 minutes or until strong banding occurs.

9. Rinse with PBS.

10. Air dry and store in the dark.
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6. Wash 3 to 5 times with wash buffer. 7. Dilute

conjugate in blocking buffer and add 0.1 m to wells
wo@toosloat7el and i ncubate for 1 hour at 37C. 8. VeSHUS2000022704

5tinmes with wash buffer. 9. Add substrate. 10.

Measur e absorbance of light with a spectrophotoneter.

11. Wells in which antigen was not added are used as

bl anks. 12. Positive and negative control sw ne serum

shoul d al so be used with each test. The preferred

Ve ér inirBladlulapis becseria of Baropsars gsigimelhe &lstalpiuﬁvegﬂ?fi» GEFPIgpnents

1 %g%%ggéonﬁe% ?g%eeﬁar Qé?iga]fls%rbetl,@edr{b ‘iafe?%% |aht‘1’§eﬂ§1§ o%ﬁb&ﬁ&ﬁor

buf hours. 3.
Reioguesio) ropiivigtib ot frerapenis usé. e Rniriocprsgcigna of Buropean

mgﬁ%fn:cﬁ the IP?%mE v%nt‘ic'c?ﬁg Qhﬁon?én%cd%ho&i D4, & raReriadsh Eeo

urs at room tenperature. 5.
5 \aghindstéredrs sintuman shimalinfaeramosntreifiactivego ¢linit agdemune response

sh 6, Dilute conjugate
{ Srhisapisre Pt e rar e st AL i, AL APl e, or
: 6:0M§§ﬁbn& detivisfroah tuth\bagérid) cdnftercoll&tedAdcording 1 methedsfkppwn in

m nut e til strong banding occurs. 9. Rinse

tQFﬂﬁﬁé‘gTﬁmeiﬁ?eﬂry and store in the dark. The L.
intracellularis bacteria of European origin of the
i nstant inventiaon onen erived fr
10 balde aresent Toen 8 Briger GRUIDeR 5 BF SUERTpR By AL fre provided

anbs adiaase pitposds @fﬂ{/‘ Qfﬁi 4r€ notR6 BOEBHk@Eiag hrrﬁling Indeed, other variants
t her apeutic use. . |ntracellular|sﬂgﬁ 1g 1? of

Ewf djsenyengen ‘gilhbedﬁa‘{ﬂbfélppaﬁ%ftt imene;of prinany

conmponent s derived from such bacteria, can be

adm nistered to a non-human ani mal i n_an anpunt
efAlbputiligationg ard pagents citgd herpiggee ip@gmﬁg%by re?erence in their entireties.

15

EXAMPLE 1
PRODUCTION OF L. INTRACELLULARIS VACCINE

20 Isolation and Attenuation of L. intracellularis from the Intestines of European Pigs with
Porcine Proliferative Enteropathy (PPE):
L. intracellularis virulent isolate DK 15540 (DK 15540, DK-15540 and 15540 are used
interchangeably herein) was isolated by the University of Minnesota from an ileal

25 homogenate of a Danish pig infected with acute porcine hemorrhagic enteropathy. This
isolate has been deposited under the Budapest Treaty with the American Type Culture
Collection, 10801 University Boulevard, Manassas, Virginia 20110-2209 on January 9,
2003 and assigned accession number PTA-4927. The isolation process included scraping
the mucosa from the ileum, homogenizing, trypsinizing for 30 minutes, and passing

30  through a tissue grinder. The ileal homogenate was then passed through a series of filters
consisting of 5.0, 1.0, and 0.65 um. The homogenate was diluted in sucrose phosphate

glutamate buffer with 10% fetal bovine serum (FBS). Aliquots (6x1 ml) of homogenate
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and the antiserum or plasnma containing antibodies to
the L. intracellularis bacteria, or conponents derived

wo e@sosIeh bacteria, can be col |l ected accordi nBCT/0S2004/022704
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met hods known in the art and descri bed herein. The
present invention is further described in the
foll ow ng exanpl es which are provided for illustrative
pur poses only and are not to be construed as limting.
I ndeed, other variants of the invention will be

r etk ﬁﬂydmp atoegutat fess hare-767C.oF i hiparogenralg Was yspd pjaogyiym to infect
Alr:IlJ Z)f ubj f‘iﬁé’cog)l%nP A fika V&hé Iﬁgmjfb?crdedaﬂ%/ 2r&cCoy cell infection

ference in their entireties. EXAMPLE
1 b B@apjﬁgmogaeemmonmm%mwmmbs pomexipEhlodds Geatment, and

Att enuat |
o R M BR3P e g st
Erﬁhﬁlﬁd@lﬁb@tsbéélﬁm infeacellmtoriachfidrelesen sassagesidreanchorags dependent
DK 15540 DK 0, DK-15 40 and.1
i el p@ﬂgﬁé@g pbri)aﬁiag% gveln g trtagsgﬂ'ged‘r’}flﬁe l%ﬁ?q/l es 1nner flask

Of coiath ﬂ%%&@o}f deﬂﬂhtﬁfgrb\lvﬁé al sub]ﬁrmglemﬁﬂ haméstaTEﬁEarSSSh 1@@1@6 of L.
infected with acute po rrhagi c t

et LR SRS AP LSRG SRR i
TreadYe WNIECSNR11AR 8D GRks by Rstet Fdr ideatitdiyl r&@tocbnal antibodies.

10ﬂg%@gm@gvgg;’hﬁfﬁéwgsogﬁgﬁ%&%Qgi@%gﬁ ggb %rtdg% g? e used

NUIRRhaE Eﬁﬁﬂ’ Rérdim). Tﬁ@laﬂemb% W@sﬂde@ﬁ@l@& gfder (el Bnﬂlepbst Treaty with the
scraping

e nucosa fromthe |Ieu
t r4peiican ZiypgCigre Golleptingt18801 %lﬂtﬂerf} Lﬁ%’%f‘ﬂ #\’é‘ﬂ&% s, Virginia
L 25Y6. %%d Jhdﬁflua BGZOPI,’» &R 2sHOARIETEL Becdsont & TPTKA&SBGd
t hfoug I'es” of ters conS|st|ng of 5.0, 1.0,
and 0. 65 nn1 The honpbgenate was diluted in sucrose
pggé hate glutamate buffer with 10% fetal bovine serum
Allquots (6x1 m) of honpbgenat ewere nade and

stored at less than -700C. The honpbgenate was used as
'nfc%hungto infect T-75 cnR flasks of MCoy cells.

deRifEatter e nonitored daily for McCoy cell infection
bycm&misﬁg gbe»ﬂDgeqmeinhentsDP@R asgpetians, 4nd siangelerd! patitedy reactions
pot assi u tre
coWEEMNE é nEé’l l;j TRt 11[” ?ﬁtéc% rqg% g}é)glghg ? eg%t%rtlagi ned
by | FA usi ng nonocl onal anti bodies specific for L.
intracellularis. After el even passages on anchorage
deBeHdent

Purity of Master Seed and Working Seed of L. intracellularis was determined by

examining cultures with monoclonal antibody stains, conventional extraneous agents tests

for bacteria and viruses and by sterility mycoplasma tests.

Virulence
Master Seeds of L. intracellularis were not virulent as demonstrated by the lack of ability

of the Master Seed and Back passage inoculum to produce clinical signs and gross lesions

that are observed in susceptible swine following exposure of virulent L. intracellularis, as

further illustrated in Example 2, infra.
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cell cultures, inoculumfrom passage el even was
transferred into a 250 m spinner flask containing

wor@spirel | s and grown in suspension until harREFUS20041622704

10
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Dani sh isolate of L. intracellularis (ATCC accession
No. PTA-4927) was attenuated by continuous in vitro
passage in McCoy cells for 80 weeks and tested for
identity by nonocl onal antibodies. The attenuated

i sol ate was desi gnated B3903 (B3903, B 3903 and B-3903
arRangsefbubpulweshangeabl y herein). |sol ate B3903 was

d ' ; T SAtY DEtARBIH 6leen
T&%%ﬁh%ﬁgﬁ#QQ%%Fﬁgg?ﬁg%ﬂe%%ggffUn|vg?%?F;ﬁBoulevard
MpnassegadionMihe dlasieaS&d110- 2209 on January 9, 2003 and
assi gned ATCC accession No. PTA-4926. Cul tures:
Identification Characteristic growh requirenents, PCR
reaaﬁmﬁnbnmaﬁdmnnnoclonal antibody reacti ons were used

Lg@lzgffgltog Ma;gﬁf I?@ gtéa]?ﬁ\lfl o\?érﬁ/grs A @énggﬁgn%qﬁ ifju'ﬂﬁ:cc%eﬁglomﬁed

Seegle¥ledium iwHhHaek Fudtlﬁecﬂ Emammwrelrzmmbmw (ta/x)amn“%pwdoovme
ceRET S oh e pe s e (Rt P R e G IR

by sterility rTycopI asma tests. Virul ence Master Seeds

of L. |ntraceIIuI s wer 0
iR G ng Srev s dieq i VBNV St 4R 00 a1Bser £ and
angl| B3¢k )O%ﬁ)%%?cg%mhd?&%& Watking eeddorage mbdig) cal  si gns
and gross lTesions that are observed in susceptible
SMAne fO||OMAng exposure ofvirulent L.
l{eafﬁﬁ llldﬂ‘lle@{ ¢r§duo@§/a§ b0 8f sublobdisdl dtiatsedilizer (B&3Niral oduct
ra. Ran Subcul tures Final harvested materi al
fr&ifmﬂmm @tl on of L. intracellularis did not exceed
el even passages fromthe Master Seed. Medi um
Conposition EU McCoy Master Cell Stock (MCS) were
grBrepagatich mai nt ai ned i n Dul becco's Modified

Master and Working Seed cultures of L. intracellularis were propagated in EU McCoy

MCS using cell growth and maintenance media as described supra and stored at less than

or about -35°C.

Source of Tissue

L. intracellularis seed and production organisms were grown in McCoy Master Cell Stock
(ATCC accession number CRL 1696, batch number F-10422). The mast cell stock was
identified as 3894MMCSS at passage X. The master cell stock was passaged an additional
six times and identified as EU McCoy MCS X+0. EU McCoy MCS passage X+0 was
stored at -70°C + 5°C or colder. Production vaccine was made in EU McCoy MCS cell

line subcultures through the 40" passage.
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Eagle Mediumwith Ham's Fortified F12 (DVEM F12) and
1-10% (v/v) newborn bovine serum (NBS) or fetal bovine

w@eran(7BBS) (cell growth and mai nt enance nedi BOT/US2004/022704
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Master and Wbrki ng Seed were stored in DVEM F12 with

1-10% (v/v) NBS or FBS and 5-15% (v/v) glycerol

(master and working seed storage nedia). The fina

harvest product was stored in sucrose gelatin

stabilizer (SGS) (final product storage nedia).

PKhmmgahnmnmﬂaster and Working Seed cultures of Z

gj{'[? ﬁ%? m& were ﬁaopg%d?édo RRIRE Sl ks Wﬁ@y Y8 Sirfale area,
enance nmedl a as desgribed supra

al’@bs&t edllegibes il el bolitn with 84bout to-23B250. cnBoigspiangilasks up to 40L

sue L. Lnt.race lari oduction
or"ﬁ%‘ﬁ r?é‘d\k‘?e‘?‘8re§? %R?\ﬁaY‘ﬂg %b%oﬁ)%{vgg% er’'Cel | Stock (ATCC
accessi on nunber CRL 1696, batch nunber F-10422). The

nast cel | ck dentified as, 2
X Serhpsrd . Bepr TR S s an Che it BAEE 39 o o
S12¢40i JHE S0l goﬂggﬁ Fikgub bﬂﬁhrﬁﬂasEUth CHYSMBE ditface &eh, NEBoy

passage X+ mas tored at -700C 50C or col der.
privereectoreRavingctl 190 OMasemitiPe in EU McCoy MCS cel | Iine
subcul tures through the 40th passage. Culture

Cont ai ners EU McCoy MCS were pro t t .
o s o b b Tebes o SORP A s Sh sy Fap orin

Cﬁiﬁ!}re&éf&?ﬁawﬁgbﬂ&l%@fdcﬁ%t:i‘i:}t es wth 850 cn2 to 2, 2250

I'n spinner flasks up to 40L capacity, and in
bi oreactors having 3L to 500L capacity. Seed cultures

of i .
Dot NORIRt b SAPLOTKE Sebbr oculadon ) o

r ofdeding Koitulees, ti ssue culture flasks with 25-150 cnR

. g%fgzae%teor "i)‘tregﬁL Juira deﬁulg}z%?:&l(ﬂr& 480 Warkdhg $RdPHEHe thawed at room

ion cultures . Intracellularis

WeteRipgaove (257C 6B°C)or437°Epi 3the rBlcﬁrbms spinngrflasks or bottles

bl 1?1’2:\?181(1:3539 sre%de w1|thn19[céoy cells gtoaocl‘ell%ar?satgllotfgo,OOO to 500,000 cells/ml were
infected with L. intracellularis at a concentration of 1 to 10% (v/v) or MOI of 0.08 to 1.0.
The infected culture was incubated under reduced oxygen concentrations by overlaying
with a gas mixture composed of 86% Ny, 4% Ha and 10% CO,. The culture was incubated
for 3 to 10 days at 37°C + 2°C, pH 6.7 to 7.3, and with continuous agitation (10 to 100

rpm) to maintain adequate mixing for the cells to remain in suspension.

Production Cultures

Frozen or fresh L. intracellularis Master or expanded Working Seeds were thawed at room
temperature (25°C * 3°C) or at 37°C £ 2°C. Bioreactors or spinner flasks 3L to 500L
capacity) previously seed (0 to 7 days) with McCoy cells at a cell density of 50,000 to
500,000 cells/ml were infected with L. intracellularis at a concentration of 1 to 10% V/v)
or MOI of 0.08 to 1.0. The infected culture was incubated under reduced oxygen
concentrations by overlaying or sparging with a gas mixture composed of 96% Ny, 4% Ho.

The culture was incubated for 3 to 8 days at 37°C +2°C, pH 6.7 to 7.3, and with
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Met hods of Preparing Suspensions for Seeding or
I nocul ati on Seeding Cultures Frozen or fresh L.

wo paosaceBl ul ari s Master or expanded Wor ki ng SeROEUSEN€022704
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thawed at roomtenperature (25C + 3C) or at 37C 20C.

Bi oreactors, spinner flasks or bottles previously

seeded with McCoy cells at a cell density of 50,000 to
500,000 cells/mM were infected with L. intracellularis

at a concentration of 1 to 10% (v/v) or MJ of O. 98 to . .
1.cOntirMhes agittidert @6 to LA0rpmptomainpinedeeednising der theerls iremain in
oxy %Hsi(% ncentrations by overlaying with a gas m xture
conposed of 86% N2, 4% H2 and 10% CO2. The cul ture was

i ncubated for 3 to 10 days at 37C + 20C, pH 6.7 to

7.3 nd with. ' ' ' to 100 rpm to
n&fl?ﬁugaiuﬂn 2"8% u %? %EO%Q‘%%%‘* ? %er E?ﬁg@ggfjﬁ% to remain in
susepéasitoes Production Cultures Frozen or fresh L.

[ l.ari.s. Mast i :
¢ B0t O Bl RdRE ko fne BENGRL-RRK IBIERLS Lo
2 Offore Bt epi@harthsiaror dpitiaseeed witadicEog keltsait 800lays in growth medium.

capacity) previously seed (0 to 7 days) with MCoy
cells at a cell density of 50,000 to 500,000 cells/n

wergdichbectigde th L. intracellularis at a

concentration of 1 to 10% (v/v r 0f 0. tp 1. .
THi oo o Brediption et vincuesnett (YT op b abBpropriat
OXYLURRE SFYRGRR tf Abin® S8 ddayoiEVIBIE C 6y ¢ elllg atOl toSdaly g wvitly thaiappropriate
gas m xture conposed of 96% N2, 4% H2. The cul ture was

i debert el dewtysn%t@()c%fépa&ttyﬁeﬁ@é?-+ 20C, pH 6.7 to

7.3, and wi thcontinuous agitation (10 to 100 rpn) to

mai ntai n adequate mxing for the cells to remain in

s Uspehatiproef Micreseganigison Techni ques for Seed and

Pr.aduct.i [ b .100
RO R SR B0 S R0l g TR
1. Ahoéphtie vidihoap@attinan siainggin theenspesiak Adgitiopalmedaym grdéer McCoy

with M el]ls at 0.7 da ' rowt h medi um

Pr‘ifﬂﬁlﬁaﬂc%r?dgﬁi?ﬁ?%@uﬁlﬁhetggo%ﬁ@gog\e/%/) of Production Seed

was i noculated (MJO=0.08 to 1.0) into an appropriate
Cultures were observed macroscopically during the incubation period for evidence of

abnormal growth or signs of contamination.
Harvest:

Handling and Preparation of Cultures

Cultures were examined for signs of adequate bacterial growth by indirect fluorescent
antibody (IFA) staining. Cultures that were ready for harvest exemplified 60 to 100% cell
infectivity. Percent infectivity was determined by observation of at least three fields, each
field containing enough McCoy cells to fill at least 80% of the area. To be considered
infected, approximately 50% of the cell is filled with bacteria.
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vol ume of growth nedi um seeded with McCoy cells at O
to 7 days with the appropriate McCoy cell density in

W@Ros01B00L capacity vessels. |ncubation of PCT/US2004/022704

10

M croorgani sns The cultures were incubated at 370C +

2C for 3 to 10 days in a reduced oxygen atnosphere

Wth agitation to maintain the suspension. Additional
medi um and/ or McCoy cells can be added to conti nue the

growm h process. Cultures were observed nacroscopi cal

d l]i’btengy dftte amowbattinsrs fseted byititsionef thgseerle op % R Which are
ar, est; onoclonal
TR et Spec R T BB R apoa kR 2l lonc

s |ag1m>dpfvm 68 latt 3 5hRat ®1mvalentg a@mmhuﬂg;lg@ﬁumeé@een conjugate (FITC)

R Facoo B AR0E ol st RPeG228 o Lo0% cot

infectivity. Percent |nfect|V|ty was determ ned by

observation of  at t.thre

C SR P SHBGH viEaBy LR bl FERiof St syt
”b%cﬁfe@%to_f@d?ﬁfp%ﬁriﬁécdﬁﬁ&d i nfected, approxi mately 50%
of the cell is Iled with bacteria.Potency of the
harvest culture is tested by titration of the sanple

O'HJ}%EQX ’F&hhﬁu%ﬁ@@p&‘iﬁcaﬁbﬁ%e‘j and stained using

speci nmonocl onal anti body (antj-Z. |ntracgglul 5% I
ntedind Alald cantents dniihe yrogngpniclurg bistacigy, SRRRATFaFks AR bottle were

a oHudtloeNuiNge bioreact
TPV AL SRR ABIGRE 0L Sl bt s

vve;pmn@ﬂmk m;tbq]zulesxum Hagveptod 1n§w}dugﬂp(,prdb%cgqteg}ﬁssofégveral vessels were
F?Pg)tg ﬁH]a yith the ﬂjiglgr Ve¥$a§ a%l:_ H{?B 6018 th 9o B s RS bsted production

niques and Specifications
Cedultu@rwhs bdrupled oo pd)temysbyl TCIDheang idsdiifcationby THA geiging.

bi oreactor, spinner flasks and bottle were partially

3 or fully collected in a sterile recei ving vessel. Each

25

30

P rmdmtwmulmwsteumeltémi 0 teastct OTCIDs@inhbelF A $taiging andiwere free of any
bot { s harvest ed |nd|V|du%Oh¥:zﬁmBhe contents of

se"\Y 8"?3 SeugmImatien Wop SYFR ORj e addi ti on of SGS

and stored at 1C to 70C or colder. Harvested

roductj on
P Preparation of Vaccine Product:

Concentration Methods

The vaccine product can be concentrated by various methods, e.g., by allowing the culture
to settle with subsequent decanting of the supernatant, by membrane filtration (0.22 pm or

smaller), perfusion, or by centrifugation.

Sucrose Gelatin Stabilizer (SGS)
Hydrolyzed gelatin solution is prepared by mixing gelatin with deionized water or water
for injection at approximately 25% final total volume of SGS batch size and hydrolyzing in

an autoclave for 120 minutes at 121°C.

21-



cul ture was sanpled for potency by TCI D50 and
identification by |IFA staining. Production cultures

wezbwshbitred at [ east 4.9 TCI D50/ m by | FA stai nP@yus2zvd4/022704

were free of any evidence of contam nation upon
m croscopi ¢ observation. Preparation of Vaccine
Product: Concentration Methods The vacci ne product can
be concentrated by various nethods, e.g., by allow ng
the culture to settle with subsequent decantin
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S lTrhe hpdrolreed gebyinelrtionte Ot wasthegrniges wih f fijorniped Wwater OF water
?r 1{1}?& dga %g;{r&ﬁtlngt@l g%é £l &@ﬂRIBI'uBa'éQ)@SGQ DatcPYies.0BRassium

I zer zed gel atin solution
| Syjoeiialsin @354ﬁ1gm)nlg-gg!édnats L RO 440 s, Bimpespabesp ik (AR)

+ Wah hs D0, paflkffh ifaBbeARR n@féwgkz %ﬁ%ﬁj{ ftfduciodd @R (150.00
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a lgVIO)Qi/ay edded and A6 sotirtiont vess tharoughlyanirkeé Ryedrtdbpithe gfabilizer was then

gel atin n
Blﬁ’rleg éodé) %\g{ %& wbtﬁm Pcéhrc-iorlgg acYéft);f sé{i? gh%@ﬁe ‘%lhhons Deionized
arma&@)@r watee foy 111_g'5ﬂfh)f1 iwagthddedtaal Oovmeredfﬁnmlm efithe SGS. The

si ze.  Pot SI um h 0 e 54

acomplete s ‘757 1§s &I“&mﬂghl B’é’%ﬂ‘n%ns sep lget e “%‘klt—’%) %klglﬁf%m){}
o/ diraticRAkBES 4100 iibryaifibgen phosphate (AR) (1. oso g/ L),
and sucrose (AR) (150.00 g/L) were added and the

sol ution was thoroughly m xed. The pH of the
StARiblZRA s¥RSH1§ BeUniadh Nalked Seal & sowm i Tablen :t h

hydr ochI oric acid or sodi um hydroxide sol utions.

Dei oni zed water or water for injection was added to
100% of desired final vol umetgdlethe SGS. The conplete
stabilizer was thoroughly m xed and the entife

slol. vwrraspllndags sterilized by filt ration thré@@ﬁooa?’%) 000 ml
mcron filter. Exanple of Assenbly of '

Sevubmke gdatsisabilizen(SGSbl e 1: Table 1 L. i nt0A08MH P36 ve)
200, 000- 300, 000 M sucrose gelatin stabilizer (SGS)
1
s

DONGBOE 1 (MA586 adlied) toBMEAEzRthe Wedutie gdded O-550,000ml
t andar di ze the product) 0-150, 000 m

TOTAL VOLUME 400,000 ml

Volume of an average serial was 50L to S00L.

Lyophilization
The vaccine product was lyophilized according to the procedure outlined in Table 2 for a

10 dose cycle (6.0 ml fill) or Table 3 for a 50/100 dose cycle (10.0 ml fill).
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10

TOTAL VOLUME 400,000 ml Vol une of an average seri al
was 50Lto 500L. Lyophilization The vacci ne product was

Table 2 for a 10 dose cycle (6.0 m fill) or Table 3
for a 50/100 dose cycle (10.0 m fill).Table 2 STEPS
OC Rate Hold Pressure (mnutes) (mnutes) (ni)

PRE- COOL*
possi bl e 1 DRYI NG 1st

5 Na Na At m FREEZE -47 3 As fast as 150 Atm
-15 2 120 120 100-150 1 DRYI NG

2nd 0 2 120 180 100-150 2 DR%bLIG? 1st 32 2 240 180

60- 80 12— BRY}Ng 2na—265-2"240 /-\&Ri{t S[j‘f?ﬁg[dtiu Pressure
possi gl e iio] ]IBST mp: 1352 mnukgs iy 9 (Middte SS.‘ elyes
are prie—eooted—to—520Cdurtng the +oading of  tjhe
| yophi|l | abl e|3 ST, PS OC Ra HoI d Prgssurie Ay
(m nut iﬁégoilf eS \||||/ | |\|_ \V. W W '\\IIII'\ I\IIIQ;%\ I'\lIII
FREEZE - 4 60 90 A Yl 15 2 6 0 200- 450
2D NEEZE 60 600 60180 To A f‘?g]%s 337030 nit oL
(39 5 hr Q) POss101e
1° DRYING, 1st ~15°+2° 120 120 100-150
1°DRYING, 2nd |  0°x2° 120 180 100-150
2° DRYING, 1* 3204 2° 240 180 60-80
2° DRYING, 2nd 26°+2° 240 As fast as 60-80
possible

Total Time: 1352 minutes (22.5 hrs)
*Shelves are pre-cooled to 5° % 2°C during the loading of the lyophilizer.

Table 3
STEPS °C Rate Hold Pressure
‘ (minutes) (minutes) | (mT)
PRE-COOL* 5° N/A N/A Atm
FREEZE -48°43° 60 90 Atm
1° DRYING -15°+2° 60 1500 100-150
2° DRYING 26° £ 2° 60 600 60-80

Total Time: 2370 minutes (39.5 hrs)
*Shelves are pre-cooled to 5° + 2°C during the loading of the Iyophilizer.
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*Shel ves are pre-cooled to 5 20C during the | oading
of the |yophilizer. EXAMPLE 2 SAFETY OF L.

wo MIDRACEBL ULARS ' VACCI NE Pur pose: The obj ect i vRGT/U82004/022704

this study were two-fold. The first objective of this
study was to observe and conpare the incidence of

di sease caused by three different | ow passage isol ates
(two of U S. origin and one of European origin) of X
intracellularis in pigs at 6 1A weeks of age. The
sdﬁ%&MﬂﬁﬂQECtive was to observe the safety of two high

1)??' AR RS EuEepean origin) of L.
|n racel uffari's’in pigs at 6 A weeks of age. Mterials
and Met hods: Test Substances 1. L. intracellularis |ow
aasade U.S. isolate N343 2. L. intracellularis Iow

Ipcaﬁ}semggéfa‘@é O’E{b?qos!glg{ygyeglel @%]l”%gé [ll@g Igzs‘lg omle(r:]tttve o(i: ’Sns sl%uch was to observe

' %ﬁ @Slﬁhc{ré' hi%rlhcﬁdéﬂbegg'f d?@:ﬁ&%gﬁsegb& 15 BiferekMow §%E)geﬂﬁﬂates (two of
tracellul aris high passage EU i sol ate

8@ S( ovigin and Beef Eupeagreaiging At BIDOBY lulpdt Mg én/z ?eis of age.
o.soRg to?i/é&?ﬁ; vlra%gé g@éﬁ@% shR! FHRS hidR HBssEdcq¥dlates (both of

con I nuous 0 weeks after isolation in MCoy
c idroras pagis) ofit. itfagklluperisdagies psoYaresks ofdge gr own

o continuously for 60-80 weeks after isolation in MCoy
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cel|l suspension. Al cultures were harvested via
cMeteriglpand MeWods 10,000 RPM for 15 ninutes. The McCoy

cefdst §istaEg pellets containing Lawsoni a were
resuspended i n Sucrose- Phosghate d ut am ne (SPQ

sol ulli dninffaceiluigislrpgassagedy agie0lale NPEdt  Subst ances
Harvg f%t%&ﬁd&;%ﬁo%&%agé@fseﬁol%Nlﬁ@m until the day

of c enge 'enge cul tures of the sanme isolate
but Br dmnmacelbderisiawassegeddd sslafedrle 164028 and

conbijned ;i 0t o Rl AStibE passage EU isolate DK 15540 p60
5. L. intracellularis high passage EU isolate DK 15540 p80 (Master Seed designation
B3903).
Formulation of Test Substances
Low passage isolates were grown continuously for 10-20 weeks after isolation in McCoy
cell suspension. High passage isolates were grown continuously for 60-80 weeks after
isolation in McCoy cell suspension. All cultures were harvested via centrifugation at
10,000 RPM for 15 minutes. The McCoy cell culture pellets containing Lawsonia were
resuspended in Sucrose-Phosphate-Glutamine (SPG) solution with 10% FBS.

Storage of Test Substances

Harvested cultures were stored at -70°C until the day of challenge. Challenge cultures of
the same isolate but from various harvest dates were thawed and combined into plastic
vaccine bottles, labeled, and stored at 4°C or on ice until the time of challenge.

Assay of Test Substances
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isolates at the tine of challenge (day 0). The average
titers (n=3) (TCIDso/mM) were as follows in Table 4:
Table 4 Test Substance Average Titer (TCID50/nl) L.
intracellularis N343 6.4 L. intracell uI ari s N10149' 4
6.1 L. intracellularis DK 15540 p20 6.2 L.

i m@mwasmeefomdm a1115>5q1@d pt@djeraessplies 3t the timeatf ichligpges(day 0).
1%540 epcsiersg = s fowstiH dYpig@nsi st ed of
five %%p% 1% grou s an one control group. On day

O of the study, Goup 1 (10 pigs, 6 1A weeks of age)
received one 10nl or equivalepy. jntragastric (1G dose
of L. intracellularis | ow passaqe U.S. isolate N343

G oup [FeétBibghgs, 6 1A weeks bf agﬁs/)eraged“éﬁlv(é"@ﬂam@nllom
or equi-valent G dgseof—~Z H-acetuat How
passagé- L’Jt@celﬁué‘@lsg\p’égmom% G oup 3 (106& gs, 6 1A
weeks n@,g,ggﬂuyaage}ummg@ne 10M or equivabent |G dose

of L. L nt racellularis | owpass

p20. Glo waaell(ui@wd?%éﬁ“@lﬁﬁ\ weeks of age)®received one
10m E%;&cém; &8@SBo0f [L. i ntraceldgfaris high
passage |so 15540 60{week. Group 5 (20 pigs,

6 weekd. oﬁmaghda;rsdﬁ_éllﬁﬂ@rﬁﬁe 10m or equi ¥4l ent dose
of L. YntraceHutar+s—highpassage EUTsotate DK 15540

980. ~Goup 6 (10 pigs, 6 A weeks of age) designated as
Sthdcbesigant rol s” did not receive a treatnment. Daily

heal t h ob
R RS A0 et RO L LA By b
d dndys aloupaal ¢ pigh,eh aneelay of agy) mmewbde oneblihyl oc omdvatlm imtragastric

h d I
weke) &36 pLb ey iyt Coh P s g oy iy (s

weeks of age) received one 10ml or equivalent IG dose of L. intr acellularis low passage

U.S. isolate N101494. Group 3 (10 pigs, 6 ¥ weeks of age) received one 10m] or
equivalent IG dose of L. intracellularis low passage EU isolate DK 15540 p20. Group 4
(10 pigs, 6 ¥ weeks of age) received one 10ml or equivalent IG dose of L. intracellularis
high passage EU isolate DK15540 60 week. Group 5 (20 pigs, 6 weeks of age) received
one 10ml or equivalent dose of L. intracellularis high passage EU isolate DK 15540 p80.
Group 6 (10 pigs, 6 ¥ weeks of age) designated as “Strict Controls” did not receive a

treatment.

Daily health observations were made from initiation of study to the day of challenge of
appropriate test animals. Clinical health (behavior, appetite, body condition, hair coat, and
stool consistency on a scale of 1 to 4 were scored daily from day of challenge (day 0) to
termination of study (day 21). Average daily weight gains (ADWG) were calculated from
day of challenge (day 0) to termination of study (day 21). Fecal shedding of L.

intracellularis was evaluated on days 0, 7, 14, and 21. The one animal that died (from

Group 1) throughout the study was examined for gross and microscopic lesions. Death
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shedding of L. intracellularis was eval uated on days
0, 7, 14, and 21. The one animal that died (from G oup
1) throughout the study was exami ned for gross and

m croscopi c | esions. Deathwas determ ned to be due to

| esi ons associated with PPE confirmed by histolo and
PGRsalatayispdto beldae trlpsiens anpsiaied tvith SPE£oBlrmeg) by hisGlpgyand PCR

a . . e N an] .

T R
i nwasavalbdted b PR elong with histalosicshenvabustiomor Seiirgfglris on the ileum
col l,ect ed.on , d .

st Ep o sty Soffeisfion s BPI A R e Y

Treatment No.of Titer Serology Fecal PCR FA Hi stol ogy

G oss ADWs Cinical Pigs (TCI D 50/ m) Sheddi ng Lesions
Scfgrﬁ%,l N343 9 7.4 19% 11% 0% 11% 44% 1 0.61 5.23 2
NIOTAY4 10 7.1 10% 10% 10% 30% 30% 1.2 0.8 5.15 3
Dkiintdp 20Sth0y Resiltd 8% 13% 30% 10% 20% 1.2 0.86 5.01 4
DK15540p60 10 7.87 5% 0% 0% 0% 10% 1 0.9 5 5

DK15540p80 20 8.4 0% 0% 0% 0% 0% 1 1.05 5 6 Strict 10

0 0% 0% 0% 0% 0% 1. 05 0.91 5Tadebrol s Gener al

b servratons—bat-b-v—heal he
S

h_ A PP T 1 PN

roupl. Treatme; Reti Y ST 13d o S LR P ER [F AV VR sfolo B @rosTADW G/ Clinical
ch%!mf enge. ,]ffh?Png‘i('T@Ibﬁ%ﬁll) condi|duk e o?ﬁt hel ani Fdleomhs | Seores
eyaugagd dary 10T W Noo&Nal Tiengeswd|ers [t hewdyr at | poel | 523
off the study.| Cbservati ons i ncl udgd: |behavi or,
appet Niej4obody 1condrii oh, 10bail r 10¢0d1Q%(a0%l PBol] 1.2 | 08 | 515
consi stency. [Thelclinical comditidns [of theselaningpls
wer & @KaPared 1based2on | alstunetie qPO% 0t Vstle 086 | 501
whichirefl ect t-he ;n\vle!if&l of 5’! } rz)’?}s%'o Scng-e: ot %clg
frlofh Fd°A%%8) 1Bach 'gar anét°er "R SOl oF % ! ' >

5 |DK15540p80[ 20 8.4 0% 0% |0%[0%| 0% 1 | 105 5

6 |Strict 10 0 0% 0% |0%]|0%| 0% | 1.05 | 091 5

Controls

General Observations

Daily health observations were made until challenge. The clinical condition of the animals
was evaluated daily following challenge for the duration of the study. Observations
included: behavior, appetite, body condition, hair coat, and stool consistency. The clinical
conditions of these animals were evaluated based on a numerical point system, which
reflects the severity of illness. Scores ranged from 1 to 4 for each parameter. A score of 1
was given to an animal with a normal, healthy appearance, a score of 3 for an animal
demonstrating severe clinical signs, and a score of 4 for an animal that has deceased. The
average daily score for the strict controls, DK15540 p60, and DK15540 p80 was 5.0. The
average daily scores for low passage material was N343 (5.23), N101494 (5 .15), and

DK 15540 p20 (5.01). Statistical analysis on these results indicated no differences among

treatment and control groups using Kruskal-Wallis Rank Sum Test.
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t hat has deceased. The average daily score for the
strict controls, DK15540 p60, and DK15540 p80 was 5. 0.
The average daily scores for | ow passage nmaterial was
N343 (5.23), N101494 (5.15), and DK15540 p20 (5.01).
Statistical analysis on these results indicated no

di fferences anong treatnent and control groups using
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t fﬁ@éag@ﬁéan%& fs%do g@o Biagi3ey andagmagtiol ety 21 of the
grou DK 55 0) and strict control group
atst rsoft Cﬁlhéquéltemﬂ) -Pear son Chi - square p<0. 05).

Seroconver5| on Seroconversion to Lawsoni a exposure in
pi gs was neasured by testing for the presence of
arﬂdroqgammﬂri\a anti bodi es using an | FAT assay. On day

0, s O Nvdrl1§a M%vs&g? %8%&% 119151%%\%3‘%9@&@15%@ By %@ﬁ@q{)ﬁﬁk @resence of

> seroconver st on observed 2/9 i gs
( Navi)avasnia ititodiss gsing Mfﬁg’zp@sayg@)n derf, qdsthe ,N}é?: ]tréq, ent group

odi 2 r
D o(\él? ?rvgcgde%%c‘fq%ﬁrot%§%vaeg€b ¥/ 163) LFS /D%y? 09§err]%DK2?95gg$@(N343) and 1/10
a gsp@iﬁ(]rSés(bﬁﬁI) B Ipysm@a"yr IZEQSVSDEM entitedics/ @0 dpy b 2/9 plgs were IFA

N10O
e B e AR il Rl RBRR. Doy
9 r &uaﬁed( 1K p1§5@@43ﬁ @/1amiks mEtD()1494h)<mvd 164 Ocmegse(BKd b54d p20) were IFA
?ﬁéqgglggv ile k1 h%,pg%??grf‘gt?ﬁ% X eggrlﬁgps (b?(l%g%ﬁ p%ré add ‘B§@%ﬁg\5 o detectable
seroconversion. Seroconversion to Lawsonia exposure increased in treatment groups

receiving low passage L. intracellularis of both the U.S. and EU isolates day 21 of the
study.

Fecal Shedding

PCR testing of the feces demonstrated shedding of L. intracellularis beginning on day 14
where 4/ 9 in the N343, 4/10 in the N101494, and 5/10 in the DK15540 p20 low passage
animals tested positive. Both high passage treatment and strict control groups were PCR
negative for day 14. On day 21, DK15540 p20 treatment group had 1 animal PCR positive

while all other treatment and control groups were PCR negative. No evidence of shedding
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shedding of Z. intracellularis beginning on day 14
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Sections of the termnal ileumand col on were
coIIected at necropsy (day 21) and placed in buffered
fdemkgm for histol ogi cal analysis. Presence of

Estseg cel llel %{rm@ﬁ‘f 161 %a ROl g%éf@&olﬁé’t@@ﬁﬂe%b@ (\66532 1) and placed in

I SSues s Hemat oxy I n and Eosin
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( Iil%/ggx)plama/wlag ogsegvséd gnNtls%&eAégfélned %\41&19-10‘?ﬂa903<yhn and Eosin (H&E) and
20  Warthin-Starry silver reagents of 4/9 pigs (N343), 3/10 pigs (N 101494), 2/10 pigs

(DK 15540 p60) and 1/20 pigs (DK15540 p80). Lesion development was confirmed by

15

florescent antibody staining using monoclonal antibodies against Lawsonia intracellularis
in 1/9 pigs (N343), 3/10 pigs (N101494), and 1/10 pigs (DK15540 p60). FA detected no
lesions caused by Lawsonia in the colons of all treatment and control groups. FA results

25 indicated significant lesion development in ileums of pigs in N101494 treatment group
compared to all treatment and control groups. H&E / silver staining showed significant
lesion development associated with PPE in N343 treatment group compared to all

treatment and control groups. (Pearson Chi-square p<0.05).

30
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intracellularis in 1/9 pigs (N343), 3/10 pigs

(N101494), and 1/10 pigs (DK15540 p60). FA detected no

| esi ons caused by Lawsonia in the col ons of al

treatment and control groups. FA results indicated
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reater than | Xl O7 bacteria/dosﬁ I ncreases tﬂe1X107
i nEKISAEEpEFanppBO) givante pigs ahthereane aggivy syeater than

iszxgér"élggozer\gm Q{%Qgﬁsﬁla@ 6Q1,26¢h A8ObnBAtRANY Rsih Usveldpniditassociated

D50 greater than | XI O7 were proven
safvith BPid Ehipepnchdioo tas hased oe BCBon shamenesapighe deyny jistopathology,

devel n Ci with PPE. This concl usi on was
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reduction of shedding L. intracellularis in the feces

d e%,ggcmc@c%?o ¥e£lﬁ§ ﬂ.\%ra%c\!lihgﬁﬂt in kR fHed BetP@RRRAS PCXOWAS &8dent in

conpare 0 I ow passage 1sol ates. Average daily wei ght

gahigls passage isolates compared to low passage isolates. Average daily weight gains
calculated for all treatment and control groups support this conclusion by demonstrating
positive uniform daily weight gain in groups given the high passage isolate and strict
controls compared to groups given low passage isolates especially animals in the N343
treatment group. This observation indicates reduction of weight gains in animals given
low passage material which supports adequate and similar grow performance of animals
given high passage material with animals receiving no challenge material. Compared to
the strict controls, the high passage isolates showed no negative impact on weight gain and

overall health based on clinical scores.
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calculated for all treatnment and control groups
support this conclusion by denonstrating positive

wariokorrrsdai |y wei ght gain in groups given thePti/gk2004/022704
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passage isolate and strict controls conpared to groups
gi ven | ow passage isol ates especially animals in the
N343 treatnment group. This observation indicates
reducti on of weight gains in animals given | ow passage
mat eri al whi ch supports adequate and simlar grow
p@EXAVIRREcE of ani mal s given high passage materi al

W | AT frgR material . Conpared
tg&?ﬁgggyﬁ*%? controqggﬂgﬁghﬁF%h passage i sol ates

showed no negative inpact on weight gain and overall

h%al th based on clinical scores. EXAMPLE 3 EFFI CACY AND
M RIAVRY: PROTECTI VE TI TER Purpose: The objectives of .
t Miks objetiihes vithis study chetesto ribtarmindthe miinimehprofseidyedites of @ vaccine

titer .of a v j COnRL. S ' ‘ hilized
(<yBpitine Belif IEIgRS (EQTRI- T D% |5 38 £ pao0s (yophilized

( Lygedate”laha 883908 aaedimes arcanel IhB8dBRzeukly henear) admigistpsescby oral

i nt er changeabl y herei n), adm ni st.er Vi I '
e
agRkdGlluR hhileabeRith et paselge go usrapellidartythe gaesaivredgemog Borcine
with | ow passage L, intracellularis, the causative
ad@ﬁ¥ﬁﬁﬁw¢€ﬁ%¥ﬁ@hpgg%$Pb?ﬂf?ve Ent er opat hy (PPE) in

swine. Materials and Met hods: Test Substance:

Attenuated Live Culture of Z. intracellularis, Isolate

B3QQ3rifi9ssaehbey of B3903 (Lyophilized) Vaccine DK
15540 i sol ates were_ grown conjfjnuous f.0 S
Tt Subgnist e et P L eaddias Tsete BERED o
were harvested via centrifugation at 10,000 RPM for 15

M G Rtion BB IJeS Yy dphilized Watdihie pel | ets contai ning

Lawsoni a were resuspended in Sucrose- TR 1
PRI &4 s cintat wiperseovrspafinusyly i) Wacktp icpiipleag) in MeCoy ce

Deg, hO PR R £IRBGITHHACh LL0B0BRINE {ok 15 minutes
su%?§£3§%eﬂp$g%ﬁl iéed prpduét IS f%%onstitutgg,%p
waTlerlylcGoyscelladltmre Pelfdts contgining.aspnia fere resuspended in Sucrose-

Phosphate:-Glutamine (SPG) solution with 10% FBS. Desiccation was performed as

described in Example 1, supra. The lyophilized product is reconstituted in water, q.s. ad

2.0 ml, for injections.

Storage of B3903 (Lyophilized) Vaccine

The vaccine was stored at 2°C-8°C until ready for use. After resuspension, the vaccine

was stored on ice until administration.

Doses of B3903 (Lyophilized) Vaccine
1. High dose (Treatment Group 1): 1 x 2mL (6.0 logs/dose) via direct oral drench on

day 0 of the study.
2. Medium dose (Treatment Group 2): 1x 2mL (4.9 logs/dose) via direct oral drench

on day 0 of the study.
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St orage of B3903 (Lyophilized) Vacci ne The vacci ne was
stored at 2C-8C until ready for use. After
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adm ni stration. Doses of B3903 (Lyophilized) Vaccine
1. High dose (Treatnment Goup 1): 1x 2nL (6.0

| ogs/ dose) via direct oral drench on day 0 of the
study. 2. Medium dose (Treatnent Goup 2): 1 x 2nL
(4.9 logs/dose) via direct oral drench on

st udd. Bowldose @ewmimgn Ceeupriind x@rdu(g-8Jpes/dosg) Vz%@oeeg&glt Bisch on

Iogs/dg Yhaqdis ect oral drench on day 0 of the
st udy. %gs?igu%s§ance: Pl acebo A pl acebo consi sting of

uni nf ect ed Nthy tissue culture cells suspended in

0 diumfortified with 5% NBS was gi ven
ngf g%%ﬁ%ﬁt gﬁ%s 4 (challenge control) and

( negla&dbv eom%g of ynlnﬁactdch()oy)ﬁssum@lltgtqmys supm:ngled in DMEM/F12
subst

e S R L R A T

pl o’éﬁt@&lpalﬁlei (nb@itve aditish) on ddg 8 bf t‘ﬁa btsdja nElgs substance was administered to

|ntracellulars 101494 .Vi r ul ent a

| RS 8 atrarnd P o ept g RBLEFREE bl of lacebo per st
| Nfh@gdli nes of a 12 week ol d pig froman Indiana farm
(Unites States Patent 5,714,375). Formulation of L.
intracellulars N 01494 Virulent Challenge , L

IC me[s?%%gﬂaig’c%ea s zrﬁ:‘ﬁz@élﬁﬁﬂﬁkq\l IT(D&HSEIY VlﬁilenMa@srn(gum
usly in
o S SRS RS 030 o

tiy élg%faﬁﬁgw@es%%éslﬁat%ﬁt 5;214X37S§) i dentifi ed as SF 1422
an 1423 in addition to (IL) SF 1421 were grown in

NtCDy cell suspension for 7 days to 15-30% M:Coy cel
nlfo%hfaﬁ@n of 47 tm%eﬁﬁé[rzgtl 14 Vepes didevngdl) ., active

tures were harvest via centrifugatiaon_at 10, 000
RPM ifttercelliganii ¢hatlenge arateriabyvas pewvn @{I@ln}d@@b’slﬁ Mr&Oy cp suspension no

35 Omv zhaglt%%tpays%g LR i B oRBG AbARME LR Eut 1RV BRtieceultures (2 x 3L)
identified as SF 1422 and SF 1423 in addition to (1L) SF 1421 were grown in McCoy ceil
suspension for 7 days to 15-30% McCoy cell infection. On the day of challenge (day 21),
active cultures were harvested via centrifugation at 10,000 RPM for 15 minutes and cell
pellets resuspended in 350mls total volume with SPG stabilizer. Harvested active culture
was pooled with 300mLs of frozen 10X to 20X concentrated challenge stocks of low

passage N101494 at various passages (pass 24 to 27 post isolation).

Storage of L. intracellularis N101494 Virulent Challenge

Final formulations ready for challenge were stored at 2°C to 8°C or on ice until

inoculation.

Pre/ Post-Vaccination and Challenge Titers
Results from the TCIDso assay verified the amount of live L. intracellularis administered

to each test animal per dose during vaccination and challenge. The average titers (n=5) of
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was pooled with 300ms of frozen 10X to
20Xconcentrated chal | enge stocks of | ow passage N

w@2eh341E181 var i ous passages (pass 24 to 27 postPCT/US2004/022704

isolation). Storage of Z. intracellulars N 01494

Virul ent Challenge Final fornulations ready for

chal  enge were stored at 2C to 8C or on ice until

i nocul ati on. Pre/ Post-Vaccination and Challenge

Titers Results fromthe TCI D50 assay verified th

arpouad post titiatiensifor theBE Yelapeineand thedivptonge artsaiat & wieselularis
ng vacci nation and chal | enge.

Tﬁ@bé@g¢g§%”¥?@g$§§%gg%§Bofpre and post titrations ?or

the B3903 vaccine and the challenge material (L.

intracellularis N 01494) wegg a6 follows in Table 6:

Table 6 Group Treatnent Average Average Total Average

(Iogsdugosle) Tregaédose ( 2deyagbogsy doseAvegr) | opysTaekAverage

Pr e- vacci nafloguddse)st t vaps/bseaindn| ( Togh/Dsw/(Pinj) logs/dose

(T D50/ ni ) 1 B3903 y@esvaseintion7| SPB8v&clhativrgh| dose 2

BB903 vacki ne 4. 94 4| 841diy/mbdi um (OESI®s3mB3903

vaccine 3| B39h3vadeine | OW d@er 4 Chal lenyso 7. 85 .57 6.0

7171 Controllggﬁdggy Design Sixtyrfive healthy L.

| mTeg e T UR36 (35,0888 | Ve yeaned pi gl etsgat 3 weeks of.9

age mEre %&%ﬂﬂ$ﬁm§ ided into 5 treatnent groups and

hpuses—SepasgRlalcihd | OUITY e sTudy3 s 3.8
low dose

4 Challenge 7.85 7.57 7.71
Controls
Study Design

Sixty-five healthy L. intracellularis negative weaned piglets at 3 weeks of age were
randomly divided into 5 treatment groups and housed separately throughout the study. On
day 0, treatment Group 1 (15 pigs) received a 2mL dose (6.0 logs/dose) of B3903 vaccine
by direct oral drench. Treatment Group 2 (15 pigs) received 1 x 2mL dose of B3903
vaccine titrated at 4.9 logs/dose by direct oral drench. Treatment Group 3 (15 pigs)
received 1 x 2mL dose of B3903 vaccine titrated at 3.8 logs/dose by direct oral drench.

Treatment Groups 4 and 5 (10 pigs/group) received 1 x 2mL dose of placebo by direct oral

drench.

On day 21 of the study (3 weeks post vaccination), test pigs in treatment Groups 1-4
received 1 x 10mL dose of virulent low passage pure culture L. intracellularis

heterologous isolate N101494 by gastric gavage.
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day O, treatnent G oup 1 (15 pigs) received a 2nL dose
(6.0 | ogs/dose) of B3903 vaccine by direct ora

wale@soh73fr eat ment Group 2 (15 pigs) recei ved BCRUS2004/022704

10

15

dose of B3903 vaccine titrated at 4.9 | ogs/dose by
direct oral drench. Treatnent G oup 3 (15 pigs)
received 1 x 2nL dose of B3903 vaccine titrated at 3.8
| ogs/ dose by direct oral drench. Treatnent G oups 4
and 5 (10 pigs/group) received 1 x 2nL dose of pI cebo
byOcHay i@ tof theatuds(bwesks poy chrdipnge), afftreptensGIRYpS (13 UBERS

pos%xal\{l%ec a_[lﬁ %géfgﬁeg fgxegrg?srﬁ'n@ ﬁm%rgsct)ﬁx@ psiRRhat{FiofpePE. - 4

Ive ose”of virulent |ow passage pure
culture L. intracellularis heterol ogous isolate
N101494 by gastric gavage. On day 42 of the study (3

1§/ h@%zlﬂxtobgg} &loggg/%)e mdie Ifroﬁlrs%ﬁi?'rfﬁﬂ&tmg 19 WRad bf chalidnge for each

vvere eut nani ze necr opsi ed for gr oss and
mtest ammebl @iniicab heaith fdiarthies, behivier, Prfbodpgenditiony wegerscored daily

d rrb a?y:: clh CFT% V\ger (*?i ﬁﬂ%t maﬁc;rfJ%%tdgg'(&a'yaltZB OWefgﬂtstv&b@e taken on

or eac test cal health
( Cﬂa@ of mamaﬂmlf(dw @) dayaridghdilonge (danafi) ehder dws?féwéﬁ grggnation (day

R

V aﬁ@mamumm whelayldled bsl avlyokrashetlainemapsiof (RER)DY)tessing fagal swabs

aatFg Rz e 0% T 2GPb o PP ot shfty g AR Co FRLROS: sy

s hegidhdion @dayZ2) Weiereaatinkdiforigioss amlsnieroadapit ledorsy Qualitative

pol ynerase cha n reaction (P e S

(Farblorg oppretraLevpienn tpsies s ovplgaita b PLETIRGRE bp D

st }ngogl&ll evﬁﬁéﬂ&'f& E U%th:?@lllﬂ@ﬁk il thesiteushy cdlex, monsitand mesenteric
wer e exam ne or ross. ang m.,Cr Qs

| o Qodecg@a i OAE S ST S e E1ERA R LR ol Bh2S; 35> and 42

ti ocﬁhklesctu §erﬁ?ﬁ%d§@és€e@ B ?%Ffm{liecﬁ@)?ésca{t afhodl tdat (IFAT) to detect

hi sto oglcal eval uati on intracellularis in the

i | antirhavsonia Antibodies in test apigmale gé?ﬁfé?fit &roD FRPHE G WL RSe by
of dattg% Eég%ave ldﬁnl}y‘@élﬁ aln8 %sﬁ Qa&[haﬁ@ﬁ’ zﬁldQ)ost7c.halle41ge clinical

42 of the stud Ser um was
usscng:stShEDcorrVdrSr@d@tﬁ (IBAEs é@lﬁlilzaiml i(hRSeRy): feééltShfqdlﬂﬁr()f PCR), gross
defgeCt ? %mcrlsﬁwﬁ'g MsRn Bl £6y infnin®RilstoBitin{TBESIHC).

gr oup  conpari sons mere made by data anaIyS|s

20 of average daily wei ght gains post vaccination and

post chal | enge, clinical scores, seroconversion rates
(1 FAT), colonization (t-PCR), fecal shedding (f-PCR),
gr oss '
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| esion, and m croscopic |esion devel opment by
i mmunohi st ochem stry (I HC). Results: Summary of Primary

w@Reaalotg3fTabl e 7 Treatment Pigs Treat nment. AvePE@DES2004/022704

5

10

15

Aver age Average Average G oup per Goup ID Goss Goss
Mcro- Mcro- Goup (logs/dose) Lesion Lesion Lesion
Lesi on Scores Scores scores Scores (ileum (colon)
(ileum (colon) 1 15 B3903 vaccine 1.5 ab 1.2 a 0.2 ab
0.1 a high dose (6.0) 2 15 B3903 vaccine 1.2 ab LOa
O;%mdts 0.0 a nedium dose (4.9) 3 15 B3903 vaccine 2.5

b.l.5 ﬁfq} w dose (3.8) 4 10 Ch
g ) 0 . 8) allenge 3.6 c
ﬂmbnaﬁy cm?.rgR%su ntrols 5 10 Strict Controls LOa

L_Oa 0.0 a 0.0 a *Like letters indicate no significant
difference (p<0.05) Final testgsylts for each
treatnent group revealed significant grass and
M ¢Tesent|cPibesi dcatvue opAEﬂageof Avseage| eumvessae col Aperage
i n |nGreupadcparat edGrooehdd| epg@rosonf r ékrogsi g§  (Micserp 4) Micro-
coffpar ed t|Grotpqci(loat/éutepi pdesienar dLesen of dession( hj gHesion
medi um and loy) in G oups Stpre2, | aldor8s ( p<0sOBp. Scores
Aver age grloss I|esi on scor egilain)t he(cobo}i ¢- |@oumose (colon)
col{onsy werfe 1301 B3b@wactiGaptl.yasli | f er.2at thad2ahal | engd 2
control s. (The \ﬁfgﬁlde@r(ﬁm\i dose gfoup (G oup 3) isjthe

onlly treatinent [group t recei ved vacci ne and had

D

si gri 3 cant {5e3 R30I eNEhOPTEN b 10a 0.4 ab 0.0a

medium dose

(4.9

3 15 |[B3903 vaccine| 2.5b 150 1.0b 03a

low dose (3.8)
4 10 Challenge 3.6¢ 22Db 24c¢ 1.5b

Controls

5 10 | Strict Controls 1.0a 10a 00a 00a

*Like letters indicate no significant difference (p<0.05)

Final test results for each treatment group revealed significant gross and microscopic lesion
development of the ileum and colon in non-vaccinated, challenge control pigs (Group 4)
compared to vaccinated pigs regardless of dose (high, medium, and low) in Groups 1, 2,
and 3 (p<0.05). Average gross lesion scores of the vaccine-low dose colons were not
significantly different than challenge controls. The vaccine-low dose group (Group 3) is
the only treatment group that received vaccine and had significant lesion development
(gross and microscopic) in comparison to the strict control group which did not receive a

vaccination, placebo, or challenge throughout the study.
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(gross and microscopic) in conparison to the strict
control group which did not receive a vaccination,
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Scores Cinical scores were recorded for each ani ma
daily fromday of challenge (day 21) to necropsy (day
42). dinical scores were calculated to obtain an
average daily clinical score reflecting the severity
and 9urat|on of sickness anong treatnent groups due to
Léﬁemﬂﬁhg?a virulent challenge of L. intracellularis.
rage c |n|ca

A D A A S Ui

I dempsyu(mmmncmwl agpeesGyarnéaiailatg@cio obtaip @%%g%%]éﬁ ﬁ%lcal score

3 r%%:g% tsgéea/ffwé/ and ﬁura oos% esmggegé Qﬁgﬂlgﬁﬁhé&%@ﬁ%ﬂ%r’cg redeiving a

vﬁulélfl&haﬂdnlgé: tf Comdcellulard Averdge kbnibalseasessioyeash freatpgnt group
significant, di ences anong average clinical scores

f PEAUIERIESH, J%£§ aIIenge to necropsy (p<0.05).
Statistical analysis of clinical scores was

acconpl i shed by review ng the a8|n relation to
treatnent groups receiving ave ge clinical scores

q Ik ?,tﬁlei’l\p@roﬁ‘] VA, Thefoap Iastifietiey i dence oAverage Clinical Score

| cant fferences anpng non vacehhated

hal | engk contr)ls B3 yaqainer- Hghdqss) s SSHBZ}ed 352t he

g —meglium—o o@%&déa%édaﬁnaés@up‘ Aver ageo a
ai |y Wl ght Galns verage daily weight!|gains (ADWG)
ere cal gul at ed froBﬁ?Qﬁevannfe—b’WdP&%m n¢ 302"

Hm - nict r nt .
HH-St+at+6h uay U) J ]ge a(]l ni S[ rat
lay 21)? to the ternﬁ%gp&gﬁt%kﬁg%e study (day 4%?%

atistisal analysis ofsm&tthmgaln di fierences $PBs.
c h:*]&llfeelﬁ@eés g%}qferr@lnsq‘ﬁlxaf%é%ﬁ;déﬁ?rgr&le%%ééng;a;era Uélgﬁéﬁi’ &8%‘3 from the day

eve evi dence

U

1%

|mﬁm§gsomc

of ,fRhallenge to necropsy (p<0.05).

Statistical analysis of clinical scores was accomplished by reviewing the data in relation to
treatment groups receiving average clinical scores using 1-way ANOVA. There was no
evidence of significant differences among non-vaccinated, challenge controls and strict

controls compared to the high, medium, or low dose vaccine groups.

Average Daily Weight Gains

Average daily weight gains (ADWG) were calculated from the time of vaccine
administration (day 0), to challenge administration (day 21), to the termination of the study
(day 42). Statistical analysis of weight gain differences (Ibs. = pounds) between vaccine-
high dose and non-vaccine, challenge conirol treatment groups revealed evidence of a
significant difference from the time of challenge administration to necropsy (p<0.05). The

weight data is summarized in Table 9.
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significant difference fromthe tinme of challenge
adm ni stration to necropsy (p<0.05). The wei ght data

wo goosomTar i zed in Table 9. Table 9 Treat nent G PUPUS2004/022704
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Average ADWG ADWG ADWG Total Group Identification
Initial (day O - 21) (day 2 1 - 42) (lbs.) Weight
(I'bs.) (Ibs.) (Vaccination (lbs.) to Necropsy) 1 B3903
vaccine 17.8 a 0.94 a 1.63 a 1.29a high dose 2 B3903
vaccine 17.7 a 1.00 a 1.60 ab 1.30a nedi um dose 3
B3903 vaccine_18. O a 0.94 a 1. 1#8lexh 1. 21a | ow dose 4

3 D aApwEa (PNt n@wE St [ ADWG Total

i ac” G0 DA‘%Ierh

nrg}oe Pog IZen%ﬁ at%ﬁ faé ‘b%d]a 3&621? keay BILEDS|  (Ibs)
F oups in ADV\GS fC ani d rencegs bet ween fp@at Men{Vaccination
° fIOMM ADWEE rom %S vacci natioh to chal | engeNecropsy)

A O T \Jllal € ?g U ||€6 &)&by p<U B A‘ 1'29a
QLBF%nX? |8Aﬂ chc’ff\;l' erumﬁsareres wef e coI Eectej
! a5+ b—treaty group 1.30a
nd t%ste333f9§ @gencyz nt i -lavvsonl 2 1 g o i
ot & cdtam Jose g 'k +9A anti bodi es

- \J\.. CTic F uuy
hsi t3 ve ﬁ?(?%@@‘étnieve TER? contpgf1 sarrpl esié%/\ggrbe 100061212
ccurate il@WAPI assavs perfdrmed inthis—styeh

ys ® t hiGulen®1 (3|wdédd dost O94&ci nhti o ;r’%all ‘It est?1?

ni mal s i iCaséeh treatnent grloup were | EA nnmnfl\la h
1y 28 (1[SwalCoptsk ¢hdf{7énge) 8P4fhe st udy%3 @ 15 128a

6. 7% test animals iln the viaccine-high dose treat m%nﬁ__—
9 it leereddnbik nocignifioaet diffirensenbdtwesnisptsncpbgiours i BRWGs from
f%?jyf ¥a£e?isxj}é%qonqo )éh'ﬁl%née an\ﬁ%%@da[}%? Eha@l@@ée t§ ﬂgﬁ%ps?f(pim).

SoPon Yo peaQ =Ne!

Seroconversion (IFAT)

Serum samples were collected weekly from all test animals in each treatment group and
tested for presence of anti-Lawsonia IgG antibodies on days 0, 7, 14, 21, 28, 35, and 42 of
the study. Positive and negative IFAT control samples were 100% accurate in all assays
performed in this study. On days 0 through 21 (3 weeks post vaccination), all test animals
in each treatment group were IFA negative. On day 28 (1 week post challenge) of the
study, 1/15 (6.7%) test animals in the vaccine-high dose treatment group were IFA positive
while all others tested IFA negative. On day 35 (2 weeks post challenge) of the study, 4/15
(26.7%) pigs in the vaccine-high dose and medium dose treatment groups and 1/10 (10%)
pigs in the non-vaccine, challenge control treatment group were IFA positive for Lawsonia
antibodies. Both vaccine-low dose and strict control treatment groups were IFA negative
on day 35. On day 42 (3 weeks post challenge) of the study, 8/10 (80%) pigs in the
challenge control group, 6/15 (40%) pigs in the vaccine-medium dose group, 5/15 (33.3%)
pigs in the vaccine-low dose group, and 3/15 (20%) pigs in the vaccine-high dose group
were IFA positive. The strict control treatment group was IFA negative at study
termination (day 42).
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(26.7% pigs in the vaccine-high dose and nedi um dose
treatnment groups and 1/10 (10% pigs in the

woswarrei ne, chal l enge control treatnment gr ouUpCTMERI04/022704
| FA positive for Lawsoni a anti bodi es. Both vaccine-| ow
dose and strict control treatnent groups were |FA
negati ve on day 35. On day 42 (3 weeks post chall enge)
of the study, 8/10 (80% pigs in the challenge control
group, 6/15 (40% pigs inthe vaccine-nedium dose
g Sempqnv@fsmﬁ data 3vag ealysied gsingithe Kdi-garere SHEISHG W Ef’élélts obtained in
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g negapvw\aSpdnEds fmgiafm anch gest @tmﬁi yhrmhmltﬁbq stedy - (I &gatment groups
Seroconver s a il ReheldM-square statistic with
%Celgaﬁgrvgccé?ea?rl elgo &%ﬂ@e?lélzsu Sbiained in the
5 Sth b@imagion bf edacttp- muemh/tmltegealm P@ltl,qulIFéE uesplis ehtaipedsirom

ot conput ed. due .t h
f aaﬂgngeogro@ Speeiving a vim fiferd Pl?l’? %19&1{8 ﬂﬁg{@ﬁ%e%ré ﬁéfﬂﬁé&%ﬁ? higher than
t [I@RE PREIYIng VattRR-Higicddsy aﬁtgvaacmalm&{ drse (p<0;5]5)1@tedgm 42 (azwqeks post
results V\ﬁhaﬁugrrpared usi ng Chi-square statistic with

ashdlspgang Y- exact p-value (Monte-Carlo). Positive
| FAT results obtained fromchal |l enge groups receiving

a virulent pure culture | enge were significantly
10 hifigerd Shedding of I#oé?@’afeé@&”ﬂf%ﬁgﬁ Vacci ne- hi gh dose and

Vv ?]:%lgdl @@aﬁsﬁ%rfé@ﬁct@cﬂ)tﬁ@%@ﬁfr%ﬁhlld@;éellqrﬂlgalé & ewelrkrsatpesttgroup and tested
chal | enge) o e study ec e
 Hor e pioraiFert s MR ATEC P ab LS b 1o dgnd 42 o the
g&ab/y P&G&VQ Al lne%aﬁ% DA &b &tionAn@RCR rédctiat mnblsgtfeme%
ested for t resence of Z. |ntracegfula

P@Rcuyate draeschoassay con cted n th@gtudg5 Alléﬁqg agipialsein £34, g t@f‘tﬂéi)t group
15 P9 S% & fe}ég %&%& ;lnvﬁ il e B b8 bth Gﬁ‘y @ (e ihdtionERclay 2N
rols were

con accurate for each assaﬁ condu teLd

i rchdiieseeyt Rigyin the strictesntral grovairemaipeddacah PER a58aHYR £Or

gr 0 Il‘ec lisREd firulaabSlularis
e [OSELEERRAPRNE LS bt ameg gt

| rtfetchlePcsR posttivepwnt ervmengmcyalpouSémﬁn@ébgrP'&@&PC Iehggel aftr Challenge

GG Thons ek RSBl B kel f07C oo

2ointracellularis (fecal PCR posi ti ve) was evident in
vari ous treatnent groups eacfl He after chall enge
i nocul ation. These results are sunmarized in Table 10

Treatment Group Day 28 Day 35 Day 42
Group Identification (1 week post (2 weeks post (3 weeks post
challenge) challenge) challenge)
1 B3903 vaccine 0/15 (0%) a 2/15 (13.3%) a 0/15 (0%) a
high dose
2 B3903 vaccine | 6/15 (40%) ab 5/15 (33.3%) a 0/15 (0%) a

Medium dose
3 B3903 vaccine | 4/15 (26.7%) ab | 8/15 (53.3%) ab 2/15 (13.3%) ab

low dose
4 Challenge 4/10 (40%) b 7/10 (70%) b 4/10 (40%) b
Control
5 Strict Control 0/10 (0%) 0/10 (0%) 0/10 (0%)
* Like letters denote no significant difference among treatment groups receiving a
challenge (p<0.05).
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Table 10 Treatnent G oup Day 28 Day 35 Day 42 Group
Identification (1 weekpost (2 weeks post (3 weeks post
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Medi um dose 3 B3903 vaccine 4/15 (26.7% ab 8/15
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(40% b 7/10 (70% b 4/10 (40% b Control 5 Strict
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L. intracellularis Tissue Colonization (PCR)

Polymerase Chain Reaction testing of tissue sections of the terminal ileum, colon, tonsil,
and mesenteric lymph node were performed after necropsy (day 42 of the study). Inthe
vaccine-high dose group, 1/15 (6.7%) pigs were PCR positive for L. intracellularis
colonization in the tonsil while all other treatment groups were PCR negative. Ileitis PCR
testing of mesenteric lymph tissue revealed 3/10 (3 0%) pigs in the non-vaccinated,
challenge controls were positive for L. intracellularis colonization while all other treatment
groups were PCR negative. Ileitis PCR testing of mucosal scrapings of the terminal ileum
revealed 4/10 (40%) pigs in the challenge controls, 4/15 (26.7%) pigs in the vaccine-low
dose group, 2/15 (13.3%) pigs in the vaccine-medium dose group, and 1/15 (6.7%) pigs in
the vaccine-high dose group PCR positive for L. intracellularis colonization. Ileitis PCR
testing of the colon revealed 3/10 (30%) pigs in the challenge controls, 5/15 (33.3%) pigs
in the vaccine-low dose group, 1/15 (6.7%) pigs in the vaccine-medium dose group, and
2/15 (13.3%) pigs in the vaccine-high dose group PCR positive for L. intracellularis

colonization. No evidence of L. intracellularis colonization was seen in tissues of the strict

control group.
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feces conpared to the non-vacci nated, chall enged pigs.
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| | QThteA® §nfphlndBe produced only 1/10 (10%) pigs in the challenge control that had L.
intracellularis. Positive THC results in sections of the ileum and colon among treatment

groups correlated well to the presence of marked crypt hyperplasia demonstrated by H&E
methodology.

Statistical analysis of quantitative [HC data was accomplished using 1-way ANOVA and
Kruskal-Wallis Rank Sum tests followed by specific contrasts of p-values between the
challenge group and strict control groups to each vaccine dosage group. Statistical
analysis reveal evidence of a significant lesion development due fo L. intracellularis in the

ileum and colon of the challenge control group compared to vaccinated pigs regardless of
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buffered formalin for histol ogi cal anal ysis. Lawsoni a
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tonsil sections in all treatnent groups at necropsy.

The strict control group was negative for L
intracellularis by IHC in all tissue sanples taken at
necropsy. Presence of L. intracellularis and

m croscopi c | esions associated with PPE were found i n

t ldesd dnetaprd2 of the study (FFORP1)pi Sirtistinal sigaifiprsie paERILTYleR in average

¢ qﬁbllem cgrgg { tgi: ?3’81? /én"dﬁ;o o‘ﬁq ao@ IndRd YhindaRGedeRsed J‘l@igﬁ)w medium

dose grou e vacci ne- nedi um dose
g rdosemf vaamhe]c/owal(e& torda stppfg@n’@cpl tteh@eo’gg;r@mm@>ﬂioé}, Rigsggceiving a

group respectiye

IO R SRR L BRI e PR SRaethe o1
C Girtdcollulgr oiphe Buibeonasd] tpihg strichcontrel greupcPr®-05dw dose
group, and 1/15 (6.7% pigs in the vaccine-high dose

group. The vaccine group receiving a nedi um dose was
| Kosreatesve for L. intracellularis in the col on.

Stalned sections_ of. nmesen
0 rﬁhy llgys 61q aqiop Ofpﬁa@%teﬁtﬁ“in??i WSWa?F%[rgE | RO BERUEE day 42 for

; résﬁ ‘Iersﬁylﬁﬁlisisédlﬁgd &1’5}'1 PPEI TisMes fibie tés@ﬁllgls insthé stnstsmhir«zimare normal,
of _ the ileum and colon a eat nent u
i B AP BY FREVHH BEORE SoOR RS e and 1.0 olon.
hyR&HE F3dspaiRAR MSthE abedadaialtiichakinbe cltroparoup received the highest
Statistical anaIyS|s of quantit %lve

acoengs erevsdesiensicary for tha leusnGu 2B e G @%&W‘%FT’%@“&&WPS
SUIFQS \Neﬁ%l i tl{eoxlalcai’l‘@ﬁmb&’osé PGP feoSivaPAerags bEDsOlbsin Wdlkdd@82.5 (ileum;

the chall enge group and strict control gﬁou ps ¢
canédér(c@lg@)g ﬁﬁecm@g@@]@mgq%&mgst pigsgeqevest BYAragg LSy gsion scores o

:jﬁl\(f @guﬁy hrlgﬁ{]g §;C &fn .afﬁéugﬂ)f th&%&m&-ﬁ%h QBsAeYEY RBdRIAtaverage gross

aris in the ileumand col on of
t Hesiahabiee nfjb5 Cidautn) ehd b2 Gepfrndonpar ed t o vacci nat ed
pi gs regardl ess of dose on day 42 of the study (pg
.001). Statistical significance was not evident in
avstatistjeal bhily diesfiaveragegrossdesidn scores athengrireatebnt govps Was

xga%gérﬂét E%2¢S@| Ifxg lgq‘o‘é/w ?%\?e %0%?059 es{gﬁg%#gr?éﬂgﬁﬁerzdg%v&dence of
( p§gfifidant ﬁﬂ@ﬁaneaf_eavaen tiguras inown-tracinated, shatierigneomiend group and
dudetiee et SR B P PR P b orp s SepEF plfcant
St diFelendeOitsloBker@dQitdng Bverdbe@pgss il€ano S®réS@d tl&s:hallenge control
compared to the vaccine-low dose group (p<0.01). Average gross lesion scores of the
colon were significantly higher in the challenge control group compared to the vaccine-
medium and high dose groups respectively (p<0.05). In addition, significant gross lesion
development was observed in the ileum of the vaccine-low dose group compared to the
strict control group (p<0.001). No evidence of a statistical significance in average gross

lesion scores (ileum and colon) were evident in vaccine-medium and high dose groups

compared to the strict control treatment group.
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to chall enge. The | ow dose vaccine group (3.8

| ogs/ dose) did not indicate adequate protection
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the severity of mcroscopic lesions in the ileum and
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(Lyophilized) vaccine is efficacious against a

virul ent | ow passage pure culture L. intracellularj .
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pi gs &@ﬁgq&gnggﬁﬁgn-vaccinated pi gs. What is C ai nmed

is: 1. virulent isolate of Lawsonia intracellularis,

wherein said virulent isolate is Lawsonia

ingracel Ll &l s i'ﬁlenﬁ% tiod G¥%h ahighafA LGEphing fﬁh‘é‘rﬁ&%ﬁti@ﬂy affective

Lawsonia i ntracellularis 1solate having all of the , .

i dent arigrinngf ckiflecacitudent ssolatesof dawgpaivpisracelluleriss wheagrppeld virulent
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Laws omiceptaie cadel | ul ari s deposit isolate ATCC No.

PTA- 4926 or a Lawsonia intracellularis isolate having

all of the identifying characteristics of deposit

i 9] athe vATER deordiRg & A8RR whkreiAthegbatinreettisally ¢ftective amount of the

i nmuni zat i on of animal , ¢ risi 3 6
phar nadBtgnt bgﬁ‘afeypafz‘f’fv & Wga‘éezl%lﬁ’tg %Soaﬁg]étallgi TEE0 4 3bopiasy, TCIPso
201 SOl ah& qfe.Lawsoni a intracellularis, wherein said
virulent isolate is the virulent isolate according to
claiml or claim?2, and a pharmaceutically
5 A vaccine for the immunization of an animal, comprising the avirulent isolate of

Lawsonia intracellularis according to claim 2 and antigenic material from at least one
of the following pathogens: Salmonella spp., Erysipelothrix spp., Haemophilus spp.,
25 Mycoplasma spp., Leptospira spp., Clostridium spp., Streptococcus spp., Brachyspira
spp., circovirus, porcine reproductive and respiratory syndrome (PRRS) virus, swine
influenza virus (SIV), transmissible gastro-enteritis (TGE) virus, parvovirus, and

Escherichia coli; and a pharmaceutically acceptable carrier.

30 6. A vaccine for the immunization of an animal, comprising the avirulent isolate of

Lawsonia intracellularis according to claim 2 and antigenic material from Salmonella
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acceptable carrier. 4. The vaccine according to claim
3 wherein the pharmaceutically effective anount of the
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10. A method of immunizing an animal against porcine proliferative enteropathy
comprising administering a pharmaceutically acceptable amount of the avirulent
isolate of Lawsonia intracellularis of claim 2, wherein the pharmaceutically effective

amount of the avirulent isolate of Lawsonia intracellularis is about 10° TCIDsp to

about 10° TCIDs, per dose.

11. A method for making a vaccine for inducing an immune response to Lawsonia
intracellularis bacteria in an animal, comprising the steps of: (a) incubating a
Lawsonia intracellularis isolate according to claim 1 or claim 2 in culture cells which

are in suspension at an oxygen concentration of less than about 10 percent to cultivate
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adm nistering to said animal an i mmunogeni c
conposition containing the avirulent isolate of
woawsoni7al i ntracel lul ari s according to cl ai m 2PCT/OSA04/022704
met hod of i mmuni zi ng an ani mal agai nst porcine
proliferative enteropathy conprising adm nistering a
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bacteria to prepare a vaccine containing killed
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to clai m Jperceht)wihileoudiatrining said iiefeqtert elle Brsusrenpian by agly
oxygen conggnf ratl.en, i iR th PrdIRESSIYS said Lawsonia

Bwhile maj nctegsl %oir %ﬁ@gﬁeggaehﬁzgﬁ@gﬂgéﬁs in grjspensi ors1a1by
agi t ati on ipfracluldrigenlis for a sufficient period of
time increase the pr tl | 1o/ TE=Y
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of said Lawsonia intracellularis. 15.The net hod
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20 about 0 percent to about 8 percent.

16. The method according to claim 15 wherein the oxygen concentration is in the range of

about 0 percent to about 3 percent.

25 17. The method according to claim 14 wherein said incubation occurs at a carbon dioxide

range of about 6 percent to about 10 percent.

18. The method according to claim 14 wherein said cultured cells are selected from the
group consisting of: HEp-2, McCoy, and IEC-18 cells.

30
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about O percent to about 8 percent. 16. The nethod
according to claim15 wherein the oxygen concentration
w0 g005/01t7B r ange of about O percent to about 3PEEUSEN/022704

17. The method according to claim 14 wherein said

i ncubation occurs at a carbon di oxi de range of about 6
percent to about 10 percent. 18. The nethod accordi ng
to claim14 wherein said cultured cells are sel ected
fromthe group consisting of: HEp-2, MCo and | EC 18
c ab| BhelBethdda comdingda claime b% Whengnts@d HEGil Sncqlé aherigred on
said IIEC-1 .8 cells are cultured on mcrocarriers. 20.
The MEEREUT S Ecording to claim 14 wherein the infected
cells are incubated according to step (c) for a period

02202%%”%@& ?ﬁﬁs ?pgtrto llg ?%/ g/}m%ram éhe hFec@? é%\%%{@ﬁ&ga%ﬂ R€ording to

5 CU'tIsve@t(b)rfamspér;d)dkmaﬁcﬁwa)afb@nt Wwdawficient time to
produce an attenuated isolate. 22. The net hod

according to claim2lwherein the bacteria are

Cul it irNBhEloPEeOFdHaNE clafin $4 ﬁfﬂthélfi)om‘pﬂlém@ apep (dobf ofltigding tsaid
150 days to about 250 days._ 23. The qq accordi ng
et

to cltakigripforpgpiisiopt %?rﬁ?rnr%‘}uﬁ@a“aat@f‘%e
| yophilizing said attenuated isol ate. 24 The met hod
according to claim23 wherein said |

10 coiPpThemsthad pecordingioglaym Al Wél@l‘ékr)l the bpc rlg é]éﬁd?ﬁlﬁgf?%d a?cyrcﬁlég to stép
St €P: (qPRy o BelialPAbbIASH 0k Mgl 258 dogo! at e produced by

according to claim23. 26. A nethod for the
dlagn03|s of porC|ne proliferative enteropathy

Eg%% g‘he? Ig[c] ? g(l:copc{ Iﬁgfdgla‘ﬂﬂ 23 Fth¥r éo?n;ﬁjﬁ;ng GlstePRE) 7 %dipﬁifﬁzﬁ*@ said

race risin non- human ani mal” subj ect
conprﬁ&mmpd&dwecontactlng a sanple fromthe subject
Mﬁth the Lawsonia intracellularis isolate according to
claim1 or claim2 to forman antigen- anti body
C o T inethiod aédoydinketoetdinrig whieirf ssidnipenhdliving cogtpriges a primary

conpl grymg step and a secondary drying step.
25. A lyophilized attenuated isolate produced by the method according to claim 23.

20
26. A method for the diagnosis of porcine proliferative enteropathy comprising performing

an assay to detect antibodies to Lawsonia intracelluris in a non-human animal subject
comprising:
(a) contacting a sample from the subject with the Lawsonia intracellularis isolate

25 according to claim 1 or claim 2 to form an antigen-antibody complex; and
(b)  detecting the formation of said complex,
wherein the presence of said complex correlates positively with a diagnosis of porcine

proliferative enteropathy.
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wherein the presence of said conplex correl ates
positively with a diagnosis of porcine proliferative

wepdaosoopat hy. 27. The met hod accordi ng to cl ai MP@QBUS2004/022704

5

10

wherein the assay conprises an assay selected fromthe
group consi sting of: radi oi nmunoassay, enzyne-linked
i mmunosor bent assay, fluorescence i munoassay, and
| mmunoel ectrophoresi s assay. 28. A nethod for
produci ng anti sera agai nst Lawsonia intracelluris in
naf- Themethatvcnerling dnprinslrighergin fheassy ipopases ﬁ@a%swéselected from
Lawsgni a i ntracel | ur f
£o a%he ?]LH) -consisng of of %alsdhonglgllug&agsa en‘i#x?ée g?tﬂlge\(/igﬁl{r%hgéolmglgtt assay,
an i mmunecenasmnmmass@n dnd inmuotlegmphergsiapssiyser um or
pl asma containing anti bodies to said Lawsoni a
intracelluris.

28. A method for producing antisera against Lawsonia intracelluris in a non-human animal

comprising:

() administering the Lawsonia intracelluris isolate of claim 1 or claim 2 to a non-
human animal in an amount effective to elicit an immune response; and

(b) collecting antiserum or plasma containing antibodies to said Lawsonia

intracelluris.
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