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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] Disclosed are improved vaccination methods for immunization against porcine proliferative enteritis, known as
ileitis, which is caused by an obligate intracellular bacterium Lawsonia intracellularis (Lawsonia or L. intracellularis).
Specifically, disclosed are methods for providing increased protection against L. intracellularis by vaccinating pregnant
sows; by vaccinating pregnant sows and then subsequently vaccinating their young piglets within about three weeks
after birth; and by vaccinating young piglets within 25 or 26 days of birth, respectively.

Description of the Prior Art

[0002] Porcine proliferative enteritis (PPE), is a naturally occurring disease that can affect pigs from weaning to young
adult stage. It has been established that the causative agent is Lawsonia intracellularis, an obligate intracellular, gram-
negative 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 et al., Infection and Immunity, Vol. 61, No. 19, 4286-4292 (1993)
and G. Lawson et al., J. of Clinical Microbiology, Vol. 31, No. 5, 1136-1142 (1993) discuss cultivation of L. intracellularis
using IEC-18 rat intestinal epithelial cell mono layers in conventional tissue culture flasks. In U.S. Patent Nos. 5,714,375
and 5,885,823 cultivation of L. intracellularis in suspended host cells was described.
[0003] Pathogenic and non-pathogenic attenuated bacteria strains of L. intracellularis are well known in state of the
art. For example, WO 96/39629 and WO 05/011731 describe non-pathogenic attenuated strains of L. intracellularis.
Further attenuated bacteria strains of L. intracellularis are known from WO 02/26250 and WO 03/00665.
[0004] 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 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. The gut thickening ultimately prevents 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 observed, most notably in pigs 6-20 weeks of age. However, the presence of L. intracellularis
has been confirmed (by PCR) in recently weaned pigs (3-4 weeks of age), suggesting L. intracellularis exposure occurs
in the nursery and perhaps, originates from Lawsonia-positive dams (Mauch and Bilkei (2004) Vet Rec 155: 532; Marsteller
et al. (2003). Swine Health Prod 11:127-130; Stege et al. (2004). Vet Micro 104: 197-206). These observations underline
the importance for incorporating prevention strategies such as vaccination earlier in the production system. Walter et al
2004 (J. of Swine Health Prod. 12(6): 310-313) discloses the vaccination timing for Lawsonia intracellularis.
[0005] Current vaccination strategies for immunization against ileitis involve oral administration of the vaccine to
Lawsonia-naïve pigs from only three weeks of age and older, because piglets below this age group could have maternal
antibodies positive for L. intracellularis due to previous sow exposure or vaccination. Prior to the methods as described
herein 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 begin secreting its own antibodies. Therefore, vaccination of
young piglets has been avoided in the face of maternal immunity.

SUMMARY OF THE INVENTION

[0006] The present invention overcomes deficiencies of the prior art and provides use of an effective amount of
Lawsonia intracellularis antigen for the preparation of a medicament for providing increased protection against Lawsonia
intracellularis infection in a young animal by a method, wherein

(a) the mother of said young animal is to be vaccinated with said medicament while said mother is pregnant with
said young animal and
(b) said young animal is to be vaccinated with an effective dose of said medicament within three weeks of age,

wherein said young animal being a piglet, and, wherein said antigen being a modified live Lawsonia intracellularis bacteria.
[0007] Disclosed is a method of administering an immunologically effective amount of vaccine to sows, and/or young
piglets within weeks after birth, in order to immunize them against ileitis. It was discovered that the transfer of maternal
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immunity from a Lawsonia-vaccinated or exposed sow to piglet provides some protection against ileitis in piglets for at
least 6 weeks after birth. Unless vaccinated however, they quickly become susceptible to the disease. It has been
demonstrated that use of the vaccine in pregnant animals at high doses, after repeated doses, and even when admin-
istered during the second or third stages of gestation was surprisingly safe and effective for providing maternal immunity.
[0008] Disclosed is a method for the vaccination of pregnant animals (preferably pigs) against L. intracellularis infec-
tions, wherein said pregnant animals are vaccinated with L. intracellularis antigen. Further, the vaccination with high
doses and/or repeated doses of L. intracellularis antigen is disclosed. Furthermore, disclosed is a method for the vac-
cination of pregnant animals (preferably pigs) against L. intracellularis infections, wherein said pregnant animals are
vaccinated during the second or third stages of gestation, preferably those pregnant animals are vaccinated with high
doses and/or repeated doses of L. intracellularis antigen.
[0009] Disclosed is a method of vaccinating pigs against ileitis by administering a Lawsonia vaccine to a pregnant
sow at least one time before farrowing, preferably two times before farrowing and most preferably three times prior to
farrowing ("repeated doses"). Preferably, the pregnant sows are vaccinated with high doses of the L. intracellularis
antigen. When the vaccine is administered to the sow three times, the first administration should occur between 50 and
60 days before farrowing, preferably between 52 and 58 days before farrowing, and most preferably between 54 and
56 days before farrowing. The second administration should occur between 30 and 40 days before farrowing, preferably
between 32 and 38 days before farrowing, and most preferably between 34 and 36 days before farrowing. The final
administration should occur between 10 and 20 days before farrowing, preferably between 12 and 18 days before
farrowing, and most preferably between 14 and 16 days before farrowing. After the sow gives birth, the vaccine is then
administered to each of the piglets, after they are weaned up until slaughter, but preferably before they reach three
weeks of age, in any case, at least within 10 to 25 and 26 days of age, respectively (preferably between 16 to 26 days
of age), more preferably between 10 to 21 days of age, even more preferably between 15 to 21 days of age, and most
preferably between 19 and 21 days of age. Preferably, the vaccine is administered to each of the piglets before 26 days
of age, preferably between 16 to 26 days of age, more preferably between 18 to 24 days of age, still more preferably
between 19 to 22 days of age, and most preferably at 21 days of age.
[0010] Disclosed is a method for vaccinating pregnant sows as well as the farrowed piglets. Preferably, the pregnant
sows and farrowed piglets are vaccinated as described above.
[0011] It was further discovered that maternal immunity, unexpectedly, does not interfere with successful vaccination
of the piglets shortly after birth, and in fact, piglets vaccinated within about three weeks after birth, as described herein,
have reduced gross pathology associated with the disease compared to non-vaccinated piglets.
[0012] Thus, a method for the vaccination of young animals (preferably young piglets) within about three weeks after
birth against L. intracellularis infections is disclosed. Preferably, those young animals (preferably young piglets) are
vaccinated within days 21 65 of age. Even more preferably, those young animals (preferably young piglets) are vaccinated
within days 10 to 25 and 26, respectively of age. Even more preferably, those young animals (preferably young piglets)
are vaccinated within days 10 to 21 of age. Even more preferably, those young animals (preferably young piglets) are
vaccinated within days 12 to 21, respectively of age. Even more preferably, those young animals (preferably young
piglets) are vaccinated within days 15 to 21 of age, most preferably within days 19 to 21 of age. Preferably, the vaccine
is administered to each of the piglets before 26 days of age, preferably between 16 to 26 days of age, more preferably
between 18 to 24 days of age, still more preferably between 19 to 22 days of age, and most preferably at 21 days of
age. The vaccine for use can be any vaccine which provides protection against L. intracellularis. Preferably, the vaccine
is a live virus L. intracellularis vaccine. More preferably, the vaccine is Enterisol® Ileitis B3903 (Boehringer Ingelheim
Vetmedica, Inc.).
[0013] The vaccine is administered to animals, preferably mammals, and still more preferably pigs, in any conventional
manner, most preferably through oral drench.
[0014] 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 and/or cell-mediated immune response against ileitis. Proper dosage is determinable by
means known in the art without undue experimentation, and will most often be contingent upon the particular vaccine
utilized. In many cases, a suitable dosage ranges from 0.1 ml to 10 ml, and preferably from about 1ml to 5ml. In the
case of Enterisol® Ileitis, the dosage is preferably at least 2ml per pig. Dosages can also be calculated on a dry weight
basis per weight of the pig for non-aqueous vaccinations.
[0015] The studies set forth in the examples below were conducted to evaluate vaccine efficacy in pigs derived from
Lawsonia intracellularis-exposed and Lawsonia-negative sows. Furthermore, the studies evaluated whether there was
any maternal interference resulting from vaccination of piglets at three weeks of age.

DETAILED DESCRIPTION OF THE INVENTION

[0016] The term "vaccination" or "vaccinating" as used herein means, but is not limited to, a process which includes
the administration of an L. intracellularis antigen to an animal, wherein said L. intracellularis antigen, when administered
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to said animal elicits or is able to elicit an immune response in said animal against L. intracellularis.
[0017] The term "animal" as used herein, means but is not limited to, birds, fish, and mammals such as cattle, pigs,
horses, and primates. However, preferably, the animal is a pig, preferably a piglet between 10 to 25 and 26 days of age,
respectively, preferably between 10 to 21 days of age, even more preferably between 15 to 21 days of age, and most
preferably between 19 and 21 days of age. Preferably, the piglet is less than 26 days of age, preferably between 16 to
26 days of age, more preferably between 18 to 24 days of age, still more preferably between 19 to 22 days of age, and
most preferably 21 days of age.
[0018] The term "an effective dose" or "efficacious 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 of L. intracellularis
antigen is administered.
[0019] 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 vaccine of interest. Usually,
an "immune response" includes but is not limited to one or more of the following effects: the production or activation of
antibodies, B cells, helper T cells, suppressor T cells, and/or cytotoxic T cells and/or yd T cells, directed specifically to
an antigen or antigens included in the composition or vaccine of interest. Preferably, the host 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, including a reduction
in severity, or lack of the symptoms associated with host infections as described above.
[0020] 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 109 of the bacterium per dose,
preferably, about 104 to about 108 of the bacterium per dose, and still more preferably about 105 to about 106 bacterium
per dose.
[0021] In particular, when modified live L. intracellularis bacteria are used in the vaccines, e.g. the bacteria isolates
designated isolate B3903, ATCC accession No. PTA-4926 and designated isolate N34NP40wk, 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 TCID50 (tissue culture infective dose 50% end point)/dose to about 6.0 TCID50/dose and
more preferably about 4.0 TCID50/dose to about 5.0 TCID50/dose. Preferably, the titer of the vaccine is about 4.9 TCID50
/dose as determined by Tissue Culture Infective Dose 50% endpoint dilution assay (TCID50).
[0022] 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 mg/dose, still more preferably with about 0.3 to about 200 mg/dose, even more
preferably with about 0.35 to about 100 mg/dose, still more preferably with about 0.4 to about 50 mg/dose, still more
preferably with about 0.45 to about 30 mg/dose, still more preferably with about 0.6 to about 15 mg/dose, even more
preferably with about 0.75 to about 8 mg/dose, even more preferably with about 1.0 to about 6 mg/dose, and still more
preferably with about 1.3 to about 3.0 mg/dose.
[0023] In general, the quantity of antigen will be between 5 and 5000 micrograms, and between 102.0 and 109.0 TCID50,
preferably between 103.0 and 106.0 TCID50, and more preferably between 104.0 and 105.0 TCID50, when purified bacteria
are used.
[0024] As used herein, the term "high doses" means in general at least the three-fold amount of antigen of a single
dose normally used for the vaccination of adult animals. In particular, the term "high doses" means in respect to live
modified L. intracellularis an amount of at least 3 x 103.0 to 3 x 109.0 TCID50, preferably about 3 x 104.5 to 3 x 106.0

TCID50. In particular, the term "high doses" means in respect to killed L. intracellularis antigen an amount of at least 3
x 104.0 to 3 x 109.0 organisms or bacteria, preferably about 3 x 106.0 to 3 x 108.0 organisms or bacteria. In particular, the
term "high doses" means in respect to any sub-unit L. intracellularis antigen an amount of at least 3 x 0.2 to about 3 x
400 (0.6 to about 1200) mg/dose. In this application, high doses of L. intracellularis antigen was administered to pregnant
sows in order to induce a heightened immunological response in the pregnant sow that would be transmitted to the
offspring and provide some level of immunity to the farrowed piglets.
[0025] As used herein, the term "repeated doses" means the administration of the L. intracellularis antigen of a least
two times, preferably of three times. Examples for a "repeated doses" vaccination regime for pregnant sows are given
above.
[0026] As used herein the term "increased protection" means, but is not limited to, a statistically significant reduction
in severity or frequency of one or more clinical symptoms and/or lesion development which are associated with L.
intracellularis infections (e.g. frequency of cross lesions determined by the method and according to the criteria defined
in Example 1, etc.) in a vaccinated group of animals vs. a non-vaccinated control group of animals. The term "statistically
significant reduction of clinical symptoms" means but is not limited to, that the frequency in the incidence of at least one
clinical symptom and/or lesion development in the vaccinated group of animals is at least 20%, preferably 30%, even
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more preferably 40%, still more preferably 50%, even more preferably 60%, still more preferably 70%, even more
preferably 80%, still more preferably 90%, and most preferably 95% lower than in the non-vaccinated control group after
the challenge with an infectious L. intracellularis bacteria.
[0027] As used herein, the term "L. intracellularis" or "Lawsonia" means the intracellular, curved gram-negative bacteria
described in detail by C. Gebhart et al., Int’l. J. of Systemic Bacteriology, Vol. 43, No. 3, 533-538 (1993) and S. McOrist
et al., Int’l. J. of Systemic Bacteriology, Vol. 45, No. 4, 820-825 (1995), and includes but is not limited to the isolates
described in WO 96/39629 and WO 05/011731. In particular, the term "L. intracellularis" also means, but is not limited
to the isolates deposited under the Budapest Treaty with the American Type Culture Collection, 10801 University Boul-
evard, Manassas, Virginia 20110-2209 and assigned ATCC accession number PTA 4926 or ATCC accession number
55783. Both isolates are described in WO 96/39629 and WO 05/011731, respectively. The term "L. intracellularis" also
means, but is not limited to any other L. intracellularis bacteria strain, or isolate, preferably having the immunogenic
properties of at least one of the L. intracellularis 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 Collection, 10801 University Boulevard, Manassas, Virginia 20110-2209 and assigned ATCC accession
number PTA 4926 or ATCC accession number 55783.
[0028] A strain or isolate has the "immunogenic properties" of at least one of the L. intracellularis strains described in
WO 96/39629 and WO 05/011731, in particular, of the isolates deposited as ATCC accession number PTA 4926 or
ATCC accession number 55783, when it is detectable at least with one of the anti-L. intracellularis specific antibodies,
described in WO06/01294, in an detection assay that is also described in WO06/01294. 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 ELISA as described in Examples 2 and 3 of WO06/12949, whereas antibody 110:9
is used as an capture antibody and antibody 268:29 is used as conjugated antibody. All antibodies disclosed in
WO06/12949 are produced by hybridoma cells, which are deposited at the Centre for Applied Microbiology and Research
(CAMR) and European Collection of Cell Cultures (ECACC)", Salisbury, Wiltshire SP4 0JG, UK, as a patent deposit
according to the Budapest Treaty. The date of deposit was May 11, 2004. HYBRIDOMA CELL LINE 110:9 is successfully
deposited under ECACC Acc. No. 04092204. HYBRIDOMA CELL LINE 113:2 is successfully deposited under ECACC
Acc. No. 04092201. HYBRIDOMA CELL LINE 268:18 is successfully deposited under ECACC Acc. No. 04092202.
HYBRIDOMA CELL LINE 268:29 is successfully deposited under ECACC Acc. No. 04092206. HYBRIDOMA CELL LINE
287:6 is successfully deposited under ECACC Acc. No. 04092203. HYBRIDOMA CELL LINE 301:39 is successfully
deposited under ECACC Acc. No. 04092205.
[0029] The term "L. intracellularis 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 L. intracellula-
ris-caused infection, when administered to an animal. Preferably, said L. intracellularis antigen is a complete L. intrac-
ellularis bacterium, in particular in an inactivated form (a so-called killed bacterium), a modified live or attenuated L.
intracellularis bacterium (a so-called MLB), any sub-unit, polypeptide or component of L. intracellularis, or any chimeric
vector, when each comprises at least an immunogenic amino acid sequence of L. intracellularis. The terms "immunogenic
protein", "immunogenic polypeptide" or "immunogenic amino acid sequence" as used herein refer to any amino acid
sequence which elicits an immune response in a host against a pathogen comprising said immunogenic protein, immu-
nogenic polypeptide or immunogenic amino acid sequence. In particular, an "immunogenic protein", "immunogenic
polypeptide" or "immunogenic amino acid sequence" of L. intracellularis means any amino acid sequence that codes
for an antigen which elicits an immunological response against L. intracellularis in a host to which said "immunogenic
protein", "immunogenic polypeptide" or "immunogenic amino acid sequence" is administered.
[0030] 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 thereof, or immunogenic fragments thereof.
The term "immunogenic 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 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) Humana Press, Totowa, New Jersey. 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. Natl. Acad. Sci. USA 81:3998-4002; and Geysen et al. (1986) Molec. Immunol. 23:709-715. Similarly, conforma-
tional epitopes are readily identified by determining spatial conformation of amino acids such as by, e.g., x-ray crystal-
lography and 2-dimensional nuclear magnetic resonance. See, e.g., Epitope Mapping Protocols, supra. Synthetic anti-
gens are also included within the definition, for example, polyepitopes, flanking epitopes, and other recombinant or
synthetically derived antigens. See, e.g., Bergmann et al. (1993) Eur. J. Immunol. 23:2777-2781; Bergmann et al. (1996),
J. Immunol. 157:3242-3249; Suhrbier, A. (1997), Immunol. and Cell Biol. 75:402-408; and Gardner et al., (1998) 12th
World AIDS Conference, Geneva, Switzerland, June 28-July 3, 1998.
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[0031] Suitable L.intracellularis antigens include, but are not limited to those described in EP 1219711; US 6,605,696;
WO 96/39629; WO97/20050; WO 00/69903; WO 00/69904; WO 00/69905; WO 00/69906; WO 02/38594; WO 02/26250;
WO 03/006665; WO 04/033631; WO 05/026200; and WO 05/011731.
[0032] Thus vaccine for use includes any L. intracellularis antigen as described above which elicits or is able to elicit
an immune response against L. intracellularis. Preferably, said vaccine provides at least increased protection against
L. intracellularis.
[0033] Disclosed is a method of vaccinating a young animal against L. intracellularis infections comprising the step
administering to said young animal within about 3 weeks of age an effective dose of L. intracellularis antigen, wherein
the L. intracellularis antigen is selected from the group consisting of live modified L. intracellularis bacteria, killed L.
intracellularis bacteria or one or more sub-units of L. intracellularis bacteria. Preferably the vaccination occurs between
day 10 and day 26 of age, more preferably between day 12 and day 21 of age, even more preferably between day 15
to day 21 of age, and most preferably between day 19 to day 21 of age. Vaccination preferably occurs before 26 days
of age, preferably between 16 to 26 days of age, more preferably between 18 to 24 days of age, still more preferably
between 19 to 22 days of age, and most preferably at 21 days of age.
[0034] Preferably, the vaccine comprises modified live L. intracellularis bacteria. More preferably, the vaccine is En-
terisol® Ileitis B3903 (Boehringer Ingelheim Vetmedica, Inc.).
[0035] Disclosed is a method of vaccinating a young animal preferably a young piglet, against L. intracellularis infections
comprising the step administering to said young animal starting between day 10 and day 26 of age, more preferably
between day 12 and day 21 of age, even more preferably between day 15 to day 21 of age, and most preferably between
day 19 to day 21 of age, or the young animal before 26 days of age, preferably between 16 to 26 days of age, more
preferably between 18 to 24 days of age, still more preferably between 19 to 22 days of age, and most preferably at 21
days of age, a dose of about 3.0 TCID50 to about 6.0 TCID50 of the live modified L. intracellularis bacteria. Preferably,
said bacteria is that included in the vaccine Enterisol® Ileitis B3903 (Boehringer Ingelheim Vetmedica, Inc.).
[0036] Disclosed is a method of vaccinating a young animal, preferably a young piglet, against L. intracellularis infections
comprising the step administering to said young animal starting between day 10 and day 26 of age, more preferably
between day 12 and day 21 of age, even more preferably between day 15 to day 21 of age, and most preferably between
day 19 to day 21 of age, or before 26 days of age, preferably between 16 to 26 days of age, more preferably between
18 to 24 days of age, still more preferably between 19 to 22 days of age, and most preferably at 21 days of age, an
effective dose of L. intracellularis antigen, wherein the young animal is L. intracellularis and anti-L. intracellularis maternal
antibody negative.
[0037] Disclosed is a new medicinal use of an effective amount of L. intracellularis antigen for the preparation of
medicament, preferably a vaccine composition, for the vaccination of a young animal, preferably a young piglet, between
day 10 and day 26 of age, more preferably between day 12 and day 21 of age, even more preferably between day 15
to day 21 of age, and most preferably between day 19 to day 21 of age, or before 26 days of age, preferably between
16 to 26 days of age, more preferably between 18 to 24 days of age, still more preferably between 19 to 22 days of age,
and most preferably at 21 days of age.
[0038] Disclosed is the medicinal use described above, the L. intracellularis antigen is selected from the group consisting
of live modified L. intracellularis bacteria, killed L. intracellularis bacteria or one or more sub-units of L. intracellularis
bacteria. Preferably, the L. intracellularis antigen is live modified L. intracellularis bacteria. More preferably, said young
animal is administered with a dose of about 3.0 TCID50 to about 6.0 TCID50 of the live modified L. intracellularis bacteria.
The manufacture of vaccine compositions comprising a L. intracellularis antigen are conventional in the state of the art
and known to a skilled artisan. For example the skilled person in the art is able to know additional components which
may be comprised in said composition (see also Remington’s Pharmaceutical Sciences. (1990). 18th ed. 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 known injectable solution directly before use under sterile conditions, e.g. as a kit of parts.
[0039] In addition, the immunogenic and vaccine compositions can include one or more veterinary-acceptable carriers.
As used herein, "a veterinary-acceptable carrier" includes any and all solvents, dispersion media, coatings, adjuvants,
stabilizing agents, diluents, preservatives, antibacterial and antifungal agents, isotonic agents, adsorption delaying
agents, and the like.
[0040] "Diluents" can include water, saline, dextrose, ethanol, glycerol, and the like. Isotonic agents can include sodium
chloride, dextrose, mannitol, sorbitol, and lactose, among others. Stabilizers include albumin and alkalisalts of ethylen-
diamintetracetic acid, among others.
[0041] "Adjuvants" as used herein, can include aluminum hydroxide and aluminum phosphate, saponins e.g., Quil A,
QS-21 (Cambridge Biotech Inc., Cambridge MA), GPI-0100 (Galenica Pharmaceuticals, Inc., Birmingham, AL), water-
in-oil emulsion, oil-in-water emulsion, or water-in-oil-in-water 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
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oligomerization of alkenes, in particular of isobutene or decene; esters of acids or of alcohols containing a linear alkyl
group, more particularly plant oils, ethyl oleate, propylene glycol di-(caprylate/caprate), glyceryl tri-(caprylate/caprate)
or propylene glycol dioleate; esters of branched fatty acids or alcohols, in particular isostearic acid esters. The oil is used
in combination with emulsifiers to form the emulsion. The emulsifiers are preferably nonionic surfactants, in particular
esters of sorbitan, of mannide (e.g. anhydromannitol oleate), of glycol, of polyglycerol, of propylene glycol and of oleic,
isostearic, ricinoleic or hydroxystearic acid, which are optionally ethoxylated, and polyoxypropylene-polyoxyethylene
copolymer blocks, in particular the Pluronic products, especially L121. See Hunter et al., 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). 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 this same book. 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 or methacrylic acid which are cross-linked, especially with polyalkenyl ethers of
sugars or polyalcohols. These compounds are known by the term 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 acrylic polymers cross-
linked with a polyhydroxylated 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 substituents, such as methyl. The products sold under
the name Carbopol ; (BF Goodrich, Ohio, USA) are particularly appropriate. They are cross-linked with an allyl sucrose
or with allyl pentaerythritol. Among then, there may be mentioned Carbopol 974P, 934P and 971P. Most preferred is
the use of Carbopol 971P. Among the copolymers of maleic anhydride and alkenyl derivative, are the copolymers EMA
(Monsanto) which are copolymers of maleic 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 vaccine composition itself will be incorporated. Further suitable adjuvants include,
but are not limited to, the RIBI adjuvant system (Ribi Inc.), Block co-polymer (CytRx, Atlanta GA), SAF-M (Chiron,
Emeryville CA), monophosphoryl lipid A, Avridine lipid-amine adjuvant, heat-labile enterotoxin from E. coli (recombinant
or otherwise), cholera toxin, IMS 1314 or muramyl dipeptide, among many others.
[0042] Preferably, the adjuvant is added in an amount of about 100 mg to about 10 mg per dose. Even more preferably,
the adjuvant is added in an amount of about 100 mg to about 10 mg per dose. Even more preferably, the adjuvant is
added in an amount of about 500 mg to about 5 mg per dose. Even more preferably, the adjuvant is added in an amount
of about 750 mg to about 2.5 mg per dose. Most preferably, the adjuvant is added in an amount of about 1 mg per dose.
[0043] The vaccine composition can further include one or more other immunomodulatory agents such as, e. g.,inter-
leukins, interferons, or other cytokines. The vaccine compositions can also include Gentamicin and Merthiolate. While
the amounts and concentrations of adjuvants and additives useful can readily be determined by the skilled artisan, , the
compositions preferably comprise from about 50 mg to about 2000 mg of adjuvant and preferably about 250 mg/ ml dose
of the vaccine composition. Preferably, the vaccine compositions comprise from about 1mg/ml to about 60 1mg/ml of
antibiotics, and more preferably less than about 30 mg/ml of antibiotics.
[0044] 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.
[0045] Preferably, the L. intracellularis vaccines used for the vaccination of the young animals (preferably the young
piglets) are administered in one or repeated doses. Live or killed vaccine may be administered 1 or 2 times at 2 to 4
week intervals after the initial vaccination. For the attenuated, live vaccines, one dose is preferred. Preferably, the first
or single administration is performed at day 16 to day 26 of age, more preferably at day 18 to day 24 of age, even more
preferably at day 19 to day 22 of age, and most preferably at day 21 of age, as described above, or starting between
day 10 and day 26 of age, more preferably between day 12 and day 21 of age, even more preferably between day 15
to day 21 of age, and most preferably between day 19 to day 21 of age.
[0046] If a second administration is desirable or necessary, the second administration is performed about 1 to about
4 weeks after the first administration of the vaccine. Preferably, revaccination is performed in an interval of 3 to 12 months
after administration of any previous vaccination. Administration of subsequent vaccine doses is preferably done on a 6
month to an annual basis.

EXAMPLES

[0047] The following examples are representative of preferred embodiments of the present invention. It is understood
that nothing herein should be taken as a limitation upon the overall scope of the invention.
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EXAMPLE 1

[0048] This example evaluated the efficacy of a Lawsonia vaccine in three-week old piglets born from Lawsonia-vac-
cinated and non-vaccinated sows and determined whether or not sow vaccination caused maternal immune interference
that prevented a response to piglet vaccination, as measured by a reduction in the induction in disease following virulent
pure culture challenge of both vaccinated and non-vaccinated piglets. The primary study parameters used to measure
efficacy were macroscopic and microscopic lesions of the ileum and colon. Additionally, this example evaluated the
Lawsonia vaccine for safety issues when administered to pregnant sows during the second and third stages of gestation
following single and repeated dose administration.

Materials and Methods

[0049] In a blinded study, sixteen healthy, pregnant, and Lawsonia sero-negative sows were obtained and randomly
divided into 2 groups, A and B, each having 8 sows. Group A received 3 doses of Enterisol Ileitis B3903 by oral drench
on days -55, -35, and -14, in an attempt to induce a high level of maternal immunity prior to farrowing. Group B sows
received a placebo prior to farrowing and served as negative controls. Sows were first fed a non-medicated, commercial
gestation ration prior to being switched to a non-medicated lactation diet. Efforts were made to have uniform conception
and farrowing by all of the sows, however, there was some variation (10 days) in the timing of farrowing. In order to
prevent the variability problems associated with having multiple vaccination and challenge days, the middle of the
farrowing dates was established as day 0 of the trial. All piglets used in the vaccine and challenge portion of the study
were 21 6 5 days of age at the time of vaccination (Day 21). Piglets were first fed a non-medicated starter ration, followed
by a non-medicated nursery ration, followed by a non-medicated grow-finish ration. The serology samples which were
collected from pigs were collected on the actual day of birth, 7 days of age, and 14 days of age, to insure accurate
measurement of maternal antibody, if present. Serology was taken from sows prior to farrowing. Additionally, sows were
necropsied on day 22, their ileum and colon tissues were evaluated for gross pathology, their ileum, colon, mesenteric
lymph nodes, and tonsils were evaluated by PCR, stillborn pigs were tested by PCR, and reproductive litter performance
of the sows was evaluated by recording pigs as live-born, stillborn, or mummies on the day of farrowing.
[0050] After farrowing (at day 21 of the study), 100 healthy piglets were blocked by litter and then randomly assigned
to one of six treatment groups, each of which was housed separately throughout the study. Piglets derived from vaccinated
sows (Group A) were randomly assigned to treatment groups 1-3. Piglets from non-vaccinated sows (Group B) were
randomly assigned to treatment groups 4-6. On day 21, treatment groups 1 and 4, each having 20 piglets per group,
received a 2ml dose (1 X 105.0 log10 TCID50/dose) of Enterisol Ileitis B3903 vaccine by direct oral drench. Treatment
groups 2 and 5, each having 20 piglets per group, received one 2ml dose placebo by direct oral drench. Treatment
groups 3 and 6, each having 10 piglets per group, received no treatment and served as strict controls to validate the
susceptibility of the pig source to Lawsonia infection.
[0051] Three weeks after vaccination (day 42 of the study), test piglets in treatment groups 1, 2, 4 and 5 were challenged
by receiving one 10ml dose (1 X 107.3 log10 TCID50/dose) of virulent low-passage pure culture Lawsonia heterologous
isolate N101494.. by gastric gavage. However, any other infectious wild-type or low passaged L. intracellularis isolate
can be used as challenge bacteria. On day 63 of the study (three weeks post-challenge), all treatment groups (1-6) were
euthanized and necropsied for gross and microscopic lesion analysis for PPE.
[0052] The primary criterion used to determine the efficacy of the Enterisol Ileitis B3903 vaccine in piglets against a
heterologous virulent pure-culture challenge was the observation of lesion development using both macroscopic and
microscopic techniques to evaluate lesions in the ileum and colon. Gross lesions were evaluated in sections of the ileum,
at the ileal/cecal junction, and in the colon at the time of the termination of the study. Intestinal lesions were graded on
their level of severity and additional samples were taken from any infected site of the tissue for PCR, IHC, and H&E
analysis. Lesion severity was determined by the degree of mucosal thickening found within the mucosal lining of the
ileum. A lesion score of 0 indicated no evidence of mucosal thickening, edema, mucosal ridges/folds, or prominence of
serosal reticulation. A lesion score of 1 indicated mild thickening including the presence of small ridges/folds in mucosa,
mild edema of the mucosal wall, and in some cases hyperemia. A lesion score of 2 was equated with moderate thickening
and/or inflammation. It was evidenced by prominent deep ridges/folds in mucosa, moderate edema of the mucosal wall,
reticulation of serosal surfaces, and in some cases, hyperemia. A lesion score of 3 indicated severe thickening and/or
inflammation, evidenced by severe and deep ridges/folds in mucosa, moderate edema of the mucosal wall, reticulation
of serosal surfaces, and again in some cases, hyperemia. A lesion score of 4 indicated severe thickening and/or inflam-
mation and/or the presence of blood. This lesion score was evidenced by severe and deep ridges/folds in mucosa,
moderate edema of the mucosal wall, reticulation of serosal surfaces, again in some cases, hyperemia, and the presence
of bloody contents and/or blood clots. Finally, a lesion score of 5 indicated necrosis evidenced by severe lesions of the
mucosal surface such that the presence of necrosis is present or in some cases the entire mucosal surface is sloughed
or detached due to the severity of the lesion.
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[0053] Microscopic lesions caused by Lawsonia are pathognomic for PPE. Histopathological lesions of the disease
include epithelial hyperplasia, especially in the mucosal crypts with a distinct absence of goblet cells. Lawsonia is usually
found within the proliferating epithelial cells of the mucosal crypt. Sections of ileum approximately 2-4cm long were
placed in buffered formalin for histologic examination using Hematoxylin and Eosin (H&E) and IHC staining methods.
H&E stains detect the presence of crypt hyperplasia caused by Lawsonia infection while IHC stains exploit the specificity
of an anti-Lawsonia monoclonal antibody in confirming the presence of the organism and microscopic lesion development
in affected tissues. The anti-Lawsonia monoclonal antibody specifically detects whole cell Lawsonia by targeting an
outer membrane protein present in all Lawsonia isolates. This monoclonal was derived from the hybridoma cell line
VPM53, developed by researchers at the University of Edinburg, Scotland. The presence of Lawsonia organisms and
microscopic lesion severity as determined by IHC staining of ileal sections were scored with a score of 0 indicating no
proliferative enterocytes (lesions), a score of 1 indicating mild, focal lesions, a score of 2 indicating moderate, diffuse
lesions, and a score of 3 indicating severe, diffuse lesions. With respect to the presence of organisms, the IHC scoring
system scored the presence of no organisms as a 0, the presence of few, focal organisms as a 1, the presence of
moderate, diffuse organisms as a 2, and the presence of severe, diffuse organisms as a 3.
[0054] The secondary criteria of measurements were the observation of clinical symptoms, detection of Lawsonia in
fecal swabs and tissues by PCR, the ADWG and seroconversion (IFAT) due to piglet exposure to Lawsonia.
[0055] Daily health observations were made from the date of the study initiation to the day of challenge for each test
animal. Clinical health parameters, including diarrhea, behavior and body condition, were scored daily from the day of
challenge (day 42) to the day prior to termination (day 62). The score reflected the severity of illness. For diarrhea, a
score of 1 indicated normal feces, a score of 2 indicated semi-solid feces with no blood, a score of 3 indicated watery
feces but without any blood or dark feces, and a score of 4 indicated blood-tinged feces, whether they were loose or
formed. A behavior score of 1 indicated normal behavior, a score of 2 indicated mild to moderately depressed behavior
(will stand alone), and a score of 3 indicated severely depressed or recumbent behavior. A body condition score of 1
indicated a normal body condition, a score of 2 indicated a mild to moderately gaunt body condition, and a score of 3
indicated a severely gaunt body condition.
[0056] Fecal shedding of Lawsonia was evaluated by Ileitis PCR by testing fecal swabs (f-PCR) on days -55, -35, -14,
21, 28, 35, 42, 49, 56 and 63 of the study. Fecal swabs were tested for the presence of Lawsonia DNA in feces using
PCR. Fresh tissue sections were retrieved from each test animal at the termination of the study on day 63. Qualitative
analysis of bacterial content in tissues was evaluated by Ileitis PCR (t-PCR) along with histological evaluation for Lawsonia
in the ileum, colon, tonsils and mesenteric lymph node on day 63 of the study. The PCR assay was developed by Jones,
et al., and it exploits the specificity of two oligonucleotide primers (20 base pairs each) to produce a 319 bp fragment
from Lawsonia genomic DNA. These primers target a previously determined sequence of genomic DNA specific for
Lawsonia. Fragments of DNA produced during PCR are compared to Ileitis-positive and -negative DNA extraction and
PCR reaction controls for confirmation of a "positive" or "not positive" result. The positive DNA extraction control is whole-
cell Lawsonia with infected McCoy cells in 1X Phosphate-Buffered Saline (PBS) (200ml/tube). The negative DNA ex-
traction control is uninfected McCoy cells in 1X PBS (200ml/tube). Ileitis PCR reaction controls consist of Lawsonia
genomic DNA purified from cell culture harvest material (Lawsonia + McCoy cells) while the negative control is RNAse
free water (Amresco, Solon, Ohio). A test sample positive for Lawsonia DNA will produce the identical size DNA fragment
(319 bp) as both Ileitis PCR-positive controls (extraction and reaction) while negative samples will not produce a fragment
of this size. Preparations of extracted DNA from each test sample were obtained using ISO-QUICK DNA extraction kits
(ORCA Research, Inc., Bothell, Washington). PCR results were used to determine shedding of Lawsonia in piglets
vaccinated with Enterisol Ileitis B3903 and/or challenged with the Lawsonia heterologous isolate N101494.
[0057] Weights were measured on the day of vaccination (day 21), the day of challenge (day 42), and on the day of
study termination (day 63) in order to calculate the average daily weight gains (ADWG) of each treatment group. The
ADWG for each group were compared with each other for post-vaccination and post-challenge ADWG. Body weights
were determined using an electronic weigh bar scale system (Weigh-Tronix, Weigh-Tronix, Inc., Fairmont, Minnesota)
calibrated using certified test weights prior to and after each use.
[0058] Serum was tested using Indirect Fluorescent Antibody Test (IFAT) to detect anti-Lawsonia antibodies in test
animals. Venous whole blood in vacutainer tubes from sows on days -55, -35, and -14 and in all test animals at 0, 7,
and 14 days of age, and on trial days 21, 28, 35, 42, 49, 56, and 63 of the study. The blood was allowed to clot before
being centrifuged, and the serum collected and frozen. The IFAT then screened the pig serum for anti-Lawsonia IgG
molecules. Anti-Lawsonia antibodies attach to outer membrane antigens of whole cell Lawsonia, completely covering
the organism which is fixed to the bottom of each well in a 96-well microtiter plate. And anti-IgG FITC-tagged secondary
antibody conjugate was introduced to bind to any IgG-antigen complexes within each well. These FITC-bound complexes
illuminate fluorescent green under ultraviolet light. A positive test sample reveals many bright green, small, curved-
shaped rods resembling Lawsonia, or infected McCoy cells containing numerous Lawsonia. A negative IFAT test sample
shows a dull (faint) green background of McCoy cells. The results ascertained by the IFAT were used to observe a
seroconversion pattern in groups receiving a vaccination and/or virulent challenge indicative of Lawsonia exposure in
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the test animal.
[0059] A TCID50 endpoint assay was conducted on representative samples of each vaccine dose administered to test
piglets on day 21 of this study. Five replicates of representative test samples were diluted ten fold (10-1 to 10-6) pre and
post vaccination and challenge administration in Dulbecco’s Modified Essential Media fortified with Ham’s F12 (DMEM
F12) and 5% heat inactivated Newborn Bovine Serum (NBS) (JRH Biosciences, Lenexa, Kansas). Diluted samples were
tested to determine the amount of live Lawsonia in each test sample. Average titers were calculated from 5 replications
pre and post vaccine and pre and post challenge administration and multiplied by the volume of test material given to
each piglet to determine the total long10 Lawsonia per dose. The total average titers (log10 TCID50/dose) for vaccination
or challenge were determined from the average pre and post (2 titers) titration results.
[0060] Treatment group comparisons were made by analyzing the data of ADWG, both post-vaccination and post-
challenge, clinical scores, seroconversion rates (IFAT), colonization (t-PCR), fecal shedding (f-PCR), gross lesion, and
microscopic lesion development by Imunohistochemistry (IHC).
[0061] Three piglets (one from Group 1 and two from Group 5) died after vaccination, but before the termination of
the study. The piglet from Group 1 was analyzed for Lawsonia infection, but the cause of death was determined to be
shock/septicemia due to high levels of E.coli. The two piglets from Group 5 that died had severe gross and microscopic
lesions typical of Lawsonia infection and the presumptive cause of death was due to Lawsonia.

Results

[0062] Evaluation of the fecal and serum samples collected in this study indicated that no sow in either Group A or
Group B had detectable Lawsonia in its feces or in the ileum or colon. The Group A sows had 5 of 8 animals with
detectable IFAT titers in at least one time point during the study. No sows from Group B had a detectable IFAT titer
during the same time period. These data are summarized below in Table 1.

[0063] All sows were necropsied and evaluated for gross lesions typical of Lawsonia infection. However, no sow was
positive for gross lesions or t-PCR detection.
[0064] Despite the fact that vaccine was administered during both the 2nd and 3rd trimesters of pregnancy, no abnormal
general health observations were recorded for any sow during the clinical trial. Farrowing results between Group A and
Group B sows were also very similar with an average of 9.4 and 7.6 live-born piglets in each group, respectively. The
Group A sows had and average of 1.8 stillborn pigs per litter and no mummies or farrowing mortalities. The Group B
sows had an average of 0.9 stillborn, 0.1 mummies, and 0.1 pigs die at farrowing, per litter. Diagnostic evaluation of
these stillborn pigs indicated they were Lawsonia-negative and within normal losses associated with reproduction. The
serology results were as expected in that non-vaccinated sows remained sero-negative and some sero-positive animals
were noted in Group A. The Group A sows had higher pigs/litter values in comparison to the non-vaccinated controls.
This result indicates that there was no negative effect due to vaccination methods or contents. This data is summarized
above in Table 1.
[0065] Macroscopic piglet lesion development was determined by evaluating and scoring the ileum and colon of each
test animal for gross lesions associated with PPE at the time of the termination of the study. Piglets from Groups 1 and
4 had the lowest ileum scores at 0.16 and 0.15, respectively. These were not significantly different and demonstrate
vaccine efficacy in pigs from both vaccinated and non-vaccinated sows. Groups 2 and 5 had ileum lesion scores of 0.85
and 2.35, respectively. These were significantly different (P<0.05) and indicate that sow vaccination did provide some
level of maternal protection (Group 2) and that the naive animals were sensitive to virulent challenge (Group 5). Groups
4 and 5 also had significantly different ileum scores (P<0.05) and confirm efficacy of the vaccine in naive vaccinated
piglets. The ileum scores of Groups 1 and 2 were also significantly different (P<0.05) and confirm that vaccination of
pigs in Lawsonia-positive sows does provide a significant benefit (P<0.05) beyond maternal immunity. The same trends
and significance were also noted for the ilea samples in terms of the percent positive animals (positive/group total).
Ileum lesions were found in 80% of the pigs of Group 5. In contrast, less than 16% of the animals of both Groups 1 and
4 had ileum lesions.
[0066] With respect to gross lesion scores of the colon and the percentage of positive animals, there was a significant

Table 1: Sow data

Sow Treatment Gross Ileum 
Lesions

Gross Colon 
Lesions

Tissue PCR 
(Ileum/Colon/MLN/ Tonsil)

IFA Average live 
born pigs/litter

A - Vaccinated 0/8 0/8 0/8 5/8 9.4

B - Non-
vaccinated

0/8 0/8 0/8 0/8 7.6
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difference (P<0.05) between Group 4 and Group 5. There were no other significant differences between treatment
groups. The strict controls (Groups 3 and 6) were negative for gross lesions in the ileum and colon and thereby confirm
study validity. Results of this testing are provided below in Table 2.

[0067] IHC and H&E methods were used to evaluate microscopic piglet lesion development. Sections 2-4 cm in length
of tonsil, mesenteric lymph node, terminal ileum, and colon were collected at the termination of the study (day 63) and
placed in 10% buffered formalin for IHC analysis. Lawsonia was not detected by IHC staining of tonsil sections in any
treatment groups at the termination of the study. Lawsonia was detected in 2/20 of the mesenteric lymph node samples
from group 5. All other mesenteric lymph node samples in all other groups were negative and there was no significant
difference between treatment groups relative to mesenteric lymph node testing.
[0068] Groups 1 and 4 had microscopic ileum scores of 0.35 and 0.15, respectively, and were not significantly different.
Group 5 had the highest microscopic ileum score at 2.42 and was significantly (P<0.05) different than both the Group
2 and 4 treatment groups. This demonstrates that there is some level of maternal immunity in Group 2 and that the
vaccine does provide efficacy in naive vaccinated pigs. Evaluation of the percentage of ilea samples with microscopic
lesions indicated that 95% of the pigs in Group 5 had lesions and this group is again significantly (P<0.05) different from
Groups 2 and 4. Group 5 had an average microscopic colon score of 1.35 and 60% of the animals in this treatment
group were positive for Lawsonia lesion detection. This was significantly (P<0.05) more than both the Group 2 and 4
treatment groups. The macroscopic data is summarized in Table 3.

Table 2: Summary of gross lesion scores among treatment groups in pigs

Group Group Treatment Ileum (Pos/Group 
Total)

Ileum Gross 
Score

Colon (Pos/Group 
Total)

Colon Gross 
Score

1 Sow A - Pig 
vaccinated

3/19b 0.16b 2/19 0.26

2 Sow A - Pig 
placebo

9/20b,d 0.85b,d 4/20 0.45

3 Sow A - Strict 
Control

0/10f 0.00f 0/10f 0.00f

4 Sow B - Pig 
vaccinated

3/20e 0.15e 1/20e 0.05e

5 Sow B - Pig 
placebo

16/20d,e 2.35d,e 6/20e 0.80e

6 Sow B - Strict 
control

0/10f 0.00f 0/10f 0.00f

b Group 1 and 2 comparison is significantly (P<0.05) different.
c Group 1 and 4 comparison is significantly (P<0.05) different.
d Group 2 and 5 comparison is significantly (P<0.05) different.
e Group 4 and 5 comparison is significantly (P<0.05) different.
f Group not included in the statistical analysis as indicated in the protocol.

Table 3: Summary of microscopic lesions in pig tissues at the termination of the study

Group Group 
Treatment

ILEUM Average 
Microscopic 
(IHC) Lesion 
Scores

ILEUM (Severity) Pigs 
IHC Positive for Micro-
Lesions/Group Total

COLON 
Average 
Microscopic 
(IHC) Lesion 
Scores

COLON (Severity) 
Pigs IHC Positive for 
Micro-Lesions/Group 
Total

1 SowA-Pig 
vaccinated

0.35 3/20 0.15 2/20

2 SowA-Pig 
placebo

0.70d 6/20d 0.55d 5/20d
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[0069] In order to evaluate piglet fecal shedding of Lawsonia by f-PCR, fecal swabs were collected weekly from all
test animals in each treatment group and tested for the presence of L. intracellularis by Ileitis PCR on days 21, 28, 35,
42, 49, 56, and 63 of the study. On days 21, 28, and 35, piglets in all treatment groups were f-PCR negative for L.
intracellularis. Group 1 piglets were detected as f-PCR positive on day 42 and remained positive until day 63 with 11-16%
of the piglets testing positive during this time period. Group 2 piglets were detected as f-PCR positive on day 49 and
remained positive until day 63 with 5-25% of the piglets testing positive during this time period. Group 4 piglets were
detected as f-PCR positive on day 42 and remained positive until day 63 with 5-25% of the piglets testing positive during
this time period, respectively. Group 5 piglets were detected as f-PCR positive on day 49 and remained positive until
day 63 with 15-72% of the piglets testing positive during this time period. Group 3 and 6 piglets remained f-PCR negative
for the duration of the trial. Chi-square analysis of the data indicates a significant (P<0.05) difference between groups
4 and 5 on days 42, groups 2 and 5 on day 63, and groups 4 and 5 on day 63. The fecal shedding data is summarized
on Table 4.

(continued)

Group Group 
Treatment

ILEUM Average 
Microscopic 
(IHC) Lesion 
Scores

ILEUM (Severity) Pigs 
IHC Positive for Micro-
Lesions/Group Total

COLON 
Average 
Microscopic 
(IHC) Lesion 
Scores

COLON (Severity) 
Pigs IHC Positive for 
Micro-Lesions/Group 
Total

3 SowA-
Strict 
Control

0.00f 0/10f 0.00f 0/10f

4 Sow B - Pig 
vaccinated

0.15e 2/20e 0.05e 1/20e

5 Sow B - Pig 
placebo

2.42d,e 18/19d,e,* 1.35d,e 12/20d,e

6 Sow B - 
Strict 
Control

0.20f 1/10f 0.00f 0/10f

d Group 2 and 5 comparison is significantly (P<0.05) different.
e Group 4 and 5 comparison is significantly (P<0.05) different.
f Group not included in the statistical analysis as indicated in the protocol.
* 1 Sample had severe necrosis and sloughing and could not be read by IHC.

Table 4: Summary of L. intracellularis fecal shedding among pig treatment groups

Groups

1 2 3 4 5 6

Group 
Treatment

Sow A - Pig 
vaccinated

Sow A - Pig 
placebo

Sow A - 
Strict 

control

Sow B - Pig 
vaccinated

Sow B - Pig 
placebo

Sow B - 
Strict 

control

Day 21 0/20a 0/20a 0/10f 0/20a 0/20a 0/10f

Day 28 0/20a 0/20a 0/10f 0/20a 0/20a 0/10f

Day 35 0/20a 0/20a 0/10f 0/20f 0/20a 0/10f

Day 42 3/20 0/20 0/10f 5/20e 0/20e 0/10f

Day 49 2/19a 1/20a 0/10f 2/20a 3/20a 0/10f

Day 56 2/19a 3/20a 0/10f 1/20e 8/19e 0/10f
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[0070] Lawsonia tissue colonization (t-PCR) in pigs was evaluated at the termination of the study (day 63) by PCR
testing of tissue sections of the terminal ileum, colon, tonsil, and mesenteric lymph node. The strict control (Groups 3
and 6) were t-PCR negative for the detection of Lawsonia and thereby confirm the validity of the pig source and study.
All tonsil samples were t-PCR negative. Only the Group 5 colon and mesenteric lymph node samples were positive,
with 5-10% of the piglets testing positive. The ilea samples from Group 1 and 2 piglets had 20% and 25% t-PCR positive
test results, respectively. In comparison, piglets from Groups 4 and 5 had 5% and 45% t-PCR positive test results,
respectively. All ilea samples from Groups 3 and 6 were t-PCR negative. Chi-square analysis indicated no significant
differences between treatment groups in the tonsil, mesenteric lymph node, or colon samples. There was a significant
difference (P<0.05) between Groups 4 and 5 in t-PCR results from the ileum, with Group 5 having the highest percent
positive in the trial. Data from this test is summarized in Table 5.

[0071] ADWG was calculated from the time of vaccination (day 21), to challenge administration (day 42), to the
termination of the study (day 63), and between challenge (day 42) and study termination (day 63). On the day of
vaccination (day 21), there was no significant difference between treatment groups. Similarly, there was no significant
difference following vaccination from day 21 to day 42. Such a result confirms that the vaccine is safe and does not
impact performance as measured by weight gain. Following virulent challenge, there were significant differences (P<0.05)
in ADWG between Groups 1 and 4, Groups 2 and 5, and Groups 4 and 5. Group 5 had the lowest ADWG in the study
at 0.88 lb/day. Chi-square evaluation of the time period from vaccination through challenge and up to the time of study
termination also indicated a significant difference (P<0.05) between Groups 1 and 4 and Groups 4 and 5. This data is
summarized below in Table 6.

(continued)

Groups

1 2 3 4 5 6

Group 
Treatment

Sow A - Pig 
vaccinated

Sow A - Pig 
placebo

Sow A - 
Strict 

control

Sow B - Pig 
vaccinated

Sow B - Pig 
placebo

Sow B - 
Strict 

control

Day 63 3/19 5/20d 0/10f 2/20e 13/18d,e 0/10f

a Overall comparison is not significantly different by Chi-square test.
d Group 2 and 5 comparison is significantly (P<0.05) different by Chi-square test.
e Group 4 and 5 comparison is significantly (P<0.05) different by Chi-square test.
f Group not included in the statistical analysis as indicated in the protocol.

Table 5: Summary of L. intracellularis tissue colonizing among pig treatment groups (positive/group total)

Group Group 
Treatment

Tonsil t-PCR 
positive

Mesenteric Lymph Node 
t-PCR positive

Ileum t-PCR 
positive

Colon t-PCR 
positive

1 Sow A - Pig 
vaccinated

0/20a 0/20a 4/20 0/20a

2 Sow A - Pig 
placebo

0/20a 0/20a 5/20 0/20a

3 Sow A - Strict 
control

0/10f 0/10f 0/10f 0/10f

4 Sow B - Pig 
vaccinated

0/20a 0/20a 1/20e 0/20a

5 Sow B - Pig 
placebo

0/20a 2/20a 9/20e 1/20a

6 Sow B - Strict 
control

0/10f 0/10f 0/10f 0/10f

a Overall comparison is not significantly different by Chi-square test.
e Group 4 and 5 comparison is significantly (<0.05) different by Chi-square test.
f Group not included in the statistical analysis as indicated in the protocol.
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[0072] Clinical observations of the piglets were recorded on a daily basis for each animal from the day of challenge
(day 42) to the termination of the study (day 63). Clinical scores were calculated to obtain an average daily clinical score
which reflected the severity and duration of sickness among treatment groups due to challenge by a virulent Lawsonia
isolate. A score of 3 was indicative of a normal, healthy animal. There were few clinical scores other than "3" in any of
the groups following virulent challenge, and there was not a significant difference between any of the treatment groups.
Average clinical scores for each treatment group are summarized below in Table 7.

[0073] Piglet serological evaluation via IFAT testing for the presence of anti-Lawsonia IgG antibodies was performed
on serum samples that were collected weekly from all test animals. The serum samples were collected on days 0, 7,
14, 21, 28, 35, 42, 49, 56, and 63. Prior to challenge, some piglets in Groups 1-3 were seropositive for Lawsonia, thereby
confirming that some maternal immunity was induced during sow vaccination. In contrast, all piglets in Groups 4-6 were
seronegative for Lawsonia. Piglets in Group 1 had significantly higher (P<0.05) numbers of seropositive animals, as
compared to Group 4, on the day of farrowing and on days 7 and 14. Piglets in Group 1 were also significantly different
(P<0.05) from Group 2 on day 63 of the trial. Group 2 had significantly higher (P<0.05) numbers of seropositive animals,
as compared to Group 5, on days 7, 14, and 28. Maternal antibody detection lasted until day 28 in Groups 1-3. All animals
in Groups 1-3 were seronegative by day 35. Following virulent challenge, there was some seroconversion detected in

Table 6: Average daily weight gains (ADWG) of pigs

Group Group 
Treatment

Average Initial 
Weight (lbs.) on 

day 21

ADWG (day 
21-42) (lbs.) 
Vaccination

ADWG (day 
42-63) (lbs.) 
Challenge

Total ADWG (day 21 to 
day 63) (lbs.) Vaccination 

through Challenge

1 Sow A - Pig 
vaccinated

14.4a 0.90a 0.99c 0.94c

2 Sow A - Pig 
placebo

14.0a 0.88a 1.01d 0/94

3 Sow A - 
Strict control

14.8f 1.01f 1.14f 1.08f

4 Sow B - Pig 
vaccinated

14.2a 0.97a 1.12c,e 1.05c,e

5 Sow B - Pig 
placebo

13.4a 0.90a .088d,e 0.88e

6 Sow B - 
Strict control

14.0f 1.00f 1.10f 1.05f

a Overall comparison is not significantly different by Chi-square test.
c Group 1 and 4 comparison is significantly (P<0.05) different by Chi-square test.
d Group 2 and 5 comparison is significantly (P<0.05) different by Chi-square test.
e Group 4 and 5 comparison is significantly (P<0.05) different by Chi-square test.
f Group not included in the statistical analysis as indicated in the protocol.

Table 7: Average clinical scores of pigs

Treatment Group Group Identification Average Clinical Score

1 Sow A - Pig vaccinated 3.01a

2 Sow A - Pig placebo 3.00a

3 Sow A - Strict control 3.00f

4 Sow B - Pig vaccinated 3.01a

5 Sow B - Pig placebo 3.02a

6 Sow B - Strict control 3.00f

a Overall comparison is not significantly different.
f Group not included in the statistical analysis as indicated in the protocol.
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Groups 1, 2, 4, and 5. There was a significant difference (P<0.05) noted between Groups 1 and 4 on day 56 of the trial.
Seroconversion rates for each group are summarized below in Table 8.

Discussion

[0074] This study evaluated the safety of a Lawsonia vaccine in sows following high-titered, repeated doses of the
vaccine during the second and third stages of gestation, that were intended to induce a high level of maternal antibody
response. There was no Lawsonia detected in the tissues by IHC, t-PCR, or indications of Lawsonia infection as measured
by gross pathology in any of the vaccinated sows. Furthermore, there was no fecal shedding of Lawsonia detected in
any of the vaccinated sows. Finally, vaccinated sows had numerically higher numbers of live-healthy piglets. Accordingly,
all indications are that the vaccine is safe in pregnant animals.
[0075] This complex study involved both Lawsonia-positive (Group A) and Lawsonia-negative sows (Group B), from
which farrowed piglets were subsequently vaccinated (Groups 1 and 4) or not vaccinated (Groups 2 and 5). Piglets in
Groups 3 and 6 served as strict controls and received no treatment or challenge exposure. Analysis of the data and
subsequent conclusions were made by comparing treatment groups that varied by only a single variable (piglet vaccination
or sow vaccination).
[0076] Vaccine efficacy in naive piglets confirms that the pig source was susceptible, and that vaccination of these
piglets provided efficacy against virulent heterologous challenge. This required a comparison of Group 4 (vaccinated)
and Group 5 (non-vaccinated), both of which were derived from Lawsonia-negative sows. The data indicated that Group
4 was significantly different (P<0.05) from Group 5 in average gross ileum scores, average gross colon scores, fecal
shedding (f-PCR), tissue colonization of the ileum (t-PCR) and ADWG. As a side note, this study also confirmed that
Enterisol Ileitis B3903 provides efficacious protection after a single administration. It further confirms and validates that
the source of pigs used in the trial was susceptible to heterologous virulent challenge exposure.
[0077] The comparison of Group 2 (piglets from sow Group A) and Group 5 (piglets from sow Group B) allowed the
evaluation of potential maternal protection derived from sow vaccination. The data indicated that there were significant
differences (P<0.05) between Groups 2 and 5 in average gross ileum scores, average microscopic ileum and colon
scores, fecal shedding (f-PCR), ADWG, and serology. This data also indicated that there was some form of maternal
immunity that provides protection against virulent challenge exposure for at least six weeks after birth. The study further

Table 8: Summary of seroconversion rates among pig treatment groups

Groups

1 2 3 4 5 6

Group 
Treatment

Sow A - Pig 
vaccinated

Sow A - Pig 
placebo

Sow A - 
Strict 

control

Sow B - Pig 
vaccinated

Sow B - Pig 
placebo

Sow B - 
Strict 

control

Farrow 5/20c 3/20 1/10f 0/20c 0/20 0/10f

Day 7 7/20c 4/20d 3/10f 0/20c 0/20d 0/10f

Day 14 5/20c 4/20d 3/10f 0/20c 0/20d 0/10f

Day 21 2/20a 3/20a 2/10f 0/20a 0/20a 0/10f

Day 28 3/20 4/20d 3/10f 0/20a 0/20a 0/10f

Day 35 0/20a 0/20a 0/10 0/20a 0/20a 0/10f

Day 42 0/20a 0/20 0/10 1/20a 0/20 0/10f

Day 49 0/19 0/20 0/10f 2/20a 1/20a 0/10f

Day 56 0/19a,c,* 1/20a 0/10f 4/20a,c 2/19a,* 0/10f

Day 63 0/19a,b,c,* 8/20b 0/10f 5/20 9/18* 0/10f

a Overall comparison is not significantly different by Chi-square test.
b Group 1 and 2 comparison is significantly (P<0.05) different by Chi-square test.
c Group 1 and 4 comparison is significantly (P<0.05) different by Chi-square test.
d Group 2 and 5 comparison is significantly (P<0.05) different by Chi-square test.
f Group not included in the statistical analysis as indicated in the protocol.
* Animal death occurred in this treatment group.
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measured serology (IFA) and found that seropositive piglets could be detected in Groups 1-3 from the day of farrowing
until day 28. On an interesting note, on the day of challenge, all pigs in all groups were seronegative using the IFA assay,
possibly implying that the assay used in this trial does not provide an accurate indicator of immunity against virulent
Lawsonia exposure. Given the nature of the etiological agent as a mucosal pathogen and the use of an avirulent live
vaccine, it is possible that some form of cellular immunity may be a factor.
[0078] Another objective of this study was to determine whether or not efficacious vaccination in the face of maternal
immunity could be accomplished by vaccination of piglets earlier than is conventionally recommended or done. For this
test, efficacious vaccination of piglets 16-26 days of age was confirmed. This determination was made by comparing
Group 1 (piglets vaccinated from sow Group A) and Group 2 (non-vaccinated piglets from sow Group A). The primary
parameters used for the comparison were macroscopic (gross) and microscopic lesions associated with the ileum and
colon. The average gross ileum scores were 0.16 and 0.85 for Groups 1 and 2, respectively, which was significantly
different (P<0.05). The percentage of ilea samples with gross lesions was 16% and 45% for Groups 1 and 2, respectively,
and this was also significantly different (P<0.05). Group 1 piglets also had numerically, although not statistically different,
lower gross colon scores, lower microscopic lesions of the ileum and colon, and less tissue colonization (t-PCR). In total,
this data confirms that vaccination does provide efficacious protection above and beyond maternal immunity alone.
[0079] All but one of the other group comparisons discussed above were based on a single study variable, either sow
vaccination or piglet vaccination, but not both. The comparison between Groups 1 and 5 required the evaluation of the
data in the face of two study variables (sow vaccination and piglet vaccination). It is noted that Groups 2 and 5 were
statistically different (P<0.05) in some parameters and numerically lower in several others. It can be reasonably assumed
that Groups 1 and 5 would be statistically different in most of the study parameters as Groups 2 and 5. In summary,
Groups 1 and 5 were determined to be significantly different (P<0.05) in numerous parameters including the primary
study parameters of gross ileum scores, microscopic ileum scores, and microscopic colon scores.
[0080] Finally, Groups 3 and 6 (the strict control groups) confirmed pig status relative to Lawsonia and validated the
pig sources. These groups were not included in the statistical analysis. All parameters measured and evaluated confirm
these animals were Lawsonia-negative, except for the microscopic lesion scores of a single pig from Group 6, which
was recorded as being Lawsonia-positive. Based on the cumulative data from all other parameters, it is believed that
this was an error.

Claims

1. Use of an effective amount of Lawsonia intracellularis antigen for the preparation of a medicament for providing
increased protection against Lawsonia intracellularis infection in a young animal by a method, wherein

(a) the mother of said young animal is to be vaccinated with said medicament while said mother is pregnant
with said young animal and
(b) said young animal is to be vaccinated with an effective dose of said medicament within three weeks of age,

wherein said young animal being a piglet, and, wherein said antigen being a modified live Lawsonia intracellularis
bacteria.

2. The use of claim 1, said effective dose in step (b) comprising between about 103 to about 109 of Lawsonia intrac-
ellularis bacterium per dose.

3. The use of any one of claims 1 or 2, said effective dose in step (b) comprising between 3.0 TCID50 to about 6.0
TCID50 Lawsonia intracellularis bacterium per dose.

4. The use of any one of claims 1-3, said vaccine being administered to said young animal between 12 and 21 days
after birth.

5. The use of any one of claims 1-4, said vaccine being administered to said young animal between 15 and 21 days
after birth.

6. The use of any one of claims 1-5, said vaccine being administered to said young animal between 19 and 21 days
after birth.

7. The use of any one of claims 1 to 6, wherein in step (b) said young animal is to be vaccinated before said animal
reaches three weeks of age.
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8. The use of any one of claims 1-7, said vaccinating step (b) comprising the administration of a single dose of said
vaccine.

9. The use of any one of claims 1-8, said vaccinating step including the step of administering said vaccine by oral drench.

10. The use of any one of claims 1-9, said mother being vaccinated with repeated doses of vaccine prior to farrowing
said young animal.

11. The use of any one of claims 1-10, said mother receiving three vaccinations with said first vaccination occurring
between 50 and 60 days prior to farrowing said young animal.

12. The use of claim 11, said second vaccination occurring between 30 and 40 days prior to farrowing said young animal.

13. The use of any one of claims 11 and 12, said third vaccination occurring between 10 and 20 days prior to farrowing
said young animal.

14. The use of any one of claims 1-13, said vaccination in step (a) being with a dose of at least 3 x 103.0 to 3 x 109.0

TCID50 live modified Lawsonia intracellularis bacteria.

15. The use of claim 14, said modified live Lawsonia intracellularis bacteria being selected from the group consisting
of ATCC Accession No. PTA-4926, ATCC Accession No. 55783, and combinations thereof.

16. The use of any one of claims 1 to 15, said vaccination of the mother of said young animal occurring during the
second or third stages of gestation of said young animal.

Patentansprüche

1. Verwendung einer wirksamen Menge von Lawsonia intracellularis-Antigen zur Herstellung eines Medikaments für
die Bereitstellung eines erhöhten Schutzes vor Lawsonia intracellularis-Infektion in einem Jungtier durch ein Ver-
fahren, worin

(a) die Mutter des Jungtiers mit dem Medikament zu impfen ist, während die Mutter mit dem Jungtier trächtig
ist, und
(b) das Jungtier bis zu einem Alter von drei Wochen mit einer wirksamen Dosis des Medikaments zu impfen ist,

wobei das Jungtier ein Ferkel ist und wobei das Antigen ein modifiziertes lebendes Lawsonia intracellularis-Bakterium
ist.

2. Verwendung nach Anspruch 1, wobei die wirksame Dosis in Schritt (b) zwischen etwa 103 bis etwa 109 Lawsonia
intracellularis-Bakterium pro Dosis umfasst.

3. Verwendung nach irgendeinem der Ansprüche 1 oder 2, wobei die wirksame Dosis in Schritt (b) zwischen 3,0 TCID50
bis etwa 6,0 TCID50 Lawsonia intracellularis-Bakterium pro Dosis umfasst.

4. Verwendung nach irgendeinem der Ansprüche 1-3, wobei die Vakzine dem Jungtier zwischen 12 und 21 Tage nach
der Geburt verabreicht wird.

5. Verwendung nach irgendeinem der Ansprüche 1-4, wobei die Vakzine dem Jungtier zwischen 15 und 21 Tage nach
der Geburt verabreicht wird.

6. Verwendung nach irgendeinem der Ansprüche 1-5, wobei die Vakzine dem Jungtier zwischen 19 und 21 Tage nach
der Geburt verabreicht wird.

7. Verwendung nach irgendeinem der Ansprüche 1 bis 6, wobei das Jungtier in Schritt (b) zu impfen ist, bevor das
Tier ein Alter von drei Wochen erreicht.

8. Verwendung nach irgendeinem der Ansprüche 1-7, wobei der Impfschritt (b) die Verabreichung einer Einzeldosis
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der Vakzine umfasst.

9. Verwendung nach irgendeinem der Ansprüche 1-8, wobei der Impfschritt den Schritt der Verabreichung der Vakzine
durch orales Einflößen beinhaltet.

10. Verwendung nach irgendeinem der Ansprüche 1-9, wobei die Mutter vor dem Ferkeln des Jungtiers mit wiederholten
Dosen der Vakzine geimpft wird.

11. Verwendung nach irgendeinem der Ansprüche 1-10, wobei die Mutter drei Impfungen erhält, wobei die erste Impfung
zwischen 50 und 60 Tage vor dem Ferkeln des Jungtiers stattfindet.

12. Verwendung nach Anspruch 11, wobei die zweite Impfung zwischen 30 und 40 Tage vor dem Ferkeln des Jungtiers
stattfindet.

13. Verwendung nach irgendeinem der Ansprüche 11 und 12, wobei die dritte Impfung zwischen 10 und 20 Tage vor
dem Ferkeln des Jungtiers stattfindet.

14. Verwendung nach irgendeinem der Ansprüche 1-13, wobei die Impfung in Schritt (a) mit einer Dosis von mindestens
3 x 103.0 bis 3 x 109.0 TCID50 lebende modifizierte Lawsonia intracellularis-Bakterien erfolgt.

15. Verwendung nach Anspruch 14, wobei die modifizierten lebenden Lawsonia intracellularis-Bakterien ausgewählt
sind aus der Gruppe bestehend aus ATCC-Zugangsnummer PTA-4926, ATCC-Zugangsnummer 55783 und Kom-
binationen davon.

16. Verwendung nach irgendeinem der Ansprüche 1 bis 15, wobei die Impfung der Mutter des Jungtiers während der
zweiten oder dritten Stadien der Trächtigkeit mit dem Jungtier stattfindet.

Revendications

1. Utilisation d’une quantité efficace d’antigène de Lawsonia intracellularis pour la préparation d’un médicament destiné
à fournir une protection accrue contre une infection par Lawsonia intracellularis chez un jeune animal par une
méthode, dans laquelle

(a) la mère dudit jeune animal doit être vaccinée avec ledit médicament alors que ladite mère est pleine dudit
jeune animal et
(b) ledit jeune animal doit être vacciné avec une dose efficace dudit médicament jusqu’à l’âge de trois semaines,

ledit jeune animal étant un porcelet, et, ledit antigène étant une bactérie vivante modifiée de Lawsonia intracellularis.

2. Utilisation selon la revendication 1, ladite dose efficace dans l’étape (b) comprenant entre environ 103 et environ
109 bactéries de Lawsonia intracellularis par dose.

3. Utilisation selon l’une quelconque des revendications 1 ou 2, ladite dose efficace dans l’étape (b) comprenant entre
3,0 TCID50 et environ 6,0 TCID50 de bactéries de Lawsonia intracellularis par dose.

4. Utilisation selon l’une quelconque des revendications 1 à 3, ledit vaccin étant administré au dit jeune animal entre
12 et 21 jours après la naissance.

5. Utilisation selon l’une quelconque des revendications 1 à 4, ledit vaccin étant administré au dit jeune animal entre
15 et 21 jours après la naissance.

6. Utilisation selon l’une quelconque des revendications 1 à 5, ledit vaccin étant administré au dit jeune animal entre
19 et 21 jours après la naissance.

7. Utilisation selon l’une quelconque des revendications 1 à 6, dans laquelle dans l’étape (b) ledit jeune animal doit
être vacciné avant que ledit animal atteigne l’âge de trois semaines.
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8. Utilisation selon l’une quelconque des revendications 1 à 7, ladite étape de vaccination (b) comprenant l’adminis-
tration d’une seule dose dudit vaccin.

9. Utilisation selon l’une quelconque des revendications 1 à 8, ladite étape de vaccination incluant l’étape d’adminis-
tration dudit vaccin par administration orale.

10. Utilisation selon l’une quelconque des revendications 1 à 9, ladite mère étant vaccinée avec des doses répétées
du vaccin avant la mise bas dudit jeune animal.

11. Utilisation selon l’une quelconque des revendications 1 à 10, ladite mère recevant trois vaccinations avec ladite
première vaccination survenant entre 50 et 60 jours avant la mise bas dudit jeune animal.

12. Utilisation selon la revendication 11, ladite seconde vaccination survenant entre 30 et 40 jours avant la mise bas
dudit jeune animal.

13. Utilisation selon l’une quelconque des revendications 11 et 12, ladite troisième vaccination survenant entre 10 et
20 jours avant la mise bas dudit jeune animal.

14. Utilisation selon l’une quelconque des revendications 1 à 13, ladite vaccination dans l’étape (a) étant réalisée avec
une dose d’au moins 3 x 103,0 à 3 x 109,0 TCID50 de bactéries vivantes modifiées de Lawsonia intracellularis.

15. Utilisation selon la revendication 14, lesdites bactéries vivantes modifiées de Lawsonia intracellularis étant sélec-
tionnées dans le groupe consistant en le No. d’accession ATCC PTA-4926, le No. d’accession ATCC 55783, et
leurs combinaisons.

16. Utilisation selon l’une quelconque des revendications 1 à 15, ladite vaccination de la mère dudit jeune animal
survenant durant les deuxième ou troisième stades de la gestation dudit jeune animal.
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