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(57) Abréegée/Abstract:
The present invention provides a method of vaccinating a young animal against L. intracellularis infection comprising the step of
administering to said animal an effective dose of L. intracellularis antigen. It also provides a method of vaccinating an animal,

preferably a young animal, having anti-L. intracellularis antibodies or I1s exposed to anti-L. intracellularis antibodies. In particular,
those anti-L. intracellularis antibodies are maternally derived antibodies.
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(57) Abstract: The present invention provides a method of vaccinating a young animal against L. intracellularis infection compris-

ing the step of administering to said animal an effective dose of L. intracellularis antigen. It also provides a method of vaccinating
an animal, preferably a young animal, having anti-L. intracellularis antibodies or is exposed to anti-L. intracellularis antibodies. In
particular, those anti-L. intracellularis antibodies are maternally derived antibodies.
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VACCINATION OF YOUNG ANIMALS AGAINST LAWSONIA INTRACELLULARIS
‘ INFECTIONS
RELATED APPLICATIONS

5 This application claims the pnonty benefit of U.S. Senal No. 60/803,207, filed on May 25, 2006,

BACKGROUND OF THE INVENTION
FIBLD OF THE INVENTION

10 The present iuvention is broadly concerned with improved vaccination methods for
unimunization against proliferative enteritis, known as ileitis, preferably porcine proliferative
tieits, which is caused by an obligate intracetiular bacterium Lawsonia lm‘mcellt;[m'is.
Specifically, the i.ﬁvention provides for a method of providing inc.rease.d p.'rot.ection against L.
infracellularis by vaccinating young anumals starting from day one (1) of age against /L.

1S intracellularis infections, Preferably the voung ani.nia.ls are vaccinated at day | to day 21 of age,
more preferably at day 1 to day 10 of age, even more preferably at day | ahd to day 9 of age,
even more preferably at day 1 to day 0 of age, even more preferably at day 1 or 2 of age, and
hmost‘ preferably at day 1 of age. Specifically, said young animal is a young piglet, preferably a

pre-weaned piglet.

DESCRIPTION OF THE PRIOR ART
Porcine proliferative enteritis, is a naturally occurring disease that can affect pigs from

weaning to young adult stage. 1t has been established that the causative agent is Lawsonia
1
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Imtracellularts. L. intracellularis 1s an obligate, intracellular bactertum which cannot be
cultured by normal bacteriological methods on conventional cell-free media and has been
thought to require cells tor growth. S. McOust et o/, Infection and Immuhity, Vol. 61, No.
19, 4286-4292 (1993) and G. Lawson ¢f al., }. of Cli_n.ica.l Microbiology, Yol. 31, No. 5,
1136-1142 (1993) discuss culivation of L. imtracellularis using IEC-18 rat infestinal
epithelial cell monolayers in conventional tssue culture flasks. In US. Patent Nos.

5,714,375 and 5,885,823, cultivation of L. intracellularis in suspended host cells was

described.

Pathogenic and non-pathogenic attenuated bacteria strains of L. intracellularis are well
known in the art. For example, WO 96/39629 and WQ 05/011731 describe non-pathogenic
attenuated strains of L. intracellidaris. Attenuated bacteria strains of L. intracellularis are

further described in and known from WO 02/26250 and WO 03/00665.

The disease is first characterized by its gross and microscopic pathology, and later by the
demonstration of the mtracellular bacteria within affected cells. The characterizing pathological
teature 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 uitimately 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 gam and decreased food conversion in affected animals. Clinical cases of ileitis are

2
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observed most notably 0 pigs 6-20 weeks ot age. However, the presence of L. imntracellilariy has
been confirmed {(PCR} in recently weaned pigs (3-4 weeks of age), suggesting L. infracellularis
exposure ocours in the nursery and perhaps, originates from Lawsonia-positive dams (Mauch and
Bilker (2004} Vet Rec 1535 5332; Marsteller et al. (2003). Swine Health Prod 11:127-130; Stege

et al. (2004) Vet Micro 104 197.206) These observations underiine the importance for

mcorporating prevention strategies, such as vaccination earhier in the production svstem.

Current vaccination strategies for immunization against leitis mvolve oral administration of the
vaccine to Lawsonia-naive pigs exclusively trom three weeks of age and older, because piglets
below this age group could have maternal anttbodies positive Yor L. iarracellularis due 10

Drevious SOW exposure of vaccination. Prior to the method of the present invention it was

mterfere with the efficacy of vaccinations in such piglets, because the maternal anttbodies have
the ability to neutrabize the vaccine before the piglet’s immune system can recognize 1t and begin
secreting 1ts own antitbodies. Therefore, vaccingtion of young piglets has been avoided m the

face of maternal immumty.

DESCRIPTION OF THE FIGURES

Figure 1 shows the number of colostrum samples postiive i the IFAT for 1gG, IgM and
Igﬁ . wil t
Fig. 2 shows the utre of L. imsracelfi/ariy culture (mean of two titrabions) m sow milk

samples with different Ig content.

tad
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SUMMARY OF THE INVENTION

The present invention 1s based on two surprising observations. First, maternal anisbodies and the
sow mitk do not appear effective for mactivation of [. jutracellularis duning gastroiatestingl
passage. The incubation of L. intracellularis with sow colostrum or milk did not imfluence the
titre of a L. imtracellularis culture over a 4 hour penod of incubation at room temperature. There
was no difference between samples with high or fow g content. Even in a 1:20 dilation {5 % /..
intracellularis culture / 93 % milk), no effect on the titre of the culture was observed. In
conciusion, no divect effect of the any of the tested sow milk samples on the titre of a L.
naracelfnlaris culture was  detected in vitro. However, maternal  tmmumty  agamst L.
intracellularis has been discussed (Holyoake, P.XK. et al. {1994} J Clhin Microbiol 32, pp. 1980-
1985; Mauch, C. H. Y. and G. Bilket (2004) Vet Rec. 135, 532), as voung piglets usually do not
suffer from Heitis. As shown in thas study, maternal antibodies and the sow milk do not appear

effective for mactvation of L. infracellularis durmg gastrointestinal passage.

Second, maternal antibodies and sow milk do not interfere with £, mpracellularis antigen, and
theretore, do not prevent the establishment of active protechon agamnst L. iniracellularis
infections provided by vacomation, In fact, piglets vacamnated at day 1 of age have reduced gross

pathology associated with the disease compared to non-vaccinated mglets.

Thas present mvention overcomes deficiencies of the prior art and provides novel methods tor
providing ncreased protection of amimals against tleitis (L. mdracelhdaris infections).  In
particular, the present mvention provides a method of vaccinating a yvoung animal agamst /.

ﬁ.-'c

mtracelfnlariy itections comprising the step of admumistering to sasd voung animat an effective
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dose of L. imracelhidariy antigen. Preferably, sard voung antmal 1s one {1} dav of age or older.
voung animal having or 15 exposed to anti-L.infracelluloris antibodies, in particular, maternally
dertved anti-£L. intracelfularis antibodies, against L.intracellularis wnfections, comprising the step
of administering to said young animal an etfective dose of L. mafracellularis antigen. Preferably,

said voung amimal s one (1) day of age or older.

According 1o another aspect, the present invention provides a method for vaccinating an animal

having or is exposed to anti-L.intracelluiarts antibodies, in particuiar matemally dertved anti-

L.imtracethdlaris  antibodies, against L.nfraceltuloris infections, comprising the step of

administering to said animal an effective dose of L. iniracellularis antigen.

The term “vaccination”™ or “vaccinating” as used herein means, but 18 not himtted {0, a process
which includes the admunistration of an L. iniracellpiaris antigen 1o an animal, wheretn said £.
intracellularis antigen, when administered to said anymal, elicits or 1s gble to ehicy, an immune

response 1n sard antmal against L. infracellularis

The term “animal” as used heremn, means but is not lunited {o, birds, fish, and mammals, such as
cattle, pigs, horses, or primates. However, according to preferred embodiment of the present

invention, the anmmal 18 a prg, preferably a pre-weaned prglet.

Thus, according 1o a turther aspect, the present invention relates to a method of vaccinating a

yvoung antmal against 1. iwracellniarts wlection comprising the step of administering to said

LAy
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voung animal, starting from dav one (1) of age, an eftechive dose ot L. intracellularisy antigen,
wherein said animal s a bird, fish, or mammal such as cattle, pig, horse, or primate. Preferably,
satd animal s a mammal. BEven more preferably, said animal i3 a pig. Most preferably, said

animal 1s a pre-weaned piglet.

The term “young armimal™ as used herein refers to an animal of 1 day of age to 20 days of age.
Preferably, the term “voung animal”, refers to an animal of 1 day of age to 10 days of age. More
preferably, the term “voung animal™ refers to an anmimal of 1 dav of age to 9 days of age, even
more preferably, 1 day of age to 8 days of age, even more preterably, 1 day of age to 7 days of
age, even moye preterably, 1 day of age to 6 days of age, even more preferably, 1 dav of age to 3
davs of age, even more preferably, 1 dav of age 10 4 days of age, even more preferably, 1 day of
age to 3 davs of age, even more preferably, 1 or 2 day(s) of age, and most preterably to an

anmimal 1 dav of age. The respective meaning of the term “voung ammal” also refers to the age

of the animal when 1t 18 vaceinated for the fivst iime with L. infracelluloris antigen.

Thus, a further aspect of the present invention relates to a method of vaccnabing a voung animal
agaimst L. fnfracellularis infections, comprising the step of administering o said young animal
an eftective dose of L. infracellularis antigen, wherem the animal 1s vaccinated at day 1 to day
20 of age. According to a further embodiment, the present mavention relates to sard method of
vaccination, wheremn the animal 18 vaccinated at day 1 1o day 10 of gge. According to a turther
embodiment, the present wvention relates 1o satd method of vaccmation, whetrein the animal 1
vaccingted at dav | to day 9 of age. According to a turther embodiment, the present mvention

relates to satd method of vaceination, wherein the animal 15 vaccinated at dav 1 to day 8 of age.
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According to a further embodiment, the present imvention relates to said method of vaccimation,
wherein the animal s vacomated at day 1 to day 7 of age. According to a further embodiment,
the present invention relates to said method of vaccination, wherein the animal 15 vaccinated at
day 1 to dav 6 of age. According to a further embodiment, the present invention relates to said
method of vaccination, wherein the ammal 1s vacainated at day 1 to day 3 of age. According to a
further embodiment, the present invention relates to sard method of vaccmation, wherein the
animal 18 vaccinated at day 1 to dav 4 of age. According to a further embodiment, the present
invention refates to said method of vaccination, wherein the anmimal s vaccinated at dav 1 to day
3 of age. According to a further embodiment, the present mvention relates 1o said method of
vaccination, wherein the animal 18 vacomated at day 1 or 2 of age.  According to a further
embodiment, the present invention relates to said method of vaccination, wherein the animal 1s

vaccinated at day 1 of age.

The term “having or 1s exposed 1o anti-L. infracellularis antibodies” shall mean but s not limited
to, an ammal, that has or i1s exposed to a detectable anti-L.imracellularis antibody titre,
preferably of at least 14, more preterably 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 1:236, even more
preterably of more than 1:5312, and most preferably of more than 1:1024 per ml. Preferably, that
anti-L.intracelfularis  antibody  titre 18 detectable and quantifiable m g  specific  anti-
Loracellularis 1mmune assay, preferably 1 the assav as desceribed o Example 4. More

preferabiy, those anti-£. intracellularis antibodies are maternatly denved antibodies
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The term “exposed to anti-L.intracelivlaris antibodies”™ means but is not limited to the fact that
Lintracellularis antibody titre, preferably of at least 1:4, more preterably of more than 1:16,
even more preferably of more than 1:64, even more preferably of more than 1:128, even maore
preferably of 1:236, even more preferably of more than 1:312, and most preferably of more than

1:1024 per mi or gram nutrient.

The term “having anti-L. ssrace tlularis antibodies™ shall mean, but 15 not limited {0, a detectable
anti-L. intracelinlarts antibody fitre 1t 1 ml serum of said animal, preterably of at least 1:4, even
more preferably of more than 1:16, even more preferably of more than 1:64, even maore

preferably of more than 1:128, even more preferably of 1,236, even more preferably of more

than 1:512, and most preferably of more than 1:1024,

Thus according to another aspect, the present inveation provides a method for vaccinating an
animal agawnst L.isfracellularis infection comprising the step of admumstening to said gnimal an
eftective dose of L. iafracelbdaris antigen, wherem said ammal has or s exposed o an
detectable anti-L.intracelfdaris antibody titre, preferably of at least 1.4, more preferably of more
than 1:16, even more preferably of more than 1:04, even more preferably of more than 1:128,
even mwore preferably of 1256, even more preferably of more than 1:512, and most preferably of
more than 1:1024 per mi. Preferably, those antibodies are matermally derived antibodies. Even

move preferably, those antibody ttres are present 1n that animal at the day of vaccination.
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Thus, according 1o another aspect, the present mvention provides a method for vaccingting 4
voung animal against Losrracelluloris infections, comprising the step of adounisiening to said
voung anumal an effective dose of L. inpraceliularis antigen, wherein said voung animal has or is
exposed to a detectable anti-L.infracellularis antibody titre, preferably of at least 1:4, more
preferably of more than 1:16, even more preferably of more than 1:04, 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 matemally derived

antibodies. Preferably, said voung animal 1s between | dav of age to 20 davs of age. More

I dav of age to 6 days of age, even more preferably between | dav of age {0 5 days of gge, even
more preferably between 1 dav of age to 4 days of age, even more preferably between 1 day of
age 10 3 days of age, even more preferably 1 or 2 dav{s) of age, and most preferably 1 day of age.
The term “an ettective dose” as used herem mieans, but 18 not lomted to, an amount of antigen,
that eliciis or 1s able to elioit an immune response in an animal, to which said eftective dose of /.

intracellulariy antigen is adnumistered.

An "tmmunological or immane response” {0 a compositton or vaceine 18 the devetopment
the host of a cellular and/ or antibody-mediated mmune response to the composition of
vaceine of mterest. Thus, the tenm “elicits or 15 able to elicit an immune response’” means,

but 15 not bmited to, an mmmunological process m a host characternized m that said host
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develops a cellular and/ or anttbody-mediated ymmune response 1o the compositton or
vaccine of mterest. Usoally, an "tmumune response" includes, but 15 not lunsted to, one or
more of the following effects: the production or activation of antibodies, B celis, helper T

cells, suppressor T cells, and/or cvtotoxic T cells and/or vd T cells, directed specifically to

an antigen or antigens included in the composition or vaccime of interest. Preterably. the host
witl display etther a therapevtic or protective immunological response such that resistance to
new infection will be enhanced and/or the climical severity of the disease reduced. Such
protection will be demonstrated by either a reduction in number or severity, or lack of the

symptoms associated with host infections as described herein,

The amount of antigen that 1s effective to elicit an ymmune response or 1s able to elicit an
inimune response m an animat depends on the mgredientis of the vacaine and the schedule of
. | . L I | ~ . . : I o | .
contains an amount of about 10° to about 107 colony forming units (CFL) of the bacterium
per dose, preferablv. abont 107 to about 10° (CFL) of the bacterium per dose, and more

preferably about 107 to about 10" (CFU) per dose,

In particular, when moditied live L. intracelfularis bactena are used in vaccines, e g. the
bacteria 1solates designated isolate B3903, ATCC accession No. PTA-4926 and designated
isolate N34NP40wk, ATCC accession No. 55783 (both described in WO 96/39629 and WO
03/011731), the recommended dose to be adminstered to the suscepiible ammal

preferably about 3.0 TCID sy (tissue culture mtective dose 50% end poimnty/dose to about 6.0

TCIDs/dose and more preterably about 4.0 TCIDsg/dose to about 5.0 TCIDse/dose. In a
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preferred embodiment, the titre of the vaccome 15 gbout 4.9 TCIDy, /dose as determined by

Tissue Cultwre Infective Dose 50% endpoint dilution assay (TCH)s) In general, the

3

quantity of immunogen will be between § and 5000 micrograms, and between 107" and 107

Rl

S0} rp g - o
167 TCID s, when purified bactena are used.

v

Sub-umit vaccines are normally administered with an antigen inclusion fevel of at least 0.2
ng antigen per dose, preferably with about 0.2 to about 400 pg/dose, stilli more preferably
with about 0.3 to about 200 uygidose, even more preferably with about (.35 to about 100

S

10 pg/dose, stll more preferably with about 0.4 to about 50 ugidose, still more preferably with
about 0.45 to about 30 ugidose, stiil more preferably with about 0.6 to about 15 ug/dose,
aven more preferably with about 6.73 o about 8 pg/dose, even more preferably with abowt

“

1.0 to about 6 pg/dose, and still more preferably with about 1.3 to about 3.0 pgfdose.

15 As used heremn the term “incregsed protection” means, but s not limited to, a statistically
significant reduction of one or more clinical svmptoms which are assocrated with 7.
intracetintaris indections (frequency of cross tesions, ete.) m a vaccinated group of animals
¥s. a non-vaccinated control group of animals. The term “statistically significant reduction
of chinical symptoms”™ means, but 1s not limited o, the frequency 1t the mcidence of at least

20 one cliucal symptom in the vaccinated group of animals 15 at least 20%, preferably 30% |
even more preferably 30%, and most preferably 70% lower than in the non-vaccinated

comntrol group atter the challenge with an infectious L. intraceliuiaris bactena,

B
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As used herein, the term “L. intracellularis” means the intracellular, curved gram-negative
bacteria described in detail by C. Gebhart ef o/, Int’l. J. of Systemic Bacteriology, Vol. 43,
No. 3, 533-538 (1993) and S. McOnst er al., Int’l. J. of Systemuc Bacteriology, Vol. 45,

No. 4, 820-825 (1995), and

‘T

includes, but 1s not | mite;d to, the isolates descnbed in WO 96/39629 and WO 05/011731. In
particular, the term “L. intracelllaris” also means, but is not Limited to, the isolates
deposited under t_he Budapest Treaty with the American Type Culture Collection, 10801
University .Bou.lévard, Manassas, Virginia 20110-2209 and assigned ATCC accession
nuimber PTA 4926 or ATCC accesﬁion number 55783, Both isolates are described in WO
10 96/39029 and WO 05/011731, respectively. The term “L. imtracellularis™ also means, but 1s
not limited to, any other L. infracellularis bactena strain, or isolate, preferably having the
immunogenic properties of at least one of the L. inracellularis strains described in WO
06/39629 and WO 05/011731, 1n particular having the immu‘nqgenic properties ot at least
one of the isolates deposited under the Budapest Treaty with the Amen’can Type Culture

15 Collection, 10801 University Boulevard, Manassas, Virginia 20110-2209 and assigned

ATCC accession numbers PTA 4926 or ATCC accession number 35783

A strain orii,solate has the “tmmunogenic properti es” of at least bne of the L. infracellularis
strains described in WO 96/39629 and WO 05/011731, in particular, of the isolates
20 deposited as ATCC accession numbers PTA 4926 or ATCC accession number 55733, when
it 18 detectable at least with one of the anti-1, .intracellularis specif’né antibodies, described in
WO06/01294, in a detection assay that is also described in WOQ06/01294. Preferably those

antibodies are selected from the antibodies having the reference numbers 301:39, 2876,
12 | '
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268:2%9, 110:9, 113:2 and 26818, Preferably, the detection assay 1s a sandwich ELISA as
described in Examples 2 and 3 of WO06/12949, whereas antibody 110:9 18 used as a capture
antibhody and antibody 268:29 15 used as a comjugated antibody. All antibodies disciosed 1n
WOO06/129409 are produced by hybridoma cells, which are deposited at the Centre for
Apphied Microbiology and Research (CAMR) and European Coliection of Cell Caltures
(ECACC)Y’, Salisbury, Wilishire SP4 0J(5, UK, as a patent deposit according to the Budapest
Treaty. The date of deposit was May 11, 2004, HYBRIDOMA CELL LINE 110:9 13
successfully deposited under ECACC Acc. No. 04092204 HYBRIDOMA CELL LINE
113:2 18 successtully deposited under ECACC Ace. No. 04092201 HYBRIDOMA CELL

LANE 268:18 is successfully deposited under ECACC Acc. No. 04092202, HYBRIDOMA

04002203, Finallv, HYBRIDOMA CELL LINE 30139 15 successfully deposited under

ECACC Acc. No. 04092205,

The term "L uracellularss antigen” as used berein means, but 1s not houted to, any
composition of matter, that compuses at least one antigen that can induce, stimudate or
enhance the immune response agamst a L. mfraeellularis-caused infection when
administered to an animal. Preferably, said L. imfracellularis antigen i1s a complete /.
itracetiniaris bacterium, in particular m an inactivated torm {a so-called killed bactertum),
a modified Bive or attenuated /. insacellw/ariy bacterium (a so-called MLEB), anv sub-unit,
polypeptide or component of L. imracellufaris, or any chimenc vector wherein each

comprises at least an immunogenic amino actd sequence of L. inmfracellularis. The terms
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"itnmunogenic protein”, “immunogenic polypeptide”™ or “immunogenic amiuno acid
sequence” as used herein, refer to any amino acid sequence which elicits an immune
response in a host against & pathogen comprising satd inmunogenic protein, immunogenic
polypeptide or immunogenic amino acid sequence. In particular, an "immunogenic protein”,
“immunogenic polypeptide” or “immunogenic amino acid sequence” of L. infracellularis
means any amino acid sequence that codes tor 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” 1s administered.

Ap “tmmunogentic protein”, “immunogenic polypeptide” or “immunogenic amino acid
sequence” as used herein, includes' but 1s not lunited to, the full-length sequence of any
proteins, analogs thereof, or mmmunogenic 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 re{evant pathogen. Such fragments can be
dentified using any number of epitope mapping techniques that are well known in the m
See, ¢.g., Epitope Mapping Protocols in Methods in Molecular Biology. Vol. 66 (Glenn E.
Mof‘ris, Ed., 1996) Humana Press, Totowa, New lJersey.

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 technigues are
known in the art and described in, e.9., '-U.S. Patent No. 4,708,871 Gej*sen et al. (1984)

Proc. Natl. Acad. Sci. USA 81:3998-4002; Geysen et al. (1986) Molec. Immunol. 23:709-
14
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715. Similarly, conformational epitopes are readily identified by determining sf)atial
conformation of amino

acids such as b)ﬂ e.g., x-ray crystaliography and 2-dimensional nuclear magnetic resonance,
See, e.g., Epitope Mapping Protocols, supra. Synthetic antigens are also included within the

3 definttion, for example, polyepitopes, tlanking epitopes, and other regzombinant or

synthetically derived antigens. See, e.g., Bergmann et al. (1993) Eur. J. Immunol. 23:2777-
2781, Bergmanﬁ et al. (1996), J. Immunol. 157:3242-3249; Suh‘rbie.r, A (1997), Immunol.
and Cell Biol. 75:402-408; Garduer et al., (1998) 12th World AIDS Conference, Gene\}a,
Switzerland, .June- 28-July 3, 1998

1Q

Suitable L. intracellilaris antigens include, but are not limited to those described in EP
1219711, US 6,605,696, WO 96/39629, W(097/20050;, WO 00/69903; WO 00/69904; WO
00/69905; WO 00/69906, WO 02/38594, WO 02/26250; WO 03/0060665: WO 04/033631,

15 WO 05/026200; and WO 05/01173 1.

Thus. vaccine for use in accordance with the present invention includes any L. intracellularis
antigen as described above, which elicits or is able to elicit an immune response against L.
intracellularrs. Preferably, said vaccine provides at least increased protection against L.

20 inmtracellularis.

Thus according to a further aspect, the present invention relates to a method of vaccinating a

young amimal against L. intracellularis infections comprising the step of administering to said
15
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yvoung animal, starting from dav one (1) of age, an eftective dose ot L. intracellilaris antigen,
wherein the Lintracellalans antigen is selected from the group consisting of live modified /.
intracetinloris bacteria, killed L. imracellujoris bacteria, or one or more sub-units of L
drtracellularis bactenia. Preferably, the vaccine comprises modified live L. infracellularis
bacteria. More preferably, the vacane 1s Enterisol® lleitis B3903 (Bochninger Ingetheim

age, more preferably at day 1 to day 10 of age, even more preferably at day 1 1o day 9 of age,
even more preferably at dav | to day & of age, even more preferably at day 1 to day 7 of age,
even more preferably at day 1 to dav 6 of age, even more preferably at day 1 to day 3 of age,

even more preterably at day 1 to day 4 of age, even more preferably at dav 1 to day 3 of age,

even more preferably at day 1 or 2 of age, and most preferably at day | of age.

According to another aspect, the present invention provides a method for vacomating a animal
against Lontracellularis mfections, comprising the step of administering to said animal an
effective dose of L. infracetflularis antigen, wherein said animat has or 18 exposed to g detectable
anti-L.inraceliniaris antibody titre, preterably of at feast 1:4, more preterably of more than 116,
even more preferably of more than 1:64, even more preferably of more than 1:128, even more

preterably of 1:256, even more preferably of more than 1:312, and most preterably of more than

ive modihed L. mracellniaris bactenia, Killed L. intracellularis bacteria, or one or more sub-
unsts  of £ Jmraeeliulariy bactena. Preferably, the vaccine comprises moditied live L

intracetintarts bactenia. More preferably, the vaccine 15 Entensol® Heitis B3903 (Boehringer

Ingelherm Vetmedica, Inc ). Moreover, those antibodies are preterably matermnally denved
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antibodies. BEven more preferably, those antibody fitres are present in that ammal at the day ot

vaccination.

According to another aspect, the present mvention provides a method for vaccinating a yvoung
animal an etfective dose of L. imfracellularis antigen, wherem said yvoung animal has or is
exposed to a detectable anti-L.infracellularis 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, most
preferably of more than 1:1024 per mi, and wherein the Linrracellularis antigen 15 selected from
the group consisting of live moditied L. inracellularis bacteria, killed L. infracellularis bactena
or one or more sub-unus of L miracellidarts bactenia. Preferably, the vaccine comprises
modified hive L. iniracellylaris bacteria, More preferably, the vaceine 13 Ententsol® lleitis B3903
(Boehringer Ingelhetm Vetmedica, Ing.). Moreover, those antibodies are preferably matemally
dertved antibodies. Even more preferably, those antibody titres are present in that ammal at the
day of vacomation. Preterably, said voung animal 18 between 1 dav ot age to 20 davs of age.
More preferably, said young 1s between 1 day of age to 10 days of age, even more preterably,
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 | dav of age to 7 days of age, even more preferably between
I dav of age to 6 davs of gge, even more preferably between 1 day of age to 5 davs of age, even
move preterably between 1 dav of age to 4 davs of age, even more preferably between 1 day of

age 10 3 davs of age, even more preferablv 1 or 2 dav{s) of age, and most preferably 1 day of age.

17
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According to a turther aspect, the present invention relates to a method of vacomating a young
animal against L. infrocellularis infections comprising the step administering to said voung
animatl starting from day one {1} of age a dose of about 3.0 TCIDs to about 6.0 TCHDsy of the
live moditied /1. infracellularis bacteria. Preferably, said bactena is that included in the vaccine

Enterisol® lleitis B3903 {Boehnnger Ingelthenn Vetmedica, Inc ) As mentioned above,

- 3 e g s K MW E AN W WS ET SRR TR W wE v

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 dav 1 to day 9 of age, even more preferably at day 1 1o day 8 of age,
even more preferably at dav 1 to day 7 of age, even more preferably at day 1 to day © of age,
even more preferably at day 1 to dav 3 of age, even more preferably at day 1 to dav 4 of age,

of age, even more preferably at day 1 or 2 of age, and

'
’l

frd

even more preterably at day 1 to day

most prefevably at day 1 of age.

According to a further aspect, the present mvention relates to a method of vaccinating an animal
against L. infracellularis infection, comprising the step of administering to satd animal a dose of
about 3.0 TCID:s, to about 6.0 TCID<« of the hive modilied /. inracelfularis bactena, whersm
sard anmimal has or 18 exposed to a detectable anti-L.infracelliaris antibody titre, preterably of at
teast 1.4, more preferably of more than 116, even more preferably of more than 1:04, even more
preferably of more than 1:128, even more preferably of 1256, even more preferably of more
than 1:512, and most preterably of more than 1:1024 per ml Preferably, said bacteng is that
inchuded in the vaccne Enterisol® Hestis B3903 (Boehnnger Ingethenn Vetmedica, Inc ),

Accarding 1o a turther aspect, the present mvention relates to & method of vaccinating a vouny

s

animal against L. ingracellidaris mfections compnising the step of adnunistering to sad young

18
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animal a dose of about 3.0 TCIDs; to about 6.0 TClDsy of the live modified L. infracelivlaris
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 1236,
even more preferably of more than 1:512, and most preferably of more than 1:1024 per mi.
Preferably, said bacteria s that included in the vaccine Enterisol® ileitis B3903 (Boehringer
Ingelheim Vetmedica, Inc.). As mentioned above, preferably the vaccination occurs at day 1 to
day 20 of age, more preferably at day | to day 10 of age. even more preferably at day 1 10 day 9
of age, even more preferably at day 1 1o day 8 of age, even more preferably at day § to day 7 of
age, even more preferably at day 1 to day 6 of age, even more preferablv at day 1 to day 5 of age,
even more preferably at dav 1 to day 4 of age, even more preferably at day 1 to day 3 of age,

even more preferably at day 1 or 2 of age. and most preterably at day 1 of age.

According 1o a turther aspect, the present invention relates to a method of vacoinating a voung
animal agamnst L. infracelivlaris infection, compnsing the step of administering to said voung
amimal, starting from day one (1) of age, an effective dose of L. iniracelfularis antigen, wherein
the voung amumal 1s L. infracellularis and anti-f.. intracetfnlaris matemat antibody negative, As
mentioned above, preferably the vaccination occurs at day 1 to day 20 of age, more preferably at
day 1 to day 10 of age, even more preferably at dav 1 to dav 9 of age, even more preferably at
day 1 to day 8 of age, even more preferably at day 1 to day 7 of age, even more preterably at day
| 10 day 6 of age, even more preferably at day 1 to day 5 of age, even more preferabiy at day 1 1o
day 4 of age, even mare preferablv at day | to day 3 of age, even more preferably atday 1 or 2 of

age, and most preterably at day 1 of age.

19
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According to a further aspect, the present mvention also relates to a new medicinal use of an L.
infracetintarts antigen for the preparation of medicament, preferably a vaccine composttion, tor
the vaccination of & voung anmimal starting at dav one (1) of age agamnst L. infracellularis
mtections, wherem said young animal 1s vaccinated at day one {1} of age or older with an
effective dose of said L. inracellidaris antigen. Preferably, the vaccination occurs at day { to day
20 of age. more preferably at dav 1 to dav 10 of aue, even more preferably at day 1 to day 9 of
age, even maore preferablv at day | 1o day 8 of age, even more preferably at day 1 to dav 7 of age,
even more preferably at day 1 to dav 6 of age, even more preferably at day 1 to dav 3 of age,
even more preterably at day 1 to day 4 of age, even more preferably at dav 1 to day 3 of age,

even more preferably at day 1 or 2 of age, and most preferably at day | of age.

According to a turther aspect, the present mvention also relates to a new medicinal use of an L.
intracelinlaris antigen for the preparation of medicament, preferably a vaccine composttion, tor
the vaconation of an ammal agamst L. aaraeellularis mtection, wheremn said animal has or 18
exposed to a detectable anti-Linfracellularis antibody titre, preterably 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 1:250 even more preferably of more than 1:512, and

maost preterably of more than 1024 per ml.

According to a turther aspect, the present invention also relates 10 a8 new medicinal use of an L.
infracetinfarts antigen for the preparation of medicament, preferably a vaccine composition, for

the vaccmation of a yvoung ammal against L. mtracellniaris intection, wherein said young amamal

b3
o
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has or 18 exposed to a detectable anti-L.infraceliniariy 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 11128, even more preferably of 1:256, even more preferably of more
than 1:512, and most preferably of more than 1:1024 per ml. Preferably, the vaccination occurs
at day 1 to dav 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 mare preferably at day 1 to day 8 of age, even more preferably at day 1 to

day 7 of age, even more preferably at day 1 1o day 6 of age, even more preferably at day 1 1o day

S of age, even more preferably at dayv 1 to dav 4 of age, even more preferably at dav 1 to day 3 of

age, even more preferably at day 1 or 2 of age, and most preterably at day 1 of age.

According to a further aspect of said medicinal uses described above, the L. intracelludaris
antigen s selected from the group consisting of bive moditied L. indracellufaris bacteria, killed L.
intracelfularis bacteria or one or more sub-units of L.infracellularis bactena. Preferably, the L.
intracelinlaris antigen 15 hve modified L. intracellulans bacteria. More preferably, satd animals

arg admiumstered with g dose of about 3.0 TCIDw 10 about 6.0 TCIDs, of the hive modified /.

irtraceffnlaris bactenia.

The manufacture of vaccine compositions compusing a L. irraceilularis antigen are state of
the art and known to g skilled artisan. For example, the skilied person in the @t 1s able to
determine additional components which may be comprsed tn said composition (see also
Remington's Pharmaceutical Sciences. {1990}, 18th ed. Mack Pubi., Easton}). The expert

may use known injectable, physiologically acceptable sterile solutions. For prepanng a

L

readv-to-use solution for parenteral injection or miusion, agqueous 1sotonte solutions, such as
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e.g. salime or corresponding plasma protein solutions, are readily available. The vaccme
compositions may be present as lvophylisates or dry preparations, which can be
reconstituted with a known injectable solution directly before use under sterile conditions,
e.¢. as a kit of parts.

In addition, the immunogenic and vaccine compositions of the present tnvention can include
one or more veterinary-acceptable camiers. As used hergin, "a veterinary-acceptable carrer”
includes any and all solvents, dispersion media, coatings, adjuvants, stabilizing agents,
diluents, preservatives, antibacternial and antifungal agents, 1sotonic agents, adsorption

delaving agents, and the like.

“Ditoents” can mclude water, saline, dextrose, ethanol, glycerol, and the like Isotonic
agents can mclude sodium chlonide, dextrose, mannitol, sorbitol, and lactose, among others.

Stabilizers include albumin and atkalisalis of ethyvlendianuntetracetic acid, amonyg othess.

“Adpuvants” as used heremn, can include aluminuom hydroxide and aluminum phosphate,
saporuns eg., Qui A, QS8-21 (Cambridge Biotech Inc, Cambndge MA), GPIOI00
(Galenica Pharmaceuticals, Inc., Birmingham, AL), water-in~-ol emulsion, oil-in-water
emulsion, water-mn-otf-in~water emuision. The emulston can be based 1n particular on hight
guid parathin ot (Ewropean Pharmacopea tvpe), isoprenoid ol such as squalane or
squalene,; otl resulting from the obigomerization of alkenes, 1o parbicudar of 1sobutene oy
decene: esters of acids or of alcohols containing a linear alkyl group, more particularty plant

oils, ethyl oleate, propylene glvcol di-(caprviate/caprate), glycervl tn-(caprylate/caprate) or

ted
P
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propyiene glycol dioleate; and esters of branched fatty acids or alcohols, in particular
isostearic acid esters. The oil 1s used in combination with emulsifiers to form the emulsion.

The emulsifiers are preferably nonionic surfactants, in particular esters of sorbitan, of

- mannide (e.g. anbydromannitol oleate), of glycol, of polyglycerol, of propylene glycol and

of oleic, 1sosteanc, 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 Pract cal-' Application of Adjuvants
(Ed.Stewart-Tull, D. E. 8.). JohnWiley and Sons, NY, pp51-94 (1995) and Todd et al.

Vaccine 15:564-570 (1997)

For example, 1t 1s 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 sante book.

A furtber instance of an adjuvant is a compound chosen from the polymers of acrylic or
methacry] ic acid and the copolymers of maleic anhydriée and alkenyl derivative.
Advantageous adjuyant compounds are the polymers of acrylic or methacrylic acid which
are cross-linked, especially with poiyalkeny! ethers of sugars or polyalcohols. These
compounds are known by the term cartbomer (Phameuropa V ol. 3, No. 2, June 1996).
Persons skilled in the art'ca'n a!_so refer to U, S. Patent No. 2,909,462 which describes such

acrylic polymers cross-linked with a polyhydroxylated compound having at least 3 hydroxy]
23
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groups, preferably not more than 8, the hydrogen atoms of at least three hydroxvls being
replaced by unsaturated aliphatic radicals having at least 2 carbon atoms. The prefesred
radicals are those contamning from 2 to 4 carbon atoms, eg vinvls, allvls and other
ethvienically unsaturated groups. The unsaturated radicals may themselves contain other
substituents, such as methyl. The products sold under the name Carbopol {BEF Goodrich,
Ohio, USAY) are particularly appropnate. They are cross-linked with an allyl sucrose or with
atlvl pentaerythritol. Among them, there may be mentioned Carbopol 974P, 934F and 971P.
Most preterved 1s the use of Cabopol 971P. Among the copolvmers of maleic anhydnde and
atkenyl denivative, 18 the copolvmer EMA (Monsanto), which are copolymers of maleic
anhvdride and ethylene. The dissolution of these polvmers in water feads 1o an acid solution
that will be neutralized, preferably to physiclogical pH, in order to @ive the adjuvant
sotution into which the immunogenic, immunological or vacane composition itseif will be

incorporated.

Further suitable adyuvants include, but are not limited to, the RIBI adjuvant system {Ribi
inc), Block co-polvmer (CvtRx, Atlanta GA), SAF-M (Chiron, Emervviite CA}),
monophosphoryl pid A, Avridine hipid-amine adjuvant, heat-labide enterotoxin from B cobh
(recombinant or otherwise), cholera toxin, IMS 1314 or muramvl dipeptide among many

others.

Preferably, the adjuvant 1s added (1 an amount of about 106G pg o about 10 my per dose.
Even more preterablyv, the adjuvant 13 added m an amount ot about 100 ui to about 10 myg

per dose. Even more preterably, the adjuvant 18 added in an amount of about 300 pg to about
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S mg per dose. Even more preterably, the adjuvant 15 added in an amount of about 750 ug to
about 2.5 myg per dose. Most preferably, the adjuvant 15 added 1o an amount of about 1 mg

per dose.

The vaccine composition can further include one or more other immunomodulatory agents
such as, e. g anterlenkins, interferons, or other cviokines. The vaccine compositions can also
include Gentamicin and Merthiolate. 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 mventton contemplates compositions compnsing from about 50
ng to about 2000 ug of adjuvant and preferably about 250 ug/ ml dose of the vaccine
composition. In another preferred embodiment, the present invention contempiates vaccine
compositions comprising from about lug/ml to about 60 ug/ml of anttbiofics, and more

preferably less than about 30 ug/mi of antibiotics.

The vaccine 1s administered to ammals, preferably mammals, and still more preferably pigs, in
any conventional manner, most preferably through oral drench. The dosage to be adnumstered
witl depend upon the particular case, but in any event, it 15 the amount sufficient to mduce a

profective antibody or cell-mediated immune response agamst teitis.

The vaccines according to the invention are generally adminsstered to susceptible ammals,
preferably 0 voung piglets andior piglets having anti-f.infracelivlaris antibodies or being
exposed to anti-f. aracellularis antibodies in one or more doses. Live or killed vaccing may be

admnstered 1 or 2 times at 2 t0 4 week intervals alter the inthial vacomation. For the attenuated.

b
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live vaccines, one dose is preferred. Preferably, the first or single administration is performed at
day 1 to day 20 01 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 1 to day 8 of age, even niore preferably at day 1 to
day 7 of age, even more preferably at day 1 to day 6 of age, even more preferably at day | to day
2 5Sofage, even more preferably at day 1 to day 4 of age, even more preferably at day | to day 3 of
age, even more preferably at day | or 2 of age, and most preferably at day 1 of age, as described

above.

It a second administration is desirable or necessary, the second administration is performed
10 about 1 to about 4 weeks after the first administration of the vaccine. According to a further
aspect, revaccineition ts performed in an interval of 3 to 12 months after administration of
any previous vaccination. Admimstration of subsequent vaceine doses is preferably done on
a 6 month 1o an annual basis. In another preferred aspect, animals vaccinated before the age
of about 2 to 3 weeks should be revaccinated. Administration of subsequent vaccine doses is

15 preferably done on an annual basis.

26
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The invention as claimed relates to:

- use of attenuated L. intracellularis bacteria for the preparation of a medicament in a dose
effective for vaccination, by oral drench, of a mammal at day 1 to day 9 of age, the mammal

having maternally derived anti-L.intracellularis antibodies;

- use of attenuated L. intfracellularis bacteria in a dose effective for vaccination, by oral
drench, of a mammal at day 1 to day 9 of age, the mammal having maternally derived

anti-L.intracellularis antibodies; and

- a kit comprising attenuated L. intracellularis bacteria and a veterinary-acceptable carrier,
and 1nstructions for use of the attenuated L. intracellularis bacteria for vaccination, by oral
drench, of a mammal at day 1 to day 9 of age, the mammal having maternally derived

anti-L.intracellularis antibodies.

The present invention is further described in the following examples which are provided for
illustrative purposes only and are not to be construed as limiting. Indeed, other variants of the

invention will be readily apparent to one of ordinary skill in the art.

26a
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EXAMPLES

Example 1
Detection of antibodies specific to L. intracelhdlaris in colostrum and milk samples

from sows (> 1 litter) and gilts (17 Hiter)

Material and Methods

Colostrunm samples were taken from 25 sows and 25 milts wathin 24 hours after farrowing.
Mitk samples were taken in the first and second week of lactation from the same pigs.
Samples were centiifuged twice with 2000 ¢ for 10 minutes at 4 “C to separate the fatty
portion of the milk. The watery portion of the samples was stored at — 20°C until analysis.
Specific anttbodies agamst L. imracelfnlaris were detected n senal 2 told dilutions starting
with an iitial dilution of 1:20 in an IFAT. The IFAT was performed as described in
Example 5 and elsewhere, with the exception that for each sample, FITC-labelled anti-swine
Ig(a, 1gM and lgA antibodies were used to detect the different classes of Ig. Paraliel biood
samiples from the sows and gilts were taken within 24 hours after tarrowang. These samples

were examuined 1 the Enterisol™ lems ELISA according to the mstructions of the

manutacturer.

Results
The results of the antibody detection in colostrum samples are summanzed i Figure 1. The
figure shows the number of samples scorning positive results for G, IgM and IzA of

ditferent dilutions in the IFAT. None of the colostrum samples were negative m all
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examinations. Only one of the colostrum samples from sows and one from gilts was
negative for lgls, whereas in one sample from gilts and in three samples from sows, no
specific igM’s were detectable. Eight (8) out of twenty-five {25} samples obtained from qiits
and sows, respectively, scored negative for IgA specific to 1. inrracellularis. In the milk
samples, obtained at the 2™ week of lactation, only two samples from sows scored a titre of

rd

1:20 for e, whereas one sample from a gilf scored positive for IgA (1:20). At the 37 week

of lactation the samples from one sow and three gilts scored positive results for IgG at a
dilution of 1.20. All other sampies from the 2™ and 3™ week of lactation tested negative for
lgGr, IgM and IgA. All blood samples taken from sows within 24 h after farrowing were
positive in the Enterisol™ Heitis FLISA, whereas two out of twenty-five samples obtained
from gilts scored negative results. There was no obvious correlation between the resulis
from the blood samples and the results from the colostrum samples. H can be concluded that
i colostrum from sows and gilts, antibodies of the Ig classes G, M and A, specific to /.
intracetintares, are present. However in mulk samples taken one week after farrowing, only

fow titres of L. inmtracellularis specific antibodies could be detected in only 6% of the

samples.
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Kruse, P.E. {1983} Ann. Rech. Vet 14, 349-353

4, Boliwein, ). (2004) Doctoral thesis, LMUL Munich

a8



10

CA 02652049 2008-11-12
WO 2007/140244 PCT/US2007/069646

Example 2
Pryrect impact of nulk antibodies on L. intracellnlaris during

gastro-intestinal passage.

Material and Methods
Colostrum samples were taken from sows and gilts within 24 howrs afler birth, Sow milk

samples were taken wn the first and second week of lactation. Samples were centrifuged

~

twice with 2000 ¢ for 10 muinutes at 4 “C to separate the fatty portion of the mulk. The

s

watery portion of the sampies was stored at — 20°C until analysis. Specitic antibodies against

L. inracelluloriy were detected m senal 2 fold dilutions starting with an sutal dilution of

with the exception that for each sample, FITC-abelled anti-swine laG, IsM and IgA,
antibodies were used o detect the different classes of g Mik samples with ditterent
content of Ig were selected on basis of IFAT results. A L. iniracelivlaris culture was
incubated with difterent diutions in colostrum or sow milk sampies at room temperature.
Fach sample was tested twice The tissue culture intectious dose {(TCIDsg) of i
intracellinioris was measured at the beginning {0 hours) and after 4 hours incubation at room
temperature. Ao undiluted sample of the culture served as a control tor the test performance.
For each determination of the TCIDs, value, the sample was homogenized by 20 passages
through a 20 gauge needle. Cells from one 75 em” tissue culture flask with a 100% confluent
monoiaver of McCoy cells, grown with DMEM/HAM s F12 medium, were trypsinated and
divided on four 96-well microtitre plates. Serial dilution from 107" to 107 of the samples

were moculated six times each on the fresh MeCoy cells. After an incubation of 6 davs at 537
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“C under microacrophilic conditions, cells were fixed by ice cold acetone/methanol (50:50,
viv). Growth of L. ifracelivloris was detected by the use of a specific monoclonal anii-
Lawsonia antibody and subsequent {abelling by an FITC-labelled anti-mouse antibody. kach
well containing one or more McCov cells with 5 or more fluorescent /. iniracellularis was
judged as positive. TCUIDse was determuned by the use of the 30% endpoint formula

according to Spearmann and Karber {6).

Results

In Figure 1 the results from the TCIDsg tests and the Ig(G, IgA and IgM titres of 8 colostrum

(No. 13} and midk {(No. 6-8) samples are summarized. The control sample of the culture
scored, in all experiments, the expected TCIDs, value. In none of the tests the titre of the /.
nracedluiaris changed substantially dunng the 4 hour incubation at room temperature.
Thus, as shown in this study, maternal antibodies and the sow nulk seem not to be effective

i inactivation of L. insraceliulariy during gastrointestinal passage.
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Example 3
FEfficacy of vacaation of piglets of one dav of age

against £, infracellularis infections

Materals and Methods

The study consisted of three experimental groups involving L. infracellularis negative and
anti-Lanesonia matgrnal antibody negative suckling piglets at 1 day of age. On dayv O of the
study, 20 piglets each in group 1 (vaccinates) received an oral dose of Enterisol” 1leitis.
vaccine isolate B3903, per label 1astructions (3) Twenty piglets in group 2 {controls)
recelved a placebo consisting of growth medium. Piglets 1n all groups were weaned on day
20 of the study. On dav 21, piglets in groups | and 2 received an intestinal homogenate
containing 3.5x107 of virulent L. fmtracellularis 2688/2685 via gavage. A third group of 10
pigs {strict controfs) did not receive vaccine, placebo or challenge at any time period
throughout the study. On day 42, pgs in all groups were humanely euthanized and
necropsied. Primary etticacy parameters included gross and microscopic lesions of the

iteum, cagcum and colon specifically caused by L. intracellilaris. Secondary parameters

included chinical health (behaviour, body condition, and stool consistency), average daily

Resnlts
At necropsy {day 42), vaccinates {(group 1} had significantly {(p<0.0003) less average gross
{esion scores in the tlenm (0.21), caecum (0.0} and colon (0.0) compared to non-vaccinated,

control pigs (tleum=1.16, caccum=0.42, and colon= 0.16). Average iotal intestinal fesion
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tength (sleam, caecum and colony) was signiticantly (p<<0.0001) higher n the controls (8.8%9
cm) compared to vacoimated pigs (142 cm). Group 3 {strict controls) had an average gross

intestinal lesion score of §.22 and were considered normal.

Lawsonia-specific average nucroscopic lesion scores m the ileum were significantly

{(p=0.02} higher 1n the controls {2.47) compared to vaccmated pigs (0.53) Additionally, the
total microscopic leston score (p<G.006) and percentauge of IHC posttive pigs {(p<0.0001)
was significantly higher in the controls compared to the vaccinated group. The control group

erificantly (p<0.05} more control

.

the vaccinate group in the caecum and colon {p=0.05). §
pigs were PCR positive 2 weeks after challenge {day 35) than the vaccinate group. Pigs in
the control group (8/19) shed nominally more L. imtracellularis than those i the vaccinated
aroup (3/19) on the last day of the study {day 42, p>0.05). There was no sigmticant {p>>0.03)
difference in average daily weight gains or average clinical scores between groups 1 and 2
during the study. Altogether, the prumary ethicacy parameters {(gross and microscopic

mtestinal lesson development) demonstrated that a single oral dose of Entensol™ Herts 1s

efficacious agamnst a virulent chalienge when administered {o maternal antibody negative,

Lenwsonia-naive pglets at 1 day of age. Non-Lenwsonia specific lactogenic properties

potentially present i the colostrum and nulk during the suckling pertod did not interfere or

prevent vaccine efficacy against virulent L. intracelfularis challenge exposure in thas study.
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Table 1, Rates of L. mtraceliidariy taccal shedding.

Dray 28 Pray 35 Day 42
{roup *Oroup 1D (3 to 21
PCR positive  PUR positive PCUR positive
PCUR positive

{ Vaccinates 0/19° 0/16° 0/19° 3198

Challenge

Controls

-y T o T | S ~ 2
3 Strict Controls i/ /G (/O

7 Like letters indicate no significant difference (p<0.03)

‘:I, “ e : : . " ' ‘

" Strict controls were not statisticall v analyzed.

* One pig was removed from each group due to poor health unrelated to L. intracellularis
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ftxample 4

IFAT for detection and gquantification of anti-L. infracetiutaris antibodies

Material and Methods:
Prior to study mitiation, 16 healthy, pregnant and L. fmrracellularis negative sows were

randomily altocated into 2 groups; 8 hyperimmumized (Group A) and 8 placebo-administered

i
Lo
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controls {(Group B). On Days =55, -35 and ~-14 prior to farrowing, each sow in Group A was
hyperimmunized with commercially available Enterisol™ Heitis by direct oral drench. The
administration of the vaccine dose by this method nvolved applving the vaccine to the
posterior portion of the oral cavity using a sterile, plastic 10 mi syninge. The control group
(Group B) recarved an equivalent dose of placebo consisting of uninifected McCoy cells
suspended 1n growth medium. Hypernmmmunization of pregnant sows in Group A was
performed in an attempt to wduce a high level of maternal amunity prior to farrowing.
Each pregnant sow group was housed i separate rooms, to avold ¢ross cotamination, and
under the same conditions {temperature, ventilation, and pen size). Sows i each room were
kept in the same pen.

Although efforts were made by the studv investigator to have uniform conception and
farrowing dates, sows did not all farrow on the same day. Instead, farrowing occurred
durimg a {0-dav perrod. To prevent having multiple vacciation and challenge dates which
could lead to excessive vanability among pig groups in the study, the mean date of farrow

during the farrowing penod was established as Day O 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 btter and randomly
assigned to six treatment groups. Housing restrictions and conditions were similar to the
sow groups mentioned above. Piglets denved from hyperimmumzed sows {Group A} were
randomly assigned to Groups 1 through 3 and were 1dentified as “hypenmmune-denved”
piglets for the remainder of the study. Piglets denved from control sows {Group BY were

randomiy assigned to Groups 4 through 6 and were 1dentified as “placebo-denved™ piglets

tor the remainder of the study. Groups 1 and 4 (20 pigs/group, respectively) were given a

o
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single 2 ml dose of Enterisol™ leitis by direct oral drench. Groups 2 and $ (20 pigs/group,
respectively ) were given an equivalent dose of placebo (uninfected McCoy cells + media).
Groups 3 and & (10 pigs/group) were designated “strict gegative controls™ which did not
receive a vaccine or placebo treatment and were not challenge exposed during this study. On
Pay 22 after the weaning peniod, sows were humanely euthanized and necropsied for
evaluations of mtestinal {esion development due to PE.

On Day 42 of the study, Groups 1, 2. 4 and 5 received 1 x 107 TCIDsy /dose of
heterologous virulent pure culture L. intracelfuloris solate N101494 via intragastiic gavage.
All prglets were examined daitly 21-days post chalienge for clinical symptoms related 1o PE;
drarrhoea, hehavior and body condition and were given a score of 1 to 4 dependent on
severty {1 = clinically normal; 4 = severe illness). Pigs were weighed on Davs 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 analyze the effects of treatment in relation to
normal growth performance 1in prgs. Pigs were inttially wetghed to obtain a baseline average
group weight prior to receiving a vaccing or placebo treatment. All groups were found 1o be

L3

unsfornt 1o size (vanation of < 0,63 Kefpig). The fivst key ADWG evaluation pertod among

aroups ocaurred from Day 21 {vacaination} {o Day 42 (challenge exposure) to measure the
mumediate effects of vaccination or placebo moculation. The second evaluation pertod was
from Day 42 to 63 {necropsy) to measure the effects of chalienge exposure with a virulent
pure culture L. infracellularis

On Day 63 of the study, all prgs were humanely euthamzed and necropsied for evaluations

of intestinal {esion development due to PE.

ol
{20
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Resulfs

Medernad antibody detection

.........................................................................

Lawsonia intracelluloris-specific Ighs, IgA and IgM antibodies were detected in the sera and

colostrum of sows 1 Group A (hypenmmunized) during the farrowing period. Sixty three
percent {(5/8 sows) of Group A sows were serum anttbody positive for anti-Lawsoma gl
antibodies while 0% ({/8) of the sows 1 Group B (control) were postlive at farrowing. In
addition, serum IgG antibodies were detected 1n piglets dertved from Group A sows only
from farrowing {Day 0} to 3 weeks of age (Day 28), see Fig 1. Anti-Lawsosria 1¢(G, 1gA and
IgM were detected in the colostrum of Group A sows at 30%, 75% and 12.5% respectively.
Average antibody concentrations in the colostrum of Group A sows were 1:14 {Ig(, range =
Lo 1:04), 110 {Igd, range = | to 1:32), and 1.4 (IgM, range 1 to 1.4}, Sows 1n Group B

did not have any detectable 1gM or lgG anti-Lavwsonia antibodies in their colostrum during

this tme perrod. One pig in sow Group B was positive for IgA at a titre of 1:16.

The comparison of unvacemated, control pigs o Group 2 (pigs dertved from sow Group A)
to Group § {pigs from sow Group B} was conducted to evaluate the potential of maternal
protection against virudent L. infracefluloris exposure denved from sows hyperimmunized
with vaceme (Group A sows),

Average gross and microscopic lesion scores among all groups are sunumarized m Table 1
Pigs 1 Group S {(77%) had a higher percentage of Lawsonig-specilic lesions 10 the iteum

and colon than Group 2 pigs (27.5%). Group 2 pigs had significantly (p<0.05) lower
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average gross lesion scores i the tleam and average nucroscopie (IHC) {esion scores in the
iteum and colon compared to Group S at Day 63 of the study.

No detectable shedding of 4. inrracelindaris in the faeces, by PCR, was evident in either
group on Days 21 {vaccnation) to 42 (challenge) of the study, see Fig. 3. Groups 2 and 5
were mitially faecal PCR postiive beginning on Day 49 and remaimed postiive unttl Day 63
(study termination) with 5% to 25% and 13% to 72%, respectively, of the pigs shedding /.
intracelfularis during this time period.  Sigmificantly {p<0.05) less faecal shedding was
detected by PCR n Group 2 (23%) compared to Group 5 {(72%) on Day (3 of the study.

A higher percentage of tissue PCR positives were tound 1 the ilea of pigs i Group 3 {(15%)

compared to Group 2 {25%) at Day 63 of the study. Pigs in Group 2 were PCR negative for

L. intracellularis in the tonsy, mesenteric lvmph node and colon. Various PCR positives

were observed in the colon and mesenteric lvmph tissue of Group S pigs as mentioned in
Section 3.4 above

Average welght gain comparnsons among all test groups are summanzed in Table 2
Average mihal weights were uniform among Groups 2 and S on Day 21 {vaccination} with
pgs weighing 6.35 and 6,10 kg/pg respectively. No signthicant ditterence i ADWG was
tound among Groups 2 (0.40 kg/pig) and § (041 kg/pig) lrom Day 21 {(vaccination) to Day
42 {challenge). However, significantly (p<0.05) higher ADWG was evident in Group 2 pigs

(0.46 kg/pg) than Group 5 pigs (0.40 kg/pig) during the 21-day evaluation pertod from Day

21 {chalienge) to Day 63 (study terminabion} of the study.
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Faceine efficaey in fvperimmune-derived pigs

The comparison of pigs vaccinated with Enterisol® eitis in Group 1 to unvaccinated.
control pigs 1n Group 2 was conducted to confirm that vaccination in the face of maternal
vaccination of pigs at 3 weeks of age. Both groups of pigs were derived from sows’
byperimmunized with vacone {(Group A sows)  Furthermore, prnmary and secondary
etficacy parameters were analyvzed between vacoime-treated pigs of Group 1 and Group 4 to
determine if vaccine etficacy 1s simlar agamnst virulent L. fnracellularis challenge.

Average gross and microscopic lesion scores among all groups are summanzed m Table 1
Pigs in Group 2 {27.5%) had a higher percentage of Lawsonig-specific lesions i the leum
and colon than Group 1 (12.53%). Group 1 pigs had significantly {(p=<0.05) lower average
gross lesion scores (ileum) and numerically lower average microscopic {(IHC) lesion score
(Heum and colon} compared to Group 2 at Day 63 of the study. o addition, there were no

significant differences among average gross and microscopic lesion scores or lesion severity

é:r:

i pgs recerving a vaceination (Groups | and 4).
No detectable shedding of 1. inracellidaris in the faeces by PCR was evident in either

aroup {1 or 2) on Days 21 {vaccination} {o 35 of the study, see Fig. 3. Group 1 pigs were

tf

mitially faecal PCR positive on Day 42 (challenge} and remaied positive unfit Day 03
(study termination) with 11% to 16% of the prgs shedding L. ifracellularis duning this ftine
pertod. Pigs in Group 2 were inthially faccal PCR posttive on Day 49 and remained positive
unfit Day 63 (study termunation) with 5% 1o 23% of the pigs shedding {.. infracellularis
dunng this ttme pentod.  Pigs m Group 4 were not PCR positive for Lanwwsornia DNA until

Day 42 {(challenge) and remained positive until Day 63 (study termination} with decreasing
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rates of shedding from 25% to S%. No evidence of a significant difterence m the rates of
faecal shedding of L. infracellularis between Groups 1 and 2 and Groups 1 and 4 duning the
study.

A shightly higher percentage of tissue PCR positives were found 1o the ilea of pigs in Group
2 (23%) compared to Group 1 (20%) at Day 63 (study termunation} of the study. A lower
frequency of tissue PCR postiives was evident i Group 4 (5% ) than Groups 1 and 2 at study
termunation. No significant differences in PCR positives were noted among Groups 1 and 2
and Groups 1 and 4 respectivelv. Pigs in all three groups were PUR negative for f.
nracelfniaris in the tonsl, mesenteric iymph node, and colon.

Average weight gain comparisons among all test groups are summarized in Table 2.
Average mitial weights were uniform among Groups 1 and 2 on Dav 21 {vaccination) with
pigs weighing 6,53 and 635 kg/pig respectively.  Uniform average weights were also
abserved among Groups 1 and 4 on Day 21 (6.53 kg/pig and 0.44 ka/pig, respectivelyy No

signtficant difterence 1 ADWG among Groups 1 (040 kg/mg) and 2 (041 ky/mg) or

{

among Groups 1 and 4 (044 kug/pigy from Dav 21 (vaccmation) to Day 42 {chalienge).

Significant differences (p<0.03) in ADWG were evident i Group 1 pigs {645 kefpig)

f

compared to Group 4 pigs {051 kg/pig) dunng the 21-dav evaluation penod trom Day 21
(challenge} to Day 03 (study temunation). No sigmficant differences i ADW( among

Groups 1 and 2 were noted from Day 21 0 Day 63 in this study.
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Example 3

IFAT tor detection and quantilfication of anti-L. ifracelinaris antibodies

Serum saniples from the blood of each sow and pig were tested for the presence of IgG
antibodies agamst L. mracellularis by the Immunofluorescence antibody test (IFAT) using
fixed whole Laswvsonia antigen on 96-well polystyrene microtitre plates and FITC-iabeled
antibodies directed against porcine gl (Knittel et al 1998). The IFA test was modified

»

slightly by using FITC-labeled antibodies directed against porcing lgM and lgA.  This
moditied procedure was used to detect these antibodies, m addition to g, in each sow’s
colostrum for  determining the  concentration  of  different  Lawsonia-specitic
ummunoglobuling. The colostrum was diluted 2-told m duplicate i PBS and transferred
{(100pl/well) to two sets of Lawsewsa coated 96-well plates as mentioned above. The
imoculated plates were allowed to incubate for 30 minutes at 37°C and were then washed 3
ttmes with PBS. An anti-swine IeM or 1gA FITC-conjugated antthody (Kukegaard and
Perry Laboratonies, In¢.) previously diluted 1:200 10 PBS was added to the plates and then,
mcubation and wash steps were repeated. The titre of each specitic anti-Lawsonia antibody
was detected using UV mucroscopy. Percent IFAT positives and mean titre values for each

mnunoglobulin were calculated tor group compansons to determine the frequency and the

tevel of 1gQ, 1eM, and IgA colostrum antibodies present among sows.

References

1. Knittel et al. {1998 Am } Vet Res 59:722-726.
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CLAIMS:

1. Use of attenuated L. intracellularis bacteria for the preparation of a
medicament in a dose effective for vaccination, by oral drench, of a mammal at day 1 to day 9

of age, the mammal having maternally derived anti-L.intracellularis antibodies.

2. The use according to claim 1, for vaccination of the mammal at day 1 to day 6
of age.

3. The use according to claim 1 or 2, for vaccination of the mammal at day 1 or 2
of age.

4, The use according to any one of claims 1 to 3, wherein the mammal has a

detectable anti-L.intracellularis antibody titre of at least 1:4 per ml serum.

5. The use according to any one of claims 1 to 3, wherein the mammal has a

detectable anti-L.intracellularis antibody titre of at least 1:64 per ml serum.

6. The use according to any one of claims 1 to 5, wherein the dose of attenuated

L. intracellularis bacteria for vaccination of the mammal 1s 3.0 TCIDsg to 6.0 TCIDsy.

7. The use according to any one of claims 1 to 6, wherein said mammal 1s

selected from the group consisting of cattle, pigs, horses, and primates.

8. The use according to claim 7, wherein said mammal is a pig.

9. Use of attenuated L. intracellularis bacteria in a dose effective for vaccination,
by oral drench, of a mammal at day 1 to day 9 of age, the mammal having maternally derived

anti-L. intracellularis antibodies.

10. The use according to claim 9, for vaccination of the mammal at day 1 to day 6
of age.

11. The use according to claim 9 or 10, for vaccination of the mammal at day 1

or 2 of age.

41
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12. The use according to any one of claims 9 to 11, wherein the mammal has a

detectable anti-L.intracellularis antibody titre of at least 1:4 per ml serum.

13. The use according to any one of claims 9 to 11, wherein the mammal has a

detectable anti-L.intracellularis antibody titre of at least 1:64 per ml serum.

14. The use according to any one of claims 9 to 13, wherein the dose of attenuated

L. intracellularis bacteria for vaccination of the mammal 1s 3.0 TCIDsg to 6.0 TCIDs.

15. The use according to any one of claims 9 to 14, wherein said mammal 1s

selected from the group consisting of cattle, pigs, horses, and primates.
16. The use according to claim 15, wherein said mammal 1s a pig.

17. A kit comprising attenuated L. intracellularis bacteria and a veterinary-
acceptable carrier, and instructions for use of the attenuated L. intracellularis bacteria for
vaccination, by oral drench, of a mammal at day 1 to day 9 of age, the mammal having

maternally derived anti-L.intracellularis antibodies.

42
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