-1- THERMOREVERSI BLE | MMUNO- ADJUVANT EMULSI ON The present invention
relates to the field of vaccines; nore particularly, the invention
relates to the field of vaccines conprising an adjuvant enulsion. 5
Many vacci nes which contain one or norg _adjuvants exist in the prior
art. US patent 6 299 884 discloses in particular an adjuvant

formul ation conprising an oil-in-water enulsion, in which the size
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obt ai ned by neans of a high pressure honogeni zer (m crofluidizer), in
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pr ocess - whi kmulsiontifiebtgiand by meendeiaiggh preprochmmidyerizanghicofipnidétes), jn the
reliable; in addition, .the.adjuvant .far.nul ati on st .make it )
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oil drop has a size less than 200 nm 30 According to the invention,

such an' enu$psifia sheey tagshnalpgaithat ds Dlpvinenergy pbcess while at the same time being
reproducible and completely reliable; in addition, the adjuvant formulation must make

. It possible to effectively adjuvant vaccines, by making it possible in particular to
. increase the immune rcsﬁonse obtained or .t(‘) decrease the dose of antigen present,
20  while at the same time exhibiting no sign of toxicity that would be detrimental to its
complétely safe administration. '
" To achieve this aim, a subject of the present invention is an oil-in-water adjuvant
'emulsi(m characterized in that it comprises at least: L
- squalene,
25 - an agueous solvent, _
- a hydrophilic nonionic surfactant which is a -polyoxyeﬂl_ylené alkyl ether,
- a hydrophobic nonionic surfactant,
" in that it is thermoreversible and in that 90% of the population by volume of the oil
drop has a size less than 200 nm. | L B
30  According to the invention, such an emulsion may be obtained by means of
{emperature-variation phase-invcrsioﬁ process, which provides a very large advantage -
from an industrial point of view. Such a process provides all the guarantees of safety

and of profitability necessary for the pharmaceutical industry. In addition, by virfue of - . |



“tenperature-variation phase-inversion process, which provides a very
large advantage from an. industrial point of view Such a process
provides all the guarantees of safety and of profitability necessary
for the pharmaceutical industry. In addition, by virtue of this
process, if;.i s : : :
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properties, yophi li zed and then reconstituted enul sion
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somet i mes JofQFImilReRIeRad/ef siekeRl | ity (either of certain antigens, or
of certain adjuvants), be conserved in | ﬁophl i z;gﬁf or %25; A
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droplets, 90% of the population by volume of which has a size of less than 200 nm.

This is particularly important for the field of vaccines which must .Someﬁmes, for
" teasons of stability (either of certain antigens, or of certain adjuvants), be conserved
in lyophilized form. _ '

25  A'subject of the invention is also a process for preparing an immunogenic .
compoéition according to which at least one vaccine antigen is mixed with an oil-in-
water emulsion, characterized in that the oil-in-water emulsion is obtained by means
of a temperature-variation phase-inversion process.

Accordirg to one embodiment, the process ac_cprdiﬁg to the invention comprises at

30 ledst one step of pre:parin.,c;r the oil-in-water emulsion hy.cpoling a water-in-oil mverse
emulsion, which comprises at least: ' '

- squalene, &

- .an aqueous solvent,



of a tenperature-variation phase-inversion process. According to. one
enbodi ment, the process accord uig to the invention conprises at 30

| east one step of preparing the oil-in-water enulsion by cooling a
‘water-in-oil inverse emnulsion, which %bnprlses at | east: - squal ene,
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heat ed to at | east the phase-inversion tenperature so as to obtain
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so as'to obiain the inverse emulsion. Carrying out the process in such a way has the
advantage of limiting the time during which the various constituents of the emulsion

are subjected to a'high telilperatu:e.

20
According to another embodiment, the process aﬁcording to the invention comprises
the following steps: _ B |
- - firstly, the aqueous phase comprising the aqueous solvént and the polyoxy-
- ethylene alkyl ether and, secondly, the oily phase comprising tﬁe,squalene and
25 the hydro‘phobic' surfactant are heated, separately, to a temperature at least

equal to the phase-inversion temperature, and then

- the 2 phases are mixed so as to obtain a water-in-oil inverse emulsion.

According to a specific embodiment of the invention, each of the aqueous and oily .
30  phases is heated separateij(, before mixing, to a temperature below the phase-

inversion temperature. The 2 phases are then mixed $0 as to obtain a water-in-oil

emulsion; the whole is t}_:;_en heated to a terperature at least equal to the phase- |

inversion temperature so'as to obtain the water-in-oil inverse emulsion.



25 the hydrophobic surfactant are heated, separately, to a °
tenperature at |east equal to the phase-inversion tenperature, and
then - the 2 phases are m xed so as to.obtain a water-in-oil inverse
emul sion. According to a specific emfodi ment of the invention, each
~of the aqueous and oily 30 phases is. heated separatély, before
m.-xing, to a tenperature bel ow the phase inversion tenperature. The 2
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t he preparation of inmunogenic conpositions conprising 5 antigens
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sol uti on, velatignifics tid oied o5 00uef the depp papiletiel bigvaluma. parti cul ar
enbodi ment of the invention, the aqueous phase of the enul sion
consists of a buffer, such as Dul becco's phosphate buffered
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markers at the surtace of the cells _ . )
. 20 an emulsion capable of modifying the response of the immune system induced during

the administration of an antigen, copared with the response obtained in the absence
‘of the emuision;. this immune system response may be re’ﬂe‘cted by antibody
production or by acﬁvaﬁon'of certain cells, in particular antigen-presenting cells (for
example, dendritic cells), T lymphocytes and B lymphocytes. This cellular activation

25  can be demonstrated by the presence of activation markers at the surface of the cells
or by the release of cytokines. The modification of the immune response induced by
the adjuvant emulsion may be quantitative in néture, i.e. an increase in the induced
response is obtained, or qualitative in nature, i.e. a response that is different in nature
or has a different orientation is obtained, or else an additional response is obtained.

30 The term “adjuvant emulsion” is also intended to mean an emulsion that makes it

possible to redice the amount of antigens administered for the same induced

© response.



or by the release of cytokines. The nodification of the inmune
response i nduced by the adjuvant enul sion nmay be quantitative in
nature, i.e. an increase in.the induced response is obtained, or
qual i tative in nature, i.e. a responsé“that is different in nature
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a whol e m@? %%&W%ﬂf%‘? Pﬁeseﬁ%én%eﬁgaéiﬁ?&gﬁ?i %ﬂe ?nrg&gt%@cfe ggé&noe?ﬁ‘%&
nat ure; thgtsntthgen BRMsddin haatcihg whepepi ilelvesapmoleahitrosdganism ora
gl ycogr otei n, ~a polysaccharide, a gl ﬁ_@ol i_é)i d, alj 'p?)p-ept i d‘f,- etc. The
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conventionally on eggs, or on cells. By means of the invention,

20 As regards the flu virus antigens, it is possible to use antigens that come from a single

viral strain, or from a mixture of various strains. It is possible to use antigens derived
: from viruses cultured cbnvcntionailjf on eggs, or on cells. By means of the inventicn,
it has been noted that whether for a single strain or for a mixture of straips, it is
| pc;ssible to obtain a satisfactory response of the immune system while at the same
25 time very.substéntially reducing the amount of antigens present in the vaccine dose.
| This may of particularly great value in the case of the preparation of a vaccine agajnst
a flu pandernic, where it tmust be possible to produce, in a very short period of time,

very large amounts of vaccine doses.

30  According to the invention, the oil-in-water emulsion comprises squalene, which is an
oil initially originating from shark liver; it is an oil whose empirical chemical formula
is CsoFlso, comprising 6 double bonds; this oil is metabolizable and has qualities that

. allow itio be used in f';n injectable phamaceutical product. Squalene of plant origin,



it has been noted that whether for a single strain or for a mxture
of strains, it is possible to obtain a satisfactory response of the
i mmune systemwhile at the sane 25 tine very substa ntially reducing
the anount of antigens present.in thebvaccine dose. This may of
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8
enul si on accor di ng ?%_t_he invention usually conprises a single
hydr ophi | The Baklsion according to the invention usually comprises a single hydrophilic PAE.

A mixture of several PAEs is.also suitable insofar as theucl)verall HLB value is > 10,
The polyoxyethyleneﬁed fatty alcohol ethers suitable for the subject of the invention
canbe iﬁ a liquid or solid form at ambient temperature. Among the solid compounds,
preference is given to those which dissolve directly in the aquéous phase or which do

25 not require substantial heating.

Insofar as the number of ethyiené oxide units is sufficient, the polyoxyethylenafed
ethers of lﬁuryl, myristyl, cetyl, oleyl and/or étearyi alcohols are particularly suitable
for the subject of the invention. They can in particular be found in the range of

30 produbts known under the trade names Brij® for the producis. gold by the company
ICT A'mericé’s Ine., Eumulgin® for the products sold by the company*Cognis, or
Simulsol® for the products sold by the company SEPPIC.



A m xture of several PAEs is also suitable insofar as the overall HLB
value is > 10. The pol yoxyet hyl enat ed fatty al cohol ethers suitable
for the subject of the invention can be in a I|qU|d or solid form at
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CH3( CH3) 17- (OCHZ CHZ) 12- C]—I 15 According to the invention, the

adj uvant enul. r 0 ctant;
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est ers ar endBESi FRNBLSY ripciants a:rgfsu]éa e in this regard, mention may be made of
- sorbitan esters and mannide esters; the sorbitan esters are obtained by reaction of a -

20 faty acid and of a mixt:uie of partial esters of sorbitol and its mono- and dianhydrides;
- this may involve a mono-, a di- or a tnestef, or even a mixture; they are hydrophoblc
surfactants for which the overall hydrop}:uhc hp0ph1110 balance (FILB) is less than 9,
and preferably less than 6. They can be found in particular in the range of surfactants
sold by the compatzy ICI1 Americas Inc, under the name Spen® or by the company
25  Cognis under the name Dehymuls ", or by the company ICI under the name
Atlacel™. as examples of surfactants that are particularly suitable, mention may be
made of the sotbitan monoole_ate sold under the name Dehymuls SMO™ or Span®80.
- Among the surfactants consisting of mannide esters, mention majr be made of the
mannide monooleate sold by the company Sigma, or by the company Seppic under

30 the name Montanide 80™.

By virtue of the selection of these specific surfactante among all the surfactants

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



20 fatty acid and of .a m xture of partial esters of sorbitol and its
nmono- and di anhydrides; this may involve a nono-, a di- or a '
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whi ch the overal | hydrophilic-Iipophiié-c bal ance (HLB) is |ess than -
9, and pr ‘ ey oYz PRI A by ii i n

t he range p%%é?%lg’ﬂ%% !tlﬁﬁtﬁga%@c%}ygtob@%g%ggﬁpqgr@@%ﬁﬂx%g%%%%g %Jnder
t he nane Hpagecinyersion pgesshe conpany 25 Cognis under the nane

Dehyrmul sTM or by the company I Cl under the nanme. Arlacel TM as-
exanpl es of surfactants that are particularly-suitable, nention my
be made @or e tisoimioindybigRdedccmti @ f sadhohtrcaiEfat tagts nesdeardehy nul s

SMOTM ar Span(r)80. Anong the surfactants_ copsisting o ni de
~esters? m@ﬁ’( SRR BROSRRERATP @W@awwed@eﬁg?ﬁﬁﬁfﬁéﬁ%%‘é’%ﬁby t he
. conpany S'cgﬁﬁ?risééra 28)0 }hBSh M%ﬁ%%h&%&ﬁﬁ&oéiﬂﬂ%n%?lahﬁﬁﬁ% S ?)ti%f" de

SOTM "By virtue of the selection of these specific s S anong

all the swiichcthantterface! tqrsions aierextremelylowr art for preparing

emul si ons,._i,t has w_be found.that it i1s .8 possi.ble.. ver
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each of the surfactants used are_ 5 advant ageously chosen_ so as to
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curvat ur © 50096 Snlt it 8 19 Beiffecd REBLY 316, RIS AL R rbectipti Ch the
interfacial tensions are extrenely [ow. In the case of the use of
squal ene, coticeh@mstidne efihiybopidlic bt hytdnephebiclssifarisntoint the peupasitn thkhl e
and nonodielsnglg;rse \3.1 h I'hg oi . dr Ietcf. being very small in size (d90
‘| ess than 103l Fre Htl?w’\ﬂﬁ FR RSP HB val ue” of the vari ous
surfactants used is between 8.5 and. 10, anhd nore particularly
between 8.6 and 9.6. To deternine the respective concentrations of
hydr ophi | - Barrd (B¢ ¥ pPHobHE Bsw (¥-3Btiambichi n t he conposition of the
emul sion, the followng fornula can be used:- 15 HLBn = (HLBe x M +
HLBpae (1-M in which, HLBm corresponds to the HLB of the m xture,

whi ch i s pg, edoabponds toveiend 8B ofahel mididre, avidchniarpeefpmblyi batwesd §.5 and

between 8.6 and 9.6, HLB %orres ondﬁ to the HLB of the hydrophobic
sur f act anttY, and more particularly between 8.6 and 9.6,

HLB, corresponds to the HLB-of the hjdrophobic surfactant,
20 M corresponds to the percentage by mass of the hydrophobic surfactant in the mixture

* consisting of the hydrophobic surfactant and the polyoxyethylene alkyl ether (PAE),
. HLBpg cormresponds to the HLB of the PAE.

1t has been noted that, by using a concentration of squalene of between 5 and 45%, an
25  emulsion whose phase-inversion temgﬁerature is less than 95°C is very advantageously
obtained. . ' - ‘
For such an emulsion, it is possible to use a polyoxyethylene alkyl ether at a
concentration of between 0.9-and 9% and ahydrophobic nonionic surfactant at a
-concentration of betwéen 0:7 and 7%; the remainder of the emulsion consisting of an

30  agqueous solvent.

According to & particular embodiment of the inventjon, the immunogenic composition

also comprises an alditol such as, in i)a;ticular, giyceml, ‘erythritol,‘ xylitol, sorbitol or
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val ue (by ess than 200 nm_préferably | ess han 150 nm
and even chmbmm,mdemdmeltelﬁ%emdﬂme\m¢é@vaéu¢ wdess thvard 02001 AM  or
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around 80 1393 m¥id A1y AR &0 values of around 80 nm, with d90 values of ,
20  around 100 nmi (measurements carried out with a Coulter LSZBO). Tt 15 thus possible
1o perform 5 sterilizing filtration of the emulsion obtained, ont the condition that the
latter is sufficiently diluted. '
Such emulsions in which the size of me”drops is homogeneous and very small are
stable over time. It has thus been possible to note that an emulsion prepared according
25  to the invention and stored at 4°C, coﬁservéd, affer 2 years, a monedispefse profile

with a d50 vahie 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 measured by various means, and in particular by LASER
30 difftaction particle sizes, such as the Beckman Coulter devices of the LS range (in
particuiar' the LS230) or Malvern devices of the Mastersizer range (the Mastersizer
2000 in particular). The. principle of measurement of these devices is based on

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



20 around 100 nul (maasurerrents carried out with a Coulter LS230). It
is thus possible to performa sterilizing filtration of the enulsion
obtai ned, on the condition that the latter is sufficiently diluted.
Such enul sions in which the size of thé-drops is honbgeneous and very
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the following results:

20 - using the L8230, with the following parameters: IR particle = 1.495; IR
medium = 1.332; absorption value = 0; d50 = 80-90 nm and d90 = 120-
130 nm; '

- using the Mastersizer 2000, with the following parameters: IR particle =
1.495; IR medium = 1.332; absorption value_ = (}; obscuring = 4-7%; “general
25 purpose” optical model; d50 = 90-100 nm and d90 = 140-150 nm.

The process according to the invention may be-carried out in the following way: a
concentrated crude oil-in-water emulsion is prepaxed by incorporation of the aqueous
phase (buffer solution, to wl}ich alditol is optionally added, comprising the

30  polyoxyethylene alkyl ether) into the oily phase (squalene and hydrophobic nonionic
surfactant); or, conversely, by incdrporation of the oily phase into the agueous phase:
A noncalibrated oil-in-water emulsion is then obfained, which rapidly manifests its

instability. This emulsion is stitred and heated untilua.phase'imr@rsiopis obtained, i.e.



the conponents of the device and of the data processing software
used. Thus, the same enul sion according to the invention was
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exanple, i'n an ice bath. Wen the tenperature 1passes through the
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water-in-oil emulsion. It is noted that the curves for following the conductivity are
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superimposable for the same emulsion, irrespective of the number of
thennoinversions‘ undergone, and that the emulsions obtained always have the same
particle size profile. ‘

25  Advantageously acbording to the invention, the formulation of the emulsion is chosen
so as to have a phase inversion temperature that is less than 95°C, and mors '
particularly between 45 and 80°C, and more particularly still between 50 and 65°C.
This temperature range is advantageous since there is no risk of the emulsion
changing state if it is stored at a relativeljf high temperature (= 37°C). Furthermore, as

30 inthe process for preparing the thermoreversible emulsion, the heating of the - _
components is not too severs, this contributes to mgintaihing‘ the structural integrity of
the componeﬁts. ‘When the phase-inversion temperatute of the emulsion is high, in

palticularlwhen it is greater than or in the region of 80°C, it may be useful to reduce it



15 water-in-oil emulsion will invert again so as to once nore give an °
oil-in-water enulsion, in which the size of the oil droplets is this
time very honogeneous and small; the_emulsion obtained is then very
stable. It can be stored as it is, whitfe - awaiting dilution with a
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Furthernore, as 30 in the process for preparing the thernoreversible
enul si'on, the heating of the onponents is not .too sgvere, this
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in a concentration range of fram2-ta 7% . {he.phase-inversion
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enul si on by replaci ng the aqueous phase consisting only of water
wi th a buflf srabd pesdiblnéo sightlybeatpacksef thephpsesheagore fcarrymg putihp FEsipBat e

buf f . ..PBS t he. Dul b .PB f '
i thout  Mge vl e P sl S R And ey 36 ni R B0 de B0k,
has | ust. hepasisiessbickas v dit theopslig i cally, it is .possible, as has

j ust been described, to mx the 2 aqueous and oily phases in order to
obt ai @0t he crude enul sion which will then be heated and then cool ed.

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

but if is also possible to use an on-litie process.

The process for preparing the emulsion on-line may notably consist of a mixing,

25  under hot conditions, of the two aqueoiis and oily phases prepared separately
beforehand, through a thermostatted static mixer, followed by on-line cooling through
a refrigerated heat exchanger connected at the.ouﬂet ‘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 a succession of mixing elements made up of

30 cross blades inclined relative to the axis of the tube into which they are introduced
was successfully used. The energy required for the mixing is provided by the.pumps :

that transport the fluids and the mixing is carried ont without any mobile part, through



Alternatively, the 2 phases that have been prepared can be heated
separately to a tenperature slightly above the phase inversion
tenperature, before being mxed so as 15 to give a water-in-oil
i'nverse enul sion, which will be cooleduntil the oil-in-water.
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successi o robmin iﬁbmﬁgaﬁﬂuﬁﬂﬁ”ﬁh& emmaBi@napcadingd @ e dsentibn ds warctih-odd

" rel atgée to the aX|s of the be into whic the%?%:e J néroduced was

succed8f ulMFYFISESERsigis OBl uF‘@%H?"‘rpé‘EFa%P the & WATEE by

t he, IOU”pf’ﬁle%Pse%&ﬁﬂ'sx&?@%ﬁbs‘eﬁ@enﬂl%b&@d Ejﬂﬁas%iﬁ% i limdhtcy E%r ried out
wi t hout any nobile part, through ; e mxing el errents by virtue

of the sepefrigtiated he@tlegph@gerr@nam@ @@esélpwsf tb@wbﬁtcrﬂmn@r e vatgs-in-

const it uent 8,9l he. t

carri ed odt RS HEpFL Ve eGP Re el B e Ao G 8RR abitin-
sol ution e khsisie, Whishpallecptitdyd anelak kytcaibhand ﬁmmﬁaﬂaaenaids wf
phase 5 (squal ene and hydroph I C ‘noni oni ¢ rf are prepared
-separ aPel V‘%’@ argsienticpd fasthoggy ofit %E‘PBIF@HOQ’WB‘ 3&8 Sﬂ‘ﬁg %% heated with
stirring to a tenperature slightly above the phase inversion

tenperature. The two phases are then introduced into a thernostatted
static m Tee adjpvant amsistin Zcpdingso theipvdntionis thereysed ffonthe prepanetion of

| at ed t bt t di
oo e o s ind e o figpatioR £ SIS bht iyl b iE R B 208 o]
during theoRpssags 16dst bitevdceie phg@svithnant greulsibR bbiainod ¥&Jording to one of

20  the embodiments which have just been described. The i mlmunogemc composmon

obtained is in the form of an oil-in-water emulsion or in the form of a
thermoreversfble oil-in-water emulsion when the amount of squalene'represents 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. Carrying out the process in such a manner implies, of coui'se,

" that said antigens are antigens which are compatible with the thermoinversion

Process. ‘ |
The solutions of the antjigen may also contain mineral salts or one or more buffers,
and also any other compound normally used in vacciiies, stch as stabilizers,

30  preserving agents or, optionally, also other adjuvants.

For the prcparation of a Iyophilizable emulsion, & concentrated liquid emulsion is first

- of all prepared, as has jusf been desc'ribed,"but preferably choosing water rather fhan a



The inverse emul sion is subsequently cool ed by passing it on-line
through a refrigerated heat exchanger connected at the outlet of the
static mxer. The water-in- oil enulsion will then invert through the
refrlgerated heat exchanger -to give ahtoil-in- water enul si on, which

- wi |1 be colireediadiiibnas hdiRsks fHast, @A 1R thigBenkha lgkmt@@&,aﬁu%puﬁ& of
15 which are identical to those of the emulsion obtai ned by a batch

process. Tegpsdingwansidiehalsypanndae alkuipatyeivsosite forrxempleonith g salhtéon
used for. tcja R@ﬁg?:gﬁ;l}ﬂt&ns&;oseﬁﬂd BE%E&?J?:%%L&S conposi tion. A sinple

enbodi ment’cong] conpri sing at | east -one
vacci ne ar‘irhe@a—mlmﬁ bbtaznedermhm dmde&m;ammembnqﬂesc(fdlemgmpla mﬁaﬂ})ﬁmﬂo t he

enmbodi nts ve, |.ust been ed. The

Conposie] GHb1edE h hOUPRLH e R e iR G B e STTBHOR ¥8n or
in the form of 1Ggidd\GADERYRESH Phec0i | -i n-water emul sion when the
anmount of squal ene Tepresents at 'east 5% by mass of the total mass
of the i munogenproxiestgiydihoesre! fincring Ak seitemperahyre of H536ssi bl e to ni x

the anti gen 1w ) 4 B paAURPHSLANARS OR oW 1od REvaldoRligoe, before 25

..preparing t he Sio process 1 n such™a manner.

inplies, of cognger3o hﬂt&bf&%ﬁia@f\dds@eﬁtﬁmaﬁ&sanémgﬁmelwﬂﬁiﬁﬁxe
conpat.i bI e W th_ the therpoinversion process.. The s : utions  of he

anti géfl n@‘eé%‘éﬂ@b‘i’hf%lp?ﬁ FrmyiRepe compqrcdontil Figussfl EP’EFBWHP%O g

- al'so any sTHORITE, hxtﬁqﬁﬁ@omﬂm\eawhra%mpwﬁhn@émpnsmg
stabilizers, 38 preserving -agents or, optionally, also ot

adj uvant s vaﬁzme aritigens: é‘barsmﬁomrgpmgltly@mmogam eompmﬂltswman b& carried

concentrate ui - d o ust
been descrl" iry %ﬁ%edsegﬁdi ST ‘r’f’ét% %é]!le &ﬁ%% H’%}h ¢
buffered. %ﬁhgﬁnb orheaiﬁmﬁug@ﬁs cmﬁlon&hﬁh dﬂwﬂecidmsmwmhmlgrmemenmdedt ed
with a_solution corrprlsm

| dj tol
al kyl pél ygmgbéégptﬂiesfatww& i %lfﬂaél%ikﬂfiwgnga%ﬁyﬁes‘FH{adeﬁ%?ﬂ tol
sucrose ang, agiﬂs%ﬁﬁsf@opmﬁeat@%éhgﬂr@mm Rafkeh$alidsnndi vi ded

up into sanple or ‘exanp and 5 subjected to a
| yophi | i zati on cycl e, Wnich can be carried out in the foll ow ng way:

- loadi ng t he sanmp | es . + Xi mat freezing
at a set t”g 1Xpl Sd?osﬂ to élrécle ‘ﬁlg“%ltge ﬁ%?@%ﬁdzeﬁ?‘fﬂﬁﬁ {c}ile3| ccation
at a set LEMRAE 8diiich &fm&ﬁmg both the vaccine antlgens and also the aldltol, the sugar -
20  and the alkylpolyglycoside, and to subsequently subject the composition obtained to
the lyophilization. Such a manner of carrying out the process implies, of course, that

| the antigens are antigens that are compaﬁble with a lyophilization process.

The fbﬂowing examples illustrate various emboditnents of the invention.
25 '
PFxample 1; Preparation of an adjuvant emulsion according to the invention

3.71 g of Bumulgin™ B1 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 30°C. .
In another container, 2.89 g of Dehymuls™ SMO and 19.5 g of squalene were stirred
magneﬁcallf{. '



- 3 hour 30 mn of secondary desiccation at a set tenperature of +
25C.- 10 The enul si on obtai ned can then be conserved until it is used
for the preparation.of an ‘inununogenic conposition, i.e. until it is
conbined with a conmposi tion conprisind®-vaccine anti gens. This step

for preparjiigh hdifod REMRYBERS GveSOMMATEE in%ﬁci?@ﬂh@@orﬁﬁﬁéﬂs Se aqidbudy
taking up the lyophilized emulsion with an aqueous sol ‘ut-on

conpr i si nghasrewasdnedrpemted iMthdhd eititrhegre whichowspogntained at HITE with ai hed
can subsequ 1gly be conversed 15 in the I|qU| d state, or can ‘be

subj ected ° Y6 & further | yophi l'i zation cycle in order to be conserved
- in'the forwhefte mqmamaﬁmecomﬁlemh&e raidereamddion bBtamad iwge hsatad khatils

t hi.s. Alternat|vely S directly dilute the,:

concentr atthet eg’t?ﬁ#@FBFPa\‘Rm gO %;&’gél‘c’)ﬁ & SR IR MEEHHRme RS R the
vaccine anj.ge g BESQopiia R BlelsBiring N8 nitSiahed B fhBeratur

al kyl pol yg yglogt?l&a‘? and tgﬁésbﬁbsequent 'y subject the corrpogll%tl one

obt ai ned tr@achemenblymtpthmpemalrton Such a manner of carryl ng out the

process- i cou nt i are
‘conpat i bl. ?%\?I?Hi"é'aﬁe%’ﬁh S}olnz%afs %?1“ O‘Drt g’ SJIT% %“oel s isgjggﬁrlf)‘%
i |1 ustr at exeitefed Qufun€ H0GEH (fﬁéﬁsﬁreﬁlfenﬁd‘aﬁlddmueﬁimg)ma L2 ednid e 10
Preparati on of an .adjuvant. emul sion_accordi ng to the invention 3.71 g

of Eurlll glcﬁ{DPUSlE@lthéS%@“@hﬁ’fiség B9%%0l uti on of mannitol in PBS
buffer were _m Abf‘sqg fgﬁ@ker and the m xture was honogeni zed with
stirring at apprOX| mat F 30 30C. In another container, 2.89 g of
Dehynmul sTM SMO6aliEds d.@pcﬂycgcy@ﬂiyhﬂquélﬁnetﬂml athdrr red rragnetl cal I'y.
~-15- Wen hom%%fg\g?%?%@es Wege obt ai ned in each of the containers,
t he aqueous - d??}bro & into the oi ly phase, which was
mai nt ai ned at 3@ oMhbdhitot i rring. \When the incorporation was
conplete, the crude enul sion obtai ned was. heated until 5 the

t enperdt ure reached 58-60C, while at the same tinme maintaining the
stirring. ghe Neakjng was bhetysiapeedmnit the stirring.vas —
mai nt ai ned untrtthe tenperatur e ac anbi ent tenperature. An
oil-in-water enul sion was then obtained, the size of the oil droplets

u,_(u
.,.

of whi ch %ccme composmons comprising a detoxified TAT III B protein as antzgen were
| prepared. The TAT protein was detoxified by means of an alkylatmn reactmn in an

| .2.0 alkaline medium using iodoacetamide under the following conditions: number of

~ micromoles of jodoacetamide = 200 X number of micromoles of TAT + number of
micromoles of DTT. This detoxified protein and the process for prepanmng it are

" described in detail in application’ W099/33346, 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 administered were prepared from concentrated
solutioﬁs in order fo obtain immunization doses of 200 pl hav:mg the following
quantitative compositions: S
. 30 - for the composition havmg only the anhgen 20 ug of TAT in 50 mM Tris
buffer, 100 mM NaCl, at pH 7.5; ' '
- . '.for {he composition according to the invention:

o 30 pugof TAT,



centered around 80 nm (neasurenent carried out using an LS230), and

the 10 conposition by mass of which was as follows: - 32.5% of
squal ene, - 6.18% of pol yoxyethylene (12). cetostearyl ether, - 4.82%
of sorbitan nonool eate, - 6% of mannit®r. 15 Exanpl e 2: Vacci ne

conposi ti on.agai nst ﬁhggfg Yakgkne conpositi ons conprising a.
~detoxified TAT 111 B protei n as antigen were - prepared. The TAT

protei n was det ox#f i0th IbgOﬁEah}gndﬁSMO,al kyl ation reaction in an 20
al kal i ne medi.um u3| i odo ggﬁ? under the foll owi ng conditions:
nunber of nicromofe 4fmi‘38 a.[n e = 200 X nunber of nicronoles of
TAT + number: of @ QrOANREE8SmAhnIT. This detoxified protein and- the
process-for preparing it are described in detail in application

WD99/ 333461 wankwrstips tinism &Wealéﬁﬂd fermatr BvbB(c e weer providad-isbs fieet inierteded
TAT. This i nan d i

T or oo ESRHRLR L e BE 960l 34 MRl [ordRlobh Bund dbec 82
colrrp05| ti Qe pﬁpeﬂgﬁommhamjécﬁfoﬁdmgv@mmﬂh@ amﬂ du Dﬁ: concelnt Lat ed h—
so utions, in order to obtai.n i niz n dos 200 avi t he
fof I owi ng! la ?%stws R PF Esertitl Snp S D1 i G e At BBy g
only the eBﬂdQﬁD-fﬁ\-foﬂ thle 5&0% fésﬁons@ufﬁe%eclﬁg%ﬁm\ﬂﬂﬁad at

pH 7.5; f thec nposition according t invention: {r) 20/Cg
of TATO 1a’gGea Yitess we detenyinad bﬁmeemgof@tansarﬁ@e@sﬁbﬁ@ AERRES. SMO, ()

0. 94ngof E nBl _
5 weok- ol dPaer eisape dockeB {2 it sPRoR aghemstad i e B Bles Sicke
subcut aneqggtgityd.w t h one of the corrp05| t i ons prepared, i n_ a proportion
of one dose of
The resuits obtained regardi’ng‘ the humoral r_esponSes are summarized in the table
15  below, in which the IgG titers are expressed in arbitrary ELISA units (log10).
* 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,



200. | per nouse; the injections were given on DO and on D21. Bl ood
sanpl es were t.aken fromthe retroarbital sinus-on D14 in order to
assess the primary response and on D34 for the secondary response.
The specific 1gd and 10 IgQa titert’ were determ ned by nmeans of
standar di zed ELI SA assays. The mice were sacrificed on D37; their
spl een was_renoyed and fhe splenocytes wer isolated, The results °
obt ai ned- r\é@,'e'm'di ng t hg IpGi norigG2a esplptsles adgGZaimeeGiAgGemratihe tlabl e

15 bel ow, ch thg I ti af resseg, in i,trary ELI $A
units (I cchm@?SI{ll@br eacaﬁgg?'oﬁ%g?f n %ﬁhea@%e‘ iaﬁ?lgéat ed in the
tabl e is [tthe mean geonetg i c ft12er of 44t he Valojues dimsal ned for each of
the mce.l=17- Maccing 1gG llgQa 119G In("’a lgG.lgxRa ratio
conpositlaht"‘al’ﬂb 14 at| 3314 2934 af5B34 af 5SB34 T4t52.6 1.2 4.4 3.0
25 Tat +PA 38527557505 The resuttS—obtarmed—show that—tte
emul si on according to the invention mekes it possible to increase,
overal |, tihe rémltobitbined sipontet to emalsion. act@didg fo t}mm\t‘@ﬁﬁﬁ makedhie type

5 1 T-hel per .response since the 1gQ&a response |s creased re than
the 1gG Peeiflpisocreass, pugall-die f%‘eTP?HS’PgFr 1o prompie 56 bl e
to denmgnsyr I :
splenggytégﬁpgﬁo (ﬁ%&%ﬁg%ﬁgérecgﬁﬁ%ﬁgﬁgg%%%h%?g?g?%&ﬂﬁmt$@%r

i ncrease iresptiee. nunber of cells producing y interferon when the

spl enocyt m.mce ni z - i ng
o The T nadatesti s skt S sPrShee BB SRl GafulREd A RRoRoRe | 1
prepar at i @ReGestimilgtiddofthespaiocgenretiovseivith i retdrabihant TAEp@sdmw ng
of the cytokines -in the culture supenatants showed the greater

secreti onelspr metense)inithy wpmter ghoqlls prmiuging rinigerep avhey My ﬁﬁ’beflﬁﬁjtesand
Interl 8“' ?r §n51%§5c§ ﬁg:{umzea %ﬁlﬁ%rgﬁ? %oﬂ%mramﬁ toHPle %ﬁ%ﬁﬂ&ﬁg%s spots

'Preparatlon of WAL e conposi‘tion agal nst Auman cyt onegal ovi r us
i nf ecti ongper10° cells versus 39 per 10° for the preparation containing the antigen alone).

Similarly, the assaying of the cytokines in the cultitre supernatanis showed the greater
secretion of both y interferon (5028 pg/ml versus 1940 pg/ml) and Interleukin 5
- (5365 pg/ml versus 2394 pg/ml). ‘
15 '

- Example 3: Preparation of a_vaccine composition against human cytomegalovirus

infections.

Vaceine compositions comprising, as vaccire antigen, a recombinant protein derived
20  from an envelope glycoprotein of the Cytomegalovirus (CMV) Towhe strain, called
gB, the nucleotide and protein sequences of which are described in patent Uuse
5,834,307, were prepared. This recombinant protein is produced by a recombinant
CHO line transfected with a plasmid called pPRgB27clv4 which contains a modified
B gene. Specifically, in order to facilitate the production of this recombinant protéin
25 by the CHO line, the gB gene was modified beforehand by deleting the part of the
_gene that encodes the transmembrane region of the gB protein corresponding to the
amino acid seqﬁence between Valine 677 and Arg"minr:: 752 and by introducing 3
poin’é, mutations such that the cleavage site that exists in the native gB was eliminated.

In fact, the recombinant protein produced by the recommbinant CHO line correspondg



Vacci ne conpositions .conprising, as vaccine antigen, a reconbi nant
protein derived 20 from an envel ope glycoprotein of the '

Cyt onegal ovirus (CW) Towne strain, called g¢gB, the nucl eotide and
protein sequences-of which are described in patent USP' 5; 834, 307,
wer e prepag g gundiildor BAR apad opa@gveg@sﬂesane P HHRRL YR £ SEATRIRRN!
CHO li ne transfected with a plasmd call ed pPRgB27cl v4 whith cont ai ns
a- m)dlfle(th@’Bigene Specifically, in order to facilitate the

duct B,
Bona s rpt B SORR RN ARG A B e i IR A ke %,
eRcodes t mtélﬁgmmbgmbm@mwtﬁmﬁmgﬁ% ﬂesmt;bimmdﬁﬂ sesg),ggdlm% L o
the  anmino agi d sequence between Val.i ne and Ar:gi ni an
i nt roddci ﬁﬁgg"ahﬁﬂl‘:’g eﬁﬂmaﬁeévg PEQIEHR 1% paztie T’\‘E%I%ﬁ%@% %q{“@’t hat y
exists 11 gl SRSl Al A dRbbdc sl MRorRARR0l nant

protein produce the r econbi nant |-i ne corresponds - to a.
.truncat edP@BnmSmélﬁadie(\JoVUOb\(lﬁﬁISbéﬁﬂé@é%ﬂle and of transmenbrane
region, called g¢gBdTM The construction of the plasm d pPRgB27cl v4
and the production of the truncated gB ‘protein (gBdTM by the .
r econbi naftoriGiock bempsLtiseadIMIen/ind ol S Gntif tRifbbtalitd dbd maintained
purification of the truncated.gB protein is carried out

0
i mund8f f P‘hPh%Ph%%P‘bﬁﬁ%@@Pﬁ‘&iﬁQ? ft?S‘PTGH’Ig 19 efgventign ﬁ?ﬂ?ﬁ’étF%?Fg?s ant i body
1508 dESCHbégﬁQe&lﬁl ex%ﬁﬁf@‘lsﬁﬁ&‘aﬁ—emﬁl%loﬁlof tHebrioVbft Bbtained 8$5) S5 27480) .
From a stock conposition at 0. ng/ m- of gB antigen”thus obtained
and mai nt aiierefuidi@tiom S;Bhdslpmwélrbmﬁmemg composhenssyesaprepared.dianmattbe t he
|nvent|on ncentrated. as described in exanple 1, and an enul si on of
the pri or CHPIRAFREHBS i crof | ui di zation, 50 | doses of :

i mruni zi ng conpg,gloﬁ'lggriﬁ cieitEbyiTee pegIe €, (gﬂeawbﬂg;dtgmﬂoﬂe(),l | owi ng -
Bin-citrate buffer at pH pcaIIed gB

conpositions: -

al one}3 ‘15 -~ Zzglg&ggEBl 0%5 G%Dfﬁﬂu%?nesaﬁg:ﬁ Bgeet Morfapg mn&%g)ggjﬁ&ﬁnt aneTM
VG 85 and 0.12 [

called with enﬁﬁg?o%f"@@%%ﬁ%?’? %1?{3 %rbﬁlﬁ@ﬁﬁﬁ.lé %? 513% 19&4<<@1tfq%f2n%§?on
squal ene; O. 185ftﬂi§pﬁ6r@et)yrml S SI\/D 0.235 ng of Eunul gi nTM Bi and
0. 230 g Of -nan?zlgto?gBl ?ZSP?nSgE squa ene E}lgymgofﬁ %rOldPs SMO; 0.235 mg of

Eumulgin™ B} and 0.230 mg of mannitel in PBS buffer at pH 7.4 (group

20 called «with emulsion of the invention»).

- Three groups of ten 8-week-old female Outbred OF1 mice were provided and were
immunized twice, oﬁ DO and on D21, subcutaneously, with one of the compositions
indicated above (each.group of mice is given the same composition both times).

: Bloo.d‘samples were taken from the retroorbital sinus on D20 and D34 and were used

25  to determine the concentrations of IgG1- and IgG2a-type antibodies specific for the
g3 antigen.

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

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



20 called <<with enul sion of the invention). Three groups of ten
8-week-ol d female Qutbred OF1 mice were provided and were ' immuni zed
tw ce, on BO and on D21, subcutaneously, with one of the conpositions

f ndi cat ed above (each group of nice i-<9%given the same conposition

both times). Blood. sanples were taken fromthe retroorbital sinus
on D20 and D34 and were used 25 to determ ne the concentrations of
| gd - and| | g&a-type antibodi es gpeci fD20for t gB4ant i glGl/IEREa

he ‘
assays wefe carrjed t by means et HH-SA-Aassaysthe—restlt.s

obt ai ned pre _gﬁ?@ﬁe oﬁﬁeﬁ?épf'abl e |p&# Sy, [ 4852, éf@fprg%ggﬂ ?i’olaf)]a% of
the ELI SAERERRe. 1he val ues 30 1[ndisqat P go [t hgoeanoyal ues

obtained for each group of mce }-19- DP6 D34 1 gd /ligG2a Nature of
the groupsgB irgGulsieasiihe pBwargG2g #4863 o 98934 5.498 albHRS 1474 2. 099

3; 801 2. 913+ gB—+—entt-sion—of1th t At #4063 2: 98075493

4. 185 143 T CHEoR AComE R b o007 t he A1 2014 BEW1E14 854 14
i nventi on| thh&s@nr esul ts show t he|ef fect| venesyg of the enu| sion; -
accordi ngL.to fhp_Ln\{pnf ion,—which allowed a grieat er i_ nduction.of
anti bodi es, both those of IgGl type and of 1g&a 5 type, with, in
addi tion, Lk I I : Aoled! -art, the
obt ai ni ng 'Pt%@?ﬁefs&l st&/hlaé gigescﬁ]@?&el'é% %@%ﬁs%h%?c%@ngqgtﬂg ifEhtidd g

0 e desire ) vaccl ne adai nst

e cont ex
human  cytwhielallevid ugeatehindiction of batibodies drottetibbaef ighd tipradef1gG2a
response toward.a. TH.. . response indicator of.which is the.l g&a
t] trer),% wHP% VA, H?gdgﬁgﬁﬁ°4ﬁlmeq1>&f%ﬂfl’£iem?ﬁ5¢°n Ao ie Al Be e (an
A ndi cator gHiailiab ehtheHediftR rb@lflinthd @nlexbf Avasbiné bgdigfthuinayel . 10
Exanpl e 4: Vaccine_conposition against the flu. Flu virus antigens
ver e avai | @Bireegalsyiras, vechols et of prdeitipe thed e sepomedevVaed ih 't he
exanpl es i j: L h Lt heee i.on.:0f. fact
Chat 1 he VrRRs (T e e b I FORE R A Rkl
Usi ng t hi shpTEBaymt iesponed (aaritdigaosof wiieh is drecighil rtierp dt esffigemslevel.
accordlieng to the ‘

Example 4: Vaccine composition against the flu.

Flu virus antigens were available, obtained according to the process described in the
examples of application WO 96/05294; with the exception of the fact that the viral
15  strain used was the A/New Caledonia H1N1 strain, -
| Using this preparation of autigéns, the concentrated emulsion according to the
invention obtained in example 1, and a suspension of aluminum provided by REHEIS
. under the name AIQOH.Rehydra, 50 ul immunization doses were prepared, which
doses had the compositio_n indicated hereinafier, in which the amounts of flu antigens
20 are expressed by weight of hemagghutinin HA: '
- either 1 pg of HA in PBS buffer,
- or5pug of HA in PBS buffer,
- orl pgof HA and 60 ug of aluminum hydroxide, -
- or 1 ug of HA; 1.25 mg of squalene; 0.185 mg of Dehymuls™ SMO; 0.235 mg
25 of Eumulgin™ B; 0.21 mg of mannitol; the entire mixture in PBS buffer.



i nvention obtained in exanple- 1, and a suspension of. al um num
provided by REHEI'S under the name Al OOH Rehydra, 50 I inmunization
doses were prepared, which doses had the conposition indicated
hereinafter, in.which the anpbunts of -géu anti gens 20 are expressed by

wei ght of lutinin HA: . -.eit g of HAin PBS buffer, -. or 5
0o of Ha iR gpe soveskeold g balalh Ries "o BrviramihoRe
hydr oxi de,admifbteredJoD0Mth ﬁle%@mggsiﬁtﬁnsﬁﬂéltﬁl'eﬁ%éorﬁiné%tﬂwomﬁwmg

Dehymul sTM'SMO,  0.235 ng° 25 of Eunmul ginTM B; . 0. 21 ng of mannitol,;
the entir dlisibatione i n PBS buffer. 20 Eight groups of five 8-week-old

femal e BALB/c m r.e i 1 Rist . Wth -
t he conpositi 0%8 gﬁé%gfgce%eg\é%%%g?@gﬁtoﬁﬁé ﬁgg ? gzg]logv%gﬁﬁ%f%ﬁ%% ion: -
one gréup e»ceioxitegrdtubgeofmmﬂé1 Olss daim@rc ohmvéiﬁmﬂav%lgﬁ ugiéfﬁﬁuhmaﬁf ameadlys| y,

5 - "one group received the _.sanme conpositi.on_havi | jig o A,

i r ador vl |, R ZENB TEHEH IROREPSHOR Hev BB HESE P bRy of

HA, subcutaneoygt érou‘ 1Ol vl M RntcRefip¥ Aot H&i@gasrpﬁemgﬁiﬁah@mmyj ng
5 g of HA, intradérnally, - one group received the conposition -

‘having 1°g of kne grapéecetyedthe compesitiophasnbt e af Bdugid/f0 uoof - one
group received _the sane,conposition having 1 jig of. HA-and 60 g of
alum num intré& . %bc‘é)ﬁg%oég Up received the conposition having 1
g of H@ and t h@ne%wuﬁirmiveam aftiengmiposititrehavingenfig oA Asandaiot ganefous| y,
one group received the conposition having 1 gg of HA and the enul sion
15 accordi ng t 8lUHBURARERYSTHALLY. nt r ader mal | . Bl ood sanples were

taken from e_ac!anggmt#%c@&gﬂgb gigggfﬁévri%i#glg@ﬁp@m 4 05msichkhe sera

fromthe inmunize ce were assay Iy, by the ELISA techni.que
in order to ewadoudibg td theimvestiort, eukcutsicaustyal antibodi es i nduced

against the flu strain 20 ALH N1 of..the trival in h .
S body 15 ver Sndiotn et alf Sineprinbl Bafity | Be SEEARRAEEANS | o
unitsswith a dedoesibl @th Mveafied, thitlderdnallyl 0910) and, secondly, by

Blood samples were taken from each of the mice on D14, D28, D41, D56 and D105.
- The sera from the immunized mice were assayed, ﬁrstljr, by the ELISA fechnique n
. order to evaluate their content of total antibbdies induced agaﬁzst the flu strain
20 . A/HIN1 of the trivalent vaccine (the antibody titers are expressed as the loglQ value
 of arbitrary ELISA units, with a detection threshold of 1.3 log10) and, secondly, by
the FAI (hemaglutination inhibition) technique in ordgr.to.détermine their content of
functional antibodies against the flu stram A/HINI. The 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 which‘the values

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



the HAI
their con

tent of

f uncti onal
A/ HIN1. The antibody titers are expressed
dilution in arithnetic val ue,

with ‘a-détection..

(hemagl utination inhibition) techni'que in order.to.
anti bodi es against the flu strain

as the inverse of the
threshold at 5. 25

The results obtained are reiterated in the tables herei nafter,

det er mi ne

in

whi ch the val ues -indicated represent the mean .of the titers of the
m ce of ea@ﬁ@@g@ -21- ELISA ti ters Goupqpfmlo'h%om’rllozagl gEPD’%4E([))?8
5535 A BB Bhioc | ARG S, S0Lh, 643 L5ip36 hDTe2 3. BA® Ha |DHE
subcut anelayse 2. 860 outd3 . 3.843 3.951(3.982 AOCCH HA 1° Ag+
subcut andous_4.043\4 511 4753 4 723 14 681 _éemulsion HA 1 1tlg
v ador AL /rapopueEy (3675 27385 | 8936t rEusiim 356
3 320 3 TP R M e A T e AR el 4 qr . 024
enul-si on ,u.lgt Efbeufehenng df2 $aomuni| aaegon D344D28 EE4951D56H[319}§‘2 _
m ce routle i g subcutanedus 5. 6]5 40 23] -HA 5 g subcut gneous 5
9 20 HA lgﬁm%bcutaneous 5 15 23 121|160 ALDOH HA 1| g +
subcut aneuE g, 100 388 AR ST 2,043 | 4511 | 4.753 . | 4.723. | 4681 |
emulsion '
HA1pg | Swedommal | 2.074 | 2814|3143 |3005 | 2.735
HASpug | imradermal | 2.839  |3.297 |3.496  |3.549 | 3.479
HA Lpg+ | mtradermal . | 2.654 3.004 3.137 - | 3.020 2.724
| AIOOH - _ |
FA1pg+ |intradermal | 4.134 | 4.692 | 4895|4911 | 4.823
emulsion ‘
5  HAlfiters: ‘
[Group of | Immunization | D14 D28 | DAl D56 | D105
| mice route B
HA 1pg ‘subcutaneous | 3. 6 5 40 123
HAS ug subcutaneotls 5 9 20
HA 1pg+ |subcutaneous |5 15 73 121 160
AIOOH | |
HA1pug+ | suboutancons | 6 160 | 368 %) 435
emulsion |
HA1pg | intradermal 5 5 5 23 8
HA 5 yg | intradermal - 5 8 10
HA g+ | intradermal |5 5 5 26 7
AIOOH
HA 1 pg+ |intradermal =~ |7 557 1640 1557 1844
emulsion | |




emulsion HA 1g. intradermal 55 . 523 8 HASg intradermal 5 8 10 HA
1 ug+ intradermal 55 5 26 7 Al100H HA 1g+ intradermal 7 557 J 1640

1557 . 1844 - emul sion -22- These results show the advantage of the ‘
present i nvention; specifically, al uirFhum hydr oxi de; which is a well

known adj uptgd rewﬁé%wwwmvbﬂag@@ftaé bREen@irven twn?sﬁwﬁcanyemummm
possi bl e to increase_the immunogenicity of th | 'u ant:ﬁgens with the

same rapi- dmigﬂxl%afhtohes s waB ksewe adjvranh wideheused inibe prico arlabé aeldndy t o
the i nvent; to
e b O i
subcut an eamé Itl;e samelsmsm@hi es fm Ifdaz;mulatmE)aacrqndheg o thvaoenten; enmatse inbiedn

agai ns he intention was:to eva t he
2avant Sge Ut B oripabin acqtian B HRaptchogt et dertlife whetter
vacci ne a@‘}ﬂ%ﬁbmgﬁoﬁgwaoﬂlﬁﬁﬁdd@ﬁaﬂ volved is a vaccine against t he

flu which contains, as antigens, 3 flu virus strains and which woul d
be adm nistered |ntradernally To-this end, the concentrated

enul si on 1, S buffer in 15 . order to
obtain a, R Vacind® ‘531“‘?&“ Pég’.‘ ﬂ%gg. urther diluted by hal f with
a conposition conprising the antigens. A conposition conprising flu
virus _originating from3 different strai sobtalned_ t he
annerOde Jer MHER I SAD Erlustt g Fhs H v e o Lvtpgander

avai l.abl e4 &r@@sm%thé%ﬁl@hﬁt%f%édﬂ% angéémﬁemg Qadchi ifvdiesH icalvasiamd a -
(HINT) strain om n N2) strain and the B/Jiangsu
strain.. Sgdhstdhe fiu waicémpntamcaﬁlmbg%rﬁ)ﬂg Virposirains and sihienvedAiE for a
flu vaCC|ne 8 £r.e to the vaccine sold in the northern

hemi spher 88U qﬁrﬁgtuﬁraﬁg%%g&fl u canpaign. The anounts of antigens of
each of t e thiviendth&tdnaemmtal endssestedmply bughdihhed with PBSHufBE in
St 'o%%qq;;gmayr‘;&@gq O 2ol SORE SR R gquteg%ylhnﬂw?thvam ure

composition comprising the antigens.

P,

A composition comprising flu virus originating from 3-different viral strains obtained
in the manner described in patent application WO 96/05294 was in fact avaiiaﬁle,_ the
3 strains ;z>eing in this case the A/New Céledonié (H1N1) strain, the A/Wyoming
20 (H3N2) sﬁain and the B/Jiangsu strain. Such a trivalent vaccine composition is
conventional for a flu vaccine and corresponds to the vaceine sold in the notrthern
hemispheré'duﬂng the 2004 flu campaign. The amounts of antigens of each of the
viral strains are assessed through their amount 6f hemagglutimns HA.
| ".I‘he immunization doses prepared, having a volume of 50 ul, 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 viral strains in PBS buffer at pH 7.4;
- 10.5 pg of HA of each of the viral strains in PBS buffer at pH 7.4;
30 - 21 g of HA of each of the viral strains in PBS buffer at pH 7.4;
- 0.33 pg of HA of each of the viral strains; 1.25 mg of squalene; 0.185 mg of
Dehymuls™ SMO; 0.235 mg of Eumnulgin™ B1 and 0.230 mg of mannito] in

. PBS buffer at pH 7.4; -



25 indi cated bel ow - 0.'3_3 pg .of HA of each of the viral strains in

PBS buffer at pH 7.4; - 1.31 g of HA of each of the viral strains in
PBS buffer at pH 7.4;, - 5.25 g of HA of each of the viral strains in
PBS buffer at pH 7.4; - 10.5 g of HAZdf each of the viral strains in

PBS buffer at 7,4 oo B - . L. kNS

in PBS buffer gﬁ lpfﬁg c}fIiR Oé.eéglj?fghég{]r%%{m’ggzgﬁn%%f% gle%’rﬁgsﬁég#.m;

1.25 ng of squabebmenls? IBH; OP36Tmg ERfynmlkia NG SMJ 0.03P3% ofgnaahitol in -
Eunul gi nT"~ Bl _and Q.. 230 of ‘mannitol in PBS buffér at pH 7. 4; ‘
-23- 1.31 g of H@%lﬁ’fﬁeéé 1t he viral strains; 1.25 ng of squal ene;

0.185 ng of | ‘ e, 235vird s@dinEy gl g ' 0h 9839 MO

of mannit ol i?%‘%&%er' aqthQ)gH 7. 4;‘#?51?;’?@%.%8%%?%?@@%8%3%%& '
t he i Bal st r ailehymils25SME; 61238 qupbEhenulgin 18531 ayl ®230 mgbéimemitel In SMO,
0.235-ng of Euguylgi MBI—i %fnd 0.230 ng of mannitol in PBS buffer at
pH 7. 4. -Ei ght W%Ftﬂ A%- to 8-week-old fenal e BALB/c mice were
provi ded and were admnistered intradermally (internal face of the

ear) with one of the conpositions 10 prgfared,, at a rate of one

“conposi t i dhgpaxrougs eliien 6Tk Eavegleeldkieapicdt ALBeunice wereanovigeba werapl es

wer e takern Qr, ec 1LoGs, | l,nst
~each of tﬁgﬁ@gsrtea’{eggqt?%?lﬂ%ﬁl%ﬁ&g%%é%ﬁ %eyéa@ﬁ’fqg%&eadﬁﬁ%%a gq%%?):ngi n

i nhi bildi opragasdyatagaiengtone achpasitical pes groapn was al so carried out for
“each of the groups, 15 The resylts obtained .are represented in the .
Lable bel QR tb R ATBR A A 9o SRR R Vet KRG, B8 FLCh OHEE FLI SA
- results arg?ou?%‘,%@fg%%%@xfceh Q9Aifst RhclPShd Fidd] ¥ralhd Wére A88iFed BRELIYL 2
results are the mean arithmetic titers of the inverseS of the

di | ut i ons hemnaggininipfinNibitionassey agadepeashivirehstigin W 4km camigdgyat g cagh | SA

- HAI  0.33 HA 3-51 35 4.38 243 4.28 25 1.31 ug HA. 3.96 65 4.74 640
4. 35 32 oflﬁle groups. ‘ .

15  The results obtained are represented in the table below in the form of means for each

of the groups. The ELISA results are expressed as logyp of arbitrary units, and the

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

-| Nature ' HIN1 H3N2 : B

Composition | BLISA | HAI | BLISA | HAL | BLISA | HAI
033 g HA | 351 35 | 438 243 | 428 75
131pgHA | 396 65 |4.74 40 435 |32
525 p HA | 4.16 52 |5.05 570 462 53
105 pg A | 438 167 |58 |1810 | 471 130
21 pg HA 2.63 260|537 2389 | 4.98 184
033 pg AA | 427 536 | 5.20 2389 | 491 145
+ emulsion ) R

T3 pgHA | 446 779|537 3880 | 4.5 171
+ emulsion ‘

525 pg A | 468 | 394 |5.58 | 5487 | 5.2 2

+ emulsion | | ' ‘ L




5.25 g HA 4.16 92 5.05 970 4.62 53 " 10.5 jig HA 4.38 197 5.18 1810
4.71 130 21 jig HA 4.63 260 5.37 2389 4.98 184 0.33 jig HA 4.27 226
5.20 2389 4.91 149 + emulsion 1.31 g HA 4.46 279 5.37 3880 4.95 171
+ enul sion 5.25 g HA 4. 68 394 5.58 54%47'5 1222 + emul sion -24- -

These 1 esUftefe ReuRNRIoAkEté R paAictiag h&w&ﬁta@éi YRk #9Rn &N b Cedubii€Md ONn
for reducing the "~anount of antigens; specifically, by virtue of the

enul si on aeeERteFRgtgens; mecificplnbygime qfﬁhmulﬁee 4¢q9rEng foghe Wéﬂ%fahe
| mune re%?%@éfoshiﬂ{lufo?% éaﬁae‘iﬁﬁﬁmg% gﬁfﬂfcéa/ tgggfg%e’[ﬁﬁangﬁhg“ 70 ent

of antigens present’in t e | nmuni zat oSe:

vacci ne cah@aﬂmuntoﬁaramnmmiesenhélﬁieimmnmaamrdqaal ve popul ation, The
intention. was to test the effectiveness of the emulsion of the

'5on in. the case of a flu VaCCI ne that woul d be adnini stered

i nventi
. | kil U
as I's frequenfly }

to indivi

Vi rus antigens,

i ndi vi dual s have aI ready been in .cont act with the fiu virus, '
because t

acer ne, | A e s SR cRSTRRI R Or Bl #*%‘%ﬁﬁ%m%ﬁ%@%%m
Vacci ne, Zﬁe:ﬂn v&&mﬁé&aﬁwomlﬁ belaémpmmmdbtoemﬁmdmh wla:se hmriyﬂﬁs atreadlyl f or
carryi ng ut this test, BAT B/c.mce 15 1 ni zed.i nt ramuscul arly
it 400 Rt RoRpS R B0 VaES Bt o DR Bise GO TGRS 01 ¢ ner
PBS buf f erip @iiliyals ﬁivetaduex@ B 1Y BEEAR KiththOM vhes, 3P0bERTRRI gRe 1. €. a
- vaccine conprising the A'New. Cal edonia (H N1) strain, the A/ Woning

(H3N2) st mkbaﬁymmpmlosﬁh’llmeéﬁﬁ%}ﬁrﬂ“Y%?Cié}f’proport|on of 5 pg of

HA of each, of 7 t r
ot oo by R e Sty g PR are
were i nmund IZceﬁibIMtb lsd, %mmdddmansrn@gamﬂmyteWBﬂéB/c amnﬂzp%e-ot her s

wth the trival ent VaCCI I n %_1 larl
15 immunized itramusc aﬂy with a riva eht vaceIme,

50 pl immunization doses cempnsmg either PBS buffer only, or tnvalent vaccine
from the 2004 campaign, i.e. a vaccine comprising the A/New. Caledonia (HINT)
strain, the A/Wyoming (H3N2)} strain and the B/Jiangsu strain, in a proportion of 5 pg
_ of HA of each of the strains, in PBS buffer at pH 7.4, were therefore prepared.
.‘2“0 | Six groups of seven BALB/c mice were provided; 3 groups were immunized w1th the
. doses comprising only buffer, and 3 others with the trivalent vaccine, intramuscularly.
30 ul immiumization 'doses were also pfepared from the concentrated emulsion of
gxample 1 and a vaccine composition COmpﬁsing the 3 viral strains of the 2004
campaign mentioned abové, these immunization doses having the following
- 25 compositions:
.- PBS buffer alone,
- 0.3 g of HA of each of the viral strains in PBS buffer,
- 0.3 p1g of HA of each of the viral strains; 0.75 mg of squalene; 0.11 mg of
Dehymuls™ SMO; 0.143 mg of Eumulgin™ Bl and 0.138 mg of mannitol in
30 PBS buffer at pH 7.4. : | '



30 pl i mmuni zati on doses were al so prepared fromthe concentrated

enmul si on of
viral

al one,

ng of

(in the internal

t aken fro
HIN1 strai

strains of the 2004

CGs 25 BO R co
0.3 ¢ of HA of each

DeHymthe sbmae o thelgripothia Eamm@nm leng awmo@smac eivpd oniy

et P EEs by 2 B SRt pRihd redeived  afBoe BRIt (o i1y

face of the ear),
previously received only

ﬁ?&ﬁﬁgﬁl@

t he viral

PBS buf f er

exanple 1 and a vacci ne conposi-tion conprising the 3
canpai gn nenti oned above,
i mmuni zati on doses having the fol | owrAy 25 conp03|t|ons -

P%oﬁ%ﬁiﬂs Iﬂ‘gpatrg@wé(s', <2k tosffrﬁxﬂvhrﬁée

stral ns:

t hese

squa ene;

both a group of m ce having

nd -a group_.of m ce_ having

recei véd £mB3e aotoed $f%nh°ews (ke irpre. ea%l Eiheymire 2d frermiibedisnpedieed | -
mw ChRBoRR R0 B BF xﬂgé%fs%‘i‘ a h@ﬂﬁgélﬁﬁmh he

|a) were titered by nean

hemaggl ut iinfiibition absali t i on assay. The results obtai ned have been

summarized in the table bel ow and represent the.

mean

10 val ues

PBS buffer

Q&Hehﬁgjy

obt ai ned for each group of mice having followed the same i nmuni zation

prot ocol . THeu&QLIbBHPeMBiH e burherifbdSe tNakhle Belot dnlleerionat themeatlAl
titer with respect _identification for, the it primng the id boost

to t hd0)i ¥rinesebtaingd forppsh ppwp Sfmlﬂelh@”ﬁpéﬁlﬂ%ééhﬁ‘rfém IPESEGEHPRI ni ng

0.3 g 59 p'ﬁ!ﬁ%c%tlr ain Trivalent vaccine C PBS containing 0.3 g 320
HA/ strain“+ emul sion D Trival ent vacci ne .cont ai ni ng 5 gg PBS 145
Mouse group | Nature of the dose | Nature of the dose for. HAT titer with respect
identification | for the im priming | theid boost | to the HINT strain
A PBS 1B 5
Trivalent vaccine
B PBS containing 0.3 ug 159
HA/strain
Trivalent vaccine
|c PBS containing 0.3 pg =~ | 320
| HA/strain + emulsion
D Trivalont vaccine _
containing 5 pg | PBS 1145
HA/strain _
E Trivalentvaccine | Trivalent vaccine
contaihing 5ug containing 0.3 ug 476
HA/étrain: HA/strain
E Trivalentl vaccine | Trivalent vaccine
containing 5 ug containing 0.3 ug- 861
HA/strain - HA/strain + emulsion

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

15  non-naive with respect to the a‘ntigen administei‘ed. In fact, contrary to the



HA/strain E Trival ent vaccine Trival entt vaccine containing 5 g
containing 0.3 gg 476 HA/strain: HA/strain F Trival ent vaccine
Trival ent vaccine containing 5jig c ’gvt aining 0.3 g 861 HA/strain
HA/ strain + enul sion These results sh how advant ageous t he _

i nventi on dbServAitRs biy IT. W gbitérchitath wsig thig i del] WhodimBet, bes Mmylﬂeé:ﬁﬂ:m@ct
to the antigen adm ni stered I n _fact, gontrary to the -26-

obser vat i 3f8ha¥2 Weg adpyaug pLk o OF Isgami yhemhey wiserarsed igipmwnizRBIoe pre-has

only been iahhd of SreSHOWHRAK msimg@&t n&LiEE bedithdi SRAHRIMREN t hey

were used to | I ze mce pre- fected or pre-inmunized with flu
anti gens, ahméngtmihsus@ahom matleItmesséa’mtoeﬂigmﬁceatdymmaagﬂmwesphese '
I nventi.on .made. i_t; I.bl e t ni f.i cant. ease trag{ esponse 5
[ nduceé \)0“ ﬁ%rw}{ E’an g?%cerﬁr(}@ Wnﬁiajé‘é ?Ihg al r eady

been i mmmemﬂnﬂd@cy@sm ne. Exarrpl e 7 Tr| val ent vaccine
conposi tion against the flu conprising | ow doses of -antigens 10 30

“Al i mruni zat i on doses wer e prepar ed from t he concent rated emul si on of
exan'pl e E a3 __ . Al AS©Y] G P EEAREL TRE H iy HS!HQIIQ“{:)&OSQS ﬁ_ﬁ“ ns
of the 20 ai gn (the Al New Cal edonla (H1N1) strain, the
Al Wom ng%@g strain and the B/ Ji'angsu strain), these

i mruniipati on doses having the foll owi ng corrpositions 15 - 0.1 fig of

HA of each _of .the viral strains in PBS ffer of . HA of
each of tEBM&iW%W% drsey Werppepaid °°°&°@§fi@t@8f’mﬂ§%&r0f§§@ﬂpl&f
the viral lsahﬂ@'vﬁ&:ﬂé’boﬁﬁ%e%ﬁfcgﬁlpnsmlg_g}e% \ﬁra@fstrd"ﬁs sftheady @fnph: tﬂer al

strains in PBS buffer, -

of squal ene;
~of Dehynuws’lﬁwsmdomaiml\lr}gsmm o AR Femge r{fﬁ%@) stepirelamgl t@eﬁfh@lg@w
manni t ol of squal-ene;
g o F@%ﬁaepg{@m%&ga g%gaav&gﬁafoagwﬁé cofphSifR:
C 0.1 pg of HA of each of the V1ra1 strains m PBS buffer, .
- 0.4 pgof HA of each of the viral strains in PBS buffer,
- 1.6 pg of HA of each of the viral strains in PBS buffer,

« 6.3 pg of HA of each of the viral strains in PBS buffer,

- 0.1'ugofHA; 0.75 mg of squalene; 0.11 mg of Dehymuls™ SMO; 0.143 mg

20 of Eumulgin™ B1 and 0.138 mg of mannitol in PBS buffer at pH 7.4,
- 6:4 pg of HA; 0.75 mg of'squa'llene;. 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 g-week-old female BALB/c mice were provided and were

25 adxmmstered on DO mtradennally (intemal face of the ear) with a dose of 30 ul of
one of the composmons ‘1ndicated below (1 composition per group).
In each group, a 2nd dose having the eame nature as the 1st dose administered was
again administered, intradermally, to half the mice on D29,

A Blood samples were taken on D22 and on D43 in ofder to determine the amountis of

30  antibodies induced. '
The antibody titers were assayed by ELISA for the antibodies induced at D22 and at
D43, with respect to all the strains administered: HIN1, H3N2 and B, ané by HAI
with respect to the HIN1 stra'in oniy, both at D22 and at D43. The results obtained

have been summérized in the table below, in which the titers expressed are the means



of Eufrul ginTM Bl and 0.138 ng of mannitol in PBS buffer at pH 7. 4.
Si x groups of eight 8-week-old female BALB/c mice were provided and
were 25 adm ni stered on DO intradermal [y (internal face of the ear)

with.a dose of 30 one of the e&hpositions i nd| cated bel ow (1
conposi-ti r same
nature as %%B%fsf?{ C#Bé’muh %fﬁﬁgét]égégé%stﬁe g&g‘rgﬁa? rﬁ ni s% §§‘8m

| nt r ader maleteymirted sé}ﬁi‘d‘tely lnéthin e sane FR8p, B thadusaahm'h@remvai 1 édmmof)n
D22 and .on D43 I%Gg el']rf1 fo determ Dg}e t he amobunts of 30 antibodies
i nduced. THEHT YRErEesr @ S¥&yed by ELISA for ‘the anti bodi es

i nduced at D22 and at D43, with respect to -all the stral ns -
adnmini stered: HINT H3N?2 and B__and by HAl  with respe to the HIN

1
~ strain of I\§&001§9t h aEINE2 and BiND43. | B B4sul| EHNOBIAL nBHNl HalBtedan
sunmari zed in Lhe tabhen gl oMgLIKA Whi %&ram:ztltt@aratmressem@re the
means -27- %B?a ned for eachntgroug off mcé. Ag regards|the results at-
D43, the |[nmeans -wer e 2 & ermi Baratel y V\Athl n the [SBawgedf Oup, flor
the mice |having regeived 2 doses of |vaccine dnd those} Bavi NQnested
receivedfonly one. {Vaccine H NM H3N2{B ELI SA HLN1 HAI H1IN1 | titer
at .conposition ELISA titer| ELI'SA tilter at D22 titer jat D22|B¥#3 at
D22 titer oatp Boostzieqg7Non- nmpizea boosugds mlce §71 gl HAsS3. 46 7RM®. 131
4. 063 57/ ‘ ldHA'%RMAR??A'{M 7322680 1 1. 6.g{HA 4.069
4.831 4. 79¢ uAI2840 BH6 63 HA-%7534 54238 49477320 15225 320 8loa |g
HA + enulrstom—#;:2005- 0720721 04— g gHA T SR OTT
612 5 ARSI 453 D% aao ol ' i A
6.3 g HA 4.534 5298 | 4947 - 320 1522 | 320
0.1 ug HA . |
+emulsion | 4200 | 5.015 4.807 207 2153 | 538
0.4 pg HA
+ emulsion 4612 | 5482 5.001 453 | 2560 | 640
[Vaccime | HINIBLISA tierat | H3N2ELISA fiterat | B ELISA titer at D43
composition D43 Da3
Boosted Non- ‘Boosted | Non- Boosted Noa-
Jnice boosted mice boosted mice . boostedr ‘
mice mice ' mice
0.1 ng HA 3.833 | 3425 4.782 4,174 4479 | 3911
| 04 g HA 4385 3.599 5250 | 4354 5.053 4,079
1.6 ug HA 4906 | 3.876 | 5526 4779 .| 5458 | 4.487
6.3 ug HA | 5.287 4.176 6.073 5.033. 5.678 4,773
0.1 ugHA 5210 4523 59%0 | 5.264 5723 4,943
+ emulsion ‘ '
0.4 pg HA 5.394 4,790 6.171 5640 | 5.962 5.144
+ emulsion T

These results show that, by virtue of the emulsion according to t_he inventic_m,‘ even

with Tow doses of antigens, very substantial humoral responses wgre_obtained. T};ﬁs,



Vaccine HINL ELISA titér at H3N2. ELISA titer at B ELISA titer at D43
conposition D43 D43 Boosted Non Boosted Non- Boosted Non- mce
boosted m ce boosted m ce boosted mce mce mce 0.1 g HA 3.833
3.425 4.782 4.174:4.479 3.911 0.4 ] P4 HA 4. 385 3.599 5.250 4.354

5. 053 4. 07%an be Goted thatthebedeulid al/tBode obthned witta ot 9804 AT HE 0B J
HA 5.287 4.176 6.073 5.033. 5.678 4.773 0. lgﬁ HA 5.210" '4.523-5..990
5. 264 5. 72&hpfdegviral stesing aidoan guusien secppling RI4e wvagpnstheeiresilissee, :
5.962.- 5, + ' _ Y-S P (e t?ﬁ petue of:the
enul si on gc of |ﬁ%ﬁ%%&@ﬁ%@ﬁ@ﬁgﬁe%mng%ﬁ : %Iao(%x%%#s%%ﬂ gfo ﬁ{_A o
ant i gens, aloae.\n addisomrit is abied uhay even irethp dnisddualene ghiehaiboeder ddseisthe

-28- it can be noted that the best results. are.those.obtaipned with a-
Hose of. 0 I BRlRRCIRIISE LS FHIPOgIeR Hes e B 8 Teh R e on | © -
accor di N lopibiles 4iDMPREBRadkBRS! vREHbWRI@EE,  very surprisingly, -

much better than those obtained by using a dose of 6.3g of HA al one.
In. addition, it is noted that, even in the individuals not given a

boost o1 dp9Enyik BOr8 AIIVASRY QLM RNLEINATL Ay | 1duce ant bodies,
non- adj uvant ed vacci ne antigens. Exanple 8: Trivalent vaccine
conposition against thex flu 10 30 | i ni zatiop doses re S
prepat@d £¢ a%ﬁmrﬁ@l%weéﬁﬁ?sawap@ﬁﬁqeg Vg ¢ CoReaRipiteR eHIISIGR o SYATRRIF ne

conposi ti 9ine PR dAghpbition cU&Pﬁéiﬂé&l&@iﬁkﬁl faidsh 1RDRH4CARPAEH thE t he
Al New Cal edonia (HIN1) "strain, the A/ Wom E{g H3N2) strain and the
B/ Ji angsuA/¥ew Ghalsjionia GEE 1) shraimn ithead i Wyrraiag SD(i%xﬁtﬂagl g dhg BiliaggFng -

bur For . S0, fefp ipeBphiBiiolRofls sERER o rhPaklcbpoSha 15 LEN (o)
- 1.6 pg of -HA).0fuged A of edchef tHervalal sitaimsiin BSbuEBS buf fer, ‘
15 - 0.4 pg of HA of each of the viral strains in PBS buffer,
- 1.6 pg of HA of each of the viral strains in PBS buffer,
- .63 ug of HA of each of the viral strains in PBS buffer,
- 0.1 ug of HA; 0.75 mg of squalene; O.ll.mg of Dehymuls™ SMO; 0.143 mg:

of Bumulgin™ B1 and 0:138 mg of mannitol in PBS buffer at pH 7;4,
20 - 0.4 pg of HA; 0.75 mg of squalene; 0.11 mg of Dehymuls™ 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 S-Wéek-oid female CSTBL/6] mice were provided and were
administered, on DO intradermally (internal face of the car), with a dose of 30 pl of

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

Blood samp-les were taken on D23 in order o determine the amounts of antibodies

induced. _

The antibody tfters were assayed by ELISA and by HAI for the antibgdies induced
30  withrespect to all the strains administered: H1N1, H3N2 and B.

The results obtained have been summarized in the table below, in which the titers

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



6 3 jig of HA of each of the viral strains in PBS buffer, 0.1 g of
HA; 0.75 ng of squalene; 0.11 ng of Dehynmul sTM SMO "0.143 ng of
Eunul gi N TM Bi and 0:138 ng of mannitol in PBS buffer at pH 7:4, 20 -
0.4 pg of HA; 0.75 ng of squal ene; 0:2%- ng of Dehymul sTM SMO, 0. 143
ng. of .Eumul ginTM B 1-and 0.13 8 ng of ‘mannitol in PBS buffer at pH
'7:4. Six groups of eight 8-week-old fenmale C57BL/6J mce wer

provi ded | &ochpoeitien | aditilBAst|erBdSAon| DELISA r ad&Adal || yHAL nteHiad| | f ace

of the ear), with a dose, ofi -3 of one he. Qsi §,i ons
i ndi cat e% above (1jcon ]sitioﬁsgér Or oﬁ%). EBIIgm{saﬁ%?z@g vve#’e f.aken

on D23 irpgqr!%eHAto dej giqn e BResanpu ool [antg bddi ex ilndsced. The -

antibodyititers were assaydd.by FIISA and by HAl flor thedlantibodies

i nduced 'QG%HA r«=sp%6'13 tc. aFHJZZ?he' sth4dlns| adAP ni|st ¥%d| AR1| H3N2

and B. ] $ e et e TR i-hetghke bel ow, -
i n which Ilfﬁeugt Uyafogrecseésgg “the-Tand c}égal %Iglf of gg@h gr oup
of m ce. 5%%[g@m33|4_w L1 SAQEL| SA sEdoSA| HAR7 HAllll?IAI ‘Hﬂbﬂ 3N2 B
HINL H3N2 01 fig HA 2 C)?A 3.506.3.920 26 174105° 0 4 g HAI3. 673 -
4.227 4. 481 medBA269, 147 1. HA B.948 4.%93 . 4. 786 1640 381 190
6.3 g HA 4 106, pz190 5 174 4 041 g HA Hgggmul g @n 4:456
5.192. 5 6%2“%?@1 19744 0 gbé +45§?r?ul Si or?% a5 g % 174 761
2348 494| 0AgaiMA the resul ts obt ai ned show t he great advcmt age|of the

0ssi bl 6| FEHAG Sl S%é%.dué??t e 8 iRl S |of 45 it *3n

present. "Specifita It can be consi der ed, overal [ that Wt onl y
0.1 pg of HA adj uvanted wi th the enul sion accor di to the
i nvent i onAgeiesthk resulis ebt@ﬂueéshfﬁdthe lezgat adifagtage 0@@9@ iqni achorglingdadiont

Of 6 39 mve%n by virtue of which it is possﬂ:}e to very substantially reduce the amounts of

\"&4

5  antigens present. Spec1ﬁcally, it can be considered, overall, that Wlth only 0.1 pg of
HA adjuvanted with the emulsion according to the invention, results are obtained that

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

Example 9: Trivalent vaccine composition against the flu comprising an emulsion

10 = according to the invention or according to the prior art

30 p4! immunization doses were prepared from the concentrated emulsion of example
| 1 and a-vaccine composition comprising the 3 viral strains of the 2004 campaign (the
A/New Caledonia (H1IN1) stx_;ain, the A/Wyoming (H3N2) strain and the B/Jiangsu
15  strain), these immunization doses having the following compositions:
- 0.3 pg of HA of each of the viral strains in PBS buffer,
- 6.3 pg of HA of each of the viral strains in PBS buffer,
- 0.3 pg of HA; 0.21 mg of s_qua]ei)e; 0:031 'mg of Dehymulém SMO; 0.040 mg.
of Eurﬂﬁlginm B1 and 0.039 mg of mannitol in PBS buffér at pH 7.4
20 - (ernulsion at 0.7%),
- 0.3 pg of HA; 0.75 mg of squalene 0.11 mg ofI]n:hyn:tulsTM SMO; 0.143 mg
of Eumulgic™ B1 and .0.138 mig of mannitol in PBS buffer at pH 7.4

{(emulsion at 2.5%),



.Exanpl e 9: Trival ent vacci ne conposition agai nst the flu conprising
an emul sion 10 according to the invention or according to the prior
art 30 Al inmmuni zation doses were prepared fromthe concentrated

emul sion of exanple 1 and a vacci ne-¢bnposition conpri si ng the 3
viral strains gf 0 [ ' )

strain, the N?\?y%?ngﬁé%’%ﬁ%mgtoggl %gﬁdeﬁzgﬂg %gﬁg% LS g%gn £ _
t hese i Mmunj zatSpen™ @6 $esulkianiancprding td the bow argolteinpdby mmnﬁmdrza@ora pg
of HA of each of the viral strains in PBS buffer, - 6.3 g of HA of .
each of the viral strains in PBS buffer, - 0.3 ptg of HA;, "0.21 ng of

squal ene; HydRdupibrefghPeivedilosd fmnamm/c%ﬁe Wre lﬁ{)VﬁH@Hﬂl@W&EM Bl and
0. 039. ng of n*annltol I'n PBS buffer at 20 (emul sion at .0.7%,

0.3 g of Hdmimstamd,ap B insrydenmaly:(ingernal fwg 06ﬂleméﬁywﬂh§ﬁv8%0@0£43 ny

of Eunul gi r at pH7.4
(emul si o% Og?qgég& 8059%%3%%%%{&@% éogll'p&@mﬁ?@r%%@ﬁal eneIo 0.075 ny
of TweenTM 80; 0.075 ng. of Span"" 85 (enul sion accordl ng to the

t _obt d t Fl-v t
D oo R et i easedes B ot e B St and
admi ni st ergtcq0Ry E@xﬂsﬂﬁis@@@ﬂﬁﬁ'éﬁﬁm{ﬁﬁ%ﬂ@ﬂh sﬁ@zﬁ%n@ﬁhéﬁ‘@trﬁﬁ@as with a

dose of 30 1 of "~ one of the conpositions indicated above (1
conpodft i -datepeined pweqid blovd sevplesihy EAL Keersaggivntinatian ighbitisndi es
i nduced, bl ood sanpl es were taken on D21 and the activity against the
A1HLNL strain, the A/H3N2 strain and the B strain was 10 determn ned
-on said bmeeesammecbfor Iédh grbemradglcy bienapresemtadrihithd thbleibplowThe
results obtained for each group of mce are.represented in the table
bel ow. Corrp03| tion tested HAl agai nst HAl against HAl against H N

rﬁ\'ﬁnﬁ gn e#ﬁ Si onég%3 é20837b ;tTBq%%qagéﬁét Egmag&é q mATkgatnst
- HINT . HINZ B
0.3 pg HA ' 26 174 8
6.3 g HA \ 247 905 73
03 ys HA + invention emaulsion | 95 640 | 37
at 0.7% ‘
03 g HA + imvention emulsion 269 1974 T3
1at2.5% | ' ‘
0.3 ig HA + prior art emulsion | 135 | 987 | 57

15 ' These results show that, with an emulsion 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 than, the emulsion of the prior art obtained using very high shear rates.

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

" according to the invention at various concentrations

30 pl immuﬁization doses were prepared from the concentrated emulsion of ‘example

1 and a vaccine composition comprising the 3 viral strains of the 2004 campaign (the



0.3 g HA + invention enulsion 269 1974 73 at 2.5%0.3 g HA + prior
art enulsion 135 987 57 15 These results show that, with an enul sion
obt ai.ned according to the invention by virtue of a very sinple
preparati on process consisting of pha$le inversion by nmeans of a

change i n gﬂréﬂ %QA%! e as,
and even %;a?éddﬁl ? an E{?%] ﬁu@ﬁkgﬁegf% %Il’dl %F’ %erl %99

obt ai ned xamm}; ﬂwee;tmlnugﬂaam:imemsesrmg@ theblibwangplompdEitidnd: val-ent vacci ne
conposi tion against Si according to the .
i nvention at” v %%glg‘gr?@?ﬁhrogﬁeoﬂ?hggmﬁm%ﬂf% i on doses were ° -
prepared fram BQ%W%EE%QQWa‘Sb@ﬁn@ﬁnP@%HE& 1 and a vacci ne
conposi tion conpri si n%pf he 3 viral strai.ns of the 2004 .canpai gn (the

-31- AFNew Cal 8daid ef 10ﬁ9acbtqféhmVE@1rﬁérwWéamﬁgOQmp@pe PH meaid

composi 1 ong: GOV Soffﬂﬁﬁe o2 O Rl F P g e o Fpplei B 19

buffer, 6.3 pgrSfbhuHs & }paﬂf@e@msibﬂgtgm/g,l stral ns in PBS buffer, 5 -
0.3 jig of HA of each ofpt he viral - strains; of _squal ene;

0,018 ny of - DRAyE o Shafseeh ofthyviraksiraies; @@ﬁﬁm@ﬂ vglengi04 w2ty
f ni t ol f
of ol Lol LongRRR D, Hlosh HlafinGRmt 89 8l Pty aduinch

Dehynup sTM SN[PBSbﬁﬂEr aPIDT 4 Beanudbigh afMGB1 and 0. 055 ng of mannitol in
10 PBS buffer sion a HA of each of
the viral stra&ﬁép Prée‘?#‘ Slvaﬁé/&ﬁnslf?é%%fo(%sﬁéﬂﬁﬁll NFEI95,
0.143 ng. QH};Q& i g BR R0 (0l 38/ g of 1figr
at pH 7.4 (erm sion Igrtl\%@gﬁe q?é%zl ve grg&gs of eight 8gV\0/ee - ol d1
femal e BALE/ c %Séuﬁhﬁpﬁb#(@mdsmmdt%%}; admi ni ster ed; on DO

intradermal ly (|nternal face.of the ear), with a dose of 30 pl of
one of the -conpositions indicated above (1 conposition per group). In

orderiso eyl g&a%;ses bf"%1g%ﬂ®ﬁ&e1@6ldaﬁhialm@lﬁﬂ$/¢ REidE Bfkre BiroAded and| e
wer e taken at 1 and the anti-HLNlL antibodi es, the anti-H3N2
ant i bodi egdministeared 0@.@9 Igradermally (internal face. of the ear), with a dose of 30 pl of

one of the compositions indicated above (1 composition per g?oup)” :

In order to evalﬁate the amouﬁt of an’ciﬁodies induced, blood samples were taken at
20 D21 and the anti-H1N1 antibodies, the anti-H3N2 antibodiés and the anti-B
anﬁbodiés were determined on these blood samples by ELISA, and the activity
against the A/HINY strain, the A/H3N2 stram and the B strain was determined by
. HAI (hemagglutznaﬁon 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 logyo of arbifrary ELISA units and

the HAI results are the mean arithmetic titers of the inverses of dilutions.
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- 3% of marhedeatsulis caﬂ/ﬁmi oﬂﬁ(igeiﬁh]ﬁw Wies¢vdethe strain evaluated, the emulsion

according to the invention made it possible, with a very low dose of antigens, to

10

1S

20

obtain a very substantial immune system response.

Example 11: Preparation of alyophilizable composition

The process was catried out as in example 1, but using water instead of the buffer; the

emulsion obtained was subsequently diluted with an-aqueous solution cornprising -

mannitol, sucrose and dodecyhnaltoéide, in order to obtain an emulsion whose final

.composition was as follows:

- = 5% of squalene,
- 3% of mannitol,

-

6% of sucrose.

0.75% of sorbitan monooleate -

2% of dodecylmaltoside,

0.95% of polyoxyethylene cetostearyl ether,

This emulsion was lyophilized and conserved at 4°C for 3 months; then, after

reconstitution, it was noted that its properties were conserved, in particular its

monodisperse emulsion qualities, with d50 and d90 values close to those measured

before lyophilization.

This emulsion was able to be diluted 50/50 with a solution comprising vaccine

antigens 1n order to obtain a vaccine composition.

25 The

at
n

€,

15



.- 6% of sucrose. This enulsion was |yophilized and conserved at 4C
for 3 nonths; then, after reconstitution, it was. noted that its
properties were conserved, in particular its 20.nonodi sperse enul sion
‘qualities, with d50 and 'd90 val ues cfo5e to those. measured before

| yophi li zation. This-enmulsion was able to be diluted 50/50 with a.

- sol-ution conprising - ci ne t in order to obtain a vaccine
conposi t i é¥ampke 12:Lamparsonnof g g seffeche! the smplsionageprdiserethe’ of t he
enul si on %%gl ﬁgé dbCetant gé’s‘%ﬂﬁh%; Wds8f a surfactant present in.
t he enul si . evaluate the adjuvant activity of
t he enul si.on according to the invention, conpared with that of the
surfactant_, Bunul gi nTM B 1 .whi ¢h i.s-present in, the . emulsion. For -
Chi s 4t dbe ERtetrp gV aRe B B er Yy 11e SREGErecdgEih i end,
flu virus ;anhhgeRemper s valkahh iR suﬁ’_ﬁét@xhtﬂﬁﬂn%ﬁﬂ*@l Rich%s HREerPiOGESS
10 described i n the exanples of application 96/ 05294, with the
exceptioneofulsidre. fact that the viral strainused Was the A/ New

Cal edoni a _HIN1 strain. A.vaccine . conpositi conprisi.ng the 3 viral |
strains of °¥{#és’ ﬁ%ﬁiwgﬁ%gfa@ﬂu?(%?cw{%%\lﬁué%ﬁge&s)'nima; (HlN?,) strain, the
A Worm ng Tohig&hd, fii ¥iistmelpéhstwiee Blallablagsiaindd satarlingwa sheadraeess ,
avail able. 15 100 NI i muni zat'i on doses V\?re repas ed froméﬂg
Concenbr B Te BRI HedPLEtEn I 9 056t Gt thy SFEPBR ShiRe fact
descr | bed i s@XHIPL Gt nadd A RUNINGH 0IVShid HIRNGrath! ARabdIRs 1 U Vi TUS

antigen conpositions, ese i nmmuni zation doses having the follow ng
conposi t i oomposition epnufrisiyy thé 3 wirel stbis of the0R4 campREn e Ad¥ewt pH 7. 4;

20 - 5 ¢ HA .of, HELNT . strai,n . in P o geding Of
i of t he cARMBEL i G AR Vel et o aRmb pifarion et
SMO,. 0. 48 wxg aRb alEMnWleyi NTM B | and 0.46 ng of mannitol in PBS buffer

at pH7.4; - 1 g of HA of the ‘HINl strain and 0;48 ng of E%rml inTM
Bl i n1®BS16@ i} spmunization doses were prepared from the concentrated ernulsion obtame

according to the invention and described in example 1, from Eunulgin™ B1, and -
- from the flu virus antigen compositicins, these immunization doses having the
following compositions: _
- 1 pg of HA of the HIN1 strain in PBS buffer at pH 7.4;
20 - 5 pg of HA of the HIN1 strain in PBS buffer at pH 7.4;
| -1 ug of HA of the HINI strain; 2.5 mg of squalene; 0.37 mg of Dehymuls™
'SMO; 0,48 mg of Burnulgin™ B1 and 0.46 mg of mannitol in PBS bufferat . '
pHT74, | ' : _
- i pg of HA of the HIN1 strain and 048 mg of Bumulgin™ B1 in PBS buffer
25 atpH 7.4 ; ,
- 0.33 pgof HA of each of.ihe viral stains in PBS buffer at pH 7.4;
= 1.66 ug of HA of each of the viral stains in PBS buffer at pH 7.4;
«  0.33 pg of HA of each of the ﬁal stains; 2.5mg of squalene; 0.37 mg of
Dehyinuls™ SMO; 0.48 mg of Bumulgin™ B1 and 0.46 mg of manitol in
30 . PBS buffer at pH 7.4; o o
| - 033 pugof HA of each of the viral stains and 0.48 mg of Eumulgin™ B1 in
PBS buffer at pH 7.4."



25 atpH7.-4; - 0.33 gg of HA of each of the viral stains in PBS buffer
at pH7.4; - 1.66 g of HA of each of the viral stains in PBS buffer
at pH 7.4; - 0.33 g of HA of each of the viral stains; 2.5ng of

squal ene; 0.37 ng of . Dehymul sMSMO, O: 348 ng of Eunul gi nTM Bl and 0. 46
ng of mannigight drlips 398 |f§§a19 WATES/c ficdreré pfovidba33dRer@fmdihiada lﬂaiﬁga:c@f
the viral sftainsand 0.48 ng of Eunulgi-nTM Bl in PBS buffer

7.4. 34 ofgisyigle @H@uwutﬁ irgeqtiopapd @ﬁ@aw@éwf@kw@vlpabmbla&

e Tt 688 Yo Ay 9015, ALAOLE L kAT G o d BSOSO
ELI SA assdle AREINT ﬂmsﬁta&mbr adainsotah of thei sraitis f thendvaled vagaienThe t he,
of the strain tr.i val. ent

A/ HINL flu i.n or, st,.e
© vacci né. . ﬁﬁ%ia VaResrndetes %@s?&? Rl AL S ATeSs asttﬁﬁfog?%aﬁlaw are
expr essed aaﬁnsl@@ugghﬂﬁy%ﬁﬁa @étectﬁeh%teg}@wmﬁtj 1ghits, with a
detection threshold of I.3loglO Titers at D21 Titers at D35

| muni zati on dose corrp03|t|ons H1N1 H3N2 B HIN1 H3N2 B HINL at 1'g

2. 745 2. §48—Hr-NF—at—5 0930573139 —Hi{M TV T U|b|0n

4.002 4. 128 HNL at 1g + Eumul gi nTM o s 31 519 Tr TP i e

at 1 g of Iﬁlﬂix@iza{r&&s&&mﬁoﬁﬁ&ls?: 7061812 148 3. 33N |THIN2| ers
b

VaCQine at g of total . HA 3,692 4386 975 .8 77614 632 4, 22"
Tri val ent Iﬂéﬂcatdétgat 1 g of total HA745252 5.p02 4|89684. 186 5.

4.897 + g enutsTom Trivateg ceimerat 1 rtotalTHA
3.146 3.1 {-9‘5? %ggl% 241 . 4.177 4. 243}051 Eunul gi nNTM %llg?'he results
obt ai ned |IHINIhitd (ges timentibh emulsivns 4802 gady opt ai ned.12R previ pus

tests, 1 t hat t he emH-si-oh—accdrdinglto—theinventioh—rakes
it possi t&BNlmtdr@atEymu}g@Hu@é t he é@;% of - anti gens >f1d? |t he sane .

| Mmune syt ESRONS 5 1 fla Bl HA TIRTIYS.718 | 3.706 | 3.218 | 4.147 | 3.935
Trivalent vacoine at 5 pg of total HA | 3.692 | 4.386 | 3.975 | 3.776 | 4.632 | 4.225

Trivalent vaccine at 1 pg of total HA | 4252 | 5.002 | 4.596 | 4.186 | 5.214 | 4.897

+ invention emulsion . _
Trivalent Vapcine at | pgoftotal HA | 3.146 | 3.712 3.950 | 3.241 "4.177 14.242

+ Bumulgin™ B1

The results obtained in this test confirm those already obtained in previous tests, -

10  namely that the emulsion according to the invention makes it possible to greatly .
reduce the dose of antigens for the same immuné system 1esponse; a ’petter response
was in fact obtained using the emulsion acéordjng to thé invention and only 1 pg of

"HA xathér than using a dose of 5 pug 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 invention itself produces

a highly adjuvant effect with respect to all the sirains tested.



mas in fact obtained using the enul sion according to the invention
and only 1 g of HA rather than using a dose of 5 g of HA w thout
adjuvant. It.is also observed that the_surfactant used does not
really exhibit any adjuvant effect I Swhen it is used al one, whereas

the emul si on accordi ng to the Wrvwenid OnANERIR: produces a highly
adjuvant effect with' respect to all the strains tested. 35 WHAT IS
CLAIMED I S: 1. An oil-in-water adjuvant enul sion characterized in

that it copmpy o?ﬁﬁ:x—'@&t\ﬁ“&‘c?ﬁx‘aht erﬁﬂl’éﬁ}a‘%ﬂﬁact%ﬁﬁ iﬁ‘ﬂié?ﬁ'é%ﬁﬁééé%}éastg

noni oni ¢ surfact ant 1's a polyoxyethyl ene al kyl “ether, _
hydr ophobi ¢ norsgoaleme, surf actant, in that it is thernoreversible and
in that. 90% of the population by volune of the oil drops has a size
| ess ‘ti?an 200 r?ﬁl.aqf% .Sol?‘ﬁlg’ emul sion as clainmed in the preceding

clai m . charact @ﬂoﬁﬁﬂﬁdﬁuﬁb@hﬁﬂﬁ%is@cpoﬁﬁﬁyeﬂﬁﬁﬂé a;k%zmm@yvol ume of the
oil drops has a size |less than 160 nm 3. Tne enulsion as clained in
one of theé precdwdiphebignapionicsared®@®r i zed in that 90% 15 of the

popul ati o FJ‘I'E” QL b - 0 oS AEH, 55y .4,
The enul Si’]:())?}’ag}slﬂ% al n@jgv%ﬂﬁg%&éhg? ﬁltgﬁo *’S?ﬁ%’gﬁ%‘g&%‘i al rrs%lﬂ[gﬁg%@gtogr i zed
in that 5QRopsdfasblseepepthaatZ0Onmby vol une of the oil drops has a size
l ess than 100 nm 20 5. The enulsion as clained. in one of the ' '
precedi'ng clains, -characterized in that 50% of.the popul ation by

vol ume of 7 irge @inhisthnORS 1A R tBé Fiecd®@ESclhiRRBhBR:tErABd 18 thal DE% @S| ON

as claimed in one of the preceding.clains;, characterized in that it

al so  conpepeledomby Velume of e ol dprsdias 2z Jess ige 16ABIS| on as cl ai med
inclaiml, characterized in that the hydrophobic nonionic
surfactant conprises a sorbitan ester or a mannide ester. 8. The :
enul si on 38sTht annietbnias chirecdin dnhef fhegeradiing clims, rharactrzelch drdt 26% i n

et S8, R RaDRHBAAE L LERS bl ESs RS B DS 12
4. The emulsion as claimed in one of the preceding claims, characterized in that 50% '

of ‘thé'population by volume of the oil drops has a size less than 100 nm.

20 5. Thé emulsion as claimed in one of the preceding claims, characterized in that 50%

' of the population by volume of the oil drops has a size less than 90 nm.

6. The emulsion as claimed in one of the preceding claims, characterized in that it also
compﬁses at least one alditol. h |

25 ‘ '
7. The emulsion as ciaimed in claim 1, characterized in that the hydrophobic nonionic

surfactant comprises a sorbitan ester or a mannide ester,

%. The emulsion as claimed in one of the preceding claims, characterized in that the

30 poljroxyethylene alkyl ether is polyoxyethylene(12) cetostearyl ether. -

9. The emulsion as claixhéd in one of th'e preceding claims, 'characteriied_in that the

alditol is chosen from glycerol, eryrhﬁtdl, xyliio}, sorbitol and mannitol.



-9. The enulsion as clained in one of the preceding clains,
characterized in that the alditol is cho'sen fromglycerol,
erythritoi, xylitol, sorbitol and ma%ét -36- 10. The enul sion as
‘clainmed in one of the preceding clai characterized in that the

: hydrOphobl ¢ nonionic surfactant is sorbitan nmonooleate. 5 11. The
emul si on d in one of, the preceding clains, characterized in
that the aiinﬁﬁ] fion gy lpinrd ipgonpg %@W“Sg%@w hapact enliﬁém@ﬁhfﬁe. on -
as cl ai medyiRpRdtic fbniblie sRERERMINGEaBiockhar act eri zed in that the
anount of poI yoxyet'hyl ene al kyl ether-based surfactant is between 0.9
and 9% 10 13. The emulsion as claimed in orie of the preceding
clainms, ¢ R r

ot hopand ERERIGER a4 Ol bigor AURLaRL AL BRISRLE-RA B

cl ai ned. |Wﬂﬁ@sqﬁd§@ep§hﬁ%emgaﬁddﬂ%s characterized in 15 that it
conprises: m 32.5% of squal ene, a 6.18 % of pol yoxyet hyl ene(12)
cetostearyl ether, (r) 4.82%of sorbitan nonooleate, (r) 6% of

MBNNi t ol . 1526 lGm b8 a@élh!iln%d% ofié o%@bfé@éhlhé‘clgﬁﬁs Sfarkdigizd Bo@di de

~claims, characterized in that it also conprises an

al ky! pol y ginpuntgif pelyorgethyiere dklicicohasd settzotanbis heﬁané) ind 3%
prece?%ng clainms, characterized i'n that it 25 also conprises a
cryoprotective agent. 17. The use of an emulsion as clained in one of

t he precedshetdnil¢ien ad clainpxidnand aghaprecédiﬁgmmgfsnblm:mmm irt hairthe

i ntended to be adm ni stered i ntranuscul %? 18. he use of an
enul si on AZOBRAHT FRedrophokigaoRdenIE SUf Q’?Eanilst%(?t"%f@n 703rndp7r &paring an

i mmunogeni ¢ conposition intended to be adm nistered intradermally.
-37- .19. The use of an enulsion as clained in one of clains | to 16,
for prepai. ﬁﬁleaidjuvammdgem axcleioredas png @lﬁ-ht mmclmswmmp@uer ed

subculig&neal §1t¥:ompnses

° 32.5% of squalene, _ .

e 06.18 % of polyqugthylene(lz) cetostearyl ether,
& . 4.82% of sorbitan monooleate,
e 6% of mannitol.

20 |
15. The emulsion as claimed in one of the preceding claims, characteﬁzed‘in that it

also comprises an alky};polygiycc')side.'

16. The emulsmn as claimed in one of the precedmg clalms characterized in that it

25  also comprises a cryoprotectlvc agent

17. The use of an emulsion as claimed in one of the preceding claims, for preparing an

immunogenic composition intended to be administered intramuscularly.

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

 immunogeni¢ composition intended to be ddministered intradermally.



.20. The use of an emulsion as clainmed in one of clainms 1 to 16; for
preparing an. 5 inmunogeni c conposition intended to be adm nistered
agai nst the flu. 21. The use of an ﬁggt5|on as-clained in one of -
claims 1 to 16, for preparing an i ogeni ¢ conposi tion |ntended to
be ‘adm ni §19e'fmjumgﬁ|ansmu¥kid§)§‘as clfim@®in dieef ummmt tato, donprajzoing an
claimed in one of .clainms.l1l to re nogeni c
Compos 1 dReRRpEE s dadre <o BF el fefilansonen,

cytonegal ovirus pathol ogies. 23. A process for preparing an

' |nnunogen|c conposi tion, according to which at l'east. 15 one vacci ne
anti gen i 90 ﬂh@é@eﬂfﬁﬁelaﬁ stom) asichimggd Brons el Flien! t%}ﬁaﬁa@manﬁﬁanu n t hat

- th Okl -
o i t I on %ﬁﬁﬂnﬁe&ﬁh% ngd&l%@dlégag& F-ﬁffhe'-pr ocess as

tenperature var ase-inversion process
claimed in the preceding claim characterlzed in that it conpri-ses

20 at lea tepfor eparing the oil -i | si on._by cooling.
a wat er - itloﬁf quygﬁggm% 1284 ”9 90 oL gl si @sl ?%I?é%’fmgé’aual ene,
an aqueousmﬁﬂha@mo co@lﬂwﬁbﬁﬁheﬂde@ 16edhBRInRte {arkentpahich is a.
pol yoxyet hyl ene  al kyl = 25 ether, a hydrophobi c noni oni ¢ surfactant-

25. The process as.clainmed in the preceding claim characterized in

that the \Q@trﬁ{e dsBor &Pﬁ%ﬁrﬁglaﬁﬂéﬁﬁ'éﬁg OTE]?%P ARd ¢ &ﬁ:{éﬂ\ﬁﬁ.‘hgﬁnl s a

squalene gueous solvent, a nonionic surfaéta
pol yoxyet ﬁlyb:ﬁnegeaid«pm;mxhen intermigd #o beyathaipisaipedcagamst lnmham Sur f act ant so
as to obtain, first of .all, an oil-in-water coarse enul sion, and this

emul si on FEOMGgEHOREISHRath c@“ﬁf‘t | east the phase-inversion tenperature
so as to obtain the .inverse enulsion. -38- 26. The process as
clained in claim24, according to which: - firstly, an aqueous phase
conpri si ng3 a‘hpmwcfegp@mrm@ TEIRIMAZETe FoiRpesHionyRficeringtogvhich at least

pol yoxyet gggs&gmgaﬁy%ﬁ Eﬁ%lc th o SR ARl o @me&metﬁéng

squal ene and a ant are heate separ ate to a
tenperatu bﬂ-]ﬁ—tﬂak@aﬁ:ﬁl&ﬁmﬂls obfairici day mea.ns of a temperature-variation phase—mversmn

© PTOCESS. -

24. The process as claiﬁled in the preceding claim, characterized in that it comprises
20  at least a step for preparing the oil-in-water emulsion by cooling a waté_r-in—bil inverse
‘emuision, which "c.:ompn'ées'at least:
- squalene, '
- . an agueous solvent,
- a hydrophilib nonionic surfactant which is a polyoxyethylene alkyl
25 ether, | |
. a hydrophobic nonionic surfactant.

25. The process as claimed in the preceding clajm, characterized in that the water-in-
oil inverse emulsion is obtained by mixing squalene, an aqueous solx)ent, a nonionic
30 surfactant which is ﬁpdij}bﬁ{}fethyléne alkyl ether, and a hydrophobic nonionic
surfactant so as to obtain, first of all, an oil-in-water coarse emulsion, and this .
emulsion is then heated to at Jeast the phase-inversion temperature so as to'oﬁtain the

inverse emulsion.



phase-inversion tenperature, and then the 2 phases are mixed so as to
obtain a water-in-oil inverse emulsion. 27. The -process as clained -
in claim?24; according to which: 10 - firstly, an.aqueous phase

conpri sing an aqueous sol vent .and a séffactant which is a

pol yoxyet hyl ene al kyl ether and, secondly, an oily phase conpri sing
squal ene and a hydrophobic surfactant are heated, separately, to a
. t enper at ur 26. &k ppcessas shamed in Qaiay 4, eerordinpioryiiche of the enul sion, -

the 2 ph t ' : . i idgd Bz whiksi on,
15 -t he o T iRl bERE oBfhoRfok th QDT holinPi 4 AHBREL WIS o7
.t enper at urgolpdxybihglehe eliiybdthéremdf deeompihy ae oilnpkassicompticing eqatacende as

to obtain water-in-oil inverse emulsion. 28. The propcess ¢l ai ned
1 one b Bdihebis st S e, PO ingte s at BSeauA s o1 on
‘tenper at ur ghak&iReiMReBn ISR afPHBen20 29. The process as clainmed in -
the preceding claim characterized in that the phase- inversion

"t enper at ur<thg g pbesenewmized smep teDbiaige wathen-pil swerss eawlsdhi ned i n one
of. clairns 23 to 29, characterized in that it also 25 conprises at
"l east one |yophilization step. 31. ‘An. i nmunogeni ¢ conposition, - :
char act er i Ze@hé prdchatas claimedhindainiitda bevertilytonldels  of the process as

clainmed in one of clains 23 to 30. . -
: - firstly, an.aqueous phase compgsmg an aqueous solvent and a surfactant which isa

polyoxyethylene alkyl ether and, secondly, an-oily phase comprising squalene and a
hydrophobic surfactant are heated, separately, to a temperature below the phase-
inversion temperature of the emulsion, ' '
- fhe 2 phases are then mixed so as to obtain an oil-in-water emulsion,

15 - the oil-in-water emulsion obtained is thén hééted to a temperature at least equal to

the phase-invérsion temperature so as to obtain'a water-in-oil inverse emulsion.

28. The process as claimed in one of claims 23 to 27, characterized in that the phase-
inversion terperature is between 45 and 80°C. | '

20 _ .
29. The process as claimed in the preceding claim, characterized in that the phase-

inversion temperature is between 50 and 65°C.

30, The process as claimed in one of claims 23 to 29, characterized in that it also

25 comprises at least one lyophilization step.

31. An immunogenic composition, characterized in that it can be obtained by means -

of the process as claimed in one of claims 23 to 30.



