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Oil-in-water emulsions contain oil droplets. The larger oil droplets contained in these emulsions may

act as nucleation sites for aggregation, leading to emulsion degradation during storage.

It is an object of the invention to provide further and improved methods for the production of
microfluidized oil-in-water emulsions (such as MF59), in particular methods that are suitable for use
25  on a commercial scale and which provide improved homogenization and microfluidization to provide

emulsions with fewer large particles.

DISCLOSURE OF THE INVENTION

The invention provides a method for the manufacture of an oil-in-water emulsion comprising
squalene, the method comprising the step of (i) formation of a first emulsion having a first average
30 oil droplet size using a homogenizer, wherein the first emulsion is formed by circulating the first

emulsion components through a homogenizer a plurality of times.

The invention also provides a method for the manufacture of an oil-in-water emulsion comprising
squalene, the method comprising the step of: (b) microfluidization of a first emulsion having a first
average oil droplet size to form a second emulsion having a second average oil droplet size which is

35  less than the first average oil droplet size, wherein the second emulsion is formed by circulating the
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10* times fewer).

In some embodiments, more than one cycle of steps (i) and (ii) is used prior to step (iii). Similarly,

multiple repeats of individual steps (i) and (i1) may be used.

30 In general, the method is performed between 20-60°C, and ideally at 40+5°C. Although the first and
second emulsion components may be relatively stable even at higher temperatures, thermal

breakdown of some components can still occur and so lower temperatures are preferred.

Emulsion components

The average oil droplet size (i.e. the number average diameter of the emulsion’s oil droplets) may be

35  measured using a dynamic light scattering technique, as described in reference 13. An example of a
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25  saponification and other means necessary for obtaining pure oils from animal sources are well known

in the art.

Most fish contain metabolizable oils which may be readily recovered. For example, cod liver oil,
shark liver oils, and whale oil such as spermaceti exemplify several of the fish oils which may be
used herein. A number of branched chain oils are synthesized biochemically in S-carbon isoprene
30  units and are generally referred to as terpenoids. Squalane, the saturated analog to squalene, can also
be used. Fish oils, including squalene and squalane, are readily available from commercial sources or

may be obtained by methods known in the art.

Other useful oils are the tocopherols, particularly in combination with squalene. Where the oil phase
of an emulsion includes a tocopherol, any of the a, B, v, 3, € or £ tocopherols can be used, but
35  a-tocopherols are preferred. D-a-tocopherol and DL-a-tocopherol can both be used. A preferred
a-tocopherol is DL-a-tocopherol. The tocopherol can take several forms e.g. different salts and/or
-3-
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Formation of the first emulsion

Before the microfluidization step, emulsion components may be mixed to form a first emulsion.
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rot or peri p eral velocit aranetéer 1s a function

rot at i depyERED St 69 & éﬁ)@fld& )a&éﬁ)e\n 1ﬂlrﬁllpa“§ﬁ’é’elﬂglgﬁ 251he gosers in psefy-larges

usef ul ,scﬁélﬂomgge%iz@é 4y %rcoﬁbgeet}?aggsr@i the ed of@ horizonthfly r?5ﬁented ﬁﬁlﬁl biAddd P
speed of can Pbe readi|ly achieved at 000 rpmwth a snma

hoﬁBgeﬁmf%l}er &ﬁg aqatur%(ﬁé pn Figprgily alagngﬂ@éﬁgse(telegmceztomcmwe%ue A stgti¢ a’efge?he
honogefirgaimulsibi forls Giali @mnbshgish ob aiyP@eive Z&H Rat@meind MB¥BAHaR khariay aedualmge
30For co rcial -scal e manuf gct ure the honogeni zer oul d |deall h(Fave
flow r A e, gan BENpensStPT srfl iaior, ThS AQPPRFNS cssialy Hpirodugesh in Aiectono
L/ hr, »30elh hite, rooP0@xik/ hr, >1000 L/ hr, >2000 L/hr, >5000 L/hr, or even
>10000 L/ hr. Suitable high-capacity hom)geni zers are commercially

avai | alAre important Aenforetieder potateran ge mtaestatpr bomogaizarssisethe tipaspeedfof bt ven

o105 IofhohE i s AERAEG: SHGPRoPRANGL AR ey B EREG e, AT

speed of at least 10 ms” is useful, and ideally qulcker e.g. >20ms’, >30 ms”, >40 ms™, etc. A tip

speed of 40 ms™ can be readily achieved at 10,000 rpm with a small homogenizer or at lower rotation
speeds (e.g. 2,000 rpm) with a larger homogenizer. Suitable high-shear homogenizers are

commercially available.

30  For commercial-scale manufacture the homogenizer should ideally have a flow rate of at least 300
L/br e.g. >400 L/hr, >500 L/hr, >600 L/hr, >700 L/hr, >800 L/hr, >900 L/hr, >1000 L/hr,
>2000 L/hr, >5000 L/hr, or even >10000 L/hr. Suitable high-capacity homogenizers are

commercially available.

A preferred homogenizer provides a shear rate of between 3x10° and 1x10° 5™, e.g. between 3x10°
35 and 7x10° s, between 4x10° and 6x10° s™!, e.g. about 5x10° s™'.
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Al t hough rotor-stator honogeni zers generate relatively little heat during
operation, the honogeni zer may be cool ed during use. ldeally, the
t enper at uwe 20f1/dshez3f i r st errul sion is naintained bel ow 6@CTABZN10/G03394

Egrrm};gﬁe aﬁllﬁgpdt%r-staﬂor ho%m gﬁs ﬁﬂ}le{at%feg?&velgggtq? h&E Eh?xét;[ghcgaeia'tlrgg thee gyx}@giegf%er 3
9, 10, @, begmoleﬂodurﬁag w0r. Idmllgz, th nesperatiie odvig first Broulsioad: frointaindddretpvs 609 g
of cont(ﬁllnggflgmg& i3 é;ﬁg%n&%&(, Ssdcde emul si on conponents can i nst _ead be

circula y feature (11) in Figure 1). In particular, the

first Bﬁb CRLIRNRE tl{eot‘i ur anﬁé‘xoﬁ: td bﬁn@ﬁt& Pr&g:%?%frfgéé%zeﬂ%l@blg@n{%g E‘J’%’}egt S

t hrough a honogeni zer tines
10, 520,4.300, 749, 9 30, 201@)@3 4@15,0 Qr|mms)lmeﬂo1v“m‘én themedrsznyl@g@tr@g ofagntajeers and

undesi riflBedserd Fhecé?rﬁllsl%{)é’dh%néﬁs EQ@Jn@éE@B& @irc%?atérp@f‘gfs G§ biRfdh by rehRELTNGE

14. Thus the size of oil | ets may be nonitored honogeni zer
ci rcul dtigwa s I’EJSI@HICPE?BCW@CQYSE Iearulsiorol ey r ead formspl e C§P‘i1énflgs thee itsh SN or

that reofpBh@sCBfgh hhoR8ken?&s H iy oflifeditat RO 4, Isrewgls M@ beroganisper
i s advant agequs because it can reduce the average size of the oil droplets

in t he Y001t ATl HPWRAverdpe Sipnycyges may ap élad%e*aﬁtaagté@ag)rqﬁéleeatrs@aieﬁcee%as
redgce debgibed ﬁb@ferafce Qi | THIK @R @icSoftbRvdreletd nfaly € nivhitdrel iifMdnibgeRigerf dircslation
enul si an. These Ei‘r? hl on(? in avera? E}g t size 15 and nunber . of
dr opl et'SUss t%*g@ﬁ# # APy froplebsien israRPadARdor B9i ﬁecoalmmeat@e%t LAEBSNSt r eam
process(.es art | a C|rcul ti,on of the f.irst ion co
b ougrt B M b foBaseniish i wBaiRRo Ry 08 | FPCRORF (TP EHE O ost Oloss
whi ch ralydroplets i t—hetﬂr!;t enfulsdort. elﬂmaladommmlmradodntz(gebumheoqniseﬁta:ah aedungtha nainber
>1. 2 9y ori (fropefet ﬁc\? a glny L?' Orxlfl irl theé" ﬁrsa}f b sion. (i‘ilgsfelrg&uchon tlln%gera € (ﬁrgplet size
i mpr oveneht thé mit"s o par aHeLers can pr ovi 25
fi |45r atand mupmhef of rthcmd@s leipumvedtlfel fntsr amubwnzmeplbmdmdcmtmy ih elwensteeales s
cont ent

R e O e A
C| r cul deddote ar enprevedrmistpfluiglizagipr iprocass whiglp gnaly' themcf:sult yipe rgduced lfylp r|of oil
i oul ahiyfils hividd 4 454 S8 Rt} ih e SeEb Sisio] £ GRS dRldizdtoh CHHi @il chen:
illustrated In gure 6. The circul ation of first ]]SIOI’]C onent s
may corrpﬁhesS@C@dteyrpésm nqrare@fpratc%nroyfdetlmawy%ﬁ}traﬁgn p@r@rmzscef imeroveshiiratiom
COMRON§RIBmPALYRRAY 1édfth 188 c&ﬁ&mlass&%ha% F@Fatidfle. & lb@@@&esghﬂ@ﬂe, THaén 80 bsd
prem X contalner may. befrom5 in size, Oto 400 L, 100 to

300 L, Spepsd §8’h8’®élel911 ipsygter egplstomds MFS%he 1 rst premx cont ai ner may be

manuf a uredfromstalnles steel, The t CII‘ tion ti.nued
for 10 v BBtGHIa fyres of %‘“g‘?a“% afeoreﬁfﬁeﬁf%%%ég a%rtyE‘b rf"irl ubes Iﬂ&ﬁ@ glu WrE@P%\?’} on
of theif urusttratmwmg@as OaHEpal ek 31 diRyilationi3rilsstrard iy Pigulel6. ci r cul ati on of
transferring 30 the first enul sion conmponents froma first prem x

cont ai righe cirtilaungf tiee firstretuliionogeptinzies map compriseantgpelreteilitiaof teansierring the

(opki 0 aving the o I es. astheflrst remxc t er and
ther e AmIg SomhenS Bt I0AI! bEii€ Solihier sCH, nBRGEtef PR HeiCh b

t he sarmnfamet mey be frem m)m@em meize, bat 100rto J00k, K00 @r@@rﬁarﬂ)@ tdz B0 L, 25§tL and

second xg rﬂ)@{ﬁ@ If&&'ﬁtrﬁlé(%é)gfg élﬁg Pnﬁg be n'fa%l?a?é%é&%&ﬂ? 3 sf%ﬁ: e prg T%irc@@lbs! On

conponents throu enl zer SIO 5conponent s
may be mﬁ‘ymmlm@d fosd Qo 66m1¢1§es§¢gslt0 tpﬂ@mmutesmtwﬂmmesfor exanple if the
type I T circulation process is to be repeated. Thus the enul sion conponents
MRy t r aRSICICHator pighe Ershmalsigm components) may sqBrERETYRBHI BHSB oltrenstarang

betzyeenhd hirt Ehdilsibn @&q?cﬁﬁﬁ@ TdnP4 Bk ﬁreﬁ@i‘&&itd?ﬁ‘errsthifd gh 2 figde rthln%gé?{PiEP geNieeond
(see Figure 6 C|rcul ation may be carried out a single tine or a

pl ur al iPAE§P copfalxﬁgg (o;glogall)Q avang gle samet properiigssas the first premix con ainer), and then

through a second homogenizer. The second homogenizer will usually be the same as the first
homogenizer, but in some arrangements the first and second homogenizers are different. Following
the pass of the first emulsion components through the second homogenizer, the first emulsion
35 components may be transferred back to the first premix container, for example if the type II

circulation process is to be repeated. Thus the emulsion components may travel in a figure of eight
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Type Il circulation is advantageous, conpared to type | circul ation,
because it can help to ensure that all of the conponents of the first

emul si on we&allt/davmgh the hom)geni zer. Enptying of the PcraB20160@3seM X

cont ai ner e_enul sion.conten hav. 0 t he
horoge r{l Zt(% r%gt@v@%ﬁ atfqrst an secoa Br?eénrhx ccr)n'{a Hfzrglv%?ez} smé tnglflogﬁn?zep ﬁ%é %%8 ge)ntllgpk%

t he sedbmd:uimlerrmay(benaraedlemt acsargldcmnempa plec) 1tyaga1m¢smgsar3 Mg S tetetimeshey al |
pass through the honogeni zer. Thus the type Il arrangenent can conveniently
ensur e Typadl cfchlagén ishdvantagesisororemmsoneyred civdatimpnberaniezbepnaieln tlegnsure tiate,
whi ch cgn V! rage l, t@,@@zq be er
of oil %?r%fz)tﬁgt gﬁl Q&%ﬁgémg?i\z@ >1 Sléﬁ é\gssqgmhg]‘?ﬁ%e ofnq{gsg]? grm i oné Ahﬂérf%)a
typé | |pr@mp(c,camamebmemubatnhﬁ/eﬂmmgte éﬁlp}tsyan@nteh@ hptye passqsh thrpugh herhomagenizeind
passi NgnRURS saddhii Eialrérﬁﬁxaéohtaﬁfer ' slﬁulsﬁwtﬁgtcémmg wsm tddend preRae RbAGihel BnObd he

second prem x container, follo g t he second prem x cont ai ner
and r e-Sppiisd.gaia gpwringa thagthey aamss(&hlrovgls ¢ bernegenizer: {heyihn bpsdl HEWSYBeNt s&t

back i nbofvenftlf ehisute fherat élf)th@"eﬁiﬁlsibn%ﬁip@hé?@srare hbus @kﬂed RElchétGlvRE, WRISE can
t hr ough theagrgrm geni zer at |l east. twice, which is dg et%E to thI evg W th

type P TeduSE AP ioayeres bige o6 e ob AERirtarant e aumbsror ﬂatdr IVIREAESIFE Zhd MY pe
Il lﬁ' r Ghlltaet %@ﬂ&n&l&oiﬂsﬂd 1dea1nl?pé i cﬁrc_enﬂ&i fhab h@ﬂlv@ﬁ@rggfyﬁigl tde figst fpkdngik cemlainsi on
W t gooda cC aracteri stjcs . particu S, CO i nati.on an at
educo i RS HBEEl ol ol Sk ES iBiphen e aiDazenReb i, R “edtndrppix
enul si @ontaihar, §ol&m&1|h3'aéxﬁplylngﬂrb Wprﬁﬁinﬁfdﬁtaﬁ{edeﬁd ed-pdsyipg shbsandallyl all of 1ts
circul ation b t eIIfoIIo d

Cype. | pheRs it ey R oeeticss R B ¥BEerroa PRl ior e BRE hptstife e
the 2@assahiougiathe hanmogenizer stdsasPOvied, mbichss diffiduitpe adhieievathl tpe hnrcﬁkahbmwed by
a single type Il circulation, i.e. transferring the circulated first

emilssi dn smncrpmheditnsnrs aeombinaiiorsof ypehiand ypnilaimeationshs usedhang thisicembination
honoge

nomogenta el & R BRIl Bk o6 bAARIie LA chittfal 160 1R PR gremty,
an i nerredugasf the. rglmbm of eilydroplets kpvingta sige %b2 @nsinghe ﬁrsrﬁmsllStS)@nTbns @omhinatiofe
enul si Qi COAPNAGRY Srdek BmyBé'Ith?II%Qnul‘émeQg' %yp‘éqrti)ll&wdﬁw ter@ﬁVf%zBE 0RAYRed |

250ne of the emul Sion conponents 1S squa ene. his can ‘provi de an i ncrease

in the byt &pe Il typeok fqll%veénlm §penll mﬁombydmdlawmeetq omhﬁtnbaqhmeﬂﬁ@dhe f or

t heohorlg®niaget cdiﬁﬁhs@@(ﬁnﬂﬁﬁesf&fiﬁﬂﬁml?eﬁliuﬁﬁ Fdllél&v@d 8§ atshfpld i igbé 11 &lafibRN.e.
conmponents, This u|tlure may be prepared b eghgg the 1n

Vld al firgst
emul si d’ﬁ‘nﬁ%‘i’f‘ﬁ‘éﬁ%%" 3t QESHE’&MS&?“&BWP"PWSS OFR 2eiHBoRE R PRtai R ?ﬂgg a first
conponaipi®géiaser AL §6H1 premixdoninet, and Heniitbsghd setdi@ hohgeningoasce, if the
emul sion includes a surfactant wwith a HLB bel ow 10 then this surfactant may
be ftogﬂiheé'dst\hhﬂ Becatid piemipEdntdindromay k& held ufsdeiiah adektypas,idg. it genmne houipbto 0.5
i ncl udes surfacta s, surfactant may be .
conbi ndardrEeaR Bt e Do SHERheB Tt v e, Wt Bpr A e RSt
corfhi nede wif tthe emulaigueouponomnpsregnilensr: iThis ¢tao providegn imoreasayn e sabilég of the
separ ate%u\,{ SoMet hods of the invention may be used at large scale. Thus a
met hod nmay hvol ve preparing a first enul sion whose volune is greater than

11it >

Sos0- 114 Enhiond oG it ol 6F e bR HIAF Ry b I hopibbibEenizef Mbchid G |
first eirsl emwsiomagmprneniscFijs mikwre mdy beprapased by mixingetic tindividisl tfirsh epudsion
flui di zafdh8fents mdllvfmmtefmqier@moamen& Hﬁrtfplecwn@gon&hyéﬁl MW&InSbifadl Sriop! It@

cycles of steps (i) and (i1) are used, the input for the honogenizer will
be 3he thistpRingofonmsiapsefif thedempdsion gﬂfdwieﬁ Rafuripgiant Witk 12 HEB) kgloyy 10then this

5ni cr ofiifhddirt GHay2Bél cbRBMe@ AN a® WA HSdred hixirdpo MBIy af i@ emulsion includes a
M crof | ui di zat i %
surfactant with a HLB above 10 then this surfactant may be combined with an aqueous component
prior to mixing. Buffer salts may be combined with an aqueous component prior to mixing, or may

be added separately.

35  Methods of the invention may be used at large scale. Thus a method may involve preparing a first
emulsion whose volume is greater than 1 liter e.g. >5 liters, >10 liters, >20 liters, >50 liters, >100
liters, >250 liters, etc.
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After its formation the first enulsion is mcrofluidized in order to reduce
its average oil droplet size and/or to reduce the nunber of oil droplets
havi ng a woze1afe7673. 2 Rm M crof | ui di zati on i nstrunent s pcedBsmao/ensssage oi |
dropl et f?e'rz?s *?%(mﬁﬁ Le' Hﬂe Snfuff rﬁaf 'b@pfﬁﬁcr&fﬁn&ig era? $J1rWto await
georretrl call I Xe anne s at hig pressure and high velocity. The
pressumcr@ﬂuldﬂétl@ht rance to the interaction chanber (aI so called the "first

pressure") may be substantially constantﬁgB g.. 10%. 5% 2% for
at | eade semoeHbodiments; Wepahifulan dhark VT }?eﬁickes é’lf stepob) AR Gy e used, the

m cr of lishdlifgethe Rndgedber | WaBSHe Bé%Gutpat of @amlcrdIRidized! sucRaBdt tﬁ@?’ﬁst%&nﬂlﬁ&ﬁis 99%
or 100% of the tine during which the enulsion is fed into the

mi cPof mirflyized any thepagainesiBisateddnomeasizatianst pressure is 1300 bar  15%
(18 kPSI  15%, i.e. between 1100 bar and 1500 bar (between 15 kPSI and 21
kPSI ) Micr@Bidinitionhe ti me during which the enulsion is fed into the

m crofl uidi.zer. Two suyitabl r.essur are

i gur e AT it Brinaidbus s erufidt STl 88 i flurto rebogl richee SHUSHR vt
time, whébewseduoe Heguinde3R oilhkeorpéteBauinga sondfi>itbowsl y remai ns substantially
constant. 20A m crofluidization apparatus typically conprises at |east one
i nt ensiMncmﬂupimpox@ pingfuareats| sedboeo aparages il wiroplht 5By tye peopelting ovweasy fnuipan
|nt ract The, i

el eC tri C ?1 Frt?) gc’io\'x}geitqr?cgflf ﬂ%c{ B%e%]ﬂqnp%h\émés%&g and %ﬁ%%le% The ressué% gtur e)
to forcke e:mrame diegnteiantion Qhadlbtrr(abq g#llednlae * fmteamstrc’a macylbaﬁb@tantlﬂh)econstant
synchr at urg o9 €

subst aqtt 4177 6Era g B 220 RRALIRFRITRR (B alie 08G: PRl 48 difio
means 2hd mwoﬂmdaz@nugsatdcasﬁ BUp) atlsastP@%aht least §6%edt least 90%seraOPapf the ttinee
same | &iifhe Rhich BRALEETedlile AImBrGHGLYL di ation. One advantage of the

use of stan y constant pressure Is that it can reduce fatigue

fankurqﬁ oh@e,gtt}%ﬁ@l]%é)hgv gg&?éfsqgo@ﬁews%gp@m G o/ %db%t@eé,pmrba} ife of

t he devi ce er adv nta use a subs nt| a const ant
pr essurlé00 bart(hetveen &S bR1zmd 2é kESDHffort $386 9€ Bgritnednringivdnclctn e@elsm i dgsk iBtoed.

I'n par tthézlgk AuidiRg W&gﬁgbféf eﬁsdre gfo?i@ sHB@va'lﬁlglgﬁhe 2h?FPg’(!lreZB./’pfﬂe%"r@s§@r@'fls in

t he secon S|on can uce urt er nore average oi | droplet
si ze ofsubaﬁ@tlglécmtaeh{@r a1 lsast Sabp ofcthe dmee whergpieln Figue B@tth%ﬂeéﬁ“l“i/c%ﬁs?‘éh’t

Pr essungmhifis #SaentiallPCohs@fict ion in the average oil droplet size and in the
nunber of oil dropléts having a size >1.2 i.tmin the second enul sion may

progi dey inBrofuRtafidd bppatdt@NtypRENPCOMPHSes dt TR4sObaE idtbdsifetgudip Qﬁéﬁ:ﬁbﬂfﬁﬂﬁﬁ‘
may lead to | ess content Iosses 3 durln filtratio #oss
Bt o hendasif

Squal emSmPTERR 88V e SERReS) A AN (HETERR L9 Scptip, Which i
2P11/ PG&&YI? Rledirit Bkl O832Adprotided iR Ip&ﬁﬁur@(l.ecflﬁr'f?ﬁl’prémepmrﬁ)&lemn&mﬁlsmn |
plurality, e.g. 2 .3, 4 5 9, 10 etc, .0 channel s
into V\/rﬁl% P’i‘n& ﬂ%og%mhg i"B?faﬁﬁ’s‘s"g’gfngél‘hih% mcéﬁol}ﬂ“ser}’ﬁt‘g? 8} fhﬁén ﬁ é?raP“t"%/p(% r{n?’harrber
t hr oughusaditol prpuitle khienbyvhuitiatly waystdna peessureliofiriet @nulgén dstweehat2de, vinickz sgnn.
€ i.on divide Lo, St eans i hact . and,
Y R e T R T T S
t he charmnrewlﬂsgdla‘atwmes produced by the high pressure may act to reduce the
emul sion's oil droplet size and reduce the nunber of oil droplets having a
size >0 qdmnt%@sf ¢hef upe ©f 9 substanitilty eaistanspressurefip thab 8 can raducsylatiges Bilwegs ion
of the,q yﬁ.k mﬂdl oLl GhfiH Mgy L@ mﬁﬁ%@r%‘fé offtht Be»qémnﬁhhmldlvsma Bragd
forces, |S|ons occurTring vel ocity enul sion streans
col | i desqof w@wnmlwe?ons@mjp@awq i theh tlveop@;résletetsw%ﬂﬁhseﬁmdnﬁwbwnam be
colsbapsgpRived At JaktRSilaM ﬁl@'nﬁn{bgﬁofﬂ-&l @ havihe a's'i‘ieeitlaEt;LhPBre%}@riﬁ)Q}Ee !}b’iblﬁd | y

i ncl udes no noving parts i ncl ude ceram g | um na) Qr agm
(e.g. paryseneande lieﬁ@e& %tﬁﬁ’ﬁﬂ‘)‘“&ﬁéﬁ A¥srags Qi s’@@?t S'éf R Fhesiﬁ?q‘“écﬁ‘é’s“ ﬂ%‘%ﬁfﬁb frade

of t st ai rtedl@s@ wséle@ kubsfﬁhﬁalfy' e@ﬁaaqumaire ¥s &ed TR Bdueiah id the @lersgtadingloplet £izé he
interaction cha

t 151,
V"t ypo BERELS JuRREerabl HaIeh AR soodi RPout ripufe SR BTt B e S | ¢
i nt oI fllﬁ}‘pfova@diltw?ﬁﬁﬁrfeﬂﬁdt nGé. Qmpl‘l‘;évreﬂmatldfﬁbdiﬁnﬁdirﬁetdiugtnleﬁtﬁf(ﬁlé@? aadem][lmef
Si e enul sion stre rior ch o e firs
an %sec‘g'ﬂaggiﬁfflg?d’r? Feééfﬁﬁq"%ﬁ?e ﬁ"ffgﬂgﬁ@é‘ﬁg‘?% Wﬂ?a?‘?"{e“i‘ﬂ%‘éﬂi‘\f‘f st and
second plurality (e.g. 2, 3, 4, 5, 6, 7, 8, 9, 10 etc.) of sub-streans.

When the enul sion streans are reconbi ned, the first and second enul si on
streans (or their sub-streams) are idedl-ly flowing in



20 substantially opposite directions (e.g. the first and second emnul sion
streanms, or their sub-streans, are flowing in substantially the same plane
( 20) andwohe1iffdemsvsdi recti on of the first enul sion streaoriB20i&003320

di fferegqf ltéaml&nhaa&b%gy ESedih 9 Lﬁ)thr; hep 9egond, ermlsSbon) at r§akd gddifiet

I
f or ces produced enmul SIO% streans are FECO |ne act go reauce
t he emshainsls' 1§t00whlctu ﬂ@pfmeltlmgm passefnd be aylsion; epters, Eh?b‘étef%fmlblﬁ anghep Hireah an

havi ng ifni 1i4€ whikhZndMave @ infetefof uaaembrzsomt ?hé‘%fhh@i%nqm&@%totsﬂ@ams
enul si on stream passes, around a plurality (e.

10
etc) ofasdl s%tﬁrarfbt é.‘}tfr9°ttqng‘ﬂ‘?m§?rgt‘@d “B‘éﬁtéﬁ%h ereS%lrey %ce:ffgetfs thhtgttr‘@Y%lty As'it
l |1 yst rRAtRs dRdughthesRghdlQ rto@&a;ﬂbarce%y thedni bl PRsHIBONEY w t@%illu&é/\the emulsion’s
right- an led coners in the directi %_flo EUrln pasiﬁ round t he
cor ner £il %rﬁp]iehf)‘é‘f aB‘?‘rﬁ‘Tdé‘F%H‘es‘t‘t"été?Frl"?ré’s‘) at’mﬁrﬂ 6‘ >|51 % (e <3 3,

4, 5, @Gnclude: 8head, forkls, ethtz)ugh @t fosridrionit dﬂemlarserﬂndort Reeant eﬁaﬁfﬁn@ﬁdm Béridach veithgl e

output nul si op strea ) as..shown in_.Figure 4, wth four .sub-streans
(325 b il et fodies. Gt RARIOG cp e et el Velpelny SRR Bk en
i nput aftlide withudach dther; faad ea&ttaﬁdsmﬂmmdtm:ingn fctrhﬁnatraﬂdsmbllapsemﬂcamttss Whlﬁin the
ch neI wall s, as. it passes, arou corners.na 0 r.edu

00 sieEhoTre Sy B SRB R, g hE HhilEarht by R dRS e ey a
SI ze >]a112mnma)mr diamoeH derpl pelyefystellbetdymeondhtienad tsudaces Wahdtresnrfa(ss trlag bERBOZ of
|nterachnﬁcﬁgﬂgpber fromMcrofluidics. 35ln one enbodi nent, the enul sion
streantpasses around two substantially right angled corners. At the point

angl ed 3/ A kedEiBly A SRS BSROIR i WP s T SRV PR PR b prdmen
sub- stroeaZr’r’stypAgeth@r}’p0| nt when the sub-streans pass ar ound t he second
substantially right angled corner, they are reconbined into a single output

emMSsi dn ast-bea ﬂﬁomtnrwn@raﬁwwhambﬁr 3 $ingla pykemulsiey greapis galis info figgh and second

I Nt er acdliddiorr RACRE! %vlft&f afdl Hich eVitiihede b Si GRgle! dulisutt HR8G0R Tt PRES &Nt
i nventi on. However, we have discovered that it is advant a%%gltés to use_.a

Z- t ype reepmbinating) cagfephibe figst jand s5cqed FRMISioR AMeams mey indeneng SPUtIR & fihs

Eec ausanti Réconé ﬁlﬂlrdli%a@ 4 9, 3495 eaeg, o ealeh bﬁghbu&etrhe Wlhldiihﬁé erﬁlfllm@h btrehh@Riret S
aving a SIZe

esent in the second. e conp
D By e it 4T SBSE e Sehe e T PR PRI HR G glifk in
dr @pl etsabdraniagoppositzdirezfiond (& g1k ififst bhdsesendertul 6o ktsdaats, eraheipsubvit@ems, are

i nprove f.iItralon erforman filtrati.on r £.or man | ead
orl esdiouing bt brauials thaanrh g PL ai edlay dfksliheP G o5 Canbia THHRdh 10
80 and 18pan2@5dirernt frb@ BEBos Areciion MBS seconrediigyisie streding Dd fordbs padduoed
apparatus operates at a {)r essur e bet ween 170 ar and

(appr oxXYHEtEs sk SFEIms areAeRIePIpRst Maw gy to4f Lt 'zztlgl%aroal depist Sigdanbar
about Ird@fe BRMmunibeoefoilZRofletd Aivingd size >1.2 ph. preferred mi crofl uidi zation
apparatus operates at a flowrate of up to 20 L/mn e.g. up to 14 L/ mn,
15@5 t dna A-fype geommrytmte&cﬁoﬂ_éhaihm;:r thé emulﬁiqarsaéaan padesnarcurifd plindligaigod 3, 4,

appar at us jon c a OV|de rate XCeSsS
of Ix1 s%agxﬁoé setc %% %alio edgf 1CTR (h‘f @b %‘r%?l oﬂfugtbag & &t us
can i ndhtecheti¢rthianibee wluhtbt@etgeomw%amews righaingwdecdnmd ini thepdireatidrebf ﬁog 2,

ude _a .sin
e hamberD g Birgssit paitd 1 e TREE A Gl cobio Seclfp Rl St fid FIRERE (2.
pr ocessd, AgS,MHAUB.9, (1ARK) ) ctfcmblstreamsgpnatthéreasctmlmn@i intvamsiagle olipat gmNbion stream
cong.ri Qut e ugt h r t j t he
oS QEn IR ELER BT ple e A PAT 1he 381ichnd i AL SIRRBTS Y ol
maj or i togcwfat tama ppmd bcitvnecmmpufcmdsoutputtﬁs forries pecsiuasinwbévatitb emulsim gpateisghed
above, e S hOR %&?&Pé}@%ﬂ% the Apiets/thd f&&'?@%d{l@e B2l AGH bRBIE BRERAT DY
t he |ntenS| I er u 1 rst ressure e emul si on cofponents
gener alegucesthe nvmberArfwhtdr@leéSehaﬁ@g presfssuil-2 WEhi dm pannbaef atlrametln@racpwst

Pr eSSUr@afBerds thd EIDGR MRk GioR LR fbm MbrSIRiGER . between 80 and 95% of the
pressure difference between the first and the Second pressures i s dropped

acriss hhge bRb&diMehd BB emlRMAGkediS pibsed e[r&iﬂd%otsﬁbsf’a%nhliry it uﬁge&l&oraa@l Ax th®
20% of the pressure difference bereen the fi.rst and R,eq ecogq?%gr essur.es

i s dr oi9dl WeR SasPReEnINPR SUERAN PAsess S ghe Bt pubstantiy) ARG Yiis
chanber may provide approximately 90% of the pressure 30 drop while the APM
may provide approximately 10% of the pressure drop. If the pressure dropped
across the interaction chanber and the-$ressure dropped across the

auxi liary processing nodul e do not account for the whole of the pressure

di fference between the first and the second pressure, this can be due to a
finite pressure drop across the connectors between the interaction chanber
and the auxiliary processing nodul e.



35The APM usual ly includes no noving parts. It may include ceramc (e.g.

al um na) or dianond (e.g. polycrystalline dianond) channel surfaces. O her
sur f aces wayoh@menade of stainless steel. WO 2011/ 06767 2ECIBiB03694003394
The AP e I o d
may al SBLGRROAR EhirefiS Ar B ol QHBFE SR lams 1 ALEIEEL S0nf IARENANT,
art, Amight @ngifdgen@r,alndyw@@somblowbmtmm@ patavh eofulsion sreamt | on chanber s
conprising Y-type channels to suppress cavitation and thereby increase the
f 1 owr atle thenprigiertyit hgspeer hauabea ussyY typetintengtign ¢hambres fapeikin-ater praulsionpliker t

APME - arigosg @ ﬁreqtrésvém iRvaHSh LHAREL: umtarv@artb&fered%ﬁnaﬁtau%t{glemg RuSe a Z-t
conprising Z-type channels to reduce the size of | arge aggl onerates. Y‘% t he

| at Per chaEsl gtorttetlxpmeeﬁwl ehestbosh 08 91lriRvater SHIukTQDS | bscaupe DS sapdead o mBrsnter by
up tot 3%ucfm\/ﬁvﬁre,nnu%ﬂbehaﬁome¢métpumn B%lzlepﬂ$lt2f Qi%l ;triesehhﬁlhﬁwbaﬁmm@@m of
an interactign chanber conpr.isi a plura 0 e c

advant é@%‘@ﬁ@ tha ¢ ntapepwge?rg inpETAn SAmBE dhe Edfetioa n hah q?eqétr@qlemvrng
reduct iaOﬁzd Blavpaﬁagahelsbcdﬁlama{t@shoxs bz:epwirdieamgﬁmtleﬁhrﬁteﬂupérmmwd& thhpronwrber
of oil E’l ets. 10 havi 8 {Eze of >1.2 g rgfﬁsent inthe s cor]d e

As dis & PEHBRRnCE Wé cad (R fesaemient Iotsehdn 6?‘t°“d?8plP%3F§° VY WS?‘ke
>1.19 ngIaﬁd'Sbﬁ) Sewhacheanbisionis MBY9.pr ovi de i nproved filtration perfor mance.

| mproved filtration perfornmance nay |lead to | ess content | osses during

fil tr atA gnefereedy mntroﬂmdscatmdn sppacdtesneperdive en a Gireamet eqmeean@vrbem abdh @750 bar

oi | - water furt [ vant ni f a
Z-type %Xr"é'cttnﬁ'o?# O@ Maé@BS’ vm%t% r e%ﬂ% Ut ?%10 {)J} ?bo%?%éd 1%%’89

a sl onwe07@baseguar e decrease after the interacti on charrber The sl ower
pressure decrease nmay lead to an increase in product stability because

t her e 4 piefesrsd gricro8nidizagerdapiparatus epernieh 8l aoflow rate ¢l to @Atdinse. aituplte a4 L/moine

fixgd QS“?tLr/Mm, {}%{Q)rgeg L0z 0hi ch the enul si on passes. The APM nay contain
a plurality e. , 5,6, 7, 8, 9, 10 etc, of fixed geonetry channels

into wy %beér?e% ﬁi&'&tﬁh&lﬂat%%’?&amﬁ& %Halﬂt@%tzn&{ cl?aﬁl?d&ﬂ%la% pRividdde 4RM FRY ibe

l'inear or non-lipear. Suit e non: 20 linear channels are of "z type
geonet reycesp of el 0y Wp%gg\éosr’(et)rsy 2¥i0ch > athStrféc same as those described above
for the interacti on chanber IT})OdI ment , tr&% nnel, qr charnel S,

of the ‘APNfraiwudigption. Wtrem@émﬂrge mpltple interachgn i ewﬁe A 4 Barelfe) pfes
the ema, 8ifQB or Alode, Bt iCRABora Gsdfill t& RcRIS asingleAMiMactidh dhiambe@ast to the

manuf act urer' s reconmendat i ons, the use of an APM conprising a plurality of
25 20i xe[dxegﬁmimhrdjzaabmrdaﬁbe miag cahpasd agemuﬁarsz piqeassig inodule SARMI) eofnpnadg at

h .
anber P O Chashi e SRR pageaie€P e SR i pHaBhEY 1k THE: Ry e
emul si @mulskm ohine prsseelctheogly ¢he miteoflugdization davice) aftheughuthd ermjonity of the dedmptient s
havi ng 0%0135 {neth> :l'ntgragtmn Jillfl;n% 5&? ?@g?féy‘%bﬁ{/eo% 1869 Xé)rgﬁ“orfemg rapevlgrq'?ducled to

filtration ornance
cont entthg m@swod ahamlg:r by Itluer mtqnsﬁer ngp(s) umlsree ﬁtsf pregruisd. éfrlne enrnt@e@ncoewoams

303gan g%éer!@ﬁ&nt e al £ (? re SN \§f’1181[11 is léylv\%: tﬁﬁn tHe ﬂ?lt(ai{r&fsﬁrk' i8] % Zﬂﬁtbﬁ:’ﬂenc

appar at'us gener ates eat uri opera 1 on, can r se an mul sion
t enper AXespwehin gamend betweren 89 9 9385 pfithe prassre diffgresrobetweenthn fieshanstibe §econd

ther ef r&surtH8 d%@w%rets%@ ﬁ@ersmrh %hﬁﬂber%e SRR, BSPSATIRS 4p5t§§5 2 zﬁo% She
t enper at ure of second enul si on %ﬁae frai nt al ned bel ow 6 0C, e.g.  below

45C, Tﬁhepr&rﬁur%meeew Betweemn Hisdirstsangy ?Coaﬁd’f%?“ré%lsAPRP@dc?ﬁfoﬁﬁrfhen%W lagy;

feed i HraressiORbHE, B CINBHMEALtiCHUGHANDS: fhal) vwaﬁme@r 9m>/eqtf|tﬂcgpﬁeesulre
The di st ancggé)glpween t he ou

tput and the, ¢ ng nmech ou as
shoft  &Lomy AN I%%wm@ﬂg O ately 10‘9 ﬁ@eweﬁsea ?pn'g“ @eareﬂge 811’8
{/\?) <2) 8 i f;ag%s;gi; 3%7tid§%a$wﬁ %ggtge betsswﬁ ﬂrotpbed 0468 Uhe Qfxﬂﬁdﬂfc‘ pfﬂcesrsmfglmwdﬂmezecr
an e c n iS
50. 30000 Secout P b BIRTAN CR PSS BaiTeres Py eTE e dromd the e e P ERgre: ts
subj ecteatl be dumd i lﬁnitepmmre)ﬂﬂop lackiozathi @Onissc@pshett eenpthe neertctivnethaindért dnd ghof
t he emul s :!1' t of mcrofluidization is an oil-in-water emul sion,

the sed6hi aré’rﬁﬁcef%'r? BO8Eni ch ¢ ho

35  The APM usually includes no moving parts. It may include ceramic (e.g. alumina) or diamond (e.g.

polycrystalline diamond) channel surfaces. Other surfaces may be made of stainless steel.
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average size of the oil droplets is 500 nmor less. This average size is
particularly useful as it 5 facilitates filter sterilization of the

emul si on.wermlgieasys i n whi ch at | east 80% by nunber of therB2dio/desepd et s
have a v, gse 5 |

ase, "20BYNHACEPERy BoiciiBa Db Rlrep BT henfraciP R g5, g1 phe Mlheo
Furt hersmxteetlaltt% therinfgtgetiongghamber. &y G peprar, ARMears @el@mailyermt@n@mdmwrmgn af

si ze >Jmt%raemd §ha§1t9érs%}frﬁﬂ1 typ%%amﬁ‘elgtot Ry strew%aJnmmIpand BiRfoby IncredsO Ghd M

or less or X or | I ni I nput

ni cr of Iﬂﬂ“ﬂ?tfa’t‘ |ﬂa¢nerwgﬁ ﬁleanthqeby iupste 39| Birhermors, lséhﬁep@maﬁ% ¥e gepeNer |

the sm C;J'o@inbhﬁddlp%@&rregpllnfe‘r&ﬂoh %ha?bﬁ&seéﬂn%sh@ Tk Qﬁeldﬂblg itd Aldu@NtHBAve Bf 14tHe h
that multjple rounds of mcrofluidization occur, particul ar, the second

enul si GEEREFTARS Igpelagensasethe APM prly deteasswiis me rrs'iherZ BepkARRhGESbY up

% hr gugho atymﬂfg@fvérun %;@éehqmrﬁamt%maoﬂhgl £l APM datvnﬁttdzﬁﬁof & ifiteraétioB3chathbeP ,
ef C.Li

. second, enul si on ornmed by circul atjng
the secSRETEAE P BIUGHIBIABRE ﬁﬁ%rmf!@wddagﬂgeauwega ¥rﬁiﬁnm%m°8r?eé@ﬁ Eéarnlef%
tinmes. tdhagreter ceduetionan a0ragd @l &replendzecinidl sSiredterGedgeanei the MBybe @ Pil idSepleals

transferring the . secqond e lLsi on ¢ nts, between a

t | at
B iR Bhe ek TERHE B AU e S AR S BErEr B RLT
first pm&ﬂsexofmﬂrﬂrq»laehavi@dsmdnel Emﬁfmfthwed&rziaethmdmvy pmwd’&hxepmved:ﬁlltxatmmn

of thes ond e onetsrra
Ot anat dFEo RS TheRo 8 AR RS BBy wid TS esf s 10dse Sl Al S
cont ai Hessgs bhsqna@lne aTweansg0 end Spéid 8 dmlmt the wildiew aber mexlaomes:MdeemJﬁm}mn

cont ai I S I
cont ai ovyredi crUEbbsiglity itk £2eSARRALEBRboCP Tl gl SraR s el can
sedénd lmdctp@fsllwmllpmsurg decteast @femthy nb@ra@ttve chamberaghe slewei mrsssure decrease may

m cr of 'lé'alddcb éﬁ‘ﬁdg&?? !r&i%ct Le L ﬂﬁ& Pééahé’eethé(re 141?{% lﬁﬁg ggaﬁtgf@ﬁqgggjgumhzat I on

devi ce nt to t Irst mcro vice. The first

enul si ofy, S&*PM ééd?ﬁﬁs Qial}éas?%né BRed B0nAY dhAfne irts twlPJheﬂma %nﬁ&%@ﬁd’éﬁ'&s The APM
Al ternativel first enul si on cont ai ner ety same as_ the second

prem x reqyrﬁoa?/aﬁb? Plurafity ¢8cdnt 4ehuf-sh Sn9cbheigi of; rxeﬁﬁyora@rx thenaelsinte whichghe

first pbfmich Easam@emnﬁélt&rdhaﬁﬂevseéﬁfme ATV S5001iRAH bS heliRARt SifaBle nsRY be
t he sarre as t secon rem x container, 30The first enul sign container may

be %he gia?recfagnﬁlmref? st pPENFRMEBNKi ‘Nor DRAECPHES HBRY asificsTade BoMI0S ner
may be dekgibedaBov@Sot e i6RE0NMA6h PiaaiBeX 16 Wt &hibolimed, tted Elainhale by chahhes, fofribd

enul si o ont be th  the sec .prem x cont ai ner and t.
AR S I ey T SRR T I S ok S
As an ahteevtha®AP¥e, the first and second enul si on containers nmay be
different to the first and second 35prem x containers. WO

2011/ 067 G3RRGET fol B2 Giuee8B&% feodbrunwmdagond) ¢hepassofah APM emgoisthgenplusalion of
conpon cr Vi C |.sion
cormondned ehdtb R alidh £ E5RNGe M b oS Rl eERud DR BT Ltk
exanpl @t ¢an ledvktotaygreatéri redction imathie anmproefeskdiopletsdiabiog resatletinmTygrent in the

Cir cul 3R R AS Ak 153%69&6% S Al fontih W Rty BE Al Bloblcks Blinkla e~ 10 O

2, 3, times. circulation Is a vantageo s as 1 ensures
t hat amm tlhéh% seemd anlbion crncerapdn ampsovied idltiptias eerfermapery himpieved filtration

m cr of Igdiehingaatd 91'3 M't&fes@&odt&@?&sse% &uhﬂ@%’ltré%hc NeQLCESsqhend 18980 Shd ©
of the oi |l drop ¥s he nunber_ of dr opl e%s having a size >1.2 pmin

t hel secscb’ﬁ’é18%WBFlsﬁh6ﬁll‘ln‘WaI@fE@H{?vloﬁé%Mgﬁgof type | circulation and type Il
circulation e used during mcrofluidization. Thi s conbination.can
conpri s& r%}ﬁvﬁg%&érl%fapmw@s (BeBFRfCY (hedti futeaPReERione Which eafhEase A SRN By
L ype | Itemﬂ&armaayl 15-30o¢ Irerieet t0)the fiREerhulsioM) p&d\}anfa@éduQM»eﬁneRYor& Vihe mlidrofigiiizedved
y type |

mu151 15 r(‘:ogl%g as soon as possible. The temperature of the second emulsion may be maintained
below 60°C, e.g. below 45°C. Thus an interaction chamber’s output and/or an APM’s output may
35 feed into a cooling mechanism, such as a heat exchanger or cooling coil. The distance between the
output and the cooling mechanism should be kept as short as possible to shorten the overall time by

reducing cooling delays. In one embodiment, the distance between the output of the microfluidizer
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The first and second enul sion containers nmay be held under an inert gas,
e.g. up to 0.5 bar of nitrogen. This prevents the enul sion conponents
oxi di zi ngwowhiale7é7s particul arly advantageous if one of pthasEnUbEssON

conpon n e
emul si oé}nltdﬁll%%e ﬁﬁ%%%&ﬂﬁlsglhgbelﬁﬁ\%en %(fncglrrg‘y Oﬂﬁ% %ﬁn{ l:ll’l i P ﬁné&@% Heﬁé[_w%n le
met hod ereyisipmisshkjected tomofltiple mlczrpﬂlgdraatm stape tg p@a@mwvcﬂmthg ofitheemulsign. >5
liters, >10 liters, >20 liters, >50 liters, >100 liters, >250 liters, etc.
Fi | t r at Thsnreaslt of mitrofluidizatien yam oH:intwaterseousion othe | sssand qraulsipn.t ier which the s

filtrat)Qnet /IFRVESHABY drafias i91sbo $hPB}F &S Tlﬁ@tavé?ﬁ’ééesééjl’svfr)]a\f%lérnﬁuseful as u
honmogeni zat'i on_and m crofl ui di zati on_procedures, in nunmb

20 tder nfacilitars ltepterilipation @fi@e camlstne- Fanustons in which b leedtrShge b aumbrnof él%f‘n"lhct

as nucl gaple@Rad 4 efa@é sid@ef S ONlesd, 23040 Bnh dr BIFY 390 Afh SEELALG AR dr B4 | NG
st or age. reover thISfI|tI’atI0n§: Bcan achi eve filter sterlllzatlon
The par®ti Ko MR Of il§st.rage paricHarky ssal SABIOE; sy nymbper Of odl; dipplets A5 the, second

depend%mnsxbmﬁa\ﬁdgu Sz ChRE ARLiS 5HSIN ol @k 1dsk)@. g5 8 GO /BN 184509 xa0Y/milhse 166 OF ee
of filt uired. Afilter's characteristics can affect its

80
25sui t 4) / lf’b filtration of the m cr of l ui di zed emnul sion. For exanpl e,
its ean face characteri c ort ant arti IarI
wndPF T Frpt ARt gy BRoBiBd uttn iR sefamiSien B o8 Brood s el
W th t hhe inmvrefltidazad shoilsion ipeuhjled:teqbas sageﬂmﬂlzhﬂiml gleadn, rsach (hat)piuaipie whmlde of
retaini n%r&d{'ﬁadlyat th:c%% (rjnrp V\ﬁwﬁ’lar ‘the seE:(t)I%ecf( emrm%%ns 181136 bg O(?rr%lﬁg B%ﬁ}r?dla 89 Fﬁcof&d

that have & si
0. 21. t nenmlsiGn @mmmém thecrughs nnldmﬂhgdlzandn deviceal Baalifat hivev,e. g 2) 3,6 5,6,7,8, 9,

sterili tb ?H’Ies % SR ? rﬁiehl é/%';r% a&%ﬁe 04 H%Hlu?sw% C %%nts t he

filter. tration an |on |eve i'n one

usel Sof tmghadwbﬂ@dlzay@rde?lptﬂm%tlmat include a first nmenbrane layer with
| ar ger _lpores and a second nmenbrane |ayer with smaller pores. Double-|ayer
filter sThercircplation efihasecgnd eyalsipn opmppnents mayvemprisng tyPhcirquiation b jrersiordeal | y

has a PQE gedhd %nﬁgio%géﬂmp%H&ﬁs B@twlé@ﬁ ‘é’eff:‘rE‘t Qmﬁmgrl %HﬁtQi'ilerSé)Bﬁ@m? aWing-the Jankd 11,
or between 0.4-0 m or. between 0, 5-0. pore size of <0.75pmin the

first |RIpREUGS@S H}eéggrpfeé’éix confpigen) pad ?‘PF‘S‘?TOﬂ‘a@@PUW"Wﬁve a pore size of
0. 6prn ,{Qr 0.451.1 for exanple. The -13- WD 2011/ 067673PCT/ 1B2010/.003394
second Thgyfdrulptruglide sgendenplsion compongiis may pamprise @ tyredf cirsdgtiop O?Erﬁ%f forgea) |y

Ibeﬁ) t e sévahd em?l)smﬁtw?fpbﬁesﬁs frevier fisst aﬂﬁleloﬁlcmtamsmlhgoa@ bﬁtse&ﬁaroﬂﬁrd?m{%@r

et ween, 25-49% of the fi.rst e .size et ween 30-45% such as
T or e ge 34 Phoprdior komfhe GBiBRES JBVA% 1l S SoBETRy T L h B e
a por e @nzimerdPandghen thioaph asecbrd mieofhQdiz&tion.d2&@pen or bet ween 0. 18- 0. 24gm e. g.

a 0.2gm or 50.22grn pore size second layer. In one exanple, the first
menbr arihel ssgend whittoflh@izgion plevies mpayobedds same as the first microfluidization device.

Alternatively, the second microfluidization device may be different to the first microfluidization
25  device.

The first emulsion container may be the same as the first premix container. Alternatively, the first

emulsion container may be the same as the second premix container.

The second emulsion container may be the same as the first premix container. Alternatively, the

second emulsion container may be the same as the second premix container.

30  The first emulsion container may be the same as the first premix container and the second emulsion
container may be the same as the second premix container. Alternatively, the first emulsion container
may be the same as the second premix container and the second emulsion container may be the same

as the first premix container.

As an alternative, the first and second emulsion containers may be different to the first and second

35  premix containers.
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0.45 gmfilter, while the second nenbrane | ayer with smaller pores provides
a 0.22pmfilter. The filtration nenbrane and/or the prefiltration nmenbrane
may be aswormiwdezs73An asymetric nmenbrane is one in whi eoTHB®1®0038945i ze

var i es diRianRe 5isd5e B o URIRAN SR RADE TeSelbpa e/ el Padce.

size is arg he entrance face an at exlt ace e Si
asymretth¢ @ecom ereiem sempenentsempye e trangferrgd abgclf e the disst senygier gortamem der |

whi | e te'iﬁrnﬁlfehﬁfhe%ﬂiell Qxfrclflehﬁm%?é/dg&% b Ge F@P%é@ﬁ%’p@ﬁymltaﬁlaﬂ&{ frfa f' 6d c&n‘ﬁe@%utté"e

"fine pored surface". In a doub g l'ter, one or
| ayers W%ears%/ﬂﬁ'@ilwqftlmﬁef&‘ﬂl%ﬂa F@ﬁmﬁénbrane may be porous or
hom)geneous onpbgeneous nenbrane is usual a dense filmranging from 10

to 200 gef A cgeﬁe}w FeAdHRRES ORI S Y eaévrswagtalrl l}b% §pcend [epubton cormpaRsms dRYent |

the filgjaqll Itlﬁﬂug]ﬁﬂé)ﬁn@dﬂ@ﬂdl&zﬁ%%&ce htNedt Ziﬂhhléé evHidyietduck} {HeQ'ileraékqilik JfAYEESB
may be orous oth ] ay S ¥ honoge or t her e TRy, be one porous
and on PRIFS gehibe swp ?(—??01 Amﬁ VIS E S é&/%‘? s¢qopd gpulsiongne i n which
both | ayers, are sec d.enul.sipon.is
oref | | CheBabERBLoB! SEAiER APS Wpﬁﬁﬁflaéra‘iﬂtﬁof* e g o i tiogn
filter ethid donthingdtioanat dvaprids ymn@den of typedrang i dltculapem @\, typni Aeveediaviypg1l,

ol e- i R BSich B okl ff?!é%vtvé S @W?J@%yg@ef@ﬁ%%%cﬂiﬁ pri o 1o use
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These Hawsi®raryi ng characteristics, wth sorre supports being intrinsically
hydrophob| c (e.g.. PTFE) and others being intrinsically hydrophilic (e.qg.
cellPul ¥ %fi?é’tfélff‘e%lyentmmé}e usedhaidarge seale. Jwg a appthodoney inyelve iergAuigizing a

nodi fi edidie dreRetthd0l fitBee FEBNNIGEE 19URERCR0 1R, S50 $itedd) S€00 lifersl S2INAWE, 4O
prepare hydrophilized or hydr opho‘bl zed menbr anes by treat | ng Themwth

ot her nmjelba! s (such as other polyners, graphite, silicone, etc.) to coat
t he nenbrane surface 30e.g. see section 2.1 of reference 15. In a

doubl e-Afeey eticibflhideatidd) ﬁlets\eﬁbnﬂeﬁh[s&ﬂﬂs ﬁﬂaﬂad.bﬂusﬂﬁlﬂﬁtl@f red‘iofvf:ﬂr@ﬂﬁrgéfaﬂ drdpidts or
(i deal lnvention

I of the s a. filter for ith th
has. o HUMPSt R L i pRBREnyRtion A meretidipaiom oy APobely SpEHE AUmge
tha0 hyensphiehe oil (draplyts whi duad)rgénh tvelenes twmk dnéeheysen. adtiak trackeatidnt Sites for
hydr ophj,| r fro 0 h|| S mat er.i.al
v opiepieBufit 1AG5E, (e Aelaeioh T SBRR, iR T Rhaih 5 use
wth thehlpm/féltﬁtrlswnhza&loa hydroph| i c pol yethersul fone nenbrane. Several

The particular filtration membrane suitable for filter sterilization depends on the fluid characteristics

of the second emulsion and the degree of filtration required. A filter’s characteristics can affect its

25  suitability for filtration of the microfluidized emulsion. For example, its pore size and surface

characteristics can be important, particularly when filtering a squalene-based emulsion.

The pore size of membranes used with the invention should permit passage of the desired droplets
while retaining the unwanted droplets. For example, it should retain droplets that have a size of
>1um while permitting passage of droplets <200nm. A 0.2um or 0.22um filter is ideal, and can also

30  achieve filter sterilization.

The emulsion may be prefiltered e.g. through a 0.45um filter. The prefiltration and filtration can be
achieved in one step by the use of known double-layer filters that include a first membrane layer with
larger pores and a second membrane layer with smaller pores. Double-layer filters are particularly
useful with the invention. The first layer ideally has a pore size >0.3um, such as between 0.3-2um or
35  between 0.3-1um, or between 0.4-0.8um, or between 0.5-0.7pum. A pore size of <0.75um in the first

layer is preferred. Thus the first layer may have a pore size of 0.6pm or 0.45um, for example. The
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10During filtration, the enmul sion may be mai ntained at a tenperature of 40C
or less, e.g. 30Cor less, to facilitate successful sterile filtration.
Sore enulwoaus/meeyr3not pass through a sterile filter wheoThBEyo/er3894at a

t enper ahdihsamk. Of&A}HSE aél@@@d 49 Qoatirfg th§ nﬁ%‘ﬁ%%%ﬂﬁpé’ ﬁy&r@plﬁﬁg EMY&HIt ToYovide
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be 50 LyjasHdQreatnRint ?&leed iy hffiflg of RydapHifid %noﬁlg&eN f\Jn%?f 2%%&1&8@@% Y dnfs

with one or nore sterile connec%ors to connect the fl'ex bag to e system
The usdhomergbmpesurigey Fyrther suchspragqsses apghissdasedingefesengen e ageous conpared to

gl ass bhottl es because the flex bag is | er then the glass bottles rre n| ng

that i tinmeHodsthahdo et edygn y%@%ﬁ%%gan ?ﬁglsm hed iggsalvsng tbi?née%mn hg53oipb

errul Si Q?dlrwmﬁt aaditiv& dnd thed tBd PighddaluEibn lSTlhib§ fé‘r&ﬁstﬂfgodlhﬂﬂolﬂul&i BembRnEk. sed
-SZ em.for the

011/.067673PCT/ 1B2010/ 0 nuf the e on
b RhPPaRitien R LY ) SRR SOgs POl BEUREIQH i ieteriies 27 1o
;arml Slh @3. Fohi IeSarﬁ}ﬂa, iﬁera&etjac uisalbkgs 4 nﬁmlﬂdd?mt piebaﬁdgeafhyﬂaiphﬂfasu&t&rgmmaﬁe& ed
or arl ceut In
L] b PP it Bps B B GR0 Ssfotgbles b ahnd Bist ey St S aRtptrin,
ar e bethaeiep aZr(ﬁ@%l&dgnteabﬂmtraﬁl@%olﬁm& mstueak enenee fidrmed nmkmglaqmnynﬁémolnnabout
10% t f . bet -5
0% LS A BES R Sole hoaiiAL SRR RN ! pRBIS iR TRL T

am2int solpfiow @mﬂ ptipitateng(the ﬁlyn 998 gbmnprang A hmllﬁn pra¢esemsllllasloe¢d iameference 34.
pol yoxyet hyl ene sorbitan esters (such as Tween 80) 0.02 to 2% in
part i cUiridagrprackiessoanobe asltin 1whick diyiophitic exsidiives @muptesens during membrane

formation and are also added later as a coating e.g. see reference 35.

Hydrophilization of PES membrane can also be achieved by treatment with low temperature plasmas.
Reference 36 describes hydrophilic modification of PES membrane by treatment with low
30 temperature CO;-plasma.

Hydrophilization of PES membrane can also be achieved by oxidation, as described in reference 37.
This method involves pre-wetting a hydrophobic PES membrane in a liquid having a low surface

tension, exposing the wet PES membrane to an aqueous solution of oxidizer, and then heating.
Phase inversion can also be used, as described in reference 38.

35  An ideal hydrophilic PES membrane can be obtained by treatment of PES (hydrophobic) with PVP
(hydrophilic). Treatment with PEG (hydrophilic) instead of PVP has been found to give a
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Span 85) 0.02 to 2% in particular about 0.5% or about 1% octyl- or

nonyl phenoxy pol yoxyethanols 10 (such as Triton X-100) 0.001 to 0.1% in
parti cul avoQoD@s7476 0. 02% pol yoxyet hyl ene et hers (suchpras/Bauo/eizdO) O. 1
to 20%

polysorBe ST RLRS ettt Al B Yl R b RG R Pnder Qg SO on Ll A
4.1-5. 3mplsien) andgl@qémdemnt@gqomheml@sesdnmtlehgga dyringfutseleyiegn 4- 6my/ nl i s
useful e.g. between 4.1-5 ocess is particularly useful for
pr epar .Aﬁ@reéwdd#oublﬁéa%ﬁltmhaﬁ@ ftsm hympﬁ;é SESantmbyprmand i sscopd ydperhilisPES
conpri shé&pbrasial ene, pol ysorbate 80 (Tween 80), and sorbitan trioleate
(Span 85). The conposition of the emnul sion by volunme can be about 5%

squal en@mabﬁyuro&nﬂ%ﬁ&%wm@ biﬂ&l@d@@h@d@ghrat(ﬂuﬁq Cundp Fveliua™ hHblyethedtifone! N
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DL- . L UBEREr B k7 RoFbYor B8 o g rielt e Ao Resiy ta08™ g

from 2 SterliteOVs dgdrepleliePES mnmﬁhné;canﬂl())%lﬁecﬂmﬂm:m}ms P&Sdnémbmnd) 3 to 3%
pol ysorbate 80 e.g. 4.3% squal ene, 4.7% a-tocopherol, 1.9% pol ysorbate 80.
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this 2 S e V.S y
be. pr a2 iR B ANTE RS My LlligR R, BAGAN AR KEREIE o PR
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2% sol ution, then mxing 90nil of this solution with a m xture of g
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resul t 'H&GrseWHhﬁ'mu@WxtHﬁH"?h&H? %ﬁx‘irpﬁ‘o Hhﬂuté'lr %r@&&ui’g tHle sdlohd exﬂul%ioﬁ%e@a%é"’ee”

100 and 250nm,_ preferably 30abdut Oonm enmul si on of squal ene,
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al so i ngdgsti tRe Brdd; AAIRCWIsad RdeRRAROIDSPhoryl lipid A (" 3d-MPL'). The
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riton an a 0CO cclnat e e
oo i cResaa RS o SRS AP Biert Eauiine 30 bR Qﬂ@gem% B bt

75:11:10 (e. 7501. 1g/ mlL pol ysorbate 80, -17-

2011/ O HE /Rt '1182010/ 003394 110gg/ mL Triton X- 100 and 100gglml

2otr%taflob I%ﬁllt%?ﬁ’ﬂ]r ﬁ\nﬁl)zatlo%one; t zﬁonl Qr? 8l?tl{ Btepgrﬁlhlglo }q'hlcﬂ?h %ragF ¥ize of
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The agqg a nt ai n osphat e buf f 8 3 A nul si o r|S|ng
squal etlhg antpeg ﬁm(l)gg%le%l%avmlgam p(k)ﬁlfgxye ti/ §en§6a rl1es?heégr %hyg)r Zrﬁﬂ‘pll?scs
noni oniscx ijr/rhlamtleﬂsﬁ(céO%mlpoleymm t@?l/mhaléssZ) cet ostearyl ether) and a
hydr ophobi ¢ nonionic surfactant (e.g. a sorbitan ester or manni de ester,
such asThe@veragenil dropletl sieet of emulsugpainsmec) hermnémelmjmg|thmﬁnstsaqdrse¢c@ﬂamuj/slonS)

t hesnorigyalesihhe: BRI sohRs at | east 90% of the oil droplets (by vol une)
with a sifze Iess than 200 tun [40]. The enmul sion may also 10 include one

or nor ev&hodsalfdhd Blent@n GhayoBY QL& Gt laY@ sRQIe! nfhu@% Hethéd ﬁl'd? %volv%gﬁ'&)a?ﬁ g a final
dodecyl mal t osi de and/ or sucrose); and/aor.  an al k\ééq >§¥? CoSi It “may al so

i ncl udEmylsionrmiting yolpme grealss fhagd lisere ankd digere RARI 155 aﬁ%h%%gl%leters

i ncl ude-230 sitkgkbrcr i N [41] . Such enul sions may be | yophilized. The
conpositions of these enul sions, expressed above in percentage terns, may
be nodiGrice ghebyil-inlbateli dntiilsiom hayrbee o fisrdiel ) i@ ina® be (r@nderrdd)in@istdrilé IS bottddsCThas 2

b f t 2/ 3 3/ 4 t h t th
ool e pRURARSBL A LG 03 R, Mt e b bt o s it o 4 "
squal em&nleaﬂ)mhle [i%.7) qu ysg)r ’Bm BexBithgarn webidut, 1004.se250 t[an size] Inladéitien, the flex

Concent at ed e F} solutio |ve a
desi reé) £ ﬁglbeg%trr?é yuho ra IOI(‘) F]no(r)ef st%rﬂe gm'%ctors to connectatﬂe néeh ag 1o the syspe)m L[?le

of a flex bag with a sterile connectors is advantageous compared to glass bottles because the flex bag
is larger then the glass bottles meaning that it may not be necessary to change the flex bag to store all

35  the emulsion manufactured in a single batch. This can provide a sterile closed system for the
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Enul sions of the invention are ideally stored at between 2C and 8C. They
shoul d not be frozen. 20 They should ideally be kept out of direct |ight.
| n parti cwbanii/sgeral ene- cont ai ni ng enul si ons and vacci nesmf;zmhveosbwenti on
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520 i VgO éon&éﬁgg\gﬂb of bgt%vega%aén%/{ni @ use%.ﬂ ett\zlaereg 4. F§ 3&%& r;% S%Jbg?nnéé(ﬁ cate,
pl ace mon@de/M@fBQMﬁm%@EBﬂdﬂ'ﬁ@BQ@B:)bﬁ@@@ﬁ@.1Jéo'img/mbf use then the vol unes
that are mxed wll ty?lcally be smaller than 1 mlliliter e.g. <0.6m,
<0. 5m, Thepraness is p@tigHarly usefup far prepagng 4ny df shehfollewiag oiltiniwaten swalsionsr
substantl ally equal volunmes of enulsion and antigen solution to be m xed

. d5 subst g praplsipn comp(ising squsdangepolysoriate 86 {8waen 80), apt sdrbitambiriplepist (heem

1 05:1 and gk 1T&5con%g1t169ro? the @hBTsRR! ¥y RELNREAN TheOARul s Chuhicke, Oa%%)lt 0J59%

some 5 enbodlnents er, an excess of enulsion or an excess of antigen

may be used’onA‘Z’Pate‘@\ﬂéP‘éaté’I‘It %ﬁ%esggblvarfwt%fln VRightispb Hieps ameunishegome A%

excess W | IsqasRr alsoy p@@s&batke@sﬁn(ﬂ- 02A8%, e:.m%tar? gné‘lea@ 2TRis ladjuvditlis Kfbwh as
>5:1, etc. ereaiht en and juvant are sented . as sep arate conponent s

within a kiMFPh %m%lﬁleaﬁﬂxﬂngagﬁ%&t iwlisriaate onsteréer OM ARGRTD [rErats ¢ |
angot hi s sepaeati on can be achieved in various ways. For 10 instance, the
conponents may be in separate containers, such as vials. The contents of

two viale mm&%ncdwnmng%qumn aﬂ@etaaq)herog (ldéan rBRMbEPphERS, GRNpEMhad
themto t her ar at eI ermw n

one vi al din I

Contents o0, Aakeel hablSOR (et ROt lreienfl o r% FBR Xaitigne o onet Habe®
ar r angenento-tocophe®l andfeorkiot3 tﬁ)(ﬁl‘?@pﬂl@mrbate 80 kg, &3%ydquilgee, 41766 &Jm@:ophdwlr 119% in
a cont ai ner

ncont o re hoBEa ot e Yetenl PP, g ein Roprerel 3 Bretitorty < b P BE R i o

be 2&i t hdr awnoviides @ mhdre s@bllewngésmnTBguaImw@dd cpolty‘scehats 80 inay Ibe psgscntrvgblrrmatw hén
be admi ni st.grad.j Q.3 B%&én%‘?&anot chIOAb% {yst F eﬁmﬂs‘? eJe' Aa?de’\%e&lLs%m%

Packi ng one conpdnent I mna he nee or usin
syringe fomobambetntSOaxdﬁBﬁut@gwataﬂ msolmtrpnaﬂmn hexmgB@mla«pfrtbu salrutlamgeth@nmxwme

two kit COIH??SE&‘ BLA "&rtgc(lbﬁglgl Lﬁgﬁﬁhﬁﬁlalleffé), ﬁlglﬂ)ﬂ{lé}gﬁthl}ﬁzh@ thd'fixture. The resulting

emulsion may have submicron oil droplets e.g. with a size between 100 and 250nm, preferably
30 about 180nm.

e An emulsion of squalene, a tocopherol, and a Triton detergent (e.g. Triton X-100). The
emulsion may also include a 3-O-deacylated monophosphoryl lipid A (‘3d-MPL’). The

emulsion may contain a phosphate buffer.

e An emulsion comprising squalene, a polysorbate (e.g. polysorbate 80), a Triton detergent (e.g.
35 Triton X-100) and a tocopherol (e.g. an a-tocopherol succinate). The emulsion may include

these three components at a mass ratio of about 75:11:10 (e.g. 750pg/ml polysorbate 80,
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sanme syringe e.g. a dual-chanber syringe, such as those disclosed in
references 43-50 etc. Wien the 20syringe is actuated (e.g. during
adm ni st rai20n/dems7a patient) then the contents of the twoTabzuryerssosar e

m xed. Thi %lépé/ﬁi‘gﬁﬂi'ﬁ'% 1 ge}{dq%()fl%ﬁll H%&pﬁ%l SRy, Qﬁcf"tlhége%bﬂ&n {at?o?ls?if uld e

of use. The contents of var kit conponents W gener a e ln
li qui d for rinclyde %ﬁentabwmgé ikase sompoEneBiiorentisensy fhe eplyion m@y@&ﬂoug@me a

conponent rgaiNpr., ’rmaé}nmknsn %Hyl a‘-‘!éool'ﬂclﬁﬁém%ﬁ'ﬁd?ﬁr) shéh amdw mralahé&ls %haée%?y
| yophilized form, with the other conponent being in liquidform The t

25 conponePRARAPIEEMHEWEL 0 or der to reactivate the dry conponent and
give a liquid conposition for admnistration to a patient. A Iyophlllzed
conponent i TSN SPIPrivie |sgealensed AR paHeAUSR SOIVENT, raaPRRPXYeHIEns alryl ther

Dried corrpql@@ﬂabﬁmeranomaﬁ& uglﬁfaetaabl (k! 'gZ eﬁo‘ly&%ﬂﬂy@ﬁe | @8) OSefosteaHEr @tﬁ@r) Oﬁnd a
manni tol, as m Xt ures act ose/ sucrose m xture

sucr ose/ narwiiﬁoahobm %9@9@& Suéfﬁeant&%g aogoggfﬂneesa«?rr%{n@é%ﬁlﬁ efleesuch py aerbaan

emul si on CQﬁﬂiﬁfb@t&torl‘Spa@ &@r)em EhEgioB ¢ préGeabi theAndrvipdible iaA®@6r Radtak K 90%
30conponent .in a vi

ccines, cont ent addition to
o e o of i 84 Hiblars iy YGGER P ih Brie S OmEnD Sm R TR HBIHER A flghe
t hage two Kl?(ﬂudéﬁﬂﬁ@ﬁﬁﬂﬁ‘SQf ardltmay ch@ppadctivohgent (dy. acdbufgart subhrxpdmylma&uslﬂeabl e
t Ci ventio r i Vi
component s RSO FRFE HifiofouisbEatt Fpe fye FeriRa s AR A et " masr o
be steril eWh353/\thIHJCd storrpos i doeo mot onghadee at sugsr Hog dBeld Suchaemuilsibys tiag b al

i's preferatf%PﬂB of a glass or plastic material. The vial is preferably
sterilized b e 'the conposition is added to it. To avoid probl ens WO

2011/0 0] 3 t t i S

pref er g%’lg gl flgh?% &04?98% %%Séé\ﬁsf Irg )g}argsts?tgdc() aﬁ&% hfr?of%n gé ltqg&en%%yg?n?é{&%e? l|)yn

al |15pacsklag¢mgr eracentiandn (esg. by ehdnteged, SUICh ap ﬁ@rén@dm arfrpgtionasugh ab 2Raer H4bin v
rubber ﬁﬁ&%@fr Tatidd§ta 'tﬁé sdIRe/ FgPHs&i@: 3 zefditgl:&hcgﬁﬁa%‘e Sé%hlbe}{a%%&ﬁ%% or

it may i ncl ude nore han one ose dose vi al e. g. doses.
one enisBealensnebous 1Vh aplyserbate Rsandpabeup 1 Yssambitagotieleatss C@ﬁiﬂng?@ﬂ forgps, @@eber ed

vials Qﬁlﬁtewig with #PInAELERTBhPOTiveh dsiRdd S chiRVraMiof 8Perh@siBn. @ Luer | ock)
adapted such that a pre-filled syringe can be inserted into the cap, the

c o nte ntﬁnmiloﬁshﬁf thY irivegieonCas ideall R ¥Rkl £ betwileR 20D any Bed. iRy Gholl® nbESORELent u; e
can pe renoyve

hi | j.zed erein), ont ents of the vial

g e S eefy oe et o 41 i Y RetgyPs S e Rr G ransons fibal o
can t hezacdil&:s afftthe redntiondshobil 0pfoasictito ravcﬂrplfw)cadﬂicall biesitdedntdd squalene. If
10patient, .The glap ist. r ef etraglr% Iglcat ed |r]1) ide a s g i‘ ovey such t hat
the se&fuionesldieipgnt ‘barBE"F’ RPSBS AL ODHE 2R A TANOBICE €5 82 86 Eher e a
corrp05| tion/ conponent is packaged into a syringe, the syringe wll not
nor mal IKFCFHE% a needl e attached to it, although a separate needl e may be

suppl i eﬁgth%émlt tls}}?osﬁg tg' gcfmlfnﬁEer %ﬁﬁﬁ%k eﬁlﬂgion adjuvants on their own to patients (e.g. to

25  provide an adjuvant effect for an antigen that has been separately administered to the patient), it is
more usual to admix the adjuvant with an antigen prior to administration, to form an immunogenic
composition e.g. a vaccine. Mixing of emulsion and antigen may take place extemporaneously, at the
time of use, or can take place during vaccine manufacture, prior to filling. The methods of the

invention can be applied in both situations.

30  Thus a method of the invention may include a further process step of admixing the emulsion with an
antigen component. As an alternative, it may include a further step of packaging the adjuvant into a

kit as a kit component together with an antigen component.

Overall, therefore, the invention can be used when preparing mixed vaccines or when preparing kits
including antigen and adjuvant ready for mixing. Where mixing takes place during manufacture then
35  the volumes of bulk antigen and emulsion that are mixed will typically be greater than 1 liter e.g. >5

liters, >10 liters, >20 liters, >50 liters, >100 liters, >250 liters, efc. Where mixing takes place at the
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use. Safety needles are preferred. 1-inch 23-gauge, 1-inch 25-gauge and
5/ 8-inch 25-gauge needles 15 are typical. Syringes may be provided with
peel - of f Wehelweosr3whi ch the | ot nunber, influenza seaseoTaBzhies@ssati on
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at t ac hrpesferably bzwehéém lean hd Of?h@dtm@redaifeﬁablymeéve@ﬂdbq%ﬁ ln*ﬁH’el &023). Busappe

r ubker .enlobdi@tsSHwIBE aﬁ%ﬁcé@?@ﬂérﬁulﬁfﬁ opa%ﬁ&@sdofsaﬁagé @J: Be h&arm]h me&sﬂ e
is preferablyfltted with a bber shield

di | ut edXest KOlUMBGf P‘&CO&HOB?ntt‘Sousﬁ‘éék“a@‘icﬁﬁ wiltegnegally by at 6‘?35'611 %9/ €i&h @é 1, ?% leal
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25 [66,67]). Thus vaccines may include between 0.1 and 1501,tg of HA per
i nfluenza strain, preferably between 0.1 and 50pg e.g. 0.1-204g, O.1-15pg,
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Bacillus anthracis, Epstein Barr virus, human papillomavirus, efc. For example:
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WO 2011/ 067673PCT/ 1B2010/ 003394 A solution of the antigen will normally be
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prefer a;ol y 1i'iﬂ]ﬁmd @ymgaﬂa)cbe? geasftﬁarah@sﬁhﬂgncmawg(ze Betat ﬁmmmy teverge gérricar d
ure) p ose P a <0.1 E ose. The 0 OSItI nls
or aPer abi § EHTRER e 12e RO P RO T eRRA i e
| nmruni zat i (MPRxmmwsr (nplaatle 6reepaeita ifrofro A/RRIB/BH,pvh itentIAi ahd tN @é@nf(nlts l@emga
“mul tidose' ncl us' on_ of ervative n.mul ti
arr angenent®0 5 3 dacolid tar?:l& ifed grgaﬁsﬁ’/%’@l AR it Hsegtaerlgecfouﬁeglag’(g?ﬁ%%e S?I’urre
of about O0.bbrtowmatitheooglkgss (aal émbiysmatéd han eggébahmmtceﬂ cRBurt) Wierg doB culture is

adi ni st e el 6, L0905 § LSALIRGN coPtk S0 AHERS KRy Ofaihe

vacci ne The | nventi on provi s an conposr |on$ prepare usi ng
metldods of HPHé, VnmerMRSrﬁ, PHERCo.0 Ne3; td'on Lrefereadamenimabaocdlil diges dort prowing

met hods of ;ffienlNViaREL llﬂiéel\/ﬁ}ﬁll{q%ghse 362591208 V3 S Middh erlJSz"JEﬁ&eH&&de?m S

and the |nvent|0n I ov raISIng an | nmmune response 1n a
Datient, za@mrmlrsggmgzr Herived digmoA Risgisries reankesghiduesh OB PER Abaisils [ depvedhe

patient. Thenl RYRMH EABryBhis QethoBl‘ébtgeWhEﬂée\ﬁﬁls ial Be&”%io@ﬁ BROS bR Rard 11 HRE as
medi canents. The invenfion also provides the use o an aqueous

pr epar at i ofhef thgFommepitiem wilkdvantageously &p | freenirom ege @ﬁi‘?l‘@?l 6% Wé‘b&mé’dmd
aceordi ng toQorhhi®id)ine HohPéhicked BN, tH&ELY AQLMAE alRfrgchidi® JURRABIRE of Pdccin@iafd NI

an inmmine rt}?psl&ﬁgss?anldgrd?zeg %y re?erence to hemagglutinin (HA) content, typically measured by

SRID. Existing vaccines typically contain about 15ug of HA per strain, although lower doses

can be used, particularly when using an adjuvant. Fractional doses such as 2 (i.e. 7.5ug HA

per strain), % and '/ have been used [64,65], as have higher doses (e.g. 3x or 9x doses

25 [66,67]). Thus vaccines may include between 0.1 and 150pug of HA per influenza strain,

preferably between 0.1 and 50ug e.g. 0.1-20ug, 0.1-15ug, 0.1-10pg, 0.1-7.5ug, 0.5-5pg, etc.

Particular doses include e.g. about 15, about 10, about 7.5, about 5, about 3.8, about 3.75,

about 1.9, about 1.5, etc. per strain.

e Human immunodeficiency virus, including HIV-1 and HIV-2. The antigen will typically be an

30 envelope antigen.

e Hepatitis B virus surface antigens. This antigen is preferably obtained by recombinant DNA

methods e.g. after expression in a Saccharomyces cerevisiae yeast. Unlike native viral HBsAg,
the recombinant yeast-expressed antigen is non-glycosylated. It can be in the form of
substantially-spherical particles (average diameter of about 20nm), including a lipid matrix

35 comprising phospholipids. Unlike native HBsAg particles, the yeast-expressed particles may
include phosphatidylinositol. The HBsAg may be from any of subtypes aywl, ayw2, ayw3,
ayw4, ayr, adw2, adw4, adrq- and adrq-+.
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30 The i mmune response raised by these nethods and uses will generally

i nclude an anti body response, preferably a protective antibody response.
The conposotzonms7ezan be admini stered in various ways. TireTnBak10/po38d4Lr I ed

i muni zaj LSy scu ] nta. t

og) . bt QRSAEE, bRuRa el S | nck UaRRA M Bkl s BRRE R ke
[ 77-79], orregonfigght AnMIXder(asicii-Bie gnjtallapreierselupndienas, aspardin shmmqmblr[ase]
etc. VD 20006007 IR ARR0L acabiay 199585604 dked Orold

i nvention Q be u)ged to g"'rzeat p%?%%éﬁl | dr enﬁéﬁﬁr% %gSt@I'ﬁrhegggt fggélprorg;[s be
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| east 55 years oI d. The pat| ent may be el derlay . >50 years old,

pr efSer abPy Baspes\siraplex virghantigens@l SV, §. prefsrrgd HSY emnayn fors s ith | they isglention is
patients, hgahi: ?comésege n@sr;;?e%n%@wﬁsewmn Qi gV AkitaiR PN ARlgen). The

pregnant 5Swonen, e chronjcal I, . i mmunodeficient patients, and peopl e
travel ling caepe%pn RIS aéemhe%g%prewmb thg ¢ tterpyinal swré’lrgrlefaaﬁhqr egien baschaps |

however, arzﬁletmw@]ee HLGRRICE DR FMsing alinPadd@PUBEE bOMe n¥afS pRRSin Qfithtihe
i nvention X dmnlstere to. patients at sub a}ntlall y the sanme . tipe as
ga ‘E‘Hféo I8t

(e.g. duri C aprseBm e iR 11t FORmyRUSy f Bistiom OF s upleicay ldes the

pr qfoeg Si On&lghalopépﬂﬂe waich Redeaved e iyTBRH b ahfuler 136 A6 adid TH6tein)\DRIMti0R Hfahé O
provides a

t ho uf acture of, an_.oil-in-water enul sion,

conpri si ng aﬁfE}WS ™S tETF?%?‘%W%fpr?af‘?drlgtm]@ﬁlﬁlf%‘?‘bn to forma second enul sion
and then filtration of the seco eflrst enmul si.on has the

oo heror ) g nallioRindarEaR TP ST Bleh U okl e R s o M epristhrse

f or tge malrmf eapsidr pro@insa which ]gdmgsgemerg enfd)hﬁl Ismlptummfd\x&i ﬁv?vfrhd Iilﬁdi'ghm'leﬁf a
second enu sk m cro i ed e Sl rafl u .
o ot on TP, The S8 o BF P RE SeePingh OfRprebtion AL T Ro s sRi (e, i

pr dvi des a Svetdviéke) or intihecnetisl{ag tinSpodoptean M]s,csunheas 8 prpperglang io@rbiophily an

emul si.on Wk 3y m? pRRREEL G ?5"%%%5?‘?‘. 13%:ch0%) AREES 2l SBAcﬁfoms

descri bed above. di nen
i nventi on ivadbden carAy rtﬂEt hbgetiags). Myae pmﬁmlzimthq: eompowtlcm includesnak é’rLPerﬁqﬂnsl on

conpri si ng 3EURPYNR arﬁioﬁp{/'l ' frﬁt ¢8R tifald gt )COlan{ngﬁl; J.Ien"%ht)\!vﬁ %% Pgiﬁ#gﬂ on

haV|ng a first averaimﬁ Sl Ze, WICYO lzatiron o
first enul sfieetived7thb édlge@ém Pl endoHP FEping, gelé@h‘@ reveiblade ielyde L1

dropl et si ag patidpHPY -6 88FHPYAN éﬁfhsf Tﬁé&se%‘f%ﬁ&g@m@'ﬁP\ﬂ&Pﬂs‘% aflb {a@ssxlﬁé‘%
(ii1) filtration of the second enul sion usin I ¢ _menbr ane.

met hod for “effaneraRUnglude bewem 29- QﬂHg/meWa%‘&ug‘é‘}Hﬂ@D El BHHRY STy st eps of
(i) formation of a first emul sion havin l? a first average oi | droplet size
of 5000 tm Adhrapaptigens jnthrax, i5f sayser] PuthdsHliustantiracis.i SwtablenBiagihereit antigspin a

second enulisdi@ A¥in aleatsqw@a&&qmagal@edenﬁrf@able(m) I)SthV\G'ﬂ \mlﬂch Sad ﬁﬁfe 4 han
the first average oil dro Lgt si ze; III%‘P@ {rtlono esecB,

emul si on usPHge %)?8‘?18?)‘}? wabﬁi)pgfﬁgctlvﬁ REsRod Aol e ARISFRS ARy ARticaalyr by

oi 1251 n- wat getorifigd Hudther detdiRchisbdfpufid 8psfeddncéd [V2 toT4mmt i on of a first

emul sion having a first average oil droplet size; (ii) mcrofluidization of

fj he }‘i r st Ira@oanufgal sf ox maﬁﬁ@e@ﬁ)ﬁdzufmbﬂe&h@éhshﬂvilﬂ@wﬁi Sanable Aaugisdaclaid
rop et siIze | an t he 1St av a et .s -oan
O oPY et F B S B SRR R S oLy Staaqﬁvdﬂdaﬁﬁ PP 146 B, 20

pol yet her s @lapbonie saehixidersatigens are ideally conjugated to a carrier protein.

e S.pneumoniae antigens. A variety of S.pneumoniae antigens are known. Suitable antigens

30 include capsular saccharides (e.g. from one or more of serotypes 1, 4, 5, 6B, 7F, 9V, 14, 18C,
19F, and/or 23F) and proteins (e.g. pneumolysin, detoxified pneumolysin, polyhistidine triad

protein D (PhtD), efc.). Capsular saccharide antigens are ideally conjugated to a carrier protein.

e Cancer antigens. A variety of tumour-specific antigens are known. The invention may be used

with antigens that elicit an immunotherapeutic response against lung cancer, melanoma, breast

35 cancer, prostate cancer, efc.
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WO 2011/ 067673PCT/ 1B2010/ 003394 A nethod for the manufacture of an
oil-in-water enul sion conprising squal ene, the nethod conprising the step
of (i) fowombilan7eB a first emulsion having a first averagamiboasop! et
Size Ush BluRod\ATROSRIZER will WBRAlybelhfed WikneERISRR S & 4 21 MBfhmRYratio. This
circulating the first” enmul sion Conmponents through a ﬁ]ormgenl zer a plurality
of ti meBiXing cap fiEhen bRIPFTOImedby nipngingaranufachrerapriosiq filling.eacen beprifosmerhat the
conpr i ol oBEHéabeNRoalthdiee WEiKBOd conprising the step of (b) _

m crof l'ui di zation of a first enulsion having a first average oil droplet
size t :S6C yyl si on having a second average oil droplet size

whi ch ?;Ja?}(;a'gzée% ’E“Zﬁ%ﬁ%ﬁ T st average oil droplet size, wherein the second
enmulssi abmdsitiohdmaddsing the Wettidds 9f tHecinGeEion dreqfhdintdcomnicalypesepable. Dhey may
transferring the sec.ong .emul s'bon clo.ngon(g{%tles f.roU1 a 10 first emul sion

cont ai ABFUAGSemBaRARTSn Afdition (g the gpilgionRADd he SRUNRLIME R 0 a second emul si on
containgr, and.then thr h a second mcrofluidization deyice, wherein .the
first o oliSrleinar BFRAP Ardatanruth i Biondeel fEuRemo L ISR ne
manuf adioweeerpthatathe vadcine shovid be substahallynfreedinmi (i less thpasisg/md) raertuniad inaterial
enul si on i fi erage. _oj | _drople I Z. h h a

i or of 1 S Sres LTI Y& S it CondloRBuEconbifie UG o more profemed
avgnag i o) Size . whi S, fi s i t
o SO el & Rtecbg Rl Ry DO ERch S b, bhd Shr PRI AU O
whi ch Gohpg.ibebueen 651 andal 3. thyprotesy of theénvehaemmpythareébre nchudg ialstearof adipgngdkd ng
modul e §P5Mhd SicBle Bliodl 16 35dka036 Channel ; wherein the auxiliary processing
nodul e plcﬁs) posﬁc?loﬁgﬂoég%nspagleg'm of the interaction chamber. 20 A nethod for
the manyfachib&id isafefiably el Ble @MpoSitiON i CRABRFbE) ﬁlﬂl—ﬁﬁg%]eﬁfce@%ocfonﬁﬁﬁég ng
a first emul sion having a'first average oil droplet size through a

mi cr of 1Ui BVz&ndasprinaiite@ tendersy measued s dlosen ang; orsferably g laEYersndpsavEhage
oi I15drQghﬁgsim@igpygﬂrmygménq&%_ than the first average oil droplet size;
wherein the mcrofluidl zation device conprises an interaction chanber and
an auxiTheadoynpdki€i6® SisdyNc el haterfa0 TR b Sdikide amPlubizatdnt Yor GhayC harude | hater?dd br

met hod fqr. .the manuf.actyre of an, oi,l -in-water enul sion conprisin he, step

of  pas<PLPIS PP AgsH Qron Ui akipr T0E BYERA 8t o PresrURIE s S eh bugh

a m cr afilludadt Zedrigementevi ce to form a second enul si on having a second

average oil droplet size which is less than the first average oil dropl et

si ze, Weecrieenart hgpicallyradhdinistelfed ab iaadvsafewohene ofrphous € Smdnalihotgr adbifaosectiznber

an(}omh%{)gl%t_rbztsgﬁ)nl%%t?gmmgeﬁetd%c@m%si on conponents at the entrance to the
arber

30interaction ¢ I'S Substan |alT'y constant for at |east 85% of the
time dg‘rliﬁa%{f\l\gich the enulsiqn is fz intq the mcrofluidizer. A nethod
for th {04 Fegfment pand administigtign ok fredERIG on. conpri sing the step of
formati . i : -+l S L j i I i€
wner o P of rerfion pRjacE s ind Lo Lo Cpich ] wBNE UFOMetols S R lentiofThe
e.g. nicPRPeutionsPreparedtacgorgingds heemgthodgot e gnvsntingy are 3uitaRlg o [gdppimigratipn &
nmanuf agiuag pafients, @hd theTmVEHRH REHES et WP AiSihE dn iudé eRpOise RR2SPaENE@

first emul sion having a first average oil, droplet. size through a
mi &Pof 10MATSiag thssteg P‘@@HESEF““?\E)‘%CPFW?‘G‘?%F@C%R%‘f@tlol 003394 form a second

enul si havi n secaond average oil draoplet size jch is less than the
Flrst ersaid Fmopierner K9 s iarien Pey HESTe g P CRRE Second emil si on | s
carried,out under .an ingrt gas, e.g. nhitrogen, e.qg.. at .a pressure pf..up to
575" barTme PR U ek ot 555 B GhOGEorshfhiigh el g o fnd B
conpr i ilnig-vadter Esuddion prepdred agbrdimg toSthefinvention;, i the mdnsfaoturdafra ngpdrametsfor
average_oil droplet size;. (il nrp' crofluidization of the first enmulsion to

. 1)
raising a June reSponse 1n. a?xe . . : .
form a '$8CBAd eI an Navi rPg a second average oil droplet size which is

58,10 6ty P08 L gLy PG b LS BRES e

f 1 ex bapgeferably a protective antibody response.

The compositions can be administered in various ways. The most preferred immunization route is by
intramuscular injection (e.g. into the arm or leg), but other available routes include subcutaneous

injection, intranasal [77-79], oral [80], intradermal [81,82], transcutaneous, transdermal [83], etc.
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General 10The term "conpri sing" enconpasses "including" as well as
"consisting" e.g. a conposition "conprising" X may consist exclusively of X
or may irwbudﬁ/amxwet hing additional e.g. X + Y. The V\Drdc'rﬂﬂhﬁtb/mtsiml ly"
does n : ' a

froor fiSaies PEpupE AERENY jreSpouBp SRAPRPLGIE ool Kl oS iR ATk

" subst apatitriiniay beresy thee lcmmt Qlé,d § years ollcleS -d&eans eldohd-pt yqarseold,rwehlteasm 55 yqatssrhe
term” Ufhe Ji bRt i a or
excanpl ot oA B e, @er STV ENEY L6 Ak AREhod 8220 Feart OF

m xi ng @l heppiialized Bamptﬁnémléwame\gorh@’@, parpdi seavigh wnd paidiiary despenel, prRgnant

M XisNg. wohdS tHeQRRARENY 81, %ﬂﬂml?@deﬁb%%dn@n@%d %&iﬁé trax)éhﬁfg%b%dﬁ@rﬁleaxfa@mh&ra?@
conponent s f hen two conponent s can be conbi ned each ot her, and then

the corfiSf sbls ﬁolﬁb(f%'ées?mpﬁéwwwhaﬁ%ax s yogd E’@Fﬁp%?ﬁ%fﬁ’(ly ingt ROPUBHOer e
ani mal (and g é&llecul arly bOVI ne materials are uslg)d in thﬁ cul ture of
celI's, Y#EPesAblednyatighmay ecrdripificesd P qakenth at substaniialiydhg segpg time as (e.g

t r ansmidusinptie sSrﬁ@ﬂ@ﬂifcﬂrd&hﬁﬂl@ﬁ&f'@\Q@ﬁbhllﬁﬁlt}(cﬂ}slq_;iiéfessﬁ)lﬂﬁll) bthePaktinedll ar free
from bovi ne spongi f orm encephal opathy (BSE). Overall, it is preferred to
cul tur e,n%}nggmge%&%e; otal absence of aninul-derived nmaterials. BRIEF
DESCRI PTI ON OF W NGS 25Fi gure 1 shows a specific exanple of a
hortOgeriF}z:envdnham alsaprdyédes aadethad foo e maiﬁdfacsmre eiffah Silain-wakdr guruisich, stiapssing

detai | rgltcro%u{&?za?lon ap %i f?rg trﬁ&lmg? % &G a gmllswn th th ?’?t%?%g f%ﬁe Gccgrlugur €

3 sho essure pro of or a sy nc ronous htensrt

Figure enmémvé“haﬁ@ cmmoohMebharMWa@tdwhcﬂahdwr. Fi gure 5 shows a type
| circulation, whereas Figure 6 shows a type Il circulation. Containers are
30 | abdlhednyentiomalsoupevidss agméthorotpe thez manufacting lpé lap @ilas-wager enisias cOLPritng

order qfjfdodl ot a@yﬁm&mﬁ{ ‘?eszhﬁﬂ@oﬂdlﬁlzgd &Hﬁl@loﬁ f ﬁﬁﬁﬁﬁﬁ%@d%ﬂ{m hz;svfge

|nput arrows and two Output arr ows In rea|ty onobgent zer

si gl e chapeierigisadeseribedripioe- si ngl e out put channel . WO

2011/ 067673PCT/ 1B2010/ 003394 MODES FOR CARRYI NG OQUT THE | NVENTI ON_Exanpl e
1: The drunsngan alsppenyadss @ wethed &idhe pnylagpnple wcingoimnisiecombiung & and

sodi umeguldigH RithsH dtigenVortRrd thé ERGIAMas 1hE Chatittérititd digeritRi dhovepeed, ,
rotor/stator honogeni zer (1KA Super Dispax Reactor DRS 5 2000/5). Emul sion

starti 80L and 250L were used and the speed of the
homge%ﬁgﬁb\?\g?‘gg’t tgt 5000 1000 rpm The tenperature of the emul sion
dur i ng Specifig embadiinknts of\as prea¢nn irvieideh iatludel ow 60C. Three test runs were
carried out. In the first test run, 280L of the enul sion conponents were
sul?pect o A method for the manufacture of a oil-in-water emulsion comprising squalene, comprising

steps of (i) formation of a first emulsion having a first average oil droplet size; (ii)
microfluidization of the first emulsion to form a second emulsion having a second average oil
droplet size which is less than the first average oil droplet size; and (iii) filtration of the

second emulsion using a hydrophilic membrane.

25 ¢ A method for the manufacture of a oil-in-water emulsion, comprising steps of (i) formation
of a first emulsion having a first average oil droplet size of 5000 nm or less; (ii)
microfluidization of the first emulsion to form a second emulsion having a second average oil
droplet size which is less than the first average oil droplet size; and (iii) filtration of the

second emulsion using a hydrophilic membrane.

30 ¢ A method for the manufacture of a oil-in-water emulsion, comprising steps of (i) formation
of a first emulsion having a first average oil droplet size; (i1) microfluidization of the first
emulsion to form a second emulsion having a second average oil droplet size which is less
than the first average oil droplet size; and (i) filtration of the second emulsion using a

hydrophilic polyethersulfone membrane.
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to type I circul ation, between the honogenizer and a first prem X
container, for 20 mnutes followed 10 by a single type Il circulation,
transf er rwogoting7d7sr st emul si on conponents from a first ppraB2010/8i339al ess
steel conjai ni.ger eel
cont ai ner - andetiot EHE L pRBNATHARE b ag6e R Y Bk Hedptngt
280L of the cermhsng) thecstappd g rfmmawm ef & G5t emtﬂer@nth@wng péir$t agémgadihdiopletf size

bet ween the Jgi n LEMonSit ' 1sidPr 5
Ut o 1 of I'gBd o Ehi B pfreln H frliclcton™s rblely RGlpE AR RO -
conponent s fcpmﬁp%?nlsﬁhlfopglmh‘pﬁﬂ@gﬁn%ema‘#wﬂ@s@tme@el contai ner, through the
honogeni zer to a second prem x stainless steel container, and t hen back
thrdugh t he HBielgénpribe mapufapfare ofrantoibinewitsr epudsion easeprisingesqualene; giermasthod n
the third teshphitife &>ty Bf (h\icRITHidRAn CREPAICBRTISOR AL BRI aldadYRP !
circul ation, be t ween honogeni zer and a first prem x stain|less steel

cont ai ner, fd&epl %lzmtmfﬂr@sa qequcﬁn@ﬁswyhaaﬂr@i higeend ayseage pil draplaisige whied, is less

transf erri nghdnhfe fitdt aberSIRNiP 88Plef G50 WHRLS tHes0¢¥nd eiﬁulls%n RISy b?rtc@r‘cﬁ'lhﬁ%gs
steel contai her, 20through the honpgeni zer to a second prem x sfain|ess

steel cont aithesecond gmulsion eaPRNeNY Bngﬁn% fereing dhptfepnd, emuion qqmPeRGRis froipeti x

st gonl ess stpal e:ﬁ@ﬁbﬁldaﬁfamefr h@rdulh Sd ﬁ%ﬁf&]ﬁldﬂ@ﬁoﬂméﬁbzﬁ%&ﬁ& i dmulldiorhad
an average oil rogggt Si f 1200 nmoyf less a nber of oil %(g)ﬁ)c{ ets

having a si £8M3ie5 aqd fhep § OBg 2 §esgnd gicrguidigation é:"ﬂ” aeindhy fist apd hen
subj ect to nmiefofihiditiatlbr ddvide ate@hd @ft® @ second enul si on. The enul sion 25 was
passed through the mcrofluidization device five tinmes. The

gi cr ?f | ui dLZAatnildi)}ifbddﬁ)ti he MamfRARE a;geﬂ afgl nbgzhtggemuasmm emhm@ ypaﬁs%g anksB800
ar (1.e. between ,approxLnate nd.1 | si on was
ol nt i ned. S UHSBIES (LR GTaa 91 SesT I AT OEILE BRI BRI R O T & he
usd5of a coekdond emabivartiasing akeeondewernge eilrdiopleosizevavhich helesssﬁhe:r thleeﬁrsft Iaivér&geed
30The avera of the ail_draopl |nth filtered emnul

test run mat% Eit %ré)% @bglgl fI"CAL ]inotrlllef i© “’3{#‘%‘&“ Vlﬁ@anfnp et nﬁerPc ot e g m%SIf

t he enul si orvhichurcomgrisehea fplurslity ef Cotype auhdnn'ehsl aod taps huxiliarg pzracessbmg fmazdw: in
Tabl e 1. Par ﬁ'ﬁggﬁﬁﬁ% Q{' 'léaitF éﬁersn Eh{]nﬂ;lm%ﬂ%genrg the! Mpa{ggq%;&égsi% I;"A%%{lleolfs ;%'sitloned

droplets w't
downstream of the 1nteract10n chamber.

20 ¢ A method for the manufacture of an oil-in-water emulsion comprising the step of passing a
first emulsion having a first average oil droplet size through a microfluidization device to
form a second emulsion having a second average oil droplet size which is less than the first
average oil droplet size; wherein the microfluidization device comprises an interaction

chamber and an auxiliary processing module comprising a plurality of channels.

25 e A method for the manufacture of an oil-in-water emulsion comprising the step of passing a
first emulsion having a first average oil droplet size through a microfluidization device to
form a second emulsion having a second average oil droplet size which is less than the first
average oil droplet size, wherein the microfluidization device comprises an interaction
chamber and wherein the pressure of the emulsion components at the entrance to the

30 interaction chamber is substantially constant for at least 85% of the time during which the

emulsion is fed into the microfluidizer.

e A method for the manufacture of a oil-in-water emulsion, comprising the step of formation of
a first emulsion having a first average oil droplet size, wherein formation of the first

emulsion is carried out under an inert gas, e.g. nitrogen, e.g. at a pressure of up to 0.5 bar,

35 e A method for the manufacture of a oil-in-water emulsion, comprising the step of passing a

first emulsion having a first average oil droplet size through a microfluidization device to
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45.1 x 106 WO 2011/ 067673PCT/ |1 B2010/ 003394 Table 1 The results from all
three test runs are excellent. However, the results in Table 1 show that
test run wopondisced t he | argest percentage reduction (92cHAB201mod3Ber number

of particle | i ' [ &3l ed
to the nunb:fPM%%gg%ﬁg egn%lsf(h 1ha%g%]on%c&nie ‘ltggg %h% i %r éx; H“lf Sqéa}%)%? IR
honogeni zat iayaragé pd lgilrcmlfrtcsnzepahcremnfonsatmmmftthg@ecnndmmelsloofls typed put under an
circul ation gl bavwed gy g’én}é’é’%tébre%u'}ec ,@ttb@rg baEXanple 2: In further

experiments a frrst erru?s lon was forned by type | (Figure 5) or type 11

(Figure 6} cj "n&‘e‘tﬂoﬂttbpﬂle nFaQﬁxF dch¥EoS LB ﬁ‘ﬁr@(v%te? Bﬂﬁﬁlsfo‘ﬂeccﬁ‘}(;ﬁ{s e{i!yl i q_f&Hna i6f 9€S

particles per was as ficient 1.70
x 109 0.23 W@eﬁqsq emulgign hg@gg@ first average oil droplet size; (11) mlcroﬂuldlzatlon of the first

emulsion to form a second emulsion having a second average oil droplet size which is less
than the first average oil droplet size; (iii) filtration of the second emulsion; (iv) transfer of

the oil-in-water emulsion into a sterile flex bag.

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

“comprising” X may consist exclusively of X or may include something additional e.g. X + Y.

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

omitted from the definition of the invention.
15  The term “about” in relation to a numerical value x is optional and means, for example, x+10%.

Unless specifically stated, a process comprising a step of mixing two or more components does not
require any specific order of mixing. Thus components can be mixed in any order. Where there are
three components then two components can be combined with each other, and then the combination

may be combined with the third component, etc.

20  Where animal (and particularly bovine) materials are used in the culture of cells, they should be
obtained from sources that are free from transmissible spongiform encaphalopathies (TSEs), and in
particular free from bovine spongiform encephalopathy (BSE). Overall, it is preferred to culture cells

in the total absence of animal-derived materials.
BRIEF DESCRIPTION OF DRAWINGS
25  Figure 1 shows a specific example of a homogenizer that can be used to form a first emulsion.
Figure 2 shows detail of a rotor and stator that can be used in such a homogenizer.
Figure 3 shows two pressure profiles for a synchronous intensifier pump mode.
Figure 4 shows a Z-type channel interaction chamber.

Figure 5 shows a type I circulation, whereas Figure 6 shows a type II circulation. Containers are
30 labeled as “C” whereas a homogenizer is labeled as “H”. Direction and order of fluid movements are
shown. In Figure 6 the homogenizer has two input arrows and two output arrows but in reality the

homogenizer has a single input channel and a single output channel.

-26-



Thus the type Il circulation results in fewer |arge droplets and |ess
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10 by a single type II circulation, transferring the first emulsion components from a first premix
stainless steel container, through the homogenizer to a second premix stainless steel container, and

then back through the homogenizer. In the second test run, 280L of the emulsion components were
subjected to type I circulation, between the homogenizer and a first premix stainless steel container,

for 5 minutes followed by S type II circulations, transferring the first emulsion components from a

15  first premix stainless steel container, through the homogenizer to a second premix stainless steel
container, and then back through the homogenizer to the first premix stainless steel container. In the

third test run, 250L of the emulsion components were subject to type I circulation, between the
homogenizer and a first premix stainless steel container, for 20 minutes followed by a single type II
circulations, transferring the first emulsion components from a first premix stainless steel container,

20  through the homogenizer to a second premix stainless steel container, and then back through the

homogenizer to the first premix stainless steel container.

The first emulsion was homogenized until it had an average oil droplet size of 1200 nm or less and a

number of oil droplets having a size >1.2 pm of 5 x 10° /ml or less.

The first emulsion was then subject to microfluidization to form a second emulsion. The emulsion
25  was passed through the microfluidization device five times. The microfluidization device was
operated at between approximately 600 and 800 bar (i.e. between approximately 9000 and 12000 psi)
and the emulsion was maintained at a temperature of 40 + 5°C during microfluidization through the

use of a cooling mechanism.
The second emulsion was then sterile filtered.

30  The average size of the oil droplets in the filtered emulsions in each test run met the specification for
an MF59 adjuvant.

Other parameters of the emulsions during the first, second and third test runs can be found in Table 1.

Parameter Unit First run Second run | Third run

Number of oil droplets with a size > 1.2pm in | /ml 437x10° [564x10° [451x10°
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[17] US-6,193,077 [18] US-6,495,050 [19] Chen et al. (1999) Journal of

Appl i ed Pol ymer Science, 72:1699-1711. [20] US-4, 413,074 [21] US-4, 432,875

[22] US- 4N6401148267B23] US-4, 473,474 [24] US-4,473,475 [ 261/13&1(4/0(633& 504

[ 26] EP= 4/r US4;943, 8374 287456, 071, 4G6 291 US74, 705, 753
Sl LT

[30] U US- 6, 495, 043 [[B2] US-6, 039, 877 [33] US-> 277, 812
[ 34] \ 2% 4985, IR0 TRGT v Fa& Fi (62002 pgerrat| of
Pol yngr Sci ence art ;2 gg?yn}e?r] aﬁ‘ﬁym 0@40 24€gl §7li 1 2006 })Osﬁ46
filtration
Table 1

The results from all three test runs are excellent. However, the results in Table 1 show that test run 1
produced the largest percentage reduction (99.5%) in the number of particles with a size > 1.2pm in
the emulsion after filtration compared to the number present in the second emulsion. Therefore, the
5  best homogenization circulation pattern is about 20 minutes of type I circulation followed by a type

II circulation.

Example 2:
In further experiments a first emulsion was formed by type I (Figure 5) or type II (Figure 6)

circulation. For five separate runs the average number of larges particles per ml was as follows:

Mean Coefficient of variation
Type I 1.70 x 10° 0.23
Type I 1.04 x 10° 0.13

10

Thus the type II circulation results in fewer large droplets and less batch-to-batch variation.

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

modifications may be made whilst remaining within the scope and spirit of the invention.
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met hod (f or the, hﬁ%ﬁ&' rnqan(d ac ré/ %‘f’ca' D&ecidl é{ﬁmﬁt Biilin. Ate hﬁﬂisuﬁ{ﬂ:‘&ﬁb&%g
ene, t

corrprlsm squa ngrlsmgt e step o
m cr of Isgualéngathe gretlsid <a>rrfnn|smg tleqmmp forraigraflyidizatipn of a&w%ﬁaybsm havingspfirst

si ze t Qvéx‘&éé‘&ﬁdr%‘ﬁl%? §ck RMhR h%@coﬂﬁ\éin'ﬂﬁuﬁ’i ot a%e@aﬁaraaa%g@bll dpRPLiSE whick $
which is less than the first average oil droplet size, wherein the second

erul si depsithantay fstiavsyagsioilcdipriet sitg, Whereindde sgorhEmelsion i opehbneigculgsing the
t r ansf eeédnd Entulssn édrﬂ;nanem& ibY sltanﬁmngltaan GRr! aifhe remu‘ld‘drpé’(gllﬂalﬁerf ihf&ltgh a first

m crofl ui di_ zati qn devj ce to a secon n_again

enmul si on cont aji ner,
t hr ougHmP‘P‘i’gu o deVSE | t0i @i s£eeNdo FHlsiANG gontaiper, py HSaiN g\E‘d'}ggl g sagne
cl ai m hickauidatomngevief ore step (b): (a) formation of a first emul sion
having a first average oil droplet size. 3. The nethod according to claim
1 or cl2ai m Xhecoetped gieegding tterclaimep ¢amprising) befpret ster (Wh (Of formatiogeebadirst
emul si %ﬁlulsuﬂ‘rha m?armgttﬁqgraé@&f)dx‘dbfegs&@ any preceding claim wherein
substanti al | t he emul sion conponents fromthe first container are
passed 3t hr OlT(jlh rdilsodnaccodingub dilamt i oncldiay 2 ceomprismgtafier stew ¢)d(c) dirationedf theand
t hen SLA?S antiplly all of the emulsion components fromthe second container
are passecrj‘ rough the mcrofluidization device back into the first

contai mer. The IﬂetH&i bedrdify td Bey proedine bk, RherdinSAbahmialy GANSfathBicki@ilsion
oi I -in-water enul sion.vacci ne adj uva

net.ho t he ste f:
(1)t orRPPISHSOTom 08 sk s por e Cngued PP PREoYERaR SvelrBheteeide
usi ng &oh‘t@ﬂiegetﬁd ZRdn, swuaﬁﬁﬁany dlhef ther smuleﬂasuldbmpandnss fromnibd sbyontdr RgiF rakd1g
i t cont ai cond _cont ai ner through a

t
Ihofmgg &H"%“r%t %’BW“P ?aﬁ‘f’ﬂ e‘f‘ﬁegtfﬁc}‘r"b?nﬁ} ﬁtﬁm CRRBWE" cont ai ner to the first

contai mer t N Qughod s &e%amemfzersqual&e cbRgidi®y BAdn WakP! Ghlldod Ya&didd M
5, wherein substantially all of the emul sion conponents fromthe first

cont ai REMVaieths mediod comPHgS thertePRiinbl Ermaaen ofa brst ¢raulsiar ayng & ArsiiaNeree and

then swhisaplei dizk yusaigl a %mbg@u@au{vﬁmm e "Ren emliBiohr i@ Nfofrha sy:Qﬁﬁ@reﬁm@tlad ner
are passed thro the horm eni zer back i.nto th%‘h hrst cont al n%

met hod 8BRS 3 tEptfionte 6?0 3 pegPR gontainshihoughygy hompgepizes, apd f ea.rafrl?é'fs on
of t he tlhdnt &bmemliesomohmﬂeeforthaﬁfsee(mdnarmbﬁglouhe keavd lognagesiegrond aver age oi |
droplet size which is less than the first average oil droplet size. 8. The
met hod 60f c|Themethodvdeesréing td leinhfnageein zmstaprmilyi adlecsf the edsion cahponefits dipnt 0
1x106 n ereln idizatio teractio er
that iy iiGecoptiRiche bl hRhth e hiRdsRRe TR Re Medrd EERGhirC do REY

pr ecedisnlptaptiallyrpll cocf ntpqz |esnulsgm ¢amponetits Iftqnattlneo necond tcaaalsgcmnd)aesmltbioogh the1 0.

The m%@@@g&ﬁze@?é&kﬁﬁt@? ﬁ&oﬁ{aﬂlem wherein step (i) conprises two or nore

cycles o ransterrin e first enulsion's conponents fromthe first
cont ai per tqhwﬁetﬁ&p&e&dﬁ@%aeumrs 8N lahdeKc AR sthe: %;)lmlcgd]ﬁldﬁrtlbﬁ‘df@]{e Ry
one of clains , wherein during step (i) e second _enulsion is

emulsion to form a second emulsion having a second average oil droplet size which is less than the

first average oil droplet size.

8. The method of claim 7, wherein the homogenizer provides a shear rate of up to 1x10° s, and

wherein the microfluidization occurs an interaction chamber that provides a shear rate >2.5x10° s™".

9. The method according to any preceding claim, comprising: (iii) filtration of the second
emulsion.
10.  The method of any preceding claim, wherein step (i) comprises two or more cycles of

transferring the first emulsion’s components from the first container to the second container and back

again.
11. The method of any one of claims 7 to 10, wherein during step (ii), the second emulsion is
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WD 2011/ 067673PCT/ 1B2010/ 003394 fornmed by circul ating the second enul sion
conponents through a mcrofluidization device a plurality of tinmes. 12.
The et hosoebiwlsaén 11, wherein the circul ation of the seraBrhiemosssi on
CONPON &L S (WY BRHclERR: the ~ i a
first enu Sion contd %e?&gfﬁggéhlrgngg%gﬁp grfeggg%to:&%ﬂgé %ceﬂlg&%%g%@%'geegﬁ%ﬁ% of
cl ai m ©ftisrescl ai m 12, wherein the circul ation of the second enul sion

t i t f i th I . i ts f
Firor chui si O BSRER: Hefam AhouBiretr fier SEUEr ol B et BRUBEY; samegeme
second cemprisgsaransiering the secoad @ntullkion Edmmugilts deseewadirst amdfibuicontziatd ad a

devi ce, . i.n..the f.irst and second m crofluidization devices are the
sarne. I&%ﬁﬁdéﬁ%é?ﬁ%@&%f any one of clainms 10 to 13, wherein after passing

t hr oughi3t he ™RCmBGod oFr Qdiliil i #adlaigN 19eWh&Sin thBeciRBRAA oEMTHE SERd CRRBAHRENT S
are returned to the first,.enul sion contlﬁl.ner and th%?m rgul ation of claim

10 or ¢PEPRTCHES SOMPFspdEnyETRdhs ecore emylinpcompopents FRm 3, ishespulgpn SoRfaBffe of
t heI pr am@d'gtgg fﬁéﬁ ai.liﬁﬁ)ﬂlﬁiﬁﬂéﬁaﬁﬁﬂ ﬂe\gcfbetofd $eBbndRMRLEIGE fc@ittindt el mgn SHIZ@glhi $sod nm
or less.. .. The nethod. according to any ane_of.. the precedi cl ai nms,

wher o oieEisiHEn dgfossMhetgindhs heCandRsrang maconBiayron déyices et samee 1 ¢ o
enul si qn. i s TheXmdfod /ol an9T onle€tSclaims’ 10 1619 3MGhBRH Q{Eteraﬁ%ésiﬁgﬁhx%ﬁgﬁ b second
preceding clains, wherein the second average oil droplet Size I.s 500 nm or

| ess. migrofipplizagion dsyicgc thsr thepryl cauisgn spaDPYEN he e i Wg thel Arsreemuliet ei n
the nurdagtainef arfd the Elf@RKiBH 8f @l MBorlfMZIA i9fepeatdd cheBimiore fiMgs. second emul si on
is 5 x 1010 /nl or less. 19. A nethod for preparing a vaccine conposition,
conpri siSng prhepasthedgofzany eme lof therprecedmg diaiys, tvehezany therfastodfverabiiwlrdplet sizé 8s and
combi nigpgp Lt reayl sion with an antigen. 20. A nethod for preparing a

vacci ne kit conprising preparing an enul sion according to any one of clains
1 to 186and Thackalgidngedriiag @datysine o f ittt pee@ding claiss, &vhistein 1he APOBE VT oil depldier
with an _ant iaglezgof;g opent. efZi. Tlhe mag hﬁg”?f cl.aim 20, wherein the kit
conpondBY'Se 4% oh~ d gl iy the first proulsion 375 18 it 5050t clai m 21, wherein the
vials are negR rdteid dTun9 Sht bf e Pratedins claims3 whéReh (B LEQHd QlerddoiPlropletiiss 20
to 22, “ﬁ rein 1the adjuvant is a bul k adjuvant and the nethod conpri ses

ext ract'f ng' YRP '“foses from the bul k adjuvant for packaging as kit

conpongit s. ; i r el

ant gerti o o oo BRng o By s B0Dreloutih Sallh elch EmubE B e |
t he corBYingeisBa ob 12hun énihe s¢cond emulsiones and P génldrdesss a vacci ne conposition
and vvhelrgei nAhe vg%ci ne conpasi t.ieon incJt.udes about 1514  about .1011%fd.about
7.5 jid, abdbfCHLO{Y PrEprEie 23 2Eng OmaRSilipn- oG iPripige PERATNE 41 enysigy accotding
hemaggltetmynone gf elaimaf toukSrand combinngshe emulsion 36th ablastigent hod of cl ai m 24 or
claim é% wher ei n the conbi nati on of the enmul sion and the antigen forns a
vacci neéVcongbEeHf forpRepaing p Kpeemerdt SPRPESING PEBATRESA: TIHHSIPRRGeQEing tg any one

t hi onerc$alairy 1 & phariopa¢Righa bt epuBsRriM@dtd MEas a kit component together with an antigen

component.
21. The method of claim 20, wherein the kit components are in separate vials.
22, The method of claim 21, wherein the vials are made from borosilicate glass.

23. The method of any of claims 20 to 22, wherein the adjuvant is a bulk adjuvant and the

method comprises extracting unit doses from the bulk adjuvant for packaging as kit components.
24, The method of any one of claims 19 to 23, wherein the antigen is an influenza virus antigen.

25. The method of claim 24, wherein the combination of the emulsion and the antigen forms a
vaccine composition and wherein the vaccine composition includes about 15ug, about 10pg, about

7.5ug, about Sug, about 3.8ug, about 1.9ug, about 1.5pg of hemagglutinin per influenza virus strain.

26. The method of claim 24 or claim 25, wherein the combination of the emulsion and the
antigen forms a vaccine composition and wherein the vaccine composition includes a thiomersal or

2-phenoxyethanol preservative.
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