LAWSONI4 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. 601490,001, filed July 25,
2003, the disclosure of which is incorporated by reference in its entirety.
BACKGROUND to The present invention relates to Lawsonia

intralé NSEHS 4 TRt AT FletidS QB EBREAY QRIGHHAYD VACCINES,

 diagnosing  itiResfilersiiection Nbem atehsanE PRETSEERBTIhe

10

15

20

25

30

invention are attainable, in part, as the result of an improved method for
cultivating large scale supplies of L. intracellularis, including both a novel
iISpRAN LD iAratdt Aaie© Nt European origin and a method of preparing a
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vaccine product. L. intracellularis, the causative agent of porcine

proWkSRH0E, Eitdfopaday 200y difeyonfkink ABaameketheYafrgnos in its
raglp[gét}[errets, hamsters, fox, horses, and other animals as diverse as
ostrichés 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
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identified as a novel taxonomic %enus, and species, vernacularly referred ylari
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SystemisoBacEERIagY a ol id3d,ofYoe Br 53 3-53gH{1i9aB)rddurecreenihy, the
these novgrlé)acteria.h ve been ig{iven t I(iiztcéaxonomic name Lawsonia (L.)

0

intPHERHTHL EP ‘i@f&iﬁ%%ee Saectitt F°5t Sy stemic Bacteriology, 30 Vol.
45, No. 4, 820-825 (1995). These three names have been used
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virtually all animals, incloding: rabbits, ferrets, hamsters, fox, horses, and other animals as
diverse as ostriches and emus. L. infracellularis is a particularly great cause of losses in

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

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

refer to the same organism as further identified and described herein.
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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. McOirist 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
IEC-18 rat intestinal epithelial cell monolayers in conventional tissue
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Hﬁgeﬁ 3 $&6rate in -2 lyophilized form for reconstitution
at the time of administration and the lyophilized
SUMMARY OF THE INVENTION
20 One object of the invention is to provide an improved L. intracellularis vaccine using an

isolate of European origin.

Ancther object of the invention is to provide an improved method for cultivation of L.
intracellularis on a large scale and improved techniques for production of L. intracellularis

25 - vaccines.

To achieve these and other objects, and in accordance with the purpose of the invention as

embodied and broadly described herein, the present invention provides a newly isolated L.

intracellularis from Europe, a method of attenuating such an isolate, and the attenuated
30 isolate thereof. Also provided herein is a vaccine comprising the attenuated isolate. Also

provided herein is 2 method for producing a vaccine comprising the attenuated isolate in
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product thereof. In one embodiment, the newly isolated L. intracellularis
from Europe, isolate DK 15540, 5 is deposit isolate ATCC accession No.
PTA-4927. In another embodiment, the attenuated isolate derived from
isolate DK 15540, is designated isolate B3903, ATCC accession No.
PTA-4926. DETAILED DESCRIPTION to As used herein, the term "L.
intracellularis” means the intracellular, curved gram-negative bacteria
dq?gmﬁ%mﬂmb%&nﬁmr&%@tml@ﬁt M BysteminBaetauetogsd
Vol. 43, No. 3, 533-538 (1993) and S. McOirist et al., Int'l. J. of Systemic
BAEREHEISTEVol. 45, No. 4, 820-825 (1995), each of which is
incorporated herein by reference in their entireties, and includes but is not
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which can be obtained from PPE infected swine or other animals
thr%@ﬁgaﬁthe world given the knowledge in the art and the teachings
herein; and variants or mutants of any of the above bacteria, whether 20

sp n ifici btained. As used herein, the term "attenuated
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iSO means any acellularis isolate that is prepared according to )
thesuithidhieimite perss SGirgresehniquissmanpibn daneetininmaved gram-negative

avifylencewbils naiRtaining (MauReqenis PranertisssyhaniadaiRisiesed Vol 43,
to a host animal 25 including but not limited to the gttenu,a%d isalate

R
thevdmegzariFyneds) itk Ealidchtnint0gotatdtiveesityy Bdelencarih, their entireties,
Manassas,,Vi iia2%)_10- 09§§nJ nuary. 9 %Pﬁlﬁ‘%’s igned., iod
PR Re e T AciEs, 1 PR B S BT ot
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primates. Such vaccines can be prepared b t_echn,l%ues known, to those
SskifieeESFian@wpber PTA-4927; 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. intracellularis isolate that is
prepared according to the cultivation and passaging techniques taught herein to achieve
avirulence while maintaining immunogenic properties when administered to a host animal
including but not limited to the attenuated isolate designated B-3903 which was deposited
under the Budapest Treaty with the American Type Culture Collection, 10801 University
Boulevard, Manassas, Virginia 20110-2209 on January 9, 2003 and assigned accession
number PTA-4926.

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

vaccines for animals, inclading birds, fish, and mammals such as cattle, swine, horses, and
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and given the teachings contained herein. Such a vaccine would comprise
an immunologically effective amount of the attenuated isolate in a
pharmaceutically acceptable carrier. The vaccine could be administered

in one or more doses. An 5 immunologically effective amount is

determined by means known in the art without undue experimentation,

given the teachings contained herein. The amount of avirulent bacteria
shoindtbe Sufficientitesstimbtate parcidnivp ierdnegpokBewn to those skilled in the art
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vaccines, for example, as a diluent of another vaccine. The, vacgine
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20 Accordingly, the invention also comprises a method for inducing an immune response 0
- virulent, wild-type L. intracellularis bacteria in an animal host for the purpose of
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, means the process of promoting
the growth, reproduction and/or proliferation of L. intracellularis.
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-4 L. intracellularis can be cultivated by methods known in the art,

preferably, according to United States Patent Nos. 5,714,375 and

5,885,823. For example, culture cells may first be inoculated with an

inoculum comprising L. intracellularis bacteria so as to infect the cells with

the bacteria. Numerous cell lines can be used in practicing the invention,
including, 5 but not limited to, IEC-18 (ATCC 1589)-rat intestinal epithelial
cellsriizptzIeNt G haIrhiuanahbe pideiode khoatcin timarcaisfdddfoysording to
(ATCC 96%[- ouse. (nQn; '%ied i it
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be in the form of a_monolayer. To form a monolayer, the cells may be
5 sdatagtinted vdRforafasie | BBQnah ddrsangbrrithakipbesdifell ki (ATCC
beryeenARAULhOR eallsdidahaut TxEEPqaliseel @) ARouldfhdBPecified)

cm2 flask or roller bottle mixed with growth media. The growth media may

besedmBrMRipwhiltekatitalidd GriefiitcaTausenkrs din Sotrls and swine
NEGESSALY MMM TACNES Theiokthesahonar el tecqels, AMbE SABOMC-18 cells.

source, such as glucose or lactose. The preferred media is DMEM
fortified with Ham's F 12 with 1-5% fetal bovine serum, although other

10 cofipnineialdylameilably priedia ay beusedddyitie gadbdreshits: Bacomssfid
cultiyation.of +, IAcelMIANR Is GRhancehOY MAHANRIING GBS ARIS. Bach
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40 percent confluency at the time -of jngculation, most referablﬁ’at ab u{ft
ratgihp sk B e e e e R
"15 Mayre:ghowen suspelisiand asadescdoed,isich. &0 dierably, iteogel[Shangreferred

first grow % confluency in.t rm o i
e ARG (I (2R e AR A RN ot
litevenamet gebyvaviilshls pestitonairevsedivélly sovd sesdttan be grown in
suspension to the desired cell density, e.g. 2 x 105 cells/ml, within the

3-3000 liter vessel (bioreactor, 30 Fermentar, spinner flask, etc.) usi

p apysreeid eRkiyBhes R, &&Wﬁ%ﬂ%ﬁw by maintaming the cuqt%re cellsina

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
shouid 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 fransferred to
3-3000 liters and grown in suspension. Alternatively, the cells can be grown in suspension
to the desifed 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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prior to inoculation. -5 The inoculum may be a pure culture of L.
intracellularis obtained from infected swine or other animals. Preferably
the inoculum may be a pure culture of L. intracellularis obtained from
ATCC accession No. PTA-4927. 5 The inoculum can be an intestinal
homogenate prepared by scraping the mucosa off of the ileum of a swine
or other animal infected with PPE. When preparing an intestinal
homogenate, ileal sections selected for culture should show severe

lesions with gross, thickenin L. e patrerRfding;
bac?elﬁg?us}gﬁ fﬂ%% %?1%8%6&%%%1? %épc gg)@é@?@%gg&as.quickfa as?wme (_)r
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SUch AT RNGQNEIN MNTIRROIRIEIN B or members of the aminoglycoside

group of antibiotics, including Gentamicin and Neomycin, to name a few,

is preferably added to the inoculum to suppress contaminating bacteria

winjle ;pesamiting L beinir agedtitairimgooatite PWipthertheciapingl thenisicopur €l of the
cylture or an intestinal 15 homogenate, ingsulati %}; SHltyre cells, gan
bél%g?fé)érﬁ%%%%/o\gé)noeﬁg &c lrﬁl(%ceﬂ?s,% %‘%v%r% %.] 3@’ el?r : lé;%en‘lgtthe teachings
héxeirgFitneebetbstatimd fsideiod fitnradtealshesldshe e g remientatideross
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concentrations greater than 10% L. intracellularis 20 growth.is Iesg,tﬂin
oﬁﬁrﬁﬁf‘?ﬂ}iﬂﬁ“3@%@&%?&*‘6*@r%ﬁ?§%@8rﬁ%%lﬁ?6@@ﬁﬁriéﬁ“&f‘g\g\?&@fﬁo which L.
cansaniIations orisidmtkisransantefeiabimthetbrcte Baoamdhdrers of the
inoculated cylture cells, are, incubated in a dissolv '
B e G e e
aridfarefeiidaaddnt tthifteiddruhmoR pyepr cowoetransinirbasterimpgiegermitting L.
gbé?ﬁ%cge?zg%%bﬁg&ﬁ%’W%QWMQ%&Q%CQBE@&&&E%pﬁ)hl'ir@%ﬂﬁlabom

eing'most preferred. The proper concentration of carbon

diditeganardpRBIsHAR PN e R Pr SETIOTREFBE NATIGHS IRpridues

caghon:iowideconcaniretionsigseatesithan 0% and less than 4%, non-
optimum growth occurs with cessation of growth eventually occurring at
carbon dioxide

The bacteria and/or inoculated culture cells are then incubated under a reduced dissolved

0, concentration. At dissolved oxygen concentrations greater than 10% L. intracellularis
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 dissoived 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 eventually occurring at carbon dioxide

concentrations outside this range. Prefefab}y, the carbon dioxide concentration is in the
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30 concentrations outside this range. Preferably, the carbon dioxide
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 a hydrogen concentration in
the range 5 from about 4% to about 10%. Most preferably, the cells are
incubated in about 0 to about 8.0% 02, about 8.8% CO2, and about 4%

H2, Nitrage n1s H ek asRuPAINNGATHR theaasiFadws GARRIBING Biisegse%
(96%) and hydrogen (4%) or nitrogen (80%), carbon dioxide (10%) and

hf&‘&@%’(ﬁ@%ﬁrﬁiﬁgrowth of this organism. Cells are preferably
incubated at a nitrogen concentration in the range from about 80% to

9 %. f I t I
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concentrations and which allow 15 the cells to be suspend
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e fom 30C ‘to about 45C and is more
pr@fet‘alatyy mm:@mdgeabbﬂtd}maibguﬁ 836600 abpitIBEC o sbpibfpdbiynd about
th%e/n}@erature is about 37C. The necessary 20 equipment for cultivation
and attefduation is readily available to those of ordinary skill in the art
given the teachings herein. One example of equipment suitable for

carpingd-pidt dbes @@%ﬂh&%@t@ﬂ@ﬂdﬂ@ﬁg&ahga&mmm%r% cimodiels4@ich
(Lab-Line, Melrose Park, IL) in conjuncti ith spinner flask
thé’%‘gﬁgllﬁl%a?é’gﬁg?ﬁ? gFﬁe°5¥§es%%JE|§ pr% evrgre e%ﬁ?gﬁ%ﬁ?tc%r%p%as%@gﬁ allow
ferthenths b inreactorstidylagsronbetany SHhelcdambarsheaidisemirisssmeans for

about a&%{%meeglgcﬁ’iggé:@ﬁgmﬁsg{p@%m@'éﬂﬁg the ultise £RIK Y source to

suspension Via sparging gas of the ‘appropriate concentration, or other

meAiE RS REA TR AR TR R OB SARCEBF RIS S SRS RTRRy R gipuld be
levelsin theBetian New BrumawinkC Braunand pifersampanies gakéom about

Sui%%l%e tgezgpjgtn Zt%%!;% .a g/?osbtlgrrae erattc)]lgif er tte%%gra[t?r%%g about 37°C. The necessary
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 ﬂask,é to maintain the cells in suspension. The presently
preferred equipment comprises a fermentor, bioreactor, stir plate or rotary shaker
containing at least about 2 liters media and capable of maintaining the culture cells in
suspensibn 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.

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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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 7 cell's exposure to growth media
and the proper mixture of hydrogen, oxygen and carbon dioxide. The
culture cells can be agitated and maintained in suspension by a variety of
methods known in the art including, for example, culture flasks, roller
bottles, membrane cultures, biobags, WAVETM bioreactor systems,
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%ﬁi;das used herein,
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inoculated cells are scraped or trypsinized and.passaged into the spinner
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as using a cell scraper to detach the cells. Once 15 the cells are

ro
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tated in the range of from about 5 to about 500 rpm on a magnetic stir
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20 the production of L. intracellularis bacteria. .The term "passaging"” or.
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racellular is. Preferably

y Preferably.
suchtetsismie smase bierngeonbd ik AN LR R BRI A SRR oger to

The passage:Ohkiairagrlvlarisdasrisspension cultures may be
accomplished by removing a portion of the original culture and adding it

to a new flask containing fresh culture cells.

20

25

30

A portion of the cultivated L. intracellularis is then passaged to fresh culture to increase
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 celis which have not yet been infected by L. intracellularis. Preferably

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

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

50-100% of the cells are infected. If fewer than 50% of the cells are infected, passaging is
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If the original culture has a high number of bacteria/ml, for example,
greater than about 104 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
8 preferably accomplished by splitting the culture 1:2 into a new flask and
SGRRGaYIY H&eomglmm by aliding freshitiss llezeﬂiwrasxe ﬂmmmaﬁagmp the
elth r ca |s 2 d othe ste are not |re e tast
to‘fﬁé“B Egﬁé cﬁy mond g%rm(l:u Gres, Sggc}n fe prlllo?lart fﬁ%;ter% égg%eﬁd other
grsmpmamé thereqiitre, velliandostibydqtienasdesticimeypelaystragingpsin the
s getermined by indirect fluorescent antibody (IFA) staining, TCID50 or

anp ther comparable method, at least a portion of the cultivated L.

5 intracellularis bacteria is then harvested. Harvesting is typically performed

at gedd %ﬁ?&i&ﬂﬂg@cﬁxﬁi@%ﬂtﬁ@%m&@&@n@ﬁn&@j&@wemrmmiskmﬁd imttvecdietaris,

knows that h rve Id be [ Il |nfe of les han
608 IS HEHS ﬂj“r?{ﬁ (ca%r Horm ﬁ%{/ss%naﬁitl &lﬂfgﬁ ac%éna
fromﬁlpaﬂﬂspmttsldmbyemaqmstmtcbﬁﬁhpmtk\fMlitmméhdﬂmdnmyas‘ﬁlthﬁﬂ
in (e, 3ts IER 0619 dé &%!{Bgﬁ}hﬁéﬁw 5%@%3?1}{&@%&? ItEReeHEBLIS: higher,

bacterla IS harveste ntrifuging the contents of all or a portion of the

10 subpEAbPe il m@@@rﬂd@&@ﬂé%@#@éﬁ%éﬁ% BeRe e gl
peligtzuand Jysingihe dofectest @ﬁ“@sﬂ'ﬂg) @@Im@mﬂe@sﬁaﬁammqfatb@g the

contents is centrifuged at about 3000xq, fqr ab t20 utes ert
peTE e BET B e e BRI A O D B e P Y i e

exampiesatigueiosasy h@mhafee@bmb]mahe ISP@)edhition mpagslmvested by
ap roﬁ%%% ¥%:2Q t”’{é%? thy QH apc%éc%%lf%g gl?sﬂ&h%%ﬁl@ e MRGe cells,

r purifi ification |s e sam s can 20 be centrifuged

15 at msnem@ggw@rea@@agﬁ@a m Thtrenidye iaEripdrcgtisiel ?ﬁﬁ%&éﬁuéﬁaﬁt a
ThesHREER ﬁ@@@&%ﬁé%%@n‘@ﬁf@@ﬂtﬁ'@c%&ﬂ ?@cﬁh@%ﬁ&wgd@mw@ym order to

twenty minutes and the resy |ng ellet resuspended in aEn pro riat

o EAE: SRS TR o BN S RS APET U L rAgmple: 2
ba@t&t@@pﬁ@d@l&f@gl@r&pﬁi@z@ﬂﬁ) sreeipingndpassel apraoximedelnAf) tioves through a

gf%gafggﬁ%& Q D SRRI NP AR AR FHRL RN G AR /REHRESAE Dhnples can
20 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 pellet resuspended in an appropriate diluent, such as SPG with fetal bovine serum
(to prepare harvested bacteria suitable for lyophilization, freezing, or use as an inoculant)

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

As previously mentioned, effective growth of L. intracellularis for large-scale production

is enhanced by keeping the tissue cells actively growing. With monolayers, when cultures

hecome confluent, the rate of cell division decreases substantially. Afttempts to grow L.

intracellularis on monolayer tissue cultures have had limited success and scale-up has not
30 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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25 As previously mentioned, effective growth of L. intracellularis for
large-scale production is enhanced by keeping the tissue cells actively
growing. With monolayers, when cultures become confluent, the rate of
cell division decreases substantially. Attempts to grow L. intracellularis on
monolayer tissue cultures have had limited success and scale-up has not
30 been possible. However, using suspension cultures greatly facilitates

KegRiBgheaeswaGT MR QYINEIRRE RET DItSGARIHIALS Wl bles growth of
expansion and scale-up. Using a 9 fermentor and between about 0 to 3%

disR Y Bt B dthediBEVE enables growth of up to and greater
than 108 bacteria/ml. When using EEC-18 cells, it is preferable to add

gelatin, agargse,.collagen, acryvlamj r ili :
O A R M s o
5 alstigpliishegrenitrpdicSawers pisRsariesn it domhbrb e wiss, Logan

reguiLe i QRalHR 8:86aPFInG [arthe.nethagsused LRf8ifers @b Gblituidiire
maintenance purpases, with HEp-2 cultures, preferably 25% to 50% of the

1 GTCRTREAB RS RG G ShEhs SHTEOds WREIFEEH media at weekly intervals.

For cell cultures with microcarriers or beads, preferably 25% to 50% of

the culture is removed and replaced itt}fre h media. 1-2 ti g I)()
FaCL gulfive aenee SupdCR S0 i R aamy D198 3t e

10 misroearkersiovialabé igplded! with&owimedial® Pegkdniitggyeisof ahesareltytes

which the culinrecells hecome infeciod, passagedr fasheaslemaoaesallyeplaced
occurs between about every 2 to about 7 days. Assumln% that the culture

ceMéhifesshmedit leabrmroPsmctEarAiTD RYPUSy <ot paslaye® of

OCGUhTbatwmesn aRRWiRYERYiErdomadayad2&] Thepraserd invention also
provides vaccines and methods for producing vaccines against a novel
isolate of L. intracellularis of European origin. Preferably, after maintaining
15 th®dpfediterupetistinrstesperisibriforatiseieed omedifortedpaspiar 6 Gesh cells
hm%@mﬁa)ma%é‘éa%tb%nv@gﬁl%ee‘ ihe-soltyatsst b-dnfacelluats bacBER M. cells
a

vested and monitored for poténtial attenuation. Such monitorin

is
profsparpiders NSHES R HHaParimAlsrs: preferably passage occurs%etween about
gvery 5 to 7 days. '

20 The present invention also provides vaccines and methods for producing vaccines against a
novel isolate of L. intracellularis 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. intracellularis bacteria are harvested and monitored for
potential atteruation, Such monitoring is preferably accomplished by host animal or

25  animal mode! challenges to select for an aftenuated 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,
30  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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25 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, 3o the abundant supply of
L. intracellularis bacteria produced is readily attenuated for vaccine
ProduaionRIkRRSesed NairinDe of Bitrfignlaviilibleaiiubaiispinpose. The more
suspension greatly -10 increases. the ease,.speed, and number of . .
A OATTETP G S0 L8 e TACCS B g iing which e
whishmsegeiy e greated¢he dpwehbf Fhusagonglotcaspagsiohichcageses the
adyantageous; N YAGENGH #%%E%oﬁ@ﬁy gﬁQW&Bﬂﬁrﬁh’@f?é’%’beﬁ genes and
n olled by

Increases the e>](3preSS|o of iImportant immunogens contr

5 erthiverrernziy Peglited genes and 5 their expression products. The
resulting attenuated isolates can be cultivated in tissue culture monolayers
but are preferably cultivated in suspension gultures. Other means of
DR A TR R LT 28 DR AIE BT S St v
N-sretiybhitdisogudhidineantothbrsdo Kibwmiathefattenyisthearpipclude
m léltlf%%gfiasc%a gfl%%%%eﬁﬁg'ﬁgg fpeap gxﬁﬂp%tg@%ttﬂgl st MSBGRIHRC SIS others
proéuce and selected for vaccine preparation. In a preferred

10 enibovimiahete reSurePateHineaIsaEerSATCE e bR Rpaked -

PT%&%%@@IIHPW%&QG%@%@%&%@G hﬁ%@m&@gﬁa@a@fﬁmmﬂt@mm@@ o
microtritration as descrioe .apove e nis tne r a
I o e T v oy i b Y A

determined by a dose titration in the host animal species. The bacteria

be inacti db t . NG O 3%escribe
H;r &%}A%%%Xﬁ%%ﬂa%atn%% Q%@ske%%éﬂt}% Hm?og m@f&ﬁ%&%ﬁ% bed

Ivating agents'to prepare a killed vaccine. The

15 antigeveis hemitgorischatetrhie e mcaie Snaiirint basrdoadhs ORMFRYRm bost
hydrexide AhLmineralAllaaahanse de immuara:RA FegRARSCantnel apiigan The

is then used to vaccinate the host vja intramuscular or S%bcutan%%%s rmalin or
infeaatsHEim I d T IS FEA MRS IR R BTt e PWITHEE Bosster
doseniresansting aByatarmhbpadse biltteriacisree (Takyepdssaigdebidineporated nto
and select for.an attenyated, avirulent Jlive u&%&i Q%ﬁ%t%ﬁgjﬁ Eetﬁkeﬁﬁﬂune
theaﬁgét?% iﬁ%‘fvf%r} S%#lsag dl&f?éiﬁﬁgtlﬂ r%ir 0Ilﬁcti;i:ecultu Pg-lgls ;

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, avirulen:
live culture. The culture is tested in the host animal for signs of attenuation. The culture is

25 harvested as described earlier and lyophilized. Swine, for example, are orally vaccinated
with 1x10* to 1x10° bacteria. About twenty-eight days after vaccination, the swine are
orally inoculated with about 1x107 organisms from a less passaged (less than 30 passages
in vitro past the original isolation from the intestinal homogenate) virulent culture of L.
intracellularis. Infected animals are necropsied 21 days after challenge and the small

30 imtestines cbserved for gross lesions as well as microscopic lesions. PCR, indirect

fluorescent antibody (IFA) or immunohistochemistry (IHC) should also be performed.
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25 harvested as described earlier and lyophilized. Swine, for example, are

orally vaccinated with 1x104 to 1x106 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 30 intestines observed for gr. lesions as wellas . . .
e B S S e Ry Bopi esons ad et
imriasibkestecihe miseyed pIG) shvekliulgdste therorened celisioAtbountesghey using

perggRt aiche rpantotanimals Wil shew Eess AL MIGIASEaRnie ljﬁ%orﬂ?%ﬁ{fl%ucosal

test positive for the presence of L. intracellularis in the mucosal cells o .
the THERSHMBS EHBREHR AistelREMEh bR ItBS iHE THlPoBREAY e BinBidtesting 3
sanimajsvasitdmseinanmalomucosal surfaces as determined by histological
observations and will be negative by PCR testing 3 5 to 4 weeks post
inoculation. Generally, an attenuated immunogenic L. intracellularis isolate

is prsdardlt. sfetiavatidiousegtmie foruoal/60daylstto aipodt @50 fer

days,fiding whigh. tedhe EHHHECS IR, NRRTAY6Y ,OH}rfﬁQr'{lv%?cHﬁlt%é the culture is

However, one skilled in the art knows that other attenuatéd 1o cultures

maya5eBro abedd by Watimsy tHews rguresskibedn desrat krsaschar afher attenuated
winveatiorcanyoe: yedbiiead. ARenddrestingedhe isolate can 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 disjratedapridetinilzridvebionmey th/hpblizatidnh fBeheralisinthée isolate can

freqgi @9@%&9@@%&5@%%&&?@%&\'&% aaer QHROdIng for, ahout.

150 minutes to about 480 minutes. The drying step can comprise primary
ancF Se BB AR MEAIEY: Fdrararisieranehrimiigede/mpiersd suficozing and
15c0oNapyisg (KRpiamRing)oReMEB RO Bt 730 Gilo oMt saGaanshBAUAipgLIQl soC =
bet\glcggan ﬁé@%léo ggnut?%o about 1000 minutes, and, optionally (b)
ramping1o Betwedrr AB3tk %1&‘4855%83?%6829%1%@n'&hﬁ)fhﬁ’éiﬁ/g@?\ can
abouniBGarinutes todout@0drmmigutess. The csenpigldry siemoeheiatiyep can
COMBARFRLAOPIAGIA ARG L 1BELAR-CISIR [PrOBYWHSR RO 3R
minutlréllzJ to abtg)at 112 minutesef C%ne sk?l e |lln f[%!%‘jgrg k%é\,%%&%ig{%z%}e een
ran@@é‘n 120 minutes to about 1000 minutes, and, optionally (b) ramping to between about -
20 5°Cto about 5°C and holding for between about 150 minutes to about 2000 minutes, The
secondary step generally comprises ramping to about 27°C + 5°C and holding for between
about 330 mirutes 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. infracellularis in a pharmaceutically acceptable carrier. In a preferred
embodiment, a vaccine comprises ATCC accession No. PTA-4926 in a pharmaceutically
acceptable carrier. The combined immunogen and carrier may be an aqueous solution,
emulsion or suspension, Arn immunologically effective amount is determinable by means

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

general, the quantity of immunogen will be between 5 and 5000 micrograms, and between
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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 embodiment, a vaccine comprises ATCC accession

No. PTA-4926 in a pharmaceutically acceptable carrier. The combined

immunogen and carrier may be an agueous.solution, emulsion or

SUSPENSIAN.ATHHRUN ' ctive,amountis rminable b :

e e ek PR gty bt
teathini¥ dOntdirEasnavbmm. mwiliskimcisrmargusadiity of immunogen will be
between 5 and 5000 micrograms, and between -12 102'0 and 109.0
TC,RQSOIL epretferabl}/. betgeen 103-0 and 1060 TCID50, more preferably
between T4 SR T 350 SFEIBRYS em PO Becinss somerirspthy pigenuated

5 prelsant-imBnlioiy Ta‘rs’atedeﬁgnméséﬁgmmbmaﬁﬁ NeaRTINeS TOMBRSHIGHREaterial
att j is. isolate,designated ATCC accession No.
S A S R e O
inchatiinyadiadretatmmtats algansbraniivppuie. gy Satldnéllsp. (e.g.,
Ch@gfgﬁayg@,@ WJ%&XBWH&W&HW[ 1)3 %@!Sd@g'oifﬁ%fé}?)?ﬂ&? g%ms*uis),
Erysipelgthrix rhusjopathiae), Haemophilus spp. (e.g., Haemophilus
o R e e i sy seiroemalosridiun o

10 lC_)? m@&g%mifwﬁ:mm@mm Sﬁﬁﬁ‘i@i@?%ﬁ@mﬁr@%ﬂaw&mQﬁﬂs(_e.sg., Streptococeus

ridigm; diffcil treptogoceus spp. ., Streptogoccus . suis),

R RN Bl o TR B
Boféietehienitonc Risegtcy, Padterdtarspre/ ey Pad, metevinultagidpdrcine

Cirep¥iHsut e @}?Wn@l‘%ﬂﬁ%ﬁ% %ﬁ&%aBRE%PFs%ﬁBE%‘@%@{@S‘%m, swine

respiratory syndrome (PRRS) virus, swine Influehza virus
corSRNITAS B SN AFRESIHIES § et SRR leTRa EovRIRT IO T YBus, porcine

15 respiataycosona virus) ppanvamislss GrdasabRichia ﬁﬁﬂh@ﬁ%acwﬁcaﬂy
phgg@g&%%ti&%%r‘acceptable carrier. In one embodiment, the combination

vaccine comprises the attenuated L. intracellularis isolate designated
ATCC accession No. PTA-4926 and antigenic material from Salmonella

20 phelerasiien &l BIPelRtBIX PR SLlaRiidiR S0 %@J@&@ﬁ% A %%gfdeﬂ wlaris

transmissible gastro enteritis (TGE) virus, and Escherichia coil; an
ph M%gm%%ﬁ@%g&ﬁ&ﬁfg%m p- PTA-4926 and antigenic material from Salmonella

20 choleraesuis, Erysipelothrix spp. Clostridium spp, Brachyspira spp., transmissible gastro-
enteritis (TGE) virus, and Escherichia coli; and a pharmaceutically acceptable carrier.
Antigenic material from Clostridium spp. can include, but is not limited to, Clostridium

. berfingens and Clostridium difficil. Antigenic material from Erysipelothrix Spp. can
include, but is not limited to, Erysipelothrix rhusiopathiae.

25

In another embodiment, the combination vaccine comprises the attenuated L.

intracellularis isolate designated ATCC accession No. PTA-4926 and antigenic material

from Salmonella choleraesuis and Erysipelothrix spp.; and a pharmaceutically acceptable

carrier. In another embodiment, the combination vaccine comprises the attenuated L,

30 infracellularis isolate designated ATCC accession No. PTA-4926 and antigenic material
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Antigenic material from Clostridium spp. can include, but is not limited to,
Clostridium perf ngens and Clostridium diicil. Antigenic material from
Erysipelothrix spp. can include, but is not limited to, Erysipelothrix
rhusiopathiae. 25 In another embodiment, the combination vaccine
comprises the attenuated L. intracellularis isolate designated ATCC
accession No. PTA-4926 and antigenic material from Salmonella

chpleragshisand EusIReIRIhHX SRR AR A PharmRepMically AncentRIgically
carrier. In another embodiment, the combination vaccine comprises the
atféRTRiaRl Faitintracellularis isolate designated ATCC accession No.

- PTA-4926 and antigenic material -13 from Salmonella choleraesuis and
Eiysipelothrix rhysiopathiae; and a pharmaceuti cC rrier. In
et O ERC 1 OB VoL e e A AR e

5 L. Stintebdliulaingisoliaégigsibhdd AR actedtidn e P Ay e airaterial
ﬁr?]f.‘lte nicmaterial i mAabIeaskeRAARE RetTAARR. iNCldiRghL: BY. (c.z.

to: Clostridium'spp. (e.g., Clostridium tetani), equine influenza i
VirGR e B gauing ppTREnER iR FAMDS-Sirdd VEHYY (o f TRIGPetpes virus
E Rt H)'?&%./;EHEW FEMEENVEY RV BT, atphavdirBE R 1), alpasters (e.g.,
encephalitis vjrus, western encephalitis, virus, Venezuelan encephalitis,
i B OB Sn 1 A o i Aot LA B, o
10 The wadGileedres cotingpdortheitive htiowepteblpeereriatly administered to

susceptible animals, preferably swine, in one or more doses. The live or
killed vaccine may be administered 1 or 2 times at 2 week intervals. For

thel Betkeneites ARpECiRE I RSs INS AR 868 SRFERAYRANIRETES [t efasradple animals,

royiesRLRARRISTALAE Rftie AUae dTiiaiebaleHal iR MasCh atinginddtered 1
or intranasal, but intramu cu\g&nd subc%tg eousag:n'ection rqutes are

BT A TR AR SRS, AR YBS LSS P A3 BSfeped- The
15 bemﬁeﬁehmﬂebyoﬁbe:ﬂirdqmnipédmmﬁdu ﬁfafﬂieomes.acfshmﬁl\a@b@@ﬁén aral or
Asaresull %&gﬁgng%ﬁ%&ﬁgpx&@mugﬁy&lgmz%%mc%ga&s&sgpﬂé&m for the

promoting fapi accurate assays for the presence of L. intracellularis

in bigrsgreegine.

Effective diagnosis of PPE has also been hindered by 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 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
25  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 2

30  Western Blot assay.
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30

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 25 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

fmggfa fegied:wah St&%fﬂ&eafﬂget@fﬁ@ﬁm&tw@t@a@@mu noassay is
a

n IFA as descrlbed in the example below. A ria o
the. |ﬁsta$ﬁqrﬁ\/kmﬁ’&?]éﬁﬁt}§8%@ebﬁ q %951%% L‘% ssa%e/Dr Si?

preferretvedhl SAnprotadoPBEcording to the |nvent|on is as follows: 1. Add
0.1 miw hat bufier, nehale for LB fouis 9%6195 at
2. Wnésh‘%lﬁgs Wlt%l Cg( %%g% 5 rfrﬁ oefl ?klng buffer to each well

of plate.3rtubate 1 to 2 hours at 5 37C. 4. Wash 3 times with wash

buffeg. SyRilVteseruminRlackipgbuffer and add 0.1 ml to the first wells of
plate. Make serial 1:2 dilutions across the late, Incubate for 3\1
? llﬁl%fB d dlce

6. W AShiS RS b AT S RHRHAR FO%0 DI Lt tigate

buffer angragd:9 dinabie weds ﬂiep;b&t& ahthibewtiatd Hourktasur at 37c 8.
Wash 3 &3, 5 tl?‘{ |th Wa%h b f9 Add substrate. 10. Measure

absoﬁ:)a lig Wi a spec rop[ho?ometer 15 11. Wells in which

antigén Wéstaovridgsel inrelaskins byl and 249 0P oaltioevaknohalitd incubate

control syineserumaould also be used with each test. The preferred
Western Blot protocol is as follows: 1. Run antigen on 12% SDS-PAGE

and tfand¥esla freroeaatsil WeehiBtEre. 20 2. Place membrane in
blocking hudferdarz hours. :

10. Measure absorbance of tht 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.

(¥

Remove blocking buffer and rinse with PBS for 1 minute.

&

Dilute serum in blocking buffer and add to membrane. Incubate for 2 hours at

room temperature.

L

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

6. Dilute conjugate in blocking buffer and add to membrane, Incubate for I hour at
© rooin 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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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. 5. Wash 3 times with wash buffer (5 minutes for each
wash). 25 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.

Ripse Wilh-BB2130: 3 Al-dranchsiargindhe Maikst=ho il i@tion, or components

intracellularis bacteria of European origin of the instant inventiorg

C . , Qr
COlETHBHEME Beh e B SRl ISP RPAIS S B T LIS B ?;?L\?%ff’f
arﬁﬂ@@f@ﬁﬁb@p@pﬁﬂa@dﬁemmgﬁm@ . Oiep by lagtice/tul thie ispeuticfiBeropean
The, L. intracellularis bacteria of European, origin.of the in invention,
iR e b S G S e G LR S

5 nodshinisaredtimabinbamamoimaléffestivectaicifGicdrs immighardapomsaesponse

ang 1he.antsGIAM PRS- EARIINIRELARER asies f0AederitAc sl thafiS or

bacteria, or components derived from such bacteria, can be collected .
ACEREMGTS AREHSE FORNBIRR A tRE SANR P LS R HERS o Mstphes known im
prese invertiemsg farther 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

10 oriBhehorstimanysiitrinisthethet. datcpbbdidatierfolnvdngaermpickadishmimpspeded

in é%ﬂﬁ}%%ﬁfgg{%ﬁgﬁgg% ﬁ%ifgggéoﬁmpﬂﬁkﬁé Indeed, other variants
PRODUCTION OF L. INTRACELLULARIS VACCINE 20 Jsolation and

Attibrinyansn willrersindisrierryrtieorrederdinasy skilgpdan®Bigs with
Porcine Proliferative Enteropathy (PPE):

All publications and patents cited herein are incorporated by reference in their entireties.

15

EXAMPLE 1
PRODUCTION OF L. INTRACELLULARIS VACCINE

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

25 homogenate of a Danish pig infected with acute porcine hemorrhagic enteropathy. This
isolate has been deposited under the Budapest Treaty with the American Type Culture
Cdllection, 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 ileurn, homogenizing, trypsinizing for 30 minutes, and passing

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

glutamate buffer with 10% fetal bovine serum (FBS). Aliquots (6x1 ml) of homogenate

-16-



L. intracellularis virulent isolate DK 15540 (DK 15540, DK-15540 and

15540 are used interchangeably herein) was isolated by the University of
Minnesota from an ileal 25 homogenate of a Danish pig infected with

acute porcine hemorrhagic enteropathy. This isolate has been deposited
under the Budapest Treaty with the American Type Culture Collection,

10801 University Boulevard, Manassas, Virginia 20110-2209 on January .

9. wad Q7,30 ?n S3I90ed ACCass ot MBRN IR IR RAL whhedeiatigfculum to infect

process included scraping the mucosa from the ilgﬁg,h(ﬁg e§izin ifeoti
a2 § 68 NiEe S lind PSS eSO RISEHH ALGLE Gdeeefateeton
ileq) homppgeatayv@s inenpassetihpughs ayspriesiohfidrsideansisting ofd

5.0, 1.0, and 0.65 m, The ho enate was dil in.
o e Lo RN oo b B e 0 RS R octoa
5 homiigeimtepeciBodiers. ivadecnbirstorbcarlewntpamagrocn Fpdorage dependent

hq i | 7 ; Mgt flask
S o el ot et

Meaesisal Meronapdsaing e &H U5y RE s S SRR o 2
plagingdhasancertiatadesthnricbva ey seaps slidesi stainediupd i viro

using monoclonal 5 antibogies specific for | - intracellularis. After el ;
R R R B
10 elaveniasdranisitareddnteScRSdRROPMMINEsR 18tamiBgRtces wels
anfjn {C%;WQ %%t?x%%?g -.O'fsgﬂ{_g Ba6YSShad, ggﬁm&?lﬁ%&peg‘c Treaty with the
L?ffrls T

intrace ccession No. PTA-4927) was attenuated by =~ |
coAtimuizes Tyt SalectipmAlRi) ChikesitaB wlaralaNinasts, Yoeinia
idesit by MQRosiang) antifindies atei dike AtteTuaiedspalale WRS-4926.
designated B3903 (83903, B 3903 and B-3903 are used interchangeably
herein). Isolate B3903 was deposited under the Budapest Treaty with the
15 Angafieass:Type Culture Collection, 10801 University Boulevard,
Manassas, Virginia 20110-2209 on January 9, 2003 and assigned ATCC
accession No. PTA-4926. 15 Cultures: ldentification Characteristic
grddghiifésgtivtements, PCR reactions, and monoclonal antibody reactions

werg Msed Qidentifh kednifaasi|aiRMastRmand Moo e ecitaiertatsions

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

20
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.

25

Virulence

Master Seeds of L. intracellularis were not virulent as demonstrated by the lack of ability
of the Master Seed and Back passage inoculum to produce clinical signs and gross lesions
that are observed in susceptible swine following exposure of virulent L. iniracellularis, as

30 further illustrated in Example 2, infra.

-17-



10

15

20

25

30

20 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. 25 Virulence Master Seeds of L. intracellularis
were not virulent as demonstrated by the lack of ability of the Master
Seed and Back passage inoculum to produce clinical signs and gross

legigns dhatiaiaphserved in susceptlble swine foIIowmg exposure of
virulent L. intracellularis, as 30 further | ustrate %ﬁfbe 2, infra. -17

RERSLBFSTELAIITEE B YRLRd HhalaRar A OB GRF Seven
infeaceibsl anmdid MisexSeet] eleven passages from the Master Seed. 5
Medium Composition EU McCoy Master Cell Stock (MCS) were grown
and maintained in Dulbecco's Modified Eagle Medium with Ham's
FodefisuhFaamREN/F12) and 1-10% (v/v) newborn bovine serum (NBS)

Orﬁet@kmg g SR (BBR) (aek prandhans mainisnanea mest@so@gs Modified
Master and Working Seed were stored in DMEM F12 with 1-10% (v g _
?—iagp g aéaovme

NBaslsr st Tasys BUitss ELrotdMESHEY L dRboming St @dl

medis). (e figaddna nestipradnciBas @l etbintsuatoneigelaticestalilizer
(SGS) (final product storage media). 15 Propagation Master and Working
Seed cultures of L. intracellularis were propagated in EU McCoy MCS

usifgicelingrilothing Sanbirrsrsmed imBAEMEIdstithddl SUpe a AtRSteré @S and
at §§1'555/§Q@Q) gfyéggptnﬁég}-and working seed storage media).

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

storage media).

Propagation

Master and Working Seed cultures of L. imtracellularis were propagated in EU McCoy
MCS using cell growth and maintenance media as described sypra and stored at less than
or about -35°C.

Source of Tissue

L. intracellularis seed and production organisms were grown in McCoy Master Cell Stock
(ATCC accession number CRL 1696, batch number F-10422). The mast cell stock was
identified as 3894MMCSS at passage X. The master cell stock was passaged an additional
six times and identified as EU McCoy MCS X+0. EU McCoy MCS passage X+0 was
stored at ~70°C + 5°C or colder. Production vaccine was made in EU McCoy MCS cell
line subcultures through the 40" passage.

18-



20 Source of Tissue L. intracellularis seed and production organisms were
grown in McCoy Master Cell Stock (ATCC accession number CRL 1696,
batch-number F-10422). The mast cell stock was identified as

- 3894MMCSS at passage X. The master cell stock was passaged an

10

13

20

25

30

additional 25 six times and identified as EU McCoy MCS X+0O. EU McCoy
MCS passage X+0 was stored at -70C 5C or colder. Production vaccine
Wacsum?g%tEUeMcCoy MCS cell line subcultures through the 40th
passage. H¥Culture Containers EU McCoy MCS were propagated in
tisEUeMefior MES RewittpREarsd s iseurritediuks WFstar CArausLens ares,

rolfey e iiles.with 85 GIPBIRR WidPOSOBR? B SPINREEHASKS MG illks up to 40L

capacity, and in bioreactors having 3L to 500L capacity. 5 Seed cultures
of PRI RN IA ROTFRF IS AT g 240 Yo GBRAT Shinner flasks, 850 cm2 to

2,250 cm2 roller bottles, tissue culture flasks with 25-150 cm?2 surface

, Orin bi tors having. 3L to 500 ' i t .
o SRS o Ihpee Tt nl} 2 TR AR ARG S o

bickaaetond hleirip@lestdi SO L dapaBagkawathads B Preparing area, or in
5%8%%%8&%&95@%&%90@1'&%ﬁb‘ﬂ@tion 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
botilasy@iey usheSeedegmiklMaGoy ce iscataicell ceddityphind £8Rstor in
500,000 cells/m| werte ig&e@ged with L. intracellularis at a concentration of
1 tB8'9685 a%%% 80,0896 LY” The infected culture was incubated
under reduced oxygen concentrations by overlaying 20 with a gas mixture

conpased &f ﬁ@f@riﬂé Sﬂgf?eﬁgoﬁgfioﬂ-g%’dﬁggr THegltiare was incubated
Seeding Cuitures
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, 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 Cuitures

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 celts/mi were infected with L. intracellularis at a concentration of I to 10% (v/v)
or MOI of 0.08 to 1.0. The infected culture was incubated under reduced oxygen
concentrations by overlaying or sparging with a gas mixture composed of 96% Ny, 4% Ha.

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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for 3to 10 days at 37C 2C, 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 25 Frozen or fresh L. intracellularis

Master or expanded Working Seeds were thawed at room temperature

(25C 3C) or at 37C 2C. Bioreactors or spinner flasks 3L to 500L

capacity) previously seed (0 to 7 days) with McCoy cells at a cell density

of 2030012909 FRI I FTUYG 16 tEGREGH Wi dee REAREHHNARISRH @60 remain in
concentration of 1 t0 10% (v/v) or MCI of 0.08 to 1.0. The infected culture
wasn§eEiBBted under reduced oxygen 30 concentrations by overlaying or
sparging with a gas mixture composed of 96% N2, 4% H2. The culture

was incupated for, 3 to at 37/C .2 .7 10 7.3, and with -19
c%ﬂﬁﬁ%@iﬁﬁ ’@Heﬁ%r?g%%ﬁr}p 0% 80%%$r§3?w1§aequate mixing for the

5 ceflsfcréman in suspension. Inoculation Techniques for Seed and
Prodycten, RS G CH W A8 4RO ALY hADMATIR P! 0) into
Wg ?%gege{é@%%e? &%c&%atﬁﬁm?:o.og to 11.0) into bioreactors, spl)nner .
flaskeseroaipsrREdinrRnDeTen et ¥ i HeCaxyrela Frovidrmduginyth medium.
Production Cultures io Up to 10% (v/v) of Production Seed was inoculated
(MOI=0.08 tg 1.0) into an appropriate volume of growth medium seeded
Wifﬁ%% Lt 0 to 7 days with the appropriate McCoy cell density in

10 3LUp HAOKCapaciiPresstis Snelibatimoflidtkdrddt)=Aighis 19)Thie an appropriate
CU{%JI{IES V(\J,F reo'x%“t%%&%gmageég& Yglgl E@f&éo%?c%ﬁs%ﬁst(ﬂn]%[sed%tlﬁ ﬁﬁ%@é}ﬁ(gﬁf%riate

atmosphere’with agitation to maintain the’suspension. Additional me
antigravectbderséiydeah 1o lderpasibormapiie the growth process.
Cultures were observed macroscopically during the incubation period for

evidence of 20 abnormal l%rowth or signs of contamination. Harvest:
Incubation of Microorganisitis

15 The cultures were incubated 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

2¢  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, each
field containing enough McCoy cells to fill at least 80% of the area. To be considered
infected, approximately 50% of the cell is filled with bacteria.

36
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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, each field containing enough McCoy cells to fill at least 80%
of the area. To be considered infected, approximately 50% of the cell is

Ll‘!’ ge%lth f TE rﬂ'%es? cul%(l) f!:igttg&gg {1 tﬁ X?ﬁie%l%ﬂl% b?ltﬁ%@@ [BMIS which are

& sample on cCoy cells are fixed and stained using

s@eﬁummﬁ@@quamﬁs@‘éwammnﬂ%mw&@% AEEEHA aéﬁt%tﬂg‘iioﬂa‘

VE%@&FyL\@@ﬁla%%o@é espo Rty ABtiraeuseolgSHIoaasasiRiaebitgate (FITC)
(FITC) (ICN No. 5549# after 6 days of mcu&at nat37C 2C. 5 Cultures

wireBXarmied kst Ay abdistesld cGntamination. Harvest

occurred 3 to 10 days post inoculation. Harvesting Techniques and

ecifications 10 Cell and fluid. conte tsln the pro uct e
GBSO M A RHBH TELKEUN S0 MEe D e ey DA Bres
stesitarmeceivin desgeistiastulptioduction culture bioreactor, 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.
Ha#asetdegprerhmigiens aad e iNediedmpled for potency by TCID50 and
idegfificatinndusiAisiaine gk diraduatinisitces, e}ihibﬁﬁﬁhﬁislaaisb@tt& were

TCID50/mI byIFA taining and were free ofa en o bi
CoRBR AR DAL OLEDHT b SE APl Bl acHigs borsotr

Prepchiet: ﬂﬁﬂc@mﬁlbmmmwmﬂmﬂmdimmbcm@pmm;ﬁ@gﬁsb@ral vessels were
o nirated by, Various Meteods «fds i Hquing e QU Blarvested production

culture was sampled for potency by TCIDs, and identification by IFA staining.

Production cultures exhibited at least 4,9 TCIDso/m! 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 cufture
to settle with subsequent decanting of the supernatant, by membrane filtration (0.22 um or

smaller), perfusion, or by centrifugation.

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

an autoclave for 120 minutes at 121°C.

21-



to settle with subsequent decanting of the supernatant, by membrane
filtration (0.22 m 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 121C. 30 -21 The hydrolyzed gelatin solution (40.0 g/L)

WRR ! ! ithdeionizedy Waler fakdnieationiatized wat f
a@?o@%%ﬁg%@é%%gﬁgéﬁm %?SGS batch size. Pétalszgiﬁ@:;z;wa ”

hyer xS AR prorsasgialy, 15giGaariea el Gt PP SiaSs
DE&%&R&?@&@ (AR)((24B0819/IL)-natassivem dityirggondahesphatepbaihate (AR)

R e T
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25

tog/L0 wiéth dydddoehl dricsalzibavesdhumvighliyoxisel s dlutipH (D stalyidiger was then

W%&‘féﬁgéq aLed IQ‘/.'6‘%%%‘?;5%5%%%}%9%91&%9&%&59&%% finakuplumeisfized

the he comp izer was thoroughly mixed, and the entire

sokatioreweaestilinisatiop was addH terbith of Soteidian Hrbime 6T HTe The

of AssrmbiuniibinismionMakent, aared, isaiBvehine kahigoh wiabigilized by
intracellular®is 200,000-300, 5)0 ml sucrose gelatin stabilizer (SGS)

10@%@%‘“{‘?@%5\9\}) THRENMEL2 (May be added to standardize the
product) 0-150,000 ml TOTAL VOLUME 400,000 ml 15 Volume of an

cuetage ceialugs 800 (000l hopUlesion Thpafacas product was

accordin e procedure outlined in Table 2 for a
Table 1
L. puracellularis 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 mi

Yolume of an average serial was 50L to 500L.

Lyophilization
The vaccine product was Iyophilized 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 fill).

2.



20 10 dose cycle (6.0 ml fill) or Table 3 for a 50/100 dose cycle (10.0 ml
fill). 25 -22 Table 2 STEPS C Rate 115 Pressure (minutes) (mT)
PRE-000L* 5 Na Atm FREEZE -47 3 As fast as Atm possible 1DRYING,
1st-152 120 120 100-150 1 DRYING, 2nd 0 2 120 180 100-150 2
DRYING, 1st 32 2 240 180 60-80 2DRYING, 2nd 26 2 240 As fast as
60-80 possible Total Time: 1352 minutes (22.5 hrs) *Shelves are
pre-cooled to 5 2C during the loading gf the-lyophilizer. 5 Table 3 STEPS

C Rate Hold Pressure (n

inutes) (minutes).(mT) P

E-COQL* 5 N/AN/A

Atm FR
DRYING

*Shelve
-23

10

EEZSTE®S3 60 90 At¥€ 1 D YlNdWS f26
2612 60 600 60-80..Total Ti ;
are pre-coole =2 i

DPRE-%OOL* dio5 5°C during th%]agadlng of tt&%lyophlllzlgr 10
FREEZE -47° 4 3° As fast as 150 Atm

possible
1°DRYING, lst J150&2° 120 120 100-150
1° DRYING, 2nd 0° £ 2° 120 180 100-150
2° DRYING, 1* 3204 2° 240 180 60-80
20 DRYING, ond | 26°£72° 240 Asfastas | 60-80
possible

Total Time: 1352 minutes (22.5 hrs)
*Shelves are pre~cooled fo 5° £ 2°C during the loadmg of the tyophilizer.

Table 3
STEPS °C Rate Hold Pressure
A (minutes) (minutes) | (mT)
PRE-COQL* 5° N/A N/A Atm
FREEZE 480 4 3° 60 a0 Atm
1° DRYING -1594& 20 60 1500 100-150
2° DRYING 26° & 2° 60 600 60-80

Total Time: 2370 minutes (39.5 hrs)
2°C during the loading of the Iyophilizer.

*Shelves are pre-cooled to 5° =
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EXAMPLE 2 SAFETY OF L. INTRACELL ULARIS 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 (two of U.S. origin and one of European
origin) of L. intracellularis in pigs at 6'/2 weeks of age. The second

‘objective was to observe the safety of two high passage isolates (both of

10

15

20

25

30

EweReasy @/igin) of L. intracellularis in pigs at 6 Y2 weeks of age. 10
Materials and Methods:; Test Substanc& . L. intracellularis low passage

U S FESE@RBAY R CTR L eitAarn: sage U.S. isolate N101494.

15 3. L. intracellularis low passage EU isolate DK 15540 p20 4. L.
ingﬁ%g&laﬂs high passage EU isolate DK 15540 p60 5. L. intracellularis

high passage EU isolate DK 15540 p80 ter Seed designatio
538635 FARFLALIN F SRS D o FUIT A MACCAGH ICBAED W40 obsore
grevineapisuaiislyfenckPf suse kawafiebjshlatidiffierdiidCwpaseige isolates (two of

. SN, e ; 2\wekks of age.
SRR SR S IR IIE SR st

s were
haFe steondiahfenttvifpationtser1Otoo e R v fGrotB gnnastess FalatRadbsdl of

cefl Gyliuie pRUSIS epniAIning Lansanise ey rRsuapanded in
Sucrose-Phosphate-Glutamine (SPG) solution with 10% FBS. 25 Storage
of Test Substances Harvested cultures were stored at -70C until the day
of MhtermdCicthedge cultures of the same isolate but from various
hafyest dates.were thawed and combined into plastic vaccine bottles,

labeled, and stored at 4C or on ice_until the tiwe gf challenge.
1. L. intracellularis low passage U.S. isolate N34

. L. intracellularis low passage U.S. isolate N101494.

. L. intracellularis low passage EU isolate DK 15540 p20

. L. intracellularis high passage EU isolate DK 15540 p60

. L. intracellularis high passage EU isolate DK 15540 p80 (Master Seed designation
B3503).

Formulation of Test Substances

2
3
4
5

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 afier
isolation in McCoy cell suspension. All cultures were harvested via centrifugation at
10,000 RPM for 15 minutes. The McCoy cell culture pellets containing Lawsonia were
resuspended in Sucrose-Phosphate-Glutamine (SPG) solution with 10% FBS.

Storage of Test Substances

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

Assay of Test Substances

4.
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30 Assay of Test Substances -24 TCID50 was performed on all pooled
challenge isolates at the time of challenge (day 0). The average titers
(n=3) (TCID50/ml) were as follows in Table 4: Table 4 Test Substance
Average Titer (TCID50Im1) L. intracellularis N343 6.4 L. intracellularis
N101494 6.1 L. intracellularis DK 15540 p20 6.2 L. intracellularis DK
15540 p60 6.87 L. intracellularis DK 15540 p80 7.4 5 Study Design The
S consisted. of five experiment

o TS Fe et o R A oy 0
Ofiavergivaien(int AESRe Gy ersss BllowhirataGIATis low passage
U.S. isolate N343. Group 2 (10 pigs, 6 t/2 io weeks of age) received one
10ml or equivalent IG dose of L. intra elI#I%rris low passage U.S. isolate
N101494. Group 3 (10 pigs, 6'/2 Wee@él age) received one 10ml or

equivalenddGdrem@f L. intracellularis low passageElitis GIAEERKAE540
p20. Group S, rge)—reeervedﬁngjemhr""—
equival&t’f@‘éfggzigf’f_i. i%ﬁacellularis high passage EU isolate DK15540
60 we IkL.CﬁmupeBz(le)i@mm%eeks of age) received 1%-éne 10ml or
equiva s isAgh passage EUTS@ate DK 15540
p§30. Gro'u%1 éaff upl%zss, /2 wee 2é.ﬂof ' %IQ" i

did not récemealrbzinitiat D4iIpifealth observations #érfe made from

ini_tizfltio ',Efz'ﬁ%&')éll‘ e ggylggm[gngu of Z0 appropriatg test animals.
Clinicalihealth (behavior, appetite _body condition, hair-coat-and—stooh-—

consistency on a scale of 1 to 4 were scored daily from day of challenge

(dgm@.} {Sesigiimination of study (day 21). Average daily weight gains
(ADWG) were QaICéJIaIltted from .,
The stady consisted of {ive experimental groups and one control group. On day 0 of the

study, Group 1 (10 pigs, 6 ¥2 weeks of age) received one 10m! 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 10ml or equivalent IG dose of L. infracellularis low passage
U.S. isolate N101494. Group 3 (10 pigs, 6 72 weeks of age) received one 10ml or
equivalent IG dose of L. intracellularis low passage EU isolate DK 15540 p20. Group 4
(10 pigs, 6 V4 weeks of age) received one 10ml or equivalent 1G dose of L. intracellularis
high passage EU isolate DK15540 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 ¥z 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

25-
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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 25 Group 1) throughout the study was examined
for gross and microscopic lesions. Death -25 was determined to be due to
lesions associated with PPE confirmed by histology and PCR analysis;
the animal was not replaced. Qualitative analysis of Lawsonia content in

feces was evaluated by P R along with hlst al ey aluation, f
intPEeSRTIRYShINRE G "leﬁ%nﬁgf% et 8.QI(\‘}QJSJE'Cc())ﬁlec eg1t o{c’béy gnd PCR

..143’@%12&@5@@”‘31% otRedadtst. Quﬂﬁlmm’y ofBsisyiResstid abitss in feces
AD ézv %%néebéﬂ)&i? ot R%{t}ﬁ%@%ﬁcg%g AR ?ﬁﬁ'ﬁ%@gﬂzﬁ'ﬁ%&l the ileum

&linical Igs (T Ing Lesions Scores 1 N343
19%@@@@%61%%\@4%&6@@105 @@Szﬁmmm 3boE he gviho/a
10%130%1 30% 1.2 0.8 5.15 3 DK15540p20 10 7.2 18% 13% 30% 10%
20% 1 2 0.86 5.01 4 DK15540p60 10 7.87 5% 0% 0% 0% 10% 1 0.95 5

§0p80 20 8.4 0% 0% 0% 0% 0% 1 1.055 6 Strict 10 0 0% 0% 0%
00 6% 1.05 0.91 5 Controls 10 General Observations Daily health
obSemmaumes Wedy Restésuntil challenge. The clinical condition of the .
animals was evaluated daily following challenge for the duration of the
study. Observations included: behaviaor, appetite, body condition, hair
coat, and stool consistency. The C|InIC£aI %8ndltlons of these animals

weécesgaluateehbased|on Eraunienigadhohataty erpﬁhholﬁesf &otastife WG Clinical
Se\/F‘I’iT\A of illness Q@h Q%mad from $hﬁd:dm ?%‘(rﬁfsucore Scores
ofll ! “IN343 g 74 7] 19% 11% [ 0% [11%| 44% 1 0.61 | 523
7 IN101404 10 7.1 10% 10% :10%][30%| 30% 12 0.8 | 515
3 |DK15540p20] 10 | . 7.2 18% 13% [30%10%| 20% 12 | 086 | 501
4 |DK15540p60] 10 7.87 5% 0% | 0% | 0% | 10% 1 0.9 5
5 |DKL3540p80| 20 8.4 0% 0% 0% 0% 0% 1 1.05 3
6 IStrict 10. i 0% 0% (0% 0% 0% 1.05 | 091 5
Controls

10

General Observations

Daily health observations were made uniil 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 ranged from 1 to 4 for each parameter. A score of 1
was given to an animal with a normal, healthy appearance, a score of 3 for an animal
demonstrating severe clinical signs, and a score of 4 for an animal that has deceased. The
average daily score for the strict controls, DK15540 p60, and DK15540 p80 was 5.0. The
20  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 diiferences among
treatment and control groups using Kruskal-Wallis Rank Sum Test.
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was given to an animal with a normal, healthy appearance, a score of 3
for.an animal demonstrating severe clinical signs, and a score of 4 for an
animal that has deceased. The average daily score for the strict controls,
DK15540 p60, and DK15540 p80 was 5.0. The 20 average daily scores
for low passage material was N343 (5.23), N101494 (5.15), and DK15540
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 Gains (ADWG) Average daily weight gains
werescalc Didte MVeipht BrantinieldVeNallenge (day 0) to the termination of

the Siudy % ﬁg&oun OE%&%%?@&M{%%H @&Wﬂ@!191@36f%5£h§nﬁt=!'@a9@ﬁltfpdhé

group The average weight gain for the low passage

tré@lﬁm@ﬁt@r@ﬁ% sy Gy e @Bheagﬁweesmafmwﬂaﬁ‘?a ptpe st contrl
& m&fﬂﬁﬂdﬂ%ﬁeﬂg@ W&Qapg’eﬁﬁaﬁﬁthg%m@mymaﬁnsnt groups was

Iﬁé%%ﬁc% 3 et e B A R o T LR e
( Dichbbdd 160)s and-lc03hpcand sﬁdayréﬁxb(d Eﬁt&gp&@)g@mmeuﬁy'ph@pamd to
sRNAlcianes I avstang dalbeda Welghlaa NS sisnlfloan biosELl b

the trea t group compared to higher_passage treatment groups

(D&Qﬂéﬁh@pwaﬁwd%léﬁ@@ﬁ@} ESPHFEN o Ry amaal St ingtrygee daily
(Pearsen iy ﬁ%@%ﬁ%@@e@&* &%QWMa@rﬁeﬁﬁgﬂﬁ@m&ﬁglﬁéﬁt@ hlgher

Lawsonia ex osure in p for the pPresen
anBRESARFEH WtﬁBHPé § é@tp@ g(é)fi af R onI 8?@5%21 of the
treatienPeinop (Givsqmedrddteglable 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
tre3groeomvgraiop, 1/10 in DK15540 p20 and p60 respectively. Day 21 20

revealech KGRIt (NAd R &4 Qs&igﬁa(ﬁéﬁé@ﬂ}@ﬁﬁk@%ptﬁﬁﬁg@i@@wmce of
p20) were IFA positive while gg ‘gassage tre me 5‘8%8 gégs\é%f tm ¢ orou
DGOy SRR B ABIL SR SPSIER Jirggnent growp
Lavigeniaiexposible iacreaseditm tieateitsgrDup deeeein?yIpigpasstgend 1/10
L. i)qg 5]5[&‘%% Sitﬂcﬁ«h tﬁgs%x%'fgpﬂa%%ﬁ%’ L%ﬁ?o%%! %nq{agh ?4, 2/9 pigs were IFA
positive in N343 treatment group, 1/10 in DK 15540 p20 and p60 respectively. Day 21
revealed 1/10 pigs (N343), 4/10 pigs (N101494) and 6/10 pigs (DK15540 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 demonstrated shedding of L. intracellularis beginning on day 14
where 4/ 9 in the N343, 4/10 in the N101494, and 5/10 in the DK 15540 p20 low passage
animals tested positive. Both high passage treatment and strict control groups were PCR
negative for day 14. On day 21, DK15540 p20 treatment group had 1 animal PCR positive

while all other treatment and control groups were PCR negative. No evidence of shedding
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study. 25 Fecal Shedding PCR testing of the feces demonstrated
shedding of L. intracellularis beginning on day 14 where 4/ 9 in the N343,
4/10 in the N101494, and 5/10 in the DK15540 p20 low passage animals
tested positive. Both high passage treatment and strict control groups
were PCR 30 negative for day 14. On day 21, DK15540 p20 treatment

- group had 1 animal PCR positive while all other treatment and control
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groups were PCR negative. No evidence of shedding -27 was observed
invhigthpasehidhich ntasege RS AN D Ah a Py Sy Brer CR
thigughout dhessiudypER BoRastivemainalpdidicating sesiiginghaddingnib in
Lawsonia in their feces were maore si‘gnificantjnf g low é) e}iﬁ% t§4 and
oiEtip EPRIGE LY HERTIGARF 1HI8S ABHBASTEF S5 P14 Bt the study than
hipi [5588300)isaldse Pt andsthnt tightpelsags (Réaisor@hipsd siait controls
p?,gé% . PCR at Dar%%gjo:sgeums and Colons PCR testing of mucosal

scra

61&5191}5 fontiieums and colons was performed after necropsy (day 21).
Samples that were PCR positive for L. intracellularis colonization were

(282 ADsolenshindLaliSaqaRd (2/10 ileums, and 4/10 colons) in DK
15540 p20'low passage isolate groups. All other treatment.and oatrol s
OB e B CRERE AR NSO E GHORS oy, R er Teoropsy

inieated. ilkumpscadootonSCIR pigitiive DI L5 5atqp2Rindr eokinimifivarigre (2/10
more cQlonj ith L, j llular .
PP A e TR R IR G DRI R A i
teisnintalgtours A abloireebnerssé v eligierropeyeBGR 2eaivg Pitsgs day 21

in Jbyfferes formaia fonbisiolagisahanabisis irasencorf ntmpsel ware

bacteria and crypt hyperplasia was obseryed in tissues stajned with d cantrol
Heieriiseptsy BRI E A5 e AR SSTRPRI SN rEEHEITHE B1%478"
PigsoN3¢PLatld igsk0F4R). 2/10 pigs

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 (N101494), 2/10 pigs
(DK15540 p60) and 1/20 pigs (DK15540 p80). Lesion development was confirmed by
florescent antibody staining using monoclonal antibodies against Lawsonia intracellularis
in 1/9 pigs (N343), 3/10 pigs (N101494), and 1/10 pigs (DK15540 p60). FA detected no
lesions caused by Lawsonia in the colons of all treatment and control groups. FA results
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
Jesion development associated with PPE in N343 treatment group compared to all

treatment and conirol groups. (Pearson Chi-square p<0.05).
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(DK15540 p60) and 1/20 pigs (DK15540 p80). Lesion development was
confirmed by florescent antibody staining using monoclonal antibodies
against Lawsonia intracellularis in 1/9 pigs (NT343), 3/10 pigs (N101494), .
and 1/10 pigs (DK15540 p60). FA detected no lesions caused by
Lawsonia in the colons of all treatment and control groups. FA results 25
indicated significant lesion development in ileums of pigs in N101494
treatment group compared to all treatment and control groups. H&E /

 siltaesstaneiisg showed significant lesion development associated with

P RE&&M&%&[&%W&@%%@&&%@%@@ iRRliptye@EPent Anetksenirdkociated V;fith

groups. (Pearson Chi-square p<0.05). 30 -28 Gross Scor s lleums

T S CHTEENET e BTG o LA AR TR o R ITSI e e
WithoRRRE2 T@wmm@mmmmmmmgmmmmmmqm and a

lesion d%vl? Jﬁ?? né'weerzlc) I%%ore trzlcftocchnS 0fs Q%H‘&Té clxié%t 14 Y lgcore of 1.05,
thi c(f<en|ng or moderate It?ﬁckenlng an g score o OI’ severe

thitREAIGNSHIIGEAt DR, rﬁﬁléﬁ@\mgbﬁahm@a%ééﬁé%@ 084 P§8430).
(1.9, NEOLARE L6 LU IRALRRD s tadisABS RHEdeRADBRRANDRRY and

(1.0). Average gross lesion scores indicated no statistical difference
be%é@?%ﬁ&%&@m}%fﬁ%ﬁb@ﬂgmﬁ RRIPAAORS st for multiple

comparlsons 10 Conclusions: Based on the data collected, this study
rg trated that pigs challenged with a low passage dose of N343,
i and DK15540 with a TCID50 greater than 1X10 bacteria/dose
chea@bmﬁe intideticetest, PRt Hdseoasiviadsbalipigpdedapgedswitadow

DK12240:980,28@ RO given, %@'ﬁk‘?ﬁﬁﬁ'@ ﬁﬁﬂ?ﬁﬁ%&@%&ﬁ& GHA56107

greater%han 1X107 15 were proven safe and show reduction

colbrzaatloBracreaeh iR nstdprre AT REEJRItE ahiftk'e p%lglfﬁ%?sage isolates

COMDIKISIBANGD BasegopaiRe B pizthe thuieosa gt thishleUEIDs, greater than 1X107
hlsto atholo y and FA stains ftls esectl ns Arleductégve?f shqﬁg%&lmd

SVTAREIR AN 1RTeS dleteor?ncl’ned1 BYPER Was evident in
passﬂgEPlEo Iﬁlm;cwmpme L) %WM?@&%@IQ@QCWW%Q@ i W@i@?ﬁﬁmlogy ,

ga'ﬁ?d FA stains of tissue sections.

A reduction of shedding L. intracellularis in the feces determined by PCR was evident in
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
comtrols 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.
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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
chENgdd@Inkaderial. Compared to the strict controls, the high passage

isqlpfes sbqwedihamesaliyeriRipact nvweightain and overall health
based on clinical scores. 30 -29 EXAMPLE3 EFFICACY AND MINIMAL

PROTECTIVE TITER Purpose: 5 The objectives of this study were to
detarpaie the minimal protective titer of a vaccine comprising isolate

B3903 (lyophilized).(DK,15540 sage 80). (" ili .
5 ol o Varr e LSRRI AR LRl 0L vacsn

adeninistsredsolets BB Wictirrphilisegt @hdrdGragess e Bavs birarbilized)
efficacy, A0AIRShadiiY LR Re IGIOIRUD S R E-ERUYIR: N0 NG iR O oral

passage L. intracellularis, the causative agent of Porcine 10 F?rc(ijllifeéative

Erdereihyiep P RIS R ATROGHEF MEHHGH Fagris HEtiRearerologens
Attgnyateerivies faalureinfbwiptasel|nlasisdadiate B3RO FonprlatioPorcine

of%SQCL)FB éL, o%hilized Vagceine DK 15540 isolates were grown
10 confiils &%/c P@@%@@%@e‘? i€81afion in McCoy cell suspension. Al
cultures were harvested via centrifugation at 10,000 RPM for 15 minutes.

The McCoy cell culture pellets containing Lawsonia were resuspended in
Sudfeisazlpppspiraads|utamine (SPG) solution with 10% FBS.

Desiceglioaanas perprmen as 20 Hescsitedindoiample kokspRidlbe
lyophilized product is reconstituted in water, g.s, ad 2.0 ml, for injections.

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:Glu‘camine (SPG) solution with 10% FBS. Desiccation was performed as

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

2.0 ml, for injections.

Storage of B3903 (Lyophilized) Vaccine
The vaccine was stored at 2°C-8°C until ready for use. After resuspension, the vaccine

75  was stored on ice until administration.

Daoses of B3903 (Lyophilized) Vaccine
1. High dose (Treatment Group 1): 1x 2mlL (6.0 logs/dose) via direct oral drench on
day 0 of the study.
30 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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Storage ofB3903 (Lyophilized) Vaccine The vaccine was stored at 2C-8C
until ready for use. After resuspension, the vaccine 25 was stored on ice
until administration. Doses of B3903 (Lyophilized) Vaccine 1. High dose
(Treatment Group 1): 1 x 2mL (6.0 logs/dose) via direct oral drench on
day O of the study. 30 2. Medium dose (Treatment Group 2): 1 x 2mL (4.9
“logs/dose) via direct oral drench on day 0 of the study. -30 3. Low dose
(Treatment Group 3): 1 x 2mL (3.8 logs/dose) via direct oral drench on
day 0xf Mu@(ﬁeﬁ@u&a@fmé} Plackhbd & & plarétre)cdndistiigref drench on
uninfectefgi I\/FC culture cells suspended in DMEM/F12 growth
medium foRi wﬂﬁ oNBS was given to treatment Groups 4 (challenge
control) and 5 (negative control) on day 0O of the study. This substance

Wa{,e@ggﬁi(ggjﬁgg@dﬂgcéyglets in treatment Group 4 by direct oral drench

and given 1 x 2mL of placebo per test animal. Substa
5 mtr%dé‘l‘ﬁﬂ%@ol‘@lﬁm WiiRsitOAshar geste chee?ﬁﬁéﬁ‘ésﬁi?fgicg@? WEMIFL2

igined remuihdirigstings: GhaNESweslgivich pighramean Ghodisra( fhalienge
(Unltes ates.Pate t5 71 5 fi [ dio
Nlﬁ‘f}ﬂfi) ?e%’te%wﬁecr?ae %t{r}g e Iuﬁlsgtﬁggﬂgirﬂlﬂg?é érgnéagt%gpay j‘\?vga!ia dministered to

gropigleontimemusty oGy deﬁ%@%i@h@i@h 3¢ giverelthamBoirlawdy per test
aftear ﬁ-l%al isolation from infected gut tissue. Active cultures (2 x 3L)
identi as SF 1422 and SF 1423 in addition to (IL) SF 1421 were grown
16in McCoy cell suspension for 7 days to 15-30% McCoy cell infection. On
the rlay efiehaliengeigay-Zilx70M0ivosViiutes Obatidnaevested via

fugati PM f t ll_pell
ggl gﬂeg{]ﬁﬁ/ﬁm{g{%}wt V'SP {a%lllzgre%%}l\llee(s;te %eéltl‘f}e%cu %%Hﬁ%@geﬂom .

Indiana farm (Unites States Patent 5,714,373).

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 2x3L)
identified as SF 1422 and SF 1423 in addition to (IL) SF 1421 were grown in McCoy ceil
suspension for 7 days to 15-30% McCoy cell infection. On the day of challenge (day 21),

20 active cultures were harvested via centrifugation at 10,000 RPM for 15 minutes and cell
pellets resuspended in 350mls total volume with SPG stabilizer. Harvested active culture
was pooled with 300mLs of frozen 10X to 20X concentrated challenge stocks of low

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

25  Storage of L. intracellularis N101494 Virulent Challenge
Tinal formulations ready for challenge were stored at 2°C to 8°C or on ice until

inoculation,

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

to each test animal per dose during vaccination and challenge. The average titers (n=5) of
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was pooled with 300mLs of frozen 10X to 20X concentrated challenge
stocks of low passage N101494 at various passages (pass 24 to 27 post
isolation). 25 Storage of L. intracellularis N 101494 Virulent Challenge
Final formulations ready for challenge were stored at 2C to 8C or on ice
until inoculation. Pre/ Post-Vaccination and Challenge Titers 30 Results
from the TCID50 assay verified the amount of live L. intracellularis
administered to each test animal per dose during vaccination and
challengsosT tigaiarsge titas(ialw=bl ot «3l theelmidngostaitnadiqhsifoutadularis
B ccine and the ch material (L. intracellularis N101494)
vvéig %% ?P)%WS n cflél e at:a%% eg '6 Group Treatment Average Average
Total Average (logs/dose) logs/dose (2ml) logs/dose (2ml) logs/dose
Pre-vaccination Post-vaccination (TCigg/gl) (TCIDso/ml) 1 B3903

vaccine 6.07 5.89 6.0 high dase 2 B3903 vaccine 4.94.4.84.4.9 medium

hsEBBIO03 VEERFEH.9 8.5 FHCIBH dose 4%%{8 7 85 (7.5 PRl AVerge

)ne ativaoes/dose

- ¢
eaned pigjets at 3 weeks of JEHILR fand ﬁfjxﬁwié’ifn% Bio 5 weatment
uur.lsi AT Eggagd‘;)azcﬁéu Cl_y U IIG.IWIIUUL e Dluu%.lggll 6.0
“high dose
2 B3903 vaccine 494 4.84 4.9
medium dose
3 B3993 vaccine 3.9 3.5 3.8
low dose .
4 Challenge 7.85 7.57 7.71
Controls

Study Design

Sixty-five healthy L. intracellularis negative weaned piglets at 3 weeks of age were
randomly divided into 5 treatment groups and housed separately throughout the study. On
day 0, treatment Group 1 (15 pigs) récaived a2ml dose (6.0 logs/dose) of B3903 vaccine
by direct oral drench. Treatment Group 2 (15 pigs) received 1 x 2ZmL dose of B3903
vaccine titrated at 4.9 logs/dose by direct oral drench, Treatment Group 3 (15 pigs)

received 1 x 2mL dose of B3903 vaccine titrated at 3.8 logs/dose by direct oral drench.

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

drench.

On day 21 of the study (3 weeks post vaccination), fest 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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15

day 0O, treatment Group 1 (15 pigs) received a 2mL dose (6.0 logs/dose) of
B3903 vaccine to by direct oral drench. Treatment Group 2 (15 pigs)
received 1 x 2mL dose of B3903 vaccine titrated at 4.9 logs/dose by
direct oral drench. Treatment Group 3 (15 pigs) received 1 x 2mL dose of
B3903 vaccine titrated at 3.8 logs/dose by direct oral drench. Treatment
Groups 4 and 5 (10 pigs/group) received 1 X 2mL dose of placebo by
direct oral 15 drench. On day 21 of the study (3 weeks post vaccination),
te€pigs 43 oty Growspks postchebuiged all wraatent duspoflviriSisee
low, RASSAG RIESHIHLE dor TRGEAUALS ISIR RIGERUSIseintey NEB1494
by gastric gavage. 20 -32 On day 42 of the study (3 weeks post
challenge), all treatment Groups (I - 5) were euthanized and necropsied
for gross and microscopic lesion analysis for PPE. Daily health

ob@eﬂzdtﬁahh obscevatiade viromnededyoinisadorindiadendayhefdasalfehgienge for cach
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ate rage dai ns.of each trea roup.
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or gross and’ microscopic lesions. Qualitative analysis of
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mesenteric Jymph nod y 42 o # e studxgs grum was cogse?tgﬁidonrg gea Sic
0, Hisfofogial fé’a%‘% Rt igj BrRAT R e WA e R IR G The

mdlmqih‘maséemﬁhnf ﬂmckwwst?d:ﬁm e dﬂtwbdmdm/@sd nid.ahiti B&diésaﬁd 42
in te l%e-lr-é 3 @Etg&%ﬂlg Q' Bﬂﬁﬁ%@ﬁd@’%ﬁ%ﬂ?@gﬁic@& t‘é?ttﬁF AT) to detect

anal yS|s o verage daily weight gains post vaccination and post

chainéinyeivicaitiBedirsdn @@F@éﬁﬁﬂ)&s BHBRSE SIRRTOCTRBIBRREATERE made by
(t-RERhnfecal shedding (HRGRIgEresss post vaccination and post challenge, clinical

scores, seroconversion rates (IFAT), colonization {t-PCRY), fecal shedding (&-PCR), gross

lesion, and microscopic lesion development by immunohistochemistry (THC).
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lesion, and microscopic lesion development by immunohistochemistry
(IHC). 20 -33 Results: Summary of Primary Results Table 7 Treatment
Pigs Treatment. Average Average Average Average Group per Group ID
Gross Gross Micro- Micro- Group (logs/dose) Lesion Lesion Lesion Lesion
Scores Scores scores Scores (ileum) (colon) (ileum) (colon) 1 15 B3903
vaccine 1.5ab 1.2 a 0.2 ab 0.1 a high dose (6.0) 2 15 B3903 vaccine 1.2
ab 1.0a 0.4 ab 0.0 a medium dose (4.9) 3 15 B3903 vaccine 2.5b1.5b
1.Geb3.a low dose (3.8) 4 10 Challenge 3.6 c2.2b 2.4 c 1.5 b Controls
5 10 Strlct C trols a.1.0a 0.0 a0.0a *Like letters indicate no
1'%526%5) Final test results for each treatment group
revealed S|gn|f|cant gross and microscopic lesion development of the

ileum and colon in non-vaccinated, challeggg centrol pigs (Group 4)
compared to vaccinated pigs regardless of dose-(high-medivm-and-town)

in Grbwglnent? Rigsy d@‘(ﬁ@@%) A&é‘?@é& yréSSiREon s §g8ft1eﬁ§frage
vacdin€IW dog¥'cdlor Rﬁ%@?éi?g) ficantly diftétent th 1%ﬁalleng%e;?£
contols. The MAERe-IBRFHBLE Y rqui TEdup 3 |§ t‘he anlygr ggment Scores

group that regeived vaccine and hdd(ﬁ@@%mant( FORP devejggment (colon)

1 15 | B3903 vaccine | 1.5ab 1.2a 0.2 ab 1a
high dose (6.0)

2 15 [ B3903 vaccine | 1.2ab 1.0a 0.4 ab 0.0a
medium dose

4.9)

3 15 1B3903 vaccine| 2.5b 1.5b 10b 0.3a
low dose (3.8)

4 10 Challenge 36¢c 2.2b 24¢ 1.5b

Controls
5 10 | Strict Controis 10a 10a 00sa 0.0a
5 *1 ike letters indicate no significant difference (p<0.03)

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,

10 and 3 (p<0.05). Average gross lesion scores of the vaccine-low dose colons were not
significantly different than challenge controls. The vaccine-low dose group (Group 3) is
the only treatment group that received vaccine and had significant lesion development
(gross and microscopic) in comparison to the strict control group which did not receive a

vaccination, placebo, or challenge throughout the study.
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(gross and microscopic) in comparison to the strict control group which did
not receive a vaccination, placebo, or challenge throughout the study. 15
-34 Clinical Scores Clinical scores were recorded for each animal daily
from day of challenge (day 21) to necropsy (day 42). Clinical scores were
calculated to obtain an average daily clinical score reflecting the severity

" and duration of sickness among treatment groups due to receiving a 5

10

15

20

25

virulent challenge of L. intracellularis. Average clinical scores for each
treaimentesrYp are summarized in Table 8. Table 8 Treatment Group

Group Identification Average Clinical Scorg...1.B3903 vaccing -hi

5 U BT RCE BT g b B BN et oea

3 fearopsglatietde ClbntrdsoawsrSeibnBsdtiobBtaiman axerierdeilyetigea! score
no significant differ I f &YrekBivine a
i R e i
wasdecorglse bl raursriiagrtie Axeess el terat SARER TGRETRE STouP
regeIVingaveraag elirical 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 Daily Weight Gairie f\verage daily weight gains

(, PDWGYwere CaICUI ated-from-the i -of cine™admii H dgﬁxat})s
to cﬁiﬁ%"%"&i%%} istration ( a%/ugf é %%itﬁgizoe&}minatiiu of%gg}q udy 20 o
(day 42). Statistical analyS3¥Pwetgimeqdiighiffstences (Ibs. = pountd)

batween vagcine i igses e HOREVARE fRmQRIeNge control reafment

groups revealed gyicﬂence of a

3 B3903 vaccine — low dose 3.0a
4 ' Challenge Control 30a
5 Strict Control 3.0a

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

of challenge to necropsy (p<0.03).

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 1o
evidence of significant differences among non-vaccinated, challenge controls and strict

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

Average Daily Weight Gains

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

weight data is summarized in Table 9.
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significant difference from the time of challenge administration to necropsy
(p<0.05). The weight data is summarized in Table 9. 25 -35 Table 9
Treatment Group Average ADWG ADWG ADWG Total Group
Identification Initial (day O - 21) (day 21 - 42) (Ibs.) Weight (Ibs.) (Ibs.)
(Vaccination (Ibs.) to Necropsy) 1 B3903 vaccine 17.8 a0.94 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 B3903 vaccine 18.0 a 0:94 a 1.48 ab 1.21a low dose 4 Challenge
17.7 2 0.96 a 1.45 b 1.21a Control 5 Strict&chtrol 17.7 2 0.94 a 1.63 ab

1i28a ke ieuer@l{jgﬁlme O igRiicant diiferences betiean dreaimenivG Total
gtougs,i ADWEsfremi.day ofvaacinatiesto chajlendessid framy day offbs.)
challenge to.necropsy (p<0|0§)efietocongesgion (IFAT)@Esrum sar(ydesination
were collected weekly fromiall@sh animals in each treatment group &nidecropsy)
teSted for prasegevetandi-Lawsania lgG anfibadies|on days @, 7, 14, 21,2%
28, 35, and 43gf dtke study, Positive and negative IFAT control samples

were 190% aBoapbateaniad] dssalg apefformiediia thisistudi-tO#bdays 0 1.30a
through 21 (3weéeksdoest vaccination), all test animals iQ in each
tréatment graBiPhievecting negadive On daf-2841 week podt ehallenge) b2
the study, 1/18v(80%90) test animals in the vaccine-hijgh dase treatment

group Were I[Ghagdisaaive whileldidthers te¥IAFA negath/&’ Bn day 35! (212

weeks. post ﬁlﬁmﬂ’ﬁ}lp) af the study.4/15
5 Strict Control 17.7a 0.94a ~ 1.63 ab 1.28a

*Like letters denote no significant differences between treatment groups in ADWGs from
day of vaccination to challenge and from day of challenge to necropsy (p<0.05).

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

group were IFA positive for Lawsonia 15 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%)
pigeriRdhaMaGCIRe highadoiseed ratyy the @hiBAupasitivistid heostastitoritioned in
treatment group was IFA negative at s ropinati - o
S oAb ] B AT s TR AR S e o0
resegtsivbtespensén ftheddiicach mﬁm@é@irﬂw@%%?%@éﬂs&agﬁé%@e@s

W@éc&@ﬁfgom%ﬁg duaQthert Q9% sNRIRINEIRSRENS eSO WRd dQraeaahtistic with
test animal throughout the study. In treatment_grmfjgg% receévm%a \%ﬁme
- [

5 oroplasEpgiarAlcias e MBI FREY U SPRIEHES LA SRRHENt S
an-estimasiongiesastRavalieidMonte Ganle) cRdRitiveviern Tigeidistly higher than
obtained from challenge groups receiving a virilent pur Itices s post
chafféngEwere L§h ﬁ:gn y(?ﬂ?gﬁgr taR gs‘f‘é#é%e irbll'g(% aélcj:tcl‘éiiﬂcll e-%ighwee #Po8
dosleinga)adairestaly. dose (p<0.05) at day 42 (3 weeks post challenge)

- of the study. 10 Fecal Shedding of L. intracellularis (PCR) Fecal swabs
were collected weekly from all test animals in each treatment group and

10 tedieet! foietiing @isk At ¥ aitdEERaris by PCR on days 0, 7, 14, 21,
28135 aRah4aktbgcstativeRositive alidesegative RNAcketractiohgo and tested
PCR reaction controls were 100% ate for each.gssay B
R s e e R e
negatlye Positivéntnd celtutae DhdnedmeiopactRisrrctptegneals were 100%
(challende) Pigs, inthe SiricLEANH aligiaws remaineshisen R CRyRGAYA: group
foraf?grﬁ??gggﬁ%zlr%% '?heirfeces th#Olj%}F%ut the study. FeIcaI shedding_of

15 L. meradethli RS nrsahr PoRlpggiaciuias Somet iR Varibiandhiane !
9rqeRRIeRsd). weskiatiRrahallengsl megHaliamedieat FERUtgale: for L.

mmarized in Tabl .2 . X )
Su infrgcell?,z laris inat ee1r gces Qhroughout 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.

20
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%)
¥ 1ike letters denote no significant difference among treatment groups receiving a
challenge (p<0.05).
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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 hi h dose 2 B3903

10

15

20

25

30

vaccine 6/15 (40%) ab 5/15 (33.3%) a 0115 (0%) a -Medium dose 3
B3903 vaccine 4115 (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(00/,) * Like letters denote no
significant difference among treatment groups receiving a challenge

(p<0.05). -37 Statistjcal analysis using Chi-square statistic with ¢
RO BPURRACRA VAR TN EL0 0 EegROc T o gl
regpasCail pachparddineprestimespgres potcather sreino R EReiikige non-

contrel, TR Ve REsY Iﬁ? 5‘&19? SRIVIGE SR A QMPHPWATS 2ratERERVN

from group coniparisons becausé each pig was 100% fecal PCR negatj

fowithdimwadeimlsresnriesnprisanshecatiy BipigRrs 4 (4 h/ask podt negatnve for L

;Eﬁ%%@&ﬁﬁaf%%{&%%q%@sﬂ%@h dasepiyareisehast sigiifigpthidesseiving a
edding of L. intracellularis_than non- vaccinated, challenged pi =

i e S R el

|: %ﬁﬂﬂgﬁwwi@%ﬁﬁm@mm BiNECCImetiadas dighmeahmgs

ess shedding of L. Intrac iS,| i '

e e g e T o e,

h.gtg:aﬁeam@dﬁmheé@éw%damiﬁuiamﬁs%g%ﬁ@Fhﬁ%&ﬂﬁ'ﬁé@&md

zg%ﬂﬂ'&%&if %igdémﬁgpﬁiw@r'@ﬂﬂﬁ&%ﬂﬁ%ﬁ)p%ﬂﬂ%@@ teddieing a high and medium
dosYeang \Ifggcgle' (g ma(} %rll ega IsgigmfF';cl‘,%gt 9 ltehsg éﬁg\clicﬂggs S OB 8ee flaris in their
feces compared to the non-vaccinated, challenged pigs. Pigs in the low dose group were

not significantly less PCR positive than the challenge controls on any day post challenge.

L. intracellularis Tissue Colonization (PCR)

Polymerase Chain Reaction testing of tissue sections of the terminal ileum, colon, tonsil,
and mesenteric lymph node were performed after necropsy (day 42 of the study). Inthe
vaccine-high dose group, 1715 (6.7%) pigs were PCR positive for L. intracellularis -
colonization in the tonsil while all other treatment groups were PCR negative. Heitis PCR
testing of mesenteric lymph tissue revealed 3/10 (30%) pigs in the non-vaccinated,
challenge controls were positive for L. iniracellularis colonization while all other treatment
groups were PCR negative. Ileitis PCR testing of mucosal scrapings of the terminal ileum
revealed 4/10 (40%) pigs in the challenge controls, 4/15 (26.7%) pigs in the vaccine-low
dose group, 2/15 (13.3%) pigs in the vaccine-medium dose group, and 1/15 (6.7%) pigs in
the vaceine-high dose group PCR positive for L. infracellularis colonization. Iieitis 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 vaceine-high dose group PCR positiire for L. intracellularis
colonization. No evidence of L. intracellularis colonization was seen in tissues of fhe strict

control group.
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not significantly less PCR positive than the challenge controls on any day
post challenge. 15 L. intracellularis Tissue Colonization (PCR)

Polymerase Chain Reaction testing of tissue sections of the terminal

ileum, colon, tonsil, and mesenteric lymph node were performed after
necropsy (day 42 of the study). In the vaccine-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. lleitis PCR
testing of mesenteric lymph tissue revealed 3/10 (30%) pigs in the
non-vaccinated,, challenge contrqls Weretpositive for L. @t{ggellgflzaﬁlig At oTOUDS
ciBRpSamAE I SIHEF HR RAANENE TERThE et e iR & ATa s &
PG jesiing ef eueosialsihdyings G thepeuximatite wdthreveal oo AUk

40%) pigs in the chall | %),pigs.i IRGzOMhon
GRS SO BP0 L A A AL LS MDAV R R Ol

5 1/ﬂﬁ(@@%)qb¢gsqhﬁlmwa@@wéﬁhﬂéwlé@§@@?@ﬁEYPRERT‘EF@&Y%%?QEW treatment
i”%ﬁ%!lﬁ%‘@ﬁ S\RPlenigaliesHeiisBGRs Bating ahihe selendavealedid/lo
(30%) pigs in the challenge controls, 5/15 (33.3%{1%(%? Ai@t hva%ﬁ;ne-low
ddEEagrHfs /9% B 2y DS a8 PR ¢ Gt And

2/15 (13.3%) pigs in the vaccine-high dose group PCR positive for L.
inggie]llulaﬁﬁ{%o fﬁJL ization. No evidence of L. intracellularis colonization

wabs SE&H i tissues of the strict control group. -38 Statistical analysis of

10 lleSistPBR positivinieseltsofiensicompatedr dmungpadatsenng)ibups aadimjon

Ch ist] Y%lygy' !@tg Ali0,appIeximalionrRtdhesmxath Bovalielogical
M@s%%?gir%c%%gﬁ%o eP rezg:ultglljndicated %\gﬂﬁgce of.a sigfific nt ,Og} )

difarEREe LAMSHES RBRCORIATERAS TR ANEREE RoroISRR G Qalierions o

atmen
greuRsFeceivine g A seepkieatmentifesn B EduNeastatistioal for L.
significance was 'gent 10ng treatment grQups in 1;% lacelulasis
colBhfes 8’% ﬁﬁ%ﬁ?ﬁ dﬁ\?’%@%ﬁ? %arn%gir%i K %%1.‘%%%? e stugi/. Histology -

15 (IH@rht48E Yty Secticnsseamicdenivhy fermsinted rorsRPMasenterrd iffnleoms of
nogg Gt@ﬂ%g]ﬁ g’éed#r@le g colonauers,salieciethabReeropa{aay 2k adiaccine-
placed’in 10% buffered formalin for histological . o ot

fow dose group, 3/15 (20%) pigs of the vaccine-medium dose group, and 1/15 (6.7%) pigs
of the vaccine-high dose group respectively. Microscopic lesions were evident in the colon
of 8/10 (80%) pigs in the challenge control group, 3/13 (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 THC negative for L. intracellularis in the colon. Stained sections of
mesenteric lymph node produced only 1/10 (10%) pigs in the challenge control that bad L.
intracellularis. Positive THC results in sections of the fleum and colon among treatment

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

Statistical analysis of quantitative [HC data was accomplished using 1-way ANOVA and
Kruskal-Wallis Rank Sum tests followed by specific contrasts of p-values between the
challenge group and strict control groups to each vaccine dosage group. Statistical

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 regardiess of
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analysis. Lawson/a intracellularis was not detected by IHC staining of
tonsil sections in all treatment groups at necropsy. The strict control
group was negative for L. intracellularis by IHC.in all tissue samples taken
at necropsy. Presence of L. 15 intracellularis and microscopic lesions
associated with PPE were found in the ileums of 9/10 (90%) pigs of the
non-vaccinated, challenge controls, 6/15 (40%) pigs of the vaccine- low
dose group, 3/15 (20%) pigs of the vaccine-medium dose group, and 1/15
(646%R)cRigsy @F WanaseingpRiBDId PSEBHONRINSSRERIMEl WA K50SGaPIC in average
lesions were evident in the colon of 8/10 1(’80% Eié%s iglthe challeng}e edium
coltholGiRRIFo3L 8 B HIGLT PR VARIR LA HICE DE GO A 718"
(6 k) Pigs:Hinthevaasit ehightdosegrolpe dfmneny govipd e 0f) r &b piviegiving 2
a medium dose was | negati trac IS
e e b S0 (o ©

5 pigetinctibdorialintieilcomtesnnze ierthe sHgRETIhISUP &THVEIHC
results in sections of the ileum and colon among treatment groups
correlated well to the presence of marked crypt hyperplasia demonstrated
by(ﬁT&gé S29“|°'ﬁethodology. Statistical analysis of quantitative IHC data was
acqpeisheddising biwash AI@MA s G riuuskd kAT isuR afikeStopsitddty 42) for
followed by specific tr, f P
e BT T G E o e L P ere nomal,

10 andiysistrentah deittencemdaigdiftantideiion sevessprhékiiene gd 1.0 (colon).

INtrRGEIIBHR P& et aRchCRIR AT %}ﬁﬂféﬂgél g6n6RNtRLERBEved the highest
S

compared to vaccinated pigs regardless of -39 do n day 42 of the

StUBRPRERCEST e sRASHE §ﬂ&ﬁiﬁ@§ﬁéé-%a§%°c‘%‘%/(§e°?haﬁi‘° e goups.

lesinrissgies Bl hedisunowanckegtonpineveceinatadganirsl saneivine af 2.5 (ileum)

high qr.medi se.of vacgine £o red to the strj t

gr%eﬂ@ (lprg%f%%@'mg&é??iengé%?n% it %gjéggf? s/gae&:%e%ga(%gsi%%f#&&g%%&es of
15higher(itean) mitidstopio)e Siosnscof 8y deesterthighidesgasupiessiyahaverage gross

leuncpmparedttodhg.sirickrontplarayp (p< 0.05). Gross Scores The

ileum and colon of each test animal were scored at the time of necropsy
(day 42) for gross lesions associated with PPE. Tissues from test pigs in

the strigticaE@lWe e nRaRRleross lesion scores among treatment groups was

accomplished by using 1-way ANOVA. Average gross lesion scores indicated evidence of

20  a significant difference between ileums in non-vaccinated, challenge control group and
vaceine-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-

25 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;00 1). 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 freatment group.

30
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to did not contain lesions, and received average lesion scores of 1.1
(ileum) and 1.0 (colon). Tissues of test animals in the non-vaccinated,
challenge control group received the highest average gross lesion score
for the ileum (3.6) and colon (2.0) among treatment groups. Test pigs in
the vaccine-low dose group received average gross lesion scores of 2.5
(leum) and 1.5 (colon). Vaccine-medium dose test pigs received average
gross lesion scores of 15 1.5 (ileum) and 1.0 (colon). Tissues of the
vausigshigh dose group received average gross lesion scores of 1.5

(ilepm t?@aqemo 8;%9 Slatistigal w&x@mf AROPRESeS IR EATaRd

among men grou S was accoéé)lshedm)é using 1-way ANOVA.
Avérage grovsdabionlséeresiRaRE HveviiE W%%@?&ﬁ%&ﬁfmmmw of

differeee AgMESRIRYMIINNRPNAECIoRas: Ehdl ﬁgﬁly@eﬂal Egbmﬂﬁfﬁndas
vaccine-medium and_high dose groups re tlve g @/%%ks Hor
5 of%‘é?&ﬁmégwaﬂﬁf@rgfg'edﬁ?%rSﬁw&% &rs g‘é g ifetim P
saergaidihe thaliengeseontrtheopmpa(is! itzgmbsaaduin@ﬂmld@s@c@m}@
(P=0:00. Aelade Grons CSIon SROCRAL 15 GRIONEIR SIRlRanbine ot

hlﬁﬁo rclno 25 nge co Rtrol group compared to the vaccine 25 medium

armiinighy toseiggaUpghrespedivelgoge<d s LaprHmaRIsh Y ASRIPRCHAEYIBSs

legion, developmeniwas.ehsenweddpitbadie uiioig M@@ﬁtﬁﬁv&&iﬁh@aﬁ challenge
group compared to the strict control group (p<O0. 00}& %o evi ?On 001) and
10 staRalek SEFHRRIESTHeETE M JuGPeEy! ﬁsﬂnéé‘b SR ST %3

WeRR R¥iantd leMasGiRee mdmm(b@ﬂdmﬂ@vmsmmﬁmﬁﬂbl@mns were
Str t'i‘)%%? & e tme gl%%g ‘1/33;9 lisl%lrgfs)gr%% R)'ﬂs(g;rggle%%g% of this group

pro ion in pigs against
acomnnahmmdhmmn w@nlmm@mddméemmg@e:m@whﬁﬁ%e
vaccine containing a minimum of 4.9 logs of live L. intracellularis per

dose. Similar if not s y better protection was 5 ev ntin th
15 VO, 550 SN SRS CAFRSEAAIGEES. O S LB gl e e

brigy o'g.todan g@nﬂﬁk@ré%dmva&memrmmmmmmea.dmpigs 549
CLQ é%%géf?gg (%yt Llllolnz g)atlrggézge\% ulent pure a%lé;}ﬁ'{% DRGSR Bassage

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

20 fecal shedding of L. intracellularis in vaccinated pigs compared to non-vaccinated pigs.
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animals receiving a high or medium dose of the experimental vaccine.
Statistical differences were evident among the vaccine-low dose group
and non-vaccinated, challenge 10 controls regarding the severity of
microscopic lesions in the ileum and colon (p<0.001) and average gross
lesion scores of the ileum (p<0.01). However, significant PPE lesions were
observed in the ileum (microscopic lesions) and colon (gross lesions) of
this group compared to the strict control group that did not receive
vaggiaeieeehallenge. 15 In summary, the data from this study
demonstrated that: (1) the minimum protective titer of a single oral
administration of B3903 (Lyophilized) vaccine to 3 week old pigs is 4.9
logs/doseildt BIeAs3 ioplhitizedyvedbiteis wifteitisid dHamsiRotrdfchprsonia

v eSS e c%clé'?é@?@&"ﬁ&%ﬂ“&@@b&%ﬁdﬁ%m AN

vaccine aids in the reduction o ros
5 microsisolsle l@gl@a@ﬂtﬁé‘hélé%ﬁi‘ﬁl@?ﬁr%ﬁ“ﬁ @%&MNO PTA-

intracelgdaris in vaccinated pigs compared to non- vaccmated pigs. -4
What is Claimed is: 1. A virulent isolate of Lawsonia intracellularis,

wherein said virulent isolate is Lawsonia intracellularis deposit isolate

AT CaN ey PIl&vieddenalloawsoniaimrelbdiviand S tioaie sviist pgie is

the 'defTﬁy'n,g ch ol 3%%&%09&@3%%%9&@@ ATGE AR ha 4972701

An avirulen |so awsonia intracellularis, wherein said athjlen

10 isolate igriceiislomiaisatricening Aias psitssiaesheesiRis BT Jrgoslt jrolete

a Lawsgniate;intpaoelytayis isolate having all of the identifying
characteristics of deposit isolate ATCC No. PTA-4926. 3. A vaccine for

the immunization of an animal, comprising a pharmaceutically effective
amoury odikiled tﬂéﬁiﬁﬂﬁnﬁ@éﬂfmmﬁf hawsioniadmrpdsiglatibawherelisaliyigifective

e RIE RN S M ILENL SRIB1E ACCAAE i O RIAID Rid vien
|ca

and a pﬁ%%?ac accepta e carrier. 4. The vaccine according to I
15claim 3xwtve¢emhhmpﬁmmﬂ@%nr9@ﬁé%ﬁvénammlm %h%ﬂdawhﬁ‘é‘ﬁi‘"e“‘ﬁ“‘a Y
isolate Qgc}em%ﬁ@}racellulans is about 103 TCIDso to about 106

TCIDso
4. The vaccine according to claim 3 wherein the pharmaceutically effective amount of the

avirulent isolate of Lawsonia intracellularis is about 10° TCIDs, to about 10° TCIDso

20 per dose.

5 A vaccine for the immunization of an animal, comprising the avirulent isolate of
Lawsonia intracellularis according to claim 2 and antigenic material from at least one
of the following pathogens: Salmonella spp., Erysipelothrix spp., Haemophilus spp.,

25 Mycoplasma spp., Leptospira spp., Clostridium spp., Streptococcus spp., Brachyspira
spp., circovirus, porcine reproductive and respiratory syndrome (PRRS) virus, swine
influenza virus (SIV), transmissible gastro-enteritis (TGE) virus, parvovirus, and

Escherichia coli; and a pharmaceutically acceptable carrier.

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

Lawsonia intracellularis according to claim 2 and antigenic material from Salmonella
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20 per dose. 5. A vaccine for the immunization of an animal, comprising
the avirulent isolate of Lawsonia intracellularis according to claim 2 and
antigenic material from at least one of the following pathogens:
Salmonella spp., Erysipelothrix spp., Haenrophilus spp., 25 Mycoplasrna
spp., Leptospira spp., Clostridium spp., Streptococcus spp., Brachyspira
spp., circovirus, porcine reproductive and respiratory syndrome (PRRS)
virus, swine influenza virus (SIV), transmissible gastro-enteritis (TGE)
virus, gelvovisuss, &ndizebehdrisiaennHadbiesesrmaseritic Al Breptable

carrief 30, 6hY 85ROk s, DPIUBIE BOR LA AP ahdcOMmBisiDa: tagly

avirulent isolate of Lawsonia intracellularis according to claim 2 and
antigeMiReRREAidm Salmonella -42 choleraesuis, Erysipelothrix spp.
transmissible gastro-enteritis (TGE) virus, Escherichia coil, Clostridium
spp., and Brachyspira spp.; and a pharmaceutically acceptable carrier. 5
7. A vaccine for the immunization of an animal, comprising the avirulent
isGlaté victiawEoriv intnasilavisfacouidinl sonepsiring thaaviiré ielate of

materf‘%s%%cﬁz@tm%@fs" %W@ﬂ% E%ﬁ%ﬁﬁgﬂé SRRAATDR Salmoneila

pharmaceutically acceptable carrier. 10 8. A vaccine for the immunization
of an affHEReEG IS IPROAUIRLTRR RIS ZEMBTMRSTHESH ATHERMETIGISHE
according to claim 2 and antigenic material from at least one of the
following pathogens:.Clostridium spp., equine influenza.virus (E1\V in

19 hehpes RO RER A E AmE TH S ) e et S BE
pharmboesiticallyracdéptailecourties 14 8lgmA prathodermisueienil fight least one
immune sysiam OhaD ARNRALIA TS SPRAL BN HHRLAGKERYS ARIIEMOS equine

pathogenic tawsonla Intracellularis, comprising  administering to said

animahaipsviunGFaMi: dahapesiied oRIaNR Y iHe AUt aiebrrmagricdty
Lawsogigeitiaselaris according to claim 2.

15
9. A method for stimulating the immune system of an animal to respond to an
immunogenic antigen of pathogenic Lawsonia iﬁtr*acellularz’s, comprising
administering to said animal an mmuno genic composition containing the avirulent
isolate of Lawsonia intracellularis according to claim 2.
20
10, A method of immunizing an animal against porcine proliferative enteropathy
comprising administering a pharmaceutically acceptable amount of the avirulent
isolate of Lawsonia intracellularis of claim 2, wherein the pharmaceutically effective
amount of the avirulent isolate of Lawsonia intracellularis is about 10° TCIDs; to

25 about 10° TCIDs; per dose.

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

30 are in suspension at an oxygen concentration of less than about 10 percent to cultivate
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20 10. A method of immunizing an animal against porcine proliferative
enteropathy comprising administering a pharmaceutically acceptable
amount of the avirulent isolate of Lawsonia intracellularis of claim 2,
wherein the pharmaceutically effective amount of the avirulent isolate of
Lawsonia intracellularis is about 103 TCID50 to 25 about 106 TCID50 per
dose. 11. A method for making a vaccine for inducing an immune

response to Lawsonia intracellularis bacteria in an anjmal, compri in%the
steps B4 (PRt ErReHE 4 e e su AL Ihﬂ‘étﬁg%%?ét%@%? SR AC I

claim d@pelpigta-a:culture cells which 30 are in suspension at an oxygen
concentration of less than about 10 percent to cultivate -43 said bacteria;

and (b) mixing said cultivated bacteria with a phqrmaceuticaf!y' acceptable
caltisthd @etfied mettbusdeckriging fordianromprisiagdhe srnpidilnmenidepitivated

of killigg. saig! tngf'@fa@q BRAGENRLRREARAER ANAGSING ARG Killed

Lawsonia intracellularis. 13. The method according to claim 11 further
comprising the step of cultivating said bacteria for a sufficient time to
pregiuge an@tie asaieshiselateind 01 Frthemethpdsfor theltteatiriplitivesigisaid

intracellularis comprising:.(a) infecting cultured cells wi n inoculum
comp@&ﬁ@%@%%ﬁ?@%%ﬁ%%? pf%%v‘%g%ﬁ?aﬁ ?g??[gﬁu%%géccording to

claim 1, (b) incubating said infected cells at an oxygen concentration of

'e%%.tﬁ%eﬁpﬁf;foilgulﬁ%ﬁﬁgtﬂw}l%m%&B&%ﬁ%ﬁ@i&lﬁﬁ%ﬁtﬁg cells in

suspension by agitation of said 15 cells for a sufficient period of ime,toH ;
increaé® the ipferiinaiBrterd e 3R SRIROMILRSRTTRHENG AR (v ient 1sotate ©

harvesting at/lgassadmitipaRisaiddamaeniadnimdellularis. 15. The
method according to

claim. 14 wherein the oxygen concentrationiis in the s ..« 10
range & 20 %BB?W%@?E@WﬁW sSut §tt|§3r%}é¥rﬁérﬁ%9nfﬁ% ri'gtllegtr_hodl - o _
according to ptaienthhithersinathesidanfeteteriisdtcnstemitndraaiaion of said

cells for a sufficient period of time to increase the production of said Lawsonia

intracellularis, and

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

15. The method according to claim 14 wherein the oxygen concentration is in the range of

about 0 percent to about 8 percent.

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

about 0 percent to about 3 percent.

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

range of about 6 percent to about 10 percent.

18. The method according to claim 14 wherein said cultured cells are selected from the

group consisting of: HEp-2, McCay, and TEC-18 cells.
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about 0 percent to about 3 percent. 25 17. The method according to claim
14 wherein said incubation occurs at a carbon dioxide range of about 6
percent to about 10 percent. 18. The method according to claim 14
wherein said cultured cells are selected from the group consisting of:
HEp-2, McCoy, and IEC-18 cells. 30 -44 19. The method according to
claim 18 wherein said IEC-18 cells are cultured on micro carriers. 20. The
method according to claim 14 wherein the infected cells are incubated

AceoHing (9. SIEBEAI0L ARAARBlARRULE ARl AR dite

according to comprising a step (d) of cultivating
said laictesmrfersa sufficient time to produce an attenuated isolate. 10 22.
The method according to claim 21 wherein the bacteria are cultivated

according to step (d) for a period of about 150 daysto about. 250 days, ..
23 0rRBersthedsseesiany TRENTRER efﬁlﬂﬁé? ?ﬁ%ﬁ Scl?%s are mcu?:ea()%e(r)%;accordmg to

a step

5 lyophiliging paila ptietwateddsolateatidni24. delse method according to claim
23 wherein said lyophilizing comprises a primary drying step and a
secondary drying step. 25. A lyophilized attenuated isolate produced by
the InfEthoctodoxgimgding thalnid4 Roths cavmEFREPSER{E)RhEHE R said

pmc‘”&@%ﬁl&[%@%i‘é%ﬁ@ﬁ(%% ?Rﬁ"@@é&%ﬁ gRerAENiBgaRN assay to

detect antibodies to Lm4'sonia intracelluris in a non-human animal subject
comprising: (&) contacting a sample from the subject with the Lawsonia ‘
10 intracellulassmésalaterdiizaceareing tohetaimte brataimat tosfovatedaccording to step

enigep epcd OMPIRS, AR 42 SRlRg hadormaton of said
23, The method according to claim 22 further comprising a step (e) of lyophilizing said
attenuated isolate.

5

24, The method according to claim 23 wherein said lyophilizing comprises a primary

drying step and a secondary drying step.

25. A Iyophilized attenuated isolate produced by the method according to claim 23.

20 :

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

(a) contacting a sample from the subject with the Lawsonia intracellularis isolate
25 according to claim 1 or claim 2 to form an antigen-antibody complex; and
(b)  detecting the formation of said complex,

wherein the presence of said complex correlates positively with a diagnosis of porcine

proliferative enteropathy.

30
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wherein the presence of said complex correlates positively with a
diagnosis of porcine proliferative enteropathy, 30 -45 27. The method
according to claim 26 wherein the assay comprises an assay selected
from the group consisting of. radioimmunoassay, enzyme-linked
immunosorbent assay, fluorescence immunoassay, and
immunoelectrophoresis assay. 5 28. A method for producing antisera
against Lawsonia intracelluris in a non-human animal comprising: (a)

ad%iraf%%e{r{ig&&@ g.cl‘gr 181% @cﬂ&@%uf%@éﬁp&?&%&%f@ﬁbhgés%iggsgyt&@cted from
non-"human animal in a amount effective to elicit an immune response;
and (bjbecitentingnaistisefinretipiastincasayaiPnay ntimsd dayraesgrbent assay,

LawsoRi@, JQtEaaelHiSss#P and immunoelectrophoresis assay.

5 28. A method for producing antisera against Lawsonia intracelluris in a non-human animal
comprising:
(2)  administering the Lawsonia intracelluris isolate of claim 1 or claim 2 to a non~
human animal in an amount effective to elicit an immune response; and
(b) collecting antiserum or plasma containing antibodies to said Lawsonia

10 intracelluris.
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