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| ysost aphi n- based rret hod of reference 1) to see if additional capsular

pol ysacEkasaredanolyspechfddeased. 1f additional capsul ar pol ysaccharide is
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greater rop tiopn of the capsular sacchari isre during acid
t r eat mefPe P?J‘P’H‘?%C yjar l?otlys?gﬁ (‘:fg MEegtepasibg 'tnl ‘?8“15 ‘g?(blast r eat ment
condltl ons so that an optinmal anount of capsul ar saccharide is rel eased.
For3®xahy®e the inventors have found that after 10 treatment of cells
suspended at about O0.5mg/nl in distilled water with 1% acetic acid (v/v) at
100C for 2 houbd- le‘é?IWAth@@éChﬁdﬁt@@ﬂaFu@a%hraiﬁ) -EBcedicdé s rel easabl e
fromthe cells by subsequent | ysostaphi n treatnent. The inventors have
found that after acid treatnment, the degiee of 0-acetylation of the type 5
capsul ar pol ysacchari de may be between 60-100% In particular, the degree
of O-acetylation may be between the 15 65-95% particularly 70-90%
Typically, the degree of O-acetylation is between 75-85% e.g. about 80%
Simlar values may be obtained for the type 8 capsul ar saccharide. If
desired, the degree of 0- acetylation of the capsul ar saccharide may then
be altered by further proce55| ng steps as d| scussed above After acid
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200f a base, e.g. NaOH. The cells may be centrifuged and the

pol ysacchari de-cont ai ni ng supernatant collected for storage and/or

addi ti onawoppuoss®i’ng. Enzynatic treatnent The pol ysacchrariimamieobisasaned
after acid treatnent may be inpure and contam nated with bacterial nucleic
acids and proteins. These contam nants may be renoved by enzynatic
treatnent. For exanple, RNA 25 may be renoved by treatnent with RNase, DNA
W th DNzi\ gand protein with protease (e.g. pronase). The skilled person
woul d be pcapabl e of identifying suitable enzynes and conditions for renoval

of the contam t 4 ors hat treat nent

of pol ysacchar%ggb%m@&?ﬁééi@hﬁerrﬁ’t"éﬂ# ﬁ%ﬂlﬁ?kgg}%ﬂ%&fc “6f DNase and

RNase at 37C for 6-8 hours is suitable. Qther suitable conditions are
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treatment. The inventors have found that treatnent with nmutanolysin is

ef f eTtive at - &nfbiMenhept-ldoghyehifueliAt@Rideitli on)-Pad uchde-(1 —
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sui t abl €ymdhdi ti ons for renoval of the peptidoglycan with mutanol ysin. For
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5 piperidine, sodiumchloride and phosphate buffers. The inventors have
found that phosphate buffers, e.g. a sodium phosphate buffer, are suitable
as the stwotongsiuffer for the ani on exchange chromat ogPaphB201TbsobUf f er
may be at any suitable concentration. For exanple, 10 mM sodi um phosphate
has been found to be suitable. Material bound to the anionic exchange resin
may be eluted with a suitable buffer. The inventors have found that a

gradi en ate f actl t.ai nin
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is not required . o obt 9l.ysa r rhy. 0A .
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addi ti opal .processi.n n di ne
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one2or fwone steps of concentratr ng the pol ysaccharide. This concentration
is useful for obtaining 10 a sanple of the correct concentration for any
subsequggl seiiewpat i on of the polysaccharide to a carrier nolecule, as
descri bed bel ow. However, the inventors have found that this concentration

step i st medadipt e inventinm SeWepohPSACE AT B aelsore ke with 24d, . Thigeten ety

this steRas®f claﬁsuempblty%cﬁarﬁemhﬂh@ wﬁ,esns esntakt, bReioudMeiibdsave Wkenysr@megelmt
t he concentration step( rfornmed gfte t he acr%ﬁtreatm

enzy mat FRAIPGE AF avmgfs r%lraér rhetnogrercahaﬂdan ?rérra@ Of fitedmenidgt s pirferably

andzo(nr Getieds duk ukiag laQﬁlldsidic]BSz gdh&ﬁﬂd&ﬁﬁdto&h@‘ﬁﬁlse ElfMﬁdg@ﬁb ke, poﬁiﬁyccﬁﬂmée Mthe akillod
step(s) are ca ter. the .anjon. exc Cc r

it SCuespi Rt b it a ok inap SviBlebiof Al Gk (et Sl jeRfperatre
di scussgd/oabiges fortrélease on g polydidedridst Epi( rs()amrfr&ythbemearrorsr lede fouhd bef tematt of
after the gel filtration step(s) discussed above. However, typically,
concentration step(s) are used instead 06f gel filtration step(s). 20The
concentration step(s) may be carried out” by any suitable nmethod. For
exanpl e, the inventors have found that the concentration step(s) my be
diafiltration step(s) as descri bed above, for exanple tangential flow
filtration using a 30kDa cut-off nmenbrane. For exanple, a HydrosartTM
(Sartorius) 30kDa cut-off menbrane (with a 200 cn2 nenbrane area) nay be
used. The concentrated pol ysaccharide sanple is collected for storage
and/ or addrtronal processr ng. 25 Further treat rrent of the capsul ar

o AL 2



The nol ecul ar mass of the purified S. aureus type 5 or type 8 capsul ar

pol ysacchari de can be neasured 30by gel filtration relative to pullulan

st andar dswo=odhsa®7t hose avail abl e from Pol ynmer St andar #CE4B21¢/e54p248] .
Typically, the purified polysaccharide is a m xture of polysaccharides with
masses wWithin a range WD 2011/051917PCT/ 1B2010/ 054934 of val ues. For the
type 5 capsul ar pol ysaccharide, the nol ecular mass of the purified

pol ysacchari de P et + 20 k De.
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be used,, ag.gg (exanpl e, the polysaccharide may be 15heated or subjected to

m crofl uidisation [30] or sonic radiation [3]. Alternatively,
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frozen Eﬁzymkiut,ieame(ue g. as the eI uate fromthe final concentration step,
i f included fo orage .a e dur | the purification proce
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30 The polysaccharide obtained after acid treatment may also or alternatively be contaminated with
peptidoglycan. This contaminant may also be removed by enzymatic treatment. The inventors have

found that treatment with mutanolysin is effective at removing peptidoglycan contamination. The
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5this step. The lyophilised preparation is reconstituted in an appropriate
solution prior to further treatnent. Simlarly, the frozen solution is

def r ost edwproarosta7f urt her treatnent. The purified pol ypatabzmi/odbt ai ned
by the process of the invention may be processed for storage in any

sui tabl e way. For exanple, the polysaccharide may be |yophilised as

descri bed above Alternatively t he pol ysaccharide may be stored in agueous
solutio Vi t re e
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Pr ef er r gdcassing.i er pr ot ei ns are bacterial toxins, such as diphtheria or
tetanus toxins, or toxoids or nutants thereof. The i nventors have found

t haig t hg, GRS, ,ngé g};{,,l;}g,rg%,ﬁ, i,JQXI n nmutant [47] is suitable. Pseudononas
aer ugi nosa exot oxi iits non-toxic nmutant reconbi nant _exoprotein
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capsul auiavequaﬁﬁmardnole@haﬁa[gé_bhraﬂﬁm@& Dy lsﬁﬁnwuraay%f@ctnaemrﬂ@hﬂg fediddadptdMin
([45] and [48]),..0oval bum. n uman ser have al so been

used. THEgwClElgapid éP%talﬁﬁgat%W@%eainﬁlw gwéisYé#fé ﬁath% e A her suitable
carrier proteins include the Nmeningitidis outer nenbrane protein conplex
[49], sVift BEPR Cxphapes ghonplgraphy steReRpy dRoRKOpRt aftsisthp @zlcgswatmﬁ@r eRyg1aEC

PI 0881 Ncaliadh Bl/or d@KioREP{ HdussclipaVaOKi nes [56], hor mones [56], growuth
factors [56], human serum anum n (typically r econbi nant), 10 artifici al
prot ei ngpLHIH E)&hﬂ%e "} e [gga Ry rﬁ?a{}'/ el (ﬁl% Wlin@Rh} QRGSIe! MM VALARAYS matrix.
pat hogen-derived anti gens '}) suCh as N19 [58], protein D from H nfl uenzae
[ 59- 61] Coprenlyiesicaian exghage élamce% F fespS suely B53-Tespin Senvesl Y5 AuRtenEny amines) pad
non-t OXDEAQ%MéE{BAsM&@n &l%hamhfoemaﬁb?t @ifeemwr@&ehﬁ% ﬁLL@la]that Dewﬁnreé}np(re gBd f_)mm
Cdifficile [6 ] rotein protein

sui t abl 3ePhaforq™s rF’aﬁer@‘@ur?en (G Hsa Cereé)mreagmﬁ?laﬂYeWaalﬁt ?l hgél Otherree%w be

t he3S. agegus protein 15antigens set out below Attachnent to the carrier is
preferably via a -NH2 group e.g. in the side chain of a lysine residue in a
carrier protein, or of an arginine residue. Attachnent may al so be via a
-SH group e.g. in the side chain of a cysteine residue. It is possible to
use nore than one carrier protein e.qg. t80 reduce the risk of carrier

suppr essi on. Thus e



20 different carrier proteins can be used for the type 5 and type 8

capsul ar pol ysaccharides, e.g. type 5 polysaccharide m ght be conjugated to
CRML97 whwbDeotygse918 pol ysacchari de m ght be conjugat ed POTABRAY/034934 s al so
possi ble to use nore than one carrier protein for a particular

pol ysaccharide antigen e.g. type 5 polysaccharide mght be in two groups,
wth one group conjugated to CRML97 and t he ot her conj ugated to rEPA
Typical ri.er te i s used

ool ys ac EHarPP RS i bilferS ARPRERI it BIRLCF e SpisR Eelafhs Shimyparapry, an aso
pol ysacbhdutérchincd by irgeime [e@ridhts “Fithbutemdumlbtedena Eypmgll kexfﬁearfm (3% 1rpamd>re¢mhmgg ht
have conj.y ted to.it type e 8 capsul a a

achi eve“t' Igam%ro%qy ”55‘1‘(11? e}rQenegh poPlyesré%E?ﬂaPlpdg g% i hsﬁd%@xgghﬁﬁ q)% ¥r15 ?p heane
conj ugatrietrangaoines $ris, T\ pnatigii{diethah olaminey dletﬂaecnlanmﬁ,el,§ebanla®momnj ciyaobmifer
each; DO{) %Sérﬂﬁl‘%e?%dl&lﬁ’chmlh@ aﬁJ‘ﬁho‘lgﬁaﬁee&ﬁf‘e&s pghé’ @@8&%@%@@ uPcff"ﬂ{AEpl%sgﬁ@e Ak
conjugatron. Th arate ates ma ase same carrier.
30Conj ugat es seditrh phq@phay@ dutfar ardesyirlle edn theatstadlr(gvv/ouﬁferoﬁorb@tevv@elnn lexpliange
(i.e. e lat Gy SHERRSROLYS b B & ot ¥RI Saidn
used. Rég??%gm%%&tlye gﬁe% erzlga?lggp%e yerre Tbartn%{c ar?y r at nggs betweenll
and 1: 2pkmsphatoieastbegrr Bobieg tbbeysuitableuMatergl beund do eragigmic eghangs regindnayy breelgted
capsul 3t RELYRBRANALL dhe oGy A0RMORIALEREH, LRALONRAGAAICON] UgaL oo

used in the literature tend to have higher rati os, bet ween 0. 73 and
in o n,
e ol SLEETHERIE Sorainfoe Hifaatotlde Bty &é*e%mgf’*%f”g%%é‘h G Ak HRTS nAl
conj ugatiactians beontainirg polyercelrdidd.: gsuabiy dowbingh dogrtfioy.s argcéralettee: fpr stoedga andtor o
(W' w) chfdltﬁ&ﬁgﬁar%g ul ar pol ysaccharide conjugate is between 1:5 and 7:10.
5Conj ugat es y sed in conjunction with free carrier [71] . Wen a given
carrier Mndy RGeRA84 GO0 U9at 8d: £ ok lly th
CONpPOoSi ??{)%tlo He "‘Z‘g‘?ﬁ@@ﬁﬁ%‘%ﬂ‘ ﬁip ﬁéonf‘%gat edgnflor mis pre?ger'lraylljjf%f/l yrloefarrtl)l?ré
t han 5%@har1ghehmm@@graahmﬂmlseﬁrn@ch@it@aw| er protein in the conposition as a
whol e, and nore preferably present at |ess than 2% by weight. After
conlygat;kgmmlfuf,pe and conj ugat ed pol ysacchari des can be separated. There

Cangont | PRBFSEY o P (RGISPB A AR RYYG F AF PBIF PG of B TERNR. | B acl ptgn s

etc.]. Qoﬁélédﬂaﬁdlﬁ;a&haﬁdecﬁﬁlddgai ef andrkuferedit iagens Rethys aglabarcbei@sination,
ticular after c tion

prepared by t nmet hods _of the i.nvention r n a

B o PR g g B B Gve BB i T nibr ot PRI dhese
antige Psf refdreieed hetopd, OzC@SISﬁEraﬁéfm klap i meeRdquived tdetmypdlmédhaiedet behighi rpgukier
step, of , m

i Bhe 1 Orteriieter BF 5B sy S B ietEont e ee B P emigh 156 p§ xR REPrsalftSs
pr epar eaﬂvbmagelms reeivse i smﬁpltﬁlaethlelpmastslaﬁmean@sdmmaﬁllnmte further antigens.
The conposition is typically an i mmunogeni c conposition. The further

ant i genWhpn pRyent,ahpgdl Siétrdtion tlpE) pay s ﬁﬁﬁiﬂaéd alfees ther 2 phtradndny, eﬁlkb&namttﬂ&ﬁtdleﬂi
the inv the,i nve t|on

than onB B OL.Eas g S SN RN EF Sy TR e IR TR R &0 BfiPh ©

i nvent i aep(Pravy/iadiisl oat denpiesnioh erchangguhi@natggraphy yop dEccsgpshbar

pol ysaccharide of the invention and a type 8 capsul ar pol ysacchari de of the
i nvENt | Oie geAﬁttmlmaitép(@I may Hehvarrfed rouhmngaanyisgmb(eg)el ﬁmyndnematyme Cbmoronlyypal &1
IC?]‘SZ:_':![ i %lﬁrp ’9 or}/ mgt%g%aa"ré atSFld r&p ran %rgseesgeT P&yzicgyl% 121\8/‘ gels 0? aCIHITOﬁ/}nilO%phOhHe

i nvent i gals, [anabpoldﬁsreae g@jWOSICtrossrhnkcﬂ‘r{b@qﬁgn gels and yme:d@obapslahade/agarose gels may
pol ysacgha ar

Pol yaachnard s D Rane FARS N lohah LR EEL B AR ANES DU lePRAN Aty
a pol ysa@@hmpuld@ @ﬁtahlhalthmhmheogﬁlamdy bdvesedt her pol ysacchar| de is not a

pol ysaccharide of the invention. Wiere nultiple different S. aureus
conjsmgaAmsomaeae mbbichhhdednffelsdsctherpgl filtnation den leh defeemimad by yquese e)dpeldmﬂjtsjg'ahcmt
fromthe aufr eus ot ype and/ u t

ser ot ypléns ue g?ds ré xa rﬁglcal glf‘fﬁeés %lcgnusa 1% gf ﬁﬁr%{u) %%¥u§§ rIr\]F @%{%pgp&% ifil) ep %&H{ ype
8. The lietndhees ibis- D, \MSLTnsbpropnn@dm@ddnddyrn&e,pTepa\i-mglybélpmmaﬂzemo@rqmbmoélmme
(e.g. a different conjugate for each serpotype) and then conbining the
conjugates. WO 2011/051917PCT/ 1B2010/ 054934 The further anti gen(s) may
conprise other S. aureus antigens, including the saccharide and protein
antigens set out bel ow



The further antigen(s) nmay conprise antigens from non-S. aureus pat hogens.
Thus the conpositions of the invention may further conprise one or nore
non- S. aurwoaMsiYgens, including additional bacterial, PBCTABRL1GP54Pr asitiC
antigens. These may be selected fromthe followng: a protein antigen from
Nmeningitidis serogroup B, such as those in refs. 74 to 80, with protein

' 287" (see below) and derivatives (e.g. 'A&87') being particularly
preferred..an outer-nenbrane vesic n 0 S
Ber ogr ol i uirehs oL anGes ERaEl SRV BorgE WRE RO PR RN B,
sacchar sa@emnacttiorglerbuffers malyl baswmiablyi tTihe bsffesmayg:e aumyApitdble MhSmtratial. dlor ¥anplec h
as the g)d Q/Psso ﬁl%lhc r(grg €ma %Clu(s)esd%drt 5 I;)gﬂe ha g fromserogroup Cor the
ollgosaccﬂarl &8 BF ey $aCeari e antlgen from Streptococcus
pneunon e. g. & 23 an _anti from
hepat | t PO s CO‘EG‘BWgé’Q%F*?‘Fé‘&”i%Q&Pé} Feetiutipe By meyring O widpfin n 950 gp
ref 6] Fradtons anaiingg @olyfdcchimridgpadublly Soldbinkd UsgetierlC ireasollelted Soir k@ege aand/oor
core antj enér$e. 91, 92; chapter 16 of ref. 96]. an antigen from
hepatit? i ﬁ?g?g g. 93]. an antigen from Bordetel | a pert ussis, such
as pertussis holotoxin (PT) and fil amentous haemaggl utinin (FHA) from

B. pert uGstcgntrgomi onal | y al so in conbination with pertactin and/or

20aggl uf, AgeR Yo, 2r Miekad o[P Qhegoner(ﬁfn?ore %épé‘) 815gel %lfl'{?a?itoﬁ [ thé ilarogéss ofihe 13\@11t101?-may

di pht heria antiden, such as a diphtheria toxoid [e.g. chapter 13

96].  ainvelvaprecor A19re gems,of senepntessing the @pkpassharigs oT s E@cgﬂtraewaﬁmfulivr @Falmeg
96] 10 2 sameiabt ﬂi@ c@t‘?éc’t B&RerftF00M Hﬁ%ﬂyms&ﬂ@nﬂ d&hjuga%a& R pABysBechGilRAb @lcakitr OFf

ref 96] an antig from N. gonorrhoeae [e.qg. 25an anthen from
Chl arryd‘inale‘ﬂﬁ%msrd‘ﬁ?%'é“[ Belgw. dioweyg, thgginventgs hmlfouqc{aﬁlat oncegifatigt Fefels Of om

Chl any dicguitddae i ipslykRckh déQﬁ]h HAPurRD! | AQBrdifHN (RRTRIBY MATBE @i EbMathé S
[e.q. 18?n polio aﬁ?ygeﬁ(él Ig gg%9 107; réﬁ%ﬁlersﬂ% Qﬁ?ef 196] such as

| PV. p“”““”°?@5ﬁé§méﬁtlgen(s) [e g. 108] such as | yophi |l i sed inactivated
virus [e.g.109, RabAvertTn]. 30- neasles and/ or rubella antigens
[e.q. cWéilﬁ‘% piesent Shexonegniiatsyy sp(y gry @eperf?rﬁlﬁﬁ gg‘ﬁi%? it FHERS)enpenggic tr@ﬁ&lﬁtﬁer s
17 8 184igfiltrh@dn, Hbn exeH&Re 3BrolaR g ?E}Wﬁﬁﬂdr%l filkrBti AP Hls&%%dadl’fbw dapRaBykhpce

proteins. an antlgen fron1Nbraxe | a catarrhalis [e.g an antigen

from St {BpIFEEILTPID geras! quy risighaanien @ﬁb@%&h@@t%@p@ Stmilscuﬂ?é abqvesIf
- 15- V\i@eai}ﬂ&dd%ﬁ%t?lé’gllﬂlm%@ 8136’(18?6& aam‘zd ﬂﬁ@oﬁdeﬁﬂﬁﬁtﬁhrsﬁp(ts%@ﬁw&med out

agal actjae (gr st r ept ococcus 14-116 antigen fro

S. epi detHgi%5 2 g tbe g%lﬁltéaqon Sﬁp%ﬂ&@&ﬁ% %bPVf‘caﬁgw‘é?f %F@Qfa fotien Stepls) are
obt ai nalye@ irfsfeaddSdel AltraGornSI&pE)31432, SE-360 and SE-10 as described in refs.
117, 118 and 119. Where a saccharide or carbohydrate antigen is used, it

i's 1 ef BicaddhYenG@gnUdidl § thdybedaf Rl dueby hiy Witalds nfethod. For example, the inventors have
found that the concentration step(s) may be diafiltration step(s) as described above, for example
tangential flow filtration using a 30kDa cut-off membrane. For example, a Hydrosart™ (Sartorius)

30kDa cut-off membrane (with a 200 cm” membrane area) may be used.

The concentrated polysaccharide sample is collected for storage and/or additional processing.

25  Further treatment of the capsular polysaccharide
After purification, the polysaccharide may be further treated to remove contaminants. This is
particularly important in situations where even minor contamination is not acceptable (e.g. for human

vaccine production).

The molecular mass of the purified S.aureus type 5 or type 8 capsular polysaccharide can be measured
30 by gel filtration relative to pullulan standards, such as those available from Polymer Standard Service

[28]. Typically, the purified polysaccharide is a mixture of polysaccharides with masses within a range
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5enhance i munogenicity. Conjugation of H nfluenzae B, neningococcal and
pneunococcal saccharide antigens is well known. Toxic protein antigens my
be det oxiwpedinvisesie necessary (e.g. detoxification of p@CTUBH1G03403i n by
chem cal and/or genetic nmeans [95]). Where a di phtheria antigen is included
in the conposition it is preferred also to include tetanus antigen 10 and
pertussis antigens. Sinilarly wher e a tetanus antigen is included it is

f I d t ti
bt S SR G e
di pht hetylpaalzh;nd; tneav@mwﬁ?,smt kl@pem%r béuﬂeergéﬁ-QO@ﬁameqaaadmmlbddtWeen 20-1aDukDaiandn
salt. One & refer o] n I n th
af fect PRI lr)éﬁlcufejlrlx F3etween f(ﬁ)d%)%?(;ﬂﬁ)l d% n%ﬁa?lib} F ﬁl 'I’Iyg%% a?gglyé’aasglggﬁcg‘?l}e dlécgéc&lar
t he i nvemssiod meqmnﬁbrepdymtnhaledab mayt e tetvecen 2-3500 bDamtg g@wsenf 1062000 kBafpatticolaiing
non- S, BULEHSPRLARBENR w3 SRHGAAS B AR BHhAB, St aphyl ococcus epi derm s,

i nfl'uenza virus nterococc aeca ononas aeruglnosa Legi onel | a

pneunop e sseria meni ng

DreuroDh Rkl 3 S ARG bR g5 R AL RS Pt iy P
ant i gengrefermdrfdnalstt @niaeciass @epay@drisatiothto Ri@osaoshetdnmay oacm‘ bafcbm onsfterany okthe

t he u ac ri t i n C

more antipe i tfpkRAEaR Pl | ABobREALETREL HECHTE ARE b, Bfutt
d|ff|CIMEWHQQQHMDnbﬂasmdeWUgiMbbapdﬁhmdwdécakbm@amsaidﬁdﬂexdnanMDgBMDmdkn
pat hpge I e e i i y
be: 1 8 Mo ERAN SHMANE Bks place, A} IR TcdallE AR ER cohithn o hq'RUGRH
concent malwfesrp dspolamyrisgil elysageharige nt ippreferige tl@tudﬁfppbmematm peskides anyzpenjugstione
response agai nst 25that antigen. As an alternative to using proteins

ant i genBull-kngth@olyerrplosides way bf daphbymernivedriv igom,shertec fregmerdc fod ugniodld ingentihe by
ant | g 4k RERHAC brliGably, S8k Rmod BR:hBLalR e f 906! AcEORRAREALS, QhertRirods
conp05|¥|ons o he 1 Rventlon may thus be replace y nuclelc

(pr ef er @bldgpddineresatgon phthe h@lyrseqcmrtdre raabpbeslmdd)FthaqameI@cdde@IXSh@hm@t @y be
30! yx pr I ) ns
el e i O sl idEn shiRh oo 30 A0k R o b1 4 Qi BT RGERriAbA 8¢
(i ncl udexidetiSnaeduetion [3hkar gernslysish3H ey pe8ddt i on of the invention may WO

2011/ 051917PCT/ 1B2010/ 054934 be |l ess than 20, less than 19, |ess than 18,
| ess t h@hgdsFcchirales camae tentifled slyy t:lhramamsraplh)essgtii@nemusidnesl"somhagram@; ITess

than 12 . 7
| ess th%nagiargss t%%lnéﬁﬁfgggﬁgl§gmﬁ€$g&‘$gss %ﬁgﬁggﬁu%%%qﬁﬁﬁgg%ﬁg WliRRs
S. aur euwaﬁnsuc@@sgel Alteation mpoesifiq winleoylan hasstneasric wepsway bijezel EYwtiohiatiye to
I es5) t hgfuPm s%delr&s SuchR@fhoé: aénld%ﬁ@ﬁélﬁ@@f&hfep%ncﬁmﬁbé j3aps and net hods The

i nvention provi des processes for prepari ng phar nmaceut | ca COI‘I’pOSI ti ons,

(o10) ri S |

( Og}t)l Onia {Iﬁggtléegﬁ: gxtsohgsoxil 6f1)ef rrrlx g?é( !éz{i')gl,(l)l%ﬁ%j) ?&ger}/d%%%%"lge;eh qg NOeIce Illgeg utﬁ'%ﬁ?ﬂ% ‘)Iggesses of
accept athk énvsation may inFinde @astep' H&ﬂ\hmwtma@wroa@cb @pN abfttlelatmr ¢anepogvenjendy bele
any car ISérf%Im%] nﬁgl I?t%cﬂ ISRk aInHQ&Iﬁi% (éﬁ%cﬁbrﬁgg‘?ﬁa's%'ad?&orﬁ%'b?g%ﬁaﬁe [34].

har nf ul recelving t 10° conpoSition. Suitab carriers

are ty(gié‘fiaﬂ unc?srog%ﬂtralﬁogw stgﬁleg'tl)tg)atlog gn ”1%85??%%0?1%&& es such as proteins,

pol ysa aclids, polyneric am no
aci 0, ACI C i regates (such as oi
dr op ets orac}dfatlorldl Sﬁé’g %Ieler l’lycéélr rﬁtrfé?rgedaa?p&nl ﬁxp%a@é\’eﬁ to those of ordinary
skill in the art. The vacci nes may al so contain diluents, such as water,

sal i ne,S%gi4géerol , etc. Additionally, auxiliary substances such as metting

or emul gid ¥ LN, AQE86 or tpld Pl L mss&hstc@rmpsrauaﬂ%a;%hfodhn&@d elBYy BReze-

present. Sterile pyrogen-free, ph hat e- buf fered physigl ogic saline is a
typi cal rwgrqné?r va&ulelﬂo?roﬁ@%?ndpsseh%@v dhsots I@ﬁ&l%@dﬁt&wfw et eep if

exci pi eptiadddag f@\é@kdgalaI eﬁlylsﬂigé Bl AR Sur ik ion(RERAS I AdcameRT it it hatvandyl f@ﬂhémy
be i n aqueous form ( sol UtIOPS or susp enalons%For in ﬁ dé;ed form 6#&
yotthi | RreRaggtion i b%ltfal?%f%ffd\}%?&%‘ﬁ@ &orp 9ag sten ghthe Profess o grothesc s EraAe & Pt o
a | i qui gblysaebhbidcPprogration ik Rp ®6tpubified by ARfFiltkdtisat the itahayC bo yegRiliSedv@CRézReSn i S
known in the art e.g. the MenjugateTM product is 20 presented in
| yophilised form whereas Nei sVacCTM ang Meni ngitecTM are presented in
aqueous form To stabilise conjugates d king | yophilisation, it may be
typical to include a sugar al cohol (e.g. mannitol) or a disaccharide (e.qg.
sucrose or trehalose) e.g. at between Ing/m and 30ng/nl (e.g. about 25

nmg/ M) in the conposition. The pharnmaceuti cal conpositions nay be
packaged into vials or into syringes. The syringes nay be 25supplied with
or without needles. A syringe will include a single dose of the

conposltlon mhereas a V|aI - may |nclude a slngle dose or nultlple doses

.......... o " Y " o o o o r



reconstitution, the invention provides a process for reconstituting such a
| yophi | i sed vaccine, conprising 30the step of mxing the |yophilised

mat eri al wWbt2h11z203199queous conposition of the invention. PRe/IBEONSIKI4 ut ed
material can be used for injection. WD 2011/051917PCT/ 1B2010/ 054934

S. aureus antigens As nentioned above, one or nore further S. aureus antigens
can be included in conpositions of the invention. The antigens nay be
protei N Qi Sna%%p? tin(%epural‘f:l tlgr? n§1mllsa 19‘ U[hee Il)'loﬁ BES q}arelclle may r.'be I¥o Sms”RX P ozen 1 solu%on
carrier pro S ¥'0 onj ugat es SF fiv 1 ON . Scar T er pr ot er'ns ?

ot her congrug alte%uonoerxclmgédnommpgrgpltyeﬂbpp rlﬁtwlmlyamhay@n $»rep8aaam smrsbcsmnﬂedrbyde
antigen d. t r o] ugat or,

ancon; B D0 AR B o B naBAENA Fish oh <BAHFL sEOL kR i Sifffer it e

i ncl udep@lh@c@mop@pryga@maa; todm cglﬂceg;reacﬂ ¢hes it migi lehlyophilsed or frozen in solution prior to
pol yz N- gl p4eco i G r p t

S ey cul o MR RAANG SRiohion R el IR A bR BieRIRIER, prd B %ulther

[ 130, 13&Fﬂmﬁ®rSéw@wwﬂéeﬁ@NA@phﬁytbéeﬁ@ﬁMaF@UKﬂhEM¥Bﬂémm@us 10 strain MN8m
[ 132]. The saccharide antigen may be a pol ysaccharide having the size that
ari ses dbe purgiep polyfacclatide pbtaihed byethe popok pEhe otvartiodendyrbe prdvastefor storage iniany

oy i haB S AP Bl 36 b Y RN AT AR B e RS BRARN. 15
and 75kDs, padysagsharids @y bepiatd imaqusousTindutpac oiperildet &t itayensratiae h&vzé -20°C

23015 RS AT AR SN 0y S5, L Ay
10 or 5&%&3%%@ﬂytgﬁ@ﬁﬁmﬁ@aﬁﬁﬁylated PNAG i s al so known as dPNAG) .

Deacetyl ated epitopes of PNAG can elicit antibodies that are capabl e of
medi at i ognfapa@n ¢ Killing. The preparation of dPNAG is described in

referen 34. The PNAG ma n succinyl ated e.
succi nyﬁﬁ? éﬂﬁd’ﬁrlgé‘t/\éarps‘lﬁérs%‘xtfsﬁ%‘??a% foftsje ‘Tﬁ““of'oca“é’e “ﬁe‘I ¥ a‘%lgi’%‘”é‘ga‘% fafher

r esi duesmodifiogiotNAGIoTRYe ia6n 6io0|dibgadstel adsaysafod aseih @hmifibaionl . as descri bed
above or alternatively unconjugated. 20Anot her suitable S. aureus saccharide

ant i gengés m'fn’ﬁ@nia‘ﬁ&@ fﬁéﬁs@nmbﬂwr whik ??efbﬁe@t&%oﬂjhghkee%ehﬁdtﬁ%@dﬁhﬁ& W bhcahr
0-acetyl a |on [ The type 3 antigen is cross-reactive with

ant i bodmagcyle;sy asa?gl?:fP iy rt%?éwrg 6O PP ERFICO e BGerharifiggtorppiersengancat thgen

may be pohidégatiat &0 cﬂys@&ihbﬂld%lé a0 sk ASmARSS IT-BecheARAY ent@iendtd €rdBgdnise! y
unconj u ated SU|t e S.aureus . rotq nt| ens include the foll ow %
@3’ P fg} for

S. aur eu@UgHES, JRSSAlOYING, RENEENST IBMIPSIEH ory BN dS PRLLIGHATY (8
t her eof baeﬁlﬁtrg vaS@fesief.atle Blﬁl]eﬁd Wwélﬂléiown%tﬂiﬁlquﬂ&@l:revmfeﬂ) linyi@fsn3 @i 4dpIRus the

ysin am ni ase n.bi ndin rotein GehD 11 pase,
Rl ! PBe e a0 T Braias Figs e O S Bl RigBed whb e B3
knomm asnﬁmﬁﬂmamMRPll Npase, ORF0594, ORF0657n, ORF0826, PBP4, RAP ( RNA
1l activating protein), Sai -1, SasK, SBI, Ser, SdrH, SSP-1, SSP-2 and

Vi t r onecCbnjigddondt SguRuOtypt 3. andAfper 8 E@Eul&tulbdlﬁb&cﬁarﬁlealhﬁﬁb@n prigdIL rdpoRed &. gesas

include cl fA an | fB anti a.sdr E2 ant a
saor antreie L 30 h Ok wiefl prie Sl GRS uRRNE s T ouiE oo es ARkl P e
a esxA ﬁﬂtﬁe@@ﬂlysﬁc%MB uding icgedmina %a@ﬁ&mn’eh@em thapﬂesﬁhee aﬁ&arlgﬁptateagrbﬁpa in

a i sdA anti

t t ; dB t
ant F9ente SuRHBCRI BT LR e T o dah i h B wplERe A SaBefiidl B
t hese EBACWD'E&iﬂkﬁﬁmgiﬂﬁﬁwkﬁaﬂﬁmel@5@@84xanQMans maynhm pm@memndlmsahe
corrp05| ﬁse%go fno%'he ;"ur}g en otoqu#Bﬁ&)e S‘&, ahﬁ@ Sa hni( th:(g ?%@Q’%CC?ﬂCS”P % <506
antlQenmihwﬂhamamMWgénwldmsnaabisanmhgemnmamﬂnmnnaummaqu @ﬂmrgsﬂwdsmlmve
f h
coec, LGN ABAR Ly NS ATELS: S ERRIRLLSN L, LB OKET R
(1)30 elRAndde]; génara@ehm@uaMg Efén, oraeate,tl@m@%h)dmxwgetnum\@ the Iﬁbh/smlnarrgmwnl’rhe
esxA a”%gﬁ%étﬁ& htgeffﬁé CGHp fo&” #%398 t&ﬁ;@idggﬂléaspréfeﬁkﬁr HQ V@QJeXs"@e@&ﬁb@& in @S

di scuss a EsSxAB hybri anti ge st ream of
esxA aﬂ@ﬁg§ﬁ€2ﬁﬁemﬂla antigen may be a detoxified nutant e.g. including a
H35L mutation. 10(2) A esxA antigen, a esxB antigen, a sta006 antigen and a

sta0ll antigen. The esxA and 1.



esxB antigens may be conbined as a hybrid pol ypeptide, as di scussed bel ow,
e.g. an EsxAB hybrid. (3) A esxA antigen, a esxB antigen and a sta0Oll
anti gen. Wheosnssiand esx13 anti gens can usefully be comrbiraBzd1e854934ybri d
pol ypepti de, as discussed below, e.g. a EsxAB 15hybrid. (4) A esxA antigen,
a esxB antigen, a Ha antigen, a sta006 antigen and a staOll anti gen. The
esxA and esxB antigens may be conbined as a hybrid poI ypepti de as
(rjr:Jthlr':tss d 6et?r§ed C&lirlﬁ dprﬁgmg aﬁﬁ rlal{][é%ms %uch}%?lgah h'&rlg‘ Q;[ stgg‘ S toxgls %‘t P rgl:yll{alntggn
and a Hﬂ&rcaf\t | 'glen . inveitersebavd fonod ebat BhantRgéns dmmtheus etbxnhl 1_y1utlaet ook rredatds  a
2%?:’ Iggnﬁ%uégrg };[als %e %?("f delx%%l){s Sk gE’Fg an\al 1ts%01({\l ’tox% tﬁutaé@%ﬁﬂﬁ& ea).(t-gP%Fle!ﬁll % éSEPQ)
H a ant hgerheeraustla@(wrriampmgen faniiazaezssttaﬁbli oatypé @empsurﬁh golibaacharitésg el andhy2lhe

a def oxicf | I | i

and b oSl FrtbaRSdn e ch 3] AL ASH AL Do e sf S AL DR
a hybri d18<pb¢epplefplt iThhese (&Hlechm@d@sedl ibéhawescat igvention. Esx AB hybrl d. (8) A esxA
antigen, a esxB antigen and a sta006 antigen. The esxA and esxB anti gens

can useDuier yubmle caiengeoteiss andndor hel pokeyipgiptiis derter aserdbs oy psedn behplvx E9g.
a EsxAB_hybr.i S { , S i 0 i

and & SERGL deptides 1303 B ARRIBEL (AT PRI RS0y Tl BhoBRl' B81
hybri d boiphplepes [dé] hagnaies (6% smmaivtb dhaous [E6]ghunzan sEgAEbiryior (tapically BcombiwrED06

o s AP oo adal pRRAR LR BT (BT T FEHSD PO 4B b AR g8 %o

‘ol fA anigeareb7i suchnaol i Edl.agroteinl Drfpimdl fifednere 1R9-61]ronepraoqcpE sedRs pseteiai n
clfAisp wgng%ﬁgyﬁgm?%s A0%- ﬂﬂlc‘a@érgat‘?\’%g ! Cl?on%gklela S toxm A orB

(4a: 8819 nstrain it is nwm_0756 (Q: 15122 968) . 5Usef ul
cl f A anfrPgendificdn [€liaFBS aieteintorbediAS rrogin Ipfkdic adni ni stered to a human)

that recognises SEQID NO 1 and/or may conprise an am no acid sequence:
(a hav Dtigr 508abber carderepiotbénst inelyde §.agrend @¥teis S9gigcneobor ZBIMPISCHE S8B4Hs POWEIn
10/% 92%‘%t1g?. %et&f%%lg&5% 96% 97% 98% 99% 99.5% or nore) to SEQ I D NO
and conprising a fragment of at least 'n' consecutive am no acids

‘z’fs 50 A%C“ofa%ws%@%%ﬁ b gPeregey G0 20 EotGe Loigcne Hf e or el redfl i£2
cl fA pr otrémsoteinc prud@n asginiantesidod. ABECHrhdDt N@Y alko waefaeﬁflaioﬁn@gneﬁm§i®fchqib)

conpri see from SEQID NGO 1. Oher preferred fragnents | ack one
or norega%&ﬁ%métcr? .1, 2, 3, 4, 5 6, 7, 8, 09,

It is possible to use more than one carrier protein e.g. to reduce the risk of carrier suppression. Thus
20  different carrier proteins can be used for the type 5 and type 8 capsular polysaccharides, e.g. type 5
polysaccharide might be conjugated to CRM197 while type 8 polysaccharide might be conjugated to
rEPA. 1t is also possible to use more than one carrier protein for a particular polysaccharide antigen e.g.
type 5 polysaccharide might be in two groups, with one group conjugated to CRM197 and the other

conjugated to rEPA. Typically, however, the same carrier protein is used for all polysaccharides.

25 A single carrier protein might carry more than one polysaccharide antigen [69,70]. For example, a single
carrier protein might have conjugated to it type 5 and type 8 capsular polysaccharides. To achieve this
goal, different polysaccharides can be mixed prior to the conjugation process. Typically, however, there
are separate conjugates for each polysaccharide, with the different polysaccharides being mixed after

conjugation. The separate conjugates may be based on the same carrier.

30  Conjugates with a polysaccharide:protein ratio (w/w) of between 1:20 (i.e. excess protein) and 20:1 (i.e.
excess polysaccharide) are typically used. Ratios of 1:10 to 1:1 are preferred, particularly ratios between

1:5 and 1:2 and, most preferably, about 1:3. In contrast, type 5 and type 8 capsular polysaccharide
-13-



10, 15, 20, 25 or nore) fromthe C-term nus and/or one or nore am no acids
(e.g9. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or nore) fromthe

N-t er m nusOah118EQ1IFD NO 1 whil e retaining at | east @QE/1BMIL0/0§8340f SEQ
ID NO 1. The final 368 C-termnal am no acids of SEQID NO 1 can usefully
15be omtted. The first 39 N-termnal amno acids of SEQID NO 1 can
usefully be omtted. O her fragrrents omt one or m)re protein domai ns. SEQ
| D NO 9 Jhis.fra ts
ori 15 ¢ Feeigeafts e sbe BT Rn AR PSP s Pk o PAMRRAT G Nk T
cl 13 2QThe Ih phdiBilaragnhbogementssofathe dtvatted, s pobisanrparig:prceih Uatl(B(w/w]) forttiee 5
NCTC 8325 stra 029 n

NG 3 By rOb e e SRR e LT PR 2 AR E Grep B BERE R
Usef ul &irfype&rnbpsylanpolgsmnchetiicidnjmgate antiebbedy:{ad§:10when adni nistered to a
human) that recognises SEQ ID NO 3 and/or may conprise an amno acid
seque nC€onj(1@)eshﬂayi wegis&Dibonjun@ioa withefrdeicanrief E7.10. W% gied0Garrd proddin isﬁﬁ&épntSﬁ)%
85% % 1(V 2% 93% 94% 9506 .96%. 97% 08%, 99% % or.

SR0 1 D RS T3¢ g P Sor B P ER SR o R ghisto predp ot B s TREG Fo e
am no amlod:sthali S53EQT tho il aﬁlpumlrrértbe Rarriar ptogslﬂ 1rothenm”r@oéleorg as 8,wlﬂgﬂ)g, ah@ mdkd,
16, 18 5,.30 40, 70, 80, 90, 100, 150, 200, 250 or

nor e) . h%gaebg ‘W%&fa&es tehlan%/ol &Weﬁ? € variants of SEQ I D NO 3 Preferred

fragmen ‘b is SE referre

Fr agnentle BT P Bite SiHeRs! ABBate R o Pt dcturdtih o ¢BEvSt e o
NO 1@B. ihh#ods, rma:lludcﬂr(g @td’r@hnbma:lhrmogmpaw dsgenfial SHQ 1 EntNGY dtaﬁttxanomste.f [se¢ ylsbe
omtted, Tlﬁ rstt]44 N-term nal amino acids of SEQ ID NO 3 can usefully
be om t{ed éi hef’“420- WD 2011/ 051917PCT/ 1B2010/ 054934 fr agnments omt one

or nore protein domains. ClfI3 is naturally a long protein and so the use
of fragfremnbigatiansieéresfiugates ayyd othst amfigens i cat i on, handl i ng, fusion,

expr esspQPsac@lafides prepared by the methods of the invention (in particular after conjugation as described
above) can be mixed e.g. with each other and/or with other antigens. Thus the processes of the invention

15  may include the further step of mixing the polysaccharide with one or more further antigens. The
invention therefore provides a composition comprising a polysaccharide prepared by the method of the

invention and one or more further antigens. The composition is typically an immunogenic composition.

The further antigen(s) may comprise further polysaccharides prepared by the method of the invention,
and so the invention provides a composition comprising more than one polysaccharide of the invention.
20  In particular, the present invention provides a composition comprising a type 5 capsular polysaccharide
of the invention and a type 8 capsular polysaccharide of the invention. Alternatively, the further
antigen(s) may be type 5 or type 8 capsular polysaccharides prepared by methods other than those of the
invention, e.g. the methods of references 1 to 18 above. Accordingly, the invention provides a
composition comprising a type 5 capsular polysaccharide and a type 8 capsular polysaccharide, wherein
25  one of the polysaccharides (the type 5 polysaccharide or the type 8 polysaccharide) is a polysaccharide

of the invention and the other polysaccharide is not a polysaccharide of the invention.

Where multiple different S.aureus conjugates are mixed then these may include different types of
conjugate from the same S.qureus serotype and/or conjugates from different S.qureus serotypes. For
example, the conjugates may be from S.aureus type 5 and type 8. The composition will be produced by
30  preparing separate conjugates (e.g. a different conjugate for each serotype) and then combining the

conjugates.

-14-



SEQID NO 4 is a useful fragment of SEQID NO 3 ( dfa45-552'). This
fragnment includes the nost exposed domain of CfB and is nore easily used
at an i nowewnnilAlisigcal e. It al so reduces the antigen's FBCIiIBR01&P34H34 W t h
human proteins. O her useful fragnents, based on a 3-donain nodel of Cfl 3,
i nclude: C1fl 345-360 (al so known as CLfB-N12; SEQ ID NO 5); M3212-542

(al so known as CLfB-N23; SEQ ID NO 6); and ClfB360-542 (al so known as
CLfBNS SEQ.1 D NO. . sdrE2 . he 'sdrE2' antigen jis annotated as.
CSer - Ao S TEHRET FReRSh SP LT Ss a1t e g bIGE s GPRAE o, PRgeip ne
Newman sitigghdsesdlit B2ows NWWN 0525 and has ami no acid sequence SEQ ID NO 8
(G: 151220737). Useful sdrE2 antigens can elicit an antibody (e.g. when

adm ni stre¢ agthbOandighisandy Edhdirisé eRneN 588 noEQ dukNPath8eeaf OF'HRE tHEBHNHOsTIGs F

an ani ng acid se havi n 50% or re identit S(V

70% 75%F ! t?%wrs%% ?@%% g@@ Seg>2% g6y N zﬁm %%m‘%%’%%‘ ;3)618 @é@ﬁw@b clagigl. 5
or nPreyirdl@r &E@nidanwg}ns&hewﬂéme s(eté):te@ﬁﬂ]ﬁﬁh@foﬂgwﬁlgf ragment of at | east 'n
consecutive am no nor e . g.

SO G e i aatrom & maBig schskroupg. s meoredp il 4Te o b Brogih
200, 250 OESWee))eloWhﬂﬁieiesch‘tEBS (]argotﬂeiz/sg )|bamlgtpai~ecwlaﬂy @ofesedf SEQ I D NO 8.

Preferred fr a%m? nt z)rangc &s%%gB ) ﬁgoerparapmne Prom%%amn%z;pdls Sgﬁ)_grOlépNQ sucH 3%105% 7.

preferred P oAGHEN am no "acl
8, 9 10 diﬂélosannr% 8¢r82163é§)4€?cr0mthe C-term nus and/or one or nobre am no

aC' Oz%: l@é& 315’[1% ?rgm WIZ|V rgemr? it d?s sérg a]? 2@1 v@?ss%mﬂ&r ?') stlghoqé ttE'ee

N-term nus t%ai ni n east one epitope of SEQ
| D NO. 8. ohE@samhnrade dglaeed wrpf fafromntmgrone C@s thefoligmardhpyidyoot Bf. c,Sén useful l'y

a saccharide antigen from Streptococcus pneumoniae [e.g. refs. 87-89; chapters 22 & 23 of ref.
96].

— an antigen from hepatitis A virus, such as inactivated virus [e.g. 90, 91; chapter 15 of ref. 96].

15 - an antigen from hepatitis B virus, such as the surface and/or core antigens [e.g. 91,92; chapter 16
of ref. 96].
— an antigen from hepatitis C virus [e.g. 93].
— an antigen from Bordetella pertussis, such as pertussis holotoxin (PT) and filamentous
haemagglutinin (FHA) from B.pertussis, optionally also in combination with pertactin and/or
20 agglutinogens 2 and 3 [e.g. refs. 94 & 95; chapter 21 of ref. 96].
— adiphtheria antigen, such as a diphtheria toxoid [e.g. chapter 13 of ref. 96].
— atetanus antigen, such as a tetanus toxoid [e.g. chapter 27 of ref. 96].
— asaccharide antigen from Haemophilus influenzae B [e.g. chapter 14 of ref. 96]
— an antigen from N.gonorrhoeae [e.g. 74,75, 76].
25 — an antigen from Chlamydia pneumoniae [e.g. 97, 98, 99, 100, 101, 102, 103].
— an antigen from Chlamydia trachomatis [e.g. 104].
— an antigen from Porphyromonas gingivalis [e.g. 105].
— polio antigen(s) [e.g. 106, 107; chapter 24 of ref. 96] such as IPV.
— rabies antigen(s) [e.g. 108] such as lyophilised inactivated virus [e.g. 109, RabAvert™].
30 - measles, mumps and/or rubella antigens [e.g. chapters 19, 20 and 26 of ref. 96].
— influenza antigen(s) [e.g. chapters 17 & 18 of ref. 96], such as the haemagglutinin and/or
neuraminidase surface proteins.
— an antigen from Moraxella catarrhalis [e.g. 110].

— an antigen from Streptococcus pyogenes (group A streptococcus) [e.g. 111, 112, 113].
-15-



be omtted. The first 52 N-termnal amno acids of SEQ ID NO 8 can
usefully be omtted. O her fragnents omt one or nore protein donains.

Sdr E2 i s wetoraisisi7a | ong protein and so the use of frag@GEABH1)/85498k y

hel pful e.g. for purification, handling, fusion, expression, etc. SEQ I D
NO 9 is a useful fragnent of SEQID NGO 8 ( SdrE53_632"). This fragment

i ncl udes the nost 25exposed domai n of SdrE2 and is nore easily used at an

i ndustri al the antigen: s SI rt h hurran

br ot e ns. et finat SEgTEol R T APt ST gRE et o T ¢ he
NCTC 8325 antantigen fiwhi G ep@le/SADMRSEC tORI44 aad/dr HBSap&ﬂhmlﬂﬁdcﬂatiﬁqibellﬁfaBIGSE@ | D

NO 10 (OBRLRT3eA 3 Ueelh 301G 0LL RIS, RAL 1P Gk hyflgant  ody (..

when adm ni's to a’h recogni ses and/ or may
conpr i s&lare adcrioride Ddcts'bfﬂl)réﬂataedntlg@) 1sh1aad ngs pR¥radly porjegaiedanhichnrief & gder80%

S etk 0 W T P PP PR

and/ or @islgcoonprellghown.a fragnent of at |east 'n' consecutive anino acids of
SEQ ID NO 10, wherein 'n' is 7 or nore (e.g. 8, 10, 12, 14, 16, 18, 20,
25, 30, Ta&¢ pidein Sfigdnd ,magObe 8@oxiB& whe&®,net&Ehry 208, de2bificariomof @rtusiihesedn $dr C

prot ei ng nﬂgalg’g %ﬁ%t%%e%g%% EEQ ID NO 10. Preferred fragnents of (b)

conprise an ep D NO 10. Ot her preferred fragrrents Iack one

% Cr vy dlﬁﬁﬂ*ﬁ&l i ERR i R Re Pt R P iR Pone msfice ey pylen
firsd Sind\pdrawsis aaigemnSmmﬂam ochersf a SitQub Bnﬁ@n 1§.G)ndhailed tis af ptbﬂei;tedf)els@m firtcde

Q her fra nts om.t one ot.ei n_do at ur al a.laong
pr ot ei ndlggt c1ia ar{dH)ertussm anpg%@glelﬁr@)ht“éhelresa pfu sfls zlmtléen Is 1%1cluderaur is 1plrefer ed Oaillse(%o

handl i ngl,cluﬂerélpbuheprweanprt@&msemgees{c SEQ I D NO 11 is a useful fragnment of
SEQ ID NO 10 ( 5drC51 518'). This fragnment includes the npst exposed
domai n Ahtigas Gagbeladssrbadtocanedsnihipmsakd at an industrial scale. It also
reduces the antigen's simlarity with human proteins. sasF 15The 'sasF
gzt [ gg goins tygg aﬂplgfeﬁéd a@npcsaie}f mgm&efuﬂher ahﬂgetlElEl ella{[\)m[\?lcgt ﬁ? gﬁmgﬁdcgig%ogg%E ang so
and has, a sequenc :
OF{{ UGS ROBYTACCRY eél"f @Pet In¥Fpt ﬂtcﬁlbgﬁﬁo‘%@n&d Wi ene a?g NP SPERY %‘)f’@ the
human) fdlllatwrfg&mgimu&ﬁﬁ palhGEdnk S‘t@tocﬁ?cu&I&Q«ﬁlﬂ&tzaﬁﬁyaﬁ@fdﬁwdcﬁfeﬁ&g?m ﬁh(ﬂlélaﬁlé Goi})rus
sequenc nore identit % . 70% 75% %
555 - oosurelibecbdutdsd e Shybnissey ighots. Yot s o gy g0l 601 ML
SEQ 20 N&sd0u nieRingaidth] and palanfimemprvirss.ng a fragment of at least 'n'
consecutive amno acids of SEQ 1D NO 12, wherein 'n' is 7 or nore (e.g. 8,
10, 12, Addtherl6ype 18 prfsrredScondfdsitidh, 1né|lees5ﬁLrth610 antidens Gtbm QﬁcterleOQissoﬂ:ﬁQd QQH’

250 nor e sas elns i ari.gnts o

r o rraeor%ﬂgalﬁaﬁf%onafanﬂ o s BT e v e Respovies S g

pr ef er r ;xdref I‘aﬁt@éﬁsﬂtfkonh athk fmnewmg m&ammq)aﬂxogaﬂs Ceosgidii2b digndé, On@depiiaope

of SEQ I D NO t.er.m na SEQ ID NGO 12 can

usef uIQI TS %‘tmedﬁ “f!r{“’”f‘ i3Pd X‘?}“tf‘«i“t“%l r?*hﬁ%‘f“‘c ‘?ﬁcﬁc{"%’&c&é of QSEQ | D NO. 12
f L1y b tted, t t t

o ookt o b P Wl RSP L RS

bi ndi ngggaeal, @hdconcéntratibre oNGH Qi GR2Mmtigdn wilinbeesyffidicht SANIHS0 00816 rﬁpﬁhsbagainst

am aci d sequence SEQ ID NO 13 (3:88194575). In the Newman strain it is
iy ”(“E%&‘lslzzogm) .

As an alternative to using proteins antigens in the composition of the invention, nucleic acid encoding
the antigen may be used [e.g. refs. 120 to 128]. Protein components of the compositions of the invention
may thus be replaced by nucleic acid (preferably DNA e.g. in the form of a plasmid) that encodes the

protein.

30  In practical terms, there may be an upper limit to the number of antigens included in compositions of the

invention. The number of antigens (including S.aureus antigens) in a composition of the invention may
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WO 2011/ 051917PCT/ 1B2010/ 054934 Useful enp antigens can elicit an anti body
(e.g. when admnistered to a human) that recognises SEQ ID NO 13 and/or
may conprweeormsgt’no aci d sequence: (a) having 50% or mROTABRden3d3y (e. Q.
60% 65% 70% 75% 80% 85% 90% 91% 92% 93% 94% 95% 96% 97% 98%
99% 99.5%or nore) to SEQ ID NO 13; and/or (b) conprising a fragnent of
at | east 'n' consecutive amno acids of SEQID NO 13, 5 wherein 'n' |s 7

o 7ol s s 1< 807 B 0 i BB
| D NO 13.leRriehel?s s thaadraess $hanf10( b}s thanprleseahars, ég36 thapd, fesﬂha@ﬁ@eﬂsmlm
13. Oh referred .am

1 o DR BRg RY R0 RS, Fe i TAEPTLOR AR U8 Ry Pl

nor e aniess)thamﬁdsss@eng or]lessﬁ)ang, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or nore)
fromthe N-termnus of SEQID NO 13 while retaining at 10l east one

epi t 9pe pRhrmlesdiddd Mdpodidons @ wdthosls 26 N-termnal am no acids of SEQ ID NO
13 can usefully be omtted. O her fragnents onit one or nore protein

domai ns Thesmeentmnnrgvides procpsses 1@ ppRering PhyrmagpsiEeal compesiipant QMpFisingdie frpof

13 (" EnR3a ERRRHarid4of, the EME3B0s angd ik Zt%nMJf bGsRLot Wwrel
sdrD 15Th1eé[@drlgo ant |:éen4?fsthgnnot a<t) gélptm @ 1{ fﬂér ot a.l o Qﬁ?e NCTC(:U%%ZS

strain g]éﬁr@aqegtu@l&mﬁg@ lgpaggier. Typical “p armaceutlca y acceptab carriers mclu any carrier
that does not itself induce the production of antibodies harmful to the individual receiving the

10 composition. Suitable carriers are typically large, slowly metabolised macromolecules such as proteins,
polysaccharides, polylactic acids, polyglycolic acids, polymeric amino acids, amino acid copolymers,
lactose, and lipid aggregates (such as oil droplets or liposomes). Such carriers are well known to those of
ordinary skill in the art. The vaccines may also contain diluents, such as water, saline, glycerol, efc.
Additionally, auxiliary substances, such as wetting or emulsifying agents, pH buffering substances, and

15  the like, may be present. Sterile pyrogen-free, phosphate-buffered physiologic saline is a typical carrier.

A thorough discussion of pharmaceutically acceptable excipients is available in reference 129.

Compositions of the invention may be in aqueous form (i.e. solutions or suspensions) or in a dried form
(e.g. lyophilised). If a dried vaccine is used then it will be reconstituted into a liquid medium prior to
injection. Lyophilisation of conjugate vaccines is known in the art e.g. the Menjugate™ product is
20  presented in lyophilised form, whereas NeisVac-C™ and Meningitec™ are presented in aqueous form.
To stabilise conjugates during lyophilisation, it may be typical to include a sugar alcohol (e.g. mannitol)
or a disaccharide (e.g. sucrose or trehalose) e.g. at between 1mg/ml and 30mg/ml (e.g. about 25 mg/ml)

in the composition.

The pharmaceutical compositions may be packaged into vials or into syringes. The syringes may be
25  supplied with or without needles. A syringe will include a single dose of the composition, whereas a vial

may include a single dose or multiple doses.

Aqueous compositions of polysaccharides of the invention are suitable for reconstituting other vaccines
from a lyophilised form. Where a composition of the invention is to be used for such extemporaneous
reconstitution, the invention provides a process for reconstituting such a lyophilised vaccine, comprising
30 the step of mixing the lyophilised material with an aqueous composition of the invention. The

reconstituted material can be used for injection.

-17-



and has am no acid sequence SEQ ID NO 18 (G :88194325). Useful sdrD
antigens can elicit an antibody (e.g. when adm nistered to a human) that
recogni se§0SEQ/ASDINO. 18 and/ or may conpri se an am no a®Ca/IBEguessodt (a)
having 50% or nore identity (e.g. 60% 65% 70% 75% 80% 85% 90% 91%
92% 93% 94% 95% 96% 97% 98% 99% 99.5% or nore) to SEQ 20 ID NO 18;
and/ or (b) corrpri sing a fragnent of at |east 'n' consecutive am no acids of
SEQIDEJO }t\lnreln"ls7or nore (e.g. 8, 10, 12, 14, 16, 18, 20,
25, 30, é”o"e”ﬂﬁ” ‘8% 60, 70, 80, 90, 100, 150, 200, 250 or nore). These sdrD
pr ot ei ndsinmmkiogkd abavd, amt Sr mrﬁorSE@tHeDSN@"euiantlgéne‘pzer bee thefudedy meeringpositioffshdf the

o Tor o T3 SieR 1P ARieehe TP BEeioR il syrchouild et B Bha P (IR 06 207
38 C-t ensricmaier gniteios doi dsnugatGSEc@ e N@pntms, camenpafeind yorbethemicertjegdtesThe as

first sg. M n@.ggtga euﬁgﬂt sacg G502 sadrnRid %m%m%@ayc%m %&% Hle! Yc g (%mférto‘ﬁ%r

O her frag nore protein s hatural I ong
pr ot ei ncqmtga@@Otanuwfedfw(a@ar@masﬁgess very hel pful e.g. for puri f| cation,
handl i ng, fusion, expression, etc. 30SEQ ID NO 19 is a useful fragnent of
SEQ | D Blitabk8 S(dubahs D&8ctagiade )antigdnis s intludgntbat exopdyuddsridh eofmSgtreex pobighl is a
dormai n (E %ggég{ﬁ%gco,szﬁmﬂp I{fl?N&éflTthS V#%ﬁg%cﬂ%%‘cﬁenls rpogé{'ﬁtng logtk SShi ug'an!i tS.e }a'?ignidis

reduces"the antigen’s si teins not her usefu
f r agmenend euntte isdiged Gom edlhcreaomcn 301841 dioe eXan@@d’NE@lmy %9 dsofaigdsimork dowrevas

Sdr B I\BstraﬁlleI\ES% g@Z]d 2R sacc‘ﬂ%@e%% %%J'IZAD %61}5@%9?}9&%%%%@ Ha t-ﬁtc;'tearls%ocﬁlrmg

ant|gen I's annot prote|n strain s
i s SAOUSEicato6 of alwdemglyaawmdacfmﬂ éve@fareandé iSE®Y by N@pma‘(c@rid%@@s%gy

In the je toh bRkdh 'a%oly%ac@maaQQSglze(c%l m%%%@l@@kﬁ' th betwsH BlkhdSobiedd)s

express t structural gene or spa, char act erized virul ence
fact or Qh‘éﬁ‘éee@ellol angg PkDa 9E Kb e @maﬁ a@és Eh%ﬁaéFerB? atigen canghave viroupdegiesp of

honol ogRUR ety BN Qs.bdékdrfbe@!nﬂ‘éfel‘&céj pfgathemks@ Bé R6S tRan 48% ﬁacayla@a@e g less

[142}1 Thesé donai ns splay -80% i dentity amno acid | evel go
r 8gn dgeld: P 1p elr?gqrﬁ % Ié[r?életé‘@@d{ﬁea%?ﬁﬁl%%‘blmﬁé(}t‘%‘a‘éh‘}%ﬁé SPEIAPTR@‘]M@&& is

synt hesigRdesast FNAT 8S1UEIRA antiodles kat wetchpam dﬁ'rﬁe@faﬂh%:@ésoﬁb Gnedg. nrs@pﬂeg@atwﬁd)fa
C-termnal sortin 'l -an

o eat | BHONAGE LesOoSHE FIOAE gy o B AT P 4 Bore SR s nf B Pro-

i mrunoghRbil iaftd Rinnetiveg 1&9@%% 28, ¢ONIRTEA, Qfora(ml% Frafegiihe’] BhchPNAGemay bat
assenble i.nto a three h iéaiéndl and can. bi nd he F¢ donmmi n of

i munogPYBIEAte fqr"d‘?‘é)m ayeribed pboyg of alfernallvely InoonIVERIEy of | gM (i.

the B cell receptor) [154], the von WI | ebrand factor at its A g

[ 153 afapBer %“H%blerﬁlﬁ”’j?fs ﬁ@e%ldeﬁnﬁ'geemﬂm typq 3eqntisgihepeh; is adi-in @@&Saﬂme
sur f acegithfhoa- awatﬁ)al[uisen@ Tﬂéb}@ebgﬁ ara;gan aNdrbPeBRtiCARitR bhtﬂdoﬂxe@-fhls%ﬂtagzbﬁ)iﬂy
(e.qg. \rArg’l%n admi nlz‘% (ég %@4 guman recognj ses .SEQ ID NO .21 a [
may conPFi B8 SR HoC atpttsd Eé)‘ﬂf’eB %\‘)t‘gﬁ%\?i‘ PPEEW PP R FHER: f“P(flC‘(‘éaé
60% 65%scr7&%ab3\&%)raﬁ&%tlv8§%nc&@9@te91% 92% 93% 94% 95% 96% 97% 98%
99% 99.5% o or nore) to SEQ ID NO 21; and/or (b) conprising a fragnent of

at |eas Smta'Me Sanere gf‘o‘té«ﬁe afiidend 1@ﬁld@5th@ffolﬁ5@1é @ab@us 2dtigeW @6r€ariger}’ confprifingr
nore (e, g 10, 1 14, 16,

20, 4
10025 156nmmem%é@s@elaﬁs) Besd) [erﬁe%es g aenﬁﬁso {35 Iﬁ*él /g%ﬂéd%ha%aﬁuaﬁw GP“%E‘Q
I D NO Z&tolﬁf@@foﬁ@dnma@g@amg& Bihdio® protaNPANSEbIS) GRRDUDRR, HEparn Sﬁ@mg@r&@l

21. Oh pr fragnments é@\}g{; e anmn #\?H]?WE .

a5, ofiby (gDl T deceptor. SBGS, R dysd Toiwd e e MR Pl MEies 1093 or

nor e aWORGOWIndGRF%?.@, PBP4, RAP (RNA III activating protein), Sai-1, SasK, SBI, SdrG, SdrH, SSP-1,
SSP-2 and Vitronectin-binding protein.

30  Further suitable S.aureus protein antigens include a clfA antigen; a cIfB antigen; a sdrE2 antigen; a sdrC
antigen; a sasF antigen, a emp antigen; a sdrD antigen; a spa antigen; a esaC antigen; a esxA antigen; a
esxB antigen; a sta006 antigen; a isdC antigen; a Hla antigen; a sta011 antigen; a isdA antigen; a isdB
antigen; and a sta073 antigen, as described below. One or more (i.e. 1, 2, 3, 4, 5, 6 or more) of these
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1, 2, 3, 4, 5 6, 7, 8 9, 10, 15, 20,25 or nore) fromthe N-term nus of
SEQID NO 21 while retaining at |east one epitope of SEQ ID NO 21. The
final 35 wotermismalz ami no acids of SEQ ID NO 21 can 25Pa3aB210/g540%4
omtted. The first 36 NNterm nal am no acids of SEQ ID NO 21 can usefully
be omtted. Other fragments omt one or nore protein domains. Reference 157
suggests that individual |gG bindi ng domai ns m ght be useful imunogens,
g‘llo?esogrg}ﬁnlggga}s Ienp?:‘%]ser% acorg%osft)lo(r:l 8?1 hgllnﬁ/sent{ljl i ldff?f | an‘ur g‘%n%re]tllseo%” oﬁ%gnrlngew
domai nslahd, Untl wdesotehef mnsx:A eutpgas,e@desdBrmMgemfa s&@% alilttgea,l &Hlar aﬂ'@es stdfeé |
antlgen n O her useful fragnments may
1g§%aﬁ&/5@i§§d7?%n e]iét u&ggﬁ%@é\%%ge and/ or E dorrai ns. As reported
|n refe ence 1 ot her. .use fragnment s ma L ncl ud 0
t he nat Gf" ?a}&?p?esa CMASIERY EgheE‘“dS n‘ane PSP ﬁ?{'yo“{‘ C%B'ﬂ(’%ons 2
donmed n ButrenoproBirtamtiggnsor conpri se only the SpA(D) dOfTB.I n but not A, B, C
or E, etc. Thus a spa antigen useful with the invention -24- WO
2011/ 051917PGJ/ lB%@;&AO/aﬁk%93ﬂemByaﬂtﬂg€ﬂ 4kea0D6 aBdtiged, and @OHlaSankigée: Hihadi;ﬂg and
domai ns, but |deal nclu es type
of spa dOfTB.I n (e é%mrﬁens fiie usgtt V\ﬁ Com{)lgpA?SD’} B%’Pglrrrsp 9 eptldg i 1Sclunsfleg)gf}gw’rrore
t han one copy ofeg e Esxekﬁrhybrldewgh an%kBlaptleensﬂm(@eammﬁﬂrvSXA ran@gesl hig &lla
pol ypepti de Cha'dﬁtl e%rlnéﬂﬂz'avde%%ﬁtedmgg%élh&lﬂgEﬁ@s@%’w&@ﬁ‘ may be nutated
at 1, 2, 3, % or nore amno acids relative to SEQ | D NO
21 16 (e g. @ée Axe$xA arsrgen d1|°§é$ @gtug@g areirbiaotigenzand pestA0d L afigen. gihd /eorA aul of
domain D, at re%s@lenﬁg@naﬂﬁme combifd SOMBIHidholBeftide; asSUGhsFHHRRLS ¢ ghaul d
not renove the anti gmas ability to elicit an anti body that recogni ses SEQ
I D NO 21, but ¢ the antigen's binding to IgG In certain aspects

a Ep? ?nil gem)| n&ley&ezﬁn e URSER BMfgbﬁ)Ehdaet StAGB! aﬁr\@norhermm aRAENAB AGhds can
substitution in a i ng

and/or E that d|‘§?fﬂb§$ RGBS R L
nor & am no acid lsbbdtitution in a VH3 b| nd| ng sub-domai n of SpA domai n A,
B, C, D and at disrupts ot dec bi nd ertain
onbodi ment e (4 Vherdnin SR i ahiast “EHBRREE b b Ben 4 o by TERRL" o
7, 8, 9, 10 or rfﬂm@sm@mn@nﬁ%pﬂgd’mnmmbd)qnémeld@ea hybsé@olypeptlde T discesalC

antl gen i s annot e S
SAQUHSC_00264 an R i ¥ %’ g%ﬁ]% 2%‘%“@’52%%%%@(5& %yngé 3 &%&%é& "8879%860) .

Useful esaC antllg‘é%“&amﬂpﬁi‘@ﬁm&n anti body (e.g. when administered to a
hurgp) that §5§3C0/9 @E)é\e%tégxgé Qxﬁ@mﬂ%e'ﬁ A9/ afa dﬁﬁé’en‘é%@@%%x%ear@%s?ﬁ]aﬂ@ oA 'Cg‘l
0

sequence: (a havrn nore | tity (e. % 5% %o, 80%
85% 90% 91% @%Cogw%e P50 hglutd, p@srmpﬁgﬂa%s Yyygscddelgy), §ig ﬁo%%r\Bto
SEQ I D NO  23; aryﬁ{l@rrh(etm)la S0P gy BPa detdyiAgMthntRfg. &kluﬂﬁ@&tH%D mugaRsecut i ve
am no acids of SE IDNO 23, 20 wherein 'n' is 7 or 8, 10, 12,

re :
14 16, 18, @, il 3pticoasa 08 spiesoand znsagly. angigen. 1B G %ﬂger majf[Pg b
esaC proteins |rttetdxﬁ‘edwananaagslndﬁd18§QHBﬁl Mwxatid®. Preferred fragnents of (b)

co i se an itope from SE her referr dfra ment s ck one
o R o am o) ack 94 angiengind <8 gt e gRgimdgtssiGniiggd 5P ofig e
nore) fromthe Gotmbingtl aushybinid/polypenide,cis drsmseedaﬁidmoe@camlésxAB hybrid., 2, 3, 4,

5 6, 7, 8, 9, 10,
(8) A esxA antigen, a esxB antigen and a sta006 antigen. The esxA and esxB antigens can

usefully be combined as a hybrid polypeptide, as discussed below, e.g. a EsxAB hybrid.

(9) A esxA antigen, a esxB antigen, a sta011 antigen and a sta073 antigen. The esxA and
30 esxB antigens may be combined as a hybrid polypeptide, as discussed below, e.g. an
EsxAB hybrid.

(10) A sta006 antigen and a sta011 antigen.

Further Staphylococcus aureus antigens are disclosed in reference 145.
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15, 20, 25 or nore) fromthe N-termnus of SEQ ID NO 23 while retaining at
| east one epitope of 25SEQ ID NO 23. O her fragnents omt one or nore
protei n cwoRINNS193XA The 'esxA antigen is annotated aPCTOBUWI@DFHI34 I n the
NCTC 8325 strain esxA is SAOUHSC 00257 and has am no acid sequence SEQ I D
NO 24 (G :88194063). Useful esxA antigens can elicit an antibody (e.g.
when adm ni stered to a human) that recognises SEQ ID 30 NO 24 and/or may
conpri s ¢RN am no acid sequence: (a) having 50% or nore identity (e.g. 60%
65% gh*?S% 80% 85% 90% 91% 92% 93% 94% 95% 96% 97% 98% 99%
99. 5% offherocl®)' ttigSkrQsl BrN@ted24s ‘aldporg  fisjorcdhmpin shaagNETE r giPrestrainf clgy is

I
more. (e aOtBRRE g 5Ra Y MR EaRiy oSO B 6L @l tOERE Byl o,
nore). ‘Ehwm_OZB&(GI\I\mmm&mSlQl?PCT/ 1B2010/ 054934 esxA proteins include

variants of SEQ ID NO 24. Preferred fragnents of (b) conprise an epitope
f r ons SEQsdfld dﬁ@l arﬂn@ens@ﬁi‘léﬁmtp&’n&fnebd@de gr\a@mﬂhmlitaedktmlmnmn) that ecanisexoSE IS

é_et gr i ﬁgz ! a{lﬁgpr f[na% Rom%rrl.se A8 ragllrg rack (P Seg%enae 2(% havmg%’b"/«?orr egre Ec{e?lg’gyt(gg 6})%,§5‘%§
10, 15, 7@%, 752/5 80%, BE.EX0%, Db 9276, INYE, 84 %6 f?ﬁ%, %%, SER 980, IQ@%), 991 5%tor hnere) to SEQ
I’ et ai ni pe ne
0l AU P SRR R LR
I n t he NEFEN882567 et maier(e.es&BOj £, SACHISE 2@02$50a3fﬁ;i 4p.ax), &t 7808w ED.dl 09e bfide Ak

SE D 7 . I, G ib

Gt Db B ety TR oSl SREROGE SOOND SRS a0
may conpymise amepitvipadromcti d ek dethef pipforyad ifnqgn@m%ad? ofgpr gndrelaminp agidg @.4y.
60% 654, 100 4%, BYY L1620, Ht B2¥61c 38 015 o0 95T L 500
99% 99.5% or’ horé risin f ragment

at |east 2.8 4ac5@ﬁsb(§u?>| I\Pel%lrﬁon%ﬁ efaners) %‘?m QE@W@YHN@S OggE 1nWh1h°~' re‘iaglmg Bbr
nor e (st offe e;;hQ)pe dZSEd o NS 1. 1S ﬁrx%93682(5’-’ter1%91a1 ARino ﬂgds &QSE(?@ NGOy cﬁﬂjseﬁﬁy

100 or nore). These esxB proteins_ include variants of

Prefrr éfdomfté@gnﬁh% §r%f39(167ter@mblam§@ #iflsedfi YD NS: fer@musﬁ@jlx be N@lﬁezls Other

Q her prrgdnisesinil sRUTBINS rbﬁ%o@ﬁﬁlsor nore amno acids (e.g. 1, 2, 3, 4, 5,
6, 7, 8, 9, 10, 15, 20, 2% nore) fromthe C-term nus and/or one or nore

am no - agp@sy Rodo lgta u%efuiﬂ ﬁ%éneré 1of@EQ7ID &0: % (éQA4015g) s flrgm@hts TRAS knd g
the N-term nus of l'e retai ning at l'east one epitope of SEQ
ID NO %Ctlt&eﬁ@iomp‘é@rﬁfeﬂl‘?§ @ﬁﬁ“@ald)r%E@rIDrﬁB(Pel protein domai ns. sta006 20The
'sta006' antigen is annotated as 'ferrichronme-binding protein', and has

al so bedfBreferred to as ThuD2' in the literature [158]. In the NCTC 8325

Stragn %@09%' §ntwg}q—sg%§e%4 22Nt MR BC' 91 %&q Q LAilNQ PG5
(4 :88196199 Newman strain 1t i s nwm &ﬁ 151222397) Usef ul
st a006 anNPY 0%9&5 aéql hasi amipgmacihseapngy SEQ. 1. N%@GI&& 6382 brtbeNewman #airaih)

that regQRis85o3ER15220831)26 and/or may conprise an am no acid sequence:
(a) haV| ng 50% or nore |dent|ty (e.g. 60% 25 65% 70% 75% 80% 85% 90%

91% ef%?tbﬁ)a A ns%éx/%hc%@an% ﬁ{g (gg%%rhe%%d?nngs%erg’%oq hd?ﬁ%??haﬁ%eo?ﬁ@es' KD
26; and or rising a frag consecut i am no

aci ds oNOSE@nql/@" m@y coeprisgign winy acil seiqeenge: dp) hnying 50%. ¢ m@e idpptity (22 Mo, 658,
18,220, 7¢2, 7539’80%585%@0%5@1%6@2%,7@% 8y, &é% 915‘%997%5%% %@% 9258 o%of@E&QEQ

These st a006 proteins include variants of Preferred
f r agment3 N&¥: 3¢ Byd/ergihpomsrising ahirgnengt of %td?ﬁSSquwcme azeno etitrer! PN

fr agﬁentvﬁerlaﬁalk iON6r ﬂﬁre@%% ,aal Dp 1430, agi@s24 80935, 4o, 5, 68.70480, 90, W0, 150, @00 9
10, 15, 20 or _nore romthe C-termnus and/or one or nore am no acid

(e.qg. 1 020r goreA Tgese@ fB7proga1n591nclE@p Va]_rgmtszqf SHg IQrNﬁ)D@e)Prqu?rfﬁﬁl] fraganents of (b)
N-t er m gdagorRe ﬁ%%?@fm SEAP IWMNIC: 8. OffeRprdfeR@d ﬁﬁgrh&ﬂlﬁltacl@&@ &mdr@ﬂﬁm@facﬁﬁ@ 4D
NO _ 26. The fi m nal am no aci ds, of SEQ P

2013 05k61 3FCT G81/1B5k0 30 2ok TSN (e Eetelawsta@a or eienOérmqr? %njwa AEEs 61 t

one or m,8, Hruter, . domai 50, Misrahdref BEMBheal-t&Hhafld 6f SE@ ID eyt wigllel rBtaining at

reference 159. A st e ted e. i cyl at ed
Nt o m e oby Gpef TR RENG: S g Bbat 1 clePaafing sl hRUBROC - Sy
' prot ei B omitfed! ke NEST@48328msdat amihol &S ¢fSSERATDHSC: 818 Zisefity basmitkedamiliee
acid sequence SEQ ID NGO 27 (Q: 88194832& Useful 1sdC antigens can elicit
an anti body (e.g. when adnministered to @ hunman) that recognises SEQ I D NG
27 and/ or may conprise an am no acid sequence: (a) having 50% or nore
identity (e.g. 60% 65% 70% 75% 80% 85% 90% 91% 92% 93% 94% 95%
96% 97% 98% 99% 99.5%or nore) to SEQ ID NO 27; and/or (b) conprising
a fragment of at least 'n' consecutive amno acids of SEQ ID NO 27,



10 wherein 'n' is 7 or nore (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35,

40, 50, 60, 70, 80, 90, 100, 150, 200 or nore). These isdC proteins include
vari ant s WO 28HQ5ID7NO. 27. Preferred fragnents of (b) cecpABRa0/6539%pi t ope
fromSEQ ID NO 27. Oher preferred fragnents |ack one or nore am no acids
(e.g. 1, 2, 3, 4, 5, 6, 7, 8 9, 10, 15, 20, 25 or nore) fromthe

C-term nus and/or one or nore am no acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9,
r1 gt a.l ﬁ. ﬁég%’l%“?ﬁ Qulkene g "rel%r"m“ ‘F’g“a‘e“so Eéa ‘@Iﬁésﬁ%pmﬁ?‘q“fl%? \m'f’ggf fragments
C-t er m nndklpéregofoapurdsatén, Eﬁ@hh@ﬂn@m 2presainugef ul |y be omtted. The first
28 N-termnal amno acids of SEQ ID NO 27 can usefully be omtted. O her

f r agmenseQami NOoMés ® hsdﬁﬂrf&gﬁfe@lt &l SEQ@ dmm M3 (‘OB )f rag figihent dficlidesl Breanest

di scl osed i efere Ref er ence d| S efully
ol ude RS FORTROPH it S SRE Pat 1 AsGRn R AR, EERL

" al pha- fisitdity svith [unesUsrsoins. (atlhsmuskfmd)\maglamts dhehd aontao3domaiomaleingl §IfB, include:

" henol y e NCT St ag S 01121 an 1g4]

aci d_seqliBice QRTINS OB SEh D E ) e ettt o PR
nwm_ 10R0: 6)hndlGITR 212850 kidiven dsCIAR-NITSaAIBMNONV)r ul ence det er m nant
produced by nost strains of S. aureus, having pore-form ng and haenol ytic
activitrEANti H a anti bodi es can neutralise the detrinental effect s of the
toxin in ani sl trcu ro 9
agai nstﬁﬂ)en@(hﬁ%nﬁngoendgé?nq%aqﬂ ' Ser{tllfsé’erhs cbélrrllo%elnﬁ)m %lSla pro{%n ]%m((ijmg e em 9/\#% n
adm i sthe Nedntao s@aih sdri js NWMN r0S2H g lmeamﬁﬁ@cﬂdlﬁech@lce%?mNﬁr 8 (@Iyl 5d®2tﬁ|37)s e

an am no acid sequence: (a) having 50% or nore identity (e.g. 60% 65%
70% 75UsefBOUE8DUzeRQ% eBditan 8R2%odyO@% wﬂiéﬂ/@drﬂiﬁ&’oereﬁ&e/qa Htin) @8Uecd@fles Y 5%

or nore NO 28:. and/or ( ris a rret of east,' n
consecult 00 Bl s iptis SRt Risoiadd SRt 3P SPPRT Mowe ey |G Fbos
(e.g. 865%000%d Z5%] 80%1&%,18%, 20%, 2B, BO%, 93%, 989, 930, 976@,98%09998,(9,9.%9r hoR)
150, 200, ese H. a ot e| de variants .of S

28. Pr etroe gigj ?\I Oagrg)rr%rrll%/or (-o{;? C?‘BF}”SI% ;Pﬁ & anf ?etr]lats{J - Secut“@lf@l '?(ba%%flfgd\%
O hier pNef rwledid maig fenterd @eks8, dr@elz;r14,nkﬁge8 am 2503@;66114;0 6@.64, 70, 9 90, 100, 150,

2011/ 052'0%1 ZF(EA_II rég%s) 1[911&:5% sﬁ%n%;wemg ’1nc"12’ude41ar1§fts (@f SE7Qrl I]§ NC? C§ %%fenjeé ’frfglglintg gf @)

nore) from termn 0 acl
5, 6, 7¢on®ris®an dtope from SEQ ID NO: 8. Other preferred fragments lack one or more amino acids (e. g

1,2,3,4,5,6,7,8,9, 10, 15, 20, 25 or more) from the C-terminus and/or one or more amino acids (e.g.
1,2,3,4,5,6,7,8,9, 10, 15, 20, 25 or more) from the N-terminus of SEQ ID NO: 8 while retaining at
20  least one epitope of SEQ ID NO: 8. The final 38 C-terminal amino acids of SEQ ID NO: 8 can usefully
be omitted. The first 52 N-terminal amino acids of SEQ ID NO: 8 can usefully be omitted. Other
fragments omit one or more protein domains. SArE2 is naturally a long protein and so the use of

fragments is very helpful e.g. for purification, handling, fusion, expression, efc.

SEQ ID NO: 9 is a useful fragment of SEQ ID NO: 8 (‘SdrEss.632°). This fragment includes the most
25  exposed domain of SArE2 and is more easily used at an industrial scale. It also reduces the antigen’s

similarity with human proteins.

sdrC
The 'sdrC' antigen is annotated as 'sdrC protein'. In the NCTC 8325 strain sdrC is SAOUHSC_00544 and
has amino acid sequence SEQ ID NO: 10 (GI1:88194324).

30  Useful sdrC antigens can elicit an antibody (e.g. when administered to a human) that recognises SEQ ID
NO: 10 and/or may comprise an amino acid sequence: (a) having 50% or more identity (e.g. 60%, 65%,
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or more) to SEQ
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15, 20, 25 or nore) fromthe N-termnus of SEQ ID NO 28 while retaining at
| east one epitope of SEQ ID NO 28. The first 26 N-term nal am no acids of
SEQ | D Nowo2si1igemiasef ul |y be omtted. Truncation at t h@CTABEMHIFIGS can

al so be used e.g. leaving only 50 am no acids 5(residues 27-76 of SEQ ID
NO 28) [161]. O her fragnents omt one or nore protein domains. Ha's
toxicity can be avoided in conpositions of the invention by chem cal

i ti i . i f. deh d

or oss. 1 ThREAOadige D olitd A GEy dies! A En e Publo B PST SEQ NGt
forns ofvhékia ‘it Thr merav.e. 8,119, tDANUCIEESE,i120] 234 30n34, a0,y a0, rviongp, 90,5100, 150, 200,

i t h d d t

uset ur it S ibiey ohfi SR il e et i TRNQERR e el REsrRGly o S,
IS resi cngpridd amépltobefmmtﬂﬁ@f[h]‘iol de rOt(lar peefereddtfemgments tack nge drimgoré kmgib a2i@s (e.g.

N- eg m ?ai 36‘4“5”8’ 7a%| &@}) 15T9H§5ro$er aegq’ro hn%ytgﬁlnﬁ]&us aﬁd/m grge (%Inyo?e arg{;&g Eﬁy(e g

i nst'ead bé k.’ nut at'i
posi ti oh Lam, él, Qo7 659 useld, 2@@:5 oemnq)lﬁ@m BEQ-tbDiNG of SEQ 1D Tﬂ@el(}mhltﬁrretalmtgamt

H a- H35 1. H
4 ng ul %ﬁ gutﬂ%s'gﬁﬁcfpegcﬁds@ ‘1'126}\{1(2” %1 d"l lgxggfﬂ\%l ggrté&ﬂmgﬂ ko 35& bPs ID2§IO %% er
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5 6, 7, 8, 9, 10, 15, 20, 25 or nore) fromthe Cterm nus and/ or one or
nore amno acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or nore)
from t he wotermismug of SEQ I D NO 43 whil e retaini ng at PCITaB2N10/053034epi t ope
of SEQ ID NO 43. The final 38 Ctermnal am no acids of SEQ ID NO 43 can
usefully be omtted. The first 46 N-termnal amno acids of SEQ ID NO 43
can usefully be om'tted 20 Truncation to exclude the Gterm naI 38rrer of
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10 least one epitope of SEQ ID NO 13. The first 26 N-terminal amino acids of SEQ ID NO: 13 can

usefully be omitted. Other fragments omit one or more protein domains.

SEQ ID NOs: 14, 15, 16 and 17 are useful fragments of SEQ ID NO: 13 (‘Empsssq0’, ‘Emparssd’,

‘Emp35_334’ and ‘Emp27_147’, respectively).

sdrD
15  The 'sdrD' antigen is annotated as 'sdrD protein'. In the NCTC 8325 strain sdrD is SAOUHSC_00545
and has amino acid sequence SEQ ID NO: 18 (G1:88194325).

Useful sdrD antigens can elicit an antibody (e.g. when administered to a human) that recognises SEQ ID
NO: 18 and/or may comprise an amino acid sequence: (a) having 50% or more identity (e.g. 60%, 65%,
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or more) to SEQ
20 ID NO: 18; and/or (b) comprising a fragment of at least 'n' consecutive amino acids of SEQ ID NO: 18,
wherein 'n' is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200,
250 or more). These sdrD proteins include variants of SEQ ID NO: 18. Preferred fragments of (b)
comprise an epitope from SEQ ID NO: 18. Other preferred fragments lack one or more amino acids (e.g.
1,2,3,4,5,6,7,8,9, 10, 15, 20, 25 or more) from the C-terminus and/or one or more amino acids (e.g.
25 1,2,3,4,5,6,7, 8,9, 10, 15, 20, 25 or more) from the N-terminus of SEQ ID NO: 18 while retaining at
least one epitope of SEQ ID NO: 18. The final 38 C-terminal amino acids of SEQ ID NO: 18 can
usefully be omitted. The first 52 N-terminal amino acids of SEQ ID NO: 18 can usefully be omitted.
Other fragments omit one or more protein domains. SdrD is naturally a long protein and so the use of

fragments is very helpful e.g. for purification, handling, fusion, expression, efc.

30 SEQ ID NO: 19 is a useful fragment of SEQ ID NO: 18 (‘SdrDs3.592"). This fragment includes the most
exposed domain of SdrD and is more easily used at an industrial scale. It also reduces the antigen’s
similarity with human proteins. A nother useful fragment, with the same C-terminus residue, is SdrD3o4.
so2 (also known as SdrD-N3; SEQ ID NO: 20).
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Useful isdB antigens can elicit an antibody (e.g. when adm nistered to a
human) that recognises SEQ ID NO 45 and/or may conprise an amno acid
sequence:wap1hwing 50% or nore identity (e.g. 60% 65%CTAB2L0/TEIG4 80%
85% 90% 91% 92% 93% 94% 95% 96% 97% 98% 99% 99.5%or nore) to
SEQ I D NO 45; and/or (b) conprising a fragnent of at |least 'n' consecutive
am no acids of SEQID NO 45, 5 wherein 'n'" is 7 or nore (e.g. 8, 10, 12,
14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250 or
nore). ¥#fese isdB proteins include variants of SEQ ID NO 45. Preferred
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| acki ng, |
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S D e A S
Willebrand factor at its A1 domain [155] and/or the TNF-a receptor I (TNFRI) [156], which is displayed

on surfaces of airway epithelia.

15 Useful spa antigens can elicit an antibody (e.g. when administered to a human) that recognises SEQ ID
NO: 21 and/or may comprise an amino acid sequence: (a) having 50% or more identity (e.g. 60%, 65%,
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or more) to SEQ
ID NO: 21; and/or (b) comprising a fragment of at least 'n' consecutive amino acids of SEQ ID NO: 21,
wherein 'n' is 7 or more (e.g. 8§, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200,
20 250 or more). These spa proteins include variants of SEQ ID NO: 21. Preferred fragments of (b)
comprise an epitope from SEQ ID NO: 21. Other preferred fragments lack one or more amino acids (e.g.
1,2,3,4,5,6,7,8,9, 10, 15, 20, 25 or more) from the C-terminus and/or one or more amino acids (e.g.
1,2,3,4,5,6,7,8,9, 10, 15, 20, 25 or more) from the N-terminus of SEQ ID NO: 21 while retaining at
least one epitope of SEQ ID NO: 21. The final 35 C-terminal amino acids of SEQ ID NO: 21 can
25  usefully be omitted. The first 36 N-terminal amino acids of SEQ ID NO: 21 can usefully be omitted.
Other fragments omit one or more protein domains. Reference 157 suggests that individual IgG-binding

domains might be useful immunogens, alone or in combination.

SEQ ID NO: 22 is a useful fragment of SEQ ID NO: 21 (‘Spas7.325”). This fragment contains all the five
SpA Ig-binding domains and includes the most exposed domain of SpA. It also reduces the antigen’s
30  similarity with human proteins. Other useful fragments may omit 1, 2, 3 or 4 of the natural A, B, C, D
and/or E domains. As reported in reference 157, other useful fragments may include only 1, 2, 3 or 4 of
the natural A, B, C, D and/or E domains e.g. comprise only the SpA(A) domain but not B to E, or
comprise only the SpA(D) domain but not A, B, C or E, efc. Thus a spa antigen useful with the invention
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I D NO 46 and/or may conprise an am no acid sequence: (a) having 50% or
nore identity (e.g. 60% 65% 70% 75% 80% 85% 90% 91% 92% 93% 94%
95% 96%WO201/B8UY 99% 99.5% or nore) to SEQ I D NO 4@CTARUNODNS4OH)
conprising a fragnment of at least 'n' consecutive am no acids of SEQ I D NO
46, wherein 'n' is 7 or nore (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35,
40, 50, 60, 70, 80, 90, 100, 25 150 200 250 or m)re) These sta073
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apparent to those skilled in the art. If X1 lacks its own N-term nus

nmet hionine, -A- is preferably an 150l igopeptide (e.g. with 1, 2, 3, 4, 5,
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sequential steps, the invention can also provide a process involving |ess
than the total nunber of steps. The drfégrent steps can be perfornmed at
very different tines by different peopl€’in different places (e.g. in
different countries). It will be appreciated that sugar rings can exi st
in open and closed formand that, whilst closed forns are 30shown in
structural fornulae herein, open forns are al so enconpassed by the
invention. Simlarly, it will be appreciated that sugars can exist in
pyranose and furanose forns and that, whilst pyranose forns are
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WO 2011/ 051917PCT/ 1B2010/ 054934 shown in structural formul ae herein,
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pol ysac cieml iedC arftiggay @n élidhavaitibdiy (elgewhaaddnsiistered urzehlm‘lanp ket peqiniseogiQ tan

of S. au ba ed on references 197, 198 and The e
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in Figurée bal flerence |ons
r at i@nawbertrn' ihEonvaore (aig SGﬂsz@ bf 16 hi8s2Gy@6 hHidd3are, iﬂeé@rﬂObw 99,0 07 alsI0£200: or

Vo 2011%%15%9@17 Cléé?ﬁ%@{ Bé?tc?e var Qcﬂ)tﬂ@@. B%?ér%ﬂ?la%m?@%ﬁ@g@%m% fsQUh D
on sl ates act cent ugalon rvest of cells ction wth
Lysost apitiope from SEQ;;IMOOW ngb@swdgmdrfragmms lagk ghg oraporg@ a@ino acids (e.g. 1,2, 3,4, 5,
6,7,8,9,10, 15, 20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1,2, 3,4, 5,
6,7, 8,9, 10, 15, 20, 25 or more) from the N-terminus of SEQ ID NO: 27 while retaining at least one
15  epitope of SEQ ID NO: 27. The final 39 C-terminal amino acids of SEQ ID NO: 27 can usefully be
omitted. The first 28 N-terminal amino acids of SEQ ID NO: 27 can usefully be omitted. Other

fragments omit one or more protein domains. Useful fragments of IsdB are disclosed in reference 165.
Reference 160 discloses antigens which usefully include epitopes from both IsdB and IsdH.

Hla

20  The 'Hla' antigen is the 'alpha-hemolysin precursor' also known as 'alpha toxin' or simply 'hemolysin'. In
the NCTC 8325 strain Hla is SAOUHSC 01121 and has amino acid sequence SEQ ID NO: 28
(G1:88194865). In the Newman strain it is nwmn_1073 (GI:151221285). Hla is an important virulence
determinant produced by most strains of S.aureus, having pore-forming and haemolytic activity. Anti-
Hla antibodies can neutralise the detrimental effects of the toxin in animal models, and Hla is

25  particularly useful for protecting against pneumonia.

Useful Hla antigens can elicit an antibody (e.g. when administered to a human) that recognises SEQ ID
NO: 28 and/or may comprise an amino acid sequence: (a) having 50% or more identity (e.g. 60%, 65%,
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or more) to SEQ
ID NO: 28; and/or (b) comprising a fragment of at least 'n' consecutive amino acids of SEQ ID NO: 28,
30  wherein 'n' is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200,
250 or more). These Hla proteins include variants of SEQ ID NO: 28. Preferred fragments of (b)

comprise an epitope from SEQ ID NO: 28. Other preferred fragments lack one or more amino acids (e.g.
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filtration was carri aS|n|cate
2011/ 05 1@457P@T115|@d}@0¢b§149314t be histidine, and may instead be e.g. Ile, Val or preferably Leu. A

His-Arg mutation at this position can also be used. For example, SEQ ID NO: 29 is the mature mutant
Hla-H35L sequence and a useful Hla antigen comprises SEQ ID NO: 29. Another useful mutation
replaces a long loop with a short sequence e.g. to replace the 39mer at residues 136-174 of SEQ ID NO:

15 28 with a tetramer such as PSGS (SEQ ID NO: 30), as in SEQ ID NO: 31 (which also includes the H35L
mutation) and SEQ ID NO: 32 (which does not include the H35L mutation).

Further useful Hla antigens are disclosed in references 162 and 163.

SEQ ID NOs: 33, 34 & 35 are three useful fragments of SEQ 1D NO: 28 (‘Hlaz7.76°, ‘Hlaz7.8¢” and ‘Hlay7.
79°, respectively). SEQ ID NOs: 36, 37 and 38 are the corresponding fragments from SEQ ID NO: 29.

20  sta0ll
The 'sta011' antigen is annotated as 'lipoprotein'. In the NCTC 8325 strain sta011 is SAOUHSC 00052
and has amino acid sequence SEQ ID NO: 39 (G1:88193872).

Useful sta011 antigens can elicit an antibody (e.g. when administered to a human) that recognises SEQ
ID NO: 39 and/or may comprise an amino acid sequence: (a) having 50% or more identity (e.g. 60%,
25 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%., 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or more)
to SEQ ID NO: 39; and/or (b) comprising a fragment of at least 'n' consecutive amino acids of SEQ ID
NO: 39, wherein ' is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100,
150, 200, 250 or more). These sta011 proteins include variants of SEQ ID NO: 39. Preferred fragments
of (b) comprise an epitope from SEQ ID NO: 39. Other preferred fragments lack one or more amino
30 acids(eg 1,2,3,4,5,6,7,8,9, 10, 15, 20, 25 or more) from the C-terminus and/or one or more amino
acids (e.g. 1,2, 3,4,5,6,7, 8,9, 10, 15, 20, 25 or more) from the N-terminus of SEQ ID NO: 39 while
retaining at least one epitope of SEQ ID NO: 39. The first 23 N-terminal amino acids of SEQ ID NO: 39
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Menbrane type Sartorius Hydrosart TM 30kDa Surface area 0. 1n2 Pi n/ Pout
0.4/0.0 bar Perneate flowrate 80 m/mn D afiltration volunmes 10 vol unes
of NaCl 1WbfRellswad by 10 vol unes of distilled water Pr@dlidB2meonosry
Retentate volunme + two washings with distilled water equal to the dead
vol une of the system (with conpletely open retentate and cl osed perneate)
Table 2 The tangential flow filtration was performed in a Sartori usTM

hol der for cas sin t sonMar |l onTm pgeri st a

ACt et viaF s Oh B e S e ER ot ONIEH PPy S dtP® 8TRse ey b
at +2- 8[fpldBEAEg.Seiﬂfka\ranﬁleteﬂ:aBterrEhMy@thfneﬂat ography Residual protein, nucleic
acid and other inpurities were renoved by ani on exchange chromat ography

carri edvetint fsimd O SEQANCROVS S WhitRHa¢ b3 usddefst prepArdk sﬁeplhartigslﬂwiﬁ&s but RakeOnst

resin (XE nmens V = 150nl

Eaut 1§ DERTF bl ORI RGS: bt Pt e s e gT AR5 Oy crm ol uat o
conductivity Load Retentate from 30K UF buffered to 10mM NaPi buffer pH7.2
El ut? onis8d col urm vol unes of 10mM NaPi buffer pH7.2 Stripping 20 col um

vol umes TRS WA Glliben i§ @M dRatell as 'IsdA protein'. In the NCTC 8325 strain isdA is SAOUHSC_01081 and
has amino acid sequence SEQ ID NO: 43 (GI:88194829). In the Newman strain it is nwmn_1041
(GI:151221253).

Useful isdA antigens can elicit an antibody (e.g. when administered to a human) that recognises SEQ ID
10 NO: 43 and/or may comprise an amino acid sequence: (a) having 50% or more identity (e.g. 60%, 65%,
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%., 95%, 96%, 97%, 98%, 99%, 99.5% or more) to SEQ
ID NO: 43; and/or (b) comprising a fragment of at least 'n' consecutive amino acids of SEQ ID NO: 43,
wherein 'n' is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200,
250 or more). These isdA proteins include variants of SEQ ID NO: 43. Preferred fragments of (b)
15 comprise an epitope from SEQ ID NO: 43. Other preferred fragments lack one or more amino acids (e.g.
1,2,3,4,5,6,7, 8,9, 10, 15, 20, 25 or more) from the C-terminus and/or one or more amino acids (e.g.
1,2,3,4,5,6,7,8,9, 10, 15, 20, 25 or more) from the N-terminus of SEQ ID NO: 43 while retaining at
least one epitope of SEQ ID NO: 43. The final 38 C-terminal amino acids of SEQ ID NO: 43 can
usefully be omitted. The first 46 N-terminal amino acids of SEQ ID NO: 43 can usefully be omitted.
20  Truncation to exclude the C-terminal 38mer of SEQ ID NO: 43 (beginning with the LPKTG motif) is

also useful. Other fragments omit one or more protein domains.

SEQ ID NO: 44 is a useful fragment of SEQ ID NO: 43 (amino acids 40-184 of SEQ ID NO: 43;
‘IsdA40.134”) which includes the natural protein’s heme binding site and includes the antigen’s most
exposed domain. It also reduces the antigen’s similarity with human proteins. Other useful fragments are

25 disclosed in references 164 and 165.

IsdA does not adsorb well to aluminium hydroxide adjuvants, so IsdA present in a composition may me

unadsorbed or may be adsorbed to an alternative adjuvant e.g. to an aluminium phosphate.

isdB
The 'isdB' antigen is annotated as 'neurofilament protein isdB'. In the NCTC 8325 strain isdB is
30 SAOUHSC 01079 and has amino acid sequence SEQ ID NO: 45 (GI:838194828). IsdB has been

proposed for use as a vaccine antigen on its own [166], but this may not prevent pneumonia.
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10 The chromat ography was perfornmed using an AktaTM system ( G&E Heal t hcar e)
and the capsul ar pol ysaccharide was detected by neasuring UV absorption at
215nm Theocapgsidr pol ysacchari de solution was first add&dB20a0/0934\M NaPi
buffer pH7.2 to obtain a final buffer concentration of 10mM NaPi pH7.2. The
DEAE resin was pre-equilibrated with 100nM NaPi buffer pH7.2 to pH7.2 and
then equilibrated with 10mM NaPi buffer pH? 2 to achi eve the I ndi cat ed

duct jvity (10nM NaPi f t. | t
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of this,griad &ﬁlﬁe@%e rirfed WRerhAR §miro 2oldeR SROID NOPas Rat LRRARy e omitted.
Bacterial growh on plates Bacterial pellet centrifugation
Other fragments omit one or more protein domains. Useful fragments of IsdB are disclosed in references

165 and 167 e.g. lacking 37 internal amino acids of SEQ ID NO: 45.
In some embodiments, compositions of the invention do not include an isdB antigen.

15 sta073
The 'sta073' antigen is annotated as 'bifunctional autolysin precursor’. In the NCTC 8325 strain sta073 is
SAOUHSC 00994 and has amino acid sequence SEQ ID NO: 46 (GI:88194750). In the Newman strain
it is nwmn_0922 (GI:151221134). Proteomic analysis has revealed that this protein is secreted or

surface-exposed.

20  Useful sta073 antigens can elicit an antibody (e.g. when administered to a human) that recognises SEQ
ID NO: 46 and/or may comprise an amino acid sequence: (a) having 50% or more identity (e.g. 60%,
65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or more)
to SEQ ID NO: 46; and/or (b) comprising a fragment of at least 'n' consecutive amino acids of SEQ ID
NO: 46, wherein 'n' is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100,
25 150, 200, 250 or more). These sta073 proteins include variants of SEQ ID NO: 46. Preferred fragments
of (b) comprise an epitope from SEQ ID NO: 46. Other preferred fragments lack one or more amino
acids (e.g. 1,2,3,4,5,6,7, 8,9, 10, 15, 20, 25 or more) from the C-terminus and/or one or more amino
acids (e.g. 1,2,3,4,5,6,7,8,9, 10, 15, 20, 25 or more) from the N-terminus of SEQ ID NO: 46 while
retaining at least one epitope of SEQ ID NO: 46. The first 24 N-terminal amino acids of SEQ ID NO: 46

30  can usefully be omitted. Other fragments omit one or more protein domains.

Sta073 does not adsorb well to aluminium hydroxide adjuvants, so Sta073 present in a composition may

me unadsorbed or may be adsorbed to an alternative adjuvant e.g. to an aluminium phosphate.
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centrif rpm uper nat ant” was decanted fromthe pellet and
conbi ne@fipvﬁsﬁlhn @nd Burifigagpn medm@@éplm@s’@ qresrgfrerrodae] v e ylypepidesniviich pee heik
then i nghhatiedyfdud- 7hrs at 37C and afterwards clarified by
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10  The hybrid polypeptide may comprise two or more polypeptide sequences from each of the antigens
listed above, or two or more variants of the same antigen in the cases in which the sequence has partial

variability across strains.

Hybrids consisting of amino acid sequences from two, three, four, five, six, seven, eight, nine, or ten
antigens are useful. In particular, hybrids consisting of amino acid sequences from two, three, four, or

15  five antigens are preferred, such as two or three antigens.

Different hybrid polypeptides may be mixed together in a single formulation. Hybrids may be combined
with non-hybrid antigens selected from the first, second or third antigen groups. Within such
combinations, an antigen may be present in more than one hybrid polypeptide and/or as a non-hybrid
polypeptide. It is preferred, however, that an antigen is present either as a hybrid or as a non-hybrid, but

20 not as both.

Hybrid polypeptides can be represented by the formula NH,-A-{-X-L-},-B-COOH, wherein: X is an
amino acid sequence of a S.aureus antigen, as described above; L is an optional linker amino acid
sequence; A is an optional N-terminal amino acid sequence; B is an optional C-terminal amino acid

sequence; # is an integer of 2 or more (e.g. 2, 3, 4, 5, 6, efc.). Usually nis 2 or 3.

25  If a -X- moiety has a leader peptide sequence in its wild-type form, this may be included or omitted in
the hybrid protein. In some embodiments, the leader peptides will be deleted except for that of the -X-
moiety located at the N-terminus of the hybrid protein i.e. the leader peptide of X; will be retained, but
the leader peptides of X, ... X, will be omitted. This is equivalent to deleting all leader peptides and
using the leader peptide of X; as moiety -A-.

30  For each n instances of {-X-L-}, linker amino acid sequence -L- may be present or absent. For instance,
when »=2 the hybrld may be NHz-XrLl-Xz-Lz-COOH, NHz-Xl-Xz-COOH, NHz-Xl-Ll-Xz-COOH,
NH;-X;-X,-L,-COOH, etc. Linker amino acid sequence(s) -L- will typically be short (e.g. 20 or fewer
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-37- WD 2011/ 051917PCT/ 1 B2010/ 054934 180U/ mL of nutanol ysin (Si gma-Aldrich)
was then added to the suspension and the m xture incubated over-night (for
16hrs) atwez2@wmisty17m I d stirring. The suspensi on was t h@aTaBanmi/MNi4esk agai n
by centrifugation 30 kDa tangential flow filtration 5Tangential flow
filtration was carried out as indicated in Table 6: Menbrane type Sartorius
Hydr osart TM 30kDa Surface area 0.2n2 Pin/Pout 0.7/0.0 bar Perneate flow
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-A- is an optional N-terminal amino acid sequence. This will typically be short (e.g. 40 or fewer amino
10 acids ie. 40, 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23,22, 21, 20, 19, 18, 17, 16,
15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1). Examples include leader sequences to direct protein
trafficking, or short peptide sequences which facilitate cloning or purification (e.g. histidine tags i.e. His,
where n = 3, 4, 5, 6, 7, 8, 9, 10 or more). Other suitable N-terminal amino acid sequences will be
apparent to those skilled in the art. If X; lacks its own N-terminus methionine, -A- is preferably an
15  oligopeptide (e.g. with 1, 2, 3, 4, 5, 6, 7 or 8 amino acids) which provides a N-terminus methionine e.g.

Met-Ala-Ser, or a single Met residue.

-B- is an optional C-terminal amino acid sequence. This will typically be short (e.g. 40 or fewer amino
acids i.e. 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23,22, 21, 20, 19, 18, 17, 16, 15,
14, 13,12, 11,10,9,8,7, 6,5, 4, 3, 2, 1). Examples include sequences to direct protein trafficking, short
20  peptide sequences which facilitate cloning or purification (e.g. comprising histidine tags i.e. His, where
n=3,4,56,7,8,9, 10 or more, such as SEQ ID NO: 51), or sequences which enhance protein stability.

Other suitable C-terminal amino acid sequences will be apparent to those skilled in the art.

One hybrid polypeptide of the invention may include both EsxA and EsxB antigens. These may be in
either order, N- to C- terminus. SEQ ID NOs: 52 (‘EsxAB’; encoded by SEQ ID NO: 53) and 54
25  (‘EsxBA’) are examples of such hybrids, both having hexapeptide linkers ASGGGS (SEQ ID NO: 49).

General
The practice of the present invention will employ, unless otherwise indicated, conventional methods of
chemistry, biochemistry, molecular biology, immunology and pharmacology, within the skill of the art.

Such techniques are explained fully in the literature. See, e.g., references 168-175, etc.

30 “GI” numbering is used above. A GI number, or “Genlnfo Identifier”, is a series of digits assigned
consecutively to each sequence record processed by NCBI when sequences are added to its databases.

The GI number bears no resemblance to the accession number of the sequence record. When a sequence

-32-



1.8- Load Retentate from 30K UF Elution 20 col umm vol unes of 10mM NaPi
buffer pH7.2 Stripping 20 colum vol unes of NaCllM Table 7 15 The

chr omat ogwapby/osa®7per f or med usi ng an Akt aTM syst em ( GRECHaB2OLOVOHORY) and

t he capsul ar pol ysacchari de was detected by neasuring UV absorption at
215nm The capsul ar pol ysaccharide solution was first added to 100nM NaPi
buffer pH7.2 to obtain a final buffer concentration of 10nM NaPi pH? 2. The

DEAE li.b 100n1\/| NaPi
Dhon o TBS (h r Eirerbi bt iy SATRLA8 o sitlonDIER & fefeif iyt

conduct nwhtiey. Thbe thvlsiiphcesfobmted wW3f-a glm@Gﬂiﬁfo&‘aiﬁéx/EPéﬁﬁhgsBZOm/ 054934 pHr. 2
conductivity). The resultant fractions were anal yzed by NVMR and those

cont ai nRB@reﬁ&@Stwa’:lﬁermka)gS aé@hﬂdel dentpp Obwdet 0getah@io §drd Getuenddy medhs Wb when
tangenti al

I n angential fl.ow fi was carried.out to
Fomave. NG B Pelsihet opn PR Ahecseeit R Sem B e O By S g Eent
conc®nt sratttRe pdieenphidrhdlo@dorpeduesaaddngity chade ddianihdd dsingtsbfiwara@sogeamis knedn driuthe as
i ndicated i n Tabl e 8: Menbrane t. rtor.i dr.os Surface
v eh 0. T TR ARBS diotb S RO DS VPR AR Gy S RGP G ree B
vol unesShih-Wadtermes hoholdis bdakdhedigon@ttne nsing an affine gap search with a gap open penalty of 12
and a gap extension penalty of 2, BLOSUM matrix of 62. The Smith-Waterman homology search

algorithm is disclosed in ref. 177.

10 Where the invention concerns an “epitope”, this epitope may be a B-cell epitope and/or a T-cell epitope.
Such epitopes can be identified empirically (e.g. using PEPSCAN [178,179] or similar methods), or they
can be predicted (e.g. using the Jameson-Wolf antigenic index [180], matrix-based approaches [181],
MAPITOPE [182], TEPITOPE [183,184], neural networks [185], OptiMer & EpiMer [186, 187],
ADEPT [188], Tsites [189], hydrophilicity [190], antigenic index [191] or the methods disclosed in
15  references 192-196, etc.). Epitopes are the parts of an antigen that are recognised by and bind to the
antigen binding sites of antibodies or T-cell receptors, and they may also be referred to as “antigenic

determinants™.

Where an antigen “domain” is omitted, this may involve omission of a signal peptide, of a cytoplasmic

domain, of a transmembrane domain, of an extracellular domain, etc.

20  The term “comprising” encompasses “including” as well as “consisting” e.g. a composition

“comprising” X may consist exclusively of X or may include something additional e.g. X +Y.
The term “about” in relation to a numerical value x means, for example, x+10%.

The word “substantially” does not exclude “completely” e.g. a composition which is “substantially free”
from Y may be completely free from Y. Where necessary, the word “substantially” may be omitted from

25  the definition of the invention.

Where the invention provides a process involving multiple sequential steps, the invention can also
provide a process involving less than the total number of steps. The different steps can be performed at

very different times by different people in different places (e.g. in different countries).

It will be appreciated that sugar rings can exist in open and closed form and that, whilst closed forms are
30  shown in structural formulae herein, open forms are also encompassed by the invention. Similarly, it will

be appreciated that sugars can exist in pyranose and furanose forms and that, whilst pyranose forms are
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Product recovery Retentate volune + two washings with distilled water equal
to the dead volunme of the system (wth conpletely open retentate and cl osed
per neat e)wotalles197The tangential flow filtration was p@cTaBIae034034a
Sartori usTM hol der for 0.2nR2 cassettes using a 10 WatsonMarl onTm
peristaltic punp. Afterwards, the nenbrane was washed with NaCH 1M and
stored in NaCH 0. 1M at +2-8C. The purified polysacchari de was anal ysed by

NVR (e.q. Fi.gure .6 for the t 5 capsul ar pol ysacchari . C, .
Dot er m AR bR ul Bt e s e A RRERARL v Vansonria s ofne
pept i doglggcare ddel epusmapagdedcont ent of purified type 5 pol ysacchari de obtai ned

according to the 15 nethods in sections A and B above was determ ned by
am no agi i i - according to the Dionex AAAD rect TM
system %mﬁ%WEKQEW%W@M Di onex) in accordance with the
manuf acFigmer! iludtnngs apedcesrist pubifyied 5yyre2Oyhe Hhnd QP¢ Abhmolat palgsacvhandes badded

to @Opglegxeﬂ{% Io¥mg&grl'%de at 250p,g/nL in water in a 400C treated gl ass

t ube an ried using a Speedvac system The norleuci ne serves as an

i nt er nakjgsicangadd a_]ﬁ&@hﬁﬁxaﬁ\ﬁé BnrBMSto gz dapsiilaY SV QcR}ADadde PRMIB RRET@h
bmhngﬁ dr gchl Qric, ac / phenol .in or&er.to&l Bd free ampno acids frgom
P b DR s e B BN KA IRB (BRI CF o) PSBHET AtOBINE P F et

resi duaf
aci ds wagupdr f ormed on an Am noPac TM PA10 col unm (2x250nm) equi pped with
an Am noPac TM PA10 %ard col um (2x50mm using a gradient condition for

anmi no akigds 3ahawe asSBdh§erhasreschgeagnesm gf eapsultieohsrnshaideghép 3 NMR spectrum of

I eC pMeashadlaropstysaddh@s@-@naahifn Fraedndi(frhqidhs ar-a4s yrp@ed 286brdify T MeemBthod \OP
2011/ 051.:[917PCT/ 1B2010/ 054934 Tinme (min) %l %2 %3 Curve Conments
Initiat] 8H°84 16 0 Autosanpler fills the sanple loop 0.0 84 16 0 Val ve

from Loﬁlguxre% bk @Sls Qxemplary process of the invention for purifying S.aureus type 5 and type 8

capsular polysaccharides.

Figure 5 shows a DEAE Sepharose chromatogram of capsular polysaccharide prepared according to a

15 method of the invention.
Figure 6 shows a 'H NMR spectrum for purified S.aureus type 5 capsular polysaccharide.
Figure 7 shows the chemical structure of the peptidoglycan of S.aureus based on references 197, 198,

199 and 200. The repeat unit is highlighted.

MODES FOR CARRYING OUT THE INVENTION

20  A. Purification of S.aureus type 5 capsular polysaccharide (comparative example)
S.aureus type 5 capsular polysaccharide was purified according to the scheme illustrated in Figure 1,
based on the method of reference 13. The conditions and rationale for the various steps of this method

are described in Table 1:
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84 16 0 Begin hydroxide gradient 12.1 68 32 0 8 16.0 68 32 0 Begin

acetate gradient 24.0 36 24 40 8 40.0 36 24 40 40.1 20
WO 2011/051917 PCT/1IB2010/054934
Step Conditions Rationale

10

15

Bacterial growth on plates

Bacterial pellet centrifugation

Harvest of cells

Reaction with Lysostaphin

100 pg/ml of Lysostaphin over-
night at 37°C

Cell wall lysis and release of
capsular polysaccharide

Reaction with DNse/RNase

50 pug/ml of DNase and RNase
at 37°C for 6-8hrs

Nucleic acid hydrolysis

Reaction with NalQ4 0.05M NalO, for 5hrs at RT in | Teichoic acid hydrolysis
the dark

Diafiltration 30kDa Washing with NaCl 1M and | Low molecular weight species
H,O removal

Anion exchange | NaCl 1M gradient Separation according to charge

chromatography (DEAE (protein removal)

SepharoseFF resin)

Gel filtration (Sephacryl S300) | NaPi 10 mM pH 7.2 and NaCl | Separation ~ according  to
10 mM molecular weight

Table 1

Bacterial pellet centrifugation and enzymatic reactions (Lysostaphin and RNase/DNase)

S.aureus was grown in solid medium to provide a bacterial suspension of 600-800 ml. The wet cell
pellet, harvested by centrifugation at 8000 rpm, had a mass of around 30-50 g. The harvested pellet was
washed three times with 50mM Tris-2mM MgSO4 pH7.5 and then suspended at 0.25-0.5g per ml in
50mM Tris-2mM MgSO, pH7.5 and treated with 0.1-0.13mg/ml of lysostaphin (Sigma-Aldrich). The
reaction mixture was incubated at 37°C for 16hrs (ON) with mild stirring. 0.05 mg/ml of DNase/RNase

(Sigma-Aldrich) was added to the suspension and incubated for 5-7hrs at 37°C. The suspension was then

clarified by centrifugation.

Reaction with NalO,

The material was incubated with 50mM NalO, (Sigma-Aldrich) in the dark for 5-7hrs. NalO, was then

removed by the addition of excess glycerol for 30 minutes with stirring in the light.

30 kDa tangential flow filtration

Tangential flow filtration was carried out as indicated in Table 2:
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80 0 5 Colum wash with hydroxide 42.1 20 80 0 42.2 84 16 0 5 Equilibrate
to starting conditions 65.0 84 16 O El uent El: Deionized Water; El uent
E2: 0. 250wh1280diswgny Hydr oxi de; Eluent E3: 1.0 M Sodi um APETABH1a/NTHI34

Fl ow=0. 25nL/ m n Table 9 Detection was perforned using a AAA-Direct waveform
potential (Table 10). Tinme (sec) Potential (V) vs. Ag/AgCl Potential (V)

vs. pH

Membrane type Sartorius Hydrosart'™ 30kDa

Surface area 0.1m*

Pin/Pout 0.4/0.0 bar

Permeate flow rate 80 ml/min

Diafiltration volumes 10 volumes of NaCl 1M followed by 10 volumes of
distilled water

Product recovery Retentate volume + two washings with distilled water
equal to the dead volume of the system (with completely
open retentate and closed permeate)

Table 2

The tangential flow filtration was performed in a Sartorius™ holder for 0.1m’® cassettes using a
WatsonMarlon™ peristaltic pump. Afterwards, the membrane was washed with NaOH 1M and stored in

5 NaOH 0.1M at +2-8°C.

DEAE Sepharose Fast Flow chromatography

Residual protein, nucleic acid and other impurities were removed by anion exchange chromatography

carried out in accordance with Table 3:

Resin DEAE Sepharose'™ Fast Flow resin (G&E Healthcare)
Column dimension @ =5cm; h="7.5cm; V=150ml
Equilibration 10mM NaPi buffer pH7.2 q.b. to reach 1.8-2.0mS/cm
eluate conductivity
Load Retentate from 30K UF buffered to 10mM NaPi buffer
pH7.2
Elution 20 column volumes of 10mM NaPi buffer pH7.2
Stripping 20 column volumes of NaCl IM
Table 3

10  The chromatography was performed using an Akta™ system (G&E Healthcare) and the capsular
polysaccharide was detected by measuring UV absorption at 215nm. The capsular polysaccharide
solution was first added to 100mM NaPi buffer pH7.2 to obtain a final buffer concentration of 10mM
NaPi pH7.2. The DEAE resin was pre-equilibrated with 100mM NaPi buffer pH7.2 to pH7.2 and then
equilibrated with 10mM NaPi buffer pH7.2 to achieve the indicated conductivity (10mM NaPi buffer

15 pH7.2 conductivity). The resultant fractions were analyzed by NMR and those containing capsular

polysaccharide pooled together (Figure 2).

S300 Sephacryl chromatography

The polysaccharide was further purified by gel-filtration chromatography carried out in accordance with
Table 4:
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I ntegration 0.000 -0.20 +0.13 0.040 -0.20 +0.13 0.050 0.00 +0.33 0.210
0.00 +0.33 Begin 0.220 +0.22 +0.55 0.460 +0.22 +0.55 0.470 0.00 +0.33

0. 560 0. OWO 2011/051917 PCT/1IB2010/054934
Resin S300 SephacrylmI resin (G&E Healthcare)
Column dimension O =2.6cm; h=95cm; V= 500ml
Equilibration 50mMNaCl buffer q.b. to reach 6.3-6.5mS/cm eluate
conductivity
Load 12-14ml
Elution 50mMNaCl buffer
Table 4

10

15

The chromatograpy was performed on an Akta™ system (G&E Healthcare) and the capsular
polysaccharide was detected by measuring UV absorption at 215nm. The resultant fractions were

analyzed by NMR and those containing capsular polysaccharide pooled together (Figure 3).

B. Purification of S.aureus type 5 and type 8 capsular polysaccharides (example)
S.aureus type 5 and type 8 capsular polysaccharides were purified according to the scheme illustrated in

Figure 4. The conditions and rationale for the various steps of this method are described in Table 5:

Step Conditions Rationale
Bacterial growth on plates
Bacterial pellet centrifugation Harvest of cells
Reaction with AcOH1% 2hrs at 100°C Cell wall lysis and release of
capsular polysaccharide
Reaction with mutanolysin 180U/ml of mutanolysin at | Further removal of
37°C over-night peptidoglycan

Reaction with DNse/RNase 50 pg/ml of DNase and RNase | Nucleic acid hydrolysis
at 37°C for 6-8hrs

Diafiltration 30kDa Washing with NaCl 1M and | Low molecular weight species
H,O removal
Anion exchange | NaCl 1M gradient Separation according to charge
chromatography (DEAE (protein removal)
SepharoseFF resin)
Table §

Bacterial pellet centrifugation and acid and enzymatic_reactions (acetic_acid, RNase/DNase and

mutanolysin)

S.aureus was grown in solid medium to provide a bacterial suspension of 600-800 ml. The wet cell
pellet, harvested by centrifugation at 8000 rpm, had a mass of around 30-50 g. The harvested pellet was
washed three times with 50mM Tris-2mM MgSO4 pH7.5 and then suspended at 0.5-0.6g per ml in
distilled water and stirred vigorously while the temperature was raised to 100°C. Acetic acid was then
added to a final concentration of 1% and the mixture kept at 100°C for 2hrs. The mixture was

neutralised with NaOH 1M and centrifuged at 8000 rpm.

The supernatant was decanted from the pellet and combined with 0.05 mg/ml of DNase/RNase (Sigma-

Aldrich). The mixture was then incubated for 5-7hrs at 37°C and afterwards clarified by centrifugation.
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+0.33 End 0.570 -0.20 -1.67 0.580 -0.20 -1.67 0.590 +0.60 +0.93 0.600
-0.20 +0.13 Tabl e 10 5The quantification was perforned using a

non- hydr ovpzed/i5791am no aci d standard sol uti on (Fl uka PPNTOB2A2GY549% t he
range 2.5-501.iM Standard sanples were analyzed with and w t hout

norl euci ne, at the same sanple concentration. The ratio of the norl eucine
peak area in the sanple divided by the average norl euci ne peak area in the

st andar se .a .Correcti. factor .for ssi bl e am acid | oss |

P ha" Mo TR o B 0T (SR 22 sl o8 oo R R Siofmnd e Hifire 1R05baled

Pept i dogheradght q6mt Bibts) est 3776t woln Riépsiidiagl yTha scpatdstmt waasheas tlatifidde agairs ibpg

t wo differﬂﬂt nmet hods. The first nmethod (nethod 1) was based on the nethod
e

. centr ation . . . . .
used inre ence 17, which involves a summation of the |ysine, alanine,

egCineﬁ§25$§égégﬁzéfeéi2§&£t' In the second nethod (nethod 2), a
conver si o Yii ted for each amino acid according to the
followng fornmula: WO 2011/ 051917PCT/ 1B2010/ 054934 (nol ecul ar mass of
am md adPgentel Ry diestiogivas sarie @i 25 idicpied Belbiedbgl ycan structure)/
(rmol ecul ar mass of the repeating unit of peptidoglycan). The nol ecul ar
mass of the repeating unit of peptidoglycan is 1233.27 Da (Figure 7). The
pepti dogl ycan content was then calculated as the average pepti dogl ycan
concent r at i jofiembiang typel by ¢ StreaniuaHiydeysarti€ 304 0 5of the ani no| aci d
concent r at i |o%urfapdaredhe _convepgmdn factor. The peptidoglycan content of the
purified typ&/Bucapsul ar poby&eatichari de after ani oni ¢ exchange
chr omat ogr apteymese fioweste | n| Thhl/midl: Measurenent net hod
Diafiltration volumes | 10 volumes of NaCl 1M followed by 10 volumes of
NaPi 10mM pH 7.2 buffer
Product recovery Retentate volume + two washings with distilled
water equal to the dead volume of the system (with
completely open retentate and closed permeate)
Table 6

The tangential flow filtration was performed in a Sartorius™ holder for 0.2m? cassettes using a
WatsonMarlon™ peristaltic pump. Afterwards, the membrane was washed with NaOH 1M and stored in
10 NaOH 0.1M at +2-8°C.

DEAE Sepharose Fast Flow chromatography

Residual protein, nucleic acid and other impurities were removed by anion exchange chromatography

carried out in accordance with Table 7:

Resin DEAE Sepharose™ Fast Flow resin (G&E
Healthcare)

Column dimension @ =5cm; h=7.5cm; V=150ml

Equilibration 10mM NaPi buffer pH7.2 q.b. to reach 1.8-
2.0mS/cm eluate conductivity

Load Retentate from 30K UF

Elution 20 column volumes of 10mM NaPi buffer pH7.2

Stripping 20 column volumes of NaCl IM

Table 7

15  The chromatography was performed using an Akta™ system (G&E Healthcare) and the capsular
polysaccharide was detected by measuring UV absorption at 215nm. The capsular polysaccharide
solution was first added to 100mM NaPi buffer pH7.2 to obtain a final buffer concentration of 10mM
NaPi pH7.2. The DEAE resin was pre-equilibrated with 100mM NaPi buffer pH7.2 to pH7.2 and then

equilibrated with 10mM NaPi buffer pH7.2 to achieve the indicated conductivity (10mM NaPi buffer
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Details of calculation % Peptidoglycan Measurenent 1 Measurenment 2 1

Cal cul ated according to reference 17 as sumof Lys-Ala-dy-dx

concent r aWpan1125070. 74 1 Cal cul ated accordi ng to ref er @aTaB2010/63493umM of
all am no acids detectable except for Lys-Ala-Ay-Ax 0.48 0.85 2

Cal cul ated using Ala and Ay concentration divided by PG conversion factor
(Ala=0. 2167, dy=0. 3043) 0.88 0.81 Table 11 10The nmethod of the invention
provi des ver t ent of i doglycanp in, t

ol ysaciar aderito e Rbh BRGor e GRALbY NR g i e gomaining capsutar
pol ysacphigsacchaside pooRurtodetleed (RigipesH pol ysacchari des obtai ned fromthe

nmet hods in sections A and B above were conjugated to CRML97 according to

t he net BoED@fanpeiRl RACRIAAon Tot al saccharide in the conjugate was

determ ned 15 by HPAEC- PAD anal ysis and protein content by M croBCA assay
(Tabl e TaigentidMAEP 1l AR WIPLCI 1 B2QL 0 0RARIE MU kit Cael OonBHE QliokhObxchange

Protein
5

chromatography and to concentrate the purified polysaccharides. The filtration was carried out as

indicated in Table 8:

Membrane type Sartorius Hydrosart'™ 30kDa

Surface area 0.2m”

Pin/Pout 0.7/0.0 bar

Permeate flow rate 11 ml/min

Diafiltration volumes | 10 volumes of distilled water

Product recovery Retentate volume + two washings with distilled
water equal to the dead volume of the system (with
completely open retentate and closed permeate)

Table 8

The tangential flow filtration was performed in a Sartorius™ holder for 0.2m? cassettes using a
10  WatsonMarlon™ peristaltic pump. Afterwards, the membrane was washed with NaOH 1M and stored in
NaOH 0.1M at +2-8°C. The purified polysaccharide was analysed by NMR (e.g. Figure 6 for the type 5

capsular polysaccharide).

C. Determination of peptidoglycan contamination in purified polysaccharide
The peptidoglycan (Figure 7) content of purified type 5 polysaccharide obtained according to the
15 methods in sections A and B above was determined by amino acid analysis using HPAEC-PAD
according to the Dionex AAA-Direct™ system (AminoPac™ PA10 AAA-Direct’™, Dionex) in
accordance with the manufacturer’s instructions. Briefly, 20uL. of 100uM norleucine was added to
200uL of polysaccharide at 250pg/mL in water in a 400°C treated glass tube and dried using a Speedvac
system. The norleucine serves as an internal standard. Samples were hydrolyzed in vacuo using the
20 vapor of boiling hydrochloric acid/phenol in order to yield free amino acids from residual protein and
peptidoglycan contamination. Separation of free amino acids was performed on an AminoPac ™ PA10
column (2x250mm) equipped with an AminoPac ™ PA10 guard column (2x50mm) using a gradient
condition for amino acids and carbohydrates according to the manufacturer’s recommendations. These

gradient conditions are summarized in Table 9:
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(gg/ m) Saccharide (ug/nml) Saccharide/protein (wWw) A1 51.52 1.72 0.03 A2
161.80 17.10 0.11 A 3 34.42 4.22 0.12 B 4 444.0 139.0 0.31 B 5 40.56 12.70

0.31 WO 2011/051917 PCT/1IB2010/054934
Time (min) | %E1l | %E2 | %E3 | Curve Comments

Initiation 84 16 0 Autosampler fills the sample loop
0.0 84 16 0 Valve from Load to Inject
2.0 84 16 0 Begin hydroxide gradient
12.1 68 32 0 8
16.0 68 32 0 Begin acetate gradient
24.0 36 24 40 8
40.0 36 24 40
40.1 20 80 0 5 Column wash with hydroxide
42.1 20 80 0
42.2 84 16 0 5 Equilibrate to starting conditions
65.0 84 16 0

Eluent E1: Deionized Water; Eluent E2: 0.250 M Sodium Hydroxide; Eluent E3: 1.0 M Sodium Acetate and Flow=0.25ml/min

Table 9

Detection was performed using a AAA-Direct waveform potential (Table 10).

Time (sec) Potential (V) vs. Potential (V) vs. | Integration
Ag/AgCl pH
0.000 -0.20 +0.13
0.040 -0.20 +0.13
0.050 0.00 +0.33
0.210 0.00 +0.33 Begin
0.220 +0.22 +0.55
0.460 +0.22 +0.55
0.470 0.00 +0.33
0.560 0.00 +0.33 End
0.570 -0.20 -1.67
0.580 -0.20 -1.67
0.590 +0.60 +0.93
0.600 -0.20 +0.13
Table 10

5  The quantification was performed using a non-hydrolyzed 17 amino acid standard solution (Fluka P/N
09428) in the range 2.5-50pM. Standard samples were analyzed with and without norleucine, at the
same sample concentration. The ratio of the norleucine peak area in the sample divided by the average
norleucine peak area in the standards was used as a correction factor for possible amino acid loss in the

hydrolysis step. A BSA sample was used as control sample.
10 Peptidoglycan content estimation

Peptidoglycan content was estimated using two different methods. The first method (method 1) was
based on the method used in reference 17, which involves a summation of the lysine, alanine, glycine
and glutamate content. In the second method (method 2), a conversion factor is calculated for each

amino acid according to the following formula:
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TABLE 12 The conjugates prepared using pol ysaccharides purified by the
nmet hod of the invention (lots 4 and 5) had hi gher polysaccharide: protein
rati os. TWe20mwimogenicity of lot 5 was tested in a nouPeThBh@DS4aBidel of
S.aureus infection. Briefly, CD1 5 mice were inmunised by intraperitoneal
injection with a 2 ttg dose of antigen in an injection volune of 200 1.11.
| muni sations were carried out in groups of twelve mce according to the
foll owi ng sc E r|orf10 chal 4t a I ] of a
baCterlal su a el ',_ moe 1’1 I_ 0_- S dC

were centri fuged washed (m1&@]aaﬂﬁss$fkﬁétr@§kahﬁgﬁﬁ%f@@{tgbgy@lﬂw I enge Furt her
dilutions were needed for the desired inoculum which was experinentally
veri f i edhgpolggdar piasaof e repsefinBows|ob agptideglreeniiohi33 A iR F guged e Thopeptidegvran or
14 days cafich bt theh ALARas S hETREAE Peptidod Pdn]conceﬁggno%l dﬁﬁmﬁh %Wc@é&l!&'ﬂﬁqg&he rafhi¥ pe
5 capsul ar pol ysacchari de- CRM conjugate (Lot 5) plus alum G oup 4 - Type 5
capstl aP %Plygla@eﬁapmceétrmma%ﬁhpﬁg&fﬁ@l%@@f@%) pl us EsxAB, Sta006 and Sta01ll
proteins and alum 15Goup 5 - Type 5 capsul ar pol ysacchari de- CRM conj ugat e
(Lot 5) Th¢ weptidoaleBi corgind0dethermyriSech@re preapseian podercharigm abier \anipaic ekebanges

pr esent g, h@to&%ﬂgﬁ %F’éen iWRbpr04 1/ 051917PCT/ | B2010/ 054934 G oup Tine (days)
2345 10 11 12 13 14 1

% Peptidoglycan
Measurement Details of calculation
method Measurement 1 Measurement 2
1 Calculated according to reference 2.04 0.74
' 17 as sum of Lys-Ala-Gly-Glx
concentration
1 Calculated according to reference 0.48 0.85

17 as sum of all amino acids

detectable except for

Lys-Ala-Gly-Glx

2 Calculated using Ala and Gly 0.88 0.81

concentration divided by PG

conversion factor

(Ala=0.2167, Gly=0.3043)
Table 11

10 The method of the invention provides a very low content of peptidoglycan in the purified

polysaccharide.

D. Conjugation and immunogenicity of purified polysaccharides

Purified type 5 polysaccharides obtained from the methods in sections A and B above were conjugated

to CRM197 according to the method of reference 29. Total saccharide in the conjugate was determined
15 by HPAEC-PAD analysis and protein content by MicroBCA assay (Table 12).

-4]-



100 25 17 17 17 17 17
42 42 42 4 100

10

15

17 17 17 8 0 0 0 2 100 50 50 50

50 50 50 50 50 42 42

WO 2011/051917 PCT/1IB2010/054934
Purification Lot Protein Saccharide Saccharide/protein
method (ng/ml) (ng/ml) (wiw)
A 1 51.52 1.72 0.03
A 2 161.80 17.10 0.11
A 3 34.42 422 0.12
B 4 444.0 139.0 0.31
B 5 40.56 12.70 0.31
TABLE 12

The conjugates prepared using polysaccharides purified by the method of the invention (lots 4 and 5) had

higher polysaccharide:protein ratios.

The immunogenicity of lot 5 was tested in a mouse lethal model of S.aureus infection. Briefly, CDI

mice were immunised by intraperitoneal injection with a 2 pg dose of antigen in an injection volume of

200 pl. Immunisations were carried out in groups of twelve mice according to the following scheme,

prior to challenge by intraperitoneal injection of a bacterial suspension of 5x10® CFU type 5 S.aureus.

Cultures of S.aureus were centrifuged, washed twice and diluted in PBS before challenge. Further

dilutions were needed for the desired inoculum, which was experimentally verified by agar plating and

colony formation. Animals were monitored for 14 days and lethal disease recorded.

Group 1 — PBS plus alum

Group 2 — Type 5 capsular polysaccharide-CRM conjugate (Lot 5) plus alum

Group 4 — Type 5 capsular polysaccharide-CRM conjugate (Lot 5) plus EsxAB, Sta006 and

Sta011 proteins and alum

Group 5 — Type 5 capsular polysaccharide-CRM conjugate (Lot 5) plus HlaH35L, Sta006 and

Sta011 proteins and alum

Survival data is presented in Table 13:
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67 67 67 67 67 67 67 67 67 67 67 67 67 5 100 100 100 100 100 100 83 83 75
75 75 75 75 75 TABLE 13 The conjugates prepared using pol ysacchari des
purified W9 2oh@smarhod of the invention gave a hi gh | ev@CToB2un34984al .
Survi val was enhanced by addition of S. aureus protein antigens.

Time (days)
Group | 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 100 | 25 17 17 17 17 17 17 17 17 8 0 0 0
2 100 | 50 50 50 50 50 50 50 50 42 42 42 42 42
4 100 | 67 67 67 67 67 67 67 67 67 67 67 67 67
5 100 | 100 | 100 | 100 | 100 | 100 | 83 83 75 75 75 75 75 75
TABLE 13

The conjugates prepared using polysaccharides purified by the method of the invention gave a high level

of survival. Survival was enhanced by addition of S.aureus protein antigens.

It will be understood that the invention has been described by way of example only and modifications may

5  be made whilst remaining within the scope and spirit of the invention.
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i sol ation of defined peptidoglycan structures der Eberhard Karls

Uni ver si t &9Tubi ngen WD 2011/051917PCT/ 1B2010/ 054934 CLAIM5 1. A net hod

for rel easing capsul ar. pol ysaccharide fromS. aureus type 5 or type 8 cells,
conp? i sPngherestiadegseqsding e any pig elirdrime (s WheteH the pejd treatmentoresufiy dn theraapgylar
accor di ng poBsakiiride havinhLa&kde drlieaceBidion 86teesh @Ur@us type 5 cells.

7. The method according to any one of claims 1-6, wherein the method further comprises a step of

neutralisation.

8. The method according to any one of claims 1-7, wherein the method further comprises a step of

15 centrifugation of the cells and collection of the polysaccharide-containing supernatant.

9. A process for purifying capsular polysaccharide from S.aureus type 5 or type 8 cells comprising the

method according to any one of claims 1-8.

10. The process according to claim 9, wherein the process further comprises a step of treatment of the

capsular polysaccharide with DNase and/or RNase.

20  11. The process according to claim 9 or claim 10, wherein the process further comprises a step of

treatment of the capsular polysaccharide with mutanolysin.

12. The process according to any one of claims 9-11, wherein the process further comprises a step of

diafiltration.
13. The process according to claim 12, wherein the diafiltration is tangential flow filtration.

25  14. The process according to any one of claims 9-13, wherein the process further comprises a step of

anion exchange chromatography.

15. The process according to any one of claims 9-14, wherein the process further comprises a step of gel

filtration.
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53. The nethod according to claim1l1l, wherein the cells are S.aureus type 8
cells. 4. The nethod according to any one of clains 1-3, wherein the cells
are in thwoRormsefi7a wet cell paste or are suspended i nPam/IBZPI@0OI4834edi um
5. The method according to any one of clains 1-4, wherein the acid
treatment is carried out using acetic acid. 106. The nethod according to
any one of clainms 1-5, wherein the acid treatnment results in the capsul ar

I - [ t
ot hod. Secdrareey ieaufedR g P e b Nndhu R rRES SRS Tt fharth o
conprises<an@me¢umkﬁﬂeumbe$xkaweon. 8. The net hod according to any

one of clains 1-7, wherein the nethod further conprises a step of

15cent rif. UKJﬁtﬂr@&sQﬁcdohﬁngC&i bigy aid of elalngcdilonwhéreinh@e molecular mass of the purified
pol ysacchar.i ont ainin tant. 9. A process for purifying capsul ar
polysacchéphﬁ%mﬁygﬁf%p%. ?§8®9g§ 5 or type 8 cells conprising the nethod
accordin one f clainms 1- rocess according to.claim

Sherbi n LA gT ORss e AN Bipr e - UF SRR B Sxre il LoHEEa P al
poIysacchampdenwmﬁﬂhd]wm&enamﬁdp@hﬁ%ﬁ&ﬁma@Gmﬁammhgogmdmﬁée according to
claim9 or claim210, wherein the process further conprises a step of

treat mend. e grftRsCaRSHIngto REY ¥EAETH s de1 8)MvihareMitha pedc¥si frthet ZompiiRs RISRPFS
according to. a$¥ one of clains 9-11, wherein the process further conprises
a step of SEGHHAHY i on. 13. The process according to claim 12, wherein the
dlaflltratlon is tangenti al flom1f|Itrat|on 2514. The p rocesg accordipng to
any one2%flhe| REPeES gccfsdmwe?réf fne; leclaimscddd VhFERdRe B Reddes & FUPPsttion
ani om exchamgfsied) iHemiyegichfhit.and 2. levihef pepidegiscad comaslinagort thaBiYiesdNganaf% by
clainms 9-14, wher t he S rth rise step of ge
f|Itratlon‘ﬂgvfﬂﬁﬁﬁ%76§fgg %ﬁﬁf@?gfﬁyégﬂg@nBTgywaﬁgdprocess accordlng to
any one_of_cl ai ns urt. ri ses. a.ste
Concant bt G T seH s Paierd e 17 ekl PR BTG £ Ry Tbne
of clains 9-16, wherein the nol ecul ar nass of the urified palysaccharide

i s bet wedr he_mawes Resarding amphenepploglalss AboVBTHY (Po PEASSAS dHevidP & pempRsition

9-17, Wnercempn;lhgﬂi@r@ge@&hirwetah@ra l@@[fﬁf px@esn eonklnBfutioh (e ROlkysNBin SBtHyonei gt
t he furlfled E sacc&grl %éb qu g saccharide. 19. The process
accht di ng FYeiAsaEgdo Be iplaysrht gt %gpo }? ‘the process further conprises
a step of sterile filtration. rocess according to any one of

cl ai ns 9310 REPSFeRITOIdRg 5 Bedee ﬁ? 6‘91“&‘e§ 2% EBHPBIIT PEICTOHIS] % PegPaStien
pol ysaCCh&bin@ﬂs@gldleapdl}&‘d&barﬁfe A leslaodfytRRIcCRN adhitaddhatdn thitdk 1dss tHa@sIss bhan

5% by mel epti.do an re t tal .weight of the

po?ysaccha %g géﬁca#%é”ﬁW85” %cﬁggﬁﬁﬁfﬂﬂﬁ?%ﬁ%?ﬁwWW%b wherein the |evel of
pepti do an contamnation is a t. 2% The process accordin

one of 2 reesSACCRi{igR dP ANY AR bffﬁeges‘f "o $Ofisisgihg p ﬁ%é&?ﬁ?aﬂme&%%&w

the2®o|ysaﬁ@hgﬁhde>@ﬂﬁnarwﬂ&ﬁb.of protein contanmination that is less than
5% by wei ght 15protein relative to the total weight of the polysacchari de.

23. The2prHeaspostfon WofipAing @ Welﬁﬁg@i osa kyabie rﬁica%su'fia‘ pdxmcrcﬁarﬁuetmuwbec:tgsme

provides a conposition co sac ri.d a |l evel cleic
heid cont &mcaast%%é%&{aw ¢ ok AefORE I e st e ©o
further comprising one or more S.aureus protein antigen(s) selected

the total weight of the p ysaccharlde
. The composition of clalm

from the group consisting of a clfA antigen; a clfB antigen; a sdrE2 antigen; a sdrC antigen; a sasF
25 antigen; a emp antigen; a sdrD antigen; a spa antigen; a esaC antigen; a esxA antigen; a esxB
antigen; a sta006 antigen; a isdC antigen; a Hla antigen; a sta0l1 antigen; a isdA antigen; a isdB

antigen; and a sta073 antigen.

27. The composition of claim 26, wherein the one or more S.aureus protein antigen(s) are selected from
the group consisting of a esxA antigen; a esxB antigen; a sta006 antigen; a Hla antigen; a sta011

30 antigen; and a sta073 antigen.
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24. The process according to any one of clains 9-23, wherein the process
further conprises a step of 20conjugation to a carrier nolecule. 25. A
conposi t iwA 200mM51913i Nng a S. aureus type 5 or type 8 capskCanBmadysasichari de
obt ai nabl e by the process according to any one of clains 9-23 or a

conj ugat e obtai nable by the process of claim?24. 26. The conposition of
claim25 further conprising one or nore S. aureus prot ein antigen(s)

sel ecte m t he grou onsi a
sdr £ adbi Peneonostipg G FREE AT Wl o Bongefith Abish S f ks "l
anti gen; aacsqaramngnmrg@rﬁporablaaw@S dnta @éhbelcaN esxA antigen; a esxB antigen; a
sta006 anti gg C anti Ny .8 H a an 5 a ?ﬁ)ll antigen; a isdA
anti gen: B a?l? Rtissdn esé 2nligppga %{ﬁ y g‘Engn and g HIagigeh nposi ti on of

cl ai m 26, Wh(%Z)el Na ¢RA a@ﬂgenoaegmraau@nawm aﬁﬁgl%ahdila@tﬁ@]lgﬁﬂé@) are sel ected
fromthe ar ou consisting of a_esxA antig a esxB antigen; a sta006
antigen; a H an"Ei’%érim“&e“s%%?Pn?}%rﬁpiiééﬁ‘ma"w&g%{hsta073 antigen. WO
2011/ 051917P€Z5/ 1B2Q1.0/ ARa334 28 antﬂ{% £AMPRREL, 9 %adl6 aqahgan%azstame;nagéh the
conposi tion conprises S. aureus ein antigens according to one of

conbi nat i ons(Y1) zt@ﬁxf\]?@)lg@eﬂivaa(ltlgenamégk%@ﬁﬁlgﬁfgen a esxB antigen, a
sta006 antig an a ) en, a esxB antigen, a
sta006 antig an%HgdasH'ltlg%lﬁgtgﬁt%rAateI%% ag?gggéésx éan?]tl gen, a esxB antigen and
a sta0ll ant{fen;a¢sap aatiganand ansxByetigera esxB ant| gen, a Ha antigen, a

sta®Q6 antig and a,sta011 [ antigen, a esxB antigen and
a 99 antige (GZ}eSX'A‘I—aIIn A %%x <A e’nag"ééétao atnnéer’l and a staOll antigen;
(7) esxA a(ﬁt)l geMesaAdmageasa(&mehhmna std@ (1 Spageasnda snd13g@tigenaareisxB ant i gen

a
and a sta006 antigen; (9 en a esxB antigen, a sta0ll antigen
and a staO?S(@Eti%ﬁ%q%g‘ﬂ%ge(lfﬁ‘?aga %e antigen and a sta0ll antigen.
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