WO 2006/012949 PCT/EP2005/006781 METHOD OF DIAGNOSING
LAWSONIA INTRACELLULARIS FIELD OF THE INVENTION 5 The
resent invention relates to the field of animal health and in particular to
“E%ng‘fm?ﬁ%tracellularis. In particular, the invention relates t& QI HBHHGEP Y81
diagnosing Lawsonia intracellularis infection and a diagnostic test kit using
Lawsonia intracellularis-specific antibodies. The invention also relates to
the use of the method or test kit for diagnosing Lawsonia intracellularis
infections. 10 BACKGROUND OF THE INVENTION L. intracellularis, the
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virtually all animals, including humans, rabbits, ferrets, hamsters,
horses, and other animals as diverse as ostriches and emus. L.
intracellularis is a 15 particularly great cause of losses in swine herds in
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Iheen given the taxonomic name Lawsonia (L.) intracellularis. S. McOrist

et abADKIckR oG RstereiBantgenianaw Vol. 45, No. 4, 820-825 (1995).
These, three!P mes E%ve been used interchangeablly to refer to the same ,
org nfGHFP S iR 1o FEHEE 4R PR IRRI HEr difligsadive emteropainy (‘PPE),

affects virtually all animals, including humans, rabbits, ferrets, hamsters, fox,
horses, and other animals as diverse as ostriches and emus. L. infraceflularisis a

15 particularly great cause of losses in swine herds in Europe as well as in the United
States.

A consistent feature of PPE is the occurrence of intracytoplasmic, non-membrane
bound curved bacilli within enterocytes in affected portions of intestine. The

20 bacteria associated with PPE have been referred to as "Campylobacter-like
organisms.” 8. McOrist ef al, Vet Pathol, Vol. 26, 280-264 (1989).
Subsequently, the causative bacteria have been identified as & novel taxonomic
genus and species, vernacularly referred to as fleal symbiont (IS) intraceliuiaris.
C. Gebhart et al., Intl. J. of Systemic Bacteriology, Vol. 43, No. 3, 533-538 (1893).

25 More recently, these novel bacteria have been given the texonomic name
Lawsonja (L.) intracellutaris. S. McOrist ef al,, Intl. J. of Systemic Bacterioiogy,
Vol. 45, No. 4, 820-825 (1995). These three names have been used
interchangeably to refer to the same organism as further identified and described
herein.
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WO 2006/012949 PCT/EP2005/006781 -2 L. intracellularis is an obligate,
intracellular bacterium which cannot be cultured by normal bacteriological
methods on conventional cell-free media and has been thought to reguire
é?té%%@azgﬁithelial cells for growth, S. McOirist of a/., InfectiglgTéW 005006781
Immunity, Vol. 61, No. 19, 4286-4292 (1993) and G. Lawson et al., J. of 5
Clinical Microbiology, Vol. 31, No, 5, 1136:1142 (1993) discuss cultivation
of L. intracellularis using IEC-18 rat intesfinal epithelial cell monolayers in
conventional tissue culture flasks, In addition, H. Stills, Infection and
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el SOV EDiRNE dsfvareitisediaskor to being inoculated, the cells may be in
the form of a monolayer. To form a morolayer, the cells may be seed into
conyenti asks. .Each flask is geperally seeded with between about
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COSEDHALOIECTHE SrofsirisuifRdifhe EWitfottificthalitia. Numerous cell

5gluc‘:ose 0
lines can be used in practicing the invention, including, but not limited to, IEC-18

(ATCC 1588)-rat intestinal epithelial cells, HEp-2 (ATCC 23)~human epidermoid

carcinoma cells, McCoys (ATCC 1696)-mouse (non-specified) celis, BGMK

(Biowhittaker #71-176)-buffalo green monkey kidney celis, and swine intestinal
20 epithelium cells. The preferred culiure celis ars HEp-2, McCoys or IEC-18 calls,

=

It culture cells are used, prior to being inoculated, the cells may be in the form of a
monolayer. To form a morolayer, the cells may be seed into conventional fiasks.
Each flask Is generally seeded with between about 1x10° cells to about 10x10°
25 cells per 25, 75, 150, 850 ¢m? flask or rolier bottie mixed with growth media. The
growth media may be any media for cel cultivation which includes a nitrogen
source, necessary growth factors for the chosen culture cells, and a carbon
source, such as glucose or lactose. The preferred media is DMEM foriified with

Ham's F 12 with 1-5% fetal bovine serum, although other commerdially available
30 media may be used with good results.



Ham's F 12 with 1-5% fetal bovine serum, although other commercially
available 30 media may be used with good results. WO 2006/012949

PCT/EP2005/006781 -3 Successful cultivation of L. intracellular/s is
Wéﬁﬁ%ﬁ@é@‘ﬁ’y maintaining the culture cells in a constant stat%cgf%’mﬁ/ﬁ{.’ﬁm

Therefore, the culture cell monolayer should be at about 20 percent to
about 50 percent confluency at the time“_%f”inoculation. Preferably, the
cells should be at about 30 percent to about 40 percent confluency 5 at
the time of inoculation, most preferably at about 30 percent confluency.

Altesnativel D1geallsnRiOL to-heingingruiated. may be.g rr%\éléﬂimnin?othe culture

suspension, as described infra. Preferablééthe cells arefirst grown
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of a swine or other animal infected with PPE. When preparing an
intsggnal homogenate, ilea[ sections selected for culture should show
S

sevel&MBLYGRs WirPglSsETRicieARTP P BRUTgiRd DRV E U YAy ife SHistepasion, as

of tHeslsabtetia/rsanidershipulthpresesainty Hesstptahaio- 100 ascaMitlHSh the

possible @afte RGPS jhiatic to which L. intracellularis,is

resistan'i%cﬁ%% I\/an@@mgyc%r% @,%\?r%%ﬁgl%eer% ﬁt dr%%m%é?geéﬁi%,e system, and
WamihBgIyepsiRegrisudr N tisistiesd iatudiny sSGestainlcin and Neomycin,

to name a few, is preferably added to the inoculum to suppress

confaminating bacteria while permitting L. intracellularis growth. Whether
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25 filesg@imaleells can be performed by various techniques known in the

art, given the teachings herein. The bacteria and/or inoculated culture

cells are then incubated under a reduced v .
s The Inoculum can be an intestinal homogenate prepared by scraping the mucosa

off of the lleum of a swine or other animal infected with PPE. When preparing an
intestinal homogenate, ileal sections selected for culture should show severe
lesions with gross thickening of the gut. Due fo the fragile nature of the bacteria,
samples should preferably be stored at -70°C as quickly as possible after
20 necropsy. An antibiotic to which L. intracefiufaris is resistant such as Vancomycin,
Amphotericin B or members of the aminoglycoside group of antibiotics, including
Gentamicin and Neomycin, to name a few, is preferably added to the inoculum to
suppress contaminating bacterfa while permitting L. infraceliularis growth.
Whether the inoculum is a pure culture or an intestinal homogenate, inoculation of

25 the culture cells can be performed by various techniques known in the art, given
the teachings hersin.

The bacteria and/or inoculated culture cells are then incubated under a reduced
dissolved O, concentration. At dissolved oxygen concenirations greater than 10%
e L. :’ntraceiiufaris' growth is less than optimal with cessation of growth eveniually
occurring at oxygen wncenirations outside this range. Preferably, the bacteria



dissolved 02 concentration. At dissolved oxygen concentrations greater
than 10% 3o L. intracel/ularis growth is less than optimal with cessation of

“%rowth eventually occurring at oxygen concentrations outside t iEsP [ange. et

EIYANK “the bacteria WO 2006/012949 PCT/EP2005/006 781 -4 andlor

inoculated culture cells are incubated in a dissolved oxygen concentration
in the range of about 0% to about 10%. More preferably, the bacteria
and/or cells are incubated in an oxygen concentration in the range of
about 0% to about 8%, with an oxygen concentration of about 0% to
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jwith a carbon dioxide concentration of about 8.8% being most preferred.
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maintaining the inoculated cells in suspension, and a gas monitor and

supply source to supply and maintain the proper gas concentrations. The
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Most preferably, the temperature is about 37C. The necessary equipment
15 aﬂpof the hy%.{irogen pregent. Most preferably, the cerl}s aresmc)éb&eé) in about 0 to

about 8.0% O, about 8.8% COz, and about 83.2% Ha.

inoculated cells may be incubated in a dual gas incubator or other gas chambers
which contains the proper hydrogen, oxygen and carbon dioxide concentrations
20 and which allows the cells to be suspended during incubation. The chamber
should comprise a means for maintaining the inoculated cells in suspension, and a
gas monitor and supply source to supply and maintain the proper gas
concentrations. The incubation temperature should be in the range of from 30°C
o about 45°C and is more preferably in the range of from about 36°C io about
25 38°C. Most preferably, the temperature is about 37°C. The necessary equipment
for cultivation and attenuation is readily available to those or ordinary skill in the art
given the isachings hersin. One example of equipment suitabie for carrying out
the resent invention is a dual gas incubator, e.q., model 480 (Lab-Line, Melrose
Park, IL) in conjunction with spinner flasks to maintain the cells in suspension.
30 The presently preferred equipment comprises a fermentor, bioreactor, stir plate or
rotary shaker containing media and capable of maintaining the culture cells in
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for cultivation and attenuation is readily available to those or ordinary skill

in the art given the teachings herein. One example of equipment suitable

for carrying out the resent invention is a dual gas incubator, e.a.. model
Mﬁfglﬁ?&ne, Melrose Park, IL) in conjunction with spinne%%é%%ﬂ%mﬂmm
maintain the cells in suspension. 30 The presently preferred equipment
comprises a fermentor, bioreactor, stir_gjate or rotary shaker containing
media and capable of maintaining the culture cells in WO 2006/012949
PCT/EP2005/006781 -5 suspension via sparging gas of the appropriate
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leved by Increasing each individual cell's exposure to growth media
and the proper mixture of hydrogen, oxygen and carbon dioxide. The
cuyrengelisisan beagitatechand ieimaintainegsiesuspestsien dylag drietpation,
of methods known in th art including, for example, cultyr sks,
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incubating the cellsdn aspianshfask,ipgideradualigrs cireubMWeosgitated and

similar apparatus. The term "spinner flask", as used herein, means a }5@ :
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reach confluency arid then the cells are placed in a spinner flask
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Eask or other contalﬁer which employs a paddles, propelier or other means fo

agitate the culture and keep the cells contained therein in suspension.

Alternatively, the inocuiated cells are incubated until the cells reach confiuency
and then the cells are placed in a spinner flask containing growth media and
incubated in a dual gas incubafor while spinning the flask. Preferably, the
inoculated cells are scraped or frypsinized and passaged into the spinner fiask.
This can be achieved by & varisty of methods known in the art such as using a cell
scraper o detach the cells. Once the cells are introduced into the spinner flask,
the paddie of the spinner flask is typically rotated in the range of from about 30 to
about 60 rpm on a magnetic stir plate in order to maintain the infected cells in

suspension.

A portion of the cultivated L. infracellularis is then passaged to fresh culiure fo
increase the production of L. intracellularis bacteria, The term “passaging” or
variations thereof herein means the process of transferring & portion of the
cultivated L. intraceliularis to fresh culture cells in order fo infect the fresh cells with



This can be achieved by a variety of methods known in the art such as
using a cell scraper to detach the cells. Once the cells are introduced into

the spinner flask, the paddle of the spinner flask is typically r&t %th&%l
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order to maintain the infected cells in suspension. A portion of the
cultivated L. intracellularis is then passgged to fresh culture to increase
the production of L. intracellularis bacteria. The term "passaging” or 30
variations thereof herein means the process of transferring a portion of the

cuttivalgdldeuintragrluas iesiesheullideecalsinedes eirfostidhenbigshor yet
cells with WO 2006/012949 PCT/EP2005/006781 -6 the bacterium. The
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more than approximately one day old. s The passage of L. intracellularis

in suspension cultures may be accomplished by removing a portion of the
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After sufiicient growth of the cuiture cells and subsequent infection by L.
infracellularis, as determined by indirect fluorescent antibody (IFA) staining,
TCIDsy or another comparable method, at ieast a poriion of the cuitivated L.
intracellutaris bacieria is then harvested. The harvesting step may be performed
by separating the bacteria from the suspension by various technigues known to
those of ordinary skill in the art, given the ieachings herein, Preferably, the L.
intracelllaris bacteria is harvestad by centrifuging the contents of all or a portion
of the suspension to pellet the culture cells, resuspending the resulting cell pelists,
and lysing the Infected cells. Typically, at jeast a portion of the contents is
centrifuged at about 3000xg for about 20 minutes in order fo peliet the cells and
bacteria. The pellet may then be resuspended in, for example, a sucrose-
phosphate-glutamate (SPG) solution and passed approximately 20 times through
a 25 gauge needle in order to lyse the cells. [f further purification is desired, the
samples can be centrifuged at about 145xg for about five minutes to remove
cellular nuclel and debris. The supernatant may then be centrifuged at about
3000xg for about twenty minutes and the resuliing pellet resuspended in an



intracelfularis bacteria is then harvested. The harvesting step may be
performed 20 by separating the bacteria from the suspension by various

tgsl&n&yfd% ?known to those of ordinary skill in the art, glve ﬁﬁﬁ?ﬂ%@)&}%&l

Verein eferably, the L. intracellularis bacteria is harveste

centrifuging the contents of all or a portion of the suspension to pellet the
culture cells, resuspending the resulting gell pellets, and lysing the
infected cells. Typically, at least a portion of the contents is 25 centrifuged
at about 3000xg for about 20 minutes in order to pellet the cells and
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phosphate glutamate (SPG) solution and passed approximately 0 times
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minutes to remove 30 cellular nuclei and debris. The supernatant may

then be centrifuged at about 3000xg for about twenty minutes and the
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harvested bacteria suitable for Iyophlllzatlon freezing, or use as an
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tlssue cells actively growing. Using suspension cultures greatly facilitates
10keeinBasier &y actively growing and permits continuous culture
expansion and scale-up. Using a fermentor and between about 0 to 3%

dis Ived d2 as Ialned lg% 15(': iéqerWt to i0 ;clj i "

bactetfaimt! Wh gYng(f\/l ys 0? céfis] e{a pre efdbIetPadn 393705
geIan%&mgamggia%ggérﬁllmﬁa@ﬁmeem%gmgg}gm%g@h Byous microcartiers
Culisphe F%QM%@Cre&@éﬂeaﬁaWygé%g%ﬂb%@temammaut%weva

along with the growth media. However, is HEp-2 cells and others do not
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For culture mainienance purposes, with HEp-2 cultures, preferably 25% to 50% of
the culture is removed and replaced with fresh media at weekly intervals. For cell

20 cultures with microcarriers or beads, preferably 25% to 50% of the culture is
removed and replaced with fresh media 1-2 times weekly. For scaie-up purposes,
an additional 25% to 50% of media, or media with microcaitiers, may be added io
the cuiture.

25 Depending upon the rate at which the culture celis become infected, passage to
fresh cells generally occurs between about every 2 to about 7 days. Assuming
that the cuiture celis become at ieast 70% infected within 2 to 7 days, preferably
passage occurs betwesn about every & to 7 days.

30 Diagnosis of L. infraceliularis antigen is carried out today by using dirsct immuno-
fluorescence and PCR. Diagnosis of antibodies specific to L. infraceljularis is



herein. For culture maintenance purposes, with HEp-2 cultures, preferably
25% to 50% of the culture is removed and replaced with fresh media at
weekly intervals. For cell 20 cultures with microcarriers or beads,
preferably 25% to 50% of the culture is removed and replaced with fresh
media 1-2 times weekly. For scale-up purposes, an additional 25% to
50% of media, or media with microcarriers, may be added to the culture.
25 Depending upon the rate at which the culture cells become infected
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days. Assuming that the culture cells become a cte
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30 Diagnosis of L. intracellularis antigen is carried out today by using
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result of the present invention, development of diagnostic tools promoting
rapid and accurate assays for the presence of L. intracellularis in
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present invention is to.provide improved methods for diagnosis of L.

i ellularis disease, BRIEF SUMMARY OF THE INVENTION The
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anﬁﬁ’f?é@éﬂ@hﬁ'@sﬁl@%ﬁ@@gso re ates to the use of the method or test kit for diagnosing

Lawsonia intracellufaris infections.

According to a first aspect, there is provided a method for the diagnosis of pre-clinical or
clinical Lawsonia intracellularis infection, the method comprising the following steps: a)
detecting the specific binding of a liquid sample taken from a mammal to a L.
intracellularis specific monoclonal antibody, wherein said monocional antibody is
selected from the group consisting of: antibody 301:39, antibody 287:6, antibody 268:29,
antibody 110:9, antibody 113:2 and antibody 268:18; and b) comparing the result
obtained with a control.

According to a second aspect, there is provided a hybridoma celf line ECACC Accession
No. 04092204 secreting antibody 110:9.

According to a third aspect, there is provided a hybridoma cel} line ECACC Accession
No. 04092201 secreting antibody 113:2.

According to a fourth aspect, there is provided a hybridoma cell line ECACC Accession
No. 04092202 secreting antibody 268:18.



According to a first aspect, there is provided a method for the diagnosis of
pre-clinical or clinical Lawsonia intracellularis infection, the method
comprising the following steps: a) detecting the specific binding of a liquid
sample taken from a mammal to a L. intracellularis specific monoclonal
antibody, wherein said monoclonal antibody is selected from the group
consisting of. antibody 301:39, antib%'fﬂy 287:6, antibody 268:29, antibody
110:9, antibody 113:2 and antibody 268:18; and b) comparing the result
Aceh@ined witha contrel Aeearding, 1.8 SeRARMasReSH HRre:is Arevided &0
N h%ég%ka cell line E?@C? Accession N_o. 040_92204 secreting antlbo_dy
No1 98> RESIRG SIS E A A8PEct, there is provided a hybridoma cell line
ECACC Accession No. 04092201 secreting antibody 113:2. According to

Acofauthiaspget herisiprvided-eiybHdgmadeslling FAEEACCasSiion

202 secret ntjhpody 268:18. 8a According to a fifth aspect,
NUE%P??Q@%S?&%%%“&Q% Brgga?t%e'll line ECACC Accession No. 04092206

secreting antibody 268:29. According to a sixth aspect, there is provided a
Acbyldiittoma eslbliher HEAGR:RAGcessiafdN®R4093203 seereting aatineesion

NO@@Z@%M&@Q& éqalqﬁ%%é?%%%sgpect, there is_ provided a hybridoma cell
line ECACC Accession No. 04092205 secreting antibody 301:39. BRIEF

DESCRIPTION OF THE DRAWINGS Fig. 1: Results of Blocking ELISA
BRA&FOFHIN I IHE (DYWeGEONEEI Y RARENMS of 301 field sera compared in

FidFA ROGELIE i3 FROSHIS QSIS DIRCKIRgFLISA - cross-sectional

. sgreenings in, 3 f Fig. 4. Results of lleit] A - 22 German farms
Ff&%ﬁ%@%ﬁ?&?&%&?{@; ETTER P& IWﬁ%ﬁWchQE ptoms. DETAILED
FipESerIPTIGN G IPHENVERNT IO sDefiitioassofcaings irsédamthe
FidesRiptienss feitis ELISA — 22 German farms

Fig. 5: Correlation of ELISA results with clinical symptoms.

DETAILED DESCRIPTION OF THE INVENTION

Definitions of terms used in the description:

Before the embodiments of the present invention it must be noted that as used herein and
in the appended claims, the singular forms “a”, “an”, and “the” include plural reference

uniess the context clearly dictates otherwise. Thus, for example,



Before the embodiments of the present invention it must be noted that as
used herein and in the appended claims, the singular forms "a", "an", and
"the" include plural reference unless the context clearly dictates )
SIRERNIEE S hus, for example, WO 2006/012949 PCTJIEP2005/008781 "¢ "
reference to "a bacterium" includes a plurality of such bacteria, reference
to the "cell" is a reference to one or morg cells and equivalents thereof
known to those skilled in the art, and so torth, Unless defined otherwise,
all technical and scientific terms used herein have the same meanings as

Cowa%yw%sm@ehmnmfu%&@%ﬁvaﬁgilldﬁ NePBAONACRIBIS e 1o the

invention belongs. Although any methods an imi

=

¥ s materials similar or
equitiielSt B0 BTSE Gt AR PRENBIR Calle e dtiirpiRBtspiReE Grown to those

testkigeaf ithprasenidracefiivn Une gy etamed mrthais, devieemiandnd scientific

m ials are,now described. All publications mentioned herein ar
e o lea e B R e PR R B S hganigos b one of

sdisefsdnagythigicelitiaes! o whithrtyiainyendtrotisloties At rebriey imetfeods and
publisaliens whigh migbEReHsed ih £A0RCRHIONMALN ReJAVRRHOR: used in the

Nothing, herein is to be construed as an admission that the invention is

not &R To itEEtE TEcRTEREIb LRIy viffife SRfRTE iMAShaeh. devises. and
useddrein aerterntksotizce | lapistivebns theititace bes careeicorporated

gram;. i ri ribed in_detai ehhart.et al.. Intl. J. of, .

T ORGSRl ) e
10a]. MPRIP'S: BPdSystBAYe! Bt 6y vOIN4BeNELiraR0BEEI¢h I0E) T dwcksad in

of whickiSomaorperategdigiein ytrefeeneminthekLabretiesdthe an admission

ca ive bacteria which 20 can he obtained from PPE infected swine or )
ot#grgé\é%ég nﬁ@l‘fgﬁoﬂ?%h%n@&?dmgi%aﬁ%gek% |SURFEOTHER N tVAFHE 108 Prior
tealehBig®herein; and variants or mutants of any of the above bacteria,

whether spontaneously or artificially obtained and DNA, RNA and
bacterial proteins specific for L. intracellularis, including proteins

IS ex Sre 68 iFPTRIRIdRE deHRek i Wiosed isnkatpraan dha s magiinentssived gram-
antiggattve bacteria described in detail by C. Gebhart et al., intl, J. of Systemic

Bacteriology, Vol. 43, No. 3, 533-538 (1983) and S. McOrist ef al., intl. J. of
Systemic Bactericlogy, Vol. 45, No, 4, 820-825 (1995), each of which is
incorporated herein by reference in their entirsties; the causative bacterta which

20 can be obtained from PPE infected swine or other animals throughout the world
given the knowledge in the art and the teachings herein; and variants or mutants
of any of the above bacteria, whether spontansously or artificially obtained and
DNA, RNA and bacterial proteins specific for L. intracellularis, including proteins
expressed in vectors or after in vivo application, and also fragments or antigenic

25 derivatives of L. intraceilularis. This term also includes adapted isolates and
attenuated isolates as defined bealow,

As used herein, the term ‘adapted isdlate’ means any L. intracellularis isolate that
Is prepared according fo the cultivation and passaging techniques in cell culture or

30 any other technique to replicate L. infracellularis for purposes of antigen
preparation.



25 derivatives of L. intracellularis. This term also includes adapted isolates
and attenuated isolates as defined below, As used herein, the term
‘adapted isolate’ means any L. intracellularis isolate that is prepared
Wé%%%ﬁ@?ﬁ&f& the cultivation and passaging techniques in celEEEﬁFﬁ?@OG{D%W
any other technique to replicate L. intracellularis for purposes of antigen
preparation. WO 2006/012949 PCT/EP_Z%S)_S/006781 -10 As used herein,

the term "attenuated isolate” means any L. intracellularis isolate that is

prepared according to the cultivation and passaging techniques taught
herein to achieve avirulence while maintaining immunogenic properties
when 5 administered to a host animal. As used herein, the term

"lar§e-yeaf@iftivatihtamp aplicnyeird SlEiRyAIRATOREY ihtraéairakrier’s isolate
gregief iBaprarpeexisrateling QdotleOdittisng elupessproductiomiones taught

scale of 100 IiteF]s or more "CuItivzﬁt'on" as %lsed herein, means th

, e .
proBE dOrBTORGHAG The Growth, Tepraatiction and/or prolieration or L, "he"

intradetiolaigssdDisalbssirerdftie invention The solution to the above
technical problem is achieved by the description and the embodiments
characterized in the claims. 15 The aim of the present invention is to

profidesembeRdn S aIilsHoR prealgi Rt AY 2HP RIIMEANE At dtituliyation of L.

infefeticins Fuidiie trarter éeimappredraspongetols. dnttecedutainsishiall pevduction

detected toghfor L. intracellularis. epidemiQlogy is.ta be provi 0

LR ohRel DSl R R R 0 R Hocees
1¢he C§eopaGNthEh 8 ssefiCator efi trd arby mekivsadpa phétHowase/lularis,

diagnosing pre- clinical or clinical L. intracellularis infection.

Disclosure of the invention
The solution {o the above technical problem is achieved by the description and the
embodiments characterized in the claims.

15
The aim of the present invention is to provide a method of diagnhosing pre-~clinical
or clinical L. infracellularis infection, Furthermore, an immune responss io L.
infracellularis shall be detected and a tool for L. intraceliviaris epidemiology is to
be provided.

20
This objective has been achisved according to the present invention within the
scope of the specification and claims by means of a method of diagnosing pre-
clinical or clinical L. intracellularis infection.

25 The invention refates to the defection of antibodies against L. intracellularis and {o
the detection of L. intraceliularis itself. Such aniibodies include any antibody type
known to the skilled person, in particular immunoglobulins of the subtypes igA,
souble igA, 1gM, 1gG (1g&1, [gGRa, 1gG2b, [gG3), and also igh, IgE.

30 To detect antibodies specific for L. infraceffularis, according to the invention, the
method is based on the fact that



25 The invention relates to the detection of antibodies against L,
intracellularis and to the detection of L. intracellularis itself. Such
antibodies include any antibody type known to the skilled person, in
Wﬁ)a%ﬁ%?é%gﬁ%munoglobulins of the subtypes IgA, souble IgAI,)%mP F&?ﬁ’““”’“
(lgG1, IgG2a, 1gG2b, 1gG3), and also IgD, IgE. so To detect antibodies
specific for L. intracellularis, according to,the invention, the method is
based on the fact that WO 2006/012949 PCT/EP2005/006781 -11 a) a
liquid sample is taken from a mammal b) the specific binding of such liquid
sample to L. intracellularis antigen is detected s c) the result obtained is
compared with a control. As defined above, L. intrace/ularis also includes
frag?gen?s"ﬁf‘ﬁrﬁﬁﬁﬁﬁ la&riRI(e8" Bimammatellularis, which may be used
in apnettiesd assalfioveinitirsinafaghsradepidinguteptbetnventitnactigletictdntigen is
infracelllﬂa{(ia%tetge method according to the invention is as follows: the
method i&based on the fact that a) a liquid sample is taken from a
mammathsbythekipviidomdingret suhdigatdreAmple to L.
intracellularis antibodies is detected c) the result obtained is compared
with a control. The liquid sample may include any bodily fluid including , .
salits, SHIBSE FHHE: L HIAET LaEs N e SHERR GRS R BUaR ey vatives
samplesKrevafitathesigrerntdny thedmidn la aprefe aedi@mbodiment, the
liquid sample is collected using either a collection container (for urine or
other liquid), a syringe/collection tube (for blood) or some type of

1ol |SihoR WA R BalilR, R e etéiyPréde BBRC it ihd dmaplel i/ sstépeanetnod

is blood,Gar 1 BE Mashidisdselatsddem this blood sample and step b) is
25 carried.ou Wi[%h secgum or Qla ma instead of the liquid sample.
g RIS on tha

SubSeqUEhe actimat

a) aliquid sample is taken from a mammal
15 b)Y the specific binding of such liguid sample to L. intraceliuiaris antibodies is
detecied

c} the resuit obtainad is compared with a confrol.

The liquid sample may include any bodily fiuid including saliva, sweat, uring,

20 blood, secretions, excretions or other bodily fluid samples known to the expert in
the field. in a preferred embodiment, the liguid sample is collected using either &
collection container {for urine or other liquid), a syringe/coliection tube (for biood)
or some type of collection swab (for saliva, sweat etc.) Preferably, if the sample in
step a) is blood, serum or plasma is isolated from this blood sampie and step b} is

25 carried out with serum or plasma instead of the liquid sample . Subsaguently, step
c) is carried out as abave.

In a preferred embodiment, the method s an immune test. An immune test uses
monocional antibodies or polycional antisera specific to L. intracellufaris. Immune
30 tests according o the invention include the methods of detection known in the art
such as the ELISA test (enzyme-linked immuno-sorbent assay) or the so-called



c) is carried out as above. In a preferred embodiment, the method is an
immune test. An immune test uses monoclonal antibodies or polyclonal

antisera specific to L. infracellularis. Immune 30 tests according to the
WREAtIBHTAtIude the methods of detection known in the art SuERFE4HM6781
ELISA test (enzyme-linked immuno-sorbent assay) or the so-called WO
2006/012949 PCTIEP2005/006781 -12 sandwich-ELISA test, dot blots,
immunoblots, radioimmuno tests (radio'lﬁ%i'unoassay RIA),
diffusion-based Ouchterlony test or rocket immunofluorescent assays.

Othgr im: s are the indirect gr direct. immunofluorescent.antibody

testg '@ﬁ%ﬁgﬁ%ﬁr im%wsuphe tce]dgi is t@g%o-cafﬁ%@@é\b Lbern BREQIIERUNC ™ tests
knoﬁﬁﬂWﬁﬁ%ns@%rocéMQﬁMerr}CbJohiﬂ@nsr hetgstirpase rocket
of WesienbfIHeis-EnraRsiek ProteiRs arpalyrentdes srPaiated e or diract

pol acr}jla ide gel electrophoresis onto a nitrocellulose filter or other

ST P S0 S H Shirle a4 AR PETaVETBR T socalles
sprotéiestan polyjaéptidesobtaitéssfsonuthegeleleetiophoresistdfioting). The
We Of.IS I incubat J antihody which specifically binds

to trautaﬁ- g%(%iﬁ%q\rﬁ{%ﬂ?%p%%{e guﬁ%ﬁf%)%g{dggﬁ%% ﬁeg?e; ee?tinigc gof paraied by
det@@fﬁ@éﬁﬁ‘b‘é@ug@ﬂ%W@B@Eﬁﬁ'éeo%wIlédrﬁiéPS@ihit@Speﬁtampmether suitabie

inveatios descrinethbeseaine Litgeansigterences iivwhighitbeskiled Persgting or
can fipd thﬁ bovg—menti ned meth dz?and other detection methods are

oSt ARG AR o LI SRR LRG3 Ssay B ACRETH APt 15 ther

OWS!
10Tedhpiaty] Biteviersstmiyesitilishecsjoaistendany Teethertansisypeptide

(1986%B Teghpiguss i emistoy, '
e TR ORI R AT e

Praiibe AR SPR By SRR NIRRT desaijeet Aseritor) RseRhigtRIgNCes in
in Bibidertistryiiled MoteoulasBidlagyinE|ssios SeencadiUMShes and ofher
Am , ther 0,(1985).,Salid and fluid protein. chip
tecﬁ%%%%@s%%ﬁn%gr%% r%%tjgsc Snfé ﬁooéhil 85t iir?grqg%cegf% té)r%ﬁ%g [@ynoassay and
sreafjefats dréachttieramrilnsy esstsiaocerdingishehe twettidam, The Netherlands

(1986); Bullock st al., Technigues in Immunocytochemistry, Academic Press,
Orlando, FL Vol. 1 (1982), Vol. 2 (1983), Vol, 3 (1985); Tijssen, Practice and
Theory of Enzyme Immunoassays: Laborafory Techniques in Biochemistry and
Molecular Biology, Elsevier Science Publishers, Amsterdam, The Netherlands

20 (1985). Selid and fluid protein chip technologies or microarray iechnologies using
labeled or unlabeled reagents are further immune tests according to the invention.
Such test are widely described, for example by Kozak KR, et al., ldentification of
biomarkers for ovarian cancer using strong anion-exchange ProteinChips:
potential use in diagnosis and prognosis.Proc Natl Acad Sci U 8 A, 2003 Oct

25 14;100{21):12343-8 (2003), or by Fulton, R.J., et al., Advanced multinlexed
analysis with the FlowMetrix™ system. Clinical Chemisiry 43 (9), 1749-1758
{1987).

The invention further relates to a diagnostic test kit for detecting L. intraceliularis
30 Infection which contains all the siemenis required to carry out a msthod of
diagnosing pre-clinical or clinical L. intraceliuiaris infection as described herein,



Such test are widely described, for example by Kozak KR, et al.,
Identification of biomarkers for ovarian cancer using strong

anion-exchange Protein Chips: potential use in diagnosis and
Wi aUKE4REProc Nat] Acad Sci U S A. 2003 Oct 25 14:100(Z1)FEFZ1%/806 781

(2003), or by Fulton, R.J., at al., Advanced multiplexed analysis with the
FlowMetrixTM system. Clinical Chemistrg 43 (9), 1749-1756 (1997). The
invention further relates to a diagnostic t %t’kit for detecting L.

intracellularis 30 infection which contains all the elements required to

carry out a method of diagnosing pre-clinical or clinical L. intracellularis
infection as described herein. WO 2006/012949 PCT/EP2005/006781 -13
The ISvENGEHA0 THaReb FRatesniD AtIdGIRT (daa igaomsictiast kit witich contains

condaiiscibosiEr specifigdestiuint@cellularis. s The invention further
relates, in particular, to a diagnostic test kit, characterised in that the

antibodies according to the invention are polyclonal. The invention further
sreldtes, iveyditicdlainer sotitgn ostiertestdil, tohadmteristd s thatdheracterised in

antibadiee A0 AROQBia RV THEN ALA 1BRAPE 8RR diagnostc test
od o

kit is a collection of all the components for a met iagnosis
according to the invention. Some examples (not an exhaustive list) of
othéneelemetits fartherfaiaagia protessrascardinghirtbedaventiaracterisad in

inc{Hgﬁ 9 ﬁiBS&? Su 96-well plates or microtitre plates, test tubes,
other su’(lfta%le con?aing%@&éﬁﬁﬁ%&@ﬁ@u%@t%@sﬁc gﬁiw‘branes such
¢as nitrocellulose filter, washing reagents and buffers. A diagnostic test kit

mag al59r%ﬁtﬁi@sﬁ%ﬂgi@@%MB&BW&I%@E&WQ&Q?@Qiﬁ%t%ﬁfacﬁagnosis
e

fore?céamFé)le I?be led secondary antibodies, chromophores, enzymes (e.g:
cofUgAEPwith B0 RRS hna e <BirinalRs (ffdré5r sKrHalve list) of other
sulsiearRigs Vehichrimendap ablecobbindisgrdimtipadies. B0ention inciude containers

such as 96-weli plates or microfitre plates, test tubes, other suitable containers,

15 surfaces and substrates, membranes such as nitrocellulose filter, washing
reagents and buffers. A diagnostic test kit may also contain reagents which may
detect bound antibodies, such as for example labelled secondary antibodies,
chromophores, enzymes (e.g. conjugated with antibodies) and the substrates
thereof or other substances which are capable of binding antibodies.

2
The L. intraceliufaris bacteria as disclosed herein or known in the arf, or
components derived from such bacteria, can be used as an artigen in an ELISA or
other immunoassay, such as an immunofiuorescent antibody test (“IFA”), {0 detect
antibodies to L. infraceliularis in the serum and other body fluids of animals

25 suspected of being infected with the bacteria. The presently preferred
immunoassay is an IFA as described in the example below. Alternatively, the
bacteria of the instant invention can be used in a Western Biot assay.

The preferred Western Blot protocol is as foliows:
30



The L. intracellularis bacteria as disclosed herein or known in the art, or
components derived from such bacteria, can be used as an antigen in an
ELISA or other immunoassay, such as an immunofluorescent antibod

ngﬁﬁﬁf&%&gf?to detect antibodies to L. intracellularis in the sEfUHFEHEY006781

5

10

13

20

25

30

other body fluids of animals 25 suspected of being infected with the
bacteria. The presently preferred imm_up assay is an IFA as described in
the example below. Alternatively, the bacteria of the instant invention can
be used in a Western Blot assay. The preferred Western Blot protocol is

as follpwg, 30 WiArPOREPEAIAB P GIEFANDHDAE I8 dbAdRUANG transfer to
antigen on SDS-PAGE, preferably on 12% SDS-PAGE, and transfer to

nitrocellMHESRIRBFIAETS ®8ce membrane in blocking buffer for 2
hours2 3. Removertilenking bistkeinghdfinsenathoREBS for 1 minute. 5 4.

Dilute.se i ' ?Sm%r d.to. ne. Incubate for 2
hoursssatgr%%nésf t%ﬁ%%e@a‘g re. ?%\Bgs%%etti%@s%v%%?\?\ﬁs#@ér%r (5 minutes

for eath WiER)SeTLDIliR R WERGETeTanstiad hivaeaRiARss fessifiate for 2 hours
antibody opreferabhyraagroclonal antibody, in blocking buffer and add to

membrane. Incubate for, 10 1 hour at room temperature. 7. Wash 3 times
with vk B TR AU S PR o (TGS b PERLMGR g banding

occyr§, glil_E&E\se wﬁh}m@_.dl@rﬁhidryramf/stens isthelftarkntibbdThepreferably a
conjugate,linkeg, 1a,the:atbody.rould be fr example anSOZUmE. SYCH BSie for

a. horse radish peroxidase (HRP) or alkaline phosphatase (AP).
Alternativelipug at room temperature.
7. Wash 3 times with wash buffer.

8. Add substrate for 10 minutes or until strong banding-occurs.
8. Rinse with PBS.
10, Air dry and store in the dark.

The conjugate linked {o the antibody could be for example an enzyme, such as a.
horse radish peroxidase (HRP) or alkaline phosphatase (AP). Aliernatively, a
chromophore, or any other detectabie substance which is can be guantified in the

oresence of a substraie, can be used as conjugates.

The most preferred immune test according fo the invention is an ELISA. Most
preferably, such ELISA is & sandwich ELISA (= capture ELISA). Such an ELISA is
more specific, as it detecis with two antibedies specific to two different epitopes on
the same antigen. lh & sandwich ELISA, uniabelled antibodies are coated to the
microtiter plates. The L. infracellularis as anfigen is subsequently added. After a
washing step, the bound L. infracellufaris anfigen is defected with a second,
labeled, L. intracellularis-specific antibody reactive to a different epitope on L.

intracellufaris.

An exemplary coating procedure is as follows:
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20

chromophore, or any other detectable substance which is can be
quantified in the presence of a substrate, can be used as conjugate. 20
The most preferred immune test according to the invention is an ELISA.
Sf'%rably, such ELISA is a sandwich ELISA (= captu?gTéﬁg],& (006781
Such an ELISA is more specific, as it detects with two antibodies specific
to two different epitopes on the same gilgtjgen. In a sandwich ELISA,
unlabelled antibodies are coated to the 25 microtiter plates. The L.
intracellularis as antigen is subsequently added. After a washing step, the

baund L. intracellulari [ ' > ith
LSSl LU RBISHR o800, GRRIES % o

intiaseilSiereis ¥6 ddreReangldigubsiathyifrobedsraia BEraRa veptigen. The

2006012040, BCIIER 20054806484n¢ aofdie Blatescaraipnatedsiiiihe antibody
unlabelled antibody, e.g. in 10% Sucrose/1Q% Norm

; .
e s e T N RSk SN

are then dried and sealed and stored at 37C. Alternatively, the antibody

coa tﬁ%@e@%? afgytorad:and tggcepgi,ggqas fdded when the B8R (use of

conducted. 5 A preferred ELISA protocol according to the invention is as
folblio iy @ARtABRlY coated plates): 1. Add 0.1 ml/well antigen diluted
in coating buffer. Incubate for 18 hours at 10 4C. 2. Wash 3 times with

PBS. 3%?% 525 | of blocking,buffer.to each well.of pl Ineubatelto .o o
2 v A BSH S ATaL o BSrEL T 5 OB e ey oo
blockingdbGffer and add 0.1 ml to the first wells of plate.

2. Wash 3 times with PBS.

3. Add 0.25 ml of blocking buffer to each well of plate. Incubate 1 to 2 hours
at 37°C.

4, Wash 3 times with wash buffer.

5. Dilute serum in blocking buffer and add 0.1 ml to the first wells d plate.
Make serial 1:2 dilutions across the plate. incubate for 1 hour at 37.

6. Wash 3 to 5 times with wash buffer,

7. Diluie a conjugated anti-L.intracellutaris specific antibody, preferably a
monoclonal antibody, in blocking buffer and add 0.1 mi to wells of plate and
incubate for 1 hour at 37°C.

8. Wash 3 fo 5 times with wash buffer.

9. Add subsirate.

10.Measure absorbance of light with a spectrophotometer.

11.Wells in which antigen was not added are used as blanks.

12.Pesitive and negative conirol swine serum should also be used with each
test,

A preferred ELISA is carried out as follows:



Make serial 1:2 dilutions across the plate. Incubate for 1 hour at 37. 6.
Wash 3 to 5 times with wash buffer, 7. Dilute a conjugated

i-L.J ellularis specific antibody, preferably a monocl ti
S e e

uffer and add 0.1 mi to wells of plate and 20 in
hour at 37C. 8. Wash 3 to 5 times with wash buffer. 9. Add substrate.
10,Measure absorbance of light with a spectrophotometer. 11. Wells in
which antigen was not added are used é% lanks. 25 12.Positive and
negative control swine serum should also be used with each test, A

pre [ ied. - Wm 2006/0 o
PR aeL so e e T hearaogy o
e.q.HATSBRDIBrEsEldigd RodnngubrieserdbrimaatdHIGzsdlissishantigen. The

withol-asesapia i @esilalalis antigend theeplates are then dried and
sealed and stored at 37C. 5 1. Add 90p1 buffer into all wells. 2. Add 10 pl

serum into selected wells. 3. Incubate plate for 1 hour at 37C, 4. Wash
plate 3timfesiwihi BBET iBoAtddvEIRP conjugated anti -L.intracellularis

specifi@.a%%oqyppggpgﬁwoasé%mglgnal antibody diluted in
CDS-C+0.5M NaCl, 100pi /well. 6. Incubate plate for 1 hour at 37C. 7.

Wash praté®ibdieeidRi P B Srusaitifsubstrate, 100pliwell and incubate
at roord temperatate Jami4: minukessT9. Add 50p1 stop/well. is 10. Read

the pla];;g %d%sglﬁg' t'::%r%t,fs a ggogrﬂef?ig%%géliularis specific antibody, preferably a
10 monocional antibody diluted in CDS-C+0.5M NaCl, 100u! /well,
incubate plate for 1 hour at 37C.
Wash plate 3 times with PBST.
Add subsirate, 100uliwell and incubate at room temperature for 10 minutes.
Add 50p1 stop/well.
0.Read the plate at 450 nm in a specirophotometer.

= © ® N o

The most preferred sandwich ELISA protocol according to the invention is as
follows:

20 1. Add 0.1 mi/well mAD diluted in coating buffer. Incubate for 18 hours at 4°C.
2. Wash 3 times with PBS,
3. Add 0.1 mliweli antigen diluted in buffer to each well of plate. incubate 1 o
2 hours at 37°C.
4. Wash 3 times with wash buffer and/or directty add 0.25 ml of biocking buffer
25 to each weli of plate. Incubate 1 to 2 hours at 37°C.
5. Wash 3 times with wash buffer.
6. Dilute serum in blocking buffer and add 0.1 ml fo the first welis of plate.
Make serial 1:2 dilutions across the pliate. incubate for 1 hour at 37.
7. Wash 3 to 5 limes with wash buffer. |



The most preferred sandwich ELISA protocol according to the invention is
as follows: 20 1. Add 0.1 milwell mADb diluted in coating buffer, Incubate
for 18 hours at 4C. 2. Wash 3 times with PBS. 3. Add 0.1 ml/well antigen

WK HBUffer to each well of plate. Incubate 1 to 2 hours'at 37C 4 06781

Wash 3 times with wash buffer and/or directly add 0.25 ml of blocking
buffer 25 to each well of plate. Incubate 1.to 2 hours at 37C. 5. Wash 3
times with wash buffer. 6. Dilute serumin blocking buffer and add 0.1 ml
to the first wells of plate. Make serial 1:2 dilutions across the plate.

Incubage foflsQWrRl3ad - M\Aﬁﬁbl?ftr@c@m% V‘ﬂg&ﬁ’ﬁéh '(ffk;%d (Breferably a
2006/012949 PCT/EP2005/006781 -17 8. Dilute conjugate

anti-L.intr RIRAEFE FEEREHRtbBe N rERIAp R astoRd drarial wpltietipiaie and
blocking bufféraantbadd il angrogvells of plate and incubate for 1 hour at

37C. 9 h 3t mes with wash er. 510. Add substrate. 11.
Measure sorba??]c%etélgﬁgw th a%%sp %%f ophotometer 12.Wells in which
santigen dvaddhwthater are used as blanks. 13.Positive and negative

controhsvipg.seemshienitalse; Bﬁwﬁ@fﬂa\'gga&m&%%@ Antigen as
used hiegnp\ﬁr'l is L. intracellularis as defined above. mADb relates to a

monoc |eélﬁﬂf68fa'féﬁéﬁﬁ$i%%¥%§ MRtrAR RIS I RS BAD Such |
antibody Baitivantiht iy gatidis closed balow s GUEHsidglsoutst@rdingth each
antibodieg.were generated to be used in the ELISA
10
Antigen as used herein is L. intraceliularis as defined above. mAb relatas to a

monoclonal antibody specific for L. intracelfularis. Preferably, such antibody is an
antibody as disclosed below.

15 Surprisingly, outstanding antibodies were generated io be used in the ELISA
according to the invention. The antibodies have the following reference numbers:
301:39, 287:6, 268:28, 110:8, 11312 and 268:18, All antibodies are specific for
antigens of L. Infraceliularis bacieria. Preferably as capture antibodies in a
sandwich ELISA are 110:9, 113:2 or 287:6, and as conjugated antibodies 268:18,

20  288:20 or 287:6. Most preferred as capture antibody is antibody 110:9 and as
conjugated antibody is antibody 268:28. Also preferred are antibodies having all of
characteristics of such antibodies mentioned above, which means having nearly
the same binding characteristics of the antibodies mentioned above, and/or which
are directed to the same antigens of Lawsonia infraceliularis as compared to the

25 antibodies mentioned above, and/or are direcied to or identifving the same
epitopes as compared to those antibodies mentioned above.

The antibodies according to the invention are produced by hybridoma cells. Said
hybridoma cells according fo the invention are deposited at the Centre for Applied
30 Microbiology and Research (CAMR) and European Collection of Cell Cultures
(ECACC), Salisbury, Wilishire SP4 0JG, UK, as patent deposit according to the



according to the invention. The antibodies have the following reference

numbers: 301:39, 287:6, 268:29, 110:9, 113:2 and 268:18, All antibodies

are specific for antigens of L. intracellularis bacteria. Preferab
WP A Toodies in a sandwich ELISA are 110:9, 113:2 of ¢ Z%P@G%mm

as conjugated antibodies 268:18, 20 268:29 or 287:6. Most preferred as

capture antibody is antibody 110:9 and as conjugated antibody is

antibody 268:29. Also preferred are anfi B dies having all of

characteristics of such antlbodles mentioned above, which means having

nearly, the ame, b| ara ristics of the antibpd

abg}éagﬁaf EH{ch are re&i&eﬁgqﬁgggﬁniﬁ tlggns%%ﬁgavﬁgﬁBOMA CELL

intraibéliulttisSasisomysarsditdithd @B sitnibodisieméstivied apoveiandl$pe2204.

arez-ﬁk@ﬂs@wpb@@mmégz ﬁ@ezsér@sc@égmﬁsﬁggf@w%m@%@ Acc. No.

antibodies mentioned above. The antibodies according to the invention

arc BRI by VRGO CEIL: SINE MafidBnia cHfcessidhgidgRosiRd under
5invﬁmmrﬁcﬂemasﬂedmCmeDWI|6§L80LMIEr(ﬂﬁéiBQyiaruﬂ;ccessfuily

Sahs%g%tzc AM?reégg‘%ﬁggﬁqfcgl%g@rﬁ%e%g%n %%fﬁmg to '[%NE %8? ol

20%@@2@%%@%@%05%65%@8%%&@&%@0&h@ﬁﬁé%@MA CELL
depgsit was May dibod90dirYBREISMAREEE ADNEIL0I0.194092205.
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 5 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. WO 2006/012949
PCT/EP2005/006781 -19 The present invention is farther described in the
following examples which are



provided for illustrative purposes only and are not to be construed as
limiting. Indeed, other variants of the invention will be readily apparent to
one of ordinary 5 skill in the art, All publications and patents cited herein

Wﬁé%%&?ated by reference in their entireties. z0 EXAMPLEEP2005/006781

EXAMPLEI 1.0 Material anti-Lawsonia hybridomal celline : 372:13, 113:2,
268:18, 287:6, 110:9, 268:29, 1s 301:39.,Equipment and media for
hybridomal cell cultivation. Equipment ang buffers for purification and HRP
conjugation of monoclonal antibodies (mAb). Equipment and solutions for
ELUSA 20 Lawsonia antigen SF 1289 N343 12/20/00 Lawsonia positive

sera: 1ot#052902pig#26 (experimentally infected), lot#052902pig#69

(vatbmassealvEyRRipR gativEnssrdepcabask iy e 4piev BB exrnples hiph are
25 gididethastsiiae srepraitoncsf teymeroalenabandilindiesnetased as limiting.
per{@%%‘ee %%?rl\‘?%%l%%%S’Hﬂ?ﬁé‘%ﬁﬁ%&a‘“ﬂ&ﬁé 98%§?:§%a§%¥9?oﬂ‘@&5f ordinary

Bio turing o omal cells an ation o

scorjlifjareienashoclonal antibodies WO 2006/012949

10
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PCT/EP2005/006781 -20 To secure the hybridomal cell-lines 15 vials of

each cell line was prepared and, , , . _
All publications and paients cited herein ars incorporated by reference in thek

ehtireties.
EXAMPLES

EXAMPLE 1

1.0 Material

anti-Lawsonia hybridomal cefline : 372:13, 113:2, 268:18, 287:6, 110:8, 268:29,

301:39.

Equipment and media for hybridomal celf cultivation. .

Equipment and buffers for purification and HRP conjugation of monoclonal

antibodies (mAb).

Egquipment and solutions for ELISA

Lawsonia anfigen SF 1289 N343 12/20/00

Lawsonia posifive sera: 10#052802pig#26 (experimentally infected),
1ot#052002pigHss (vaccinate)

Lawsonia negative sera; p 25.8#273 Day 52 §-30-95,
116705

1.1 Methods
The preparation of the monocional antibodies was performed according to
standard operating procedures at Svanova Biotech,

1.1.1 Culturing of hybridomaf cells and preparation of HRP conjugated monoclonal

entibodies



stored in -135C. One via[ of each hybridomal cell-line was thawed and
the cells were grown in cell-culture flasks. 5 500mi to 1000 ml of
supernatant from each cell line was purified and conjugated to

WiELiKPAEh peroxidase, 1.1.2 Blocking ELISA The purified"riEER}S/ 006781

5

15

20

30

conjugated mAb's were tested for their ability to be blocked io by positive
Lawsonia pig sera in ELISA. The EL1SA plate was coated with Lawsonia
antigen in a dilution of 1/200, 100pl/welf "The pig sera was diluted 1110,
100pl/well The HRP conjugated mAb's were diluted and added,

100 ll. 15 inhipiti
ot S T o s iee g B S U My prepayse =nd
20 1.8tweguitsBFE. Culturing of hybridoma cells and preparation of HRP

copjugatedimneneeianal aniiaediesiwbena RidaemARS Wakewere grown in
successf% purified and HRP conjugated. They had good production

capalf);PEUIRABSE92:13 had poor production capacity. This mAb was not

succesrftliyHRBO eanjigaiethandviastbarefom not testesiffitheahtockinggated
ELISA. 1.2.2 Bl ckin% ELIQSA Two positive (#26, #69) and two negative
% g&?@) ase,

(25.88273°T16705) S&rA

sera were used in 30 the experiments. WO
2006/012949 PCT/EP2005/006781 -21

1.1.2 Blocking ELISA

The purified and HRP conjugated mAb’s were tested for their ability to be blocked

by positive Lawsonia pig sera in ELISA.

¢« The ELISA plate was coated with Lawsonia antigen in a diution of 1/200,
100pliwell

e The pig sera was diluted 1/10, 100ul/wett

¢ The HRP conjugated mAb’s were diluted and added, 100ut/well.

The results are expressed as Percent inhibition (Pl) according to the foliowing
formulae:
Pl = 1- (0D sample/ OD mAb) x 100,

1.2 Results
1.2.1 Culturing of hybridoma cells and preparation of HRP conjugated moncclonal
antibodies

o Al but one of the mAb’s were successiully purified and HRP conjugated. They
had good production capacity.

e mAb 372:13 had poor production capacity. This mADb was not successfully HRP
coniugaied and was therefore not tested in the blocking ELISA.

1.2.2 Blocking ELISA
s Two positive (#26, #69) and two negative (25.8#273, 116708) sera were used in
the experiments.



The experimentally infected sera (#26) inhibited all the six HRP

conjugated mADb's, but in different levels. The sera from a vaccinated pig

inhibited the mADb's to a much lesser extent. (r) The negative sera showed
Wﬁ)ozg(fﬁ@éﬁ%w inhibition. s The results are presented in the TabiE BN e 781

and in Fig. 1. mAb Serum 301:39 110:9 268:29 287:6 113:2 268:18 #26

exp + 57 4578 74 42 72 #69vacc + 18 51%_52 43 45 25 25.8#273 -7 3 27

2014 21 116705--7-9-24-13 18 -19 1.3 Discussion The results of

this study clearly show that one ore more of the monoclonal antibodies

tested-are syited.f logki agai [A; -

ac it D T30 e i Foe 10 LRl Bl Sloeic R coplupated

betweBfitife pakitivaiffatenedmle daa serafeostrenyasahftastedaninthibited the

15 dexglapmentafthedloskimeELISA. EXAMPLE 2 2.0 Summary 20
Develpo ment and establis mge\,-/nt of a sandwich b-ELISA prototype for the
i

h |
detectioh TGEARLBSAIESIOYEHAB S RN AR HTIPY WO 2006/012949
SPCT/EP2005/006781 -22

The results are presented in the table below and in Fig. 1.

mAb

Serum 301:39 110:8 26820 2878 1132 268:18
#28 exp

+ 57 45 78 74 42 72
#E6Ovace

+ 18 23 52 43 45 25
25.8#273

- 7 3 27 20 14 21
116705

- -7 -8 -24 -13 18 18

1w 1.3 Discussion
The results of this study clearly show thal one ore more of the monocional
antibodies tested are suited for a blocking ELISA test against Lawsoniz
intracefiularis. MAb 268:28, 2876 and 268:18 show the clearest distinction
petween the positive and negative sera ie. are sfrong candidates in the
15 development of ihe blocking ELISA,

EXAMPLE 2
2.0 Summary
20 Development and establishment of a sandwich b-ELISA prototype for the detection

of antibodlies to Lawsonia intracellufaris:
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After calculation of sensitivity and specificity by using immunoflourescence

test IFA as gold standard the following can be concluded: Capture mAb

110:9 gives a clear distinction between positive and negative _samples. 5
f(ﬁdﬁq‘?ﬁAb 268:29 HRP gives a clear distinction betwee??ﬁ%%ﬂ?é’%{ﬁam

negative sera showing a sensitivity and specificity of 100%. Itis

recommended that the prototype will bg s follows: mAb 110:9 as capture

mAD, coated in Nunc maxi-sorp strips C-8 ro Antigen(Ag): Lawsonia

intracellularis culture (preferably the concentrated material produced in

R t r dil in.0. / '

for Tk St R A oA ook 06 Do e o

bulffér @%ﬁ@&ﬁrﬁ?@m%ﬂﬂtﬁﬁé@{}?\fﬁﬁﬁlﬁéﬂéﬁ fSIEHBBF at 37C. 15 Substrate

K-Blug:Mavs ingubationfentl miniigs atinendicrpRitigosibranaYafegative

stop solution 2.1 Material and methods The ELISA was performed

accoPdig E8-the following procedure: 20 2. 1,0 EL/SA procedure Add

90p! bufteriintonatiivelis:20ddRI0 phesrunviato sidtotdidwekswebmcpbative and

plate for |.hour a . fe 3.4 ' g o,Add HRP
conjungegtaémrjr?A 5 |I%%(§(E'JI‘v Eﬁgégggi%%%ﬁﬁgqé%é%g ig/%vls\ig(},-AG Incubate plate
for 1 hour at 370. Wash plate 3 times with PBST. Add substrate, 1

ggq!ﬂ@%@&ﬂ%&%%& [oRYiRInRerRlu g Afsiputes. 30 Add
Gp niﬁ?i:?ﬁv%lg:g as capture mAb, coated in Nunc maxi-sorp strips C-8

+ Antigen(Ag). Lawsonia Iniracellularis culture (preferably the concentrated
material produced in R&D at Bl)

Serum samples diluted 1/10 in 0.5M NaCl/PBST. Incubation for 1 hour at 37C.
HMRP conjugated mAb 268:29 , iyophlized in CDS-C buffer containing 0.5M
NaCl. Incubation for 1 hour at 37C.

Subsirate K-Blue Max, incubation for 10 minutes at room temperature.

k]

L3

-

Svanova’'s stop solufion

2.1 Material and methods

The ELISA was performed according to the following procedure:

2.1.0 ELISA procedure

s Add 80ul buffer into all wells.

e Add 10 ul serum info selected wells.

e |ncubate plate for 1 hour at 37C.

e \Wash plaie 3 times with PBST

¢ Add HRP conjugate mAb diluted in CDS-C+0.5M NaCl, 100pi /well,

¢ [ncubate piate for 1 hour at 37C.

¢  Wash plate 3 times with PBST,

¢ Add substrate, 100pliweli and incubate at room temperature for 10 minutes.

e Add 50yl stop/well
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WO 2006/012949 PCT/EP2005/006781 -23 Read the plate at 450 nm in

a spectrophotometer. The results were presented as 1- OD values or 2- Pl

(percent inhibition) values i.e. 100 - sample ODI mAb OD x 100. 2.1.1
OPBERRE A 030922, 030923x2) C-8 maxi strips coated with THAB Y6781

113:2, 301:39,287:6, 268:29, 300ng/well Blocking of strips with 10%

2251HAS(normal horse serum), 10% sucrose/UHP H20. 150pl/well,

incubated for 30 seconds at room tem'[:?e’r?éture, io Ag # 030619 diluted

1/10 in PBST, 100pl/well, 3hours incubation in 4C. Strips dried in 37C for

3 hours. Kept in 4C.&S§r€: IFA pos: #%6 69. IF neg: #6, C1, D1, EL
DifutéFEM0SPEEM KR IPBST SEHH O A D88 18, 113:2, 301:39110:9,
287:6, 268:29 HRP diluted in 0.5M 15 NaCI/PBST. All capture mAb's

gT%'%E@% ?%?%%ﬁ;&!gh@gé‘somtﬁf}t@gdé’@&%qﬂqp@%ﬁﬁﬁ%iﬁﬁ\? vajues Le.

A 030924) 20 Strips coated with 110:9, 113:2 and 287:6
act¥idingTre st IRvE SEIFA pos: #26, #69. IFA neg: #6, C1, D1,
El. Diluted 1/10 in 0.5M NaCI/PBST HRP Conjugatea mAb 268:18,

268:29,.287:6, djluted. CDS-C (standard buffer for
Iyo%ﬁlﬁgé‘igf(‘g r}#l%g%@sg%w ‘\jlg%%/gglh production). 25 2.1.3 Test 3

(ECHS An0S8G925) Steiis eottatt it A:801d 312. 30 149 283766 2T Riing o/ well

te%aécﬂﬂg_vﬁﬁ SBIR: gfiserg(1845-AReamdhiirAnes aaehrioubifud were/UHP
tested.. Dilution: 1/10 in 0.5M NaCIl/PBST. Cot}né{%gie: 268:18 HRP

diltfel PeHENEN AT BI-ICOT S8 SPFUTRRL P P§EYY30, 031002,
034998)30619 diluted 1/10 in PBST, 100plwell, 3hours incabation in 4C.

Strips dried in 37C for 3 hours. Kept in 4C.

Sera: IFA pos: #28, #80. IFA neg: #6, C1, D1, E1. Diluted 1/10 in G.5M NaCl/PBST
Conjugate: 268:18, 113:2, 301:39110:9, 287:6, 268:29 HRP diuted in 0.5M
NaCi/PBST.

All capture mAb’s were tested against all HRP conjugated mAb except against its

QW

2.1.2 Test 2 (ELISA 030824)

Strips coated with 110:9, 113:2 and 287:6 according to test 1 above.

Sera: IFA pos: #26, #88. IFA neg: #6, C1, D1, E1. Diluted 1/10 in 0.5M NaCi/PBST
HRP Conjugatea mAb 268:18, 268:29, 287:6 diluted in 0.8M NaClWCDS-C
(standard buffer for lyophilizing of conjugates as Svanova in production).

2.1.3 Test 3 (ELISA 030825}

Strips coated with 110:8, 113:2 and 287:6 according 1o test 1 above.

Sera: 24 sera (10 IFA pos, 10 iFA neg and 4 doubtful) were tested.. Dilution: 1/10
in 0.56M NaCl/PBST.

Conjugate: 268:18 HRP diluted in 0.6M NaCl/CDS-C.

2.1.4 Test 4 (ELISA 030930, 031002, 031008)



WO 2006/012949 PCP/EP2005/006781 -24 Strips coated with 110:9
according to test 1 above. Sera: 21 IFA positive and 69 IFA negative .
Dilution: 1110 in 0,5M NaCi/PEST Conjugate: 268:18 conjugated with

WORWUNG* 8829 conjugated with HRP diluted in 0.5M NaCil SiEen:via
Results 221 Test | (ELISA 030,922, 030923 x2) . Capture mAb 110:9,
113:2 and 287:6 with conjugates 268:18,gnd 268:29 and 287:6 seems to
be the best candidates for the sandwich b-ELISA as these io
combinations showed the best blocking capacity on the positive sera.

Seig Ao 46 SEQTGHPPRYS BRAS, B 08 PSi5oyEnis was suspected as

this sera also scored positive in the previously developed b-ELISA -
pro&siibe 2 orpelive 4 RSATH3000% Vs PilldiRsstwas Miami NRrbTRed
to assYIRARAtIBS: stanstjug hedfenttise/roatopbilizth gafjitibateoniitgdRP diluted
could results show that blocking was achieved with the
poéﬁi\gzgggiga%lvhgeﬁt?é%? blocking was found with detection mAb 268:18 or
5268:29. 20 2.2.3 Test 3 (ELISA 030925) The capture mAb 110:9 was

found te e the best choice as it gave the clearest differentiation between

positive and negative sam&rl?eds. 2.2.4 Test 4 (ELISA 030930, 031002.
031%@5)%6 ined 619 Bii7st&Lcan be found in appendix 5.

Whet phoitingribie OD:/aluds again2s Tt WHA resilteHRP8infugate@68:29 and
m : ives the clearest, distingti if negativ
Bl e 10 O i SRR G T D R ST, trese
oserpsiivHpaiog s peerstynes 18 erkinEcapeaith efnben psitive Seifid Sera no #6
negatyeSpRaRIes is slighlMtierplotting the LEvaldeeMADthis sera also scored

positive in the previously developed b-ELISA prototype.

2.2.2 Test 2 (ELISA 030824

15 This test was mainly performed io assure that the standard buffer used to
tyophilizing of the conjugate could be used. The results show that blocking was
achieved with the positive sera. The best blocking was found with detection mAb
268:18 or 268:20.

20 2.2.3 Test 3(ELISA 030925)
The capture mAb 110:9 was found to be the bast choice as it gave the ciearest

differentiation betwesan positive and negative samples.

2.2.4 Test 4 (ELISA 030830, 031002. 031008}

25 Obtained OD and Pl values can be found in appendix 5. When plotting the OD
values against the IFA results HRP conjugated mAb 268:29 gives the clearest
distinction betwesn positivejand negative samples with a 100 % sensitivity and
specificity. mAb 268:18 also gives a sensitivity and spscificity of 100% but the arsa
between positive and negative samples-is slight. When plotting the P! values mAb

30 268:18 gives a sensitivity of 95.7 and specificity of 100% at cut-off 20.9 while mAb
268:29 gives both a sensitivity and specificity of 100% at cut-off28.6



30 268:18 gives a sensitivity of 95.7 and specificity of 100% at cut-off 20.9
while mAb 268:29 gives both a sensitivity and specificity of 100% at

cut- 0ff2896 WO 2006/012949 PCT/EP2005/006781 -25- 2.%.(:%155%%?}{%%781

ng%g?ﬁé%lcdlgatlon of sensitivity and specificity against the

5

immunoflourescence test IFA the following can be concluded: 5 Capture
mAb 110:9 is the best choice as it gives gclear distinction between
positive and negative samples. Detection mAb 268:29 conjugated with
HRP is the best choice as it gives a clear distinction between positive and
negative sera with a sensitivity and specificity of 100%. 10 It is
recommended that the prototype will be as follows: mAb 110:9 as capture
mAB cHFREEH N unc maxi-sore strips C-8 Ag: Lawsonia intracellularis
cultiter(pedderaily tHeemsitetratddmatécial doemsidoeechimREDBERRNce test
Ser[%r\] %rﬂﬂlg\% g%gggé%%ﬁgfgdgyl NaCl/PBST, Incubation for 1 hour at

HRP conjugated mADb 268:29 , lyophlized in CDS-C buffer
corﬁaiﬁﬁﬂj%mANé@q)_ 9rféLﬂbatimsfdmfﬁ@LﬁSattms Subistratiskoplige bstween

Max, ineshatigRdferdSimingtasiad room temperature. 20 Svanova's stop
solution EXAMPLE 3 3.1 Summary 25 The performed accelerated

staﬁlllgﬁé?ﬁa%r??ﬁ?c%éﬁ%ﬁﬁ?é“@é@ﬁgo‘f'ﬁ@ Sl Bseiceapulegves 2
ELISAlptateikdsdistabiifycaableistone yeas @nidsthattheith lawsosiaity and

glr?rrF]’ Q%W&q%g%has a stability of 6 to 12 months in a lyophilized

10

15

28

23

20

It is recommended that the prototype will be as follows:

@

mAb 110:9 as capture mAb, coated in Nunc maxi-sorp strips C-8-

L)

Ag: Lawsonia intracellularis culture (preferably the concentrated material

produced in R&D at Bi)

¢ Serum sampies diluted 1/10 in 0.5M NaCl/PBST, Incubation for 1 hour at 37C.

« HRP conjugated mAb 268:28 | lyophlized in CDS-C buffer containing 0.5M
NaCl. Incuhation for 1 hour at 37C.

e Substrate K-Blue Max, incubation for 10 minutes at room temperaturs.

+ Svanova's stop solution

EXAMPLE 3

3.1 Summary

The performed accelerated stability studies indicate that the Lawsonia
intracellularis antigen captured ELISA plate has a stability of at lsast one year and
that the a- Lawsonia HRP conjugate 268:29 has a stabiiity of 6 to 12 months in a
lyophilized form.

3.2 Infroduction



30 3.2 Introduction WO 2006/012949 PCT/EP2005/006781 -26 In order
to estimate the stability of the components of a future Lawsonia
intracellularis ELISA kit accelerated stability tests has to be ﬁerformed.

W%@Fﬁ%"gnent to be tested is stored at 37C for 4 weeks aht iERERYEF!
tested in the ELISA in comparison with a component kept at 4C. 4 weeks
stability in 37C 5 indicates a shelf-life of gbout 12 months. This report
describes accelerated stability studies pérformed on the antigen captured
ELISA plate and on the HRP conjugate. 3.3 Materials and methods io

Accelerated.stabjli e J 2 re.coa ith .
La\fosc?ﬁ?ae {mt b %%%c%%ec? i/%?th@ggj: it%r?s)e#\ ﬁé&%mﬁosr?ngl t’l—’tlajgﬁs}fge Lawsonia
selnipge RBORAMBANKlibateaisiried sty sefigehePiirebsversiamed. The

andseaiedand put it o dipieswere twien igasis dddveaksréafleStested in
and 4 and_stared in a refri

ator. Plat I in +4C for the .
hGIE o BB SHBL LR oA R Ko ok b Bk 0By 1 o7
s negrativel€32; BYbaitk E2 abere tBethtdhehd@tls thpgredientniasseofdhmied stability
sa gﬁigge%é%iéﬁpoﬁo%‘ég%‘ﬁ AR LB829 It #0301 20 wasised. 2 HRp

Accelerated stability on lyophilized conjugate (ELISA 031027) HRP
coRRIRBESEmMAD 268:29 lot #030120 was diluted 1/1000 in CDS-C buffer
dispensed into glass bottles and lyophilized according to standard

pro, gwr?gﬁagoag{éyog{}igégd bottles were stored at +37C for 1, 2, 3 and 4
weeks. @otﬁes Were also Stored at 4C. The different bottles were tested in

wthe'santhnatic ELASIKY 28 AkisssiféSse ARTOZ26 was used and negative
sersmA3QR20 wereysedh twasipurthinal a.dilbder:ef Ma0a80f therose /10%

conjugated antibody ("conjugate dilution") gave too high QD values |Fg the
tesﬂefﬁ@lc'dﬁj'ﬁ@e?@d@dﬂﬁiﬁ?{f%égd incub&ted with Lawsonia antigen. Plates were

dried and sealed and put in +37°C. Plates were taken fom +37C waeks 1, 2, 3

and 4 and stored in a refrigerator. Plates were also stored in +4C for the whole
15 test-period as a reference.

Positive sera #28, #6869 and #06 and negative C2, D1 and E2 were used to check

the performance of the sandwich ELISA,

HRP conjugated mAb 268:29 lot #030120 was used.

20 Accelerated stabiliiy on lyophilized conjugate (ELISA 031027)

/" HRP conjugated mAb 268:29 lot #030120 was diluted 1/1000 in CDS-C buifer
dispensed into glass botlles and lyophilized according to standard procedures.
Four lyophilized boitles were stored at +37C for 1, 2, 3 and 4 weeks. Bottles were
also stored at 4C. The different botlles were tested in the sandwich ELISA.

25 As positive serum #26 was used and negative serum 030926 were used.
It was found that a dilution of 1/100C of the conjugated antibody {"conjugate
dilution”) gave foo high OD values in the fest. The conjugated antibody was
therefore titrated in the plate to obtain a correct signal for the iest.

30 3.4, Resufts
Accelerated stability on plates



therefore titrated in the plate to obtain a correct signal for the test. 30 3.4.
Results Accelerated stability on plates WO 2006/012949
PCT/EP2005/006781 -27 A big drop in OD values were seen after week

ek |
W&Fﬂ%‘%\?g@% the OD value from the strips kept in +40C. No' S@Emoosmomm

differences were seen when comparing week 1 to 4. When looking at the
Pl values no significant was found betwggn week 1 through 4 5 and +4C.
Accelerated stability on lyophilized conjugate At a 'conjugate dilution” of

1/8000 serum # 26 showed a decrease from 0.547 to 0.398 after 4 weeks

anq\%ymo%%ﬂ%é deppped fran L5440 022 aftelihedqio WeeoBeliage from

3.5. Discussion The performed accelerated stability studies indicate that

thelhawEbsikeritacénttahly g Sifpaneas Y s SRy BPaIRRBRERS Wesk 1 to
yeaf, The anti-Lawsonia is HRP conjugated 268:29 antibody showed a

40% decrease in value against the, negative sera and.after 4 wee
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0.9 after 1 year which is still within the acceptance criteria. 20 EXAMPLE

4 4.1. Summaréghe verification of the prototype (plate batch 040107)

HEK RGP e SRIVRARR used when developing the
protatypecheaterifictitian studB0@bsshomed 26 100 caigeetmrrtswifiothd. 547 o

Eg@;ﬁ’&sﬁ%"‘ﬁhlﬂ%&gf 108 221189858 2R SERLCARP SR R Iao¥eLiE e 4

week period.

3.5. Discussion

The performed accelerated stability studies indicate that the Lawsonia
intraceflularis ELISA plate has a stability of at Ileast one ysar. The anti-Lawsonia
HRP conjugated 268:29 antibody showed a 40% decreass in OD value against the
negative sera and after 4 weeks. This might indicate some instability of the
conjugate, When calculating on the OD values a 40% decrease of a signal at 1.5

means and OD value of 0.8 after 1 year which is still within the acceptance criteria.

EXAMPLE 4

4.1, Summary

The verification of the prototype (piate baich 040107) was performed by testing 50
sera previously used when developing the protoiype. The verification study
showed a 100% agreement with the posifive sera while 2 of the 25 negative sera
scored positive in the verified batch.

It was found that normal horse serum can be used in the CDS-C buffer instead of

swine sera which is the case foday.



It was found that normal horse serum can be used in the CDS-C buffer
instead of swine sera which is the case today. 30 WO 2006/012949
PCT/EP2005/006781 -28 It was found that PBST contalnln[%O .042% PVP

VSRt Sifilar results as using the PBST tablets (that contairts"BR/PyH06781

4.2. Introduction 5 In order to verify the sandwich ELISA prototype a larger
number of sera have to be tested on a”|§l ge scale produced plate batch.
The study was performed on plate batch 040107 that was tested by
examining 50 serum samples that had previously been used to develop

the,pw&g%&%‘%k’ﬁ%&@% %lﬁ;Hﬁ%ﬁ%‘pr%\/ﬁ' & HR%gF?Q 1709 using

the HRP conjugate. This bu er contains swine sera. As it can

profe RaHe ﬂﬁﬁ?@fﬁﬁﬂ‘é@ﬁh‘éﬁ@é@oma negative sera to be used in the
GDS-C buffer an alternative has to be tested. In this study normal horse
ser22 dV%p &al bovine serum were tested. is The majority of the

labor to'ﬂ/ 8FK%h this ELISA has been performed with PBST tablets. It
shasrbersierseersitifiat th e 20t EL PR SFothhtrs mEglechimBrandvirkitsive o be

Ca’}é%?é@%%qgr@lé‘%%é@epﬁ%%{u‘é’éétB%Eb%Eﬂ”ﬂ%%{ﬁgﬂ%‘%%ﬁ%ée&n dlate

positive and negative samples. When comparing the recipes of the
DTS A AHE S0 o IS PR TOUR G et SBRARES (istereviously

thezamemexcepddosio Dd2% 3t RMR (Polyvinylpyrrolidone K25) that was

included in the tablets as a stabilizing factor. Experiments showed that

when adding the PVP to the 20x PBST the same results as the tablets
LwillFbéfackieved. 19 Bse aaeriiksandiivetosrs BEdidiation ORProtwipgete. This

(ELASs040734 s S naradracalyad-Biom Biosgeaembnreroysiuiesistdn awsonia
the prototype ELISA was tested on the Iargf? scale plate batch # 040107.

PRESESNE S5IR IR,AE URRR 6 a8 DS-C butfer an alternative has to be tested. In

this study normal horse serum and fostal bovine serum were tested.

15 The majority of the laboratory work on this ELISA has been performed with PBST
tablets. It has been seen that the 20x conc. PBST that is included in Svanovir kits
can not be used since the test will then not correctly differentiate between positive
and negative samples. When comparing the recipes of the {ablets and the 20x
conc. PBST it was found that all components were the same except for 0.042%

20 PVP (Polyvinyipyrrolidene K25) that was included in the tablets as a stabilizing
factor. Experiments showed that when adding the PVP to the 20x PBST the same
resuits as the tablets will be achieved.

4.3. Materials and methods

25 Verification of prototype (ELISA 040312) ,
50 sera (received from Bioscreen) previously tested in the prototype ELISA was
tested on the large scale plate batch # 040107, PBST 20x conc buffer with 0.042%
PVP was used. Lyophilized conjugate batch 040308 was used.

30 CDS8-C huffer with normal horse serum
Test ELISA 040203



PVP was used. Lyophilized conjugate batch 040308 was used. 30 CDS-C
buffer with normal horse serum Test ELISA 040203 WO 2006/012949

W%%J{%I’?OI(DI%&QS/O%?& -29 CDS-C buffer was prepared Wlthi)%[?ﬁiggg(igﬁ 006781

serum (as in TJ4/05F), 2- with normal horse serum and 3- w

bovine serum. The buffers were tested as conjugate buffer in the ELISA.
Serum tested were gris 2, 4, 13 and 17,.1-29664, 3- 29664, A-27239,

B-27239, #26 and C2. HRP conjugated ThAb 268:29 lot #030318 5 was

used. 20 x conc PBST with 0.042% PVP was used Test ELISA 040311

CDS:C huffer containi 1Qrs I

ORI SO P e e TS o@?@sf-%%ﬁ’gn%&@éﬁ rormel
walsoieeprsparecans obtaiMth fieatalilbavnorI9peR, THEsIHMRre Atie tested as

Frec%*ﬂxgaf%%ﬁ& GoRidaatewasdasietitcaakatelyfepum #26Gint- 296640664, 3-

3-29664, A-27239, B- 27239, pos pogl O 6 and ne I ¢ I

OB e R TR SRR it PO A S TR g Fs0318
5 PESIswithd) T2 Yo RVFBH A suits et 042 REES/Pwitls %R (ELISA 040301)

PBST buffer 20x concentrated was diluted 1120 and a final concentration

of 0.042% PVP was added. This buffer was tested in parallel with PBST

table® Falfalg&itaining PVP) and 20x conc PBST buffer diluted 1/20.

The buffersowese sisediimall stepsi.eoibdhesamplezandeenjugatd to prepars

dilution buffer as well as_in the 20 washin . 2 .

DRSS eR Ge 2354 ST AR R T g L TEsoriuaate. wes
10comjugated noAtb288: 29It #iB0RT8N s 0 e d/ 2 cojulatkbaffeshly prepared

CDS5Guadh suingseiunhwasdisedsed hasResulisodarificationofA-27239, B-
prototype ,
273@9, pos pool 030926 and neg pool 030826 were used. HRP conjugated mAb

268:29 lot #030318 was used. 20 x conc PBST with 0042% PVF was used.

15 PBST with PVP (ELISA 040301)
PBST buffer 20x concenirated was diluted 1/20 and a final concentration of
0.042% PVP was added. This buffer was tested in parailel with PBST tablets
(already containing PVP) and 20x conc PBST buffer diluted 1/20. The bufiers were
used in ali steps, i.e. in the sampie and conjugate dilution buffer as well as in the
20 washing buffer.
Serum #26, £1, 1-20664, 3-20664, A-27238, B-27239 and gris 13 were used. HRP
conjugated mADb 268:29 lot #030318 was used. As conjugate buffer CDS-C with
swine serum was used.

25 4.4, Resuits
Verification of prototype
The resulis show that ail 25 previously positive sera also scored positive in the
verification batch. Two out of the 25 previously negative sera scored positive.

10 CDS-C buffer with normal horse serum
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The results show that all 25 previously positive sera also scored positive
in the verification batch. Two out of the 25 previously negative sera

3449 PCT/EP2005/006781 -30 The buffer containihy HErAIAT 00 )

horse serum showed similar results as the one with swine sera. The
reading of the lyophilized HRP conjugated mAb decreased at the most 0.4
OD 5 when compared to the freshly pr‘e% red conjugate. This drop was
noticed in both batches of lyophilized conjugate. It is not affecting the test

pelcfﬂ ?8&@%‘& géﬂ[q\ (hg % ardlgss of .
T A
cortentraféd PBST solution diluted 1/20 with addition of 0.042% PVP

gave similar results as the PBST tablets while 20x conc PBST diluted

1/2Q withouyt the PVP showed f negative results. 4.5. Discussion 15
Tl b RSB o o Ol GRTA e ot Bt 0D o HAC P o B3t 4 O
testingrbOorseragar évithesiypaspdwdensdeveippiag tidiprdtofypas Tagiced in both
verificati howed a. % i iti ile
D o 3 e b el VRS L p s the
ne§alrered ity aneh ceEstsecRs Wil rmapEinsssitahEd 6EtMB tedtumsto
detect positive samples. It has also not been 20 proven that the results
frog%tg:]e Rﬁ%\'g)\? testing are indeed true, It was found that PBST

.0429

containing % PVP showed similar results as using the PBST tablets
(thaheortaits PP hThalutneckity et theETore domaituthis 1 AiffeithAaddition of

Sta@kﬁmfsﬁ%m@ SRET ribyieone WithBYP BaR{o beiperiormed Mh@P qited
ensure the validity of the kits. EXAMPLE 5 5.1 Introduction and Objectives
1/20 without the PVP showed faise negative results.

4.5, Discussion

The verification of the prototype (plate batch 040107) was performed by testing 50
sera previously used when developing the prototype. The verification study
showsd a 100% agreement with the positive sera while 2 of the 25 negative sera
scored positive in the verified batch. The “false” negative results are accsptable as
the major importancs of this test is to detect positive samples. It has also not been

proven that the results from the previous testing are indeed trus.

it was found that PBST containing 0.042% PVP showed similar results as using
the PBST tablets (that contains PVP), The future kits will thersefors contain this
buffer. A stabllity study of the PBST 20x conc with PVP has {o be performed to
ensure the validity of the kits.

EXAMPLE 5
- 5.1 Introduction and Objectives
Detection of serum antibodies against Lawsonia intracellularis so far is done by
the use of IFA tests (1), These tests rely on an individual and highly subjective
judgment in interpretation of resulis. Recently a sandwich blocking ELISA was



Detection of serum antibodies against Lawsonla intracellularis so far is
done by so the use of IFA tests (1), These tests rely on an individual and

WIE)!%I /%th ective judgment in interpretation of results. Recg)g%;[ry 5%%%?&0“6781

5

10

13

20

30

sandwic Sfocking ELISA was WO 2006/012949 PCTIEP2

-31 developed using highly specific monoclonal antibodies against L.
intracellularis. The data from this test cap be measured and evaluated on
an objective basis, which improves reptoducibility, repeatability and
comparative analyses. In this study first comparative data to the IFA test

are nr ing.f itabikit f e;0f ; :
S AEBLE T ety RS AP agE e Hconrs
MIbeyds S@mrdiariastgrured meassreiABnsyA PAfbhE8ipsive basis,
miwmtiteﬁrﬁtﬁtﬁ@yvaéwel‘@%mm@te@baawwmgﬁ%maiaﬁtdare}mmme?}wgr;m this
in porcine serum samples. Ser re tested in a | to 10 dilution. After. 1

o o e St Wb Wi BB PR kb Ersthg the
hossieadishaperosittasetabalethenonectshal antibody (different to the

capture antibody) was added, The plates were incubated for an additional

hour at 37 C. Unbound antibodies were removed by washing. After
incasddBiemata B 9SRibstrate for 10 min at room temperature the

redctipmravai siop peddoy adsingo stopGojutiane TesCiej450was! tead #pacific
a photometer for.each well.. Results were calcul reen %hégl inst [
o CHOE Ay o A e A 1 e SRR et
foriabebeities adniptaine inaace Reabsswéreraseertoesiat dteatie tael dilution.
ELI#Ar I additiQnissass-sedioral pillssamplesvddhsampleeachiadn Solution,
age groups) from two farms with known |Jleitis andgoae f@%v‘\%% t
suSPERAERS NSRS WEIE YR A0/ RTS8 S HAGROSHL(AUE b g capture
ELiSfbirigpmparsdadoTthe tries 8eRebultb@sdManynegdttiomaeraur at 37 °C.
re%&%&'ﬁﬂ”%ﬂﬂﬂéﬁﬁié@h%g@n P@Hb%;dTE?r%%i% IOWEStincubation with TMB
substrate for 10 min at room temperature the reaction was stopped by adding a
stop solution. The OD4so was read in a photometer for each well. Results were
calculated as percent inhibition of controls without serum,
301 field sers, tested in a validated [FA test (2) for antibodies against L
intraceliularis, were used to evaluate the new ELISA. in addition cross-sectional
samples (10 samples each from 9 age groups) from two farms with known lleitis
and one farm with suspected lieitis were used fo demonstrate the diagnostic value
of the ELISA in comparison to the [FA.

5.3 Results
Many negative sera resulied in negative inhibition values. Therefore the lowest
measured value was set to 0 and all othar values were related to this, These data

are deciated as "relative ELISA values”,

Results from the 301 field sera are summarized in Figure 2. The ELISA clearly
discriminates between negative (mean relative ELISA value 36) and positive sera



measured value was set to 0 and all other values were related to this.
These data are declared as "relative ELISA values". Results from the 301

Wfbelta(%}ara age summarized in Figure 2. The ELISA clearly 3[?&%%5“&%&&

be Weg%2%4egative (mean relative ELISA value 36) and positive Sera

2006/012949 PCT/EP2005/006781 -32 (mean relative ELISA value 89).
Majority of the samples that scored doyggyl in the IFA were positive in
the ELISA. Results from the cross-sectional screenings in the 3 farms are
shown in Figure 3. Both tests clearly detect antibodies against L.

intyaeeitarsVa theShfagns. dop i) PR lL0NRaH i
te{gesults the,ELISAtE)?: \;/idesﬁa h%éﬁgéi%t%ty. In 1%%5@55;%%%5” the
3

t ﬁ‘evﬁefgrﬂ%f'%v@ fBd i the ELISA is much more unambiguous than
in thestiA frost, tratyaveeciirel guastiongble tBsBtsducde tehunsPRcHigure 3.
flupreseencey Jhe serological prafiles.in the 3 herds, corresponded well to
previously puglisﬁed data fror%%r I:’gl%rgggggﬁpﬁéfggr?g%f%r %‘ﬁ%ﬁggf%m&ﬁ
* ELISA values between the group of 10 and 16 weeks old pigs in
compaisarsimthe IFA test results indicate, that sera with relative ELISA

values greater 55 can be judged as pasitive. .5 This new test could help
to éﬁq%?g‘\?eaﬁ?é’é‘ n%s%%?glgeif%grnr%ﬁ%%g@aﬁﬂ%. FFRYIRR\G ﬂﬁéﬁfna%igéw- In
ELSSPSpEsoitiss &f 8! forttatrarierzenditvessotedning tbé |d1gS Aamsonmnisnofrore

safnplesi igctive, basis (Ref 0 Cal.
soeissgnas o s RYETEER 2% SISAYR NI e

0 55pesRE TIoERCENER ol P BB RgisE! prafiePVShAR &SI tswaresAned well
vaie Akariosit alibROR2 Bracibm EIRMSBaAMessdowa) UBAR. increase of ELISA

values between the group of 10 and 16 weeks old pigs in comparison to the IFA
test results indicate, that sera with relative ELISA values greater 55 can be judged
as positiva,

15 This new test could help to improve diagnosis of lieitis in routine samples. The
new blacking lieitis ELISA provides a tool for fast and sensitive screening of iarge

amounts of samples on an objactive basis.
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EXAMPLE &
6.7 Introduction and Objectives
Specific diagnosis of lieitis sc far is done by the use of IFA tests for antibody
detection (1,2) or PCR (3,4), histological and immuno-staining methods (2,5,8) for
30 antigen detection in feces or intestinal tissue samples. All these mathods have
specific disadvantages concerning specificity, contamination risk or workioad and



25 EXAMPLE 6 6.1 Introduction and Objectives Specific diagnosis of
lleitis so far is done by the use of IFA tests for antibody detection (1,2) or

, histological and immuno-staining methods (2,5,(%)(3%9}&})%8

PCR é/:% 4
Wé)n%?g Hiageﬁgection in feces or intestinal tissue samples. All these Tethods’®t

3

10

20

have specific disadvantages concerning specificity, contamination risk or
workload and WO 2006/012949 PCT/ER2005/006781 -33 are not suitable
for routine herd screenings on a large scale. So most diagnostic tests are
done only for few pigs from a herd. By the use of a recently developed

blogkingF LIS AnRerRlagioR! dantintsRREAMES BRSICh PR RlIaBIE AN (agnostic

suitable for herd profiling. Cross-sectional screenings of 22 farms in
GelREh g RSBt iRidey RiefitohsiarednBydiag msstel forfsantinge sioped
thetieskitesEL6SAMatelalandMiethodsdares ssaetionatsasnples Hedsuitabie for
twentystwo . German farms.were tested in th SA. Fr ilts, sows an
o R S ety A2 e SRR IR ormee
eadh damesuaiaihslcapnesichrsgogreug) of ikeMeIS fesias done as

described in example 5. 6.3 Results In Figure 4 the mean relative ELISA
values from all 22 farms are summarized. 15 Sera from gilts and sows

are’tigHRIFEacERR HFABEELISA, whereas results from flatdeck piglets of 4
to IDweekshira)carglenwdmtrefatene SEniSAavaluassiacreaseifrom FLISA,

13 In El an felati Iy [ I x:nl t ,
iy e ool e 20 1o s T Peeea o SR T g wers
no @ifiePefRait BiobIShSamipies timeashsagspirenh fBirm NdS8 prgletone as
frome4dabdd wesksbBrosenteric problems, that were diagnosed as E. coil

diarrhea. In farm No. 18 prior serological tests
6.3 Resuits
In Figure 4 the mean relative ELISA values from all 22 farms are summarized.
Sera from gilts and sows are highly reactive in the ELISA, whereas results from

flatdeck piglets of 4 1o 10 weeks of age are low. In the fatteners ELISA valuss

increase from 13 o 24 weeks,

In Figure 5 mean relative ELISA values are correlated with the clinical symptoms
in the farms, The farms No. 5, 8 and 15 had no clinical enteric problems at the
fime of sampling, In farm No. 3 piglets from 4 1o 13 weeks had enteric problems,
that were diagnosed as k. coli diarrhea. in farm No. 18 prior serological tests
indicated the presence of Lawsonia intracellularis in the farm without clinical
symptoms. In the farms No. 1, 2, 7, 8, 8, 10, 11, 12, 18, 21 and 22 lleitis was
diagnosed before sampling for this study. The farms No. 4, 13, 14, 16 and 20
report enteric problems in growers and fattenars, farms No. 4 and 13 with clinical
suspected lleitis. In farm No. 17 no clinical signs of diarrhea are observed, but
antibictics ars used in growers and at the beginning of fatiening.



indicated the presence of Lawsonia intracellularis in the farm without
clinical symptoms. In the farms No. 1, 2, 7, 8, 9, 10, 11, 12, 19, 21 and 22

lleitis was 25 diagnosed before sampling for this study. The, f 4
W%’s%{}i%]f%%nd 20 report enteric problems in growers and ?ap%?ghﬁeﬁrzs% g}ror%?]

No. 4 and 13 with clinical suspected lleitis. In farm No. 17 no clinical signs
of diarrhea are observed, but antibiotigé re used in growers and at the
beginning of fattening. WO 2006/012949 PCT/EP2005/006781 -34- 6.4
Discussion The summarized seroprofile from the 22 farms shows high
regetivifiLin souys and gifts and rising antibody reaction starting at 13
weeks up to 24 weeks. These findings are in agreement with serological

datBhguBiisatizerraeter mligsTonsidy. LPRERothane Righ Ryt sows and
diagiteaiNQidh® ahiikty T8xeanrd thefamavitteEveols diprtbed(Meely. These

shqwed no significant serocanversion in the ELISA. in the farms, with

QI T o 25 B T dEoD| S 535% Aety 14I 7..9).
sserdigerfvaTsion tambe/itetectiiatibeablonwéek ¥ 2t 183 atshesianglyvitret. coli

SampIAsH ORI NISLALIAG SRR RLRBAVE-INIX 1BBOEVEAC I HE farms

ELISA, although most of these pigs have no apparent enteric problems

ThidlthigPRYe dE8iR AlSubblificalirtetion ith T alsonfa intraBButiis 2 clear

Resuits: fromrdarne o4 deseant tosindicatese s Uhatinital lleitis. The new

EL [ i ' ' f ical .
L T o

1crosstheSEsetion i vittd B anitigss RiskeFaveerC BpRaitR] IHasicarobpos. This

AIViROHE240£28. 2 sipdraIRVEC RN i QQavdeais Inv et BRBaris. Resulis from
66:99-107. 20 3. Jone,sj?F et al., 1E?§Q|3. \P“C'litn Microbiol 31: 2611-2615.
4, SIRDR &f 0G0 NFTRES Y359 lettis.

The new ELISA according to the invention provides a powerful tool for serological
diagnosis of lieifis suitable for routine testing of large sample sizes and cross-

15 sectional herd screenings.
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CLAIMAVIS: 1 Method for the diagnosis of pre-clinical or clinical Lawsonia
mtracellulans infection, the method comprising the following steps: a)
in cific blnd d sample taken from a mammal to a
R SEREoRE RICh e Sham0Ry Wms o S ioney
anukm‘aytld)@ Sekeorethfid avtierigitLib e driisisting Bepantibody 301:39,

ar&@@éﬁ’né@ﬁe@gﬁ%ﬁ@%o@ﬁ@&% WJF@@Q%&%Q&e@%HPQ%%%% L

antibody 268:18; and_b) comparing the result obtained with a control. 2
Methfaaa%/&a?aﬁwa%c&a.momﬁ AU RGNS TRARTRN B gntigody
Metloseiateddmng: thelginul amjstiteréin such method is an ELISA. 4.

Method ageordingagny, ﬁ@&dgfz‘éﬁ'é“ Il ayiere sHEhJRetheds a
blocking ELISA. 5. Hybri cell line ECACC Accession No. 04092204
ar@@@?é’tlh@&ﬂi%é?“mbz% YyBRdloma cell line ECACC Accession No.

b) 048R hgersetngiesitpdy WiB:3.cahtldybridoma cell line ECACC
Accession No. 04092202 secreting antibody 268:18. 8. Hybridoma cell

line ECACC Accession No. 04092206 secreting antibody 268:29. 9.
2. HyeierhaceeltitietE CAICC Adrersdion floTEITTRReB sasrdtindeantivody
287:6. 36 10. Hybridoma cell line ECACC Accession No. 04092205

secreting antib 301:39.
3. e}'\ g accorgmé to claim 1 or 2, wherein such method is an ELISA.

4,  Method according to any one of claim 1 to 3, wherein such method is a biocking
ELISA.

5. Hybridoma cell line ECACC Accession No. 04092204 secreting antibody 110:9.
6. Hybridoma cell line ECACC Accession No. 04092201 secreting antibody 113:2.
7. Hybridoma cell line ECACC Accession No. 04092202 secreting antibody 268.18.
8. Hybridoma cell line ECACC Accession No. 04092206 secretfing antibody 268:29.

9. Hybridoma cell line ECACC Accession No. 04092203 secreting antibody 287:8.
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10. Hybridoma cell line ECACC Accession No. 04092205 secreting antibody 301:38.



