LAWSONIA INTRACELLULARIS OF EUROPEAN ORIGIN AND
VACCINES, DIAGNOSTIC AGENTS AND METHODS OF USE .
THEREOF RELATED APPLICATION 5 This application claims benefit to
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' to The present invention relates to Lawsonia

intracellularis vaccines and methods foré)rotectin against and _ S
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cultivating large scale supplies of L. intracellularis, including botha novel
isolate of L. intracellularis of European origin and a method of preparing a
lyqibiilix @ pradiit EoxIdRdg the 15 attenuated European isolate as
vag ﬁ@%ﬁf&q{{gﬁ oDV BERIRHEY En ey QRHSOBING AORN AN IHREHEE serial no.
pro ferative enteropathy ("PPE"), affects virtually all animals, mclud%g

ralbBHQOiMe BleH K RTS208%, B AiEaloia HRGIkT ISR ARG igtonce In fis

ostrghep and emus. L. intracellularis is a particularly great cause of losses
in 20 swine herds in Europe as well as in the United States. A consistent
feature of PPE is the occurrence of intracytoplasmic, non-membrane
bopadIcGRENDdAEIlli within enterocytes in affected portions of intestine.

T gg%géhq %%%ﬁﬁ&t?gat@g% PhE8Y%e DeennRieH i8S and methods for

"Cam acter-like organisms.” S. McOrist et at, Vet. 25 Pathol., Vol.

2 6pREtE/AELIBbING teseeRins iy ntace uerinaTheqRrid IsRrO sty nd processes
idesptifiethasadioneiaxeMuNiE S80USs MRdSPRGES: Kepraed atbielesredltivating
to as heal symbjont (1S) intrac I%’Igzgris_. . Gebhayt et aI.,llnt'l.tJ. (%fL mtracellularis
Sy BrgR fEals BT gy Lo 2G5S S B b Sl by prroee
thegenayehhasigh aiayadbehdipepitiegatyomiicd et orseinag thy
intracellularis. S. McOQri Int! ystemic Bacteriology, 30 Vol.
45‘:%?8.“%?@ gg%a?ffﬁs sgfa#ggéi%hélg%kgcmes have been used

interchangeably to refer to the same organism as further identified and

descrbed DENBIR. the causativeagent of porcine proliferative enteropathy (“PPE”), affects
#irmaily all animals, including: rabbits, ferrets, hamsters, fox, horses, and other animals as
diverse as ostriches and emus. L. intracellularis is a particularly great cause 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 ef al., Vet.
Pathol., Vol. 26, 260-264 (1989). Subsequenily, the causative bacteria have been
identified as a novel taxonomic genus and species, vernacularly referred to as Hleal
symbiont (IS) intracellularis. C. Gebharter al,, Int’L. I, 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 Bécteriology,'
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,
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L. intracellularis is an obligate, intracellular bacterium which cannot be
cultured by normal bacteriological methods on conventional cell-free
media and has been thought to require attached epithelial cells for
growth. S. M-cOirist et al., Infection and Immunity, Vol. 61, 5 No. 19,
4286-4292 (1993) and G. Lawson et al., J. of Clinical Microbiology, Vol.
31, No. 5, 1136-1142 (1993) discuss cultivation of L. intracellularis using
IBC-18 rat intestinal epithelial cell monolayers in conventional tissue
culture flasks. In addition, H. Stills, Infection and Immunity, Vol. 59, No. 9,
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intestinal_ cell monolayers and GPC-16 guinea pig colonic
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accor%ance with the purpose of the disclosure as embodied and broadly
desbiffeasinein bﬂﬁ%dd?§efto§1§7f€c&?6(fi'a€§saiﬁ?§vﬁ? wsihedegd claimed in United States
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prd&mufaiica, U6l 1 dorthrBstidiilgaverdtse lﬁuaﬁmdphp}dtsmnzﬂso&zom, under the
trademark ENTERISOL® Teitis.

SUMMARY

One object of the disclosure is to provide an improved L. intracellularis vaccine using an

isolate of European origin.

Another object of the disclosure 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
disclosure as embodied and broadly described herein, the disclosure provides a newly
isolated L. intracellularis from Europe, 2 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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lyophilized form for reconstitution at the time of administration and the-
lyophilized product thereof According to a first aspect, there is provided
an avirulent Lawsonia intracellularis 5 isolate, wherein said avirulent
isolate is Lawsonia intracellularis deposit isolate ATCC No. PTA-4926 or
any avirulent Lawsonia intracelhdaris isolate of European origin, c ized in
that said avu uleat Lawsonia intracellularis does not cause fecal shedding
at day 14 post vaccination. 10 According to a second aspect, there is
ptyhﬁﬁﬁﬂeal vaestifte ferctimsiintion utife tmobAndministedtion mpt ibinyephilized
%rdn utlcilly effective amount of an avirulent Lawsonia intracellularis
et iR the first aspect, and a pharmaceutically acceptable carrier.
Accordlng to a third aspect, there is provided a vaccine for the
i tioid At offast h@ammmmctsrppw’i\ét&ﬁgitﬁe awindentisolateiof iageedniaris

mtra{F IIuI rs as de ined in the flr,?t aspect an antigenic material from at
av1ru € %1501& SE WSO
le58t0ke 0 owmg pathogens: Salmonella spp., Erysipelothriz spp.,

Hmwm!mmsmmmm&m FEAré8RFaspyy, aCiosentium s,

Streptococeus spp..
H@P%splr ?”i/ syn(froﬁﬁegfg%%s%s swine 20 m%tﬁgg‘r\;}%éy(%%%ﬁwxmm
treimsavisbibieig doeanetevtes T SISAGRE S d RS REFTER M Rerichia

coli; and a pharmaceutically acceptable carrier. According to a fourth
aspect, there is provided a vaccine_for the immunization, of an, 25 animal,
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iBafigF

acceptable caner, 30 According to a fifth aspect there is provided a
vaccine for the |mnéun|zat|on of an -3 ani %the avirulent

SO EA CORIEE PSR & SOFHB MU C! SXp et A aton ofan
ar&ﬁgﬁﬂﬂﬁcmﬁtermhgrﬁm Satuhonéliol ahaliassuisiandirysipdothax defined in the

first aspect and antigenic material from at least one of

the following pathogens: Safmonella spp., Erysipelothrix spp., Haemophilus spp.,

Mycoplasma spp., Leprespira spp., Clostridium spp.., Streptococeus spy., Brachyspira
* spp., circovirus, porcine reproductive and respiratory syndrome (PRRS) virus; swine

influenzs virus (SIV), transmissible gastro-entaritis (TGE) virus, parvovirus, and

Escherichia coli; 2nd 2 pharmaceutically acceptable carrier.

According to a fourth aspect, there is provided a vaccine for the immunization of an
animal, comprising the avirulent isolate of Lawsonia intracellularis as defined in the

first aspect and antigenic matetial from Salmonella
choleraesuis, Erysipelothrx spp, transmissible gastro-entezitis (FCE) virus, Escherichia
coli, Clostridium spp., and Brachyspira spp.,; and 2 phermaceutically acoeptable carrier.

According to a fifth aspect, there is provided a vaccine for the immunization of an
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spp.; and a pharmaceutically acceptable carrier. According to a sixth
aspect, there is provided a vaccine for the immunization of an animal,
comprising the avirulent isolate of Lawsonia intracellularis as defined in
the first aspect and antigenic material from at least one of the following
pathogens: Clostridium spp., equine influenza virus (EIV), equine herpes
virus (EHV), alphavirus, and West Nile virus; and a pharmaceutically

A pRaBIBr Giredhe ACEOHEM g‘%ﬁéaﬂﬁ@éévwwrgswéacqﬁefms prdeitied thehe
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for use as a vaccine. According to an eighth aspect, there is provi
shive iR pRaTakeagtisaliicahse b ineRititty an immune response to

Lawsonia intracellularis bacteria in an animal, comprising the steps of: (a)

lul I t de the first.aspect
AN oS TGRS 1€ S BEhGHGA & 2heERS GE E BTt o

arésslthamifspercent tiraleitiviatdsaid haeteria; and(e) ingsadidined in the
Itivat cteria_with macey ticall t carrier. According
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Cintvaicéilul apis. agjdiefried iarthe-irgs &éﬁé}chqompmt@gs (ayun{@etivigy alphavirus,

rec#‘x: lls. with a |n culum c rlsmg the V|rulent Lawsonia
I ‘dé ¥|

MRraceiniansag ar%ac?fflsl a eﬂﬁ mcu%alt?ng said infected

cells at an. oxygen concentration of less than 10 percent while

Apsardiaminghsaier mrdctepcelBare dasperidrshilby aundeonsiasial éangonia
AR AR AV ESIRG R RRRIAPATIR QiR L A oRigiipiracellularis.

According to a tenth aspect, there is provided a method for the diagnosis
of porcine proliferative enteropathy comprising performing an assay to
Ad@teﬁngmdsilan@ightﬂoai;mcfsmh&aeimmoetﬂwdsximatmmhfhumaaxmma&&nbjﬁ@t

GREpISg, 38, (2 contacling & sample fom the subjectwih the

awsonia |n{nacel Fgﬂs ISO a e as %h fllsi: ec’tntgr\‘élw}f
campigengahtisoghg ofiniplénxcdnting a Lawsoma inty acellula; is isolate as defined in
the first aspect in culture cells which are in suspension at an oxygen concentration of
less than 10 percent to cultivate said bacteria; and (b) mixing said cultivated bacteria

with a pharmaceutically acceptable carrier.

According to a ninth aspect, there is provided a method for cultivating Lawsonia

intracellularis as defined in the first aspect comprising:

(a) infecting cultured cells with an inoculum comprising the avirulent Lawsonia
intracellularis as defined in the first aspect,

(b) incubating said infected cells at an oxygen concentration of less than 10
percent while mamtaining said infected cells in suspension by agitation of said
cells, and

(c) harvesting at least a portion of said Lawsonia intracellularis.

According to a tenth aspect, there is provided a method for the diagnosis of porcine
proliferative enteropathy comprising performing an assay to detect antibodies to

Lawsonia intracetturis in a non-human animal subject comprising:
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(b) detecting the formation of said complex, wherein the presence of said
complex correlates positively with a diagnosis of porcine proliferative
enteropathy. According to an eleventh aspect, there is provided a method
for producing antisera against Lawsonia intracellularis in a non-human
animal comprising: (a) administering the Lawsonia intracellularis isolate of
(afthe fushaspeghicmpletrdtumansabirakiitiathahwuseifeotiuedinaliclt Bolate as
immung response, and (b) collecting antiserum ox plasma containing
A EIEE B SN SBRTA ST ARG FTHESHY PR BB ARETE b newly
(bjsolateetttinatiae utatisfrofm&drapepisolate DK 15540, is deposit isolate
ATCC accessionocr}\%p. PTA-4927, In another embodiment, the attenuated .
Ve NG YRR St TG STBIE L 535, 3 YRR AR TEd A8 3563, A PEiEne

prégRessierseofailA-4926. DETAILED DESCRIPTION As used herein, the
term "L. intracellularis" means the intracellular, curved gram-negative

bacteri cribed i [ rt at 1 d.0 [oge
AR O L s B L SR s
againSytemioiBacterelbgyr iy ol 48orNoIMa820:825¢(1885ingach of which is

incorporated herein by reference in their entireties, and includes but is not
(@)imitedTsniseisgiahe desismaeirnreaBman wsrintaes tefisiasraghiop non-

the BdapestkaatyWithheARercan yng S e foallection L0804
University Boulevard, Manassas, Virginia 20110-2209 on January 9, 2003

(bhnd 48URGHEE APCTURRIBTHNEIAERRIDS ANHDOFict® saltshiivebitteria
which,gan bg ebtained from PPE infected swine or other animals
throughout the world given the knowledge in the art and the teachings

AR TS R iy ke R A QP
is gt lmieans PO Accintianaflol #TAistI2Te hahisherepaveirosateiagetmated
s FULVAIAR R BASSRIING 46 T HMES RN A NEERIBH0 AFHEVE 230 0n No.
PTA-4926.

DETAILED DESCRIPTION

As used herein, the term “L. intracellularis” means the intracellular, curved gram-negative
bacteria described in detaii by C. Gebhart et al., Int’l. J. of Systemic Bacteriology, Vol. 43,
No. 3, 533-538 (1993} and S. McOrist er al,, Int’l. I, of Systemic Bacteriology, Vol. 45,
No. 4, 820-825 (1995), each of which is incorporated herein by reference in their entireties,
and includes but is not limited to the isolate designated DK 15540 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 ATCC
accession number PTA-4827; the causative bacteria which can be obtained from PPE
infected swine or.other animals throughout the world given the knowledge in the art and
the teachings herein; and variants or mutants of any of the above bacteria, whether
spontaneously or artificially obtained.

As used herein, the term “attenuated isolate™ means any L. imtracellularis isolate that is

prepared according to the cultivation and passaging techniques taught herein to achieve
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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 20 1 1 0-22 09 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 -3c primates.
Such vaccines can be prepared by techniques known to those skilled in
the art and given the teachings contained herein. Such a vaccine would

CO‘P‘B”S% i &K“Hﬁ%ﬂ% @ﬁéﬁéc%%%‘% %}Bé‘{‘&ﬁéﬁ%rﬁ&?&&@&eﬂ RIS Rar

ap armaceutlca y ac e vaccine could be administered

inphudivg buinerdimsedt ke @m@dd@mﬁmﬂ@ ARRA ik was deposited

urREISHN AR TRARSHRO D Kidbcas wgmmﬂs@nemlmwﬁmem@

B ga/éan the teachm CQntal SN ﬁé‘%ﬁ!‘#ﬁ %Pﬁqr%?ﬁ? aV| uggsrllén % ngcrégszon |

m.ﬁhdﬁ%am”ﬁuﬁaﬁptlble animals while still being avirulent. ThIS will depend
upon the particular animal, bacteria, and disease involved. The
recommended dose to be administered to the susceptible animal is 10

Tirefemiblpisolatsod tROIDSTias st beuRtabanpaCHVBIBB SIS SR BRiprobial

vRRIRLY 49SE 10 A0 M Rath IR SR loseBRsLBRE sikpfesabliabRtletHrses, and
TCID50/dose to about 5% TCID50/dose. In a preferred embodiment, the
titer of the vaccine is about 4.9 TCID50 /dose as determined by Tissue
Culture Infective Dose 50% endpoint dilution assay (TCID50). The carriers
are known to those skilled in the art and include stabilizers and diluents.
Such a vaccine may 15 also contain an appropriate adjuvant. The
vaccines of the invention may be used in combination with other
vaccines, for example, as a diluent of another vaccine. The vaccine
preparations may also be desiccated, for example, by freeze drying for
storage purposes or for subsequent formulation into liquid vaccines. 20
Accordingly, the invention also comprises a method for inducing an
immune response to virulent, wild-type L. intracellularis bacteria in an
animal host for the purpose of
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protecting the host from such bacteria. The method comprises

administering an immunologically effective 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. 25 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,
mEEHRERD SsBces s ein 6 McRME G FyiRpITHSHES At TakwAs skilled in the art
profife saianies feadntracelniatsd Boreth L SitracelkiniisweR Respiikaied by
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- 15EerinArRtation A e heIiaIdEnss pafringhiesn. SBheiRRHR! Sf RIdRHSibacteria

caksinndG: GeHS:iPAC QAL ARBGHMBHRR RN dsReR liRdde RS animals while
BGMK (Biowhitt?ker #71-176)-

, 1-176)-buffal nkey ki s, and, .
swile SRR HHEH Sttt g?ﬁ%@@é’ﬁ:ﬁf‘?ﬁ@a Ay ‘5@%%@@31 discase
MdE&aysedr IBE+k8opetanddd l:_tctsa lto e celisdsewdad toyinstedibiagnimal is

%%&ei'% ﬁ‘l?ﬁﬁ%zﬁgs{léecﬂ e?ﬂf@cﬁ@gr&g@ﬁ%%gﬁ%r %/dﬁse to about 6.0

10 INORIIEL !
e
mdno ayer, the cells may be seeded into conventional tlasks. Each flask

is JérBralfipseadaronprafenibe ababti A BSCdme to skt 10XE0Bs¢enss. Ina
PehTerfed eAnBaRRRiCe fieskihs kRt e i Kb e WItTIOI N8R ediRrmined by

The growth media_ may be angnmedia for cell cultivation which includes a
nitrd§RIT SOUEE e HRT G B FPERABICEB R TR hbsErsduIt i Baigs are

“aniimwarbahosettitditcheast ghuCtondude agitidersTad giktene BSutiediadsine may
DMEM fortified with Ham's F. 12 with.1-5% fetal ine serum, although, .

5 G SO el TR R U R B
Suceabifaliouithvgeotaccirmeateikianekes enhdilead olenvharaintagahdhe
culiyre; celisearis GRSIABtRlaLs Al AEaVR FRRFRI06S AR CHIHES &8'ktorage
monolayer should be atabout20 . . . .

purposes or for subsequent formulation into liquid vaccines. '

20 Accordingly, the invention also comprises a method for inducing an immune response to
virulent, wild-type L. infracellularis bacteria in an animal host for the purpose of
protecting the host from such bacteria. The method c'omprises administering an
immunologically effective 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.

23
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.
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percent to about 50 percent confluency at the time of inoculation.
Preferably, the cells should be at about 30 percent to about 40 percent
confluency at the time of inoculation, most preferably at about 30 percent
confluency. 25 Alternatively, the cells, prior to being inoculated, may be
grown in suspension, as described infra. 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- grewae il gus semBroriliveserd RveRiheds manrcahset euERDLY, according to

gugggtg?iQﬁté@liﬂﬁln@g@ieﬂﬂaum%%@yﬁ,@%;@3(. i19) é}ﬂ#ﬁﬁié!,dﬁifma 3618 may first be
- iter vessel (bioreactor, 3Q Fermentor, spinner, flask, etc.) usin .
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infected, swine.qr imals..Rreferaply. the inoculum b

it N et s iemtBi s T SR T U
5 Tp-inocadwpidean dié @ncintestinelldh divChen Md B2 paseit-npets fipingrtwified)
muc il of i I r.ani ' it .
B PR (Bion N AT T A O SRENY CHIE f swine
culietestisaberiitshion seileréle sisfiermdt oo sellsiekeHier IR o ODEE-18 cells.

to the fragile nature of the bacteria, samples should preferably 10 be
stored at -70C as quickly as gﬁss.ible after necropsy. An antibiotjc to which

10 | Grerden celin e 1eSitHAT KUbFnEIes Aty thh clh B RsiENThs fym of 2
meRhersyef. tre faminaglyeesids Beassiomhanthissigedittbicing-Gentdmicks. Each
an omycin,.to name a, is preferahly,aed otheij [Lm
e SR RS B heri B SRR 18 G RRL per 5, 75,
WHeth &5 thenhfask wrredier poité cultadevithagrantbstingiel Thoaoytnatdia may be

inoav&yqﬂggﬁa%m@mm@t&%}'mﬁ e 1REHIQI REGLDY YRHUSIECRRIA YRSt factors
known In the art,\é?lven the teachlngs herein. Thé bacteria and/or

15 inofutieehesnn sl et sclite WA § neish T HFees Wiksinved T eppreferred

CORCRILIAONEM eisSRlesBXIaar: CONTaRtkationsreEe ataibaada%ithough other

intracellulari . . .
ccmmercxraﬁy available media may be used with good resuits.

Successful cultivation of L. intracellularis is enhanced by maintaining the culture cells in a
20  constant state of growth. Therefore, the culture cell monolayer should be at about 20

percent to about 50 percent confluency at the time of inoculation. Preferably, the cells

should be at about 30 percent to about 40 percent confluency at the time of inoculation,

most preferably at about 30 percent confluency.

25  Alternatively, the cells, prior to beiﬁg inoculated, may be grown in suspension, as
described infra. 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,

30  Fermentor, spinner flask, etc.) using parameters suitable for growth within this system

prior to inoculation.
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20 growth is less than optimal with cessation of growth eventually
occurring at oxygen concentrations outside this range. Preferably, the
bacteria and/or inoculated culture cells are incubated in a dissolved
oxygen concentration in the range of about 0% to about 10%. More
preferably, 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% 25 being most preferred. The
proper concentration of carbon dioxide is also important to the proper

) (r)/%'?gel&hm}ﬂﬁﬁa%%tﬂ e Aleadlaen, cti@niﬁ@a@mmtﬁﬂem &@@E?ﬁﬁd&%nﬁ or

o and less than 4%, non- gptimum growth occurs with cessation . .
orENith BYRAIHFORERRNS AFCAID A ERo RS Sl dn e B g obeined
thisgangeC Breferabiy, NoeRizkb®d Hioxide concentration is in the -6 range

from about 6% to about 10%, with a carbon dioxide concentration of about

8.8% being most preferred. In addition, the cells are preferably incubated
at Eobyuirotjum condentranisrinshemasensts MERITan St EaTPiRe oo, off of the

MogtRreferapine e arisArRalnerbaed ih 2PaUHE: Poagiatith GA2stinal
about 8.8% C02, and about 4% H2. Nitrogen is used as a "balance” Jﬁlthe
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(8@%ekepathon:HioxideDiOYha fiddipdiayenofibe bafteripy cartiples shisild preferably
organjsm, Ce e preferably in t [ttog sentration |
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indubratethiiwabsurSteniiset 8. Yo orn eho b BrETson, REpmerhrr ke

ab%h@ﬁ%%e Iﬁgﬁﬂl@%ﬂtﬁﬁ@@c@ﬁ%ﬂﬁﬁ?@@ﬁﬂﬁﬂi&&%ﬂ@b&ﬁ%ﬁ?@ﬂdﬁk afew,
or other gas chambers which contain the proper hydrogen, ox eglland —
A bBFFATRIAE5AE RO R P TFREFE SR BT A AR LTS 5 il permitting L.

susprRIBH s ingwEubklieherTheiabaunbe isshpuecotinrpriserdrrstama for

maintaining, the inoculated. cells in suspension, an 6 ﬂgr
S S I A
induloatioin thermye rziteretbhitaldibes hengis. range of from 30C to about 45C
and is more preferably in the range of from about 36C to about 38C. Most

preferably, the temperature is about 37C. The necessar

The bacteria and/or inoculated culture cells are then mcubatec}l under a reduced dissolved
02 concentration. At dissolved oxygen concentrations greater than 10% L. infracellularis
growth is less than optimal with cessation of growth eventually occurring at oxygen
concentrations outside this range. Preferably, the bacteria and/or inoculated culture cells
are incubated in a dissolved oxygen concentration in the range of about 0% to about 10%.
More preferably, 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 eventuaily occurring at carbon dioxide

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



20 equipment for cultivation and attenuation is readily available to those of
ordinary skill in the art given the teachings herein. One example of
equipment suitable for 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 25 containing at least about 2 liters media and capable of
maantifiiog Hhewndlare dallg 19%susite ashondliopide rrygatasiomef about 8.8%
aptg)erlcr)l%rlir%gt fp&gﬁgar'gtion_, or other means of mechanic_al agitation, an_d
contintiously monitoring dissolved 02 levels in the media. New Brunswick,
Braun and other companies make suitable fermentors and bioreactors for

thig, RHERRSE 1RO BYsARIpERgy hRuBasy aletealigdn coscepanidedhstrteange
during incubation, maximu rowth of the cells, and hence L. . . _

5 i LA S R by T A s A PSSP shsgs 0 abot
to B9y, mienlia S8k @ propasawittere.oNiydgoy énussdyagar balaneelt bothe gas
dioxide. The culture S A0 faineshl 2N3188n dioxid
bynéu\c/%??e 3?%%% r%%tﬁ%ﬁ%%ﬁr%%ﬁ%%ﬁ% for exé%%gi?%fulture e

fla§keys) oneridmeen ABLRIEOTIOFENS BEBREE WANABINPI SRR B ubated at
SyslRSed8 UnRarsRAGSRINABEdasks a0 SPHs:S TRy TiRek@ikitells are most

suspension during incubation by ncubating the, cells i inner flas
10 ingheideseahisingy é&%ﬁl?SPtoqt&ﬁh?é‘F %%;{&?%hfé’ofﬁ%%?r@@ a}ncr)]ue{r%fés 'fmd about
asametNherein, means a flask or other container which employs a paddle,

propeller or other means to agitate the culture and keep the cells

contained therein in suspension. 10 In a preferred embodiment, the .
incoetaletttetilisameyienatbaiedrinlAast ens incabRics R Ather &psharabers which

the, celsate H%ﬁ&%ﬂﬁ@ﬁi%@émmmgﬂ@wﬂceﬁaa@md which allow

incubated in a dual gas Incubator whije spﬁgi trl_sg fl ski?l;referably, theea.ns for
15 in o R e RS PSP YT 5 R Rt GRORE B A

flaskaiftaigiaahbenachigvédelly ia suapteisiont aeth@ds deooivon andisepaly suwke to

as using a cell scraper to det he ¢

o S AR AT B0 sl oS Mgl pern o

rotitdheiranige o fige 30T st & s dermoomsHrabhainiheg et sfifrom about

plagdn Qrdes o svainiale: theriniestadCRIS HI-FHINEABIAM 3 7°C. The necessary

20  equipment for cultivation and attenuation is readily available to those of ordinary skill in
the art given the teachings herein. One example of equipment suitable f01_' carrying out the
present invention is a dual.gas incubator, e.g., model 480 (Lab-Line, Melrose Park, IL) in
conjunction with spinner ﬂaské to maintain the cells in suspension. The presently
preferred equipment comprises a fermentor, bioreactor, stir plate or rotary shaker

25  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 O, levels in the media. New Brunswick,

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

30 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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A portion of the cultivated L. intracellularis is then passaged to fresh
culture to increase 20 the production of L. intracellularis bacteria. The
term "passaging" or variations thereof herein means the process of
transferring a portion of the cultivated L. intracellularis to fresh culture
cells in order to infect the fresh cells with the bacterium. The term "fresh”,
as used herein, means cells which have not yet been infected by L.
intracellularis. Preferably such cells are on the average no more than

ap%ﬂ*‘é@%ﬁ%ﬁ@ ' %%'%xeﬁﬁ H&&%ﬁﬁ@g?ﬁ%ﬂ@@%&%&aﬁﬁyﬁn and carbon

suspension cultures may be accompli by removing a the

originsideulihecaiitra satligan e aFisind ank maitainrddhasAcEsion by deRriety of
If the-@rginalosltin ebas ﬁlﬂiﬂﬁg%ympé[aﬁfﬂ?é}%ﬂﬁ@ﬂm XM BMRties, membrane

greater than about 104 bacteria/mi, it is preferable to add betweepn abo
GRS RATS O STB L eeEi A o P L SR B el cls
5 flaskapathepinig ftepbnerisdurhig iscpbafiabyyitmbeting dre GOl épbintrelask
cells are | fe(fted..lff
NSING & ],la as 11'101%

wer than 50% of the ce (nf; Aging. s .

s o B e A A Rl SRR U e i,
scatingpup fiagk eohtraechytaigemire spbste cafidie pepsiiasemduranasns to
eithergast. calhsiRaptothet-gleRsalf-natdeauiredsRaiget contrast
to the passage of monolayer cultures, as in the prior art. 5 After sufficient
growth of the culture cells and subsequent infection by L. intracellularis,

10as Heignatinad binindireeilterescahtanitindy:(ihekpsiaining, tREdE50each
another com ble method, at least a portion ofthe culfivated L. .
intrate Hﬁ%ﬁs%ag{c eeﬁgrﬁ:es e nar?_' 3llr%c§été%g Fanes |?1Sggi(§0f§f%ll%%%r or%egéa and

at detuiriedtivisydubbgrsin@bwoomiiihspinting dwdlask. direferalibel the thecylated cells
kn%@s%eﬁ%*’%ﬁﬂﬂﬁfi%ﬁ%é@ meARE & o6l Iectivitys b IeRSMaed by a

60%. The harve step may be performed by separating the bacteria

frorfpEissy Afdpehesi By PaidhE T8 HAT RIS RE AR SMRBEE D efAdh R celly Once

15in the @ils gyenrthrieaahings harewr. Refaiabhddhef tnpmaaediulhslsis typically
bacteria js f}%rvested E centrifuging the contents of all or a portion of the
su S;B ﬁ%cli SR T 6%? 9 %Iﬁl Fu I%l%c %#}Sg’atbout % rpm on a magnetic stir Ig]a?e m order to
maintain the infected cells in suspension.

A portion of the cultivated L. intracellzlaris is then passaged to fresh culture to increase

20 the production of L. intracellularis bacteria. The term “passaging” or variations thereof
herein means the process of transferring a portion of the cultivated L. intracellularis to
fresh culture cells in order to infect the fresh cells with the bacterium. The term “fresh”, as
used herein, means cells which have not yet been infected by L. intracellularis. Preferably
such cells are on the average no more than approximately one day old.

25
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 coﬁtaining fresh culture cells.
If the original culture has a high number of bacteria/m!, for example, greater than about 10*
bacteria/ml, it is preferable to add between about 1 to 10% (volume to volume) of culture

30  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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15 resuspending the resulting cell pellets, and lysing the infected cells.
Typically, at least a portion of the contents is centrifuged at about 3000xg
for about 20 minutes in order to pellet the cells and bacteria. The pellet
may then be resuspended in, for example, a
sucrose-phosphate-glutamate (SPG) solution and passed approximately
20 times through a 25 gauge needle in order to lyse the cells.If further
purification is desired, the samples can 20 be centrifuged at about 145xg

forpetfoublivessnmpiisketb e sabtine duRaltateclel e aietyvidlaskaad scaling-up the

supsrRAlaLaY L Rema cRLIAeC AL AROUESIOOX 8RGO RMEMNK and other
minutes and the resultlng pellet resuspended in an apprqpriate diluent,

suHRSSIPes PGB {5 REia%E WERABOIEHe SRiReD o in the
suisgbteafior lyophilization, freezing, or use as an inoculant) or growth

media (to prepare harvested bacteria more suitable for passaging to fresh
cells). 25 As previously mentioned, effective growth of L. intracellularis for

lard&scalBigieotigronch dthe alfisedddls kedpiherduent selzetioal eybtivegcellularis,

9r QWG WM RO BRIV A uWOSR B UMy Q&cmaﬁ EruipeRre
cell division decreases substantially. Attemf)&%t@ézfs Hfﬁ’(f’ intracellularis on

mciBIaYePksasbad Rl erstraperticiofitet Se/llatis gieripis then
BO;Qthmﬂm@wcuﬂmﬁuﬁmws:aelpmlﬁwwtgrembbfacﬂowamlgher

the cells,,activel in ermlts conti ous tur
1o e R Y S S B R R o o)
dlsm&ved@zﬁssaxmmé%aﬁ‘bvémmw nf penfamrad by sepaeating the

th%&%%ﬂ%ﬂ@ﬁﬂp%{ﬁ&@ Mdgsqeg:ﬁﬁﬂ!% l&b%vﬁrt%fﬁ{@@ %iteraﬁl&‘y skill in the

ge latin agarose, col agen, acréaml e or 5silica beads, such as

Cuiris gierets iserbingsiriea BTeiaAplycis de TI6r Atéaas bRirn s baygsted by
al%wﬁmtglﬂg%r@mlaﬂﬁ@al b&oy\@vﬁanldﬁﬂaa%@@mmd@tbm@t@& Rekure cells,

1 o ROREEA I JSSLE AR HIEIS AU L T AN 2608 BOVR B e

io paitime df thernovtentsis cteafpituged avihoire3b0thxeda abwééﬁlyunmalgrder to
tF%[J i—?# &%‘&%{ﬁ%n%gc@w% aséﬁe%ﬁg]% Reierahly2a%h, rh?

ture is removed and replaced with fresh media 1-2 times weeky
Foﬁlg‘émé-_ﬁwmggg,a@ﬁtg KB raluti ans passed ppproximately 20 times through a

25 gauge needle in order to Iyse the cells. If further purification is desired, the samples can
be centrifuged at about 145xg for about five minutes to remove cellular nuclei and debris.
The supernatant may then be centrifuged at about 3000xg for about twenty minutes and the
resulting peliet resuspended in an appropriate diluent, such as SPG with fetal bovine serum
(to prepare harvested bacteria suitabie for lyophilization, freezing, or use as an inoculant)

or growth media (to prepare harvested bacteria more suitable for passaging to fresh cells).

Ag 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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media, or media with microcarriers, may be added to the culture. 15
Depending upon the rate at which the culture cells become infected,
passage to fresh cells generally occurs between about every 2 to about 7
days. Assuming that the culture cells become at least 70% infected within
2 to 7 days, preferably passage occurs between about every 5to 7 days.
20 The present invention also provides vaccines and methods for
producing vaccines against a novel isolate of L. intracellularis of

Edeoperser eAgbetPeeterbdiy 0 datdVordinsmbyied 0p areplidned #eifs grables growth of

SW%@{@%%@;%%%@M example, 6-8 months), at least a
portion of the cultivated L. intracellularis bacteria are harvested and

monitored for potential attenuation. Such monitoring is preferably
actheplishe Ry 1ot Aninuefaininaldgedeahchaitengesitagsr)actiamide or
an attenuated isolat %ls,l attenuated isolates are (ysed in yaccines,

e T N R A LR R Lo

rabiaons exbdhs iR HsieadioTieyRsdiist 2 06l Bubofietts dnept require
re GRSt [k HRadyYaR aldndatraseliuasis of European origin. As a

result, 30 the abundant supply of L. intracellularis bacteria produced is
readily attenuated for vaccine production purposes. The method of

grow Bgthrd Rieace siad Surpessp e GIEgr atijtukl, inereades I enseys of the
speed. and number of bacterium,ayvailable for this purpose. The.mor

ce o R Rl olors

ocuithringatrcierrer badarneaferebly RSatcHE defboprivrntisThaevgiandreplaced |
N SHRRRIA INASINCrEASRS IRRLBXAFESSIaR Ab NPRILAN LIMIMHASLE NS Y, to 50% of

controlled by environmentally regulated genes and 5 their expression
pridior PR i Bl Y AeReRTe RSO Predded g cthiERed in tissue

culture monolayers but are preferably cultivated in suspension-cultures.

Other means of aftenuation.can 'ncluﬂg chemijcal attenuatian by the u
or G B BT e B A L TR G o AF ST Bl RSB 8 T ool
Whettreihypanwitipiovpesshos ovechdrbicdionidadnysarh stvaringtbet the culture cells

ingacellulans. s procueaskansaalocsd Iﬁfgéf Q%QW g)ébccllﬂs%etween about

preferred embodiment, the resulting attenuated isolate is
acRESEDIP NPT A-4926.

The present invention also provides vaccines and methods for producing vaccines against a
novel isolate of L. imtracellularis of Buropean origin. Preferably, after maintaining the
infected cells in suspension for an extended time (for example, 6-8 months), at least a
portion of the cultivated L. imtracellularis bacteria are harvested and monitored 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 European 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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The vaccine antigen can be harvested by centrifugation or microfiltration
as described is above. The antigen is then standardized at a defined level
based on the optimum host animal immune response, determined by a
dose titration in the host animal species. The bacteria may be inactivated
by methods known in the art, e.g., by using 0.3% formalin or other
inactivating agents to prepare a killed vaccine. The antigen is then
incorporated into a suitable adjuvant, such as aluminum hydroxide or

mineTedso the erttapREshRFHIRRR DMSSEENE 8VaTkL IS ARG RURETPuSag more

t0 yARGIRALE I NOStimiBk 3Epus etlar-anauRe Wasesusutnfeatiorunitigavhich are
case of swine at about 3-4 weeks of age, with a booster do%g jfcreases the
neRYEBIAGE OB B EPIBIYS ﬂ?@'\%ﬁ%{‘gﬂ‘é is LR AL GRS hdUce and
setggtdai@anditeporateciravindgets koatniladrby Tindronthenteilyteestdated geaes and

ho&te le}r}&i}rgni’;lelsfstgrnsrli’q(r)l o{sattenuation. The culture is 25 harvested as
deschbad earfie andl?yc')philized. Swine, for example, are orally

vaccinated with Ix104 to Ix106 bacteria. About twenty-eight days after
vagginalionathaswine fee s hirine cuiriegewitnahauiuladOn aiganiamst are
from a less passaged (less than 30 passages in vitro pa tth%gﬁigeiﬁa;lnclu de
S TERIE O FACS SHST O GURES) GIRE MR GTE PEe
inteaeeiicd pstsdndeotes) aininmal o fafer reenogs) e Batigdystakepsmidionged others
and the small 30 intestine ved f ' I

0 B e o enuated L.
imintmotilslach inrstycadioy spisoter diuorpe ive merpatdion D AFREERThty
Deéﬁ%d%@ﬁg gniglanimals Wil shew9 e sTorickeseants lesianpand

* ‘test ‘positive for the presence of L. intracellularis inthe-mucosal cells of
the intestines using either PCR, IFA or IHC testing methods. Vaccinated
anmglsaw@dlhbamgeqmabmmdwmmﬂmmmmaﬁmmmbed
15 C0sgrvations and wi e negative by PCRASHINGA A 19:41489K5 98 um host
inotaton. enéralfy, an attenuated immunogenic L. intracellularis isolate

is procatezuhafteresprnodeisroues & Yoy disetirationdajketbostrsimabmecies. The
days, AueagWIGR-IMEHE, ¢ WikiH d8 1R883a8 26k ab0 U001 0GHiN 894 formalin or

However, one skilled in the art knows that other attenuated ,1q cultures ted into
maStlisE HACHYRERE BRI PREES KU LEoFINg AL FNBTD MU B R Porated I
invgatied Raedyophilize dividianhdryésiing, dhaisatdtellcarenhance the immune

20 response, The antigen is then used to vaccinate the host via intramuscular or subcutaneous

infection, in the case of swine at about 3-4 weeks of age, with a booster dose if necessary.

Preferably, the bacteria is serially passaged to induce and select for an attenuated, aviralent
live culture. The culture is tested in the host animal for signs of attenuation. The culture is

25  harvested as described earlier and 1y0phi-lsized. 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

30  intestines observed for gross lesions as well as microscopic lesions. PCR, indirect
fluorescent antibody (IFA) or immunohistochemistry (THC) should also be performed.
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be concentrated by various methods known in the art and can be mixed
with a stabilizer, e.g. sucrose gelatin stabilizer. The vaccine product can
then be subjected to freezing and 15 drying (lyophilization). Generally, the
freezing step comprises ramping to about -45C f 3 C and holding for
about 150 minutes to about 480 minutes. The drying step can comprise
primary and secondary drying steps. For example, the primary drying step
can comprise: (a) ramping to between about -30C to about -5C and

holdiigpto eigbtypenerthdtic @M troinuias o eilahbh090s80n wiegoadgic lesions and test
optioaally,{ ' between abgut 20 5C to about 5C and haldin .
o D b e e L s i

step°iaerfally BompriBas restingrmetbagisoapgigateaainsoidihbafermormal mucosal
betwaghcAkededAAiiN bR Q8RR dpkeR M ER P, SletiR PR testing 3

knows that these ranges  can be adjusted depending on conditions, e.g.,
Starth§ VSRITRCSBXYAH e is then prepared comprising an

immunologically effective amount of the attenuated L. intracellularis in a

pha ically acceptable carrier, | referyed emhbodiment, a
o R S, AR e B et e
accEéprabRoapHERrTIvE bl fe dayanaatoyesAnidysaduengralibie time the culture is

aqueaRAIHHAR. 5 C T4 SHR8sO TRHSRRASIAR «ANIHRGlQgicAllY ﬁ’égte&ﬁj;\é? attenuated

amount is determinable by means 30 known in the art without undue
1 p SRIFLS TS PE RGNS Byt themAeasherein. In general, the

quantity of immunogen will be between 5 and 5000 micrograms, and
bet -12 102 nc# 090 TCD50, pref ra%l .befween 1030 and 1060
TCIBED RS B e R S R B 6 b5 FATER Pe e ol o
bacterieparentigtsd by erpreseathiodeimivmaisthe atempasses mbmbiidtio stabilizer,
vacGgeR ARG Iheallan ualedadnd AGEI AR IR RGeS i
ATCC?chession_Nq. PTA-4926 and antigr%enic materia‘ﬁfrom %Z%asntcgﬁl%zmg and
Lbthefrpamdyiiizatingn SsnenbyiitsSesEn s Hin shupssgspaping to about -45°C +
Salirdheda )dies dessisuSEManeles ttys BSOS PR U SRRy can
(e.gébnlér 1si %%thrixmr1 lesiog:gthia Haemophilus spp. (e.g., . v
Haemophilugparasuisy, WG acsggﬁg% BPYetg” FI/EBISlRrimary drying step can
hyopesprisoni@), tempios pirbespen @ostridithts pbodio {ROEnChostiigidion between
Deng@&ﬁq%‘%ﬁﬁﬂfﬁﬂ%‘l&%‘&h&%@fﬁ&ﬂ&%&%ﬁf&%&%&(}%@%&%&&%% Y2tween about -
20 5°Cto about 5°C and holding for between about 150 mimutes to about 2000 mimites. The
secondary step generally comprises ramping to about 27°C = 5°C and holding for between
about 330 minutes to about 1120 minutes. One skilled in the art knows that these ranges

can be adjusted depending on conditions, e.g., starting volume.

25 A vaccine is then prepared comprising an immunologically effective amount of the
attenuated L. intracellularis in a pharmaceutically acceptable carrier. In a preferred
embo_ciiment, 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 experirnentation given the teachings contained hereiﬁ. In

general, the quantity of immunogen will be between 5 and 5000 micrograms, and between
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suis), Brachyspira spp. (e.g., Brachyspira hyodysenteriae), Bordetella
(e.g., Bordetella bronchiseptica), Pasteurella spp. (e.g., Pasteurella
multocida), circovirus (e.g., porcine circovirus type 2), porcine
reproductive and respiratory syndrome (PRRS) virus, swine influenza
virus (SIV), coronovirus (e.g., transmissible gastro-enteritis (TGE) virus,
porcine 15 respiratory corona virus), parvovirus, or Escherichia coli; and a
pharmaceutically acceptable carrier. In one émbodiment, the combination
vactiié s BrisEE e, qitefubty betwintnaktslatatisn S Miare gesigeatedably between
AT@@‘WW@T@@J%%%@MQ&QQ%}Q Majerial from Salmonella
20 choleraesuis, Erysipelothrix spp. Clostridium spp, Brachyspira spp.,
transmissible gastro enteritis (TGE) virus, and Escherichia coli; and a

pharmagesditaly-a668RIGDIA GMPRIse S\ IR NS AT d QBB B Beenuated

S e NG AR G SRR o b EXR b oA s i
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butfemat lieaiter¢tatiEnysitheleriyrinad s pathis iR fiethton StiRbrella spp. (e.g.,
emiosiment, the;sombinad ine comprises;the attepuated L
intracellularis isolate deigiagﬁ%%g\é%%gr %%E%cé%?ésréﬁgp ?%’:Qfg‘lfggeﬁgw

antitjesiectrdvasi shianeimm dramophiisraes (Wadtr@ngsinblo fwizssi.
andg erdemacelicaly aceepanle rapielmh:H)0 Oﬁfﬁm%&smﬁium spp.

the attenuated L. 30 intracellularis isolate

combinatipn vaccine compris Jate
oAl K T ECIRRIEh KB AR SHRCARY SAUGRAAEAHETERidp 4331 epiooccus
fromuBhlfArccighiaich oberdesyiBranklfpryaippiaiteitdisBiORH N RELA8Y. BBordetelly
pharmacsiical &&&B@E) alri r.tll.p nother embodjment, the .
com_binatigér%va%yéﬁe co.mpriggé' %gé tgsr?ﬁg’feec% [HEOCIAQ), GPONIYS §fft POTOine
de STHFRTERS AVRE @) cRUEisi 6rPINEURTA ang 26spinatcap§edricme £RRRS) fripms, swine
at legRl-aneoierspwhagen. vl ding butnatdmitedto, Glastid) "
(e.g., Clostridium tetani), equingﬁguenza virus (E%\/)‘(e.g., EIV@FEE?\%%,’pomme
eqUiB RSP TR TR V(@ Y E T ZEeric/is qelinans apigomageptigatly
EHas@pEbIY edrdiealphavirus (e.g., eastern encephalitis virus, western
encephalitis virus, Venezuelan encephalitis virus), or
In one embodiment, the combination vaccine cotmprises the attenuated L. intracellularis
isolate designated ATCC accession No. PTA-4926 and antigenic material from Salmonella
choleraesuis, Erysipelothrix spp. Clostridium Spp, Brachyspira spp., transmissible gastro-
enteritis (TGE) virus, and Escherichia coli; and a pharmaceutically acceptable carrier.
Antigenic material from Closiridium spp. can include, but is not limited to, Clostridium
~ perfingens and Clostridium difficil. Antigenic material from Erysipelothrix spp. can

include, but is not limited to, Erysipelothrix rhusiopathiae.

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

intracellularis isolate designated ATCC accession No. PTA-4926 and antigenic material
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1o West Nile virus; and a pharmaceutically acceptable carrier. The

vaccines according to the invention are generally administered to

susceptible animals, preferably swine, in one or more doses. The live or
killed vaccine may be administered | or 2 times at 2 week intervals. For

the attenuated, live vaccines, one dose is preferred. The 15 preferred

routes of administration of attenuated live isolates are intramuscular, oral

or intranasal, but intramuscular and subcutaneous injection routes are
mstpefeameitorhvlerddsie arddBinEpepdeinidigpaeans o pRhsasasRIgically
begp.Bingleeg ey, the time required to culture the 20 causative bacteria.

As a result of the present invention, development of diagnostic tools
promoting rapid and accurate assays for the presence of L. intracellularis

in hielogieatsbetpieatake mmmmmapmmﬁmmime to

PPE is 0ssible. The L. | ularis bacteri ino :
i e e e

befoseat wmm@enmmg@mm&ngmm mﬁ@h@sﬁlowmwm (e.g.
'm@?b‘ﬂﬁgﬂﬂﬁ%ﬁﬂt anliibo %@ﬁ&&&ﬁ&kﬁ@?@é%tm@%ﬁp dquine herpes virus

intracellularis in thé serum and other bod ¥fIU|ds of animals_suspected of

betRE fctedEiNTtH tRENxbERY FreFhfe HETYat fhhi iy Rgy s (6.8,

arbh%ﬂ%@@gﬁﬂhﬁdvimm aresnsanapleialoy. vilis Vativalylathenbastisiiits ofrus), or

thggns t inventio beatéged ina 30 V¥aeoﬁtern Blot assay. -14 The

0 prdfStted Y IR R toEo accor mg)(o thePiavention is as follows: 1. Add

13

25

30

O 1 mi/well antigen diluted in coating buffer. Incubate for 18 hours at 4C.

8303l %§c\é€'HﬁaE BSndiadiBladpeatalackingfulicn e %%E;ml% animals,

p ate. Inc ate 1to 2 hours at 5 37C. 4. Wash 3 times with wash

buBEfersbITiRStRS AR ARG ATIRSER SRS BurieAFHS SEHiiled YAPHIRAERH/RE doneistered 1

plajes Mﬁé@at@ﬁeaa iBt6hblio %ﬁﬁf@@@e&h@tﬁ@ﬁ@d Recdinds, toke Bdweus pleffred. The
° 1¥1\'/e erre gu?egl o adr\évg]stwa%ﬁ)?x By t%fmated live isolates are intramuscular, oral or
intranasal, but intramuscular and subcutaneous injection routes are most preferred for the

killed vaccine.

Effective diagnosis of PPE has also been hindered by the time required to culture the
causative bacteria. As a result of the present invention, development of diagnostic tools
promoting rapid and acourate assays for the presence of L. intracellularis in biological

samples taken from swine and other animals susceptible 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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10 7. Dilute conjugate in blocking buffer and add 0.1 ml to wells of plate
and incubate for | hour at 37C. 8. Wash 3 to 5 times with wash buffer. 9.
Add substrate. 10. Measure absorbance of light with a spectrophotometer.
15 11. Wells in.which antigen was not added are used as blanks. 12.
Positive and negative control swine serum should also be used with each
test. The preferred Western Blot protocol is as follows: I. Run antigen on
12% SDS-PAGE and transfer to nitrocellulose membrane. 20 2. Place
mehstafrarnd BloSdner posR rsPoing irdhs imvsmisrd s Rl Bufrer and
rinse with RBS Q- dninuigerddiRiliaseramdrbbineking datefornél eddstat 4°C.
memprape. Incubate foré}g urs at room temperature. 5. Wash 3 times
with Was %‘éf?e%srﬁfm gor each wash). 25 6. Dilute conjugate in
blockingAddfepsnd afiddoking ifferte. drbubelicofgridie dueishatrobip 2 hours at
temperafuce. 7. Wash 3 times with wash buffer. 8. Add substrate for 10
minutes or until strong banding occurs. 9. Rinse with PBS. 30 10. Air dry
and ﬁor@’i@‘ﬁ‘%hﬂmﬁmg}%ﬁﬁhacelIularis bacteria of European origin

of thesingiapici RMeRiiR bIssGRREReAlS ARTIVedirersuRhtbadietpplean Make
also be used to prepare antisergm i)r an%%o%i%s l}Ior (ii{g? n%t}'c,
prophyla¥hia! 4 ALFEeES AR SOTRIBE: AR IS SR A of
EuromeaWas_HgitbdfﬂmmmWalsh/bmn, or components _deriv_ed from

such *?afr%l i ééf?a%?ﬁg%&%m&ﬂiﬁ GERLD AL HMANAWNE LD AR AROHBhbate

effectiveto e mmune response and the antiserum or plasma
containirfigramiBedie¥’t6 the L. intracellularis bacteria, or components

derived fippasyghsuagianaacansheegtiected according to methods known
in
"~ 9. Add substrate.
10. Measure absorbance of light with a spectrophotometer.

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

12. Positive and negative control swine serum should also be used with each test.

The preferred Western Blot protocol is as follows:
1. Run antigen on 12% SDS-PAGE and transfer to nitrocellulose membrane.
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).

th

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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the art and described herein. 10 The present invention is further described
in the following examples which are provided for illustrative purposes only
and are not to be construed as limiting. Indeed, other variants of the
invention will be readily apparent to one of ordinary skill in the art. All
publications and patents cited herein are incorporated by reference in their
entireties. 15 E LE 1 PRODUCTION OF L. INTRACELLULARIS
VACCINE 20 Isolation and Attenuation of L. intracellularis from the

InfEiikcstreiiidpinbraryie WiHuoBrRRRI g AfdhatiDEathiBYSpiRRy ErspEponents
L d@%{%&ﬁﬁ@kﬁrﬁaﬂM@@ixthJ@imMéMQd%pkmswmmes for

e et e e e e e S
ammgmofdﬁm:ﬂmmMnorenmhwtiﬂmvwﬁwmdammbed

fdetie AR THeaRn Ml /A RHGAR Y08 (R COlIRGHAR: rosponse
103881 niversity Boulevar

anassas, Virginia 20110-2209 on January

0, 2p0 6% AR eRBIE eSS RGMEORTN S 7. Trzmedluiieis bacteia, or
PregRsenskIdask 8¢ rRan sudh 8 e SRR dhec AP HemMPEARRREs known in
try S|n|2|n for 30 minutes, and passing 30 through a tissue grinder. The

ile AR passed through a series of filters consisting of

5.0, 1.0, and 0 65 m. The homogenate was diluted in sucrose phosphate

glultﬁlén aé%e?%’ _ cglﬂ [t (g:%ﬁl&@ff;%g S, Fo%ﬁ)ﬁ @%l%ﬂ'é% (et ok 8ffov1deci

homogdenate were made and store atlesst

hoferogasteative aurnesss erlyrRcAEIQbIRHE cOmPUISE# IMiting Jhdged giher variants
celpaetibdamwain nasiared daibnias Mebeyaalbiiagtion thy.seraping

McCoy cell monolayers, lysing cells by potassium chloride treatment, and
placing the concentrated cell pellet on microscope slides stained by IFA

uskiy publiacionsd i aatthaditsdspeeif atointonipiraied| hyacikrexfte irefimieentireties.
passages on anchorage dependent cell cultures, inoculum from passage
eleven was transferred into a 250 ml spinner flask containing McCoy cells
and grown in suspension until harvest. The Danish isolate of L.

EXAMPLE 1
PRODUCTION OF L. INTRACELLULARIS VACCINE

Isolation and Attenuation of L. mracellularis from the Intestines of European Pigs with
Porcine Proliferative Enteropathy (PPE):

L. imtracellularis virulent isolate DK 15540 (DK 15540, DK~15540 and 15540 are used
interchangeably herein) was isolated by the University of Minnesota from an ileal
homogenate of a Danish pig infected with acute porcine hemofrhagic 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
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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intracellularis (ATCC accession No. PTA-4927) was attenuated by

continuous in vitro passage in McCoy cells for 80 weeks and tested for

identity by monoclonal antibodies. 10 The attenuated isolate was

designated B3903 (B3903, B 3903 and B-3903 are used interchangeably
herein). Isolate B3903 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 ATCC -
aceessivdavodRDed aiessIBAg olfiifes THasATRESASHE Yot drseRtigpeuium fo infect

growt LeOniements. &1y ReiRactionseaneritebaelestpi anting dyoeaetielnmfection

~ were used to identify L. intracellularis, Master and Warkin %%Q ma; egt%l’sand
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2P PEFPIIB Y EY HES RS T M R RIS SRR THPLCEIHTAR
was.gatermpingd dyrexbsaingeet utt mdsositiperstidockaiatd BBy segmeonoclonal
conventional extraneous. agents fests ' ' e
R St e

wesdl nolfwivslgncaluicinonprestee dsvinc e Rass G/t e Rrabiajner fask

Segdand, PR RESSAYSINERHIT: R pdieaalinica Sig T DhEI9Solate of L,
lesions that are observed in susceﬁ?}le swine foIIowmgﬁg&gosu

eof |
virteetelluAtia CATHArRecsss e Brifer it fratad THEYE SOHpPuS 7 Vo
Ranga &f isuhauiy e Finahasdksted rmatddat fdentityroyuctionlofdl antibodies.
intracellularis did not exceed.ele r € :
o A CORTOEER 20 e e o R et sed.
anthtereliataiably ihebrithe bt Aot cuaTisgrsiind ander (briPrriappst Treaty with the

FO%@QCEJ%)@%EM@ @ﬂ@&%ﬁ; 1850 (YvBRMP BELRMMASManassas, Virginia

20110-2209 on January 9, 2003 and assignéd ATCC accession No. PTA~4926.

Cultures:

Identification
Characteristic growth requirements, PCR reactions, and monoclonal antibody reactions

were used to identify L. intracellularis Master and Working Seed materials.

Purity
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 X

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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10

15

serum (NBS) or fetal bovine serum (FBS) (cell growth and maintenance
media). 10 Master and Working Seed were stored in DMEM/F12 with
1-10% (v/v) NBS or FBS and 5-15% (v/v) glycerol (master and working
seed storage media). The final harvest product was stored in sucrose
gelatin stabilizer (SGS) (final product storage media). 15 Propagation
Master and Working Seed cultures of L. intracellularis were propagated in
EU McCoy MCS using cell growth and maintenance media as described
Sl}fﬁ&gﬁﬁﬁy%‘féﬂéﬂué?sless than or about -35C. 20 Source of Tissue L.
intrage hulesiseaansand Rreductiosiongsis ms-weliigraviiinoMcCey eleven
Master Ce#tﬂs_gto k TC% a&cession number CRL 1696, batch number
FRG2S) trﬁuea 28&H 2X5¢k was identified as 3894MMCSS at passage
X. The master cell stock was passaged an additional 25 six times and

Id%@églﬁg @%%ég)g\i%goy MCS X+0. EU McCoy MCS passage X+0 was
stored at -70C 5C or colder. Production vaccine was made jn EU McC

o .
MEE M amaierdamtRaciniMich HRueerpRshrasncfa g s Yodified
Conlgineisifald MeCoMGSiese PToFBaRd/in tisaur cLitireyAasks/buith bovine
25-150 ¢m2 surface area, Costa uhes, in roller bottles with 850 cm?
o sar o3 SN 5F HRL AR AR B T, Sndasd mapRaee oles

having 3L to 500L capacity. 5 Seed cultures of L. intracellularis were

AL %%%%ﬁ‘%%?&éﬁ?&?@%ﬁ@%@@ﬁ%&@ﬁﬁ@i&?-Ez@%f(l%vﬁ%fs or FBS and

bottles, tissue culture flasks with 25-150 cm2 surface area, or in

bidreatévirhabierjd (mastrgend ypEdRg seed storage media).

The final harvest product was stored in sucrose gelatin stabilizer (8GS) (final product

storage media).

Propagation

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.

20

25

30

‘Source of Tissue

L. intracellularis seed and production érganisms 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 MeCoy 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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10 Production cultures of L. intracellularis were grown in 6L to 40L spinner
flasks or in bioreactors having 3L to 500L capacity. Methods of Preparing
Suspensions for Seeding or Inoculation Seeding Cultures 15 Frozen or

fresh L. intracellularis Master or expanded Working Seeds were thawed at
room temperature (25C 3C) or at 37C 2C. Bioreactors, spinner flasks or

“bottles previously seeded with McCoy cells at a cell density of 50,000 to

16

15

20

23

30

500,000 cells/ml were infected with L. intracellularis at a concentration of
1 Oulfied QatvkimedOl of 0.08 to 1.0. The infected culture was incubated

u ”E@W&%H& ﬁ%?@p?%%%@&ﬂ%&@ﬁ%%ﬁ& SRR B GRS TNIEE area,

composed of 86% N2, 4% H2 and 10% CQ2. The culturg was incubated
forRsErIs e dnrdiepbotiies withd 5P amaAnithe CoRtin ot up to 40L
(1Q404189 aiah BRoaiRtiReefepIate soiingdatithe cells to remain in
suspension. Production Cultures 25 Frozen or fresh L. intracellularis

Master or expanded Working Seeds were thawed at room temperature

(256 B@)rueab8GnRe: Bitreactors oepimm2TRaeR B! spBoaeL lasks, 850 cm® to
ca V) @r ‘ y s e
o e e e e
cohisarretd haging i3-1050W/¢38#IOI of 0.08 to 1.0. The infected culture

was incubated under reduced oxygen 30 concentrations by overlaying or
sparging with a gas mixture composed of 96% mﬁ/ The Cuﬁé”le .

el HEERR A RS hls RJEAEATE e B /gL g “Ch et pgecs or n
cobitremis Higitatio AL( 1O IC0L0Awpeity to maintain adequate mixing for the

cells to remain in suspension. Inoculation Techniques for Seed and

Production Cultures 5 Seed Cultures Up to 10% (v/v) of Master or

Wodkihgds & Brepering SusaesdipdRE S oding erdrastiaiBreactors, spinner

flagks prdetfiessseed with McCoy cells at 0-7 days in growth medium.

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. Bioreaétors, spinner flasks or bottles
previously seeded 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
with a gas mixture composed of 86% Na, 4% H; 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% Na, 4% H..
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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10 Up to 10% (v/v) of Production Seed was inoculated (MOI=0.08 to 1.0)
into an appropriate volume of growth medium seeded with McCoy cells at
0 to 7 days with the appropriate McCoy cell density in 3L to 500L capacity
vessels. Incubation of Microorganisms 15 The cultures were incubated at
37C 2C for 3to 10 days in a reduced oxygen atmosphere with agitation
to maintain the suspension. Additional medium and/or McCoy cells can
be added to continue the growth process. Cultures were observed
maersssepicairERiig thd (Acomatio mpiatiie adraote arsingfiopthaspibyiagpmain in
grepdlRisans of contamination. Harvest: Handling and Preparation of
Cultures 25 Cultures were examined for signs of adequate bacterial
growth by indirect fluorescent antibody (IPA) staining. Cultures that were
reaatycidutioarVediniopesm filif it S Ontb PO0tioa | Cutdeetivity. Percent
infgcéia/@PI\{\l/l%ess determined by observation of at least three fields, each

field containing enough McCoy cells to fill at least 80% of the area. To be

coRlpite et (oot daspmoxiaking Seob ae diecalaad MHEATPSadEliato

305 RARN eyl Rarye st eliutdsiesiaccly tbadianof HagssampiRR hedium.

McCoy cells which are fixed and stained using specific monoclonal

antibody (anti-L. intracellularis monoclonal antibody VPM 53 Lot 31599 or

equivalentatiitmetise 1gG-fluorescein conjugate (FITC) (ICN No. 55499)

aft fincubation at 37C . 2C. 5 Cultur e ined.visual .
0 o OBt S et e s AT OISO 1) BT Moropriac

postivnewbgiontiHasdionrgetied with MdeCan s s et fitaf clazsovitethapappropriate
flupfé@w%gﬂsdi&gn? Rrodustan celiaeirgagtor, spinner flasks and bottle

were partially or fully collected in a sterile receiving vessel. Each
production culture bioreactor,

Incubation of Microorganisms

5

15 The cultures were incubaied at 37°C + 2°C for 3 to 10 days in a reduced oxygen
atmosphere with agitation to maintain the suspension. Additional medium and/or McCoy

cells can be added to continue the growth process.

Cultures were observed macroscopically during the incubation period for evidence of

20 abnormal growth or signs of contamination.
- Harvest:

Handling and Preparation of Cultures

25  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, sach
field conté.ining enough McCoy cells to fill at least 80% of the area. To be considered
infected, approximately 50% of the cell is filled with bacteria.

30
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spinner flask and bottle was harvested individually or the contents of
several vessels were pooled with the addition of SGS and stored at 1C to
7C or colder. Harvested production culture was sampled for potency by
TCID50 and identification by, IFA staining. 15 Production cultures
exhibited at least 4.9 TCID5olml by IFA staining and were free of any
evidence of contamination upon microscopic observation. Preparation of
Vaccine Product: 20 Concentration Methods The vaccine product can be

cletenstr afbieiemeTbei R i EedDy tsgtanaiiig srRRiERaMocyagfls which are
withubreasend gﬁﬁé@ﬂé@&fﬂ&&ﬁmﬁymﬁm bspae=llatio monocional

- (0.22 m or._smaller), perfusion, or centrlfu atlo Sucrose Gelatin
SERIOR 1GBY gty L0 GaRATR &5 AR 5 R TTO

WHTHeIRN b syaifes: @ dvadei ﬂmuha}mmﬂaf@mmately 25% final total
volume of SGS batch size and hydrolyzing in an autoclave for 120
minutes at 121C. 30 -21 The hydrolyzed gelatin solution (40.0 g(L) was
thEnlnmiceveanditrasionirddualitdoramy alstorsrsiascion st

79% final oiah yallme f RGIRAIEH size. Potassium  hydroxide (AR)
(0.548 g/L), L-glutamic acid (1.440 g/L), dipotassium phosphate (AR)

(2.508 g/L), potassium dihydrogen phosphate (AR) (1.030 gIL), and
sqgﬁgs@tmm@qg&wsbwm@adﬁ@d and the solution was thoroughly

of th ilizer was the usted to 6.8 to 7
1o T P EP e P e o St gt dnd bt were
fopanjietifion fully adkdaed:donl@ﬂ%lbfrdmmd Ymﬂ/dﬂaﬁh@rﬂ@k@mmhémfeamf
ot é%lﬁ‘h [zl nasargveiiy EBBS%BQ b, BIER SQINHQR WAS essels were
ilize

y filtration through a 0.1 micron filter.
pooied w:th the addition of SGS and stored at 1°C to 7°C or colder, Harvested production
culture was sampled for potency by TCIDs and identification by IFA staining.
15
Production cultures exhibited at least 4.9 TCIDso/ml by IFA staining and were free of any

evidence of contamination upon microscopic observation.
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 supematant, by membrane filtration (0.22 pm or
smaller), perfusion, or by centrifugation.

25
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.

30
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10 Example of Assembly of Units to Make a Serial is shown in Table 1:
Table 1 L. intracellularis 200,000-300,000 ml sucrose gelatin stabilizer
(SGS) 100,000 ml (25% v/v) DMEM/F12 (May be added to standardize
the product) 0-150,000 ml TOTAL VOLUME 400,000 ml 15 Volume of an

- average serial was 50L to 500L. Lyophilization The vaccine product was

lyophilized according to the procedure outlined in Table 2 for a-20 10
dose cycle (6.0 ml fill) or Table 3 for a 50/100 dose cycle (10.0.ml f|||) 25
2P Ryrsodyescbgolatn selition 610 BrESAURe tiemnkeRd MmSRanifed water or water

PRE Q8 & Nadiaridily FREEZE 14idl[30uhs SIGHbhib dive) Possibie

o %@%ﬁﬁ%ﬁé@é@% BT b o AP LR G D (AR

| 240,508 fE) AmB0sBon pibydibeT phasiine (ABSL! 3 8s. @2 suareye (AR) (150.00

Lh
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;%é@&@%%&%@aﬁ@%@%%&ﬁ SsdHERehe laadinomltba biaRbiizstizer was then

adjusted to 6.8 to 7.0 with hydrochloric acid or sodium hydroxide solutions. Deionized
water or water for injection was added to 100% of desired final volume of the SGS. The
complete stabilizer was thoroughly mixed, and the entire solution was sterilized by

filtration through a 0.1 micron filter.

Example of Assembly of Units to Make a Serial is shown in Table 1:

Table 1
L. intracellularis 200,000-300,600 ml
sucrose gelatin stabilizer (SGS) | 100,000 mi (25% v/v}
DMEM/F12 (May be added to standardize the product) 0-150,000 mi
TOTAL VOLUME 400,000 ml

Volume of an average serial was 30L to 500L.

Lyophilization
The vaccine product was fyophilized according to the procedure outlined in Table 2 fora
10 dose cycle (6.0 ml fill) or Table 3 for a 50/100 dose cycle (10.0 ml fil).

9.



STEPS C Rate Hold Pressure (minutes) (minutes) (mT) PRE-COOL* 5
N/A N/A Atm FREEZE -48 3 60 90 Atm 1 DRYING -150 20 60 1500
100-150 2 DRYING 26 f 2 60 600 60-80 Total Time: 2370 minutes (39.5
hrs) *Shelves are pre-cooled to 5 f 2C during the loading of the lyophilizer.
10 -23 EXAMPLE 2 SAFETY OF L. INTRACELLULARIS VACCINE
Purpose: 5 The objectives of this study were two-fold. The first objective of
this study was to observe and compare the incidence of disease caused
by three different low passage isolates Tahtg 8f U.S. origin and one of

EuropedmoTigijgit. TMRCENUENS TTPITS @LR/Z WEEKSIR0C] Phssure
second objective was to gbserve the s’%lfe%q;g,mg) highcpassagyp isolates

(both of [EUTOpean originy of L. ntracélularis in pigs at 6 V2 weeks of age.
10 MatetiptsranddMethods: TesfeSubstancespa L. intfacelidaris |ow Atm

passagg U.S. isolate N343 2. L. intracellul7ris low passage U.S. jsolate
N101494FIBEEAE intracellulardgiled’passage £t asolate DK515540 p20nd.
L. intracellularis high passage EU isolate Dpsi®$10 p60 5. L.

intracellélaris high passage EU isolate DK 15540 p80 (Master Seed
designatidhDBIINEG), BormuldiiSer 8t Test Subglances 120 100-150

1°DRYING, 2nd |  0°22° 120 180 | 100-150

2° DRYING, 1% 390 4 20 240 180 60-80

2°DRYING, 2nd | 26°%2° 240 | Asfastas | 60-80
possible

Total Time: 1352 minutes (22.5 hrs) 7
*Shelves are pre-cooled to 5° = 2°C during the loading of the Iyophilizer.

Table 3 _
STEPS °C Rate Hoid Pressure
(minutes) (minutes) | (mT)
PRE-COQL* 3° N/A N/A Afm
FREEZE -48° & 3° 60 a0 Atm
1 BRYING -15°& 20 60 1500 100-1350
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.

10
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20 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. 25 Storage
of Test Substances Harvested cultures were stored at -70C until the day

- of ERAMHKEE: Thallenge cultures of the same isolate but from various
haruestidatss wererthawed snd Rarvbicedmo plastic vaccine bottles,
labeled, and stored at 4C or on ice until the time of challenge. 30 Assay of
Test Substances -24 TCID50 was performed on all pooled challenge
isdNmIs%At the time of challenge (day 0). The average titers (n=3)

5 (Tﬁ{!;)e%}éeﬂwgmg sallpweeta thabfeld: Tﬁ@&ﬁ Jigedt iy hbstancaudyerage observe
Titer (TCID5 L, intrace ‘ixglarls N34 b a cell%)arls NlO%Z% ﬁates (two of
o £ PR APRESHER & PRYTRE ik Ei R PBSAE

6.87S Lorlgilimﬁl letares PltobbamOrigB) (4. Sitndselddeigriapigsatifly: weeks of age.

ted o I f
TR S S

eq@w@nem mga@a%ﬁﬁczmyed!@@@mmaw& TeEIohAgassage U.S

10 |solate N343. Group 2 (10 pigs, 61/2 in weeks of age) received one 10m1
ori%% Ient '91%3% of L. intracellularis low passage U.S. isolate
N oup plgs 61/2 weeks of age) received one |Oml or
eqTWh@hﬂP@CG%se of L. intracellularis low passage EU isolate DKI 5540

P20. Groypflracellularis low passage U.S. isolate N343
2. L. intracellularis low passage U.S. isclate N101494.
3. L. intracellularis low passage EU isolate DK 15540 p20
4. L. intracellularis high passage EU isolate DK 15540 p60
5. L. imtracellularis high passage EU isolate DK 15540 p80 (Master Seed designation
B3903).
Formulation of Test Substances

15

20 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.

23
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
vacciné bottles, labeled, and stored at 4°C or on ice until the time of challenge.

30  Assay of Test Substances

4.
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(10 pigs, 6 1/2 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 15 one 10ml or equivalent dose of L.
intracellularis high passage EU isolate DK 15540 p80. Group 6 (10 pigs,
6 1/2 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 20 appropriate test animals. Clinical health

(DEREorasmsafimnesbey dbpritesiThrlimee il Aibormsmefsatieps ey 0

&(@C?(q@ﬁ?sum}%ﬁ%x glichalpnuskday 0) to

scalg afe;k&ge%iw? iR :
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'evaléated on days 0, 7, 14, and

21. The-pre-animat-thatdiec-{from—25-Group 11 é’?iﬂéi“& eSSy was
examir;Ie)ge%rgglr)gésaélgfnd microscopic lesjons. eat%é)-zs was detseﬁrﬂrg?ned
to be dué.touesiefidassddkied with PPE confirmed by hisfology and PCR

analysi >I§?ﬁngﬂ éiéfl&id%ﬂ'l'b’i Tptaced: C_)uaiitativc_a analygs of Lawsonia
content in feces was evaluated by PCR! along with histological evaluation

for L. intéadaitredelsnshaibiitl B4 colon. Serum was Edilected on days
0, 7, 14 A 2 -l g s oRYi 5340 9%a1ts: | Summary of Stgdy Results Table

5 Grouf_Lreatment No.of Titer Serology F%W
ADWG |Crintergeaiyers Eb indy Sifﬂadd{n Lesions Score§”I N343 9 7.4

19% 11% 44% 1 0.61 5.23 2 N101494 10 7.1 10% 10% 10% 30% 30%

1.% 0&3/%15 3 DK15540p20 10 7.2 18% 13% 30% 10% 20% 1.2 0.86

5.6 Rsi%%40p60 10 7.87 5% 0% 0% 0% 10% 1 0.9 5 5 DK15540p80
20TasAs08y QvnEisie0of D% dxpstitigntal groups and one conirol group. On day 0 of the

study, Group 1 (10 pigs, 6 % weeks of age) received one 10ml or equivalent intragastric
(IG) dose of L. intracellularis low passage U.S. isolate N343. Group 2 (10 pigs, 6 %2
weeks of age) received one 10mi or equivalent IG dose of L. intracellularis low passage
U.S. isolate N101494, Group 3 (10 pigs, 6 ¥% weeks of age) received one 10ml or
equivalent IG dose of L. intracellularis low passage EU isolate DK15540 p20. Group 4

(10 pigs, 6 V2 weeks of age) received one 10ml or equivalent IG dose of L. intracellularis
high passage EU isolate DK 15540 60 week. Group 5 (20 pigs, 6 weeks of age) received
one 10m! 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

5.



B I M SR

10

15

20

6 Strict 10 0 0% 0% 0% 0% 0% 1.05 0.91 5 Controls 10 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 15 conditions
of these animals were evaluated based on a numerical point system,

which reflects the severity of illness. Scores rane%(,ed'from 1to 4 for each S
_ ithean{medIbhielgey and PCR
apPeASacs e AARNIG/AE 3JORARANINRHRMRNAERHNOTE WL Y6RIent in feces

signs, and a score of 4 for an animal that has deceased. The average .
PR RS OB IR IR AR ST Bk sBA S on the oo
5.QndRkelat) Seerngedaiiateies thivioly Hddsage Thattialsdyg. N343

(5.23), N101494 (5.15), and DKI5540 p20 (5.01). Statistical analysis on

these results indicated no differences among treatment and control

groups using Kruskal-Wallis Rank Sum Test. -26 Average Daily Weight
Ga?ﬁé‘%f@bWG) Average daily weight gains were calculated from the time

of shalengefdaPRiadhe termination of the study (day 21). The average

weight gain per day for the strict control 5 group was 0.9 pounds. The

average weight gain for the low passage treatment groups was only 0.6

(N343), 0.8 (N101494), and 0.86 (DK15384® §20) pounds/day. The high

PEESHPE TR TR B UDSRE VEREHIEE T PCHIGFRIERM By @g8 [ADWG| Clinical
weight gain per dayieoimpa¥ethto the stsietidiogitrol group that djtesibns Scores

v IDK1EEA0INn20) rocnactiviali-Lho vaoaam i avie
b T10 P AT o Y% 1 10% ib%i'\'SU% LA A AR

re¢eive Bhllengewhh [0.9 Pbundisidty 'DKYSS4@Y‘1}6®7’£§%VLOS 14 061} 523
djily! to weiéﬁ gains was signifig an?l;? lower in the NI343 treatment group

comparggt issigheripassage treatment greups K 1B64A0pe0 pnckpdM)ss | 5.01
and_strict control group at day 21 of the| study.:(Pearson Chi-square

0<0.65\DEEeeANel&ion 787 | % | 0% [0% 0%} 10% [ 1 |09 5

5 |pK1i5540p80) 20 8.4 0% 0% 0% | 0% 0% 1 1.05 5

& |Strict 10 0 0% 0% 0% i 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 conditibn, 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 DK 15540 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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15 Seroconversion to Lawsonia exposure in pigs was measured by testing
for the presence of anti-Lawsonia antibodies using an IFAT assay. On
day 0, only the N343 treatment group observed detectable
seroconversion in 2/10 pigs. Day 7 observed 2/9 pigs (N343) and 1/10
pigs (DK15540 p20) IFA positive for Lawsonia antibodies. On day 14, 2/9
pigs were IFA positive in N343 treatment group, 1/10 in DK15540 p20
and p60 respectively. Day 21 20 revealed 1/10 pigs (N343), 4/10 pigs
(N101494) and 6/10 pigs (DK15540 p20) were IFA positive while high

passagedtipatiwelmrasass KIREA0 p60 and p80) show no detectable
seroconversion. S%ocqnversion '

TR GRSt NS AT 50 PPl O RA R D DR SR 40 )t he
anelrEtitiolnté the ama (G438 ) sfllntye RSsEe i S alniingr AORietrtyiet control
th E%%egég%%%ﬁg@e%@%%% e&%%hwml%rﬁxb %9&@5“@ GOfsiay gBups was

where 4/ 9 in the N343, 4/10 In 01294, and 5/10°in thé DK15540
p2enip-pA¥E4He 0 $AHAL RGBSR KB OTAGRGH) Revadsdaye diinkigh passage
angeathichCORMIRY SFRIRS1 RIS M6 B B2leegdtivertee Sayghd chdnpdayad ompared to

DK 15540 p20 treatment graup, had | animal PCR positive while al I

CHE R RELROD GO e R LA R frptaiday (oK 15540 pé)
sheattlings paundadaplib&veHHniEhhsassaglyisTiamgrodifs (el B34erage daily
96053@% gﬁQQ.&%%@&Eﬂ;%@&%&m%%eﬁ%&@w&%m%o higher
Indicating active s Ing of Lawsonia in their feces were moré
si@mmﬁmm@mpaggagéﬁéépamé%m@ P8O 3iriqt epmitsl Sepvg at day 21 of the

DWQ@%@@Q@M@&U@@UW than high passage isolate groups
and strict controls 5 (Pearson Chi-square p<0.05). PCR at Day 21: lleums
and Colons PCR testing of mucosal scrapings from ileums and colons

wakefredvendohafter necropsy (day 21). Samples that were PCR positive

O SR GO AR e o

greops-anbententibediniting acBHiioPERIuSRFar Pl Regdiit TRatment group

tisgueswakiddctable seroconversion in 2/10 pigs. Day 7 observed 2/9 pigs (N343) and 1/10
pigs (DK15540 p20) IFA posiﬁve for Lawsonia antibodies, On day 14, 2/9 pigs were [FA
positive in N343 treatment group, 1/10 in DK15540 p20 and p60 respectively. Day 21
revealed 1/10 pigs (N343), 4/10 pigs (N101494) and 6/10 pigs (DK.15540 p20) were IFA
positive while high passage treatment groups (DK15540 p60 and p80) show no 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 demonsirated shedding of L. infracellularis beginning on day 14
where 4/ 9 in the N343, 4/10 in the N101494, and 5/10 in the DK15540 p20 low passagé
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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of the study. Results indicated ileums and colons of pigs in DK15540 p20
were significantly more colonized with L. intracellularis compared to all
treatment and control groups (*Pearson Chi-square p<0.05). 15 Histology
Sections of the terminal ileum and colon were collected at necropsy (day
21) and placed in buffered formalin for histological analysis. Presence of -

-intracellular bacteria and crypt hyperplasia was observed in tissues
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stained with Hematoxylin and Eosin (H&E) and 20 Warthin-Starry silver
reagentsafetl dugifgh (48489, 18/ e eI 1T} pA0Gpdged (DIeing S4H
PER) 2904 2RRIGS CEAR B40AR Bk hEsloRAIa YR IO RSOt KA O BHIRRSRY in

florescent antibody’ staining using monoclonal antibodies against

Lo e e SNERB FETIACERS gk (35S FEIEE EFPLL RDA1 cAPi g, end
PigK(2K40540) ey 1y detaeiRtinehiasipnpeadse thblyit roapaimihsthet controls
colons of aggeatmen%@n%control groups. FA results 25 indicated

SighAE A5 HAE Psfoirent in ileums of pigs in N101494 treatment

group compared to all treatment and control groups. H&E / silver staining

shg&gt%ggiﬁifgﬁwﬁi%%\{ghgpment associated with PPE in N343
treatm

ent group compared to all treatment and control groups. (Pearson

CHIGR; trstap DB BOSPPBES B b3S MG ARIBHTINESI BRSBTS SLgraeropsy
at g e ﬁﬂﬁﬁ%?ﬁﬁ@)@@@ ﬁ@lﬁiﬁ.&i Qﬂsm%%&aﬁﬁﬁbwﬁhoﬁﬁl&tﬂswmo
were given a score of 1 for ngrmal appearance (no. e ent), a
ScEHBR PH S L SR T ERERRg Do e sl
thitkseningoapsd AB cther araf dorasdvamrtiigkennyeStHCRcorgrties mtissires day 21
avergage clinic 4 0

B s ek vt e A
indigatBerntysratstelonime erbd vetrselr e roraracdrothernigehpd control
usingHINGIA{es R Iutinie gasparisons. to Conclusions:

Histology

Sections of the terminal ileum and colon were collected at necropsy (day 21) and placed in
buffered formalin for histological analysis. Presence of intracellular bacteria and crypt
hyperplasia was observed in tissues stained with Hematoxylin and Eosin (H&E) and
Warthin-Starry silver reagents of 4/9 pigs (N343), 3/10 pigs (N101454), 2/10 pigs

(DK 15540 p60) and 1/20 pigs (DK15540 p80). Lesion development was confirmed by -
florescent antibody staining using monocional 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
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 o all
treatment and control groups. (Pearson Chi-square p<0.05).
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Based on the datacollected, this study demonstrated that pigs challenged
with a low passage dose of N343, N101494, and DK15540 with a TCID50
greater than 1X107 bacteria/dose increases the incidence of PPE in
these animals. High passage isolates (DK15540 p60 and p80) given to
pigs of the same age with a TCID50 greater than 1X107 15 were proven
safe and show reduction’of colonization and lesion development
associated with PPE. This conclusion was based on PCR on the mucosa
of thesdelgnrehistopathology, and FA stains of tissue sections. A reduction

of ﬁ%ﬁﬁ?!&% Loiniracsiuarisdn.the {&&‘éﬁt%k‘%w REPY R GRS EXid6Rkted with

in 2 h passage isolates comtpared to low passage isolates. Average

daﬂ%ﬁm PaTrrae GATED mEsErFordl Ifﬂfe%‘iﬁ%’éhﬁ%ﬁ?&%?ﬂr(BPd?ﬁﬁﬁéiEYFB%PFm
thl&@@@&%ﬂ@oﬂ@ﬂéﬁiﬁyﬁmﬁg ROSitveReR Rakyodeightigatening, and a

s e B B SR SR AR R SR ros
treﬁBﬁfecﬁt O QN0 TR (0 B3 SRl el 04 fed) rentLEkOIS BH0psig e RS 10).
2l a%g éfpergéx%ws%%é &@ﬁ@%&ﬁ&lﬁ%ﬁ%@%&ml and

ormance of animals given high passage material with
anirprimeelcERIng sneHENOVb tashieriaiEpim papearityThe strict controls,

the high passage isolates showed no negative impact on weight gain and
overall health based on clinical scores. 30 -29 EXAMPLE 3 EFFICACY

10 ANBSIHIRIAL PROTECTIVE TITER Purpose: 5 The objectives of this
stuBhsiene tie detecnilesdhehnisiniplderntestimeditert pfgs vealbinged with a low

gf)g; p.gfﬁ'” 9dSOIR B3Rk ijgg%ﬁi%&@%% PAfSAgE.8) &éﬁ?&%o?

vaccine" an vaccine" are used mterchangea y
heb@myrsadmwmemewt@@mdﬁemﬁﬂﬁﬁﬁg@ Berranparadighnitepee isolates

depansisateliicacyRaiveh %‘ﬁ[gﬂ%ﬂﬁ@&@ﬁ@%@@%ﬁmm‘iﬁ%%ater than 1X107
challenge with low passage mtra%%llu#ﬁés the c éjfatlve age(int of

15 polSTRPrPyee ﬁgﬁ?é}%q ShoE S5 ?’858 esion development associated

with PPE. This conclusion was based on PCR on the mucosa of the ileum, histopathology,

and FA stains of tissue sections.

A reduction of shedding L. intracellularis in the feces determined by PCR was evident in

20  high 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

25  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.

30
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Materials and Methods: Test Substance: Attenuated Live Culture of L.
intracellularis, Isolate B3903 15 Formulation of B3903 (Lyophilized)
Vaccine DK 15540 isolates were grown continuously for 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. Desiccation was
peEluvEREAS Y0 described in Example 1, supra. The lyophilized product is
regoRsitiSd INWAIBN AR PEROPHPTIvENAGHRNS. Storage of B3903
(Lyophilized) Vaccine The vaccine was stored at 2C-8C until ready for
use. After resuspension, the vaccine 25 was stored on ice until
adrafpisdsation. Doses of B3903 (Lyophilized) Vaccine 1. High dose

(Treatment Group. 1): 1 x 2mL (6.Q logs/dosg) via direct gral.drench on .
CogH SRS G R AN BT CRIEET P R G T yegeine
logstopseyinadited 8 dyephlized) (8l 0 Bhthesuwidy 3¢ B06H Hrephilized)
é;gf/%%é O (AL vhot R B Rl SRR VIR I iHR R RY Bh SRR Dy oral

of the study. Test Substance: Placebo 5 A placebg consisting of

undireehdl NSO ks 6 2 AR e STSSHRA QB ATIGRINY £ YT Ui5FbREFPrologous
medigrautariiamnvibeatah B was.aeen sarsedlnians, Giosisite Aptieng@orcine
controgl) and 5 ne‘gative %gtggql on.day 0 of the study. This substance

wAS AR RITRP Y R T &4iR%nt Group 4 by direct oral drench

and given 1 x 2mL of placebo per test animal. 10 Test Substance: L.

intracellularis N101494 Virulent Challenge
Materiais and Methods:

Test Substance: Attenuated Live Culture of L. imtracellularis, Isolate B3903

Formulation of B3903 (Lyophilized) Vaccine _

DK 15540 isolates wers grown continuously for 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. Desiccation was performed as
described in Example 1, supra. The Iyophilized product is reconstituted in water, ¢.5. 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): 1x 2mL (6.0 logs/dose) via direct oral drench on
day 0 of the study.
2. Medium dose (Treatment Group 2): 1 x 2mL (4.9 logs/dose) via direct oral drench
on day 0 of the study. '
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L. intracellularis N101494 was obtained from the intestines of a 12 week
old pig from an Indiana farm (Unites States Patent 5,714,375). 15
Formulation of L. intracellularis N101494 Virulent Challenge . L.
intracellularis challenge material was grown continuously in McCoy cell
suspension no more than 30 passes after initial isolation from infected gut

" tissue. Active cultures (2 x 3L) identified as SF 1422 and SF 1423 in
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addition to (1L) SF 1421 were grown in McCoy cell suspension for 7 days _
to 15B0%oivdCmy Bettimfat Gonwmoh: tHexdayloBch kizsiins ey dirgetxpal drench on
active cwg%mé%&la&vested via centrifugation at 10,000 RPM for 15 .
minutes and cell pellets resuspended in 350mis total volume with SPG
stabilizer. Harvested active culture was pooled with 300mLs of frozen |

O)@gg 2pseancemiiatesl challenge stocks of low passage N101494 at

varioys passages, 24 1o t isplation), 25 Starage of

intf\a ﬁ?&r??‘%?&§ ?WHI g&% eﬁgge ngll gﬁrﬁﬁﬂat%ngelpég )1/11 MEM/F12
chattentyenedivensiotfttan2E 1H8B8rveon gmeamrtrmmﬁ@numé,(chaﬂenge
PostY a am%&%%@ﬂ?d?ﬂ@uﬂé g gﬂﬂ%%ﬁi&fs QR G hEDRE ﬁ&%@ﬁﬁsﬁered to

veri |e live L. intracellularis administered to each test

anhighit Y ERSSBANS GG PGS, AtdErnaierses Yo L% %Qﬁﬁ&%ﬁbo per test
(nZzR)efi. -31 pre and post titrations for the B3903 vaccine and the

challenge material (L. intracellularis N101494) were as follows in Table 6:
Table 6 Group Treatment Average Average Total Average (logs/dose)
Iogyct(m:(ﬁmb |dg sitase/kdantk)Na § $AP6 SéirHeatvaudinagion

0pt; V%CC'gﬁggﬂ%g fJRe9mi &%&@a%%@%%%xe&sm@ QZ:R-8R §if from an

h|g dose” vaccine 4.94 4.8
Indiana farm (Unites States Patent 3, 714 375)

Formulation of L. intracellularis N101494 Virulent Challenge .

L. intracellularis challenge material was grown continuously in MeCoy cell suspension no
more than 30 passes after initia] isolation from infected gut tissue. Active cultures (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 213,
active cultures were harvested via centrifugation at 10,000 RPM for 15 minutes and cell
pellets resuspended in 350mis totai volumé with SPG stabilizer. Harvested active culiure
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
Fina] 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 TCIDs;, assay verified the amount of live L. intracellularis administered

to each test animal per dose duriﬁg vaccination and challenge. The average titers (n=5) of
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medium dose 3 B3903 vaccine 3.9 3.5 3.8 low dose 4 Challenge 7.85
7.57 7.71 Controls 5 Study Design Sixty-five healthy L. intracellularis

. negative weaned piglets at 3 weeks of age were randomly divided into 5

10

15

20

treatment groups and housed separately throughout the study. On day O,
treatment Group 1 (15 pigs) received a 2mL dose (6.0 logs/dose) of

B3903 vaccine 1o by direct oral drench. Treatment Group 2 (15 pigs)

received 1 x 2mL dose of B3903 vaccine titrated at 4.9 logs/dose by
dinzetanigiaitenchiohsdatnbeB 3008 wpcBift Tpids) dedengedrhte2il dosewlluiaris
B ine.ti sidose by direct oral drench. Treatment
Gﬁgﬁsyﬁ%%% %%g%%%g%ﬁj%%ébeived 1 x 2mL dose of placebo by
direct oral 15 drench. On day 21 of the study (3 weeks post vaccination),
test pigs in treatment Groups 1 - 4 receiygdsl X IOmL dose of virulent low

Lt = g

ge@ Fn day e gs%/erage
al treatment GrO%FEEEY 5) idr gro ose

. . . e} . arion .
and microscppic lesion anal 901% vatipns were

£, +. H 1
CIT I TCHL ATTITTTCH

mI dC HUITI at ! Géli{f%gé" Ie‘l‘.h
C{ilnicaf healtr??ﬁ%%%%e navior, and body condition) were scpred daily

fromrday of chple e lUgY 2 1) toteggnmatiorof studyggtay 42)-Weightg g
were taken onday.of yaccination (day 0), day of challenge (day 21) and

o dayof SUCYRERE LD (day 4z pto calcurate avergge daity weight 373
gains of each tregymgntgroup. Fecal shedding of L. intracellulgris was

evaluaied by POlREEAsE Crjain reagyn (PGR) Dy TERERG fecal swabs 7.71
' Controls

Study Design

Sixty-five healthy L. intracellularis negative weaned piglets at 3 weeks of age were
randomiy divided into 5 treatment groups and housed separately throughout the study. On
day 0, treatment Group 1 (15 pigs) réce_ived 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 (13 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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io (f-PCR) on days 0, 7, 14, 21, 28, 35, and 42 of the study. All animals
euthanized at study termination (day 42) were examined for gross and
microscopic lesions. Qualitative analysis of bacterial content in tissues
was evaluated by PCR (t-PCR) along with histological evaluation for L.
intracellularis in the ileum, colon, tonsil, and mesenteric lymph node day
42 of the study. Serum was collected-on days 0, 7, 14, 21, 28, 35, and 42

15 of the st .S lested ysing the indirect fl t antihod
(oS SR ST BB LT S TR Hlat
greuthatrapansoasopsicd foageds\andatacarsalysislefiavenalysisifhPRBight

gains post vaccination and post challenge, clinical scores, seroconversion
rates (IFAT), colonization (t-PCR), fecal shedding (f-PCR), gross lesion,

| and microscopijc lesion development by immuyngohistochemistr Q). 20
D RBTLD S ARFOREA A RS LT ADRPHoR SLqFhSAY Plguatense for cach
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Treatmenial AGisgs RediagiaAterdghdiaragd bodpepndéioBy ewpelBored daily
Grgss Gro iero- Migro-Group [ jo j i
S TS A R B ST (P e on
vadeimd 1ascitstion @y P)aday af shelighesddey (810 pod rn BBOB Ry e ipgtion (day

abd 2.t Ak AR R MBI 008 84D 4 RAMZY aeripe 2R DsHeldihg of L.
1.0b 0.3 a_low dose (3.8) 4 10 Challenge 3.6 c 2.2 b %ﬁé}% ]55 b .
intracellularis was evaluated by polymerase chain reaction } by testing fecal swabs

(f-PCR) on days 0, 7, 14, 21, 28, 35, and 42 of the study. All animals euthanized at study
termination (day 42) were examined for gross and microscopic lesions. Qualitative
analysis of bacterial content in tissues was evaluated by PCR (-PCR) along with
histological evaluation for L. intracellularis in the ileum, colon, tonsil, and mesenteric
lymph node day 42 of the study. Serum was collected on days 0, 7, 14, 21, 28, 35, and 42
of the study. Serum was tested using the indirect florescent antibody test (IFAT) to detect
anti-Lawsonia antibodies in test animals. Treatment group comparisons were made by
data analysis of average- daily weight gains post vaccination and post chalienge, clinical
scores, seroconversion rates (IFAT), colonization (t-PCR), fecal shedding (f-PCR), gross

lesion, and microscopic lesion development by immunchistochemistry (IHC).
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Controls F7 10 Strict Controls 1.0a1.0a 0.0 a 0.0 a 5 *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, to and 3 (p<0.05). Average gross lesion
scores of the vaccine-low dose colons were not significantly different than
ctﬁﬂmﬂ‘ge controls. The vaccine-low dose group (Group 3) is the only
ebqﬂfﬂ% PP}%Q Facgined vaccine and had significant lesion
developmient (gross and microscopic) in comparison to the strict control
group which did not receive a vaccination, placebo, or challenge
throughout the study 15 34 Clinical Scorgaiidinical scores were recorded

oar\h ani H f.ohallanae-Laay

c..ntrggagespa T, TR (e T A

Cro-

reflq>ct|ng e Teri y g on of‘gggigpess 2000 treatmeRt, 9raups esion
duejto receiving ag vir Ie 08Rkds- intragglitilaris. Ayvgrage dlinigahres
scores for each treatment group SRHINE Lrlzggli;gh)T able @}eﬁélyle B8 (colon)

Treqtmeq GTOWE GTo34gsRUEEATON AVgrage Glmgal $eores b B3P03 .1 a
vactine -highidose Byl 2383808 vaccine -medium dosg 3.0 a 3 B3903

vacgine -low dose 3}0 a 4 Challenge Contrgl 3.0 a 5 Strict Control 8.0 a
*Like Tetters dengie Ne:sighikcarkdifferegices amohg averagedclinicgl  0.0a
scofes from the day| lfeafugindiiende to necropsy (p<0.05).

O

4.9) .
3 15 |B3903 vaccine| 23D 1.5b 1.0Db 0.3a
low dose (3.8)
4 10 Challenge 36¢c 22b 2.4¢ 150
Controls '

5 10 | Sirict Controis 1.0a 1.0a 00a 0.0a

*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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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 15 controls

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

10
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20

25

Daily Weight Gains Average daily weight gains (ADWG) were calculated
from the time of vaccine administration (day 0), to challenge
adtﬁhtitsiﬂraﬁmns(day 21), to the termination of the study 20 (day 42).

?}E@d?@é%%%%?&ﬁ%%@&%ﬁ&%ﬂ BonT RGWISEARSINABR 21) to

vaccme ose and non-vaccine, challenge contrgl treatment §rou gn
E%ﬁﬁé ical score

renedRRSsERIchbe GliaicakTAeANRrRaleHeEdo AN fm e Srasn A

adenBisk M@&W@Mﬁ@ﬁ&%ﬁﬂﬂ%mm tatarisrt wromarizedoineceiving a
Table 9. 2

5 Table 9 Treatment Gro e, ADWG AD
Td’t'é\’lﬁf(ggﬁl ﬁ%ﬁt ﬁ'gﬁaﬁ?@f é’afb 5%3? ayaéfc%ﬁff V\&%relg%ﬁvgql groty
(Iks2) therafizad diriBilde 8(Ibs.) 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
medium dose 3 IB3903 vaccine 18.0 2a0.94 a 1.48 ab 1.21a low dose 4
Challenge 17.7 a 0.96 a 1.45 b i.21a Cork#8I&3Strict Control 17.7 a0.94 a -

1533 dndBaGT ke [ETeTS UBRalle Redifpificant differences/&eps€ifical Score
treatment.aroups.in ADWGs _from
‘ 1 B3903 vaceine — high dose 3.1a
2 B3903 vaccine —medium dose 3.0a
3 B3903 vaccine — low dose 3.0a
4 Challenge Control 30a
5 . Strict Control , 3.0a

*Like letters denote no significant differences among average clinical scores from the day

of challenge 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 cotnpared 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. = pbunds) between vaccine-
high dose and non-vaccine, challenge conirol treatment groups revealed evidence of a
significant difference from the time of chailengé administration to necropsy (p<0.05). The

weight data is summarized in Table 9.
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day of vaccination to challenge and from day of challenge to necropsy
(p<0.05). 5 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 10 in each treatment group were IFA
negative. On day 28 (1 week post challen'ﬁ@}%?the study, 1/15 (6.7%)

teSranimas In tnqy&ggme-?ng@ggg reatmeut(grouE WeEREONAS pOSItWB'WG Total

whileglpthers desterdatioh nedative. On@day 85 £2)weeliapost-ciiplienge)lbs.)

of the study, 4/15 (26.7%) pigwaigtite Vaccigigshigh dose afibsthedium(Vaccination
dose treatment groups and 1/10KdP%) pigs in the non-vaccine, challéndjecropsy)
cantrol freatrfBESs0graupineere |EFADositive f6rdawsorjia 15ladibodies. 1292

Both vaccinetlgh dmse and strict control treatment groups were 1FA
negatik on Bag®svacringay 4273 weeks pb§fchallenge) of@ib study, 1-30a
8/10 (80%) pigsdinthdosthallenge contral group, 6/15/(40%) pigs.in the
vacciné-medBr9eesgirsup; 5184 £33/39%6) 018 in ti“e vaédféiow dose 1-212

grmup, and 3 Tooy @9990) nigs In the vacdine-high-dos —
pasitivét The Qfﬁ‘&eﬁ%ﬁtrol treatment gn group \%gg A negatl\lle %Pstud) 20 1418

te mination (rGQpZ§ -36.Se nr-nn\lnrc el r{nfg wae anahizad g

Chi- sqéare g %ﬁﬁgqﬂgﬂesults%gt%m din r%a';rlct conTﬁ. ?eat?niar?t 1.282

greup—a Seuare-statistic
o O S BSP TRe ShreL ot s s SIS Fom
graapsireceiniigratyabdisese rapdhﬁ'ebnf,iaFAﬂbk@ﬁm\ﬁenemﬁb &redising
Chi-square statistic with 5 an estimation of exact p-value (Monte-Carlo).

Positive IFAT results obtained from challenge groups receiving a virulent
puﬁ@f@sﬁm‘f@%ﬁ%ﬂ%@were significantly higher than those receiving

Vﬁgﬁm&r@ %ﬁ%ﬁ%ﬁ%@%@@g@f&@@d@%@w goab and
challen es eca INtrace, |
ST T RS Ge  HA o e iy S G 0, 218 1T a5, ama 42 of

grah@ sty textitve and negative IFAT control samples were 100% accurate in all assays

7

aroLu |n were 1E,

performed in this study. On days 0 through 21 (3 weeks post vaccination), 2l 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 [FA 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-vaccire, 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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for the presence of L. intracellularis by PCR on days 0, 7, 14, 21, 28, 35,
and 42 of the study. Positive and negative DNA extraction and PCR
reaction controls were 100% accurate for each assay conducted in this
study. All test animals in each treatment group 15 were fecal PCR
negative for L. intracellularis from day O (vaccination) to day 21
(challenge). Pigs in the strict control group remained fecal PCR negative
for L.- intracellularis in their feces throughout the study. Fecal shedding of

L Servpoetiakion dife cusRERHESITIRG %@@m@m alatioUSof Exttte APtained in
grgu @ﬁl@%ﬂ’&%@tﬁﬁﬁ?@%ﬁ? nQ@hi”% aienstdweerauelisaial due to the 100%

d in Table 10 TR t Group Day 28 Day 35 A
DAY RSB RB ATAEAHB A SLRABE LERELRE PO LR o

challisngR) chaltros)ptirbene) T BR800 3vercoone S 50 ChiZthGre statistic with

.(13 39%) a 0/15 (0%) a_high om
ARG T M A R o

S/Q&Ksm%pabs 28818 BYipant Dieiudes @ﬁﬂﬁéﬁrg*@eavfw{m’@%}fbf Pigher than

(70%) BALLALA0%0)i e HORUGI SR GRRRY QEER (2608 LOLRPaD Ulecks post

(0%) * Like letters denote no significant difference among treatment
gr@%?é@ /ﬁ‘@ sudh allenge (p<0.05). -37 Statistical analysis using
~ Chi-square statistic with an estimation of the exact p-value (Monte Carlo)

co d 0 |ve responses ch vaccine treatment group to the
ol%gggag%me §1 % enge cé%r? r%g(%%nly Results from the strict control
gr&eqeleembs were collected weekly from all test animals in each treatment group and fested
for the presence of L. intracellularis by PCR on days 0, 7, 14, 21, 28, 35, and 42 of the
study. Positive and negative DNA extraction and PCR reaction controls were 100%

acourate for each assay conducted in this study. All test animals in each treatment group
were fecal PCR negative for L. intracellularis from day 0 (vaccination) to day 21
(challenge). Pigs in the strict control group remained fecal PCR negative for L.
intracellularis in their feces throughout the study. Fecal shedding of L. intracellularis
(fecal PCR positive) was evident in various treatment groups each week afier challenge

inoculation. These results are summarized in Table 10.

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%)

* L ike letters denote no significant difference among treatment groups receiving a
challenge (p<0.05).
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5 withdrawn from group comparisons because each pig was 100% fecal
PCR negative for L. intracellularis throughout the study. On day 28 (1

- week post challenge), pigs receiving a high dose of vaccine had
significantly less shedding of L. intracellularis than non- vaccinated,
challenged pigs (p = 0.017). On day 35 (2 weeks post challenge), pigs
receiving a high dose (p = 0.0024) and medium dose (p = 0.041) of
vaccine had 10 significantly less shedding of L. intracellularis in their feces
than non-vaccinated challenged pigs. On day 42 (study termination),
again, pigs. receivin ' j 3 = 7).
i e L R

thEVirmte Raskm aesenacerhiRe RASHA SRS SRR fo VP (R TG RRIB MR Prg e Bon-

significantyessPCRRISIE than Reschaleropcantoisarobindaypest

challenge. 15 L. intracellularjs Tissue Colonization Pg&) Egl Eg&&aﬁsﬁe Hive for L
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topgilacainddne sestetiody thesunriyd Oweny p&(fbmddpaﬁmhaagngp_)syﬁggayceiving a
45,0 0e U . 0g VLA NN AORR BAURe ELAm Bl RiGRa 555

positive for L. intrac rs 20 colonization in the tonsil while all

othercirasidemlipmasgvigetn PEH Redamiday RSifR wrcks Retihglisnee). pigs
MESENEHG WP HJisTHe IRYeesha HILBA0abRIGS iNdtheInenwackinpiad,
challenge controls were positive for lg tracel ular%s coI%mzathn whlle[eaél

10 otRigRifcaRbe eSS e L Prec @&gﬁ@e‘?‘ﬁ S BERIELRRY GFRAttssal
scrapirgseafiize. tomminakilasmiy evediatoh)] BopApiesigsdivipadtighengaedium
controls,. 4/15 (26.7%).pigs.in the ' ; i :
A AL SR R £ s n oo
thdecescimeptrightoltsengrovaseRb ebrilragert pightRistirfhgidow dose group were
colopig ﬁﬁaHﬁ}'}'ﬁfs’ g&l?@ﬂﬁ'& Hdhe cARMmERYCaiRe 1L 639°%ayRies thallenge.
the challenge controls, 5/15 (33.3%) pigs in the vaccine-low dose group,

13 1/15 (6.7%) pigs in the vaccine-medium dose group, and 2/15 (13.3%)
Pigs indheNarsineibigh Oslseignep(PCIB positive for L. intracellularis 30
colonization. No evidence of L intracellulari lopizat] : ' :
tisgﬁ%ﬁf%ﬁee ?;Ix&f{ggcﬁhg&(%sr%nﬁo%sue gcc%ig’x?s QP %%t{g&‘fyﬁfifb%ﬁﬂ (lBlon, tonsil,
and mesenteric lymph node were performed after necropsy (day 42 of the study). In the

yaccine-high dose group, 1/15 (6.7%) pigs were PCR positive for L. intracellularis -

20 colonization in the tonsil while all other treatment groups were PCR negative. Ileitis PCR
testing of mesenteric lymph tissue revealed 3/10 (30%) pigs in the non-vaceinated,
challenge conirols 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

25 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. fntracellu]ar;‘s

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

control group.
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Statistical analysis of lleitis PCR positive results were compared among
treatment groups using Chi-square statistic with Monte Carlo

approximation of the exact p-value. Mesenteric lymph node PCR results
indicated evidence of a significant difference among 5 non-vaccinated,
challenge controls and all treatment groups receiving a vaccine treatment

- (p = 0.054). No statistical significance was evident among treatment

groups in L. intracellularis colonization in the ileum, colon, or tonsil at day

42 of the study. Histology (IHC / H&E) 10 Sections 2 to 4cm in length of
t°E'%,'i’sH&EP&A%Q%%%%%@&P&@&?@&%%élﬁié%?é‘goﬁfﬂ%d%%g alleeies: sroups

at necropsy ) & aced in 10% buffered formalin for histological
anvsiyeiShi-savsrnitatisiasaiMeriata i oParesetopyPliRe sxamig e

oRRILSRSHORS I Al déariRRRLBEGMASRIdREIRSY ofTh 6 il iiaa08iffatence among
group was negative for L. intracell IHC in all tissue samples ta

laris b en
S e B CREB O A LTRSS ET TR D T P Cebment
agpecintsd)with PR Etivel s doifivenice thesitoiders afn @i Gréaloshgyspf ithe
nan-vacginated, challenge cont 6 409%) ni ine-4ow
O o e e P
(6.7%) pigs of the vaccine-high dose group respectively. Microscopic
Iemdﬁr@g_yiﬂﬁ@gﬂy the colon of 8/10 (80%) pigs in the challenge

contral group, 3/15 (20%) pigs in.the vaccine-low, dose 20 groyp, and 1/15
10 (6SPSP B 378 VCER P o BRI FHREDAERTIBE TSuBhang coon
a medituhedastanasiips (dyatledd placktiacditalbuiffdredferpellon for histological
Stained. sections of .mesepteric A %0 tions
oL A SRR YR SR R BRC BBl o i esons o
resliftedtmsat gonupotithectiensn did SOiSParohg eHpatREREHBURS L

copeiaag, e 5 the pheseRsshmsdadenativralasadamersrated
by H&E 25 methodology. Statistical analysis, of ﬁitaﬂve IHC data was -
i es\&eums of

15 aciEiRta GEh BUFTRARo AN ORS aPoirEd RV A R TR 8 A
follpvoeddey) spesiffaronifesischiapd alshet caerol 6/ thaiinypigrofihe vaccine-
and strict control eachyaccine.do ar istical 0N ot
o e bt G S e S
intod Sl lvdarisdrhite dileuproaptepsietivelihbisiasromifel eprrol gitorident in the colon

CogRAE iR aiEiNaed RiasRIYAESEPbup, 3/15 (20%) pigs in the vaccine-low dose
20  group, and 1/15 (6.7%) pigs in the vaccine-high dose group. The vaccine group receiving

a medium dose was IHC negative for L. imracellularis in the colon. Stained sections of

mesenteric lymph node produced only 1/10 (10%) pigs in the challenge control that had L.

intracellularis. Positive IHC results in sections of the ileum and colon among treatment

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

Statistical analysis of quantitative IHC 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

30  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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-39 dose on day 42 of the study (p<0.001). Statistical significance was not
evident in average IHC lesion scores of the ileum and colon in vaccinated
animals receiving a high or medium dose of vaccine compared to the
strict control treatment group (p>0.05). Pigs receiving a low dose of
vaccine had significantly higher mean microscopic lesion scores due to L.
5 intracellularis in the ileum compared to the strict control group (p< 0.05).
Gross Scores The ileum and colon of each test animal were scored at the

tinmsobméaycisyt (Hayd) (rd Gids Refsterhsisnifisrada s RREYITRS fpaverage
fromrtest Rigsdndhe Sl gL eRAHOLYEHE MUBRhh AR IO ENANIBSIANS medium

and received average lesion scores of 1.1 (ileum) and 1.0 (colon), Tissues

ofdRs§tof TRARIRE iFPTRBAHSHS e RIS TIRL AT WoHOER G500 T cRigippying 2
higheabsaveragenss ass A@i_zgmmgrmgm;mm u’(&l(%@pﬁéﬂlésﬁmkmcﬁ%ﬁue to L.
amon eatment groups. est pI nt Maccines1ow doseE. qroup
B R e g

Vaccine-medium dose test pigs received average gross lesion scores of
1%%?5@9&@) and 1.0 (colon). Tissues of the vaccine-high dose group
received average gross lesion scores of 1.5 (ileum) and 1.2 (colon)

SiBRsilearcs geisHPERASTHGE BRERsl (BETEIoERT a8 NG thaitimeny (day 42) for
Or@dRS¥ashsAeEeITHRlS el BYRISTIgdenwRirA\NOMAs AvBEagicorossdesiaa normal,

scqres indicated evidence of 20 a significant difference.between ile in
AR R S OOE PO R Oy (oo
daesgee upesesiectyix yhiprd004)irEibdeheBcob e signifi genpdifereaddbe highest

W%%e?%%e(ﬁo%g REQNGALSIRYE HARS ¢ .w?ﬁcah%a of B RBR GRUSEA O ps.

compared to the vaccine-low dose group (p<0.01). Average gross lesion

schretoisstitehe oraeiRrlevs IgsHERNRY TRt fNaHEcHatbIRgoR aefre of 2.5 (leum;

granpICO AR 1aidbR ARG, 2B adipiAacehieh et dsesidesion scores of
respectively (p<0.05). In addition, sjgnpificant gross lesion_development

A SUSERIAR T S AT ESRGIED P50 ot peeaR praee goss
stisti@omtsedsgrd Uy (Hetr)@bY. Nb(edick®nce 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
tresatitiselpoalpsis of average gross lesion scores among treatment groups was

accomplished by using I-way ANOVA. Average gross lesion scores indicated evidence of
a significant difference between ileums in non-vaccinated, challenge control group and
vaccine-medium and high dose groups respectively (p<0.001). Evidence of a significant
difference was observed among average gross ileum scores of the challenge 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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30 -40 Conclusions This study demonstrated protection in 3-week-old
pigs against PPE was accomplished when given an oral 2mL dose -
0ofB3903 (Lyophilized) vaccine containing a minimum of 4.9 logs of live L.
intracellularis per dose. Similar if not slightly better protection was 5
evident in the vaccine-high dose treatment group that received 6.0
logs/dose 3 weeks prior to challenge. The low dose vaccine group (3.8
logs/dose) did not indicate adequate protection against a virulent pure
cultemelimatasologous challenge compared to the test animals receiving a

high;oLmediumAase-aihe-exneimentalamacing Siaistesl wiferenesshed

were evidént among the vaccine-low dose g&%%‘?? and non-vaccinated,.
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protective titer of a single oral administration of B3903 (Lyophlllzed)
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intracell laris, heterologous isqlate N101,4 4:.and B3903 ophili

AR AR TR ST o EIGBSCRl e ohK s el QAN 6% 001) nd
cohmm&lgm,salmmmsﬁmed shtddimgrofi<0idihcBitwavis.isigeifcani etEdrgipns were

i trac%ﬁ%g 280 e\ﬁ%@ﬁ@fggcwles‘%ﬁs?&ﬁl M)%ﬂg@d@ﬁﬁ%ﬁ@@%kﬁiﬁsﬁﬁ@

ularis 1so ate wherein said avirulent isolate’is Lawsonia
inteRBwRERA R the Hisish seBRRLSONE thal JIPAIIeIVE JRoHe ATisdARes-

Lawsonia intracellularis isolate of European origin, characterized in that
said avirulentﬁéé}b sonja intracellularis does n t cause fecal sheddln
; it
dalP FATYORE %&%ﬁn. ’241}3? &PX%e o %e wﬁr%ﬁl?n;g}l%n of an ani H? ?ectwe e
coofpridinis aRhamaictationltf BARQ3ivkyophilized) vaccine to 3 week old pigs is 4.9
logs/dose; (2) B3903 (Lyophilized) vaccine is efficacious against a virulent low passage

pure culture L. intracellularis, heterologous isolate N101494; and (3) B3903 {Lyophilized)
vaccine aids in the reduction of gross and microscopic lesions, tissue colonization, and

fecal shedding of L. intracellularis in vaccinated pigs compared fo non-vaccinated pigs.
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amount of an avirulent Lawsonia intracellularis according to claim 1, and a
Pharmaceutically acceptable carrier. 3. The vaccine according to claim 2
wherein the pharmaceutically effective amount of the avirulent isolate
- ofLawsonia intracellularis is 10 TC1bso to 106 TCIDsp per dose. 4. A

vaccine for the immunization of an animal, comprising the avirdlent isolate
of Lawsonia intracellular is according to claim | and antigenic.material
from at least one of the following pathogens: Salmonella spp.,
Erysipelothrix spp., Haemophiluscappmailycoplasma spp., Leptospira
spp., Clostridium spp., Streptococcus spp., Brachyspira spp., circovirus,
porcine reproductive and respiratory syndrome (PRRS) virus; swine
j [ issible gastro-enteritis (TGE) virus,

. Aﬁ%ﬁg %{r?éé I:Js?::r)ﬁgr%?%g?%glé? "2??&3’ ?fgmﬁ’(@&]éfaﬁé@bﬁﬁébkwmnia
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et RS O1ade Rl ok ia intracellularis according to claim | and .
z.a}p;g%écgm terial fro%wg%?ﬁ@o%%ﬁ’_c%%ﬁ%%e ﬁ?s’? Ll siArlegs d.awsonia
TraiSHifeLibIo5a Sabeatte frrel Yiotdivg atdashpoahiacaaiticlostridium
spp" and Brachyspira spp.; and a pharmaceutically acceptable carrier, 6.

A fyageine for %mmunizaﬂpn of an animal, comprising the avirulent
isolate of Lawsonia TRTAte Nt RRieel [mBrisngApharmadeatitginitiective
el Rl aroniSiin Sreltenthivereeliis- AnEdsRSIDSIINEY SPR.uaNd 2
pmiﬂ%%gtgﬁéanier. 7. A vaccine for the imfmunization of

“an animal, comprising the avirulent isolate of Lawsonia intracellular is
according to claim 1 and antigenic material from at least one of -42 the

3. Thkﬁhnﬁagaaa@b&gg@@bgj%ﬁr%p@@ ine influenza yirus (Ely), equine
aﬁﬁ%&%‘o’é%}? %\H/) alphavirus, and V\; est i%l gt%/%tgljﬁspy aer%%gve amount of the
pharmaceutical 58@&38?’@%‘%‘?6{?58}3 Fhe A Rutetot 68 ACAID) por doria
intracellularis according to claim 1 for use as a vaccine. 9, The avirulent
4, AJ§9&§{§18I—&93V!§9L9'!6‘J” tacellularis.according to claim 8 for use as vaccine
for protecting an amrﬁ%f%é’%%%@%@%ﬁ’@&%%@bamm. A
Lavieariistingerstidagsecending foratingiandgumuiRu0SRORSE 19 least one of
thé SUsORED patracelulafis Dacieria | animal, comprisjpg the steps of: (a
incubating a Lagvsoni a gpl&:%@ﬁpwo Artx sp%, aemophilus spp.,
Mycoplasmaspp., Leptospira spp., Clostridium Spp., Streptococeus spp., Brachyspira
Spp., ¢ircovirus, porcine reproductive and respiratory syndrome (PRRS) virus; swine -
tnfluenza virus (SIV), transmissible gastro-enteritis (TGE) virus, parvovirus, and
Escherichia coli; and a pharmaceutically aécepta.ble carrer.

2

5. A vaccine for the immunization of an animal, comprising the avirulent isolate of
Lawsc?nia intracellularis according to claim 1 and antigenic material from Saimonella
choleraesuis, Erysipelothrix Spp- transmissible gastro-enteritis (TGE) virus, Escherichia
coli, Clostridium spp., and Brachyspira spp.; and a pharmaceutically acceptable carrier,

6. A vaccine for the tmmunization of an animal, comprising the avirulent isolate of
Lawsonia imtracellularis according to claim 1 and antigenic material from Salmonella

choleraesuts and Erysipelothrix spp.; and a pharmaceutically acceptable carrier.

7. Aveccine for the immumization of an animal, comprising the avirulent isolats of
Lawsonia intracellularis according to claim 1 and antigenic material from at least one of
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intracellularis isolate according to claim i in culture cells which are in
suspension at an oxygen concentration of less than 10 percent to
cultivate said bacteria; and (b) mixing said cultivated bacteria with a
pharmaceutically acceptable carrier. 11. A method for cultivating Lawsonia
intracellularis according to claim | comprising: (a) infecting cultured cells
with an inoculum comprising the avirulent Lawsonia intracellularis
ﬁm@@@mgtpadbagm& (Globmcidhatis lgpaauquﬁﬁ&ﬁt&deﬁﬁﬂwwx Bine berp
vﬁ’@@ Hﬁﬁsélﬂ g cent Whl |nta|n|n id mfected ceIIs
in suspenS| y agltatlon said cene: anda' i % ngfgtaré:gg{agle carrier.
portion of said Lawsonia mtracellularls 12, The method accordlng to claim
8. Thd ahwineseisnthe @W@&%&%ﬁ&l&!ﬁ&'&%%&&?%ﬁ@%&f Pe? eagglt\(f)ac%me.
percent. 13, The method according to claim 1 Whereln e oxy
concentration is in the range of 0 percent to 3 percent 14. The method

9. Thsactnding RRIelaiot Lo Womtolaidine-HaLonasg ok spn diode

shan §of6 ercen 0 1Q ercent 15. The method according to claim 11 ¢
reln 5?&"%85? AYF FESPEEY consisting of.
EEp-2, McCoy and IEC-18 cells. -43 16. The method according to claim

10. A Llduherel LEEC: glls e p_ujtured on mlcrocarrler§ 17. The
method ac%g%gﬁg to C alm ereﬁ%mﬁ’%ﬁ SERRIE AP Aied

ingrece et dastena(is) aﬁ@m:peh odrapsingtbecayss OB, (Ehimeubitiog a Lawsonia
inBeReIiAR§ 56 laH o fHiagk Eﬂﬁ?@%ﬁ‘&ﬂx&&e&ﬁgw&f piizing said og at an

harvested bacteria. 19. The method according to cla W]ﬁere

OB Hh PARTFEBHAE REdssE amH: W@ﬁ%oﬁéﬁmwéé@emmmm
si2DcBiuvatdihioribeminopesisAlnoisine.paliaalie aoteropathy

comprising performing an assay to detect antibodies to Lawsonia
intracefluris in a non-human animal subject
11. A method for cultivating Lawsonia intracellularis according to claim 1 comprising:

(a) infecting cultured cells with an inoculum comprising the avirulent Lawsonia

intracellularis sccording 10 claim 1,

(B)  incubating said infected cells at an oxygen concentration of less than 10 percent
while maintaining said infected cells in suspension by agitation of said cells, and
- {¢)  harvesting at least a portion of said Lawsonia intracellularis.

12, The method according to claim 11 wherein the 0Xygen concentration is in the range of ¢
percent fo 8 percent.

13, The method according to claim 12 wherein the oxygen concentration is in the range of
percent to 3 percent.

14. The method according to cla.tm 11 wherein said incubation occurs at a carbon dioxide
range of 6 percent to 10 percent.

135. The method according to claim 11 wherein said cultured cells are selected from the group
consisting of: HEp-2, McCoy, and IEC-18 cells.
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comprising: (a) contacting a sample from the subject with the Lawsonia
intracellularis isolate according to claim 1 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. 21. The method according to claim 20 wherein
the assay comprises an assay selected from the group consisting of,

16. Theqarshodrasnonding o claimrbk sithkmihisaid IBOsDEkeLlk assaM.flgsgscence

migddaaassay, and immunoelectrophoresis assay. 22. A method for

producing antisera against Lawsonia intracellularis in a non-human anima]
comprising. (a) administering the Lawsonia intracellularis isolate of claim |

17. Thémethed-didaramaniBtakin Ao AN | licit an i ne .
opse; and &t?go%?lg %rntiser%agfﬁgggré%o%a%ﬁﬁg%ﬁﬁ?ﬁ%ﬁ?ﬁ)m
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18. The method according o claim 11 further comprising & step (4) of Iyophilizing said
harvested bacteria. :

19. The method according to claim 18 whereiz:_x said lyophilizing comprises a primary drying
step and a secondary drying step. -

20. A method for the diagnosis of porcine proliferative enteropathy comprising performing an
assay to detect antibodies 10 Lawsonia intracelluris in a non-human anirnal subject
comprising:

(8  contacting a sample from the subject with the Lawsonia intracellularis isclate
according to claim 1 to form an antigen-antibody complex; and
{(b)  detecting the formation of said complex,
~wherein the presence of said complex correlates pogitively with a diagnosis of porcine
proliferative enteropathy.

21, The method according to claim 20 wherein the assay comprises an assay selected from the
group consisting of! radicimmunoassay, enzyme-linked immounosorbent assay,
flnorescence immunoassay, and immunoelectropheresis assay,

22. A method for producing antisera against Lawsonia intracellularis in a non-human animal
comprising:
(®  administering the Lawsonia intracellularis isolate of claimlioa non-human.
animal in an amount effective to elicit an immune response; and

(b  collecting antiserum or plasma containing antibodies 16 said Lawsonia
intraceflularis. '
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