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(3) a mneral oil; (4) a non-ionic lipophilic surfactant;

(5) a non-ionic hydrophilic surfactant having a | ow HLB val ue (HLB
val ue of about 9 to about 13). In yet another preferred

enbodi ment, the present invention provides for a vacci ne conposition
conprising a novel enulsion containing at |east one inmunogen
suitable for eliciting an i nmunol ogi c response in a vaccinate. The
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convention neans sufficient to prevent replication or growh of the
organismwhile maintaining its inmunogenicity. As used herein,
the term"i nmunogeni city" neans capabl e of producing an i mmune
response in a host ani nal against an antigen or antigens. This inmune
response fornms the basis of the protective inmunity elicited by a
vacci ne agai nst a specifi c i nfectious organi sm As used herein,
the term"inmune response” refers to a response elicited in an
animal. An i nmune response nmay refer to cellular i mmuni q%CIVD
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For the non-ionic bl ock-copolyners, the percentages may be | ower and
be in particular fromO0.1%to 0.5% nore p articularly fromO0.2%to

0.4% ( weight by volunme of emulsion (wWv)). Preferred
surfactants (2) conprise ethoxylated fatty aci d nonoesters of
sorbitan, such as those described above. In a preferred

enbodi nent, the concentration of non-ionic |ipophilic surfactant (4)
is fromO.1%to 2.5% in particular fromO0.2%to 2% preferably from
0.2%to 1.5‘V eferably fromO0.2%to 1.2% expr
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I n one enbodi nent of an emul sion made according to the present
invention, the final HLB of the emulsion is fromabout 9 to about 12,
preferably fromabout 9.5 to about 11.5 and nore preferably from
about 10 to about 11.5. The present invention contenplates an
enul sion conprising a paraffin oil (in particular at a concentration
of from about 10%to about 40% and preferably from about 20%to a
bout 40% expressed as a volune per volune of emulsion (v/v)); as

orbitan fat noester (as non-ionic |ipophili ), an
et hoxyl at ed m(agjéq)d triester of sorbitan (as non- Fponwsg(ﬁﬁ ?dgr’h i

sur f act ant a a | ow HL nd hoxyl at
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hi gh HLB vaf&lé)bomemﬂlpaafcsmmﬂlsawthe sorbitan fatty acid nonoester is a

sor bi tan nonool eate (i nppakliEBWYERERBTIINGE BRNERENTRIN ON from 0. 2% to
1.5% preferablé fromO0.2%to 1. 2% expressed as a weight per vol une

of emul sion (w PP obeRE BANE,A0Y APt 9 Alterrpesyt | yentipn "é%f"é‘?los N2 t an

i s an et hoxgtviabseftbnt, thie Bdipatng Dehiled Areliiptivn. {tiinto manﬁdbaetubdatry ot oft didinary
concentrati g d the
hoxyl at ectp PO B deduesdh o RLSELA dtabydiblFeforBllt) Gy Bl gl o1
sorbi tan noliaeiweadsd af limitipgthe breagprpspegts Oftﬂmlrf‘éeﬁeéﬁﬁ\tl?naw'@’nbwaﬁeﬁfmcte% to

1.3% pref eirahﬁabdltdﬁlﬂaeexeﬁﬂﬁamoﬂstr%rw/w}act a1l e ¥5aReht@o the s}eimd lrStheO N
Corrpr I Ses ﬁ'etl'lgfar af d:gcations anda anatxo S 8111%8/11‘61&3 1n?Ledh%sch mver}{l wrﬁ?oupf

emul si on, the sor%c’uf an nonool’e
enul si on, ddpating Mok (e sstave of lsm@tl réaheemmtl@orlmrtuahmat fegum%llbg}ramepg ht

per vol ume g BeaidsShRNRs oaaﬁéinbmaeﬁtcmpms@é ﬁ%&%@hﬁ&ﬂnéﬁpfb&@él@%@z at
0. 75% by wei %ht per, vol une  of In a second enbodi nment

accor di ng t BERETpmERNl I R tbaﬁ “‘BtPFFéB“Ieﬁ’(ﬂ"E‘?“o“H"eé Stipricdideations3ag af f i n
oi | (in par taretithass @ine avithidnbestbpeaifitgnappandh 1086 §nd tlﬂdi}%qulparleelfser ahd y
from20%to f i S -jonic

[ pophi 11 ¢ SHRfas ¥hio@el8f Yok Alchly B8 HeRb10EShELgbRE Gfludf
sorbitan (a@pmm%@wwrpaﬁmerefeeewrabftlraeﬁfﬂre%aw ng a | ow FILE

val ue), and a nes- tdmnkndd| @&KmC PG WiiRdyed 36 theOBpekiithtion, NFxEmARNahd C
sur f act ant hawdepClalmsarg L1l cl’t'e% aI ue). In particular the sorbitan fatty
aci d monoestRBFFECEmIE B RS "¥Snool eate (in particular at the
concentration fAemedheds, the tetm Sgmapieciudesalh artelrate pnidaligelnding hupas. it v) |

the et hoxyl at&ekifdaddnYndfsdusl aﬁlﬁm}saﬁs&agefof &oa&yniearana@,@amaryma ated
trioleate of sorbitan g n‘F partj cul ar at congentritlon fﬁom 2% to
] !{3/0 d udﬁs

o pr of or aBIG { PR 2B EB oGP A DFRR GPL b ALed o hian
bl ock- copol yam«es (e.g.. dogpio Fejimex Yeed hopits)e mapine©{eye0 hyrEas o byriren €. gp Ghtfayeprcine
(POE-POP) (| *J} %?%t Lscxuéliaa@ ui'ilmatnp eTl%Q%eQ‘ylﬁnataé %d flé.ré?me@e'rsltg L)pspgcwrﬁ%

preferably 2% to 0.4% w For exa the emul si’on conpri ses
the paraffi prbgiesiesaf the lgeppmis glagggya, pugh asy %“%B‘i“iﬁﬁdﬂ‘aﬁh‘%‘i‘f&@ﬁ‘é‘é{f &roders 0. 6%
w v, the et quwea; adkew idedk§ atRosofa Guail, Phdasuiits Afarrdts, 4Hehat, hawia\bovishad

et hoxyl at ed sor lcla no oolueaaléeassa)t 0. 25% W' v. In a particular
enbodi ment , "'he"t AVETET on®con enpfva?es an injectable oil-in-water
(01W enul si on denpdihgeingthe €1 “pigi oapigle Umeans pnaningth oloReFring i oGV IER
active ingr egl»emerss&&ﬁma@oﬁe&&uaw@xgeamchmt@ogen pr ef er ably an

i nmunogen; (2) a m neral Qil; "ifﬂ Jon-ioni ¢ get ﬁtrfa t ant;
and (4) a non-i SWi"SIHRFEF o i e VEYIFY aRegh e ﬁ&%‘?ﬁ*@ af“S\ﬁslg fue
whi ch conpr iiges8ouofn aamieilhexyl ated fatty acid diester of sorbitan

(which may have g E I;th;%e &ﬂ' Hm@ t@r%t WELHvall BRGhel Ieans a vacc1r(°‘nco§1%kt§hon

according to this e I ment npri ses et hoxyl ated attg
di est ers of catimie a@rinfegiggs %@y‘s’@cﬁ’ﬁﬂ’%{b"ﬁ%ﬁatﬂb“‘?@“ﬁ seRYe § f?ﬁ'ﬁ%“““'l"ﬁe
fatty acids gfmm bR piugeanENER] baaénauegzet;ﬁmzealcmr fug gl idginmajphadigation

sel ected fr Cr)nm € acc%n %H]@d 839 ngg%t&ap getﬁ)gds lgrﬂ;tgef?’eepeal‘mml Eh%m cﬁ%@n‘ﬁ@rﬁ €,

i sost ear at e, dUTATE odi nent the
(for example, treatment w1th thimerosal or forma‘im) sonication, rad1at10n heat or any other

5



Al ternately, the vaccine conposition conprises an i munogen sel ected
froma feline pathogen such as, but not limted to, feline

her pesvirus (FHV), feline calicivirus (FCV), feline | eukem a virus
(FeLV), feline inmunodeficiency virus (NV), rabies virus, and the

| i ke, and conbi nati ons thereof. In yet anot her enbodi nent, a
vacci ne conposition of the present invention conprises an inmmunogen
sel ected froma canine pathogen including, but not limted to, rabies

virus, cani nﬁt%ﬁif@ %%llr;uiaﬁucsz)/l) . cani ne parvow rus (C;DCT Smg/@zr}dzpe

cor onavi rus Lept ospira i cterohaendtr ag

Lept ospira ch(v%rRiQPtxﬂ’eQ&O%cleﬁP‘iJ el RUGAAAN b, thir @?tﬁkéném while

bronchi septica_and the e, and conbi nation ereo
anot her enﬁ’éﬁ’mtﬁ'\@ﬁt‘tsﬂm‘tﬂ%mﬁﬁﬂ/entl on the corrp03| tion conprises an
i mmunogen sel ecAsaded Heaih, &Et@xﬁUinﬁﬁm@aﬁl&i@’geﬁ&ns Sdpatile afsmelqmgma immune

her DESVI r US é?%fp Pﬁlhgfq a 151¥i]gatgams)[ an%getn antlg?nﬁu?ﬁllg ]zamr}{dne respon e%t}?/‘ng&se’ vest

n yet

nile virus,” ions
anot her entod afémproétive raminiyelisitéddna vasties agomrhoppaficirfecionmoreenss an

i mmunogen sel ecffdedeRN tﬁ@teprp\{hﬂﬂ@ne RALIAQY Rffers 1§ ufekpoas% em@a ﬁ%n MihdllS,
bovi ne rotavirus, bOV|ne

|nI nzavru Re V-3 bovme
cor onavi r ush? BERFH &SRR yd‘ie FF"h (‘fl P B@B@l “‘P‘Ef?)lt 1"‘3"1’1’5‘”
di sease Vi riwive BWEV)he freseitiiavents plse adnemylagsy g oygongl! invied tsa ﬁ@RS\ﬁ)e
| nfectious ;Bayin i ngtr t
Pasteurel | a %?e %cﬁg Q%a%tgrg L %ac %gérr%l{(]g?%gf %??Eﬂéqweﬁtgﬁ%
conbi nat i onsgecifiselyagiice an increaseq 8"\"“@9 thqff"'fa'i‘\ﬁfpﬁé‘"’fa enmbodi ment of the
present inventi ‘Q{hsedﬁéﬂ:uﬂl&%ldnh@ﬂ &ORPiuhGRS’ idans NEIbsROGaIR: Belcect ed
from an pOI‘CI ath logen such as

bhut , n | uenza
virus (Sl y)SPccbtfr' TS TRPPER I 5 1S PG 3t NE]e(alE'-*@\)1 %} & H)e nvzlyg; eg%“'“ uctive
respirator ykﬂéﬂjlrﬁmrmﬁai wixmssu(vwﬂﬂsyomopgéamtgmmegecwh*wtvem\vymw ci ne

parvovi rus fRRVkith FilVNoceMy 91% 143y O Bi A c@%b@bfﬂ&lu@m@irbc
r husi opat hi ae, Past eur el % tOCI a, Bordetella b onc [ segmée &

Escher i chi a™@Hre CARie £3p8 PF"FEI?E‘“"“aHG b AP As A O atpﬁ &&p
preferred etphqa) Maptn, of atylvembinatien theredf. pﬂtmt@be@eflmmuwmr rgigen may
conposi tiong ﬁ@;&&lop&n inl €ast one i mmunogen and an enulsion in a
pharnaceutlca y accepta e vehicle. | mmunogens conpr.i si ng viruses,
bacteria, fungiAapyd ﬂﬂﬁemsl th erpalBelep SWTE d 2 Hne iCANITRE BOE JIeF GF%
net hods usi mgeam&ﬁa? frba tiR sk sbdrtree(z Er;adiifdﬂm @Matéamsj{y@ﬁlb&n& Hydppesiodsd
;??Vegg: OQ?(%%I e e%ﬂh\/\eeflnes é( Bevgl&at st ?J?m géﬂ? teu(r)eG Ilzgrgcgl}yttc§ iﬂld }’as egre}ifr'e
2005/ 009462ﬁ@mtrw32®0a4we@<2mwammg arrompiprioppf wtieeng &pin differeat s Kiohs
MA-104 cel | )!aan!@ a(v%ﬁe %pﬁﬁﬁﬂﬂﬁge&ﬁd@as&&}&a nul 18l SddAoneifn, BokeridHl ;
5, 840, 563; 6,2 anon d(ﬂag é‘ In a simlar manner, PCV-2 may be
cul tured usF‘i’n’gH‘f-‘R"Pfﬁ”sc?@T”f" g hErE¥EY Us Patent Serial No. 6,391,314):
SI'V may be cul t us edd beteig gigserf USiRaitbntanSesubstancelddded & @W@D@B‘?Wﬁaahd
Mycopl asma sueTely y Warfh AR Ot lin ot bhidrdly €
medi um (US Eﬁ?@gf% Q%nﬁg, i3 H%%lskgﬁggjd 543; ﬁ‘Qoss’%rr W

.1: Vet Resknowaggume aéusvami g9 Qelwésaenham the imyuine Sgsposse 5 °8§’t“3fﬂﬁ‘“%‘h
i nactivated a:ttigm;lﬂmieq)gieﬂadpﬂimsvmsﬁbﬁg@ imonmeaiid i grir otvh egipatdwogeticed
preferably in Ct | vat ed ttafit € harv\ér%mfg (?%arﬂ Qciu&%u‘t%@%ﬂ teélldbdﬂ%ﬁ& ed to
clarificati "nsé’ée SUSHY o RN EAF 2P eR using, for exanpl e,
formalin or whmmlsm@r{w@amﬂetcammt@bmn a@wﬁ@andeﬁcm@ﬁww meduBthar y

et hyl enei m 26 ﬂﬁﬁ@nurt:?h%ﬁ Qg’a@-xlllus itk b&@er{nl Kl@mmiﬂﬂd{l@cixuﬂ ﬂﬁb)(ﬁldﬁ:&ﬂan
treatnent (e.

eat treatnent_or soni
i nactivati Oﬁulgﬁeelr%pflc tlgn&tet %%E)é&dbufxa g r}arn s%nthetxhgoq)%ge?s stx«l% as poly
exanpl e, t hemRARSIs\ahd cospolyayrs bEanimessids, vapped "W%ﬁbﬂﬁﬁfeﬁaﬁﬁﬁéﬁ%&
treatment ( F(zjjrz%z,n?wﬂﬁgﬁg" % I@Idroetad\,{@g-N' }Mbﬁgzﬁgdr@lyethyl ShhnedRmine)? @driBd 0) or

by BEl treat tent Seri al i nactivation of
oil, muramyl dipeptide and the like.




The invention further relates to nethods to treat a host, e.g., an
animal, conprising adm nistering to the host a pharnmaceuti cal
conposition made according to the invention and conprising at | east
one i nmunogen sel ected fromthe group consisting of proteins or
pepti des, antibodies, allergens, CpG ODN, growth factors, cytokines,
or antibiotics, and in particular CpG ODN or cytokines. These
pharmaceutical conpositions can be used to inprove growh

performances in an animal such as a chicken, a pig,
The present WHPSHPMSh further relates to a kit corrprllg(fTZUgS%%W?Mﬂ

vial containing an ingredi ent ch as nogen. or..phar tical
conposi tion and®® ¥ PEESLRGRES R éﬁmaceé{'iﬁca@ Tem%cagnjﬁaea“% cor: g:% 5?0 t he
present i nveaphinyenithea i inercogehlnay rde to n ffaldlvybfihfqrpzféfdﬂm&?rﬁmmea

dried form 58{ %ehﬂhﬁg%%qﬁec%glxﬁ{& b @6kt @ﬁhOQtea%Cere Reghsh %ﬁ@bfb pharmaceuncﬂ-f}e
i nvention w further describ

non-1imti rigeeaRprparass knewa i fhe of; ’“%’r%lbé‘f 8% “\Aqﬁ'ﬂ?e%& Lﬂelﬂndv af\?étsﬁl The
emul si on i sgupsetiaee, bibuffered SueEs. aamde:smmcﬂ;@daagralfyogdntsmludiﬁg gt Step

A high She?‘lilm g;it gl‘ dlﬁl‘élﬁ; Qfay, diﬁ eLs ES%arEqﬁH §duf16 g&ds Lﬁ@w&ﬁ@ewmrﬁgh a

di si ntegr at'l ng er of Sgcj#ﬁ ‘E duce the
f or mul at i on@eﬂtﬂﬁﬂwf@'ﬂmﬁé“tarﬁé’ﬁfﬁf% s, d‘ﬁ@S’Vc?Fjli‘ﬁ‘é 1Byep )?OIB A d"was
enul sified g 25C with one volunme of aqueous phase #l. The aqueous
phase was added . to hase under It ation
per ninut e) forAi"%ER‘urtelg ﬁemrc‘)’cc ?S%mpog%ed%fg‘gapagg%rgegé%ﬂe {lglt

i ncr eased V\mtnﬂvn@memamgmmmﬂbﬁcceﬁtabteweh‘%‘l‘sﬁfhlefmt‘ﬁi“gs@@ IPEHREdEPTy 1

ni nut e. Dl”infhghofshl\%ac&ﬁee&n&)mloﬁmh% QH!niW&SrccamV‘@E@Es dnd-bQitdchiequad sE1DN.

For the TSG emul sj on, ase c 0Si se
(390" M) T g B Bt ot oSt I et ol R0
triol eate (&Othaige (RS gtaHeJes and caitifion of the reDipienf Animalgin fenate GF
820) 88% v/ adfui é%%b%o e Bmgﬁadﬁ;]n(sgragn ggn)be percu%@e@h( W[a\{ﬁuc&@ adthinRifatiof

sor bi t an nonool eat e Tween, %r ‘?5”{]1 25t% w v, - qlgtrsaggsact e
di sodi ¢ and(erﬁnn‘éfiot’aé%lsﬁf‘l OvaB‘E‘M P%S’L‘*o"mp erpig! ey (BiRds g P89 v/ v
WO 2005/ 009462 RGI/ut)SRR0HHB 2 40iRiTaperitded). Uvaceier cupodtiohpiaatbe administered

(Thionersal g) 1%  ¥quentiall dﬁmé?é LORHTRRASOQRE (cBpan
800) and sof D't é’rnc{}'rl o\t' eacll{me“:ls gé& 3 quenm y n 5] ) vvelre i ntrqduced,in

the oily phésepiesThdomsr i Edghm%?ﬂﬁ‘o’f“@ét“@“(lezﬁusﬁ oneTHREWR FoBTI™ viBE not
m sci bl e i nptehRatip@r &drf pdlen@idl,. sdcdBidout, V\dnuades:ml Ulnirgmisodar Teve éra@G@s was

prepared in e. sane, buffer as the. vacc ﬁ%ﬁgp ol phat e
di sodi ¢ and? %FB‘H‘BFB?’%&?P mjﬁcw(?% diminl ?)t?ljlg)c Lugl?? ter St% 5 kn% égnulﬁ%kt}?nsg

Mer cur ot hi olvatoie aetimsitigns anayrhe sdmipkicd s ANy & fﬁ‘éﬁd 1ésf%‘!é‘rf*inlyall 18Tt he
emul Sion.  yepvered HeRRRe @911 taa;tutagle cs&lapam-dm, &mmgmﬂlsﬁhc‘m seflanged to

an oil-in-water enulsjon ace er
at 5C for atl’hifslé’%’ﬁalﬂahﬂ%ﬁp‘éc’se R g‘?ﬁlfe °°m osngﬁs o gon}ag ag’ﬂﬁﬁy/aglb%%b

pre- emul si oRudes vaiting ergpnBBFpins ageitd, yﬂﬁ)hﬁ@es aggpie GBS ling e Viggious
phase #2 was, lgxﬂcg%ﬁﬁgv&mpl:egbnjaggs rﬁav&iﬁl Rl Sh0ta e @ lieOGbadian Ghon the

nDnopotaSS|c I sotoni ¢

(i nacti vat eGOLM/%fGBfPﬁﬁ?éJ%Wﬁ}FFeRﬁPﬁWQé "’?“ﬁ‘iﬁuﬁgﬁ%‘% pﬁrammﬁg’\fqzms o gen,
as descri bed Rblnlﬁgta)s pilReacpitien eStishes, ON9%s may dparahited 1 peepip r%t‘ab§t ep
was cooled to dB¥.i8ddi ng hal f the vol urre of t he
agueous phaspéep%ginon? éﬁdutlgld&el&f& Mperature, and mi x/(gg glé otation
of a magnetic baFhefrosent “ﬁmeQt‘QT°V¢F%1%1P°"§'U?4"36‘F§MO fEeHt T tf‘on i'n the
TS6 enul si on.oWassif: 75% (W v). As prepared herein, the TS6 vaccines
are stable for at t one Usl g .6 SanR I{géﬁgg{aagbpn
net hod, other enul Sl@i%ﬂa@"eou st nfcg?tﬁeréﬁaas degctir%l bed bel (E)W T57

emul si on The TSmd@mhlsmm\m?fﬁspa‘ﬁe)"W%ﬁﬁul sion ¢ ontaining 33% of
an oily phase. The oily phase (120 m ) contains Marcol 820 88%v/v,
Span 800 1.8% w v and Tween 85c 10.2% w v. The a queous phase #1(120

‘;:‘




TS9 enul sion The T S9 enulsion is an O Wenul si on containing
10% of an oily phase. The oily phase (120 ml) contains Marcol 82(r)
60% v/ v, Span 40(r) 17.2% w v and Arl atone 650(r) 22.8% w v. The
aqueous phase #1(120 m ) contains phosphate di sodi c and nbnopot assi c
0.02M isotonic buffer (pH 7.8) 97.5%v/v and Tween 20(r) 2.5% w v.
The aqueous phase #2 was prepared with 400 ml of phosphate disodic
and nonopot assi c 0 02M i sotonic buffer pH 7.8, optionally containing

i mmunogens. 100 of the pre-enulsion was diluted w m of
t he aqueous "b‘ﬁ%{’%‘m&ﬁzto obtain the TS9 enul sion. Fi naﬁlggiflz‘f%é{%ﬁ%ﬁ

concentration in the TS9 enulsion.is 4.25% w v

Det er mi nati on of th& PRYsiEn Wg‘flﬁﬁr%%ﬁvﬁﬁwé%p%@km%ﬁ flig RRIIESI1 si on
10 M of the TS6 emnul gHi®) vaas ofdraeethai hi anddesg fhas40 (HIFe13. in particular

wat er-bath at a tenperatu b RROME 1RG4y, The TS6 enul sion was a

whi t e honpbgeneous ew@%aﬁ%’%ﬁ@ ten‘%er ature in the water bath was
progressively incre#&decine@heihges in the enul sion were visually
observed (the emul smra@egaerﬁpogmﬁbssmaﬁtagned phases due to the

m gration of the yelJow bro to .1 he f£68)e (ulBivanehange
is characteristic 01( aH}?“'b°|"V\g'¥g)r 5‘¥h Surac&mﬁ e lsoﬁgi[rl} ‘ﬁe errperuature
at which this changéetiveen@bsid¥ed is the PIT val ue of the emul sion.

For the TS6 emulgi %’Ismtnbﬁacg Ia&_:o E%/A%ﬁé@t inWatibrard taged Bh 7 cdnthinatidaef TS7
Exa

| 44- 49C.
Composi 11 onsafie +BEPDF BOTETOIEI GGE® of s YRTET PAE CoRi R L e

t he vacci ne1tm¢mﬂt&nsenne\mamorfe&nﬁmkrap%@nmmme&hmomg the TS6 enul sion,
prepared as des%‘l‘d% Ad@m Joncé%ﬁ‘eﬁlloﬁ m%iomaﬁﬁ%pﬁm&@ﬂﬁm@) in

hyopt eunoni ae stral n o L sch Lnst . Past eur

| munol ., 1987emusig:(Bote pysyt a&emfé\ca%’ntéiéﬁ?eﬁ"a&t %ﬁm’df“'mé Sl?“ cegPrtgE
(color c hangrlg[’b@mix}cmﬁlass POErwidt i nafataan ke % Toddnti y p trielaf 28M Ipgloel’s |

t hree weeks ol bodi, £5/, (ROELedl:E QR 5a
seroposi ti v&F eé"tbg’%%m@)%n% q‘ﬁk ‘gn%%rgﬁ%ae?\}\er 5 c?%ndor?i yggl I %%ea]?ed
into two growjzbtby@riemepfouplsion W( n (10) piglets was vacci nated on day

Owith 2 m of tHR ¥ap %Eﬂ@fam&bﬁdeﬂﬁbnbmdHytllroﬁﬁmsmtﬁcamtshmxrgcatipwn

while th trol tgd.
e e Sl o Sl B %g’s Ayl Wl s RE SR &)

nasal swabs emax)aatddam racif momnegir gf @tbstan (fn rawieer reé‘ﬁ’[sfé a1 @tethoRses

secretory arLLlle oiga% @Jcﬁn Redwyn H %oxyﬁiedd‘&by ?c?d, dlpit@:‘. ef sorvian,e
bl ed and peri era nono

| ea P
det er mi ne 19‘53?"3{1%‘?%{?@’ ﬂF'ﬂ t’Eeﬁtéfs Bgﬁ"iﬁ’ rhfia“iST‘%’ zé E%y\q gay ts) Q{] %ﬁatfgl ets
were chal | engetn tifR:a2005h G0DAER Pﬁr/ew@@wmmwwmﬁ@ ﬁ‘&h&% a8t h a
sol ution contai r%jgf @pﬁéoﬂ ﬁhc}ma{ﬁs $o é@&&% &%a’/w& B 7waap$§$m
ro

hyopneunoni ae train ra| n_isola o Ny
Denmar k and 9(‘,63] ethexaleied) faffy 2 é@rﬂaﬁ‘é‘aa‘ OR%B’V%%IHUP n(ag I‘—gnf“l1 Ssd?lbﬁnge\; "
Tech. OFf | NjsERhdylatb@@6ior dlifin phiEalr mm&)hom glouappeiiamme €10Y: ABlage
bei ng appliedgto e%&c?h nos ttheeof The chal | enge was repeated 24 hours
later. Pigs WerBSPPYPR8d*%nd 1 ungs col l ected at .necro g
scores were det eEiuyitd Batyessidj diestersnef seRianstf felew a4t %&%%‘8@?%8 in
percent age Ogorﬁltg?arwﬁkeﬁed Qpﬁelﬁ bl:rrrfbﬂﬁtﬁ))ls fobot}h@edleﬁs iToa faitg)amé@cﬂnefg#bl}t he

seven pul nonary Iobes Scor g D e, 2hthit 3cenof
the | ung Iesfeé?ﬁte‘b@?m ﬁ?“%&%’?‘smé@ 8a E %%% %0%%%%5 7506 3 >75% 4

A total scor esmvasticnsltigwoht etleflyyed aefebikyiged If?@fs"é’dr wesi M afoHE FEPP The
i ndi vidual | gpes;.of so%%hmbﬂslﬂgsuc}r BIWkdni 959), drRihaxylHRN kdTbitah Bi5@TGe Pech as
ani mal of 28. ® Its: Pigs vaccinated with the T56 vacci ne
formul ati on 'é%?ﬁ“lﬁ?ted a strong cellul ar response, and one that _was
significantly hi ghegreftrteaembddinesniht coobengpatious, nongigniel byfEREG BEFRnH) ' he
nunber of spots secre %o P8k, pRdfedbd] frokrl (03slt0 1.3%,
nononucl ear é‘iéﬁ“‘ﬁﬁ ‘fGIBBW% 18?)3}{”)%19%%1%%/

fromthe vaccinated group averaged 139



G oups Nunber of spots for 5x105 PBMNCs TS6 vacci ne conposition 139
(25) Untreated Controls 11 (5) Level s of anti-8Ql4 secretory
anti bodies in vaccinates and controls are sunmarized in the follow ng
table, with results showi ng that vaccinated pigs had significantly

hi gher | evels of secretory antibodies two to three weeks after

chal l enge, as conpared to untreated controls: WO

2005/ 009462PCT/ US2004/ 024027 G oups Anti-BQl4 secretory-anti bodies

optical d ' ' '
Chal | onge S0 JVURS 14daysat ter ohal | enge. test) 056 (IaRApedied:
chall enge t:%c?rte )pre-treﬁiglyofmgnz 8.4"}; tg'ig% expressed as a percentage in weight by volume of
emulsion (w./v).

This second group of surfactants comprises non-ionic hydrophilic surfactants having a
high hydrophilic-lipophiiic balance (HLB) value (HLB>13, in particular HLB>13.5, and
preferably HLB214). This group comprises ethoxylated fatty acid monoesters of sorbitan (in
particular 20 ethoxyl groups) {(e.g. ethoxylated sorbitan monolaurate such as Tween 20®,
ethoxylated sorbitan monopalmitate such as Tween 40%, ethoxylated sorbitan monostearate (
such as Tween 60%, ethoxylated sorbitan monooleate such as Tween 807, ethoxylated fatty
alcohols (in particular 15-30 ethoxyl groups) (e.g. Brij 78%, Brij 98%, Brij 721%), ethoxylated
fatty acids (in particular 15-30 ethoxyl groups) (e.g. Myrj 49%, Myrj 5 1%, Myrj 52%, Myrj
53%), non-ionic block-copolymers (e.g. polyoxyethylene/polyoxypropylene copolymer (POE-
POP),! such as Lutrol F 127®, Lutrol F68®), and combinations thereof.

For the non-ionic block-copolymers, the percentages may be lower and be in particular
from 0.1% to 0.5%, more particularly from 0.2% to 0.4% (weight by volume of emulsion
{wiv)).

Preferred surfactants (2) comprise ethoxylated fatty acid monoesters of sorbitan, such
as those described above,

In a preferred embodiment, the concentration of nen-ionic lipophilic surfactant (4) is
from 0.1% to 2.5%, in particular from 0.2% to 2%, preferably from 0.2% to 1.5%, more
preferably from 0.2% to 1.2%, expressed as a percentage in weight by volume of emulsion
{(wiv).

This group of surfactants comprises fatty acid esters of sorbitan (e.g. sorbitan
monolaurate, like Span 20%, sorbitan monopalmitate, such as  Span 40%, sorbitan
monosiearate, such as Span 60®, sorbitan tristearate, such as Span 65®, sorbitan monooleate,
like Span 80®, sorbitan tricleate, like Span 85%, sorbitan monoisostearate, such as Arlacel
987®, sorbitan isostearate, such as Crill 6%), fatty acid esters of mannide (e.g. Montanide 80%,
mannide monaoleate (such as Arlacel A®), mannide dioleate, mannide tricleate, mannide
tetraoleate), ethoxylated fatty acid esters of mannide (2, 3 or 4 ethoxyl groups) (e.g.
Montanide 888®, Montanide 103%, ethoxylated mannide monooleate, ethoxylated mannide
dioleate, ethoxylated mannide trioleate, ethoxylated mannide tetraoleate), and combinations
thereof.

The fatty acid is preferably selected from the group consisting of o leate, p almitate,

stearate, isostearate, laurate and combinations thereof.
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which this change of visual aspect was observed, is the PIT value of the emulsior.

Alternatively, the PIT is determined by the quick passage from a conductivity value of about
5-8 milliSiemens/centimetre (m$/cm) ( oil-in-water e mulsion) to a value of about 0 mS/em
(water-in-oil emulsion) measured by a probe placed mto the emulsion, near its surface. The
temperature, for which the transition was observed, is the PIT value of the emulsion. One of
ordinary skill n the art will be able to determine combinations of surfactants and oil, including
their respective concentrations, in order to produce emulsions according to the invention, and
in particular emulsions having a PIT value within the ranges defined above without undue
experimentation.

In a particular embodiment of the present invention, an emulsions as described herein
does mot contain any ionic surfactant or any compound known to have ionic surfactant
properiies, such as lecithin or saponin. Generally, emulsions according to the present
invention may contain, by volume per volume of amulsion, from 3% to 55% of oil, in

particular from 5% to 50% of oil, preferably from 10% to 40% of oil and, more preferably,
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from 20% to 40% of oil. By definition, ranges of values in the present specification include
always the limit of the range, unless otherwise indicated.

The oil used may be a mineral oil including, but not limited to, paraffin oil such as
isoparaffinic oil and/or naphtenic oil, squalane, pristane, polyisobutene oil, hydrogenated
polyisobutene oil, polydecene oil, polyisoprene oil, polyisopropene oil and the like. One
advantageous mineral oil useful in the present invention may include an oil comprising a
linear or ramified carbon chain having a number of carbon atoms greater than 15, preferably
from 15 to 32, and free of aromatic compounds. Such oils may, for example, be those
marketed under the name "MARCOL 52" or “MARCOL 82%” (produced by Esso, France)
ot "DRAKEOL 6VR®" (produced by Penreco, USA).

The oil may also be a mixture of oils comprising at least 2 oils selected among the oils
described herein, and in any proportion. The mixture of oils may also comprise at least one
oil selected among the oils described above and at least one vegetable oil, and this vegetable
oil represents from about 0.1% to about 33% of the oily phase, preferably from about 10% to
about 25% v/v. These vegetable oils are unsaturated oils rich in oleic acid that are
biodegradable and preferably liquid at the storage temperature (about +4 degree C.) or at least
make it possible to give emulsions that are liquid at this temperature. For example the
vegetable oil may be groundnut oil, nut oil, sunflower oil, safflower oil, soya oil, onager o0il
and the like.

Tn a preferred embodiment, hydrophilic surfactants (2) and (5) preferably include
surfactants having the same hydrophilic part of the molecules. For instance, use is made of
ethoxylated fatty acid esters of sorbitan for each of hydrophilic surfactants (2) and (5). For
example if Tween 85® is chosen as non-ionic hydrophilic surfactants having a low HLB
value, the non-ionic hydrophilic surfactant having a high HLB value will advantageously have
a hydrophilic part constituted with an ethoxyletad sorbitan, such as Tween 80%.

Generally, the present invention envisions using an aqueous solution comprising a
suitable veterinary or pharmaceutically acceptable vehicle, excipient, or diluent including, but
not limited to, sterile water, physiological saline, glucose, buffer and the like. The vehicle,
excipient or diluent may also include polyols, glucids or pH buffering agents. The vehicle,
excipient or diluent may, for example, also comprise amino acids, peptides, antioxidants,
bactericide, bacteriostatic compounds. The aqueous solution is added to the oil and the
surfactants in quantity to obtain 100% of the volume of the emulsion according to the

invention.
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each surfactant, balanced by its weight ratio:

HLB = (HLB surfactantX x weight surfactantX) + (HLB surfactanty x weight surfactant¥)

{weight surfactantX + weight surfactant)

In one embodiment of an emulsion made according to the present invention, the final
HLE of the emulsion is from about 9 to about 12, preferably from about 9.5 to about 11.5 and
more preferably from about 10 to about 11.5.

The present invention contemplates an emulsion comprising a paraffin oil (in
particular at a concentration of from about 10% to about 40% and preferably from about 20%
to about 4 0%, expressed as a volume per volume of emulsion (v/v)); a sorbitan fatty acid
monoester (as non-ionic lipophilic surfactant), an ethoxylated fatty acid triester of sorbitan (as
non-ionic hydrophilic surfactant having a low HLB value); and-an ethoxylated fatty acid
monoester of sorbitan (as non-ionic hydrophilic surfactant having a high HLB value). In
particular the sorbitan fatty acid monoester is a sorbitan monooleate (in particular at the
concentration from 0.2% to 1.5%, preferably from 0.2% to 1.2% expressed as a weight per
volume of emulsion (w/v)), the ethoxylated fatty acid triester of sorbitan is an ethoxylated
trioleate of sorbitan (in particular at the concentration from 2% to 5%, preferably from 2.5%
to 4% w/v)) and the ethoxylated fatty acid monoester of sorbitan is an ethoxylated sorbitan
moneoleate (in particular at the concentration from 0.3% to 1.3%, preferably from 0.4% to
1.2% w#v). For example the emulsion comprises the paraffin oil at about 29.3% by volume

per volume of emulsion, the sorbitan monooleate at 0.6% by weight per volume of emulsion,
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the ethoxylated trioleate of sorbitan at 3.4% by weight per volume of emulsion, and the
ethoxylated sorbitan monooleate at 0.75% by weight per volume of emulsion.

In a second embodiment according to the present invention, the emulsion comprises a
paraffin oil (in particular at a concentration from 10% to 40%, preferably from 20% to 40%
viv), a sorbitan fatty acid monoester (as non-ionic lipophilic surfactant), an ethoxylated fatty
acid triester of sorbitan (as non-ionic hydrophilic surfactant having a low HLB value), and a
non-ionic block-copolymer (as non-ionic hydrophilic surfactant having a high HLB value). In
particular the sorbitan fatty acid monoester is a sorbitan monooleate (in particular at the
concentration from 0.2% to 1.5%, preferably from 0.2% to 1.2% w/v), the ethoxylated fatty
acid triester of sorbitan is an ethoxylated trioleate of sorbitan (in particular at the
concentration from 2% to 5%, preferably from 2.5% to 4% w/v) and the non-ionic block-
copolymer is a polyoxyethylene/polyoxypropylene polymer (POE-POP) (in particular at the
concentration from 0.1% to 0.5%, preferably from 0.2% to 0.4% w/v). For example the
emulsion comprises the paraffin oil at about 29.3% v/v, the sorbitan monooleate at 0.6% w/v,
the ethoxylated trioleate of sorbitan at 3.4% w/v, and the ethoxylated sorbitan monooieate at
0.25% w/v.

In a particular embodiment, the invention contemplates an injectable oil-in-water
{O/W) emulsion comprising:

() an aqueous solution containing an active ingredient such as a drug or an

immunogen, preferably an immunogen;

(2) a mineral oil;
(3) a non-ionic lipophilic surfactant; and
4 a non-ionic hydrophilic surfactant having a low HLB value which

comprises of an ethoxylated fatty acid diester of sorbitan (which may have
a HLB value between 11 and 13).

An emulsion according to this embodiment comprises ethoxylated faity acid diesters
of sorbitan that may contain up to 20 ethoxy groups. The fatty acids may be from animal or
vegetable origin and may be selected from the group consisting of oleate, palmitate, stearate,
isostearate, laurate and combinations thereof. In one embodiment the ethoxylated fatty acid is
preferably oleate. The other ingredients, as well as the general properties of the emulsion
such as the PIT, may have the same characteristics than those described above.

Preferably, surfactant (4) comprises ethoxylated fatty acid diesters of sorbitan, such as

ethoxylated sorbitan dioleate, ethoxylated sorbitan distearate or ethoxylated sorbitan
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vacci ne adjuvanted with the TS6 enul sion Mat eri al s and Met hods:
si xteen (16) SPF piglets, 4-5 days old, were randomy allocated into
2 groups as follows: one group of 8 piglets was vacci nated tw ce by
i ntramuscul ar injection on days 0 and 21 with 2 nl of the vaccine
containing inactivated PCV-2 (inpl010 strain) at 7.55 |o0gl0 CCl D50
per dose (vaccinated group), while the control group of 8 piglets was
not vaccinated. Al the piglets were intranasally chall enged on day
35 with P CV\- 1-48285 s train (deposited at t T JMpder
t he access%\gﬁohﬂ@%g}wwl 1608) contai ni ng about 5. gﬁfogﬁgg%gf& 0
per mM wth | g%r%gl | i to each.nostril. Both
ELI SA and se&;}%%%%_té%’g? fhg)g%laitegn @ g‘? Ell.}llﬁl es %gorxgatﬁtgr?%%ﬁ rﬁed‘}l e e’cf"i’d;i cal
scores det erforhigtiongpera®hch piglet as follows: WO _
20051009462PCT/ USgRe4l 024Qfpodeia iy lQe alided an’o;f]haﬁﬁ}aats :thtHe MIsM)ﬁ,dﬁ'cﬁ@in@,v\lh‘“ gh
Dyspnea No erate H Anem a (c r ne pi | I n ite
vel | ow Coughl\cﬁlgréot ﬁgﬂ%@ é%%Eﬂnng%l?ggguﬁgot%%ss@{)Ng, in paﬁm%ar%l)]?gdoa 20521‘, 2(&%9,

or 2135 (Pontarollo R.A. et al, Vet. Immunol. mmunopath, 2002, 84: 43-59; Wemette C.M.

et al., Vet. Immunol. Immunopath, 2002, 84: 223-236; Mutwit G. ef al., Ver. Immunol

Immunopath, 2003, 91: §9-103); polyA-polyU {*Vaccine Design The Subunit and Adjuvant
Approach”, edited by Michael F. Powell and Mark J. Newman, Pharmaceutical
Biotechnology, 6: 03); dimethyldioctadecylammonium bromide {DDA) (“Vaccine Design:
The Subunit and Adjuvant Approach”, edited by Michael F. Powell and Mark J. Newman,
Pharmaceutical ~ Biotechnology, volume 6 157), N,N-dioctadecyl-N’,N’-bis(2-
hydroxyethyl)propanediamine (such as Avridine®) (/bid, p. 148), carbomer, chitosan (see US
Patent Serial No. 5,980.912 for example).

The present invention also provides a method of making a vaccine composition or
immunologic composition comprising at least one antigen or immunogen and an adjuvant or
ermulsion made according to the present invention. The immunogen may be incorporated
during emulsion formation or, in an alternate embodiment, the immunogen may be added to
the emulsion later as, for example, just before use.

The entire amount of the agueous solution used may be present in the emulsion first
produced. Or it may be that only a part of this aqueous solution is used to form the emulsion,
and the remaining quantity of aqueous solution is added after incorporation of the
immunogen. The i mmunogen or antigen may be in a I yophilized form or present in some
other appropriate solid form and then mixed with the emulsion or, alternately, the antigen may
be in solution, in particular in an aqueous solution, and this solution mixed with the emulsion.

Surfactants are preferably added to either the oil or the aqueous selution according to
their solubility. For example, the non-ionic lipophilic surfactants are added to the oil
according to the invention while non-ionic hydrophilic surfactants having a high HLB value
are added to the aqueous solution.

The emulsification can be prepared according to conventional methods known to one
of ordinary skill in the art. For example, in one embodiment of the present invention, the
emulsion can be prepared at a temperature befow the PIT of the emulsion, in particular at
room temperature, e.g. at about 25°C. The aqueous phase and the oily phase are mixed
together by a mechanical agitation, e.g. with a turbine equipped with a rotor-stator able to

create a high shearing force. Preferably the agitation starts at a fow rotation speed and slowly
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increases in relation to the progressive addition generally of the aqueous solution in the oil.
Preferably the a queous solution is progressively added to the oil. The ratio of oil/aqueous
solution may be adapted to obtain a water-in oil (W/O) emulsion, for example, at a
concentration o f about 40% to about 55% of oil (v/v). When the agitation is stopped, the
emulsion changes progressively to an O/W emulsion (phase inversion). After inversion and if
needed, the emulsion is diluted by addition of an aguecus solution to obtain the desired
concentration of oil into the final emulsion. The emulsion may be stored at about 5°C.

In another embodiment, the emulsion can be prepared at a temperature higher than the
PIT of the emulsion. In a first step, the aqueous phase and the oily phase are mixed together at
a temperature higher than the PIT of the emulsion. Preferably the aqueous selution is
progressively added to the oil. The ratio of oil/aqueous solution may be adapted to obtain a
water-in oil (W/O) emulsion, for example at a concentration of about 40% to about 55% of oil
(v/v). The emulsification may be done by an agitation with low or no shearing force, e.g. with
a static mixer or a marine helix or with a turbine at a very low rotation speed. The emulsion
obtained is a water-in-oil (W/O) emulsion. In a second step, the emulsion is cooled
progressively below the PIT. During this step, the emulsion changes to an O/W emulsion
(phases inversion). After inversion and if needed, the emulsion is diluted by addition of an
aqueous solution to obtain the desired concentration of oil into the final emulsion. The
emulsion may be stored at about 5°C.

The size of the droplets in the emulsion may be from about 100 nm to about 500 nm.
The emulsion may be used, for example, as an adjuvant to formulate a vaccine composition or
a pharmaceutical composition. The emulsion may also be used as a solvent to dissolve a dried
product, especially a lyophilised product containing, for example, attenuated microorganisms
or live recombinant vectors.

In a particular embodiment, a pre-emulsion is produced with only a part of the
aqueous solution, This pre-emulsion may be diluted by addition of a suspension of an active
ingredient such as a drug or an immunogen, preferably an immunogen, to obtain the final
composition. Alternatively, the pre-emulsion may be diluted with an aqueous solution and
used to dissoive a dried product such as a lyophilised product.

The immunogen or antigen suitable for use in the present invention may be selected
from the group consisting of inactivated pathogens, attenuated pathogens, immunogenic sub-
units (e.g. proteins, polypeptides, peptides, epitopes, haptens), or recombinant expression
vectors, including plasmids having immunogenic inserts. In one embodiment of the present

invention, the immunogen is an inactivated or killed microorganism. In another embodiment
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of the invention, the vaccine composition comprises an immunogen selected from the group
of avian pathogens including, but not limited to, Salmonella typhimurium, Salmonella
enteritidis, Infectious Bronchitis virus (IBV), Newcastle Disease virus (NDV), egg drop
syndrome virus (EDS), or Infectious Bursal Discase virus (IBDV), avian influenza virus, and
the like, and combinations thereof.

Alternately, the vaccine composition comprises an immunogen selected from a feline
pathogen such as, but not limited to, feline herpesvirus (FHV), feline calicivitus (FCV), feline
leukemia virus (FeLV), feline immunodeficiency virus (FIV), rabies virus, and the like, and
combinations thereof.

In yet another embodiment, 2 vaccine composition of the present invention comprises
an immunogen selected from a canine pathogen including, but not limited to, rabies virus,
canine herpesvirus (CHYV), canine parvovirus (CPV), canine coronavirus, Lepfospira
canicola, Leptospira icterohaemorragiae, Leptospira grippotyphosa, Borrelia burgdorferi,
Bordetella bronchiseptica and the like, and combinations thereof.

In yet another embodiment of the invention the composition comprises an immunogen
selected from an equine pathogen, such as equine herpesvirus (type 1 or type 4), equine
influenza virus, tetanus, west nile virus, and the like or combinations thereof.

In yet another embodiment of the invention, the composition comprises an
immunogen selected from an bovine pathogen, such as rabies virus, bovine rotavirus, bovine
parainfluenza virus type 3 (bPIV-3), bovine coronavirus, bovine viral diarthea virus (BVDV),
foot and mouth disease virus (FMDV), bovine respiratofy syncytial virus (BRSV), Infectious
Bovine Rhinotracheitis virus (IBR), Escherichia coli, Pasteurella multocida, Pasteurella
haemolytica and the like and combinations thereof.

In still another embodiment of the present invention, the composition comprises an
immunogen selected from an porcine pathogen such as, but not limited 1o, swine influenza
virus ( SIV), p orcine circovirus type 2 (PCV-2), porcine reproductive respiratory s yndrome
virus (PRRS), pseudorabies virus (PRV), porcine parvovirus (PPV), FMDV, Mycoplasma
hyopneumoniae,  Erysipelothrix  rhusiopathiae, Pasteurella  multocida,  Bordetella
bronchiseptica, Escherichia coli and the like, and combinations thereof.

A preferred embodiment of the invention provides for vaccine compositions
comprising at least one immunogen and an emulsion in a pharmaceutically acceptable vehicle.
Immunogens ¢ omprising viruses, bacteria, fungi and the like may be produced by in vitro
culture methods using appropriate culture medium or host cells lines and conventional

methods well known to those of ordinary skill in the art. For example, PRRS may be cultured
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in an appropriate cell line, such as MA-104 cell line (see US Patent Serial Nos. 5,587,164;
5,866,401; 5,840,563; 6,251,404 among others). In a similar manner, PCV-2 may be cultured
using PK-15 cells line (see US Patent Serial No. 6,391,314); SIV may be cultured on eggs
(US Patent Serial No. 6.048.537); and Mycoplasma hyopneumoniae may be cultured in a
appropriate culture medium (US Serial Nos. 5,968,525;US 5.338.543; Ross R_ F. et al., Am. J
Vet. Res., 1984, 45: 1899-1905).

In order to obtain an inactivated immunologic, or vaceine composition, the pathogen is
preferably inactivated after harvesting and, optionally, subjected to clarification by means ofa
chemical treatment using, for example, formalin or formaldehyde, beta-propiolactone,
ethyleneimine, binary ethyleneimihe (BEI), thimerosal, and the like, and/or a physical
treatment (e.g. a heat treatment or sonication). Methods for inactivation are well known to
those of skill in the art. For example, the PRRS virus may be inactivated by beta-
propiolactone treatment (Plana-Duran et al., Vet. Microbiol., 1997, 55: 361-370) or by BEI
treatment (US Patent Serial No. 5,587,164); inactivation of PCV-2 virus may be accomplished

‘using ethyleneimine treatment or by beta-propiolactone treatment (US Patent Serial No.
6,391,314); swine influenza virus may be inactivated using a detergent like Triton, or with
formaldehyde treatment (US Patent Serial No. 6,048,537); Mycoplasma hyopneumoniae
bacterium may be inactivated by formaldehyde treatment (Ross R. E. supra), by ethylenimine
or BEI treatment (see WO 91/18627), or by thimerosal treatment (US Patent Serial Nos.
5,968,525 and 5,338,543).

The inactivated pathogen can be concentrated by conventional concentration
techniques, in particular by ultrafiltration, and/or purified by conventional purification means,
in particular using ¢ hromatography techniques including, but not limited to, g el-filtration,
ultracentrifugation on a sucrose gradient, or selective precipitations, in particular in the
presence of polyethylene glycol (PEG).

Immunogens useful in vaccine compositions according to the present invention also
include expression vectors. Such vectors include, but are not limited to, in vive recombinant
expression vectors such as a polynucleotide vector or a plasmid (EP-A2-1001025; Chaudhuri
P, Res. Vet. Sci. 2001, 70: 255-6), virus vectors such as, but not limited to, adenovirus vectors,
poxvirus vectors such as fowlpox (US Patent Serial Nos. 5,174,993; 5,505,941; and
5,766,599) or canarypox vectors (US Patent Serial No. 5,756,103) or bacterial vectors
(Escherichia coli or Salmonella sp.)/

The present invention also encompasses the formulation of multivalent immunological

compositions or combination vaccine compositions. For example, antigens useful in a
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combination bovine bacterin made according to the present invention of the present invention
inciude, but are not limited to, Mycoplasma bovis, Pasteurella sp., particularly P. multocida
and P. haemolytica, Haemophilus sp., particularly H. somnus, Clostridium sp., Salmonella,
Corynebacterium, Streptococcus, Staphylococeus, Moraxella, E. coli and the like.

The present invention further provides for methods for inducing an immune response
in a host, e.g., an animal, comprising administering to the host an immunological composition
or a vaccine composition according to the invention. The immune responses elicited in this
manner are notably antibody and/or cellular immune responses, and in particular, a gamma-
interferon response.

In particular, the present invention provides for methods to immunize against, or to
prevent or to reduce the symptoms caused by, infection of an animal with a pathogenic
organism ( for e xample, infection by a virus, bacteria, fungus, or protozoan parasite). The
method of the present invention is useful in vertebrate animals including, but not limited to,
humans, canines (e.g., dogs), felines (e.g,, cats); equines (e.g., horses), bovines (e.g., cattle)
and porcine animals (e.g., pigs), as well as in avians including, but not limited to, chickens,
turkeys, ducks, geese, a quail, a pheasant, parrots, finches, hawks, crows and ratites (ostrich,
emu, cassowary, and the iike).

In a particular aspect of the invention, these methods ¢ onsist of the vaccination of
pregnant females before parturition by administering a vaccine composition made according
to the invention. These methods further include the induction of protective antibodies elicited
by the vaccination protocol and the transfer of these protective antibodies from vaccinated
pregnant females to their offspring. The transfer of such matemal antibodies subsequently
protects the offspring from disease.

The dosage of the vaccine composition made according to the present invention will
depend on the species, breed, age, size, vaccination history, and health status of the animal to
be vaccinated. Other factors like antigen concentration, additional vaccine components, and
route of administration (i.e., subcutaneous, intradermal, oral, intramuscular or intravenous
administration) will also impact the effective dosage. The dosage of vaccine to administer is
easily determinable based on the antigen concentration of the vaccine, the toute of
administration, and the age and condition of the animal to be vaccinated. Each batch of
antigen may be individually calibrated. Alternatively, methedical immunogenicity trials of
different dosages, as well as LDsp studies and other screening procedures can be used to
determine effective dosage for a vaccine composition in accordance with the present

invention without undue experimentation. From the examples presented below, it will be
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readily apparent what approximate dosage and what approximate volume would be
appropriate for using the vaccine composition described herein. The critical factor is that the
dosage provides at least a partial protective effect against natural infection, as evidenced by a
reduction in the mortality and morbidity associated with natural infection. The appropriate
volume is likewise easily ascertained by one of ordinary skill in the art. For example, in avian
species the volume of a dose may be from about 0.1 m] to about 0.5 ml and, advantageously,
from about 0.3 ml to about 0.5 m). For feline, canine and equine species, the volume of a dose
may be from about 0.2 ml to about 3.0 ml, advantageously from about 0.3 ml to about 2,0 ml,
and more advantageously, from about 0.5 ml to about 1.0 ml. For bovine and porcine species,
the volume of dose may be from about 0.2 ml to about 5.0 ml, advantageously from about 0.3
ml to about 3.0 ml, and more advantageously from 0.5 ml to about 2.0 mi.

Repeated vaccinations may be preferable at periodic time intervals to enhance the
immune response initially or when a long period of time has clapsed since the last dose. In
one embodiment of the present invention, the vaccine composition is administered as a
parenteral injection (i.e., subcutaneously, intradermally, or intramuscularly. The composition
may be administered as one dose or, in alternate embodiments, administered in repeated doses
of from about two to about five doses given at intervals of about two fo about six weeks,
preferably from about two to about five weeks. However, one of skill in the art will recognize
that the number of doses and the time interval between vaccinations depends on a number of
factors including, but not limited to, the age of the animal vaccinated; the condition of the
animal; the route of immunization; amount of antigen available per dose; and the like. For
initial v accination, the period will generally be longer than a week and preferably willbe
between about two to about five weeks. For previously vaccinated animals, a booster
vaccination, before or during pregnancy, at about an annual interval may be performed.

The present invention also contemplates administering a vaccine composition using a
needlefree injector such as Pigjet®, Avijet®, Dermojet® or Biojector® (Bioject, Oregon, USA).
An person of ordinary skill in the art is able to adjust the specifications o f the injector as
required with regard to factors such as the species of the animal to be vaccinated; the age and
weight of the animal, and the like without undue experimentation.

In one embodiment of the present invention, the method comprises a single
administration of a vaccine composition formulated with an emulsion according to the
invention. For example, in one embodiment, the vaccine composition is an inactivated
Mycoplasma hyopneumoniae vaccine, while an alternate embodiment provides for a vaccine

comprising an inactivates PCV2 virus composition. Other immunological compositions or
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between about 3 to about 56 days of age, preferably between about 10 to about 35 days of
age, more preferably between about 15 and about 30 days of age. The vaccine may be
administered also in presence of pre-existing antibodies.

The invention further relates to methods to treat a host, e.g., an animal, comprising
administering to the host a pharmaceutical composition made according to the invention and
comprising at least one immunogen selected from the group consisting of proteins or peptides,
antibodies, allergens, CpG ODN, growth factors, cytokines, or antibiotics, and in particular
CpG ODN or cytokines. These pharmaceutical compositions can be used to improve growth
performances in an animal such as a chicken, a pig, or a cow.

The present invention further relates to a kit comprising a first vial containing an
ingredient such as an immunogen or pharmaceutical composition and, in a second vial, an
emulsion made according to the present invention. The immunogen may be in a lyophilized
form, a dried form or in aqueous solution as described herein.

The invention will now be further described by way of the following non-limiting
examples.

Example 1: Emulsion Manufacturing Method
The emulsion is produced in two steps as described as follows:
First Step : A high shear rotor-stator Silverson emulsifier (LART type with a disintegrating
head with a diameter of 10 mm) was used to produce the formulations. To produce an
emulsion, one volume of oily phase was emulsified at 25°C with one volume of aqueous
phase #1. The aqueous phase was added to the oily phase under agitation, 5000 rpm (rotation
per minute) for 1 minute. The rotation speed was progressively increased with the
augmentation of the volume to 8300 rpm during 1 minute. During this step the emulsion was

2 water-in-oil emulsion. For the TS6 emulsion, phase composition was as follows:

Qily phase (120 mi):

- Sorbitan monooleate (Span 80®) : 1.8% wiv,
- Sorbitan trioleate (20 OE) (Tween 85®) 1 10.2% wiv,
- Paraffin oil (Marcol 82®) : 88% v/v,

Aqueous phase #1 (120 ml):
- 20% (w/v) solution of sorbitan moncoleate (20 OE) (Tween 80®) 1 11.25% wiv

- Phosphate disodic and monopotassic 0.02M isotonic buffer (pH 7.8) : 85.75% v/v
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- Sodium mercurothiolate (Thiomersal®) 1% in water 1 1.5% viv

Sorbitan monooleate (Span 80®) and sorbitan trioleate (20 OE) (Tween 85®) were
introduced in the cily phase. The sorbitan monocoleate (20 OE) (Tween 80®) was not
miscible in the paraffin oil. A 20% (w/v) solution of Tween 80® was prepared in the same
buffer as the vaccine, for example, in phosphate disodic and monopotassic 0.02M isotonic
buffer (pH 7.8). Sodium mercurothiolate acts as a preservative and is not essential for the
emulsion.

When the agitation stopped, the emulsion changed to an oil-in-water emulsion. The

emulsion was placed in a cold chamber at 5°C for at least 4 hours. At this stage, the emulsion
was a pre-emulsion containing 50% of oily phase.
Second Step: The aqueous phase #2 was prepared with 120 m1 of phosphate disodic and
monopotassic 0.02M isotonic buffer pH 7.8 with immunogens (inactivated Mycoplasma
hyopneumoniae immunogen, or PCV-2 immunogen, as described infra). The pre-emulsion as
prepared in the first step was cooled to about 5°C, diluted by adding half the volume of the
aqueous phase #2 at the same temperature, and mixed by the rotation of a magnetic bar for 1
minute. Final surfactant concentration in the TS6 emulsion was 4.75% (w/v).

As prepared herein, the TS6 vaccines are stable for at least one year at 5°C.

Using the same preparation method, other emulsions can be obtained as described
below:

TS7 emulsion

The TS7 emulsion is an O/W emulsion ¢ ontaining 33% of an oily phase. The oily
phase (120 ml) contains Marcol 82® 88% v/v, Span 30® 1.8% w/v and Tween 35® 10.2%
wiv. The aqueous phase #1 (120 ml) contains phosphate disodic and monopotassic 0.02M
isotonic buffer (pH 7.8) 97.75% v/v, Thiomersal® 1% in water 1.5% v/v and Lutrol F127®
0.75% w/v. The aqueous phase #2 (120 ml) is constituted with the phosphate disodic and
monopotassic 0.02M isotonic buffer (pH 7.8), optionally containing immunogens. Final
surfactant concentration in the TS7 emulsion is 4.25% w/v.

TS8 emulsion

The TS8 emulsion is an O/W emulsion containing 50% of an oily phase. The oily
phase (160 ml) contains Marcol 82® 92% v/v, Span 85® 1.8% w/v and Brij 96® 6.2% w/v.
The aqueous phase #1 (160 ml) contains phosphate disodic and monopotassic 0.02M isotonic
buffer (pH 7.8) 98.5% v/v, Thiomersal® 1% in water 1.0% v/v and Lutrol F127® 0.5% wiv,
optionally containing immunogens. Final surfactant concentration in the T$8 emulsion is
4.25% wiv.
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piglets, three weeks old and having maternal antibodies (born from sows seropositive for
Mycoplasma hyopneumoniae) were randomly allocated into two groups. One group of ten
(10) piglets was vaccinated on day O with 2 ml of the vaccine composition by intramuscular
injection, while the control group of twelve (12) piglets was not vaccinated.
At selected intervals during the experiment (days 0, 27, 42, and 56), nasal swabs were
taken from piglets in both groups and anti-BQ14 secretory antibodies determined by ELISA.
At day 27, piglets were bled and peripheral blood mononuclear cells (PBMN) obtained to
determine IFNy levels in the peripheral blood. At day 28, all piglets were challenged
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peripheral blood mononuclear cells (PBMN}.

Pigs from the vaccinated group averaged 139 spots (standard deviation 25) as compared to 11

(standard deviation of 5) in the unvaccinated controls.

Groups Number of spots for 5x10° PBMNCs
TS6 vaccine composition 139 (25)
Untreated Controls 11 (3)

Levels of anti-BQ14 secretory antibodies in vaccinates and controls are summarized in

the following table, with results showing that

vaccinated pigs had significantly higher levels

of secretory antibodies two to three weeks after challenge, as compared to untreated controls:
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0.37 0.21 LF2 vaccinated Mean 0.9 0.9 0.9 2.04 1.92 Std deviation

0.00 0.00 0.00 0.33 0.16 Controls Mean 0.9 0.9 0.9 0.9 0.9 std
devi ation 0.00 0.00
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Anti-BQ14 secretory-antibodies {optical density (OD) values)

Do D27 D42 D56
Groups
(before (before challenge]|(14 days after|(28 days after
vaccination) test) challeage test) challenge test)
TS6 0.026 + 0.001 0.033 +0.002 0.201 +0.089 0.264 + 0.043
Controls | 0.030 +6.001 0.031 +0.001 0.107 +0.028 0.075+0.011

. Referring now to Figure 1, animals vaccinated with the TS6 vaccine composition
exhibit an average lung score of 2.1 + 1.9 (mean % standard deviation) as compared to the
untreated controls with an average lung score of 7.8 +/- 4.1. These results show a significant
reduction in lung lesions for the pigs vaccinated with the vaccine composition as compared to

the unvaccinated controls. .

Example 4: Duration of protection against

a Mycoplasma hyopreumoniae heterologous challenge

Materials and Methods: Thirty-eight (38) piglets, three-weeks old with maternal
antibodies (born from sows that were seropositive for Mycoplasma hyopneumoniae) were
randomly allocated into three groups as follows:

Group 1 (12 piglets) were vaccinated via an intramuscular route on day 0 with 2 ml of
the vaccine composition as described in Example 3.

Group 2 (12 piglets) were vaccinated on day 0 by intramuscular injection with 2 ml of
a commercial Mycoplasma hyopneumoniae inactivated vaccine.

Group 3 (14 piglets) served as unvaccinated controls.

All piglets were intranasally challenged 20 weeks after vaccination with about 5 ml/per nostril
of a Mycoplasma hyopreumoniae Mp88c challenge strain (6.6 logl0 CCU/ml) as described
above. The challenge was repeated 24 hours later. Blood was collected from all groups and
peripheral blood mononuclear cells (PBMN) obtained to determine IFNy levels as described
above, Anti-BQ14 IgA and IgG! serum antibodies were determined on Day 133 for each
group. Following necropsy, lung scores (mean * standard deviation) were calculated as

described in Example 3 above.
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The following table summarizes the average results (+ the standard deviation) in

PCT TIrS20047 024027

number of spots for 5x10° peripheral blood mononuclear cells (PBMN) secreting gamma-

interferon (IFNy} in the peripheral blood:

Groups D28 D138 Dayls2

TS6 vaccine 81+ 20 9+2 28+7
Commercial vaccine 542 3+l 6+1

Controls 6+3 2+2 11+ 8*

*if a piglet expressing an abnormally high number of spots (109)
is excluded, the mean of the control group is 4x1.

As expected when using an inactivated vaccine, the frequency of anti-BQ14 IFNy
secreting T-cells detectable at day 138 post-vaccination was much lower than at day 28.
Interestingly, most of the pigs vaccinated with TS6 were still positive at day 138 suggesting
that the cellular response w as maintained in this group. The frequency of anti-BQl14 IFNy
secreting T-cells circulating at day 152 (13 days post challenge) was very different between
the three groups. The group vaccinated with TS6 developed a very high cellular response as
opposed to the other groups. This result suggests that the challenge efficiently recalls the

immune memory induced by the TS6 vaccine.
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39.3 +/- 39.6 +/- 39.5 +/- 39.2 +/- 39.0 +/- 39.0 +1- 39.1 +/- 38.7
+1- 0.3 0.4 0.3 0.3 0.2

WO 2605/009462 PCT/US2004/024027

Example 5: Serology results after administration of one dose of
a PCV-2 vaccine adjuvanted with the TS6 emulsion

Materials and Methods: Ten specific pathogen-free (SPF) piglets, 2-3 months old,

were randomly allocated into 2 groups. One group of 5 piglets was vaccinated via an
intramuscular route (on day 0) with 2 m of a vaccine containing inactivated PCV-2 (imp1010
strain) at 6.8 logl0 CCIDsq per dose (vaccinated group). The control group of 5 piglets was
not vaccinated. Blood samples were taken at DD, D7, D14, D21 and D28 post vaccination for
titration of the PCV-2 ORF2 antibodies by ELISA.

Results: As demonstrated in the following table, all the vaccinates showed a

significant anti-PCV-2 ORF2 antibody response from 7 to 40 days after vaccination:

(Groups ELISA (logi®) DO D7 D14 D21 D28
Vaccinated Mean 1.00 2.53 3.50 3.45 3.88
Std deviation 0.00 0.89 0.79 0.84 0.37

Controls Mean 1.00 1.00 1.00 1.00 1.27
Std deviation 0.00 0.00 0.00 0.00 1.24

Example 6: Protection against challenge elicited by a PCV-2
vaccine adiuvanted with the TS6 emulsion

Materials and Methods: sixteen (16) SPF piglets, 4-5 days old, were randomly

ailocated into 2 groups as follows: one group of 8 piglets was vaccinated twice by
intramuscular injection on days 0 and 21 with 2 ml of the vaccine containing inactivated
PCV-2 (imp1010 strain) at 7.55 logl0 CCIDsp per dose (vaccinated group), while the control
group of 8 piglets was not vaccinated. All the piglets were intranasally challenged on day 35
with PCV-2 Tmp1011-48285 strain ( deposited at the ECACC, under the accession number
V98011608) containing about 5.5 logl0 CCIDsy per ml with approximately 5 mL being
applied to each nostril. Both ELISA and seroneutralization (SN) studies were performed and

clinical scores determined for each piglet as follows:
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0.2 0.3 0.3 Controls 39.3 +/- 39.3 +/- 39.1 +/- 39.1 +/- ]
39.0 +/- 38.9 +1- 38.7 +1- 0.2 0.2 : 38.9 +/

WO 2005/009462 PCT/US2004/024027
Score 0 1 2
Prostration No Maoderate High
Dyspnea No Moderate High
Anemia {color of the piglet skin) Pink White Yellow
Coughing No Yes
Anorexia No Yes
Vomiting No Yes
Rectal temperature t<40°C 39.9°C<t<41°C 1>40.9°C
Weight gain during the week n is Yes No but > No but<
superior of the weight gain during the 100g/day 101g/day
week n-1
Death No Yes*

* In case of death, the score used is the value corresponding to the day before death.

Following necropsy, a lesion score was calculated as follows:

Score 0 1 2 3
Corpulence Normal Lean Very lean Rachitic
Carcass aspect Normal White Yellow
Mucosa Normal White Yellow
Subcutaneous Normal Bright Yellow
connective tissue
Superficial Normal 1 fat and/or |> 1 fat and/or |> 1 very fat
Ivmphatic white and/or | white  and/or | and/or white
ymphatt congestive congestive and/or congestive
ganglions
"Thoracic discharge | No Bright Visible

thoracic presence

cavity
Hearth No lesion Lesion
Lung No lesion Lesion
Pleura No lesion Small lesions | Large lesions
Mediastinal Normal 1 fat and/or|{> 1 fat andler |[> 1 very fat
fvmohati white and/or | white  and/or | and/or white
ymphatie congestive congestive and/or congestive
ganglions
Abdominal cavity | Normal Bright Vigible ascites

liguide
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0.2 0.2 0.2 0.2 0.1 0.3 Local reactions in vaccinated
calves (nmeasured as the surface area in cn2, nean +1-standard

devi ati on) showed a strong local reaction that appeared approxi mately
24 to 48 hours post vaccination in all vaccinated aninals and then
rapidly decreased to a size of approximately 3 cn2 by D 14. These
reactions had al nost di sappeared by D 20. The reactions are

summari zed as follows: DO DO+411 DI D2 D3 D7
WO 2005/009462 PCT/US2004/024027

Peritoneum No lesion Lesion

Stomach No lesion Lesion Ulcer

Small intestine No lesion Lesion

Intestine No lesion Lesion

Mesenteritic Normal 1 fat and/or |> 1 fat andfor |> 1 very fat

i hatic white and/or | white and/or | and/or white

Ymp congestive congestive and/or congestive

ganglions

Peyers plaques Not visible | Visible only | Visible in | Visible in several
n one | several intestinal
intestinal intestinal segments and
segment segments very important

Liver No lesion Lesion

Kidneys No lesion Lesion

Eladder No lesion Lesion

Results: Results of serology as performed by ELISA and serum neutralizing antibody titers at
days 30 and 63 show vaccinated piglets with higher levels than those seen in the untreated
controls. The table below summarizes PCV-2 virus isolation results from fecal swabs and
ganglionic tissue as well as shows average clinical and lesion scores from vaccinates and
control groups. Resulits show higher levels of both ¢ irculating a ntibodies and SN titers in
vaccinates as compared to controls. Clinical scores and lung lesions are significantly reduced

in the vaccinated piglets as well. The evolution of the clinical score after challenge is shown

in Figure 3.
Groups vaccinates controls
Serology ELISA at D30 (logl0) 4.1 +/-0.70 2.8 +/- 0.50
Serology ELISA at D63 (logl0) 524/-028 3.4 +/-0.67
Serology SN at D30 (log10) 3.4 +-0.25 1.6 +/-023
Serology SN at D63 (logl() 3.7+-0.31 2.2 +/-0.53
PCV-2 in feces (% of positives) 40 61
PCV-2 in mediastinal ganglions (% of positives) 25 100
Clinical score 14 31
Lesion score 5.8 18.8
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D14 D20 Vaccinated 0.9 0.4 +/- 9.2 12.4 +/- 71.3 25.8 +/- 72.5 29.3
+/- 56.9 18.0 +/- 15.9 8.0 +/- 2.6 2.6 +/- 2.0
WO 2005/009462 PCT/US2004/024027

Example 7: Field efficacy results following one dose vaccination
with a TS6-adjuvanted inactivated PCV-2 vaccine

Vaccine composition: The TS6 adjuvant was prepared as described in Example 1. The PCV-2

virus was grown on PK/15 cells and viral multiplication carried out as described in US Patent
Serial No. 6,517,843 (Ellis et al.; the contents of which is hereby incorporated herein in its
entirety). Briefly, at the end of viral culture, the infected cells are harvested, lysed and the
viral harvest inactivated with conventional methods. For example, inactivation may be
accomplished with 0.1% ethyleneimine for 18 hours at +37 degrees C; with 0.5% beta-
propiolactone for 24 hours at +28 degrees C.; or with 0.2% and 0.1% beta-propiolactone for
24 hours at +4 degrees C. If the virus titer before inactivation was inadequate, the viral
suspension was concentrated by ultrafiltration using 2 membrane with a 150 - 300 kDa cut-
off. The inactivated viral suspension was stored at +5 degrees C before formulating the
vaccine. The anfigen content of the vaccine was set at 2.1 log 10 antigen Units per dose.
Based on this content, the activity of the vaccine determined through the quantification of the
active ingredient in the final product by an ELISA method was arbitrarily set at a minimum of
100 ELISA Units per dose.

Vaccination protocol: To test the efficacy of the vaccing composition under field conditions,
a farm was chosen which typically exhibits endemic outbreaks of postweaning multisytemic
wasting syndrome ‘(PMWS) caused by PCV-2 infection in piglets. Sows were divided into two
groups with vaccinates receiving one inframuscular injection (2 ml dose) of the TS6 adjuvanted
PCV-2 inactivated vaccine two to three weeks before famowing. The second group was not
vaccinated and served as a control. The sows were allowed to farrow and piglets from
vaccinated sows (n = 889) and control sows (n = 713) were monitored for mortality up to age of
slaughter.
Results; Figure 4 shows a graph depicting the percentages of PMWS cases in piglets up to the

time of slaughter. As can be seen from the graph, there was a 75% reduction in the number of
cases of PMWS in piglets born to vaccinated sows as compared to the number of cases in piglets
from unvaccinated controls. These results show a significant decrease in the clinical disease
associated with PCV-2 infection and demonstrate the feasibility of vaccinating sows shortly
before farrowing with a TS6 adjuvanted inactivated PCV2 vaccine to prevent the mortality and
morbidity associated with PCV2 infection in piglets. These results further demonstrate that a
significant reduction of PMWS among piglets in actual field conditions can be achieved using

only one dose of a vaccine composition according to the present invention.
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1.2 +1- Bl ood sanples were obtained fromall animals at
various intervals (DO D7, D14, D20 and D28) and levels of antibodies
agai nst Mannhei m a haenol ytica Al |eucotoxin perforned by ELISA
(titer in 10gl0 0D50). Results showed that all calves were negative
prior to vaccination. By D20, after a single vaccination, eight of
the ten vaccinates had sero-converted while all control calves

remai ned negative fromDO to D20. The ELI SA results are summari zed as

follows: G QupsodisboA (1 0910) DO D7 D14 D21 D28 Vaccigahisholpan; <0. 78
1.11 1.70 1.86 4.00 Std deviation 0.00 0.65 0.90 0. 84 O.gg Cbngrol

Mean Example 8; LF2 emulsion

Using the method described above in Example 1, an oil-in-water (O/W) emulsion
containing 10% oily phase.emulsion and designated as LF2 was made. The oily phase (100
ml) contained Marcol 82® 88% v/v, Span 80® 1.8% w/v and Tween 85® 10.2% wiv. The
aqueous p hase #1 (100 m1I) contained phosphate disodic and m onopotassic 0.02M i sotonic
buffer (pH 7.8) 88.5% v/v and 20% (w/v) solution of Tween 80® 11.5% w/v. The aqueous
phase #2 (400 ml) was constituted with the phosphate disodic and monopotassic 0.02M
isotonic buffer (pH 7.8), optionally containing immunogens. 100 ml of the pre-emulsion was
diluted with 400 ml of the aqueous phase #2 to obtain the LF2 emulsion. The final surfactant
concentration in the LF2 emulsion was 1.43% w/v. The PIT of the LF2 emulsion was > 45°C,
as determined by conductivity.

Example 9: Serology analysis after the administration of a swine influenza
vaccine adjuvanted with the LF2 emulsion

Materials and M ethods: fifteen (15) piglets, about 10 weeks of age were randomly
allocated into 3 groups. Group one (vaccinated) had 5 piglets vaccinated twice (on day 0 and
day 28) with 2 m! of a recombinant swine influenza vaccine at 7.7 log10 CCIDsg per dose by
intramuscular injection. This recombinant expression vector vaccine contained a canarypox
vector e ncoding and expressing nucleoprotein (NP) and haemagglutinin (HA) of an HINI
swine flu virus. The second group of 5 piglets was vaccinated twice (by intramuscular
injection on day 0 and day 28) with 2 ml of the recombinant swine influenza vaccine (at 7.7
logl0 CCIDsg per dose) adjuvanted with the LF2 emulsion (LF2 vaccinated group). Five
piglets were left unvaccinated (control group). Blood samples were taken at DO, D14, D23,
D42 and D56 post vaccination for determining haemagglutination inhibition (HI) titers.

Results: As summarized in the following table, all vaccinates showed a significant
anti-swine flu antibody response from 42 to 56 days after vaccination (ANOVA, p<0.0001) as
compared to untreated controls. However, pigs vaccinated with the LF2 adjuvanted vaccine
showed a significant increase in antibody response at days 42 to 56 days post-vaccination as

compared to pigs receiving the unadjuvanted recombinant vaccine (ANOVA, p<0.0001).
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<0.78 <0.78 <0.78 <0.78 1.39 Standard deviation0.00 0.00 0.00 0.00

1.00 Chal | enge Protocol: All calves were chall enged on day
by intra-tracheal admnistration of a 30 m chall enge contai ni ng
about 9.2 10gl0 CPU mM (colony formng unit per milliliter) of

Mannhei m a haenol ytica Al strain.

| ater. From

the day of challenge to the end of the study, all cal

were exam ned daily for general clinical signs including respirat

di stress. Sighmodigeskki ored i ncl uded general conditi on,p@ERGE@NG23027
rectal tenperature, nasal discharge, cough, respiratory rate, and

cal cul at ed
given in theg
coefficient)

Depr essi on

dyspnea. WEGRGH85/ OOQlHHR:EEUI/ US2004/ 034827 GeeBal clpdai cal s6or es
Vét&hgé.dng it e o downgyformuligg—and—tihe—par-tizai—sc
tabl e: oabal. clifni cal score = (parfial score x
/14 0 1 Btdégyetien 3%nt GaHEral @Mdi ti @rf7Nor mggh?!
12ShdebtbdiMean 0.9 0.9 0.9 2.04 1.92
Std deviation [0.060 0.00 0.00 0.33 0.16
Controls Mean 0.9 0.9 0.9 0.9 0.9
Std deviation  [0.00 0.00 0.00 0.00 0.00

As demonstrated by these results, the adjuvant effect of the LF2 emulsion allows the
vaccine to induce a higher antibody response against the swine flu virus, as compared to the
non-adjuvanted vaccine.

Example 10: Protection induced by a Mannheimia haemolytica
vaceine adjuvanted with the LF2 emulsion

Materials and Methods: twenty (20) calves, five months of age, negative or with low

Mannheimia haemolytica leucotoxin antibody fiters, were randomly allocated into two groups
of 10 calves each. An LF2 emulsion was made as described in Example 8 above and a
vaccine formulated containing inactivated Mannheimia haemolytica (Al strain) at
approximately 60 to 70 ELISA units {corresponding to about 0.34 mL to 1.1 mL of crude
non-concentrated bacterial culture) per dose of vaccine and adjuvanted with the LF2
emulsion. One group of 10 calves was vaccinated on day 0 with 2 ml of the LF2 vaccine
composition by subcutaneous injection, while the control group of 10 calves was not
vaccinated. From the day of vaccination {D0) to the day of challenge (D20), all vaccinated
calves were regularly examined for general and local reactions to vaccination. Clinical
examination comprised an assessment of systemic reactions (such as apathy, anorexia,
polypnea, salivation, trembling), recordation rectal temperature, and a measurement of local
reaction at injection sites. None of the calves presented any systemic reaction to vaccination.
Rectal temperatures (in °C, mean +/- standard deviation) summarized in the following table
showed a transient and slight phase of hyperthermia was observed in the vaccinated group,

with a peak within 24 hours after vaccination.
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x2 Food Normal Reduce Anorexia x3 Cough No Intense, occasional Wak,
frequent x|l Nasal discharge No Serous Mico-purul ent x2 Respiratory

rate <35/mn 35-50/mn >50/mn x3 Rectal tenperature <39.5C
39. 5C-40. 5C >40. 5C x3

WO 2005/009462 PCT/US2004/024027
DO DO+4h | DI D2 D3 D7 D14 D20

Vaccinated | 39.3 +/- | 39.6 +/- | 39.5 +/- | 39.2 +/- | 39.0 +/- | 39.0 +/- [ 39.1 +/- | 3.7 +/-
0.3 0.4 0.3 03 0.2 0.2 0.3 0.3

Controls 39.3 +/- | 393 +/-[39.1 +/- | 39.1 +/- [ 38.9 +/- | 39.0 /- | 38.9 +/- | 38.7 +/-
0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.3

Local reactions in vaccinated calves (measured as the surface area in em?, mean +-
standard deviation) showed a strong local reaction that appeared approximately 24 to 48 hours
post vaccination in all vaccinated animals and then rapidly decreased to 2 size of
approximately 3 cm’? by D 14, These reactions had almost disappeared by D 20. The

reactions are summarized as follows:

Do DO+4h | DI D2 D3 D7 Di4 D20
Vaccinated | 0.9 +/- | 9.2 +/-|71.3 +/-|72.5+-]56.9 +/- | 15.9 +/- | 2.6 +/-{2.0 +-
0.4 12.4 258 29.3 18.0 8.0 2.6 1.2

Blood samples were obtained from all animals at various intervals (D0, D7, D14, D20
and D28) and levels of antibodies against Mannheimia haemolytica Al leucotoxin performed
by ELISA (titer in logl0 OD50). Results showed that all calves were negative prior to
vaccination. By D20, after a single vaccination, eight of the ten vaccinates had sero-converted
while all control calves remained negative from DO to D20. The ELISA results are

summarized as follows:

Groups [ELISA (logl0} DO D7 D14 D21 D28
'Vaccinated Mean < 0.78 1.11 1.70 1.86 4.00
Std deviation 0.00 0.65 0.50 0.84 0.26
Control Mean < (.78 < .78 < 0.78 < 0.78 1.39
Standard deviation|0.00 0.00 0.00 0.00 1.00

Challenge Protocol: All calves were challenged on day 20 by intra-tracheal

administration of a 30 ml challenge containing about 9.2 logl0 CFU/ml (colony forming unit
per milliliter) of Mannheimia haemolytica Al strain. The challenge was repeated 24 hours
later. From the day of chalienge to the end of the study, all calves were examined daily for
general clinicat signs including respiratory distress. Signs monitored included general

condition, anorexia, rectal temperature, nasal discharge, cough, respiratory rate, and dyspnea.
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For dead animals, the nmaximumindividual daily clinical score of 2
was applied The lung | esion scores (expressed in percentages)
were al so determned for each calf by using the follow ng fornula:
Lung lesion score = E (surface of the lesion on a | obe/surface of the
whol e | obe x 100 x Litho Wherein LRMis the lung relative nmass, with
a value of: 0.11 for the right cranial |obe and the right nedial
cranial |lobe 0.07 for the right nedial caudal |obe 0.35 for the right
caudal | obe i Q5652 the I eft cranial |obe 0.06 for theanlsefloned al

| obe 0.32 for the left caudal |obe, and 0.04 for the azygos | obe.
Results of chghd enese sceohatk cQLdld@d%&or&%QB % HQwikaeRnugl Ol @he partial
presented in the follow ng table, showed that the vaccinated group
denonstrated“&?%?f?ﬂ?@%ﬁﬂﬁ: reduction in global clinical scores as
conpar ed t o unt r eabadinehnteret I ({apalc@d GeoefiNEVA4. WO

2605 DG04GEPCT] LSS0041 G-t e e Dot 029 TR
General condition | Normal Depression Prostration x2
Food Normal Reduce Anorexia %3
Cough No Intense, Weak, frequent %1
occasional
Nasal discharge No Serous Muco-puruient x2
Respiratory rate <35/min 35-50/min >50/min %3
Rectal temperature | <39.5°C 39.5°C-40.5°C | >40.5°C %3

For dead animals, the maximum individual daily clinical score of 2 was applied

The Tung lesion scores (expressed in percentages) were also determined for each calf
by using the following formula:

Lung lesion score = ¥, (surface of the lesion on a lobe/surface of the whole lobe = 100
x LRM)

Wherein LRM is the lung relative mass, with a value of:

0.11 for the right cranial lobe and the right medial cranial lobe

0.07 for the right medial caudal lobe

0.35 for the right caudal lobe

0.05 for the left cranial lobe

0.06 for the left medial lobe

0.32 for the left caudal lobe, and

0.04 for the azygos lobe.

Results of challenge: Global clinical scores for each group, presented in the following
table, showed that the vaccinated group demonstrated a significant reduction in global clinical

scores as compared to untreated controls (p=0.046, ANOVA).
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0.6 0.6 0.5 0.5 0.5 4.0 Standard deviation 0.1 0.4 0.5 0.6
0.8 0.8 4.5 Control Mean 0.1 0.9 1.1 1.0 1.1
WO 2005/009462 PCT/US2004/024027
D20 | D21 | D22 (D23 | D24 | D25 | D26 _D27 Curmnulated
score
Vaccinated | Mean 0.0 (07 107 (06 |06 |05 (05 105 (40
Standard [ 0.1 |04 |05 |06 |08 |08 0.8 08 |45
deviation
Control Mean 01 (09 (1.1 (1.0 |1.1 12 |12 §1.3 |80
Standard | 0.1 |05 |06 {08 J09 |08 |0.8 [0.7 |45
deviation

All animals that succumbed to the challenge presented with 60% or more of their

lungs affected. There was a statistical tendency (p=0.08) of vaccinated animals to have fewer

lung lesions than those in the control group. The number of animals per group having more

than a third of their lungs affected was 2/10 (20%) for the vaccinates and 7/10 (70%) for the

control animals. The number of animals having more than a third of their lungs affected was

significantly lower (p=0.03, Fischer’s Exact Test, one tailed) in the vaccinated group. Results

of the lung lesion scores are summarized in the following table:

74.8% 64.5%
10.6 7.0
10.1 78.6*
Individual percentage | 10.5 Individual percentage | 63.1*
of Jung lesions in 66.4% of lung lesions in|44.7
vaccinates 6.2 controls 60.9
6.9 48.2
32.9 0.8
254 59.5*
8.0 3295
Mean +/- std 252 +/-25.5 Mean +/- std 46.0 +/- 25.5
deviation deviation

* animals that succumbed to the challenge
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1.2 1.2 1.3 8.0 Standard deviation 0.1 0.5 0.6 0.8 0.9 0.8 0.8 0.7
4.5 Al'l animals that succunbed to the chall enge presented with
60% or nore of their lungs affected. There was a statistical tendency
(p-0.08) of vaccinated animals to have fewer |lung | esions than those
in the control group. The nunber of animals per group having nore
than a third of their lungs affected was 2/ 10 (20% for the

vacci nates and 7/10 (70% for the control animls. The nunber of

ani mal s haviyg@.di0dssss han a third of their |ungs affeci@es¥@$ori027
significantly | ower (p=0.03, Fischer's Exact Test, one talled) in the

vacci nat ed groupThﬁe§@$@§%UVS@WémmUWQOW@Eﬂdmﬁsmome@maneRsm&nmmwzmd in

the follow n%l(ﬁaﬁmuﬁcal bdaeds ){dth@ﬁerdQﬁﬁéé%NxﬁE%m&fs Im&ghgﬁw&&ﬁatédmmmazs

vacci nates 7 | ndj vi dual _ percentage of lung lesions in controls
64. 5* 10. 6 exhibited a slight hyperthermia following vaccination, no other general reaction to

vaccination was observed. Strong local reactions were observed after vaccination, but rapidly
reduced to a very acceptable size and significant lesions were observed at necropsy. These
results demonstrate the safety of the vaccine adjuvanted with the LF2 emulsion.

The results of this experiment, showing that both the average clinical scores and lung
lesion scores were significantly reduced in vaccinates as compared to controls, demonstrate
that a single injection of the Mannheimia haemolytica vaccine adjuvanted with LF2 emulsion
protects naive calves against a Mannheimia haemolytica challenge.

Having thus described in detail preferred embodiments of the present invention, it is to
be understood that the invention defined by the above paragraphs is not to be limited to
particular details set forth in the above description as many apparent variations thereof are

possible without departing from the spirit or scope of the present invention.
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10.

1

78. 6* 10.5 63. 1* 66. 4* 44.7 6.2 60.9

What is claimed is:

A vaccine composition comprising an injectable oil-in-water {O/W) emuision, comprising:

{i) an aqueous solution containing at least one immunogen;

{il} a mineral qil;

(iil) a non-Tonic lipophilic surfactant;

(iv) a non-ionic hydrophilic surfactant having a high hydrophitic-lipophilic batance (HLB)
value greater than 13 and [ess than 40; and

{v} a non-ionic hydrophilic surfactant having a low hydrophilic-lipophilic balance (HLB) value
between 9 and 13.

The composition of claim 1, wherein the high HLB non-ionic hydrophilic surfactant is present
at a concentration of 0.1 to 1.5% expressed as a weight by volume of emulsion {w/v).

The composition of claim 2, wherein the percentage of the surfactants is from 4% to 6%
weight/volume.

The composition of claim 1, wherein the iow HLB non-ionic hydrophilic surfactant is present
at a concentration of 1% to 8% expressed as a weight by volume of emulsion (w/v).

The composition of claim 1, wherein the non-ionic lipophilic surfactant is present at a
concentration of 0.1% to 2.5% expressed as a weight by volume of emulsion (w/v).

The composition of claim 1, whergin the mineral oil is present at a concentration of 20% to
40% (v/v).

The composition of claim 1, wherein the emulsion has a phase inversion temperature (PIT)
of between 33 to 66°C.

The composition of claim 1, wherein the low HLB non-ionic hydrophilic surfactant is selected

from the group consisting of ethoxylated fatty acid triesters of sorbitan, ethoxylated fatty
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6.9 48. 2
devi ati on 25.

10.

11.

12,

13.

14,

32.9 0.8 25. 4 59. 5* 8.0 32.9 Mean +/- std
2 +/- 25.5

acid diesters of sorbitan, ethoxylated fatty acid monoesters of sorbitan, ethoxylated fatty
alcohols, ethoxylated fatty acids, ethoxylated castor oil and combinations thereof.

The composition of claim 8, wherein the ester of said ethoxylated fatty acid ester is salected
from the group consisting of oleate, palmitate, stearate, isostearate, laurate and
combinations thereof.

The compasition of claim 1, wherein the non-ionic lipophilic surfactant is selected from the
group consisting of fatty acid esters of sorbitan, fatty acid esters of mannide, di- ethoxylated
fatty acid esters of mannide, tri- ethoxylated fatty acid esters of mannide, tetra-ethoxylated
fatty acid esters of mannide and combinations thereof.

The compuosition of claim 10, wherein the ester of the fatty acid esters is selected from the
group consisting of oleate, palmitate, stearate, isostearate, laurate and combinations
thereof.

The composition of claim 1, wherein the high HLB non-ionic hydrophilic surfactant is
selected from the group consisting of ethoxylated fatty acid monoesters of sorbitan,
ethoxylated fatty alcohols, ethoxylated fatty acids, non-onic block-copolymer, and
combinations thereof.

The compaosition of claim 12, wherein the ethoxylated monoester of sorbitan is selected
from the group consisting of ethoxylated sorbitan monolaurate, ethoxylated sorbitan
monapalmitate, ethaoxylated sorbitan monostearate, ethoxylated sorbitan monooleate, and
combinations thereof.

The composition of ¢laim 1, wherein the mineral oil is selected from the group consisting of
paraffin oil, squalane, pristane, polyisobutene oil, hydrogenated polyisobutene oil,

polydecene oil, polyisaprene ail, polyisopropene oil and, combinations thereof.
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Mean -19- std deviation 46.0 +/- 25.5 * animals that succunbed to
the chal l enge WD 2005/ 009462PCT/ US2004/ 024027 There was a

hi ghly significant (p<0.001) and strong correl ation (R2=0.86) between
gl obal clinical scores and the percentage of |ung |esions. Although
all vaccinated animals exhibited a slight hypertherm a foll ow ng
vacci nation, no other general reaction to vaccination was observed.
Strong | ocal reactions were observed after vaccination, but rapidly
reduced to a very acceptable size and significant |esions were
observed at necropsy. These results denonstrate the safety of the
vacci ne adjuvanted with the LF2 enul sion. The results of this
experinent, showi ng that both the average clinical scores and | ung

| esion scores were significantly reduced in vaccinates as conpared to
controls, d@mﬁ%%@&lgorﬁﬁﬁglm @w@i&h&%ﬁlsés@bﬂgﬁd A sObitah ey MR 8
haenDIytlc( vacci ne adjuvanted with LF2 enul si on protects nave

cal ves agai nsta nan-ManpbRilieEuAachaeaRthgtylaeg fattg ftaililieeg@sorbitan as a lowivd Nng t hus
described in detail preferred enbodi nents of the present invention,

it is to be undeekstoddrhiihatfaddneant ay@idnicdlackdedolymerds biyshtHhiEnoatsniz e
paragraphs is not to be limted to particular details set forth in

t he above desdwipaiionfagsenthany apparent vari ations thereof are

possi bl e wit hout de artlng fro mtrut or squgrﬁamﬂne pr esent
i nvention. 3§ Thecompositongig F%“’Vﬂ“ Tt fatly aOAMORREE" KA Conposi tion

conprising an jnj ea{ apl e%hoxymedfpty\é@&tﬁgstef%%aﬁw SHoQbted GRIRE LS 1 NG

(i) an aqueous SO Sj'on cont aining at | east one 1 munogen; (ii) a

mneral oil; (dbipkah a8l tRAAIRPbIScd BORG s |p9y0§\}éfht/l@fﬁﬁpamxvpmpoiéTM)?C"a'ﬂer
non-ionic hydrophlllc surfactant having a high hydrophilic-1lipophilic

bal ance (HLB) @lrde). greater than 13 and | ess than 40; and (v) a
non-ioni c hydrophilic surfactant having a | ow hydrophilic-lipophilic
bal ance ( HLBYy. Twatomeoshiet sfelgm 1@ wherein 8 pardiin s Feregormposntentotioof 184 m 1
wherein the high HLB non-ionic hydrophilic surfactant is Present at a
concent r at i on 49%v/p the serjtan mawplesty et e cat ARG 245 LV THRE of
enul sion ( w V)ethoxylated trioleate of sorbitan is present at a concentration of 2% to 5% w/v and the POE-
POP is present at a concentration of 0.1% to 0.5% w/v.
18. The composition of claim 16, wherein the paraffin oil is present at a cancentratfon of 29.3%
v/v, the sorbitan monooleate is present at a concentration of 0.6% w/v, the ethoxylated
trioleate of sorbitan is present at a concentration of 3.4% w/v and the POE-POP is present at
a concentration of 0.25% w/v.
19. The composition of claim 1, wherein the immunogen is selected from the group consisting
of an inactivated pathogen, an attenuated pathogen, an immunogenic subunit, a
recombinant expression vector, and a plasmid or combinations thereof.
20. The composition of claim 19, wherein the pathogen is selected from the group consisting of
a virus, a bacterium, a fungus, protozoal parasite or combinations thereof.
21. The compaosition of claim 19, wherein the immunogen is an inactivated virus.

22, The composition of claim 21, wherein the immunogen is an inactivated porcine circovirus

type 2 {PCV-2) virus,
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3. The conmposition of claim?2, wherein the percentage of the
surfactants is from4%to 6% wei ght/volunme. 4. The conposition of
claim1, wherein the | ow HLB non-ionic hydrophilic surfactant is
present at a concentration of 1%to 8% expressed as a wei ght by

vol une of enulsion (wv). 5. The conposition of claim1, wherein the
non-ionic lipophilic surfactant is present at a concentration of 0.1%
to 2. 5% expressed as a wei ght by volunme of enmulsion (Wv). 6. The
conposition of claiml, wherein the mneral oil is present at a
concentration of 20%to 40% (v/v). 7. The conposition of claima1,
wherein the enul sion has a phase inversion tenperature (PIT) of
between 33 to 66C. 8. The conposition of claim1, wherein the | ow

FI LB non-ionic hydrophilic surfactant is selected fromthe group
consi sting of. 1ed hapgkiat e caih ad, tviferarCthimint i @&t ieih Maaivatsioniptosiny,

ethoxyl ated fatty acid diesters of sorbitan, ethoxylated fatty acid
nonoest er s of fgw@rdyinpréas baceribroxy| at ed fatty al cohols, ethoxylated fatty
aci ds, ethoxyl ated castor oil and conbinations thereof. 9. The
conposi t i on 2bTMeeEPIie) owre & Him & eseeragie EEPHCREREIALEH fatty
acid ester is selected fromthe tqroup consi sting of ol eate,

pal mitate, std&PHFE LB FELFAPET %% rate and combi nations t her eof .

10. The cOMOSIcl 41O HhoofitR bl ﬁngtw’aﬁmé Ak BRodMAs e QB ficakbPNI |1 C

surfactant is selecte romt e group consisting of fatty acid esters
of sorbitan, fatdiiLARinfin@Sic8 SR TR BN Saaindb patichiOXyl ated fatty acid
esters of mannide, tri- ethoxylated fatty acid esters of manni de,

t et r a- et hox yb.ahe@dmbattibyacaedig tesinersr 0 usaadantickao dand 25 endudinat | ons

t hereof. 11. The conposition of claim 10, wherein the ester of the
fatty acid estiemenoges issetckd frenlth erown cotveting oo padtiontsiMyedrlagnof ol eat e,
palmtate, stearate, isostearate, |aurate and conbinations thereof.
12. The conpos’iy‘fpi”?j’ﬁ“’we béqt%ﬁ”ﬁnaﬂ'”aWé’Prﬁ‘"‘icl‘f@”FHS@’HE?—iﬁ%’ AYHEoni ¢
hydrophilic surfactant i S sel ected fromthe group consisting of

et hoxyl at ed facf"f’?“aé%‘]sﬂ‘e%noesters of sorbitan, ethoxylated fatty

al cohol s, et and
conbi nat i onszp?ﬁgésg%? i %B Eé{'ﬂg&%gﬁf)%és??{l?%ﬁ%% o pgﬁﬁn%%p%m"%ﬁg;oﬁ t he

et hoxyl at ed nopesstRkrpfesorbitan is selected fromthe group

consi sting of et hoxylated sorbitan nonol aurate, ethoxylated sorbitan
nonopal m t atze, Thetdaacxyrliag 18 ehy sor dbildiases ERTOS e Rttatzamaltséiaiey frath thel
sorbitan nonool eate, and conbi nati ons thereof. 14. The conposition of
claim1, wher eirevetdnesting i eatiel pigsi Horsgsgdogsetatscohigigns Mmavwerkm oup

consi sti ng of paraffin oil, squal ane&b@rl st ane, yi sobut ene oil,
hydr ogenat edp Fyﬁe%‘ﬁfﬁfﬁgetﬁé"\‘ﬂi‘q b 3B 45 dRetiEreBite adrﬁ'B'FtW YIPPEEed

pol yi sopropen ti on thereof. 15. The conposition of
claim1 which Fag"s'@é'“é °””%’ ?FEOHS gc) [Nt sorbitan fatty acid

monoest er as, amnf?gaaecg&hgcmuyaﬁwcl?hé h&s%wgf\ﬁfgeﬁﬂﬁeadrﬁl@nstﬁtc&QMhﬁLﬁq fatty

acid triester of sorbitan as a non-ioni ¢ hydrophil

sur fact ant and,.udQfinb@hi ¢ bl ock- copol yrrer as a high HLB non i onic
hydrophilic surfactant. 16. The conposition of claim15, wherein the
sor bi t an f atiiyThaednihodfon aesiiggto iiSm 24 8 OieictsernrdinpRe ol ceadfelaimt 5o 30,

et hoxylated fatty acid triester of sorbitan is an ethoxyl at ed
trioleate of seorerttbrimmpbednliseelertad fow Hie groty eskingoiroiviprriaiiuenzg vigs or

pol yoxyet hyl ene/ pol yoxypr opyl ene pol ymer (POE-POP). 17. The

conposi ti on of "EFEEHVIE IR ?eé’i"’ht"f’he paraffin oil is present at a

concentratio 10% to 40%/ v tan nonoo esent at
a concent rat%lo’gli qf’"’ﬁ’s'ﬁ%n i""'“_”Lm%%'/ma 'rsw'a?% LERERY natsecc(’f%t" ’(rallwoh rgg%a'ed of

sorbitan is prgsent cflori@s: GRNG R Sk ela Qinc I%D/thlpsuﬁﬁaw || anlidae

PCE-POP is present at a concentrat i on of 0. . 18. The
conposi tion of paleghiMsuk@etanthOingd Whhﬁ"thﬁopﬂ&d:@&pfhlhﬂbaﬁhde {HL& vﬁ)tﬁe%&&t@fthzﬁst a
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26. The conposition according to claim24 or the use according to
claim 25, wherein the inmunogen is selected fromthe group consisting
of an inactivated Mycopl asnma hyopneunoni ae bacterium an inactivated
porcine circovirus type 2 (PCV-2) virus or conbinations thereof. 27.
The use according to claim25 or 26, wherein the vacci ne conposition
is for admnistration as a one-shot reginen. 28. The use according to
any one of clains 25 to 27, wherein the aninmal is selected fromthe
group consisting of cattle, pigs, horses, dogs, cats, chickens,

ducks, and turkeys. 29. The use according to any one of clains 25 to
28, wherein the admnistration is intramuscular (I'M, intradernal

(I'D) or subcutaneous (SC) injection. 30. The use according to any one
of clainms 25 to 29, wherein the admnistration is done with a

needl el ess i njigertddsss th@H0; athie) comjrois vdicphic susedmtbavips ¢ leiv BR@PRC24 or t he
use according to any one of clains 25 to 30, wherein the inmunogen is
sel ect ed from'ipepdiigrBerp HeBMdiedeagy 3379 13- swi ne i nfl uenza virus or

i nactivated _Mannhei m a haemplytic. 32. A kit c ti Si.ng an i mmunogen
h st FFar SRR BAGT o BT = MR DA UG A DA d
emul si on conprj (] Lperal oil; (H a non-ionic lipophilic
surfactant; (fPﬁ%ﬁgaﬁgﬁ?ﬁéﬁ%ﬂﬁtydrophiIic surfactant having a high
hydr ophi |'i c-ghi Rl kdr GroR@h@NEe&ink dombdsBhn Mabiitg GBAbRImbihagen aki3n and

| ess than 40; and (ivﬁ-a non-ioni ¢ hydrophilic surfactant having a

| ow hydr ophi | i eduisipg phdréin @idlaliascenfrdes] @ Bhinatalloi) ¢) Debiveepobhiland 13. 33.
The kit according to claim 32 wherein said i nmunogen is in a

| yophi | i sed f orifacent; fisa jon-iogiohwdteptilis syriactan hagigaretiah ydneedificfivpehiiabalage et hod
for producing a vaccine conposition conprising at |east gne inmmunogen

and an enul si dHtB) Valve gedtes theni e isker Hhand GHp peraenechvqreppilicsuriacidir al o I ;
N omie liponhilic surfactant- (il "L oni ¢ hvdeophi |

Surf actant hauFhe HobgrPHiGHFEpRETTE TRt B 1R frlloa e ©

greater than 1a§Ie%?g\elin‘?éﬁﬂgengﬂccﬁ%faté%@ jng EM%ﬁlcﬁﬂgﬂ oh Q'rE's'aﬁdeQYOQHeOph' lic

surfactant having a | ow hydrop 1c-1ipop al ance (KB) val ue
between 9 and J3isicand, wherein said at | east one immunogen is
i ncorporated during emul sion formation or is added to the emul sion.
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