
WO 2007/140244PCT/US2007/069646 VACCINATION OF YOUNG
ANIMALS AGAINST LAWSONIA INTRACELLULARS INFECTIONS
RELATED APPLICATIONS This application claims the
priority benefit of U.S. Serial No. 60/803,207, filed
on May 25, 2006, the teachings and content of which
are hereby incorporated by reference in their
entireties. BACKGROUND OF THE INVENTION FIELD OF THE
INVENTION 10 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 Lawson& Intracellularis. Specifically, the
invention provides for a method of providing
increased protection against L intracellularis by
vaccinating young animals starting from day one (1)
of age against L. 15 infracellularis infections.
Preferably the young animals are vaccinated at day 1
to day 21 of age, more preferably at day 1. to day 10
of age, even more preferably at day 1 and to day 9 of
age, even more preferably at. day 1 to day 6 of age,
even more preferably at day 1 or 2 of age, and most
preferably at day 1 of age. Specifically, said young
animal is a young piglet, preferably a pm-weaned
piglet. 20 DESCRIPTION OF THE PRIOR ART Porcine
proliferative enteritis, is a naturally occurring
disease that can affect pigs from 



WO 2007/140244PCT/US2007/069646 Intracellularis. L.
inarEs is an obligate, intracellular bacterium which
cannot be cultured by normal bacteriological methods
pn conventional cell-free media and has been thought
to require cells for growth. S. McOrist ci at,
Infection and Immunity, Vol. 61, No, 19, 4286-4292
(1993) and G. Lawson el at, J, of Clinical
Microbiology, Vol. 31, No. 5, 1136-1142 (1993)
discuss cultivation of L. intracethilath using IEC-18
rat intestinal epithelial cell monolayers (ITS in
conventional tissue culture flasks. In U.S. Patent
Nos. 5,714,375 and 5,885,823, both of which patents
are hereby incorporated by reference in their
entireties, cultivation acelitilaris in usp ded host
cells was described. 10Pathogenic and non-pathogenic
attenuated bacteria strain, intracel/ularis are well
vu in. e art. For example, WO 96/39629 and WO
05/011731 describe non-pathogenic attenuated strains
o 7.1 Attenuated bacteria strains of L.
intracetrularis- are further described in and known
from WO 02/26250 and WO 03/00665. 15Thease is first
characterized by its gross and microscopic pathology,
and later by the demonstration of the intracellular
bactetia within affected cells. The characterizing
pathological feature of the disease is the
proliferation of in attire epithelial cells in the
crypts of the ileum (terminal part of the small
intestine), the large intestine or both. Sections of
infected tissue are characterized by a reddened
thickening mucosa resembling a -garden hose," and
enteric lesions. 20 The thickening ultimately
prevents normal gut function, absorption capabilities
and nutrient transfer. Critical effects of the
disease are, chronic weight loss, unthriftin -s,
diarrhea, and death. The disease is of economic
importance owing to death loss, increased medication
costs, poor weight gain and.i ad food conversion in
affected animals Clinical cases of ileitis are  WO
2007/140244PCT/US2007/069646 observed most notably in
pigs 6-20 week of a However, the presence of .1/.. r
caulhas been confirmed (PCR) in recently weaned pigs
(34 weeks of age), suggesting I.. intracelludons
exposure occurs in the nursety and perhaps,
originates from Lawsor -positive dams (Mauch and
BilIcei (2004) Vet Rec 155: 5 arsteller et al.
(2003). Swine Health Prod 117127-130; Stege et al.
(2004). Vet Micro 104: 97-206). These observations
.underline the importance for incorporating
prevention strategies, such as vaccination earlier in
the production syste 



Current vaccination strategies for immunization
against ileitis involve oral administration of the to
Lawsonia-naive pigs exclusively from three weeks of
age and older, because piglets 10 below this age
group could have maternal antibodies positive for L.
intracellutaris due to previous sow exposure or
vaccination. Prior to the method of the present
in.venbon it vas 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 begin 15secretingantibodies. Therefore
vaccination of young piglets has been avoided in face
of maternal immunity. DESCRIPTION OF THE FIGURES
Figure 1 shows the number of colostrum samples
positive in the if AT for IgG, IgM and 20 IgA; snd
Fig. 2 shows the titre of L.culture (mean of two
titrations) in sol. milk samples with different Ig
content.  SUMMARY In one aspect, there is provided
the use of attenuated modified live L.
intracellularis bacteria for the preparation of a
medicament for the vaccination of a young animal
against L. intracellularis 



infections or of an animal having
anti-L.intracellularis antibodies, wherein said
animals are 5 vaccinated with an effective dose of
said L. intracellularis antigen at day 1 to day 9 of
age. DETAILED DESCRIPTION The present invention is
based on two surprising observations. First, maternal
antibodies and the sow milk do not appear effective
for inactivation of L. intracellularis during
gastrointestinal passage. The incubation of L.
intracellularis with sow colostrum or milk did not
influence the 10 titre of a L. intracellularis
culture over a 4 hour period of incubation at room
temperature. There was no difference between samples
with high or low Ig content. Even in a 1:20 dilution
(5 % L. intracellularis culture / 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. intracellularis
culture was detected in vitro. However, maternal
immunity against L. 15 intracellularis has been
discussed (Holyoake, P.K. et al. (1994) J Clin
Microbiol 32, pp.1980- 1985; Mauch, C. H. Y. and G.
Bilkei (2004) Vet. Rec. 155, 532), as young piglets
usually do not suffer from Ileitis. As shown in this
study, maternal antibodies and the sow milk do not
appear effective for inactivation of L.
intracellularis during gastrointestinal passage. 20
Second, maternal antibodies and sow milk do not
interfere with L. intracellularis antigen, and
therefore, do not prevent the establishment of active
protection against L. intracellularis infections
provided by vaccination. In fact, piglets vaccinated
at day 1 of age have reduced gross pathology
associated with the disease compared to
non-vaccinated piglets.  Thus present invention
overcomes deficiencies of the prior art and provides
novel methods for providing increased protection of
animals against ileitis (L. intracellularis
infections). In particular, the present invention
provides a method of vaccinating a young animal
against L. intracellularis infections comprising the
step of administering to said young animal an
effective  WO 2007/140244PCT/US2007/069646 dose
of"gen. Preferably, said young animal is on 1 day of
age or older. 



Moreover ccording to another aspect, the present
invention provides a. method !i vaccinating young
animal having or is exposed to is antibodies, in
particular, maternally derived anti-LintracelluTarm
antibodies, against L.intrcwel/u/ar/s infections,
comprising the step of administering to said young
animal an effective dose of L, huracellularis
antigen. Preferably, said young animal is One (1.)
day of age or older. According to another aspect, the
present invention provides o method-for vaccinating
an animal           is exposed to anti-L. ntracellule
is antibodies, in particular maternally derived
ntikintraoctllulatis antibodies, against -
Litirracellularis infections, comprising the step of
administering to said animal an effective dose oft.
intracalularis antigen. The term
accinafio"vaccinating" as used her em means, but is
not limited to, a process which includes the
administration of an ILcellular/s antigen to an
animal wherein said L 15fair tellylaris antigen, when
administered to said animal, elicits or is able to
elicit, an immune response in said animal against IL
i tic ....11ularis,    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 20invention, the animal is pig, preferably a
pre-weaned piglet. Thus, according to a further
aspect, the present invention relates to a method of
vaccinating a  WO 2007/140244PCT/US2007/069646 young
animal, starting front day oneof age, an effective
dose ofen wherein said animal is a bird, fish, or
mammal stch a.s cattle, pig, horse, or primate.
Preferably, said animal is a mammal. Even more
preferably, said animal is a pig. Most preferably,
said animal is a pre-weaned piglet. 



The term 'young animal" as used herein refers to an
animal of 1 day of age to 20 days of age. Preferably,
the term "young animal", refers to an animal of 1 day
of age to 10 days of age. More preferably, the tem
"young animal" refers to an animal of / day of age to
9 days of age, even more preferably, 1 day of age to
S days of age, even, more preferably, 1 day of age to
7 days of 10  Tlore preferably, 1 day of age to 6
days of age, even more preferably, l day of age to 5
days of age, even more preferably, I day of age to 4
days of age, even more preferably, I day of age to 3
days of age, even more preferably, / or 2 day(S) of
age, and most preferably to an animal 1 day of age.
The respective meaning of the term "young animal'
also refers to the age of the animal when It is
vaccinated for the first time with L intracellular/s
antigen. 15 Thus, a. further aspect of the present
invention relates to a method of vaccinating a. young
animal against: L.infections, comprising the step of
administering to said young animal an effective dose
of L.Wares antigen, 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 vaccination, wherein the animal is .inated
at day 1. to day 10 of age. According to 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
1 method of vaccination, wherein the animal is
vaccinated at day 1 to day 8 of age,  WO
2007/140244PCT/US2007/069646 According to a further
embodiment, the present invention relates to said
method of accina wherein the animal is vaccinated at
day 1 to day? of age According 1er embodiment, the,
present invention relates to said method of
vaccination, wherein the animal is vaccinated at day
1 to day 6 of age. According to a further embodiment,
the present. invention elates to said 5  method of
vaccination, vherei the animal is vaccinated at day I
to day 5 of age. According to a. further embodimenf,
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, wherem the animal s vaccinated at day I
to day 3 of age. According to a further embodiment,
the presentelates to said method of 



10vaccination wherein the animal is vaccinated at day
1 or 2 of age. According to a further embodiment the
present inventionsaid method of vaccination, wherein
the animal is vaccinated at day 1 of age. The term
"having or is exposed to anti-Lintracethantibodies"
shall mean but is not limited to, an animal, that has
or is exposed to a detectable anti-4.intr thelaris
antibody titre, preferably of at least I A, 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 I even more preferably
of more han 1:512, and most preferably of more than
1:1024 per ml. Preferably, that an ti
intracelfantibody titre is detectable and
quantifiable in a specific anti- Linoimmune assay,
preferably in the assay as described in. Example 4.
More preferably, those antiL. i;araceJfn1ws
antibodies are maternally derived antibodies.  WO
2007/140244PCT/US2007/069646 Theexposed to
anti-"bodies" means butolimited to the fact that the
animals are fed with a nu clostrum or milk obtaining
an detectable antiLintracellutaris antibody time,
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 moremost
preferably of more than :1024 per gram nutrient.  The
term "having a 



/nirczcel!u/aris antibody ti 10More preferably of
more h1:1  - 'bodies" shall mealimited to, a
detectable mi serum of said animal, preferably of t
leasteven more preferably of more than 1:64, even
14.3r t  preferably of more than 1:128, even more
preferably of 1:256, even more preferably of ore than
1:512, and most preferably of ore than 1:1024. Thus
according to another aspect, the present invention
provides a method for vaccinating an animal. against
Lintraceliukuls infection comprising the step of
administering to said animal an effective dose of L.
intratellidaris antigen, wherein said animal has or
is exposed to an detectable anti-L./Mr 1 /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 preferabby of
more than 1:512, and most preferably of 20more an
1:1024 per ml. Preferably, those antibodies are
maternally derived antibodies. Even more preferably,
those antibody titres are present in that animal at
the day of vaccination.  WO
2007/140244PCT/US2007/069646 



Thus, according to another aspcct, thepresent
invention provides a method. for vaccinating a young
animal againstinfections, comprising theof
administering to said young animal an effective dose
of L. /nxnwelhtkcis antigen, wherein said young
animal has or is exposed to a detectable
anti-L,inntibody titre, preferably of at least Uzi;
more preferably of mar1:16, even or 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, most preferably of
more than 1:1024 per ml. Preferably, those antibodies
are maternally derived antibodies. Preferably, said
young animal is between 1 day of age to 20 days of
age. More preferably, said young animal is between 1
day of age to 10 days of age, even more preferably,
10 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 I day of age to 7 days
Of age, even more preferably between 1. day of age to
6 days of age, e n more preferably between 1 day of
age to 5 days of age, even more preferably between 1
day of age to 4 days of age, even morepreferably
between 1. day of age to 3 days of age, even more
preferably I. or 2 day(s) of age, and most preferably
I day of age. 15 The term "an effectwe 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 animal, to which said effective dose
oft intracellularis antigen is administered. 20 An
"immunological or immune response" to a composition
or vaccine is the development in 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
develops a cellular and! or antibody-mediated immune
response to the -composition or nccine of interest.
Usually, anresponse includes, but is not limited to
one or 



more of the following effects: the production or
activation of antibodies, cells, helper T cells,
suppressor T cellsytotoxic T cells and/or yd T
cells,directed specifically to an antigen or antigens
includ inanposific or vaccine of interest.
Preferably, the host will display either a
therapeutic or protective immunological response
suchcistance 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 everity, or lack of the symptoms
associated with host infections as described  herei
10 The amount of antigen that is effective to elicit
an immune response or is able to elicit immune
response in an animal depends on the ingredients of
the vaccine and the schedule of administration.
Typically, when killed bacterial antigenin the
vaccine, the vaccine  contains an amount of about 103
to about 109 colony forming units (CF]) of the
bacterium dose preferably, about 104 to about 108
(CFU) of the bactenunt per dose, and more preferably
about 105 to about 10' (CFU) per dose. In
particular,modified live L. liar ce I/u/avis bacteria
are used in vaccines, e.g. the bacteria isolates
designated isolate B3903, ATCC accession No, PTA-4926
and designated 20 isolate N34NP4Owk, ATCC accession
No, 55783 (both described in WO 96/39629 and WO
05/011731), the recommended dose to be administered
to the susceptible animal is 



preferably about 3.0 TaD50 (tissue culture infective
dose 50% end point)/dose to about 6.0 TC1D5oldose and
more preferably about 4.0 TCiD5oJdose to about 5.0
TCIDmhidose. In a  WO 2007/140244PCT/11S2007/069646
prelrrcd cmbodiment. the titre of the vaccine is
about 4.9 TCIDN, /dose as dew Tissue Culture
Infective Dos 50% endpoint dilution assay (TCID,50),
in general, the quantity of immunoge ill be between 5
and 5000 micrograms, and between 1010 and 1090 ,
TCID50, preferably between 10-3.(1 and l0(0 1.C1D50,
and more preferably between 1040 and 10" TC1Dso, when
purified bacteria are sed. Sub-unit vaccines are
normally administered with an antigen inclusion level
of at least 0.2 mg antigen per dose, preferably with
about 0.2 to about 400 ugidose, still more preferably
with about 3 to about 200 pgfclose, even more
preferably with about 035 to about 100 10 ugtdose,
still more preferably with about 0.4 to about 50
pgidose more preferably with about 0,45 to about 30
lig/dose, still more preferably with about 0.6 to
about 15 ugidose, even more preferably with about 035
to about 8 pg/dose, even more preferably with about
1.0 to about 6 ugidose, and still more preferably
with about 1.3 to about 3.0 pg/dose. 15As used herein
the te"increased protection" means, but is not
limited to, a statistically 



significant uction of one or more clinical symptoms
which are associated with /I imraceiiularLs
infections (frequency of cross lesions, etc.) in a
vaccinated group of animals VS a non-vaccinated
control group of animals. The term "statistically
significant eduction of clinical toms" 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 L ir cteri&  As used
herein, the term "11 intracellular/s" means the
intracellular, curved gram-negative bacteria
described in detail by C. Gebha -1. of Systemic.
Bacteriology, Vol. 43, No. 3, 533-538 (1993) and S.
McOdst c/at, Int'l. J. of Systemic Bacteriology, Vol.
45, No. 4, 820-825 (1995), each of which is
incorporated herein by reference in their entireties,
and includes, but is not limited to) the isolates
described in WO 96/39629 and WO 05/011731. In
particular, the term also means, but not limited to,
the isolates deposited under the Budapest Treaty with
the American Type Culture Collection 10801 University
-Boulevard, Manas.sas., Virginia 0110-2209 and
assigned ATCC accession number PTA 4926 or ATCC
accession number 55783. Both isolates are described
in WO 1096139629 and WO 05/011731, respectively. The
term 'L.. mmweih,lans' also means, but is d to, any
other L. 11117 c"Mtlaris bacteria strain, or isolate,
preferably having the      o enic properties of at
least one of the /1.A. intracellular strains
described in WO 96/39629 and WO 05/011731, in
particular having the immunogenic properties of at.
least one of the isolates deposited under the
:Budapest Treaty with the American Type Culture
15Collection, 10801 University Boulevard, Manassas,
Virginia 20110-2209 and assigned ATCC accession
numbers PTA 4926 or ATCC accession number 55783. A
strain or isolate has. the "unmunogemc properties" of
at least one of the L.Y.rcellutortis strains
described in WO 96139629 and WO 051011731, in
particular, of the isolates deposited as A:TCC
accession numbers PTA 4926 or ATCC accession number
55783, when it is detectable at least with one of the
intr- vilularis specific antibodies described in
W006/01294, in a detection assay that is also
described in W006101294. Preferably those antibodies
are selected from the antibodies having the reference
numbers 301:39, 287:6,  268:29, 110:9, 113:2 and
268.18. Preferably, the detection assay is a sandwich
EL1SA as described in Examples 2 , id 3 of
W006/12949, whereas antibody 110:9 is used as a
capture antibody and antibody 268:29 is used as a
conjugated antibody. All antibodies disclosed in
W006/12949 are produced by hybridoma cells, which are
deposited at the Centre for Applied Microbiology and
:Research (CAMR) and European Collection of Ceti
Cultures (ECACC)", Salisbury, Wiltshire SP4 03G, UK,
as a patent deposit according to the Budapest Treaty,
The date of deposit was May Ii. 2004. HYBRIDOMA CELL
LINE 110:9 is successfully deposited under ECACC Ace.
No. 04092204. HYBR1DOMA CELL LINE 113:2 is
successfully deposited under ECACC Ace. No 04092201.
HYBR1DOMA CELL 



10 LINE 268:18 is successfully deposited under ECACC
Ace. No. 04092202. :HYBRIDOMA CELL LINE 268:29 is
successfully deposited under EClACC Ace. No,
04092206. HYBRIDOMA CELL LINE 287:6 is successfully
deposited under ECACC Ace. No. 04092203. Finally,
HYBR1DOMA CELL LINE 301:39 is successfully deposited
under ECACC Acc. No. 04092205. 15 The
termintracelinlaris antigen" as used herein means,
but is not limited to a composition of matter, that
comprises at least one antigen that can induce,
stimulate or enhance the immune response against a L.
intraceltularts-caused infection when administered to
an animal. Preferably, said L. frrfrace!hcxris
antigen is a Complete L. 20bacterium, in particular
in an inactivated fonn (a so-called killed
bacterium). a modified live or attenuated L.
intateellukris bacterium (a so-called MLB),
polypeptide or component of L. itaracelhdarts, or any
chimerie vector wherein each comprises at least an
immunotenic amino acid sequence of L.
Initaceilularls. The terms "immunogenic
protein-,polypeptide" or "immunogenic amino acid
sequence" as used herein, refer to air amino acid
sequence which elicits an immune response in a host
against a pathogen compiising said immunogenic
protein, immunogenic poly-peptide Or immunogenic
amino acid sequence. In particular, an "immunogenic
protein", "immunogenic. polypeptide" or"immunogenic
amino add sequence" off... intr means any amino acid
sequence that codes for an antigen which elicits an
immunological. response against L. intraa.Vhdaris in
a host to which said"immunogenic protein",
"immunogenic polypeptide" or "immunogenic amino acid
sequence" is administered. 10 An"immunogenic 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
hereof, or immunogenic fragments thereof The ter
"immunogenic fragment" means a fragment of a protein
which includes one or more ep apes and thus elicits
the immunological response against the relevant
pathogen. Such fragments can be identified using any
number of epitope mapping techniques that are well
known in the art. See, e.g., Epitope Mapping
Protocols in Methods in Molecular Biology, Vol 66
(Glenn E. Morris, Ed., 1996) Iiimana Press, Totowa, -
(The teachings and content of which are incorporated
by reference herein.) For example, linear epitopes
may be determined by e g. concurrently synthesizing
large numbers of peptides on solid supports, 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 in, e.g., .U.S. Patent No. 4,708,871;
Geysen et al, (1984) Proc. Nati Acad Sci. USA
8113998-4002; Geysen et al. (1986) Melee. Immunol,
231709-  



WO 2007/140244PCT/US2007/069646 715. (The teachings
and content of which are incorporated by reference
1in, ) Similarly, conformational epitopes are readily
identified by determining spatial eonfbrrnanon of
amino acids such as by, e.g., x-ray crystallography
and 2-dimensional nuclear magnetic resonance. See, e
0 Epitope Mapping Protocols, supra. Synthetic
antigens are also included, within the        n for
example, polyepitopes flanking epitopes,. arid other
re.....ombinant or synthetically derived antigens.
See, e.g., Bergmann et al. (1993) Ear J. Immunol
23:27772781: Bergmann et at (1996). J. Immunol.
157:3242-3249; Suhrbier, A. (1997), immunol. and Cell
Biol. 75:402-408; Gardner et al., (1998) 12th World
AIDS Conference, Geneva, Switzerland, June 28-July 3,
1.998. (The teachings and content of which are
incorporated by 10reference herein.) Suitable i,.
thirace/tularis antigens include, but are notkd to
those described in EP   1219711; US 6,605,696; WO
96/39629; W097/20050; WO 00/69903, WO 00/69904; WO
00169905; WO 00169906; WO 02/38594; WO 02/26250; WO
03/006665; WO 04/033631; 15 WO 05/026200; and WO
051011731. Thus vaccine for use in accordance with
the present invention includes any L. t cellanris
antigen as described above which elicits or is able
to elicit an immune response against L.
iniracettutarts. Preferably, said vaccine provides at
least increased protection against L.
20intracellulart, 



Thus according to a further aspect, the present
invention relates to a method of vaccinating a young
animal against !h (infections comprising the step of
administeting to said  WO
2007/140244PCT/US2007/069646 young animal aging from
day one (1) of age, an effective dose of L. mis
antigen, wherein the Lintracellularis antigen is
selected from the group consisting of live modified
L. iniracci/uiariN bacteria, killed L. bacteria, or
one or more sub-units of L intracellutarts bacteria.
Preferably, the vaccine comprises modified live T..
intracaularis bacteria. More preferably, the vaccine
is Enterisole Ileitis 83903 (Boehringer Ingelheim
Vetmedica., As mentioned above, preferably the
vaccination-at day I 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 age, even more
preferably at day I to day 8.of age, even more
preferably at day 1 to day 7 of age, preferably at
day 1 to day 6 of age, even more preferably at day 1.
to day 5 of age, 10 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 I or 2 of age,
and most preferably at day 1 of  According to another
aspect, the present invention provides a method for
vaccinating a animal - against L.i1". infections,
comprising the step of administering to said animal
an 15 effective dose of is antigen, wherein said
animal has s 'ed to a detectable
anti-LintriKiettii/oris antibody titre, preferably of
at least 1:4, more preferably of more than 1: .16,
even more preferably of niece 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, and
wherein the L.infraceliuiaris antigen is selected
from the group consisting of 20live modified L.
intracellularis bacteria,killed L. intracellztiarLc
bacteria or one or more sub- units of L
.intracellularis bacteria. Preferably, the vaccine
comprises modified live L.           a is bacteria.
More preferably, the vaccine is Enterisol(r) Ileitis
B3903 (Boehringer Ingelheim Vetmerlica, Inc.),
Moreover, those antibodies are preferably maternally
derived 



WO 2007/140244PCT/US2007/069646 antibodies: Even,
more preferably, those antibody titres are present
that nmal at the day of \accination According to
another aspect, the present invention provides a
method for vaccinating a young animal against
L.thtrucelklaris infection, comprising the step of
administering to said young animal an effective dose
of L. lea eliztlaris antigen, wherein sai.d young
animal has or is exposed to a detectable
anti-kintracellularis 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 m1:512, most
10preferably of more than 1:1024 per mi,_and wherein
the J..intraceth4/wt antigenis selected from the
group consisting of live modified. L. intracelhilaris
bacteria, killed L. iniracellularis bacteria. or one
or more sub-units of L/ads bacteria. Preferably, the
vaccine comprises modified live L intracs bacteria.
More preferably, the vaccine is Enterisol(r) Ileitis
83903 (Boehringer Ingelheim Vetmedica,Moreover,those
antibodies are preferably maternally
antibodies. Even more preferably, those antibody
titres are present in that animal at the day of
vaccination. Preferably, said young animal is between
I day of age to 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 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 20  1 day
of age to 6 days of age, even more preferably between
1 day of age to 5 days of age, even - more preferably
between I. day of age to 4 days of age, even more
preferably between 1 day of age to 3 days of age,
even more preferably I or 2 day(s) of age, and most
preferably 1 day of age 



WO 20071140244PCT/US20071069646 According to a
further aspect, the present invention relates to a
method of vaccinating a young animal against L
intracellutoris infections comprising the step
administering to said young animal starting from day
an (I) of age a dose of about 3.0 ItI050 to about 6.0
TOD30 of the live modified L infrocelhdaris bacteria.
Preferably, said bacteria is that included in the
vaccine Enterisol(r) lieit.is B3903 (Boehringer
ingelheim Vetmedica, Inc.). As mentioned above,
preferably the vaccination occurs at day Ito day 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 day Ito day 8 of age, even More
preferably at day 1. to 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 clay 4 of age, 10 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 I of age. According to a further aspect, the
present invention, relates to a method of vaccinating
an animal against intracethdaris infection,
comprising the step of administering to said animal a
dose of 15 about 3.0 TCID56 to about 6.0 TC.1Dmi of
the live modified L. imracellularis bacteria, wherein
said animal has or is exposed to a dettable
anti-Liniraceiiulartc antibody titre, preferably of
at /east 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,
Preferably, said bacteria is that 20included in the
vaccine Enterisol &Ileitis 133903 (Boehringer
Ingelheim Vetmedica,      ling to a fu her aspect,
the present invention relates to a method of
vaccinating young animal against L. ineraceliularis
infections comprising the step of administering to
said young  WO 2007/140244PCT/US2007/069646 animal a
dose of about 3.0 TelD50 to about 6.0 TCID50 of the
live modified L. iniratelhdari, bacteria, wherein
said young animal has or is exposed to a detectable
anti- rrwellotaris antibody tfl'e, preferably of at
least 1:4, more preferably of more than 1:16, even
more preferably of more a 1:64, even more prefel ably
of more than 1:128, even more preferably of 1:256,
more preferably of more than 1:5 and most preferably
of more than 1:1024 per mi. Preferably, said bacteria
is that included in the vaccine Enterisolg ileitis
133903 (13oehringer innetheim Yennedica, Inc). As
mentioned above, 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 flare preferably at day 1 V. day 8 of
ant even more preferably at day 1 to day 7 of 10 age,
even more preferably at day 1 to day 6 of age, even
more preferably at day 1 to dayS of age, even more
preferably at day 1 to day 4 of age, even more
preferably at day 1 to day 3 of even more preferably
at day 1 or 2 of age, and most preferably at d 



According to a further aspect, the present invention
relates to a method of vaccinating a young 15animal
againsceflulartc infection, comprising the step of
administering to said yo C. animal, starting from day
one (1) of age, an effective dose off.
iniratelhilaris antigen,wherein the young animal is
L. infra-celled .s and anti-L, intracelhilaris
maternal antibody tie mentioned above, 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 da3. I to day 9 of age, even more
preferably at 20 day 1 to day 8 of age, even more
preferably.at day 1 to day 7 of age, n more
preferably at day 1 to day 6 of age, 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 more
preferably at day 1 or 2 of tine, and most preferably
at day I of age.  WO 2007/140244PCT/US2007/069646
According to a further aspect, the present invention
also relates to a new medicinal use of an L. migen
for the preparation of medicpreferably a vaccine
composition, for the vaccination ofstarting at day
one (1) of age against L.acelhilaris 5  infections,
wherein sai.d young animal s vaccinated at day one
(1) of age or older with an effective dose of said
I,. trace/Maris antigen. 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 9o1 age, even more preferably at day to day 8
of age, even more preferably at day Ito day 7 of age,
even more preferably at day 1 to day 6 of age, even
more preferably at day 1 to d 10 even more preferably
at day I to day 4 of age, evenpreferably at day 1 to
dage, even More preferably at day 1 or 2 of age, and
Most preferably at day I of age. According oa further
aspect, the present invention also elatesnew
medicinal use of an L. he preparation medicament,
preferably a vaccine composition, for 15  the
vaccination of an animal. against L inrracellu/ari5
infection., wherein said animal has or is exposed to
a detectable anti -L.Inxrace/Iularis 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 o.
ititracellniaris antigen for the preparation of
medicamern, preferably a vaccine composition, for the
vaccination of a young animal against L. inlaris
infectionwherein said young animal  WO
2007/140244PCT/US2007/069646 has or is exposed to a
detectable anti-Lit 7C'iS antibody titre, preferably
of at least 1. A, more preferably of more than 1:16,
even more preferably -if more than 1164, 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 mi.
Preferably, the vaccination occurs 5 at day / to day
20 of age, more preferably at day l to day 10 of age,
even more preferably at day I to day 9 of age, even
more preferably at day Ito day 8 of age, ten more
preferably at day I to day 7 of age, even more
preferably at day I to day 6 of age, even more
preferably at day 1 to day 5 of age, even ore
preferably at day 1 to day 4 of age, even more
preferably at day Ito day 3 of age, even more
preferably at or 2 of age, and most preferably at day
1 of age 10 According to a further aspect of said
medicinal uses described above, the L.kurace//ularis
antigen is selected from the group consisting of live
modified L. intraceliularis bacteria, killed J.
Icellular's bacteria or one or more sub-units of
J..iu/racel/w/ark bacteria, Preferably, the L 



iS antigen is live modified :L. intracellidaris
bacteria. More preferably, said animals are
administered with se of about 3,0 TC,ID50 to about
6.0 TCI.Dyl of the live modified L. intracellularis
bacteria. The manufacture of vaccine compositions
comprising a L inn-acantigen 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 compisedaid composition (see
also Rez.,:ton's Pharmaceutical Sciences. (1990).
18th S. Mack Publ., 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  e,g saline or corresponding
plasma protein solutions, are readily available. The
vaccine compositions may be present as lyophylisates
or dry preparations, which can be . reconstituted
with a knowi injectable solution directly before use
under sterile conditions, e,g. as a kit of parts. In.
addition, the immunogenic and vaccine com.posuions of
he present invention can nclude one or more veted
nacceptable carders. As used herein "a
veterinary-acceptable carrier" includes any and
allvents, dispersion media, coatings, adjuvants,
stabilizing agents,      diluents, preservatives
antibacterial and antitimgal agents, isotonic agents,
adsorption 10delaying agents, and. the like. 



"Diluents" can include water, saline, dextrose,
ethanol; &yccroL and the like. Isotonic agents can
include sodium. chloride, dextrose, mannitol;
sorbitol, and lactose, among others. Stabilizers
include albumin and alkalisalts of
ethylendiamintetracetic acid, among others. 15
'Adjuvants" as used herein, can include aluminum
hydroxide and aluminum phosphate, saponins e.g., Quil
A, QS-21. (Cambridge Biotech Inc., Carnbridge MA),
GPI-01.00 (Galenica Pharmaceuticals, Inc.,
Birmingham, AL), water-in-oil emulsion, emulsion,
vate in-oil-in mter emulsion. The emulsion can be
based in particular on light liquid paraffin oil
(European Pharmacopea type); isoprenoid oil such as
squalane or squalene,; oil resulting from the
oligomerization of alkenes, in particular of
isobutene or decene; esters of acids oring a linear
alkyl group, more particularly plant oils, ethyl
oleate, pe glycol. di-(caprylatecaprate),
Wye(-(Caprylatecaprate) or  WO
2007/140244PCT/US2007/069646 propylene glycol
dioleate; and esters of brandied fatty adds or
alcohols, in particular isosmaric acid esters. The s
used in combination with emuisifiers to form the
emulsion. The emulsifiers are preferably nonionic
surfactants, in particular esters of sorbitan, of
mannide (e.g. anhydromannitci deate), of glvcol. of
polyglyceroL of propylene glycol and of oleic,
isosteanc, ricinoleic or hydroxystearic acid, which
are optionally .ethoxylated, and
polyoxypropylene-polyox-yethyle e copolymer blocks,
in particular the Pluronic products, especially
L,121. See Hunter et at, The Theory and Practical
Application of Adjuvants (Ed.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 10by
reference.) For example, it is possible to use the
SPT emulsion described on page 147 of "Vaccine
Design, The Subunit and Adjuvant Approach" edited by
M. Powell and M. Newman, Plenum Press, 1995, and the
emulsion MF59 described on page 183 of thisbook. (The
15teachings 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 methacrylic
acid and the copolymers of maleic anhydride and
alkenyl derivative. Advantageous adjuvant compounds
are the polymers of acrylic methacry ic acid which
20are cross-linked, especially with polyalkenyl
ethers of sugars or polyalcohols, These compounds are
known by the term caibteuropa Vol. 8, No. 2., Inge
19%). Persons skilled in the art can also refer to U.
S. Patent No. 2,909,462 which describes such acrylic
polymers cross-linked with a polyhydroxviated.
compound. having at least 3 hydroxyl  groups,
preferably not more than 8, the hydrogen atoms of at
least three hydroxyls being replaced by unsaturated
aliphatic radicals having at least 2 carbon atoms.
The preferred radicals are those containing from 2 to
4 carbon atoms, e.g. vinyls, allyls and other
ethylenically unsaturated groups. The unsaturated
radicals may themselves contain other substiwents,
such as ,thyl, The products sold under the name
Carbopol Goodrich. Ohio, USA) are particularly
appropriate. They are moss-linked with an allyi
sucrose or with ailyi pentaerythritol. Among them.,
there may be mentioned Carhopol 9741', 9341' and
971P. Most preferred is the use of Cabopol 971.P.
Among the copolymers of maleic anhydride and alkenyl
derivative; is the copolymer EMA (Monsanto). which
are copolynters of maicic 10 anhydride and ethylene.
The dissolution of these polymers in water leads to
an acid solution that will be neutralized, preferably
to physiological pH, in order to give the adjuvant
solution into which the immunogenic, immunological or
vacc.ne composition itself will be porated 15Further
suitable adjuvants ii elude, but are t limited to,
the RIM adjuvant system (Kibi Inc.), Block co-polymer
(Cyax, Atlanta GA), SAF-M (Chiron, Emeryville CA),
monophosphoryl lipid A, Avridine lipid-amine
adjuvant, heat-labile enterotoxin from E. coh
(recombinant or otherwise), cholera toxin. EMS 1314
or muramyl &peptide among many others. 



Preferably, the adjuvaut is added in an amount of
about 100 jig to- about 10 mg per dose. Even, more
preferably, the adjuvant is added in an amount of
about 100 112 to about 10 mg per dose. Even more
preferably, the adjuvant is added in an amount of
about 500 na to about  WO
2007/140244PCT/US2007/069646 5 mg pes dose. Even more
preferably, the adjuvant is added in an amount of
about 750 ug to about 2.5 mg per dose. Most
preferably, the adjuvant is added M an amount of
about 1 mg per dose. The vaccine compositionfurther
include one or more other immuno odulatory agents
such as, e.Jenkins, interferons, or other cytokines.
The vaccine compositions can also include Gentamicin
and Menhiolate. 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 emnprising from about 50 10
ug to about 2000 ua of adjuvant and preferabl.y about
250 ugi nil dose of the vaccine composition. In e
preferred embodiment, the pr ention 5 vaccine
compositions comprising from about 1 ug/ral to about
60 tiatad of antibiotics, and more preferably less
than about 30 tia.1,m1 ofandbiotics. 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 event, it is the amount
sufficient to induce a protective antibody or
cell-mediated immune response against ileitis. 



20The vaccines according to the invention are
generally administered to susceptible animals,
preferably to young piglets andior piglets haying
anti-L/ntrace/h,knls antibodies or being exposed to
acaularis antibodies in one or more doses. Live or
killed vaccine may be administered I or 2 times at 2
to 4 week intervals after the initial vaccination.
For the attenuated,  WO 2007/140244PCT/U52007/069646
ccines, one dose is preferred. Preferably, the first
or singleied at day 1 to day 20 of age, more
preferably at day 1 to day 10 of age even more
preferably ay 1 to day 9 of ago, even more preferably
at day I to day 8 of age, even more preferably at day
I to day 7 of age, even more preferably at day I to
day 6 of age, even more preferably at day I to day
Sal age, even more preferably at day 1 to day 4 of
age" even more preferably at day I to day 3 of age,
even more preferably at day I or 2 of age, and most
preferably at day -I of age, as described above. If a
second administration is desirable or necessary, the
second administration is performed 10 about 1 to
about 4 weeks after the fast administtation of the
vaccine. According to a further aspect,
re.vaccinaxion ra performed in an interval of 3 to 12
months after administration of any previous
vaccination. Administration of subsequent vaccine
doses is preferably done an a 6 month to an annual
basis. in another preferred aspect, animals
vaccinated before the ago , of about 2 to 3 weeks
should be re.yaccinated. Administration subsequent
vaccine doses is 15preferably done on an annual
basis. The present invention is further described in
the following examples which are provided for
illustrative purposes only and are not to be
construed a.s limiting. Indeed, other variants of the
invention will be readily apparent to one of ordinary
skill in 20 



All pullic.ations and patents cited here!corporated
by reference in their entireties.  EXAMPLES Example I
Detection of antibodies specific tot. iatt ate Untat
Ls in colostnim and niak samples from sows c> 1
liner) and gilts (1st litter) Material and Method.
Colostrum sa pie ere taken from 25 sows and 25 guts
within 24 hours after farrowing. Milk samples were
taken in the first and second week of lactation from
the same pigs. 10  Samples were centrifuged twice
with 2000 g for 10 minutes at 4 "C to separate the
fatty porno' f the milk. The watery portion of the
samples was stored at - 20C until analysis. Specific
antibodies against L. inEraceliniariswere detected in
serial 2 fold dilutions. starting o initial dilution
of0 in an IFAT. The IFAT was performed as described
in pIe 5 and elsewhere, with the exception that for
each sample. FITC-labelled anti-swine 15  IgG" IgM
and IgA antibodies were used to detect the different
classes of lg. Parallel blood samples from the sows
and gills were taken within 24 hours after farrowing.
These samples were examined in the Enterise Ileitis
ELISA 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 EgG, NM. and IRA of different dilutions
in the IFAT. None of the colostrum samples were
negative  examinations. Only one of the colostrum
samples from sows and one from gilts was negative for
IgG, whereas in one sample from gilts and in three
samples from sows, no specific IgM's were detectable.
Eight (8) out of twenty-ft ve (25) samples obtained
from gilts and sows, respectively, scored negative
for IgA specific to L iniracelltdaris. in the milk
samples, obtained a.t the 211d week of lactation,only
two samples from sows scored a titre of 1:20 for
IgCi, whereas one sample from a gilt scored positive
for IgA (1:20). At the 3'1 week of lactation the
samples from one sow and three gilts scored positive
results for IgG at a dilution of 1:20. All other
samples from the 2d and 3'1 week of lactation tested
negative for 104 and IstA. All blood samples taken
from SOWS within 24 h after farrowing were 10
positive in the Enteriscr Ileitis ELISA, Whereas two
out of twenty-five samples obtained from gilt scored
negative results. There 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 gilts,
antibodies of the Ig classes M and A, specific to L e
present. However in milk samples taken one week after
farrowing, only 15MO' celh kris specific antibodies
could be detected in only 6% of the samples. R feren
1. McOrist, S. et al. (2003) Pig I 51, 26-35 202,
Collins, A. M. et al. (2001) Allen D. Leman Swine,
Conference 3, Holyoake, P.K. et al. (1994)3 din
Microbiol 32, 1980-1935, Kruse, RE, (1983) Ann, Rech,
Vet, 14, 349-353 



4, Boilwein, J. (2004) Doctoral thesis, -ELMO, Munich
5. gniLP. et al. (1998) AIVR 59, 722-726,  WO
2007/140244PCT/US2007/069646 Ex Direct mmact of milk
antibodies oi/ar/s during gastro-intestinal passage.
Material and Methods Colostrum samples were taken
from sows and gilis within 24 hours afte birth. Sow
milk samples were taken in the first and second week
of lactation: Samples were centrifuged twice with
2000 g for 10 minutesat 4 `C. to separate the fatty
portion of the milk. The watery portion of the
samples was stored at - 20`C until analysis. Specific
antibodies against 10detected in serial 2 fold
dilutions starting with an initial dilution of 1:20
in an FAT. The [FAT was performed as described in
Example 5 and elsewhere with the exception that for
each sample, FITC-labelled anti-swine IgQ 1gM and
12,A, antibodies were used to detect the different
classes of 1g. Milk samples with different content of
lg were selected on basis of 1FAT esults. A1culture
wa.s 15incubated with different dilutions in
colostrum or sow milk samples at room temperature. 



Each sample was tested twice. The tissue culture
infectious dose (TelD50) of /I              1. -as
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 TC1D50
value, the sample was homogenized by 20 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 DMEM/HAM's F12 medium were
trypsinated and divided on four 96-well microtitre
plates. Serial dilution from 104to le of the samples
were inoculated six tines each on the fresh McCoy
cells. After an incubation of 6 days at a  WO
2007/140244PCT/US20071069646  C under microaerophilic
conditions, cellswere fixed by ice cold ac*nethanot
(50:50, vity). Growth of intracelluktris was detected
by the use Of a specific monoclonal anti Lawsonia
antibody and subsequent labelling by an FITC-labelled
anti-mouse antibody. Each well containing one or more
McCoy cells with 5 or more fluorescent L
intraceihilaris was judged as positive TC11)50 was
determined by the use of the 50% endpoint formula
according to Speannann and Karber (6). Results In
Figure 1 the results from the TCIDso tests and the
IgG, IgA and 1gM titres of colostrum 10 (No. 1-5) and
milk (No, 6-8) samples are summarized. The control
sample of the culture scored, in all experiments, the
expected IGI050 value, In none of the tests the titre
of the L intracellularis changed substantially during
the 4 hour incubation at room temperature Thus, as
shown in this study, maternal antibodies and the sow
milk seem not to be effective tivation of L.
intracelhdaris during gastrointestinal pas References
'I. van Aken, N. et at (2002) PrOC.USA 



2. Kruse, RE. (1983) Ann, Reel), Vet. 14, 349-353
3. Collins, A. M. etal. (2001) Allen 0. Leman Swine,
Conference 204. Holyoake, P.K. eta]. (1994) It Clin
Microbial 32, pp.1980-1985 5. Knittel, J.P. et al.
(1998) .A,IVR 59, 722-726, 6, ,Karber, G. (1931)
Arch. exp. Path. Phartna. 162, 450 7. Mauch, C. H. Y.
and G. Bilkei (2004) Vet. Rec. 155, 532 25  Example 3
Efficacyof vaccination of piglets of one day of age
st L. itis infections Materials and Methods The study
consisted of three experimental groups involving.i1 "
negative and anti-Law sin eta maternal antibody
negative suckling piglets at 1 day olage. On day 0 of
the study, 20 piglets each in group 1 (vaccinates)
received an oral dose of Enterisol vaccine isolate
83903, per label instructions (3). Twenty piglets in
group 2 (controls) 



10 received a placebo consisting of growth medium.
Piglets in all groups were weaned on day 20 of the
study. On day 2 piglets in groups 1 and 2 received an
intestinal homogenate containing 3.5x109 of virulent.
L. tar 2688126S5 via gavage. A. third group of 10
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 15necropsied, Primary
efficacy parameters included gross and microscopic
lesions of the ileum, caecum and colon specifically
caused by L. intracelliikSecondary parameters
included clinical health (behaviour, body condition,
and stool consistency), average daily weight gains,
faecal shedding 'CR), and SCTOCOIIVCISiOil (TEAT)
(1). 20 Results At necropsy (day 42), vaccinates
(grouphad significantly (pic0.0003) less average
gross lesion scores in -the ileum (0.21), caecum 0
and colon (0.0) compared to non-vaccinated, control
pigs (ileum=1.16, caecum=0.42, and colon=
0.16)"Average total intestinal lesion  WO
2007/140244PCT/US2007/069646 length (ileum, caecum
and colon) was significantly (p<0.0001) higher in the
controls 8.89 cm) compared to vaccinated pigs (1.42
cm). Group 3 (strict controls) had an average gross
intestinal lesion score of 0.22 and were considered
normal. Lawsiwria-specific average microscopic lesion
scores in the ileumsignificantly (p<0.02) higher in
the controls (247) compared to vaccinated pi3).
Additionally, the 



total microscopic lesion score (r0.005) and
percentage of IHC positive pigs (9(0.0001) was
siglificantly higher in the controls compared to the
vaccinated group. The control group had nominally
higher mean microscopic lesion. scores and percent
INC positive animals than 10  the vaccinate group in
the mecum and colon (p--0.05). Significantly (r0.05)
more control pigs were PCIR positive 2 weeks after
challenge (day 35) than the vaccinate group. Pigs in
the control group (8/19) shed nominally more L.
intracellularis than those in the vaccinated group
(3/19) on the last day of the study (day 42, p>0.05).
There was no significant (p>0 .05) difference in
average daily weight gains or average clinical scores
between groups I and 2 during the study. Altogether,
the primary efficacy parameters and microscopic
intestinal lesion development) demonstrated that a
single oral dose of Frnerisol*' Ileitis is
efficacious against virulent challenge when
administered to maternal antibody negative,
Lawsonia-naive piglets at I day of age. Non-Lowson
specific iactogenic properties potentially present in
1 colostrum and milk during the suckling period did
not interfere or 20prevent vaccine efficacy against
virulent L., thrraccihdahs challenge exposure in this
study.  Table 1. Rates of L. intracellidaldding Group
Days - ittp0 to 21 PCR positiv Day 35Day 42 KR
positive PR positive PCR positive 



Vaccinates 0119 0/l9 W19" 3119' Challenge      1/19a 



0119' 5119h 8119' Controls     41Strict Controls  019
019 0/9 



a'h Like letters indicate no significant difference
(p<0.05) 4) Strict controls were not statistically
analyzed, * One pig was removed from each group due
to poor health unrelated to L infracelltdaris
References 1. MeOri.st et al. (1993) Infection and
Immunity 61: 4286-4292. 2. Knittel et al. (1998) Am S
Vet Res 59:722-726. 1 Kroll et al. (2004) Am I Vet
Res 65:559-565 10 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 Micro
104: 197-206 15Example 4 EAT for detection and
quantification of i-antibodies Material and Methods: 



Prior to study initiation, 16 healthy, pregnant and
Lce/lu/uris negative sows were 20randomly allocated
into 2 groups; 8 hyperimmunized (Group A) and 8
placebo-administered  controls (Group B). On Day-35
and -14 prior toGroup A was hyperimmunized with
commercially available Enterisce ileitis by direct
oral drench. The administration of the vaccine dose
by tins 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
uninfected McCoy cells suspended in growth medium,
i-lyperininiunization of pregnant sows in Group A was
performed in an attempt to induce a high level of
aternal immunity prior to farrowing. Each pregnant
sow group was housed in separate MOMS, to avoid cross
contamination, and under the sam.e conditions
(temperature, ventilation., and pen Size). Sows in
each room were 10kept in the same pen. Although
efforts were made by the studyto 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 15during 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 21). 



On Day 21, 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 hyperimmunized sows (Group A)
were randomly assigned to Groups 1 through 3 and were
identified as "hyperimmune-deri d" piglets for the
remainder of the study, Piglets derived from trol
sows (Group B) were randomly assigned to Groups 4
through 6 and were identified "placebo-derived"
piglets for the remainder of the study. Groups 1 and.
4 (20 pigs/group, respectively) were given a  single
2 ml dose of Enterisof-' Ileitis by direct oral
drench. Groups 2 and 5 (20 pies/group, respectively)
were given an equivalent dose of placebo. (uninfected
McCoy cells * media). Groups 3 and 6 (10 pigs/group)
were designated "strict negative controls" which did
not - receive a vaccine or placebo treatment and were
not challenge exposed during this study. On Day 22,
after the weaning period, SQVIS were humanely
enthanized and necropsied for evaluations of
intestinal lesion developme.nt due to PE, On Day 42
of the study. Groups 1, 2, 4 and 5 received 1 x io
TOD /dose of heterologous virulent pure culture L.
intratelinlaris isolate N101494 via intragastdc
gavage All piglets were xamined daily 21 -clays post.
challenge for clinical symptoms related to PE; 10
diarrhoea, behavior and body condition and were given
a score of I to 4 dependent on severity (1 =
clinically normal; 4 = severe illness). Pigs were
weighed on Days 21, 42 and 63 of the study to
calculate an average daily weight gain per pig group,
Average daily weight gains (ADWG) were calculated to
analyz"he effects of treatment in relation to normal
growth performance in pigs were initially weighed to
obtain a baseline average 15 group weight prior to
receiving a vaccine or placebo treatment. All groups
were found to be uniform in size (variation of C 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 42 to 63 (necropsy) to
measure the effects of challenge exposure with a
virulent 20pure culture L. ratethilaris. On Day 63 of
the study, all pigs were humanely euthanized and
necropsi d for evaluations of intestinal lesion
development due to FE.  



Results Mcrtemal antibody Lief c
linvson:c.?//riti-rris-specificand IgNI antibodies
were detected in the sera an colostrum of sows in
Group A (hyperimmunized) during the farrowing period
Sixty three percent (5/8 sows) of Group A sows were
serum antibody positive for anti-Lawsonia igG
antibodies while 0% (0/8) of the sows in Group B
(control) were positive at fanowing. In addition
serum lgCt antibodies were detected in piglets
derived from Group A sows only from farrowing (Day 0)
to 5 weeks of age (Day 28), see Fig I. IgN1 were
detected in the olostrum of Group A sows at 50%, 75%
and 12.5% respectively. 10Average antibody
concentrations in the colostrum of Group A sows were
1:1.4 (IgG, range - I to 1:64), 1:10 (IgA, range = 1
to, and 1.4 (181\4, range Ito 1:4). Sows in Group B
did not have any detectable IgM or IRG an "antibodies
in their colostrum during e period. One pig in sow
Group B was positive for IgA at a time of 1:16. 15
filaternal mitection The comparison of unvaccinated,
control pigs in Group 2. (pigs derived from sow Group
A) to Group 5 (pigs from sow Group B) was conducted
to evaluate the potential of maternal protection
against virulent L. Inrrocelluiaris exposure derived
from sows hyperimmunized with vaccine (Group A sow
Average gross and microscopic lesion cores among all
groups are summarized in Table I, Pigs in Group 5
(77%) had a higher percentage of Lowsonia-specific
lesions in the ileum 



and colon than Group 2 pigs (27.5%). Group 2 pigs had
significantly (r0.05) lower  WO
2007/140244PCT/US2007/069646 average gross lesion
scores in the ileum and average microscopic ileum and
colon compared to Group 5 at Day 63 of the study. No
detectable shedding of L. imiaceliularis in the
faeces, by PCR, was evident in either szroup on Days
21 (vaccination) to 42 (challenge) of the study, see
Fig. 3 Groups 2 and 5 were initially faecal PCR
positive beMl Day 49 and remained positiveDay 63
(study termination) with 5% to 25% and 1.5% to 72%,
respectively, of the pigs shedding 14.
iffiraceilu/aris during this time period.
Significantly (p4).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 positivesfound in the ilea of pigs in
Group 5(45%) 10 compared to Group 2 (25%) at Day 63
of the study. Pigs in Group 2 were PCR. negative for
esenteric lymph node and colon, Various PCR positives
were observed in the colon and mesenteric lymph
tissue of Group 5 pigs as mentioned,  in Section 3,4
above. Average weight gain comparisons among all test
groups are summarized in Table 2, 15 Average initial
weights were. 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 (0.40 kg/pig) and 5 (0.41
kg/pig) from Day 21 (vaccination) to Day 42
(challenge). :However, significantly (p<0.05) higher
ADWG was evident in Group 2 pigs (0.46 kg/pig) than
Group 5 pigs (0.40 kg/pig) during the 2 I -day
evaluation period from Day 



2021 (challenge) to Day 63 (study termination) of the
study,  izccitie ifietter in hvpermnnune4end plus The
comparison of pigs vaccinated with EnterisoftGroup 1
to unvaccinated, control pigs in Group 2 wa.s
conducted to confirm that vaccination in the face of
maternal immunity could be accomplished by evaluating
protective immunity against PE after vaccination of
pigs at 3 weeks of age Both groups of pigs were
derived from sowshyperimmunized with vaccine (Group
.A sows). Furthermore, primary and secondary efficacy
parameters were analyzed between vaccine-treated pigs
of Group 1 and Group 4 to detetiiine if vaccine
efficacy is similar against virulent. L.
iniraceilutarLs challenge. Average gross and
microscopic lesion cores among all groups are
summarized in Table 1. 10  Pigs in Group 2 (27.5%)
had a higher percentage of Loosallio-specific lesions
in the ileum and colon than Group I (12,5%), Group 1
pigs had significantly (p<0.05) lower average gross
lesion scores (ileum) and numerically tower average
microscopic (111C) lesion scores (ileum and colon)
compared to Group 2 at Day 63 of the study. In
addition, there were no significant differences among
average gross and microscopic lesion scores or lesion
severity 15in pigs receiving a vaccination (Groups 1
and 4). No delectable shedding of L. iniraceilularis
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 1 pigs were initially faecal PCR
positive on Day 42 (challenge) and remained positive
until -Day 63 (study termination) with 11% to 16% of
the pigs shedding L is during this time period. Pigs
in Group 2 were initially faecal PCR positive on Day
49 and remained positive until Day 63 (study
termination.) with 5% to 25% of the pigs shedding L.
i is during this time period -Pigs in Group 4 were
not PCR positive for Lawson/a DNA until Day 42
(challenge) and remained positive until Day 63 (study
termination) with asing   faecal. shedding - study. A
slightly higher percentagessue PCIR positives were
foundhe ilea of pigs in Group           rnpared to
Group 1(20%) ) at Day 63 (study termination) of the
study. A lower frequency of tissue KR positives was
evident in Group 4(5%) than iroups 1 and 2 at study
termination. No significant differences in PeR
positives were noted among Groups 1 and 2 and Groups
1 and 4 respectively. Pigs in all three groups were
PeR negative for L. intracellular/s in the tonsil,
mesenteric lymph node,and colon. 



10 Average weight gain comparisons among all test
groups are summarized in Table 2. Average initial
weights were uniform among Groups 1 and 2 on Day 21
(vaccina pigs weighing 6.53 and 6.35 kalpig
respectively. lJnifonn average weights were also
observed among Groups 1 and 4 on Day 21(6.53 kg/pig
and 6.44kg/pig, respectively). No significant
differenceAMC; among Groups 1 (0.40 kg/pig) and 2
(0.41 kg/pig) or 15 among Groups I and 4 (0.44
kg/pig) from Day 21 (vaccination) to Day 42
(challenge). Significant differences (p<0.05) in ADWG
were evid.ent in Group / pigs (0,45 kg/pig) compared
to Group 4 pigs (0.51 kg/pig) during the 21 day
evaluation period from Day 21 (challenge) to Day 63
(study termination). No significant differences in
ADWG among Groups 1 and 2. were noted from Day 21 to
Day 63 in this study, 20  WO
2007/140244PCT/US2007/069646 Example S IFAT for
detection and quantification of anti-antibodies SCRIM
sampleslood Of each sow and Rig were tested for the
presence of 11.g.G antibodies against L.
intracellitian uoresk:ence antibody T) using fixed
whole lAniRonla antigen on 96-well polystyrene
microtitre plates and FITC-labeled antibodies
directed against porcine 126 (Knittel et al 1998).
The WA test was modified slightly by using
EEC-labeled antibodies directed apinst porcine 12,M
and 'IgA. This modified procedure was used to detect
these antibodies, in addition to [go, in each sow's
10  colostrum for determining the concentration of
different Lawsonia-specific immunoglobulins. The
colostrum was diluted 2-fold in duplicate in PBS and
transferred (1000/well) to two sets of Lrnv,svnia
coated 96-weft, plates as mentioned above. The
inoculated plates were allowed to incubate for 30
minutes at 37T and were then washed 3 times with PBS.
An anti-swineFlit-conjugated antibody (Kirkegaard and
15Perry Laboratories, Inc) previously diluted 200 In
PBS was added to the plates and then, 



incubation and wash steps were repeated. The titre of
each specific anti-Lawsonia antibody was detected
using UV microscopy. Percent IFAT positives and mean
tine values for each i rnmunrad obul' re calcukied
for group comparisons to determine the frequency and
the level of IgG, IgN4, and IgA colostrum antibodies
present among sow References 1. Kniftel et al 998) Am
J Vet Res 59:722-726.  CLAIMS: 1) The use of
attenuated modified live L. intracellularis bacteria
for the preparation of a medicament for the
vaccination of a young animal against L.
intracellularis infections or of an 5animal having
anti-L. intracellularis antibodies, wherein said
animals are vaccinated with an effective dose of said
L. intracellularis antigen at day 1 to day 9 of age.
2) The use according to claim 1, wherein said animals
are vaccinated at day Ito day 6 of age. The use
according to claim 1 or 2, wherein said animals are
vaccinated at day 1 or 2 of age. 5 4) The use
according to any one of claims 1 to 3, wherein said
animals have a detectable antiL.intracellularis
antibody titre of at least 1:4 per ml serum or fluid.



5) The use according to any one of claims 1 to 4,
wherein said animals have a detectable anti-10L.
intracellularis antibody titre of at least 1:64 per
ml serum or fluid. 6) The use according to any one of
claims 1 to 5, wherein said young animal is
administered with a dose of about 3.0 TC1D50 to about
6.0 TCID50 of the live modified L. intracellularis
bacteria.  7) The use according to any one of claims
1 to 6, wherein said animals are birds, fishes, and
mammals such as cattle, pigs, horses, and primates.
58) The use according to claim 7, wherein said
animals are pigs. 






