- 1 - I MMUNOLOG CAL ADJUVANT *EMULSI ON The presentinvention relates to
the field of Vaccines; Mre particularly, the invention relates to
the field of vaccines conprising an adjuvant emulsion:., 5 Many

vacci nes which contain one or nore adjuvants exist in t he prior art.
US patent 6 299 884 discloses in particular an adjuVant fornul ation
conprising an oiI-in Wat er emul si on, |q whi ch the size of the oi
droplets is between '100 and. 1000 um “This emul sion i s obtained by
means of a high pressure hothogeni zer (mcrofluidizer), in the ,
course of a manufacturing process using high nechanical energies in
order to obtain 10 shemIMUNOESGIQAL ADIVANT ERIULSION great to
reduce the size of the oiI ~drops. According to this teaching, while

t he m ni nrum ueo f i he.

run, the n'eaﬁ%ﬁﬁfeﬁeeu Eﬁe %’sé?ﬁﬁlg Privacem &%cuja%lﬁqh ]é‘é‘c’inéér)lnoof
170 nnt, nor eelatc:gteml&rﬂadldgfvlad:mﬂeheompgm(granmijuﬁﬁﬂsrmﬂmon It is deSI rabl e
to have avail eaforgﬁ#atlonthoat isagg tertn f|=vet t}@ 1
proposed °n Hﬁ‘fm}‘}ﬁ O O TI9%° AT HEF BY n%%?{ B npl er
process (not 69y 884 disgosasiy pepiewdif an@dmhmformﬂmﬁnmdomgyx)mg hm;l-m&raaer

| ow ener gy process whi,l th t |b|
conpl etely r@ﬁ“&% thﬁc%zﬁ’aﬁ%eogﬂwo Opgéf uvgﬁ?e(ﬂflgﬁgnfﬁdﬁ t make
it possibl emnmf:é st dihaddlyymeanty afu&@ammﬂmamm (wdekoflogfizet), in'the

io033| ble in part increase r ons bt.ai.nect or
to decrease t"ﬂ‘érs %#aﬁwn%ﬁwﬁs %?gﬁi]fgen %Q%cgfme§?£ ?arg%rg?rzébq e
exhi biti ng n@héit @me@ﬂfatme siffiglerttlyateatiousdicdibe sied afitheenil drbpst Scootding to

conpletely s ni st r ct of
t he present i ?/féeﬁ%mcgr ﬁilrl tﬁ%ml%m]mlvﬁﬁ?/va eérggga&ﬁ °§?1gld}%s é?téhl%nlg
charact eri zed o fimj thatnemivahmnqmu@ésglm aﬂdesastbestqmahmpn eblaA nesqmlemus
sol vent a hydro Q rfactant which.i's a pofyayet hyl one .
al kyl ether, = ﬁng] Qe ndo [Jl%an%#l onic surfaCtant,. in that it is

t her nor ever siltik éesaa‘tﬂe torhavhaitail b096 fomnlﬂmnphﬁw}aaﬂtwhﬂy toibatpraposedin he
oil dro e
Cnvent| odS's JERP Rkt PR Ahe Bt s p bR Dot

t enper at ur e3/sdecifatshen pﬂahw@gv}ﬁh@nsa bw~qmﬁm PEOSESs wﬂul@ﬂ;ﬂma:ing gmedeipgry

| 'ar ge- advant g a8
provi des al | 7 Odumﬁﬁ%%g?\?gb e;hé}&i Ig’lmg&)dlﬁinb exar]%tt%ﬁhuﬁﬁog n%(rgglgssary
foithe phar rmlq@ambleml eﬁemb'taﬂjyvaﬂt Macantds, by waking ibposaﬁhfmearbwlar te his

Eiﬁ&eif o1 2o SrAn L Ak S R AP ISP SRR GR, |
bt ai ned 2%ar twiile bfathd: ;amttaicl eehlaimidg nesigh bRtofieitytihat sitolld b detnipgnial tofis
ster|I|Z|ngf|It{[sy,,a:{J threshold of which is 200 urn. 5
According to 3mBle ar C ar acterl stic, 90% of the popul ation by"
vol ume (or d9®)acHievetthie aigi, hsxdujaapsfthweanﬁnmﬁ@assnthmaw&@@dwmt and
even | ess than N A cul ar enbodi rmeat..’ of t he
i nvention; t &% éf?ﬂlcéig%crﬁmgg%%rt%tggo%gnﬁ%%%%%/ent| on al so corrprl ses an
al ditol; th| s rrakegmalete, possi bl e to obtain a phase inversion at a

t enper at 8 bel ow, th%‘ftmwhllg;et}1 woul d be necessary for the sane

coni posi ton not ko) |n|ﬁg any alditol, which makes it p055|ble
to reduce the pr odhjzdrmpmhcmmbmc amﬂacfahis&bIQMQamlmﬂbﬂcmdﬂhﬂratﬂler, :
denaturation of th e emul si on. Accordl ng to a
particularly adva?‘nﬁ%é%@sém%ﬁ@%&ﬁé tgln’t he hydrophobi ¢ noni onic
surfact ant ofin thist istheemdrkemsitile aml is S12b90% efffhempelatior byavotrams dfthe ot er .
Such surfactadg %ghave %Sﬁlﬂ cﬁégnt age of being.able to be used-éntirely
safely in injC¥HBbf#EEFNTS . According to a,particul ar

enbodi merdy ofAdcéteing fyReinivartion,tsheh ammnimgmnnaylb@@btamaqabymemsafn )
al kyl pol ygI ycosi de and.a Cgﬁ/ (grot ecti Ve agﬁn%succp as. 8.8 eg%;, tae
particul ar dJeERSAMETY EHEPYRISHEFSPORPROPES Videp g very laeeadvigiiagey

from an industrial point.of view. Such a process provides all the guatantees ofsafety

and éf profitability necessary for the pharmsceutical industry. In adglitiqn,.by- virfue of - '



reconstitution, recovers its properties, in particular particle size
properties, i.e. the 20 |yophilized and then reconStituted enul sion
i'§ still nonodi sperse and consists.of oil droplets, 90% of ‘the

popul ation by volune of which has a size of less than 200 nu. This is
particularly inportant for the field d&- vacci nes which nust ,
sonet i nes, SRS oRdibIS 1 Mthih b Yok BHLIRG cBf1sHE! kbR koGNS, o
of certain tg%j&’ﬁ{/cg‘%’tI(SPWOE%MCoﬁggrléeﬁlﬁgn&%opﬁ?lﬁsze’dﬁ'l or'r?-'n %E-%nsubj ect
of the i nvevit¢hoin very spilall owkiclpranders thefeomlsjrdipsoblaned paitinwtarpgeie end
conpositio : I i . i i I gﬁﬁ .J s m xed
with an oi Ir}?iﬁgmtg}rag%b ?%%Qg%\gﬂé%}élrz% ?Zt%ﬁs’gtg%cu:ﬁ?ﬁ&ﬁ%ﬁ °’?ﬁ§§ ol -lél n- wat er
enmul si on i 200ltmai ned by neans of a tenperature-variation

hase-i nuersi-on. process. . Accordi ng,t, e _enbodi nent. the process =
Paordl o tioRiRg Srtio SBflsrrBegh P BE roRiatn B doupis]S BPFSES
pr eloa_ri ng Wiﬁ&hpﬁm@ﬁmhlﬁmmm @e@héliilgssalxafﬂtseﬁ;:ﬂ:n-qi_l i nverse
emnul si on, ich conprises at |east; -_squalene, - an aqueoys 'so) vent,
- . a hydrﬁcfﬁmdmgémﬁaﬁH%W%E%hﬂdrrm afbe iivpeien; e 'amﬁlamgs(%#’%w 12

al kyl et hefzyenfiorWsH QRIPRLCNMYHE Mhis makshifebd®b to obtdY a Yhisk Ureffonsuch
a process, which is very advantageous from an i ndustrial point of :
view, a st &b# emipereiivbeen dhat HhpsssTouidhe neecsyt B HedamiareRpsiiopaey

effect i;6e Sbnle sy AGHET Walc thelBSRpALLRA AR H bR AR bh@andBso
virtue of the pr pa?atloh pricess uged,_ the droplets of oll of the
emul si on -arthe mské octheiist denatirdsionof thesorstitvents of e smulslonsi ze; in fact, -
when t he pardcl I } i -1 j i i .are
measur ed, i cc?r‘sh% g(lf éﬁﬂ?ﬁ@ﬁ%{%’ e?r%ﬁ%gslz%%@u:agn%ﬁrl (;.[ﬁ}o [ g%@?égﬂggﬁﬁl si on,
with a Gaussifatent yfike thveritionbsié sabitauesienr aninoiieieser Snsh shdfactants baveand

centered. around | ow. v.al neral |y araqund .80- rem. According to
a speci fii cﬂ%er?ggﬂ}%?ﬁ?r? ”?}ngﬁst‘g&o 55?%%%%@%?%“1 egt%%ﬁgv nvent i on, the
wat er - i15- Oidlccriings £ patitulhsdndiodinsenobl the meehtby, the erhuigios alsabanprises an
aqueous solvent, a hydrophilic nonianic surfactant which.i -

pol yoxyet hﬁémlpag’ﬁ{)wo w,acmr%eﬁge?ﬁ?a?%%%%g%m °8?3§urfact ant -
S0 as t0 Olb&:Pimaltbsi8d addfordhtrosean O | -i n-water coarse emul sion, and
this enmulsion is then heated to at _ |east the phase:i nveE,sj‘on

t enper at ur 18 itdspospigledp Phiph: 4 ephlirdle selsien "dyidnatt 58BAdt he
process in gutdindioha%efRR iﬁsﬁs?%}ﬁﬂié@,% BeHBCRr ettt SiRPréfeRids] i aduri ng
whi-ch the various constituents of the enul sion are’subjected to a

hi gh t &fipelphiliecd 26 tmoesastigtet smalsontiestill reaodidperearnd coppstppindless
accordi ng t,0 the,idvepnt [ f Ql . E%ﬁﬁ afLrstly,
t he aqueougmﬂ))?\egsg gbo%l?é’?%‘}'eipg %%8%3’ ‘g{ﬁ]ﬁl&%‘t@%o ﬂ\?g%%lggﬂg eau1 20_0 Ihﬂ', . :
pol yoxyet hthiAeparidutarly itipbeant drdhe Seid ofwdksinestwinchombisy sghetimescionpr i si ng

t he squal ene and_25the hydrophobi c surfactant, are. heat.e separately,
o'’ tenporapter S S4Bt QE i et R S AL R BPURR: PerBRRfr o
and t hen tﬂgygp}gﬁ@aqr@n@re m xed so as to obtain a water-in-oil

i nverse enul Si'on. . According to a specific enbodi nent. of the

i nvent 28n, Acabiscioi theBveatoR SASOARIOEH T BEPHRE &8 LUFERHEE R e d

separ at el y oo hedop Blafifgto YRR al 1BAP&HeA bt DBEG: HpeedPRESAroil-in-

i nversion tenperature. e 2 phases are then mxed so as to obtain a
wat er - i n- ofater emulsiah.gihevacteriras injthst teiod-in-ater prawsien is Planaddygesens ur e
at least equalenh0ahe ANARATHANGHALAR digaper ature so’ as to obtain
the water-rn-oI't inverse emEJ)_ ston. . ‘Accordi.ng. to a particular
embodi ment Actdréirp tepereattiodimant, doagscestarorrding dp the invieatidorepaptisesi#t al so

col :upr,ises a 1yophilization step. Thus:.the pr SS ra. o the
i nven!tO i3@n i“’&% oﬁgs%é- IFW%G Gdﬁ@b%%%&%}fr %ﬁ’%ﬁ% W%Q%%F{gio@%rlgeons
conpri si ngemuRicaWhiiebsmpde€st 1vagst be conserved in |yophilized :

foinfor reasons of stability: Many ot her advantages of the present
invention wil+ ¥l apparent in.the ceurse of the follow ng

- .an aqueous solvent,




15 a di spersion of an oily phase in an.aqueous phase which may :
consist either of water.or of a saljne solution, that is optionally
buf fered. AccOrding to a particul ar enbodi nent of the invention, the
aqueous. phase of the enul-sion consists of a buffer, such as

Dul becco'.s phosphat'e buffered sol uti omy” (D-PBS, without calcium or
magnesi um . The aigarphiidmbMaiit sefdctadi $hith s 4 lplioRvendad gl smay an o
i mmunoadj uvant enul sion, i.e. .. 20 an-enul sSion capabl e of 'nodifying .
the response of 2HHErOPReRIFROMQAG ¥a¢R¥uced during the administration

of an anti gepvirte®FPAEEE pMctd, Wileh eSS MIHRLR ARdad Mdidael abmesce of -
the emul sion; this_ imune systemresponse_ nmay be reflected by

anti body prédm@stadle BrUspsEis jomposigen obkded Hwphdererg eifscivpareniatal ar
ant i-gen-ﬂor%gﬂhm E6tdfodlor exanple, dendritic cells), T o

| ynphocytes dand B Fyrrpho%yt es. -This cellular activation 25 can be
denonst r at g afidition by yrbwefithe podparation pricsse Hsedathi droplettofolef Bgr f ace of
the -cells e : i Jadi L i of: .. he

i mrune res %%2%01%%g&%g%%@gﬁ%r-%%%%ﬂ%?%‘%P% on r?%%l& e .tggg%hﬂtkati ve
in nature, size@ropartiek (xizeemdaizk distribetion) drecmehswred [jois seted thatihe emnlsidn -or
qualitative in nature, 'i.e. a_response that..i ifferent, .l.n._nature or
Hao & i1 df &ReRaHete srohipey B R RARR By ol ateioflon (BB RN s
responsy i s120bk ahd eshter&Cirdial 4 lowmaluaddenwally aremd B0s¢0mii. i s al so

i ntended to nmean an enul siron that makes it possible to reduce the
amount of antigens administered for the sane induced respinise. -.5
For. the puries@ifito kRfeciametinkddy 6Mthé Mdcest BeotdRig o e THAGHE The
conposition” is intended toi-rean a conposition conpri si n% at | east
one ant i gernvadn-oHaRveEss FRwIsiEaf pbtained RgmPneRgREeFs ApAEIS SAVARE & i n

.order to ihggsgﬁﬁﬁaﬂoﬁjmy N A ] %ﬁi@%%fethﬂéﬂe%lﬁyﬁ@cﬁ&%ﬂ Ay be

/1moral re se (antibody production) or_a cellular response -5

(pr ol i flér athiyéropkabdy eanicnia suyaetaw o 69 toj abfalm dirst oE4ll 4y ol M@ atenfRfESgeni c
conpesitio QEH%?S?J A : ; SESmBErarkOr
t her apeuti %H%%%{oﬁjg%e@&or e s],lte]Lb E{c%?&%@rd%g%?ﬁnﬁﬁ%%?ggﬁégﬂi%ﬁposi ??rgtr'lﬁ&
obt ai ned acc es i obépin thetitverse englsionofarcane o theguedesd visedhedwap Bassey of -

the routes npormal | y,.u . . Ci pes: ly or

micosal |y, “AiAves at GERER GLphERRtESG tut Aok PEIfE s BAREORERRY VO

| yophi | i zedsd subjrted to £high kenpachiarei st ered by neans of a syringe or by

nmeans of a . .needle-free injector for intranmuscul ar, subcutaneous or

i ntradePmal i njection, or by nmeans of a nasal spray. For ‘'t he pur pose

of the presgRBirdirg\sBhdtRE embb@ndest, the pittis@eibidihg td thé BREeinicompBRas any

antigen ‘that can be used in a vaccine, whether .it i-nvolves a whole

m croorganit@ﬁOH‘PW@gfﬁf‘w%}ubuni’ t antigen., regardless of its nature; the

antigen may in. ia?s@lg HEa .egﬁ?ﬂa%eoép@ﬁ%gﬁﬁ' dneods SHVERPIGhEhdlyord-

pol ysaccharide, "a glycofipid, a |Iipopeptide, etc. The adjuvant

enul si on accor dethglenealiiiettion eada s¢condly.dhpeibt nhesd cormppsiag fheghpaderegnd

viral tigens; ' et iy & &bt ai ned

wi t h ant’i gens OFD.% ?ﬁé}oﬁﬁérbg#%@a?%%% o%%g%\é%’ttohe %gz%%tﬁfe

i mmunodef i ci encyquai touthe plasainvErsiohderfiperaturicyand the0 As regards the flu

virus antigens, . it i.s possible to use antigens.t.ha me.froma

single viral st izrﬁhaﬁﬁg a?”r%e‘gs Nedlv Smc?fw%%l;ﬁ(?&ém}sefsggfnﬁ?mnrt i's

possi bl eto use antigens derived fromviruses cultured conventionally

on eggs, or on cells. By neans, of t jnvention, it has been poted

Chat “whet hdangmedo SFRIE SUPUFLY! Borveriett o e SLerR AR ol ¢ | s

possi blyg t Qpalt Aitdadd SRkt SLBFIMAREPRNSEmPdrathR cloWRBBhaRY.St €M whi | e

at the sa 25 tine very substantially reducing the_anount  of,

anti gens priresesinn emparhigrey Bbe? prasefosethermixedsp gs iobjin 2 welgi-irel gr eat

value in the case.qf .t he pr QN i i flu

pandem c, % P%%hso Pe x%égggga;tﬁtkgq?ngﬂ%%%%agfgw?%lﬁg%vtgf has ort
inversion temperature so'as to obtain the water-in-oil inYerse emulsion. :



| nsof ar as the nunber of ethylene oxide upits is sufficient, the

pol yoxyet hyl enat ed et hers of lauryl, nyristyl, cetyl, oleyl and/or
stearyl alcohols are particularly suitable for the subject of the
invention. They can in particular be found in the.range of 30
pr-oducts known .under the trade n'arres""’B'rij (r) for the products sold
by the conpany I1Cl. Anerica' s Inc., Eumulgin(r) for the products sold
by the conpany Cognis, or -Si'rm[.solrg% for the-products _sold by the
conpany SEEB{erangsosnapicriar srpofipenisias PreppreipliPatosts saekdiraihget a the -
I nvention caRb@bAdlso é&m{ﬂ%@é anbﬂﬁnéaﬁbmemlﬁué;wep'iweésa&t:&aﬁlg;@me

pol yoxyei hyl ene al kyl ether. chosen.from-the group _consisting of

cet ear et h42nyengpricanieaiscd 196 the preparation pimaUNPER) compesiBensepmpRang

(e 9 il R SRS b comferl BTN BERLd ollf mpasgns of bty (o

steareth-10 (Brij(r) 76),steareth-20 (Brij(r) 78), oleth-10 (Brij(r)

2 L T RSP B

et hyl ene oxhelfllowidgslesaniptibhe chemical formula. 10 Good results have
been obtained with the product Brij(r).56. A conpound that is
particularly suitable.and preferred due td-its sem synthetic

origin.jes tFB:?tHé@uﬁ:@Ke)éﬁifH&dcﬁﬁ@bﬂ&?ﬁe ingdndo, giRs palangtredstsangabéed by the
conpany Cogni s under. the nane Euifrul,%i nTm;)J. Tpi_s cormour;%lid%oa

m xture of WSPHSER i fg TSR REKDL BRSPS Ay Falughylape o vohume; the d50
C113( CH2) 1%nf s@didieClieldld 02504 b thh AropGRpildidihytwLidie i nvention, the
adj uvant emil sion al so conprises a hydrophobi ¢ nonionic surfactant;
it-Must be a surfactant that can be used in.-the pharmaceuti cal _

I ndustry; FeP (e gﬁilj;oéé&ﬁtﬁ@ﬁ%eﬁaa}mafeﬁn Syl 5ARkter driutdii Sis [RGRE o tABAL | ON
may be nade of sorbitan _esters and mannide esters; the sorbitan -

est er s 14r e aslhivpaisivacd By oilplisse Brangauepus sy which may icensish eithsr obwaenArur e -
of partial Batai «Bhuds i tsUorgfty bhfetR Mo flh pARNAE difSainldit

may involve a nono-, a'di- or a triester, or even m xture; they are
hydr ophobi of therifreention s dqoeouaphash of fhe ermvlsioalconsinyfadnkht, suchiasophi | i ¢

bal ance (H is,less than. ngd..or e | Vol , can be
found in po&rﬁﬂ?e&fﬂ ﬁsﬁqsﬂhatt%gmfeger%gﬂlgg 1 s@?‘?%%’tvﬁ%hpg&?ocﬁ@?g@g?%ggg%' any

| C:;j AFYELi'Came ltdm.“ﬁdﬁladfm emhlsibnag&nt&;]mﬂ(tcr.maarmnihlynmbmémnmmysi% i€ogni s
under the nane ymul sT" . of; e co JCl under the me

A1 e 20T s aRu BRI e T RO e st At e Heine
sui tabl e; nRMdPMsERYn Q?aﬁﬁﬁ@mﬁcoﬁ%ﬁe@ﬁﬁ@iﬂe&&pm@@ma&% & 150 biskengrder

t he name Dehymuls SMOTm or Span(r) 80. Anpng. the surfactants

consi sti ng Oéfhemiﬁl%&é%%?@esﬁé?ﬁﬁwfﬁﬁ?aﬁée Frlgeedby Ti@oBanni de

monool eat e i ' LigEBlts, B paliieulah SntGOABRARMMHRE BRIsq N der
30 the nar@? %%%ﬁryg%%%aﬁgﬁ%ﬁeﬁ%%e osfﬁ{phe gel ect1 on of tﬁesesq

speci fi e swrdragle,alendritionslls)gT hirtphopidessnd Belymahacstep Bionsdalar aptietioy i or
art ! onsPr epatd A GOLALAUIRS prekdncl8FacHOMAB SRRSO dubiBle drtnd o

; 30Ssi @Fe, =very advant a eougfy, 0 produce an oil-1n-water

adj uvant enaf by tha relsisa gf aytoliiess Ehd modificatiomofthe tnarsgne Eeponselindiced bie -
amuns of sgual ene and.of each of..the .surfactants used are

advant ageo TR %%af’%e %Iﬁ?tg‘atﬁvea]? e T e e %%e%%ﬂggxee %’?uzfa% am of
whi ch conprisp@e & dfiitdyBEqhalilifiviinuamre) haageshohse tioe fadiférart imnature .
lamel | ar phase type) for wnich the %nt elrfaci l., t ensi.ons ane .ex&rerrel y
low. | at he oEb%e er?w@ﬂﬁgféﬂ%lsg’tafa% ﬁé?_s?%“"rf@é“"ﬁ FPRBTEACR A t he
enul si-ags gL airfedsarat slifklos” BRtoMMARKE SPAEMGN emiiddh thitentd it
dropl et's being verf small in Size (d90 less than 10 200_nxu), when

t he over al Ipodsitlstovredige thsfamotist afantigsus adsuipistgradfon the smradndusedet ween 8. 5
and 10, and nore-particularly between 8.6 and 9.6. To deterrai.ne the
respective ™ @BH&nt rati ons of hydrophilic and hydrophobic surfactants




10, and nore particularly between 8.6 and 9.6, |ILB. corresponds to
the MB of the hydrophobic surfactant, 20 M cerresponds to the
percent age by mass of the hydrophobic surfactant in the m xture
consi sting of the hydrophobic surfactant and the pol yoxyethyl ene
alkyl ether ((PAE), 1112p.c correspontf%‘t_g the BIS of the PAE.. . It
has been nofgéhdgiaiose BYhe picbght hve@EESHRE ki im@lopsdu sbBpith” ket ween
5 and 45% an 25 enul si on whose - phase-inversion tenperature_is |ess
than 95C i sUFRYSH 1o Fpamh & SFBRASHIOR COIPHSIRGEY 1eastone aattgen Andibat @pba, it is
possi bl e t ouauAstared & MOXHE LM ARLalAnkYder & M@ce 3h iBmERNGBRI 8dpbade. Of
between 0.9. and 9% and a hydrophobi ¢ noni onic _surfactant at a
concent r at i BHs $posea merhe ohumespiresponse (priibednpiofirdpnlor achulEFairersn
consi stiqg : SR A S IrRintBur 4 ;

enbodi ne'{lnt '@{Oht aét%gna\%ggt?%?ﬁyhe N mﬁ%@gi c corrpo%l&t%l5 %)dr’;&}e{)% iEI(E)m I!lé}’
conpri ses & azogippetiorsfor ropbyladtie ppeposds on fatheraplytisaeposes, or else both.

erYtluitol ,sqrhbi S * I 'tgggini : : t ve in
particul.ar .@%e"%bi (R)%Jf%ei%ﬁ:ecgm\ﬂoiuﬁo%%ge raar %&%ﬁg@?@g@% ﬁ%n g%npany
Roquef t e . Fradm@ssterét eiacnyp ufithe raftesadodhallyl usetb@dedomntdndedoioe pacaks:on -
process can _rap bet ween: 1 and 10% and: npre particul arly,between 2
a7 5 AEBRTATY F B RoBlT R Srare BB e Beerkat fhwie Pon. ¢ he
adj uvanto emdpsilzed ﬁirﬁlOItQ:QiTmixﬁtﬁﬁistaredrbyamﬂimtsyMege&gby&iehMﬂf@h _makes
it possible to _|ypphilizethe emyl si gn obtai ned;, anong.the ,

1 yopr ot ectedle-FEEMEStor igaF TP S ROl Wﬂtﬁﬁé&%?fa?cﬂaw by
especi al | y 15448¢ OSLnasdipRGdi ti.on, the enul sion according to the

i nvention-can conpose an al kyl pol ygl ycosi de, which is a snfactant .
with if sudartheeswoss of thepmessupvention, th tepa "abieen df Hignded to mean any

decyl - D- galaﬂﬁﬁge‘ﬂ%g%mﬁ@ﬁk@iﬁﬁl a%cin&cv%fﬂé}ﬂ%vbﬁe@aﬂh&%%ﬁér@&g@ﬂ&ﬂ@i gent,

dodecyl -f3-mal t 0si de avail able fromthe conpany. Roche. '~ By virtue .

of t he 15r oculymitfantizgys easandleapofitiaarin; hei apfgaaesyrinfashbe drepde.ianvent i on

o1 1 e v R QR e B8l BREOBG ETBIPI 8 2L cn 1

vet)' hono§haediussnt emulsnycroadidg tothaimtentionys paspubsdiy sititdble fobvizdlned:
t he d90 | b | is_| k1 : th
150 nn,  adiieospetipllY et Gy R et dA L Bin oA ahalat pL BE° | 2O

100 nm ot hufMe BytSflcguivviie,sif thafbuhiae iwmuhaieficisngyrvépg red ofthe findimg t o
the process of the ipvention have.made.it-"possible.to attain d5
val ues 8f &3 sébeﬂﬁw’ﬁ %ﬂﬁgﬂ@d?%“’ e‘é"*fi’r‘ﬁiéﬂsf%%tﬁﬁ Cfﬁ’ﬁtf‘}%’m“‘?g?
(measur enme Rkl $Ean bieforf dimbkutd bidaouslsirins, 52 36kkibld th ubkathigeis deisal bl e
to perform-a sterilizing, filtration of the enulsion o(lb)ftai ned,. on the
condi ti on- tieas vifuses quig rcoil%e.ng‘ﬁﬁailb’f’ﬁégﬁsi?fod'iof’%% &g measg pithepyendiogns jn
whi ch the ﬂh@?ﬁ%&&ﬁéﬁzﬂ%%&bﬁf&%ﬁ@@@m&ﬁpgnﬂ;&aﬁéo?miﬁs,ﬁri@ stabl e
T S u

over tine. thus been possibleé to note that an_enul sion

prepar ed agossitdé togpbain & eatisfastoryieenenieon tamigmame pestera whident teoyemer ved,
after years, .a | - fi | taﬂﬂj% WMecif0 agdem and
a doo égl u efveyl%gﬁu%aaﬁ?%aﬁaggg%é%d Otﬁﬂ%\qf t ngej??@?e\é?%[riﬁﬁ S cS/_ery ﬁi ghly
st abl e. Th&hinzey «ffpatiiceldy grst wés.in te caseand tireguerlayativa rf ovescme againstand

i'n particul by LASER diffigtion . particle "sj
Beckman Coﬁi%’é’é’iﬁ#é‘w’c r%llt’r{"%ébeLpgS&gﬁg] r?ﬁlﬁe’ﬁgé'? ?fggﬁég?g ?rf]bé OE@%&O) or
Mal ver n devigess@kmbings dMbstensdases. range (the Mastersizer 2000 in
particular). The principle of nmeasurenment of these devices is based
on analyzing the intensity of the |light scattered by the particles as
a funcgpon saf b (angliSentionl tieoilih 68 emiRbnboinpAsks Sl dne ARELIET an
det ect 3Ps) A%\t}\?{e%%t e sa.r%loen}it illumnated b agLAS_E beam_ This
anal ysi s i sildatialiyodigmating fromeshar liger; Hds aesibivhosa prpisigel chesivalfepuula
according to.the size. an - 1f . I b he.
case of th& %’U?_Oé?%lﬁ?lggf&c’p ﬁlg ngl?&zsgfhgsfo?[‘;la |%P§:%ﬁ%%ﬂ%)%#ﬁﬁ%%e§ famirtt IS
-~ .allowitto be used in'an injectable phal_maceutical product. Squalene of plant origin,




t he conponents of the device and of the data processing software
used. Thus, the sane enul sion according to the invention was anal yzed
wth the 2 devices and gave the following results: 20using the LS230,
with the foll ow ng paramaters IR particle = 1.495; 1R nedium =
1:332: absorption value = 0: d50 = 80530 LIM and d90 120- 130 nn -

using ‘the '\%&E&é@ﬂr&ﬁbh@&ﬂ a.lsWe}hE’cs tclf%d&sshit@ﬂuvemmﬁ@q@%@én%‘bté&d .
particle = 1,495; IR nedium = 332; absorption value ='0; obscuring

Doo- 4-7% vsheihersaralnmmsoaded hj’;ﬁnr eompappHEka, V(is@u&oifa@l@d@na%l‘hmd doo .

= 140-150 %ﬂ%mtl@?sd%ﬁﬁé?&s%d U bt oPQ@oﬂcQﬂﬁ%’E@d‘eﬂﬁls‘i@N&r@e carried:

out in the tollow ng way: concentrated crude ail--1n-water enul sion
i s prepar eddwtam}mvaqmérﬁnéﬁS%h@lsaquste@)ﬁaﬂer BUtbssquesdy ut i on,

to wh I
ol yoxy ot b e Blpattd of idfftbenSORhoIsdd of Rodlome - -
hydr ophobi onmmmzmgldosesmwhmht@rmﬁounmqumemwmn Olﬁwmts&’oﬂhxar ation

f th I - : | b
o1 1 -1 n-vent SPREH e bBraried Sy RHE RO Bralu RO S Telinasetee o

instabil it Yaveiiirsand thd ﬁlb}iﬂﬁsmﬁcﬁﬁpﬂsﬁgdh@ﬁiﬁgbmat ed untl | a phase
inversion is obtained,.i.e. -Li-  a water-in-oil enulsion is
obt ai ned. The phase |nverS|on or transition can be nonitoredby

conductiigi Nefckyrdingito 18 Ghvensot], HRGnin dofiPrikdd atzﬁﬁa@ﬂrca@atbﬁuh& Befactant,
conductivity increases until phase inversiot r0fcurs at this tinme; a’

relati vel y Bsfalisof thedpdyopbitistigerhiiionalapes o B at whigh tserrater 818&F at ur e

at whi ch t gy BPNORd Whii¥eYdizb ot Oénellidil g@ﬁysﬁ@%xy&hﬁ@w M1 kihers
conduchwt@y occurs reflects the passage fromone-tYpe of enulsion to

anot her ABe) ¢ v pRys as pelverssihyimatedoEY alcohdl ethpis, ergalidly, ¢ hi s
t.enper at Ufff 13,&{3&; E 51%51 %%ﬁoﬁ&ﬂgwmﬁmwmaab?%aﬁmmo' nt

val ue; . consi dered that this tenperafure is .
at eni péﬁat genslenation bitweat # fitywaleofioh and @hylgewégieeﬁyyqumeqahe entire

SHELZIOPH3HESIO npegggﬁég Eﬂﬂ%ﬁ%% reac @gi dB' ere J%E gﬁ%g in

t he presenasmbér oﬁeﬂw]rem exide wiits andrislsiabiy betwren h(éaicﬁ fifigandsx s qu:ped and

Simply ol | APy ERRe dRRarg s ot ERsr dhesraip R PR Re

te rrplvglr at ur ﬁnxt@;!’es M’;Ecﬁy;ﬂﬁﬁ bwve]ﬂhydroﬁatbdmﬁ&haﬁls bﬂﬁnﬂﬁﬂ.ﬂb@}ﬁn for
exa e, 'in an ice bat en the tenperature pass 0 .

phase 2hverlks eFAnlsien Arcorting 19 the Wgen?gngqgl@@)! COTRYESFS 2 %ﬁ%f’ i‘Y‘&?PliaF‘f ]]E szﬁ'nver t
again do ag IB&FLR@&&W&W% ¥ BlsSi@bik 1ﬂsta.¥‘@§ 85 oMM BUBRank kM ch the

size of the oll droplets is this time very honbgeneous and small; the
emul si on oﬁhapaiad{ya&ylehﬁcd {28y plcohad bthers syitablrefr e seest efthe inventians |

whi | e avvaltl utlon

ant | gen. R

it is agai prebammgmgﬂm to moﬁ@whmhﬁsscﬂtathcﬁgbm\khe aqmeowlphmommmhsioon
tenPerature, it .wll ain becone a water-in-oil emulsion. It is
not ed ?Iﬁat npt H@“&?%@g%ﬁ‘eﬁgﬁ owi ng the conductivity are ..
superinposabl e for the sane emul sion, irrespecti ve of t he nunber of

t hemm nver si ons under gone

th t
have the séﬁ%f%%‘*rt{l‘?% E%tgﬂF'Eﬁ‘?"ll‘% ungglsg SI O g"f 5 er.’t}‘&}g?}}ra ng t o)
the invent \@gs.of iy, %m&y@tde@m oyl Adafor @byt ﬂb&{éld e 5&%@&1 it@#le 10

have a phase 1 nversion tenperature that is |ess:. than 95C, and nor e
parti cul ar fcyﬂlw@ulm@wf@ zamn@@@hesam impartciganteifeunddr fap rangeof bet ween

sk POt nirobip oS BREE B 2R e Y R ARSRB W SRy | D 10

hi gh terrpeICﬁtA.tn?cé s&i@Emﬁtlﬁ:x@eﬁ)nmfpgodws Mdbmthbhenpmq]@gﬁlsfw _
preparing the theri oy eversi si on ating of the
corrponents F@ﬂsﬁ@%{r e ?‘%Wr%e%%?ﬁ#}fgﬂ?%@eto mai nt ai ni ng t he




..which will result in an oil-in-water enulsion, apd then to heat
this enul sion to phase-inversion before carrying out the cooling. 20
Al'l these operations can be carried-out in separate containers for a
batch preparation but it is also possible to use an on-line process.
The process for preparing the enul sion’on-tine rimy notably consist of
a mxing, 2B pb&'ﬁ%&ﬂ?ﬁﬁefeﬁ%@@hhls%%cco?&n 138hd WoerRiEh 8BS ASn&Hidnic Phases
prepared separatel y° beforehand, through a thernostatted static m xer,

fol | owed byydrphilissudestmbagpotyerseiariens alel stheyehescn dorehe sorehanger
connect ed adonkilie,Qiobielre@liot in% AR it nth BhmuBREB %Y)?Eeféd:&ﬁlzoflec overy

of the enul sion 5ccord| ng tcg e’invention i.n"an appropriate : ‘
cont ai ner ((Enmylgin® B2k sloaigthy2] (Bumwlgii® S esethcdhSGintlsel® B¥ora- -

et ve 1 RSl PeEn BRI R R Ol ) A B RN 1 s

successful lofethid @ BrijEhes erdi§)o M edliolehR0f(Brij@ $leorBrijiRriP)i Bhepumbeded by,

the punps that transport the fluids-and.the m xing LS, cani.e, d.out _
it thout  any SRS S8 her Rl ngtmg oSSt i B8 ST el Siefi PuSe GiG | e
of the sepah@étenfcal @rsplaaci ng and auccessive conbining of the :
constituents of the mixture.:.. "The on-line production process is
carried out in the follow ng Way: the aqueous phase (buffered '

sol uti o CURirsRghhReearbnUmEkityihe PR IM: BRY® 56! Nebhpand thdies O |y
phase (squal ene and hydrophaobi ¢ nonionic, surfactant) are_ prepared
separ at el y Pericplagy spiteblegnd pesferped due iy ids semisgnthelis gsigsis EhepobyoREat ed
With stirridgidng )k {etie? siplisdiby e&gp/a%-da BUARS tHMBIST ON
tenperatureea@Te%e(TtMv)\D%ﬁgir@s ar g@tpﬁen %ntBro ucgd gl#to a thernostatted
static mi x@mb%meﬁis}%btﬁ comprpds a mirdre pHEHeHe s EFClilriCdhhgfOb and
regul at ed ObE Gh _ -qgﬁ*[)_ osition of the emul sion according
to the i nvz)gﬁé%@}g)%gb\?aftﬁe(?ﬂﬁﬁ-pl 10 inverse enul sion is obtained
during Wbhe passage of the two phases in the static mxer.. The

i nverse emuyl si.qn i.s.subse | ys: C0Ql : ' it o i t hr ough
o ot vi gor et edd U EREANE Mo s PR35k iRkl | 11 P
m xer . The nofibficshiimitdnt;dnilistiben swifictant thetrean bheraset it the phgrmatdwgical

refrigerated heat excha rt i ve.an oil.-i nwat er enul si,on mh'ch
will be colfSTE moRE S RDl i Heshihly TSR meRe PR p e et of
15 whi ch ;{E@:bitgféﬁtér@ﬁid Ihaallnid&caaaters@ﬂmtsdéx_eitmie&i aﬁ@o&ﬁh&i lsmawnafﬁat ch
process. The adjuvant enul siaon according to the_ inventian,i en
lsod 130 t REbACKERRER SHXBTe GReR RO APRRloHR S PO A ARy e

enbodi ment. yGoRS|, Siveived L, A Pors@isktdr QR GV HHRirAqh&f ark BAREHOBR
vacci ne antigen"wth.an emul sion obtai ned according to one of 20 the

enbodi ment suniéstects thawhich thetovirall by dreplsli¢-paphilivhalanea iy dhiess than 3,
conposi tion i 1Syl k:|.=1d N= walt | s or in
he' 1 or m oR S EReElebbl iy bR B8 i A ool M e
of squal engold®ptes@nipanpICll aaaicablichyndaribsnaie $fae® of it thewespanf t he

i mMmunogeni ¢, conposi t.i on. er nagy ve it is sible to mx the
ant i ger”wi-{oSHR En (‘}?dﬁgleﬁ'\%g@ r.’\ﬁf-t’%ﬂ’?ﬁ%mmgag}%@é%ﬁg%‘?e 25
preparing thecaMiak st ORI or ¥infib st thithe: RARERES suifkbly Slontor TRy Rr

i.mplies, of course, -that said antjgens are antigens whigh are
conpat i bl e mede b thhsorbiimy mesaslestespiimngerdhernge Dehamals POoner JroPAR

antigen may, al sq ¢ 1 .nﬁ:ﬁ% Q e sk LeRs, and
al so any otp’r?éorn"g%en%oﬁﬁ né%ﬂﬁgarrrg‘g Oﬁuge |en5t\7r§§gi&1r?(eaé, Eucﬁ%gs of

st abi | i zer ganfide Rroaseeats sujd by thetcempany SHgrhd, onlay thy company Seppie under

adj uvants. . - 14 - hil, f&rfﬁd sol ution as aqueous phase, and then this
em nsi éh i @WB@‘HRW%% a sol ution. conprising amalditol, a sugar
and an al kyl pol ygl'ycosi de, for exanple with a solution conprising
manni tol, sucrose and dodecyl mal t osi de. The enul sign obtained is then

di vi ded up Byrvirnesis ssleoionot thssa apseidic srfastanispmena 28 the ssfpsigit ed to a

. proposed in-the prior art for preparing emulsions, it has now been found that it is




conserved in the formof a‘'lyophilisate, if the naturg of the
antigens allows this.. Alternatively, it is possible to directly
dilute the concentrated enul sion with an aqueous-sol uti on conpri sing
both the vaccine antigens and also the alditol, the. sugar 20 and the
al-kyl pol ygl ycoside, and to subsequenﬂ%r subj ect . the -Conposition

obt ai ned t gokdste) @egpmv!aﬁtagaougﬂ,-to ProAlcctn PARASFateR haiGRdnt MhilGioR Ybing B e
proceas inplies,: of course, that the antigens are antigens that are
conpat i bl & RRAfHEEEFigRBIFESzat i on- process. The fol | owi ng exanpl es
illustrate variouS enboditnents of the invention. 25 Exanple 1:
Preparation of an adjuvant enul sion according to the invention  3.71
g of Eunul dionthis, S ameyniadf squglens ang ofgashedithatsufectatts yradatet ol i n PBS

buf f er “wer ¢ 40j %gg i @g]( Bl . F Q&r’g}ggg-%géed W th
stirri n\geafac.lapp o%%S%%EP%gE&)Q'. . % anote)ﬁ%gﬁ%g%@% ner, ‘2. g of.
Dhynul sTM $Shftpased a EeroSnegpnehrvaguathese(migpendsion peidmaagphise ¢gle) for 15
When hom)ge'r}g(}%g Ptga_iaes yer.e obtg%ﬁged igweach of - the containers, the
aqueous phe‘{% ¢ gmiff" S}abgp%{gxgcfr?n mteh'é oi |y phase, which was .
mai nt ai ned Iﬁthe&@ﬁ offtliduss bf squblage, it has beddhewrd tizethe eanpBhatbtéined@s
Compl ete, t .crude enul si on, gbt ai ne S heated until he , -
Conper at ur Saplezi Bpaduasets Vil o AR b O il R (HOIPR o e
stirring 208 h@?,mhiﬂ&gwm;m‘LRﬁalﬁé ORBReehrduE surhtants bidekllid RGwHRASB.5

mai ntai ned until the tenperatur.e: re%chgd-arrbl ent._te“ngerat ure. An

oi | -i n-wat é‘Pd-é%PQP’f?ﬁengwﬂﬁb’rPeﬁfﬁeﬁis i 9 0n 60 etering the HSPISIVE dr opl et s
of whi ch VWagnGaliehedr B/adphdicad Rrb RBR LSRN if M dofioQidn 413hT an
L3230); and the 10 conposition by nmass of which was as foll ows:

32.5% of s@gmuisionethe fglopdng rmplscimieised:hy| ene (12) cetostearyl ether,
4.82% of sorbitan nonool eate, - 6% of mannitol. 15 Exanple 2! Vaccine
conposition agai nst” AIDS. Vacci-ne conpositiaons conprising a
det.oxi flsed HIBEL = (HLER oM teilBadl-ddt ingdichwer e prepared. The TAT
protein was detoxified by means of an al kylation reaction in an 20

al kal i ne medi um usi ng i odoacet-am de under t»hé foll owi ng conditions:
nunber of HIB;IHegcass wf the GlldacEihamidere: whith iXpraferiidy befwesn 815cnKl es

of TAT + nuyrnber of mnicr | es of .. This detoxified protein and

t he pr oces,ts{E”faB n’ﬁ’?:%%%_?“ﬁg&r?et‘fé?e_@%ﬁo%g@rq’bed i.n detail in application
W99/ 33346 py W) @b Redpbndstto LB bf 86 hydi8gHobicharfhadnm car boxynet hyl at ed
TAT. .Thi s reconbi nant TAT antigen ts conserved in -solutjon, in 25

the pr d8endécerespyds WVPF@WF?&%#ﬁ?@[@%’df%lthobi?@@:fa%é%%@ﬂwe
cOMposi t '-O-Qm}sﬁn%gtﬁéﬂw}bﬁ:fr%{o%ﬁﬁwﬁ&n% aftf B0 B 6k ofOThE QRORME

solutions, in order-to obtain inmmunization doses of 200 pd ?ﬁhg t he

fol | owi ng &l icomespondsyo teddiB pbibg PAE. 30-. for the conposition having
only the antigen. 20 itg of TAT in 50mMM Tris - o

It has been noted that, by using a concentration of squaiene of between 5 and 45%, an
25  emulsion whose phase-inversion temﬁerafure is less than 95°C is very advantageounsly

obtained. A | S

For such an emulsion, it is possible to use a polyoxyethylene alkyl ether at a

concentration of between 0.9-and 9% and a.hydxopﬁqbic nonionic strfactant at a

concentration of behﬁéen 0.7 and 7%); the remainder of the emulsion consisting o_f an

30  aqueous solvent.

‘According to & particular eabodiment of the invention, the immunogenic composition

also comprises an alditol such as, in i)a;'ticular, g’lﬁerol, erythritol, xylitol, sorbitol or



buffer, 100 mM NaCl, at pH 7.5; for the conposition according to the.
invention: 0 fig of TAT, it, 5 ng.of squalene 0.75 ng of DehYmuls
SMO, 0.94 ny of Eumulgin 131, .0.91 ng of manitita 5 Two groups of
six 8-week-A d fenmal e-BALB/ c m ce were provided, and Were injected
subnmi t aneously with- one of the .corrpos‘lsh ons prepared, My proportion
of one.dosemainitol. 230d fedilitgike iRt B&niobjagel kahshavaimitgl sk byolie DO
and on D21:. . Moo4 sanBI,es re-take fr‘gm

1) 14 i n or oROFIPERY ReEiEEE FEorRs Thq ARt of Adisolvsed i Ake Roppapsiien prAcess fan
secondary rRsgReRen Thad 30RCaddHork gﬁﬂicﬂﬂ% Hebwica@mdt7i t ers were
determ ned by neans of standardi zed ELI SA Says. The m ce were
sacrificed on D37; their spleen was renmoved and the spl enocytes were
i solated T, £ Nt gl el h : are
unmar | zed TR RE DARTR oL B AAR OP R Ryt ER0435 860
expressed igempripgstacayoprateatiGpagant which makesoy possible telyophiizeghperotlsionce,

the val ue iRdi-cated i i ' | 1tec. .of the
val ues obt a@gdé:ggﬁf %ﬂoﬂé%%&g?ﬁrt@ﬁ!éﬁ%agee@gu acc? ﬁ%ﬁg{gﬁy&g?%#%ﬁgnfg& at
D14 | gQa aspdblly seBisealn a08iion giRpemsioDatotdi@ b ipEvention ap campidss -
Tat 2.6 1. 2an4aﬂcyfiﬁo?yg%y5co;|§gé,%r%iclﬂ i;ra 'sut?a_.‘cént with a sugar head; it may in particular be

10  sodium decyl-D-galactoside uronate, or; a(';'cording to a preferred embodiment,

dodecyl-B-maltoside available from the company-Roche.

By virtue of the process for preparing the emulsion according to the invention by
phase inversion obtained by varying the tempezature, ari oil-in-water emulsion, the

15 éi‘ze of tﬁe oil droplets of which is very ho:ﬁogeneous’, is very readily and very
reproducibly obtained: the d90 value (by volume) is Iess than 200 nm, preferably less
than 150 nm, and even close to 100 nm while the d-SO value is less than 100 nm, or-
e;.r_eu 90 nm,. Most of the emul_sioﬁs prepared according to fhe process of the inventic)n
have made it possiblle'to attain 450 values of around 80 nim, with d90 values of

20  around 100 nni (measurements carried out with a Coulter 1.8230). Tt is thus possible

T perform a'm sterilizing filiration of the emulsion obtainea, on the condition that the

latter is sufﬁo‘iénﬂy diluted. _ '
Such emulsions in which the size of the”drops is homogeneous and very small are
stable over time. It has thus been possible to ﬁote that an emulsion prepared accord.;lng

25  to the invention and stored at 4°C, coﬁsérvéd, after 2 years, a monodisperse profile
with a d50 valie of 90 nm and a d90 value of 116 nm, which proves that the emulsion
is very highly stable. |

The size of the drops can be measuréd by various means, and in particular by LASER
30 difffaction pirticle sizes, such as the Beclkman Coulter devices of the LS range (in
particiﬂaf the.LSZSO) or Malvern devices of the Mastersizer range (the Mastersizer
ZOOO in 'particular); The . principle of measurement of these devices is based on

analyzing the intensity of the light scattered by the particles as a fuﬁcﬁqh of the angle

the-retroorbital sinus on -



2.5 5.7 5.0.. 5 The results obtained show that the emnul sion
according to the invention nekes it possible to increase, overal

t he hunor al response and al so. tends. to pronDte the type 5 1

T- hel per response since the | g&Ra response’ is increased nore than t he
| gGl response. ‘As regards.the cellul atlresponse, it Was possible to

demonstr at ggarhy M@E%dasﬁfaﬁh@ & BLtediGib) 'wHEH el %p@é if NRndRh@NBE KL €S

renaoved with the reconbi hant prot €in, -.-cl éar I ncrease. 1n. the

nunber of deh$ER pragel ddisanalysisng @qm@i @ﬁwﬂ& vlamaibtrestiselmedelsidhogsane
frommce 'M&%ﬂé}% @qet&eaaﬁ{ ?Ehaggtht)ogf MeC Qhﬁ‘lgﬁéeﬁ Tl Gnd, RYENLE R

(486 spots per 'S versus 106 or the preparation
cont ai ni ng mmuramamtgzé'ﬁhfaﬁmeﬁ subSigrpiie pirficles, hieis aseeasarn tp @[’Pl}t mepecific

t ol f
oYt ol of nes o EodBU T BIPORk 0 oV B RS RIS oPBRI gAY ©
(5365 pg/rc(hemett_,_gaﬁ f&Sﬁgilala?é%’ri@d ofl Bs- Exﬁmniajehﬁe P33xoﬁurawttaﬂ; ﬂlfls?/also o
vacci ne conposi t’i naaug n_cytomegal ovi ISIﬁﬁﬁ?ﬁl ns ccme
conpositio % A % ggﬁ Xﬁ%\'an‘va% Yoo 2ribe precEtn
?g\lll vv)edTZO [j‘ammtsaahﬂmeq{neagl i Qgg wgB Qﬁﬁ@igﬁlﬂﬁbiaﬁﬁltyhgte Cyt orregtzill ovi r us :

owi ae strain, .cal]e cl eoti rote
sequencesnf- aWﬁd@FF%&?le defectiop; fqrnn‘ﬁa]g’@?tanﬁgw aI@S‘g g@‘?“"ﬂy grential
prepar eg. Emtfenﬁgﬁeméﬁeeﬁ% (HIDQ 5§l HOmPCAMUE QakidasAIBwE BRAHIRIADfroRHO

line transfected with a plasm d called pPRgI§27c1v4 whi ch contains a
modi fied g,%8%¥ne.- Specifically, in order to facilitate the

producti on %f et g%o%bsg CATRMBRARMe PFBfRnBihe Bhiand HR @pﬂomamﬁer&B

gene was no orehand .by deleting the part ene t hat
encodes t heourraeihieniizhi abshores welﬁpgtbmsqgatqérv@tbémeww %@ﬁw af to

the am no %&3@8 AR m&&&t&@%ﬁ?&@kﬂ%ﬁ&% AN Gl Ry fRd. by

i ntroduci ng poi n tati'ons such that the cleavage si'te that exists
i n the Idat isvlangﬁnman@l tmnated. In fact, the reconbi nant protein

produced by, th nabi.nant F{@ i o

t runcat ed ?ﬁggﬁ’ﬁl ‘\?S?Sdl S8t e 'Jé%a\ggra%g%t% {Eﬁﬁ’%}g%h hﬂtv jagﬁglrlr%g rane
regi on, caltﬂlee:ﬁngBd&rﬁé of-the c‘l’dvmecanuhsﬁheldathpmcesﬁmg beftvprragsedi Thus, the
pPRg1327cl1lv4 and the uction. of the tru ot ei dT™
Dy Che 1 ecdiBt s ORERe o i feneion s A it SR G Al T
purificati %@ﬁoﬁﬁgr@ﬁwcat ed gl 3 .protein is carried out on an

i nnnunoaf finity chromatographic colum. Using t ocl o ant i body
1508 dé8cri bed Bgmmﬁﬁaﬁ%g%ﬁﬂ@ thesfollgpang parame H‘BP artigle 5 5‘;&%5%‘

274a80) . Frome UEEQ?EB:PQ. Jnlv‘aﬁze%to %@Zﬁombm@am@i?zzoﬁntl gen "
thus obtai ned and mai ntai ned 10 hi phosphite -buffer, the enul sion

acdording to 't hé3Gment i on concentrated as descri bed in exanpl e 1,

and an -enul SI %mg%g%&;z@&wgﬁ%lm%%% Q%aw n'g@i;on, 50

gl doses O asit1dons were pre
fol I ovvi ng cO’rpctﬁLQS ﬂR@mmhuni—]h’a‘gzmbsgﬂmn vahei=t §; ab&unug#ér'l"/é;t“gptﬁriﬁ

(group.called gB al one _ f ual ene; 0.133
ng of Ig'gnt anel xPY&E5° é%cajlmﬁdei’i{uslo *éb%'feend'ld Orﬁg‘r(l)olgl t%rglate buf fer at
pH 6 (group 'called vvlth emul si on of the prior alt?)), jlg of gB; .

1. 25ng of sgual ene; of Deh I S §

Ei nnul gi nTNEBPFOSFH a?F W&ﬁg’f‘“’?fﬁ‘ﬁﬂ el %@“5{5%{3& og\qn%ﬁa)? 24

(group 20c@bdcestratéd dudfBil-Si@dterUmul e is pité@ﬁ’éd Byiitorporation of the aqueons
phase (buffer solution, to which alditol is optionally added, comprising the

joud

30 poiyoxyethylene alkyl ether) into the oily phase (squalene and hydrophobic nonionic
~ surfactant); or, conversely, by incorporation of ,’ghe oily phase into the agueous phase:
A noﬁcalibrated oil-in-water emulsion is then obtained, which rapidly ﬁ_nanifests its

instability. This exulsion is stitred and heated until.a.phase-inversic:p_is_obtained,-i.e.



Three groups of ten 8-week-old female Qutbred OF1 mice were provi-ded
and were immnized tw ce; on DO-and on D2I, subcutaneously, with one
of the conpositions indicated aboVe (each. group of mce is given the
same conposition both times). Bl ood sanpl és were taken fromthe
retroorbital sinus on D20 and D34 andlhere used 25 to determine the

concent r at i PRgeOf JilGulsioid obﬁ@%@ﬁ]%lﬁﬁas@ﬁkﬁdeﬁﬂﬁ'&%aﬁé?@&ﬂ dahGefor the

gl 3 antigen.. The assays~were carried out by means of ELISA assays;

the result sm@btoandrbércfoaql@ﬁgxe%ﬁn fast. GpEng Bpriee péyanpretemdhe radegpit¥s sed
as | ogo of ﬁl&@ﬁ%ﬂ%ﬂé&ﬁﬁ%ﬂ&%@cﬂ@am% h?éiétﬁz@%ga f@ro?h}? mean

val ues obt al ne rou mce e of the groups .

D20 . D34 | (pendugtoiy mbse@vedt leqmperrg@p at yourh th@c@ingeg@matge of Iﬂmne 2474
ggg Rt ves ‘Jfﬁﬁ&zmﬁes‘"f’g%%g‘g ?‘fr?éé %tsﬁée‘% %égﬁﬁgg BegoRs 15 1914
qm,ulsmn to another; if is the.phase inversion temperature. In reality, this temperature :
is rather a temperature range than a very precise point value; in fact, it may be '
considered that this temperature is a.témPerafufe determined to.within I or 2 degrees
so that the entire e_mulsioﬂ undergoes the 'phasé inversion phenomenon. Once this.
10 phase inversion temperature has been reached, and therefore once in the presence ofa
ﬁraterdn-oil emulsion, the heating is stopped and the mimfe is cooled. The cooling
can be carried out passively, by simply allowing the emulsion to return spontanecusly
- fo am,bieﬁt temperature, or more actively, by iﬁmeréing the emulsion, for ex,arhple.,l in
an ice bath. When the teinperature passes through the phase inversion temperature, the
15  water-in-oil eﬁulsion will ivert again so as to opce more give an qﬂ—imvﬁater
emulsion, in which the size of the oil droplets is-this time very homogeneous and
small; the emulsion obtaineci is then very stable. It can be stored as it is,' wh_ile
aﬁaiting dilution with a solution comprising the vaccine antigen, |
This emulsion is thermoreversible, which means that, if it is ‘agai'n brought to.a
20  temperature above the phase inversion temperature, it will once again become a
water-in-oil emulsion. It is noted that the curves for following the conductmty are
superimposable for the same ermulsion, irrespective of the number of
thermomversmns undergone, and that the emulsions obtained always have the same
particle size proﬁle. _
25  Advantageously aci:ording to thé invention, the formulation of the erriulsion is chosen
so as to have a phase inversion temperature that is less than 95°C, and more
particularly between 45 and 80°C, and more particularly still between 50 and 65°C
This femperatiire range is advantageous since there is no rigk of the emulsion
changing state if it is stored at a relatively high temperature (= 37°C), Furthermore, as
30 in the process for preparing the ﬂnennorevermble emulsion, the heating of the |
components i§ not oo severe, this contributes to mmntamng the structural integrity of
the components. When the phase—mv\srsmn temparature of the emulsion is high, in

particular ‘when it is greater than or in the region of 80°C it may be useful to reduce it



5.615 4.854 14 . These results show the effectiveness of the
enul sion:according to the invention, which allowed a greater . '
i ndudtion of : anti bodi es, both those of | gGL type and of Ig&a 5 type,
with, in addition, corrpared with the erul sion according to the prior
art, the obtaining of the desired resuft in t he -cont ext of a vaccine

agai nst hunpyada¥ipesargahpiifistef tidintlisiésan ddtol afzmaﬁsaaﬁmmg chden i mmune
response toward: a. Till response (aﬂtpiandl cator of which is the |gQXa.

liter), whifremaprbitplemannitolelyrerolmyiiobarsririph &ippphe aldiol [saselinge (an
i ndi cat or  ofonwinGhor Bingd & H@EL td 1096 (DwhlandirSptfidufer 804 cdnBMationt 0

Exanmpl e 4: Macci he conposition_against the flu. Flu viras.antigens

were avai | BPEs, ofdorsd ethe AT COr b a@aswmﬁ@n&r@im@e@éﬂr@ﬁmb@mﬁ t he
exanpl.es; of Jib§ Q}%ﬂr&ﬂm ggﬁf @%%&so%ﬁsﬁblé ﬂ%etﬁf&@% el iQferdifie fact

that the vi r ral nus Cal edoni a ‘HIN1 strain:
Using this qgmep'ammqféhp afulsion bxg@nbcmgﬂné ageneuephase eagistimg 9uly ofwater

accordi ng t9 Ayl i on of
a1 i num pr 08 ARG kg A T%aﬁ@%&%%%ﬁf@%ﬁ%

i muni zat i oFBSjosts Dz\ﬁraecanE&hufémtm’mmmh “ohmd ersithlaidME T gis compdly ngsdon

i ndicated hereinafter, in which the anounts of flu antigens 20 are
expressed by wei ght of hemaggl utinin HA: either- 17jig of HA in PBS

buf f er,10 orAltéinztti&ss fthehoddas MBCab iifsf ien desoribel eﬁ@mﬁpcdﬂﬂceﬂmit B0 tug of

0. 135" ofpahpnfaesivreapesn deShiss bitts s Wi i Tl BB BRHETS,,
manni t ol ; t&b@a,ﬁﬂklcﬁﬂeehmtswh&vméh\?ﬁﬁhﬁﬂcfhemd an&th&DcooledBl ght groups of

flveavveek old femal e BALB/ ¢ nice were .
adni‘ni st er edftemRatively WPW%@"“%B%"PPWBE@S géﬁﬁf‘ﬁ’rtﬂﬂ?ga to the -

fol I owi ng %ﬁ%ératmétshgﬁuy HaQe ﬂﬂégﬁﬂehﬁz@ﬁloﬁ@ﬁnﬁéﬂﬁuﬁ%@&%b&ﬁ@ﬂnﬁbﬁ\éb Rg 1
ttg of HA, subcutaneously, oné &roup recei ved the sane ﬁorrpom tion

havi ng 15 | ilg 2ie arwmteriiprof arserns gmmlsion, whise wil brigpoted uafl the of-prywater

conposi ti Or&uﬂ@ﬁ&&@cém%lhgnﬁfob gdsubcut aneousl y, one group received
the sanme conposition having 5 fig of HA intradermally, one group

recei ved- t Heiselrapossitilé trelightly hegt qach @@héph%semﬁ)fﬁmw e IiFNg num
subcut aneou r

Tl ol Ha aniteyiiRnR a8 L -RaRL M Sl R CRADAS Sl B phid 7
t he corrpos@vsns‘ioﬂmfmmgaﬁmggutahemhmd t he emul sion-according to the
i nvent |2%n subcut aneousl Y, '

By

All these operations can be carried out in separate containers for a batch preparation

but it is also possible to use an dn-ﬁﬁe PrOCESS.

The process for preparing the emulsion on-line may notably consist of a mixing,
25  under hot conditions, of the two acueous and oily phases prepared separately
beforehand, through a thermostatted static mixer, followed by on-line cooling through
a refrigerated heat exchanger connected at the.ouﬂ'et ‘of the static mixer, and then final
recovery of the emulsion according to the invention in an appropriate container (flask
or reactor): A static mixer consisting of 4 succession of mixing elements made up of
30 = cross blades inclined relative to the axis of the tube.,i:mo which they are introduced
was successfully used. The energy rcquiréd for the mixing is proviclied by the pumps -
that transport the finids and the mixing is carried ont without any mobile part, ﬂlréugh .



one group received the conposition having 1 gg of HA and the enulsian
15according to the invention, intiadermally. Blood sanples were taken
fromeach of the mice on 1)14, D28, D41, D56 and D105. The sera from
the immuni 7ed mce were assayed, fi rstly, by the ELI'SA technique in .
order to evaluate their content of tot 13F anti bodi es I nduced agai nst

the flu st rtaeﬂmaﬂgﬁéxh&hab}eﬁrtwefﬂm bepalaiifg, dipiaeih® end sub&savs ddateling
titers are ressed as th ] 0910 . N alue of arbitrary ELISA mlts,
with a det e¥fPeenstiy ®3 10g10) and, secondly, by the HAl

(hernagl uti Tl}%tdn%elpfﬂah&idrﬂpiéﬁesd BelAbIHR id e M%ngtﬁa}daie% g phdiei r
content of functional anti.bodies- g{al nst the flu strain lel\E)L The

ant i body, ti®eiigedsolntionspmpdsine the pplexyefhylene @kﬁkeﬂ%elfﬂeﬁ‘ﬂé ithepiiyahasen
oot i med o CRelRe sl Bl RONDADSEE AR dodrplecl s RS
val ues i ndiagacidry Epe bwaphesesiaee hrated with stiivag td 2 smpenghure ﬂehth' ghevetliceach
3,3P1) 5o BERE AR RS BB Mnasafinl THRAR 4D GOMRRLE 26
HA 5 pg - S Ushatia trziner by $1eBuDEFR BB h@ {88 Gates oF whixh age ﬁgﬂaﬂeﬂ\sc&aqig + A1ODH

obtain the composition of the emulsion according fo the invention. The water-in-oil

10  inverse emulsi;m is obtained during the passage of the two phases in the static mixer.

The inverse emulsion is subsequently cooled by passing it on-line through a

refrigerated heat cxchangér 'connectéd at the outlet of the static mixer. The water-in-

oil emulsion will then invert through the refiigerated heat exchanger to give an oil-in-

water §muléion,_which will be coHect_ed in a flask or reactor, and the characteristics of

15 which are identical to those of the emulsion obtained by a batch process.

The adjuvant emﬂsion-accéfding to the invention is then used for the preparation of
an immunogenic composition. A simple embodiment consists in mixing a solution _
comprising at least one vaccine anhgen with an emulsion obtained according to one of
20  the embodiments which have just been described. The i umnunogemc compos1t10n
obtaqu is in the form of an oil-in-watér emulsion or in the form of a '
thermoreversible oil-in-water emulsion Wwhen the amount of squalene'reprgsents at
least 5% by mass of the total mass of the immunogenic coﬁposiﬁbn. Alternatively, it
is possible to mix the antigen with the aqueous phase or with the oily phase before
25 pfeparing the emulsion. 'Ca‘rfying out the process in such a manner implies, of coui-sé,
" that said antigens are antigens which are compatible with the thermoinversion
process. ' '
The solutions of the antigen may also contain mineral salts or one or more buffers,
and also amy other compound normaily used in vacciiies, such as stab1hzers

30  preserving agents or, Optmnally, a]so other adjuvants.

For the prqiaration ofa lydphﬂizable emulsion, a concentrated liquid e_muision‘is first -
- of all prepared, as has jusf been descﬁbed;"but preferably choosing water rather than a



subcut aneous 2.860. 3.363 .3.843 3.951 3.982 HA 1 pg + emulsion
subcut aneous 4.043 4.511 4.75.3 4.723 4.681. HA 1 pg intradennal
2.174 2.814 3.143 3.075 2.735 HAS pg. intadennal 2.839 3297 3.496
3.549 3.479 HA 1.pg + A10011'|ntraderqEI .. 2.654 3.004
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buffered sdluﬁon as aqueous phase, and then his efnﬁlsioh is diluted with a solution

compnsmg an: alditol, 2 sugar and an a]lcylpolyglycc>31de for example with a solution

" compnsing mannitol, sucrose and dodecylmaltosme

: The emulsmn obtained is then divided up into samples (for example 0.5 ml) and

subj ected to a lyophilization cycle, which can be camed out in the fo]lowmg way:

- loading of the samples at +4°C, ] ,

- approximately 2 hours of freezing at a set temperature of -45°C,

~ 14 10 19 hours of primary desiccation at a set temperature of 0°C,

-« 3 hour 30 min of sec'ondéry desiccation at a'set temperature of + 25°C.

The eﬁuision obtained can then be conserved until it is used for the preparation of an
immlinogenic édmposition, ie. ﬁntil it is combined with a composition comprising
vacecine antigens. This step for preparing the i Jmmunogemc compos1t10n can be carried
out by takin g up the lyophlhzed ermulsion with an aqueous.solution compnsmg the -

. antigens. The i nmnunogemc compos1t10n fhus obtairied ca.n subsequently be conversed .

" in the liquid state, or can be subjected to a further Iyophﬂxzatmn cycle in order to be

conserved in the form of a lyophilisate, if the nature of the antigens allows this.

Alternatively, it is possfble to directly dilute the concentrated emulsion with an

aqueous solution comprising both the vaccme antlgens and also ‘the alditol, the sugar

" and the alkylpolyglycoside, and to subsequenﬂy subject the composition obtained to

the Iyophilization. Such a manner of carrying out the process implies, 6f course, that

‘ the antigens are aﬁﬁ_gens that are compatfble with a lyophilization process.

The fdl]owing examples illustrate various embodiinents of the invention.

TFxample 1: Preparation. of an adjuvant emulsion according to the invention

3,71 g of Bumulgin™ Bl and 33.9 g of'a 10% solution of mannitol in PBS buffer were
mixed in a beaker, and the mixture was homogenized with stirring at approximately
30°C. |

In another container, 2.89 g of Dehymulis™ SMO and.19.5 g of squalene were stirred
magne‘cicall).f. '



3.137 3.020 . 2:724 HA 1 pig + emul sion intadental 4.134 4.692 4.895
4.911 4.823 5 HAl titers: Goup of mce |Inmunization route. D14 D28
D41 1)56 D105 . HA 1 pg subcutaneous 5. .6-5 40.. 23 HAS jig

sebcut aneous 5 ' S 5. ‘

. When homogeneeus phasee were obtained in\eeeh of the contain-ell's,. the aqueous
phase was ineofpofafed into the oily phase; v;rbjeh was maintained at 30°C with ‘
stu’nng ' ‘ N h

T When the mcorporatlon Was complete, the crude emulsion obtamed was heated unt:l
5 the temperature reached 58-60°C, while at the same time mam’rmmng the stlmng '

- The heating was then stopped but the stlmng was maintained until the temperahzre
reached amb1ent temperature '

' _ An ofl-in-water emulsion was then obtained, the size of the 011 droplets of which was
centered around 80 nm (measurement camed out usmg_an 1.5230), and the
10 composition by mass of which was as follows:

- 32.5% of squalene,

6.18% of polyoxyethylene (12} cetostearyl ether, '

4.82%of sorbitan monooleate,

6% of mannitol.

157 .
" . Example 2: Vaccine composition against ATDS.

Vaccine composmons comprising a detoxified TAT III B protein as anugen were
- prepared. The TAT protein was detoxified by means of an alkylatmn reaction in an
‘2-0 alkaline medivm using iodoacetamide under the following condmons number of
- micromoles of mdoacetamlde =200 X number of m1cromoles of TAT -+ number of
micromoles - of ;DT'I‘ This detoxified protein and the process for preparmg it are
- described in detail i in application WQ99/33346, where it is identified under the term
carboxymethylated TAT. This recombinant TAT antigen is conserved in-solution, in

.25 the presence of 50 mM Tris buffer, pH 7.5, at ;70°C. '

The vaccine compositions to be admiristered were prepared from concentrated
solutions, in order to obfain immunization doses of 200 4l having the following
quantitative compositions: ' o
. 30 - for the composition havmg only the antlgen 20 ug of TAT in 50 mM Tris
buffer, 100 mM NaCl, at pH 7.5; ' '
- -’ for the composmon according to the invention:

e 20 pg of TAT,



9 20 ITA 1 gg + Al OOH subcutaneous 5 15 23 121 160. HA 1 pg +
enul si on subcutaneous 6 160 368 422 485 HA. | pg intradennal 5 5. 5
23 8 HA5 jig intradermal .-5 8 .10 HA 1 pg + Al OCH

-16-
°» 5 iné of squalene _
e 0.75 mg of Dehymuls SMO, -
o -0.94 mg of Bumulgiz B1,
. 091 mg of manfitol. o ‘
5. Two groups of six 8-week-old female BALB/c mice were provi(ied; and were inj ected
. subcutaneously wﬁ:h one of the composmons prepared, in a proportion of one dose of
200.p] per mouse, the inj ectrons were' given on DO and on D21, '
" Blood sammples were taken from the retroorbital sinus on D14 in order to assess the
pnmary response and on D34 for the secondary response The specific IgGl and
10 IgGZa titers were determined ‘by means of standardized ELISA assays.

The mice were sacrificed on D37; their spleen was removed and thc splenocytes were -

1sola_t1:ed.

The results obtained Iegardmg the hmnoral responses are summanzed in the table
15  below,in whlch the IgG titers are expressed in a:rbltrary ELISA units (logl 0).
- For each group of mice, the value indicated in the table is the mean geometric titer of

the values obtained for each of the mice.



intadermal 555 26 "' 7 HA 1 pg+ enulsion intradermal. , 7 557 1.640
1557 . 1844 ,. - 22 - These results show the advantage of the
present inventi.on; specifically, aluminum hydroxide; which is a well
known adjuvant widely .used in the ptior art, did not nake it ..
possi bl e to increase the-iratnunogenké?ty of the-flu antigens Wth
the sane rapidity and. t he: sanme strength as the fonnul ation
according tao the invention:, |t-] s.also noted 5 that the commosition

L .

accor di ng [t beceide i nvent 1A wakePar t | & lar | y1853%ecy islIatRaedier  |gi ven
subcut ane %Héoé?ﬁoﬂ nt r ademnal by AEXfophe 51 o I Nge §HPOSI ti on o
u.

agai nst th 10 The intention was-to eévaluatée, 1n mce., th

advant age |[fatt he present.6i nvedfi on {éd4 ' dedfeasi ng5the amount qf
vacci ne art ec-vaceine—inyotved—i-s a—vaggi-ne—agaimst—the
flu which cigﬁggins', aslgﬁt-i ga%’é, 3 FH Vi r E‘O'stfa' s and whi ch voul d

be adni ni stered intradennally. To this. end; the concentrated

enmul sion of _exanple 1 was diJuted with PBS buffer in 15 order to .
obtain a 5%@&?5%%&@1&%%8?“ R ATEHFIRASCIare e HvPRHOZ S Hal £ with
a conposi t iesK1e fihérsaseoveli@, B hindeaFrespondd 6@ AROSnld VHré&ARkH flu
virus originating from 3, di fferent vi ral. . strains obtained in the

manner desdri-bapctitespparesivee Bis pEGLateonsInonrsS 2o s thedsGhet

avai | abl e, r%&ﬁg strains being in this case the A/ New Cal edonia (H
IN1) strain, the AAWom ng . 20 (113N2) strain and the -Bal angsu
strain. Sudis ragards thecailar rosprrse. nevaspapidls tomemonsteaten e BLIBIAT astar  a
flu vaccin ; o |l b ‘ :
hem spher e%g%&gsﬁ%g{l %:gﬁ%gg%%P%go argr{)eal éﬁa Q%ggégn%ﬁ%%ﬂﬁﬂg?ﬁg%ﬁs of
each of t heleatinedeasstin themsmaerenf asibggednding lyimgendiron Whén tha spenvcytes _
hemaggl.utinins .HA. - The i, ni,zat i on doses prepar ed, havi a_yol une
of 50 AP, | REe EHE SR HUERE (O AP P e Bs B Bl oot
each of t heevighabllssictsab BSpdr (PBSiHewtdperation coptiningihe intgknnlont), HA of
each of the vjral straihns '%n PBS buffer at. pH 7.4;[ 5.%5 ?0? of I—%Aof
each of t hSIHIFH heErsaFg of fie pHEKBEiR die calp grpeftankshe Y 6 sreate of
each of the.\Miy.al I Sr£h Ersial19 and Ol duliceh of HA of
each of thgecif/%t{roglofg{%t? i;ﬁgrfirﬂnggggg%yﬂgrrsat g%%/m?mo 33 ptg of HA of

each of thé&5365 paimlsersas 234 pgm@ ng of ‘squal ene; 0. 185 ng of
_15 . ! . .

- Byample 3: Preparation of a vaccine composition against_ human cytomegalovirus

jnfecﬁons. -

Yécciné éompositions comprising, as vaccirie antigen, alrecombinant prdte'in derived
20  from an envelope glycoprotein of the Cytomegalovirus (CMV) Towahe strain, called
£B, the nucleotide and protein sequences of which are described in patent USP
5,834,307, were ﬁrepared. This recombinant protein is produced by a recombinant
CHO line transfected with a jlasmid called pPRgB27clv4 which contains a modified
gB gene. Specifically, in order to facilitate the production of this recombinant protéin
25  bythe CHO line, the gB gene was modified beforehand by deleting the part of the
_gene that éncodes the transmembrane rqgion of the gB protein corresponding to the
amino acid seqﬁencc_a between Valine 677 and Axgﬁﬁne 752 and by introducing 3
: poin’;_ mutations such that the cleavage site that exists in the nafive gB was eliniinate_&.

In fact, the recombinant protein produced by the recornbinant CHO line corresp dndjs



Dehynmul sTM SMO, 0. 235 ng of Eunulgintm El and 0.230 ng of mannitol in
PBS buffer at pH 7.4;. - .1.31jig of HA of each of the viral
strains; 1.25 ng of squal ene; 0.185 ng of Debynulsl'm SMJ 0. 235 ny
of Eumul gi nnl. Bfand 0.230 ng of nzannitel in - PBS. buffer at pH 7.4;.
5025 fig of HA of each of the viral sffains; 1.25 nmg OF squai ene; '

0.185 rug abandReid g: fan%@om(?}fzéaagag{e 484 B}iﬁﬂjsﬁ%bﬁ&e RBfhn) ca%\%@
ngCf manni tol_in PBS fer at pH 7.4. Ei ght- groups of ten
8- week- ol d #BT.e B: ALB/c nice Were prow ded and were adM ni stered

i ntrader malpg céﬁéﬁh@ﬁdﬁadftﬁ@ﬁﬁ‘snﬁ& pERER LRI amiha pRRGctRh o!fhfe HAER

Qﬁéﬁl ons
10 prepared, at a rate of one corrp05|t1on per group Three wee '

after i mru reini(gdTNG) avitie seenpbiagMEFRO tiakasn desdrbediin US<altif, 06f- Tive.
gr oups, %ﬁhﬁ%}oﬁ@ﬁﬁ%%u“ ]51:9 %ﬁgc%eéaﬁoﬂbﬁﬁﬁmﬁﬁo s, were

assayed by hena I't1on assay agai nst each viral
strain was cb:t@&:mtcmp&nc@dlmumm@mmmatamab@ydﬁmﬁascnﬁem results

Sach o 1 ndoghEREEE ARE el ol RO, P8 S o eers
arbitrary units, and the HAl results are the nean arithmetic titers :
oL i Al BVl RO LB,
Ag HA 3096 ifphosphate buffer, the emulsion according to the invention concentrated as : ‘
described in example 1, and an emulsion of the prior art obtamed by
microfluidization, 50 gl doses of immunizing compositions were prepared, having the
'foﬂowil:lg compdsitions: ‘ S ’ . . '
- 2pgofgBin cftrate buffer at pH 6 (group called gB a]dne), :
15" - 2 ug of gB; 1.075 mg of squalene; 0.133 mg of Montane™ VG 85 and
-_0..125‘mg of ngeen'}'“SO in ciﬁ'ate buffer at pId 6 (group 'calle.d_ &with emulsion
of the prior arty), .
- 2 pg of gB; 1.25 mg of squalene; 0.185 mg of Dehymuls SMO; 0.235 mg of
Bumnlgin™ B1 and 0.230 mg of mannitol in PBS buffer at pH 7.4 (group
20 " called «with emulsion of the invention»). '

* Three groups of ten 8-Week-01d female Outbred OF1 mice were provided and were
immunized twice, on D0 and on D21, subcutaneously, with one of the compositions
mdlcated above (each.group of mice is given the same composition both times).

: Blo&d.samples were taken from the retroorbital sinus on D20 and D34 and were used

25  to determine the concentrations of IgG1- and IgGZa—type antibodies specific for the
| gB antigen.

The assays were carried out by means of ELISA assays; the results obtained are given
in the table below, and are 'expressed as logg of the ELISA titers. The valnes

30  indicated are the mean values obtained for each group of mice.



4.74 640. 4.35 .32 5.25 lig HA 4.16 92 5.05 970 4.62 .53 10.5 lig HA
438 197 5.18 .1810 4.71 130 21Irg HA 4. 63 260 5. 37 2389 4.98 184
033f|gI-TA+emJIS|on 4.27 226 . 5:20 2389491 149 . -

_19-
- D26 | . D34 . |RGliG2a
Natme of the g g;roups | 1eGl | IsG2a | 1gG1 [1gG2a | ratio at D34

: gBalone . R 2474 | 2.004 | 3.801 |2.941 [137 "

7B T omulsion of e prior &t T2.063 | 2.980 | 5.493 | 4.185 | 143
gB + emulsion accordmgto the | 46157 | 3.914- |'5.615 | 4.854 |14

‘ invention

These results show the effectiveness of the emulsion according to the invention,
which allowed a g'reater induction of antibodies, both those of IgG1 type and of IgG?.a
5 type, with, in addition, compared with the emulsion according to the prior art, the

obtaining of the desired result in the context of a vaccine against human
cytOmegalowrus, which is that of orieniting the immune respornse toward'a TH1
response (an indicator of which is the IgG2a titer), Whlle at the same tlme mamtazmng '
the TH2-type response (an indicator of which is the IgG1 titer) at a sufficient level.

10 ’

Example 4: Vaccine composition against the flu.

Flu virus antigens were available, obtained accordiﬁg to the process described in the
examples of application WO 96/05294;with the exception of the fact that the viral
15 strainused was the A/New Caledonia HINI strain, -
' Using this preparation of anﬁgéns, the concentrated emulsion according to the
 invention obtained in example 1, and a Suspension of aluminum provided by REHEIS
. under the name AIOOH Rehydra, 50 pl immunization doses were prepared wh{ch
doses had the composmon indicated herenafter, in whlch the amounts of flu antigens
20  are expressed by weight of hemag glutmm HA:
- either 1 pg of HA in PBS buffer,
- or5 pgof HA i PBS buffer,
- orl pgofHA and 60 pg of alumimum hydroxide, .
- orl pgofHA; 1.25 mg of squalene; 0.185' mg of Dehymuls™ SMO; 0.235 mg
25 - of Bumulgin™ B; 0.21 mg of mannitol; the entire mixture in PBS buffer.



1.31 jig HA + enul sion 4.46 279 5.37 388Q. 4.95 171 5.25 1lig HA +
enmul sion 4.68 394 5:58 5487 5.12 22. These results denonstrate the
particular advantage of the invention for reducing the anount of
antigens; specifically, by virtue of the emul sion according to the -
invention, itwas.possible, for the saede immune response induced, to

s 2ot Sehaetbe ST BERSRa A SHRY ARl S0 RSB BIERE b e nst

the fluin a@nﬁﬁﬁeﬁ@ldtﬂ)@@@ﬂtltﬂuo&rpoa‘lienslpaépmﬁlamm:ﬁ@@ th@folie®ingt he
effectlvengﬁs of, the emul'sion of the invention in. the case of a flu.

vaccine th %moa be adninistered to individual s whose body has

already 10 beﬁnoh@g%ﬁﬁ&é%@ﬁred"ﬂh& Boﬁﬁd&xﬂoh'hhﬁng’ﬂ}xg G?H& su%&uthrfeoﬁﬂ?quent ly .
t he case, ei.ther bécause the individuals. have al reaéﬁSk een i.n contact

with thé flu vi Phegrosp r%@@%@swre@m@a%mahmdwm Prisadennalyy

i mmni zed with 0, bl i shed
by C.W - Potter @ é%ld %?ér%g]lv 2003 fﬂigﬁ%a\% gﬁpgofﬂfk iﬁg%?ga%ﬁg to us;

as ani mal nodel oﬁ@groumacwt@hosmnqmoslbmhavm 514y of T deirqlennaly,
| muni 2ed i nt 1 agys gl ALLY W 0o B bdelibRh e VRS SR an? )

i muni zat i on [doSede rrsing ei r-only, ?Lét rival ent
vaccine fromt heluﬁﬁ@.@.,csahqmmgmslyl, e. a vaccine conpri Si ng the ArNew.

Cal edoni a (H1N1) strain, ot.ain 13N - strain 1 ‘
BThanggtq strai no"g §e Bpf)efcﬁﬁ Ba\r‘/i‘y(oﬁgmgoab&bl? %Hb‘f&ﬂf‘%&e '
strains, in PBSamuﬁﬁlﬁﬁ,@iadQ&aﬂyA wer e ther ef ore prepared. 20 Six-
groups of seven BAlI,Bic nice were prov 3 p .wer muni zed
with the.. doseSneBREBP FesFHgs %ﬁ?@mnfaﬁ%ﬁl hﬂ@g{ﬁlﬁm%wﬁ

trival ent vacci p&ordidl 13R85 GeAkias | sMbouBBeddslyl i nNni. zat i on doses wer e
al so prepared fromthe concentrated enul sion of exanple 1 and a -

vacci‘ne conposi PNﬂT%R)WB?IF%J‘l thycamposision prage kg of B4 apd theralsiimy
canpai 93 nment i og&grd%%% %ﬁbﬁ%d%ﬂdﬂ?n doses having the foll ow ng
buf

25, corrp03| ti Ons er alone,
Blood samples were taken from gach of the mice on D14, D28 D41, D56 and D105.
- The sera from the immunized mice were assayed, ﬁrstly, by the ELISA techmque in
. order to evaluate their content of total antibodies induced aga.mst the flu strain
20 .. A/HINI of the trivalent vaccine (the antibody fiters are expressed as the logl0 value
" of arbitrary ELISA usiits, with a detection threshold of 1.3 logl0) and, secondly, by
the HAI (heniaglutination inhibition) technique in order to.determine their content of
Junctional antibodies against the flu strain A/HINI. Tﬁe antibody titers are expressed
] as the inverse of the dilution in arithmetic value, with a detection threshold at 5.
25 ' | o
The results obtained are reiterated in the tables hereinafier, in W.hich‘the values

indicated represent the mean of the titers of the mice of each group.



0.3

itg of HA of each of the vira
Dehynulsrn18NC7 0.143 ngy of Eunulg|n|n1131 and 0.138 ng
| in 30PBS buffer
cenposi tions thus preparedwas used toﬁhntn1ze
face of the ear),

previously received onIy PBS buffer,
recei ved a

of .
ofi nannito

(inthe in

t ernal-

 ttg of HA of each of the viral
strains;

at pH 7. 4.

5% r i'val ent vaCC| ne.

25

strains in PBS buffer,
0. 75 mg O squal ene;

- Each or the

.....

0.3

2 0.11 nmg

-on 1)34 intradermaly .
both a group of mce having

5 Ch D56 a bl ood 'sanpl e was

R R S e b e R e
her naggl ut- 1_nicn‘ Lghl motlieon iissa > :I"Ee resul ts obtai rked hlﬂ}/Je been,
oA med LA TR <EoA o B oubt Rhe 4 aNB s e o
protocol . IMINS€e0 ObbdaRb:d | uam}s)n Natfu;ze of 3.83¢ dosmﬁor theqd in| .
primng . Nature of the dose _fbr..the ild boost! HAl t.j —wi-tih- respeq
to the il ||NEAdEST nf subBanopys 5) 2850 PBS >R0Pval kht4dact ?ﬁél con\t%?ﬁ% ng
0.3 gg HA/|sgioy 59 C PBS Trival ent vaccine containing 0.3gg
HA/strain.| + emul silon. 320-D Trival ent varcigLa cont ajning 5 lgg
HA/ strai n [HBS1g5 | subcutaneous | 4.043 4.511 4753 . 14723 [4.681
emulsion . T
HA1pg | Gwedormal | 2.174 | 2814 |3.143  |3075 | 2.735
HASpg | mtradermal | 2.839 3.297 3.496 | 3.549 3.479
A 1pg+ |mbadermal - | 2.654 | 3.004 - |3.037  |3.020 |2:728
JacoH | | _ ,
HAlpg+ |madenmal -~ 4134  |4692 | 4895 [49i1 | 4823
emulsion ' |
5 HAlfiters: '
TGrotpof | Immunmization |D14 | D28  |D41  |Ds6 | D105
|| mice Toute ' ‘
HAl,ug .subcutaneous | 5. 6 5 40 . |23
HAS5 g subcutaneous | 5 g 20
HA 1pg+ | subcutaneous | 5 15 23 121 160
AIOOH _ '
TA1pg+ |suboutancons | 6 60 | 368 22 435
emulsion ' '
HA1pg | intradermal 5 5 5 23 8
HA 5 ug - | intradermal -. . 5 8 10
HAlpg+ |intradermal |5 3 5 26 |7
AIOCH
HA 1 pg+ |intradermal =~ |7 557 - 1640 1557 1844
emulsion ’ |




E Trivalent vaccine . cont ai ning 5 gg HA/ strai n. Trival ent vaccine
containing ‘0.3 gg-HA/strain 476 Trival ent vaccine containing 5 itg
HA/ strain Trival ent vaccine containing 0.3 gg HA strain +enul sion 861
These results show how advant ageous tr21e inventionis, even in

i Adi*vi dual s who are 15 non-naive wth 7respect to the antigen ,

adm ni st er eThesd wsifl@ckow ﬂl@&ﬂf@tage bf)thb bﬁsenﬂhSﬁ{ﬂﬁﬁ;tsP&ﬁﬁcdﬁy &hMnuddot t er

when using i ]| hi-nai onI en able_to shqw a _ |
SIS BHE U S AR RTINS 8L BTG st Pttt 1
pre-. i nf egi pksible t@it@rdaéﬁ”tﬁéﬂnifﬂﬁho\gbrhﬁtyfdfﬂae&lﬁ&nﬁgﬁﬁ vrithQh&sable rhifidigeen

that the erru 5| on accordin nge i nvent,i'On made if possible to
si oi fi cant 13pdihecrms sEengties %é%% giog apqoadinm e, thedmeention: ¥ wialsomgedwi t h

nave mige. Qﬁat‘ﬁ&é&niﬁbﬁﬁoﬂ‘ﬁs\ébrﬁﬁlg% FrRAehénRBEspe A S Serddiib ) iebher
vacci ne. Exanpl e Trival ent. vacci ne conposition agai-nst the fiu
conpri sing @wsuwe@ewlymmt@éﬁmaﬂxo 30 btl inmmunization doses were .
prepared from the concentrated enul sion of exanplé 1-and a vacci ne
conmposi tion conpri si ng t he 3 Vi raI st ral ns of the 2004 canpaign (the
. A/ New: Cal citampke 5 Me i daiz ¥fham ng (H3N2) strain and the
&Ji angsu strain), these [ rmunl zat| on doses having the foll ow ng
conpositions: 150.1 lig of . HA of each of the viral strains in PBS
buf f er ,100. LhAgniaftiohlidvasto mlnlatepifnmb@ thelaﬂednt@e nﬁmayrdsentﬁﬁﬁﬁtﬁmffber 1.6

pg of HA of, each of the Str j BSbffer of HA of -
DS ch of t ndeGrmeths fafmtof ot iertubdh G ore pteis by, of
squal ene; Qgdidst i fof whiehyonitdiss] B3 Hgerd, 3Lﬂ13vm sBiaé add muibigivedianBl and

0.138 ng of mannltoJ in PBS buffer at pH 7.4, 0:4 pg of HA 0.75 ngy
of squal en@dmgustyred igdegmaliehy mul sTm SMQ, .0.143 my of Eumui gi nTM B1

and 0.138 ng gk eﬁt?%%ﬁ&htbt@d BBSisia bf &bmate lﬂifbszlﬂﬂtedshth msnwer Bf
ei ght 8-week-old female BALI3/¢c m ce were proyvided and were 2

admi ni $fer- @eﬂerwmaﬁ%tsaa@wav% Phich M5 furherdiugd 1fé’ﬁTh)a with a
dose of 30 5151 &Eno%m?ﬁsﬁa% §| tionai ndicated below (1
eac

conp05|t|on p rgroup group, a 2nd dose havi.ng the sane
nature as vhenfositidosenpriimgfistiosedsineingfya hdidigranhyisl swains obtained

i nt rader nmal. I aken
on' 1355 and el ddedblfaBalts £t wo 96/ RA S RBLES RIS el
ant i bodi es 3istraing being Hihikis asstitieotifler Cabadoniad BN Bstrainetic By WibinBg for t he
ant| bo%b €s (l!{gl[gﬁﬁcs%gm%d B%%B/ﬁgrggsg tsi:ram Such 2 trivalent vaccine composition is

conventlonal for a flu vaccine and corresponds to the vaccine sold in the northern

hcnnsphere diring the 2004 flu campaign. The amounts of antigens of each of the
viral strains ere assessed through their athount of hemagglutinins HA.
"’.[‘he immunization doses prepared, having avolume of 50 pl, had the compositions
25  indicated below: | '
- 0.33 pgof HA of each of the viral strains in PBS buffer at pH 7.4;
- 1.31 pg of HA of each of the viral strains in PBS buffer at pH 7.4;
- 5.25-ug of HA of each of the virel sirains in PBS buffer at pH 7.4;
- 10.5 g of HA of each of the viral sirains in PBS buffer at pH 7.4;
30 . 21 pz of HA of each of the viral strains in PBS buffer at pH 7.4;
- 033 sg of HA of each of the viral strains; 1.25 mg of squalene; 0.185 mg of -
Dehymuts™ SMO 0.235 mg of Bumulgin™ B1 and 0.230 mg of mannitol in

. PBS buffer at pH 7.4; -



1)43, Wth respect to all the strains adiainistered: HLIN1, H3N2 and-
B, and by HAl with respect. to the HINI strain only, both at D22

and. at 1)43. The results obtained have been sunmari zed ih'the table
bel ow, in which the titers apressed are the nfeans . - 27 - obtained
for each group of mice. ‘As regards th@rtresults at D43, the means were

det er m ned- separ VA BE Dok SQHLEOUR, Jo.C |

recei ved 2 dogeé}?ggﬁl%%% Egéhg%g&thgggg Sﬁgal%;lg'gzsr Cogits@gaééﬂghﬂ/é’%ﬂégaﬁ
Vacci ne . conpo$lehymnls™ IWIG0.E35 188\ 0f Enraulgia®™ BI2Md 0.238M2g Stk Baitd] itit er
at .I) 22 B ELI SA L tber at p%Z?‘_Hl_'Nl HAT at 1)22 HIN1 HAI titer - -at .D41
Boosted mice NoA-BOOBIed MEE 0.1 pig H.A 3.467 4. 131 4.063 . .57 95
80 .0.4 pg HA- . 5258{6f HA of each of the viral strains; 1.25 mg of squalene; 0.185 mg of

.5 . Dehymuls™ SMO; 0.235 mg of Bumulgin™ B and 0.230 mg 6f mannitol in
' - PBS buffer at pi 7.4, - |

.Eight groups of ten 6- to 8-week-old female BALB/c mice were provided and were
adriini stefeﬁ intra;iennally (integnal face of the ear) with one of the compositions
10  prepared, at a rate of one composition per group. .

' ‘ThreeIWeek‘s after iinmunization, blood samples were 'taken_ and, for each of the
groups, the IgGs induced against each of the viral strains were assayed by ELiSA; a. .
hemagglutinin inhibition assay against each viral strain was also carried out for each
of the grou’p.s. R |

15  The results obtained are represented in the table below in the foﬁn of means for each
of the groups. The BLISA. results are expressed as log;p of arbitraty units, and the
HAI results are the mean arithmetic titers of the inverses of the dilutions.

[Netwre “HINI TmN B

Composition | BLISA | HAI | BLISA | HAL | BLISA | HAL
033 pgBA | 351 35 | 438 73 | 428 75
T3lpgHA | 396 | 65 |474 a0 1435 . [32
525 ugHA | 416 | 92 [505  |970 46 |53
105 pgHA | 438 197 518 [1810  [471 30
1 g A .63 %60 (537 2389 | 498 184
033 pg WA | 427 236 | 5.20 2385 | 491 149
-+ emulsion .

T3 g A | 446 279|537 3880 | 495 17

-+ emulsion .

525 g HA | . 468 | 394 |5.58 5487|512 2

+ emulsion - | | . ' L




.4.527 .

6.3 ng HA .

4.313 73. 226 . '
4.534 5.298 4:947 ..320 1522 320 0:1 pg HA + einulsion o

80. 1.6 ugHA 4.069 4.831 4.750 147 1280 135

4.200 .5. 015 4.807 207 2153 538 0, 4 AKI TA: + emJI sion 4.612 5 482
5. 001 453 2560 :

10

15

20

25

30

24 -

_ These results demonstrate the particular advan’tage of the mventxon for reducmﬁ the

amount of antigens; specifically, by virfue of the emulsion accordmor to the mVentxon '

it'was p0551ble for the same 1mmune résponse mduced to very substantlally decrease

- the amoumt of anngens present in the immunization dose. '

Example 6; Trivalent vaccine composition against the flu in a nop-naive population.

The intention, wa-s to test the éffectiveness of tﬁe cmulsion 6f the 'imfeni‘;ipn in the case
ofaflu V;accina that would be ad-minist.crcc_l to individuals whose bb&y has already
beenin contact with flu virus antigens, as is frequently the case, either beéause the
individuals have already been in contact w1th the flu virus, or because they have
a]ready been previously immunized with a flu vaceine. '
According to the information published by C.W. Potter in Paccine, 2003, 2]:940—5,. it
is possible to use, as animal model for carrying out this test, BALB/c mice pre—
immunized imtramuscularly with a trivalent vaccine. ‘

50 pl immunization doses compnsmg either PBS buffer only, or tnvalent vaccine -
from the 2004 campaign, i.e. a vaccine comprising the A/New. Caledoma (HIN1)
strain, the A/Wyoming (FI3N2) strain and the B/Jiangsu sfrain, in a proportion of 5 pg

of HA of each of the strains, in PBS buffer at pH 7.4; were therefore prepared.

Six groups of seven BALB/c mice were provided; 3 groups’ were immunized with the

_ doses compnsmg only buffer and 3 others with the frivalent vaccine, intramuscularly.

30 ul immunization doses were also prepared from the concentrated emulsion of
example 1 and a vaccine compaosition cop:tpnsmg the 3 vira] strains of the 2004
campaign mentioned abov.e, these immunization doses having the following
compositions: '
- PBS ‘buffer alone,
- 03 pg of HA of each of the viral strams in PBS buffer,
- 0.3 jrg of HA of each of the viral strains; 0.75 mg of squalene; 0.11 mg of.
Dehymuls™ SMO; 0.143 mg of Bumulgin™ 531 and 0.138 mg of mannitol in
PBS buffer at pH 7.4. - ‘ '



. 640 Vaccine ..

conposition . HINL ELBA titer at D43 H3N2 ELI SA titer
at D43 B ELISA titer at D43 . Boosted m ce Non- boosted m ce Boosted
m ce Non- boosted m ce Boosted m ce Non- booested mce 0.1 pg HA 3. 833

3.425 4.782 4. 174 4.479 3.911 0.4 Ag I%A 4.385 3.599 5.250 4.354

Each of the compositions thus ?repared‘ was used to;immuxﬁze, on D34 intradermally

(iz the ‘internal face of the ear), both a group of rmce having prawously received only .

. PBS buffer and a group of mice havmg received a dose of trivalent vaccine.

‘5 OnD56, a blood sampley was takesi from each of the mice and the antibodies produééd

agamst the H1N1 strain (AfN ew Caledoma) were titered by means of 2 hemagglutlmn .

: 'mhlbltlon assay

The results obtamed have been summarized in the table below and. represent thc mean

10  values obtained for éach group of mice having followcd the same immunization

- protocol.
Mouse gioup | Nature of the dose | Nature of the dose for. | ELAL tier with respect
identification | for the it priming . the id boost . | to the HINI strain
e PBS “{PBS . B
Trivalent vaccine _
B PBS containing 0.3 ug | 59
HA/strain
Trivalent vaccine
R PBS containing 0.3 pg | 320.
| HA/strain + emulsion
D Trivalent vaceme _
containing 5 pg | PBS 11as
HA/strain |
E Trivalent vaccine | Trivalent vaccine -
conta.i'nmg Sug containing 0.3 pg 476
I—I_A/;e,train HA/strain
1E Trivalont vaccine | Trivalent vaccine
containing 5 ug containing 0.3 yg- 861
HA/strain - FLA/strain + emulsion

These results show how advantageous the invention is, even in individuals who are

15  non-naive with respect io the anﬁgen admjnistcired. In fact, contrary to the



5..053 4.079 1.6 pg HA 4.906. 3.876 5.526 4.779 . 5. 458 4.487 6.3 pg
HA 5287 4.176 6.073 5.033 . 5.678 4.773 0.1 pg HA + erruIS|on 5.210 ..
4.523 5.990 5.264 . 5.723 4, 943 0.4 pg HA + enul sion 5.394 4. 790
617156405962 5.144 . . 2% :

observatlons byCW Potter wher using this model, Who, hlmself has only been able

to show a weak adjuvant effect of Iscoms when mey were used to immunize mice pre-

mfected or pre-lmmumzed with flu antigens, here it is seen that the emulsmn

according to the invention made it possible to 51gn1ﬁcant1y increase the response

5 induced, whether this was with naive mice or with mice havmg already been

o lmmumzed with flu vaccine.

Examplé 7; Trivalent vaccine cch;oéiﬁon against the flu comprising low doses of -
" aatigens ‘ B . ;
0 | _
. 30 ul inunmﬁzati‘dn dbs_es were prepared froni the concentrated emulsion of example
1 and a vaccine composition comprising the 3 viral sttains of the 2004 camnp aigxi (tﬂe
A/New Caledonia (HIN1) strain, the A/W yoming (H3N2) strain and the B/Ti 1angsu
strain), these immunization doses having the following composmons
15 - 0.1 pgof HA of each of the viral strgms in PBS buffer,
- 0.4 g of HA of each of the viral strains in PBS buffer,
- 1.6 pg of HA of dach of the viral strains in PBS buffer,
- 6.3 pgof HA of each of the viral strains in PBS buffer,
- 0.1'ugof HA; 0.75 mg of squalene; 0.11 mg of Dehymuls™ SMO; 0.143 mg
20 of Eummlgin™ B1 and 0.138 mg of marmito}in PBS buffer at pH 7.4,
- 6:4 pgof HA; 0.75 mg of squaigne; 0.11'mg of Dehymuls™ SMO; 0.143 mg
of Bumulgin™ B1 and 0.138 mg.of mannitol in PBS buffer at pH 7.4.

Six groups of eight 8-week-old female BALB/c micé were provided and were
25 adnnmstered on DO mh:adennal]y (mtemal face of the ear) with a dose of 30 gl of
one of the composmons ‘mdicated below (1 composmon per group).
In each group, a 2nd dose having the same nature as ﬂle 1st dose administered was
again administered, intradermally, to half the mice on D29. '
. Blood samples were taken on D22 and on D43 order to determine the amounts of
30  amtibodies induced. '
The antibody titers were assayed by ELISA for the antibodies induced at D22 and at
D43, with respect to all the strains adrinistered: HIN1, H3N2 and B, and by HAT
with respect to the H1N1 stram only, both at D22 and-at D43 The results obta.med
ha.ve been summanzed in the table below, in wl:uch the titers cxprcssed are the means



These results.show that, by virtue of the enaul sion According to the
invention, even with | ow-doses of antigens, very substantial hunotal
responses were obtained. -Thas, -28-.it can be noted that the best
results. are those obtai ned with a dose of O.4 gg of HA of ... each
of* the viral strains and an enul sion-&¢cording to the invention; '
t heser eal : | dp8ai@ddor cad®: éﬂéuﬁ Hfrﬁfcb SAsrBQézifds tﬁyféﬂﬂkta?bﬁtﬁ AdmbRRSR OO 2 ned
by using a dose of 63 I n, dition, It Is-noted
that, even defprmiped ‘P‘Waﬁ wamg t&kﬂ@mgugm @r fbgggweéaamﬁgeceméwoses afrune
system Contw}aQ&hgéaxfthés@ﬂ&%éQéﬁa e. Wher eas this is not.the ease -
for the indivi even .the non-a juvant eri vaccine antigens.

Exanpl e 8: Tr| val ent vacci ne corrp05| tion agai hst theflu 30 pI

i nmuni zat i tvﬁu-ugcs Wpf‘@‘pﬂ‘ﬁ 21 ot |BLEHSKUIH,Wg I—ﬁwf H‘féréff :
exanple 1 fand- a vac¢i ne eonp@siti-on gonpr.ising e viral rai ng of
t he. 2004 daompogtior | BBISA/titew| ERISédoni| itee 2tDRR(1 ) titsr #1828 | t he IJ&,BV\yom ng
(H3N2) stain and the,at@zzangsuﬁﬁutgjgg) t hese i mmuni zat .Bunt'* Ses5 '
havi ng the fol | owi ng composi fions:. - 0.1 gg of |HA of eac BEs (188 vilr al
strains in:PBS buff¢r, 150.4)gg .of- HA of. each]of, the-yiial gbeesthg in
PBS buffer], 1. 6 ps Of HA of each of t'he'vi ral stai-nsin PB$omdffer,

6 3 ktg of ©: eh Re-rv —St 1 A PBSbuf-fer 6—1 PO of
HA. 0. 75 rwj)@fgg&;a 34% 11 o’f De ?t?ﬁf’ T sM3, 0)14% mj 80
Eunul gi nj moRlygs H@ 0 138.eng of rmsam t ¢l W3 1PBS| buffser. [ak2eH|7: 8
200. 4 gg HA_Q. 75 ng of-s4g ne 011 _ng--6f thmﬁ\" s IM-SMo—0-1143 -
ng of Bumllgqﬂl"gﬁ%% gﬁ@@b 138 An%slo_f ha?fﬁﬁ?ol mﬁ’rés buf48r atlgf)H

7.4. She GTOHPRAC "el_ﬁgg 4 8- eeiogd d11 enmhe Ch/B3I®T M c&Werl 630
provided qnd were | -.admnistered _dn DO intradennally (infernal )
faze of th&leegHA with a dose of 30 pl of 25 pne of -t he conpositions

i ndi cat ed |ahqve.. 0 gtionp gno-yphy B oo opanpl s aken
on D23 in o%gﬁeﬁ(rfmél} Ee{rgrgm ne the@%rmunts' of _a ogl es fl% u e?

The anti bo@yl;tg’HArs wer e assqyed by ELI SA an. d by HAI for :
ant i bodi-es i nd ced S P (0] aII he str ns aﬁlﬁrg ni s ed:
El 1N1, H3N2" Thewlﬁguﬂ 5e al med hg.il Jeeﬁ sumpari ge |t6§5the
tabl e bglow, 1n | ~Vhich The 1|ters expressed are the neans obtai ned

L e M R
' composition D43 - D43 :
_ Boosted Noo- 'Boosted‘ Non- Boosted ANon- .
Jmice boosted mmice boosted mice , boosted.
mice . mice , mice
0.1 pg HA 3833 | 3425 | 4782 | 4174 | 4479 | 3911
04 ng HA 4385 | 3599 | 5250 | 4354 | 5.053 | 4079
T6pgHA | 4906 | 3876 | 5526 | 4779 .| 5458 | 4487
§3ugHA | 5287 | 4176 | 6073 | 5033. | 5678 | 4773
[OTpgHA | 5210 | 4523 | 5990 | 5264 | 5723 | 4943
+ emulsion . s T 7
0ApgHA | 5394 | 4750 | 6171 | 5640 | 5962 | 5.144
+ emulsion o T

These results show that, by virtue-of the emulsion according to the invention, even
‘with Tow doses of antigens, very. substantizl lumoral responses wgrq_obtained. Tjhﬁs,



HIN1 HAT H3N2. ! 0.1 itg HA 2.924 . 3.506 3.920 26 174 95 0.4 kg HA
3.673 4227 4.431 135 269. 147:1.6'itg HA 3.948 4.593 . 4.786 160
381 -190 6.3 gg HA 4.446-' 5.106 5.190 587 1174 ‘

. . -28 - .
" itcanbe noted that the best results are thoss obtamed mth a , dose of 0.4 ug of HA of
each of the v::ral strains-and an emulsion accordmg to the mvenbon, these results are,
T T very surpnsmgly, much better than those obtained by usmg a dose of 6, 3 UE of HA
alone, In addition, it is noted that even in the md1v1duals not given a booster dose the

5. ' 1mmu11e system contimues to mduce alltlbﬂdl&G, whereas thzs is not the casé for the

mdmduals gwen the non-adjuvanted vaccine anti igens.
Example 8: Trivalent vaccine composition against the flu

10 30ul mmumzatxon doses were prepared ﬁom the concentrated emulsion of example '
1 and 2 vaccine composmon comprising thc 3 viral strains of the. 2004 camipaign (the .
A/New Caledonia (I11N1) strain, the A/Wyommg (H3N2) strain and the B/Ji 1angsu
strain), these immunization doses having the followmg composmons :

- 0.1 ug of HA of each of the viral strains in PBS buffer,
15 - 0.4 pg of HA of each of the viral strains in PBS buffer,
- 1.6 ug of HA of each of the viral strains in PBS buffer,
" .63 ug of HA of each of the viral strains in PBS buffer,
oot ug of HA; 0.75 mg of squalene; O;ll-mg of Dehymuls™ SMQ; 0.143 mg:
ofEumu1g_in¥M B1 and 0:138 mg of mannito] in PBS buffer at pH 7:4,
20 - 04pgof HA; 0.75 mg of squalene; 0.11 mg of DehyniquT"‘ SM:O; 0.143 mg
" of Bumulgin™ B1 and 0.138 mg of mannitol in PBS buffer at pH 7.4.

Six groups of eight 8~Wéek-old female C57BL/6T mice were provided and were
administered, on DO intradermally (internal face of the car), with a dose of 30 il of -

25 one of the compositions indicated above (1 composition per group).

Biood sampies were taken on D23 in order to determine the amounts of antibodies

induced, _
The aunbody nters were assayed by ELISA’ and by HAI for the anﬁbod:es induced

30 with resPect to all the strains administered: I—IlNl H3N2 and B.
The results obtamed have been sunmanzed in the table below in which the fitets

expressed are the means obtained for each group of mice.-



453 0.1 ifg HA + enul sion 4.456-5.192 5.064 349 1974  320: 0.4 Ag HA

- 1-

enmul sion 4.659 5.337 5.174 761 2348 494 Again,

the resul

ts

obt ai ned showWthe great adyvantage of the enul sion.according to the

i nventi an,

by virtue of which it

is possible to very substantially

reduce the anounts of 5a, utigens preséht. Specifically, it can lie
consi dered, overall, that with onIy 0.1 fig of HA adjuvanted with. the -
emil si on accordi ng 1 : d that are as-
good as Wi tCF?ﬂ%Pﬁﬂﬁ%rl %m)_l‘é{%: Falal ent
vacci ne cqnposition emelysi ong 1G -
according|to the in ' lor art! 30 A ,
i mruni zat i|@dt KOEAs Wer2d%%r epareiP6 r()mi’(Wé) conp%ﬁnt [ atlgd errupél an of
exanpl e 1W cern MPUSTAFT T O, STy e T3 58RT lql ns -of
the 2004 danga gn ( .hé'ég?'Ne .C%%jgziom aéP jiJII_I\/n slsr ai n,%?h;lr i arning -
(113N2)". st|nd g AAd - | he BRI angkip315|.st4.786n) ; Ub@se- i38uN| ZEWi gn doses
havi ng t he—tbl-dow-rg—ecopposttiopns—P—3—pg—ot—HAof—cach-of-the viral
strains i 6&3@% pr 4448 3 ugs‘ﬁcgﬁ H)A 5oﬁbeach5 1hZi‘C‘ﬁ ral4-5§t fains in
PBS buffe ,0.1%%mg of "HA; 0|21 ng of.squal epe; 0.031 ng fof-. _
Dehyl nul sTM 0. D40 of Etunulgi n7b4 Bl and )039 nol. of _mgr m.t ol
in PBS buf|fremuigonyH 7 441590 [ ermldi-oh ax0%. 799349, 3 b%”of HZC-0. 75 ny.
of squal er ,4@& Tgof —Depymutem pVo U 145 rrg fEOthulgi n "M Bl ad
. 0..138 ni ¢. of nnitol in PBS buffef at pH 7.4 .(eful si. on’ at 2.5%,

: | + emulsion 4.659 15.337 5174 | 761 2348 | 494 ,

Agﬁin, the resulfs obtained show the great advantage of the emulsion according to the l

" invention, by virtue of which it is pqssible to very substantially reduce the amouants of

10 .

antigens present. Specifically, it can be considered, overall, that with only 0.1 ug of

HA adjuvanted with the emuision according to the invention, results are obtained that

are as good as with an amount of 6.3 g of HA.

Example 9: Trivalent vaccine composition against theflu comprising an emulsion

according to the invention or according to the prior art

30 pl fmmunization doses were prepared from the concentrated emulsion of example

13

20 -

1 and a-vaccine composition comprising the 3 viral strains of the 2004 campaign (the
A/New Caledonia (HIN1) strain, the A/Wyoming (H3N2) strairi and the B/Jiangsu

strain), these immunization doses having the following compositions:

-

0.3 pg of HA of each of the viral strains in PBS buffer,
6.3 ug of HA of each of the viral strams in PBS buﬁer,
0.3 pg of HA; 0. 21 mg of squa]ene 0.031 mg of De}ny:n:mlsTM SMO 0.040 mg

of ]:Eu.mulgmTM Bl and 0.039 mg of mannitol in PBS buﬂ:'er at pH 7.4
(ernulsion at 0.7%),

0.3 g of HA; 0.75 mg of squalene, 0.11 mg of De}:lymuls‘iM SMO; () 143mg

of Bumnulgin™ B1 and .0.138 mig of mannitol in PBS buffer at pH 7.4
jon at 2.5%), ' a

(emuls



- 0.3 fig of KA, 0.645 rug of scivalene; 0.075 ng of T?veenTm 80;
0.075 ng. of Sparfm 85 (emul sion according to the pri.or art -obtained
by mi crofluidization): Five groups of eight 8-week-old femal e BALB/ C
m ce were provided and were 5 admi ni stered on DO intradermally
(internal face of the ear), with a dos® of 30 nd, . of "one of “the

conposi tions Lngi Tad @ﬂHAbO\GBfS&Jg &KHZ;‘]BQSﬂet bons Hl%fofgfv@ééﬁb'“ 80; 5@79\%.&@ €
o] 2

t he anount of antibodi es induced od sanpl es were t aken on 1 and-
the activity. agdpmdY 83 framulsion aeeomiing4e e pripreariobtung @tm&iﬁumﬂt’m B
strain.was 10 deternined on said ‘bl ood sanpl es by HAl -
(hemaggl.utination - The results obtained for éach group of mice ale

r epr esent edfivegrolys of eighis-Wetloold f@oaipBALBIcanice Usteqmomd aagsiersst H M

HAT agaiznst H3N2 HAT agai nst. B .0 - 47.
005 39 5" peb e bo R lHerafl Grlehd] 58 o Btdd By Fhsels® @5'30%9 Ha
+ inVenti omnenﬂﬁscanpdsmoﬁefmﬂﬁﬁteﬂaﬁcﬁre (1 cotidholitidn péxggrdﬂ&oﬁ pr| or art

enmul si on .

‘To evaluate the amoimt of antibodies induced, ‘b]ood'samp]es- were taken on D21 and
© the activity against the A/HINI strain, the A/H3N?2 strain and the B strain was
10" -determined on said blood samples by HAI (hemagglutination inhibition)

* The results obtained for each group of mice are represented in the table below.

Compositidg tested | HAI againlst - HATagainst | HAT against
o HINI  H3NZ B
03 peHA 2% E | s
63 pz HA _ T 24T 905 75
0.3 ug HA + invention emulsion KL . 640 - | 37
RET |
| 03 ugHA+ invention emuléion ‘ 269 - 1974 =73
1 at2.5% o .
03 pg HA + prior att emulsion | 135 T es7 | 57

15 ' These results show that, with an ermuilsion. obtained according to the invention by -
virtue of a very simple preparation process consisting of phase inversion by means of -
a change in temperature, an adjuvant was obtained which is as good as, and even

slightly better thar, the emulsion of the prior art obtaiﬁ;d using very high shear rafes. -

20  Example 10: Trivalent vaccine composition against the flu comprising an emulsion

" "according to the invention at various concentrations

30 ul immumization doses were prepared from the concentrated emulsion of example

landa vé_ccine composition comprising the 3 viral strains of the 2004 campaign (the



135 987 57 15 These results show that with an enul Si on obtai ned.
according to the invention by virtue of a very sinple preparation
process consisting of phase inversion by . rneans of . a change in
tenperature, an adjuvant was obtained which is as good as, and even
skightly better than, the emulsion of3the prior art obtai ned usi ng
Ver-y high %@ﬂ%ca@éd@ﬁaa%m%%émybm@l(ﬁmvma%m ishi on
against the flu cOnprising an enul si on according to the invention at
vari ous corfE@ak F}&F‘F?éﬁ@“mﬁ%ﬂoﬁeﬁhﬁ’#ﬁﬁth‘?f%lﬁwﬁ?@§egipm@s-prepar ed from

t he concentrale@ﬁ[gﬂmgfaghgmgpﬁﬁ LaiBdel PSMAGE) e conpositien |
conprising the 3 viral, strains of thg 2004 canpal gn (the - 31 -.

A/ New Cal edoni a6@a0diIA of sagh of the Hieal atrivg o RBSPuEBBN2) ' strain and - théf

cornpostti ont 0% A7 Gy R b Al IPYRE il hoM bt

buffer, - 6.3 p@enimmm@;a&mmgfoﬂﬂuﬂulgﬁm Bl r2ad 0922 meRBSndftbicin,

503gg of HA o str s; 0.12 ng- of squal ene; '
0.018 ngy. of De%Bﬁ%H& rﬂtpglx]%a“eé %éS Eumul gi nTm El and 0. 022 nyg
of mannitol in EBigmehfaéchMﬂﬂzeﬁraﬂ@ﬁyﬁssloqmﬂg&sq%lene%@a,uc%c@f HA -
of each-of the-viral strains 299 of squal ene;

0.0
Deh) nt i ul sTM SNVRehxgds SMP:H Oﬁmp’éﬁm B aad@oggslgrﬁjmmmﬂn. t ol

in-10rtg buffer 199, 0.3 pg..- of HA of each of
t he vi rgl strai %%gtogﬂé%lz ﬁ7 of squaﬁgﬁg‘%}’o 11 nmg of DehynilsTm SMO;

0.143 ny of Eu nﬁBgagrrm\HBpraﬂadl of ﬂ@&nwg sfmma‘r@ﬁmmg)bf squaléw buF merofat

pH 7.4 (emul si oId f.emal e
BALB/c m ce Wer@ %ﬁﬁﬁ‘% ﬁls g(ﬁggblﬁ "l Gt ]emlnﬁl |y
(internal - face sztaﬂ@eraapmﬂwemmsmdosemf 30 pl of one of the

conposi tions indicated above (1 conposition per group). In order to
eval uate the anpunt of antibodi es-induced, blood sanples were taken

at 20 D21 apd dbsast bight SN o BALE/ i ricrd hdhRicanini bRtk €5

and the anti-B antl bodi es were determ ned on these bl ood sa@l es. by

BLI SA, . andadrpiaistieed, wﬂ%ﬂ miadeneally H%tem{am oksthe éiﬂ’ﬂr wiftha dpgereing® 1ifaj n
and the B § er@t ﬁlﬁ&@ﬁgdﬁiév gg,rﬂ,g ﬁl% b §.ian .inhibition).
nt ta

25 The results o tal ne are represen beI ow, i'n. the
form of means for each of the groups; the ELISA results are expressed

in logic, mean
it et | o rRlps bl B OO bR el bidod SR SR, T2
i et ed. 2¢\nt DQHMthABmeiBiNBnVM\IdI%Bhe arBi-H A2 aIltlbOdlES and the anti- B

antxbod1es were determined on these blood samples by BLISA, and the acnwty

against the A/HINT stram, the A/H3N2Z stram and the B strain was determined by

. HAX (hemagglutination inhibition).

'25  The results obtained are represented in the table below in the form of means for each
| of the groups; the ELISA results are expressed in logio of arbitrary ELISA units and

the HAIX results are the mean arithmetic titers of the inverses of dilutions.



ELI . ELISA HAI. ELISA HAT 0:3 kg HA. 3.864 67. 4394 .. 320 4.406: 31
6.3 pig HA. 4.478 . 269 5.041 1660 . 5.053 135" 0.3 pg HA . '
tinvention emulsiOn at 0.4% 4.053 1.08 4.827 5.25 4.545 54 . 0.3
it_g HA + invention .enmulsion at 1% 4. %%2 269 5.074 1174 4.733

TAGHINT . | AN N2 ANGB -

Composition fested - |ELISA '|HAI _ |ELISA |HAL |ELISA | HAT
[03pgHA . . |386F |67 . |4504|320 4406 |31
- [63pgTA _  |4478 . |269 | 5041|1660 |5053 | 135
(03 pg A +invention  |4053 | 108 |4827 |525 |4545 |54
emulsion at 0.4% _ | h - |
- 0.3 pg HA + imvention 4312|260 . |5.074 | 1174 -|4.733 | 123
emulsionat 1% | b |
03 ug HA + 4435|203 15200 |1974 |4840 |123
invention emulsion at 2.5%

These results confirm once again that, whatever the strain evaluated, the emulsion
according to the invention made it possible, with a very low dose of antigens, to

obtain a very substantial immune system TESpPONSe,

Ex_'amnle 11: Preparation-of a lyophilizable c‘:ompoéiﬁon -

The process was carried out as in example 1, but using water instead of the buffer; the
emulsion obtained was subsequently diluted with an'—aqueoﬁs solution comprising
10  mannitol, sucrose and dodecylmalfoéide, in order to obtain an emulsion whose final _
.compos.ition was as follows: ' -
- - 5% ofsqualene,
- 0.95% of polyoxyethylene cetosteary! ether,

"~ 0.75% of sorbitan monooleate

15 ~ 3% of manmitol,
- 2% of dodecylmialtoside,
- 6% of sucrose.

This emulsion was Iyophﬂized and coﬁserved at 4°C for 3'months; then, after
reconstitution, it was noted _t_hét its properties were con_sérved, in particular its

20  monodisperse emulsion qualities, with d50 and d90 values 6lose to those measured
before lyophilization. -
This emulsion was able to be diluted 50/50 with a solution comprising vaccine

antigens in order to obtain a vaccine composition.



123 0.3 big HA + invention emul sion at 2.5% 4. 425 293 5.200 1974
4,840 123 These results confinti once again that, whatever the strain
evahl ated, the enul sion according to the invention nade it possible,
with-a very | ow dose-of antigens, to g tain a very substantial imune
system response. 5 Exanple 11:. Preparation of a |yophilizable
conposition The process was carried out as in 'exanple 1, but using

wat er instead of .the buffer; the enulsion obtained ubsequent!y
di | uted wi tH8; HES08 P BN R S P g I8 5 98et ose and
dodecy! nmal tifgEntén atdofarsdfhictin® pebinginthedngssh si on whose fi nal :
.conposition was as follows: - - 5% of -squal ene, 6.95% of

pol yoxyet hyl ene ‘cet ost earyl ether, 0.75% of .sorbitan nonool eate . -
153% of  smanietifbntiof %Ya8ho StiRiaYd &t @labioRlifies of4he QhnSUS ERERinglth iR

enul'si on was |yophilized and consérved at "4C for 3 nonths; then,

af t er recorisveetion, compared with ghat elchesirfapiant Fumylgin™ Fd ralitesis measent in the
conserved, in:particular its 20 Monodi sperse enul sion-qualities, with
d50 and dg(‘iﬂ}}‘ﬁ%s close to thoseneasured before |yophilization. This
emul si on WFar i, e tdsbwhecaiiddutue on bk HEing it kntigesn| ut i-on” conpri si ng -

vacCL1e 2 i B SR ETRRE b ©
t 0i t hei v ereicaiBedindh®éxatnpbastof agllisation [W© 96/05294) with ¢heaxudpsion of the fiEhe
accor di ng 1t togel PIRVGHE] DS HE UG Calear it HLETaR 4 Frechs - "
snf act ant . hipéHidhld¥nBlisitRiieB Vit fF0HR thei2004 BenRIRA (HeQONew For this,
a.test was carried out on mce-using flu antigens. TO this end, flu-
virus anti galdonia EINVpiRpihe WBP‘EW%@%{%&H’W@ theP/{igResp S -
- was 2lso_available. : -
15 100w imjnunizaﬁoﬁ doses'were' prepared from the concentrated ernulsion obtained
according to the inverition and described in example 1, from Bumulgin™ B1, and
B from the flu virus antigen compositio’ns, these immunization doses having the
following compositions: .
. - 1 pgofHA of the HINI strain in PBS buffer at pH 7.4;
30 - 5pgofHA ofthe HINI strain in PBS buffer at pH 7.4;
| -1 yg of HLA. of the HIN]1 strain; 2.5 mg of squalene; 0.37 mg of Dehymulsm
' SMO; 0,48 mg ofEumﬁlgiﬁrM BI and 0.46 mg of mannitol in PBS bufferat ©
pH74; . |
- 1 pgof HA of the HINI1 stram and 0:48 mg of Bumulgin™ B1 in PBS buffer
25 . atpH 7.4; ' '
~ 0.33 ug of HA of each of the viral stains in PBS buffer at pi 7.4;
.~ 1.66 pg of HA of each of the viral stains in PBS buffer at pH 7.4;
- 0.33 pg of HA of each of the viral stains; 2.5mg of squalene; 0:37 mg of
Dehymnuls™ SMO; 0.48 mg of Eumulgin™ B1 and 0.46 mg of mannitol in
30 . PBS buffer at pH 7.4; - o
' "~ (.33 pgof HA of each of the viral stains and 0.48 mg of Eumuigin™B1 in

-PBS bﬁffer atpH 7.4.



10 described-in the exanples of application WO 96/ 05294, with the
exception -of the fact that the "trim. strain. used Vas the A/ New

Cal edoni a HIN1 strain. A vaccine -conposition conprising the 3 viral
strains of the 2004 canpaign (t he -A/ New Cal edoni a (HLN1) st ral n, the
AfWomi ng (H3N2) strain,  and the Bllléﬁgsu strai'n) was al so-

avai |l abl e. Hl@hﬂ.@&lpb of § P RBAIBfmidowes pr®iidedphe paredthniuned bjﬂ@leans
concentrate I.on obt.ai ned,acc dhﬁﬁg\,ﬂ tomége i nventi op ;and

descri bed i frarquscylavinieptionon mayere takep GRD2A &G PEs

Virus -anti gaﬁr@r&@fmmhm@?mm;m@@y et bl Rl dRERgich R ablisst
fol |l owt ng conmpasi:tions: Ag of HA of the 111N strai.n in PBS buffer

at pH 7. 4. %Aﬂ%ll*&gﬂlbmm@r@emﬁéaqh%mwgw af theiivapspEraseipe.dieat  pH
7.4; 1009 H t ng of’
Dehynul as\gv Sw%djé_%tﬂ&s mca?d\ﬂélﬁtaﬁbﬂdog ée% ﬁ@edsﬂ'ﬂﬁélﬁé‘@f\ra%%% tol in
PBS buf fer @hlﬁmﬁiﬂ&wfﬁggﬂ@fa demcﬁzﬁntﬁﬂﬁfémiﬂﬁll Sloghl-n and 0:48 ng of -
EumilginTM Bl in PBS buffer 25at pH 7.4 ; 0.33 gg of HA of each of
the viral stains.in PBS buffer at pH 7.4; 1.66 gd of HA of each of
the viral |stains |n PBS buffer at pH 7T#ers@LD31 gg of HAteof at&@86h of

the viral [staths . M"alenf' Q3 ——pf—DehiratsEM-SMO—4. 48
ng of EUWWW@ Sof | HHA 5T 30 BRI § g?’Ngtr ;ﬁ‘% 1. 4;
0.33 jig JERA af gach ()T the vi rall 2stai|ns and 0.4Bzpaggiof EUmul giinT"
Bl in PBS_buffer at pH 7 4 34-1Eight oroups o0fl8 femnle :
BALB/ ¢ i cé{%%sﬁﬁgow ded and wer e | PR zed by meph$>df a silngl e

i nt ranmuscyig §1I£J1%L|I e _qm ﬁ),uk POU GBATPIES Were [agan|on 1 y21 and

D35 - iii er to evalua LI $A asday their centent of fiotal
ant i bodi eij. Hmwédaga‘g&mﬂgmf”rﬁl KHLNE. OflPL strajn orf AgHl pst each of

PoNTEP-N

t he strai ng-ef—thetrivatentvraecc ARt RoEy i
i .ndi cat el:l i Vﬁlﬁﬁt Vta&%ﬁleeatgéﬁgo%mt%e Qp}llas?'e’]c}sasg'mfn% %%Bgl )Z\']lg 43¢
arbitiaryY fabdise atwéigfbfaotdmc Blgop [Upsesimbih B4._l5§):gi-0,,225

Titers ath n..dosie coinpositionalHINL

H3IN2 B Hlpﬂrﬁglﬁg-xgcqqlq\ﬁ Id{gofjotja],%A‘ A252 | 5.002 4,596 .«I 186 | 5.214 | 4.897

+ invention emulsion : _
Trivalent vaccine at 1 pg of total HA | 3.146 | 3,712 | 3.950 | 3.241 [.4.177 | 4.242

+ Bumulgin™ B1

The results obtained in this test confirm those ah‘eady obtained in previousltests, :

10 namely that the emulsion according to the invention makes it possible to greatly -
reduce the dose of antigens for the same immume sys:tem 1eSpODSE; a ‘petter Tesponse
was in fact obtained using the emulsion acéordmg to thé invention and only 1 pg of

"HA rather than using a dose of 5 g of HA without adjuvant.
Tt is also observed that the surfactant used does not really exhibit any adjuvant effect

15  when it is used alone, whereas the emulsion according to the nvention itself produces

a ,highly adjuvant effect with respect 1o all the strains tested.



2.848 HINL at 5 jig,3.057 3.139 .HIN1 at.1 jig + invention
emul sion 4.002 . 4.128 . H.NL at 1 itg -1- EunulginTm Bl 3.019
3.119 Trivalent vancine at 1 jig of total HA 3.111 3.718 3.706
3.218 4.147 3.935 Trivalent vaccine at 5 jig of total HA

-35 -

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An oil-in-water adjuvant emulsion comprising at least:
- squalene,
- anaqueous solvent,
- a hydrophilic nonionic surfactant which is a polyoxyethylene alkyl ether,
- a hydrophobic nonionic surfactant,
which is thermoreversible and wherein 90% of the population by volume of the oil drops has a
size less than 200 nm, and wherein the emulsion is obtained by a temperature-variation phase-

inversion process.

2. The emulsion as claimed in claim I, wherein 90% of the population by volume of the oil drops

has a size less than 160 nm.

3. The emulsion as claimed in claim 1 or 2, wherein 90% of the population by volume of the oil

drops has a size less than 150 nm.

4. The emulsion as claimed in any one of claims 1 to 3, wherein 50% of the population by volume

of the oil drops has a size less than 100 nm.

5. The emulsion as claimed in any one of claims 1 to 4, wherein 50% of the population by volume

of the oil drops has a size less than 90 nm.

6. The emulsion as claimed in any one of claims 1 to 5, which also comprises at least one alditol.

7. The emulsion as claimed in claim 1, wherein the hydrophobic nonionic surfactant comprises a

sorbitan ester or a mannide ester.

8. The emulsion as claimed in any one of claims 1 to 7, wherein the polyoxyethylene alkyl ether

is polyoxyethylene(12) cetostearyl ether.

9. The emulsion as claimed in any one of claims 1 to 8, wherein the alditol is chosen from

glycerol, erythritol, xylitol, sorbitol and mannitol.



3.692 4.386 3.975 3.776 4.632 4.225 Trivalent.vaccine at 1 jig of
total HA + thention enulsion 4.252 5.002 4.596 4.186 5.214 4.897
Trivalent vaccine at 1 jig of total HA + Etunul ginTm 31 3.146 3.71,2
3.950 3241 .4.177 4.242 The results obtained in this test confirm
those already obtained in previous tests, - |ID nanely that the

enul sion according to the invention nakes it possible to greatly
reduce the dose of antigens for the sanme i nmune system response; a
better response Was in fact obtained using the emul sion according to
the invention and only 1 p.g of HA rather than using a dose of 5 pig

of HA wit [k Lt S hV, . the .
used doesfbgg{til ¢ ?@lg}ﬁ}ﬁ@@%g]ﬁ}nﬁitm gr@%é:dﬁuc\?ﬁﬁg let§ ? é%@gglg t%n}éf\ﬂp({p%aﬁés %l}éoélclf
al one, - \Abefpeizns istsprditarmdnopledic.according to the invention itself
produces a highly adjuvant effect withrespect to all the strains
tested. - 35 - THE CLAI MS DEFI NI NG THE | NVENTI ON ARE AS FOLLOWG: 1.
An oi | - i nliwdbeemysiprysneltimednin aiyome @balpwissl tegl Oawhirein dhe: amousipeipneirae isan
agueous StWVELRAL and 4528 hydrophilic nonionic surfactant which is a

pol yoxyet hyl ene al kyl ether, - a hydrophobic nonionic surfactant,

whi ch is thernoreversible and wherein 90% of the popul ati on by vol une

of the oii2 drepPemiasn asSdidfed 88 Sanlyheie SOQalnhs™ RNG WREL&H N'thé Nehount of

enul sion i obtaaned by .a tenperature-variation phase-inversion
process. polyoxyethylene alkyl ether-based surfactant is between 0.9 and 3%.

13. The emulsion as claimed in any one of claims 1 to 12, wherein the amount of hydrophobic

nonionic surfactant is between 0.7 and 7%.

14. The emulsion as claimed in any one of claims 1 to 13, which comprises:
e 32.5% of squalene,
e 6.18% of polyoxyethylene(12) cetostearyl ether,
*»  4.82% of sorbitan monooleate,

e 6% of mannitol.

15. The emulsion as claimed in any one of claims 1 to 14, which also comprises

alkylpolyglycoside.

16. The emulsion as claimed in any one of claims 1 to 15, which also comprises a cryoprotective

agent.

17. The use of an emulsion as claimed in any one of claims 1 to 16 for preparing an immunogenic

composition intended to be administered intramuscularly.

18. The use of an emulsion as claimed in any one of claims 1 to 16, for preparing an

immunogenic composition intended to be administered intradermally.

19. The use of an emulsion as claimed in any one of claims 1 to 16, for preparing an

immunogenic compaesition intended to be administered subcutaneously.



2. The ermulsion as clainmed jn claim1l, wherein 90% of the popul ation
by vol une of the oil drops has a size less than 160 nm 3. The

emul sion as clainmed in claiml or 2, wherein 90% of the popul ati on by
vol une of the oil drops has a size less than 150 nm 4. The emul si on
as claimed in any one of clains 1 to %7 wherein 50% of the popul ati on
by volune of the oil drops has a size-l'ess than 100 nm 5. The

emul sion as clained in any one of clains 1 to 4, wherein 50% of the
popul ati on by volune of the oil drops has a size |less than 90 nm 6.
The emul sion as cl ai ned in any one of clains 1to 5 which also
conprises Ieast fone n_a | ai m
O her o2 s S of GBrelien St €y S T Bl o B B st
ester or mlmbgmdeomﬁcts&mn int@dedlihbe simu:hlstmoqhaa&sﬁheaﬂmed in any one of
claims 1 to 7, wherein the pol yoxyethylene al kyl ether is

pol yoxyet hyl ene(12) cetostearyl ether. 9. The emulsion as clained in
any one ofl. dihaiuss of apnoenBulsigthey elamet i @alydime ol ¢lgme Howe s, f oo mpreparing an
gl ycerol ,;eh g%mctcg.&]posﬁ%h brftRbred tépmnm&el@@a*%am@ﬁmol -36- 10. The
enul si on as c almed 1n any one o al s 0 9, wherein the

hydr ophobi ¢ nonioni ¢ surfactant is sorbitan nonooleate. 11. The

emul si on &S 1§k ajstRd a'nr‘enlf?\l’l‘s){onoE'secl‘&une@I i@l Jﬂ?_ oheldt &Qms whey @4, nfof heepatHRunt
of squal ene is between 5 and 4 he emul sion as clained in any
one of c|la1nﬂa§08fn1°oc%11p08mﬁ'érléﬁeweé he éﬁoiﬁ*ﬂmlaﬁe‘boqg?’a%yé‘ﬂw &nemggajayjrus
ether-baqﬁqmﬁgkgactant is between 0.9 and 9% 13. The erul sion as
claimed in any one of clains 1 to 12, wherein the anmount of

hydr ophobi ¢ nonionic surfactant is between 0.7 and 7% 14. The

‘emul si on s ACbﬁichﬁBCfoﬂ p}-elﬁiﬂyg @ﬂemﬁlhn@gbﬁi: rESmﬁosIth 1&cofdm'g G Va4t 1886 one
32.5% of s ualene(é %96€ q l.ene( cetostearyl et her

4. 82% of ‘? P 4R “n‘B ér e B FrEhtiPt ‘"&ﬂ" g N 2 anchsUPHR O 48
cl ai med i wheadiy the Bit-iro#atel eRiulsbonls cﬁlmniaébyvﬂamﬁkmfatempexﬁmmansm phaseinversion
alkylpolxah%coside. 16. The enulsion as clainmed in any one of clains
1 to 15, al so conprises a cryoprotective agent. 17. The use of
an enul sion as clainmed in any one of clains 1 to 16 for preparing an
i munogenj,c ' Ly
15 The ure THFPRASLL b h ERHE D ik RO LORET £l B bRRMAE WYt

f or prepavitergmalsion Mgemwetemfmometsna emulslnm evhibb domprishreat &dsti ni st er ed
intradermal ly._ aled)® use of an enulsion as clained in any one of
clains 1 to 16, for preparing an i munogenic conposition intended to
be admi ni stered ¥AsweuasRdBOsly. - 37 - 20. The use of an emul sion
as clainmed in anyhﬁﬁﬁhmcnﬁl i[O 8irf whih isf I nmunogeni c
conposition intended 't g giﬂ§h%§%greg gégﬁﬁgﬁggﬁgéﬁgdaﬂﬂél The use
of an emul si o a %#%W ignenpnie Yt of claims 1 to 16, for preparing
an i MuNOoGIRMIE 9GHIPME Fbﬁmoh BY ea1Gkeelof the BE dRFMnnthSéRISch gk Bt 1o R
22. The use of an enulsion as clained in any one of clains 1 to 16,
for prep A" an i nmunogeni ¢ conposition intended to be admi nistered
agai nst human cytonegal ovirus pathol ogies. 23. A process for
preparin nogenL c conpos ccordln to whic ast. one
e it THHOT TRt iR ERTaA BPMei A i S SFOF o SFABEH o
any one Qﬁlxhﬂg&qmnhlﬂl élcﬁ:aomhellvmtm héreondd urfacrawattédh i€ Rl objodyetiyiene alkyl
24. The. pTSEEaE IO P Rl PTGl G 2 i AR Bapr et o A BgEogS
step for quégay :am:gthtsrmuimdn-ls tivea theatede 1oLt sl¢asu1hbphasamtersng tempuadtet 5o Bs @ |

;grerse elpl: SO Wl Gh.conpri ses at |east: squal ene, an aqueous

26. The process as claimed in claim 24, according to which:

- firstly, an aqueous phase comprising an aqueous solvent and a surfactant



a hydrophilic nonionic surfactant which is pol yoxyet hyl ene al kyl

et her, a hydrophobi c nonionic surfactant, wherein 90% of the
popul ati on by volune of the oil drops in the enul sion have a size

| ess than 200 nm 25. The process as clained in claim?24, wherein
the water-in-oil inverse enulsion is tai ned by m xi ng squal ene, an
agueous sol vent, a nonionic surfactant®which is a pol yoxyethyl ene

al kyl ether.,. and hydr ophobi.c .nonioni c surfactant so as. to optain,

fi st of it Rpooreihaain B el Nsra o AT Bk FomES ok are bRy

t hen heatlgdrdphobid sli€asint tahe hphiak edepar@tels] on 4 aemeramirelr# Bost aguiloto the
obtain the inverse ermli;s“ion.d g6. The process as clained in claim 24,
accor di ngp SRR PR ¢} )},enan aqueous phase conpri si ng an aqueous
sol vent and a -sunfedtjhases are n88:d-so whib obtain @ vatepol-gibinyeetelynbioe. al kyl

et her and, secondly, an oily phase conprising squal ene and a

hydr ophobi ¢ surfactant are heated, separately, to a tenperature at

| east equdl Theaprodess apblaweid mvdrigi2dractadipetoathivhe, and then -the 2 phases
are m xed so as i -1 n-001 ] | S 27. The
process as claingﬁﬂgﬁﬂcl%?%ﬁ@%%ggné%?g%%a¢€%§3ﬂﬁ?ﬁghﬁ%kf%g? y, an
aqueous pHhigeisaaepiokgihylgne alkdithen el sesprdbintan gl pkase canfpaising paualghs o 4 s
a pol yoxylﬁhh)\ﬂinﬁ]'ﬂ,e sittkihe £k NRLeaNd aractgg;,oﬂJdLlytem L@tk | DR AR S A QRSN Y
squal ene and a hydrophoni c surfacfant are heated, separately, to a

t enper at UFBPHEPERE haemPkase- | nversi on tenperature of the enul sion,

the 2 phases aremth@hastl a&MleSRix8Ssola@ tPdMiakl 4h AlinMaler bbuivyed, er  emul si on,
the oil-in-water enul sion obtained is then heated to a tenperature at

| east equal to t e PagEae; splyaogiRinedishiep Jealfdde & frmperatus blseshi n a

wat er - i N-gyudl td MY BlaS@inRERibsieMPeratuBo asltb Obthin AGRES-i1BSi] @lsde¥RAllsion. any one
of claims 23 to 27, wherein the phase-inversion tenperature is
between 45 and 80C. 29. The process as clainmed in claim28, wherein
t he phasexsi mhergoess iieopiafcatinrayidme hétaaan 2300aln] bkfin thdOphaddi@version
process as ﬂ;%ﬂneqm%£=§%¥ ﬁﬁ%?f claims 23 to 29, which also

conpri ses at 1 a8t “one y%% 'l zation step. 31. An inmmunogenic
conposition, which can be obtai ned by neans of the process as clained

0,20 o8, 8 BLALTR, A3k S oF TR R Rl LRG58

pat hol ogiasd 65€enpri sing admnistering to a subject in need thereof an
i nmmunogeni ¢ conposition conprising an enmul sion as clainmed in any one
of claims 1 to 16. 33. The enmulsion as clained in claim1, the use
as cl ai med- iThe aiggesp aw claimed |im prsonp T eipD23 tondd, phishalsg campiises pinsest Pie
clai m 23,14 hgi-hfHRppgeni ¢ conposition according to claim31l, or the
nmethod as clainmed in claim 32, substantially as herei nbefore
described with reference to any one of the exanples.

31. An immunogenic composition, which can be obtained by means of the process as claimed in

any one of claims 23 to 30.

32, A method for prophylactic or therapeutic treatment of the flu, AIDS or human
cytomegalovirus pathologies, comprising administering to a subject in need thereof an

immunogenic composition comprising an emulsion as claimed in any one of claims 1 to 16.

33. The emulsion as claimed in claim 1, the use as claimed in any one of claims 17 to 22, the
process as claimed in claim 23, the immunogenic composition according to claim 31, or the
method as claimed in claim 32, substantially as hereinbefore described with reference to any one

of the examples.



