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Field of the Invention

10
The present invention is directed to anti-Lawsonia

intracellularis vaccines and methods for protecting
against and diagnosing Lawsonia intracellularis
infection. The products and processes of the invention
15 are attainable, in part, as the result of the improved
method which we have discovered for cultivating large

- scale supplies of L. intracellularis.

Description of the Related Art

20
L. intracellularis, the causative agent of porcine
proliferative enteropathy ("PPE"), affects virtually all
animals, including humans, rabbits, ferrets, hamsters,
fox, horses, and other animals as diverse as ostriches
25 and emus.

L. intracellularis is a particularly great cause of
losses in swine herds. Estimates of the prevalence and
incidence of PPE in the U.S. have been as high as 20
30 percent of the swine herd with estimated losses of $20
million annually.



I ncidence of PPE in the U S. have been as high as 20 30 per cent of
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2 consi stent feature of PPE is the occurrence of

i ntracytopl asni E'OW%nbrane bound curved bacilli PGAURP609576
enterocytes in affected portions of intestine. The bacteria
associated with PPE have been referred to 5 as "Canpyl obacter-1Iike
organisnms.” S. MOist et al., Wet. Pathol., Vol. 26, 260-64
(1989). Subsequently, the -. causati ve bacteria have been

I dentified as a novel t axonom ¢ genus -and species, vernacularly

referred to as A pppaistsniifeatumespti REEate| ThE AGUITEncESfar t

et al., 10 : hm:rbcyﬁoppésﬁ@t Qi@rﬁnﬁﬁ@rﬁhbobeﬂﬂd é@veddr%ad’.ﬂlﬂ
533-38 (1993). More reg t hese ngvel bacteria haye een

gi ven the taxononi cW# erecytes jin atfected P?ﬁﬂ%&%lq%liéﬁtl?t@&

MOist et al., Int'rhe Bac@érla assoc:.ateavsﬁlftm pPBaRaes imded0 \refédiredd 8o No.
4, 820-25 1995). 15 These thr ?(tennarres have been used

i nt erchangkabl y to @s "Campylobagieryld é’rgéﬁésBFgam%ml%F?q"ﬁrttﬁ@ral"

i dentified and Vet. Padnézr;hnﬂ.hemelnaowe4h@ysesndeaunﬁﬂﬂmhntu@e the
t axonom ¢ nane, L. mtragﬂtle%arl S r u d| sc ssi on of

dezia BaVelgeh, 108
the present inventi G52 St BV, i horakificed as 2 po
obligate, intracel I thaonomic genus alml:tgpreui&svxhvehnaamﬁﬁl;be:eﬁelrh:eﬂedtobys
nor mal te5| ol ogi ca hod rc(,g ¥en£éonaé (i;eeﬁxaf ree meg a
and has been though ?5 T hé‘& 56&3 BraFis- E& PE £
growth. 1@ MOist Ist® aL J. |l of SitstemianBacteriology, |Vaduni4Sy, Ndel 3,61, No.
10, 4286-92 (1993) QBQ-E% kf§§§¥1 More recently, these novel bacteria have
been given the taxonomic name Lawsonia (L.)
Intracellularis. S. McOrist et al., Int'l. J. of
Systemic Bacteriology, Vol. 45, No. 4, 820-25 (1995).
15 These three names have been used interchangeably to
refer to the same organism as further identified and
" described herein. We have endeavored to use the
taxonomic name, L. intracellularis, throughout the
discussion of the present invention.
20
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 require attached epithelial
cells for growth. §S. McOrist et al., Infection and
Immunity, Vol. 61, No. 10, 4286-92 (1993) and G. Lawson
et al., J. of Clinical Microbiology, Vol. 31, No. 5,
1136-42 (1993) discuss cultivation of L. intracellularis

25

using IEC-1B rat intestinal epithelial cell monolayers
30 in conventional tissue culture flasks. In addition, H.

Stills, Infection and Immunity, Vol. 59, No. 9, 3227-36

(1991) discusses using Intestine 407 human embryonic

intestinal cell monolayers and GPC-16 guinea pig colonic
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(1993) discuss cultivation of L. intracellularis using | EC 18
rat intestinal epithelial cell nonol ayers i n conventional tissue
culture flasks. In addition, H. Stills, Infection and I mmunity,
Vol . 59, No. 9, W@§3963% (1991) discusses using | nt RFHYO6HT6
human enbryoni c _ Intestinal cell nonol ayers and GPC- 16 gui nea pig
colonic WO 96/ 39629 . . .. - - .

PCT/ US96/ 09576 . 3 3

adenocar ci noma cell nonol ayers in conventional tissue " culture
flasks. These prior cultivation nmethods are . | abor intensive and

are not suitabl e foadesetzreinoma cell monolayers Tire convemttionadletEssmeli ng

of L. intracellular&alture flask. nf%éggggﬁgfgf;éﬁiﬁ%f%?fg%phegﬂgggz%ﬁgtive

contrael of the di'sease ‘hav Seri ous anper e

fasti di ous labpowintensivie emdnagseofot . siitakaee|fiod scaderwpin vitro
cultures. There is currently a need for an inproved 10 met hod for
cultivation of L. intracellularis. There is al so a need for

anti-L. irftracellul aris Thecdumemdnanderstandingfd®dh.i intiraced 1fiidaris

di agnosing L. intraggl ' . ' ti.on. : 51es

the Invention ) éé%fgﬂE%nQD%?eoEfgérﬂ%ﬁet ég2$££§%ﬁ£§$ an?g prﬁ%iéﬁf
anti-L. | digease | havg beeppserieusly hampered by the fastidious

growth requirements of L. intracellularis in in vitro
cultures. There is cufrently a need for an improved

10 method for cultivation of L. intracellularis. There is
also a need for anti-IL. intracellularis vaccines and

effective tools for diagnosing L. intracellularis

infection.
.15 Summary of the Invention
One object of the invention is to provide anti-Z.
intracellularis vaccines.
20 . . X . .
Another object of the invention is to provide
methods for detecting the presence of antibodies to L.
intracellularis in biological samples.
25 A further object is to provide an improved
cultivation method allowing large scale cultivation of
L. intracellularis for production of vaccines and
diagnostic agents.
) 30 To achieve these and other objects, and in

accordance with the purpose of the invention as embodied
and broadly described herein, the present invention
provides a method for cultivating L. intracellularis and

large scale supplies of bacteria produced thereby.



20 Anot her object of the invention is to provide

met hods for detecting the presence of antibodies to L.

intracellularis in biological sanples. 25 . A further object is
to provide an i cultivation nmethod allow ng | arge scal e
cul tivation of "WobiGbtas L. intracellularis for production of v $0649526d
di agnosti c agents. 30 To achi eve these and ot her objects, and
in accordance with the purpose of the invention as enbodied

and broadly described herein, the present in%Yention provi des a
met hod for cultivating L. intracellularis and | arge scal e
supplies of bacteria produced thereby. - WO 96/ 39629

PCT/ US96/ 09576 According to the method, L. intraceflularis bacteria are
According to the netj . Jdntracel [ gghgr' r

I ncubated in an oxyglgl%q'ggkggngra |oﬁkg{;g’{lr%‘?ﬁ?a outdtg'og Sf from a%%‘%tcgnt to
about 18 percent, whdnsceng tot mbguthd8 percent, whidet ecifatiénguthevate the
L. intracellularis ' . gzl L0l t e Daehabi 3,k nsi on.
According to anothe?ngﬁggﬁgngﬁtFu%t%géﬂ%gtgéqﬂ iHt lg%%%ﬁ#%ez gor
cultivating L. intrapdntaining khet bactesia in suspensippecul ating an HEp- 2,

McCoys, or |EC-18 cell nonol ayer, 10 which is at about 30 percent
confluency, with an . inoculumconprising L. intracellularis
bacteria so as to Accordingctot apother emhodimend  hacreEhed Hhe
infected cells provided for cultivating L. intracellularis bacteria by

inoculating 'an HEp-2, McCoys, or IEC-18 cell monolayer,
10 which is at about 30 percent confluency, with an
inoculum comprising L. intracellularis bacteria so as to
infect the cells with the bacteria. The infected cells
are then incubated at a.temperature of about 36 to about
38°C at an oxygen concentration of about 0 percent to
15 about 8.0 percent until the cells reach confluency. The
'  infected cells and growth media are then placed in a .
fermentor, bioreactor, spinner flask or other container
suitable for maintaihing the cells in suspension. The
infected cells are incubated while agitating the cells
so as to cultivate the L. intracellularis bacteria while
maintaining the infected cells in suspension. A portion
of the cultivated L. intracellularis is then passaged to

20

fresh culture cells to increase the production of L.

05 intracellularis bacteria.

The invention provides anti-IL. intracellularis
vaccines and methods for producing vaccines against L.
intracellularis. BAn avirulent L. intracellularis
30 | bacteria is produced by passaging the cultivated L.
intracellularis bacteria a sufficient number of times
and selecting for an attenuated strain, or by subjecting
the cultivated bacteria to chemical means of



are then incubated at a tenperature of about 36 to about
38[err] C at an oxygen concentration of about O percent to 15 about
8.0 percent until the cells reach confluency. The i nf ected

cells and growt w&#@ré then placed in a - fermentor,

bi oreactor, spi sk or other container sui t ab/PETIUSI6/09576
mai ntai ning the cells in suspension. The I nfected cells are

i ncubated while agitating the cells 20 so as to cultivate-the .L.
intracellularis bacteria while nais‘htai ning the infected cell& in
suspensi on. A portion of the cultivated L. intracellularis i§.

then passaged to fresh culture cells to _increase the productren
of L. i nt redd@nuations bKilled o&&. aiptracellularis vaccipgs iaFfent i on

provides anti-L. intd1aelprdbaikd using the cuidiGatesnaRELABINS thiy”™ -
produci ng vacci nes agai ns I ntrace An_avirul ent L.

t L. L 1.ul ari s.
intracel lularis 30% Ventmﬁacté??%r‘il%“‘{)rtcﬂjl?c@&rﬁ'cﬂg?é iRrpherFedll ti vat ed
L. i Nt r ac@ibodiment, Ve hact e isH fdreC icont iAUGhSTy ulitu¥est for

and seTect'ngfor an .attenuated stgrain,, or subj.ectin t he
cul tivat ed” bact er i aattotlc,et?él‘ﬁli @EP“ﬁeé?\? i Horiths® R 18 i’e% Rassagsg at
PCT/ US96/ 09576 least about 7 to 12 times to producé an attenuated .
attenuation. Killed L. _i.ntracellularis I.nes I L.
prepared using the cshzlrta’ll\i}atfl%gnu%rét%%a% o""f%ct“tc"ﬁ"er"1l > he atten?antveedntb%&ﬁ:%rla 1s
According to a part ithenapbdpipgedf witlkeca pharmaceuticabdi acerptabie icacwdeira

are continuously culgy gﬁmgﬂﬁftéred %o an tj_(lgﬁ%;&?agﬁuéfﬁeéﬁ& Rt Wy | e

bei ng passaged at east about I mes to produce_an

at t enuat etP progiucg; Anf MRS XesRenAfeci He. hawpe depesif®ckdh®acteria
i's then @hi¥read1y phefePhad RGNt RL ¥t28£R PINGY INFADWK)EAn

the American Type Culture Collection.

The invention also provides a method for
15 détermining the presence of antibodies that specifically
react with L. intracellularis bacteria in a biological
sample by harvesting at least a portion of the
cultivated L. intracellularis bacteria, contacting a
biological sample from an animal with harvested L.
20 intracellularis bacteria or a component thereof under
conditions whereby antibody'present in the biological
sample reacts with the L. intracellularis or component,
and defermining if an antibody-antigen reaction has
occurred.
25
Additional features and advantages of the invention
will be set forth in the description which follows and
will be apparent from the description or may be learned
‘ 30 by practice of the invention.

v Description of the Preferred Embodiments




and adm nistered to an animal in an effective anount to 10 pr oduce

an i nmune response. W have deposited the currently preferred
attenuated strain (N343NP40wk) in the American Type Culture

Col | ecti on. The invention al so provides a nethod for 15
deternining the pPE¥M¥% of antibodies that specifically TUSIESTS:
with L. intracellularls bacteria in a biological sanpl e by
harvesting at l|-east 'a portion of the cultivated L.
intracrellularis bacteria, contacting a 6 bi ol ogi cal sanple from
an animal with harvested L. 20 intracellularis bacteria or a
conponent thereof under condi ti ons whereby anti body present in
t he bi ol ogi cal Assuspiichereins the tearme "L. intracellularis" greans
conponent, | a Q £854d on has
occurred. 25 Ethgéggxg%f%Pona r‘?&a{t @B_Jgg gﬁage%vg%%es of the

i nvention dﬂsprlbedsbﬁ detail by (e Gebbartpet oal whi Bt Yol |buwPfand
will -be apparent fr%@s‘tl%ﬁléeﬁsét@ﬂ&{bﬂ, 1 basl eapnes, 533-38 g.sbgs) and
practice of the invention. Descri ption of the Preferred
Enbodi nent S. McOrJ.q@ e/ abgdnt'l. J. of Systemic Bacteriology,
PCT/ US96/ 09576 Vol. 45, No. 4, 820-25 (1995) (eachbof which is As

used herein, the term"L. intracellu)aris'
intracel lular, cur vé&c"ﬁPaﬁ? %a‘i‘?%uba@f éﬁ%rence in its o%%%’}r]?etﬁﬂ ignd
detail by C GEbharuneuuaés, but'is not Aimited to, théybicterxiDBaldpiditledgy,

Vol. 43, No. 3, 533, 38A&&89§g6?§ in the American Type Culture Collection,
10 Rockville, MD; the bacteria deposited as NCIC 12656 and
12657 in the National Collection of Type Cultures,
Colindale, London; the causative bacteria which can be
obtained from PPE infected swine or other animals
throughout the world given the knowledge in the art and
15 the teachings herein; and variants or mutants of any of
the above bacteria, whether spontaneously or
" artificially obtained.

As used herein, the term "attenuated strain" means

20 any L. intracellularis strain that is prepared according
to the cultivation and passaging techniques taught
herein to achieve avirulence while maintaining
immunogenic properties when administered to a host
animal. As demonstrated below, various different L.

25 intracellularis strains have been cultivated and
attenuated according to the present teachings t6 obtain
attenuated immunogenic strains having efficacy as
vaccines in swine and other animals susceptible to L.
intracellularis infection.

30

The attenuated stfains of the invention dre
expected to have utility as immunogens in antimicrobial
vaccines for animal§, including birds, fish, cattle,



5 S. MOist et al. Int'l. J. of System c Bacteriol ogy,

Vol . 45, No. 4, 820-25 (1995) (each of which is I ncor por at ed
herein by reference in its entirety) and i ncl udes, but is not
limted to, thevm&ﬁﬁgga dep03| ted as ATCC 55672 in the Anerican
Type Cul ture Col Rockville, MD; the bacteri BCHLS¥ 5

as NCTC 12656 and 12657 in the National Collection of Type

Cul tures, Col i ndal ¢, London; the fausat i ve bacteria which can be
obt ai ned from PPE infected swine or other animals . t hr oughout the
worl d given the know edge in the art and 15 t he teachi ngs herein;

and variants or nutants of an t he above, bacteria, whether
spont aneously or swine, °€$??rf iRauRals pdiPrifgates in general, and pg

used herein, the tehiimafklensadlewraddtids' camabe phepared by fmay:ﬂn,iques

[ | I ul ari hat
Cul i vati on and pasegigCP oLRRG G LRre the 4xt, oiven fhe Loadbipgse

avirul ence whil e macontaihned herein. Suqmwwagemne wouwdpk rdargs-islecian -

adm ni ster{d to a hgﬁz{nunol l%ae ][]{“ 12, s v@saﬁs gs(;fq_ltfed% \ﬁ,at\é%rl ous

di fferent ra| ns ave béen |vat ed and
attenuat ed accordi ngtramhénpa @mmmqagém acoeptabie carrier. The

attenuat ed | mnoge@h?ciﬁé%&?l&‘i?’é %@Jls‘&%ﬁ'&d%n one or more’ WSeRES AR

swi ne and ot her aninals suscepti b acellularis
i nfection. 30 1mmunologz.ca]:|ilﬁé %Eff%é(ﬁeémgﬁﬁﬁl% Qﬁtqrﬁé-rﬁamén%"ﬂfon are

expected to have Utinbhh& ﬁﬁo#ﬁn"ﬂmqgf&'%ﬂtnwi'&hbﬁtcﬁﬁmie?l'experlmentatl‘é%C' nes
for animgls, incl Udlgg en Ehe te cﬁnngs con%alned herei TheVDam%%/n %9
PCT/ US96/09576 oy
avirulent bacteria should be sufficient to stimulate an
immune response in disease-susceptible animals while
still being avirulent. This will depend upon the
particular animal, bacteria, and disease involved. The
i5 recommended dose to be administered to the susceptible
animal is preferably about 10° to 10° bacteria/Kg of body
- weight and most preferably about 10° to 10’ bacteria/Kg
of body weight. The.carriers are known to those skilled
in the art and include stabilizers and diluents. Such a
20 vaccine may also contain an appropriate adjuvant. The
vaccines of the invention may be used in combination
with other vaccines, for example, as a diluent of
another lyophilized vaccine, or combined before
lvophilization with another vaccine. The \;agcine
25 preparations may also be desiccated, for example, by
freeze drying for storage purposes or for subsequent
formulation into liquid wvaccines.

Accordingly, the invention also comprises a method
30 for inducing an immune response to virulent, wild-type
L. intracellularis bacteria in an animal host for the
purpose of protecting the host from such bacteria. The
method comprises administering an immunologically



sw ne, horses, mammual s and primates in general, and humans. Such
vacci nes can be prepared by techni ques known to those skilled in
the art, given the teachings cont ai ned herein. Such a vacci ne
woul d conpri se - i mmunol ogi cally effective anount of the

att enuat ed q'{']ng!’%%"train in a pharmaceutically acceptabl e ®&TUSE40957, e
vacci ne could be adm nistered in one or nore doses. An

i mmunol ogically effective amount is deterningbLe by means known
inthe art wi thout undue experinentation, 10 - gi ven the teachi ngs
contai ned herein. The anount of ~avirulent bacteria should be
sufficient to stimula n i ne;yesponse.in .

di sease-suscepti bl e ﬁ%fﬁ%{.fng@nt of tThe at_é?’i“?ﬁ‘terfgil’rﬁtﬁw'?u?'énkiufﬁfls
wi | | depend upon thebacteria of ta invehtioAantorthe llmstteand, prdfdrabage -

' | ved. Th . ] d d . be adm.ni .ed Lo
cusceptible - sanipl SEEITRERG, BRERHH8 96 AN vRRESBH §, £R nost.

bacteri a/ Kg of body wei ght and nost preferably about 10[err] to
10[ err] bagterial Kg _ of body weight. The carriers are known to
t hose skilled ) in the art and include stabilizers and dil uents.
Such a 20 vacci nAsrysed herednt athe abermpptiandexiscaddj auibhivation”

vaccines of the invepilon freyeha %%eé};hﬂi{iQE%ﬁ'aéf%‘. intracell 1%&-39 ot her
vacci nes, for exanple, as a J?Iuent of anofher Fyopﬁl | zed
vacci ne, or conbi nedd¥eatr®e than approximgbehy|? At - Lhtenst avd vacci ne.

The vaccine 25 incPIGPRTEMd Rt iBRY ol 805814 Q0¥ Gdtetsl oPX@OPES, DY
freeze drﬁlng for storage, purposes or faqr_ subsequent forpul ati on

into |iquitd vacci nes'Cultivation™ as used peppihndiSAns; fbej RFRFEFSNCLl so
conprises a nethod 3Sromoting HHY grBWUR| NPeprodutith RAPOPSProéDiTerat Do,
w | d-type ..intracellularis bacteria in an ani mal host for the
pur pose of protectiH©%f$ma*ﬂﬁﬁaQQ#jﬁﬁéﬁﬁﬁ'bacteria. The met hod
conpri ses adm ni stering an i munol ogically

In practicing the cultivation method of the
15 invention, culture cells may first be inoculated with an
inoculum comprising L. intracellularis bacteria so as to
infect the cells with the bacteria. Numerous cell lines
can be used in practicing the invention, including, but
not limited to, IEC-18 (ATCC 1589) ~ rat intestinal
20 epithelial cells, HEp-2 (ATCC 23) - human epidermoid
' carcinoma cells, McCoys (ATCC 1636) - mouse
{nonspecified) cells, MDCK (ATCC 34) - Madin~Darby
canine kidney cells, BGMK (Biowhittaker #71-176) -
buffalo green monkey kidney cells, and swine intestinal
25 epithelium cells. The preferred culture cells are
HEp~2, McCoys or IEC-18 cells. Alternatively, the
bacteria may be cultivated in a cell free system so long
as the bacteria are maintained at the appropriate
dissclved O, concentration as taught herein.
30 -
If culture cells are used, prior to being
inoculated, the cells are preferably but need not be in
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8. effective anount of the attenuated bacteria or killed
bacteria of the invention to.the host and, preferably,

adm nistering t éﬁ%?ne ‘of the invention to the host. 5

As used herein, ‘the m "l arge-scal e cul tivation" RETASIINTY, ¢ |
of cultivation of L. intracellularis greater than approximtely
2.0to 3.0 liters and i'ncl udes productlon on a scal e of. 100
liters or nore. 10 "cul tivation" as lised herei n, means the process
of pronoting the grow h, reproductlon and/or proliferation

of L. intracellularis. In practicing the cultivation

met hod of the 15 the formyefit 2 oponelayere Jd8l I£9THey mORGlaYRY, ridwaqalds

with an AR Wel BLEQORT 180 Sednvddtlichas! l:yagkss b dIE 1RO i85 tO
i nfect* the cells W|th t he gacterla Numer.ous cell i can be

.used in practicing GfReraddyt setded i thihREvest: about 1 X 107 n&BlisntPed to,
| EC- 18 (ATCC 1589) aboait 10tRS10M@eldd per 25 cPfldel milxekEhiith GEpwih

EA-rrmCEsczaB) 13 human egﬁ%ﬁr noi ?]f’?e%l’f°‘81éli’|%e&ﬁrC| no C%E{fslzf?édli/%‘%/ éQECC 1696)

cani ne ki dney cell scuBGM&atBonvﬁhi&kﬂcHiﬂesl%hltrogen source,bufe‘aﬂssag:lyeen

nonkey ki dney cel |l sgrﬁgﬂgggkggt&g efé]l_ rﬁ‘{:ep_?t%os cultﬁpétﬁ%fl% 4 |l s. The

preferred culture cé€l Coys or
Al ternatively, the carbon soupeei esich rag didqcoset DVal%QI:‘?Sﬁa d&q free

systemso |ong: preferd8dHEabacie Mg iR HPR0LE feth Pibdvin MU, At ©

di ssolved Qerr] concentration as taught hereln.
culture ¢® Is are udddh °H9:F10Va¥%°‘b%|?l‘g‘er °°merClPﬁ%$Lﬂ‘éﬂ’eJch]t%é‘Q§E-la‘l §‘aélr e

preferably but needpeouisk@ with good results.

We have found that successful cultivation of L.
iqtracellularis is enhanced by maintaining the culture
-15 cells in a constant state of growth. Therefore, the
culture cell monolayer should be at about 20 percent to
'~ about 50 percent confluency at the time of inoculation.
Preferably, the cells should be at about 30 percent to
about 40 percent confluency at the time of inoculation,
20 with about 30 percent confluency being most preferred.

The inoculum may be a pure culture of L.
intracellularis obtained, for example, from ATCC deposit
55672, NCTC deposits 12656 or 12657, or from infected
25 swine or other animals using the isolation and
purification ﬁeachings discussed herein.

According to one embodiment, the inoculum for

. practicing the invention is an intestinal homogenate
30 prepared by scraping the mucosa off of the ileum 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
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9 ' the formof a nonolayer. To form a nonol ayer, the cells

may be seeded into conventional flasks. Each flask is general ly
seeded with between about 1 X 10[err] cells to about 10 X
10[err] cells pXOYFHY orr] flask mixed with growth 5 PCRAISPGH09576The
growm h nedia nmay be any nedia for cell cul tivation which

i ncludes a nitrogen source, necessary growing factors for the
chosen culture cells, and a carb®n source, such as gl ucose or

| act ose. The preferred media is DMEMw th 2-5%fetal bovine
serum 10 al t.hough various other commerci.ally avail abl e nedia may

be used with good refuthe gut. Due to the fragpdenhngburewll the:tbanterissf ul
cul tivation of L. samples fhoﬁﬂ& drdy bel §t89@&”£’€d-ﬁbdmd§"tcﬁiﬂ!ﬂ§[

the culture -15 S In constant state of growth Theref ore,

t he cul esr pogelblmf)t@y@eommd bAngang tizp oo vihaigth tlo
about. 50 percent co I,AQC |

Preferably, the cel H&L %’czia%a}flt aéboutsqfa:aggr g{élgﬁ 25 Vancamycin, about 40

per cert cohf | uency Amphhteri%ncﬁ amaepberisonft the amlnoqlmqaid@banoumof
percent confluency Qﬁtmﬂﬁ’e%sprﬁiﬂdcﬁ%g Gentamr.f: in and N%omy-gi% ' '&C'a':!a&l@

may be a pure culture o intrace aris obtained,
exanmpl e, froom ATCC éeSG‘A’rtlS preferably sgided tRCtRe JEpREY R JFZ’6§G‘PcPrre§§657

or frominfected 25contam1na§ﬂ1§‘%a€&té¥1|&eEwh&ﬂb”ﬁé?mi!ﬁtﬂgg tje isolation and
purification teachings discussed, herei According to

one enbodi nent, theiptgeapddiiaris growth Whetheri the glnamlum, & i@ RUre an
i ntestindl0 honnge”abﬁlture or an intestinal homogenate, inoculation of the

culture cells can be performed by various technigues
known in the art given the teachings herein.

. - The bacteria and/or inoculated culture cells are

15  then incubated under .a reduced dissolved 0,

concentration. At dissolved oxygen concentrations

' greater than 18% L. intracellularis growth is less than

optimal with cessation of growth eventually occurring at

oxygen concentrations outside this range. Preferably,
20 the inoculated culture cells are incubated in a
dissolved oxygen concentration in the range of from
about 0% to about 10%. More preferably, the cells are
incubated in an oxygen concentration in the range of
from about 0% to about 8%, with an oxygen concentration

25 of about 0% to about 3.0% being most preferred.

The proper concentration of carbon dioxide is also
important to the proper growth of L. intracellularis.
At carbon dioxide concentrations greater than 10% and
30 less than 4%, noﬁ-optimum growth occurs with cessation
of growth eventually occurring at carbon dioxide
concentrations outside this range. Preferably, the

carbon dioxide concentration is in the range from about



30 prepared by scraping the nucosa off of the ileumof a

swine or other animal infected with PPE. \Wen preparing an

i ntestinal honobgenate, ileal sections selected for culture
shoul d show sev LONS Wi th gross thickening WO 96/ 39629
SOy USoe] 065 7. WG 9edSRls 10 rctOssotge, 1
gut. Due to the fragile nature of the bacteria, sanpl es shoul d
preferably be stored at -70[err]C as quickly as possible after = .
necropsy. An antibiotic to which L. 11 intracellularis is resistant .
such as Vanconycin, 5 Amphotericin B or nmenbers of the K
am nogl ycosi de group of antibiotics, including Gentam cin and

Neonycin, to name 6% to about fswvb v&ia:hp!éeESchthydﬁddaé iconiceatiraoLoh UWGE 0.
suppr ess ont I.n acteria ile permtting L. -
intracéllularis gromglﬁque\hnée{]%erb MR5ELPE ?Ereaé)'pure 10 culture

or an intestinal honpbgenate, inoculation of the culture cells

can be, performed by vari i que A ' |
t he teachi’ngs herein. e éé‘ﬂ]ﬁo%, smeTﬁ%lJb%lc o ﬁﬁ?ﬁff@}?%ggﬁﬁgﬁ%%
culture cell s are 152 hydrogen inandembwiaiiecd imdere FangeuSedmdpbovtvedd to
gerr] cobGent io InS % NhieatkhQd S
greater than 18% L. Int racéeﬁ ul amrﬁt?ogggmﬁﬁ&igglléﬁs@sgﬁha%q%% ok %bﬁgo%lt.i?r]éjf
with cessation of gréfuthehyiregen pIesert: nghegording to a pgxiienlarly

colncentrat:lons out si gfefditfed MRDOIiIMBLS’ 8RE Yoe s are incubBeedNs Udkd et
‘h the range of fron-8-0% o "aBap 8- 88,Ge BT BHLE Broterably, ¢ he
cells are1l0 .

Inoculated cells may be incubated in a dual- gas
incubator or other gas chamber which contains the proper
oxygen and carbon dioxide concentrations and which
allows the cells to be suspended during incubation. The

15 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 to 45°C and is more preferably in

20 the range of from about 36°C to about 38°C. Most
preferably, the temperature is about 37°C. The
necessary equipment for the cultivation and attenuation
methods of the invgption is readily available to those
of ordinary skill in the art given the teachings herein.

25 ‘One example of equipment suitable for carrying out the
present invention is a dual gas incubator, e.g., model
480 available from Lab~lLine, Melrose Park, Illinois, in
conjunction with spinner flasks to maintain the cells in

: suspension. The presently preferred equipment comprises
30 a fermentor, bioreactor or rotary shaker containing at
: least about 2 litres media and capable of maintaining
the culture cells in suspension via sparging gas of the
appropriate concentration, or other means of mechanical



I ncubated in an oxygen concentration in the range of from about

0% to about 8% wth an oxygen concentration 25 of about 0%to
about 3. 0% bei ng nost preferred. The proper concentration
of carbon di oxi SO i nportant to t he proper growh of L.
|ntracellular|sqy beiaolls At carbon dioxi de concentrations gPEHUSIOS AN
10% and- 30 | ess than 4% non-optimumgrowh occurs with cessation
of growth eventual I'y occurring at ‘carbon di oxi de concentrations
outside this range. Preferably, the 12 carbon dioxide concentration
Is in the range from about WD 96/ 39629

PCT/ US96/ 09576 . 11 6% to

about 9% with a caﬁﬁéﬁaﬂimq Rnd FradHnueusdy Benitoring dissgigtad ©,8%

bei ng nost preferreqevels’ ln the media. N%waﬁghﬁéﬁibk rﬁ&éﬁﬂ'éh&“diher

preferably incubated. at &en concentratlon I n the range
from about .73% to compani es %ﬁlts‘!ﬁfiﬂi{’ EEYERLOES ‘Eﬁquwtﬁr&(@&

sorme or all thisoputpesdydrogen present. According to a particularly
preferred: enbodi nent, the cells are incubated in about 0-8..0%
Jerr], afout 8. 896CIIerr] and about 83.2% Herr]. 10

| nocul ated cel l.s may be Bpan&xmmtmimgi thealingesulated cells iinr @ aiuspented

i ox1 o concentrat | SECS AU irtclbatiRS marimym qrowIQE G ees0""
suspended during i nandahence ﬂ?maﬂfracellularnbanberacﬁxaﬂeﬂ(hynmncneaalngans
for maintaining theg, indjrvid&affcé& e o g%:gﬁré }@?P@R&{ ai3%nd 988
noni t or and supply source 0 supply an I'n € proper gas
proper mixture of oxygen and carbon dioxide. The
culture cells can be agitated and maintained in -
suspension by a variety of methods known in the art,
including, for example, culture flasks, roller bottles,
membrane cultures and spinner flasks. The cells may be
15 kept in suspension during incubation by incubating the
cells in a spinner flask inside a dual gas incubator or
" similar apparatus. The term "spinner flask", as used
herein, means a flask or other container which employs a
paddle, propeller or other means to agitate the culture
20 and keep the cells contained therein in suspension.

In a pérticularly preferred embodiment of the
invention, the inoculated cells are incubated until the
cells reach confluency and then the cells are placed in

25 a spinner flask containing growth media and incubated in
a dunal gas incubator while spinning the flask.
Preferably, the inoculated cells are scraped into the
spinner flask. This can be achieved by a variety of
methods known in the art such as using a cell scraper to

30 detach the cells. Once the cells are introduced into
the spinner flask, the paddle of the spinner flask is
typically rotated in the range of from about 30 to about



concentrations. The incubation tenperature should be in t he
range of from30[err]C to 45[err]C and is nore preferably in 20 t he
range of from about 36[err]C to about 38[err]C. Mbst

preferably, th ture is about 37[err]C The necessar
equi pment  for tnégggﬁ??vatiOn and attenuation met hoRfsI/8¥ 6

I nvention is readily available to those of ordinary skill in the
art given the teachings herein. 25 rJgge exanpl e of equi pnent
suitable for carrying out the present invention is a dual gas

I ncubat or, e.g., nodel 480 avail abl e from Lab-Line, Melrose
Park, Illinois, in ] conjunction with spinner flasks to maintain
the cells in 60 rpm ipardesntoThaipkebenthsy infectebegeddai phent
conprises 30 sudpéi@t or, bioreactor or rotary shaker containing at
| east "about 2 litres nedia and capabl e of maintaining t he
culture cells in suspension via sparging gas of the appropriate

concentration, or other Xesétieh BECHAA é@ltivated L. intrac¥P180539629s -
PCT/ US96/ Q9576

12
agi tation? and cont PReRR2SSIAA £6r FREshi Subwky) qglds, fo increase the,e s

in the nedia. New Bprbdu¢tion Bfaw) aR€ret8EIularis bacter§@Parhest&ake
sui tabl e fernmentors,and bioreactor ur pose.

By maintai ning the i?ﬁﬁﬁﬁﬁ%ﬁ?ﬁjQEeV$§£$ﬁi%F§dgﬂﬂﬁﬁﬁa%gE%i m anss?%%e during
i ncubation, maxi nunpgseadsh of triags€erting a portion ofndhBesebtivated L.
It racel | U arl s, SR PR PR SPRLN cutenre g1 SEh bdRY N oo
and carbdf di oxi de.infidet the fresh cells uiiticeies baetebtungi t Bhedteny
art e TRty R SRR AR et H (G PRGN B S Re et
menbr ane cul t ures duekrspimferted bgks. Iheracdl ulayishe Preferably such
cells are, on the average, no more than approximately
one day old.
15
The passage of L. intracellularis in suspension
- cultures may be acqomplished by removing a portion of
the original culture‘and adding it to a2 new flask
containing fresh culture cells. If the original culture
20 has a high number of bacteria/ml, for example, greater
than about 10! bacterial/ml, it is preferable to add
between about 1 to 10% (volume to wvolume) of culture
from the infected flask to a new flask containing fresh
_ cells. This is preferably done when 50-100% of the
25 cells are infected. If fewer than 50% of the cells are
infected, passaginé is preferably accomplished by
splitting the culture 1:2 into a new flask and
scaling-up the volume by adding fresh media. 1In either
. case, cell lysis and other steps are not required, in
30 direct contrast to the passage of monolayer cultures, as

in the prior art.



15 kept in suspension during incubation by incubating the

cells in a spinner flask inside a dual gas incubator or simlar
apparatus. The term "spinner flask", as used herei n, nmeans a
flask or other % i ner which enploys a paddl e, propeller or
ot her neans to iﬁq 6fjl-’ﬁ"@zthe culture 20 and keep the cel PETASAVEMed
therein in suspension. In a particularly preferred
enbodi nent of the i nvention, thellnoculated cells are incubated
until the cells reach confluency And then-the cells are pl aced
in 25 a spinner flask contalnlng gromﬁh medi a and i ncubated in

a dual gas incubator while splnnlng the fl ask. Preferably, the
i nocul ated cells are scr #5887 ardfigient growth °fsEPﬁn‘é\11F‘F‘a%k°e]ﬂ‘ﬁ andin be

achi eved by a vari etgiydlequent 1nfecti@ﬁ WSL k'l%ab@lﬁbfaf‘.{é §E‘Cé}'é’§téis' ng

a cell scraper to 30 detach the cells. he cells are

i ntroduced into than abophe78pi Gakl ¥4§ﬁﬂtlvﬂﬁ§:péﬁdﬂ%t%ﬁminﬁ#shﬂrﬁﬁ%

f Ibas{< i's -xrcmls,,g%gl hstheka&sﬂpafhsr@ rethdel, Ohtf 188582 UboPYidP of
abou

pCT/Usgg/d§576 the cultlvated L. intracellularis bagteria is then g0 rpm
in order to maintai hakRRstBEEC!ENe OfdtFedting step may BeISPEPEded by

A portion of the cultivated L. intracellularis is t_ hen passaged

to fresh culture celSePaFaLing, Eag PIFkeria from thep?EﬁEﬁﬁ?%ﬁP(ﬁylYar1°uS
intracel lul aris bacttechhiquébckhdumto those of opASRAOY NEKiXl Mardhad it

the oul tivated L. 31veR the teachindt erain’s obreBeriblyy dife 861 | s T
order toib intracellhpats e Bacsddin st hatbesbed sy i cuntrifryioy m
' ' the contents of all or a portion of the suspension to

pellet the culture cells, resuspending the resulting

cell pellets, and lysing the infected cells. Typically,

at least a portion of the contents is centrifuged at

15 about 3000 X g for about 20 minutes in order. to pellet
the cells and bacteria. The pellet may then be '
' resuspended in, for example, a ‘
sucrose-phosphate-glutamate (SPG) solution and passed
approximately four times through a 25 gauge needle in
order to lyse the cells. 1If further purification is
desired, the samples can be centrifuged at about 145 X g.
for about five minutes to remove cellular nuclei and
- debris. The supernatant may then be centrifuged at

about 3000 X g for about twenty minutes and the
resulting pellet resuspended in an appropriate diluent,
such as SPG with fetal bovine serum (to prepare
harvested bacteria suitable for freezing or use -as an
inoculant) or growth media (to prepare harvested

20

25

bacteria more suitable for passaging to fresh cells).
30

As previously mentioned, effective growth of L.

intracellularis for large-scale production is enhanced



"fresh", as used herein, neans cells which have not yet been

Infected by L. intracellularis. Preferably such cells are, on

t he average, no nDre than approximately one day old. 15

The passage of Fﬁpellularls I n suspension cul tures may be
acconpl i shed by % g a portion of the original EGFUSE27¢d
adding it to a new fl ask containing fresh culture cells. If the
original culture has a "hi gh nunber of bacteria/m, for exanple,
gr eat er than about 10[err] bact&fial/m, it is preferable to
add bet ween about 1 to 10% (volune to volune) of culture
fromthe infected flask to a new flask contai ning fresh cells.

This is preferably ®ynkeapéng5thd ODssife wiedlz5actively qxﬂWIngareﬂlmhected
|t fewer than 50% O&ﬁhgiggﬁkés whén cultulres bebenﬁ G

preferably acconplishe g u ture 1: int% afnew
fl ask and ceééaﬂnngsy@tdﬁ;cmam Sypskaurhglly eshtiteipds te grover

case, cell lysis ang, 05%%?a55§f?1§¥f§ mb%ﬂﬁh&@g ti8sue cultures ﬁa%@chad

contrast to the passage 0 ayer cultures, rior
art. 5 m@nggﬂ3§gggess and scale-up has not been posszble.

PCT/ US96/ 09576 However, using suspen51on cultures dfeatly facilitates
After sufficient grgyﬂh of the culture cell.s and subsequent

infection by L. intFSERERH] Bre cehlyasiivel ¥ growing and RS  70% cel |

infectivity, as det epatihadoty di¥ture expansionT&h) ecdie-aip .ot Bingoapar abl e
nmet hod, at | east a Eortlo

cyltivat ed L. tracellularis
bacteria is then ermen °rh%?‘§é’sﬁt§’(fenl'ﬁé°ﬁ5r yéé% ]gs%qlé'ﬁ% 2 perfor med
by 10 separ exphginheé #laovesr we have beensalshernsd @rdw wpatioods®
bacteria/ml. We have also been able to keep the-
cultured bacteria actively growing for many months and

expect to be able to do so indefinitely.

15 Prior to the instant invention, it was generally

believed that cells must be attached to a surface in
" order to be infected by L. intracellularis. The cell

suspensions of the instant invention are unique and
contradict this theory. When using McCoys or IEC-18

20 cells, it is preferable to add gelatin, agarose,
collagen, acrylamide or silica beads, such as
Cultisphere~-G porous microcarriers manufactured by
HyClone Laboratories, Logan, UT, along with the grbwth
media. However, HEp-2 cells and others do not require

25 microcarriers according to the cultivation method of the
invention. This provides an especially advantageous and
economical route for large~scale cultivation.

. For culture maintenance purposes, with HEp-2 _
30 cultures, preferably 25-50% of the culture is removed
v and replaced with fresh media at weekly intervals. For

cell cultures with microcarriers or beads, preferably
25-50% of the culture is removed and replaced with fresh



techni ques known to those of ordinary skill in the art, gi ven

the teachings herein. Preferably, the L. 10 Intracellularis
bacteria is harvested by centrifuging the contents of all or a
portion of the Lon to pellet the culture cells

resuspendi ng thzwragﬁsﬁ ?ng cel| pellets, and |ysing PGRUSHORTS o
cells. Typically, at least a portion of the contents is
centrifuged at 15 about 3000 X g fogsabout 20 mnutes in order. to
pel | et the cells and bacteria. The pellet may then be

resuspended in, for exanple, a sucr ose- phosphate-glitamte (SPG

sol ution and passed_. . appr Qxi el yy four. tj thr.oug e -
needle in 20 T grarfﬁefﬁs‘gr ﬁﬁ%éagéeﬁﬁsa. f%Iefghf hggﬁaerfp%%%aﬁaoe%i S
desired, the sanpl eFozaschbéeceptpurpasss atamladditidbak 25-50% of medifagr or

bout fi I nut A [ LS
2uggr na!t \z;ﬁt mmra]; '? ﬁe#%ggggg%??%%%gdégaﬁwse'l m%%dbea%%%?d 35%08%56@§ru¥aé§out

twenty mnutes and the 25 resulting pellet resuspended in an
appropri atg dil uent, Dependin Llfﬁb@stlgg‘éﬂ‘ﬁ‘et ?tf &hPén DOYd NG SRIXENd19 s
prepare harvested bacteria suitable for freezing or use as an

inocul ant) or growt PeseBRaipfectrdppassage &t fgesh cells gdenpraldy pomrs
sui tabl e for passagbegweenf &BSlkt Cd1S) 2 IS about 5 weeks. AssiniRige\thays!y

nent i oned, effectiv% rggagﬁﬁé L. s become afigggggé%égjaris féa‘within

| ar ge- scal e producti

PCT/ US96/ 09576 2-3 weeks, preferably passage occurdbetween about elgry
keeping t ti ssue actively growing. Wth nonol ayers, when

L |
cul t ur es “Become conﬁ?ﬁ@ﬁ# YReXFut e of

The present invention also provides vaccines and
methods for producing vaccines against L. '
intracellularis. According to a particularly preferred

15 embodiment, after maintaining the infected cells in
suspension for an extended time (for example, 6-8

" months), at least a portion of the cultivated L.
intracellularis bactéria are harvested and monitored for
potentiai attenuation. Such monitoring is preferably
accomplished by host animal or animal model challenges
to select for an attenuated strain. Such attenuated
strains are used in vaccines according to the méthods

20

taught herein. The attenuated I..intracellularis

vaccines according to the present invention have shown
25 efficacy against L. intracellularis infection in a
variety of animals and are expected to be effective in

humans as wéll.

The present invention allows rapid culture
30 expansion, an increase in yields of 100-1000 fold, and
reduced cost. As a result, the abundant supply of L.
intracellularis bacteria produced according to the

cultivation method of invention is readily attenuated



cell division decreases substantially. Attenpts to grow L.

intracellularis on nonol ayer tissue cultures have had 5 limted
success and scal e-up has not been possi bl e. However, using
suspensi on cul t dﬁ% gatly facilitates keeping the cells
actively grow ngy @gé? rmts continuous cul ture expBREVSI08%74
scal e-up. Using a fermentor and between about 0-3% di ssol ved
Jer] as 10 expl at ned-above, we hav§7been able to grow up to
10[err] - bacteria/ m-" W have al sG been able to keep the

cultured bacteria actively grdmﬁng for many nont hs and expect to
be able to do so indefini-tel to the instant

or
invention, it was g&Ré& rXPFﬁlxe pr°§L°tiq@éFPEF@EthatAEE??E?F&RH 4% attached
to a surface in difficulér R mémolxyemictdtateby dhe -tot tihe dowlydells ofhe -

cel | : sus ns of the inst.ant inven re u ue and
Contradict this thoBRgteRia Rhodhied L3l coRvERE:OHadlfondl et Yatuing |
is preferable to adteghhdtines.aght cxmtrast, the methbdlagfngrawimgl & de or
silica beqys, such a re-G orousﬂglcrocarrlers

manuf act ured by ntracel#ﬁéfﬁﬁ%‘féB%FhPEFF§§ EBYERCLIR 9Z8AY with the
growt h midczeablesethke , eddisy- Speekl, s aaddnokber soflbauteriagui re 25

m crocarriers accordl %@lgﬁlghfof%ﬁ#%’sﬁfrgﬁsget h@ﬁeoﬁoég cells and cell

i nvention. This provi deS an especl vant ageols an
econoni cal route fodivisjenscehick gadurat ithe. greater the level ofFor culture

i nt enance pur posefu gt bnbEBeZuAling which SYbtUERELRESSE A8 HaZeaaQt of

t he cthq& IS renove ace la at weekly
interval s*° For development C‘EHQW]:rbeé-n\AFFﬁPﬁPEF%érW@%dlé\g kseadbe

preferably invéht P60 Dhckdsds! Ithe @xpseE8TBN €6F Afifbdraianced Wi th
fresh i WO 96/ 39629 lled b d
PCT/ US96/ 09576 mmunogens controlle vy environmentally regulated genes

and their expression products.

15 - The resulting attenuated strains can be cultivated

in tissue culture mondlayers as described in Example 1
" below, but are preferably cultivated in suspension

cultures according to the method of the invention.
Other means of attenuation can include chemical

20 attenuation by the use of, for example, N-methyl
nitrosoguanadine and others known in the art. Whether
by multiple passage or chemical means, an attenuated L.
intracellularis is produced and selected for vaccine
preparation.

25 '

According to one vaccine embodiment of the
invention, the antigen is harvested by centrifugation or
‘microfiltration as described above. The antigen is then

. standardized at a defined level based on the optimum

30 host animal immune response, determined by a dose
titration in the host animal species. The bacteria may
be inactivated by prolonged exposure, e.g., one week, to
ambient 0, levels, or by using 0.3% formalin or other



16 m crocarriers or beads and fresh nedia 1-2 tinmes weekly.

For scal e-up purposes, an additional 25-50% of nedia, or medi a
with mcrocarriers, my be added to the culture. -5

Dependi ng upon the rate at which the culture cells becone
infected, passagt®P?¥P¥?%snh cells generally occurs b ACHEIEA6/B8F et
every 2 to about 5 weeks. Assum ng that the culture cells becone
at least 70% infected within ) 2-3 \geeks, preferably passage
occurs between about every 10 3to 2 weeks. The

present invention also provides vacci nes and met hods for

produci ng vacci nes agai nst L. intracellularis. Accprding.to a
particularly prefer ,Jg@c%g.va!hng agent ot RERPALE taer‘lﬁ?‘itﬁ?‘ﬁ‘i:ﬂbe't hefhe
infected cells in antigen issth@snthesrporatist antendesuitaisl 4 fadjweryl e,
6- 8 nmont hs at lLeast_a portion of the.cultivated L.

intracel lularis bact% a3 8911’5%’%‘%?‘&%‘55??&1%0% B‘&B&rﬁ)rmf to enhance the
potential attenuati dmmuSecresponse: i nthe samprigfesr dlsl yhé@h used to vaccinate -
acconpl i sheed by hos ni aﬂiﬂga I f ;
sel ect fo:?an attemﬂ%’t egggtk: rgli?\. Gc ]g%) enaurg[b ?d saBitaneous sjtr%:_la?cntsioglr'e mn
used in vacci nes acddedicaget of thtgsmathaalpout 3-4 weekstofigdgehoridin.a The

attenuated L. intragR)deied’ hSse 11f= necess cines according to the present
- eff

i nventi on have shown 25 i cacy adainst L. intracellularis
infection in a variety of animals and are expected to be
gffect lve | InI : 4 hllFéﬁﬁa%%vé@J .according to a partidilafesent d
i nvention allows rapid _cu re 30, expansi on, an increase in yields
of  100- 108D fol d, amFererred vaccing embpdindnt RsinyEae) FUlEHELHdant
supply of L. methodBt pAeei dus by | dedtaeibRid, a the Obactslr b efed sty itad 1yhe
cultivation nethod of i nvegt{on. Is.readily zitt%n%at ed

pPassageé 0 lnduce and ‘selec or an attenuated,

avirulent live culture. The culture is tested in the
host aniwmal (after preferably at least 6 to 8 months or
15 more of growth in the suspension culture) for signs of
attenuation. The culture is harvested as described
- earlier and diluted. Pigs, for example, are orally
vaccinated with 1 X 10° to 1 X 10° bacteria. About
twenty-eight days after vaccination, the pigs are orally
20 inoculated with about 1 X 10’ organisms from a less
passaged (about 30 to 45 days old) virulent culture of
L. intracellularis. The infected animals are necropsied
21 days after challenge and the small intestines
observed for gross lesions as well as micrbscopic
25 lesions. PCR and fluorescent antibody should also be
performed. About eighty percent of the control animals

will show gross or microscopic lesions and test positive
for the presence of L. intracellularis in the mucosal
cells of the intestines using either PCR or FA testing

30 methods. Vaccinated animals will have normal mucosal
surfaces as determined by histological observations and
will be negative by PCR testing.
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17 for vacci ne production purposes. Attenuation is

difficult in nonolayer cultures due-to the |low yield of bacteria
pr oduced using.ﬁ@ | onal nonol ayer grow ng techni ques. In
contrast, the ne growing L. -5 intracel | ul ari s FACHYR6PISI& ent
I nvention greatly I ncreases the ease, speed, and nunber of
bacterium ' available for this purppse. The-nore cells and cell

di vi si ons whi ch occur, the greater the Ievél of < mutations.
occurring which are advantageous in vaccine 10 devel opnment. G owh

I N suspensi ons accordinqsto t % i nvention increases the
expression of inportant ¢enerally, an phienpated mwnogendsg fiy

environnmental | y regithgkg€e DBREis strain is apkoditedd PLRYCEsHhOMEWSIUCT S.

15 : Th | ti tt t traj |.t] ted
in tissue culture ﬁ%‘%ﬁ?‘g@%lrgoq‘ag’e&gn?g?‘l g df?#%%% ]'%% and 258 cﬁ“ﬁ%’l ow,

but are preferably dutingatteith rtimesphascobhture is passagel! &t ebefsic alsbuty

to the netshod of t [ Qv [son. . her of nuat | can

I ncl ude ctr?gm cal 28'? td gﬁ]&g‘i peznt}&fn‘legh b?/u?‘% aﬁ%%e%‘é%?:%%gu@&éﬁﬁ’}aﬁ%t hyl
ni t rosoguanadi ne arpreduged noeryingt hhese t figmeshao long as théy nultiple
passage.or chem cal 3 . bRt isis
produced and sel ectné%ﬁ?%l?rlvrgég%%@ﬁ%ﬁoﬁ m?o‘%he%%sr e;:taluglrl? rp_ égﬁ&lﬁ A
According to one va&mrIR¥edwbodi ment of the i nvention, the
antigen is harvested by centrifugation or mcrofiltration as
describeqoabove. The antiﬁ?n iS then t andar.di,zed at a defi ned

| evel based on the opti ft ine 1s thﬁ%tp¥ﬁﬁ§ﬁﬁ§:QﬂﬂEﬁésﬁﬁgp§%se,

get ernined by a dosfnmunologicallliyl eEfetive dlurtovf &Renattemest«s.L.The
acteria may

intracellularis in a pharmaceutically acceptable
carrier. The combined immunogen and carrier may be an
agueous solution, emulsion or suspension. An
15 iﬁﬁunologically.effective_amount is determinable by
means known in the art without undue experimentation
- given the teéchings contained herein. 1In general, the
guantity of immunogen will be between 50 and 500
micrograms,. and preferably between 10’ and 10° TCID,,,
20 when purified bacteria are used.

The vaccines'according to the invention are
generally administered to susceptible animals,
preferably swine, in one or more doses. The live or

25 killed vaccine may be administered 1 or 2 times at 2
ﬁeek intervals. For the attenuated, live vaccines, one
dose is preferred. The preferred routes of
administration of live attenuated strains are oral or

. intranasal, but intramuscular or subcutaneous injection

30 may also be used. The intramuscular and subcutaneous

injection routes are most preferred for the killed

vaccine.



be inactivated by prolonged exposure, e.g., one week, to anbi ent

Jgerr] levels, or by using 0.3%formalin or other WO

96/ 39629 PCT/ US96/ 09576

18 vhﬂ%@# vating agent to prepare a killed vaccine. The
antigen is then B ated into a suitable adjuvant, PCT/USRG/956s
al um num hydroxi de or mneral oil to enhance the I mune
response. The antigen is then used to vaccigjpte - 5 t he host via
I ntranuscul ar or subcutaneous injection, in the case of pigs at
about 3-4 weeks of age, with a booster dose if necessary.

Alternativel y, acoordi i WAl iSYdEhY 3 pem nas BRI SLSTINRGELIE

enbodi ment using the cultivation S previous escm
the bacteria are sepy dfHe time requlre@asgaguﬂtm:e|thhunauﬁatxya bactenmaan

att enuat ed, I e ke l%%? edein the
host ani mal (after pre? era%"lfitergf Ieg\aésp}%g%g Silrlr%l%] él%ph%?ﬂ: ‘rgr%re of
growth in the suspedmamoan;lq thog)l sf progogingotapid and acc1matt@naasam fane

culture ig harvest %@%r%es%ﬁdéj%% & lntgacelﬁﬁ.%.é—fé Oi?g‘riz](ylo %ﬂ}( %%?Ieé or

exanple, are orally I nat
bacteria. About taken frc@lw\mtlymela@n!t ofhor apimals susaemtidbde tacPPE gks
are orally 20 now | hateed Wi th about 1 X 10[err] organisnms froma
| ess . passaged (about 30 to 45 days old) virulent culture of
-L. intracellularis. The infected aninmals are necropsied 21 days
after chall enge and the snall intestines observed for gross
| esi ons gé wel | as n1croscop|c | esions. PCR and fl uorescent
h

ant i body “Shoul d al so be The L. 1ntra|5€rlflb'|1ﬂ€ﬂs bagharia groymn,accerding §9e
control aninmals the method |df Thewige®afit Ofnvéritidif,0RixC doppoasatand t est

positive derived from such bacteria, can be used as an antigen in
an ELISA or other immunoassay, such as an
immunofluorescent antibody test ("IFA"), to detect

15 . antibodies to L. intracellularis in the serum and other
‘body fluids of animals suspected of being infected with
"the bacteria. The presently preferred immunoassay is an
IFA as described in the example below. Alternafively,
the bacteria grown according to the invention can be

20 used in a Western Blot assay.

The preferred ELISA protocol according to this
embodiment of the invention is as follows:

25 1. Add 0.1 ml/well antigen diluted in coating
buffer. 1Incubate for 18 hours at 4°C.

2. Wash 3 times with PBS.

30 3. Add .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.



for the presence of L. intracellularis in the nucosal cells of

the intestines using either PCR or FA testing 30 nmet hods.
Vaccinated animals will have normal mucosal surfaces as

determ ned by hi jcal observations and wi |l be negative by
PCR testing. wh Sk WO 96/ 39629 PCT/US96/09576 -
PCT/ US96/ 09576 19

General ly, an attenuated i mmunogenic L. 1 intracellularis.strain

i s produced after continuous culgure for between at | east about
150 and 250 days, during which tinme the culture is passaged at

| east about 5 . 7 to about 12 tines. Oher attenuated cul tures may
be produced by varying these figures so |long as the

nonitoring and sel ecti on Svet BPdduteasghtimhim ébYockimg buffer anéngpddy®ed mi 10
A vaccine is then pr d rish [ ogi J .
effective anmount of '%E:Crh%t tfg%ggt ggi?g 6f plate. Mlarl]c{ar ggg??%lg'rlfgéjf%tamns
phar maceutical |y accossl &he plate. Incwbatks forhd boubdi abd37¥@wnogen and
carrier nay be an aqueous sol ution, enul sion or suspension. An
15 i mmunol ogi cally effective ampunt is determ nable by )

means known in the art wé-holigshndud timeswikh weshnbuffer. gi ven the

t eachi ngs contained herein. In general, the : gquantity of imunogen
will be between 50 and 5Q0 m,crograns, .and preferably between
10[err] and 10[err] TC DlerrPilyge °°n3ug§£ﬁer?'rbé?llpf:§éggbﬁ‘&?§?’? aog adis &g 1
The vacci nes accor dimlg tbowehesi 6feplate #id incubate fogelhehwldty 37°cC.
adninistei@d to susceptible ani mal s,

8. Wash 3-5 times with wash buffer.

9. Add substrate.

15 ) 12. Measure absorbance of light with a
spectrophotometer.

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

20
14, Positive and negative control pig serum should
also be used with each test. |
The preferred Western blof protocol is as follows:
25 '
1. Run antigen on 12% SDS-PAGE and transfer to
nitrocellulosé menmbrane.
2. Place membrane in blocking buffer for 2 hr.
3. Remove blocking buffer and rinse with PBS for 1
30 minute.

4. Dilute serum in blocking buffer and add to
membrane. Incubate for 2 hours at room

temperature.



preferably swine, in one or nore doses. The live or 25 ' killed

vacci ne may be admnistered 1 or 2 tinmes at 2 week intervals. For
the attenuated, |ive vaccines, one dose is preferred. The
preferred routegMBf p adm nistration of live attenuated strains are
oral or Pﬂ??ﬁ%asal, but intranuscul ar or subcut aneouPGHYINENITH
30 may al so be used. The intranuscul ar and subcut aneous _
i njection routes are nost preferred for the gilled vacci,ne.

WD 96/ 09629 2 PCT/ US96/ 09576

20 Ef f ecti ve diagnosis of PPE has al so been hindered

by the tinme required to culture the causative bacteria. . As a
result of the presem- i nW&%ty ontinesvbihamshyoutfer (S5 minytes kK agh o s
pronoting rapid and accukg@ls@)assays for 5 the presence of L.
intracellularis in biological sanples ) taken _from sw ne_and ot her
ani mal s susceptibl e &0 P%E' ke cggjugate iR Ppirsddng g_uffer@nd add o

The L. intracellularis bagimbriafeqr OMficulls®es dfor) I dixr. at room tdmjseretursl of
the i nstang i nventi Qn, Ok nt s i.ved from such bacteri a,

compone
can be used as an ant’ genalsg1rTB tifes Wiﬂénwﬁtf §A&? 5t her | munoassay, such
as an i mBunof [Radr embetratet fdodl0 treistutEes! BA" intib skxtarg 15

antibodies to L. intracekl.ulati.s.i e serum and ot her body
fluids of animals suspec#’_eaé}dg?llgggkﬁgfghf ected with t he bacteri a.

The presently prefe.ed RimseowishyPBS. an | FA as described in

the exanpl e bel ow. Ald er gatd \ﬁ%&(yand store in daggteria grown according
to the iniloention can be 20 usedrl n a Western Bl ot assay.

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.

15 ' EXAMPLE 1

Isolation of L. Iintracellularis from the intestines of

American pigs with porcine proliferative enteropathy

20 Materials and Methods:

Selection of inoculum samples:

Sample N24912 was obtained from a herd on a farm in

25 Iowa in which fifteen of 300 five month old finisher
pigs were observed to have persistent bloody stools
despite penicillin treatment. Upon necropsy of the
pigs, the intestine (ileum) had a thickened mucosa.
Histopathology examinations with silver stains

30 demonstrated the presence of curved intracellular
bacteria and crypt enterocyte hyperplasia confirming the
diagnosis of PPE. Sample N72994 was obtained from a 1.5
year old second litter SPF sow on a farm in Minnesota.



The preferred ELI SA protocol according to this enbodi nent of the

invention is as follows: 25 1. Add 0.1 m/well antigen
diluted in coating . buffer. Incubate for 18 hours at 4[err]C.

2. Wash 3 tines th PBS. 30 3. Add .25 m of bl ocking
buffer to each wh@2637629 plate. Incubate 1 to 2 hour SPGEHUSIGNST6
37[err]C 4. \Wash 3 tinmes with wash buffer.

WD 96/ 39629 PCT/ US96/ 09576 . ., . . -

21 5. Dilute serumin bl%%king buffer and add 0.1-.n
to the first wells of plate. Make serial 1:2 dilutions across
the plate. Incubate for 1 hour at 37[err]C. 5 6. Wash.:3-5

times with wash buff®e herd size was betwegn ED#&Oesqwﬁuanﬁna@tublthleng
DUTTE7 1200 0L eeeacmeng 14 il S ShEndily TP of Bhoct
ileum was thickened with some hemorrhage. Giminez
staining of the mucosz demonstrated many curved
5 bacteria. Sample N10149%94 was obtained from a 12 week
. old pig from an Indiana farm with 600 furrow to finish
sows. The pig was treated with Tylan injectable upon
the onset of bloody dlarrhea, but the animal died soon
after treatment. :
10
Preparation of pig derived bacterial inocula:

Intestinal samples were kept at -70°C. The
intestines were opened and washed with phosphate
15 bﬁffered saline (PBS). One gram samples of mucosa were
scraped into sodium potassium glutamate (SPG) and
homogenized for 30 seconds with 4.0 ml 1% Trypsin (JRH
Biosciences, lenexa, KS} in SPG. The suspensions were
incubated for 35 minutes at 37°C. Ten ml SPG/10% fetal
20 calf serum (FCS) (JRH Biosciences, Lenexa, KS) was added
and the samples were ground in a tissue grinder for 1
minute. Ten ml SPG/10% (FCS) was added and filtered
once through filterpaper (Whatman 113V; Whatman
Labsales, Hillsboro, OR) and sequentially through 5.0,
25 1.0, and 0.65 micron membrane filters. Filtrates were
aliquoted and frozen at -70°C in 1.0 ml éliquots. The
mucosa was smeared onto a slide for Giminez stain.
Separate smears of filtrates were stained by IFA using a
. specific monoclonal antibody for L. intracellularis. S.
30 McOrist et al., Vet. Rec. 121:421-422 (1987) '
| (incorporated by reference herein in its entirety).

Cell Culture:




9. Add substrate. 15 12. Measure absorbance of light with a

spect rophot onet er. 13. Wells in which antigen was not
added are used as bl anks. 20 14. Positive and
negative control rum shoul d : al so be used with each test.
The preferred Vé?ﬁ@gﬁaﬁ Pot protocol is as follows: 25 PCHUS96/09f76
antigen on 12% SDS- PAGE and transfer to nitrocel | ul ose
menbr ane. - 2. Pl ace menbrane in bl ocking buffer for 2 hr.
3. Renove blocking buffer and rinse with PB$ for 1 30 ni nut e.
4. Dilute serumin bl ocking buffer and add to menbr ane.
| ncubate for 2 hours at room t enperat ure. WO
96/ 39629 PCT/ US96/ 09576
22 .~ 5. Vash 3Jrgd-mes cwcL.h_Q vmh DHtéStidal réfmu. entaqr cems ATCC
wash) . 6. Dilute con ugat e in, bl ocking_ buf add to
menbrane. | ncubate fORL113§9) &PrPoSFPWEHbErH¥¥M 1osc1ences, Lenexa,

: KS) with L-glutamine and 10% FCS and routinely passaged

5 by trypsin weekly. Cell monolayers were grown at 37°C

~in air with 3% CO,.

Infection of cell culture:

10
IEC-18 cells were seeded at 1.25 x 10° cells in 25
cm’ flasks and at comparable rates in-chamberslides
(Nunc, Inc., Napérville, IL), incubated 24 hours, then
media removed. Frozen pig-derived bacterial isolates
15 were quickly thawed and diluted in DMEM/7% FCS with

Vancomycin (100 pg/ml) and Amphotericin B (2.0 pg/ml) at
- ratios of 1.0 ml homogenate to 15 ml media and added to

the monolayers. Monolayers and bacterial suspensions
were centrifuged for 30 minutes at 2000 g and

20 transferred to anaercbic jars. The jars were evacuated
and the gas was replaced with hydrogen and carbon
dioxide to give a mixture of 8.0% 0,, 10% CO,, and 82% H,.
The cultures were incubated for 3 hours at 37°C then
refed with DMEM/7% FCS with L~glutamine, Vancomycin (100

25 pg/ml), Neomycin (50 pg/L), and Amphotericin B (2.0
ng/ml) . Cultures were replaced in the anaerobic jars and
incubated for 6 days with media changes every 2 days.

Passage of L. intracellularis:

30
L. intracellularis bacteria were passed by cell

lysis using potassium chloride as described previously
in G. Lawson et al., J. Clin. Microbiol., 31:1136-1142



5 7. Wash 3 tines with wash buffer. 8. Add substrate

for 10 mnutes or until strong bandi ng occurs.

9. Rinse with PBS. _ 10. Air dry and store in the dark. 10

The present inw&nti ? |s further described in the follow n
exanpl es whi ch P@"g i ded for illustrative purpos’éé'"'b??ﬁ’?gsiﬁd
are not to be construed as limting. 15

EXAMPLE 1 I solation of L. Intracellularis fromthe intestines
of Anerican pigs with porcine pr@2biferative enteropathy 20.
Mat eri al s and Met hods: Sel ection of inoculum sanpl es:

Sanpl e N24912 was obtained froma herd on a farmin 25 lowa in

;/vhi ﬁh fifteen ;)f focbtlﬂgig\ge; NRAESrsbEhiidd iih Heference hex_:eﬂ% lQi._?n Vth‘_rse ?bserved
o have persisten Qdy.stogl s espi pepicillin trea .
Upon necropsy of thgn%u%tys gi‘ﬁ?g%c,ldﬁqlé:q rf‘%??gl hgc({e-g%‘tﬂﬁl%}’ﬁfsa tﬁfegiéned
mucosa. Hwalsopaultelogff etissrimmaiclayersi thdsOl 1erKcl alass aildied and
denonstrated the pr n i ptracell vl o DA [izd,qa
crypt ‘enterocyte hy%zlgp?:g%lg% %ﬁ%ﬁ%ﬁ&ngﬂﬁhéo H&ﬁﬁtes a%iisa?gr?dsi grrh(;%f I%F]’E.Q'%s
Sanpl e N7Z294 was olremoned Bndn$EG/l0® was added amdrthe duoswd@yers tter SPF .

sowon a farmin M 6/ 2
PCT/ USO8/ 09576 R3252h8d mechanically with 2689929craper. The cells

were lysed by passing 3 times through a syringe with a
21 gauge needle. Cell nuclei were removed by
centrifugation at 100 x g for 5 minutes and.the

10 bacterial suspension in the éﬁpernatant fluid added to
fresh 1 d monolayers of IEC-18 cells.

Monitoring infection of cell cultures:

15 Infection was monitored by fixing the cells on
chamberslides with cold acetone/methancl for 5 minutes.
Staining was carried out by immunofluorescence and
immunoperoxidase methods. Both methods employed a mouse
monoclonal antibody (as described in S. McOrist et al.,

20 Vet. Rec. 121:421-422 (1987)) as the primary antibody

" and either anti-mouse immnnoglobﬁlin G-fluorochrome

conjugate (fluorescein isothiocyonate; Organon Teknika
Corporation, Durham, NC) or peroxidase conjugate (goat
anti-mouse immunoglobulin G: Kirkegaard.énd Perry

25 Laboratories, Inc., Gaithersburg, MD). Quantitation of
bacteria was accomplished by counting the number of
specifically stained bacteria within cells on each
slide.

30 Polymerase chain reaction:

Sample inocula and passaged bacteria were
incorporated as template DNA into PCR using the sample



23 The herd size was between 70-80 sows and antibiotic

treatnent is unknown. Upon necropsy, the mucosa of the I | eum was
t hi ckened wi th sone henorrhage. G m nez stai ni ng of the nucosa-
denonstrat ed rrawog‘%g\é%d 5 bacteria. Sanple N101494 was obtai ned
froma 12 week old pig froman Indiana farmw th 600 RGT/YSS¢/09536
finish sows. The pig was treated with Tylan injectabl e upon

t he onset of bl oody diarrhea, but the aninal_. died soon af-ter
treatment. 10 Preparation of pig &éri-i ved bacterial inocula:
Intestinal sanples were kept at -70[err]C. The I ntesti nes were
opened and washed wi th phosphate 15 . .buffered saline (PBS). One gram

sanmpl es of nmucosa wRkeparation methodpcRRimers s AR CYFSLRATINGELTE A%t e

(SPG and &é&&ﬂ%ﬁd?%g 8hesVe€e8ONAS gW EDid: MiBrobYolr.yPsin (JRH
Bi osci ences, Lenexa;_ KS) in SPG The suspensions wer I ncubat ed

e
for 35 minutes at 3AE4GIEA-26d° (19%Ply and MeQpistogt al., Vel Mierokiql-Cs)
(JRH Bi osci ences, Lenexa19¢d) WeacBU§EGwhich are inkBepbbetSd By SfefEFénce

ground in tissue grinder for_ 1 . mnufe.. Ten m SPGE 10% (F was
added and %iltered herein in Shedr arbigRtY X | t‘%’F&&pBFrmﬁ?ﬁrf"i’ié\ﬁ(?')C
What man : Laftma | = mindtelssh652C £33 45 Gevonpdsint aadl 72tdrooghd%. 0, 25

and frozen at - 70C MRCERaEoR thbcEErst byl d! CmiFthoonrae ovordy i

onto a slide for G rmenforstesl at the previowehnmentionedr tempeFatures ckomer e

T ooty o L4 seconds pep PaRbERAIRI G UL BRISISLs bt o3

(i ncorport@ed by reffarrfid sesoads, | PSTE sfamt4s aegpnds, and 72°C fap|3

Cul ture: minutes. Positive inocula only were used to inoculate
IBC-18 cells. PCR was also performed for the monitoring
of-  passage material to confirm infections. DNA produced
by PCR was submitted to the Iowa State University

15 ‘Nucleic Acid Facility for sequencing. Results of the

sequencing were compared to sequences produced by Gary
F. Jones as reported in his Ph.D." thesis, University of
Minnesota, Minneapolis, MN (June, 1993}.

Results:
20 I—

Selection of inoculum samples:

Pig number N24912 and N72994 had severe PPE with
~ bloody intestinal contents and thickened mucosa. .
25 N101494 had severe PPE and severe hemorrhage resulting
in a large blood clot in the intestinal lumen. Giminez
staining of the mucosal smears demonstrated large
numbers of curved or S-shaped bécteria. IFA stains
revealed large numbers of brightly fluorescing bacteria
30 in pig-derived bacterial inocula.

Monitoring infection of cell cultures:




WO 96/ 39629 _ PCT/ US96/ 09576

24 | EC-18 cells (Rat intestinal epithelial cells, ATCC
CRL 1589) were grown in DVEM (JRH Bi osci ences, Lenexa, KS) with
L- gl utam ne and_10% and routinely passaged 5 by trypsin
weekly. Cell ?ﬁféss were grown at 37[err]C 6109578 0%
Cderr]. I nfection of cell culture: 10
| EC-18 cells were seeded at 1.25 x 10[err] cells in 25 cnjerr]
fl asks and at conparable rates i-n chanberslddes (Nunc, Inc.,
Naperville, IL), incubated 24 hours, then medi a renoved. Frozen
pi g-derived bacterial isolates 15 were qui ckly thawed and dil uted
in DVEM 7% FCS with %% f a fggﬂtericin
B (2.0 [err]g/m) at, Inoculaﬁéﬁ‘ osié?e%%gQ%%§I%hﬂhgkgfeﬁg 15 ﬁ1 medi a
and added to mcrowepmtﬁmoawépgt *he oy EgMErls aedetibtle
suspensi ons rpi&1 SgLant rdﬂa&&%dofofhéocé‘lwtv&'fs ¥sePeay and 20

. transferred to anaerob ar %& ars were evacuated and. t he
gas was repl aced Wk Bﬁi@%’rﬁﬂ 2LBoArown under rqﬂu(;)epdgxyge@,g%nglon
m xture ofs 8. 0% qe(s% 0,1 0Had0semi 1 ar anskphdodyer r] . The
cultures were incubated for 3 hours at 37[err]C then refed with
DVEM 7% FCS with L-gl utam ne, Vanconycin (100 25 [err]g/m),

Neonycin (50 [err]g/L), ImmhnhﬁﬂummescenaeBaﬁ& Tnmunoperoxidpser $gaihed
Cultures were replapegy i, Jgf?%%roﬁbﬁohéféaé‘é@ lazge numbel}rgcgga&ggvé@r

days wth nedia changes every
|ntracellular|s For S-shaped spec1f1cally stained bacteria apparently

10 within cells. The monolayers did not have confluent
infection. 1Infected cells were often dlosely associated
with infected foci of 1-10 cells. Heavily infected
cells (i.e., cells with 30 or more bacteria) were also
seen in association with cells with fewer than 30

15 bacteria. Bacterial numbers peaked at or about 6 days.
Infection was dependent on specific growth conditions.

' The bacteria were successfully passaged by the cell
lysis procedure described herein. Centrifugation of
newly inoculated cells was not necessary but enhanced

20 the numbers of infected cells. Centrifugation also
decreased contamination by alliowing cells exposed to
infection with antibiotic-free media to be refed at 3
hours with antibiotic containing media. Reducing FCS
from 10% to 7% in the media was necessary to slow the

25 growth of the IEC-18 cells allowing the bacteria to
proliferate to higher numbers before mono;ayers becane
confluent.

Polymerase chain reaction:

30
PCR of chromosomal DNA generated a 319 bp fragment
(including primers) from all isolates. A fragment of
appropriate size was visually compared to a known



L. intracellularis bacteria were passed by cell | ysi s using

pot assi um chl ori de as descri bed previously in G Lawson et al.

J. din. Mcrobiol., 31:1136-1142 WD 96/ 39629

PCT/ US96/ 09576 25 - &é1993)
(i ncor porated by reﬁﬁaence herein inits entirety) tHHUSIHA®TS o
fresh | EC- 18 nonol ayers. Medi a was poured of f the nonol ayers and
0. 1% KC was added and the..cells jncubated for 10 minutes at .. -
37[err]C, The KO was 5 removed an P& 10% was added and the .

nonol ayers det ached nmechanically with a ceII scraper. The cel[s.

were |ysed by passing 3 tines through a syringe w

needl e. Cell nuclei BRFEtiveRampls generated bY@Eﬁ’ﬁ*fjrsffugﬁt iadn éﬂ-g%b w*sbng i

;lor 3 mdSUEI ets and t hecg0 SequencéDQQ'IaQ'ylsiik §f|SﬂQ?SPGKé fgddéﬁ;ssuﬁemmm; _
uid added to es nol ayers ce

Moni toring i nfecti o #2324 Ia’t‘EII‘{]LM% con. frmed a cFl°se hwéesvoﬁ%a%%)

monitered by fixing tdetisel p 78 aequence “determhred &y | Jotrss Wiwb3gol d

acet one/ netchanol for 5 mnutes. Stai ning was carried out by
I mmunof | uofescence and | munoper oxi dase net hods. Bot h net hods
enpl oyed a nouse nonocl onal anti body (as described inS. MO st

et al., 20 _ Vet. Rec. 121:421-422 £ﬂéﬁ5¥# As t he prlnary ant i body

.and either anti-nouse inmunogl obulin Gfl conj ugat e
(fluorescein isothi dgganth eof G.qambratelldikaris in suspenSdopocultures of

Durham NC) or pero&&%gggé%gggﬁgate (goat anti - nouse
i mmunogl obulin G Ki d Perry 25 Laboratories, Inc.,
Gai thersbdfg, MD). Quantitation of :

Preparation of intestinal homogenates for inoculum:

Intestinal homogenate was prepared by scraping the
mucosa off of 6.0 to 8.0 cm of ileum from the intestinal
15 samples of Example 1. Trypsin (1%) was added to the
scraped mucosa and the samples were homogenized briefly,
" then incubated for 35 minutes at 37°C. Ten ml SPG/10%
FBS was then added and the samples were ground in a
tissue grinder. Another 10 ml SPG/10% FBS was added.
20 The homogenates were passed through a Whatman V113
filter and then sequentially through 5.0, 1.0, and 0.65

pm filters. The samples were dispensed into 1 ml
aliquots and frozen at -70°C.

25 Infection of cell culture:
Method A:
Tissue cells were seeded at 1 X 10’ cells in 50 ml
30

DMEM/10% FBS in a 100 ml spinner flask. The cultures
were incubated 24 hr., then Vancomycin and fungizone
were added. One vial of frozen intestinal homogenate
was quickly thawed and diluted in 3.0 mi DMEM/5% FBS



bacteria was acconplished by counting the nunber of specifically

stained bacteria within cells on each sl i de. 30

Pol ymerase chain reaction: Sanpl e i nocul a and passaged
bacteria were i ncorporated as tenplate DNA into PCR using the
sanpl e WO 93962y 96/ 39629 PCT/US9%6/09576
PCT/ US96/ 09576 26

preparation nmethod, primers, and cycle paraneters as " descri bed
by Jones et al., J. din. M cr obi ol . : 29 31:2611- 2615 (1993) and
MOist et al., Vet M:cr obi ol . 1-8 (1994) (each of which are
I ncorporated by reference 5 herein, in their entirety). Cycle

paranmeters were 93[ with Vancomycin (1f00r uo/mi huied , AmpieredicioB 4%2.68econds,
and 72[err]C for 45|.lg/ml) The SREMIES wasl phbSed | tRtodic|£.0 E.TJ Wfimfeﬁ

nyC' es” were %ﬁ-‘& &”ﬂ?dcn%t £1BE KD ey l’é}]}’tﬁ?&”ﬁa@ ?fu é
or - 45 secon per tenperature, as we as one rr] C
10 for 45 schekRr, FH[aquated, orndsregassrl Wity rrmr@grepca:xér 2

M nut €s. Positive | BRAbR It dERS ¥39d hOnifQGtd B£ 8.0% 0y, 8- sl E6;,1&na
cells. PCR was al s%??ré%ormed for thé nonitorin assa e

material to confir di-ondhe RAL BRERR eFe ifcubated S?rP?:F\h
submitted to the Ios)a°6taida Hhdny ety ihSand Gentawremn&caddEam I'nw for

sequenci ng. Resul ts f t e enci n a
sequences produced BY s wWas refed atFag\l d’gﬁgw ﬁ%g wi F;H b
thesis, University glutamine, Vanddmyadésot{00 Mqﬂmb}polﬂa:mydin( X50epgiBP3) .

Resul ts: Gentamycin (50 pg/L) and Amphotericin B (2.0 pg/ml).
10

Method B:

Two 25 cm’ conventional flasks were seeded with 1.25
15 x 10° HEp-2 cells in DMEM/10% FBS and allowed to grow
18-24 hours. The cells were at 30% confluency at time
" of inoculation.’ The inoculum was diluted in DMEM/ 5%
FBS. When the inoculum is from an intestinal

homogenate, the media also contained Vancomycin (100

20 pg/ml) and Amphotericin B (2.0 ug/ml). The cultures

were placed in a gas chamber, evacuated, and regassed
with hydrogen and carbon dioxide to give a mixture of
8.0% 0,, 8.8% CO,, and 83.2% H,. The cultures were
incubated for 3 hours at 37°C then Neomycin and
Gentamycin were added. The culture was refed at 24
hours with DMEM/5% FBS with L-glutamine, Vancomycin (100

25

pg/ml), Neomycin (50 pug/L), Gentamycin (50 pg/L), and

Amphotericin B (2.0 pg/ml). No antibiotics were required
30 . when the inoculum was a pure culture. The cultures were

incubated for 6 days or until confluency. The cells

were scraped from the flasks and added to a 100 ml

spinner flask containing 50 ml DMEM/5% FBS.



20 Sel ection of inoculum sanpl es: Pi g nunber

N24912 and N72994 had severe PPE with bl oody intestinal contents
and t hi ckened nucosa. 25 N101494 had severe PPE and severe

henor r hage resulw'bggmng in a large blood clot in the intestinal

| umen. G nminez stai ning of the nucosal snears denmonstCHPE§IIS ge
nunbers of curved or S-shaped bacteria. |IFA stains reveal ed

| arge nunbers of brightly fluorescing bacterjpa 30 : i n pig-derived
bacterial inocul a. Monitoring infection of cell cultures:

WD 96/ 39629 PCT/ US96/ 09576

27 | nocul at ed nonol ayers were noni tored by |ight

m croscopy throughout the growth cycle and little " . norphol ogi ca

change of the cells was diisercuddnre was dilutédhinfeatedeskiyl intesvals\ioy
under reduced oxygen | (89 rh). - L | ogy.
| mmunof | uor escence a?éﬁﬁggﬁﬁéﬁg Pg%P ag%es€é§€1§¥ Jﬂg EQQtEEg}éﬁécggéfﬂg

cul tures denonst r at efirésh geedianber byopassingdinto a largerosp$nabampftiask

' ﬁ;B?@rﬁghhg.lO within cells. The
en

specificalty staine &ayqﬁ
nnnolayersgdid not ﬁ?@%q%on u infection. Infected cells were

of ten cl osely associ at ed with infected foci of 1-10 cells.
Heavily infected cells (i.e., cells with 30 or nore bacteria)
were al so '

Passage of the culture:

10 The cultﬁre was passed to fresh HEp-2 cells by
seeding new HEp~2 cells at 1 X 10’ into DMEM/5% FBS. The
new culture was allowed to incubate overnight at 8.0% 0O,
8.8% CO,, and B83.2% H,. The new culture was then
inoculated with infected culture and incubated at

15 reduced 0, concentrations as previously stated. Inoculum
amounts were dependent on the degree of infection of the
original culture.

20
Harvesting and storage of cultures:

The cultures were harvested by collecting the
desired amount of culture while centrifuging at 3000 x g
25 for 20 minutes. The pellet was resuspended in
Sucrose-Phosphate—-Glutamate (SPG) solution and passed 4
times through a 25 gauge needle. The cultures were
aliquoted and frozen at -70°C. For further
purification, the sample was centrifuged at 145 x g for
30 5 minutes to remowve the cellular nuclei and debris. The
supernatant was then centrifuged at 3000 x g for 20
minutes. The pellet was then resuspended in diluent.



seen in association with cells with fewer than 30 15 bacteri a.
Bacterial nunbers peaked at or about 6 days. I nfection was
dependent on specific growth conditions. The bacteria were
successfully p y the cell | ysis procedure described
herein. Centri ?‘ﬁé??ﬁ%‘ﬁ?of newl y inocul ated cel | s wRCHEI96/09576
necessary but enhanced 20 the nunbers of infected cells.
Centrifugation al so decreased contam nation by allow ng cells
exposed to infection with antibi3tic-free nedia to be refed at 3
hours with antibiotic containing nedia. Reducing FCS from 10%
to 7% in the nedia was necessary to slow the 25 . grow h of the

| EC- 18 cel | s al | owiEBaykinet ilwac odr vhabbe L. intracedlolliaidsair tibssmeher
nunmber s before nong Jbecane confl uent.

Pol ymer ase chain re%&%‘ 30 PCR of chronosomal DNA
generated a 319 bp fragnent (including prinmers) fromall

i sol ates. A fragnent of R r |al e Si; | Y, npar ed
to a Known Qua%i&gféggggf wQPéﬁfé <. ﬁ&z%%l.\[hfé@ig w&d

PCT/ US96/ 99576 accomplished by determination of thep@issue Culture
positive sanpl e gengifaddus Hobkl 56 ﬁéﬁ@ént( JUS! Blis was done 9§R
Sequence anal ysis of the PCR products of N2491i[err], N72994, and
N101494 confirned &FSMERhEI Bhyof gyublgage to be tested andclysing ddifence

-determ ned by Jonesel(1P$H3) pasEincr:[ through a 25 gauge needle 4 times FXAYRE
2 G owt h L. intrace

sa?r]:ple was ser:.aif;li aé;{lsuéerli slui%eg.il Bﬂmsi?' éé Uf'lgé of

containing Vancomycin (100 pg/ml) and Amphotericin B (2.0

10

pg/ml) . The dilutions were added to a 96 well m:i:crotiter
plate with 0.1 ml/well. The microtiter plates were
seeded with HEp-2 cells at 1250 cells/well and grown
18-24 hours prior to infection. Between 3
wells/dilution and 6 wells/dilution were used. The
. plate was incubated for 6 days at gas concentrations of
8.0% O,, 8.8% CO,, and 83.2% H,. The cells were fixed
with cold 50% acetone and 50% methanol for 2 minutes.
To the wells, 0.03 ml/well of anti-IS intracellularis
monoclonal antibody (McOrist, 1994) diluted 1:2000 in
PBS was added. The plate was incubated for 30 minutes
at 37°C and then washed 3 times with PBS. Anti-mouse
FITC diluted 1:30 was added in the amount of 0.03
ml/well and incubated 30 minutes at 37°C. The plate was
then washed 3 times with ddH,0 and allowed to dry.
Samples were observed on a fluorescent microscope and
the TCID,,/ml was determined.

15

20

25

Results:
30 _—

The TCID,, results indicated that the cultures
contained up to 1 X 10° bacteria/ml. This was



HEp-2 cells 10 Preparation of intestinal honogenates for

I nocul um I ntestinal honobgenate was prepared by scraping
t he mucosa off of 6.0 to 8.0 cmof ileumfromthe intestinal 15
sanpl es of Exang‘gI Trypsin (1% was added to the scraped
mucosa and the (ﬁﬁff}'ﬂz Aer e homogeni zed briefly, t hAETIUSBHIST6d
for 35 mnutes at 37[err]C. Ten ml SPE 10% FBS was t hen added
and the sanples were ground in a ti ssue grinder. Another 10
SPGE 10% FBS was added. 20 The honpgdfates were passed through a
What man V113 .- filter and then sequentially through 5.0, 1.0, and
0. 65 - [err]mfilters. The sanples were.dispensed into 1 m

al i quots and frozenagconpdfishefiCin 4% days. Thenrudtnse velwme (wasul ture:
Met hod A scaled-up!£8SYE0 CAL e d8e thgCdfle dhndurt 10f &ie.Cel | S
in 50 mM 30 DVEM 10% EBS 1 n a 100 spi nner flask. The cultures
were incubated 24 hr., then Vanconycin and fungi zone wer e added.
One vial of frozen intestinal honopgenate was qui ckly thawed and
diluted in.3.0 M DMEM 5% FBS WD 96/ 39629

PCT/ US96/ 03576 EXAMPLE 3 29 -

wi th Vanconycin (10@rb®thl 8%ni) ﬂﬁﬂréﬁ@l!ﬂl%&h%lﬁnBsﬁgan31on cultures of
McCoys cells

Preparation of intestinal homogenates for inoculum:
10 '
Intestinal homogenate was prepared as described in
Example 2. A sample of L. intracellularis cultivated
according to the method of the following example was
dgpésited under the Budapest Treaty on May 18, 1995 in
15 the American Type Culture Collection (ATCC), 12301
Parklawn Drive, Rockville, Maryland U.S.A. 20852 and
" assigned accession number 55672.

20

Infection of cell culture:

Two 25 cm’ conventional flasks were seeded with 1.25
25 x 10° McCoys cells in DMEM/10% FBS and allowed to grow
18-24 hours. The cells were at 30% confluency at time
of inoculation. The inoculum was diluted in DMEM/5%
FBS. When the inoculum is from an intestinal

homogenate, then the media also contained Vancomycin

30 {100 ug/ml) and Amphotericin B (2.0 ng/ml). The cultures

were placed in a gas chamber, evacuated, and regassed
with hydrogen and carbon dioxide to give a mixture of
8.0% O,, 10% CO,, and 82% H,. The cultures were incubated



[err]g/mM ). The sanple was passed through a 0.65 [err]mfilter
and added to the flask. The culture was placed in a gas

chanber, evacuated, and regassed w th hydrogen and car bon

di oxi de to give ) re of 8.0% Jerr], 8.8%CJerr], and -

83.2% H2. The ch‘ﬁ%&zgv\ere i ncubated for 3 hours at PCTA9649576C
and then Neonycin and Gentanycin were added. The } culture was .
refed at 24 hours with DVE/5%.FBS with L- gl utam ne, Vancomycin
(100 [err]g/m), Neonycin (50 [err]g/L), 33 CGent amycin (50
[err]g/L) and Anphotericin B (2.0 [err]g/m). 10 Met hod B:

Two 25 cnierr] conventional flasks were seeded with 1.25 15 X

%0[ err] TEEIO- 2I Icel | sfbh Dl\@ﬁ?)ooﬁé)%tflaﬁepdtn%hton@&_ FOLIO 04 Gent?mycin #w8ra4
our s. e ce S wer a 0 con uenc a 0 n on.
The inocul um was di ?ﬁ?%é'i NS LEyre vas re ggFﬁS?W?h@#hoﬁ%Z&#s
froman intestinal gps with L-JXHPRAREAA! waﬁe&mma(fdos%g@m%@' REemycin

Vanconycin (100 20 [err]g/m) and Anphotericin [err]g/m).
The cul tures (50 pg/lEky e Gintamgicin §5Qgsgiilgntzaid AmphotieridinaBd(2.0
regassed S . wi t h hydrogen and carbon dioxide to give a m xture of

8.0% Jerr], 8.8% a&gépk). el WEibicties yeramxequinag whepethe inoculum

i ncubat ed for 3 houggsad & dY1eukBeN MeOM¥E]l fuAdYl whre incubat&@NESEYEI N
were added. The cul ture was refe 24 hours wi t h DVEM 5% FBS

at
with L-glutamne, \GR¥PMREHL coyFluency. The el Mare SREBREY; firemothe
[err]g/L), Gentanycibaské 4mi rddgleld) toandl100 ml spinnerAfpasketbfitaifing. 50

[err]g/m). No antibiqti requjr [0 _g’tn t he_inocul um was
a pure cualoture. Th’BP CW%{%F émg b.&gg éulﬂﬁ‘?.}bed:[ee ﬁgf’rgcﬁﬁﬁeﬁ?‘ unti |
confluency. The celTbe flasks werewstirsedapeddd+Snnpms.f | asks and_added to
a 100 m spi nner flask containing 50 M DVEM 5% FBS.
The culture was diluted 1:2 every 2-3 days by
either harvesting one half of the culture and adding
15 fresh media and Cultisphere-G beads or by passing the
culture into a larger spinner flask and adding more
- media and Cultisphere-=G beads. The final concentration

of beads in the culture was about 0.00lg beads/ml.

20

Passage of the culture:

The culturé was passed to fresh HcCoys cells by
seeding 1 X 10" new McCoys cells into DMEM/2% FBS and
0.05 g Cultisphere~G beads. The new culture was allowed
to incubate overnight at 8.0% 0,, 8.8% CO, and 83.2% H,.
The new culture was then inoculated with 25 ml of

25

infected culture and incubated at reduced O,

30 concentrations as previously stated.

Harvesting and storage of cultures:
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30 The culture was diluted 1:2 at weekly intervals by
ei ther harvesting one half of the culture and adding fresh nedi a
or by passing i rger splnner flask 5 and addi ng nore nedi a.
Passage of the @lﬂ%séPé% The cul ture was passgﬂr’Pﬁ"Wh
HEp-2 cells by seeding new HEp-2 cells at 1 X 10[err] into
DVEM 5% FBS. The new cul ture was_all owed to i ncubate overnight

at 8.0% Jerr], 8.8% 02, and 8338% H err]. The new cul ture was
t hen inoculated with infected culture and incubated at 15
reduced Jerr] concentrations as previously stated. |noculum

amounts were dependent ofhehsudtyree wire dagmesgedobyt gellecting the

original culture. gedired amount of‘aéﬁ/ﬁﬁi:‘é“%n@‘@:eﬁwi@ﬁ&lﬂé é;ﬂ“s‘dﬂoe%
The cultures were harvested by collecting t desired anDunt of

cul ture while centrifeFgfgmanusese xTe Z@llet was rgpuspepded,tigs SPGrigad
pel I et was resusr)englﬁ%slea 4 times througH %squ@@& aahSe@iélx anpde® cuItlres

sol ution d passe s_throu gauge ngedle. The
cul tures %g wre a&FﬂHﬂBF@dmgﬁ %taf7 76F er FPE TWgheX ¢ her

purificatlon, t he spmmhfluaalﬁﬁntthéLKHMbBﬂZwh%5céngriﬁﬁg8@ at 145 x g for
m nutes to renove tﬁg ceIIuIaggnuclel gpbrls

e
supernatant was thelt FeRPFERLERCTSICD §FSr EGIEUIar nucled antt o5 The
pel l et was then resdepeided Thedsﬁpexnatant was then centrifuged at 3000 x

g for 20 minutes. The pellet was then resuspended in
10 diluent.

Estimation of viable L. intracellularis in tissue

culture:

15 ' Quantitation of viable L. intracellularis was
determined as described in Example 2 using a 22 gauge
" needle to lyse the cells and using McCoys cells at 1250
cells/well to seed the microtiter plates.

20

Results:

The TCID,, results indicated that the cultures
25 contained up to 1 X 10° bacteria/ml. This was ,
accomplished in less than 1 month. The culture volume
was scaled-up to 3.0 liters in the same amount of time.

EXAMPLE 4
30

Determining infectious dose of L. intracellularis pure

cultures in host animals
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31 Estimation of viable L. intracellularis in tissue

cul ture: Quantitation of viable L. intracellularis was 5
acconpl i shed by deternination of the Tissue Culture | nf ecti ous
Dose 50 percent YA r]). This was done by r emov PREUSPIFE of
culture to be tested and |ysing the cells by passing through a
25 gauge needle 4 tines. The le was serially .diluted 1:10 in
DVE(/ 5% FBS 10 cont ai ni ng VanconyC| (100 [err]g/m) and
Amphotericin-B (2.0 [err]g/m). The dilutions were added to a
96 well mcrotiter plate wwth 0.1 m/well. The mcrotiter plates
wer e seeuumaryh HEp-2 cells at 1250 cells/well and grown

18- 24 hours prior to infection. Between 3 wel ts/ditution and 6
wel | s/dilution were used. The pl ate was incubated for 6 days at

gas concentrations of A thirty-qaegig §|"5P]i¥ \ga%%w:l@tﬁd bé(nanéscgwg

Herr]. The cells Wﬁéékiér&%onventlonal WﬂJQ GOt S cAlRRRs a ¢ 20%
net hanol E? 2 m nut es. To the well s, 3 m / wel | antl-IS
ari

i ntracel | lntracelhm%rfaqonaﬁﬁnsbeyw(mq stThewM)s ¥eFat ed

1:2000 in Sdf«ﬂﬂféa iHt® Al gleupsSand R rwdem nut es
at 37[err]C and then mas %%' %M th Pgs %ﬁfl- ‘gHoubR © FI TC

diluted 1: 30 was adB&oR¢ %%a - offrgupal 2%°ntameds e7mp/iﬂ\?l pnd,pas
i ncubat ed 30 n1nuteeoﬁtléﬁiéurﬂﬂs nefativeatont®sl group dosed ke@ghwashed 3

times with ddHerr]Q g d to dr Sanpl S, -wer e o?served
on a fluorescent m Eﬁa)’g %%.eetg ssue chlturetﬁ’é nl‘f,"flﬂ[lg"?r] ® %&8%ef er mi ned.
10 contained 8 pigs dosed with 10’ bacteria/pig. Group 3
had 8 pigs and was dosed with 10° bacteria/pig. 'And,
Group 4 contained 8 pigs receiving 10° bacteria/pig.

~ Fecal swabs were collected on days 0, 7, 14, and
15 21, and 24 for PCR testing. On day 24, the pigs were
necropsied and the ileum, jejunum, and the colon were
" collected for PCR testing, histopathology, and FA
stains, all as described above.

20 PCR testing of the ileal mucosa revealed the
presence of L. intracellularis in 100% of the high dose,
75% of the medium dose, and 50% of the low dose.
Histopathology results indicated an increase of
mononuclear cells in the lamina propria and submucosa of
25 88% of the high dose, 75% of the medium dose, and 88% of
the low dose. Crypt hyperplasia was observed in 50% of
the high dose, 63% of the medium dose, and 50% of the
low dose. FA staining revealed L. intracellularis in
- tissue sections of the ileum, jejunum, and colon in 88%
30 of the high dose, 63% of the medium dose, and 63% of the
- low dose. Control animal were negative for the presence

of L. intracellularis via PCR, FA, and silver stains.



Resul ts: 30 The TCIDerr] results indicated that the

cul tures contained up to 1 X 10[err] bacteria/m . This was

WD 96/ 39629 _ PCT/ US96/ 09576

32 accompl i shed in 45 days. The culture vol ume was

scal ed-up to 3. *F$E§ in the sane anount of tine. 5 PCT/US96/09576
EXAMPLE 3 Gowmh of L. intracellularis in suspension cultures of
McCoys cel |'s Preparation of intestinal honogenates for

i nocul um 10 | ntestinal hond§enate was prepared as
described in Example 2. A sanple of L. intracellularis
cultivated - according to the nethod of .the foll owm ng exanpl e was

deposi ted under the Budapestofickasiomn dVippredcul@fifei wadSsuccessfulillyeused

égﬁLLf?PeTngrgrgagEg %?g#@g é@g éé%%gglesa%%glofanggne accegilon nunéer

55672. 20 were fulfilled by the identification and isolation of I.
’ ] intracellularis from the infected animals.
5
In challenged animals 100% of the high dosed
animals had confirmed recovery and identification via
silver stains, FA, and PCR. .
10 Materials and Methods:

Growth of Inoculuh:

. One 75 cm® conventional flask was seeded with 3.75 x
15 10° HEp-2 cells in DMEM/10% FBS and allowed to grow 18-24
hrs at 37°C at 5% CO,. (The cells were at 30% confluency
" at time of inoculation.) One vial of N72994 was diluted
in 15 ml DMEM/5% FBS. The culture was placed in a gas
chamber, evacuated, and regassed with hydrogen and

20 carbon dioxide to give a mixture of 8.0% 0,, 8.8% CO, and
83.2% H,. The culture was refed at 24 hr. with DMEM/5%
FBS.

The cultures were incubated for 6 days, then the
25 cells were scraped from the flasks and added to a 100 ml
spinner flask containing 50 ml DMEM/S5% FBS. The flask
~volume was scaled-up by doubling the media volume at
weekly intervals. The culture was grown for 3 weeks in'
the spinner flask.
30

Harvesting Cultures:




Infection of cell culture: Two 25 cnierr] conventional
flasks were seeded with 1.25 25 X 10[err] MCoys cells in DVEM 10%
FBS and allowed to grow 18-24 hours. The cells were at 30%

confl uency at tidﬂﬁg 20 of inoculation. The inoculumwas diluted in
DVEM 5% P2 \When the inoculumis froman intesti nalPCT/US96/09576
honogenate, then the nedia al so contained Vancomnmycin 30 (100
[err]g/m) and Anphotericin B (2.0 [err]g/ . The cultures .

were placed in a gas chanber, evacuated, and 'regassed W th
hydr ogen and carbon di oxide to give a m xture of 8.0%(err],

10% Cd err], and 82% H err]. The cultures were incubated | . WO
96/ 39629 The culture was harvestedchy ceprpbtvging at 3000 x

33 ] for @ faurd Aind¥ee!l | the Il MNeqaAKCrEsasfer®@sd 3/ Ci N Were
added. " The cul ture S refeg at $4 hga S Wth D%EN15%) . FBS with
L- gl ut ani ne, Vancoé%§q¥°5f0 hpgpPhatey ;?tqﬂﬁﬁﬁuﬁ ution (SPG) wily 10% FBS
[err]g/L), Gentanyciand passedr igtinhes arltircdiigihc @5 gaugld wéedie. Inoculum

2 pur e culTure. The " EBeocFe FRE et ijuld”h SR8/ Y08 gpg ang, 4187

confl uency. The cel Idilngienscwepedméadem t he flasks and added to
a 100 m" spinner flask containing 50 10 m DMEM 2% FBS and 0. 05g
Cul ti sphere-G M crocarriers. The flasks were stirred at 40-50
r pis. The inoculum for the controls consisted of
non~infected HEp-2 cells diluted to the same
10 concentration of viable cells as the infected culture.

The cells were harvested the same as the infected
culture. The control pigs received a similar dose of
cells as the high dose group.

15 gﬁantitation of L. intracellularis:

Quantitation of viable L. intracellularis was
accomplished by determination of the Tissue Culture
Infectious Dose 50 percent (TCID,)) . This was done by
20 removing 2 ml of culture to be tested and lysing the
cells by passing through a 22 gauge needle 4 times. .The
sample was serially diluted 1:10 in DMEM/5% FBS

containing Vancomycin (100 pg/ml). and Amphotericin B (2.0

25 pg/ml). The dilutions were added to a 96 well microtiter

plate with 0.1 ml/well. The microtiter plates were
seeded with HEp-2 cells at 2500 cells/well and grown
18-24 hours prior to infection. Twelve wells/dilution
were used. The plate was incubated for 6 days at gas
* 30 " concentrations of 8.0% O,, 8.8% CO, and 83.2% N,. The

cells were fixed with cold 50% acetone and 50% methanol
for 2 minutes. To the wells, 0.03 ml/well of anti~L.

Iintracellularis monoclonal antibody (McOrist, 1987)
diluted 1:2000 in PBS was added. The plate was



The culture was diluted 1:2 every 2-3 days by ei t her harvesting

one half of the culture and adding 15 fresh nedia and

Cul ti sphere-G beads or by passing the culture into a |larger

spi nner flask aﬂﬁ? | nor e medi a and Cul ti sphere-: G beads.

The final conce of beads in the culture was P&BFPISHO| g
beads/ m . 20 Passage of the culture: The
culture was passed to fresh McCoys cells by 25 seeding 1 X.10[err]
new McCoys cells into DVPFM 2% FBS. and . 38 0.05 g Cul tisphere-G
beads. The new culture was allowed - - . to incubate overnight at 8.0%
Oferr], 8.8% CJerr] and 83. 2@6H[err] - . The new cul ture was then

i nocul ated with 25 @dncubated for 30 mirfuliisedtc 37CGr andntheémotashast httimes
reduced gerr] 30 4 h PB BSC¢O ﬁﬁﬁ-fn%dég‘sﬁ'ﬁ% Wﬁ‘d‘t%sig%}i gvgatzse%dded at

Harvesting and storage of “cul ture
PC/ US96/ 09576 0.03 ml/well and incubated 30 minugas at 37°C.

The cul tures vere hgpyest filsDifalhied OF ¢ ifbd WA th ddR,0 and 423biEd e gr

culture and centrrfugrng g m nut es.
was resuspended i n- SPEPARS Were °bserv%ﬁbd’ £lpprescent W%CPPQ;

needl e. The cultureghedTCID, /m1 %8s edetdAnidie’yl and frozen at -70[err]C
For further

Animals:

10 Thirty-one mixed sex pigs six weeks of age from PIC
X Lieske females and large white boars were provided by
Dr. Kent Schwartz. The pigs were randomly distributed
to 4 pens by weight on day 0.

15 Facility:

Four pens in a small ‘nursery facility, each
separated by at least 3 feet, were used to house the
pigs. The pens had wire flooring and solid pen

20 dividers. Heat was provided by a furnace with zonal
- supplemental heat by heatlamps. The temperature was
maintained between 78 and 85°F for the duration of the
study.

25 Feed and Water:

A 19% protein, ground corn-soy diet, free of
antibiotics, was provided ad libitum via stainless steel
feeders. Water was provided ad libitum via nipple

30 waterers. '

Infection of Pigs:




purification, the sanple was centrifuged at 145 x g for 5
m nutes to renove the beads, cellular nuclei and debris. The
supernat ant was then centrifuged at 3000 x g for 20 m nutes. The
pel | et was then‘&§§§%Fg ded in 10 di | uent. Estimation
of viable L. int aris in tissue cul ture: 15PCT/US96/09576
Quantitation of viable L. intracellularis was det erm ned as
described in Exanple 2 using a 22 gauge needle to lyse the cells
and using MCoys cells at 1250 celds/well to seed the microtiter
pl at es. 20 Resul ts: The TCI D err] results
I ndi cated that the cultures 25 contained up to 1 X 10[err]
bacteria/m . This was ©On day 0, ibeompys swexe iveighes endnbloednsanplee
tcul ture vol une collecti®P WGAlRP1IPatP Bulde NF;sltanea iR the sefFosyPiEy) oOf
I me.
Det er mi ni ng i nf ecti Gl %fose SeTun wWag; hareested and pﬁFPé'ed frozen at :14QFes
in host animals Fecal swabs Wer86438628cllected for PCR. The pigs were
PCT/USQG/O%S?G d . . . . . .
osed with 10 ml inoculum given intragastrically via

stomach tube.

Treatment No. pigs
10 Control - uninfected cells 5
Control - no treatment 2
High dose 8
Medium dose 8
Low dose 8
15
The pigs were weighed and bled on days 0, 10, 17 and 24.
Polymerase Chain Reaction:
20 Infection of the pigs was monitored by PCR using
primers and cycle parameters as described by Jones
(1993). Fecal samples collected on days 0, 7, 14, 21,
and 24 as well as mucosa of the intestines were checked
by PCR.
25
Histopathology:
Sections of ileum, jejunum, and colon'were formalin
fixed, processed routinely, stained with Ilematoxylin
30 and Eosin as well as silver impregnation and evaluated.

Sections were also stained using monoclonal antibody

specific for L. intracellularis.



35 Summary: A thirty-one pig study was

conpleted by infecting 6 week-ol d conventional pigs with pure
cultures of L. 5 intracellularis fromsanple N72994. The pigs

wer e randon1y divided into 4 groups and the groups were

penned separ at eMP 2y 1 contained 7 pigs and was PCHHESN602576.d
the negative control group dosed with uni nfected tissue culture
or nothing. The group 2 10 contained 8 pigs dosed with 10Q[err]
bacteria/pig. Goup 3 had 8 pi gd® and was dosed with 10[.err]
bacteria/pig. -And, G oup 4 contained 8 pigs receiving 10[err]
bacteri al/ pi g. Fecal swabs were- collected on days 0, 7,

14, and 15 Resulisl: 24 for PCR testing. On day 24, the pirgs were
necropsied and the ileum jejunum and the colon were -~ collected
for PCR testing, histopathology, and FA stains, all -as described
above. 20 Clinlc&ii§lg§gqng of the ileal nucosa reveal ed the
presence of L. intracellularis in 100% of the high dose, 75% of
t he nedi um dose, and 50% of thé | ow dose. Hi st opat hol ogy results

i ndi cat edSan i ncrease ofClinical signggenséfbing f |lPase steolan¥REepropri a
and submucosa of 25first obsé.&%d)flnt *t?zehhﬁlﬁhd@é& e fatt bedaggl un;m@se

and 88% of . the I ose. Ia5|a was ser ed i OW
of the HFiFRT REARasbRt & AEVECARa Het L Lo, Hee Feafter.

| ow dose. FA staining revealed L. intracellularis in tissue _
sections of the ilxa !'!!ej ,i!gn.um and colon in 88% 30 of the high
dose, 63% of the ‘and 63% of the | ow dose. Contro
ani mal wd0e negative for the presence of L. intracellularis via

PCR, FA, and silver StE“iyErage daily weight gains were calculated showing
that the high and medium dose groups had reduced weight
gains compared to the control group. There was a dose
titration effect in the weight gains when comparing the

15 grbups.

" PCR:

Fecal shedding was not observed until 14 days. At
20 21 days, 37.5% of the high dose pigs were PCR positive
in the feces. After necropsy, the mucosas of the ileums
were checked by PCR with 100% positive in the high dose,
75% in the medium dose, 50% in the low dose and 0% in
the controls.

25
Gross Lesions:
Gross lesions were found in 2 pigs of the high dose
group (#50 and #202). The pigs had approximately 3 ft
30 of thickening in the ileum with necrosis in #202.

Histopathology:
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36 In conclusion, a pure culture was successfully used

to infect and cause |l esions of PPE. Koch's postul ates wer e,
fulfilled by th$$$d ntlflcatlon and isolation of L. .

intracel lularis Re infected animals. 5 PRT/URW O ged
ani mal s 100% of the high dosed: ani mal s had confirnmed recovery
and identifi.cation via o silver stains, FA and PCR 10.

Mat eri al s and Met-hods: Gowh &8 Inocul um

One 75 cnferr] conventional flask was seeded with 3.75 x 15 10[ err]
HEp-2 cells in DMEM 10% FBS and al | owed to grow 18-24 hrs at 37C
at 5% CJerr]. (Thergells were.at 30% confl uency at tinme of

i nocul ation.) One-vial of N72994 was dil uted in 15 mM DVEM 5%
FBS. The culture was placed in a gas chanber, evacuated, and

regassed with hydrogen afa 8baining of sedidond ofi thetbleume Feiuinumr eandf

refed ot 24 hr. w (HOURENEpaied the progiicR el 8l nclebluidil A,
wer e i ncubat ed for 87d5¢s oft bhe high Xpse, 62.5%off| botierthe orariath famirnliolwe
flasks .and added t0435hQ@028) 08 in the corftiy¥igr, flask containing 50 n

DNEM 5% FBS. The fl ask vol une was scal ed-up by doubling the

medi a vol une at weekly intervals. The culture was grown for 3

weeks i n Mikeosbbpier1és fsks: 30 Har vesting Cul tures:
10 Lesions were observed in 100% of the high dose, 75%

of the medium dose, 87.5% of the low dose and 14% in the

controls. This was determined by the observation of

increased mononuclear cells in the lamina propria and

submucosa, often associated with hyperplasia of Peyer's
15 Patchers. Crypt hyperplasia was also observed.

Silver Stain:

Silver staining of sections for the presence of
20 intracellular, curved bacteria was also done. This
demonstrated the presence of bacteria in 87.5% of the
high dose, 62.5% in the medium dose, 87.5% in the low
dose and 0% in the controls.

25 Discussion:

The pigs were successfully infected with pure
cultures of L. intracellularis. At doses of 10’
bacteria, 100% of the pigs demonstrated infection by PCR
30 and microscopic lesions. The severity of the lesions
and the amounts of bacteria in the tissue sections were
relatively low. This study is a satisfactory challenge

model for L. intracellularis due to the presence’of L.
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37 The culture was harvested by centrifuging at 3000 x

g for 20 mnutes. The pellet was resuspended in

Sucr ose- Phosphat e- J ut amat e sol ution (SPG with 10% FBS and
passed 4 times tWPAGM2] 25 gauge needle. Inoculum 5 PEEUSH6/08576 d
to the final volune in SPE 10% FBS and a: 10 dilutions were nmade.
The inoculumfor the controls consisted of non-i nf ect ed HEp-2
cells diluted to the sane 10 concent4@tion of viable cells as the

i nfected cul tufe. The cells were harvested the sane as the

I nfected culture. The control pigs received a simlar dose of

cells as the high dofrtmpeoeblulari® and micrQuomipic didsdonsf ib. that pagel| ul ar

s Lo UGN i baNbCXbRR! Gy by 4 IR LA PSM08 arter

acconpl i shed by determn I'ssue
Dose 50 percent (TCHtﬁQrfigst'ﬁmse was done by 20 renmoving 2 ml of
culture to be tested and lysing the cells by passing through a
22 gauge néedle 4 tines. The sanple was serially diluted 1:10 in
DVEM 5% FBS cont ai ni ng VancoB¥a®ple 190 [err]g/m) and
Anmphotericin B (2.0 [err]g/m). The dilutions were added to a
96 well mcrotiter 25 plate with 0.1 mi/well. The mcrotiter
pl ates were _ Hamster Vaccine Efficacy Experiment
Goal:
10

Evaluate a lab animal model for determining-the
safety and efficacy of an avirulent-live vaccine of L.

intracellularis in hamsters.

15 Summary:

A 40 hamster study was completed by vaccinating 3
week-old hamsters with pure cultures of a high passage
strain of i. intracellularis and challenging 22 days

20 after vaccination with pure cultures of low passage
virulent material. The hamsters were divided into 3
groups. Group A was vaccinated with 1 dose of L.
intracellularis strain N72994 at day 0.. Group B was
designated the control group and was not dosed with a

25 vaccine culture. Both groups were challenged with 2
doses of a pure culture of L. intracellularis strain
N343 on days 22 and 25 post-vaccination. Group C was
given challenge strain, N101494, to compare relative

30 virulence to strain N343. Groups A and B contained 15

hamsters each and Group C contained 10 hamsters. Tissue
Culture Infectious Dose 50% (TCID,,) results indicated
that the hamsters were vaccinated with 10° TCID,,/dose.
The N343 challenge contained-10°* TCID,,/dose. The



seeded with HEp-2 cells at 2500 cells/well and grown ' 18- 24 hours

prior to infection. Twelve wells/dilution were used. The plate
was i ncubat ed for 6 days at gas 30 concentrations of 8.0% Jerr]/
8.8% CJerr] qﬁi The cells were fixed with cold 50%
acet one and 50% for 2 minutes. To the wel | BCTS¥A9576
m/well of anti-L i ntracel lularis nmonocl onal anti body (MO st,
1987) diluted 1:2000 in PBS was .added. The pl ate was
WD 96/ 39629 43. PCT/ US96/ 09576

- 38 - i ncubated for 30 nminutes at 37[err]C and then washed 3
tinmes with PBS. Anti-nmouse FITC diluted 1: 30 was added at

0.03 m/well and i nchsdilenge0desaufes @mﬂﬁﬂKbmaP010TﬁbTCIDm/dose- pFecal was
washed 3 times with QeiderrlQ %Ql@&i% e, 77 422, P ES i ©

observed on a fluorescent m croscope TCID[err]/n1 was

det er ni ned. 43 £ °rAﬁ’PH‘éfP‘§rase 1gpain reaction (?ﬁNtKreﬁih’éI% N

pigs six weeks ot a@qfra)ranaingls were necrdi:éi'e@s'fﬁoﬁeﬁ%@ﬁs W hrlAEI Rk t €
boars ‘were Kent Schwart z. ;ggkamere random y

provi ded
di stri but ed gé13?34tﬁéﬁénﬁy°§w¥§ﬁﬂ@qﬁ?saéy35 We Facility:
Four pens in a snal Inmilhaanalmdslremlns, and sllﬁeﬁaéﬁiefh RE dlleal
| east 3 feet, were used.to h%uss E
sections etermine the per31stence of colonization of
the bacteria in the vaccinated hamsters. The remaining
animals were necropsied 21 days post-challenge with

10 similar testing.

PCR results indicated the presence of L.

intracellularis in the intestinal mucosas of 100% of the
Group A hamsters 21 days post-vaccination. Group B

15 hamsters were all negative at 21 days post—vaccination.
Twenty-one days post-challenge 50% of the hamsters were
PCR positive in Group A 100% were positive in Group B.
Histopathology of the sections indicated mild to severe
lesions in 50% of animals in Group A and mild lesions in

20 50% in Group B 21 days post-challenge. No animals
demonstrated lesions 21 days post-vaccination. Group C
animals di& not have lesions at 21 days post-challenge.
FA and silver stains were not able to demonstrate the
presence of L. intracellularis in any of the sections.

25
In conclusion, a 50% reduction of infection was
ocbserved in hamsters vaccinated with a high passage
strain of L. intracellularis as demonstrated by PCR.
The intestines were colonized by low numbers of
30

intracellular organisms as demonstrated by the lack of
observed organisms in FA and silver stained sections.
Hamsters in Group C were unable to show infection
throughout the study most likely due to the low dosage



pigs. The pens had wire flooring and solid pen 20 di viders. Heat

was provided by a furnace with zonal suppl enental heat by
heat| anps. The tenperature was mai nt ai ned between 78 and
85[err]F for thewggggt igon of the st udy. 25 Feed and

Wat er : A 19% protein, ground corn-soy diet, fRCIAISHH09576
anti biotics, was provided ad libitumvia stainless steel

feeders. Water was provided ad libitumvia nipple 30 wat erers.
| nfection of Pigs: WO 96/ 396284
PCT/ US96/ 09576 . 39
On day 0, the pigs were wei ghed and bl ood sanpl es collected via
capillary tube pl acedfibatberi=troorbital si nus. Serum was
harvest ed and stored frozen at -20[err]C. Fecal swabs were al so
collected for PCR The pigs were 5 dosed with 10 m inocul um given
intragastrically vi aMaterials and tNatdsidst:ube. Tr eat nent
No. pigs 10 Control - uninfected cells 5
Control - no treatnent - ' 2

5 Hamster Description:

Forty 3 week old female hamsters from Harlan
Sprague Dawley were used.

10
Growth of Inoculum:
Vaccine culture:
15 '

' A continuous culture of L. intracellularis grown in
HEp-2 cells for 29 weeks was used. The culture was
grown in a similar manner as stated in the challenge
culture section except the culture is passed to new

20 HEp—-2 cells every 2-3 weeks.

Challenge cultures:

One 75 cm® conventional tissue culture flask was

25 seeded with 3.75 x 10° McCoys cells in Dulbecco's
Modified Eagle's Medium (DMEM) with 10% Fetal Bovine
Serum (FBS) and allowed to grow 18-24 hrs at 37 C with
5% CO,. The media was removed from the cells and one
vial of N343 MSC X diluted in 14 ml DMEM/2% FBS was

30 added to the flask. The culture was placed in a gas
chamber, evacuated, and regassed with hydrogen and
carbon dioxide to give a mixture of 8.0% O,, 8.8% CO, and
83.2% H,. The culture was grown for 6 days, then the



H gh dose 8 Medi um dose
8 Low dose 8 15 The
pi gs were wei ghed and bled on days 0, 10, 17 and 24.

Pol yner ase Chai_n_Reacti on: 20 I nfection of the
noni tored by PO %ﬂ? prinmers and cycle paraneterslgg%ﬁgggérﬁed

by Jones (1993). Fecal sanples collected on days 0, 7, 14, 21,

and 24 as well as nmucosa of the intestines Jere checked -by - PCR. -

25 H st opat hol ogy: Sections of ileum jejunum
and colon were formalin fixed, processed routinely, stained mrth
Il emat oxylin 30 and Eosin as mell as silwver inpregnation and

eval uat ed. celBeotenensoxapedalinto sa al%@llu§PﬂQnﬁﬁn5éP§haV1%t?Q)ody

specific for L. intgackigwiA iFBs and .01 g of cuﬂﬂ@s§§é§85a9beads. The

PCT/ US96/ 09576 40
Resul ts: culiyye,iwasg ggpgﬁsat the gas concentrations stated
) above. The flask volume was scaled-up by doubling the
5 media volume at weekly intervals. The culture was grown

for 25 days in the spinner flask to a final volume of
250 ml.

Strain N101494 was grown in the same manner as
10 strain N343.

Harvesting Cultures:

15 Vaccine culture:

The culture was harvested by centrifuging at 3000 x

g for 20 minutes. THe pellet was resuspended in
Sucrose-Phosphate~ Glutamate solution (SPG) with 103 FBS
20 "~ and passed 4 times through a 25 gauge needle. Inoculum
was diluted to the final volume (15 ml) in SPG/ 10% FBS.

Challenge cultures:

25
The cultufes were harvested by centrifuging at 3000
x g for 20 minutes. The pellets were resuspended in
Sucrose-Phosphate-Glutamate solution (SPG) with 10% FBS
and passed 4 times through a 25 gauge needle. The -
30 inoculum were diluted to the final volume in SPG/10% FBS
(20 m1 for strain N343 and 10 ml for strain N101454).

Dosage o0f hamsters:




5 Clinical signs consisting of |oose stools were

first observed in the high dose group at 3 days. The signs
peaked at 14 days and began to resolve thereafter. Wi ght

Gai n: 10 Aver age daily wei ght gains were cal cul ated show ng
that the high an® ME3¥8m dose groups had reduced wei ght PCT/USAR
conpared to the control group. There was a dose titration effect
in the wei ght gains when conparing the 15 gr oups. . PCR:
Fecal shedding was not observed until 14 daf#§. At 20 : 21 days, 37.5%
of the high dose pigs were PCR positive in the feces. After

necr opsy, the nucosas of--the il euns were checked by PCR with
100% positive in the high dose, 75% i n the nmedi um dose, 50%in
the | ow dose and Ogﬁthine- the controls. 25 G oss

Lesi ons: G oss lesions were found in 2 pigs of the high
dose group (#50 and #202). The pigs had approximately 3 ft 30

of thickening in the ileap ‘&h&honfﬁ Ofdris tdys#29° Group A were orally

Hi st opat hal ogy: WD 96/ 39629

PCT/ US96/ ®576 vaccinated with 1 ml of the prepared vaccine.

Challenge:

10 Twenty-two days post-vaccination, 10 hamsters in
Group A and 10 hamsters in Group B were orally desed
with 0.5 ml of challenge culture strain N343. Group C
was challenged with 0. 5 ml of challenge culture strain

N101494.
15
Quantitation of IS Intracellularis:
Quantitation of viable IS intracellularis was
20 accomplished by determination of the Tissue Culture

Infectious Dose 50 percent (TCID,;). This was done by
removing 2 ml of culture to be tested and lysing the
cells by passing through a 22 gauge needle 4 times. The
sample was serially diluted 1:10 in DMEM/5% FBS

25 containing Vancomycin (100 ug/ml) and Amphotericin B
(2.0 ug/ml). The dilutions were dispensed at 0.1 ml/well
to a 96 well nicrotiter plate which was seeded with
McCoys cells at 1250 cells/well and incubated 18-24
hours at 37 C at 5% CO, prior to infection. Twelve

30 . wells/dilution were used. The plate was incubated for 6
days at gas concentrations of 8.0% O, 8.8% CO,and
83.2% N,. On day 6, the cells were fixed with cold 50%
acetone and 50% methanol for 2 minutes. To the wells,



41 FA: FA staining of sections of the ileum

j € unum and colon reveal ed the presence of L. intracellularis
in 5 87.5% of the high dose, 62.5% of both the medi um and Iow
doses and 0@6|nvh§§E§ trols. M croscopi c | esions:

Lesi ons were obser n 100% of the high dose, 75% PSFmFﬂ@”ﬁm
medi um dose, 87.5% of the | ow dose and 14%in the ' controls. This
was determ ned by the observation of i ncreased nononucl ear cells
in the lanmina propria and subnmuchda, often associated with
hyper pl asi a of Peyer's 15 Pat chers. Crypt hyperplasia was al so
observed. Silver Stain: Silver staining of

sections for the pr@&s@3cwléweld of anti-ISntinsiretéllularizimepdcangdri a was
al so done. This r.a t S €, ac r| 87.5%
of the- n2Btibedy GEIROS) 1RoR00! 36 PRESGACCa el aCHEE Brbbeldal
dose and 0% in the éamlbétgd fops30 minutespascdistomnd then washed 3 tmeshe

pi gs were successf uldiyni Bgect %ﬂ!-tn{bu%r ®ITC diluted Cifd Wa%s ad ]gli at . -
intracellularis. At dgses_of 10 bacteri a, 0% o pi gs

denmonst rat®d i nf ect Pof3 b?lf’(’ﬁl%@nd incubaggd AP RERRERF @Y §§| GnsTheTHéate
severity of the | eswaBSwashed 3 tme%neluthedammrana Qﬁlbﬂé&etéadtﬁ t he

ti ssue sections wer rel ati vel
satisfactory challeﬁﬁﬂples were obseryed Pér ¥iFﬂ¥?%ﬁ qlﬁi&FP§°888 289t he
presence of L. the TCID,,/ml was determined.
10 _
Monitoring Infection of Hamsters:
Infection of the hamsters was monitored by PCR
us;ng primers and cycle parameters as described by Gary
i5 Jones. Fecal samples were collected at 0, 7, 14, 21,
29, 36, and 43 days post-vaccination. After termination
" of the hamsters the mucosa of the intestines were also
checked by PCR.
20
Histopathology:
Sections of ileum and colon were fqrmalin fixed,
processed routinely, stained with Hemtoxylin and Eosin
25 and silver impregnation, and evaluated. The sections

were also stained with a monoclonal antlbody specific
for L. intracellularis. )

30 Average Daily Weight Gains:
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42 intracellularis and m croscopic lesions in the pigs.
Lesions may be inproved with a second dose 7 days after t he
first dose. 5 Exanpl e 5 er
Vacci ne Effi cacngxgglg?slz?rent Goal : 10 mﬁ%@?g e
a |lab animal nodel for determ ning the safety and efficacy of an
avirulent-1live vacci ne of L. intracellularis in hansters. 15
Summary: A 40 hanster study was conpl eted by vacci nating
3 week- ol d hansters W th pure cultures of a hlgh passage

strain of L. intracellul | engi ng 2 af t.er
vacci nation with pure cu g€€%f°$a99 3@?&% 28 Wa1R'E colleﬁg§q” 5% 35,
material. The hansteandmnzeddy5|pbst+vuctrﬁatlon to determims. tHiwmmerAgeas

vaccinated with 1 do intracellularis strain N72994 at
day 0.. G oup B was 5319§ &elgh%é%$ﬂhdted the control group and was not

dosed'with a 25 ~ vaccine culture. Both groups were challenged with
? 5 Results: Refer to Table below.
TCIDy,:

TCID,, results indicated that the vaccine group
10 {Group A) received 10 *% TCID,,/hamster. Hamsters in
Groups A and B were challenged with strain N343 and
received 10%° TCID,,. Group C hamsters challenged with
strain N101494 received 10*7? TCID,,/hamster.

15
PCR:

PCR testing demonstrated the presence of L.
intracellularis in 100% of the vaccinated hamsters that
20 ' were necropsied 21 days post-vaccination. Testing 43
days post-vaccination demonstrated that 100% of the
control hamsters'and 50% of the vaccinated hamsters were
- infected with L. intracellularis. None of the hamsters
challenged with N101494 were positive. Fecal shedding
25 was not detected throughout the study in any of the
hamsters.

Histopathology:

30 H & E stains revealed no histological lesions in
all sections of hamsters necropsied 21 days
post-vaccination. In sections harvested 43 days
post-vaccination 50% of the Vaccine group had mild to



doses of a pure culture of L. intracellularis strain N343 on

days 22 and 25 post-vaccination. Goup C was gi ven chal | enge
strain, X101494, to conpare relative virul ence to strain N343.
G oups A and B Wﬁ&:}g&%d 15 - hanmsters each and Group_C contai ned
10 hamsters. Tissue Cul ture Infectious Dose 50% ( TEFFUE0PS76
results indicated that the hansters were vaccinated with 10[err]
TGl D err]/dose. The N343 chal | enge cont ai ned 10[err]

TG D err]/dose. The WO 96/ 3983

PCT/ US96/ 39576 43

chal | enge dose for G oup C was 10[err] TC D[err]/dose Fecal

swabs were col | ect efeggrgalgmphogytiic etieritds agd H0¥ of the contreld for

pol ynerase chain fe@%hﬁnhéé’%me%}m cﬁldj%)ﬁterlt%s. No AlesidndNweRksS
each

wer e mecropsi ed from G oups . or PCR testing of the
mucosas as wel | as Pgen iR the N10}49hihadileragndre®Bi n stains, and Sil ver

st ai ns of ileal sections to determ ne the persistence of

col oni'zati:on of t he, bacteria_ in the vacci nated hanster The
remai ni ng g ani F&| $t3iRe ‘%ﬁﬂ?ﬁ’pﬁ%d’eﬁnﬂﬁﬁt%o& A FIGrid 10
simlar testing.  in any of the han¥¥ér=9d daysngosetescdiiationsence of L.
intracellularis in the intestinal nmucosas of 100% of the G oup A
hansters 21 days post-vaccination. Goup B 15 hansters were all
negative at 21 daysDpsetssihomw: nation. Twent y- one days

post-chal | enge 50% of the hamsters were PCR positive in Goup A
100% were positive in Goup B. Hi st opat hol ogy of the sections

indi cated%ild to severeA 50% reductl%lmsmfﬁcsmma%mhﬁ@adﬂJ-@roup A
and mld lesions inp2fisters vacellidtdd FiP Bhidn 8y Ssaps tsihah! 0208, No

ani mal s
intracellularis as demonstrated by PCR.

15

20

25

30



denonstrated | esions 21 days post-vaccination. Goup C ani mal s

did not have lesions at 21 days post-chall enge. FA and sil ver
stains were not able to denonstrate the presence of L
intracellularisy f the sections. 25 I n concl usion, a
50% r educt i on oﬂwﬁﬁég%??on was observed in hamst er s RAAS9952%
with a high passage strain of B0 intracellularis as denonstrated
by PCR The intestines were col oni zed by | ow nunbers of .30
intracel lular organisnms as,gderfonstrated by the |ack of observed
organisms in FA and silverggig'ned séctlions. ' 1 1+ | Hanstefs 'in G déup C
were unable to shom/infecbg)ﬁ t hroughout the study nost likely .
due to the | ow dosage ol & WD 96/ 39629 :
PCT/ US96/ 09576 181, Lo Loy 1 44, Dy of
bacteri a. Mat Bf il s and Met hods: 5 Hanst er .
Descri ption: 2 wj Forty 3 week old female hansters .from Harl an
Sprague Dawl ey were used. st G ewt h of-Inocgiunl
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Vacci ne cul ture: 15 : A continuous cul ture of L.

intracellularis grown in HEp-2 cells for 29 weeks was used. The
cul ture was grown in a simlar nmanner as stated in the

chal | enge cult'ure section except the culture is passed ;690 DR 20
HEp- 2 cel | s evd¥Q 9639828 \eeks. : Chal | enge cul t ur es; PET/USI6/09

One 75 cnferr] conventional tissue culture flask was 25 . seeded with
3.75 x 10[err] MCoys cells in Dul becco' ssf ‘Modi fied Eagle's

Medi um (DVEM) with 10% Fet al.- Bovi ne Serum (EBS) and allowed to
grow 18-24 hrs at 3% Gwth- i 1 586 CJ arr]. The nedi & wad rendved -
fromthe cells and one . vial of N343 MSC X diluted in 14 m

DVEM 2% FBS was 30 -added to the flask. The culture was placed in a
gas ' chanber, evacuat ed and regassed w th hydrpgen,and {

carbon di oxi de to'gilve!a’ mi'xt ur e’ of 8. 'OOA')O][err] 8.8% CJerr] and
83.2% H2. The culture was grown for 6 days, then the

96/ 39629 PCT/ US96/ 09576
45 . cells were? Grapgd, i nto g 400 @, spi}}mer flask with 90
m DNMEM-2% FBS and .{01ig10f§ g;u&,tﬁs@mare 53’ BoaThede, 't ! tchlture
was grown at the gas concerﬁpa-t-n Gngﬁta g 587 5ugbove. The flask
vol unme was scal ed-up by dog ﬁng 5 = o Afed & $olftume at weekly
intervals. The culture was grown for 25 days in the spinner
flask to a final §D|§n§§f+ + 25 m. 4+ + + + + =+
| n:
ses+8 5 S8 5 & E85g8.
R 1 1o ] 1 v 1 88
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Strain N101494 was grown in the sane manner as 10 strain N343.

Har vesting Cul tures: 15 Vacci ne cul ture: The
culture was harvested by centrifuging at 3000 x g for 20
m nut es. The-pe%)et Q%% resuspended in Sucr ose- Phosphat e-
G utamate sol ut POTPERE) with 10% FBS 20 and passed 4 PCHENEOT6ugh
a 25 gauge needle. [|noculum . was diluted to the final volunme (15
m) in SPG 10% FBS. Challengé cultures: 25 .
The cultures were harvested by centrifugi ng at 3000 x g for 20
m nutes. The pell etstwere! resuspendled in t 1 ¢ '
Sucr ose- Phosphat e-d ut amate solution (SPG wth 10% FBS and
passed 4 tinmes through a 25 gauge needl e. The 30 i nocul um wer e
diluted to the final ,vglupe,in SPG 1Q%,FBS , , (20 M for strain
N343 and 10 ml for strain N101494). Dosage of hansters:
WD 96/ 39629 PCT/ US96/ 09576
46 :
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Vacci ne: At day O all hansters in Goup A wre orally 5

vaccinated with 1 m of the prepared vacci ne. Chal | enge: 10
Twenty-two days post-vacci nation, 10 hanmsters in Group A and 10
hansters in Gro'%g 56/3%96 orally dosed with 0.5 m of chall enge
culture strain N333° oup C was chal | enged with 0. PCTHSW9576
chal l enge culture strain N101494. 15 Quantitation
of IS iIntracellularis: Quantitation of viable IS.

intracel lularis was 20 acconplishe§3by determ nati-on of the Tissue
Cul ture I nfectious Dose 50 percent (TCIDerr]). This was done by
renmoving 2 ml of culture to be tested and lysing.the . .. cells by
passi ng through a 22 gauge needle 4 tines. ERagple 6 - sanpl e was
serially diluted 1:10 in DVMFM 5% FBS 25 cont at ni ng- Vancomycin (100
ug/ m)* and Anphotericin B . (2.0 ug/m). The -dilutions were

di spensed at 0.1 ni SWape Vaccine Efficagy dxpaximentcrotiter plate which was
seeded with -McCoys cells at 1250 cells/well and incubated 18-24
hour s at C at 5%)ggeﬂr1 prior to infection. Twelve 30

wel I s/di | ution were® S€:The plate was incubated for 6 days at
gas concentrations of 8.0% (err], 8.8%CJerr] .and 83. 2%
Nerr]. On day 6, the cells were fixed with caold 50% acet one and

50% net hanol for 2 mi nut &8¢ 9RJeFk ke thlis study was to evaluate the
safety, persistent colonization and efficacy of an

avirulent-live isolate and a killed isolate of L.

10 intracellularis in pigs 2-3 weeks of age. A host animal

study was conducted in which pigs 3 weeks of age were

vaccinated then exposed to a virulent challenge with L.

intracellularis strain N343 to compare differences in
15 protection between the wvaccines. |

. Methods:

On December 11,‘1995, a total of 45 pigs, 3 weeks
of age were purchased from H & K Farms. They were
20 transported to Veterinary Resources, Inc., a research
facility located near Cambridge, Iowa, where they were
tagged to individually identify each pig. The pigs were
held at this facility for two days prior to initiation
of the study to allow acclimation to the facility and
25 were fed antibiotic-free feed.%hroughout the study.
On December 13, all pigs were weighed, bled to
collect serum, clinically scored, and rectal swabs
collected. The pigs were then randomly divided into
30 groups of five and placed into tubs. Twenty pigs were
) placed into a separate room and were designated control

and strict control groups. Fifteen pigs were placed in
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47 . . 0.03 mM/well of anti-IS intracellularis npbnocl ona

anti body diluted 1:2000 in PBS was added. The pl ate was

i ncubated for 30 minutes at 37 C and then washed 3 tines '

PBS. Anti- mousdV@P896% | uted 1: 30 was added at 5 0 Ofﬁ’vwgnd

I ncubated 30 mnutes at 37 C. The plate was washed 3 tines with

ddH err] O and al |l owed to dry. | es were observed on a

fl uorescent m croscope and t he I Dferr]/mM was determ ned. 10

kbnltorlng | nfecti on of Hansters: I nfection of the
ansters was nonitored by PCR usin rs and Q cl e par ters

as described by Gary 9&cond room forethe Fﬁéaigggﬁﬁfe wéy &hd FiEBB@dﬁgg 0,

7, 14, 21, 10 ﬁﬂ?s?ﬁ)r ayd 43 days post-vaccination. After

term nation of the hansters the nucosa of the intestines were

al so checked by PCR 20 Hi st opat hol ogy:

Sectionf of ileum and cofwe Wiare vaecinke waki pedpared at the NpBilicessed
rﬁgﬁggﬁa¥PoﬁtagggdeﬂgP%E%En1{2g4ﬁ§s§35 hEggd Dgéelopment fnylﬁ%% sbgined
with a nonocl onal ahflémbilfiepes feixperimental sefial LISi-it.r addildl 4dstzain
N343) was isolated from a pig and grown continuously in
pure culture for 29 weeks. The vaccine was grown in
McCoys cells in spinner flasks at reduced oxygen until
10 approximately 100% infection was observed. A sample of
the high passage N343 strain used for ISi-1 was passed
an additional 11 weeks ("N343NP40wk") and deposited
under the Budapest Treaty on May 22, 1996 in the ATCC,
12301 Parklawn Drive, Rockville, Maryland U.S.A. 20852
15 and assigned Accession Number 55783. The cultures were
harvested by centrifuging at 3000 x g for 20 minutes.

* The pellets were resuspended in
Sucrose-Phosphate-Glutamate solution (SPG) with 10% FBS .
and passed 4 times through a 25 gauge needle. The

20 lysates were centrifuged at 5oo'x g for 5 minutes to
pellet the debris and microcarrier beads. The
supernatant was saved and stored at -70° C until
approximatély one hour before vaccination where it was
stored on ice until administration.

25
The killed vaccine (ISi-2) was grown, passe& for
12k.weeks and harvested in a similar manner as above and
was purified by a percol gradient. The purified
bacteria were then stored at -70° C until approximately
30 1 week before vaccination.in which it was stored at 4° C

at normal atmospheric oxygen levels which becomes toxic
to L. intracellularis. AlOH was added to the bacteria
to a final mixture of 10% AlOH. Protein concentration
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Wei ghts of the hansters were coll ected 21, 28 35, and 42 days
post -vacci nati op to _deternm ne the average dai |y wei ght gains.

5 Resul VO963%2 o {5 Tabl e bel ow. TC D[er%T/US%"“”"
TCI D50 results indicated that the vacci ne group 10 (G oup A
received 10[err] TC D err]/hanmster. Hanmsters in . ..&Goups A and B
were chall enged with strain N343 and 55 recelved 10[err] TG D err].
G oup C hansters challenged with strain N101494 received
10[err] TCI D[ err]/ hanster. 15 PCR . . PCR

t esti ng denonstr at sis deteradoedeusing. the Biurett mehhodcellularls in 100%
of the vaccinated hanmsters that 20 were necropsied 21 days

post - vacci nation. Testing 43 days post-vaccination

denonstrated that IDemtdftation of Live IS cigtnageldaderdss and 50% of the
vacciqated hansters were

5

Quantitation of viable L. intracellularis was .
accomplished by determination of the Tissue Culture
Infectious Dose 50 percent (TCID,). Ninety-six well
microtiter plates were seeded with McCoys cells at 1250
cells/well and grown 18-24 hours prior to infection.

The samples were serially diluted 1:10 DMEM/5% FBS
containing Vancomycin (100 pg/ml) and Amphotericin B

(2.0 pg/ml). The dilutions were added to the 96 well
microtiter plates with 0.1 ml/well. Twelve
wells/dilution were used. The plate was incubated for 6.
days at 37° C and gas concentrations of 8.0% 0,, 8.8% CO, .
and 83.2% N,. The cells were fixed with cold 50% acetone
"and 50% methanol for 2 minutes. To the wells, 0.03
ml/well of anti-L. intracellularis monoclonal antibody .
(developed by Dr. Steven McOrist) diluted 1:2000 in PBS
was added. The plate was incubated for 30 minutes at
37° C and then washed 3 times with PBS. Anti-mouse
immunoglobulin G-fluorochrome conjugate (FITC) diluted
1:30- was added at 0.03 ml/well and incubated 30 minutes.
at 37° C. The plate was washed 3 times with ddH,0 and
allowed to dry. Samples were observed on a fluorescent
microscope and the TCID,,/ml was determined using the
Reed-Meunsch method of calculation.

10
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25

’ TCID,, results indicated that ISi-1 had 1.8 x10°
30 bacteria/ml. A fourth inoculum was a placebo and was
' derived from tissue culture cells processed in the same
manner as the vaccines.



infected with L. intracellularis. None of the hansters

chal  enged with N101494 were positive. Fecal shedding 25 was not
detected throughout the study in any of the hanst er s.

Hi st opat hol ogy: _ 30 ' H & E stains reveal ed no histological

| esions in WO96/39629 5| | sections of hansters necropsied 21 76
post -vacci nation. In sections harvested 43 days post - vacci nati on
50% of the -Vaccine group had mld to WD 96/ 39629

PCT/ US96/ 09576 56 49 severe
| ynphocytic enteritis and 50% of the control group had mld

| ynphocyti'c .enteritis. No | esions were - seen in the N101494"
chal | enge group. 5 The killed vatcins wasfhested tfoxidiahadt Prosein

intracel lularis content ﬁé&ﬁ?&f}% #&%ﬁi%&%@?ﬁ%@%ﬁ%&%ﬁv@qgﬂat i on.

Di scussi on: 10 _ ction ection was observed in
hanst ers vacci nat edmg/mh. a hi gh passage strain of L.
intracellularis as denonstrated by PCR

5 The pigs were vaccinated on 12/13/95. The live
vaccine was all given at a dose of 2 ml IN with 1
ml/nostril. The ISi-2 (killed) vaccine was given IM
with 1.5 ml/pig and again 14 days later. All control
animals weére given non-infected cells in the same manner

10 as the live wvaccines.

Observation and Samples:

Fecal swabs and serums were collected at 7 day
15 iniervals throughout the study. The fecal swabs were
processed for PCR testing using the primer set,
" 5'=TATGGCTGTCAAACACTCCG~-3' and
51'-TGAAGGTATTGGTATTCTCC-3' for the DNA amplifications.
Cycle parameters were. 93° C for 5 minutes, 55° C for 45
20 seconds, and 72° C for 45 seconds for the first cycle.
Thirty-three cycles were performed at the previously
mentioned temperatures for 45 seconds per temperature.
The final cycle was 93° C for 45 seconds, 55° C for 45
secondé, and 72° C for 2 minutes, primers defined by
25 Jones et al.

Challenge:

All animals, except strict controls, were given a
30 challenge culture 26 and 27 days post-vaccination
consisting of low passage cultures of L. intracellularis
strains N343 and N72994 that were grown between 8 and 12
weeks continuously. The cultures were harvested by
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centrifuging at 3000 x g for 26 ninutes. The pellets
were resuspended in Sucrose-Phosphate-Glutamate solution
(SPG) with 10% fetal bovine serum and passed 4 times
through a 25 gauge needle. Some harvested cultures were
stored at -70° C until time of challenge while others
were grown until the day of challenge and harvested.
Challenge inoculums were combined and TCID,;, of the
cultures were determined. The samples were stored on’
ice until administered.

Challenge culture given on 1/8/96 consisted-of 4 x
10* bacteria/ml and challenge culture given on 1/9/96 had
3 x 10* bacteria/ml. The pigs were given 15 ml of
challenge on both days via gastric lavage. The animals
thus received 6 x 10° bacteria/pig and 4.7 x 10°
bacteria/pig on 1/8/96 and 1/9/96 respectively.

Results:

Safety:

Fecal PCR results:  Detection of L. intracellularis .
using PCR demonstrated that no pigs were shedding the
bacteria at the beginning of the study. At seven days
post-vaccination all pigs were negative. Fourteen days
post-vaccination 3 pigs in the ISi-1 group were _
positive. Two animals were positive in the ISi-1 group
21 days post-vaccination and all other pigs negative.
At day 26 post-vaccination no animals were shedding the
bacteria as detected by PCR. Twenty-six day
post-vaccination 5 pigs from groups ISi-1 and controls
and 4 pigs from group ISi-2 were necropsied. . Samples
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collected were iléuﬁ, éolon, mesehteric lymph node, and
tonsil as well as lung samples from pigs with lesions
suspicious for'pﬁeumonia. :

é - 'PCR testing was performed on the individual ileum
and lung samples. Tonsil, colon, and lymph nodes were
pooled by treatment group and PCR performed. Results of
the PCR testing are below.

10

PCR of Ileum Mesenteric
26 days Post- Colon Tonsil Lymph Node Lung
Group Vaccination Pooled Pooled Pooled Pooled

18i-1 10f5 + - - 1 0f 1
15 ISi-2 0 of 4 - - - 0 of 1

Controls 0 of 5 - - no
test

Strict no test . no no no test no
Controls test  test test

20
Histological sections of the ileums were stained
using a monoclonal antibody specific for I.
intracellularis as the primary antibody and anti-mouse
immunoglobulin G-fluorochrome conjugate as the secondary
25 antibody. .IL. intracellularis were observed in 3 of the
five pigs from ISi-1. All other pigs were negative by

fluorescent antibody staining.

The remaining pigs were necropsied 21 days after

30 challenge and the same samples were collected for

evaluation. PCR results are listed below.
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PCR of Ileum Mesenteric
21 days Post~ Colon Tonsil Lymph Node Lung
Group Challenge  Pooled Pooled Pooled Pooled

Isi-1 0 of 10 + - - -
Isi-2 0 of 6 - - - -
Controls 4 of 10 - - -

Strict O of 5 - - - ' -
Controls

FA stains of the ileums were performed as stated
above with 7 of 10 animals positive in the control
group. All other animals were negative for the presence
of L. intracellularis.

The serum was tested for IgG antibody production by

. the pigs after exposure to L. intracellularis. The test

was set up by seeding tissue culture treated Terasaki:
plates with McCoys cells at 125 cells/well and grown
18-24 hours prior to infection. A pure culture of L.
intracellularis diluted to 1000-3000 bacteria/ml in DMEM
with 5% fetal bovine serum was then added to the wells
with 0.01 ml/well. The plate was incubated for 6 days
at gas concentrations of 8.0% O,, 8.8% CO, and 83.2% N,.
The cells were fixed with cold 50% acetone and 50%
methanol for 2 minutes. The serums from the pigs were
diluted 1:75 in sterile PBS. The diluted serum was
added to the wells at 0.01 ml/well. The plates were
then incubated for 30-60 minutes at 37° C. The plates
were washed 5 times with sterile PBS. To the wells,
0.01 ml/well of anti-swine IgG immunoglobulin
G~fluorochrome conjugate was added. The plate was
incubated for 30 minutes at 37° C. The plates were
washed 5 times with ddH,0 and allowed to dry. Samples
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washed 5 times with ddH,0 and allowed to dry..'sémﬁléé
were observed on a fluorescent microscope and the wells
in which bacteria were observed were labeled pdsitive,
and wells in which no~bécteria were observed were.
labeled negative. -

Results:
. 47 days
Group Day O 26 days Post-Vaccination
Post-Vaccination 21 days Post-
_ Challenge
Isi-1 0 of 15 6 of 15 8 of 10
Isi-2 0 of 10 3 0of 10 5 of 6
- Controls 1l of 15 0 of 15 9 of 10
Strict 0 o0f 5 0 of 5 0 of 5
Controls

Animals that ﬁere positive at day 0 were again
tested at weekly intervals. Results demonstrated that
all became serologically negative by 14 days
post-vaccination. This is not unexpected since the age
of the pigs at day 0 was three weeks and positive
results at that age could be due to maternal antibodies.

The serums were tested along with a positive
control serum obtained by hyperimmunizing a pig with L.
intracellularis grown in pure culture. Negative control
serum used was collected from a gnotobiotic pig at Soéuth
Dakota State University.
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Exanpl e 6 Swi ne Vaccine Efficacy Experinent 5

Pur pose: " The object of this study was to evaluate the
safety, persist¥WREEYPbni zati on and efficacy of an PCT/US96/09576
avirulent-live isolate and a killed isolate of L. 10

intracellularis.in pigs 2-3 weeks of age. A host ani nal . st udy
was conducted in which pigs 3 weeks of agelwere vacci nated t hen
exposed to a virulent challenge with L. intracellularis strain
N343 to conparge .dif:ferences in - protection between the vaccines.
15 ' The above description and examples are only

"illustrative of preferred embodiments which achieve the

_ objects, features, and advantages of the present

v i invention, and it is not intended that the present

5 invention be limited thereto. Any modifications of the
present invention which come within the spirit and scope
of the following claims is considered part of the
present invention.
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Met hods: On Decenber 11, 1995, a total of 45 pigs, 3

weeks of age were purchased fromH & K Farns. They were 20
transported to Veterinary Resources, Inc., a research facility

| ocat ed near Canbridge, |owa, where they were tagged to

i ndi vi dual | y icﬂﬂ%ﬂﬂpgngach pi g. The pigs were hel d BET/US1609576
facility for two days prior to initiation -of the study to all ow
acclimation to the facility and 25 were fed antibiotic-free feed
t hr oughout the study. Obdecenber 13; all pigs were

wei ghed, bled to collect serum clinically scored, and rectal
swabs collected. The pigs were then randonmy divided into
groups of five and Bea€d@8i®hto tubs. Twenty pigs were - . pl aced
into a separate room and were designated control and strict
control groups. Fifteen pigs were placed in WD 96/ 39629

PCT/ US96/ 09576 1. A method for cultivatingl L. intracellularis

second roomfor th Si-l.vaccine. Athird 1 had. ce - pigs for
CEOR “phdteriy Sndktofhd Phe R8T 2 cinsraringe SRt s
Labor at or Pes Researb#échedieate| aproxygehacohcentnation of less thdenabbigd as -
experinental serial |z | - s al ; : 45% ' rom
a pig and grown con%lé%%%%?ééi na;lmi ﬁaiﬂ%gin%%%r%a%%lk{a{ﬁte S %95%%%1@%?{%
vacci ne was grown i¥®e cultivate said bacteria. .

2. The method of claim 1 wherein said bacteria
10 are in culture cells which are maintained in suspension.

3. The method of claim 2 comprising the furthér
step of passaging a portion of said cells to fresh cells
to increase the production of L. intracellularis

15 bacteria.

4. The method of claim 3 comprising the further
step of harvesting:aftleast a portion of said cells.

20
5. The method of claim 1 wherein said L.
intracellularis bacteria is obtained from an animal
infected with L. intracellularis. .
25’ 6. The method of claim 5 where said animal is a
pig.
7. The method of claim 1 wherein said
incubation occurs at an oxygen concentration in the
30

range of from about 0 percent to about 8 percent.
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McCoys cells in spinner flasks at reduced oxygen until 10

approxi mately 100% i nfecti on was observed. A sanple of t he high
passage N343 strain used for 1Si-1 was passed an additional 11
weeks ("N343NP40mk"Liand deposi ted under the Budapest Treaty on
May 22, 1996 | WO%6@%2%CC, 12301 Parkl awn Drive, Rot&UPFHRIS7
Maryl and U.S. A 20852 15 and assi gned Accession Nunber 55783. The
cultures were harvested by centrifuging at 3000 x g for 20

m nut es. The pellets were reswspended in

Sucr ose- Phosphat e- d ut amat e sol ution (SPG with 10% FBS and
passed 4 tinmes through a 25 gauge needle. The 20 | ysates were

centrifuged at 500 X g forg5 nMijuW@%hbE of ‘claim 7 wikiredh thgddebris and
m crocarrier beads. The super nat ant was saved,and i%o;gd at
n

-70[err] Cunti| incubation Qogurs @kt 8P OXYEEHSAPIFHSEAEL0R. Fon where

it was £40GE€ b PNFrcHe abdiuit! Dagereént ral iaout23 percent.

The killed:vaccine (I1Si-2) was grown, passed for 12 weeks and

harvested in a simlar manner as above and was purified by a

percol gmadi ent. The purd f9.ed The method ofaclaim £ whegeihesaddocudture-70 C

until approxi mat el f ' ' i3 leChpihlo Was
YefPs are S%&éﬁﬁgﬁﬁgFgﬁ Shé fgﬁﬂ'Eﬂﬂéygtlﬁgvgrsﬁ&gi%h

stored at 4[err]C at nospheric oxygen

beconmes toxic McCoys, tand :IBGrtl8acelllakaris. Al OH was added to the
bacteri a to a final mxture of 10% A10OH Protein concentration
VWO 96/ 39629 ' . PCT/ US96/ 09576

55 was det er d%red The mgthed of Flaim fihgyein sald McCoys

Quantitatg on of Li¥gdl fe¢+1s assllsilatiel $hcubated on microcarriers.

11. The L. intracellularis bacteria grown

according to the method of claim 1.

15 ' 12. A method for cultivating L. intracellularis

bacteria comprising the steps of:

(1) inoculatinchuiture'cells.with an inoculum .
comprising L. intracellularis bacteria so as to infect
20 said cells with said bacteria; and

{2) incubéting said infected cells at a temperature of
from about 36°C to about 38°C in an oxygen concentration
of from about 0% to about 8% while agitating said

25 infected cells so as to cultivate the L. intracellularis

while maintaining said infected cells in suspension.

13. A method for producing an attenuated L.
30 intracellularis strain comprising obtaining culture
cells infected with L. intracellularis bacteria,
incubating said infected cells at an oxygen

concentration of from about 0 percent to about 18

I
| | |II|II| “II“I““ “Ill " l“l This Sheet Has Been Replaced




5 Quantitation of viable L. intracellularis was.

acconpl i shed by determ nation of the Tissue Culture I nf ectious
Dose 50 percent (TCIDlerr]). N nety-six well mcrotiter plates
were seeded with McCoys cells at 1250 cells/well and grown 18-24
hours prior to W& 28n. 10 The sanpl es were seri al | yPEFPS60857¢: 10
DVEM 5% FBS cont ai ni ng Vanconycin (100 [err]g/m) and
Anphotericin B (2.0 [err]g/m). Ihe dilutions were added to the
96 wel | mcrotiter plates with §%1 m/vell. Twelve

wel I s/dilution were used. The plate was i ncubated for 6 15 days at
37[err] C and gas concentrations of 8.0% (Jerr], 8.8% CJerr]

and 83.2% N[ err]. TRercents agitatingsadd HnfeckedoophietIMeas to and
50% net hanol for 2 @u’l‘&&%teTQai@%él@Eéﬁa Qide maJ.nta::.nJ.néff1 EELL] |1rﬁ.fected

anti-L. intracellularis nonoclonal anti body devel oped Dr
Steven MOrist) dil fedds1inosespengipnoPassaging ghsleaske® P aﬂ was

| ncﬁbg}ggd onr 30 M ¥alies caltivated. bacté’ﬂﬂ@lr lb]arge?lﬂﬁinél’@ﬁ Tesdeh ?pdﬁﬁm
W t nti-nouse 1.N uor pc one nj ate
(FITO) di 1t ed of saldlc‘ébt%ﬁgu %d%“g&e%a@saﬁﬁlﬁs ﬁ%‘{;t?&lg ed 30

m nut es. ac’ﬂte&ﬁheéd] sfrairﬂnetcplrmwims anaahednﬁatem with

ddH err] O and 25 g i\ﬂ ;PRF’%/ Sanpl es were observed on a

f | uor escent 1ntrﬁi°€11 5 $riarc Dierr]/n was deternined using
t he - Reed- Meunsch rret hod of cal cul ation. . TCl D50

results indicated that 1Si- 8 x10 acteria .. Afourth
i nocul um was a pl acebo and s dlagnosl‘:h&rtie\%:dff:roﬁ?f?géﬁég rc?[h‘? ure cells
processed@n the sapresence of antibodiesitHdte spectfbeslly react with L. WO
gg/ 39629 intracellularis in a biologicggrlsggfl 091':5 Pn.z:l.ng the L.
intracellularis bacteria produced according to the

method of claim 1 or a component of said bacteria.

15 - 15. A method for determining the presence of
antibodies that specifically react with L.

" intracellularis bacteria in a biological sample
comprising the-steps'of obtaining culture cells infected:
with L. intracellularis bacteria, incubating said

20 infected cells at an oxygen concentration of from about
0 percent to about 18 percent, agitating said infected
ceils so as to cultivate said L. intracellularis while
maintaining said infected cells in suspension,

25 ~ harvesting aF least a portion of said cultivated L.

intracellularis bacteria, obtaining a biological sample

from an animal, contacting said sample with harvested L.

intracellularis bacteria or a component derived '
therefrom under conditions whereby antibody present in

30 said biological sample reacts with said L.

intracellularis or said component, and determining if an
antibody-antigen reaction has occurred, thereby

e —
! I/I!/ ///I// II This Sheet Has Been Re
LTI 1)



The killed vaccine was tested for total protein content using

the Biurret nmethod and contained 0.311 nmg/ m . 5

The pigs were vaccinated on 12/13/95. The live _ vacci ne was al
given at a dose of 2 M INwth 1 - m /nostril. The ISi-2 &?llled)
vacci ne was gi V¥R 9¢5R629 with 1.5 nml/pig and again 14 FSTAISOHe%76
Al'l control animal s were given non-infected cells in the sane
manner 10 as the live vaccines. - Observation and

Sanpl es: Fecal swabs an®%erums were collected at 7 day
15 intervals throughout the study. The fecal swabs were

processed for PCR testing using the prinmer set,
5' - TATGGCTGT CAAACAGTE I ining the Presence5°fF@ﬂmﬂﬁﬂhﬁtﬁﬁﬁATTCTCI>3' for

the DNA anplificati ers were 93[err] Cfor 5
m nutes, 55 C for 4 6acellu'1anéseé'%§£ err] C for 45 seconds for
the first cycle. Thirty-three cycles were perforned at the
previously mentigged at GEBREEAL UESS iz&iué‘ﬁ:gs%%oﬂﬂﬁuﬁérresponse
terrperatu%e The final cycle was 93[err] C for 45 seconds,
55[err] Cor 45 to L. intraceddydarifidozctersy i@ ram aﬂlﬁﬁﬁuF%PrHJ-%rs
defined by 25 an d¥@tudedistrain of L., intAdEBIRNGSis in a

Al'l animals, except strict contrqls, were given a 30 chal | enge

culture 26 and 27 deRATBARquUtiGally,areRptable carrl%n?P@FPﬁﬁ g2ifow

passage cul tures ofattenudtet@itraiaris in an amountsidfieatidid48oaptodlicdI4
that were grown between 8 and 12 weeks continuously. The
cul tureslwere har ve e response.

17. The vaccine of claim 16 wherein said
attenuated strain is produced according to claim 13.

15

18. A vaccine for inducing an immune response
" to L. intracellularis bacteria in an animal comprising
killed L. intracellularis bacteria in a pharmaceutically
acceptable carrier, wherein said bacteria is produced
20 according to the method of claim 1 and is in an amount

effective to produce an immune response.

19. The vaccine of claim 16 or 18 wherein said
25 L. intracellularis infecting said culture cells is
prepared from an intestinal homogenate of an animal

infected with L. intracellularis.

’ 30 20. The vaccine of claim 16 wherein said
attenuated strain is strain N343NP40wk.

—
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WO 96/ 39629 ' PCT/ US96/ 09576

57 centrifuging at 3000 x g for 20 mnutes. The pellets

wer e resuspended in Sucrose-Phosphat e-d utamate sol ution ( SPG
with 10% fetal bovine serum and passed 4 tines t hrough a 25
gauge needl e. Spgvesvsvested cultures were 5 stored Gern9ehesst i |
time of challenge while others were grown until the day of

chal | enge and harvest ed. Chal | enge i nocul unms were conbined and
TG D err] of the o cultures were @gterm ned. The sanples were
stored on ice until adm nistered. 10 Chal | enge
culture given on 1/8/96 consisted of 4 X : 10[err] bacteria/m and

chal | enge cul ture giyen on #/19/ oq qu}“’dcﬁ indud JaQ{ Q%Q%ggﬁéﬁé to

The pigs were g| ven.15 mni enge o S via gastric
| avage. The ani mal s IL5 intracellilasischacivexti® i k0] am}naﬁacbmpraspng and
4.7 x 1 0[err] . gﬂig?g | GO V&t Y

Resul.t s: 20 admini E‘ )93 aR Ji@éigéaﬂ']fj elj—f%ﬁ%qg resu 8}:5 the
Det ection-of L. intreassting ofi claim 16 or 1§ stohgHcRamdmedst rated that no

pi gs were ghedding the 25 bacteria at the begi nning of the study.
At seven days - post - vacci nation all pigs were negative. Fourteen
days © post-vacci n#?-on®3 pHteatatethstugin pFogsedepgcording to
posi ti ve. Two ani naltg-,é/\mea;m@sbtfl veai®m ihe 1Si-1 group 21 days
post-vaccination and all other pigs negative. 30 -At day 26
post -vacci nati on no ani mal s were sheddi ng t he bacteria as
detected by PCR Twenty-six day

10

15

1 I AT

20
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post -vacci nati gn [5 pigs fromgroygps 1Si-1 and controls ﬂaaéQ?g’S'
pi gs fromgroup I{Sigad yweme99kcriogsi ed. Sanpl es WO 96/ 39?%903
PCT/ US96/ 09576 58 '

col l ected were i |'eumr——Cotom—TEsgnteric | ypph kﬁdn SRk t.onsi

as well as lung| sanples frompigd with |esjo PLACEMENT- SHEBTS olf6 f or
pneunoni a. 5 PCR testing h@‘i‘*ﬂ‘:ﬁ?m paged Re. tonpiged dual

ileum WHAT IS CaAd %arrpl es. Tonsil, agl@ﬁlmfahd | pagpdl ..nodepagedr.e.

pool ed by treat rre'ﬁtls
testing are bel ow.
Mesenteric

G oup
of 5

Strlct
t est

FORABstratd eunpaged 7 to paged .—
ays Post-} Col on Tonsil Lyrrph Lung
Vacci nat i on I ed PooI ed | Bagkeor 1
of 1 REQEIE,T .............

dper f or mefl, DAdeaming(s)of paged . o g;gctihe ACR

An aO(d.rruﬂ.ent straéynt Lawsq;u@: 51ntrace17u arls,

whﬁgetlg tsald ava.gulent Ostra:Hb il.gstls Lﬁgsonla J.nt&ﬁﬁ%%larls

UiCace! 0 &ZA
t he |Ieunsb\%grl§ s?%ﬁrarl\lla B NG 55578% %rrr[?‘noc?onaﬁsant y spemé?l C for

L.

strain BavAGEY Uhadss a2 tl%rﬁrl'f'%.rrﬁé' IR A Y MUK Sosit
strain ATCC No. 55783.

2. A vaccine for the immunization of an animal, comprising
a pharmaceutically effective amount of an avirulent strain of
Lawsonia intracellula.fis, wherein said avirulent s-train' is
Lawsonia intracellularis deposit strain ATCC No. 55783 or a
Lawsonia intracellularis strain having all of the identifying
characteristics of deposit strain ATCC No. 55783, and a

pharmaceutically acceptable carrier.

3. Use of an immunogenic composition containing an
avirulent strain of Lawsonia intracellularis, wherein said
avirulent strain is Léwsonia intracellularis deposit strain ATCC
No. 55783 or a Lawsonia intracellularis strain having all of the -
identifying characteristics of deposit strain ATCC No. 55783 for

stimulating the immune system of an animal to respond to an

immunogenic antigen of pathogenic Lawsonia.

4. A method for making an attenuated Lawsonia
intracellularis strain, comprising the steps of incubating

Lawsonia in culture cells which are_in susgpension at an oxygen
_ REPLACED SHEETS SG

ARG 0 o syt = o 5.

[} Drawing(s) pacrcd ........ to paged vrereenes
1) Abstract pqg«f'd e, 10 paged ..




I mmunogl obul i n G f1 uor ochr one cohjugatb as 'the secohdary PLACENE»@;SHEET
. L.

antirbody:. . L. intracellularis were observed in 3 of the

pigs fromlISi-1. Al other pigs were negative by fl uorescent
anti body stai ni ng. The remai ni ng pigs weré Betrldpsiood 2&
days afterogoentrationciofl lesge thaa aboutai® pemsiesd .werelcdll ected for
evaluation. PCRresults are |isted below. . 96/ 39629

PCT/ US96/ 09576 59

PCR of Il eum Mesenteric days Post -

Col on Tonsi| Lynph B@e meffipd of claim 4 Q?WREFS1@%a¥h§n§BrthFBoF§8PP8§Ied

Pool ed Sgggagegs 3 poBtan o% sald cef&s to fresh ceiis to 1ncrease the

Cont ol 5 Pr°é0%%%é?‘ of L. intracel lu(iarl._'lﬁ g}%tegl&. the ileums were )

perforned as stated above with 7 of 10 aninmals positive in the
cont rol group. Al other animals were negative for the presence

of L. intracel gyl arifhe mb2hod of claim 4 whéR8iBeEHIURS GREKEGe1L149%s
-anti body production by
bacteria is obtained from an animal infected with L.

intracellularis.

7. The method of claim 4 wherein said incubation occurs
at an oxygen cencentration in the range of from about 0 percent

to about 8 percent.

8. The method of claim 4 wherein said incubation occurs
at an oxygen concentration in the range of from about 0 percent

to about 3 percent.

9. The method of claim 4 wherein said culture cells are

selected from the group consisting of HEp-2, McCoy and IEC-18

cells.

10. The method of claim 9 wherein said McCoy and IEC-18

cells are incubated on microcarriers.

~11. A method for making a vaccine for inducing an immune
response to L. intracellularis bacteria in an animal, comprising

the steps of
_____—______________
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the pigs after exposure to L. intracellularis. The test was set
up by seeding tissue culture treated Terasaki pl ates with M Coys
cells at 125 cells/well and grown 20 18-24 hours prior to -
infection. A pure culture of L. intracellularis diluted to
1000- 3000 bact eri aliticubatdvgVLawsonia bactwéetba S cefltureovehdsswhiich whse
then added to the wells with 0.01 mM/well. The plate was

i ncubat ednf suspetmion at an oxygen gesncenmtratiatni ofis lebss thEnOadadt 8L8%
CJerr] and 83.2% N2. 25 The cells were fixed with cold 50% acet one
and 50% percent torsudrictatieomaidribagteriahandruns fromthe pigs were
diluted 1:75 in sterile PBS. The diluted serum was added to the
wells at 0.01 m/well. The plates were t hen i ncubated for 30-60

m nutes at 37[err] C. The plates .30 wer e washed times with
Ctorile pBs. miging saifscultivaced bacherhs, s or BhATERIREARILY

I mmunogl obul i n G fluorochrone conjugate was added. The pl ate was

i ncubat e&cf"&ptfﬁ)lrﬂ rﬁ?tréfsied:[‘ 37[err] C. The plates were ' washed 5
times with ddH err] O and all owed to dry. Sanpl es WO 96/ 39629
PCT/ US96/ 09576 60 washed 5

times wth ddifzerr ]'I(ﬂea%tﬁldd)‘ﬁj 1% |5f|]-1S whATR 165 said Lawso: HASE L d

on a fluorescent m croscope a the we acteria were

obser ved jgepe-hRRRIE E MAb idd iditestinal honifbnitld of n\irtin0-RkdArda
wer e observed were 5 | abel ed negati ve. Resul ts:

47 days with L. intracellularis.

13. The method of claim 12 wherein said Lawsonia bacteria
ig selected from the group consisting of Lawsonia intracellularis
deposit strain ATCC No. 55783, a Lawsonia intracellularis strain
having all of the identifying characteristics of deposit strain
ATCC No. 55783, Lawsonia intracellularis deposit 'strain No.
55672, and a Lawsonia intracellularis strain having all of the

characteristics of deposit strain ATCC No. 55672.

14. A method for cultivating Lawsonia intracellularis

comprising:

infecting cultured cells with an inoculum comprising
Lawsonia intracellularis, incubating said infected cells at an
oxygen concentration of 1less than about 18 percent while
maintaining said infected cells in suspension by agitation of
said cells for a sufficient period of time to increase the

production of said Lawsonia intracellularis, and harvesting at

least a portion of said Lawsonia intracellularis. e ‘. o ~"-'_--
REPLACEMENT SHEET|
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10 G oup Day O ' : 26 days Post - Vacci nati on
Post - Vacci nati on 21 days Post -

Chal | enge ' ISi-1 0 of 15 6 of 15 8 of 10
ISi-2 0 of 10 3 of 10 5 of 6 ' Controls 1 of 15
0 of 15 15. 9Thé Wiéthod of claimbtld ethereir)safidsinfectedOcells are

0 of 5 15 Control s Ani mal s that were positive
at day 0 iweeubagedinakoan oxygent geneentragdorl gbpiecabgus. 2 Rexgenst.
denonstrat ed t hat all becane serologically negative by 14 days
post-vaccination. This is not unexpected since the age of the

pigs at day 0 was three weeks and positive . esults af that  age
Dol d be due 156 nat SRRCREERPRLGH; claipsid “conprising théTdEed OF paggiad

et R BB R Eoivacea sfROEEL FFAPEI QAR o rees
cul ture. c&%ééf 2% %0{,&? furthermgﬁ%ggg?éedtlﬁ?? \ngscillﬁy:[:.% FE8M Baia

ghotobiotiC prg ate

VO 96/ 39689wsonia intracel ularés. o PCT/ US96/ 09576

61 The above description and exanples are only
illustrative of preferred enbodi nents which achi eve the obj ect s,
features, and advantages of the present invention, and it is not

i ntended that ifte prheenmethod of <¢Dadmti 8 bevHar@ired ddid et Dawsdhya
nodi fi cati ons of the
intracellularis is obtained from an animal infected with Lawsonia

intracellularis.

18. The method of claim 17 where said animal is a pig.

19. The method of claim 14 wherein said ILawsonia
intracellularis comprises the Lawsonia intracellularis strain
deposited in the American Type Culture Collection under ATCC

Accesgion No. 55672.

20. The method of claim 14 wherein said incubation occurs
at an oxygen concentration in the range from about 4 percent to
about 10 percent and a carbon dioxide concentration in the range

from about 4 percent to about 10 percent.

21. The method of claim 20 wherein said incubation occurs
at an oxygen concentration in the range from about 5 percent to
about 8 percent and a carbon dioxide concentration in the range

from about 6 percent to about 9 percent.

REPLACEMENT SHEET
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present invention which come within the sptrit and scope of the
followng clains is considered part of the present invention
10 15 20 25 30

22. The method of claim 14 wherein said cultured cells are
selected from the group consisting of HEp-2, McCoy, and IEC-18

‘cells.

23. The method of claim 22 wherein said McCoy and IEC-cells

are cultured on microcarriers.

24. A method of cultivating Lawsonia intracellularis

compriging:

(1) inoculating cultured cells with an inoculum comprising

Lawsonia intracellularis;

(2) incubating said infected cells at a temperature of

about 36°C to about 38°C in an oxygen concentration of less than

about 18%;

(3) agitating said cells for a sufficient period of time

to increase the production of Lawsonia intracellularis; and

(4) harvesting at 1least a portion of said Lawsonia

intracellularis.

25. The method of claim 24 wherein said infected cells are

incubated in a spinner flask.

26. The method of claim 25 wherein following step (3) the
volume in the spinner flask is gradually increased using

additional growth media.

REPLACEMENT SHEET
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wherein said avirulent strain is is Lawsonia intracellularis deposit
strain ATCC No. 55783 or a Lawsonia intracellularis strain having all of
the identifying characteristics of deposit strain ATCC No. 55783.

2. A vaccine for the immnization of an aninmal, conprising a

phar maceut i cal By .ef Thet i methodumf ofclaimyvRbul ehérginaisaind ibmesdum is
intracellularis, wherein said avirulent strain is Lawsonia intracellularis
deposit sPreparedCbyMo. 55783 or a Lawsonia intracellularis strain having
all of the identifying characteristics of deposit strain ATCC No. 55783,
and a pharnaceutically acceptable carrier. 3. Use of an

I nunogeni ¢ 03|t|on cont ai nin ent strain o oni a

1 8 an QVH%; L?FB
|ntraceIIuIaH wharechlating a, FrifuredsiGell, renelaxeh; yhich is at
t [ 1 | t 55783 Laws . .
i1 acel | BEAPE a?}d”ﬁitsé%ie%%g% ! Sgne aney sl A IR o pruprieing

deposi t SLE%%BnéLCQnM%aégiy%ig: 's so as to infect said cells, and

(b) incubating said infected cells at a temperature of
about 30°C to about 38°C at an oxygen concentration of less than

about 18 percent until said cells reach confluency.

28. The method of claim 24 wherein said inoculum is

prepared by :

(a) growing Lawsonia intracellularis infected cells in a

suspension culture, and
(b} freezing said infected cells.

29. A vaccine for inducing an immune response to L.

intracellularis bacteria in an animal, comprising:

a strain of Lawsonia intracellularis having the
phenotype of L. intracellularis deposit strain ATCC No. 55783 of
failure to cause porcine profilerative ~ enteropathy when
administered to pigs and ability to provide a protective effect
against porcine profilerative enteropathy when administered to

a pig at a dose of about 10° or more bacteria,

——— __ |REPLACEMENT SHEET
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stinmul ating the i mune system of an ahimal to respond tfg
ant.i gen, of pat hogeni c Lawsoni a. 4. A nethod ‘ s -
att enuat ed Lawsonia intracellularis 'strain, conpri|sijng the steps |of
i ncubating Lawsonia in culture cells which are in susdersi @4 $Nd#%xygen

63 concemmdataophafmaeeatnbah1xbaacep8ap@ecGﬂrrler 4. The net hod |of
claim4 conprising the further step of passaging a porftion of said cells
to fresh cells to increase the production of L. intradellularis bhacteria.

6. The nethod of claim4 wherein sajd L. intracgellularii,s bacter '
obtained frodP-anThanvRerinepEGkrim g% wherein, spicAPERafF <2 Sode 16> 7

The nmethod of ¢laim4 wherein said incubation occurs
bacteria.

31. The vaccine of claim 29, wherein said phenotype is

stable upon backpassage in pigs.

32. The vaccine of claim 29, wherein the said phenotype is

stable upon in vitro passage up to at least 11 times.

33. The vaccine of claim 29, wherein said Lawsonia

intracellularis strain is PCR posgitive using the primer pair

5’ - TATGGCTGTCAAACACTCCG-3' and

5’ - TGAAGGTATTGGTATTCTCC-3'.

34. The vaccine of claim 29, wherein said Lawsonia
intracellularis strain is positive by immunofluorescence using

anti-I. intracellularis monoclonal antibody.

35. The vaccine of claim 29 wherein said vaccine comprises
a killed Lawsonia intracellularis strain and said phenotype is

a characteristic of said strain prior to being killed.

36. A diagnostic test for detecting the presence of
antibodies that specifically react with L. intracellularis in a
biological sample utilizing the L. intracellularis bacteria

produced according to the method of claim 4 or a component of

- This Sheet Has Been Rerilace
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at an oxygen cencentration in the randge of” from about 0 percent to about 8

pereent - 8. The nethod of claim4 wherein said incubation occurs
at an oxygen concentration in the range of fromabout O percent to about 3
per cent . 9. The nethod of claim4 wherein said culture cells are

sel ect ed BRdM blﬁ@t@rr(;@p consi sting of HEp-2, McCoy and I EC-18 cells.
10. The nethod of claim9 wherein said I\/bCoy and |EC-18 cells are

i ncubat ed on nmicrocarriers. 11. A nethod for nmeking a vaccine for
i nduci ng anlmTune response to L. intracellularis bacteria.i n aninal ,
conpri si ng the? Ste u(# or determining the presence of antibodigs that

specifically react with L. intracellularis bacteria in a
biological sample comprising the steps of obtaining culture cells
infected with L. intracellularis bacteria, incubating said
infected cells at an oxygen concentration of from about 0 percent
to about 18 percent, agitating said infected cells so as to
cultivate said L. intracellularis while maintaining said infected
cells in suspension, harvesting at least a portion' of said
cultivated L. intracellularis bacteria, obtaining a biological
sample from an animal, contacting said sample with harvested L.
intracellularis bacteria or a component derived therefrom under
conditions whereby antibody present in said biological sample
reacts with said L. intracellularis or said component, and
determining if an antibody-antigen reaction has occurred, there
by determining the presence of antibody to L. intracellularis in

said sample.
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i ncubating Lawsonia bacteria in culture cells which are in suspenﬁaﬂ@)g‘{

an oxygen concentration of |ess than about 18 percent to cultivate s?
bacteria, and m xi ng said cultivated bacteria with a fos
pharmaceutically acceptable carrier. +2—-The.nethod of claim 1l

wherei n said Lawsoni a bacteria is prepaggd frjom MPLAKEME%S}IEE’ﬁﬁgeme
of an animal infected wth L. intracellularid.O Descftptmn?,paeeﬂhe.’ tephad

claim 12 wheeins sahdMEBWSSRi a bacteria is sqUEECkdmes)ont pldgédtep pa sed é‘}
consisting of Lawsonia intracellularis deposiit BsDrawingB) Cpagdyd. ,::,5@7 ggbém—:
Lawsoni a intracellularis strain having all off Chabiteent | f¥idd .~ to paged —
characteristics of deposit strain ATCC No. 5‘ 783, Lawsonia 1nt race Ul ari s

deposit strain No. 55672, and a Lawsonia i nwfﬁgf R%(%Iﬁl meyfql Lal I
7 ANENAR AL L saevachefiPhrcanens

of the <characteristics of_ dﬁgosm strain

met hod for cul ti'vat PRy BXWEBATEL | §tradl | arlla'g"soé’&ﬁ'prrlé‘itﬁﬁcell'ﬂa“s'

wherein said avirulent strain is is Lawsonia intracellularis

deposit strain ATCC No. 55783 or a Lawsonia intracellularis
strain having all of the identifying characteristics of deposit

strain ATCC No. 55783.

2. A vaccine for the immunization of an animal, comprising
a pharmaceutically effective amount of an avirulent strain of
Lawsonia intracellularis, wherein said évirulent strain is
Lawsonia intracellularis deposit strain ATCC No. 55783 or a
Lawsonia intracellularis strain having all of the identifying
characteristics of deposit strain ATCC No. 55783, and a

pharmaceutically acceptable carrier.

3. Use of an immunogenic composition containing an
avirulent strain of Lawsonia intracellularis, wherein said
avirulent strain is Lawsonia intracellularis deposit strain ATCC
No. 55783 or a Lawsonia intracellularis strain having all of the
identifying characteristics of deposit strain ATCC No. 55783 for
stimulating the immune system of an animal to respond to an

immunogenic antigen of pathogenic Lawsonia.

4. A method for making an attenuated Lawsonia
intracellularis strain, comprising the steps of incubating

Lawsonia in culture cells which are in suspension at an oxygen

REPLACEMENT SHEET
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infecting cultured cells with an inoculum conprising Lawsonia

i ntrdcel tularis, incubating said infected cells at an oxygen conceritrati on
of | ess than about 18 percent while maintaining said infected cells in
suspensi on by agitation of said cells for a sufficient period of tine to
increase the production of said Lawsonga intracellularis, and harvesting
at least a portion of said Lawsonia intracellularis.

65 asncerer atstdrodfofl eglsaitimand allouteil8 pardenhfected cells are

I ncubat ed at an oxygen concentrati on above about 2 percent. 16. The
nmet hod of claim 14 conprising the step of passing a portion of said

cultivated Lawsoni intragelJularis to fresh cultured cells to further

et baoe the 15 oaue eibad, (b d it 4 [Sathridting e, iirthet® stdo BE 11

nmet hod of_ ¢l aj 4 in_said i in I [ iS obtain from

T mlpa}.iﬁgée%@[ré% ax%t%%‘ékg)\rl\lsggisa&fa"s&eﬁl% ddeacql Luh aLi s, 1§, Qptaingd
production of L. intracellularis bacteria.

6. The method of claim 4 wherein said L. intracellularis
bacteria 1is obtained from an animal infected with L.

intracellularis.

7. The method of claim 4 wherein said incubation occurs
at an oxygen cencentration in the range of from about 0 percent

to about 8 percent.

8. The method of claim 4 wherein said incubation occurs
at an oxygen concentration in the range of from about 0 percent

to about 3 percent.

9. The method of claim 4 wherein said culture cells are
selected from the group consisting of HEp-2, McCoy and IEC-18

cells.

10. The method of claim 9 wherein said McCoy and IEC-18

cells are incubated on microcarriers.

11. A method. for making a vaccine for inducing an immune
response to L. intracellularis bacteria in an animal, comprising

the steps of

REPLACEMENT SHEET
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Intracellularis. 18. The method of claim 17 where said aninmal is a
pig.’ ) 19. The nmethod of claim 14 wherein said Lawsoni a i
intracellularis conprises the Lawsonia intracellularis strain deposited in
the American Type Culture Collection under ATCC Accession No. 55672.

20. The nethod of claim 14 wherein saié4incubation occurs at an oxygen
concentration in the range from about 4 percent to about 10 percent and a
carbon di oxi de conterfAubativg hawadreia bagberfacin svdgurs peltenthitah abeut 10
percent. 21. The nmethod of claim 20 wherein said incubation occurs
at an ox}BefUEBRBEAPRafFoAN RXYHENr SAFECRESAT 4BBUPL51BEECERANt BPOUbORS 8

percent and a carbon djoxi de copngcentration in the range from about 6
er cont BBYagnt: 8 Pultonpte SIS Pacrsd, and

mixing said cultivated bacteria with a pharmaceutically

acceptable carrier.

12. The method of claim 11 wherein said Lawsonia bacteria
is prepared from an intestinal homogenate of an animal infected

with L. intracellularis.

13. The method of claim 12 wherein said Lawsonia bacteria
is selected from the group consisting of Lawsonia intracellularis
deposit strain ATCC No. 55783, a Lawsonia intracellularis strain
having all of the identifying characteristics of deposit strain
ATCC No. 55783, Lawsonia intracellularis deposit strain No.
55672, and a Lawsonia intracellularis strain having all of the

characteristics of deposit strain ATCC No. 55672.

14. A method for cultivating Lawsonia intracellularis

comprising:

infecting cultured cells with an inoculum comprising
Lawsonia intracellularis, incubating said infected cells at an
oxygen concentration of 1less than about 18 percent while
maintaining said infected cells in suspension by agitation of
said cells for a sufficient period of time to increase the

production of said Lawsonia intracellularis, and harvesting at

least a portion of said Lawsonia intracellularis.

REPLACEMENT SHEET
_\

A o -."E 1o APk 20




66 22. The nmethod of claim 14 wherein said cultured cells are
sel ected fromthe group consisting of HEp-2, MCoy, and | EC-18 cells.
23. The nmethod of claim 22 wherein said McCoy and I|EC-cells are cultured

on mcrocarriers. 24. A nmethod of cultivating Lawsonia
intracellularis conprising: (g9 inoculating cultured cells with an
i nocul um conprising Lawsonia intracellularis; (2) incubating said
infected cell s%t &heempshaduré olaimbduwhesednr &idolinkrriedyiedls €ren an
oxygen concentration of |less than about 18% (3) agitati ng sai d
cell's forlf%f"éi?ftfqdc|aé3nta“pé¥'<iY<Sf§noF°PFﬁEtrﬁ'élPﬂc?]@‘a§% %b@utbr%mqw

Lawsoni a intracellularis; and (4) harvesting at least a

portion of said Lawsoni a
16. The method of claim 14 comprising the step of passing

a portion of said cultivated Lawsonia intracellularis to fresh
cultured cells to further increase the production of said

Lawsonia intracellularis.

17. The method of claim 14 wherein said ILawsonia
intracellularis is obtained from an animal infected with Lawsonia

Intracellularis.

18. The method of claim 17 where said animal is a pig.

19. The method of c¢laim 14 wherein said Lawsonia
intracellularis comprises the Lawsonia intracellularis strain
deposited in the American Type Culture Collection under ATCC

Accession No. 55672.

20. The method of claim 14 wherein said incubation occurs
at an oxygen concentration in the range from about 4 percent to
about 10 percent and a carbon dioxide concentration in the range

from about 4 percent to about 10 percent.

21. The method of claim 20 wherein said incubation occurs
at an oxygen concentration in the range from about 5 percent to
about 8 percent and a carbon dioxide concentration in the range

from about 6 percent to about 9 percent.
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intracellul ari s. 25. The nethod of claim24 wherein said infected

cells are incubated in a spinner flask. 26. The nethod of claim25
wherein following step (3) the volunme in the spinner flask is gradually

I ncreased using 67 27. The

nmet hod of claim 25 wherein said inocul 6 is prepared by: (a)

i nnocul ating a cultured cell nonol ayer which is at _|east about 30 percent
confl uency wi 2% -an TlhﬁoE‘GFBﬁfic%Frmlr%Ji‘th waﬂgéﬂrlaSﬁmir%Jetwmcarqesll@aag to
i nfect s I ncubatin id_infected cells at a

lls
.terrperat?ﬁ‘eg 5 dal’fctﬁ?f“ §6’[eer9rr°(";‘pt(5') ORFIFE 18 & r Pat raNc6y ge Ao &S Bat i on

of less Egﬁﬂs_about 18 percent until said cells reach confl uency.

23. The method of claim 22 wherein said McCoy and IEC-cells

are cultured on microcarriers.

24. A method of cultivating Lawsonia intracellularis

comprising:

(1) inoculating cultured cells with an inoculum comprising

Lawsonia intracellularis;

(2) incubating said infected cells at a temperature of
about 36°C to about 38°C in an oxygen concentration of less than

about 18%;

(3) agitating said cells for a sufficient period of time

to increase the production of Lawsonia intracellularis; and

(4) harvesting at least a portion of said Lawsonia

intracellularis.

25. The method of claim 24 wherein said infected cells are

incubated in a spinner flask.

26. The method of claim 25 wherein following step (3) the

volume in the spinner flask 1is gradually increased using
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28. The nethod of claim 24 wherein said inoculumis prepared by

(a) growing Lawsonia intracellularis infected cells in a suspension
culture, and (b) freezing said infected cells. 29. A
vacci ne for inducing an imune response to L. intracellularis bacteria in
an ani mal, conpri sing: a §train of Lawsoni a
intracellularis having the phenotypg of L. intracellularis deposit
strain ATCC N&7-5578%8 orethed| @gfe £dadmusd pothensdnpr8diferigiqapdum is

ent eropat hy when _administered to pigs and ability to provide a protective
ef f ect SRRGEDEHNCi ne profilerative enteropathy when adninistered to a
pig at a dose of about 10[err] or nore bacteria,

(a) innoculating a cultured cell monolayer which is at
least about 30 percent confluency with an inoculum comprising

Lawsonia intracellularis so as to infect said cells, and

(b) incubating said infected cells at a temperature of
about 30°C to about 38°C at an oxygen concentration of less than

about 18 percent until said cells reach confluency.

28. The method of claim 24 wherein said inoculum is

prepared by :

(a) growing Lawsonia intracellularis infected cells in a

suspension culture, and
(b} freezing said infected cells.

29. A vaccine for inducing an immune response to L.

Iintracellularis bacteria in an animal, comprising:

a strain of Lawsonia intracellularis having the
phenotype of L. intracellularis deposit strain ATCC No. 55783 of
failure to cause porcine profilerative enteropathy when
administered to pigs and ability to provide a protective effect
against porcine profilerative enteropathy when administered to

a pig at a dose of about 10° or more bacteria,
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and a pharnmaceutically acceptable carr
29, wherein said dose is about 10[err]
of claim 29, wherein said phenotype is

i er.

-1

30 The vaCC|ne of claim

bacteria.
st abl e upon bac

E@ME

32. The vaccine of claim?29, wherein the said phenotype|i
vitro passage up to at least 11 tines. 33. The v43
wherein said Lawsonia intracellularis strain is PCR pos
primer paénd a phamnac IR -

sTabl € upon

| n¢ ¢PAPR! 2BEM 4
I ve using t he

CGC
| t
5I

TGAAGGTATTGGTATTCTCC- 3' . 34. The vaccine of claim 29, wherein sai

M’S&Fﬁ

9,

d

Lawsonia intracellularis strain is posi tive by i mmunofl BSCEence using
anti-L. intragﬁ;lul ri s._monocl onal ; ant i.bhod 5. The vacgcine. of
claim29 whereal b sailf VRESLE g ?§%§£9 ¥herein salé dose is about 18
bacteria.
31. The wvaccine of claim 29, wherein said phenotype is

stable upon backpassage in pigs.

32. The vaccine of claim 29, wherein the said phenotype is

stable upon in vitro passage up to at least 11 times.

33. The vaccine of c¢laim 29, wherein said Lawsonia

intracellularis strain is PCR positive using the'primer pair'

57 - TATGGCTGTCAAACACTCCG-3/ and
57 - TGAAGGTATTGGTATTCTCC-~3".
34. The wvaccine of c¢laim 29, wherein said Lawsonia

intracellularis strain is positive by immunofluorescence using
anti-IL. intracellularis monoclonal antibody.
35. The vaccine of claim 29 wherein said vaccine cowmprises
a killed Lawsonia intracellularis strain and said phenotype is
a charactéristic of said strain prior to being killed.

36. A diagnostic test for detecting the presence of
antibodies that specifically react with L. intracellularis in a
intracellularis bacteria

biological sample utilizing the L.

produced according to the method of c¢laim 4 or a component of

0
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a killed Lawsonia intracellularis strain and said phenotype is a
charactéristic of said strain prior to being killed. 36. A

di agnostic test for detecting the presence of antibodies that specifically
react with L. intracellularis in a biolggical sanple utilizing the L.
intracellularis bacteria produced according to the method of claim4 or a
conponent of ) 69 said bacteria.

37. A usesR3€@ ®ac&eFiipi-ng the presence of antibodies that specifically
react with L. intracellularis bacteria in a biological sanple conprising
the steps of obtaining culture cells infected wwth L. intracellularis
bacteri a, incugatin said. infected cells.at an 04%%§n con

S L nf € R 1.0 n ePtratiog o£
from about 0 pércent” "F8 sﬁﬁu Eﬁfﬁﬁﬂ%ﬁﬁu, Qg §§i8 My 88%85 BfFs so
as to cu gﬁa\éﬁtf‘i.cﬁi'lg LyeLBEragalj ul ari SirWﬂLalceeiﬁlﬂz?i's“' BchEQFQ. | phected
cell's in stspension, “harvesting at |east a portion of sal cultivated L.
intracel | yhianbgibadt 84hsle Fmpricidgar R QP LBE obtaining culture cells

infected with L. intracellularis bacteria, incubating said
infected cells at an oxygen concentration of from about 0 percent
to about 18 percent, agitating said infected cells so as to
cultivate said L. intracellularis while maintaining said infected
cells in suspension, harvesting at 1least a portion of said
cultivated L. intracellularis bacteria, obtaining a biological
sample from an animal, contacting said sample with harvested L.
Iintracellularis bacteria or a component derived therefrom under
conditions whereby antibody present in said biological sample
reacts with said L. intracellularis or said component, and
determining if an antibody-antigen reaction has occurred, there

by determining the presence of antibody to L. intracellularis in

said sample.
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sanpl e froman‘animal, contacting said sanple with harvested L.
I ntracel lul ari:s bacteria or a conponent derived therefrom under
in said biological sanple
and determning if an anti bogls

wher eby antibody present

i ntracel |
reaction
i ntracel |

)

ularis or said conmponent,
has occurred, there
ularis i P

by determ ning the presence of an
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