
WO 2007/140244 PCT/US2007/069646  VACCINATION OF YOUNG
ANIM tLS .AGAINST LAW SONIA IN'TRAC E1..I..l:..ARIS
INFECTIONS RELATED APPLICATIONS 5 This application
claims the priority benefit of C.Q.S. Serial No,
60/S03,207, , filed ors May' 25, 2006,  the teachings
and content of which are hereby incorporated by
reference in their entireties.  BACKGROUND OF THE
INVENTION F1?I.D OF THE 1:NvE TIO 1.0 The present
invention is broadly concerned with improved
vaccination methods for  immunization against
proliferative enteritis, known as ileitis, preferably
porcine proliferative  ileitis, which is caused by an
obligate intracellular bacterium Lciwsonrra
Intrace//u/cart.  Specifically, the invention provides
for a method of providing increased protection against
L  intro ce//n/c. ra;: by vaccinating young animals
starting from day one (1) of age against L. 15
inowce/lulirrLs infections, Preferably the young
animals are vaccinated at day Ito day 21. of age,
more preferably at day I to day.! 10 of :age, even
more preferably it day l and to day 9 of age,  even
more preferably at. day I to day 6 of a.ge., even more
preferably at day I or 2 of age., and preferably a
most preferably at day 1 of age. Specifically, said
young animal is a voting piglet, pre-weaned piglet.
20 D3>SCRWFJO\ Ot'  ttl: PRIOR .iuuPorcine
proliferative enteritis, is a naturally occurring
disease that can affect pigs from  weaning to young
adult stage. It has been established that the
causative agent is L ar,wsont/c:a  1 



WO 2007/140244 PCT/US2007/069646  Intrace//tr/aris. L.
i iraceilrr/crri:s is an obligate, intracellular
bacterium. which cannot be  cultured by normal
bacteriological methods on conventional cell-free
media and has been  thought to require cells for
growth. S. McOrist el at, Infection and Immunity, Vol,
tit 'o.  M, . 42186-42922 (1993) and G. Lawson of a/.,
:1. of Clinical Microbiology, Vol. 31, No. 5, 5
1136-1.142) (1993) discuss cultivation of L hair
ac:e/fularis using IFS..-18 rat intestinal  epithelial
cell monolawwers in conventional tissue culture
flasks. In U.S. Patent Nos.  5,714,3 75 and 5,885,823,
both of which patents are hereby incorporated by
reference in their  entireties, cultivatinn of L.
intrace/lrllcrr /s in suspended host cells was
described. 101 Pathogenic and non-pathogenic
attenuated bacteria strains of L. /mrcrcelhfhiris are
well  known in the art. For example. WO 96.39629 and
wo 05/01173 describe nova-pathogenic  attenuated
strains of L. irrtrac ellu/c:rris. Attenuated bacteria
strains of I.. nlrmcra:e /rr/crris are  further
described in arnd known .front WO 02/26250 and W'O
03"1"00665, 15 The disease is first characterized by
its gross and microscopic pathology, and later by the
demonstration of the intracellular bacteria within
affected cells. The characterizing pathological
feature of the disease is the proliferation of
immature eppithelal cells in the ciN pts of the ileum
(terminal part of the small intestine), the large
intestine or both. Sections of infected tissue are
characterized bya reddened thickening mucosa.
resembling a "garden hose." and enteric lesions. 20
The opt thickening ultinmately presents normal gut
function, absorption capabilities, and nutrient
transfer. Clinical effects, of the disease are chronic
weight loss, unthriftiness, diarrhea, and death.  The
disease is of economic importance owing to death loss,
increased medication costs, poor  weight gain. and
decreased food conversion in affected animals.
Clinical cases of ileitis are WO 2007/140244
PCT/US2007/069646  



observed most notably in pigs 6-20 weeks of age.
However, the presence of L. it.rttcrc eliu/crti: has
been confirmed (PCR) in recent]),.- weaned d pigs
(33-4 weeks of age) su gestinz..Z:. 1nhtace//u/ari
exposure occurs in the nursery and perhaps, originates
from La i sotri t-positive dams (Mauch and  Bilkei
(2004) Vet Rec 155; 532; Marsteller et al. (2003).
Seine Health Prod 11:1217-130'- Stege 5 et al.
(")004). e Micro 1.0197-206). These observations
underline the importance for  incorporating prevention
strategies, such as vaccination earlier in the
production system. Current vaccination strategies for
immunization against ileitis involve oral
administration of the  vaccine to I_.awsonia-naI e
pigs exclusively from three weeks of age and older,
because piglets  1.0 below this age group could have
maternal antibodies positive for L.
ittttctc'cj/12tlcttis' due to previous sow exposure or
vaccination. Prior to the method of the present
invention it was  believed that the. presence of
maternal antibodies or other lactogenic factors could
potentially  interfere with the efficacy of
vaccinations in such piglets, because the maternal
antibodies have  the ability to neutralize the vaccine
before the piglet's immune system can recognize it and
be;-in 15 secreting its own antibodies. Therefore,
vaccination of young piglets has been avoided in the
face of maternal is mun.ity. DESCRIPTION OF T-HE F
I.CGU RES Figure 1 shows the number of colostrum
samples positive in the. IFAT for I ;G, IgM and  20 1
A; and Fig. 2 shows the titre of L. inrmmciceiiu/atr ;
culture (mean of two titrations) in sow milk  samples
with different Ig content. WO 2007/140244
PCT/US2007/069646  SUMMARY OF THE INVENTION The
present invention is based on two surprising
observations. First, maternal antibodies and the  



sow milk do not appear effective for inactivation of
l:. /rttrcrt'e?lltrlcrt/> during gastrointestinal
passa{ge. The incubation of T. /rrtre cr l/Irr.le r'rr
with sow colostrum or milk did not influence the 5
titre of a. I.. intrrrc cl/rrlrrri.s culture over a 4
hour per' nd of incubation at roon-r temperature There
was no difference between samples with high or low 1g
content, Even in a 1.20 dilution (S %T,
/mracellrr/car/:s culture 1 95 % milk), no effect on
the titre of the culture was observed. In  conclusion,
no direct effect of the any of the tested sow milk
samples on the titre of a L.  intracellu crriss
culture was detected in vitro. However, maternal
immunity against L. 1.0 iwracelluldr/:s has been
discussed (Holyoake, P.K. et al, (1994) J Clin M Grob
of 32, pp.198O- 1985" Nkl.auch, C. R. Y. and G. Bilkei
(2004) Vet. I ec. 155, 532), as young piglets usually
do not  suffer from Ileitis. As shown in this study; n
aternal antibodies and the sow rrrilk do not appear
effective for inactivation of.i..., intrcrce/lrrlaris
during gastrointestinal passage. 15 Second., maternal
antibodies and sow milk do not interfere ~.Nith L.
intra ce//ul rr'is antigen, and  therefore, do not
prevent the establishment of active protection against
1'.. intreiceffillewis  infections provided by
vaccination. I.n f rc1, piglets vaccinated at day I of
age. have reduced gross  patholo4py associated with
the disease compared to non-vaccinated piglets, 20
Thus present invention overcomes deficiencies of the
prior art and provides novel methods for  prov'ding
increased protection of animals against ileitis (L.
iiarcrcellrr/car~i:s infections). In  particular; the
present invention provides a method of vaccinating a
young animal against L.  irttr acellulcaui, infections
comprising the step of administering to said young
animal an effective  4 WO 2007/140244
PCT/US2007/069646  dose of 1. ir.rt crc:c~llzrlcrri:
antigen, Preferably, said voting animal is one (1) day
of age or older,  Moreover, according to another
aspect., the present invention provides a method f tr
vaccinating; a  



young animal having or is exposed to
anti-1:./rtttf:r~c~llatf:ri antibodies in particular,
maternally  derived as t:i~l . ra rcrr~>11r lcart.
antibodies, against I. rr r cellrr.l rrs infections,
comprising the step 5 of administering to said young
animal an effective. dose of L. in/rcmc:ellrr/.rri.s
antigen. Preferably,  said young animal is one (1) day
of age or older. Accordirg? to another aspect, the
present invention provides a method for vaccinating an
animal  having or is exposed to anti-l'.. inracei/ru/a
ras antibodies, in particular maternally derived anti-
1.0 Llrrtrocel/rrlcari:s antibodies, against
L.inir(wWhrlaris infections, comprising the step of
administering to said anin ail an effective dose of L.
intraeellul iris' antigen. The term "vaccination" or
"vaccinating" as used herein nmeaans, but is not fir
gaited to, a process  which includes the
administration of an L. inowcellarlaris antigen to an
animal, wherein saaid.L  1 rrr tcrcc~llrr/crris
antigen, when administered to said animal, elicits or
is able to elicit, an immune  response in said animal
against 1". rrrrace//ulans. The term =animal" as used
herein, means but is not limited to, birds, fish, and
mammals, such as  cattle, pigs, horses, or primates.
However, according to preferred embodiment of the
present  20 invention, the animal is a pig, preferably
a pre-weaned piglet. Thus, according to a further
aspect, the present invention relates to a method of
vaccinating a  young animal against 1:.
inrracella,/aris infection comprising the step of
administering to said  5 WO 2007/140244
PCT/US2007/069646  young animal, staring from. clay
one (I) of age, an effective dose of 1, it lrcr~cll
rlirr :s antigen,  wherein said animal is a. bard,,
fish, or mare mal such as cattle,, pig, horse, or
priraaate. Preferably,  said animal is a mammal. Even
more preferably, said animal is a pig, 'Most
preferably, said  animal is a pre-weaned piglet. 



c The tern "young animal" as used herein refers to an
animal of I day of age to 20 days of age.  Preferably,
the term "young animal'", refers to an animal of I day
of age to 10 days of age. More  preferably, the term
"young animal" refers to an animal of I day of age to
9 days of age, even  more preferably, 1. day of age to
S days of age, even n .ore preferably, I day of age to
7 days of 1.0 age, even more preferably, I day of age
to 6 days of age, even more preferably, 1 day of age
to 5  days of age, even more preferably, I day of age
to 4 days of age, even more preferably, 1. day of  age
to :3 days of age, even more preferably, 1 or 2 day(s)
of age, and most preferably to an  animal l day of
age. The respective meaning of the term "Voung animal"
also refers to the age  of the animal when it is
vaccinated for the first time with L.
intretce/ltrlarris antigen. Thus, a. further aspect of
the present invention relates to a method of
vaccinating a young animal  against L.
irttracel/ulariss infections, comprising the step of a
a.dministeri.ng to said young animal  an effective
dose of L. ntracel/rulariss anti ;en, wherein the
animal is vaccinated at day 1 to day  20 of age.
According to a further embodiment, the present
invention relates to said method of 20 vaccination,
wherein. the animal is vaccinated at day 1 to day 10
of age. According to a further  embodiment, the
present invention relates to said method of
vaccination, wherein the animal is  vaccinated at day
1 to day 9 of age. According to a further embodiment,
the present invention  relates to said method of
vaccination, wherein the animal is vaccinated at day 1
to day.- 8 of age.  6 WO 2007/140244 PCT/US2007/069646
According to a further embodiment, the present
invention relates to said method of vaccination,
wherein the animal is vaccinated at day I to day 7 of
arc,. According to a further embodiment,  the present
invention relates to said method of vaccination,
wherein the animal is vaccinated at  



day I to day 6 of age. According to a further
enibodinient, the present invention relates to said 5
method of vaccination, wherein the animal is
vaccinated at day I to day 5 of age. According to a
further errrbodinment_, the present invention relates
to said method of vaccination, wherein the  animal is
vaccinated at day 1 to day 4 of age. According to a
further embodiment, the present  invention relates to
said method of vaccination, wherein the animal is
vaccinated at day i to day  3 of age. According to a
further embodiment, the present invention relates to
said method of 1.0 vaccination, wherein the animal is
vaccinated at day 1 or 2. of awe. According to a
further  embodiment, the present invention relates to
said method of vaccination: wherein the animal is
vaccinated at day I of age. The term "having or is
exposed to anti-I.ratrf:rc~llrlf:rri antibodies" shall
mean but is not limited  15 to, an animal, that has or
is exposed to a. detectable as tial .r trcrc.eilt~lcrr
,s antibody titre,  preferably of at least 1:4, more
preferably of more than 1:1 6, even more preferably of
more than  L.64. eve:rr z core preferably of more than
1;12.8,, eve:rr more preferably of 1:256, even more
preferably of more than 1:512, and most: preferably of
more than 1:1024 per ml. Preferably, that  anti-l:
intr rce/hrlcrr . antibody titre is detectable and
quantifiable in a specific anti 20 L.intr acellukiris
immune assay, preferably in. the assay as described
in. Example 4. ,I.Or  preferably. those
antai-L..intracellulcrris antibodies are maternally
derived antibodies. 7 WO 2007/140244 PCT/US2007/069646
The term "exposed to anti-1:,i.r1cc~llzrlcrri,
antibodies" means but is not limited to the fact that
the animals are fed with a nutrients, e.g,. clostrum
or milk obtaining an detectable anti- Lintracellulcrr
s antibody titre; preferably of at least I:4 more
preferably of more than 1.:16,  even more preferably
of more than 1:64, even more preferably of more than
1:128, even more 



5 preferably of 1:256, even more preferably of more
than l 512; and r mostt preferably of nmrore than
1:1.024 per ml or gram nutrient. The term "havi.rno
axtial:.ircr>~'rlcrr t.~ antibodies" shall mean, but
is not limited to, a detectable  anti
-f.irrlrcre<Ilrrlcrtis antibody titre in 1 ml serum of
said animal, preferably of at least 1: -, even  101
more preferably of more than 1:16; even more
preferably of more than 1:64, even more preferably of
more than 1;128, even more preferably of 1:256, even
more preferably of more  than l 512, and most
preferabiy of more than 1:1024.. Thus according to
another aspect, the present invention provides a
method for vaccinating an  15 animal against I,.
rr~irrrc: l r-.Irrt . infection comprising the step of
administering to said animal an  effective dose of L.
inrrewe/lu/ari:v ;antisgen, wherein said animal has or
is exposed to an  detectable anti- .. rxtr rc:cllrrl
rr :s antibody .:itre, preferably of at. least 1.;4.,
:t o:re preferably of more  than 1:16, even more
preferably of more than 1:64, even more preferably of
more than I :128,  even more preferably of I ;2-56,
even more preferably of more than 1:512, and most
preferably of 20 more than 1:1024 per nil. Preferably,
those antibodies are maternally derived antibodies
Even  more preferably, those antibody titres are
present in that animal at the day of vaccination. 8 WO
2007/140244 PCT/US2007/069646  Thus, according to
another aspect, the present invention provides a
method for vaccinating a  young animal against
L.rrrtracellr.. fari",S: infections, comprising the
step of admiraisieri.n to said  young animal an
effective dose of L. intrracellularsis antigen,
wherein said young animal has or is  exposed to a
detectable anti -.L inirwoelluldris antibody titre,
preferably of at least 1:4, more  preferably of more
than 1:16, even more preferably of more than 1:64,
even more preferably of  more than 1:1.28, even r more
preferably of 1:256, even more preferably of more than
1:51.2, most  



preferably of more than 1:1.024 per ml. Preferably,
those antibodies are maternally derived  antibodies.
Preferably, said young animal is between 1 day of age
to 20 days of kge. Lore  preferably, said young
animal. is between 1 day of age to 1.0 days of age,
even more preferably, 1.0 between 1. day of age to 9
days of age, even more preferably between 1 day of age
to 8 days of  age, even more preferably between 1 day
of age to 7 days of age, even more preferably between
I day of age to 6 clays of age, even more preferably
between 1. day of age to 5 clays of age, even  more
preferably between 1 day of age to 4 days of a age,
even more preferably between l day of  age to 3 days
of age; even more preferably 1. or 2 day(s) of age,
and most preferably l day of age.  15 The term "an
effective dose" as used herein means, but is not
limited to, an amount of antigen,  that elicits or is
able to elicit an immune response in an a animal,, to
which said effective dose of.L.  intrcaccellulcar/s
antigen is administered. 20 An "immunological or
immune response" to a composition or vaccine is the
development M.  the host of a cellular and/ or
antibody-mediated immune response to the composition
or  vaccine of interest. Thus, the term "elicits or is
able to elicit an immune response" means:  but is not
limited to, an immunological process in a. host
characterized in that said host  9 WO 2007/140244
PCT/US2007/069646  develops a cellular andt or
antibody-mediated immune response to the composition
or  vaccine of interest Usually, an ".inmmune
response" includes, but is not, limited to, one or
more of the following effects: the production or
activation of antibodies, :B cells, helper '1'  cells,
suppressor T cells, and/or cytotoxic 1 cells and/car
yd T cells, directed specifically to 5 ai antige .ear
anti ens incl.aaded in the composition car vaccine cif
i is est. Preferably, the least  



will display either a therapeutic or protective
immunological response such that resistance to  new
infection will be enhanced and/or the clinical
severity of the disease reduced. Such  protection will
be demonstrated by either a reduction in number or
severity, or lack of the  symptoms associated with
host infections as described herein. 1.0 The amount of
antigen that is effective to elicit an immune response
or is able to elicit an  immune response in. an animal
depends on the ingredients of the vaccine and the
schedule of  administration. Typically, when killed
bacterial antigen is used in the vaccine, the vaccine
contains an amount of about 103 to about Iti9 colony
forming units (CF 11") of the bacterium 15 per dose,
preferably, about I Y' to about 10" (CPU) of the
bacterium per dose, and more  preferably about tt7' to
about 10 (CF U) per dose. In particular, when modified
'live L. intrcaceilularis bacteria are used in
vaccines, e.g. the  bacteria isolates designated
isolate 133903, ATCC accession No. PTA-4926 and
designated  20 isolate N34 P40wk, ATCC accession No.
5578' (both described in WO 96/396"9 and WO 05/011 7 3
1), the recommended dose to be administered to the
susceptible animal is  preferably about 3.0 T D-50
(tissue culture infective dose 50% end point)/dose to
about 6,0  TC_I t~/dose; and more preferably about 4.0
TtY iD5uJdose to about 5.0 TCID50. dose. In a  10 WO
2007/140244 PCT/US2007/069646  preferred embodiment,
the titre of the vaccine is about 4.9 TCID5lr /dose as
determined by  Tissue Culture Infective Dose 50%
endpoint dilution assay- (TCID f;} I.n general, the
quantity. of imrunoa;-er will be between 5 and 5000
micrograms, and bet peen 102-' and 1.0 "  TCID n,
preferably between 1O1. and l()6"' TCI.L)5t,, and more
preferably between 104.01 and  



1 t' f' TC:ID ,:, when purified bacteria are used.
Sub-unit vaccines are normally administered with an
antigen inclusion level of at least 0.2  ttg antigen
per dose, preferably with about 0.2 to about 400
g&/dose, still more preferably  with about 0.3 to
about 200 fag./ dose, even more preferably with about
0.35 to about 1.00 1.0 fr tdose, still more preferably
with about U.4 to about 50 pig/dose, still more
preferably with  about 0.45 to about 30 ttgidose,
still more preferably with about 0.6 to about l 4 pg/r
ose,  even more preferably with about 0.75 to about 8
1rgldose, even more preferably with about  1.0 to
about  ug dose, and still more preferably with about l
.3 to about 3 t gag/ l"se 15 As used herein the term
"increased protection" means, but is not limited to, a
statistically  significant reduction of one or more
clinical symptoms which are associated with 1;.
intrc:rcellulc:rrrs infections (frequency of cross
lesions, etc.) .in a vaccinated group of animals  vs.
a non-vaccinated control group of animals. The term
"FstatisticcallyF significant reduction  of clinical
symptoms" means, but is not limited to, the frequency
in the incidence of at least 20 one clinical symptom
in the vaccinated group of animals is at least 20%,
preferably 30% ,  even more preferably 50%, and most
preferably 70% lower than in the non-vaccinated
control group after the challenge with an infectious
Lii racellularis bacteria. 11 WO 2007/140244
PCT/US2007/069646  As used herein, the term L.
zntracellru/crrix" means the intracellular, curved
graan-negativrr  bacteria described in detail by C.
Ciebhart et crl.,, lnt'1. I of Systemic Bacteriolo ,
Vol. 43,  No. 3, 5-3 )3-538 (1.993 l and S.
',N1cOr'ist cat al., ltat'l. J. of Systemic
Bacteriology, Vol. 45, No,  4, 20-825 (1995), each of
Avhich is incorporated herein by reference in their
entireties, and 5 includes, but is not limited to, the
isolates described in WO 9639629 and WO 05/011.711. In



particaular the term "I.. ifloacellulrrris" also
aneans, but is not limited to, the isolates  deposited
under the Btadapest 'Treaty with the American Type
Culture Collection, 10801.  University Boulevard,
Manassas, Virginia 20110-'2209 and assigned ATCC
accession  number PTA 4926 or ATCC accession number
55783. Reath isolates are described in WO 1.0
96/'39629 and WO 05/01.173 1, respectively. The term
"L. lrrtrvce/lrr/cTr /:s'" also means, but is  not
limited to, any other L. intr'ac /ltalcari. bacteria
strain, or isolate: preferably having the  immunogenic
properties of at least one of the L, in
trm:rcel]trl:rrrs strains described in WO  96.1"39629
and W'O 05/011'7>1, in particular having the
immunogenic properties of at least  one of the
isolates deposited under the Budapest Treaty with the
American Type Culture 15 Collection, 10801 University
Boulevard, N.-Manassas, Virginia 20110-2209 and
assigned  ATCC accession numbers PTA 4926 or ATCC
accession number 55783. A strain or isolate has the
"i.mmunogenic properties" of at least one of the -L.
rrrtrezce//u/czrr.s  strains described in WO 9(S/39629
and WO 05/011731, in particular, of the isolates  20
deposited as ATCC accession numbers PTA 4926 or .A'C'C
accession number 55783, when it is detectable at least
with one of the anti-i.. ratrcacellu/arls specific
antibodies, described in  W006101'9 , in a detection
assay that is also described in WO06/01294. Preferably
those  antibodies are selected from the antibodies h
asvi:ng the reference numbers 301:39., 287:6,  12 WO
2007/140244 PCT/US2007/069646  268:29, 110:9, 113:2
and 1.68:18. Preferably, the detection assay is a
sand-,\wich ELISA as  described in Examples 2, and I
of W006!1294 , whereas antibody 110:9 is used as a
capture  antibody and antibody 26819 is used as a.
conjugated antibody.: All antibodies disclosed in  



W0061". 12949 are produced by hybridoma cells, which
are deposited at the Centre for  Applied l '1 :c:robic
to y and Research C Ml) and I uropt aaa Collection of
Cell Cultures  (ECACC)", Salisbury, Wiltshire SP4 OJG,
UK, as a patent deposit according to thy: Budapest
Treaty. The date of deposit was May 11, 2004.
HYBRIDOMA CELL LINE 110:9 is  successfully deposited
under ECACC Ace. No, 0409-1204. HYBRIDOMA CELL LINE
1131:2 is successfully deposited under ECACC Ace. No.
04092201. HYBRIDOM_A CELL 101 U NE 2W. 1.8 is
successfully deposited under ECACC Ace. No. 04092202..
HYBRIDONIA  CELL LINE 268:29 is successfully deposited
under EC ACC Ace. No, 04092206.  HYRRIDOMA CELL; LINE
287:6 is successfully= deposited tinder ECACC Ace. No.
0409220". Finally, HYERIDOM'A CE.I: L LINE. 101::39 is
successfully deposited tinder  ECACC Ace. No.
040922.05. The tern? "L irzrraceiluleins antigen" as
used herein means, but is not limited to, any
composition of matter, that comprises at least one
antigen that. can induce, stimulate or  enhance the
immune response against a. I:, intr4we//ulctris-caused
infection when  administered to an animal. Preferably,
said L. in r :acellrtl:arxis antigen is a complete 11.
20 intracellularis bacterium, in particular in an
inactivated form (a so-called killed bacterium),  a
modified live or attenuated L. inti tee//nlat,is
bacterium (a so-called ILB'), any sub-unit,
polypeptide or component of L.. in racellulcrrr.s, or
any chimeric vector wherein each  comprises at least
an immunogenic amino acid sequence of /;.
intrace//n/rris, The terms  13 WO 2007/140244
PCT/US2007/069646  "immunogenic protein'',
"immunogenic polypeptide" or "immunogenic amino acid
sequence" as used ltere:in,, refer to any amino acid
sequence which elicits an immune  



response in a host against a pathogen comprising said
immunogenic protein, immunogenic  polypeptide or
immunogenic amino acid sequence. In particular, an
"intmunogenic protein"', 5 "intnmunogenic polypeptide"
or "immunogenic amino acid sequence" of L.
intraceliularrs  means any amino acid sequence that
codes for an antigen which elicits an immunological
response against L. in/racy/lar/aris in a host to
which said "immunogenic protein",  immunogenic
polypeptide" or "immunogenic amino acid sequence" is
administered. 1.0 An "inmmunogenic protein",
"immunogenic polypeptide" or `Immunogenic amino acid
sequence"' as used herein, includes but is not limited
to, the full-length sequence of any  proteins, analogs
thereof or immunogenic fragments thereof The tear
"inmmmunogenic  fragment" means a fragment of a
protein which includes one or more epitopes and thus
elicits the immunological response against the
relevant pathogen. Such fragments can be 15 identified
using any number of epitope mapping techniques that
are well known in the art.  See, e,&., Epitope Mapping
Protocols M. Methods in Molecular Biology. Vol, 66
(Glean E.  4lor6s,, `1d., 1996) Hu:.mana Press,
Totowa, New Jersey. (The t ach.ings and content of
which are incorporated by reference herein.) For
example, linear epitopes i tay be  determined by e.g.,
concurrently, synthesizing large. numbers of peptides
on solid supports, 20 the peptides corresponding to
portions of the protein molecule, and reacting the
peptides  with antibodies while the peptides are still
attached to the supports. Such techniques are  known
in the art and described M. e ,g., U.S. Patent No.
4,708 8711; Geysen et al, (1984)  Proc. Naat!. Acad.
Sei. USA 81:3998-4002; Geysen et al (1986) Molec.
1mmunol. 23:7O9- 14 WO 2007/140244 PCT/US2007/069646
715. (The teachings and content of c l ic.h are
incorporated by reference herein.) Similarly,  



cont:orrrratio.nal epitopes are readily identified by
determining spatial conformation of amino  acids such
as by, e.g., x-ray crystallography and 2-dimensional
nuclear magnetic resonance.  See, e;y., Epitope
Mapping Protocols, supra. Synthetic antigens are also
included within the  5 definition, for example,
pcrlyepitopes, flanking epitopes, and other recombi
synthetically derived antigens. See, e.g., eigmarnr et
at (1993) Eur, J. lrrrmunol. 2s3.2777- 2781.: Bergmann
et al. (19%), J.:lmmunol. 157:3242-3249, Suhrbier, A.
(1997). lmmunol.  and Cell Biol. 75:402-408; Gardner
et al., (1998) 12th World AIDS Conference: Geneva,
Swit erland, June 28-July 3, 1.998. (The teachings and
content of which are incorporated by  1.0 reference
herein) Suitable L. intracellular s antigens include,
but are not limited to those described M. EP  1219711;
US 6,605,69 WO 96/3 629, W097/20050, WO 00/69903" W'O
00/69904; W(3  00/69905; WO 00/69906; WO 02/38594; WO
021262501 WO 03/006665; WO 04/0 ? 31;  15 WO
05/02262'0; and WO 05/01173 1. Thus vaccine for use
:in accordance with the present invention includes any
L. intmee/lulmis  antigen as described above, which
elicits or is able to elicit an immune response
against L.  inirace/lul:aris. Preferably, said vaccine
provides at least increased protection against L.  20
intc=ellrrlaris. Thus according to a further aspect,
the present invention relates to a method of
vaccinating a  young animal against L. irrircrc <
Ilrrlcrr i. infections comprising the step of
administering to said  15 WO 2007/140244
PCT/US2007/069646  young animal, starting from. clay
one (1) of age, an effective dose of I i+rirarcc=/Iu/
rr :s antigen,  wherein the 1.. intrac_ellularis
antigen is selected from the group consisting of live
modified L.  



intrce/lu/crrk! bacteria, killed L.
irrtrxacr~//ralcaris bacteria, or one or more
sub-units of L  . irrit elluku /s bacteria.
Preferably, the vaccine comprises modified live L.
in/r cellutrl:ar i.c 5 bacteria. More preferably, the
vaccine is Enterisol(r) Ileitis B390 (Boebringer
Ingelheian  Vetmedica, Inc.). As mentioned above,
preferably the vaccination occurs at day 1 to day 20
of  age, more preferably at day 1 to day 10 of age,
even more preferably at day I to day 9 of ape,  even
more preferably at day 1 to day 8 of age, even more
preferably at day I to day 7 of age,  even more
preferably at day l to clay 6 of age, even more
preferably at day I to day -5 of age, 1.0 even more
preferably at day 1. to day 4 of age, even more
preferably at day 1 to day ) of age,  even more
preferably at day 1 or 2 of age, and most preferably
at day 1 of age. According to another aspect, the
present. invention provides a method for vaccinating a
animal  against l.irrtrcace/lralcrri> infections,
comprising the step of administering to said animal an
15 effective dose of. L. hvirracellu/rar'is antigen:
wherein said animal has or is exposed to a detectable
are.ti-1:..rrtttcrc:e//ulcrri, antibody titre,
preferably= of at least 1:4, more preferably` of more.
than 1:16,  even more preferably of .more than 1:6 ,,
even more preferably of :more than 1:128,, even more
preferably of 1:256, even .morre preferably of .more
than 1:512, and most preferably of more than  1:1024
per ml And wherein the L.itiltwe =llu/:arxr antigen is
selected from the group consisting of 20 live modified
1;. ir.rtrcrc:c~I/ralcari,s bacteria, killed L.
irrircrc<llrrlcrri. bacteria, or one or more sub-
units of L .intmcacellulcv,is bacteria. Preferably,
the vaccine comprises modified live L.
rrrir<rcellr-./<rrr.s bacteria. More preferably, the
vaccine is Enterisol Ileitis 83903 (Boehringer
Ingelheim Vetmedica, Inc.). 4toreover, those
antibodies are preferably maternally derived  16 WO
2007/140244 PCT/US2007/069646  antibodies. Even more
preferably, those antibody fares are present in that
animal at the day of  



vaccination. According to another aspect, the present
invention provides a method for vaccinating a young  5
animal against .l.. zz rrzct:llrrlrzt/.s infection,
comprising the step of adr-ninistering to said young
animal ,in effective dose of L. int-rwee/ia.zfar45
antigen, wherein said young animal has or is  exposed
to a detectable anti -I.itztraccjlltzlctt/s antibody
titre, preferably of at least 1:4,, more  preferably
of more than 1:16, even more preferably of more than
1:64 even more preferably of  more than 1.:1.2 s,
even. more preferably of 1:256, even more preferably
of more than 1.:512, a cost 1.0 preferably of more
than 1:1024 per ml,-and wherein the
1./rrtrcace?/Irzlctsa> antigen is selected from  the
group consisting of live modified T. za tc ce//u crrl.
bacteria., killed L. tztt r clllzrl rri bacteria.  or
one or more sub-units of I: . z/racellu/ar/. bacteria.
?reftrably, the vaccine comprises  modified live l;,
izztzczce//h1crr%s bacteria. More preferably, the
vaccine is Entterisol(r) ileitis 133903  (oebringer
ingelheim Vetmedica, Inc.). ktoreover, those
antibodies are preferably maternally. 15 derived
antibod es. Even more preferably, those antibody
titres are present in that animal at the  day of
vaccination. Preferably, said younsg animal is between
1 day of age to 20 days of age.  More preferably, said
young is between 1 day of age to 10 days of age, even
more preferably,  between 1 day of age to 9 days of
awe, even more preferably between 1 day of age to 8
days of  age, even more preferaably between 1 day of
age to 7 days of ag;e, even more preferably between 20
1 day of age to 6 days of age, even more preferably
between f day of age to 5 days of age, even  more
preferably between 1 day of age to 4 days of age, even
more preferably between 1 day of  age to 3 days of
age, even more preferably 1. or 2 day(s) of age, and
most preferably 1 day- of age.  17 WO 2007/140244
PCT/US2007/069646  According to a further aspect, the
present invention relates to a method of vaccinating a
young  



animal against L. intrace/lulc:tt'is infections
comprising the step administering to said young
animal starting from day one (1) of age a dose of
about 3.0 `FClD5(a to about 6.0 f CID of the  live
modified L inirac'//ta/cari.s bacteria. Preferably,
said bacteria is that included in the vaccine 5
Enlterisoli(r) Ileitis B3903 (I oehrin<ger Ingelheim
Vetmedica Inc.), As mentioned above,  preferably the
vaccination occurs at day 1 to day 20 of age, more
preferably at day 1 to day 10 of  a e, even more pi
efer ably at day 1 to day 9 of age; even more
preferably at day 1 to day $ of ape,  even more
preferably at day 1 to day 7 of age, even more
preferably at day 1 to day 6 of age,  even more
preferably at day 1 to clay S of age, even more
preferably at day I to day 4 of age, 1.0 even more
preferably at day 1. to day 3 of age, even more
preferably at day I or 2 of age, and  most preferably
at day 1 of ale, According to a further aspect, the
present invention relates to a r taethod of
vaccinatin, an animal  against./..
ittttf:rcellulf.rris infection, corprising the step of
administering to said animal a dose of  15 about 3.0
TCID (, to about 6,0 TCID.,o of the live modified L.
miry celiuhvl. bacteria, wherein said animal has or is
exposed to a detectaable anti.-l;.rrz aceiir/rari:s
antibody titre, preferably of at  least 1. ,, more
preferably of more than 1;1(x, even more preferably of
more than 1:6 ., even more  preferably of more than
1:128, even more preferably of 1:256, even more
preferably of more  than 1;512., and most preferably
of more than 1:1024 per ml, Preferably, said bacteria
is that  20 included in the vaccine Enterisol l
fieitis B3903 (Boehringger Ingelheirn Vetmedica, Inc).
According to a further aspect, the present invention
relates to a method of vaccinating a young  animal
against L. tnttcaeel/u/cari.s infections comprising
the step of aadmin sterin. to said youns,  19 WO
2007/140244 PCT/US2007/069646  animal a dose of about
_3.0 T':1D% to about 6.0 TCID5s, of the live modified.
L. irmacelluiaris  



bacteria, wherein said young, animal has or is exposed
to a detectable anti-I..irrfraee/lcalcrr  antibody
titre, preferably of at least JA, more preferably of
more than 1:16, even more preferably  of more than
1:64, even more preferably of more than 1:128, even
more preferably of 1:256, 5 even more preferably of
more than 1.512, and most preferably of r xore than
1.1024 per rail.  Preferably, said bacteria is that
included in the vaccine Cnterisol(r)> Ileitis .133903
(Boehrin er  Ingelheim Vetmedica, Inc.). As mentioned
above, preferably the vaccination occurs, at day I to
day 210 of age, more preferably at day I to day 1.0 of
age, even more preferably at day 1 to day 9  of age,
even more preferably at day 1. to day S of age, even
more preferably at day I to clay 7 of 1.0 a.ge, even
more preferably at day I to day ti of aide; even more
preferably at day 1 to day 5 of age,  even more
preferably at day 1 to day 4 of age, even more
preferably at day 1 to day 3 of age,  even r core
preferably at day 1 or 2 of age, and most preferably
at day I of age. According to a further aspect, the
present invention relates to a method of vaccinating a
young  15 animal against L. rrrtracc/lza/c ri.#
infection, comprising the step of administering to
said you  animal, starting from day one (1) of age.,
an effective dose of L intrm.,c- lu/crris antigen,
wherein  the young animal :is ./:. intrcrce//rr/ctri
and ranti-L. nntrcrc:ellrr/cars maternal antibody
negative. As  mentioned above, preferably the
vaccination occurs at day 1 to days 20 of age, more
preferably at  day 1 to day 10 of age, even more
preferably at day 1 to day 9 of age, even more
preferably at 20 day 1 to day 8 of age, even more
preferably at day Ito day 7 of age, even more
preferably at day  I to day 6 of age, even more
preferably at day I to day 5 of age, even more
preferably at day I to  day 4 of age, even more
preferably at day 1 to day 3 of age, even more
preferably at day 1 or 2 of  age, and most preferably
at day 1 of age, 19 WO 2007/140244 PCT/US2007/069646  



According to a further aspect, the present invention
also relates to a new medicinal use of an L.
irztrccc?l/tr/ari antigen for the preparation of
medicament, preferably a vaccine composition, for  the
v=accination of a young animal starting at day one
(Iof age against /:. mire c'e/lu/ciri.c 5 infections,
wherein said young animal is vaccinated at day one (1)
of age or older with. an  effective dose of said 1.
irztz`crc ~{llzrlcrr%~ antigen. Preferably, the
vaccination. occurs at day 1 to day  20 of age, more
preferably at day I to day 10 of age, even more
preferably at day 1 to day 9 of  age, even more
preferably at day to day 8 of age, even more
preferably at day 1 to day 7 of a{ge,  even more
preferably at day 1 to clay 6 of age, even more
preferably at day I to day -s of age, 1.0 even more
preferably at day 1. to day 4 of age, even more
preferably at day l to day 3 of age,  even more
preferably at day 1 or 2 of age, and most preferably
at day 1 of age. According to a further aspect, the
present invention also relates to a new medicinal use
of an L.  irztrcce/lulcr, a> antigen fir the
preparation of medicament, preferably a vaccine
composition, for  15 the vaccination of an animal
against L. ntracellrz/arts infection, wherein said
animal has or is exposed to a detectable
sarrti-l:.rrztrczce//rzlczri,s antibody titre,
preferably of at least '1 ;4, more  preferably of more
than 1 16, even more preferably of more than 1:64,
even more preferably of  more than 1: 128, even more
preferably of 1:256 even more preferably of more than
1:512, and  most preferably of more than 1:1024 per
ml, 20 According to a further aspect, the present
invention also relates to a new medicinal use of an L.
rrrtz<zc~//z-.lcztz.s antigen for the preparation of
medicament, preferably a vaccine composition, for  the
vaccination of a young animal against L intz ac ellul
aris infection, wherein said young animal  20 WO
2007/140244 PCT/US2007/069646 



has or is exposed to a detectable a ti- ..rrz cr
~llzrlari antibody titre, preferably of at least IA,
more preferably of more than 1:16, even more pre..
erably of n. are than 1:64, even more  preferably of
more than 1:1.28, even more preferably of 1:256, even
more preferably of more  than 1:512, and most
preferably of more than 1:1024 per ml. Preferably, the
vaccination occurs 5 at day 1 to day 20 of age, more
preferably at day 1 to day 10 of age, even more
preferably at clay  1 to day 9 c f age, even n .ore
preferably at day 1 to day 8 of age, even more
preferably at day 1 to  day 7 of age, even more
preferably at day 1 to days 6 of age, even more
preferably at day 1 to day  5 of a;ye, even more
preferably at day 1 to day 4 of age, even more
preferably at day 1. to day 3 of  age, even more
preferably at day 1 or 2 of age, and most preferably
at day t of age. 1.0 According to a further aspect of
said medicinal uses described above, the L. intr
reellul uls  antigen is selected from the group
consisting of live modified 1:. rtiracel/u/arrs
bacteria, killed T.  /rrtracellrr/crri. bacteria or
one or more sub-units ofI..intrcrce//uktris bacteria,
Preferably, the L  intrcrce/luleirk!s antigen is live
modified h.. intracellu;laris bacteria.. More
preferably, said animals 15 are administered with a
dose of about 3,0 TCID 0 to about 6.0 TC1.D ar, of the
live modified L.  /rr/rcrc ellralcrt i;s bacteria. The
manufacture of vaccine compositions comprising a.L.
irrtrrac e lrrlraris antigen are state of  the art and
known to a skilled artisan. For example, the skilled
person in the art is able to  20 determine additional
components which may be comprised in said composition
(see also Remington's Pharmaceutical Sciences, (1990).
18th ed. Mack. 'Pub), Easton). The expert  may use
known injectable, physiologically acceptable sterile
solutions. For preparing a  ready-to-use solution for
parenteral. injection or infusion. aqueous isotonic
solutions, such as  21 



WO 2007/140244 PCT/US2007/069646  e.g. saline or
corresponding plasm protein solutions, are readily
available. The vaccine  compositions may he present as
ly-ophylisates or dry preparations, Much can be
reconstituted with a known injectable solution
directly before use under sterile conditions  e.g. as
a kit of parts. c In addition, the immunogenic and
vaccine conmpositions of the present irnventiorn can
include  one or more veterinary-acceptable carriers.
As used herein, "a. veterinar y-acceptable car'rier-"
includes any and all solvents, dispersion media,
coatings, adjuvants, stabilizing agents:  diluents,
preservatives, antibacten.al and antifungal agents,
isotonic agents, adsorption 1.0 delaying agents, and
the like. "Diluents" can include aw~ater, saline,
dextrose; ethanol, glycerol, and the like. Isotonic.
agents can include sodium chloride, dextrose,
nma.nnitol, sorbitol, and lactose, among others.
Stabilizers include albumin and alkalisalts of etla
lerndiaarnrirrtetr`aaeetac acia, among others. l5
Adjuvants" as used herein, can include aluminum
hydroxide and alur inum phosphate;  saporrins e.g..
Quit A, QS-11 (Cambridge Biotech Inc., Cambridge MA),
(_'sPl-0100  (Galenica Pharmaceuticals, Inc.,
Birmingham, AL), water-in-oil emulsion, oil-in-water
emulsion, water-in-oil-irn -water emulsion. The
emulsion can be based in particular on light 20 liquid
paraffin oil (European Pharmacopea t >pe); isoprenoid
oil such as squalane or  squalene,; oil resulting from
the oligomerzation of al kenes, in particular
ofPsobutene or  decene; esters of acids or of alcohols
containing a linear alkyl ( ,group, more particularly
plant  oils, ethyl oleate. propylene gly=col
Ali-(eapr~lat `c;aprat 1. giycer >l
tri-(caprylateicaprate) or  22 



WO 2007/140244 PCT/US2007/069646  propylene glycol
diofeate, and esters of branched fatty acids or
alcohols, in particular- isostearic acid esters. The
oil is used in con ab:ination with emulsifiers to form
the emulsion).  i'lae emulsifiers are preferably
nonionic surfactants, in particular esters of
sorhitan, of  nmannide (e.g. arrhy dromannitol
oleate), of glycol, of polyglycerol, of propylene
glycol and 5 of oleic, isostearic, ricinoleic or
hvdroxy rtearic acid, which are optionally
ethoxylated, and  polyoxypr-opylene-polyoxyethylerr.e
copolymer- blocks, in particular the Piuronic
products,  especially k.121. See :Hunter et al., The
'T'heory and Practical Application of Adjuvants
(d.Stewart-Tull, D. E. S.). JohnWiley and Sons, NY,
pp51-94 (1995) and Todd et al_;  Vaccine 15:564-570
(1997), (The teachings and content of which are hereby
incorporated  1.0 by reference. ) For example, it is
possible to use the SPT emulsion described on page 147
of "Vaccine  Design-, The Subunit and : Juvant
Approach" edited by kt Pow. yell and M. NelVIMIn,
:Plenum Press, 1995, and the emulsion MF59 described
on page 183 of this same book. (The  15 teachings and
content of which are hereby incorporated by reference)
.A further instance of an adjuvant is a compound
chosen from the polymers of acrylic or  metha.crylic
acid and the copolymers of male:ic anhydride and
alkenyl derivative.  Advantageous adjuvant compounds
are the polymers of acrylic or mctla.cryrlic acid
which 20 are cross-linked, especially with polyalkenyl
ethers of sugars or polyalcohol.s. These  compounds
are known by the terrn carbomer (Phameuropa Vol. 8,
No. 2, June 1996).  Persons skilled in the art can
also refer to U. S. Patent No. 2,909,462 which
describes such  acry>lic polymers cross-linked with a
polyhydrrxxylated compound having at least 3 hydroxyl
23 



WO 2007/140244 PCT/US2007/069646  groups, preferably
not more than 8, the hydrogen atoms of at least three
hydroxyls being  replaced by unsaturated aliphatic
radicals having at least '' carbon atoms. The
preferred  radicals are those containing from to 4
carbon atoms, e.g. vinyls, all" is and other
ethylenically unsaturated groups. The unsaturated
radicals may themselves contain other 5 substituents,
such as methyl. The products sold under the name
Carbopol (BF Goodrich;  Ohio, USA) are particularly
appropriate. They are cross-linked with an ally]
sucrose or w. Vith  allyl pentaerythritol, Among them,
there may be mentioned Carbopol 974P. 93 )4P and 971P.
Most preferred is the use of Cabopol 971 P. Among the
copolymers of maleic anhydride and  alkenvi
derivative, is the copolymer E NIA (4l:onsanto), which
are copolymers of maleic 1.0 anhydride and ethylene.
The dissolution of these polymers in water leads to an
acid solution  that will be neutralized, preferably to
physiological p, in order to {give the adjuvant
solution into Which the irrrmurnogenic, immunological
or vaccine composition itself will be  incorporated.
15 Further suitable adjuvants include: but are not
limited to, the RIB adjuvant system (Rib Inc,), Block
co-polymer (Cyt x, Atlanta GA ), SAF-M (Chiron.,
Emeryville CA),  a aaonophosphoryl lipid.A, Avridine
lipid-amine a.diuvant, heat-labile enterotoxin f:rorn
F. coli  (recombinant or other wise), cholera toxin,
IMS 1314 or muramyl dipeptide among many  others. 20
Preferably, the adjuvant is added in an amount of
about 100 pg: to about 10 mg per dose.  Even more
preferably, the adjuvant is added in an amount of
about 100 pg to about 10 mg,  per dose. Even more
prreferably, the adjuvant is added in an amount of
about 500 pg to about  24 



WO 2007/140244 PCT/US2007/069646  5 nrg per dose. Even
more preferably, the adjuvant is added in an amount of
about 750 [Ig to  about 2.5 nrw per dose. Most
preferably, the adjuvant is added in an amount of
about l mg  per dose. 5 The vaccine composition can
further include one or more other iriinrunorxrcidcr.I
rtor agents  such as, e. 4.g..interleul: ns.
iriterfer<iris, or other c tokirres The vaccine
compositions can also  include Cientarnicin and
MI:er-thiolate. While the amounts and concentrations
of adjuvants and  additives useful in the context of
the present invention can readily be determined by the
skilled artisan, the present invention contemplates
compositions comprising from about 50 1.0 u _g to
about 2000 u _g of adjuvant and preferably about 250
ug/ ml dose of the vaccine  composition. In another
preferred embodiment, the present invention
contemplates vaccine  compositions comprising from
about lug/m] to about fit) uoimi of antibiotics, and
more  preferably less than about 30 ug./tmi of
antibiotics. 15 The vaccine is administered to
animals, preferably mammals, and still more preferably
pigs, in  any conventional manner, most preferably
through oral drench. The dosage to be administered
will depend upon the particular case, but in any eve
ernt,, it is the amount. sufficient to induce a
protective antibody or cell-mediated immune response
against ileitis. 20 The vaccines according to the
invention are generally administered to susceptible
animals,  preferably to young piglets and/or piglets
having anti-,/rrttcrc~llalf:rri antibodies or being
exposed to antials.r rtxc c.c~ltr~lc r . antibodies in
one or more doses. Live or killed vaccine may be
administered 1 or ? times at ? to 4 week intervals
after the initial vaccination. For the attenuated,  25
WO 2007/140244 PCT/US2007/069646  



live vaccines, one dose is preferred. Preferably, the
first or single administration is perfbrred at  day I
to days 20 of age, more preferably- at day I to day 10
of age, even more preferably at day 1.  to day 9 of
age, even more preferably at day 1 to day 8 of a ;e,
even more preferably at day l to  day 7 of ago, even
more preferably at day 1 to day 6 of age, even more
preferably at day 1 to day 5 5 of age, even more
preferably at day 1 to day 4 of a=u e, even. more
preferably at day 1 to day a of  age, even more
preferably at day 1 or 2 of age, and most preferably
at day 1. of age, as described  above. If a second
rdnrinistrat:ien is desirable or necess rry, the
second administration is performed  1.0 about I to
about 4 weeks after the first administration of the
vaccine. According to a further  aspect, revaccination
is performed in an interval of 3 to 12 months after
administration of  any previous vaccination.
Adnmiirnristration of subsequent vaccine doses is
preferably done on  a 6 month to an annual basis, I'll
another preferred aspect, animals vaccinated before
the age  of about 2 to 3 weeks should be
reva.ccinated. Administration of subsequent vaccine
doses is  15 preferably done on an annual basis. The
present invention is further described in the
fillowi.n examples which are provided.for
illustrative purposes only and are not to be construed
as limiting. Indeed, other variants of  the invention
will be readily apparent to one of ordinary shill in
the art. 20 All publications and patents cited herein
are incorporated by reference in their entireties.  26
WO 2007/140244 PCT/US2007/069646  EXANIPLES Example I 



Detection of antibodies specific to L. /ntrace//iikuJs
in colostrum and milk samples  from sows (> 1. litter)
and ;gilts 0." litter) Material and Methods Colostrum
samples were taken from 25 sows and 25 gilts A ithin
24 hours after farrowing.  Milk samples were taken in
the first and second week of lactation from the same
piss.  1.0 Samples were centrifuged twice with 2000 g
for 10 minutes at 4 `C to separate the fatty portion
of the milk. The watery portion of the samples was
stored at 20C until analysis.  Specific antibodies
against L. rr rrrcethF/rrtis were detected in serial 2
fold dilutions starting  with an initial dilution of
1.:203 in an 1FAT. The I:ItAT was performed as
described in  Example 5 and elsewhere, with the
exception that for each sample. FITC-labelled anti_sa
lne 15 IgG, IgN4 and IgA antibodies were used to
detect the different classes of Ig. Parallel blood
samples from the sows and gilts were taken within 24
hours after farrowing. These samples  were examined in
the Enterisol*` :Ileitis ELI SA according to the
instructions of the  manufacturer, 20 Results The
results of the antibody detection in colostrum samples
are summarized in Figure 1. The  figure shows the
number of samples scoring positive results for lgG,
Igl\'i and IgA of  different dilutions in the IFAT.
None of the colostrum samples were negative in all  27
WO 2007/140244 PCT/US2007/069646  examinations. Only
one of the colostrum samples from. sows and one from
gilts was  negative for 14C , whereas in one sample
from wilts and in three samples from sows, no
specific 'l&M's were detectable. Eight (S) out of
twenty. -five 25 samples obtained from 20 Its  



and sows, respectively., scored negative for I{gA
specific to L. irrwc cellular is. In the milk 5
samples, obtained at the 2"t week. of lactation, only
two samples from sows scored a titre of  1:2 3 for
IgG, whereas one sample from a gilt scored positive
for IgA (I :20). At the 3`1 week  of lactation the
samples from one sow and three gilts scored positive
results for lgCJ at a  dilution of 1:20. All other
samples from the 2"`1 and 3`1 week of lactation tested
negative for  IgO, IgNI and Ig:A All blood samples
taken from sows within 24 h after farrowing were 1.0
positive in the Enterisol Ileitis I. LISA, whereas two
out of twenty-five samples obtained  from gilts scored
ne{gative results. 'T'here was no obvious correlation
between the results  from the blood samples and the
results from the colostrum samples. It can be
concluded that  in colostrum From sows and wilts,
antibodies of the Ig classes Cr, M and A, specific to
L  irtttcrc'c?llttlcrri.s, are present. However in
milk samples taken one week after farrowirag, only 15
low titres of L inrracellulcrfis specific antibodies
could be detected in only 6% of the  samples,
References  1. McOrist, S. et al. (2003) Pig J. 51,
26-35 20 2. Collins, A. M. et aal. (2001) Allen :D.
Leman Swvine, Conference  I Holyoaake, P.K. et al.
(1994) J Clin Micrr biol 32, 1980-1985,  Kruse, P_E.
(J983) Ann. Rech. Vet. 14, 349-353) 4. Bollwein, J.
(2004) .Doctoral thesis, LMU, Munich  S. Kn.ittel,
J.P. et al. (1 J 'R 5 9- 722_`726.. 25 29 WO
2007/140244 PCT/US2007/069646  



Example 2 Direct impact of ranilk antibodies on 1-1.
intracceilularis during  gastro-intestinal passage. 5
Material and Methods Colostrum samples were taken from
sows and gilts within 24 hours after birth. Sow milk.
samples were taken in the first and second week of
lactation. Samples were centrifuged  twice \ pith
21000 g for 10 minutes at 4 C to separate the fatty
portion of the milk. The  watery portion of the
samples was stored at - 20C until. analysis. Specific
antibodies against to L. irrir'c cribIctr'/:s' were
detected in serial 2 fold dilutions starting with an
initial dilution of  1;20 in an WAY The 1:FAT was
performed as described in Example 5 and elsewhere (5),
with the exception that for each sample, FITC-labelled
anti-swine lgG, 1g M and IgA,  antibodies were used to
detect the different classes of 1g. Milk samples with
different  content of Iii were selected on basis of
IFAT results. A L i oacellarlar/s culture was 15
incubated ~.Nith different dilutions in colostrum or
sow snip;. samples at room temperature.  Each sample
was tested twice. The tissue culture infectious dose
(TCiD,c,) of 1;.  intracellular/s was measured at the
beginning (0 hours and after 4 hours incubation at
.room  temperature. An undiluted sample of the culture
served as a control for the test performance.  For
each determination of the T "ID>F, value, the sample
was ho nor e i ecl b 2 0 passages 20 through a 20
gauge needle. Cells from one 75 cm." tissue culture
flask with a 100% confluent  monolayer of :McCoy.
cells, grown with DMEMMl/H.A;tVs F12 medium, were
trypsinated and  divided on four 96-well microtitre
plates. Serial dilution from 1'3. to 10' of the
samples  were inoculated six times each on the fresh
McCoy cells. After an incubation of 6 days at 37  29 



WO 2007/140244 PCT/US2007/069646  C under
microaerophili.c conditions, cells were fixed by ice
cold acetone/methanol (50:50,  i/v). Ci.rowt1r of 1-1.
in/raee/Iadlwis was detected by the use of a specific
.mo.n clonal wid- Lawsonia antibody and subsequent
labet] it g by an [F C-labelled ant-mouse antibody.
Each  well containing one or more NlcCoyr cells with 5
or more fluorescent L. intrwcelhdlcarL was 5 judged as
positive. TCID~() was determined by the use of the 50%
endpoint f'ormu.la  according to Speannann and Karber
(6). Results  In Figure 1. the results from the TClD
E, tests and the IgG, IgA and 1g titres of 9 colostrum
1.0 (No. I---5) and milk (No. 6-8) samples are
summarized. The control sample of the culture scored,
in all experiments, the expected TC1Dy value. In none
of the tests the titre of the L.  irartia ell~rf ari,
changed substantially during the 4 hour incubation at
room temperature.  Thus, as shown in this study,
maternal antibodies and the so t- milk seem not to be
effective  in inactivation of L. irrrrcac =Iltrlcarsi,
during gastrointestinal passage. 1s References  I. van
rl:ken N. et al. (2002).Proc. 1 'J' IP\ S, \me'.,
Ioxt,a, USA  2. Kruse, P. . (1983) Ann. Rech. Vet. 14,
349-353 a. Collins, A. M. et al, (2001) Allen I3 Leman
Swine, Conference  '0 4. I-.olyoaak.e,, :P.1 :. et al.
(1994) .1 Clin Microbiol 72. pp. 1980-4985  5.
Knittel, J.P. et al. $1998) AJ VR 59, 722-72.6, 6,
Karber, G (193 1:) Arch, exp. Path. Pharma. 162, 480
7. Mauch, C. H. Y. and Cr. Bilkei (2004) Vet. Rec.
155, 531.  



25 WO 2007/140244 PCT/US2007/069646  Example 3
Efficacy of vaccination of pi~ against l:,
tatrcaccjllu/ atis infections  5 Materials and Methods
The study consisted of three experimental groups
invoivir g L. ,irntrMX111r/CIr/s negative and
anti-Isar <son a maternal antibody. negative suckling
piglets at 1 day of age. On day 0 of the  study, 20
piglets each in group l (vaccinates) received an oral
dose of Enterisol' ' Ileitis,  vaccine isolate B3903,
per label instructions (3). Twenty piglets in group ..
(controls) 1.0 received a placebo consisting of growth
medium. Piglets in all groups were weaned on day  20
of the study. On day 21, piglets in groups I and 2
received an intestinal homogenate  containing. ;
.5x10'' of virulent. I;, /n/race/lu/arls 2688/2655 via
gavage. A third group of 1.0  pigs (strict controls)
did not receive vaccine, placebo or challenge at any
time period  throughout the study. On day 42, pigs in
all groups were humanely euthanized and 15 necropsied.
Primary, efficacy parameters included gross and
microscopic lesions of the  ileum, caecum and colon
specifically caused by L. i tracellrrl rer :s.
Secondary parameters  included clinical health
(behaviour, body condition, and stool c(nnsistency'),
average daily  weight {gains, faecal shedding? ( PC
R), and serococaversion. ([FAT) (1). 20 Results At
necropsy (day 42) vaccinates (group 1 had
significantly (p<0.0003) less average gross  lesion
scores in the ileum (0.21:), caccum (0,0) and colon
(0.0) compared to non-vaccinated,  control pigs
(ileum=l.1 , caecur =0.42, and colon= 0.16). Average
total intestinal lesion.  



;s l WO 2007/140244 PCT/US2007/069646  length (ileum,
caec:un and colon) was significantly (p<0.0001) higher
in the controls (8.89  cm) compared to vaccinated pigs
(1.4.2 cm) CYroup 3 (strict controls) had an average
gross  intestinal lesion score of 022 and were
considered normal. /.iaaz, c>rrri:r-sped:trc average
microscopic lesion scores in the ileum. were
significantly  (p<-0,02) higher in the controls (2.47)
compared to vaccinated pigs (0-53), Additionally, the
total microscopic lesion score (p,<=0.006) and
percentage of IHC positive pigs (p<0.0001)  was
significantly higher in the controls compared to the
vaccinated group. The control group  had nominally hi,
her mean microscopic lesion. scores and percent IH.C
positive animals than. 1.0 the vaccinate group in the
caecutta and colon (p' 0.05). Significantly (p<0.05)
more control  pigs were PCR positive 2 weeks after
challenge (day 35) than the vaccinate group. Pigs in
the control group (8/ l9) shed nominally more L.
inhwcte//u/ar%s than those in. the vaccinated  group
{3/'19) on the last day oftl the study (day 42,
p>-0.05), There was no significant (p=>O.OS)
difference in average daily weight gains or average
clinical scores between groups I and 2 15 during the
study. Altogether, the primary efficacy parameters
(gross and microscopic  intestinal lesion development)
demonstrated that a single oral dose of Enterisol'
ileitis is  efficacious, against a virulent challenge
when administered to maternal antibody negative,  Z.
ais.srarricxwnatve piglets at 1 day of age.
Non--Lawsonica specific lactogenic properties
potentially present in the colostrum and milk during
the suckling period did not interfere or 20 prevent
vaccine efficacy against virulent 1:. intrace//rr/aris
challenge exposure in this study.  ;i2 WO 2007/140244
PCT/US2007/069646  



Table , 1Rates of I. i n-rtracellularis faecal
shedding. Days Davy 28 Day 3 5 Day 42  Group *Group ID
0 to 21 ?CR positive PCR. positive PCR positive  S'C'R
positive 1 Vaccinates 01`I9a 0I1 9`' ; /I9;t  Challen;
ye 2 1/191' 0/19 S/tgr' 8/191,  control s 3 "'Strict
Controls 1/9 0/9 0/9 0/9  Like letters indicate no
significant difference (p<0.05) as Strict controls
were not statistically analyzed. One pig was remov=ed
from each group due to poor health urn-elated to l::
irrmradellu/:riis  References 1. McOrist et al, (1993)
Infection and lm munity. 61: 4286-4292.  2. Knittel et
al. (199) Axa i Vet Res 59:722-726. 3. Kroll et .1.
(2004) Ain J Vet Res 65: 559-565  1.0 4. Mauch and
Bilkei (2004) Vet Rec. 155: 532 5. Marsteller et al,
(2003). Swine Health Prod 11:127-130  6- Stege et al.
(2004) Vet 11-Iicr'o 104 197-206 15 Example 4 [FAT for
detection and quantification of anti-L rrr tc c
~llarl~ ri. antibodies  



Material and Methods: Prior to study initiation, 16
healthy, pregnant and I. infra eIluldrr/s negative
sows Were  20 rarrzlonrl allocated into 2 groups la
rperi.mmunized (Group A) and 8 placebo-administered
'3 3 WO 2007/140244 PCT/US2007/069646  controls (Group
B). On Days -55, -35 and -].4 prior to farrowing, each
sow in Group A was  hyperimmunized with cc.m
merc.ially available Enterisol` Ileitis by direct oral
drench. The  administration of the vaccine dose by.
this method involved applying, the vaccine to the
posterior portion of the oral cavity using a sterile,
plastic 10 ml syringe- The control group 5 (Group B)
received an equivalent dose of placebo consisting of
uninfect d McCoy cells  suspended in growth medium.
1-Iyperir munization of pregnant sows in Group A. was
performed in an attempt to induce a high level of
maternal immunity prior to farrowing.  Each pregnant
sow group was housed in separate rooms, to avoid cross
contaanination, and  under the same conditions
(temperature, ventilation, and pen size). Sows in each
r,roni. were  1.0 kept in the same pen. Although
efforts were made by the study investi{gator- to have
uniform conception and  farrowing dates, sows did not
all farrow on the same day. Instead, farrowing
occurred  during a .10-day period. To prevent having
multiple vaccination and challenge dates which  could
lead to excessive variability among pig groups in the
study, the mean date of farrow 15 during the farrowing
period was established as Day 0 of the study. Thus,
pigs were 3 weeks  5 days of age at the time of
vaccination (Day 211). On Day 211. one hundred
healthy, weaned piglets were sorted by litter and
randomly  assigned to six treatment groups. Housing
restrictions and conditions were similar to the  



sow groups mentioned above. Piglets derived from
hyperiminuniz.ed sows (Group A) were. 20 randomly
assigned to Groups 1 through 3 and were identified as
"hyperimmune-derived"  piglets for the remainder of
the study. Piglets derived from control sows (Group B)
were  randomly assigned to Groups 4 through 6 and were
identified as "placebo-derived" piglets  for the
remainder of the study=. Groups I and 4 (20
pigs/group, respectively) were. given a  ;s4 WO
2007/140244 PCT/US2007/069646  single 2 nil. dose of
Enterisofr Ileitis by direct oral drench. Groups 2 and
5 (20 pigs./group,  respectively) were given an
equivalent dose of placebo (uninfected IcCoy cells +
media.).  Groups 3 and 6 (10 pigs/group) were
designated "strict r egative controls" which did not
receive a vaccine or placebo treatment and were not
challenge exposed during this study. On 5 Dav 22,
after the weaning period, sows were humanely
euthani.zed and necropsied for  evaluations of
intestinal lesion development due to PE, On lay=. 42
of the study, rGroups 1., 2, 4 and 5 received f x 10"
`It IFD /dose of  heterologous virulent pure culture
.. /.ntrace//rikrrJ.s solate N 101 494 via
iutragastric {gavkge.  All piglets were examined daily
21-days post challenge for clinical symptoms related
to P; 1.0 diarrhoea, behavior and body condition and
were given a score of 1. to 4 dependent on  severity
(1 = clinically n(yrrrmal: 4 = severe illness'). Pigs
were weighed on Days 21, 42 and  631 of the study- to
calculate an average daily weight gain per pig group.
Average daily  weight gains (Ali\V ) were calculated
to analyze the effects of treatment in relation to
normal . rowth performance in pigs. Pigs were
initially weighed to obtain a baseline average l group
weight prior to receiving a vaccine or placebo
treatment. All groups were found to be  uniform in
size (variation of 0.63 kg/pig), The first key ADWG
evaluation period among  



groups occurred from Day 21 (vaccination) to Day 42
(challenge exposure) to measure the  immediate effects
of vaccination or placebo inoculation. The second
evaluation period was  from Day 4-2 to 63 (necropsy)
to measure the effects of challenge exposure with a
virulent  20 pure culture 1;. zratrrc E l/a /crr r .
On :lay 63 of the study, all pigs were humanely
euthanized and necropsied for evaluations  of
intestinal lesion development due to F. 35 WO
2007/140244 PCT/US2007/069646  Results -lrrte:rrrctl
crr lil c ik c eiec tioti L m swiica irttrcce//ttlc
ri> -specif c Ig,G, IgA and IgM antibodies were
detected in the sera. and  colostrum of sows in Group
A (hyperinimunized) during the farro\ving period.
Sixty three  5 percent (5/8 sows) of Group A sows were
serum antibody positive for anti-Lawson.ia lgG
antibodies while 0 % (O/8) of the sows in Group B
(control) were positive at farrow n<g, In  addition,
serum N G antibodies were detected in piglets derived
from Group A sows only  from farrowi n;y (Day 0) to
weeks of age (Day 218), see Fig 1. Anti -.I mi) Sonia
lgG; IgA and  1gM were detected in the colostrum of
Group A. sows at 5O%, 7.5% and 12.5% respectively. 1.0
Average antibody concentrations in the colostrum of
Group A sows were 1:14 (1 (,,G, rage I to 1.64), 1:10
(kA. range = 1 to 1:324 and 1. (l(';M, range 1 to
1:4}_ Sows, in Group B  did not have any detectable
1gL1 or 1gG anti-Iris>so),aa antibodies in their
colostrum during  this time period. One pig in sow
Group B was positive for IgA. at a titre of t 1 b. 15
1.`it#ir~rl prrolection The comparison of
unvaccinated, control pigs in Group 2 (pigs derived
from sow Group A)  



to Group (pigs from sow Group [3) was conducted to
evaluate the potential of maternal  protection against
virulentI.. inttcrcellulcrris exposure derived from
sows hyperimniunized  with vaccine (Group A sows), 20
Average gross and microscopic lesion scores among all
groups are summarized in Table 1.  Pigs in Group 5
(77%) had a higher percentage of I.,<ni son/c
-specific lesions in the ileum  and colon than Group 2
pigs (27.5%). Group 2 pigs had significantly (p<O.05)
lower  ;sty WO 2007/140244 PCT/US2007/069646  average
gross lesion scores rr the ileum and average
microscopic (-I-HC) lesion scores in the  ile.urrr and
colon compared to Group Sat :Day 61 of the study. No
detectable shedding of L intreice/lulaaris in the
faeces, by l'CR was evident in either  group on Days
21 (vaccination) to 42 (challenge) of the study, see
Fig. 3. Groups 2 and 5  5 were initially faecal PCR
positive beginning on Day 49 and remained positive
until day 63 (study termination) with 5% to 251%/% and
15% to 72%, respectively-. of the pigs shedding L
intr'acellulcaris during this time period.
Significantly ()<0,05) less faecal shedding was
detected by PCR in Group 2 (25%) compared to Group 5
(72%) on Day 63 of the Study. A higher percentage of
tissue PCR positives were found M. the ilea of pigs in
Group 5 (45%)  1.0 compared to Group 2 (25%) at lay 63
of the study. Pigs in Group 2 were PCR negative for
L. intraceiltu/arcs in the tonsil, mesenteric lymph
node and colon, Various PCR positives  were observed
in the colon and mesenteric lymph tissue of Group 5
pigs as mentioned iir.  Section ~3.4 above. Aver . e
weight gain comparisons among all test groups are
summarized in 'T'able '21  15 Average initial weights
svtre uniform among Groups 2 and 5 on Day 21
(vaccination) with  



pigs weighing 6.35 and 6.10 kg/pig respectively. No
significant difference in ADWG was  found among Groups
2 (040 ~g/pi ;) and 5 (0.41 :kg/pig) .f:rom Day 21
(vaccination) to Day  42 (challenge). However,
significantly (p<0.0S) higher ADWC3 was evident in
Group 2 pigs  (0.46 lc pig) than Group 5 pigs (0.40
Ict~tpig) during the21-day evaluation period from Day
20 21 (challenge) to Day 63 (study termination) of the
study. ;37 WO 2007/140244 PCT/US2007/069646  'q cine
of i c a itl /t ~'l'TTt ~1YIdTlE' G/E'T'~ 1'G'c j.3!<;
s' The comparison of pigs vaccinated with :l nteriso1
Ileitis in Group 1 t:o unvacc:inated,  control pigs in
Group 2 was conducted to confirm that vaccination in
the face of maternal  immunity could be accomplished
by evaluating protective immunity against PE after 5
vaccination of pigs at 3 weeks of age.. Both groups of
pigs were derived from sows'  hyperimmunized with
vaccine (Group A so'w's). Furthermore, primary and
secondary  efficacy parameters were analyzed between
vaccine-treated pigs of Group 1 and Group 4 to
determine if vaccine efficacy is similar
againstvirrulentL. intr'acel/tlar'is challenge.
Average gross and microscopic lesion scores among all
;groups are summarized in Table 1.  1.0 Pigs in Group
'2 (27.5%) had a higher percentage of
Lai.rsotria-specific lesions in the ileum  and colon
than Group 1. (12.5%). Group 1 pigs had significantly
(p<0,05) lower average  gross lesion scores (ilewn)
and numerically= lower average microscopic (11-IC)
lesion scores  (ileum and colon) compared to Group 2
at lay 63 of the study. In addition, there were no
significant differences among average gross and
microscopic lesion scores or lesion severity  15 in
pigs receiving a vaccination (Groups l and 4). No
detectable shedding of L. in/rcr c /lrlcrr'i:s in the
faeces by PCR was evident in either  



group (1 or 2) on Days 21 (vaccination) to 35 of the
study, see Fig. 3. Group I pigs were  initially faecal
PCR positive on Day 42 (challen4ge) and remained
positive until Day 63  (study termination) with 11% to
16% of the pigs shedding 1:. ini n ellukatxi during
this time 20 pc riod. Pigs in Group 2 were initially
faecal PCR positive on Day 49 and remained positive
until Lay.. 63 (steady termination) with 5% to 25% of
the pigs shedding I.., itaircicellular'is  during this
time period. Pigs in Group 4 were not PCR positive for
Larrvsoniaz DNA until  Day 42 (challenge) and remained
positive until Day 63 (study termination) with
decreasing WO 2007/140244 PCT/US2007/069646  rates of
shedding from 25% to 5%. No evidence of a significant
difference in the rates of  faecal shedding ofd 1:.
intrace/lulcaris between Groups I and 2 and (Groups I
and 4 during the  study A slightly higher percenta{ge
of tissue PC:R positives were found in the ilea of
pigs in Group  5 2 (25%) compared to Group 1 (20%) at
Day 6 (study termination) of the study. A lower
frequency of tissue PCR positives was evident in Group
4 (5%) than Groups 1 and 2 at study  termination. No
significant differences in :l'CR positives were noted
among Groups l and 2  and Groups 1 and 4 respectively.
Pigs in all three groups were PCR negative for L.  in
tcrcellrrlcrris~ in the tonsil, mesenteric lymph nodes
and colon. 1.0 Average weight gain comparisons among
all test groups are summarized in 'Fable 2.  Average
initial weights were uniform among Groups I and 2 on
Day 21 (vaccination) with  pigs weighing 6-533 and 635
kg/pig respecti.velyy. Uniform average weights were
also  observed an .ong Groups 1 and 4 on Day 21 (6.5')
3 k4gr i and 6,44 1 g"p'g. respectively). No
significant difference in ADWCG among Groups 1 (0.40
p` ig) and 2 (0.41 kg/pig) or 15 among Groups 1 and 4
(0,44 kg/pig) from Day 21 (vaccination) to Day 42
(challenge),  



Significant differences (p<0.05) in ADWG were evident
in Group 1 pigs (0,45 kg/pi.g)  compared to Group 4
pigs (0.51 kw`pig) during the 21 -day evaluation
period from Day 21  (challenge) to Day 63 (study ter
a-rinati(yn), No significant differences in ADWG anon
Groups 1 and 2 were noted from Day, .21 to Day 63 in
this study, ?0 WO 2007/140244 PCT/US2007/069646
Example 5 If AT for detection and quantification of
anti-L, iutrace//rr rri,s antibodies Serum samples
from the blood of each sow and pig were tested for the
presence of .lgG  5 antibodies against L /nrr
xce/]ral:arb by, the l -nnrrtnotluorescence antibody
test UFAT) using  fixed whole I.crs.rw:sorr/a antigen
on 9 -well polystyrene trticrotitre plates and
FITC-labeled  antibodies directed against porcine IgG
(Knittel et at 1998). The IFA test was modified
slightly by using f` ITC-labeled antibodies directed
against porcine Ig`sl and NA. This  modified procedure
was used to detect these antibodies, M. addition to
1(,,G- in each sow's 1.0 colostrum for determining the
concentration of different I. nr,<son/a-specific
immunoglobulins. The colostrum was diluted 2-fold in
duplicate in PBS and transferred  (1 Olin. well) to
two sets of l.crrz .scxtri :r coated 96-well plates as
mentioned above.. The  inoculated plates were allowed
to incubate .{or 30 minutes at -"'7C and were then
washed  tines with PBS. An anti-swine lgM or IgA F1
C-conjugated antibody (Kirkegaard and 15 Perry
Laboratories, Inc.) previously diluted 1:200 in PBS
was added to the plates and then,  incubation and
wash. steps were repeated. The titre of each specific
anti-I. awsonia antibody  was detected using IN
microscopy. Percent IFAT positives and mean titre
values for each  



irr niunoglobulin were calculated for group
comparisons to determine the frequency and the  level
of IgG, Ig1 d, and IgA colostrum antibodies present
among sows, 20 References  1. Knittel et at, (1998) Am
J Vet Res 59:722-726.  40 WO 2007/140244
PCT/US2007/069646  CLAWS: IA method of vaccinatin, a
young animal against L. rzirscrrcllrr/crris infections
or vaccinating  an animal having r ti-L/ rac //i lcrr
. antibodies or is exposed to anti-L. ratracelliikrr
.~  antibodies comprising the step of administering to
said anira .a.l are effective dose of L. intr
ace//ul61rris a ti en. 2') The method accordin; to
claim I. wherein said animal is vaccinated at day 1 to
day 9 of  age, 1.0 The method according to claims l or
2, wherein said animal is vaccinated at day 1 to day 6
of age. 4) 'The method according to any one of claims
i to 3, wherein said animal is vaccinated at day  15 1
or 2 of age. 5) The method according to an one of
claims Ito 4. wherein said animal has or is exposed to
a detectable anti-L. irrftcrcellar/crris antibody
titre of at least 1:4 per ml serum or fluid. 20 6) The
method according to any one of claims Ito 4, wherein
said animal has or is exposed to  a detectable anti
-L. i;tmcelhiiar/s antibody titre of at least 1:64 per
ml serum or fluid, 



41 WO 2007/140244 PCT/US2007/069646 7) The method
according to any one of claims 1. to 6, wherein said
l,. i+ lrcrcellrrlcrri.s anti e is  selected from the
grou consisting of live modified L. iniraceihd aris
bacteria, killed .L.  intrcace lulatl's bacteria, one
or more sub-runts of L .intiveellu/ca ,ia bacteria,
and combi nati coax s thereof.  c 8 The method
accordingtco any one of claims 1 to 6, wherein said L.
rti crc:cllu/crri.o aaaati<g is  live codi fi ed L
intrf: ce ltala r/s bacteria. 9) The method according
to claim 8, wherein the young animal is ad-ministered
with a dose of  1.0 about 3.0 TCI:D5t: to about 6.0t
'IT`.:I o of said live modified L intr arcellulcals
bacteria. 10) The method according to any one of
claims 1. to Vi=i, wherein the animals are birds,
:fishes,  andtaaammaals such as catty:, pigs, horses,
aand primates. 15 11) The r ethod according to clam
10. wherein the animals are pigs. 12) The use of an
1.. intracellularis antigen for the preparation of a
medicament for the  vaccination of a voting animal
against L. /rttrc celli lmis infections or an animal
having anti- L. iriirrcwelluldtis antibodies or is
exposed to anti-l. . i rtr :acelhikaris antibodies,
wherei n said  20 aanimals are vaccinated with an
effective dose of said L. intac c=ellulaui,s antigen.
13) The use according to claim 12, wherein said
animals are vaccinated at day 1 to day 9 of  age. 42
WO 2007/140244 PCT/US2007/069646 



14) The use according to claims 12 or 13, wherein said
animals are vaccinated at day 1 to clay 6  of age. 5
1:5) The use according to any one of claims 12) to 14,
wherein said animals are vaccinated at  day 1 or 2 of
age. 16) The use according to any one of claims 122 to
15, wherein said animals have or are exposed  to a
detectable anti-L./rrtrace1/rdaris antibody titre; of
at least .1:4 per and serum or fluid.. 1.0 17) The use
according to any one of claims 1 2 to 16, wherein said
animals have or are exposed  to a detectable
anti-L./trtracellrr/c rris antibody titre of at least
.1:64 per avail serum or fluid.  18) I'l e use
according to any one of claims 12 to 1 ?, wherein sad
.l:. /rrtrc rc /lrrlc ri<s anti gent is 15 selected
from the group consisting of live modified L.
nitaceIiulcr l.s bacteria, killed  L
inircwellgtlcrri.s bacteria, one or more sub-u nits of
l;. /ware e/Iulrrri.s bacteri a, and  combinations
thereof 19) The use according to any one of claims 12
to 18, wherein said Linticmce//ulcari.s antigen is  20
live modified L. infirm ee//ulcrri: bacteria. 0) The
use according to claim 19, wherein said young animal
is administered with a dose of  about i.0 TCI1?to
about 6.0 T 1;D of said live modified L.
inircrcdllulcrris bacteria. 43 WO 2007/140244
PCT/US2007/069646 21) The use acc rdic)g try any' one
of claims 12 to 20, wherein said animals are, birds,
fishes, and  mammals such as cattle, pigs, horses, and
primates. 5 22) The use according to claim 21, wherein
said animals are pigs.  44 




