WD 2010/ 054437PCT/ AU2009/ 001482 - 1 - VACCI NE STRAI NS OF BRACHYSPI RA
HYOCDYSENTERI AE FI ELD 5 The present invention relates generally to vaccine
strai ns oVOBpealsyspi ra hyodysent eriae. | NTRODUCTI ON 10 BCRAURSI 008482
hyodysenteriae is an anaerobic intestinal spirochaete that infects a numnber
of manmmal i an and avi an speci es of animal and causes diarrhoeal diseases. A
wel | studied exanple is swine dysentery (SD), a significant endem c di sease

of bros 1o ustrall avABETHRY LiWhIRSCRYSBRALAYEY TR, HYBOYSRRtiRRIAR | T ecti on
in pigs. SDis a con

characterised by extensive inflanmati on and necrosis of the epithelial
surface of therkapge intestine. Economc |osses due to SD result mainly
fromgrowh retardation, 20 costs of nedication and nortality. Wiere SD is
established in a piggery, the disease spectrumcan vary frombeing mld,
transi ent or Thappaeseht tiaveeitignseedneesndenwvealligt ab. vabclikdi satradns

strategies in Ean& gggéggjggsgbs%eg%%rn?%k clinical signs and in sone
0 on

pi ggeries SD nay ice nay y ‘be suspected. Wether or not
obvi ous SD occurs, B hyodysenteri ae may persist in infected pigs, or in
ot her reservotﬁTﬁggbénggh as rodents, or in the 30 environment. Al these
sources pose poremtar for transm ssion of B. hyodysenteriae to uninfected
herds. A nunber of methods are enployed to control SD, varying fromthe

prophyl actd c Bi’ﬁcﬁjfspﬂ&'lanhﬁjb@%&ht%g&absa.st an3aneempbeteifesteckhang of
i nfected herds and re-entr i nf cted carrier _pi I
these optionsSBFE® 8 %b gn&nF ﬁESCSHéHWLﬁ cgﬁggaiéaBeaP I%Vlan
effective species of anlmal and causes d1arrhoea1 diseases. A well
studied example is swine dysentery (SD), a significant
endemic disease of pigs in Australia and worldwide caused
15 by B. hyodysenteriae infection in pigs. SD is a-
contagious mucohaemorrhagic diarrhoeal disease,
characterised by extensive inflammation and necrosis of
the epithelial, surface of the large intestine. Economic
losses due to SD result mainly from growth retardation,
20 costs of medication and mortality. Where SD is
established in a piggery, the disease spectrum can vary
from being mild, transient or unapparent, to being severe

and even fatal.

25 Medication strategies in individual piggeries may mask
clinical signs and in some piggeries SD may go unnoticed,
or may only be suspected. Whether or not obvious SD
occurs, B. hyodysenteriae may persist in infected pigs, or
in other reservoir hosts such as rodents, or in the

30 environment. All these sources pose potential  for

transmission of B. hyodysenteriae to uninfected herds.

A number of methods are employed to control SD, varying
from the prophylactic use of antimicrobial agents, to

35 complete destocking of infected herds and prevention of
re-entry of infected carrier pigs. All these options are

expensive and time consuming because to be fully effective



WO 2010/ 054437PCT/ AU2009/ 001482 -2- they require the use of sophisticated
di agnostic tests to nmonitor progress. The "gold standard" for the control
of di seaswe 208usets7by B. hyodysenteriae woul d be the useCofatzomsaocisne to
provide animals with imunity, preventing B. hyodysenteriae col onisation
and/or disease. Hstorically, the nost effective and efficacious vaccines
hav_?_hbeen live attenuated versions of virulent strains of mcroorganisms.
io ese vacci.nes activate.all ph A ' g j

dur abl e |m‘runt_i}f"§)’, lfe.cg‘l.lrbeog: eerllsS%a%’}eflso hrleé(}%dre . ?itlta npt s %a%%q"l%%\engge
to devel op vasmites: ggaigrstssB. 15 hyodysenteriae using i mmunogenic proteins
and attenuated strains. However, killed whole cells of B. hyodysenteriae or

subunits, adm nistered intramuscularly t imal s |j i i
nere of 11 bt Bttt | SFRTARARE Sl 1% R TSE LR SHASAASE (AURRS Haht

ggglialol gfsmgc[:) zlg).hfﬁ}a&gbgéfg%@g‘i?%%pp@nﬂﬂb tuse€ aiff e yHatiewt iton puevdElduse
) e conposition failed to provide pr i i | OS.
Currently the"?“_é”?ﬁles ﬁ@@f”é?f?‘f%t%'a&lf%‘g%r%lv%ﬁl ab?ﬁjcf%f&%éoétié%‘?on agai nst
Bd h%/_o]gysgnt emm:is%%ﬁtjM\éﬁRY/d'meiimﬂ or Higteecapklsertthd Mgk i on have
identified a n er.o - ' j NGS, . ividiese 30
factors may b%yﬁ%:tﬁ%% |%h%€€¥%§/% oéﬁ)?r\e%]c%lé% %acpi%ggéegf)sj-lriﬂgi ng live B.
hyodysent er i aet semaatred versieRf@sy VIFkent g5 rakpa Rt (e 1SMS .

i nvention proyides Ak S0kt £ek v VATTI PRasSéS 36 thie Bimdindyoeysemter i ae
wherein said vaccine strain of B..h od%/sent eriae | acks _one or re ’
virul ence facdipgdgsprovide durable immun £y, 1.e.eboosters are nd®P

required.

Attempts have been made to develop vaccines against B.

15 hyodysenteriae using immunogenic proteins and attenuated
strains. However, killed whole cells of B. hyodysenteriae
or subunits, administered intramuscularly to animals in
experimental trials, were of little protective value.
Additionally, while cloned recombinant periplasmic

20 flagellar antigens appeared to confer protection in a
mouse model of SD, the composition failed to provide
protection in pigs. Currently there are no effective
vaccines available for protection against B.
hyodysenteriae.

25
SUMMARY

The inventors of the present invention have identified a
number of B. hyodysenteriae virulence factors. These
30 factors may be utilised in the development of vaccines

comprising live B. hyodysenteriae strains.

Accordingly, in a first aspect the present invention
provides an isolated live vaccine strain of B.
35 hyodysenteriae, wherein said vaccine strain of B.

hyodysenteriae lacks one or more virulence factors.



WO 2010/ 054437PCT/ AU2009/ 001482 -3- In sone enbodi nents, the virul ence
factors are encoded by one or nore pol ynucl eoti de sequences substantially
sim |l ar twoanw/sua3nore of the nucleic acid sequences depCtiaanoiwnosBE® | D
NO 1, SEQID NGO 2, SEQID NGO 3, SEQID NGO 4, SEQID 5 NG5, or SEQ ID NO 6.
Accordingly, in a second aspect the presest- i nventi on provides an isol ated
| ive vaccine strain of B. hyodysenteriae, wherein said vaccine strain of B.

10 hyodysent eri a6, | ACks, MG I hd YAGkhRRRle WdddBRCaafadhRicacenegded by

one or nore pé'll ynucl eot1 de sequences substantially simlar, to one ar nore
of the nucl eicneacinl Mo @CeN WS SETEOTS NOPEtagtdal3WE R 18Eg | D
NG |3 t SdEQ| I'D NO she %ElQrf%d}é_\lgé%tHg rﬁﬁ@déi'@ NG i@ s’b’i;delhcféyl’&%@‘ﬁmliﬁdmm s, t h?
i solate ive vaccine strain o . odysenterj ae | vidul en
strain, whi cPEDMR iNYst a FHRYiFH &‘fﬂ‘i%n %‘Er%&tDa Oe%uatssggfaﬂ%/iﬁzllﬁgn?ggq é{(?t or
such that st heyesig aidy ret@iars Nd:s 1 nmunogeni ¢ 20 properties so as to be
protectively immunogenic, but is no longer virulent. It will be appreciated

by those skilled in the art that the attenuated virulent strain of B.
hyodysent er i aecamydireg1db, niodid i sataind @gpasly thtatPreagnt siAYERHEst r ai n

becomi ng at t G O VI L4 Ea e Q)R dth@gochf imation may disrupt
the function of the nuclelc acids assocjated wth viru) enc I n sone

embodi nent s, kyedyirenterias oWhegin S3id t‘f?é‘"rjétﬁu(ﬁtiliﬁllrbrogﬁ%‘pressi on of
MRNA exprgssi BpodPsdsh O DA€ TECH®!Sne bay it firtter Scampleneiosukerrst ant i al |y

NO 1, TSEQ | D RS TR In Y 0 T 1ei% DU B Ay L of BB NG 6. or
conbi nati ons $uiesteattidIlyosimeldodioems, ox eormdbf i the i vackobs aRtd af f ect
et £ e 6 iy Eod e St on ofampeipraona; s furct ona
pol ypepti de MQuenc¥EQ ID NO:4, SEQ ID NO:5, or SEQ ID NO:6.
15
In some embodiments, the isolated live vaccine strain of
B. hyodysenteriae is an attenuated virulent strain, which
comprises a modification that attenuates a virulence
factor such that the strain retains its immunogenic
20 properties so as to be protectively immunogenic, but is no

longer virulent.

It will be appreciated by those skilled in the art that
the attenuated virulent strain of B. hyodysenteriae may be

»5 modified in any way that results in the strain becoming
attenuated or avirulent. For example, the modification
may disrupt the function of the nucleic acids associated
with virulence. In some embodiments, the modification
results in the reduction or suppression of mRNA expression

30 from one or more polynucleotide sequences substantially
similar to one or more of the nucleic acid sequences
depicted in SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID
NO:4, SEQ ID NO:5, or SEQ ID NO:6.or combinations thereof.
In some embodiments, the modification does not affect

35 expression, but results in the translation of one or more
non-functional products, wherein the functional products

are encoded by one or more polypgptide sequences



-4- substantially simlar to one or nore of the am no acid sequences
depicted in SEQID NGO 7, SEQID NO8, SEQID NO9, SEQID NO 10, SEQ ID
NG 11 or 8BQuiodsNA3712. 5 I n sone enbodi nents, the virul eccathemioorss2ar e
encoded by nucl ei ¢ aci d sequences that are plasm d-borne. As such, the
nodi fication may conprise curing the B. hyadysenteriae strain of one or
nore plasm ds which conprise one or nore of the virulence factors. 10 In

other enbodi mBbStahBeah 39 diRG 1LV EVRNE BE AbkB BrotnB RyQdvSegkeriae is
a naturally-occurring avifulent strain, which strarn |'acks one or nore of
t he virul enceSPIEEBFSSeHERdEH ey 1R FERYADCNOoTi dEEQedReNOe8suBEQaAbi al |y 15

simlar to onroep, mBE@ @b Nbeibyckec 1ackd:3equences depieted in SEQ ID
NO 1, SEQIDNO2, SEQIDNO3, SEQID NO 4, SEQ IDNO 5, or SEQ ID NO 6.

In a third aspect the present invention provides a vaccine 20 strain of B.
hyodysent e5 i agn sbmeeembeditenssci thestiaudensearfbicterst ageneatoBed by

hyodysent er i ag,delig! g8ial B.ARMACEXPRESE el HIULRUA BLAR e RE! xOug! eotide
sequences subst ant i aI. y Sl r_n ar to one Qr nor 0] e nuclelcC aCII(fIl
sequences deptBeeHcfafSEatipONGRY, CSERTRBENCUR inSEChEDB25hNOdF seSEQTTiBe

NG 4, SEQ ID y@kéin06f55ﬁblQrNQerOblﬁQHQHBa%hQEﬁ_EBﬁP?QEe BheC¥Pr e3ES ONneé

or nore nonfungtional,grgducts, wherein the functional products are encoded
by one or nor8 P4ENSEqhBRERESsubst antial |y sinmilar to one or nore

_mor 8 pblypep 8% 5sub:
of the am®o acid sequences 30 depicted in SEQID NO 7, SEQID NO 8, SEQ ID

NG 9, SEQ ID S [ . 0 EQ ID NO.12. wherein said strain has
i nmunogeni ¢ pF%E%§ ?gsgggoggmg%%%é %P§t5%9595F9 iﬁﬁﬁngagﬁ?E? S5TFA™afourth
aspect the prBsehvodpgentesnagr a¢i devatumsilhydootuprepgr amgralente vacci ne

strain of B. eni,gk Lae i SLAY: I LhgeasMir yl ain of
2" %0 Soudy ol BERVAILRSRE ARG, SuBRs Gk ) BEkLrBsacKL Vs eiteste
factors encoded by a polynucleotide sequence substantially

15 similar to one or more of the nucleic acid sequences
depicted in SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID
NO:4, SEQ ID NO:5, or SEQ ID NO:6.

In a third aspect the present invention provides a vaccine

20 strain of B. hyodysenteriae, wherein said vaccine strain
is a live strain of B. hyodysenteriae deficient in mRNA
expression from one or more polynucleotide sequences
substantially similar to one or more of the nucleic acid
sequences depicted in SEQ ID NO:1, SEQ ID NO:2, SEQ ID

25 NO:3, SEQ ID NO:4, SEQ ID NO:5, or SEQ ID NO:6 or
combinations thereof, or expresses one or more non-
functional products, wherein the functional products are
encoded by one or more polypeptide sequences substantially
similar to one or more of the amino acid sequences

30 depicted in SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID
NO:10, SEQ ID NO:11 or SEQ ID NO:12, wherein said strain
has immunogenic properties so as to be protectively

immunogenic.

35 In a fourth aspect the present invention provides a method
of preparing a live vaccine strain of B. hyodysenteriae
comprising: (a) selecting a virulent strain of B.



-5- hyodysenteriae; (b) producing a nodification in said virulent strain of
B. hyodysenteriae to provide a live attenuated virulent B. hyodysenteriae
strain; (WP2palsatsrng the |ive attenuated virul ent B. hpotpaenismoiame 5
strain which contains said nodification; and (d) selecting said isolated B.
hyodysenteriae strain, wherein said selected B. hyodysenteriae strain
retains its immunogenic properties so as to be protectively immunogenic. |o

In a fifth aspgeld t (LRV ' ArOVi & .vacci ne .conpaqs;j ti on
conprising in ap ar%&%ﬁgﬁﬁgaﬁkg g@%@%@é@ﬁé%vgﬁﬁéﬁéQ%;HqgaéP &féVacci ne
strain of B. Nyddy§Bht tradnaedoBdi Ayodysemseriiast tosprovddand/ drvehird

aspects of thatiteveaticansitalbats B HSHQAIdRRLS o d @%r\éﬁ?ﬁi Ng)conposi tion
additionally conprises a agLuvan . Ih a’ sixth aspect the present invention
provi des a nefﬁggaﬁéngf BFe &XEi AGEETHRLPAh Y I Lente &s e Y dyisemtemine
conpri si ngs adstmadhewhight conahdnansadl apdefieative;agdnt(a9f satebeast; one

vacci ne strai c I o th iLst, . second and/.or third.,aspects of the
i nventi on. 25g?§8a9%§3§gFﬁ gépgg%d&%gnﬁFgggﬁtsiﬁ@éﬁ?ig ®5PY d849a net hod

of di agnosi ngS¢ilegredt BB. hirpditgsatesringe stohdni zatadnsi i tanianumehenic
conpri sing tMerepepsiat: sbahsObbabhl BoResRLS Igaggﬁghggﬁgtnali and (b)

determ ning the presence or absence of one or eotide 30
sequences substantially simlar to one or nore of the nucleic acid

sequencesidepiiat ad fi it BEQspBcNOLhe §E@séﬁtN@n’?’en§E@]{1l Brwiaessg%l?cﬁsﬁe‘h
SEQ 1D NO'S, Qb5 Pl 8mBRds2hat B8 ¥ PRESRL2T. G (5941250200} ng, TRNA or
vehicle at least one vaccine strain of B. hyodysenteriae

according to the first, second and/or third aspects of the
invention.

15
In some embodiments, the vaccine composition additionally
comprises an adjuvant.

In a sixth aspect the present invention provides a method

20 of preventing a diarrhoeal disease in an animal comprising
administering to said animal an effective amount of at
least one vaccine strain according to the first, second
and/or third aspects of the invention.

25 In a seventh aspect the present invention provides a
method of diagnosing virulent B. hyodysenteriae
colonization in an animal, comprising the steps of: (a)
obtaining a sample from said animal; and (b) determining
the presence or absence of one or more polynucleotide

30 sequences substantially similar to one or more of the
nucleic acid sequences depicted in SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, or SEQ ID
NO:6 and/or the expression of corresponding mRNA or
encoded protein products, wherein the presence of said

35 nucleic acids or corresponding mRNA or protein products
indicates the presence of virulent B. hyodysenteriae
colonization in the animal.



encoded protein products, wherein the presence of said 35 nucleic acids or
correspondi ng nRNA or protein products indicates the presence of virulent

B. hyodyswotero/iaes3col oni zation in the animal. WO PCT/AU2009/001482

2010/ 054437PCT/ AU2009/ 001482 -6- In an eighth aspect the present invention
provi des a nmethod of screening for conmpoungs capable of inhibiting the
virul ence of B. hyodysenteriae conprising: (a) 5 transfecting a cell with a
DNA construct that conprises one or nore pol ynucl eoti de sequences
substantially sinmilar to one or nore of the nucleic acid sequences depicted
in SEQ I D No IR 3BQeishih 2spsed tDeNcgrgsesEcgmmeN@mn PEOVIiBeNOa5, or SEQ

ID NO 6; (b) meshaat ofg @@&ﬂlh@&&CE%%R%%hhslgawam be qandidaLg
conpound; (c)ggongarlgg t he | evel expression fromone or Tore

said nucleic 8FE&s &r hé’ﬂo €Ienc§f3r|§r3§t EPAPEAESA8d tfy‘t)sau d rrRNA
expr essi org wheaasﬁesaudgpaoteuﬂ haShaapuN%pebhbdeu&tqﬁﬁa%ec@mggﬁ@gglaIIy

simlar to on f acid se uence | Gt in SE

NO 7, SEQ | D RAEC s@ér Dphgﬁél%@g%%trl‘%e@?%, nges) Fbgﬁ%ag‘fl&ﬁngélr“B RS 12,

in the cell |ﬁ°tﬁ@epp§s@@@@ @4d thissancdedt akédcardudatescdepdondd and (d)

inferring thagephepcrpdhdakeqCemPRENG I EénlﬁRﬁk hto E@fl ygygdy§% tgélae
0 ro

virulence if there is 20 SI nlflcantl¥ ess and ei'n’‘expression
when the candi'dafe EBnmpERndD ¥OpfésdR €8ﬁ§aﬁ§éngosﬂhéntrhésééﬁpédndeﬂé
absent. ltow WILthethédea&ti@ddttahabmbbanaqr geni egmgamﬁﬁ ehet ﬂevéﬁ Bgesent

invention may_alte iV rise a construc at _encodes a
reporter gene g%éré 8F§ %Pn%ggmtSnS PFanEFIB% Sﬁép PEGGPACoRF1€equence
or pronoter ofodaeudesnoretpel yruelleofi peosedueanesdedbbyashiial mrnai mi | ar

SEQ 1D NO 2, CEO B AGS, "BEGCTD Krd. CEROTB ROron b7 SEEPFRTR0 6, whe ei n

t he candldatesﬁﬁﬂﬁﬁﬁﬁdsP§S§ﬁthﬁﬂBVt§Fméia8 tﬁy@ﬂ?s@nt@pranﬁlthbenmenof
there is si gnatiqaséfiehess aepecten 9ANSER' @HURD: BT odpeedpWhBnst hegq

candi date conpgupd s pLEsept (Gonpar ed to when, the SEQ ID NO:12, in
the cell in the presence and absence of the candidate
compound; and (d) inferring that the candidate compound is
an inhibitor of B. hyodysenteriae virulence if there is
20 significantly less mRNA and/or protein expression when the
candidate compound is present compared to when the
compound is absent.

It will be understood that the screening method of the

25 present invention may alternatively comprise a DNA
construct that encodes a reporter gene operatively linked
to a transcriptional regulatory sequence or promoter of
one or more polynucleotide sequences substantially similar
to one or more of the nucleic acid sequences depicted in

30 SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID
NO:5, or SEQ ID NO:6, wherein the candidate compound is an
inhibitor of B. hyodysenteriae virulence if there is
significantly less reporter gene product produced when the
candidate compound is present compared to when the

35 compound is absent.

In a ninth aspect the present invention provides the use



35 conmpound is absent. -7- of a vaccine strain of B. hyodysenteriae in the
manuf acture of a nedi canent used to prevent B. hyodysenteriae infection,
conpri si nyoanilmsasy one vacci ne strain accordi ng to thePCirraaposgecasad
and/or third aspects 5 of the invention. In a tenth aspect the present

i nvention provides a kit for vaccination of7an ani mal agai nst B.
hyodysenteriae infection conprising: (a) a vaccine conposition conprising

0,1 2 phar ey pld she st abl ¢ VeI 610 ch £8510018, vaRgT e ST raln

according to the first, second and/or t aspects o e invention; and
(b) instructi FRYRCHIRE a3 W%Fad?ﬁ%luquS UrCh REEWEYEht h aspect the

present i nventfmm;mé:wéieﬁaea mﬁéwh&{ e {34y A canhdalfe VALK 1%
strain of B. hyod senterl ﬁ'll‘ Ihe stg %}otalnlngasanple of
B. hyodygent er & M Aitf (B Jdb‘ie% gt YRS pr “é?f?;‘i d/ s it draspretot
nore of the nuzf dile aiamlarﬁ&aml ecul es encoded by a pol ypepti de sequence as
depicted in SEQID NO 1, SEQID NO 2, SEQID NGO 3, SEQID NGO 4, SEQID

NO 5, SEQ ID NO 6 and/or the expression of corresponding nRNA or protein
products, wher¥t i tientdhsERachfthaipresiei neanitdonpexprdssiorkigf for

cor r espondi ng PR 1t 125, RSO Mk fnd DU LA A Ve 1§’f By @S MEesi4&i n of B.

hyodysenteriae, I1n a twel fth aspect the Present ntion provides a kit
for diagnosi nglr%/qerciﬂléﬁ’c C@mﬂﬁoﬂ‘;’%ﬂtﬁﬁl e?e WW%&QW%#FJERT‘ PRRY Hing

conpri si ngooneimwra PHzARER Y i dEI Sy howd &g 191 &/ REsH 10ld A SRR GHige
substantially Slccfég éé%é%ﬁaégcordlng to the first, second and/or third
aspects of the invention; and (b) instructions for

vaccinating an animal.

15 In an eleventh aspect the present invention provides a
method of identifying a candidate vaccine strain of B.
hyodysenteriae comprising the steps: (a) obtaining a
sample of B. hyodysenteriae; and (b) determining the
presence or absence of one or more of the nucleic acid

20 mwolecules encoded by a polypeptide sequence as depicted in
SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID
NO:5, SEQ ID NO:6 and/or the expression of corresponding
mRNA or protein products, wherein the absence of said
nucleic acids or expression of corresponding mRNA or

25 protein is indicative of a vaccine strain of B.
hyodysenteriae.

In a twelfth aspect the present invention provides a kit
for diagnosing virulent B. hyodysenteriae colonization in

30 an animal, comprising one or more PCR primers having
polynucleotide sequences substantially similar to one or
more of the nucleic acid sequences depicted in SEQ ID
NOs:55-90.

35 - BRIEF DESCRIPTION OF THE FIGURES

Figure 1: Oligonucleotide primers for PCR detection of ORF



nore of the nucleic acid sequences depicted in SEQ I D NGs: 55-90. 35 BRI EF
DESCRI PTION OF THE FIGURES -8- 1, 2, 6, 7-10. Figure 2: Putative function
of the geweommssnt on the B. hyodysenteriae plasnm d. PCFiAgR0/081482

A igonucleotide prinmers for PCR detection of ORF 11-16. Figure 4: _
Conmparison of the plasm d gene content of -BO virulent and avirul ent strains
of B. hyodysenteriae using mcroarray-based conparative genom c .
hybri di sati onjang P@R analgysis (* = PCR analysis). Genes that are absent in
different strains are shaded. The box indicates the six genes (ORF 11-16)
associ ated with LPS bi osynthesis which 15 are present in the virul ent
strains but abdeuntrei @:t Patavirvel Eahcsioni 88 €Re= g@h@%eﬁﬁresént ahsent) B.

Figure 5: Per f S 03| t| ve for B. hyodysenteriae infection and
for synptons %’s)&d%%%n%fgpg% after infection with virulent B.
hyodysent e¥i ae strain WAL (Group A) or an uncharact erised field strain of

B ngggyignze%g@r@hgt 61@98&P8§g8E€eve#>P§m UEBDCRCRAGEOLA 205008 doRY
hyodysent eri aél WE§| e cell preparations measur ed by ELI SA before and after

exposure to either virulent B. hyodysent eriae strain WAL (G oup A) and an

uncharacterised fi elg %r ai n_of gy senteriae that did not contain the
vi rul ence fac?filgblr?O én 8888rb§°ER? Bl?@‘bﬂpr?e BEFRFEEDPHESCRI PTI ON

1o virulent and avirulent strains of B. hyodysenteriae using
microarray-based comparative genomic hybridisation and PCR
analysis (* = PCR analysis). Genes that are absent in
different strains are shaded. The box indicates the six
genes (ORF 11-16) associated with LPS biosynthesis which

15 are present in the virulent strains but absent in the
avirulent strains (P = present; A = absent).

Figure 5: Percentage of pigs positive for B.
hyodysenteriae infection and for symptoms of swine

20 dysentery after infection with virulent B. hyodysenteriae
strain WAl (Group A) or an uncharacterised field strain of
B. hyodysenteriae that did not contain the virulence
factors encoded by ORFs 11-16 (Group B).

25 Figure 6: Levels of antibodies to B. hyodysenteriae whole
cell preparations measured by ELISA before and after
exposure to either virulent B. hyodysenteriae strain WAl
(Group A) and an uncharacterised field strain of B.
hyodysenteriae that did not contain the virulence factors

30 encoded by ORFs 11-16 (Group B).

DETAILED DESCRIPTION

35 Before describing the present invention in detail, it is
to be understood that this invention is not limited to

particularly exemplified methods and may, of course, vary.



35 Before describing the present invention in detail, it is to be
understood that this invention is not limted to particularly exenplified
nmet hods awo 20805443f7 course, vary. -9- It is also to beruomansoopodisthat t he
term nol ogy used herein is for the purpose of describing particular

enbodi nents of the invention only, and is-fAot intended to be liniting which
will be limted only by the appended 5 clains. Al publications, patents
and patent appti ¢at abss ﬁstd haderstophiethat shpreenminoliogy asedher eby

i ncor por at ed reference_i ntiret ons io

ment i oned herggﬁeéFelgl 3] §H5p§u% ogex% E%£§¥r§b?£¥9 §§5%50I05|ng t he
protocols, reagbndsmandsveﬁtbhs whivehtaes Debﬁrt@ddlhsth@tpybtend?doﬁg and
whi ch m ght bseumllwng%ﬂ@ey Q1 £B wﬁlt@aeaﬁwnb '\Jeﬁ@la? pbREEEN (s to
be construed as an adm 3sion that the invention is" not 15 entitled to

ant edat e stich®dfé®fosure by virtue of prior invention. Furthermore, the
practice of the present invention enploys unl ess ot herw se indicated,

conventi onal i ol ogi.cal and ecu ogi ca hni ques
o eacol ooy ALhPIBLREListe. oPLrhBLE: tndiaakerl daRpl SE PR ER R L 1o
the skill ed mhekein,awﬂeaheresppaaned finiflg, i arehkereber ahaporepoBabedely,

Col i gan, Dunn e fi . s in Protein
25 Sci ence" (fsgé?ggg?ung Fﬁgﬁg %Pg ¥£E2 vﬁFQevé? ﬁﬁE%EEQEggggnbrook et

al ., "Ml &eul mentienedghencinbarat @We%ﬁeal t £1080pOs919£ 1dEaFﬁL€hn(500| d
Sprlng Har bor 2habgk 3L 96¥% i RECERR; p§6d085§§cokéa Eﬁﬁbeanéndegtékﬁ which
"M crobiol ogy" (1999), 4th Edition % % ﬁ u t be

that as used REPeFAPaRBeHNiRhEREpRY aéHaEFQPﬁBanghg if gWng E

"an," and "then baﬁhudelphuwathreherenvenumbass NbEh¢ngthEreaheaslyo be

dlctates ot herw s r_ex f n gepe" 35 i ncl udes
a plurality oFogﬁgﬁuﬁgngg aﬁ g§ggﬁépeg€8%tgﬁg Eﬁvéﬁtlﬁp 15°n ?eference to
one or not® amhtatiedahd sctédath sughedd sg¢dprned thEFWF§§ Oélprﬂééhnlcal

and

ot ed

invention.

Furthermore, the practice of the present invention
employs, unless otherwise indicated, conventional

20 immunological and molecular biological techniques and
pharmacology within the skill of the art. Such techniques
are well known to the skilled worker, and are explained
fully in the literature. See, eg., Coligan, Dunn, Ploegh,
Speicher and Wingfield “Current protocols in Protein

25 Science” (1999) Volume I and II (John Wiley & Sons Inc.);
Sambrook et al., “Molecular Cloning: A Laboratory Manual”
(1989), 2™ Edition (Cold Spring Harbor Laboratory press);
and Prescott, Harley and Klein “Microbiology” (1999), 4th
Edition (WBC McGraw-Hill).

30
It must be noted that as used herein and in the appended
claims, the singular forms ‘“a,” “an,” and “the” include
plural reference unless the context clearly dictates
otherwise. Thus, for example, a reference to “a gene”

35 includes a plurality of such genes, and a reference to “an
animal” is a reference to one or more animals, and so

forth. Unless defined otherwise, all technical and



- 10- scientific ternms used herein have the sanme neani ngs as conmonly
understood by one of ordinary skill in the art to which this invention

bel ongs. wbthougim3any nmaterials and net hods simlar or equiaab@mwi4se t hose
described herein 5 can be used to practice or test the present invention,
the preferred materials and nethods are new described. In the broadest
aspect of the invention there is provided a vaccine strain of B.

hyOdysenterla%c15ﬂthEQQy%%Q%%rh%%dlﬂeéégna®%%%th% SQE%”hgﬁﬂghgﬁeas
chenot rophi ¢ bacteria bel on to the class Spirochaetae an re

characterlsedCEVmFWQW%upgﬁﬁ,t? Ener ONRePitc rodRapy. Skiilkald theeatsdtby B.
hyodysenteriae&demek@ﬁsdhawéhneah deseages. RgtﬁbﬁghaahyahatéﬂﬁaﬁbeQnQy B.

hyodysenteri a 0 ne. 15 d ent char teri t ensi ve
|%flgnnat|on gh ?%gfrgéﬁyhgf the éﬁ §F¥§ %ﬁgég gﬁsfﬁébﬁé g@rFﬁPestine.
Accordi ngly, @hRinl bei usied p@rpreatacbyocoMEGMpkhbe@rbbahtthaveatdbnesthe
conpounds and Rireds (OhakRe: LIKehCRRRBARULLALE,f AL HRe LA Por cine

animal s (pigs and hogs), they 20 are al'so appli mammal i an and
avi an speci es of animal, including humans, conpanion anlnals such as dogs

and cats, andIdOﬁh%tb%oéﬂb§E|ésﬁéﬁh 8% ﬁhbcKﬁﬂeﬁ@goﬁeﬁﬁﬁreh@§5$§ov§aEH|e
and sheep or _Zoo mamma mates, felids, canids and

o
bovi ds. 25 Th& VAECHRE §?F§FH 8? FhegﬁpgggﬁptﬁﬁﬁéﬁTloﬁ |§YQdVF9€t§FF§Fn of
B. hyodysemtearaeaniheobecm1gsamanagataseuseﬁehetebphldebabtbesavar|ants of

o ey sy BEIbER R koS FRePE1dLE: SPINCRAGE Bk BRE BLe BhGracksrisea

characteristics uénce van
pol ynor phi sms! Yséh@ﬂ@gﬂ@ag t?bﬁﬁéerorhﬁéxpﬁlpsbdpet|oAnlmaéﬂ1mnﬁectsﬂralns

within that sp CBeShybaygtéﬁteﬁﬁenaevexsﬁt agarﬁhoaquaésessregae §£>£ hﬂé are
di sti ngui shed §WPEEIr virul ence statu e. strains are classif

virul ent 35 of™ Gl eRESCERSpYe8- OPYVﬁyﬁﬁéﬁﬁrBaeh96H9§8Ht§WF§8 stralns
i ncl ude WM , Bgeéntvryzchaﬂctélsy\bed% , eNO¥hBivehihe1awagpies ahqgavirul ent

SUionn® Raon HEBLALs 36222 cpltharifn 038R ECToR RRA%1 0058 Entedline Y
Accordingly, while it is particularly contemplated that
the vaccines, compounds and methods of the invention are
suitable for use in porcine animals (pigs and hogs), they

20 are also applicable to other mammalian and avian species
of animal, including humans, companion animals such as
dogs and cats, and domestic animals such as chicken and
geese, horses, cattle and sheep, or zoo mammals such as
non-human primates, felids, canids and bovids.

25
The vaccine strain of.the present invention is a live
strain of B. hyodysenteriae. The term “strain”, as used
herein, describes variants of a bacterial species that can
be distinguished by one or more characteristics, such as

30 ribosomal RNA sequence variation, DNA polymorphisms,
serological typing, or toxin production, from other
strains within that species. In the present invention B.
hyodysenteriae strains are distinguished by their
virulence status, i.e. strains are classified as virulent

35 or avirulent. Examples of virulent B. hyodysenteriae
strains include WAl, B204, Vic2, BW1l, NSW5, Q17, NSW15,
while examples of avirulent strains include B787, SA2206,



In sonme enbodi nents, the vaccine strain is an attenuated virulent strain.
The ternms "virulent", "virulence", or 5 grammati cal equival ents thereof,
are used weneiwmsts7descri be B. hyodysenteri ae strains wpCh/Ate09zlo14sety t o
cause the clinical synptons associated with diarrhoeal diseases. 10 The
virul ent characteristics of a virulent strainh result fromits production of
virul ence factors. The term "virulence factor", as used herein, relates to

products t hat veant Ut e g9 1t Needanul §HC8 50508, pvadysenteriae or the
ability of B. hyodysenterlae to cause di sease. L rul ence factors nmay be

proteins or carbohydrates and include coagul ases, collagenases, henolysins

and | i popol ysaex kamied @mbodameexanplee F}b@@&ﬁbs s@r8ias3achat ad cwWniBrehamose
bi osynt hesi s qg&ua S b vi.rul gnce factors. hg Egly§aqchar|de (LPS)
consists of tRree distinéti2o ubEIPS YRRV i prdTRLlense coPE, and

t he 0-anti gengriimpiad isafluequiivad eassathgdeofihobire weelr aeeecanchher and forns

t he bi oactive n o%}%gﬁ, re g i.sts . of a
conpl ex ollgog§% a%% 5. iC aggggn%aﬁgggfo twéEg g Fl&gﬁi gﬁbﬁg only
limted strucCavgr Ehevgrlﬂabpla.lt Fyupkems- agspgeatednpiicbediaehmest

vari abl e part gekehBesLPS and confers bacteria serotype specificity. It is
conposed of repeating sugar subunits of one to eight sugars. Each 0-chain
can contain up to 50 of these subunits. Rhammose is an inportant noiety in

t he O- 301®pe@héivianﬂbgench&rbESe@QﬁnﬁhsiBg hhelﬁahénﬂﬁbtraﬂd irestie

capsule of ma at bhqg r The.ce sul e interact
with the hostﬁﬁﬁgl%gg ﬁ? ?ggggn ayérv}?ﬁFefga ESEFerli SsiP¥Mval . A | oss
of the carboh?HFﬁFéepgﬁtﬁ@ﬁtpﬁ”LPQSIEaeg hersinai nelateb touglrodbcesl ony
mor phol ogy. _TypheabbieriBacyl el eAECyeLuiangh ékré'”ﬁx%8K§EE%@9'$ ef gguced

and their sensgtlvhbi towards antibiotics or serum co nts 1S I'nCreased.
WO 2010/ 05443% bbY/ 661882 hiyodysenpegdngi kgl yaura Séfeasmbodi nents t he

VIruIenceufacvmreleﬁcéhEaateSSnhaynbénpr@ﬂeﬂﬁ§05§ pLaeduRlarhhak ane
associ at ed MAEHC odi.nents, the virul ence

m nthes
factors are enco%ug 880%8 ﬁbr8°%3?9ﬁ33?85t| %mggﬁﬁéﬁéegngubstantlalIy
simlar to onblp©pﬂbyaaothahedaacleForaexdmpbquepredudeplatedaBQOSEﬁtéE

NO 1, SEQ 1D MR, rREhLL: h&%ﬁg§§%g.@s NQaf}nUCFS?I e 318£1C§E9acgf>goé6 or

functional variants_thereof c aC|
aci d" or "pol jheepebyragchaside ﬁéP@?nC@bS§%6&y®fbbhneEedcsa¢ndtand

ri bonucl eicc a@tﬂuwuaéi 86RAInEOr MBpid- &, . tBENGbLe aNgndorhkeoshhanged . DNA,

CDNA, - mRNA, aﬂd tg kunctlons as a hydrophobic membrane anchor and
forms the biocactive component of the molecule. The core
region consists of a complex oligosaccharide, which, as
compared to the O-antigen, shows only limited structural

25 variability. The O-antigen comprises the most variable
part of the LPS and confers bacteria serotype specificity.
It is composed of repeating sugar subunits of one to eight
sugars. Each O-chain can contain up to 50 of these
subunits. Rhamnose is an important moiety in the O-

30 specific antigen of LPS comprising the cell wall and in
the capsule of many pathogenic bacteria. The cell wall
and capsule interact with the host during infection and
are vital for bacterial survival. A loss of the
carbohydrate portion in LPS leads to strains with rough

35 colony morphology. Typically, the virulence of rough
strains is strongly reduced and their sensitivity towards

antibiotics or serum components is increased.



15 As used herein, the term"substantially simlar" refers to equival ent
nucl eoti de sequences to those depicted in SEQID NO 1, SEQID NO 2, SEQID
NO 3, SEQ@ODR0N@54437SEQ | D NO.5 or SEQ I D NG 6 but differcCatan®/or4seor e
nucl eoti de substitutions, additions or deletions, such as allelic 20
variants, and will also include sequences -tthat differ due to the degeneracy
of the genetic code. Equivalents will also include nucleotide sequences

that are "subgieairicahgd yhonR Ggmes enitd %m%ﬁ%?%h%bgﬁgggéék p%% ) |y, At

| east about 90% and nost ferably at | east abou

nucl eoti des h96$§Fthé%HEHQ%9?IQ&%?Q@ @W°@W§tﬁu@méétﬁd€ §@@@Gﬂ@§§d
Sequences t hawizhe rhahsibaet biolsyntheisliar, can be identified in a Southern
hybri di sati on experinent, for exanple under high, nmediumor |ow stringency
conditions as defined for that particular 30 system As used herein, the
term "encode” Ipnspme embbddmegm&nnﬁhbcaﬁrhﬂem&eimabudes atrel ealciodes aRpd/ or

amno acids thak Sgrﬁ%§go PﬂtQHQ%Elﬁ%CE %&ﬁ%ﬁgo P%”%gﬁgg%ggthgmaqar35

transcri ptional and/or tr i onal "sense S
nol ecul e" ref &PsOR§ Pﬁemﬁéﬁyﬁérﬁbe Woclely 5443 BPGUEAURE06L00EL8A inl3 -

f or m of deoxysEQomcheQuldggQ(qﬁenonQ, g@@nq@eNotgynbg IBrNgygosbgg) ol
its normal, ﬁ@ Ee stégg ggnggllx ermrefers on toth rimary and
secondary strictar8%o e8uPg, Hﬁ&t&8€§1n8ﬁrPPﬁF§ Fpeféoﬁny The
particul ato 5 termsarputdeds. athds, tbodynecreigchudas dgubl e- stranded DNA
found, inter a " I | e res rlct on fra nts),

vi ruses, pIasn#giynggégbgggﬁnsgﬁggg ﬁ%% |sc&833ﬁax¥ﬁé gPPﬁéF&FeaSgg?and
partlcular dotibbenyeiahdedcbidinoprddutbsirséqumsces . gy bénd@scahbed io

herei n accor duggbl e-5heanaeaBbNAONUBRAI, ORRRA , 9LYENYHAN he sequence in
the 5 to 3" direction glong t he non- transcrlbeﬁasgg%dh%FEDNA (i.e., the

strand haV|ng a sequence honol ogous to the nRNA). 15 A DNA sequence
"corr esporals” AsouaedaHEﬁelﬁcldheequemcesubstéﬁﬁibilyoﬁlﬂi1599 PhlA=ggqugnce

;R a%&zrdancee&h&baiggtggagiegtgg sghggg%e %oaghggeaﬁéglggggegﬁesg" '
ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID
NO:5 or SEQ ID NO:6 but differ by one or more nucleotide
substitutions, additions or deletions, such as allelic

20 variants, and will also include sequences that differ due
to the degeneracy of the genetic code. Equivalents will
also include nucleotide sequences that are “substantially
homologous” ie at least about 85%, preferably at least
about 90%, and most preferably at least about 95%, of the

25 nucleotides match over the defined length of the
nucleotide sequences. Sequences that are substantially
similar can be identified in a Southern hybridisation
experiment, for example under high, medium or low
stringency conditions as defined for that particular

30 system.

As used herein, the term “encode” in its various

grammatical forms includes nucleotides and/or amino acids

that correspond to other nucleotides or amino acids in the
35 transcriptional and/or translational sense.

A “double-stranded DNA molecule” refers to the polymeric



sequence "encodes" the am no acid sequence). One DNA sequence "corresponds”
to another DNA is sequence if the 20 two sequences encode the sanme am no
aci d sequeocee10/8443MA sequence is a "functional variant" pofi/aaneddver4sPNA
sequence when at | east about 85% preferably at |east about 90% and nost
preferably at |east about 95% of the nucligoti des match over the defined

| ength of the DNA sequences and the 25 corresponding activity of the

protei ns encoded by_.the DNA.se . £ S_ epul t. t
sequence thatg% o%‘%s %oﬁ%%%?$%§ leclléfssef gé{?ée/ rt(?énlo’ a%‘f%’l‘%%hg%@‘% e term
"attenuat ed" ¢x apedsthreki intitsazerndk, LdAdIe reterded e hins Rlis

hyodysent er i a6 1jate A@Ss DEETY Mgl tf,lile?d;?ﬁﬂnéﬂﬁtaﬁ&_ $ScHA PP ISE reapake e Of
causing disease (i.e., the nodified strain s avirulent). The tfgrn"llve"

i s used her ei Bhe grekaenlpe aNd 388 s eht®F okt t HAt2RY P3bF L6 r ow and
reproduce.s ACeorei &gy Viothe. | imeud, tydsysenh einebudés adoubletderqndsent

i nventi on shoul.d be able,to colpnise.the.colo

2010/ 054437Pd%17”n§%‘6’9 001283 -aﬁha'- H g’n’il?rﬁn%lg’% “rllc\é&%%%%se 193¢t i ni cal
synpt ons assogéateilcvioh firagmémesl , dvivases, celasuidy, Banflyodysent eri ae
oot on.  FULkBetoobES | [ VEnohl 2o 0ln Nendr EoPAL-PYoGE BRrehaut s be

capabl e of |iHi catton int vacci nated ani nmal an i nducing a
protective i ndoneleespoandedhPih naleeviest | FeTUGAFASt MY r BEeRESSYIRPAs of

B. hyodysgnt epbagin a¥bbpieny Bo OHOUNSPRALr EaBveht abA 85 gestngbediperein
lo may be a clinically known virulent strain or a strgln tpﬁt is identified
as cont ai ni ngther BEEHERCEatRoFRE ACcBPd? ngfyTeEheCPr 8sRRE FRYAPRon al so

provi des net heganeériBeat styhagofi DPNAel . 8., hyhdysenapdi hevingaans. For
exanple, a first step {n identifyLng,i 15 hyodysenteriae strain is a
vi rul ent straFﬁngan hg?ggﬁgéug %8 thé HREA)'

ne"the présence or absence of virulence
factors in the strain. I n sone enbodi nrents, these virul ence factors are

encoded by, 0“5 BﬁA”Qéquﬁl%nu_ebié%gﬁénas@luea%ﬁ swbabanthial kggakftkaift o
one or nore of the_nucleic _acjd , .
translation of the DNA sequence in accordance with the
genetic code yields the amino acid sequence (i.e., the DNA
sequence ‘encodes” the amino acid sequence). One DNA
sequence “corresponds” to another DNA is sequence if the
20 two sequences encode the same amino acid sequence. A DNA
sequence is a “functional variant” of another DNA sequence
when at least about 85%, preferably at least about 90%,
and most preferably at least about 95%, of the nucleotides
match over the defined length of the DNA sequences and the
25 corresponding activity of the proteins encoded by the DNA
sequences is equivalent. A length of DNA sequence that

encodes a protein may be referred to as a “gene”.

The term “attenuated” is used herein to describe a
30 virulent strain of B. hyodysenteriae that has been
modified so that it is no longer capable of causing

disease (i.e., the modified strain is avirulent).

The term “live” is used herein to describe B.

35  hyodysenteriae that are able to grow and reproduce.
Accordingly, the live B. hyodysenteriae strain of the
present invention should be able to colonise the colon of



20 sequences depicted in SEQID NO 1, SEQID NO 2, SEQID NO 3, SEQ ID
NG 4, SEQID NO 5, or SEQID NO 6 or functional equivalents thereof. The
presence wb 2a10m3hasnucl eoti de or gene encodi ng these vir ecenaodfaolses may
be determ ned by the analysis of any factors 25 associated wth or

indi cative of transcription and/or translati-on of the polynucleotide or
gene including, but not limted to, RNA expression |levels and protein

expression |levels,. t C . g@%bégﬂy (dbdidp the
chr onosone pra%yafsr(l)b asvn@“re%ﬁ%igﬁ%% gt(s)ﬁ%]oflgdle%th?fyi ng the%ﬁ%%\in%%%f a
pol ynucl eot i deltr dearerlpeal sdbrerces ¢%P%©@dﬁpr%-a?EPQE$¢nEﬁ6&ﬁeby one

skilled in thg atde o, deperihed, etsewhere Her®im. of ntsonpresdedi nents, the
presence of one or nore virulence factors

pre: I I Ln, the unknown, strain wl|

i ndi cat e thailﬁYeW%l%Pv$?%?%ﬂtb%SC§P?%}%.O%}&imiﬁﬁéh¥ﬁ%ﬁh?% IR r it ehie B,
hygd]y_segt %r i a@a@éj{;ﬁmaﬁmm 2814/ 65 41RTRETHAUR Ofd DOd Y BPRe - iBune be

nodi fie y any of a n of . kKno | LArf_inc | t not
linited to, nﬁ%???ﬁ%esupfcé %sgngéggggle%%e%?tgséé sh\g}l]g?%?f\}g %ftg%%sat ?gn,
mut ati on, or Bhehyodpsentarihat the resultant strain is attenuated ie

avirulent 5 and not capable of causing disease in an animal. In sone
enbodi ments, the nodification to the virulent strain_results in the
reducti on or BupbrelenbnBef hEQFYESEFEH1BE 56F?h%c?%o@?ﬁ%§18?dggﬁﬁgl@ncoding

virulenced 0 haptpEsace1igadally khewaxpieasent otraon-dunatsopainvthatence
factors. There arg a ngnbgr of teghniques mel# kno i %Qe art for
reduci ng or abdl FSAThy pBfyAtcFEBERYBTBR pY 8581 BHCC o?cgg éxanpl e, a

mut ati on may hecondingdlgedthe prpesedet énwentdon also provides methods
of identifying virulent B. hyodysenteriae strains. For
example, a first step in identifying if a B.

15 hyodysenteriae strain is a virulent strain is to determine
the presence or absence of virulence factors in the
strain. In some embodiments, these virulence factors are
encoded by one or more polynucleotide sequences
substantially similar to one or more of the nucleic acid

20 sequences depicted in SEQ ID NO:1, SEQ ID NO:2, SEQ ID
NO:3, SEQ ID NO:4, SEQ ID NO:5, or SEQ ID NO:6 or
functional equivalents thereof. The presence of a
polynucleotide or gene encoding these virulence factors
may be determined by the analysis of any factors

55 associated with or indicative of transcription and/or
translation of the polynucleotide or gene including, but
not limited to, RNA expression levels and protein
expression levels, as well as the presence of the DNA
sequence within the chromosome or cytoplasm. Techniques

30 for identifying the presence of a polynucleotide or gene
or its product in a sample are well known by one skilled
in the art and described elsewhere herein. In some
embodiments, the presence of one or more virulence factors
in the unknown strain will indicate that it is a virulent

35 strain.

Once obtained, the virulent B. hyodysenteriae strain may



site, such as the pronoter region or within the codi ng sequence to produce
a nonsense nutation, using reconbi nant DNA-t echnol ogy. Reconbi nant DNA

t echni quewocomprsisse cl oni ng the gene of interest, nodifipcatAtanosmbi4she gene
20 sequence by site-directed nutagenesis, restriction enzyne digestion
foll owed by re-ligation and subsequent repbacenent of the wild type gene
with the nutant gene. Standard reconbi nant DNA t echni ques such as cloning

the 25 virul ?@%J&%l%d Qﬁ}‘%ﬂé}“&’ 2] mmﬂ’oﬂ'n&e&ﬂdd@ ]&{OV\;IDG.'I.H the art

pol ynucl eot i sequence w'th restriction enz f ol | owed g endonucl ease

treatnent, relngldingy W ol bigb=Led dednth %R?r? ISP S&d%ain, are
al | known in Eéﬁbé¥ét&¥gjégﬁﬁﬂdﬁﬂﬁjéﬁﬁéﬂuiﬂiéh)rmdkﬁﬁMdnﬂ<dﬁ tHe , 1136

"Ml ecul ar d oni ng: borator (1989) 2nd ion i ng
Har bor Labor at#ty he §etsé“l%§arwqi maﬁ i %r ex%%’]lhgl §§{e nmade
by neans af iamd/irtcm csapaeb]da reeft tehisinqgdiesase usi rap t&relniéFEANSFOQNER Kit
sold by Contech. PCR-techniques are extensively 35 described in

Di ef fenbach & Dreksler (1995) "PCR Prinmer-A Laboratory Manual " (CoI d Spring
Har bour LaborTt csgmePresas)d R tes s cvlre reodref i¢at iomyo the virulent

2010/ 054437PCT{ ALROOU QO1AS2i 11 tlife -rd duSOIBN e Oslhiprd Ssidn Nait at i on n_may be
introduced at a predetermned site in chronosonal or ext achrom)s

DNA
(eg. a pl asm%P}PW%SJéPpl%éPQJEWCJae%%’r%?? ot HTRRS SCRTHSt Y ufton %I?C one
nucl eoti dg bYEa't’é\QBf'@ror SLEAdAaSt R tied néxpré asion, oot feacisiomakh nut at ed
gene that has re o% no expression. The nmutation should produce a B.
hyodysent eri a1 %Y %ﬁ“ﬁe AT-PH% a reduced capacity to cause diarrhoeal
di seases, such as swi ne dysentery. Preferably, 3.0 the nmutation is a

deletion Mt afjope ABETE Hhibdipts PN ObnbiigueBniel s RAUSECIRYLhECaPKCESE ON
of nucleic aci Such a nutation can,_for exanp e by the deletion

of a conti guoteduphing opr bekel bahiag E?%)ﬁn\%ﬁ?'?OEh‘A?le’G%?%‘f?b‘ﬁ% suth® as
stretches, of dQ;hgse, Pai mstSefofabse bbeigensdtcedSaenaopeedetgroined or a

non- f uncti onal rot el . Even the deletion of one_sjn b | ead
to no proteinSbFea AR f%ﬁcﬁ‘%n%?o‘ﬁ?g?lél heI&PHcB ad* gil?résu % B$a£n§ay

mut ati on, theseghencbase pavdscara nonkengermithathencownsieg regenhinarhine
or transcrlptbﬁﬂ—ggghggfggyphlQé&gﬂblnant DNA techniques comprise
cloning the gene of interest, modification of the gene
20 sequence by site-directed mutagenesis, restriction enzyme
digestion followed by re-ligation and subsequent
replacement of the wild type gene with the mutant gene.

Standard recombinant DNA techniques such as cloning the

25 virulence factor gene into a plasmid, digestion of the
polynucleotide sequence with a restriction enzyme,
followed by endonuclease treatment, re-ligation and
homologous recombination in the host strain, are all known
in the art and described inter alia in Sambrook et al.,

30 “Molecular Cloning: A Laboratory Manual” (1989), 2nd
Edition (Cold Spring Harbor Laboratory press). Site-
directed mutations can, for example, be made by means of
in vitro site directed mutagenesis using the TRANSFORMER®
kit sold by Clontech. PCR-techniques are extensively

35 described in Dieffenbach & Dreksler (1995) “PCR Primer—A
Laboratory Manual” (Cold Spring Harbour Laboratory Press)

and elsewhere herein.
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mutation, the other base pairs are no longer in the
correct reading frame or transcription has been inhibited
20 or diminished. More preferably, a longer stretch is
removed e.g. 100 base pairs. Even more preferably, the

whole gene is deleted.

Well-defined and deliberately made mutations involving the

25 deletion of fragments or the whole gene, or combinations
thereof, have the advantage, in comparison to classically
induced mutations, that they will not revert to wild-type.
Thus, in some embodiments of the invention the vaccine
strain comprises a live attenuated virulent B.

30 hyodysenteriae strain in which a mutation in a gene
encoding a virulence factor comprises a deletion or an
insertion to disrupt the polynucleotide sequence encoding
the virulence factor so that no corresponding protein is
produced or the protein is non-functional.

35
One skilled in the art will also appreciate that having

jdentified the virulence factors of B. hyodysenteriae it
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15 genes.

Techniques for identifying bacteria that have one or more
mutations in genes encoding virulence factors are known by
one skilled in the art. Accordingly, routine techniques

20 for the detection of B. hyodysenteriae strains that have
been mutated by the techniques described above include
Northern and Western blotting, PCR, ELISAs and
cytotoxicity assays as described elsewhere herein. Mutant
strains with no functional genes encoding virulence

25 factors can easily be selected as described elsewhere

herein.

Genes encoding the virulence factors of the present
invention may be plasmid-borne. Therefore, in some

30 embodiments the modification to a virulent B.
hyodysenteriae strain comprises curing the strain of one
or more plasmids. The term “plasmid”, as herein used,
refers to cytoplasmic DNA that replicates independently of
the bacterial chromosome. A variety of methods involving

35 chemical and physical agents have been developed for
eliminating or “curing” plasmids from a bacterial strain.

The curing of a bacterial strain of a plasmid does not
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trypticase soy broth contalnlng about 30 pg/ of ethidium

20 bromide and maintained at about 37°C under anaerobic
conditions with shaking for about 3 days. The viable
culture from the highest serial dilution is serially
diluted in anaerobic trypticase soy broth culture
containing 30 pg/ml of ethidium bromide and maintained at

55 37°C under the same conditions for 3 days. This process
is repeated at least another nine times and following the
final passage the bacterial cells are washed to remove the
ethidium bromide and plated onto an agar medium such as
Fastidious Anaerobic Agar (LabM) plates to obtain single

30 colonies.

Techniques for identifying cured derivatives are known by
one skilled in the art. Routine techniques for their
detection such as Northern and Western blotting, ELISAS
35 and cytotoxicity assays are known in the art. In one
example, the single colonies are screened for the loss of

a plasmid by PCR. The absence of PCR product for all
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or flanking the nucleotide sequence to be amplified,
20 although primers complementary to the nucleotide sequence
to be amplified also may be used. In some embodiments the

PCR primers used to identify the presence of genes

encoding virulence factors are those set out in Figure 3.

25 PCR may also be used to determine whether a specific
sequence is present, by using a primer that will
specifically bind to the desired sequence, where the
presence of an amplification product is indicative that a
specific binding complex was formed. Alternatively, the

30 amplified sample can be fractionated by electrophoresis,
e.g. capillary or gel electrophoresis, transferred to a
suitable support, e.g. nitrocellulose, and then probed

with a fragment of the template sequence.

35  “Oligonucleotides primers”, *oligonucleotides probes” or
“PCR primers” are short-length, single- or double-stranded
polydeoxynucleotides that are chemically synthesised by
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anal ogues V\hll?;fl%tt)g% Cr‘%%g }b‘% AT PR ST h%nréeoaynlvlén i%fnar?@#%{r]é trf%cs]gcg,

e.g. deoxyur inbhTecuXephmsphatesd dtiE) . (B5 enpletieckew| tonbd et pengtge and
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by ( ql : ation, WO
2010/ 054437 PARALSDODI DM 48pdium citrate/0.1% sodium dodecyl sulfate

15 (SDS) at 50°C, or (2) employ during hybridisation a
denaturing agent such as formamide, for example, 50%
(vol/vol) formamide with 0.1% bovine serum albumin/0.1%
Ficoll/0.1% polyvinylpyrrolidone/50mM sodium phosphate
buffer at pH 6.5 with 750mM NaCl, 75mM sodium citrate at

20 42°C. Another example is use of 50% formamide, 5 X SSC
(0.75M NaCl, 0.075M sodium citrate), 50mM sodium phosphate
(pH 6.8), 0.1% sodium pyrophosphate, 5 X Denhardt's
solution, sonicated salmon sperm DNA (50pg/mL), 0.1% SDS,
and 10% dextran sulfate at 42°C, with washes at 42°C in 0.2

25 X 88C and 0.1% SDS.

Exemplary primers and probes include oligonucleotides that
are at least about 15 nucleic acid residues long and that
are selected from any 15 or more contiguous residues of

30 DNA. Preferably, oligonucleotides primers and probes used
in some embodiments of the invention are at least about 20
nucleic acid residues long. The invention also
contemplates oligonucleotide primers and probes that are
150 nucleic acid residues long or longer. Those of

35 ordinary skill in the art realise that nucleic
hybridisation conditions for achieving the hybridisation

of a primer or probe of a particular length to a nucleic
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of the two complementary strands of the double-stranded
template sequence), and (v) a polynucleotide polymerase,
preferably a DNA polymerase, more preferably a
thermostable DNA polymerase, ie a DNA polymerase which can
20 tolerate temperatures between 90°C and 100°C for a total
time of at least 10 minutes without losing more than about
half its activity. An example of a suitable
polynucleotide polymerase is HotStarTaq DNA Polymerase
(Qiagen) .
25
The four conventional dNTPs are thymidine triphosphate
(dTTP), deoxyadenosine triphosphate (dATP), deoxycitidine
triphosphate (d4CTP), and deoxyguanosine triphosphate
(dGTP) . These conventional deoxyribonucleotide
30 triphosphates may be supplemented or replaced by dNTPs
containing base analogues which Watson-Crick base pair
1ike the conventional four bases, e.g. deoxyuridine

triphosphate (dUTP) .

35 A detectable label may be included in an amplification
reaction. Biotin-labelled nucleotides can be incorporated

into DNA or RNA by such techniques as nick translation,
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15 detectable labels that are available for use in the
practice of the present invention. Moreover, fluorescent
residues can be incorporated into oligonucleotides during
chemical synthesis. Preferably, oligonucleotides primers
and probes of the invention are labelled to render them

20 readily detectable. Detectable labels may be any species
or moiety that may be detected either visually or with the

aid of an instrument.

Suitable labels include fluorochromes, eg. fluorescein

25 isothiocyanate (FITC), rhodamine, Texas Red,
phycoerythrin, allophycocyanin, 6-carboxyfluorexcein (6-
FAM), 2',7'-dimethoxy-4',5'-dichloro-6-carboxyfluorescein
(JOE), 6-carboxy-X-rhodamine (ROX), 6-carboxy-2',4',7',4,7-
hexachlorofluorescein (HEX), 5-carboxyfluorescein (5-FAM)

30 or N,N,N',N'-tetramethyl-6-carboxyrhodamine (TAMRA) ,
radioactive labels, eg. >?P, *°s, ’H, as well as others.
Another group of fluorescent compounds are the
naphthylamines, having an amino group in the alpha or beta
position. Included among such naphthylamino compounds are

35 1-dimethylaminonaphthyl-S5-sulfonate, l-anilino-8-
naphthalene sulfonate and 2-p-touidinyl-6-naphthalene
sulfonate. Other dyes include 3-phenyl-7-
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15 nucleotides used in the amplification is labelled, so as
to incorporate the label into the amplification product.

The vaccine strain of the present invention should retain
its immunogenic properties and be protectively

20 immunogenic. The term “immunogenic properties” as used
herein, refers to the ability of the vaccine strain to
generate in an animal the development of a humoral and/or
a cellular immune response to an antigen. For purposes of
the present invention, a vhumoral immune response” refers

55 to an immune response mediated by antibody molecules,
while a “cellular immune response” is one mediated by T-
lymphocytes and/or other white blood cells.

One important aspect of cellular immunity involves an

30 antigen-specific response by cytolytic T-cells (“CTLs") .
CTLs have specificity for peptide antigens that are
presented in association with proteins encoded by the
major histocompatibility complex (MHC) and expressed on
the surfaces of cells. CTLs help induce and promote the

35 destruction of intracellular microbes, or the lysis of
cells infected with such microbes. Another aspect of

cellular immunity involves an antigen-specific response by
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t hose skilled or veterinary arts, taking into consideration
such factors as the age, sex, weight, 30 species and condition of the

reci pi ent; jani MBbompHLitNenr 84t CabtindntnasteévicDos dheeldular ofmmune
adm ni stration can be percutaneous, Via cosal
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: N
sequentially %En1n|s?ered W ot her treatnments or therapies. Forns of
directed at, or near, cells presenting antigen at tﬁelr

15 surface. In addition, antigen-specific T-lymphocytes can
be generated to allow for the future protection of an

immunized host.

The ability of a particular immunogen to stimulate a cell-
20 mediated immunological response may be determined by a
number of assays, such as by lymphoproliferation
(lymphocyte activation) assays, CTL cytotoxic cell assays,
or by assaying for T-lymphocytes specific for the antigen
in a sensitized subject. Such assays are well known in the
25 art. Methods of measuring cell-mediated immune response
include measurement of intracellular cytokines or cytokine
secretion by T-cell populations, or by measurement of

epitope specific T-cells.

30 Thus, the term “immunogenic properties”, as used herein,
may be one that stimulates the production of antibodies or
elicit the production of CTLs. Hence, the immunogenic
properties of the vaccine strain of the present invention
may initiate one or more of the following effects: the

35 production of antibodies by B-cells; and/or the activation
of suppressor T-cells directed specifically to an antigen

or antigens present in the vaccine composition of the
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Sci ences” (]féﬁmecﬁﬁﬁé1&ﬁhtliﬁb(&ﬁﬁéh&&ﬁédsﬁﬁf&ﬂéﬁh)B Npprddpisenferiae
admi ni stering, vaccl g Composi (] ons A1 €, 2L 5p; KoM, 11 il 368 gpd descri bed
15 isolating and selecting modified strains of B.
hyodysenteriae are known in the art and described

elsewhere herein.

Once produced the vaccine strain of the present invention
20 may be administered to an animal to prevent dysentery
caused by B. hyodysenteriae colonisation. In some
embodiments, an animal is administered with an effective
amount of at least one vaccine strain of B.
hyodysenteriae.
25
The vaccine strains of the present invention can be
administered in dosages and by techniques well known to
those skilled in the medical or veterinary arts, taking
into consideration such factors as the age, sex, weight,
30 species and condition of the recipient animal, and the
route of administration. The route of administration can
be percutaneous, via mucosal administration (e.g., oral,
nasal, anal, vaginal) or via a parenteral route
(intradermal, intramuscular, subcutaneous, intravenous, Or
35 intraperitoneal). Vaccine strains can be administered
alone, or can be co-administered or sequentially

administered with other treatments or therapies. Forms of



WO 2010/ 054437PCT/ AU2009/ 001482 - 27 - met hod of vacci nation agai nst B.
hyodysenteri ae infection by adm nistering an effective anount of the

vacci ne cwoporvask4n. Logically, the present invention alPSO/AiRomvdes?2a

met hod of conferring inmunity to an animal, 5 such as a sw ne, against B.
hyodysent eri ae infection by adm nistering?o the animal an effective anount
of the vaccine conposition described above. The conpositions as

di scl osed i n ddnei rendoeh tedrh Smadf el ude i nvepdnaiomsy deryes toofelaxkins,
Typically the kit would al so include instructi The present

i nvention al sacf“# AR 5 e %cP%lfengﬁseaIQaz%’si%}?%é?%?%ﬁfs B. hyodysenteriae
col oni sat i on imteadd®mahi niht ramu s e o d et eendies dmiol Lorirides
obtaining a s e f | f g dysenteri ae
infection. A “sanpl e{%%%f% g@%[?n ma ti%@, bi ol ggﬁgzl&?%e?ds or 20

ot her mat éri s$@SERRPLRRLOBHICBOHIEM ng B. hyodysenteriae, or its
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by assessing T he presence or absence of {)o ynucl eoti des or genes encoding
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of the DNA segapa¢£nvé| hgellhegchr ovbseosivy enhanchngnaddireives,
preservatives, flavoring agents, colours, and the like,

15 depending upon the route of administration and the
preparation desired. Standard pharmaceuﬁical texts, such
as “Remington’s Pharmaceutical Sciences” (1990), 18P
Edition (Mack Publishing Co.), may be consulted to prepare
suitable preparations without undue experimentation.

20
The vaccine strain of the present invention may also be
used in the preparation of a vaccine composition. In some
embodiments that vaccine composition comprises at least
one of the vaccine strains of B. hyodysenteriae described

25 herein in a pharmaceutically acceptable vehicle. The
present invention also provides in some embodiments the
use of a vaccine strain of B. hyodysenteriae in the
manufacture of a medicament used to prevent B.
hyodysenteriae infection. Pharmaceutical carriers for

30 preparation of pharmaceutical compositions and medicaments
are well known in the art, as set out in textbooks such as
“Remington’s Pharmaceutical Sciences” (1990), 18*® Edition
(Mack Publishing Co.). Methods of administering vaccine
compositions are also known in the art and described

35 above.

The present invention also provides in some embodiments a
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hyodysenteriae infection.

A “sample” refers to animal tissue, biological fluids or
20 other materials suspected of containing B. hyodysenteriae,
or its polynucleotides or its polypeptides. Examples of
such tissues, fluids or materials include, but not limited
to, plasma, serum, faecal material, urine, biopsy material
including stomach and intestine samples. The sample might

25 also include in vitro cell culture constituents.

Whether an animal is colonised with a virulent strain of
B. hyodysenteriae may be determined by assessing the
presence or absence of polynucleotides or genes encoding
30 virulence factors as discussed supra. The presence of a
gene may be determined by the analysis of any factors
associated with or indicative of transcription and
translation of a gene including, but not limited to RNA
expression levels and protein expression levels, as well
35 as the presence of the DNA sequence within the chromosome

or extrachromosomally.
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immunological complex forms if antibodies are present in
the sample. A signal generating means may be added to
15 detect complex formation. A detectable signal is produced

if specific antibodies are present in the sample.

For example, microtitre plates may be are coated with B.
hyodysenteriae peptides corresponding to virulence factors
20 in, for example, a carbonate buffer. Coating is allowed to
occur in a humidified chamber at about 4°C overnight.
Plates may be blocked with PBS-BSA with mixing and washed
with PBST. Diluted pig sera are added to the plates and
incubated. Plates may then be washed before adding, for
25 example, goat anti-pig IgG-HRP. K-Blue TMB substrate can
then be added and colour development allowed to occur
before being stopped with the addition of sulphuric acid.
The optical density of each well can then be read. The
existence of colour in this example would indicated that
30 antibodies specific for B. hyodysenteriae virulence
factors are present in the sample and as such the animal

is colonised with a virulent strain of B. hyodysenteriae.

A point of care device in the form of a flow through test

35 may also be used to diagnose whether an animal is
colonised with a virulent strain of B. hyodysenteriae. 1In
a flow through test, a biological sample is added to a
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presence or absence of virulence factors in the sample.

The present invention also relates to a method of
screening for compounds capable of modulating the

20 virulence of a B. hyodysenteriae strain. In some
embodiments the method of screening evaluates the
potential of compounds to modulate the expression or
target the activity of B. hyodysenteriae virulence
factors.

25
The term “compounds” preferably includes, but is not
limited to, small organic molecules, peptides,
polypeptides and antibodies that bind to a polynucleotide
and/or polypeptide encoding a virulence factor, such that

30 the activity or expression of the virulence factor or
target thereof is inhibited or suppressed. Potential
compounds may be small organic molecules, a peptide, a
polypeptide, such as a closely related protein, or an
antibody that binds the same site(s) on a binding

35 molecule.

The term “compounds” also potentially includes small



proteins on matrices are well-known in the art. WO
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that the activity of the polypeptide is prevented. Other
15 potential compounds include antisense molecules, see, for
example, “Oligodeoxynucleotides as Antisense Inhibitors of
Gene Expression” (1988) CRC Press, for a description of

these molecules.

20 In some embodiments, it may be desirable to immobilize
either the polypeptides encoding virulence factors or
their target molecules or ligands, to accommodate
automation of the assay. Binding of a test compound to a
protein encoding a virulence factor (or fragment, or

25 variant thereof) or interaction of such a protein with a
target molecule or ligand in the presence and absence of a
candidate compound, can be accomplished in any vessel

suitable for containing the reactants.

30 Examples of such vessels include microtitre plates, test

tubes and micro-centrifuge tubes.

In some embodiments a fusion protein can be provided which
adds a domain that allows one or both of the proteins to
35  be bound to a matrix. Techniques for immobilizing

proteins on matrices are well-known in the art.
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The conbi nati vhrvledaea fromthe different sequencing platfornms for the B.

hyodysent eri ae genone results in the identification of a 3,000,694 bp
B odi ot od t o SREQHEVENLEPIORES Ta R, RE PIASHEA SREDBSL-gopY nayJBeOTE vas
15 reference only to the following non- limiting examples. It
should be understood, however, that the examples following
are illustrative only, and should not be taken in anyway
as a restriction on the generality of the invention
described above.
20

Example 1 Genome sequencing

An Australian porcine field isolate of B. hyodysenteriae
(strain WAl) was shotgun sequenced. This strain has been

55 well-characterised and shown to be virulent following
experimental challenge of pigs. The spirochaete was grown
in anaerobic trypticase soy broth culture and 100 ug DNA
was extracted using a cetyltrimethylammonium bromide
(CTAB) method to prepare high guality high molecular

30 weight DNA suitable for preparation of genomic DNA
libraries. The genomic DNA was sheared using a
GeneMachines Hydroshear, and the fragmented DNA processed
for cloning as per the protocol recommended by the
suppliers of the pSMART vector system (Lucigen). A small

35 insert (2-3 kb) library and a medium insert (3-10 kb)
library are constructed into the low copy version of the

PSMART vector and random clones are sequenced using the AB



35 ORFs. Conparison of the predicted ORFs with genes present in the nucleic
acid and protein databases indicates that approximately 70% of the

predi ct edwORPRY/II837honol ogy with WO 2010/ 054437PCT/ AU2@03/A00200980148233 -
genes contained in the databases. The renai ning 30% of the ORFs have no
known identity. The putative functions of-33he 32 predicted genes present on
the plasmd are shown in Figure 2. The majority of these genes have
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NSWLS and QL AYLHFRR &g TURNY I SRR S (13 S92 (6%

VS1, Al, B78Tsedqidétce B6933 and FMB8.90) with the gene content of B
hyodysenteriae strain WAl, also a highly virulent strain. The virul ent
strai ns have been reported to cause severe clinical signs of SDin

experi nenval |Exampllenad ur al | Anngtatien pi gs. The avirul ent 25 strains have
been reported to col onise pigs w thout causing significant clinical signs

of SD. High m)l ecul ar wei ght DNA was extracted fromthe B. hyod n#]eér ae
cell's using t [PRRRE BISBIERGRF TERE (B Y OPXFEiieth 1aR CBT I r@s%/edﬁ?

manuf act ur er’ gnd Nehnoed t & oy Tiee mmtfr@nldam ghedEnatkesed aeh VEAGHL 1 ONA was
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Array CGHsCenoemtréabet | CongpByst e (Gm@M:@geh?C%bcoﬁdﬁh@% f heublic
manufacturer’ g L 08L ryel] ORSymd L 20651 §0w8LE0HEA 88BRA Byse and re-

analyse the sequences as part of a quality assurance

procedure on data analysis. Open reading frames (ORFs)
were predicted using a variety of programs including

20 GeneMark, GLIMMER, ORPHEUS, SELFID and GetORF. Putative
ORFs are examined for homology (DNA and protein) with
existing international databases using searches including
BLAST and FASTA. Phylogenetic and other molecular
evolution analyses were conducted with the identified

25 genes:and with other species to assist in the assignment
of function. The in silico analysis of the partially
sequenced genome produced a comprehensive list of all the

predicted ORFs present in the sequence data available.

30 The combination of data from the different sequencing
platforms for the B. hyodysenteriae genome results in the
identification of a 3,000,694 bp genome and a 35,940 bp
circular extra-chromosomal plasmid. The genome was
predicted to encode 2,551 ORFs and the plasmid encodes 32

35 ORFs. Comparison of the predicted ORFs with genes present
in the nucleic acid and protein databases indicates that

approximately 70% of the predicted ORFs had homology with



35 were hybridised to the B. hyodysenteriae GeneChip under noderately
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el ectr ophor eses rough an agarose gel, stained W th ethi di um broni de and
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ORF was ia0di ]tcxaiétxtﬁn lcrieﬂéraqmﬁmedeﬁigrtm ORF manufrctphredilly 25 The
conmparison o 1 € : L r t dgavi rul ent
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to compare the gene content of six highly virulent B.

hyodysenteriae strains (strains B204, BW1, Vic2, NSW5,
NSW15 and Q17) and eight low virulence strains (strains

20 B234, SA2206, VS1, Al, B78T, R301, B6933 and FM88.90) with
the gene content of B. hyodysenteriae strain WAl, also a
highly virulent strain. The virulent strains have been
reported to cause severe clinical signs of SD in
experimentally and naturally infected pigs. The avirulent

25 strains have been reported to colonise pigs without
causing significant clinical signs of SD. High molecular
weight DNA was extracted from the B. hyodysenteriae cells
using the DNeasy Blood and Tissue Kit (Qiagen) according
to the manufacturer’s instructions. The purified high

30 molecular weight DNA was digested with restriction enzyme
Rsal and the resulting restriction fragments labelled with
a fluorescent cyanide dye (Cy3) using the BioPrime Array
CGH Genomic Labelling System (Invitrogen) according to the
manufacturer’s instructions. The labelled genome fragments

35 were hybridised to the B. hyodysenteriae GeneChip under
moderately stringent conditions (37°C) in the
Hybridisation Oven 645 (Affymetrix) for 16 hours. The



- 35 - Accordingly, strains without the identified functional virulence
factors woul d be useful as live vaccine strains. Additionally, the

det ecti orwOR200RF$4311- 16 in a strain of unknown virul enceCrau2009moos2de a
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process was repeat anot her nine tinesS an owi ng the assage the
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Exanpl e 5 Screening for clones with cured plasmds The single colonies

obt ai ned by passage in |liquid nedia containing ethidiumbrom de were
screened dyy PERrfohetdevdd phassmbd PREsmdt Tépresemtedrbpatire targeting

CRFs 1116 argofeshgned Lose e, 6L SEPLAGE PERERS SulFL A0 &I Flea frdpthcof 48

col onies were ce ded as tenplate in
PCR r eact i onsPOR| ampbiEhcatieomeoti gaphi GRF §Bakle Thi- FAEOR MARt¢ O her e
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used for each primer was set at 5°C less than the optimal

annealing temperature to allow for a moderate stringency
similar to that of the microarray hybridisation. The

20 amplification products were electrophoreses through an
agarose gel, stained with ethidium bromide and viewed over
ultraviolet light. The presence of one or more products
for an ORF was indicative of the presence of that ORF on
the plasmid.

25
The comparison of the plasmid gene content of the virulent
and avirulent strains are shown in Figure 4. These results
indicate that all strains analysed possess the plasmid,
except avirulent strains Al and FM88.90. For the strains

30 which possessed the plasmid, ORFs 1-10, 17-24 and 26-32
are present on all plasmids. The distribution of ORF 25
was variable amongst the strains and does not correlate
with their virulence. ORFs 11-16 were present on the
plasmid of the virulent strains but were absent on the

35 plasmid of the avirulent strains. These results indicate
that ORFs 11-16 encode virulence factors.



Exanpl e 6Experinmental infection of pigs with a field 5strain of B.
hyodysent eri ae not containing virulence factors (ORFs 11-16) Thirty-six
castrat edwoebm/gzigs (Large Wite x Landrace x Duroc) of pappruaniomatsby 18 kg
body wei ght were purchased 10 froma comercial piggery that is free of
swi ne dysentery. The pigs were wei ghed, edf-tagged, and faecal sanples were
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chal | enged w ' [ rad foB.
hyodysent eri a&elhfrﬂ%‘?r_q g?[ﬁ%%a(%%%ga?{n&%%&\}/fﬁlJen%e%g%t%%shgd%ﬁt | fied above
in Exanpl 6 3 doppsnining)whehen the oFHrebn pragliciedlert be JMHABK . Each
group was houseteddify StRE! Srdedntd &f dind ef @t 1 O08 Of i Al &6k af d OFb@i mal
house. Strict biosecuritY protocols were intained to prevent, transm ssion
of infection GMHethReSEA? OHRINIFR %ﬁ%ﬁb?ﬁw%?f%ﬁFaﬁ ?&Eﬂ%ﬁﬁ1bﬁ a weaner
di et that didimpéceont@ithantvbiraeléns. stinimeeksBaf hpodpsenvarisade pigs in
G oup A were chal | enged via stomach tube with 100nml of a broth 35

contai ning B. hyodysenteriae strain WAL grown to exponential | og-phase
(-108/ m)xo | rExdmpltant way, Ehimphation of plasmid “curing”)

B. hyodysenteriae strain WAl cells were grown to mid-log
phase in anaerobic trypticase soy broth culture. The cells
were serially diluted in anaerobic trypticase soy broth

15 containing 30 pg/ml of ethidium bromide and maintained at
37°C under anaerobic conditions with shaking for 3 days.
The viable culture from the highest serial dilution was
serially diluted in anaerobic trypticase soy broth culture
containing 30 pg/ml of ethidium bromide and maintained at

20 37°C under the same conditions for 3 days. This process
was repeated another nine times and following the final
passage the spirochaetes are washed to remove the ethidium
bromide and plated onto Fastidious Anaerobic Agar (LabM)
plates to obtain single colonies.

25
Example 5 Screening for clones with cured plasmids

The single colonies obtained by passage in liquid media
containing ethidium bromide were screened by PCR for the

30 loss of plasmid. Three primer pairs targeting ORFs 11-16
are designed for the screening process (Figure 3). A total
of 48 colonies were cell-picked into Tris-EDTA buffer and
added as template in PCR reactions using each of the six
primer sets. The PCR reactions were performed using

35 HotStarTag DNA Polymerase (Qiagen) according to the
manufacturer’s instructions. The absence of PCR product

for all primer sets, compared with the presence of all the
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e pigs were weighed, ear- tagged, and faecal samples were

taken and cultured to exclude the possible presence of
Brachyspira hyodysenteriae. The pigs were randomly
assigned to two groups:

15
i) Group A: twelve pigs that were challenged with virulent

B. hyodysenteriae strain WAl, ie. a strain that contained
the virulence factors identified above in Example 3 (ORFs
11-16); and

20
ii) Group B: twenty-four pigs that were challenged with a

previously uncharacterised field strain of B.
hyodysenterlae that did not contain the virulence factors
identified above in Example 3 (ORFs 11- 16), ie. a strain

25 predicted to be avirulent.

Each group was housed in a single pen in a different room
of an isolation animal house. Strict biosecurity protocols
were maintained to prevent transmission of infection

30 between the rooms. The pigs were fed ad libidum on a

weaner diet that did not contain antibiotics.

Two weeks after arrival the pigs in Group A were
challenged via stomach tube with 100ml of a broth

35 containing B. hyodysenteriae strain WAl grown to
exponential log-phase (~10%/ml) . In the same way, the pigs
in Group B were challenged with 100ml of a broth



30 Eleven of the 12 pigs (92% in Goup A shed B. hyodysenteriae in their
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%E;0.031; Flshgrff exact test). WD 2010/054437PCT/ AU2009/ 001482 - 38 -

re were no differenc in.t . Qfs g 0 fround in the
| arge intest ﬁ‘?é’&ad'lnltnf?e%z\egél nvﬁl%t%ﬁ%g‘/%%ﬁtsgrd ygil%i[%h%%?\%glngrg%fugs?. 9
Accor di ngl y, Hyhelyserttmsicter igseWnf itel @xpongnt igl Bodnpbdpserré 48 hat di d
not contain, WG il AeRACOIES el den 1RREIe b ERarbE 16).

col oni sed si gnificant wer pigs, and Significantl i

_ Iy : y fewer animals
devel oped di WM%V@MW%MI | enge, conpared to the io strain with the
virul encegfactors. This finding indicates that ORFs 11-16 are inportant in

facilitati |_oni i i i
suppor t ?nlgn?i??é’olé%zﬁ I %ﬁ%jHQ%L%E%i%?f%%\éﬁ%wer&ardgﬁgy@%t ors
ghtese resul tvst\:lhlaﬂrﬁimadlerml‘gﬁ' g atendifaefltieswisle GYRSTIERTYLS 16 in

et erm ni ng et.her trai 0 terl j i i i rul ent
Exanpl e 83er (ﬁaorgﬁlccéflaaéﬁlyszj‘ rgeo(ﬁ\ﬁ%%{%t ?%isﬁlét%fgﬁ%edr ZCHEO%;E ec,gﬂ_ivaltq{hecﬁ\ébrli Sgr.
wel | of soni citesth dribad emddn B ushy Riyase rithah %W@%e‘f]}@%qaﬁg/%‘% n

fg;gggff \%biw; %(r:stvfiggés %;g.c)oear%J&ey %félw&éd.omamﬁm@ rewabalsegrd n t he
: ing was allo to occur at 4C ov '

wer e bl ocked WWFWQ‘BOEEC‘@PF%?% c(f\ivoe/%dlval BrF%r ﬁl%%ﬁelgt&%%%’%@nd Pates
Egngg(ry at;lr)e (tlgifé Sdibs rﬂze(f@gcwlﬂntémrammﬁctambe on nesledtive 509 of PEST

: ov/v). Pig sera were diluted 400; [ g@]plégp i isda ESA (0. 1%
w v) and i ncub¥ e%x%?rﬁe?%rwazé]h%rg(%es&v& t‘%é)én]?sxi%. Pl at e%}/\ﬁre a\/\gshec(j (as0
above) challenge. Blood was collected from the jugular vein prior

15 to the first day of challenge, and at post-mortem or the
end of the experiment. The serum was removed and used for

serological analysis in an ELISA.

Example 7 Spirochaetal culture

20
Bacteriology swabs were streaked onto Trypticase Soy agar
plates containing 5% (v/v) defibrinated sheep blood,
400ug/ml spectinomycin and 25ug/ml each of colistin and
vancomycin. These plates were incubated at 39°C in an

o5 aerobic environment for seven days. Spirochaetes were
identified as B. hyodysenteriae on the basis of strong
beta-haemolysis and microscopic morphology. A subset of
isolates were subcultured and confirmed as B.
hyodysenteriae using a species-specific PCR.

30
Eleven of the 12 pigs (92%) in Group A shed B.
hyodysenteriae in their faeces during the experimental
period, and developed signs of swine dysentery. In group
B, 13 of the 24 pigs (54%) shed B. hyodysenteriae and

35 developed swine dysentery (see Figure 5). These difference
in shedding pattern and disease between the two groups was
statistically significant (P=0.031; Fisher’s exact test) .



30 before adding 100111 of goat anti-swi ne IgG (whole nol ecul e)-HRP dil uted
50,000-fold in PBST-BSA (0.1% w v). After incubating for 1 hour at RT, the
pl at es wewo 2m@ises7and 100pl of TMB substrate added. ColpourAltessaloogserent was
al lowed to occur for 10 mnutes at RT before being stopped 35 with the
addition of 100pl of 500nmil4 sul phuric aci.dg- The optical density of each
well was read at 450nm WO 2010/ 054437PCT/ AU2009/ 001482 - 39 - Pigs from

both groups had a simlar h -1.ine | evel .of i_bqdi .

hyodysent er i a&*SHFo"E*EeM° ﬁ%&frraeﬂc&?s bt itglre %gcttte%% g)%;é’trri%rr%n eﬁthé)r}glglyenge.
In Goup A &fnd e thepilgergshowmgestrinegkrafadde pigst viddy dYERItEWet ween
the 5 tine ofi e%eeri%n:?ago |l enge and the end of the experinent, but
over the whol élgroup, the 1 ricrease in antibody | evels was not significant.

In Group B, 21 of the 24 pigs showed an increase in antibody |evels, and
the group i NG{&as&sidyBAL I IR0Yar @vehsc viasi sddq i ifd lennit daoip<dE 1) (see

Figure 6). Accordingly,” exposure to.the field strain of B SeY.EL i ae
that di d not daentaelds rtt}}%c‘i\lq AQor L ttg}le ivnlralﬁseylg%/eg?né/c i rrlﬁgune

response evi dapaad fed kb Etapfé cAntORMe rEasks )i n cotdrbictid | evel s post B.
hyodysenteri ae, i nf ecti gn. These r ts_ i ndig i B BFedyodysaid B i ae
strain that o%’egsmrétcacfbtlr’bﬁfi %wed?l'—éfq%’_- 13611‘%2%1 1(';fvler'halaﬁ nog%ni c pro‘gerti es
and coul d i ndime oprdaiseasemiol tgwinmi el eme nyRRFRErFAe M nf ecti on

20 (ie. he protectivelw | (UNEOEAM Chee FEALSFOUGMiE BsdBng elhudbchtds | ity
to col oni'Ze pi gs and cause di sease. As such, these results s D {Pgm
assertion thathat roRFE bF-1 HRJIVERATEIPEelhi tott  Fanted o%cgf lﬂ?l;:s woul d

be useful as JhyenVESRIRE ShE aldGeloMERRO16f OSLSTRCT/ MPPOOE DOd 482e - 40 -
assertion that the ORFs 11-16 encode virulence factors.
These results also demonstrate the usefulness of ORFs 11-
15 16 in determining whether a strain of B. hyodysenteriae is

virulent or avirulent.

Example 8 Serological ELISA

20 Microtitre plates were coated with 100pl per well of
sonicated and cleared B. hyodysenteriae whole-cells
(1pg/ml) in carbonate buffer (pH 9.6) . The cells were from
the same strain used in the respective infections. Coating
was allowed to occur at 4°C overnight. Plates were blocked

25 with 150pl of PBS-BSA (1% w/v) for 1 hour at room
temperature (RT) with mixing and then washed three times
with 150pl of PBST (0.05% v/v). Pig sera were diluted 400-
fold in 100pl of PBST-BSA (0.1% w/v) and incubated at RT
for 2 hours with mixing. Plates were washed (as above)

30 before adding 100pl of goat anti-swine IgG (whole
molecule) -HRP diluted 50,000-fold in PBST-BSA (0.1% w/v).
After incubating for 1 hour at RT, the plates were washed
and 100pl of TMB substrate added. Colour development was
allowed to occur for 10 minutes at RT before being stopped

35 with the addition of 100pl of 500mM sulphuric acid. The

optical density of each well was read at 450nm.



CLAI MVB: 1. An isolated live vaccine strain of B. hyodysenteriae, wherein
sai d vaccine strain of B. hyodysenteriae |acks one 5 or nore virul ence
factors. w.20/68433i n according to claiml, wherein thePeirrAl2ermmei4sact or s
are encoded by one or nore pol ynucl eoti de sequences substantially simlar
to one or nore of the 10 nucleic acid segyences depicted in SEQ I D NO 1,
SEQID NO 2, SEQIDNO3, SEQID NGO 4, SEQID NOS5, or SEQID NO 6. 3.
An isolated live vaccine strain _of .B. q_g_-ﬁ Il _ Ahelgdin smi d

vacci ne strai 9% .Oﬁ%@ée?ﬁ%lf’gsae%daz%s on‘glr}{()l‘r3 Bn%fee ﬂf{t:;hncti fr?all_ vi rul ence
factors encodesi fiyodhes oro nBr ehyodysrret @otdelaviiekficfres RUARATAIAS v

simlar to one_or e P nces cepasted 8 rofSEQd D
NO. 1, SEQ | DW%N%E&}?%%G%%, sé%dafl el e

D NO 4, D i r
NO 6. 4. A stiaipigecoreved an HMTARE of ARY %‘iytgg‘ée?l%\ﬁ%er%‘ﬁ’%e thAQ
i solated Id vetglggcgf\eeﬁﬁé@i‘ﬂemaﬁ.c}lihyp]jgrs@@tmdiaﬂw.é sermdh of t@miat ed virul ent

strain, which conprises a nodification that t epuat L& U gnce
factor such t®¥PSTHEEBEr PWE rQYSF kT t WY hFudivg Ic@%é?o%zcr:??éés so as to be

protectively hApUPE@eNievebsitwas not | shgeificantenin Goowp By st} aph the

according to claim 4, erein t LEi catLopi 68Ul i8veDst hgndeetuet i on or
suppr essi on o?4nﬂf\ﬁse§g€‘5§ i BN r%%?%%\é gﬁ Aor 6 po?ynugl gotide sequences

subst anti al | ygsbupl ancreasaeinranbibody iAEehacrercSi8PYtiEdlknces depicted
in SEQ I D NG J(p<§ﬁE§DhP R\lgeg, FJS.EQL‘JED6$5 NO 3, SEQ ID NO 4, SEQ ID NGO 5, or
i

SEQ | D NO'%. or PEondi nati ons théreof. WD 2010/ 054437PCT/ AU2009/ 001482 - 41
Accordingly, exposure to the field strain of B.
hyodysenteriae that did not contain the virulence factors
resulted in a systemic immune response evidenced by a

15 significant increase in antibody levels post B.
hyodysenteriae infection. These results indicate that a
B. hyodysenteriae strain that does not comprise ORFs 11-16
does have immunogenic properties and could induce
protective immunity against a B. hyodysenteriae infection

20 (ie. be protectively immunogenic), even though it has a
reduced ability to colonize pigs and cause disease. AS
such, these results support the assertion that strains of

B. hyodysenteriae without functional ORFs would be useful

as live vaccine strains.



6. A strain according to claim4, wherein the nodification results in the
transl ati on of one or nore non-functional products, wherein the functional
product s woeossesed by one or nore pol ypepti de sequenc@sTRARMIZOMSRI al |y
simlar to one or nore of the am no acid sequences depicted in SEQ ID NO 7,
SEQID NO8, SEQID NO 9, SEQ ID NO 10, SERQ I D NO 11 or SEQ I D NO 12. 7.
A vaccine strain according to any one of clains 2 to 10 6, wherein one or

nore of the W&Cj eoti de sequences are plasn d-borne. 8. A vaccine
strain accor g to claim8, wherein the nodification results fromthe
curing of said plasmd from 15 B. hyodysenteriae. 9. A nethod of preparing

a live vaccine strgjn Qf) BedViodes ap@ViRe omin YME. (Bodaantdmge
virulent strain of B. hyodysenteri ae;agélb)qﬁorod Ci gg,a rE)Fdi fi calta{cq{)s i?r}‘esai d
20 virul ent sthexrgimbsad KARK R IEHHE (Y oV FEYE I 4tT erfuat e
virulent B. hyodusentarhaersdd aidetdxy. i sol ating the live attenuated

virul ent B. hyodysenteriae strain which contains said nodification; and (d)
selecting said isolated B. hyodysenteriae strain, wherein said 25 selected
B. hyodysent ez j ae rstetaiain etainsling iommiedigedi ¢ Whesiam itde s6- 88 e SDe
protectively J IC. | GRROSIS CHeyid ng in a

phar maceut i ca#?@%%%%bﬁ%cﬁ%??f%% Irk_g%st on?(%/ggg% ne 30 sirain of B.
hyodysent er i azequestreli rephsramyiahly of iR A HstA Y £ MOTA c%?%e

ngPO_Si ti an AEO S A d 4 %@@5' srédr;@es M@pﬂégbd m\mimfmmpm@m

addi tionally conprises an adj uyan t fepr a

di arrhocal diNene S50 2D Moy Do @5%%3“?%’6'/ %F%o@?gﬁn%‘z : Z%ﬁd?ng%i mal
conprising adwbnéstering to said aninal an effective anount of at |east one

vacci ne strain of B. hyodysenteriae according to any one of clains 1 to 8

or a vaccine conposition according to claim10 or 11. 5 ,
3. An isolated live vaccine strain of B. hyodysenteriae,

15  wherein said vaccine strain of B. hyodysenteriae lacks one
or more functional virulence factors encoded by one or
more polynucleotide sequences substantially similar to one
or more of the nucleic acid sequences depicted in SEQ ID
NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5,

20 or SEQ ID NO:6.

4., A strain according to any one of claims 1 to 3,
wherein the isolated live vaccine strain of B.
hyodysenteriae is an attenuated virulent strain, which

25 comprises a modification that attenuates a virulence
factor such that the strain retains its immunogenic
properties so as to be protectively immunogenic, but is no

longer virulent.

30 5. A strain according to claim 4, wherein the
modification results in the reduction or suppression of
mRNA expression from one or more polynucleotide sequences
substantially similar to one or more of the nucleic acid
sequences depicted in SEQ ID NO:1, SEQ ID NO:2, SEQ ID

35 NO:3, SEQ ID NO:4, SEQ ID NO:5, or SEQ ID NO:6.0r

combinations thereof.



13. A nethod of diagnosing virulent B. hyodysenteriae colonization in an
animal, conprising the steps of: (a) obtaining a sanple fromsaid ani mal ;
and (b) dwDeprosi43g t he presence or absence of one or mpca/AbogOcdseot | de
10 sequences substantially simlar to one or nore of the nucleic acid
sequences depicted in SEQ 1D NO 1, SEQ ID4NO 2, SEQ ID NG 3, SEQ I D NCO 4,
SEQ ID NG5, or SEQID NO 6 and/or the expression of correspondi ng nRNA or

encoded prot 6 n Prodicl Sy, WiRIEdL 1 PIESARFR Ofyrediclnl tricl ei ¢ aci ds or

correspondi ng mRNA or proteln products indicates the presence of virulent

B. hyodysent ardGief et tovty G BH tsh IThe-hghitkans Lafiom 9 10T O i™edifosi ng
virulent B. hysdysederdmel 3SRl zaiHarein die aiine ioreampiicsiuagsone or
nore PCR prinmers having. pol ynucl eoti de seguences, substantially simlar to
one or nore GIre RAGRASDIRY % %d‘i?e‘??c&‘%&@%? ett i BEQTD NOs: 55- 90. 25
15. A et hod @fbseareeid Iy foimiconpamdne apabiarefod ritidianinp @ d/i rul ence
of B. hyodysenteriae conprising:. r cii I W t

construct t hﬂe%%$?%e lnceéé(;c?J lnléfgeE%ofd]yrsl%cg]qe’oﬁ% e g@q%%#c’e?@ubqganti ally

simlar to oO?, NEE@ TP Nl uddER LRAVQ: BD @R cE: NMpi4ted in SEQ ID
NO'1, SEQ ID NO 2, SEQ IDNO®3, SEQ ID NO 4, SEQ ID NO 5, or SEQ ID NO 6:

(b) contacting said transfected cell wth, the candi date cgﬁundé 2(CQo
conparing the’t eved YACHHRG TR E FUPTFLLN ore TY nfte of St d™hutl el ¢

aci d nol egul e, ophéPeih eved Of RSr@rof ettle epebgienc byosihdel SERINCERSET 6884 on,
wher ei n sai dolF’){Ot ei‘i has a pol ypepti de sequence substantially simlar to

one or nore FRLAHPAE Aci d sequences depicted in SEQ WO .
2010/ 054437PCT/ AU2009/ 001482 -43 - ID NO 7, SEQ ID NO 8, SEQ ID NO 9, SEQ

|D NG 10, SEQID '\}g:x}& QI nSEQ 0 N 4201 Png Neo CoL A ihNe | henoFepENEge and
absence of the’can |dacfe conmpound; and (d) inferrin thaé tre caﬁrfdkdate
conpound i s amodihfieatbenofepults h?E‘é‘?sEﬂ?eFPﬁéngi?glﬁﬁt‘: Praghere 1™
significaplygl eﬁ§ogﬁg@ng@gﬁgé, protei n expressi on when the candi date
conpound I's present conpared to when the conpound is absent. 16. A nethod
of screening for conpounds capabl e of

9. A method of preparing a live vaccine strain of B.

hyodysenteriae comprising: (a) selecting a virulent strain
of B. hyodysenteriae; (b) producing a modification in said

50 virulent strain of B. hyodysenteriae to provide a live
attenuated virulent B. hyodysenteriae strain; (c)
isolating the live attenuated virulent B. hyodysenteriae
strain which contains said modification; and (d) selecting
said isolated B. hyodysenteriae strain, wherein said

25 selected B. hyodysenteriae strain retains its immunogenic

properties so as to be protectively immunogenic.

10. A vaccine composition comprising in a
pharmaceutically acceptable vehicle at least one vaccine

30 strain of B. hyodysenteriae according to any one of claims

1 to 8.

11. A vaccine composition according to claim 10, wherein
the vaccine composition additionally comprises an

35 adjuvant.

12. A method of preventing a diarrhoeal disease in an



10 inhibiting the virulence of B. hyodysenteriae conprising: (a)
transfecting a cell with a DNA construct that encodes a reporter gene
operati vew9 20iomise37t o a transcri ptional regul atory sequectawnoyoosot er of
one or nore pol ynucl eoti de sequences substantially simlar to one or 15
nore of the nucleic acid sequences depicted in SEQ ID NGO 1, SEQ ID NG 2,
SEQ I D NO 3, SEQID NO 4, SEQID NG5, or SEQID NG 6; (b) contacting said
transfected cel th the candl ( 0 g ashe | evel of
reporter gen@r’éﬂﬁ\ye§§“l?rﬁ H‘ntgn %%@qﬁgdtfe%ﬁge%gdagoaabsence of the
candi dat e coramﬁutlmdm(ow)nu r@fferartr dgatsrrapnehéraéz&ﬁaredéttéa&w& d is an
| nhi bitor of ,R,, JF}Y ﬁ'aa&o‘&'dllﬁge%e arfy 'ORQYr ©f S 1siign f1i cantd pr ess
Xpressi on

reporter gene-e en the candi date co Qunﬂ. | srprelsent conpared to
when the conpRawing cgyRarition afronddddnftoy e & di'n of B.

hyodysentgriae in the rranuf acture of a nedi canment used to prevent B.

hyodysent eri ae i nfectiqn, 1S at | e t e ya Zccording
to claim 1. ;3]03181&,5\[1%1}0(}& \écatqrfg% e(m:é’(}f}} §ér§t?éﬂ

an ani mal [ nst

hyodysent er i agoiddfdt ivn cnrrpam anngnal(,a)cmnpmmnge fétﬁnﬁfsﬁﬂﬁ co@ﬁ:}rr si ng
I n a phar ITB.CE%%I cal Ja/ accen a%lb £ alninfast [Re MEIC e rShiging
according to SRRTY 5 Tha

i nstruct ions for vac nati %;?an an| mal .
WO 2010/ 0544%#&2@0@& O@rllﬁnsenﬁle -ofp, Oqﬁ/cﬂfyé‘é?ﬁeer? ‘hj; %I ng the

st eps: ob @%&g % St £n©fa By hynslysentes i orees ca:ndncé:bs) ot e ni ng t he
sence o

e paiie ML B T e st
NO 3, SEQ ID 4, & 1D NO:3, SEQ ID NO:4, SEQ ID NO:5, or
NO:6 and/or the expression of corresponding mRNA oOr
encoded protein products, wherein the presence of said
15 nucleic acids or corresponding mRNA or protein products
indicates the presence of virulent B. hyodysenteriae

colonization in the animal.

14. A kit for diagnosing virulent B. hyodysenteriae
20 colonization in an animal, comprising one or more PCR

primers having polynucleotide sequences substantially

similar to one or more of the nucleic acid sequences

depicted in SEQ ID NOs:55-90.

25 15. A method of screening for compounds capable of
inhibiting the virulence of B. hyodysenteriae comprising:
(a) transfecting a cell with a DNA construct that
comprises one or more polynucleotide sequences
substantially similar to one Or more of the nucleic acid

30 sequences depicted in SEQ ID NO:1, SEQ ID NO:2, SEQ ID
NO:3, SEQ ID NO:4, SEQ ID NO:5, or SEQ ID NO:6; (b)
contacting said transfected cell with the candidate
compound; (c) comparing the level of mMRNA expression from
one or more of said nucleic acid molecules or the level of

35 protein encoded by said mRNA expression, wherein said
protein has a polypeptide sequence substantially similar
to one or more of the amino acid sequences depicted in SEQ



NO 5, SEQ ID NG 6 and/or the expression of corresponding nRNA or protein

product s,

wherein the absence of said nucleic acids or expression of

corresporiDrgioRMN&7or protein is indicative of a vacci [
et et I NeCTARNy/01488. 10
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ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, SEQ ID
NO:11 or SEQ ID NO:12, in the cell in the presence and
absence of the candidate compound; and (d) inferring that
the candidate compound is an inhibitor of B.
hyodysenteriae virulence if there is significantly less
mRNA and/or protein expression when the candidate compound

is present compared to when the compound is absent.

16. A method of screening for compounds capable of
inhibiting the virulence of B. hyodysenteriae comprising:
(a) transfecting a cell with a DNA construct that encodes
a reporter gene operatively linked to a transcriptional
regulatory sequence or promoter of one or more
polynucleotide sequences substantially similar to one oOr
more of the nucleic acid sequences depicted in SEQ ID
NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5,
or SEQ ID NO:6; (b) contacting said transfected cell with
the candidate compound; (c) comparing the level of
reporter gene expression in the cell in the presence and
absence of the candidate compound; and (d) inferring that
the candidate compound is an inhibitor of B.
hyodysenteriae virulence if there is significantly less
reporter gene expression when the candidate compound is

present compared to when the compound is absent.

17. Use of a vaccine strain of B. hyodysenteriae in the
manufacture of a medicament used to prevent B.
hyodysenteriae infection, comprising at least one vaccine

strain according to claim 1.

18. A kit for vaccination of an animal against B.
hyodysenteriae infection comprising: (a) a vaccine
composition comprising in a pharmaceutically acceptable
vehicle at least one vaccine strain according to claim 1;

and (b) instructions for vaccinating an animal.

19. A method of identifying a candidate vaccine strain of
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B. hyodysenteriae comprising the steps: (a) obtaining a
sample of B. hyodysenteriae; and (Db) determining the
presence or absence of one or more of the nucleic acid
molecules encoded by a polypeptide sequence as depicted in
SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID
NO:5, SEQ ID NO:6 and/or the expression of corresponding
mRNA or protein products, wherein the absence of said
nucleic acids or expression of corresponding mRNA oY
protein is indicative of a vaccine strain of B.

hyodysenteriae.



