WO 2007/ 036735 PCT/ GB2006/ 003628 1 I munogeni ¢ Agents The present

I nvent i OWQ 003235t 0 | Nunogeni ¢ agents which are usefROT/GB20p6/003628 acti c
or therapeutic vaccines against infection 5 by Burkhol deria pseudonal |l ei
and/ or Burkhol deria mallei. Burkbol deria pseudonallei is the causative
agent of nelioidosis, a severe disease of humans and ani mals. The
bacteriumis present in the environnment, mainly in South East Asia,
Northern 10 Australia, parts of Africa, South and Central Anerica. Although
mel i oi dosi s has historically been considered to be arelatively rare

di sease it is being diagnosed i:ﬁ.mﬁg | ner eas) nunber of countries and
with an increasing frequency. 'S T &%rcogg%% due to a conbination of

factors, such as recent inprovenents in 15 diagnostic techni ques, a greater

awar e”eSSTﬁé iRt SERARS AR ﬁé‘lat'eeCE@%&uth&th%beﬁE@‘(ﬁth99@: areas of
the world where nelioidosis is endemc. Melioidosis can present in a

nunber of UFefis aRhPEPPINAVACtAE R DoraRaitirperrdnescageingdpinfaeri® acute

pul MON&I Y by Skbriaed Her 84 Gbs HAbRAR1 Lol hA@ATE Burkho R aCASERe@ PEr Si st ent
sub-clini cal infection is established with the subsequent ability to

become septicaem c. The factors which influence the outcone of disease

are not kﬁamolaiewaug@euaonmiepq%ntﬁ@mgheﬂvé hifendi bf AKaNGE80d 1,25 t he
virul ence of different strains m %1“@ contrl bute to the, cl.inical outcorre of

di sease. PnSS¥RFS FoRSATRIQTIHBRIS 3nd FHTR1st ' HiR ARCEFT iU isi Rraf et i s,
those w t ini thieh@tr6hdnd, ahaihTPMiR Syutdl Etabpaesw t RoatMdsi ory of drug or
21 S0ngb, 2R3 295 Uk DBl FLSERIGERCLIL IS b0l LRl ot e
vacci ne eme]sicmdomprnasedtls&g»mm]tlyrrbéemlqdmsiéeréﬁ topbeudl @bk évehas
previ ousl ¥aree<ﬂsség Wn OisD rb%(:lj.H edita\égoééﬁ) %.%1 QJ]; increasing number of

countries and with an increasing frequency. This is probably due

to a combination of factors, such as recent improvements in

15 diagnostic techniques, a greater awareness of the disease and an
increase in global travel from areas of the world where

melioidosis is endemic.

Melioidosis can present in a number of forms which have been
20 described as acute septicaemic, acute pulmonary, sub-acute and
chronic diseases. In some cases a persistent sub-clinical
" infection is established with the subsequent ability to become
septicaemic. The factors which influence the outcome of disease
are not known, although it has been suggested that differences in
25 the virulence of different strains rqight contribute to the
clinical outcome of disease. In addition, melioidosis is most
frequently seen in diabetics, those with impaired cellular
immunity or those with a history of drug or alcohol abuse,
suggesting that differences in the immunological status of the

30 host might also influence the outcome of the disease.

Currently no vaccine exists to protect against melioidosis. B.

pseudomallei has previously been shown to produce two types of



WO 2007/ 036735 PCTI GB2006/ 003628 2 |i popol ysaccharide (LPS), terned OPSI

and OPSI iyo sdloss7spsul ar  pol ysaccharide [Y. [sshiki eicB&2dobb3628
M crobiol. Lett. 2001, 199, 21-25, S. Reckseidler et al. Infect. I|nmun.

2001, 69(1) 34- 44]. 5 The LPS of B. pseudonal |l ei has been shown to be
biologically active and capable of stinulating nmurine macrophages [M

Mat suura et al. FEMS Mcrobiol. Lett 1996, 137, 79-83]. Further studies
have shown that LPS is capable of stinulating an i mune response 10 in the
mari ne nodel of disease. Polyclonal an?isera raised against the LPS was

found to pe passivel rotective agains chal | w th B. pseudonal | ei
(M Nel SR RAbolys=Selae CFPsveroard APEF GBtbCBggL 2004 2o Sepasies

1177- 1182pol¥sarichgeids [of. I&¥hikdndt Bl pseMs anrirbbioll agaitl.i potwyve been

pr oposed al uat ed_as, 15, put at|ve vaceci ne candid [ reyt et al.

| nfect | nﬁ%}f{ e%@é%’, ngEF?s‘S?églf-ngESﬁel.' ?ﬁg?cg:'i g“% 'oaie | deggéﬁt ﬁgt capsul ar
pol ysacché&4] des play a role in the virulence of both G amnegative and

G amppsitive bacteria 20 and are inportant in protecting the bacteria

from host defence systens. Insertional inactivation of the capsule
bi osynt heThe LBSabhvdy nsevdbmzlliai hhe heepdabevrorroobe dnichdgighbly B.

seudonmal Lgi. s i ksei dl. : ' tral al
Vod cal - R civsh Pa Sepeff 68 AL ShGLIA pib i macfbihiled i wecdiElT
produced ®Y dot REBS Mizaoboedl |lettsi?H nd3R06I4B3dndrETBIerantudeas been
shown t0 Rgy@ pRlRMHA 1¥aCEL Naredndi Sake k308 £h ﬂmmeé%@%?&nse‘ t has

been &rjevi_ ously deponstrated that passive adm.niStration | nmonocl onal
ant i by i SeumagtRe Sl 0P kiH SEABP g AiRdvBlonnl apseseiaierdcan confer
protecti oggdmd¥ tHONGE GhsafountP¥bNBé Rissively protective against

challenge with B, pseudomallei [M. Nelson et al. Journal of
Medical Microbiology 2004, 53 (12) 1177-1182]. Conjugates of LPS
and B. pseudomallei flagellin have been proposed and evaluated as

15 putative vaccine candidates [P. Brett et al. Infect Immun. 1996,
64 (7) 2824-2828].

There is also evidence that capsular polysaccharides play a role
in the virulence of both Gram-negative and Gram-positive bacteria
20 and are important in protecting the bacteria from host defence

systems. Insertional inactivation of the capsule biosynthetic
pathway results in the production of an avirulent B. pseudomallei
strain [Reckseidler et al supra., Atkins et al. Journal Medical
Microbiology 2002, 51, 539-547]. Capsular polysaccharide is

- 25 produced by both B. pseudomallei strains XK96243 and 576, and has
been shown to be a potential vaccine candidate [Nelson et al.

supral .

It has been previously demonstrated that passive administration

30 of monoclonal antibody raised against protein antigens of B.
pseudomallei can confer protection [S.M. Jones et al. Journal of
Medical Microbiology 2002, 51 (12) 1055-1062].



Medi cal M crobiol ogy 2002, 51 (12) 1055-1062]. WO 2007/036735

PCT/ GB20&0 2003034835 3 Al t hough antisera raised agai nst tReFEpsHBbesER €
vaccines is protective in animal studies, active imunisation wth the
conj ugate has not been reported. 5 | nacti.vat ed vacci nes have been used
previously to provide protection against a nunber of diseases including
typhoi d, whoopi ng cough, polio and rabies and denonstrate that vaccination
agai nst individual diseases is possible given the correct stimnulation of

t he innune'systentby antigen. However,3it is not 10 possible to predict
whet her, in g particul ar case, such g %garatlons wi |l provide the sort
of stlrnﬂ%%FPBH b\ #RSoRB TS e agP 115ty FBRSR (SOBAUIRTRI VRRELRShafe been many

| nStanCGspI‘Mﬁ@E!ﬁlvéﬂlﬂ afimdDIstubeés, \sattveetmhayeapicy @dthnedd ective. 15 For

i nstance, ki.l | ed ol e-¢ aratjons of mycobacterium have
hi st or i cA9YUB_ER g&PBgﬁeeé'E ﬁ%ﬁ‘?‘%l ent vaccines against for exanple TB,

and so the live attenuated vaccine, bacilli Calnette- Gherin (BCG is the

regi S?Gr d1atc%§1 ed vacclL VM&%‘leebe %elulsex J?éxﬂ%ug | nS% él nia pestis has

been foun 5GGT 20 "B 6t ectl oh dgai net |sease
(RWTit t:aidteetlam agaanstnaa nupbeét ofl@éseasesliﬁcwnilw rtwphnid,st udy using a

killed | o VaGcel prOV|des
no pr otl\/(e@ %gﬁﬁg ‘# | seaéﬁ%%ﬁ%z@bhgﬁr@r%ﬁgwﬁé@%t#%p

Hyg, 2003Rgad9e8s) 115@3-181)1a1 Xbisganes ald poseilels wdyenhiheh comdeetle specifi cal | y
anti body JiS3ROAEESH oSYAD Afmihk! 5P M0l CatiBldeny 28GIRRS, 21 € LgREded as

bein i neffective against intracel|ular pathogens such as Burkol deria. 30
Howedr , Raseikpel te aredirhwhethght d RREtPRIFCICHI®R BBS ottt h kil | ed

whol e celﬂfepata&oﬁ%dgz@tdﬁaeca@e Rkest JBiGR12680ISWhich would

lead to protection, and there have been many instances where

killed whole cell vaccines have proved ineffective.

15 ©For instance, killed whole-cell preparations of mycobacterium
have historically been regarded as inefficient vaccines against
for example TB, and so the live attenuated vaccine, bacilli
Calmette-Guerin (BCG) is the registered vaccine. Killed whole
cell vaccine against Yersinia pestis has been found to offer poor

20 protection against pneumonic disease (R.W.Titball et al. Vaccine
2001, 19(30) 4175-84. A recent study using a killed whole-cell
Lishmania amazonensis vaccine has shown that it provides no
protection against disease (I.D. Velez et al., Trans. R Soc Trop.
Med Hyg, 2005, 99(8):593-8).

25
Generally, vaccines which induce specifically antibody responses
.such as killed whole cell vaccines are regarded as being

ineffective against intracellular pathogens such as Burkolderia.

30 However, the applicants investigated whether immunisation with
killed whole cells of B. pseudomallei can protect mice against

experimental melioidosis, and found good results.



experinmental nelioidosis, and found good results. WO 20071036735

PCT/ GB200/%Y £07638%s5 4 The npdel used provided for an assRe5aBHbefiz63sNe
relative roles of capsule, LPS and surface proteins in protection against

di sease, and so provide inproved conjugate vaccines also. 5 According:to
the present invention, there is provided an inmunogeni c agent which
conprises a killed strain of Burkholderia pseudonallei, or a conbination
of conponents thereof which conbination produces a protective i mune
response in an animal to whomit is am nistered, and which conprises at

| east two_nenb 10 selected fromthe ou consistin

| i popol ys'glzecﬁ‘SSFﬁe ngpd Pﬁeka&ﬂ deriap ﬁ@gﬁ%ﬁ’é’fq of theize &t(’:‘é‘fz)s‘%ﬂlﬁﬁ

pol ysacchﬂr icdpsoaie, waﬁac@rﬁawwmﬂm pemdeétidn) ag@ihggrunogeni c
protein o Bur khol deri a gse donal | ei, or _an inmunogeni ¢ _yari ant thereof or

an i murbiFERFe. 1 75 e PrRYLAS AT Fﬂ%%‘éqatﬁr VECHRESe£¢®4¢ti d which 15

expresses said protein, imunogenic variant or inmunogenic fragment in a

host f.0r use N the reve i,.an_or .t reat.ment i nfection by
Bur kho dg$§d°rd1%% Hﬁe PEEH %%nﬁ%%ord%éu g 1ﬁa?¥OVI e Oa?rnanogenlc
agent s acnmmwmoggnic)adaatlwhranlcomprmaas bekil feguntiréain qfr Burkieo gizeda

protecti hal.l en d |+ S I mal nodel s,
and can f‘%re ofgzi %r?ﬁljt %e%%@f%gr g%ﬁ%n;é&tfscg%%%%he#@p%tlc vacci nes
i n ani mal eerhiohtien maednses 25 PRobeeiylel jmmutee nesDERER iieancypigRdetPs
protecti VvﬁlofnPEtai% Lma Pléger&?yin&%lcﬁh?éﬁﬁl%%ﬁa iﬁa"s‘*‘ct £RE bers

Bur khol deri a pseu d/ or Burkhol deri a in a particular
enbodibrertelsctedettow dhei groun Kensifhinggehi d)3e égmnolaf§aaclvémld@d05t rain of

BUfkhO'deﬁdfkhB§SHEE&“EAé%HomEHIEEGV@ii»/a eaﬁbﬂMHrCBol§§%d&%%§1&eQﬁpsu'af
pol ysacchari de. I n ohe aspect of t i.nvention, the killed strain of
Bur khol dePuxkholderia pseudomallei and (111) an immunogenic protein of

Burkholderia pseudomallei or an immunogenic variant thereof or an
immunogenic fragment of either of these, or a nucleic acid which

15 expresses said protein, immunogenic variant or immunogenic
fragment in a host animal; for use in the prevention or treatment
of infection by Burkholderia pseudomallei and/oxr Burkholderia

mallei.

20 Immunogenic agents according to the invention have been found to
provide good protection against challenge by B.pseudomallei
species in animal models, and can therefore form the basis of

prophylactic or therapeutic vaccines in animals such as humans.

25 Preferably, the protective response is protective for at least 20
days post-challenge or infection by Burkholderia pseudomallei

and/or Burkholderia mallei.
In a particular embodiment of the invention, the immunogenic
30 agent is a killed strain of Burkholderia pseudomallei, preferably

one which includes a capsular polysaccharide.

In one aspect of the invention, the killed strain of Burkholderia



WO 2007/ 036735 PCT/ GB2006/ 003628 5 pseudomnal | ei produces a protective

I Mune r saPoe3qrss an ani mal  to whomit is adm ni stereser/@aafogodghy/, t he
protective response is protective for at |east 20 days post-chall enge or
infection by Burkhol deria pseudonmallei and/or Burkholderia mallei. 5 The
strain may be killed by conventional nethods for exanple by heat
treatnent, freeze-thaw treatnent, sonication, sudden pressure drop or
treatment using an inactivating agent such as fornmalin, azide, sodium
hypochl orite, phenol, saponin, detergént 10 (such as non-ionic detergent)

| ysozyme, prhbpi ol actone_and in arti,cul ar bet apropi ol gct one, bipary

e by oo SO Fh PERTSRES & BBRICt0S) LOTTen T REVORSA LUSh MRIAL N

5, 338, 5430 whorf £t dlzl wdmihbsteredl N prefisrdbiad thengracdotéat nBsdponbech | eaves
at least sone  surface nolecules jntact. 15 | rticular, however, the

i mmunogent pﬁﬁ‘éﬁ‘%ltlivf §°ﬁe?ﬁ %#?e%& d%ﬁ’?a??é’ﬁ?‘a?gelﬁﬁ %%b F?f‘b‘%é‘ﬁ&r by

heati ng cauzkhoederdfa Bsepdenabied! bad/dro BuZkhdlelegpda atakirsi .of from 50- 90C for
a perigod sufficient to ensure that all cells are inactive. This can be

tested using routine nethods as illustrated hereinafter. In particular,
heat i ng arhecsktraire nafy Be yisEledobwl d@ivehbiendlenpthadsirfiorobxalyiiet b0C for a

peri od of o] rs )] f r £.1n co 25
i nact i vatlfe(;%tr%. lﬂ%ﬁ%‘%&%é 5?‘?%.‘%?‘?%%3“%‘%/ (;es% Hb %%H;?/ndi Igglgﬁégst rains
i r r espectpnessvtetdrod opopuéatsient haginge an ekmtorjrat Bxnguiens sich lRsown strains

(39) 14240 IBIEY S B, peeiammepa cyare: St Shpiin, "RRlE) o
strai s aftsichyas|zosi-donge &skargrat) lysozyme, propiolactone and in
particular betapropiolactone, binary ethyleneimine (US Patent No.
5,565,205) or Thimerosal (US Patent No. 5,338,543). Preferably
the strain is killed using a treatment which leaves at least some
surface molecules intact.
15
In particular, however, the immunogenic agent is a heat-killed

strain.

It is suitably prepared by heating cultures of B. pseudomallei to

20 temperatures of from 50-90°C for a period,sufficient to ensure
that all cells are inactive. This can be tested using routine
methods as illustrated hereinafter. In particular, heating a
culture of B. pseudomallei to a temperature of about 80°C for a
period of about 3 hours has been found to result in complete

25 inactivation.

Suitable strains include any of the available strains
irrespective of the lipopolysaccharide serotype. Examples of
known strains include B.pseudomallei K96243 (Proc. Natl. Acad.
30 Sci. USA (2004) 01 (39)14240-14245) and B.pseudomallei 576.
Examples are B. pseudomallel strains are available for example
from the National Collection of Type Cultures, Central Public
Health Laboratory, 61 Colindale Avenue, London NW9, S5HT UK where



fromthe National Collection of Type Cultures, Central Public Health

Labor at oxpo 2003056933 ndal e Avenue, London NWB, S5HT UK wheg, 036536735
PCT/ GB2006/ 003628 6 exanpl es include those stored as Né%%gggﬁg@ h@ﬁc

12939, NCTC13177, NCTC13178 and NCTC 13172, but others may be isol ated
fromnatural sources for exanple frompatients suffering from

B. pseudonal | ei infection, or from environnmental sources such as 5 soil
sanples. In one enbodi ment the strain is one which has an atypical LPS
serotype (OPSI1), such as B.pseudonal |l 576. 10 In another enbodi nent, the
strain is one which has a typical LPS serot peW%CPSI such as

B. pseudon®falegoEpaipde HB°§%ﬁGﬁEeds%ﬁa’Sﬁ€e4éf5' TTH 12938vail able. In an

al ter nat i yercashod] nnic19i78 hahd Reeatinng, the ICtREPSORIY ®e iSonaeat is a
conbi nati on of Burkhol deri a 1g)'csr.teudorral lei c

onpanents conprising at | east
two nmenbetoMatHERY SFUFCER | EFTRISmIEAB P BﬁsﬁﬁegPﬁng (i) a
| i popol ysagsdridoiel 1di BuEsBOicigr b £iee edoifdnmehntal i $durdesapPset als
polys%Fcharjde of . Burkhol deria pseudonmallei and (iii) an inmunogenic
prot ei*n ofBurRMBitRria 20 pseudomal I ei or an irmunogenic variant thereof,
or an imunogenic fragnent of either of these, or a nucleic acid which

expresses__said | nogenjc protein, variant .ot fra nt .in st ani mal .
it has be®h %uﬁﬂg%ﬁe%t%h#ge gsrt(f&ﬁno S & ‘f;aﬂrlllecfﬁ é‘afaﬁgg%ypigagaﬁggi stically
t oget her , serdtypei (QPITTe , psutlectsi Bepedudootrlidits576woul d be obt ai ned using the
conponents individually. in one enbodi nent, the conbination conprises a

| i popol ysaccharide and a capsul ar pol ysacchari de of Burkhol deri a
pseudbhal Irjancgber rempoddmenter thebetifadants ome whinbi has iotypbepl iIPSs a

i popol ysaeehaledeordd 8Qch B ROGE0:Gon219L 81 b2l 3 BUikd diehl

sequence of which is available.

In an alternative embodiment of the invention, the immunogenic

15 agent is a combination of Burkholderia pseudomallei components
comprising at least two members of the group selected from the
group consisting of (i) a lipopolysaccharide of Burkholderia
pseudomallei, (ii) a capsular polysaccharide of Burkholderia
pseudomallei and (iii) an immunogenic protein of Burkholderia

20 pseudomallei or an immunogenic variant thereof, or an immunogenic
fragment of either of these, or a nucleic acid which expresses

said immunogenic protein, variant or fragment in a host animal.

It has been found that this group of components can act

25 synergistically together, enhancing the protective effect that
would be obtained using the components individually.
In one embodiment, the combination comprises a lipopolysaccharide
and a capsular polysaccharide of Burkholderia pseudomallei.

30
In a further embodiment, the combination comprises a
lipopolysaccharide and an immunogenic protein of Burkholderia

pseudomallei or an immunogenic variant thereof, or an immunogenic



pseudonal | ei or an inmunogeni c variant thereof, or an inmnogenic WO

2007/ 036786 260@Ms6382006/ 003628 7 fragnment of ei ther of pOeRB200f00F281UC] ei C
acid which expresses said i munogenic protein, variant or fragnment in a
host animal. Preferably all three conponents are present and so the 5

| rmunogeni ¢ agent conprises (i) a lipopolysaccharide of Burkholderia,
pseudoral l ei, (ii) a capsul ar pol ysaccharide of Burkhol deria pseudonali ei
and (iii) an inmunogenic protein of Burkhol deria pseudonallei or an
innunogenic vari ant thereof or an iﬁhunogenic fragment of either of

t hese, a nucl ei d 10 I ch expresses sa nogeni c_protein,

vari ant oﬁraPF‘&BFreﬂ ‘? eﬁ %Vsétb“eﬁﬁf rﬁflpal ﬁ‘éc%é'd aﬁéﬁae"l’ .,C%t FEPE ssi on
‘vari ant "sdidf émfuhegaaquppersingf vasidntooacEsiymeht cin di hbet ddialt he base

sequence fromwhich they 15 are derived in that one or nore am no acids

wi thin the sequence are substituted for other am no acids, but which retain
t he abi IPﬂqfem&blLineaJtias:hreecpmponemts prredpmsseat andnswodghri ¢ response  which

recog | l.ei. ] stitutions may be
regar ed 3@1 %%@%?v |ve %égggghdaﬁi%ggggﬁg%%ég?% g@bﬁgced with a
di f f er entBuniihodderial peeutiohzldadl y (i )mial aaps@aapeplywchuumdemfser vative

bstitut ds of
substituty ypeﬁdgf%@agfs%uﬁg)néﬂkeﬂcwé (135§ ér?pm@n%ﬁg g\:@ﬂbao‘]‘.' s of a

di fferent sSpeaki ng, fewer non- conse rvat ve substitutions
Wi || be poaditiolderiw tnssydonitledi oy aerhemquagil@avamnw rthyr@cpf,t e

pol ypept i I S t for
i nstance %? mﬁl %é%%t}of% %%EE e%%ﬂp)égcpg ?{ eas?l@é:&g/%gdé ntical. In
par t i Ul awhigh eypresshs sapd Jaﬁnune@@zwgewt%m Néaian%lm Epr@ientaBhy at

| east 959% iydeRrt badhat O the base sequence. 30 Identity in this instance can
be judged for exanple using the BLAST program or the al gorithm of

Li pman- Pearson, with Ktuple: 2,

As used herein, the expression “variant” refers to sequences of
amino acids which differ from the base sequence from which they

15 are derived in that one or more amino acids within the sequence
are substituted for other amino acids, but which retain the
ability of the base sequence to produce an immunogenic response
which recognises epitopes of B. pseudomallei. 2mino acid
substitutions may be regarded as “conservative” where an amino

20 acid is replaced with a different amino acid with broadly similar
properties. Non-conservative substitutions are where amino acids
are replaced with amino acids of a different type. Broadly
speaking, fewer non-conservative substitutions will be possible
without altering the biological activity of the polypeptide.

25 Suitably variants will be at least 70% identical, for instance at
least 75% identical, especially at least 80% identical. In
particular variants will be at least 90% identical, and

preferably at least 95% identical to the base sequence.

30 Identity in this instance can be judged for example using the
BLAST program or the algorithm of Lipman-Pearson, with Ktuple:2,
gap penalty:4, Gap Length Penalty:12, standard PAM scoring matrix

(Lipman, D.J. and Pearson, W.R., Rapid and Sensitive Protein



gap penalty:4, Gap Length Penalty: 12, standard PAM scoring matrix (Lipman,

D. J. andwiéemoness7asW R, Rapid and Sensitive Protein WOpaOds{86d03as
PCT/ GB2006/ 003628 8 Simlarity Searches, Science, 1985, vol. 227,

1435-1441). The term "fragnent” refers to any portion of the given am no
acid sequence, which includes an epitope and so has i mmunogenic 5
activity. Fragnents will suitably conprise at least 5 and preferably at

| east 10 consecutive am no acids fromthe basic sequence. 10 The

conbi nati on may conprise nore than oné | i popol ysaccharide, and in a
particularly.enpodipment, it wll contain a_ B_pseudomall ei

| i popol yﬁ@%‘f’lﬁﬁ% SePrEhes: JfeieReey \%%FNDW} §2§ot%§,14&951 and OPSI| as
descri bed above. 15 where the conbination includes conponent (iii) above,
this is _guitably one or pore immunogenic proteins of .Burkhol deria
pseudorralqlﬁiﬁ tt8?““a "’iaﬁf?ﬁﬂﬁgerrﬁef@r@a\;? ?%‘B’é’@f ,c’fo?h%r?livﬁﬂu‘?‘fbld’é’n%ldf r agnent
of eithersetfuehbesavhifhetachiles anngrdrepe 4hd isp hasmumunesewite or nore

i mmunqgeni ¢ .pr.ot eins of Burkhql deria.20 pseudonmallgi. Suitable proteins are
| parts b ery ikagenby T S§{GRnl CBRRHERTRL Ras TR AR o 0 %\ b

conbi nat imreferably aitplesst al) conmerwigesi aniner hadtés pfmtreithe dfasBer khol deri a

pseudomﬂééimﬂg an 25 i nmunogeni ¢ variant thereof, or an immunogenic
fragnent of" €l fer  of these, or a nucleic acid which expresses said

i mmunogeni ¢ surface protein, variant or fragnent in a host aninmal
Particul ar surface proteins include ABC transporter proteins (for 30
exanpl e as described in copending British Patent Application No.

050762, g¥hepepmbinatjion maytrewrise Maye bleauiosiet L apcgalysarekarige, conponent s
of the tyfs 3nS8C5AIH1R018Y5) WRoolQRR074 D3HAI5 BETAGER006/ 003628

B.pseudomallei lipopolysaccharide of each of the two known

serotypes, OPSI and OPSII as described above.

15 wWhere the combination includes component (iii) above, this is
suitably one or more immunogenic proteins of Burkholderia
pseudomallei or an immunogenic variant thereof, or an immunogenic
fragment of either of these. Preferably component (iii)
comprises one or more immunogenic proteins of Burkholderia

20 pseudomallei.

Suitable proteins are in particular surface proteins. Thus in a
particular embodiment, the combination will comprise an
immunogenic surface protein of Burkholderia pseudomallei or an

25 immunogenic variant thereof, or an immunogenic fragment of either
of these, or a nucleic acid which expresses said immunogenic

surface protein, variant or fragment in a host animal

Particular surface proteins include ABC transporter proteins (for
30 example as described in copending British Patent Application No.
0507632.8) porins, pili, adhesins, ion acquisition proteins, or

components of the type 3 secretion system.



9 The i nmunogenicity of any particular protein can be determ ned using

routine W adeseass woul d be apparent to the skilled perﬁ@ﬂ(}mﬁﬂ?ﬁoﬁfﬂ ection
of specific proteins for testing in this way may 5 alternatively

determ ned by exam nation of the proteone of the B. pseudonallei species,
derivable fromthe known genom c sequences, using for instance the nethod
described in WO 03/073351. 10 Alternatively, B. pseudonullei proteins can
be nmade or isolated and tested using routine nethods to ensure that they
are immunogenic. in a particularly pr®ferred enbodi nent, the conbi nation

conprises 15 nore than one such protein or imunogenic varlant or
fragnent Be iBmERRFeISrifKele anvnPaR-iular REQEPE R Redsteredc onbi nat i on

conpri sesyfinguebgt the AetHodd BN wEBAT &S 8fpStind LAMUOGKAT CedRr@bA, Vari ant
or 20 fragnment in a host animal. In this instance, the nucleic acid m ght

be incorporated into an expression vector, in particular a
phar nacetmné:&leuyctar&ﬁlaﬁabb@:@mr ﬁﬁ@tteﬂ.lihsVE@f (Heswﬁ@ 86 thi%i W& mayect or such

as va nc the Li,ster strain), adenoyi rus vec ors which
re o AP BOFLRLS B, Sereaipatkf iexpnbir ey, 0Fri HROle0R afchbesan
attenuateBI Ilerdaed 111s sped fed, 0lerivedilanfeom tthenkadvad genbaias of S. typhi

or S. typhlrrurlumsucha cl l.so..he in the form of
a plasm d°of TRk ed DRA oﬁalc?%l%ﬁlélce g& tgl%%éoadcldaegﬁqr Sy a|’j1nc lde those known in

the art a@ﬁi’(ﬁéaﬁlare comercially available. 30 Imunogeni c agents of the
i nvention are suitably adm nistered in the formof one or nore

phar maceuti cal conpositions, which suitably further conprises a

phar nkt e A1 teanpyivelos pBabbecudomaildel PROtLDY BB6PESUAIET PEBLETEIEI3628

and tested using routine methods to ensure that they are

immunogenic.

In a particularly preferred embodiment, the combination comprises
15 more than one such protein or immunogenic variant, or fragment of

either of these.

In an alternative embodiment, the combination comprises a nucleic
acid which expresses said immunogenic protein, variant or

20 fragment in a host animal. In this instance, the nucleic acid
might be incorporated into an expression vector, in particular a
pharmaceutically acceptable expression vector such as a viral
vector such as vaccinia (for instance, the Lister strain), orx
adenovirus vectors which are suitably attenuated, or a bacterial

25 expression vector such as an attenuated Salmonella strain for
instance attenuated strains of S. typhi or S. typhimurium such as
SL3261. Nucleic acids may also be in the form of a plasmid or
*naked DNA” vaccine. Suitable plasmids include those known in

. the art and many are commercially available.

30
Immunogenic agents of the invention are suitably administered in
the form of one or more pharmaceutical compositions, which

suitably further comprises a pharmaceutically acceptable carrier.



10 Where the immunogeni c agent conprises a conbination as described above,
i ndi vi duglo ponmssmsnt s may be admi ni stered separately orpcﬂﬁgﬁﬁ,gyw%zsbut are
suitable fornul ated together in a single dosage 5 unit. The nature of the
carrier will vary dependi ng upon the nature of the imunogenic agent, the
node of adm nistration selected etc. in accordance with nornal

phar maceuti cal procedure. 10 Suitable carriers are well known in the art
and include solid and liquid diluents, for exanple, water, saline or.
aqueous ethanol. The liquid carrier i18 suitably sterile and pyrogen free.
15 The conpositions may be suitable for oral use (for exanple as tablets,

| ozenges, hard or soft capsul es, aqueous or oily suspensions, emnulsions,

di sper si hiterpotHerismhogemitilagent Syomppisedra ebinksina)ionf as ashvrmibedrati on by
i nhal ati o for,exanple.as a finely divided powder.or _a_liquid aerosol),
For - aam Ravea FEHEBRSY TorBopphll may PF oI PURRREFEEL SR Rr R, B v ded
powder) dtoglkether pdnantee sduiddbilai Bomuflabed (Hfogetbeamnipl @ adngletdesae aqueous
or o%ly %ution for intravenous, subcutaneous, intramnuscul ar or

i ntrafmuscul™ar or intradermal dosing) or as a suppository for rectal

dosing. 25 They will be conbined wth pharmaceutically acceptable

eXCi DI €Nlofne SUEH: A% RELLAlUENE1) YoBPUhaIdAdng ulhe ALEWALINGe agent s,

bi ndi ng agents, Tubricating agents, preServative agents ~and anti-oxidants.
Tabl et f dvheulinmieegenigy agentunsbateetico cfcadniad sgpatiarheelectetbditty t heir

di si nt egrat :0ReAAGhddG: BHNRRAHENbhardRSeLBLEAN pebcddifACt 1 Ve i ngredi ent

within the gastrointestinal track, or to inprove their stability and/or
appeatMance, in either case, using conventional coating agents and

procedur ef;iWabl e kid@Mlers are well known in the art and include solid and

ligquid diluents, for example, water, saline or aqueous ethanol.

The liquid carrier is suitably sterile and pyrogen free.

15 The compositions may be suitable for oral use (for example as
tablets, lozenges, hard or soft capsules, agueous or oily
suspensions, emulsions, dispersible powders or granules, syrups
or elixirs), for administration by inhalation (for example as a
finely divided powder or a liquid aerosol), for administration by

20 insufflation (for example as a finely divided powder) or for
parenteral administration (for example as a sterile agueous or
oily solution for intravenous, subcutaneous, intramuscular or
intramuscular or intradermal dosing) or as a suppository for
rectal dosing.

25
They will be combined with pharmaceutically acceptable
excipients, such as inert diluents, granulating or disintegrating
agents, binding agents, lubricating agents, preservative agents
and anti-oxidants. Tablet formulations may be uncoated or coated

30 either to modify their disintegration and the subsequent
absorption of the active ingredient within the gastrointestinal
track, or to improve their stability and/or appearance, in either

case, using conventional coating agents and procedures well known



WD 2007/ 036735 PCT/ GB2006/ 003628 11 in the art. Were the i munogenic
agent i ngloughegoss7srucl ei c acid elenment which s in the d@FgBR06/06363%
vaccine', this will be fornulated to 5 ensure that they produce the desired
effect. For exanple, where the vaccine conprises a viral vector, they may
be contained wthin fornmulations suitable for parenteral adm nistration
or, when possible, for oral admnistration, inhalation or insufflation.
10 Where bacterial vectors such as attenuated Sal nonella strains are used
to deliver the nucleic acid which encddes a protein elenent of the

I mmunogenj ¢ %%entt they are suitably fornulated for oral adm nistration.
15 I n part?culafr“where the vaccine conprises a naked DNA vaccine, they
will be fornmulated such that they are suitable for parenteral

adm nistration,.for_ex le by combination with .lLiguids.such as.saline.
These confie Thre mRERTeaFe Aast) o Tt avi o6, S RaaHeRy P oA

i nj ecti onis adit kbeghoot e “hbanvagtinapplthtatwidl aeef@osdiabeé &s descri bed

0 PO UL ) GhERAILY e OB B RITLOL UL 00 0 @ Cone

i nt r a- nasthe wacdéhe veongarifes rulvirabrieckor, atlsay peysbhélaont8inéed f or nul ati ons

25 i nel ) i _ . : ; . h
cpect o5 of e E8En Blesolf, MRl Y el felt bR B NERIGH STC 20
804- 807) . witers mgssibiet Hfiorvarel mdnimtsrbatiany jgdefllativmrorcase will depend

30 upon fact oS 846 as the particular protein used or expressed by the
vaccilnoe, "the nature of the patient receiving the treatnent

Where bacterial vectors such as attenuated Salmonella strains are
used to deliver the nucleic acid which encodes a protein element
of the immunogenic agent, they are suitably formulated for oral
administration.

15 .
In particular, where the vaccine comprises a naked DNA vaccine,
they will be formulated such that they are suitable for
parenteral administration, for example by combination with
liquids such as saline. These compositions are preferably

20 formulated for intramuscular injection, although other means of
application are possible as described in the pharmaceutical
literature, for example administration using a Gene Gun, (Bennett
et al., (2000), Vaccine 18, 1893-1901). Oral or intra-nasally
delivered formulations are also possible. Such formulations

25 include delivery of the plasmid DNA via a bacterial vector such
as species of Salmonella or Listeria (Sizemore et al (1997).
Vaccine 15, 804-807).

Dosages of the vaccine used in any particular case will depend
30 wupon factors such as the particular protein used or expressed by

the vaccine, ' the nature of the patient receiving the treatment

etc., and will be determined in any particular case in accordance

with conventional clinical practice. Generally speaking however,



etc. and will be determned in any particular case in accordance wth
convent i ¥@&PR00E03GTBTal practice. Generally speaki ng howewrer/cBY¥os40437¢ 036735
PCT/ GB2006/ 003628 12 in general, the i munogenic agent wll be

adm nistered in an anount of fromO0.5 ng to 75 ng per kg body weight.
Where the immunogenic includes a "live" vacci ne conponent, such as a virus
vector, dosages of the vector may be in the range of from 104-10 pfu (pfu
= b5 particle formng units). The conpositions of the invention nmay further
addi tional other active conponents. r exanple, the other conponent may

conprise, an_adjyvant which enhances .t he st's i ne response, and/or the
10 ol y it Pereualy e COMBRREE R FSraEaH e A DGTEY GEReE, TR an: 1y
agai nst afdiEtéreroe bt mgatd dGengt wed Gynbedyruiet ghial enhevacche dmminogerder t o

i ncrease ,th enefiitatosrisk.ratio of vaccination _l.n a particularly
preferred‘nggﬁg%sf r?engl,lv? he S5ther &t :%\r/l%nc’or%gﬁeér‘\ @ f%IB%rrpercltg’és an adj uvant
whi ch enhimsegss tdfethestecsor nmawn der s vhesearmed of | frqpad 01-00PaEu pfofuntes a

cel l ulzar I : h as a CD8+, a CD4+ and/or a Thl response.
Adj uvesmt ga\%g?%% r$g)y ac i%g\}gg)tc'hese effects include cytokines such as 20

I nterleukins and interferons. In particular, the other conponent conprises

a cytoki ese&&ogit%}aé %tfeEﬁ§Lilf{¥,@ntJ*fMH by hér a?dd%*l%nala%it%fmt . A
partlcular y prererre I nterl eukl n or Inclusionin t evaccmps of the
i nvent i oratdve |copponepfisoh Fak FaERLShGRA PrerdFPmroneRE BRHEABPHIPOf a

protectivg I@%@va‘iﬁl Whi@S RAASELHEhO hod® & AniminBUFdMenkd! airaba dHedl ovl i ov
I, et,al. (1995). Infection and_ Immunity 63(2):534-8). O her types of

phar ffc e ROLEBREPidg ey ha cPRRInFdewii GRJAREIGERCFHHING BTRFH4RAL . al umi ni um
conpoundsSinEusicy @ Sigali hkl i QIErSRnlYsHINOLER , tPTbyh ad iRt Svairnb ohyeliakes such

as o tosan and, qer|vall Yes L heLedhsc O B TRLE, 3% JSRErLRed,

In a particularly preferred embodiment, the other active component
15 comprises an adjuvant which enhances the host’s immune response and
in particular promotes a cellular immune response, such ag a CD8+,

a CD4+ and/or a Thl response.

Adjuvants which may achieve these effects include cytokines such as

20 interleukins and interferons. In particular, the other component
comprises a cytokine such as an interleukin, which acts as a Th-1
adjuvant. A particularly preferred :interleukin fbr inclusion in
the vaccines of the invention is IL-12, which has been shown to
drive the expansion of a protective Th-1 cell response during

25 early murine tularemia (Golovliov I, et al. (1995). Infection and
Immunity 63(2):534-8).

Other types of pharmaceutically adjuvant include Freund’s
incomplete adjuvant, aluminium compounds such as aluminium

30 hydroxide, polycationic carbohydrates such as chitosan and
derivatives thereof, for example as described in W000/56362, or
adjuvants described in W000/56361 or W000/56282.



adj uvants described in WO0O0/56361 or W00/ 56282. WO 2007/ 036735

PCT/ GB206%0 863/636¥35 13 However, for reasons di scussed i npapigBa6iRioddchs el ow,

a particularly preferred class of adjuvants are those which activate or

stinmulate antigen-presenting cells, such as dendritic cells. These can

evoke in particular long lasting protective 5 i nmune responses agai nst a
range of strains. Exanples of such adjuvants are Toll-like receptor (TLR)
| i gands such as CpG oligonucleotides (for exanple as described in US
Patent No. 6,429,199), bacterial |ipddolysaccharides or |ipoproteins.

where the i munogeni c reagent incluydes as a_conponent a 10 ‘

| i popol ysBRWSVEFi dEOT 1535 8RS fHRFUESe) skt @oRal 1ehallt Belo -1 i ke receptor

Idi ganddufﬁﬂrﬁfcuﬂ.EEIﬁ(ﬁﬁé‘fafﬂfed icﬂ.ﬁ%ui 6ﬁbi@zju0§1|ilﬁa{) la&baﬂhgse lwhpepol ysacchari de
erive rom B. pseudanall ei . ese are suita coadm.ni_st ered .or, even

[ hked t oPEHYars PEAHOBARTR TRGERTE ReBE I APLL B0 /e Aec Aot o

parti cul aceliks. r Phesdicaantvéke finepdotiddlar pormyg dansing protdetited enhance

the respo 0 e S | gen-presentLng cell S to oduce

syner gbﬁst %ﬁ&eevgﬁég%l}&%r %?%c éleO%. Q@%? r?%agkﬁér%t %e'r %’éarlﬁlce%'l 8% seLP hodi ment
however, afiuvamrenagefodlaythe redepteor biFERabbigandeysbeh @snBp@ed wit h

antigen- prfged}McTQoéﬁ%ss (fol hé;?am@%béé'ad‘e%@ﬁﬁéa tj.geﬁs CoLAgip RSt ered.

Anti gen-presenting cells are rnstrunmental 1 n producing an 1 nmune 25
response ko8P at dagrevanl ouipopedysancharidThey Liptpriteinscr@preges and

dendri ti ctﬁgljl_ﬁ“myg&giré t’-‘gﬁg‘?ﬁ 'iici@&%é)asaéecéﬁ%ﬁhﬁ}:i sed antigen presenting

cells that have a centra leininitiating T-cell responses. inmature
30 A& ehipegolysendipnide ferives tngmB.ppseudenadileint thaatlodh-1iMs ch

i ncl udes Lg&idid¥ Qi?érlc?%sfe&_Aé’%@%éj&k@ﬁ?si@%ﬁ%i@r@é&% kRan &hhanced
expression of MHC IT - peptide conpl exes and_var.ious
lipopolysaccharide derived from B. pseudomallei.

These are suitably coadministered or even linked to the

15 immunogenic reagents described above, which may in particular be
recombinant B. pseudomallei proteins, in order to enhance the
response of the hosts antigen-presenting cells, so as to produce

synergistic levels of protection.

20 In a further particular embodiment however, the immunogenic agent
described above may be combined with antigen-presenting cells.

This combination is then co-administered.

' Antigen-presenting cells are instrumental in producing an immune
25 response and operate by various mechanisms. They include

macrophages and dendritic cells.

Dendritic cells (DC’s) are specialised antigen presenting celis
that have a central role in initiating T-cell responses. Immature
30 DC’s engulf pathogens, initiating a process of maturation, which
includes their migration to lymphoid organs and culminates in
enhanced expression of MHC II - peptide complexes and various

co-stimulatory molecules. They convey information regarding the



co-stimul atory nol ecul es. They convey information regarding the WO

2007/ 036733 2000084368006/ 003628 14 nature of the m crobi pér/giBhéddlobsias O
T-cells and direct the developnent of polarised T-cell responses al ong
either the type 1 or type 2 pathways. 5. The applicants have found that
cultured dendritic cells pulsed wth i mmunogenic reagents descri bed above,
and in particular killed B. pseudonallei strains such as heat killed B.
pseudoral | ei 4845 or K96243 can be used to imuni se aninmals and evoke both
cell mediated and hunoral imune respdfses in the 10 recipients. This gives

rise to ex-vivo rapeuti.c, qptions. ~As used.herein.the term'ex-vivo"
descri besnaé:uﬁfa08£ ee%ﬂﬁﬁ?bliag' Stgpﬂugdt&?'% 154 %%ﬁr@c{:aﬁ% froma

pati ent, ddvelspimahte dfepbolariseiurnesll cebhengsst ndahg afitthert tlsatuypet 1 15 I n a
particul ar nbodfb rregzth { hgr efore, the invention provides an inmunogenic

r eagent & %’é’?grl bEt3Bove for use in the preparation of a nedicanment for
admnistration to antigen-presenting cells (APC) of a patient, for the

activat i o, of, gl‘fcé:{@ﬂSvé SERAAS Y AQuPdh GRAkt el -ceﬁgﬁgﬂsté ns
conpri si ngethg € I nmunogeni ¢ reagents and antigen- presenting cells such as
dendriti oviddl ismanegerisorergesitsadesdmibed abdue,t brd specticflathe i nvention.

25 Adj uvapt ugh | | 2oL | ( at ed
cytidi ne?jgaul?fr?gs%heﬁ%lungl%%g%étlgggggﬁé;n ecg %%/qg%ttt g?ir%é(;#bgses as described
for exanpbeudeomalEhid84b ™o K962430camPe uaed o dmowniss ehépals agdhance APC

and parti Gl by diB! Hegdidd hAd ido2a®! infhndS réfbdiiledy 2Rt cdhen

adm ni stered to animal s at the time they are immunised with antigen pul sed
pc. 119 vi¥99PARAtF n viThés eSdNFSuFése to ex-vivo therapeutic options.

As used herein the term “ex-vivo” describes a procedure that is
carried out on a sample taken from a patient, the sample being
returned to the patient after treatment.

15
In a particular embodiment therefore, the invention provides an
immunogenic reagent as described above for use in the preparation
of a medicament for administration to antigen-presenting cells
(APC) of a patient, for the activation of the immune response of

20 said patient.

Compositions comprising these immunogenic reagents and antigen-
presenting cells such as dendritic cells are also novel and form
a further aspect of the invention.
25
Adjuvants such as CpG oligodeoxynucleotides (unmethylated
cytidine-guanosine dinucleotides flanked by patterns of bases as
described for example in US Patent No. 6,429,199) can be used
either to enhance APC and particularly DC maturation in vitro or
30 as an adjuvant when administered to animals at the time they are
immunised with antigen pulsed DC. In vitro and in vivo exposure
of DC to CpG causes upregulation of MHC IT and expression of the
co-stimulatory molecules CD40, CD80 and CDS86.



of DC to CpG causes upregulation of MHAC Il and expression of the

co- st i muMa0 zooyeswsecul es CD40, CDBO and CD86. WO 2007/ OEr/@B2006/003628

PCT/ GB2006/ 003628 15 Cohorts of animals immunised with dendritic cells
were taken forward for virulent challenge with different strains of B.
pseudonal | ei and protection against parenteral challenge was 5
denonstrated. An ex-vivo nedi canent of this type will advantageously all ow
the activation of antigen presenting cells to be controlled and

nmoni tored, thus providing a patient wlfh transfected cells which 10 will

I ncrease the patients immune response whil st also renoving existing

probl enms with vaccines such as dilution in body fluids and chem cal and
enzynat i Cadegtadef iaorimaisvimunifed valphl dendwift ibCeelils eerai takdmeat kil l ed B.

pse“do”a'fo?:wta%gtfe¥ x}lrfﬂ tpéh%tl %&‘% Wl‘éﬂ %ffé@eﬁ@ Shroifie: GsSBEGgn cells has

been denbns as’li Stra proliferative
res ponsespmwlomauei]|aglldeprq>irecammm¢®1\nhtcmamebebmhalr':tﬁmmesr@ds with antigen
pul sed; DC?em'BglsﬁrQ@ééﬂ shows that DC inmunisation has the potential to

i nduce antigen specific nenory 20 i nmune responses in recipient aninals.
Addi tionally, significantly increased nunbers of interferon-y producing

cells i Hw Vo 'n{HHi%ﬂ 3 ?h@Qy%)Ee@.{ﬂd t&dddus qYBallﬁiﬁtEﬂgml | el

pul sed orrelates wt rom ot her studi es |nvo ving use of CpG
ODN i n whtivahhehld apkigsn mreaaeﬂrxsmﬁb%s HeeReseentrolisd@nd/at ed | evel s

of IFN-y f&ikekade ﬁMdshp%Gicﬁ(Hg' 8N AGnBSYi tif ebhefda ddncstifd RMikRdel s of
nmel i Oi dosi s and the use of mat ured, B. pseudonal | ei pul sed DC was

f oundll o BrdarBETFIE fhepP%‘Ethé‘ttFo?'F% 5?%?9‘%5@ PRELFY FlsosTgMviingant |y
enhanced S8 opralestdilirms with vaccines such as dilution in body fluids

and chemical and enzymatic degradation in vivo.

The ability of DC pulsed with heat killed B. pseudomallei to

15 induce proliferation of naive mouse spleen cells has been
demonstrated as illustrated below. The magnitude of
proliferative responses was much higher in animals which had been
immunised with antigen pulsed DC. This data shows that DC
immunisation has the potential to induce antigen specific memory

20 immune responses in recipient animals. Additionally,
significantly increased numbers of interferon-y producing cells in
animals immunised with CpG treated heat killed B. pseudomallei
pulsed DC correlates with data from other studies involving the
use of CpG ODN in which enhanced IFN-Y production has been seen.

25
Elevated levels of IFN-Y correlate with protection against
challenge in murine models of melioidosis and the use of CpG~
matured, B. pseudemallei pulsed DC was found to enhance IFN-Y

production and also to result in significantly enhanced

30 protection.

Low titres of antigen specific IgG in serum of vaccinees were

found but this may have been due to the very small amounts of



Low titres of antigen specific 1gGin serumof vaccinees were found but
this may Waue70#ags5 due to the very small amounts of WO EEf)éBOH6/665828

PCT/ GB2006/ 003628 16 antigen delivered by DC i muni sation, as it is known
that relatively large anbunts of antigen are required in order for a
robust anti body response to be nounted. The use of CpG either in DC

mat uration or as an adjuvant at the point of DC immnisation 5 increased
antibody titres significantly conpared with the non-CpG treated group, as
has been seen in other studi es. This d6uld have contributed to the robust

protection, seen .l he reat ed 0 as, anti.bod have an
i rrportantanrtégﬁnlér?rld‘g?’éﬁ & i f ETunlﬁgF:?‘%’F'd&& &t 1§ o W%gﬁ?%tl rcul ati ng:
titres ofreaatigeny &pegéfa:muﬂ&snaﬂcnﬂtdgeﬂl aaet rqu;a:ehhlmgosamﬁotma provi de

protectlona hal | enge. or tanc f._an b |kelyto be
limted t%0 %g ear Poays’fes €s Sce)ftan il eaéc:ne‘ﬁgv\e%er gg%'(o? ﬁe Bacteria

are able anmatLISragalon axr cas st adlumantnat:atlmelpbmnaromlD@hemmmmmhnt hey are

Kk gt -
ot ect) o REpffed RELIAP LS LA Rt Lot Sheh WS BR GO T

er adi cat itieabed taroupat a9 das. been /sden nnn%ﬁhegastweﬁ rﬁ'hegycm@daba‘eet o evoke
cel | - medi afy %gé)bﬁﬁgdn‘éo BBE NS WBpr c‘EYb:Q'%'é%ﬁdlﬂytﬂé"%b@,aéf&éeﬁ'\" y

production an proliferation of spleen cells in response to antigen
sti mul at iGPUPEn a8 ensibed ntahrebéveéfameémmrstanér gols day Ppfersr soBimstg to the

hi gh | evela jgiasdial,! %EQE Iﬁl&hv'c![ﬁéuléﬁihﬁhtitﬂ%s@@'drﬁﬁ%ﬁ Eandic 25 Wien
ani mal s were i nmuni sed DC matured in the presence of CpG 1826 and

t hen WOnameergéenad taﬁtBb“Béélﬁiﬁﬁa*Fh“%ﬂn k9 cRRYidRepErtapbianag#ing survi vors,
whi | e WhedhaCéndd826 was used as an adjuvant there were 7 of 10 survivors.
These survival rates are ‘

The importance of antibody is likely to be limited to the early
stages of an infection however, before the bacteria are able to
15 gain access to the intra-cellular niche in which they are known
to thrive. Once the bacteria have established an intra-cellular

infection cell mediated immune mechanisms are required for

efficient eradication of the pathogen.

20 A DC immunisation strategy is able to evoke cell-mediated immune
ﬁechanisms, as evidenced by increased IFN-Y production and
proliferation of spleen cells in response to antigen stimulation
in vitro, and these effectors were clearly contributing to the
high levels of challenge survival, which the applicants found.

25
When animals were immunised with DC matured in the presence of
CpG 1826 and then challenged with B. pseudomallei K96243 there
were 9 of 10 survivors, while when CpG 1826 wag used as an
adjuvant there were 7 of 10 survivors. These survival rates are

30 significantly better than those seen when control non-CpG ODN was
used to mature the DC’s (3 of 8 survivors) and 2 of 10 survivors
when DC vaccination alone was used (p<0.01 and p<0.001

respectively). Challenging similarly immunised animals with B.



30 significantly better than those seen when control non-CpG ODN was used
to mat ur gyd bey7/%6735 (3 of 8 survivors) and 2 of 10 surviy@f/fs,B m@ﬂ“%
yf- al'l engi ng

vacci nation al one was used (p<0.01 and p<0.001 respective

simlarly imunised animals with B. WO 2007/ 036735 PCT/ GB2006/ 003628 17
pseudonal | ei strain 4845 revealed a simlar pattern of resistance, with
CpG matured DC i nmuni sation giving 7 of 10 survivors, significantly better
(p<0.02) than DC inmunisation alone. 5 Challenge with strain 576 again
gave a higher rate of survival in anilfals i muni sed with CpG treated DC,

with significantly ,inproved protection coppared with naive controls
( p<0. 0001 ?euﬂ?m?ﬁ\i,ejalﬁ%%ai-? 445t peverlsdhaustebdaroRatt s 3t 88y to evoke

prot ecti veesisranes, rmﬁi'ﬁhoﬁ;ﬁ%&nait&r_b&tm GJ;rﬂg:@iﬁ:‘a_ﬁibﬁ?i;m:'angf 7Bﬁfp5@UdQﬁ?| lei is
very encouraging as the _wi de variety of strains found in human infections
obvi ous| ySHEORS | RAEEELCHT Y PEFFER | BS0eMabitPAg F AfEEPRBREEE many

di fferentalsgrs of di sease and | engthy |atency 15 periods. A vaccination
stratqu is required that will be able to protect against this w de

vari ety of strains and induce long lasting inmunity, and a strategy based
upon t he cCisellehgdRGoskdaid H76 hfalmemeer @ hiigheperdies oXOshiowiredr infrom a

5;22}hgf}%§$§§ﬁ§g§@£un£gghswi€h‘qﬁh' £ téaQDBevﬁ.%f%£§ﬁ¥¥f%a%%19 W despr ead
gy s nce eac Inal vi dual “Wwou equirTe a personalised
syngenei cimmaowiedeprotecddon nepnpaaed ceiths nafivée atoatbgls n(msi0t. 000D) evoke t he
protective 25 inmune responses can be produced for exanple by neans of a
formul ati on carryi ng i mmunogeni ¢ reagents as descri bed above, and in

part i ul afhe @bddbinaft the PCdanundsiionaatiaasy, tasevedd pagteduive | i ke
receptor Sitﬁn-ﬂr@ rgélgcﬁ'{&% tgi ﬂ@.‘élglgéoﬁg'%tI&Blé io‘:faﬂgspseudomallei is
very encouraging as the wide variety of strains found in human
infections obviously have different characteristics enabling
induction of many different forms of disease and lengthy latency
15 periods. A vaccination strategy is required that will be able to
protectlagainst this wide variety of strains and induce long
lasting immunity, and a strategy based upon the use of APC would

fulfill these requirements.

20 However, from a practical viewpoint, this is unlikely to be
applicable as a widespread vaccination strategy since each

individual would require a personalised syngeneic vaccine.

A vaccine that can stimulate DC in situ to evoke the protective
25 immune responses can be produced for example by means of a
‘ formulation carrying immunogenic reagents as described above, and
in particular recombinant B. pseudomallei antigens, as well as
Toll-like receptors (TLR) ligands. Binding of the TLR ligands
would activate the DC initiating the process of antigen uptake,
30 processing and presentation required in the generation of a

protective immune response.

Killed strains of Burkholderia pseudomallei may be novel and



woul d activate the DCinitiating the process of antigen uptake, 30

processi WP 200003785 ent ati on required in the generation gfT/6B2006/063884 | Ve

i mmune response. Killed strains of Burkhol deria pseudonallei may be novel
and WO 2007/ 036735 PCT/ GB2006/ 003628 18 these forma further aspect of the
invention. Particular killed strains are those described above, for
exanpl e wherein the strain is one which includes a capsular

pol ysaccharide, and/or is a heat-killed strain. 5 In a further aspect, the
I nvention conprises a nethod of pr evéht i ng or treating infection by

Bur khol deri a _pseudaomal | ei _ and/ or olderia mallei. i qet hod

conpr | sed AR T & PRECR Sahedh TR he; 1Rk Eoty me il i TEkd

i NMunogerstcaage rdreithase ldksceipediakiove, aford exemple dvhaeleime . thEhetiraimnogeni ¢

itraige rotthase Ubauibed diore mp e i katmnogen
For provan Thg AL ehSiid e AR bt AskinhBiad B8 A 5, Fhol dor i o

mal | ei , iheat-btlkedsgphimactic 15 vaccine. In yet a further aspect, the

i nventsi on provides an imunogenic agent as described above for use in the
preparation of a nedicament for the prevention or treatnment of infection
by B. 2(mpsebdotrisd espesi/ theBlnyaition. cipafiees cal methodoy®eni c agents are

al 50 as_sely QLI APONE Ereditg MHEOLIQR WY busiABr - RALLLGHLAIL g descr i bed by

way of 25 exanple with reference to the acconpanyi ng di agrammatic draw ngs
i N whi ch:andy/ gurBunkhoddarip sgd lshoWhight pethad: epnriiser pammisteringce
fol l owi ngqd ghr2n&,t 9RSsHrGRa1 A0 eMhE D & Hﬂﬁ&k&%@ﬂé 8&ét r0f 30 B.

pseuc{%mal | ei: Control mce challenged with 100M.D
composition as described above.

The immunogenic agent or composition is suitably administered in
the context of a method for preventing infection by Burkholderia
pseudomallei and/or Burkholderia mallel, i.e. as a prophylactic

15 wvaccine.

In yet a further aspect, the invention provides an immunogenic
agent as described above for use in the preparation of a
medicament for the prevention or treatment of infection by B.

20 pseudomallei and/or B. mallei.
Preferred immunogenic agents are also as set out above.

The invention will now be particularly described by way of
25 example with reference to the accompanying diagrammatic drawings

in which:

Figure 1 is a graph showing the survival of immunized mice
following intra-peritoneal challenge with a homologous strain of
30 B. pseudomallei: Control mice challenged with 100MLD B.
bseudomallei strain K96243 (M) or strain 576(e); mice immunized
with killed X96243 cells and challenged with 100MLD X96243 (D) ;

and mice immunized with killed 576 cells and challenged with




pseudonal | ei strain K96243(M or strain 576(x); mce immunized wth killed
K96243 cwld moaost7ashal | enged with 100MLD 1(96243(0); ancmGBR6/00¥618 zed
with killed 576 cells and challenged with WD 2007/ 036735 PCT/ GB2006/ 003628
19 100M.D 576(0); Figure 2 is a graph show ng the survival of imunized
mce following intra-peritoneal challenge with a heterologous strain 5 of
B. pseudonallei: Control mce challenged with 100M.D B. pseudonallei strain
K96243(0) or strain 576(.); mce imunized wth killed X96243 cells and
chal | enged with 100M.D X576(0); and' 18ice inmunized with killed 576 cells
and chal Igdqg&g %C 100M.D x96243576(0); 10 Figure 3 is a graph show ng

t he survi f e) ‘immuni zed with 1E10 cells after intra-peritoneal

chall enge with B. pseudomallei strain K96243 or strain 576: Control mce

hal | Lt h,10 K train 576(.);
(r:nge ?%gyr% ?LllSOI\%%rl?EPI %%’%?ga%eﬁuﬁw c%ﬁa eng(ghvmﬁ%gl(r)g:\/ED )
X96243( 0) foldowingi it riarpeni keeali chaldienbedviltl @ betéxplpgdushettadmged wit h
LOOM.B SJEGD) ookl 1dl: Sodhdod il N AR Ierddly RUEY !X Mbsf gontrol mce .)

or 20 mce | nize h protelnase Ktrea
pr ot ei nasksqudomaiied syreéa) K243 my stpein (396da) / crﬁm éﬁ@@andh 100 MLD

B. pseudopily &h154d #9b2236cefi0BNE chd1SeAgéd JRRNKS DONYLED Kglag(@r.olahtier ation
of splenocytes from 25 naive mce stinulated in vitro with DC pul sed with

ei ther B.™iq%sdppentAadeWviRbebd cINEHC oedds 3 shadilengsfs Wibhol (®8Pat i on of
cel | s stixagoanedspy)anti gen pul sed DC was greater than the proliferation
of unsti nul at ed, spl enocyt es or DC alone, irrespective of which strain of
heat |l ed B. pseudornal | ei was

Figure 3 is a graph showing the survival of mice immunized with

1E10 cells after intra-peritoneal challenge with B. pseudomallei
strain K96243 or strain 576: Control mice challenged with 100MLD
B. pseudomallei strain K96243 (M) or strain 576(e); mice immunized

15 with killed 1E10 cells and challenged with 100MLD K96243(00); and
mice immunized with killed 1E10 cells and challenged with|100MLD
576(0);

Figure 4 is a graph showing the survival of control mice e) or

20 mice immunized with proteinase K treated 1E10 cells (O) or
proteinase K treated 576 (0) after intra-peritoneal challenge with
100 MLD B. pseudomallei strain 576.

Figure 5 is a graph showing the proliferation of splenocytes from

25 naive mice stimulated in vitro with DC pulsed with either B.
pseudomallei K96243, NCTC 4845 or strain 576. Proliferation of
cells stimulated by antigen pulsed DC was greater than the
proliferation of unstimulated,K splenocytes or DC alone,
irrespective of which strain of heat killed B. pseudomallei was

30 wused in the assays. Each bar represents the mean of 5 individuals
* SD;

Figure 6 is a graph showing proliferation of spleen cells from



30 used in the assays. Each bar represents the mean of 5 individuals f SD;
Fi gure 6wa2m708cph showi ng proliferation of spleen celpgr/iGhois\ 063628

2007/ 036735 PCT/ GB2006/ 003628 20 m ce inmunised with B. pseudomal | ei
X96243 pul sed DC, matured in the presence or absence of CpG 1826, or

adm nistered wth CoG 1826 as an adjuvant, in response to various strains
of B. pseudomallei. The data show significantly enhanced 5 proliferation
invitro of in vivo prinmed cells to different strains of B. pseudomallei,
conpared wi th unsti nul ated invivo pePmed cells in vitro. Each bar

G T or ondBSDIPREaT=S: ththi Sed“SHIBHIES oF 2dior bEbef B Jafbdiasas™
pc0. 001, the i:ﬁemﬁ:eoﬁelabﬁrgw ef7CpG 132@ra1zﬂwa§innmstganednhetls (mG cyt oki ne
secreti ng, Lol Llén?:P%dH&Qa{l@ %tn $RLSGIL %g&%ﬁggggééarﬁ% %f'ﬁ”“”' sed with DC

matured Wth-a I gen ana control ODN 15
(6g nl - 1)psnudD@alcﬂea1uredmtdat@nshgersmm;’lmlynﬁmdwth CpG 1826 (75g

per nuse),. ﬁl%gyé@JnOQg ? 105 Y tﬁn%@o nglﬂxé%ecg‘il@c& dj uvant

S|gn|f|cant y Increase cO. 05 t he nunbers o y secretlng spl een
cel | s corpfaiednst et tﬂwepgﬁh@@mqlrléat negmpargd oud. urgtisnletedwds wison on the

nunbers Ofrineg4cSBE 8hl PILLE! IHRch Ay ReBR¥sdntGALRE HeAY Q8P Figure 8 is a
graph show ng serum anti body responses 1n animals 1 munised with either DC

pul sed wiiliNddealg 4 8- BStHdEkdsnbly sionibsans 6%ff%nseﬁswmeph heat

killed bagi@hksed hrdd@oRELSENGREs Z2-CRiakd3284qt 68 gdg . bhy, 0r+:DC pul sed with
heat ﬁ’al | ed bacteria with CpG 1826 co-adm nistered as an adjuvant (759).

Each ¥ar P¥%&f8PBsents the mean of 10 individuals with SEM The CpG treated
groups pr oduced significantly nore anti body (pc0.01) than the DC

Figure 7 is a graph showing numbers of cytokine secreting cells
per 10* total spleen cells. Animals were immunised with DC matured
with antigen or, antigen and CpG 1826 (6ug ml™) or, control ODN

15 (6ug ml™) or DC matured with antigen only and injected with CpG
1826 (75ug per mouse). Maturation of DC with CpG and use of CpG
as an adjuvant significantly increased (p<0.05) the numbers of
IFN-Y secreting spleen cells compared to the other treatment

groups. No effect was seen on the numbers of IL-4 secreting cells

20 in any treatment group;

'Figure 8 is a graph showing serum antibody responses in animals
immunised with either DC pulsed with heat killed B. pseudomallei
K96243 of, DC pulsed with heat killed bacteria in the presence of
25 CpG 1826 (6ug ml™), or DC pulsed with heat killed bacteria with
CpG 1826 co-administered as an adjuvant (75ug). Each bar
represents the mean of 10 individuals with SEM. The CpG treated
groups produced significantly more antibody (p<0.01) than the DC

only treated group.
30 .

Example 1



only treated group. 30 Exanple 1 WD 2007/036735 PCT/ GB2006/ 003628 21
Prepar at woo2mmd3arsse of Heat Killed Strains of B. pseudop@t/c8boos/etseis cal s,
enzynmes and bacterial strains B. pseudomallei stains 576 and K96243 were
used for this study unless otherw se stated. B. pseudonallei strain 576
was isolated 5 initially froma clinical case of fatal nelioidosis in
Thai |l and, B. pseudonallei strain K96243 was isolated froma 34 year old
femal e di abetic patient in Khon Kaen hospital in Thailand. Al B.
pseudonal | ei strains were cultured at 227C in Luria Bertani (LB) broth. The
capsul ar tant strain of B. e | el 576, 1 er ned _B. eudomal | ei
Th0 has TheERZaELh A5 She &7 BREF A Teshpetie of A7 Porigmmelighar ca

m cr obi ol Cigamica082, ezymes 38ndb baktertHehistivated i vati on of bacteria B.
pseudomnal L ei_ str.ai ns, were .qro in 7C overnjght wiith .15 agitation
The cul t UfePSRE7E"; Jet}s?tead‘%Fo\’A?%eansdjégge%%ggﬁﬁﬁn%seerg 38%‘3“3‘% Ynmwith PBS
and har vastilegsbyptiientisef sgataedon Bat pSedidhal ignstrainl 5761 was Baollated were
washed on I e | qi Ccul-t of -PBS vested. in, and
then Pesunsids; g BnHs phe o cHER: BeafBihondl MESHRE PR

per f or redBt wseutionad ked 2raihekdeddiewasf idrdetedi frdreat 34&i yéaed olld cf u/ nl .
Bacteria ra.h s Ry | t4 ! : L h lhnt ai ned at
80C for '"?gl? r gﬁlfenealc%f ?ég%%{d:e ggg&??%&ér%%ﬁlgﬁl 2%%%%_%’%'0 rIxflr%act i vation
was conf | Bmrseygonal tairstrpingoverte cadhurehati ¥aiedn &uriarRertaniB for 7
days at 3¢m) bHRePn Pl BEpiilart RELREORAMn 20 BB p8AIddA-218S she! 7 days at

37C tg confirmthat no viable bacteria remained. Animal studies
termed B. pseudomallei 1E10 has been described previously I[T.

Atkins et al. Journal Medical Microbiology, 2002, 51, 539-547].

Heat inactivation of bacteria
B. pseudomallei strains were grown in LB at 37°C overnight with
15 agitation. The cultures were adjusted to the same absorbance
value at 590 nm with PBS and harvested by centrifugation at 5,000
rpm for 15 mins Bacteria were washed once in the original culture
volume of PBS, harvested again, and then resuspended in the
original volume of PBS. A viable count was performed to determine
20 the number of bacteria heat-killed in cfu/ml. Bacteria were heat
inactivated by incubating in a water bath maintained at 80°C for
3 hours. Inactivated bacteria were then stored at 4°C
Inactivation was confirmed by culturing 10% of each inactivated
culture in LB for 7 days at 37°C, then plating out the broth on
25 LB agar plates for 7 days at 37°C to confirm that no viable

bacteria remained.

Animal studies
Balb/c mice were age-matched, approximately six weeks old

30 females. Stock animals were grouped together in cages of five
with free access to food and water and subjected to a 12 h
light/dark cycle. After challenge with viable B. pseudomallei,

the animals were handled under bio-safety level III containment



Bal b/c m ce were age-nmatched, approximately six weeks old 30 fenules..
St ock aniwi€Re07waé735 gr ouped together in cages of five WwWebtH/dB26//08528SS tO

food and water and subjected to a 12 h light/dark cycle. After challenge
with viable B. pseudomallei, the animals were handl ed under bio-safety
| evel 111 contai nment WO 2007/ 036735 PCT/ GB2006/ 003628 22 conditions

within a half-suit isolator, conpliant with British standard BS5726. All
i nvestigations involving animals were carried out according to the
requi renents of the Aninmal (Scientifi22 Procedures) Act 1986. The nedi an

| et hal dose (M.D) 5 was calcul ated by the nethod. of Reed. and, Muench [ Am J.
g ene. CopsuTone uitiiacd e BREe ol AERT o AL o Lot} G whet her

i Muni satstandairihpdsre. kil | adeseldationnl inypyleindecapim@ileckendn agai nst

experi rrenct:aalr.% cr)nstl_i ocic%% LS. tI Qi};seat iiggmoftsrri e.wth.heat killed bacteria
was carrisd od VSCCRIRRT P S FSEREARES PR S dte % as i muni sed

i ntra- petSdienalific (Broeefiuned)h Achr B386.n[fbetmagiisnoletl)l dbsé&i (NIgd 15

bacterd a ' j Kb, S I .N45 f separ at ed
by tvvog- vvevge% fc%?élrl?/%‘fegd C pe%ﬁ%&gé? %flr 3%@%% sMg a%ge%é“l%?i %3(&%%%’. p.

chal | engel &8, h27 kd) H3rd8pbndi ng wil d-type bacteria. 20 The survival of
groups of 5 mce immunised with heat-killed B. pseudonallei strain K96243
and chal l enged 2 weeks later with 100 ND of strain K96243 is summarized in
t he graphPhfinfitial caim wagheo igwrekigate whedhex ipmuni sathionr widy heat-

chal | engeg; 1HQWEKET1s SRITRI S iREChESHdRAoNAT3888 bkbd THEAESESd M ce up to
day 12, and 25 80% survival was recorded 3 weeks after challenge. in the

siml dIdoiAeRis. carried.out in mce i munised with heat killed, B.
pseudonal | ei strain 576 and then challenged with

Immuniéation of mice with heat killed bacteria was carried out
over a period of five weeks. Each mouse was immunised intra-
peritonally (i.p.) with three injections of 100 pl killed

15 Dbacteria (either strain K96243 or strain 576) of at 1x10°® cfu/ml
separated by two-week intervals. A period of five weeks elapsed
prior to i.p. challenge with the corresponding wild-type

bacteria.

20 The survival of groups of 5 mice immunised with heat-killed B.
pseudomallei strain K96243 and challenged 2 weeks later with 100
MLD of strain K96243 is summarized in the graph of Figure. 1. The
control mice died within four days of challenge. However,
complete protection was seen in immunised mice up to day 12, and

25 80% survival was recorded 3 weeks after challenge.

In the similar experiment, carried out in mice immunised with
heat killed, B. pseudomallei strain 576 and then challenged with
strain 576 similar results were obtained. All of the control

30 animals died by day 4 and all of the immunised animals were alive
at the termination of the experiment 3 weeks after challenge
(Figure 1.) This indicates that heat-killed whole cells derived

from different strains of B. pseudomallei can offer high levels



strain 576 simlar results were obtained. Al of the control 30 animals

di ed by sway20b7/835d3ml | of the inmmunised animal s were al im@r/gBLook63628

term nation of the experinment 3 weeks after challenge (Figure 1.) This

i ndi cates that heat-killed whole cells derived fromdifferent strains of
B. pseudonal | ei can offer high | evels WO 2007/ 036735 PCT/ GB2006/ 003628 23
of protection against a homol ogous challenge. Exanple 2 Killed whole cells
protect against B. pseudonmallei strains 5 expressing different types of
LPS. It has recently been reported thad3 i muni sation with LPS is able to
provi de sq rot. ctlon agal nst nelioidosis [M Nelson et al
supra.]. ﬁgsﬁf/) H’ns%%a s&nial% °57°?%‘%ﬁ ilen % LPS type woul d provide
protection agai nst all strains because tvvo 10 serologically distinct forns
of LPS ha E&@J dentified in different strains of B. pseudomallei [N
Anunt agoo — Cinical and Diagnostic Laboratory |nmmunology, 1998,
5(2) 225- Kiplyd whodsecel ks prohect againgle $.apseydmaldent serainst hi s st udy by

st rai n5KOGghReddi g ﬁgka:Pe%togi,QSSIo)ﬁ fpgl, strain 576 (atypical LPS 15 or
OPSI ). To 1nvestigate the tial for a killed whole cell vaccine to

protect adhilas racrakbe ]QﬁensFPB‘?’-’rF@dth@ peauabTAi o wikh IRsuAEsahlle ni ce

with killed yhR}i@eCE8bhS Iﬁ:fot%E:Efcbrf‘ a'§8§1¥é1@ e%eﬂ:hé&%lwﬁeifol?&s‘igl [, of strain
576 and then challenged wth M.D of the eterol ogbgs strain, using the

sane i muirzEen &t Pég?‘?‘%radéscﬁ?"b%’&r' i #t sesmp| wilikely Bbath aespBelemnt s

(Figure 2}pghedenvaacd rpé@qdegﬁﬁdt@btm& Qgdkhst 2a'5.le isRdayhd HeRaflsdayr, None
of thiﬂ' nmmuni sed m ce had died by the end of the experinent (21 days post

chal | eRgeferairgiepd iy, dishings EprneREmEh0pER REsh idertitiediByi de

prot ecti oaiggeddntt strains of B. pseudomallei [N. Anuntagool et al.
Clinical and Diagnostic Laboratory Immunology, 1998, 5(2) 225-

229]. These different serotypes are represented in this study by
strain K96243 (typical LPS or OPSI) and strain 576 (atypical LPS
.15  or opsiIi).

To investigate the potential for a killed whole cell vaccine to
protect against a range of strains of B pseudomallel we immunised
mice with killed whole cells of strain K96243 or killed whole

20 cells of strain 576 and then challenged with 100 MLD of the
heterologous strain, using the same immunization regime described

in Example 1.

In both experiments (Figure 2) the unvaccinated control mice all
25 died within 4 days. None of the immunised mice had died by the
end of the experiment (21 days post challenge). Therefore,
although immunisation with LPS can provide protection agadinst
experimental melioidosis, there are additional protective
antigens on the surface of killed cells that provide cross

30 protection against strains belonging to different serotypes.

Example 3
The role of Capsule in protection



experinmental nelioidosis, there are additional protective antigens on the
surface ofohkid7lossissel | s t hat provide cross 30 protecti opcp@gghivsioossas ai NS

bel onging to different serotypes. Exanple 3 The role of Capsule in
protection WO 2007/ 036735 PCT/ GB2006/ 003628 24 A capsul ar nutant of strain
576 (strain |EIO (Atkins et al. supra]) was used to investigate the role
of capsular polysaccharide in protection. Mce were imunised with heat-

i nactivated B. pseudomal |l ei strain 1E10 using the imrunization 5 regine
described in Exanple 1, and subsequent24y chal | enged with 100 MLD of viable

B. pseudopul | ei straln 76_.0r,_stra e ylts are shown in
Fi gure 3. Ha éﬂ%é&% s?fc%%allélnBESG rB}n ]rFEB r[r%ﬁ?ﬂrésec? mage were alive
10 wher eaSupn}ai])ofnaé hﬂserdonbrhhvemuigahacthél edle 'Etfedapmelamf protection

af f orded af 1 Vésat [ o]rrlot\__/\éétqo%t rai J N %]I:EI Ol was . I h?l hat seen
after i mtf %at Re encapsu Hte rent %Fr t%‘ Farn 576) .
However , J.macdmvataqbp&-atps]aﬁdpzmabkmfsminhmlrmhlelw tmq:)smtnenazataopr otective

antig oL pads i n.'ﬁgg ey ¢ e ..Rrotective
pr ot eﬁ an%ﬂ%nggg@a#r?p &y 1%veét%&a I on &?;E??héﬁarglo Sg?a‘i’lro eins in

Protecti oh00 PED of reidlie 8i gesaudomadlehatradn §7fean -sirhliadk3aMi3ensi ons (8 x
10" cfu/ mrhgoretstﬁtpf%ee h@wﬂeﬁi?rﬁlgﬁge i n Exanple 1) were centrifuged for 10

mn at 13,0 X g, supernat ant was renoved and the wet wei ght of the
pell et 25 determ ned. The pellet was re-suspended in extraction buffer
(62. STM Tir, Ssd ek RE! o cﬂQ%&{d{e @b¥ CSf @he Pafhuti¥eR miES GRREOSE fANOI G}“d 3%

w v SDS) at a concentration of
1 whereas all of the control mlce had died.

The level of protection afforded after immunisation with strain
1E10 was lower than that seen after immunisation with the
encapsulated parent strain (strain 576). However, it does appear
15 to confirm the role of capsule as a protective antigen, in
combination with other cellular components such as protective

protein antigens.

Example 4

20 Investigation into the role of Proteins in Protection
Proteinase K digestion of bacteria
Heat-killed suspensions (8 x 10%® cfu/ml of the bacteria described
in Example 1) were centrifuged for 10 min at 13,000 x g, the
supernatant was removed and the wet weight of the pellet

25 determined. The pellet was re-suspended in extraction buffer
(62.5mM Tris-HC1l pH 6.8, 10% v/v glycerol, 5% v/v B-
mercaptoethanol and 3% w/v SDS) at a concentration of 160 md
bacteria/ml buffer. The suspension was incubated at 100°C for 15
min, mixed and examined for clarity. Clear suspensions were mixed

30 with equal volumes of 2 mg/ml Proteinase-K solution in extraction
buffer and heated at 60°C for 2 hours. The samples were further
boiled for 10 min to deactivate the proteinase-K. The solution

was then dialysed exhaustively against dH,0 using Slide—A-Lyzer



bacteria/m buffer. The suspension was incubated at 100C for 15 mn, m xed
and exanw@emof/ede73sl arity. C ear suspensions were m xed pgyesidis/G3yRl

vol unes of 2 ng/m Proteinase-K solution in extraction buffer and heated
at 60C for 2 hours. The sanples were further boiled for 10 min to ‘
deactivate the proteinase-K The solution was then dialysed exhaustively
agai nst d020 using Slide-A-Lyzer WO 2007/ 036735 PCT/ GB2006/ 003628 25
dialysis units (Pierce, Rockfor, IL). The heat-killed cells of B.

pseudomal | ei strain 576 or strain 1E1@5 treated with protei nase K, was then
used to i nise mce tion reginme as described in

Exanpl e 1H9RELR: Wathi Z’ g‘fﬁjsiaﬁiéﬁ%y Ii‘ﬁal | enged with 100 aD B.
pseudonallel 576 al so as described in Exanple 1. The survival rate is

r epr esent 4. ln_th 0 Lou ve at
day 21 pos eﬁal *Jgingge(;% ¢ i”:‘_r'\'gl a‘f'plB ES&C{]O?{H?%?% g anr%rﬁggs WI t lnp?’gidel nase
K- di gestiacéa:l:léﬁomtim@mlemm Kwawas dinennused ot emmmm;nsce Weeimg

t 6.
DO eI, a0 CLP DRR ABTRUL S RO SRS . VB BOLo were 1 o
di f f er encenliseauenhly r@aﬂémedmlphol%bmawafm@udpm&ﬂisiﬂ6 @isowas h
protei ”asci‘e%r%%&tﬁﬁ Eﬂc’iﬂr& &el' ! STﬁ?dsxﬂRz%ﬁi Kat FEMLAnRLE L8l ] S

i ndi cates that proteins ayaroe In providing protection. 20 The role
of each sﬁ%@e‘lcorrponent can be assessed by conparing the protection
afforded by wild type and the acapsul ar mutant strain, sumarised in Table
1. Taphle 1 Summary of the roles of polysaccharide_or rote| n surface 25

anti gehs Bh tﬁ‘@o?@’&?’?‘?}n g&@’éﬁ’ns"t“cﬂﬁ‘?*"eﬂ’@@ M 1¥e BEpdaY °FEi  Antigens
100ZC, D Gard1l1epge. Siiviay0ys iad theygrolfpdipmunised with proteinase K-

digested 1E10, one survivor was remaining after 21 days. When

proteinase K digested B. pseudomallei 576 cells were used for
immunisation, 80% survival was observed 21 days post-infection.

15 The difference between the level of protection after immunisation
with proteinase K-treated 1E10 cells and proteinase K-treated 576
cells indicates that proteins play a role in providing

protection.

20 The role of ea:ch surface component can be assessed by comparing
the protection afforded by wild type and the acapsular mutant
strain, summarised in Table 1.

' Table 1

Summary of the roles of polysaccharide or protein surface

25 antigens on protection against challenge with B.pseudomallei
Antigens 100MLD Challenge, Survivors at Day 21(%)
K96243 (typical) 576 (atypical)

K96243 80 100
(Typical LPS,
Capsule, protein
576 100 100
(Atypical LPS,




K96243(typical) 576(atypical) K96243 80 100 (Typical LPS, Capsule,

protei n 5%6 2003408 (Atypical LPS, WO 2007/ 036735 PCT/ @83E¥000@628 26
Capsul e, Protein 1E10 60 60 Atypical LPS, Protein Proteinase K treated ND
80 576 Atypical LPS, Capsule Proteinase Ktreated ND 20 1E10 Atypi cal
LPS, PBS 0 O No antigen ND neans "not done" The |evels of protection seen
with killed whole cells are superior to those reported by Nelson et al.

[ supra] who showed 5 that imunisation with LPS or capsul e provi ded 60% or
20% respectively survival at 21 days p&&t infection. The results indicate
syner gy t-?—wc“" +he—prot-eetre—+espenses—inrducetd—by—+PS—eandror—eapsty ar
pol ysacch Frae an Fo%elroteirs. 10 Preferably alll three are present for
best protla®tbon, but conbi nati ons of a#% two, for} instanceg0LPS and
capsul e, %rtybﬂsal %% protein|provide enhanced prdtection over say LPS
al one. !

Protein

Proteinase K treated ND 80
576
Atypical LPS,

Capsule

Proteinase K treated ND 20
1E10

Atypical LPS,
PBS 0 0

No antigen

ND means “not done”

The levels of protection seen with killed whole cells are
" superior to those reported by Nelson et al. [supra] who showed
5 that immunisation with LPS or capsule provided 60% or 20%

respectively survival at 21 days post infectionm.

The results indicate synergy between the protective responses

induced by LPS and/or capsular polysaccharide and/or proteins.
10 Preferably all three are present for best protection, but

combinations of any two, for instance, LPS and capsule, or LPS

and protein provide enhanced protection over say LPS alone.

The findings also have important implications for the

15 understanding of susceptibility to infection in human populations
in areas of the world where melioidosis is endemic. It is known
that apparently uninfected individuals in these areas develop
antibody responses which cross-react with B. pseudomallei. The
responses noted here appears to provide protection against

20 disease.



The findings al so have inportant inplications for the 15 understandi ng of
suscept i kwo pdoyroserzs nfection in human popul ati ons i n arpesg8booslogseeer | d
where nelioidosis is endemc. It is known that apparently uninfected
individuals in these areas develop antibody responses which cross-react
with B. pseudonmal lei. The responses noted here appears to provide
protection agai nst 20 di sease. WD 2007/ 036735 PCT/ GB2006/ 003628 27

Exanpl e 5 Use of i mrunogenic reagents in conjunction with dendritic cells
Met hods 5 Experinmental animals BALE/c %4 ce were obtained from Charles River
Ltd and mai ntai ned under SPF conditions wth free access to food and

water. Al procedures were carried out in accordance with the requirenents
of the AnkEraigsle( Scientific Procedures) Act 1986. 10 WO 2007/ 036735

bact or 1o Hee 2 dlendtedt Y riafindd 4R SHSRBLIGE ABR BRRL-{ARCHLLAL 07 P
t he Nati oMathodisadeny of Sciences of the United States of Anerica 2004,

101( 39, %%%%pfm%%@ﬁ%ﬂ own in Luria broth for 18h at 5 37Cin a

shaking in ator. e count was obtained by culturing aliquots of
t he br ot hBalBtq micat wgrC obreined HiromnCharlggaRiyamildd. amdmaiasaingd | i ng of

bacteri a, ,hagf @@g,bug%%o\ew 1012881 SbdiL £30cl1abls! yoald Onagnd washed

three times in re- suspending in one-tenth the original volune
of PBS. TREOCeshesrvere (@rrisd spndnorcagrsanee withc fbat xepuixenenks er bat h

at of the Animals (Scientific Procedures) Act 1986.
10



70C for 3 hours, with occasional shaking. After inactivation the

suspensi oyp YRssdrescked for viability by inocul ati ng 10mpc¥eBYémoskss Of
L-broth with 0.5 aliquots of the suspension and incubating at 37C for

seven days. L-agar plates were then inoculated with the total vol une of
the broth cultures to check for bacterial growh and incubated for a
further seven days. If no growh occurred on the agar plates the bacteri al
suspensi on was 20 considered inactivated. Isolation and cul ture of
dendritic cells fromnurine bone marr@% Procedures were nodified and

devel oped from published techpiqgues _to gptinse . the yield and viability of
DC s fronPheNtth@thBndsedpmatisii, apd; Q?QQFQBSWWPFO#M%H?aCt ed from

rrulr: ne Lﬁga pééd&bﬁ&l?éEij'Gbm pe{o]ga%%f\:ﬂu&.tmged(éé& aa.CORfI&fHéUK ddh%;@mpf gxloeh
cells -1 1in nedia conprise . - i grma, su emented wit
100 heat FRaCMUECEl AGERRY ToHERCER T LB A Lo EA e AT n |
streptonmygzoou,/ 190uBaM nd2¢ &FpaL5 ] Uks anbolrl MI2iri 2 Obrestlc ptrok8haatol . The
cul tur | um was .suppl epented wi th_20 M- 1 granul oc - macr ophage
col ony{‘ st éfli%gs“ai(&{p‘%rl,m'@t\t?egg?' (Fg&’babg%sct"é’% ,W%ur"o%%@)mé%}ylo ng ni-1
tunour negeDSIrEnbagl Dfuctlspba, thENbr¥éh 200 £hDe i3 3 7RECTVIEA00RE 3628 29 a
(R&D Systems,%l§uro e). Cells were cultured for 96 hours at 37C in the

presence 835 fn a fully hum dified atnosphere, after which tinme they
were renoved fromthe culture plates by gentle scraping. After washing the

| i d 5 13. 7% ' i de (W .v; Si UK d
fhe DO puFPT AR BLRLEE of: PRIGTHRY RS b uaE) 8o CEAtePEod it ured |
t he pleseonertoffuGht 3 aaddwdslied thsed (tittescin RS, Bafere sw-ated and
puri {1 ed L0 GLEUES ofRCLURED it oRHPRARAIGGER 241PEs el M1 and pul sed

w th heat
bacterial cell suspension was then incubated in a water bath at

70°C for 3 hours, with occasional shaking. After inactivation the
suspension was checked for viability by inoculating 10ml: volumes

15 of L-broth with 0.5ml aliquots of the suspension and incubating
at 37°C for seven days. L-agar plates were then inoculated with
the total volume of the broth cultures to check for bacterial
growth and incubated for a further seven days. If no growth
occurred on the agar plates the bacterial suspension was

20 considered inactivated.

Isolation and culture of dendritic cells from murine bone marrow
Procedures were modified and developed from published techniques
to optimise the yield and viability of DC’s from murine bone

25 marrow. Briefly, bone marrow was‘extracted from murine rear
tibiae and fibulae and cultured at a concentration of 2x10° cells
mL? in media comprised of RPMI-1640 (Sigma, UK) supplemented with
10% heat inactivated foetal bovine serum (Sigma, UK), 1 %
penicillin / streptomycin / glutamine (Sigma, UK) and 50 UM 2-

30 mercaptoethanol. The culture medium was supplemented with 20 ng
mL™ granulocyte-macrophage colony-stimulating factor, GM-CSF (R&D

Systems, Europe) and 10 ng mL™ tumour necrosis factor~alpha, TNF-



pseudonal | ei x96243 at 10 cfu nL-1 for 18-hours at 37Cin a humdified 5%
CO2 enviwengwingse73sPG 1826 (Col ey Pharnmaceuticals, Wl lpegi@yrodbssaghusetts,
USA) was added to sone DC cultures at a 15 concentration of 6g nL-1 when
the cells were pulsed with antigen. The cells were then washed three tines
to renmove any extracellular antigen and re-suspended in sterile PBS to a
concentration of 1x106 cells per 100 pL for immunisation by the

intradermal (i.d.) route on day 0 and day 21 of the inmunisation 20
schedul e. Wen used as an adj uvant coﬂ%urrently with DC imunisation CpG
1826 was delivered at a dose of 75 mouse in sterile PBS by _the

i nt r a- verfouR&PoSyEtens, i FRFSPY esp Uﬁrﬁa"fq}é:%ﬁ@eﬁﬂk)%e@?@ BE 1%

cul tured jas tﬁ@%fééf&fée apdssalcberintasbing, adhygi fikd QtRospiRReeNAf@e On of 2
x 106 cells -1 in_culture nedi a_containhing 20rﬁé§t1tl\/L GMCSF and 10 ng

m.-1 TNF "‘H‘lc#hEllE%lql%eYWé?§ HeBRVeH SFoR: Bl ShltH ates| P E9tlfseudonal | ei

ﬁ 10 cfu rﬂer&blﬁé 3z telt aasfnihbythémtréldl shSsbrAvh I iRl er8d 2Btc02f or 18
ours.

Ieens were.is te fro ive ce hunan l.Ly .killed by cervi cal
di s oéat. §n*a b‘é’@é&dﬁh?‘f?’g W?r‘i“ﬁ Febl P éﬁo%%l% 2007/ 036735
PCT/ GCB200fnt36@8atizh.cel | s mere reaned using lysing buffer (Sigma), the
remai ni ng splenocytes were washed, counted and re-suspended to a
concentration of 5 x 106 cells nmL"1. 5 100 pL aliquots of the splenocyte
suspensi chmpaigathem added to 96 well tissue culture plates. Replicates of

116 velli vete cued for cadoleLhe LESL SURUER A ConLr o o M U1 1 po
cul t Ule rRdictibad. a ojﬁgaisdﬁt@dn&ﬁd)lpuriﬁled from culture, DC were re-
suspended to 2x10° cells mL™' and pulsed with heat killed B.
pseudomallei K96243 at 10* cfu mL™ for 18-hours at 37°C in a
humidified 5% CO; environment. CpG 1826 (Coley Pharmaceuticals,
Wellesley Massachusetts, USA) was added to some DC cultures at a
15 concentration of 6ug mL™ when the cells were pulsed with antigen.
The cells were then washed three times to remove any
extracellular antigen and re-suspended in sterile PBS to a
concentration of 1x10° cells per 100 WL for immunisation by the
intradermal (i.d.) route on day 0 and day 21 of the immunisation
20 schedule. When used as an adjuvant concurrently with DC |
immunisation CpG 1826 was delivered at a dose of 75Ug per mouse

in sterile PBS by the intra-venous route.

Primary response of naive splenocytes

25 DC were cultured as described, and after washing adjusted to a
concentration of 2 x 10° cells mL'™' in culture media containing 20
ng mL™ GM-CSF and 10 ng mL™* TNF-0. The cells were then incubated
with heat killed B. pseudomallei (10° cfu mL™') at 37°C in a fully

humidified environment in 5% CO, for 18 hours.
30

Spleens were isolated from naive mice humanely killed by cervical

dislocation and passed through a 70 um nylon sieve. Red blood



B. pseudonual |l ei pul sed DC were washed three tines to renove any

ext r acel Wm0 207/6387359en, re-suspended to the required congen&BRiosOiB628 N

cul ture nedium and added to the splenocyte containing wells of the assay
plates in 100 pL aliquots. The plates were then 15 incubated at 37C in 5%
CO2 for 96 hours. Follow ng the incubation period, 37 MBq of 'Hthym dine
were added to each test well on the proliferation plates and the plates

re- incuubated for a further 6 hours. Cells were then harvested onto 20

96-wel | filter plates, (PerkinEl mer LiB@ Sciences) using an automated cell

har vest er d the plates.allowed to d t_rQem _fenperature .overnight.
Once dr y,ceggsl wete FERYEL "éﬁJingngﬁltﬂgdgxf% k(i%ﬁgin?ria’r r%ef EY e es) was
added t o spdchouptés aratet WeshHdat eourszdl endd hef-Guepbrdert) tread on a

scintillation fer (Perkinkl nsr 1Life Sciences). Recall response of
primed sp oélﬁgggfée%%plogeﬁsxflrrbgméreflnlge&;’arﬁn' nised wwth heat killed B.

pseudomal | ei K96243 pul sed DC were used to assess T cell recall responses
to 3Q so] ybl . pseudonual.l ei _K96243, NCTC 4845 or_strain - LSpl een

col 1 53 ¢ S0 bher AR BB e R PRRSEOR, €8kF b IR tPhcubat ed
wi th heato&kiwelldt Bsues eullomrd bratedl Cc Rephicaddedft pivheeVis 2Fé/ 036735
PCT/ GB2006/ 003628 31 splenocyte cultures in 100 L aliquots at, a

concent r #5990 £8F aash off hhaitept TRMDS,PRA PEROLE | Witdbat B ®or 72-hours in

5% Q02 atcontéhabel & qddihd OkYf bainot Q¥ed He pestes cbgerabava. 5 Enzyme
Li nked | mmuynosor bant AssaX é ELI SA) for serum anti body Serum anti body
titres toc"’é.tuﬁge‘%‘{;‘r’rg} ] CALR £PBEBY- ELI SA as  previously described [
Jonesl0 S.M, et al. Journal of Medical M crobiology 2002, 51(12),

1055- 1062%1), usi,n -?—ﬁ%t Kill B. seudomul.l ei K96243 as the capture.
antigen. RoResnipt s phteed b irrd HRERet tepe el e hebere PR s/ ng
Ascent softtwvarellular antigen, re-suspended to the required concentration

in culture medium and added to the splenocyte containing wells of

the assay plates in 100 UL aliquots. The plates were then
15 incubated at 37°C in 5% CO, for 96 hours.

Following the incubation period, 37 MBg of *H-thymidine were added
to each test well on the proliferation plates and the plates re-
‘incuubated for a further 6 hours. Cells were then harvested onto
20 96-well filter plates (PerkinElmer Life Sciences) using an
automated cell harvester and the plates allowed to dry at room
temperature overnight. Once dry, 20 pl of scintillation fluid
(PerkinElmer Life Sciences) was added to each well and the plate
© sealed before being read on a scintillation counter (PerkinElmer

25 Life Sciences).

Recall response of primed splenocytes

Spleens from mice immunised with heat killed B. pseudomallei

K96243 pulsed DC were used to assess T cell recall responses to
30 soluble B. pseudomallei K96243, NCTC 4845 or strain 576. Spleen

cells, (5 x 10° mI.™ in 100pl aliquots) from immunised mice were

incubated with heat killed B. pseudomallei which was added to the



(Therno Labsystens) and the data presented as geonetric nmean titres with
SD. El i spwo 26834735 f or cyt oki ne producti on 15 Secreti onpot/g2o06/088¢3s | FN-y
by spleen cells fromnaive and inmunised nmce was exam ned by Elispot
assay (BD Biosciences ELISPOT kits). On day 35 followi ng the primary

| mmuni sation, organs were renoved fromanimals culled by cervica

di sl ocation and forced through di sposable 70m cell strainers (BD 20

Bi osci ences) to obtain single cell suspensions. Following centrifugation
to pellet the cells, red blood cells re renoved wusing lysing buffer

(Sigma). The remaining cells were washed, counted and seeded ontq Elispot
plates (4RBBENQLPsCYHITHISFOHBI E00 whigots 3% posoREpPEration) of rimrredl um

cont ai ni ngeheal? KithbeguRurds RepsdeRBbiedd K38243-1urd fhned cepreentration

of 1x10 cfu M.-1. Four repli cates were plated for each of 5 sanples per
t r eat ment 37%r bafor<miidanaon | 9fh m—t(rsmgﬁml)eazs desemidledcghevi rati on of 4g
m-1 was used as a positive control. Elispot plates were incubated
overnight at 37C, 5% CQ2 in a humdified i ncubator. Assay 30 devel opnent
was pe f o Enayme ddaked n@mtuaomébam AggRint FELEALIFQF Serumrantibede. The data

ar e pr esegbesh ahtIBads e&%‘::%@stc\!\ﬂﬁ h p§£11d3ﬁ91&9@7v6&%6£§§ féér /bgB\%Q:tE’ﬁ ¥@3628 32

Chal l enge Wth B. pseudonall he growt h of,

pseudonal PEFViRS1Hcieitigd &n?f@’fesAcﬁmvoﬁFa?%né?ﬂumé@e‘Pf qdle%dl tions. 5

S TEruiomiAai 0 55 BB s i €U
as described previoys nd dilute ive ,an estimted cha ge dose o
10 cfu peP°fi llﬁétlf%ﬁﬂéha?ltét?'f’gé’aﬁ ’é%egaﬁﬁ?'%en'delcgpﬁ?ﬂwtﬂfnﬁv%?ni ght

cul tule obntimellsparsaitlies %r@?ﬁt@ﬁninecﬁgeing‘)baicﬁﬁt ssfumazeof 10 BALB/ c

m oo vere ghallensed Bubieal? Ll b2Pe i20REle Us Babnb e 200 3°

tltres w1th SD.

Elispot assays for cytokine production

15 Secretion of IL-4 and IFN-y by spleen cells from naive and
immunised mice was examined by Elispot assay (BD Biosciences
ELISPOT kits). On day 35 following the primary immunisation,
organs were removed from animals culled by cervical dislocation
and forced through disposable 70um cell strainers (BD

20 Biosciences) to obtain single cell suspensions. Following
centrifugation to pellet the cells, red blood cells were removed
using lysing buffer (Sigma). The remaining cells were washed,
counted and seeded onto Elispot plates (4x10° cells / mL double
diluted to 5x10° cells / mL) in medium containing heat killed B.

25 pseudomallei K96243 at a final concentration of 1x10° cfu mL™?.
Four replicates were plated for each of 5 samples per treatment
group. Concanavilin A (Sigma) at a final concentration of 4ug mL™
was used as a positive control. Elispot plates were incubated
overnight at 37°C, 5% CO; in a humidified incubator. Assay

30 development was performed according to the kit manufacturer's

instructions. The data are presented as means values with SD.



| mmuni sation and cl osely observed for 42 days post challenge at which
poi nt anyweaeorisenss were cull ed. The chal | enge survi vor ecTig20806am3628sed f or
bacterial load by culture of spleens and bl ood. O gans were passed through
70 pmnylon sieves into sterile PBS 15 and bl ood, obtained by cardi ac
puncture was diluted 1:10 in sterile PBS. Sanples were innocul ated onto
L-agar plates and incubated overnight at 37C. Plates were then exam ned
for the presence or absence of B. pseudonaliei. 20 Statistical analysis
Statistical analyses were performed usi?hg the Student's paired t- test for

all in vigpo,experimpnts. Anal ysi f. the challenge data was perforned
usi ng PRIék?bﬁ%%ﬁ nggéirvPegﬁa%%ézﬁgéis software, and p-val ues were

cal cul at ethesgmythhef | eodr ehklleage with tB.epdeud@@mlRes ihdss pePEotmdcer at i:on
assays Prhg%%¥£&? I LEerathon: a5y Stf x%%k&giéﬁgu ex-vivo antigen pul sed

DC were cap rnaucing proliferati i nai’'ve nouse spleen 30 cells
(Figure 5). Secondary proliferation assays perforned with spleen cells from
mce iqmugl Seck o1 P0F PR PillsS e87PCuld) ko8P RAL 9o Lk Qeglﬂ&@ﬁ showed
a si gnificafggﬁ ngrea'ggeg:’lt]% p?é(ﬂ | feration when the O%Qomasl used either as a
condi t i onFRirwE 2g0dee3dPed mEViCESbnBh dsPeted Foagive Foesthwatsd cul ture

or as an agi ¥bdd denhecicead Bbr mhRe, ef ARG 1VERa IR CEEsdGRrB.
pseudomral | ei K96243 was used as the challenge antigen, however there was

still a sfigeermingdt by myerasght qulsuseidfeiaereln shaplee ato 3fHe dmlvi vo
primed, upstj mal d r [aS | Ilei were
used (Fi g%%f %a%klghdi%‘f:%%?%ggﬁ ﬁl{g}["’@?ﬁgf’%gﬁ i ‘h&%’l %ﬁ?ie%ae Z’)?'{Igg%?ed common
epi t ofts irbranerdtanedlr@nP- styayitgson day 35 following primary

immunisation and closely observed for 42 days post challenge at
which point any survivors were culled. The challenge survivors
were assessed for bacterial load by culture of spleens and blood.
Organs were passed through 70 um nylon sieves into sterile PBS

15 and blood, 6btained by cardiac puncture was diluted 1:10 in
sterile PBS. Samples were innoculated onto L-agar plates and
incubated overnight at 37°C. Plates were then examined for the

" presence or absence of B. pseudomalleil.

20 sStatistical analysis
Statistical analyses were performed using the Student’s paired t-
test for all in vitro experiments. Analysis of the challenge data
was performed using PRISM graph pad survival analysis software,
and p-values were calculated using the log rank test for trend.
25
Results
Proliferation assays
Primary proliferation assays revealed that ex-vivo antigen pulsed
DC were capable of inducing proliferation in naive mouse spleen
30 cells (Figure 5). Secondary proliferation assays performed with
spleen cells from mice immunised with antigen pulsed DC in
combination with CpG 1826 showed a significant increase in

proliferation when the CpG was used either as a conditioning



El i spot assays 10 Elispot assays for IL-4 and |FN-7 were perforned at day
35 fol lwoi2ngr@eiazary i mmuni sation. Spleen cells from gighi@BRosbd3Easni sed
with DC pul sed with heat killed B. pseudonallei K96243 in the presence or
absence of CpG ODN or those inmmunised with DC and CpG as an adj uvant :were
I ncubated with heat killed B. 15 pseudomal | ei and the nunber of cytokine
producing cells determned. Spleen cells fromanimls immunised with DC
matured in the presence of CpG 1826 produced significantly (p<0.05) nore
| FN-7 p03|t|ve cells than the DC matuBdd with antigen alone or those
matured w th _aptigen and control (non- ure 7 | SA for
serum antqgr%‘& gakﬁ’fsﬁg Fuﬁf%oﬁ?%v%d&ﬁ#lgelnpgﬁgi Dﬁ”’é’ Elﬂ_&ral | ei
specific eﬂfﬁunogés)tgﬂejalttesew&mheﬂ | meudoma e DKIERES bméyuéEdgw &¢he8) to B.
pseudonal | K96243 ni_mal n red_in.t resence of
CpG and tchhos% g (\?'/eanntéﬁég a%oévr?vgg %%/e\é%t w%\)ng:t tﬂ g ?ﬁ“‘ﬂ?n fgcang 5fs)re8?eDC had
signi fi camt yohi fémest iont relsatmvanto a:herrahsvgm/@m@éaahmsel(upmwl) The

presenrce t ol A d 4845
has nat . LneadibRBie cEREEdueil oF 3. BRSNS A BER BiBAR] 1000,
strai n. Fylot dodioatingaithat mdeachglé'-landeb?e&:tmm axtntﬁoé:@daqwm 2007/ 036735

PCT/ GB20Q6/; Q_gﬁgng oft ARl al%{«éréﬂ‘t"ﬂg}! S8dsW th DC pul sed with B. pseudonal | ei
X96243 el tlher W|t or W thout CpG treatnent were chall enged at day 35
followi ng primary immunisation, together with animals given antigen pulsed
DC with GGs}hBebasesyd] ected as an adjuvant. The 5 exact challenge doses
were determ ned as; 3.8x10 cfu for strain x96243, 5.1x104 cfu for strain
576 dfd Eldwpon essavsofostFixidnand IFN-y were performed at day 35

following primary immunisation. Spleen cells from animals
immunised with DC pulsed with heat killed B. pseudomallei K96243

in the presence or absence of CpG ODN or those immunised with DC
and CpG as an adjuvant were incubated with heat killed B.

15 pseudomallei and the number of cytokine producing cells
determined. Spleen cells from animals immunised with DC matured
in the presence of CpG 1826 produced significantly (p<0.05) more
IFN-Y positive cells than the DC matured with antigen alone or
those matured with antigen and control (non-CpG) ODN (Figure 7).

20
ELISA for serum antibody
Analysis of serum from immunised mice for B. pseudomallei
specific immunoglobulin revealed low titres of antibody (Figure
8) to B. pseudomallei K96243. The animals given DC matured in the

25 presence of CpG and those given CpG as an adjuvant with an
immunising dose of DC had significantly higher titres than
animals given DC alone (p<0.01l). The presence of antibody
reactive with B. pseudomallei strains 576 and 4845 was not
assayed in view of the low titres deveioped to the immunising

30 strain.

Protection against challenge and bacterial clearance



4845. The animals i munised wwth DC matured in the presence of CpG 1826 10
showed tWO 20074036735 | evel s of protection against all 3 ctaléengsoosstsr ai ns of
the organism The use of the CpG ODN as an adjuvant with the DC

i mmuni sation also resulted in high |evels of protection (60 -70%. The
control CpG treated DC and DC al one groups showed very poor |evels of
protection, with no better than 15 3 of 8 eight mce surviving in the
K96243 chal | enged group (Table 2). Table 2. Challenge strain / survivors
Treat ment group X96243 NTCC 4845 Stra|341 576 DC + CpGin 9/10 7/10 7/10

culture d n /s 3/8 DC only
5101 18%etR Gebdsgo &b%}’gl%‘ﬁééléaﬁ%%% bEuadi s ﬁ‘%év%%r?g

i nt r a- deredkcher rmith oart wo’qhwtt EpeC 2@ tpehts atbr@i chahbmgeldi &t athyB35

pseudomnal i il a%m{g? ﬁ]glnl enge was with
appr oxi rraétg %&21 ra| n %ﬁé%géi@ t%&gl 55% ntta- peritoneal
rout e anmgw\mls&si D@a‘yll'lhz Cp§ l@@oFGBmJ@I%9é as/\@m@@mmsghe

PCT/ G@ZOCEaJaQQ?»&?&leﬁéeTa@é@s hst! dst HRIDOS st §. b0y 951 'fH%UFl::?@ltﬂ on is

capabl e of i nduci nq protective responses in i ni sed ani ma but the

addi t i on K6243G TOORIGr eafid For neiradBes’q ad) dvIXL0 oefy forestTai  achi evabl e.
S 4845,

The animals immunised with DC matured in the presence of CpG 1826
10 showed the highest levels of protection against all 3 challenge
strains of the organism. The use of the CpG ODN as an adjuvant
with the DC immunisation also resulted in high levels of
protection (60 -70%). The control CpG treated DC and DC alone
groups showed very poor levels of protection, with no better than

15 3 of 8 eight mice surviving in the K96243 challenged group (Table

2).
Table 2.

Challenge strain / survivors
Treatment group K96243 NTCC 4845 Strain 576
DC + CpG in 9/10 7/10 - 7/10
culture
DC + CpG 7/10 6/10 6/10
adjuvant
Control ODN 3/8 _ 2/8 3/8
DC only 2/10 1/10 2/10
Naive 0/8 0/8 0/8

Challenge survival following intra-dermal immunisation with DC

20 pulsed with heat killed B. pseudomallei K96243, with or without
CpG ODN treatment. Challenge was with approximately 10* cfu strain
k96243, 4845 or 576 by the intra-peritoneal route and survival at

day 42 is recorded above.



At the end of the post chall enge observation period (42 days) splenocytes
and bl oostodesosessf rom chal | enge survivors were cul t uped/@t200/desser 48hrs
on L-agar (100}11 aliquots in duplicate for each sanple). No bacterial
grow h was detected in any of the 10 sanples, indicating that bacterial

cl earance had been achieved in challenge survivors. 36 Cains 1. An

i nmunogeni ¢ agent which is a conbination of Burkhol deria pseudonal | ei
conponent s, which conbi nation produces a protective inmune response in an
animal to whomit is adnministered, aB8 which conprises(i) a

| i popol ysacchari d of _Bur khol der.i eudomal l el . (ii) _a capsuylar

pol ysaccr?g’ﬁsﬁere%ﬁtﬁu&ﬁrﬂ?ﬂs EPAtg %g’gnﬁw"g’ilsﬁﬁw% i )Cagalf)fgf in of

Bur khol dei_rﬂdacps@u;i@mabtﬂg QfespbnsesTimo demird sedr hqua_lishebgbftlmr_ an

| mmunogen] i, Q0N Eo0! ol (NEh Pl {8380 R MUGLAI &eABLG: MILEN expresses
said proteln, |rrrrun08en| T variant or I'munogent ¢ T ragnen Thereof in‘a
host ani redhiefalplaise in the prevention or treatnent of infection by

Bur khal deria pseudonallei and/or Burkholderia nmallei. 2. An inmunogenic
agent according to claim1l wherein conponent (i) conprises an OPSI and an

OPSI | B. pdetlentnd of the kysd ghatlengs geseryatign|pRfindgdh? daygént according

to cl ai mgh1Qho&h@ldMada MBYE dRr$P8P FIBAL cHdllllehge | SurdA voFFRQQENI C protein
of Burkhol deri'a pseudonallei or an imunogenic variant thereof, or an

i mmunogerduwlthred mdnB87 feirt ABhrsfont heagar 410Ml jakigrote nic dugdheateccor di ng
to any o | t i I n .G P At el f nponent
(0 o e ke Rellbicy | dro aBREER grffch WM QSRR ol Eh o i
ConpdgﬁtiQﬂmpégﬂpriqﬁiﬁgtgmgiqhmgnbgq#ﬁnial clearance had been achieved in

challenge survivors.



agent according to any one of Clains 1 to 4, in conbination wth a

phar maceutically acceptable carrier. 6. A pharnmaceutical conposition
according to claim5 which further conprises an adjuvant. 37 7. A

phar maceuti cal conposition according to claim6 wherein the adjuvant is a
noi ety which activates antigen-pr eserdd ng cells. 8 A pharnmaceuti cal
conposition according to claim7 wherein the noiety is one which activates
dendritic cells. 9. A pharnmaceuticdladowposition according to claim8
wherein the said noiety is a Toll-like receptor ligand. 10. A

phar maceuti cal conposition according to claim7 wherein said noiety is a
CpG ol i gdnucl et ildmunddenin egebinehian ief ai aenlricgénpro afent according claim
1 and amng,j j . Soqrbi {.0 carding to claim 11
wherein t dﬁ?ﬁ%?égﬁﬁ%regggﬁg#%% cCJeo%Pgégre ’déﬁgﬂlt?% ccerﬁtg.ogla A

conbi nat irnedacesdralinnptiegtévai immuheorespensn 12 whi ehindflutohwhomoitpri ses an

adj uvant .ga L 2. td ti ant.i - .esent i l_s.,
conbi nat ilo%nggg%:glr%{en%d{gg %:1 a‘iv%%ﬁ%\t?\klgfg?ens[){lﬁegagi}%%aoﬁlt%}sal%gha%léjc%%

ol i gonucl<fotBiudsholderifn pisandonygkidic agehta asperdéngralysacghenedaf clains 1
to 4 for ' nr ' f i.ga t prevention or
treat mentOfg?%lr% %%?elerol% g}g%&&%{@lﬁ oﬁa?rgﬁlgngfggo{%{.n n%r}fl ei. 16. The use of
a conbi naurghoadevialipsgudonahieiowe ofi thminpgeni¢ varikhti wheheoprapar ati on

of a mdia%aqﬁHEn&%ni@('f\fggﬂenﬁ ro%tquﬂér O(If %h@@%', eg'}_l 'a nucleic acid
which expresses said protein, immunogenic variant or
immunogenic fragment thereof in a host animal; for use in the
prevention or treatment of infection by Burkholderia

pseudomallei and/dr Burkholderia mallei.

2. An immunogenic agent according to claim 1 wherein
component (i) comprises an OPSI and an OPSII B.pseudomallei

lipopolysaccharide.

3. An immunogenic agent according to claim 1 or claim 2
wherein component (iii), is an immunogenic protein of
Burkholderia pseudomallei or an immunogenic variant thereof,

or an immunogenic fragment of either of these.

4, An immunogenic agent according to any one of claims 1 to
3 wherein the immunogenic protein of component (iii) is a

surface protein of B. pseudomallei.

5. A pharmaceutical composition comprising an immunogenic
agent according to any one of Claims 1 to 4, in combination

with a pharmaceutically acceptable carrier.

6. A pharmaceutical composition according to claim 5 which

further comprises an adjuvant.
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7. A pharmaceutical composition according to claim 6 wherein
the adjuvant is a moiety which activates antigen-presenting

cells.

8. A pharmaceutical composition according to claim 7 wherein

the moiety is one which activates dendritic cells.

9. A pharmaceutical composition according to claim 8 wherein

the said moiety is a Toll-like receptor ligand.

10. A pharmaceutical composition according to claim 7 wherein

said moiety is a CpG oligonucleotide.

11. A combination of immunogenic agent according claim 1 and

antigen-presenting cells.

12. A combination according to claim 11 wherein the antigen-

presenting cells are dendritic cells.

13. A combination according to claim 11 or claim 12 which
further comprises an adjuvant capable of stimulating antigen-

presenting cells.

14. A combination according to claim 13 wherein the adjuvant

is a CpG oligonucleotide.

15. An immunogenic agent according to any one of claims 1 to
4 for use in the preparation of a medicament for the
prevention or treatment of infection by B. pseudomallei and/or

B. mallei.

16. The use of a combination according to any one of claims
11 to 14 in the preparation of a medicament for ex-~vivo

treatment of a patient.



