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| mmunogeni ¢ Agents The present invention relates to
I mmunogeni ¢ agents which are useful as prophylactic or

W0 b@rapeei i ¢ vacci nes agai nst infection by BurR¢DGHw06/03628

pseudonal | ei and/ or Burkhol deria mallei. Burkhol deria
pseudonel | ei is the causative agent of nelioidosis, a
severe di sease of humans and animals. The bacteriumis
present in the environnent, mainly in South East Asia,
Northern Australia, parts of Africa, South and Centra
Anerica. Al though mel i oi dosi ¢ has hi storically been
considered to be a rehahingkyid alRndssease it is being
di agnosed in an increasing nunber of countries and
with an increasing frequency. This is probably due to
mecgﬁ&&éiﬁi ilaﬂeﬁtflcﬁa%ma&s $4Cimmdgea eat agditsoveTmN g e
agnos echni a_greater awareness_ 0 :
ireceh o TRphrL AT S cRieririt R ShrllBre Megirar s ion
h@heumkmdlﬂewﬁarpseuﬂamaﬂﬂeinaadVGreBuh&mbddeﬁdﬂ imaildesi s
can present in a nunber of forns which have been
descri bed as acute septicaem c, acute pul nonary,
Buykhatdrernl aawd cvtieronlleldis ddsesausdtiveopgertaodsmalioidosis,
aO%%§é§é Qfﬂse%gg 8£ 'I‘%ﬁg AﬂH %ﬁ&lhé?fb ' %‘h@sf)&bc!éﬁnﬁdlé“ﬂﬂ%sent
t he subsequent ability to becone septicaem c.
3%96?8r§“%ﬁ°@ﬁePﬁfFﬁ%ﬁ%§ ¥hEoBhE Rt 6F1G1§E&§§65¥e not

Aﬁ@@!«ﬁliaﬂ,! tﬂa@.ug ho t%ﬂ%&ab%tﬁu&?ﬁﬁe@dréh azxme(iiltaaterzel[)t@?&gh
In,t VITr ence O | erent stral contr yt e
R PR RPBan BT b G s SHED SoF Rabe Gnre ot ety
ﬂuﬁeidishﬁﬁes1t31smhélnbrétpgndsby s@emm nncﬁe&ﬂnﬂg aspber of

t red r t e
({ﬂ%glt%g}g! aPlddg’E‘Elhoa‘rsna %é%l%gbuse su ges l|Aqné]{%t ﬁ%lgaﬁal§ due
i Bf e@mwe:lpn @ﬁefaqmnﬁolwhcm rcgngsingrovements in

diagnostic techniques, a greater awareness of the disease and an

increase in global travel from areas of the world where

meliocidosis is endemic.

Melioidosis can present in a number of forms which have been
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
gsepticaemic. The factors which influence the outcome of disease
are not known, although it has been suggested that differences in
the virulence of different strains might 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 differenceg in the immunological status of the

host might also influence the outcome of the disease.

Currently no vaccine exists to protect againgt melioidosis. B.

pseudomallei has previously been shown to produce two types of
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host m ght also influence the outcone of the disease.
Currently no vaccine exists to protect against

woredorosaiasi s. B . pseudomal | ei has previously PEEGB2006/003628

shown to produce two types oflipopol ysacchari de (LPS)

, termed OPSI and OPSII, and a capsul ar pol ysacchari de
[Y. Isshiki et al, FEMS Mcrobiol. Lett. 2001, 199,
21-25, S . Reckseidler et al. Infect. Immun. 2001,
69(1) 34-.44] . The LPS of B,. pseudonallei has been
shown to be biologically act Pve and capabl e of

Lo crphag MandVBSsdtr aad Al 1
(ELDAPALO N NECT apad s i Sl Rlsoonr

pelyrAcshakide ShowRshHel etpali FEMSPUBTORP st Poth atzp%

188, 1 M2BE & ESRQMELidTerd R AUl iMgebRdetmh . d2SEBS&I (1) 34-
PoncIonaI antisera rai sed agai nst the LPS was found

*be passively protective against challenge with B
pseudomal | ei [M Nelson et al. Journal of Medica

E/lﬁsﬁ &%l ggy ge%%tna?%rxg lﬁz%l Z%é‘e s}%\%%]to %nioygfggei%agﬁﬁ

seuaoma ave peen propose
aghiive\saidu gapebles orﬁusmmuil@twa@ c;mréneamﬂnmtﬂege$ PlM.BMatsuura

e@t af‘l \%ngf ﬁf&rdﬂmn Lé@cg§99§4(173)7 28§4832]82§'11rtﬂ_@f3 rs%ulﬁes

| so e ence t hat capsul ar polysacchari des pl ay
hegP e RBAY I SACET S0P Giam AeRe iPpelamye Zesponse

1%1 amg ﬁ&h&hhé%&;&eﬂ%ﬁraﬂs@@,@ ap&ldIpast aiﬂtlilsara rf&ﬁ@ﬁ: ng
€ DacC rra 1rom_nos ence nsertiona
SORALET \Fgﬁ bie o2 8T Ay E"S %?ﬁfﬁ%’ﬁﬁ%e‘??teﬁ&%}ﬁﬁaiﬁam“
che3ldnge with e pwenﬂmmhﬂiwu(ﬂm aNelndnr ekest. Bournal of

t
B OO e 0| o gy St Celtsuadbed B8 s
aBgoB Smeud@a@uﬁlarf lpoelkiac bhae |h@n| Breparddc edd hyvadgphed as
pﬁtatﬂ?ee%%%ﬂé Rlandli BAELS K9684% @Rd 276,143l NagnheeRoos,

hown to be a potential vaccine candidate [Nel son et
6&“7) 2824-28281.

There is also evidence that capsular polysaccharides play a role
in the virulence of both Gram-negative and Gram-positive bacteria
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
produced by both B. pseudomallei strains K26243 and 576, and has
been shown to be a potential vaccine candidate [Nelson et al.

supral .

It has been previously demonstrated that passive administration
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].
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supra] . It has been previously denonstrated that

passi ve adm ni stration of nonocl onal antibody raised
w@o@03d73protein anti gens of B . pseudonal | ei PEIGB2006/003628

confer protection [S. M. Jones et al. Journal of

Medi cal M crobi ol ogy 2002, 51 (12) 1055-1062]. Al t hough

antisera rai sed agai nst these conjugate vaccines is

protective in animal studies, active inmunisation with

t he conjugate has not been rgported. I nacti vat ed

vacci nes have been used prevPously to provide

Aﬂﬁqg%%t Lop sae%% DSisdy %ggbﬁét %egéssé}a%sat@%wlags is

ooplng cou pol i 0 and rabies and
DTRIRSIE Al rHER VS RAt | RFE Gl HaHnisAgior digh the

cgﬂﬁﬁﬁ&gshé§Iggsgégﬁqxgbyegdthe correct stinmulation of
he "I mmune system by antigen. However, it is not

pOSSIb|e to predict whether, in any partlcular case,
ma@&ivwceaawddmas LU bpéﬂvlhsdm blheviarstiyofo provide

ation mh ch | d t th
PR S SR Y e iess ofr SibeReR] SRR caffihler €
whwmnmnmesohawfag@ﬂmvemhd mebﬁe@tanﬁedeﬂmnsurn§Earhﬁ; viibiration
%Qﬁ{set q%la} L%qaa%éa%% of SycaRact efjdimhavéorrect

storicall een regarded as inefficient vaccines
s b kadiiopop éé@rmmléum% SYSREM Y PREIYTR e HRYEERIatiédis not

p¥§§¥%ﬂ%ﬁtob§£édﬂdt @Héﬁﬂﬁﬂielﬁiﬁﬂy'@aégizaldrscégg such
regi stered vacci ne. Killed whole cell vacgcine.a

st
PYRPITAHLENF et 1l PRGEL 45 & O Yo SHHFEAHEBr Wh | isuld
1pa@tec tpxeﬁeaigaa:im ShnPngigrenhavdimeasear(yRiVsTatdxsd whete
30) 4175- ent. study usi ng

kgik?$ﬁ%§§lﬁhfﬁ VEFFM{IS ﬁﬁﬁl%f%ﬁ%gz%%%£§§%§ vacci ne has
shown that it provides no protection against disease
5%0%§)§ﬁ3¥%8$% {;igag?olér%%@§ pf%ﬁé}%t 'ofwﬁgc$ﬂg£terium
have historically been regarded as inefficient vaccines against
for example TB, and so the live attenuated vaccine, bacilli
Calmette-CGuerin (BCG) is the registered vaccine. Killed whole
cell vaccine against Yersinia pestis has been found to offer poor
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).

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

ineffective against intracellular pathogens such as Burkolderia.

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

experimental melioidosis, and found good results.
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General ly, vacci nes which induce specifically antibody
responses such as killed whole cell vaccines are

WO e@atdas as bei ng i neffective agai nst intracePCTIGBR006/003628
pat hogens such as Burkol deria. However, the applicants
I nvestigated whether imunisation with killed whol e
cells of B . pseudonallei can protect m ce agai nst
experinmental melioidosis, and found good results. The
nodel used provided for an agsessnent of the relative
rol es of capsule, LPS and surface proteins in

TRE A Keh! QQeé‘%’fdﬁhe@'ﬁﬁaéﬁ a St SenPr OV ige LAY Rroles
conj ugat e vacci nes al so. According to the present

of neARY1en, LPhasl PUrfRsy PERERIF RmBRIRSTIEn sRfEimst
AWbe£de CARRr 565w ikk | in@dostd addhjabaBurddralides il so.
pseudonal | ei, or a conbination of conponents thereof
whi ch conbi nati on produces a protective inmune
Aeespiinge tbnthe ariseat inyewhdon i tthiege athripriost ésddn and
1n\l\u‘?11|1rc1:c|)q e%%%p“ Ses W tl Leé’"%n&)rg.mgs rre €584 %\J,reag_gegf fémh t11<9eriél
group’ consl PEET T ng ofc 3 ysacc
rBauddned ldexii aOp%w@mhaﬂld@on Qf |90Hm>ooalp€wltélereof which

cgﬂﬂai’%%aﬂrgguégs Q%Mng{}é aln{?tﬁﬁgdf?gé%cln%' @ﬁ‘dar{ 'ahﬁ.l)n?l to

an 1 mmunogeni ¢ protein of Burkhol deria pseudomallei o
whaan | Hmisogenieistaredntanchupielt IPEASeRindgant ctWO members

sfeié@tf@i‘tfr%fn @Iéé rﬁro%lﬁfcérfé@é@ln@roﬂi (AyCh qlcpo?@wsmhablde of
expresses, sai rotein, inmunogenic variant or
BRI RA O PR L G hod (CERRFTIAF | DY P ageRrT e, E
Bﬂm&@metma @Eeﬁd@t&ﬂﬂéﬂtarﬂf (i bf e cini &mmmog%wilshpmlﬁmaof
9/ orllBur khol der | aomal IC 4 ng enelO or an
BI% en?s e{é@g?ﬁ Fhg Lo Thehi Aventi on have aeelr?n ound -t
1pmw¢gm1@odda@n@tteotfl efthegaphsthesieal bergeigyese ac1d which
xgz?‘éé’sdéy’%' 8l pP heslxh:{ﬁn% LBl Mﬁhé'oﬁriﬁmﬁﬁ‘ébenlc

erefore formt basis of prophylactic or
fraereidedsi @ b@%%l%#’é@ajrh oM WeP SIS (FER BXSYRMRAAR Or treatment

of infection by Burkholderia pseudomallei and/or Burkholderia

mallei.

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.

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
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
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Preferably, the protective response is protective for

at | east 20 days post-challenge or infection by
w@eookload7deri a pseudonal | ei and/ or Bur khol der i aP@EIGB2006/003628

In a particul ar enbodi mrent of the invention, the

i mmunogeni ¢ agent is a killed strain of Burkhol deria

pseudonal | ei, preferably one which includes a capsul ar

pol ysaccharide. In one aspect of the invention, the

killed strain of Burkholderigpseudonallei produces a

protective i mune response in an animal to whomit is

pQQJgam ESE %pfodﬁésé el gl Yect iR eﬁﬂﬁ@&tﬂe\éﬁoﬁgé PONSA hSimal
ro ec

or at |least 20 days Egst chal | enge or
tq: riffenst rL@nls);adBunkﬁbqew. aPJp%%;as | Idie BRAFeftive response

1 Busihekderd %dIaEEeleasH‘QOS&a{ﬁ @ogﬂé’cﬂ'@ﬁ.lléhbée&r By fection by
conventi onal nethods for exagng by heat tE at nent ,
BR¥lholderi f 7 QUOSRE ket ARdonT GHBRIIIGIER g?Je‘ss ure

drop or treatnent u5|ng an |nact|vat|ng agent such as

I d h ,
oL e AL DARPEILSNL Sy POICL 380010 ey
hpsopirekantnne fardzenthEar ttn:ea;ttxmntbes@rgﬂr@mlohaostm@@n
' Qg2
pl?,lﬁggfr)é ELPQ c%g%ﬁgg@ﬁeﬁ%\)gs 1Mc§§7aﬁ:q fg Qg’anto suc]ré as

I mer osa 543 Preferably
formaliim, schﬂe'P 4 @@da@iﬂnl@fmctlii@@ttr?enPh%ﬁ]oh SpRaYEY é@tergent

(keastasSABE- Mf@@@t%&ﬁul §§sd)z@§n@0t proﬂlrblﬁéf:bﬂlé? Wndr in
however, the i mmynogeni c agent is a heat

PFFEFUHaT| PeFaprapieABF Y5 ephEY Wh%%%ﬁﬁlﬁ'@nsuf‘i’wé%e’a? No.

5B565 pasydenati Bierbeal e(qze patette $oof 5 f 338N5E0) 900 dferally
eriod sufflc nt to, ensur e t hat ., al el.ls are

gﬁa%?ﬁ%ﬁ? 15K %gnuﬁﬁm%esteﬁafﬂﬁﬁ%gwr%F i1E YRRt hod S8k some

sukfasd malledubey eémttatter. In particular, heating a

culture of B . pseudonallei to a tenperature of about
800C for a

In particular, however, the immunogenic agent is a heat-killed

strain.

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

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.
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, 5HT UK where
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period of about 3 hours has been found to result in

conplete inactivation. Suitable strains include any of
W b@7a%eB3 abl e strains irrespective of the PCT/GB2006/003628

| i popol ysacchari de serotype. Exanples of known strains

i nclude B . pseudonal | ei K96243 (Proc. Natl. Acad. Sci.

USA (2004) 01 (39)14240-14245) and B . pseudonul |l e

576. Exanples are B . pseudomallei strains are

avai |l abl e for exanple fromthe National Collection of

Type Cultures, Central Publi¢ Health Laboratory, 61

4@.1%' A AYRNYBosLondLaNYD, Nc'inT 1B Whpreexasmy es

|nc e ose stored as NCIC 484 NCTC 12939,

Nﬂm@t@ﬁ?m’&@ﬁéﬂﬁﬁ@ WCN@@%WE ORFrsoRREIRE Agglaked

fireR| A Reafl r SR UESH é%ambﬁésffdM'p@ﬁf@ﬁﬂsesﬁfﬁéﬂlng from
patients sufferln? fron1B seudonallel fection

By PERAATL B rETTERT Sy e £F O (VAL BB L ada fpTERES PCR. a8
sONE esfpadsnent the strain is one which has an atypica
LPS serotype (OPSIl) , such as B.pseudonallei 576. In
anot her enbodi nent, the strain is one which has a

Inypie amboPSnerer dhppetadPSHE %ﬂ:hvhéshalép%@@déhmi@il LPS

n S i-ch avai l able. In
sggggéﬁé(bgglﬂﬁ QUER %Q%??%@u@&mﬂheg 5?5

rnative enbodi nent of the invention, the
I mmunogeni ¢ agent is a conbi nation of Burkholderla

Iﬁsﬁ‘[ﬂj&g{&l fbﬁi)%&ﬁd&@_neméilsﬁt@@g | &d rdﬂeaﬁhicﬂﬁ&tast ¥Ocypical LPS
ers of the sel ecte om r

SEHREYRY i (PGSt "1%?‘ 85| ¥ oAt cHa %8@1331‘ %%%r RFST™Fer i a
spaadaosralfl ohicH iils) asatpdswl.ar pol ysacchari de of

Bur khol deri a pseudonal |l ei and (iii) an i mrunogenic
protein of Burkhol deria pseudomnal | ei or an inmunogenic
Ivaphamtterhet &of embodamentmeinole ninyeh age riheofmmindyenic

d&%nEhﬁ?%fcgﬁbfhégfahegf éﬁ?ﬂ%oﬁﬁéf¥h %égﬂggﬁg%iei 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
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
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.

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

pseudomallei or an immunogenic variant thereof, or an immunogenic
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sai d i mmunogenic protein, variant or fragnent in a

host animal. It has been found that this group of
w@oposEaat s can act synergistically together, POhaBINGH03628

the protective effect that would be obtained using the

conmponents individually. In one enbodi nent, the

conbi nation conprises a |lipopol ysaccharide and a

capsul ar pol ysaccharide of Burkhol deria pseudonallei.

In a further enbodi ment, the conbination conprises a

| i popol ysacchari de and an |Hhunogen|c protein of

f]i%g,méﬁg' QPféﬁh@%ﬂmgge' 00l Al raeganmlc\haakamsses

I mmunogeni cfragnent of either of these,

sagird amum@@rtlcaér@it@m cﬁa@?ﬁ’tte%e%r%eatl h‘i‘nﬁﬂé‘g’éﬁl gnimal.
protein, variant or fragnment in a host aninmal.

Preferably all three conponents are resgnt and so the

PIoRRrABYENT Y. d48Re TURPPERES oFR) PR § 0Bl yiudthari de
1ﬂmﬁgéhhﬁ|&bigﬂtac?ﬁ;ﬁiidgﬁall(ﬂa)ela, l@pbﬂoh/saaphanl"iii’fe of
charide o r erja [
BW%% S TIPS SR kﬁgf et §’°h¥ CFEH‘]’&!I1§ié éé
Bzarkhdimmgamaudwmlm ahfletidads, anrlrawmommg:e:mtem Of
éHHE%QEIQf 5% ARk 26 b PQ§§UﬂQ&an£H§U %59155%‘%H@@é8@ or

expr esses I mmunogeni ¢ proteln, variant or
af riagmeaueihe afrhgmmamfnanth% ofstbeter oFna Mufdeic acid

B Q0 o Ak AN mmunBE8h Sc 1 oS8 INERLELSaRE ANfRGgment in
Yac d%%%hl C?]edl afler I?mrom&t he ga%é)e sequence from which

athfé%F &némgdkrived in that one or nore amno acids
Wi thin the sequence are substit ut ed for other am no
aC| ds, _but,which retain.the abi. offth LDaASE oo of
A JHiFEh BET B  pr u%’épraﬁ’?sﬁﬁﬁunoa&éﬁl response” whieh
anboo griigsswiepilt dpésenffrBm. tips dademaédunce Al ero wadcd they

SUb et]:.!ltv | %‘}ﬂl&yoﬁ’& 4 g%ge%ﬁ%% z 8?@55 1Yt h Vighe @Q&ﬁ&nee
m Nno acl 1S repl ace a erent amno acid

ampt$uhﬂugagtgdfﬁqm pelger amino acids, but which retain the
ability of the base sequence to produce an immunogenic response
which recognises epitopes of B. pseudomallei. Amino acid
substitutions may be regarded as “conservative” where an amino
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.
Suitably variants will be at least 70% identical, for instance at
least 75% identical, especially at least 80% identical. 1In

particular variants will be at least 90% identical, and

preferably at least 95% identical to the base sequence.

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
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properties. Non-conservative substitutions are where
am no acids are replaced with am no acids of a
waledo7mseEat type. Broadly speaking, fewer PCT/GB2006/003628
non- conservative substitutions will be possible
wi thout altering the biological activity of the
pol ypeptide. Suitably variants wll be at |east 70%
identical, for instance at |east 75%i dentical,
especially at |east 80% identical. In particular
variants wll be at |east 90%identical, and
sPRETRNRY Yol LASE IR, desdd CRb1t xde 108581441, .
sequence. ldentity in this instance can be judged for
exanpl e using the BLAST program or the al gorithm of
Tiﬁiaplf?:ﬁr g@@a?;:?éht"wgbbenig utgl @%12 %om@mo@w@ltué: gfven @Pno acid
en enal ty: . Standar coriing nmatrix .,
SERF i, MBS L] GBeS o oL bR D (AR TGRS Py
aPe D Biyn SFphdndri sy whbArafiesplboicape tse 1883 cawdl 5 a2A7,
1435- 1441 The term | fragnent” .refers. tq_an ortion
TR TR B e e L R
segu¢mope and so has i mrunogenic activity. Fragments
will suitably conprise at |east 5 and preferably at
| east 10 consecutive amno acids fromthe basic
sequence. The conbi nation may conprise nore than one

Thi PORM Y8 RE6H A A omdAthd Rofe Pddiahl 6HE I 16pR TIPS JHRRt de,
it will contain a B . seudonaljel,aipo ol ysacchari de

agfl Bhéh PEE S REl Aty RSB ot ypdd; tRd2oPSI | as
Bdesetiddaed 1abhovipopBiigs scdHaeidondd rathosf ithed tee Sknown

conponent . (fii thi.s_ is..suitably one or nore
Sieﬁﬁ%ﬁpoegs €n P%gip r%rfqg .%%é f%)faSBfJi Fﬁ%%llb elél r %go%%'e udonal | ei or
an i mmunogeni ¢ variant thereof, or an immnogenic

cagnel Rhpehdeh 9hcilRsecofiitrall ¥i compenentis is

11 conprises one or nore | nmmunaogeni c rotel ns .Of
SBhER dBej gr more immunogenic proteins of Burkholderia
pseudomallei or an immunogenic variant thereof, or an immunogenic
fragment of either of these. Preferably component (i1ii)
comprises one or more immunogenic proteins of Burkholderia

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

surface protein, variant or fragment in a host animal

Particular surface proteins include ABC transporter proteins (for
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.
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pseudonel | ei. Suitable proteins are in particular
surface proteins . Thus in a particul ar enbodi nent,

W b@7086T85 nati on wil |l conprise an i mmunogeni ¢ BCF/GBC@®6/003628
protein of Burkhol deria pseudomnal |l ei or an inmunogenic
variant thereof, or an immunogenic fragnment of either
of these, or a nucleic acid which expresses said
i mmunogeni ¢ surface protein, variant or fragnent in a
host ani mal Particul ar surface proteins include ABC
transporter proteins (for exanple as described in

Tﬁg pﬁrﬂl%ggelﬁr d 1tt&'s Ef Paleat - APR1GabE O8N0 can %@@%xﬁined

esl is; 1 on acquisition proteins,
u%mmmém@e @fetfﬂhés 13 ao8Ld e @PPBRERY e rgrb?rfé‘illled person.
i mrunogeni city of any particul ar proteln can be
determ ned using routine nethods as woul d a%paren

The THECSKPT 1Ud SPEFLLIF PFRESHH &6Fi B?F%Pgsbﬁc?fﬁ way may
an@Erﬁﬂltﬁﬁef_}@ od eléteftgmea bhi &camaylaﬂﬁcyn alft ehaagproteloye bef the

deter exan1nat on rote f
g%%ﬁ SHECI 8y, 5??%&% e Pﬁoﬁ%?%%gwg éﬂ%@non1c

ssqmmmesusm fgrf onstiarseabioe neftbodeddrsaibdedcin BOd i n
5973351. Alternatively, B . pseudonallei proteins

can e made or isolated and tested using routine

nmet hods to ensure that they are i nmunogenic . In a

Amaéﬁﬂaftqkfawy »r %@w&ﬁ&ﬁ@boﬁrm&m the Héoﬂibﬁ@&iﬁ QBolated

rlses npre than one rotein or no enlc
i Pa RS BT IS AGHEAES GFtBPERa SPSkhe ey gy
1ahﬁﬁwmmmbve enbodi nent, the conbination conprises a
nucl ei c acid which expresses said i nmunogeni c protein,

variant or fragnent in a host animal. In this
Thnateante culdmelnwekéecrast icgbodiment, the combination comprises

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
fragment in a host animal. In thisg 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), or
adenovirus vectors which are suitably attenuated, or a bacterial
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.

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.
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m ght be incorporated into an expression vector, in
particul ar a pharmaceutically acceptabl e expression
woe@vms673ich as a viral vector such as vacci ni BCT/G8r006/003628
i nstance, the Lister strain) , or adenovirus vectors
whi ch are suitably attenuated, or a bacterial
expressi on vector such as an attenuated Sal nonell a
strain for instance attenuated strains of S . typhi or
S . typhinmurium such as SL3261. Nucleic acids may al so
be in the formof a plasm d ©or "naked DNA" vacci ne.
Suitable plasm ds include those known in the art and
many are comercially avail abl e. InnunQ en| ¢ agents of
Whews jthge MBI ISREC AFED PRI FC| §t"e9“g’d RRIPhE g?ﬁ?%’fbed
aBbb e Orlnﬁﬁﬁﬂilﬁhaﬁﬁiﬁﬁkﬁi&'ﬂté aalaay’z? m@a&nimﬁ&rem%rately or
sui tably further ¢ rpR tical
ERET S ablet & F'é?’t%mgr &° al&r%%rluno%%me&: ag é/ gsingle dosage
ugbhpri ses a conbi nati on as descri bed above |nd|V|dua
conmponents nmay be adm ni stered separately or together,

but are suitable fornul ated together in a single
Theseajairgnpf . thFhecapeian @idl YHe éﬁpem@rnwwnxﬁgﬁ/nature of

tﬂspﬁmn%geﬂp@raggh@ N E838f of PRl ATRMIAEEBh CsAGRRLA etc.
the node of admi nistration selected etc. in accordance

1% RECIGPRER iy REERL ipéarmi?a?%tté&aiieprwg%t e

carriers are well known in the art and i nclude solid
and liquid diluents, ﬁor exa

SBURI CRURE] STHELH HU CarviceroT S TRER So1id and

1$¢I@Id lca 1aatkpy fogeaxafipbe,. whhier cldse tomaguamys leghanol.
12018 Lolgnals U ggsjégr RXAITL 2nSolhall ' frce,
ozen €s, or so C es aque SO0F 611
suspensi ons, enul si ons, dlsper3|ble powders or
THE 80 $31 £ PYA M ayObe %df&'aio% fod %a@dﬁ'@é‘ J%B{:aéka@@)lgyas

I nhal ation (for exanple as a finely divided powder or
tgbletin dogerdsol Pard i sedhi FRRTYLEET cRfuspus 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
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.

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
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
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insufflation (for exanple as a finely divided powder)
or for parenteral admnistration (for exanple as a
W@ e@riobe3aqueous or oily solution for intravenPtBGB2006/003628
subcut aneous, intranuscul ar or intranuscul ar or
i ntradermal dosing) or as a suppository for rectal
dosing. They will be conbined wth pharmaceutically
accept abl e exci pients, such as inert diluents,
granul ating or disintegrating agents, binding agents,
| ubricating agents, preservative agents and ant
ih-0xd dapt s . Tablet fornul ati ons may be uncoated or
coated either to nodify their disintegration and the
subsequent absorption of the active ingredient within
whBee gl iRt @fdniiBakgddtackclvded @ hGPIOVE atb@idlement which

.stabil it d/ ce, in.eith '
1BoMy it GREF CoatiRG SALS” arid'ifr BLbHHREoRR{2tot to
cksavwithathehay tnrothes eelehdesimamegéacc. afent exaxplledeghere
R T e
wptlobiucormhéatewisr ediediflec for Feprenkanpl edmiheseration or,

whék Cﬂ)dl% iH9EPr f HEDrél Védtﬁhiggfélﬁrqn , t Bﬁﬂal‘%oﬁ €or
contalned wthin fornulations suitable for parentera
igawthiaticati on or, when possible, for oral

adm ni stration, inhalation or insufflation . Were

bacterial vectors such as attenuated_Sal nonel] a )
WBEFa e Lol T IR HHETACES: P ETaL b egains are
ushgotesicd ipeot gien netbaieniacofl winiech enoodeenl prageimt element

h . ; ; . & 3 iy
oY S B A R o 5, SRS e
adméeisieattibey will be fornul ated such that they are

suitabl e for

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
ligquids such as saline. These compositions are preferably
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
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
upon factors such as the particular protein used or expressed by
the wvaccine, ' 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,
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parenteral adm nistration, for exanple by conbination

with [iquids such as saline. These conpositions are
wee@esabd y formul ated for intranmuscul ar i nj ece€DGB2006/003628

al t hough ot her nmeans of application are possible as

described in the pharmaceutical literature, for

exanpl e adm nistration using a Gene Gun, (Bennett et

al ., (2000), Vvaccine 1 , 1893-1901). Oral or

intra-nasally delivered forngulations are al so

possible Such fornulations- fnclude delivery of the

ng]]’_‘ q1 D@ée\” oQaLE éllt V&€&l Qe %Hﬁbn?s%e%@@cir?%noémount

FAShel’l a or |st ri a i zenore et al
of-\/icemrfeﬂslg BO4L807) PeDiwagedy oreighE - v rﬁe B8 dgppogenic

u?c%deéf& haykar $a88qW bbmgisRand maﬁa&txﬁfx&ssu@&tﬁs
the particular protein used or ex re

S 12 =
depRgef el thReverfionr BB e B s Fanye F?}i‘r?é’ h@ pfu (pfu =
pdr@atl yerdrmehe .urdrd) W | | be deternlned in any

particul ar case in accordance with conventiona
clinical practice. Generally speaki ng however,in
Tige Remads i tibes | ainthegbmient age meywEbtthse adii tiicoaeraddein

%v%ngéjr{g?on%];tg r OIPOQ‘ éxzﬂf@lgo &% wh&? rcoﬁﬁoﬂ’&g'y m%' cgﬂﬁ_orlse

I munogeni i ncludes a |ive" vacci ne
aw GijoveHt wh ol Ferbsnaey i fsheRic o fIERss gERONSTS  t fRA/or the

p&ﬂ&%@Euﬂ?ﬁwgebéQxhﬁ@n&@ﬂﬂ%hQ§1%h@ﬂ@é@@n%@&@ﬁﬁﬂwééﬁﬂve—
particle formng units %ﬁj ngqﬁltlons of, T N

SGAY] SIRIREY § GHOREFS gl CBy s SoRidvelent vaceine

if GieRend Sinckedsexaapbaeftibet®idisk coniponéntaceayation.
conpri se an adj uvant whi ch enhances the host's i mune

response, and/or the polypeptide nay be conbined with
mna Fartperlagilyi pp feroed cmbedinenunthy ciyar mttiye component

dIl%r ?gatull Ei%ﬁﬁ\g%ﬁp Qcth Ut ﬁcé'gjltthb HN Yﬁﬁﬁiengeéﬂbnse and

ease t ene |t to-risk ratio of
1namﬁntnau1¢n1PrPMOQ?%JarF?kﬁﬂlarlymﬁﬂﬂéf%@%Rﬁ@séntﬁﬂﬁhnéﬁt% CD8+,

al 85100087 02 IMHE LRpRASENt

Adjuvants which may achieve these effects include cytokines such as
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 for 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
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
hydroxide, polycationic carbohydrates such as chitosan and
derivatives thereof, for example as described in W000/56362, or

adjuvants described in WO00/56361 or WO00/56282.
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conprises an adjuvant whi ch enhances the host's inmune
response and in particular pronotes a cellular inmmune
w0 e®posEe; such as a CD8+, a CD4+ and/or a ThlPCT/GB2006/003628
response. Adjuvants which may achi eve these effects
i ncl ude cytoki nes such as inter |eukins and
interferons. In particular, the other conponent
conprises a cytokine such as an interleukin, which
acts as a Th-I adjuvant. particularly preferred
interleukin for inclusion |ﬁ- he vacci nes of the
H&{r]élveé}t | o0, 'rsealsbng'%ilé&ysggdr@? nB@@ndélﬁq_Wr‘béPovﬂr lave the
expansi on of protective Th- response durin
p@vatrc:lqyllﬁmy m,reﬁsrﬂa@%rﬁlase@ﬁ oéviﬂua@nvs arg these (‘@9913) .
attfRald 8n éﬂﬂ%uhgﬁﬁrﬁﬂﬂﬁgéﬁ ﬁﬁ@sen@@ﬂgfﬁellsC1§wﬂh.bﬁp&éndﬁltic

phar maceuti cal | uvant j ncl.ude. Freund's in
Bl vaihese am Lrant e BenhHe Gachoit 1aPmns HimTReEL e
ity xedpongind wgainstonri ecange hdhypdraires saxmpﬂss of such

h|to n an ive r a
D Rcat T oohy B s eebRe Gk RS R B° cpo
oWIﬁmﬂdﬁaeﬁﬂldns W£ﬁ©/é%ﬁmmzekbswﬂﬁﬂcrlb%ﬂ imeH§oPtent No.

dj d r33Rardd aubapio
6g%%%3§?2d %&g%%&%% aéﬁﬁ%ggséag%é ?ﬁ%é% mh%c aé?fﬁal@?ere

£ HmurgpaRic seergeh- Jmcésléﬁ%u%?gacém%on%cﬁ as .
llgﬁ&fglytslaﬁcﬁiﬂl'é{é dgf*ﬂ&ﬁi GaBmeN O@ehﬂozﬁﬁilltél()uﬂ@é 'ﬂdl[llgllke
asting_protective imune _respgonses an
rerreiar L e oes Bt S ATAR T is SAEPIY SHigs thad o
16 p6efllvdactHiR)dd dganeksl swelh BS fopGdahd herducl eot i des
(for exanple as described in US Patent No. 6,429, 199),
bacterial |ipopolysaccharides or |ipoproteins. Were
Thhse i anruroyeably ceadrehtistereddes exsnaligkedohenthen
i#gﬁﬁéqéﬁééaQQEHEhtged?&%ﬂfﬁ%ﬁ gﬁ&UE Bwh @Ogﬁl%§¥b1chm§r be

e receptor used ds th Juvan
regprlisiantoB haps qudana ei proteins, in order to enhance the

response of the hosts antigen-presenting cells, so as to produce

synergistic levels of protection.

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
response and operate by various mechanisms. They include

macrophages and dendritic cells.

Dendritic cells (DC’s) are specialised antigen presenting cells
that have a central role in initiating T-cell responses. Immature
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
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| i popol ysaccharide derived fromB . pseudonallei.
These are suitably coadm nistered or even linked to

w0 b@7iosarehogeni ¢ reagents descri bed above, whi PCT/GB006/003628
particul ar be reconbinant B . pseudonuallei proteins,
in order to enhance the response of the hosts
antigen-presenting cells, so as to produce synergistic
| evel s of protection. In a further particul ar

enbodi nent however, the inngﬁogenic agent descri bed
above may be conbined with artigen-presenting cells .

nazmix% 89”&&@%%9@101& thep, Gor @dnirhdSitier gda direct the
igen-presenting cells are instrunental in proq§0|g%e 1

d%lﬁahomﬂ*e e ppbisesnd okt AEPBY IRAIGES FHeTRAN
od N¥el DChardEayBcr ophages and dendritic cells .
Dendritic cells (DCs) are specialised antigen
presenting cells that have a central role in
Thaidppat cagesT haek | fawesipohsesculltorad utendbCsiengills pulsed
tho ens. it a
I"Uaes ?%elrregngglgﬁg%gﬁ%§§ﬁﬁgvga%¥5aﬁg%%hém@hfgk
killled Bat pseidemebhahcedadrprossi oa bfa 11¢d B.pept i de

p§w3£§§§%%5v8£|%4§oc§ﬂ 'ﬂ@h@%@r’&’o %ﬁﬁi@@%nlﬁgfé' and

conve ormat 1 on regar I Ng t henat ure of
evdls @@tbl cetl meriated amdc%wosra&namwrreeéﬁsm@es in the

réeusiopaent ﬂflSPQix?éé sede Te & edd-v1i 06 P as @t N @peibher
the type 1 or type 2 pathways . The applicants have
found that cultured dendritic cells pulsed with

Af NEBEID @epein redageains ‘rée:swizwecﬂeabomees angrocedure that is

arti uI killed . u
CRRLIAE ot SoB 1 R PO Bl LS sl onesos
raS@xhdetpnhhﬂﬂpaéiamﬁrﬁ£b§rahrbqﬁmﬂ@§ both cel | dlated

and hunoral inmune responses in the recipients . This

gIVGS rise to ex-vivo therapeutlc optlons .
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

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.

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
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 II and expression of the
co-stimulatory molecules CD40, CD80 and CD86.
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As used herein the termex-vivo" describes a procedure
that is carried out on a sanple taken froma patient,
W b@79347p8 € being returned to the patient aftePCT/GB2006/003628
treatnment . In a particular enbodi nent therefore, the
i nvention provides an i mrunogeni c reagent as descri bed
above for use in the preparation of a nedi canent for
adm nistration to antigen-presenting cells (APC) of a
patient, for the activation f the immune response of
said patient. Conpositions égnprising t hese
I mmunogeni ¢ reagents and anti genpresenting cells such
as dendritic cells are also novel and forma furt

CeRaydst obfanimaleniERmissd wHPERTE Ko Fedls ¢isEe t fen
ff%Wd%@F@@ﬁy{F£HH§FEIf&%%l&ﬂ@@fﬁﬂﬁw aiE£%ﬁ%?kldtf&1n;uaﬂoBJne
i nucl eot i des anke y_pal rns._o a
PRRAATPIAE (D1 BXAHE & P oS 15 BAT S e i‘i"’gﬁf&@? i
démorissedtedt her to enhance APC and particularly DC
maturation in vitro or as an adjuvant when

adm nistered to animals at the time they are immnised
AR e varpi medi geeesbdoDChik ntxra wolhnevantapeesdypasleve the

agélvqélBR &p %r&qﬁéﬁspfﬁyeﬁgﬁétd&ﬁsoto Méccbht%l‘:ied and

expression of the co-stinmulatory, nolecul es

et eg6. F%‘Fﬁ)rﬁ@vb‘ﬁl%|arr€P'éleFr’an1‘fﬁF%eB‘faﬁstfﬁCBeéjr1&relliLF IF vhich
Wg% :Clshc%égetiﬁkeeﬁoaf:ﬂfﬂ@ Ami@fie \Adersbiaﬁsﬂé mﬁ'ﬁgbt edlgD Wehdving
|fferent strains of B seu ma nd_pr ot e {i .
it 6% D L A CTRIBRE s SR TEHAR L 50 SRy luids
aBd& - dhieyd cal darod renymof id Idﬂegraqmadw b adhrcant ageousl y
all ow the activation of antigen presenting cells to be

controll ed and nonitored, thus providing a patient
Thi t 4bilians B RE dudepd srivhi Bertikillpf ok edseudppalliel to

1RALEE YD1k FOHNS JneSPANSE ML <Bh88n &MY A% been
demonstrated as i1llustrated 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
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.

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

production and also to result in significantly enhanced

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
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exi sting problenms with vaccines such as dilution in

body fluids and chem cal and enzynmatic degradation in
waewae/036TBe ability of DC pul sed with heat kil |lRCI/B8B2006/003628

pseudonel | ei to induce proliferation of na ve nouse

spl een cells has been denonstrated as illustrated

bel ow. The magnitude of proliferative responses was

much hi gher in animls which had been i muni sed with

antigen pulsed DC. This data shows that DC

i mruni sation has the potent|§I to i nduce antigen

arlscq%%éf%l on%?%&y I IBEJanm{lant QASAS dd ifke¢l PLERL aRidal s

ni i ncreased nunbers of
rélgtteveky dmrgepm@msn @fc@mlgerlna% iGRERAT Pt P Vi Ath 2

rSREtt hfahRfdyheatpdddd @d K mpnesdonmlel abe pid £9d EEher in
correlates with data from other_ studi l.vin Q
DG JetHFa R OBNRF namdéﬁ"%%éﬁfc;é]aelﬁfwlg Bt%g?fﬁ ﬁl%a o
1&Q@as§@e&hm@oayatmdﬁeue§mmfcaha\y gooprred atichwithé non-CpG
rotection agaipnst .challenge_in [ el f
chites ariih " B At SR, S B el 8RO i couta mave
@ﬂmi&butraﬂ ltei tpel seohsPCruasedidndseen dmhahe CuG-Nrgated
Lﬁ)%ucg.é Ozﬂat%.@)@d | %ftlﬁvgeéﬁll:|.tmp09t§xllt9|1loflbcﬁli‘tcié‘fence agalnst

anced protection. Lowtitres of antigen, specifi
m¢3g3@34dﬁssfé:r ovhtdf higl cireadawire thbue AupnEye Fra?Ch%%Fe
m&?&’ﬂoﬁ%@ 418t {138y VBE Ing RBbln AT YRbe1idS Prbigert dielagy efed
DC i muni sation, as it is known that relatively
CF%&%ﬁQgSnDunts of antigen are required in order for a
robust antibody response to be nounted. The use of CpG

th DC mnmat ti .
o B A AT 2L R R 3R 8 %ol
ssagpm foifcamt infecthparisavemet h bdi@raobh<iBctredt exbegrblp,to
galn accg%?etgp SC%%n hgré)t&%ﬁ.u§£ny q‘ll%ﬁe IIP I‘Aﬁll‘aﬂu!:].qelh %.\.IC@ known

ontr e r obust protectlon seen in the CE_)
tpr’elatlef@ Once the bacteria have established an intra-cellular

infection cell mediated immune mechanisms are required for

efficient eradication of the pathogen.

A DC immunisation strategy is able to evoke cell-mediated immune
mechanisms, 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.

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 was used as an
adjuvant there were 7 of 10 survivors. These survival rates are
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.
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groups, as anti body may have an inportant role in
def ence against nelioidosis, with high circul ating

wao paor@e36763 anti gen specific nonocl onal anti bodpCheBa@6/003628
shown to provide protection against challenge . The
i nportance of antibody is likely to be limted to the
early stages of an infection however, before the
bacteria are able to gain access to the intra-cellular
niche in which they are knowp to thrive. Once the
bacteria have established an'intra-cellular infection

pgﬁéoﬁé@géiﬁts@:@aﬁm RRGBAS 3B s ¥ L1 dve BH{:f@ﬁl fomr
I cient eradication of the patho

en.
resARfnSat i WGiFbs EPG R ed Bp) g %’di?él géYJrn%dPEt &Y
shAPRE s MTeSANics BBnt B8 betLeenged . bY) i thanhens eﬂnrduﬁlilsgtlon
froductlon and proliferation of spleen cells in
¥ponse to antigen stinulation in vitro, and these
effectors were clearly contributing to the high | evels

C%l e%%lel %{] ¢ s%:lf‘ YII‘IV?J 0 a\slghg %Mﬁ E%P#mc}faggﬁ‘e fc%"%ﬁrv1val in

S "Were i mmunrse ured in
apieslen demwlisgdGrigR Crgh ¢ reaesd dFal ViHy @é%ﬁiﬂa@tly

ﬁW%@éeé&%ﬁzé&ﬂﬁ%ﬁeww 61a3vaf c AL rSHEV (Y 9001) .

G 1826 was used as an adjuvant there were
7 of 10 survivors. These survival rates are

TR %égg%%g%\l # yerhebt e{jmr%diﬂ%a};h&ii %t&aew\ﬁt@g e{i?}% otective
_non- was use mat ur e 0 , .
IWYYRG FEPRRSRR TS Bftaie iegpyp v%ﬁrglaﬁDﬁgfé; 658%$Wi18ﬁ is
valp n@mmmgﬁ@l apEhe Odi cenetapid 00 sespest Ev@d/ )in human
Cg%(éihl Solurgtllyaﬂaxye éj‘g%plé%lgtg lceg!rg.@l.eskl\gltﬁgs e atbllng

alrn 4 a simlar
mﬁucptes:nspam@y WLERGHT fatrus ef Besparm mmgaiemﬂg’ vahgncy

pgr.%dslo %u{ré(écyﬁ %101?'&9:1 t|e89n.{sl, M:e&ﬁif&f tﬁ'l@fowplzl) ]Jehaﬂle to
DC | mmuni sat1 on al one .
protect against this wide variety of strains and induce long

lasting immunity, and a strategy based upon the use of APC would

fulfill these requirements.

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
immune responses can be produced for example by means of a
formulation carrying immunogenic reagents as described above, and
in particular recombinant B. pseudomalleil antigens, as well as
Toll-like receptors (TLR) ligands. Binding of the TLR ligands
would activate the DC initiating the process of antigen uptake,
processing and presentation required in the generation of a

protective immune response.

Killed strains of Burkholderia pseudomallei may be novel and
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Chal l enge with strain 576 again gave a higher rate of

survival in animals immunised with CpG treated DC
wowRah/03d7ghi fi cantly i nproved protection conparkCr/aBRiv6/003628

na ve controls (p<0.0001) . The ability of the DC

I mruni sation strategy to evoke protective immne

responses to heterologous strains of B . pseudonall ei

is very encouraging as the wide variety of strains

found in human infections ogﬁiously have different

characteristics enabling inddction of many different

tHU B 0f JiSeans, aebengt el aheAMM cREN POAS cular kllled

vacci nation strategy is required that will be able
s{predneceragaionst dese bRAdRPEri £PY %Tm@%-?a‘vff%reéﬁdthe ‘Rrain

id HHECENnE NG Hcaglieéd G iIcEBYALdY podidadcitiriaé eghdiasets a
upon the use of APC would fulfill these requirements .
heghwgddt e SRR practi cal viewpoint, this is unlikely

to be applicable as a wi despread vacci nation strategy

si nce ch 1ndi 'd woul d. re r
13 FaeRet tbeehe R JHRE T R EL ADE AR BE |
psétanttiogeyo ktereahen@ rigtfect i we Hymfuhkhelespon sespudgpnabbel
a@époq:u%%gkflgfde?t)ignﬂéfléﬁy NBARS rRknda f Ui 8dd QRiministering

carrying I nmunogeni c reagents as descri bed above, and
to rerpanimell dm pesbiiliant @ma%séadawmpg?n%ﬁggaﬁsw a

@Rl oASad Adsthikas m@eept ors (TLR) Iigands . Binding

of the TLR |igands woul d activate the DC initiating

the process of antigen uptake, processing and
Tﬁé&ﬁﬁﬁﬂh@béﬁﬂbl&g@utr@mﬂdompbhftxymnésa$mihab@& &ministered in

%ﬁ?‘%ﬁe{l r, a pseu gsﬁfon?)%év‘gwbllnsdn% c@lggtlg% Burkholderia

nove se forma
péauddmailasp@mﬁ/qyfBurk&QAd¢€m@|mﬁile¢ar14a:uharaM@nqpéwlactlc
% aldhs are those described above, for exanple wherein
e strain is one which includes a capsul ar
pol ysaccharide, and/or is a

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.

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

The invention will now be particularly described by way of
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
B. pseudomallei: Control mice challenged with 100MLD B.
pseudomallei strain k96243 (B) or strain 576(e); mice immunized
with killed K96243 cells and challenged with 100MLD K96243 (0J);

and mice immunized with killed 576 cells and challenged with
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heat-killed strain. In a further aspect, the invention
conprises a nethod of preventing or treating infection
wWh00B0sdeBD| deri a pseudonmal | ei and/ or Bur khol dePCEHGB2006/003628
mal | ei, which nethod conprises adnministering to an
animal, in particular a human, an i nmunogeni ¢ agent or
a conposition as described above. The i mmunogenic
agent or conposition is suitably adm nistered in the
context of a nethod for prevgytlng i nfection by
Bur khol deri a pseudonal | ei / or Burkholderia mallei,
1bop @9630pr OPhyl actic vaccine. In yet a further
aspect, the invention provides an i rmunogeni c agent as
descri bed above for use in the preparation of a

FiIgEHL aMe Bt o f @fagrhehplraiee Rhe dureiivhl eca:t meatinOted mice

ection B . .pseu i_and/
O e e e WS
o@ihBy gselidema hikeint Contyall ninewHzd lpaged oultar L§OMLD B.

pggé&gnllaq%gl bXtQ?% ‘RB 6?&%6(@' Sr V!ttﬁlfleé’?é FJ}C eﬁw?q 1%unlzed

ramati ¢ draw ng
WFL'sh dﬂdﬂ&éhK%W ﬁ!@lilfh eansy Fb@lﬂeﬁngéﬂ W*ﬁhj r%OQ%D rﬁig?é (':') i and’

ni O | QWuRG LAt APRE LI QNeak chald aRgec RnBed OMRIHOGO0ELD
strain of B . pseudomallei : Control mce chall enged

KAPEH 76D B . pseudomal | ei strain K96243 ( ) or
strain 576("); mce inmunized with killed K96243 cells
and c al.l eng

d D) .; .and.m .
PR g Oy EAFR PRt Ehe o T Ry W dFcan iy zed with
18I0 Tt BEBIH J(Iﬁ)fa-PeFlﬂglmeaJZ dlmlaeggaph thhaw pepudesallel

&ggﬁ gﬁglséagm {;gwyhgger C&L&L&omgg LU 134085 1+4:9283b oo

ol ogous stral
B. pseudomallel strain K96243(l) or straln 576 (®); mice immunized

with killed 1E10 cells and challenged with 100MLD XK96243(0); and
mice immunized with killed 1E10 cells and challenged with\lOOMLD
576 (o) ;

Figure 4 is a graph showing the survival of control mice e) or
mice immunized with proteinase K treated 1E10 cells (O) orx
proteinase K treated 576(0) after intra-peritoneal challenge with

100 MLLD B. pseudomallei strain 576.

Figure 5 is a graph showing the proliferation of splenocytes from
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 splenocytes or DC alone,
irrespective of which strain of heat killed B. pseudomallei was
used in the assays. Each bar represents the mean of 5 individuals

+ SD;

Figure 6 is a graph showing proliferation of spleen cells from
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of B . pseudonallei : Control mce challenged with

| OOMLD B . pseudonallei strain K96243(B) or strain
WGZ®(0/0367331 ce i mmuni zed with killed K96243 cel PGT/aBR006/003628

chal l enged with I OCOMLD K576(D); and mice imuni zed

with killed 576 cells and chall enged with | OOMLD

K96243576(0) ; Figure 3 is a graph show ng the

survival of mce inmunized with IElOcells after

i ntra-peritoneal challenge \y th B . pseudonall ei

strain K96243 or strain 576; Ocontrol mce chall enged

id B 1%\49? Bith PSeyYsleuBbhei 3t k941 3KB624& (Do), R&tured
mlstrafmlr[} 576 *),l m ce%%%mnl zed with killed I ElO ¢ge 1Ilrse ln

thih @repenteRgeabsrite 60D 1886243 BFIRHYE T Wth CPC

1478148I Zﬁcﬁdﬁ‘ubankl |irﬁd:els§bx@é3 ebl sagithschatdmged with
| OOVLD 576 i

o), F IS, a.qgra show ng t
PERHAPPR A e tof cgh?r amS@8W 3195’1;9 %gc]’ll’*mgr%ljl\irlfﬁflIgce(541 with
pPsldiferaasen Knt veéatedi EnOriwl beifd) allpriot elifdsgent

sLLSALCHr 976 H@)iaBld Plad, NEEMBARN @%?%EMimelw $vo

B5set strain ure 5 1s a
pgrrm cshbw img viiligo p rﬂﬂth bantyeprestntsp I’%ﬁo’é%@s?ff Pom

1%%%11191&& . nﬁlzi‘{@t:lchY%tsrl%n‘ﬂ’fiéhIQCd@Eké]?éiﬂ.d@st Between
. pseudonal | NCTC 4845 or strain,
1m1spﬁo¢m¥ croatreh SRder| arsinfiraisd ByPahti%Yen

pPYlgrd ; DC was greater than the proliferation of
unsti mul at ed spl enocytes or DC al one, irrespective of
whi ch strain of heat killed B . pseudonallei was used
icﬁ’uﬁeha assai)gsrapﬁaéhovbﬁfg hepibese b Scyivkinmeageofeting cells

pﬁJr"djr al S ?n Z@n:lrrtalg AP qnﬁﬂf?%é&} w1tla DC nﬁttured

en cerrs frommce | nmuni
wBth a@ﬁegdﬂrm} I eth@éQ%dpubsetBZlBC,(Gumtnlf’Sd okn ¢dreerol ODN

resence or absence _of G 1826, or ad i ste
Fé\g,c_;aml 1} or DC matured w:Ltcl;lp antlgen only an I’}.nﬁec (9 WltE’l 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

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 or, DC pulsed with heat killed bacteria in the presence of
CpG 1826 (6Uug 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.

Fxample 1
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1826 as an adjuvant, in response to various strains of

B . pseudomual lei. The data show significantly enhanced
w@emiosesati on in vitro of in vivo prined cel | BCT/GB2006/003628

different strains of B . pseudonallei, conpared with

unstinmulated in vivo prinmed cells in vitro. Each bar

represents the nean of 5 individuals SD.

Statistically significant differences between

i mmuni sed and control sanpl 5 are indicated: *

p<0 001, ** p<0.0001; Figureg is a graph show ng

rﬁoefarfa\/hggl 9€ iRe! RI1Th Gebhtnd @ B0%ddid@hallei
sp een cells. Animals were inmmunised with DC mat ured

Chemiradsy | eSS, ae%thagéﬁré% G826 (6ng ml 1) or,
BC O dulom@PPN A S8k Y * 16)a1€H KOE2 MR twereduded [EoaNthgestudy

only and |njected 1
R SEPERVE BERGrL 5%20 e EpE & % fiéé tsolated
iRl i81agt £8omgrH f:ummaly ceer e sadal pli®5fos e imumbeikand,

of IF cretin cel |, ar to.t,h r
B RATHA T b bE N6 oo v o LR EE5 0 3 e %
fdaItLaMe sdebetingatébhis im Kanly Kgemahnemitagr dnpThailgnde 1l

| n%um oﬁgﬁléﬁg@%&%é%w amtlu%zeayaa %%B@nﬁ?%dﬂaaﬁéf@alrﬁ

pul sed wth heat kil
(pBE iyl | Bre kopgubapmutpat pifeds of th lﬁ’éﬁtld%‘é}lll@d 576,

tQﬁEécfrB apkBuddiipeesenoensd e agé&lbéagpﬁedloﬁmy ofT.
pul sed_wi t h heat kllled bacteria mnt% gp S

AEELERI oAb el oEmas Metid Aot PaRgY ) 2008ackt par? 2471

represents t he nmean of 10 i ndi vi dual s Mﬁth SEM The

tre ted rou roduced significantly nore
?anaé’yl(at fg%s?%telflhe DC only treated group

Bmwc@mwepmmﬁ ward gsewfinHeEt akiYT°edoBemiohs with
agitaégﬁiudgﬂgjédytures 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 PRS, harvested again, and then resuspended in the
original volume of PBS. A viable count was performed to determine
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
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
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
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Chem cal s, enzynmes and bacterial strains B .
pseudonal | ei stains 576 and K96243 were used for this

W@ wdp3ares ess ot herwi se stated. B . pseudonal | BCT/&BR@I6/03628
576 was isolated initially froma clinical case of
fatal melioidosis in Thailand, B . pseudomallei strain
K96243 was isolated froma 34 year old fenal e diabetic
patient in Khon Kaen hospital in Thailand. Al B
pseudonal | ei strains were c gtured at 370C in Luria
Bertani (LB) broth. The capé lar mutant strain of B .

cgn%%lﬂg Hglv\lrl hlg7§ h&l%r g&?\: QSola\@@J.Ud%bhgénﬂ @19:1h@§1t1sh

een eSCFI revi ous kins et al. Journal
stivedintd| BRI 60 bNal ovgyfesgmmtlosi lls‘sfélvszng] animel were

cdﬂyi%ﬁ'¥§E'éHEOQEMQ§Qkﬁ&hé-ﬁ%qulﬁéﬁéﬁkgn@f|€he$&ﬁﬁmms wer e

in LB at 37C overni ht he
(%.HGFGF‘E%C vigiosedar esht 86Tt ﬁ%@h%egvﬁh%
ward @anBu s tdd BpSthasdndtans est méeﬁya:mciammﬂenﬁhlg@m on EYglene,

00 m ns Bacteria were washed once in the
1%§%ggﬁé$p1{ﬂ déz]volune of PBS, harvested again, and

then resuspended in the original volune of PBS. A

A% ia.C 1.6 ¢ Oﬁgg tv)Q%S t? e:fgfv%‘s E??atgeo WHEEREM iRk Nea DR £ heat -

erra inc . Bacteria were heat
kiHmst icedl e e BYLd RERIHES RECTSF T et SR 1054t A¥PRE IEREREd
mnéti 3GRESiEor 3 hours. Inactivated bacteria were then
stored at 4C Inactivation was confirmed by cul turing
10% of each inactivated culture in LB for 7 days at
Ir&Z&ﬁs,at&bﬁnojplnatcbn@mu&mahekﬂrl@ahbwtdﬁaagas qiratie§ out

of ol LE0cH 95, S EACH ISk B Yhgh et erin
pagmtdnﬂldhed1.p&ppwokhrnhngbyl@ﬂechyeeRSOQNMQO ul killed
bacteria (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.

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

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
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
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femal es . Stock animals were grouped together in cages
of five with free access to food and water and

waesdesl to a 12 h |light/dark cycle. After chel/GBpwe/ 003628

with viable B . pseudonallei, the aninmals were handl ed

under bio-safety level |11 contai nmentconditions
wthin a half -suit isolator, conpliant with British
standard BS5726. All investigations involving aninmals

were carried out according tg the requirenents of the
Animal (Scientific Procedure 3) Act 1986. The nedi an
few@ée&%s é&é@)stw@sh&@élggbag echAiyehfe. met hod of Reed
and Miench . Hygiene, 1938, 27(3) 493-497] . An
initial almvvas to i nvestigate whether inmunisation
matp1dent kil |l ed cell's coul d provi de protection agai nst

ARSK T EnLaL gpl i ol dost s o Lupl saLl gn, of: Y e L

aga:l.ns
aoVAS Carrred &Gt over a pertod of
expyessigek difféoait rypee ofa&PBrmuni sed i ntraperi tonal Iy

el hQie:?é’é!eHEl&hﬂ%qGif%Sﬂé@@ian n&@@x) Eétfi%d 'w%@fl@ﬁé Q% 8ple

(et stra or straln
tef BraYidse samat REPIRFtiap-agBdRsS E rex@eyansntalaonedipidpsgs [M.

Nel1¥6n VBeks %hﬁPéeJd r%we&ext 0ik. Peerfsh@hh EOOE, WhhP 4 N8 ngle
corresponding wild- ty bacterl a. The_survival of

LFPotiyRe d?ouédn%%‘”r%ﬁﬁi’%eé%ﬂmlt PoHESE- R} |¥gagns because two
faseudermi1iei asEEaidt |1§8612é3>fan9|s ahald agedidenieeksd in

er with of str 43is ed.in
dRESEPE P SRR o0f & PR LLgh o) AR SHP bt
Cfl(imicalh)eaﬂ.doblebmmemgeabdmwvgrlmwnﬂ)bgye 1968t ek td)or225-
(SO D PSS AR 0L 0, 3L dAre S B0 secay by
ssnrmtnalﬁﬁ?@@éer(tmqasl &BBroe@PEGt 4nd prrein rﬁﬁﬁnu(géypwatthPS
or OPSII).

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
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
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 against
experimental melioidosis, there are additional protective
antigens on the surface of killed cells that provide cross

protection against strains belonging to different serotypes.

Example 3

The role of Capsule in protection
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heat killed, B . pseudonallei strain 576 and then

chall enged with strain 576 simlar results were
wobiaioswes Al of the control animals died by PElGB2@0003628

all of the imunised aninmals were alive at the

term nation of the experinment 3 weeks after chall enge

(Figure 1.) This indicates that heat-killed whole

cells derived fromdifferent strains of B .

pseudonel | ei can of fer high ]evel sof protection

agai nst a honol ogous chal | enfge. Exanple 2 Kill ed whol e

aC8lds10Y 0BG ragal fistaiB 570S@HdaIR! 1m0 SKERIAS et al.
expressing different types of LPS, It has recently

SR )r BpBrisd tRatPYeRhiARERt e TRie IPTLEEPFE el e to
PO REHAB LI P BHEEdd tAdNAJRL IS tvel¥ pﬁﬁﬂuﬁﬁﬂ@éﬂ|w1th heat—

neI|0|do
iRy aGR |%el[‘§‘feflﬁie8’f’a % %tgﬁaé‘nLg%{(?Q%énﬁo K lﬁ?n 8:\(/112 Fion
ragmee@tasomlmghuns‘ﬂxahﬂlesm aamb shesamsmtflwochallenged with
r.al o |call lstin S hav
DGR el auheipr roPelqon BT Bh-ei g7 8 im0
TbélreHanS&yaobhewnadn Kigunechd and Di agnostlc
Laboratory | nmunol ogy, 1998, 5(2) 225- 229] . These
different serotypes are represented in this study by
Th¥eQiveeks 69 &%it%%qe 1668 oF tHPSLymHHEest PAFH WE?FG alive
whatedd gah sPIHr <EPSH) micdonddvessi gate the potenti al
for a killed whole cell vaccine to protect against a
range of strains of B pseudonmallei we inmmunised mce
Thet hevdll bedomdielceioel d&foafiedtafdion KGRI aohokiwilwdstrain
| e cel t n i.t.h
158 FeDIsh S RoRe bRt bsa B0t (A IR LR, e
enqmﬁumedommre@gﬁ Ferajias dﬁutbem ﬁ%Exaﬁmeérer,. it rfldgst Rppear

tgrﬁ&{ﬁ%nkﬁe (F1QUEe apsdiRadnyaceioat & capig&l, nikce

combination with other cellular components such as protective

protein antigens.

Example 4

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
determined. The pellet was re-suspended in extraction buffer
(62.5mM Tris-HCl pH 6.8, 10% v/v glycerol, 5% v/v B-
mercaptoethanol and 3% w/v SDS) at a concentration of 160 mg
bacteria/ml buffer. The suspension was incubated at 100°C for 15
min, mixed and examined for clarity. Clear suspensions were mixed
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
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died wwthin 4 days . None of the inmmunised m ce had

died by the end of the experinent (21 days post
webarlosige) . Therefore, although i muni sati onP@I/GB200R803628

can provide protection agai nst experi nment al

mel i oi dosis, there are additional protective antigens

on the surface of killed cells that provide cross

protection agai nst strains belonging to different

serotypes. Exanple 3 The roI%of Capsule in

protecti onA capsul ar nut ant strain 576 (strain IEl O

dﬂﬂﬁﬁsuﬁ&t@l piSHBE alrdciWas, UsAd to investigate the
rol’'e of capsul ar poi ysaccharl de in protection. Mce

were i nmuni sed with heatinactivated B . pseudonal | ei
TRE eddt tEh Qaiddlgst b8 B.MpgBLdatd I0@iragair Sasoii bethim 1E10

Exa e.l., subs uentl chaII ed vvlth 100 M.D .,

S LR S L o7 oPapgs uice Using
aK9GRdBhizahdon esaglite m@'leshcmed nnFEg@mgeleB 1. T'meeatlce were

Q% 9bo LG, ITYDL hE2 SWB' &1

ﬁ??%%‘l%%&eas HeﬁBQ? ‘p'lhe control m<ce fﬁ(g%]ag;led. he_so as
desgelbest ipr Brasgtlicoh - affher gudvifalerabamimireRE PRFNEAY AN
rFebhipd | El O was |ower than that seen after

i mmuni sation with the encapsul ated parent strain

(strain 576) . However, it does appear to confirmthe
ThOtRe oéorrtarp$u¢;ﬁ>u@s an@mfue@t W€ aAnkkegen, daiyn21 post

gi)l nat n V\ﬁ'otr ot her ceel Irglllar n%n%n}gog(i 5 suc‘Dte S ase K-

BR Britrn ST ReRE o ERRBIESS ekt T sarren
digestéd é.ErlOI, eowd sRreviermsrais nré?namreom aft r 81l edanas.e WKen
digestdQn x0k; qr ka kib}edsspspansi Q0s. (B8 208
pc?u%% %1 tEJé acteri alg#esgr‘lgl‘t[)e%ld = use
immunisation, 80% survival was observed 21 days post-infection.
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.

The role of each 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

antigens on protection agalnst 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,
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in Exanple 1 ) were centrifuged for 10 mn at 13,000 x

g,

t he supernatant was renoved and the wet wei ght of

wo b@7pad7Bet determ ned. The pellet was re-suspree#20060/003628
extraction buffer (62.5nmM Tris-HO pH 6.8, 10%v/v

gl ycer ol

5% v/ v b- nercaptoet hanol
a concentration of 160 ng bacteria/m buffer.
suspensi on was i ncubated at 100 OC for 15 mn,

and 3% w v SDS) at

The
m xed

and exam ned for clarity. Cl%gr suspensi ons were m xed

wi th equal vol unes of 2 ng/ﬁ% Protei nase-K solution in
C&&&i%ﬁthHt [Ter_pna neated at oCoCTor 2 nours.— Tne
__saﬂﬁLﬁs_mﬁre further bojiled for 10 minlto deactjvate

1EHE prot ei nase- K.

aABxbist pyel y again

units (Pierce, Roc
PEoteseudomal I ei s

5t dH20 using Slide-
kfor, IL) The heat -
[rain 576 or strain

The sol uti®@n was then dial ysed®®

A-Lyzerdi al ysi s
killed cells of
El O treated

P¥btcirasel BRI s dd
syéing an i mmuni zat
. The mce were su

was thempused to 17
on reginme as descril
psequent |y chal | enged

muni se n g@
ed in Exanple 1
with 100 MLD B

AtyipseUddorel | ei 576| al so as described in Exanple 1
c;B&;ﬁerival rate |s represented in Fiqure 4 . In the
control group. onelnouse was alive at day 21 post

ProtginasgeK Sreplesy
1pi@tei nase | dige

remai ning after 21
At Flei 576

y, in thé@group i nml
sted | El O one surviv
days. When prot ei nag
cells were used for

ni sed w tHo

or was

e K digested B
i mmuni sati on,

pBEY sUrvival was o
di fference between

NP AR iSER i on wi t h

DSErved Z2Igdays post-
the | evel of protect

I Nf eciion.g Ihe
ion after

br ot ei nase K-treat ed

IElI O cells and

NpredéinasecKdédeat ed 5/6 cells 1 ndicates that protelns

play a role in pro

vi ding protection.

The levels of protection seen with killed whole cells are

superior to those reported by Nelson et al.

[supra] who showed

that immunisation with LPS or capsule provided 60% or 20%

respectively survival at 21 days post infection.

The results indicate synergy between the protective responses

induced by LPS and/or capsular polysaccharide and/or proteins.

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 alsc have important implications for the

understanding of susceptibility to infection in human populations

in areas of the world where melicidosis 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

disease.
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The rol e of each surface conponent can be assessed by
conparing the protection afforded by wild type and the

wW@e@p®sd7a¥ nut ant strain, sumari sed i n Tabl e BCT/GBawk©03628

1 Summary of the roles of polysaccharide or protein
surface antigens on protection against challenge with
B . pseudonal | ei ND neans "not done" The | evel s of
protection seen with killed whole cells are superior
to those reported by Nel son al . [supra] who showed
that inmunisation with LPS capsul e provi ded 60% or
20% respectively survival at 21 days post infection.
The results indicate synergy between the protective
s induced by LPS and/or capsul ar
vl s dembabdéei A rdhgenty Ahetdiniundesbde rnallthy dahdritilceeells
resent for best protection, but conbinations of

Mﬁﬁg for instance, LPS and capsule, or LPS and
E;xpefﬁnentarloaﬁﬂmbnhanced protection over say LPS

n e di a 0 | |4 .
R R e R
uMdehLﬁﬁﬂwcgn@;#xnnsowsthrﬁnﬂeeascqﬁs ﬁhefvwﬂlamdmh@tQ¥ All
p%BEé&UfE%SWéréfbéyyiéalGut it hécégagﬂeet$¥ﬂh.Qﬂgaféﬁﬁlﬁéments

uni nfected individuals 1n these areas devel op anti body
ofeEpdAEganA| EFricrsd §ie Fxorediter)BACt ps¥fifdomal | ei . The
responses noted here appears to provide protection
agai nst di sease . Exanple 5 Use of inmunogenic reagents
in conjunction wth dendritic cells Methods
Experinental animals BALB/c mce were obtai ned from
Charles River Ltd and mai ntai ned
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under SPF conditions with free access to food and

water. All procedures were carried out in accordance
waaonosd1es r equi rements of the Animals (Sci entiBPCTGB2006/003628

Procedures) Act 1986. Gowth of B . pseudomallei and

heat inactivation of bacteria B . pseudonmallei K96243

[ Holden, M.T .G, efc al.. Proceedings of the

Nat i onal Acadeny of Sciences of the United States of

Anerica 2004, 101(39), 14240:14245] was grown in Luria

broth for 18h at 37C in a shki ng i ncubator. A viable

Gg&f)&}{ Mg abtainpd: Dy Gkt Héémnabt%ﬁnoéftmt%%h

ulture at 37C overni ght on Lagar plates . For heat

Bki psquetymai 1¢ia&O6R{h] HaleeR  AMHT-Gr eseinstle - hBFReR8%Ed9H YL

tﬁ@ %J ﬂlfo!r!lgﬁt A%eﬁ?dom%ﬁcég r&® the®s: dddl BBStedfOhRerica
spend gne-tenth the original vol Elme of

2%‘% k?é’&t(é?? allgéprlwe%?orﬁ% HhefitAc B%‘i}bcfofrn§%h at
3nal eh hadinkahg 708Kdaebr 3 Aotikdle Wduntoraasetozdhed by
shaki ng. After inactivation the susgensn on was ,checke

CF%FU‘(FI%PHW’CB‘yOFn%Ib&Pl ]ch‘l]é’fEev utfeS Jferifg Bt‘i’fl 1-

ayht hpihterl. aliquots of the suspension and incubating

at 37C for seven days. L-agar plates were then

i noculated with the total volunme of the broth cultures
Fbo lodedc kiflbindadft bacdrigrn obtdtlamdliuceb ateerd harvested by

CQ#E% %xgrsn%ax,gs 44 Q0" oW QgCHEd eg @Brmee _agar
es t

acteri suspenS|on was COﬂSI er ed
suﬁa@mc‘iw éd. onssgeath o g iginaluvelepre Eh@PFti Theel | s

bhELSH1BAN BT ARG ABE 5:0WRr €688 UREYEES DI fihesd #adh at
devel oped from published techniques to optimnm se the

T9r@|fprafdhenshi Wity asicapiend)y sitpliiig ne Ab6AE Hactdfiation the

sﬁggsﬁéyon Qegecmga%a@su%&m%} e &ﬁ@émra«t&haelm%olumes
tibirae and fibulae and cultured at a concentratjon_of
ofybcpretdy 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

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
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-
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-
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mL 1 in nmedia conprised of RPM -1640 (Sigma, UK)

suppl enmented with 10% heat inactivated foetal bovine
w@eransd(’® gma, UK) , 1 % penicillin / streptonpCi/GBL006/003628

glutam ne (Sigma, UK) and 50 nM 2- nmer capt oet hanol

The cul ture nmedi um was suppl enmented with 20 ng nL 1

gr anul ocyt e- macr ophage col ony-stinmul ating factor,

GWt CSF (R&D Systens, Europe) and 10 ng ni 1 tunour

necrosi s factor-al pha, TNFa (R&D Systens, Europe)

Cells were cultured for 96 urs at 370C in the

agr$§%itgﬁ 59@ g‘gﬁﬁ; n %e&§L|We@%Bg¥uf£dj f%ﬁ:r@é%%&g at 37°C

were renove romthe culture
ipl aheespr@fegeﬁtqfe 5§C¢%pﬁhga Ildgr hypighifagdt dtanasghpre, after

wﬁyélﬂ’ %O @h@@swéx%y SLES RN EQonq- %héw%ﬁ'@ﬁﬁfez ¥Thees WY Yentle
Sigma, UK) and the DC purifi using, centrif ugation .

SPRMRSat AReDOAREERY et s%Jd YFPERE1 N desnéavyted onto
1@&%@&@&% G/ siemar i bed.ardN€Re i O pak-edi @Neising
guri ed from cul ture, DC were resuspended to 2xl G6
CEBFTET4921°8nd pul sed with heat killed B .
pseudomal | ei K96243 at 104 cfu nL 1 for 18-hours at
%&& uni di fied 5% CO2 environment. CpG 1826
armaceuticals, Wellesley Massachusetts, USA)
Daasexs ded ttived dne tDE mdsteure soatGMa Cep e tiNat e cas of

dgg?f:m‘edg' ""B‘gﬁ% :Ll'é%lgﬁé 4 atnhrégrfﬂesde% X\ﬂltglul%ﬂgfleg% TQS re-

WET e t3" remov

sesberntwl |tlSP| axl%fnt:e@ean méitd an@-miisiedndieth |h¢a$t bxllleel BBS
401, 0 Jd X cells 100

pseugom %i e |I%t !‘: det maltJ i Rg ]3‘°ur(§ut% %ﬁcdﬁ?

hamdddﬁye&]i%oeozt Iaevwnmans atGosh 18ehetiidley Wemassetiasls,
w%ﬂlé%iéfv 3k &E{%éftES”tds)A)%%g a[&led”%”écﬁl?é b@”m@cﬁr@@t a

vere at a dose of nmouse in steril
cBBSefyratieni of r@gvmnéuwhem)tthe cells were pulsed with antlgen.

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 uL for immunisation by the

intradermal (i.d.) route on day 0 and day 21 of the immunisation

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

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.

Spleens were isolated from naive mice humanely killed by cervical

dislocation and passed through a 70 um nylon sieve. Red blood
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Primary response of na ve splenocytes DC were cul tured

as described, and after washing adjusted to a
w@oecestsati on of 2 x 106 cells nmi"1 in cul t urBCTes2@®6/003628

containing 20 ng nL 1 GMWCSF and 10 ng nL 1 TNF- a .

The cells were then incubated with heat killed B .

pseudonal lei (104 cfu nL 1 ) at 370Cin a fully

hum di fied environnent in 5% CO2 for 18 hours. Spl eens

were isolated fromna ve ni@@ humanel y killed by

cervical dislocation and passed through a 70 mm nyl on

%ifsv%e Beﬁerﬁé&gdﬁgiﬂgs 1988 £y Rire¥ed(wymg , | ¥isd R@mBuh Ry

e remaining Eﬁenoc tes were washed,
szmﬂcg&eﬁrmeme%aé%n@@an é‘néoﬁ%e?ﬁsrpﬁpfi‘éﬂ ®E5 x 1

cHeGrhhsibhidf b x 160caliahiiguots o f the splenocyte
suspension were then added t o 9 6 well tissue culture

plates. Replicates o f five wells were used for each o
160 {13F ol €§ho & VHPEhaNsh1cABEYE %usﬂéﬁéhdh W§r81ﬂhéh added to
concanavalin A _(Sigm, UK) bein g used % éhflve
9 gt o 18 fde IR L?ﬁ?r‘}ieﬁm - Cﬁ‘é@%ﬁf\/ 1Bt e, vEre
uPseUdRIMBLLRI o PWhseHed) Grivepe MRSBEALEANLE wh EHES pbOmr
renove any extracellular antigen, re- suspended to the

CPReANAVEd 1B oh cEHgrat | B Pﬁlle%mﬁfﬂeaﬁe%uﬁtﬂﬁl&me SpEgot pnd
chbeuspmenoey ta contgativRgcymidas .o f the assay plates

in 100 nL aliquots. The plates were then incubated at

37 0Cin 5% COQ2 for 9 6 hours. Follow ng the

Bi. npsxémioimarupf r;iujﬂ;edaﬂc I’v@qeowisl&ld- thyee diimeswes eceadde teny

ra

ex? eS P‘Eengncuu eéld Jfé Il%.s ({I% %h% e%lstﬁt:gée gekleleatlon
lnh@rﬂmmeves@m @mﬁoa@@d/\épl tlm ISPélenta’teeSlO(lP@méngWﬁHS of

chhl8%) BRGES) o0 31 AULOMAL edCo)]a Al NPl Sinedd

ry room t'enper at ure
1ﬁuﬁ%dﬂa@hht orree idr y% CEZOﬂIﬂ 96 fowsi.ntillation fluid

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
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 Ul of scintillation fluid
(PerkinElmer Life Sciences) was added to each well and the plate
sealed before being read on a scintillation counter (PerkinElmer

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

soluble B. pseudomallei K96243, NCTC 4845 or strain 576. Spleen

cells, (5 x 10° mL™* in 100ul aliguots) from immunised mice were

incubated with heat killed B. pseudomallei which was added to the
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(PerkinEl nmer Life Sciences) was added to each well and
the plate seal ed before being read on a scintillation

we o733 Per ki nEl mer Life Sciences) . Recall Perp8a®e/003628
of primed splenocytes Spleens frommce i munised with
heat killed B . pseudonal | ei K96243 pulsed D C were
used to assess T cell recall responses to soluble B .
pseudonal | ei K96243, NCTC 4845 o r strain 576. Spleen
cells, (5x 106 mL 1inl m aliquots) from
irmunised m'ce wer e i ncubat with heat killed B .

eudo whi ch d h u 4
B g TR i s i o0, R EEBEL R ERRLLEralitbh o 90
cfu 'lfh'_el C u'lhta ueEistures ewem: ubatibatdcp £ oF 27 hdwugsi in 59% COR at

bef qre additj H-thm d i bed
Bl DEEoR AR LIk RrRIOS D At RECei e (EEPes or
serum anti body Serum antibody titres to B .
seud mal | wer e assaye ' ;
B0 LB LB SR PT, S o SULBSsmoy
SMrwm cGlmitabodyy t’,_i@@es m(mzpseqmi%zﬂqre aspayehdat ELISA as
&&i%l@ de&ﬁﬁ%@?”?l&&iesK9§2ﬁ'3 @ Efe FARLHI €0 ANkda881

entrations of antigen specific 1gG were determ ned
Mgt ok AseBmM O %of BhALE o %ﬁé? n%o%aésy%%%}ieaﬁdk%lﬂ@ d5t a
p@é@@&ﬁglgglaKBQMﬂgﬁﬁértﬁb RpButd emesg¥h I h cORcefdttffiohs of
assays for oki_ne pro ctlon ecretion of IL-
PRR BySt i o A SEarPES FPSRTRERED SRS [ARATArEUTHee.
(wAsrmeX dabagsk dns ) Ebh& pidie @asayp:(eBlanBed)sacs eronstiEld S8PET
tﬂ:reg Wit Qwsgay 35 following the primary inmmunisation,

ns were removed fromanimls culled by cervical
d| sI ocation and forced through di sposable 70nm cel |

E§EE§5@%%§&&§%§‘ %‘Ebﬁﬂ?@@ro&@c&mrﬂ' n single cell

suspensit ons. | oW ng
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
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.
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
development was performed according to the kit manufacturer's

instructions. The data are presented as means values with SD.
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centrifugation to pellet the cells, red blood cells
were renoved using lysing buffer (Sigma) . The
wo 20vaiosi7ay cel |l s were washed, counted and seedCI/GBR@6/003628
El i spot plates (4x1 06 cells / nlL double diluted to
5xI G cells / mL) in mediumcontaining heat killed B .
pseudonal | ei K96243 at a final concentration of IxIO4
cfunmkl 1 . Four replicates were plated for each of 5
sanpl es per treatnent group. Concanavilin A (Sigm) at
a final concentration of 4w§2nL 1 was used as a
e ty o | at es were incubated
C%%%re%g\éh%’ﬂa%{] B%?nys%%o%%gﬁ?% a hum dified incubator.
TM%WWva@ﬁ opRdnehaddenger vl Beewiaredget grasheekfermed
LR HREb UL ST a3 nh &St Neekl 008: cBhgidadi.are presented as
nmeans values with SD. Challenge with B . pseudonal | ei
The growt h of, and challenge with B . pseudonal | ei was
BD%BJ&IMQIWNCTA%SCOBV ai mmeteya}erbl greendint boesnight
... _pseudonal |. NCTC,4845 4 r
cﬁ eraﬁl eFﬁc %Fiilﬁ,rev1ou cr| dgﬂﬁjtelﬁgQ% giuyg a% QEQMted

e as previ ou

clbiallidree tlosgiofeldh Cégtpﬂanwsehalﬂx@mgé @ﬂ@ﬁsﬂé‘-e@gel@@ﬁ%‘&f yere
u Act ual chaII d e _
d§VEPH1g§tb%dT¥ﬁFé¢h |nocu uﬁ?é%gcmgs &t %%%Wé@ %73%Pn .

aghatEstety oupuod d IBABBLEB/ eririeeweere ciral lemupsd blgythe
1;1@1‘?'%@1&'%8855]! t(qn?ai J:(du % )J?r@&g 850 ofjl%cugé ﬁﬁn{a‘}v ng

ry 1nmmuni sation an osely observed for 42 days
1pmmlaﬂ¢abne¢’¥gie capsedy cesgored feﬂary 43 fapsy BPSt v@aélenge at

whidh §bintNens Ral-L eRGE Sidh¥i YOI e iRe a:?ﬁ@_i@ﬁ@e fthﬁ:v:.vors
bacterial |load by culture of spleens and

WREP 2essed FH BaﬁheWWﬁ§l% S EVER qanBl%?Il'—Fr .arﬂa blood.
obBshand Al %edomxfé{%q{ej 7*@y%a@{éﬂoacspmgt YhEoWASrile PBS

diluted 1: O in ster | es were innocul at ed

a@ﬁtblcpdagabtw%ﬂeéya?ﬂaféﬁlﬁeublaftc‘é&rs\/@%udglﬁtﬂ:%@ B, in
sPLal £S piel € dhAPN e8XdidNaenbel1dR@ onto L-agar plates and

incubated overnight at 37°C. Plates were then examined for the

presence or absence of B. pseudomallei.

Statistical 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.

Results

Proliferation assays

Primary proliferation assays revealed that ex-vivo antigen pulsed
DC were capable of inducing proliferation in naive mouse spleen
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
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presence or absence of B . pseudomallei. Statistical
anal ysis Statistical anal yses were perforned using the

wEwdesd73s paired ttest for all in vitro experP@EGB2006/003628

Anal ysi s of the chall enge data was perfornmed using

PRI SM gr aph pad survival analysis software, and

p-val ues were cal cul ated using the log rank test for
trend. Results Proliferation assays Prinary
proliferation assays reveal t hat ex-vivo antigen

pul sed DC were capabl e of inducing proliferation in na

a¥Entoise 8R! Be G ehts drFhgULE S5vanSeRAMddhYected DC. The
proliferation assays perforned with spleen cells from

ehfeet WatuAFsREPh PRCAR i §ERVPUIRIE TR $413c BADiYRes 8R the
chh 1 herdRGa1826c5 havhevé: shehefwaartiincs edgaificant increase
'gr ol f'efr al Rn'on when, the Gp 283, l’tlfsl%% eJi:JI.HI{]e [ fBs@pulate
1B o SRR R Ry o F BTE (e CUl'tiPe®or™ae an° adj uvan
contioinjwbehedcd®. sTheinsf PECB. weseugional bzt wehems®d, (Figure
sperdanmldiel (90247, asdised. s hilenghallenges AnAgh
Owever thefe was Sti a significant increase in
cpi bppederfarmophe alldfpyent strhensn vivo pri ned,
unstinmul ated controls when other strains of B .
seudonal | ei were used (Figure 6 ) , indicating that
RePeerffiSi@¥Pc cells had extracted conmon epitopes from

e Ep Ok TdR6L00t s St AL BSanElrFRPPlyeR e SBYSE JEmbd PO S
for IL-4 and IFN-g were perfornmed at _day 35 fol low ng

folLagine PFAIATYS dfFBRLsEF0Be nSREFITS CRL b HisPnarnals

1iRENE SE Qi \0ht Be RG1BYE sedwhthe heati ki Bl esbkdBdomallei K96243

.pseudonal | ei K96243 in the presence or absence, of
BoRb e PbsEEe | g reehe ik PRI oS HSista, Fhth pe
andll ep@ naubat ediwianh besd ikichbetedBwith heat killed B.

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).

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
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<0.01). The presence of antibody
reactive with B. pseudomallei strains 576 and 4845 was not

assayed in view of the low titres developed to the immunising

strain.

Protection against challenge and bacterial clearance
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pseudonal | ei and the nunber of cytokine producing

cells determ ned. Spleen cells from animals imunised
WOwan/08Z3smt ured in the presence of CpG 1826 proHGB2@6/003628

significantly (p<0.05) nore IFN- g positive cells than

the DC matured with antigen al one or those nmatured

with antigen and control (non-CpG ODN (Figure 7 )

ELI SA for serum anti body Analysis of serum from

i mmuni sed mce for B . pseudgnallei specific

i mmunogl obulin revealed lowtitres of antibody (Figure

ARina1i éﬁmunf)s%%u donrlhe 'pu@@c? 43.nThe ﬁé@%}ﬁl 0V eYeRA3

matured 1 n the. presence of CpG and those given CpG a
ehrheriFRner WiHHoBR (RmEEPRFIRItdYSES thapdepsrf at day 55

£81 DRkl CﬁgiﬁékﬂﬂlﬂﬂﬁﬁlédﬂiBES ﬁd%?ﬁhé?!ﬁ?%?Saﬁhﬂ&ﬂh B@Ven
al one (p< e of, an reactijve
B0 SRR Lot e 586 o At Vi Rore bend b ihe
ekeﬁlcﬁllcﬂl\a{lménjé‘l eidsew védd astelﬁmeiedpesl tD 8x1e* iafuAdbsistgain
£ctio nst a gl
P16 12 PREIC R PP SALER) e LhEIA 50 ECERE A

4pseudomal | ei K96243 either with or MAthOUt CpG

treatment were challenged at day 35 follow ng primary

I muni sation, together with animals given antigen

The| anighade Wtunicsd 186 DSoud kst &8 B eaaReR it CpG 1826

shBfPe® Xt hﬁ@t@éé@ﬂgeeﬂ@s&spm&tq@heamﬁgi as1 B.dxh dnge
cfu for strain K96243, 5.1xIN4 % u for strain 57

and
SEraRIOP T FS F RO F ST g H8e FhéEnfRAIPN AfuTh auvant
with ht}faCanaermdLsamlbhmlmoesemme:edf iffpidiB2evehowefd t he

Prot e
RS OARanL 94515 6 DiRLSR 00 0 BpLoald o2 shadensene
gagymaﬁtowwﬁtv\eM@og@ lewalsi sémmeats@w ediht eel Yegter than
3hbgh8|é§§%ksm£%e 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
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.
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protection (60 -70% . The control CpG treated DC and

DC al one groups showed very poor |evels of protection,
wowan/oso3petter than 3 of 8 eight mce survivi POI/GB2G06M03628

K96243 chal | enged group (Table 2). Table 2 . Chall enge

strain / survivors Treatnment group K96243 NTCC 4845

Strain 576 DC + CoGin 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 Na ve 0/8.0/8 0/8 Chall enge

survival follow ng intra-derfral inmunisation with DC
Tﬂegé%s\oﬂlw deRhskibi&d B p@SEHAATERLL Rin K@684§*ab1w bh
or without CpG ODN treatnent. Challenge was wth

ingpeEd REPESSE VG4 TEFRORISSaiA oppased ABabs o e

abBeridH b@- G8E IdDANgakat BUtiacassksUYE VEdvedk 8aYpbdec8ion
rﬁ%% q§ above. These results denponstrate that DC

ac &tion is capable of inducing protective
responses in |nnun|sed ani mal s, but the addition of

Ei—.%%%a&gét’ o e gﬁ%’ﬁ%fngtgﬁ%ﬂs%‘gg%t?%ﬁ% p%&%ﬁc 1P Bays)
S@@smmesmmbécrhosd favihay $yom pﬂv@ﬁéewsssuarﬁélvmsawre

I t
e R
foxachadampinple) . N@ bacteiriadl gg@ch Waﬂ/a@et‘fmt@ét tg any gfiythe

é%kpiggi indicating that bacterial clearance had been achieved in

challenge survivors.
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sanpl es, indicating that bacterial clearance had been

achieved in challenge survivors .Clains 1 . An
w0 pavandgeni ¢ agent which conprises a killed stP@El/GBG06/003628

Bur khol deri a pseudonmal l ei , or a conbination of

conmponent s t hereof which conbination produces a

protective i nmune response in an aninmal to whomit is

adm ni stered, and which conprises at |east two nenbers

sel ected fromthe group condéﬂlng of (i) a

| i popol ysacchari de of Burkhol*deria pseudomallei, (ii)

a capsul ar pol ysaccharide of Burkhol deria pseudomnal | ei

and (iii) a protein of Burkhol deria pseudonallei or an

i mmunogeni ¢ variant ther eof1®™San i nmunogeni ¢ fragnent

of either of these, or a nucleic acid which expresses

sai d_protein, immunogeni ariant, or ogenj ¢ .
1f r agh ™ PRRIELEC aFe t‘ggt%aﬁPWEpﬁeFo?nggegnst¥%§n of
Bpfkhuﬂaerma,pHEuﬁbmaII&mn oof a i edmddhabivhy fBoekdroledési Bhereof
W:Fl)s’g].’liJ ll‘la?th%.n%%g uc%l‘ér éhﬁlfg@édtévgailj}mﬁf (<] ges e 1 an

nnuno eni ¢ ‘age accor fo either clalmi wic
aalmalIU@deQmzmtnléfaimmﬂAﬁﬁpnﬁﬁdz§n§swmkﬂhn§PmE¥lSQ§ atAheaSt
tlSTHARRe D] gelae%%eh @:.C&Prt@'e”Sr&Sb %loagm@ln\amsf eff the

strain 1s one which includes a capsu ar
lpprylasenaradsle af BukholAartr dwictdetielac £bl)din gapsrlar

p@if%éﬂd%a@id&'dﬁ BuskMbli Ly ibSpdeiRabikéd l-2d $11H) %.p@oteln
i nmunogeni ¢ agent according to a ¥ ane of, cl.ai

of OB RHIGRE 1% BEREABER L Phrm e Y aRI T WIGTaRE o
aat yfinoigeh BS Regatypeof GRBheéy of Ghesdn drmaumegesiicc acid

w@gggteéaiggéég'¥%150%C|§%'n,11M£ﬁn4$eh av(¥yggkng§| %QFBLgenlc
urkhorderta pseudonal 1€l ent conprising a

fragment thereof in a host an1ma1 for use in the prevention or
treatment of infection by Burkholderia pseudomallei and/oxr

Burkholderia mallei.

2. An immunogenic agent according to either claim 1 which is a

killed strain of Burkholderia pseudomallei.

3. An immunogenic agent according to claim 2 wherein the strain

is one which includes a capsular polysaccharide.

4. An immunogenic agent according to claim 2 or claim 3 which

is a heat-killed strain.

5. An immunogenic agent according to any one of claims 2 to 4
which is killed version of an strain which has an atypical LPS

serotype (OPSITI).

6. An immunogenic agent according to claim 1 which is a
combination of Burkholderia pseudomallei components comprising at

least two members of the group selected from the group consisting
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| east two nenbers of the group selected fromthe group

consi stingof (i) a |ipopol ysaccharide of Burkhol deria
w@e@adstesd | ei, (ii) a capsul ar pol ysacchari de PET/GB2006/003628

Bur khol deri a pseudonal | ei and (iii) an i mrunogenic

protein of Burkhol deria pseudonallei or an inmmnogenic

variant thereof, or an inmmunogenic fragnent of either

of these, or a nucleic acid which expresses said

I mmunogeni ¢ protein, variant,or fragnment in a host

aninal 7 . An inmmunogenic ggent according to claim®6

ﬁ(holgﬂggﬂdi§§aééﬁafidg|5@“%3ﬁk§@@95¥§5 Qge&@omallel, (ii) a

eria pseudomal | a ca

cw%ace%xrsa@eheﬂ%%éyafém eﬁéémpmle&nan@ }3i) an

iRfiroyeHNe gSrte i Al O Burkabl &eiriehpkeeddnipeeusiorml | ei or
an | nmunogeni.c varl ant _t her eof or an I

I e

o £ XjHeR8S e6r SAinhcil ata I’Hngdnwhlqﬂ‘r etxerassamepadt impunogenic

fragment _in hos ani_ mal ., ogeni ¢ agent
p]é%teg]pdl Xarjf%n%c ai %ﬁfaf‘men'gr & na gg%o}ﬁen ri('| ) conprises
an OPSI and an OPSII B . pseudonal | ei

l ' po&?'%%%&éﬂicd%gené’ acd%[i}dﬁ.wggﬁhﬁ @%QEh co é)rlses

accordlng to any one of clains to 8 which inclu

(tbripdreapolysacrharigr %@Pékfﬂq’ﬁ@rﬂé Rifudgmabtle (i1) a
céﬁ@ﬂﬂ%&gﬁelﬁséﬂdhbﬁi@§ & BBHkK$EHéi§E|ﬁbéﬁﬂ%ﬁd@ﬂ@ﬂ|a&a Qiii) an

an i nmunogeni c .varjan reof , or gn | eni c
1@%?@1‘?1108?1’%"1%1%? obfurtkttli’gzge“ﬁpsﬂﬁ f?ﬁmg@%.a&l agent
iAee0odinig varxﬂnalnhékedfererranxumpunagﬁn1©lfrégmamkppfseither
Ognteh (forfarnf%?r:e Il‘erg% Qgeycll(\d 971:19&1?' rggsgéj lé.l:.ll.g.l d:ln%genlc

pseu nmunogenr c agent accor
rapyeigne vetigitaionrs fﬁamnro lWh@ rheisiy @h@na]mm nogeni c
protein of conponent (iii) is a surface

8. An immunogenic agent according to claim 7 wherein component
(i) comprises an OPSI and an OPSII B.pseudomallei

lipopolysaccharide.

9. An immunogenic agent according to any one of claims 6 to 8
which includes component (iii), and where this is one or more
immunogenic proteins of Burkholderia pseudomallei or an
immunogenic variant thereof, or an immunogenic fragment of either
of these.

10. An immunogenic agent according to claim 9 wherein component
(iii) comprises one or more immunogenic proteins of Burkholderia

pseudomallei.

11. An immunogenic agent according to any one of claims 6 to 10
wherein the immunogenic protein of component (iii) is a surface

protein of B. pseudomallei.
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protein of B . pseudomallei.1l2 . A pharnmaceutica
conposition conprising an inmunogeni c reagent

WwW@ewaensli7ay t o any one of the precedi ng cl ai ns, PETIGB2006/003628

conbi nation with a pharmaceutically acceptable
carrier. 13 . A pharmaceutical conposition according
to claim 12 which further conprises an adjuvant. 14. A
phar maceuti cal conposition according to claim 13
wherein the adjuvant is a nv§§ty whi ch activates
antigen-presenting cells. 157 A pharnmaceutica
180MPAShHhd £k RGEQESH RGmbOs B idinMedfioMRanhgi &n LByt i
i's one which, activates dengritic cells . &6,. A,
TERGFMaASTOF E4PY COnBBYi Rt atlomESRGt Y &iatHF 15
b1 @4 ti cnh @i 8l & piBieddeutd calwldeckpkebIecapt Der.
ligand. 17 . A pharmaceutical conposition according to
claim 14 wherein said noiety is a CpG oligonucl eotide.
138. A phabiavsuitdnebfcompmsiitigpenhecarfbimy se coladimn g2 chiahn
elr-Rd- Al 9eRPreseRtbnghcel I's . 19 . A conbination
according to claim 18 wherein the anti genpresenting
cells are dendritic cells. 20. A conbination according
1&18_ Cb&ab?&ﬂigadéglltﬁj::ﬁ% motielgog\?iit(é!ih Eﬂéélft_ﬁrngc eepéiasLtag 18Nwherein
juvant capabl e of stimulating antigenpresenting,
tBel fdTUvant 1R & IR TONABED TR (019 RFeperting
cehidgsei n the adjuvant is a CpG ol igonucl eotide.22. A
killed strain of Burkholderia pseudomallei. 23 . A
killed strain according to claim22 wherein the strain
16s oderhhimicautd et epngoshipsul accpolimase hekdige 14 2vherein

t!ﬁigl g@iﬂe@ 3 Bn@GRAIH A% 12 cekaidierd @€ &d@aigm 23 which

16. A pharmaceutical composition according to claim 15 wherein

the said moiety is a Toll-like receptor ligand.

17. A pharmaceutical composition according to claim 14 wherein

said moiety is a CpG oligonucleotide.

18. A combination of immunogenic agent according claim 1 and

antigen-presenting cells.

19. A combination according to claim 18 wherein the antigen-

presenting cells are dendritic cells.

20. A combination according to claim 18 or claim 19 which
further comprises an adjuvant capable of stimulating antigen-

presenting cells.

21. A combination according to claim 20 wherein the adjuvant is

a CpG oligonucleotide.
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heat-killed strain. 25 . A nethod of preventing or
treating infection by Burkhol deria pseudonal | ei and/ or
w®enokkad7aeri a mal | ei, which nethod conprises PCT/GB2006/003628
adm nistering to an ani mal an i Mmunogeni ¢ agent
according to any one of clainms 1 to 11, or a
conposition according to any one of clains 12 to claim
17 or a conbination according to any one of clains 18
to 21. 26. A nmethod accordi ngy t o claim25 wherein the
animal is a human. 27 . An inmunogeni c agent according
200 aRykODEedfstehoh NE ButRhdikidroh PSQudomal Dei.
preparati on of a medi cament for the prevention or
treatnment of infection by B . pseudomallei and/or B .
26al | @i kiPBed Eteailseacobrdinpid rddinrR2agbereimgheosiamnin is
e l.ai t i Lon of a
e Ll BeTBadl o St RORSIARLAN 207 20 mn
I mmunogeni ¢ agent substantially as hereinbefore

odescii Redh v th b ef e/ RRC8:i LD de18¥A™ €% claim 23 which is a
heat-killed strain.

25. A method of preventing or treating infection by
Burkholderia pseudomallei and/or Burkholderia mallei, which
method comprises administering to an animal an immunogenic agent
according to any one of claims 1 to 11, or a composition
according to any one of claims 12 to claim 17 or a combination

according to any one of claims 18 to 21.

26. A method according to claim 25 wherein the animal is a
human.
27. An immunogenic agent according to any one of claims 1 to 11

for use in the preparation of a medicament for the prevention or

treatment of infection by B. pseudomallei and/or B. mallei.

28. The use of a combination according to any one of claims 18
to 21 in the preparation of a medicament for ex-vivo treatment of

a patient.

29. An immunogenic agent substantially as hereinbefore described

with reference to the examples.



