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knxnunologically active saponin fractions having adjuvant activity derived from the 

bark of the South American tree Quillaja Saponaria Molina are known in the an. For 

10 example QS21, also known as QA2I, an Hplc purified fraction from the Quillaja 

Saponazia Molina tree and it’s method of its production is disclosed (as QA21) in US 

patent No. 5,057,540. Quillgia saponin has also been disclosed as an adjuvant by Scott 

eta!, mt. Archs. Allergy Appi. Immun,, 1985,77,409. However, the use of QS21 as 

an adjuvant is associated with certain disadvantages. For example when QS21 is 

15 injected into a mammal as aiim molecule it has been observed that necrosis, that is to 

say, localized tissue death, occurs at the injection site. 

It has now surprisingly been found that necrosis at the injection site can be avoided by 

use of formulations containing a combination of QS21 and a sterol. Preferred sterols 

20 include -sitostero1, stigmasterol, ergosterol, ergocalciferol and cholesteroL These 

sterols are well known in the art, for example cholesterol is disclosed in the Merck 

Index, IlthEdn., page 34l,asa naturally occuring sterol found in animal fat 

In a 

25 cu tisingan,antirten aninuminnincrifilly ntteiv’ "a 

Preferably the compositions of the invention contain the immunologically active 

saponin fraction in substantially pure form. Preferably the compositions of the 

invention contain QS21 in substantially pure form, that is to say, the QS21 is at least 

90% pure, preferably at least 95% pure and most preferably at least 98% pure. 

30 Other immunologically active saponin fractions useful in compositions of the invention 

include QAI7/QS17. Compositions of the invention comprising 0S21 and cholesterol 

cholesterol is absºiii1iile the adjiiiiiffect is maintajnr& In addition it is known 

that 11igxasles under basic conditions where the pH is about 7 or greater. A 

35 further advantage of the present compositions is that the stability of QS21 to base-

mediated hydrolysis is enhanced in formulations containing cholesterol. 

2-i k 
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Preferred compositions of the invention are those forming a liposome structure. 

Compositions where the sterol/immunologically active saponin fraction forms an 

ISCOM structure also form an aspect of the invention. 

5 The ratio ofQS2l : sterol will typically bein the order ofi: 100 to 1: 1 weight to 

weight. Preferably excess sterol is present, the ratio of QS21 : steml being at least 

1:2 wlw. Typically for human administration QS2I and sterol will be present in a 

vaccine in the range of about 1 tg to about 100 p.g, preferably about 10 tig to about 

WO 96133739 

50 pg per dose. 

10 10 

The liposomes preferably contain a neutral lipid, for example phosphatidyicholine, 

which is preferably non-crystalline at mom temperature, for example eggyolk 

phosphatidylcholine, dioleoyl phosphatidylcholine ordilauryl phosphatidyicholine. The 

liposomes may also contain a charged lipid which increases the stability of the lipsome-

15 QS2I structure for liposomes composed of saturated lipids. In these cases the amount 

of charged lipid is preferably 1-20% w/w, most preferably 5-10%. The ratio of sterol 

to phospholipid is 1-50% (mci/mo!), most preferably 20-25%. 

Preferably the compositions of the invention contain MPL (3-deacylated mono-

20 phosphojyl lipid A, also known as 3D-MPL). 3D-MPL is known from GB 2220211 

(Ribi) as a mixture of 3 types of De-O-acylated monophosphotyl lipid A with 4,5 or 6 

acylated chains and is manufactured by Ribi Immunochern, Montana. A preferred form 

is disclosed in International Patent Application 92/116556. 

25 Suitable compositions of the invention are those wherein liposomes are initially 

prepared without MPL, and MPL is then added, preferably as 100 nm particles. The 

MPL is therefore not contained within the vesicle membrane (known as MPL out). 

Compositions where the MPL is contained within the vesicle membrane (known as 

MPL in) also form an aspect of the invention. The antigen can be contained within the 

30 vesicle membrane or contained outside the vesicle membrane. Preferably soluble 

antigens are outside and hydrophobic or lipidated antigens are either contained inside 

or outside the membrane. 

the vaccines of the invention will not Nuire an s 

35 formulated in an aqueous or o or p armaceutically acceptable buffer. In some cases it 

or 

or 

as for 

15 

20 
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Preferably the vaccine formulations will contain  anantixenor antinenic cornoosiflon 
’capable of eliciting an immune resoonse aeainxt a human or nimaJat1ron Antigen 
or anngenic compositions known in the art can be used in the compositions of the 
invention, including polysaccharide antigens, antigen or antigenic composititins derived 
from HIV-1, (such as gpl20 or gpl6O), any of Feline Immunodeficiency virus, human 
or animal herpes viruses, such as gD or derivatives thereof or Immediate Early protein 
such as 1CP27 from HSVI or HSV2, cytomegalovinis (especially human) (such as gB 
or derivatives thereof), Varicella Zoster Virus (such as gpl. for Ill), or from a 
hepatitis virus such as hepatitis B virus for example Hepatitis B Surface antigen or a 
derivative thereof, hepatitis A virus, hepatitis C virus and hepatitis E virus, or from 
other viral pathogens, such as Respiratory Syncytial virus (for example HSRV F and G 
proteins or immunogenic fragments thereof disclosed in US Patent 5,149,650 or 
chimeric polypeptides containing immunogenic fragments from HSRV proteins F and 
G, eg RI glycoprotein disclosed in US Patent 5,194,595), antigens derived from 
meningitis strains such as meningitis A, B and C, Streptoccovcus Pneumonia, human 
papilorna virus, Influenza virus, Haemophilus Influenza B (Nib), Epstein Barr Virus 
(EBV), or derived from bacterial pathogens such as Salmonella, Neisseria, Borreia 
(for example OspA or OspB or derivatives thereof), or Chiamydia, or Bordetella for 
example P.69. PT and FHA, or derived from parasites such as plasmodium or 
toxoplasma. 

HSV Glycoprotein D (gD) or derivatives thereof is a preferred vaccine antigen. It is 
located on the viral membrane, and is also found in the cytoplasm of infected cells 

25 (Eisenberg R.J. g ; J of Viro! 1980 35 428435). It comprises 393 amino acids 
including a signal peptide and has a molecular weight of approximately 60 kD. Of all 
the HSV envelope glycoproteins this is probably the best characterised (Cohen ra a! L 
Virolo  0 157-166). In vivo it is known to play a central role in viral attachment to 
cell membranes. Moreover, glycoprotein D has been shown to be able to elicit 

30 neutralising antibodies in yjyg and protect animals from lethal challenge.A truncated 
form of the gD molecule is devoid of the C terminal anchor region and can be 
produced in mammalian cells as a soluble protein which is exported into the cell culture 
supernatant. Such soluble forms of gD are preferred. The production of truncated 
forms of gD is described in EP 0 139417. Preferably the gD is derived from HSV-2. 

35 An embodiment of the invention is a truncated HSV-2 glycoprotein D of 308 amino 
acids which comprises amino acids I through 306 naturally occuring glycoprotein with 
the addition Asparagine and Glutammne at the C terminal end of the truncated protein 
devoid of its membrane anchor region. This form of the protein includes the signal 
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OIL IN WATER EMULSIONS CONTAINING Saponaria Molina tree, and the method of its production 
SAPONINS (known as QA2I) is disclosed in U.S. Pat. No. 5,057,540, 

The use of such saponius is accompanied with a disadvan-
[0001]rage in that local necrosis, that is tosay, localised tissue The.p to invention 
emulsion j death, occurs at the injection site, which leads to pain. 

1  

i0ftI

 IL tnveruio!JIller reItrs to mothous Tor pre-
p 

emulsion and its use in medicine. 

[0002] Induction of cytotoxic ’f-cell (CTL) responses 
occurs naturally during infection of a target cell, or uncon-
trolled synthesis of a tumour antigen, wherein enzymatic 
degradation of the target antigen takes place in the cell 
cytoplasm. This phenomenon allows cytoplasmic peptides 
derived from the pathogen, or tumour specific antigen, to 
enter the Thi (endogenous antigen processing) pathway and 
be presented on the surface of the cell associated with an 
MHC class I molecule. Ifs vaccine antigen does not enter 
into the cytoplasm of the host cell, then it might be taken up 
by the cell and enter the exogenous antigen processing 
pathway and ultimately be presented on the surface of the 
cell associated with a MHC class It molecule. This alterna-
tive route generally results in T-helper responses and antigen 
specific antibody responses. 

[0003] After conventional vaccination with subunit or 
non-living vaccines, antigen generally does not enter the 
cytoplasm of a host cell, and therefore will not enter the 
endogenous antigen processing pathway and ultimately will 
not induce a CTL response. Cli. induction is believed to 
correlate with fl-i cytoktne profile responses, specifically 
with IFN-y and IL-2 secretion. IFN-y secretion is associated 
with protective responses against intracellular pathogens, 
including parasites, bacteria and viruses. Activation of leu-
cocyte.s by IFN-y enhances killing of intracellular pathogens 
and increases expression of Fe receptors. Direct cytotoxicity 
may also occur, especially in synergy with lymphotoxin 
(another product of TI-li cells). Il"N-y is also both an inducer 
and a product of NK cells, which are major innate ellectors 
of protection. TI-ti type responses, either through 11,N-y or 
other mechanisms, provide preferential help for marine 
lgG2a and human IgGI immunogtohulin isotypes. 

[0004] International patent application No.WO 95/17210 
discloses an adjuvant emulsion system based on squalcne, 
a..tocophemt, and polyoxyethylene sorbttan rnc,nooleale 
(’IWIiIIN80), formulated with the inimurrostimulant QS21, 
optionally with 3D-MPL This adjuvant formulation is a 
very potent inducer of a wide range of immune responses. 

:rA1 IwNg 

a tree Millais 
la!naria !iLLfl. 

pur I ra ton derivative of Quit A). an the 
method of its production is disclosed in U.S. Pat. No. 
5,057,540. Amongst QS21 (known as QA21) other fractions 
such as QAI7 are also disclosed. ’Fhe use of such saponins 
in isolation is accompanied with disadvantage in that local 
necrosis, that is to say, localised tissue death, occurs at the 
injection site, thereby leading to pain. 

[0006] immunologically active saponin fractions having 
adjuvant activity deuvud from the hark of the South Ameri-
can tree Quillaja Saponaria Molina are known in the art. For 
example, Q521, an IIPLC purified fraction from the Quillaja 

[0007] 3 De.()’acylatcd monophosphoryl lipid A is a well 
known adjuvant manufactured by Rite lmmunochern, Mon-
tana. Chemically it is often supplied as a mixture of 3 
1)e-0-acytated monophosphoryt lipid A with either 4. 5, or 
6 acylated chains. It can be prepared by the methods taught 
in GB 212220411. A preferred form of 3 De-O-acylated 
monophosphoryl lipid A is in in the form of an emulsion 
having a small particle size less than 0.2 pm in diameter and 
its method of manufacture is disclosed in European Patent 
No. EP 0671 948 Dl. 

meaning or Inc term nieiabotisable oil is wellknownin the 
art. Metabolisable can be defined as "being capable of being 
transformed by metabolism" (Dorlartd’s Illustrated Medical 
Dictionary, W. B. Sanders Company, 251h edition (1974)). 
The oil may be any vegetable oil, fish oil, animal oil or 
synthetic oil, which is cot toxic to the recipient and is 
capable of being transformed by metabolism. Nuts, seeds, 
and grains are common sources of vegetable oils. Synthetic 
oils are also part of this invention and can include commer-
cially available oils such as NEOBEEfi and others. 
Squalene (2,6,lfl,l5,19,23-1-lexamethyt-2,6,10,t4,18,22-tet-
racosahexaene) is an unsaturated oil which is found in large 
quantities in shark-liver oil, and in lower quantities in olive 
oil, wheat germ oil, rice bran oil, and yeast, and is a 
particularly preferred oil for use in this invention. Squalene 
is a metabolisable oil virtue of the fact that it is an inter-
mediate in the biosynthesis of cholesterol (Merck index, 
10th Edition, entry no.8619). 

inwatercii 
iI( 

[0010] The immunological responses to administration of 
antigen formulated in the oil in water emulsions described in 
International patent application No.WO 95/17210, can be 
characterised in that both Th2 and ’liii responses are 
observed. Given that for in many cases ml -type responses 
have been identified as critical for the prophylaxis and 
treatment of disca.se, it is, therefore, desirable that a more 
ml biased adjuvant is developed. This has most surpris-
ingly been achieved by the present inventors not by addition 
of extra immunostimalators, but by a reduction of one of the 
original rxxmponenLs. 

[OOU] The oil in water adjuvant emulsions described in 
International patent application No.WO 95/17210 have a 
high ratio olaqualenu: saponin (w/w) of 240:1. The embodi-
merits of the present invention have the ratio of squale-
ne:Q521 in the range oft:) to 200:1, also preferred is the 
range 20:1 to 200:1, preferably 20:1 to 100:1, and most 
preferably substantially 48:1. This reduction of one of the 
components has the surprising effect of qualitatively 
improving the resultant immune response. Using this novel 
adjuvant formulation strong n2-type responses are main-
tained, but moreover such formulations elicit an enhanced 
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humitne response specifically associated with ’HE( -type 
responses, characterised by high IFN-y. T-cell proliferative 
and CR. responses. 

" ’ ’iir " 

’ad a polysorhale 
incl sag p lyoxyci y cue sorbutan monooleate, TWI3EN 
Will, said emulsions being characterised in that the ratio of 
the oil:QS2I is in the range of 20:1 to 200:1 (wlw). in 
another preferred embodiment, the adjuvant formulation 
further comprises other imniunomodulators, including ci-to-
copherol and 3D-MPL 

[00131 Such formulations once combined with an antigen 
or antigenic preparation is suitable for a broad range of 
monovalent or polyvalent vaccines. Additionally the oil in 
water emulsion may contain polyoxynthytene m.,tbitan lii-
olcate (SPAN 85). A preferred form of 3 De-O-acylated 
monophnsphoryl lipid A is disclosed in International patent 
application published under No. 92116556�SmithKline 
Ileecham Biologicals .s.a. 

[00141 Preferably tlieyaccjne formulations of the present 

M which 
anitn or antipenic cojnpoairipn 

rar, net, yp .ra & gp &, 
herpes vieuses, such as gi) or derivatives thereof or terime-
diate Early protein such as ICl’27 from HSVI or HSV2, 
cytomegalovirus ((cap HumanXsuch as gil or derivatives 
thereof), Rotavinis (including live-attenuated viruses). 
Epstein Barr virus (such as gp350 or derivatives thereof), 
Varicdlla Zoster Vines (such as gpl, II and 1E63), or from a 
hepatitis virus such as hepatitis B virus (for example Hepa-
titis B Surface antigen or a derivative thereof), hepatitis A 
virus, hepatitis C virus and hepatitis Ii virus, or from other 
viral pathogens, such as paramyxoviruaes Respiratory Syn-
cylial virus (such as F and (3 proteins or derivatives thereof), 
parainll.uenza virus, measles virus, mumps virus, human 
papillorna viruses (for example ILPV6, 11, 16, 18,), flavivi-
ruses (e.g. Yellow Fever Virus, Dengue Virus, Tick-borne 
encephalitis virus, Japanese Encephalitis Virus) or Influenza 
virus, or derived from bacterial pathogens such as Neis,seria 
spp, including N. gonorrhea and N. nzeningithlic (for 
example capsular polysaccharides and conjugates thereof, 
transferrin-binding proteins, lactolerrin binding proteins, 
P1IC, adhesins); Streptococcus spa, includingS. pnewnoniae 
(for example capsular polysaccharides and conjugates 
thereof, LaA, PspA, streplolysin, choline-binding proteins), 
S. pyogenara (for example M proteins or fragments thereof, 
C5Aprotease, tipoteichoic acids), S. aga (act iae, S. mu! aria; 
Haemophitus app, including IL infhtenoae type B (for 
example PRP and conjugates thereof), non typeable II. 
influeni.ac (for example OMP26, high molecular weight 
adhesins, P5, P6, lipoprotein I)), H. ducreyl; Moraxella app, 
including M cararrhali% also known as Branhametia 
co.tarrfwiic (for example high and low molecular weight 
adhesins and invasins) Bordetella app, including IL perttnc-
aLa (for example pernacun, pennaNts toxin or derivatives 
thereof, filarnenteous hemagglutiain, actenylate cyclase, tim-
brian), B. paraperruasia and D. hrraachiseptica; Mycobacte-
rium app, including M. tztherc,dosis (for example liSAl’fi, 
Antigen 85A, -B or �CisM. &wA; M Icprae, M. tivium, M. 
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jralube,vuiothj M. amegmalis; Lcgiunella app, including 
L. prarumophila; Escherichia app, including enterotoxic E. 
coil (for example colonization factors, heat-labile toxin or 
derivatives thereof, heat-stable toxin or derivatives thereof), 
enterohemorragic E. coil, enteropatliogenic E. coil (for 

� example shiga toxin-like toxin or derivatives thereof); 
Vihrio app including V cholera (for example cholera toxin 
or derivatives thereof; Shigulla spp, including S. sonnet, S. 
dysenteriuei S. flexnei-ii; Yersinia app, including Y. en!ero-
coliticu (for example a Yop protein), Y pes!is V paeudolu. 
beilosic Campylobacter app, including C. jejuni (for 
example toxins, adhesins and invasins) and C. coil; Salmo-
nella app, incladingS. typiu S. paralyphi, S. clwieraesuis S. 
enteritjdi.s; Listeria app., including L. mononylogenes; Itch-
cobacter app, including H. pylon (for example urea.se, 
calalase, vacuolating toxin); l’seudomonas app, including P 
aeraginaaa; Staphylococcus app., including S. awnizs, S. 
epidermidia; linterococeus spp., including ii. fuecatis, If. 
faecium; Clostridium app., including C. letani (for example 
tetanus toxin and derivative thereof). C. botulinum (for 
example botulinum toxin and derivative thereof). C. difficik 
(for example clostridium toxin-; A or 11 and derivatives 
thereof), llacillu,s app., including B. anthracis (for example 
botulinunt toxin and derivatives thereof, Corynebacterium 
app., including C. diphtheriae (for example diphtheria toxin 
and derivatives thereof); Horrelia app., including II. bwg-
do.tfrri (for example OspA, OspC, DhpA, DhpB), B. garinii 
(for example OspA, OspC. l)bpA, OhpB), B. a/held (for 
example OpA, OspC, DbpA, DbpB), ii. andereonu (for 
example OspA, OspC, DhpA, DbpB). B. herntsii; [ihrlichia 
spa., including E. eqai and the agent of the Human Granu-
tocytic Efirlichiosis; Rickettsia spp. including Il. rickdtsil; 
(’hiamydia app., including C. :rachomaeis (for example 
MOMP, heparin-biuding proteins). C. pnewnoniae (for 
example MOMP, heparin-binding proteins), C. psizraci; 
l.eplospira spa., including 1.. inzerrogasts; Treponema app., 
including If paulidwn (for example the rate outer membrane 
proteins), If denllcola If lzyndy.wreerjae; or derived from 
parasites such as Plasmodium app., including P fakiparwu; 
Toxoplasma spp.. including If gondil (for example SAG2, 
S&G3, Tg34); Entamoeba app., including E. hisiolylica; 
Ilahesia app., including B. micmti; Tiypatawtma app., 
including If cant; Giardia app., including G. (with/ia; 
Leshmania spp., including L major; Pocumocystis app.. 
including P ca,inui; Thchomonas app., including 1 yogi-
naiLs; Schisostoma app., including S. manaoni, or derived 
from yeast such as Candida app., including C. albicans; 
Cryptococcus app., including C. neoformans. 

[0015] I)erivativesof hepatitis B Surface antigen are well 
known in the art and include, inter alia, those Pies 1, t’nrS2 
S antigens act forth described in European Patent applica-
tions EP-A-414 374; EP-A-0304 578, and 131’ 198474. In 
one preferred aspect the vaccine formulation of the inven-
tion comprises the HIV-1 antigen, gpl20, especially when 
expressed in CIII) culls. In a further embodiment, the 
vaccine formulation of the invention comprises filTh as 
hereinabove defined. 

[00161 Ina preferred embodiment of the present invention 
vaccines containing the claimed adjuvant comprise the I WV 
viruses considered to be responsible for genital warts, (IIPV 
C, or llPV 11 and others), and the l-IPV viruses responsible 
for cervical cancer (ltPVto, IlPV18 and others). Particu-
larly preferred forms of vaccine comprise 1.1 particles or 
capsomeis, and fusion proteins comprising one or more 
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antigens selected from the (WV 6 anti ffl’V 11 proteins Ito, 
E7. Li. and L2. The most preferred forms of fusion protein 
are: 12137 as disclosed in GIl 95 15478.7, and proteinl)(1/,)-
E7 disclosed in GB 9717953.5. 

[0017] Vaccines of the present invention farther comprise 
antigens derived from parasites that cause Malaria. For 
example, preferred antigens from Plasmodia faiciparum 
include RTS,S and I’RJs.P.RIS is a hybrid protein compris-
ing substantially all the C-terminal portion of the eiivum-
sporozoite (CS) protein of P falciparwu linked via four 
amino acids of the preS2 portion o. Hepatitis B surface 
antigen to the surface (S) antigen of hepatitis B virus. It’s 
full structure is disclosed in the International Patent Appli-
cation No. 

[0018] PCT/EP92/0259l, published under Number WI) 
93/10152 claiming priority from UK patent application 
No.9124390.7. When expressed in yeast RTS is produced as 
a lipoprotein particle, and when it is co-expressed with the 
S antigen from IIBV it produces a mixed particle known as 
RI’S,S. ’I’RAP antigens are described in the International 
Patent Application No. PCI’/GB89/(X1895, published under 
WO 90t91496. A preferred embodiment of the present 
invention is a Malaria vaccine wherein the anligenie prepa-
ration comprises a combination of the IUS,S and TRAP 
antigens. Other plasmodia antigens that are likely candidates 
to be components of a multistage Malaria vaccine are P 
faciparum MSPI, AMA!, MSP3, EllA, GLURP, RAPt, 
11.AP2, Sequeslrin, PCEMPI, P1332, LSAI, ISA!, WARP, 
SALSA. FlEX?!, Pfs25, Pfs28. PFS27/25, P1s16, Pfs48/45. 
P1is230 and their analogues in Plasmodium app. 

[0019] The formulations may also contain an anti-tumour 
antigen and be useful for the immunotherapeutic treatment 
cancers. For example, the adjuvant formulation finds utility 
with tumour rejection antigens such as those for prostrate, 
breast, colorectal, lung, pancreatic, renal or melanoma can-
cers. Exemplary antigens include MAGE 1 and MAGE 3 or 
other MAGI! antigens for the treatment of melanoma. 
FRAME. RAGE or GAGE (Robbins and Kawakami, 1996, 
Current Opinions in Immunology 8. pps 628-636; Van den 
Eyndc ci xi., International Journal of Clinical & l.aborzitory 
Research (submitted 1997); Correale et al. (1997), Journal of 
the National Can= Institute 89, p293. Indeed these antigens 
are expressed in a wide range of tumour types such as 
melanoma, lung carcinoma, sarcoma and bladder carcinoma. 
Other Thmor-Specific antigens are suitable for use with 
adjuvant of the present invention and include, but are not 
restricted to Prostate specific antigen (PSA) or lIer-2/nca, 
lISA (GA733), MUC-1 and earcinoemhryonic antigen 
(CIA). Accordingly in one aspect of the present invention 
there is provided a vaccine comprising an adjuvant compo-
sition according to the invention and a tumour rejection 
antigen. 

[0020] it is foreseen that compositions of the present 
invention will be used to formulate vaccines containing 
antigens derived from Borrelia sp. For example, antigens 
may include nucleic acid, pathogen derived antigen or 
antigenic preparations, recomhinantly produced protein or 
peptides, and chimeric fusion proteins. In particular the 
antigen is ()spA. ’lire OspA may be a thU mature protein in 
a tipidated form virtue of the host cell (E. Coil) termed 
(I.ipo.OspA) or a non-lipidared derivative. Such non.lipi. 
dated derivatives include the non-lipidated NS 1-OspA 
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fusion protein which has the lust 81 N-terminal amino acids 
of the non-siructaral protein ((’IS 1) of the influenza virus, 
and the complete OspA protein, and another, Ml)P.OspA is 
a non-lipidated form of (lspA carrying 3 additional N-ter-
minal amino acids. 

[0021] Vaccines of the present invention may be used for 
the prophylaxis or therapy of allergy. Such vaccines would 
comprise al.turgen specific (for example Der p1) and allergen 
non-specific antigen.s (for example the stanworib decapep-
tide). 

[0022] The ratio of QS2t:3D-MPI. (w/w) in a preferred 
emhodimcat of the present invention will typically be in the 
order of 1:10 to 10:1; preferably 1:5 to 5:1 and often 
substantially 1:1 ’l’he preferred range for optimal synergy is 
from 2,5:1 to 1:131) MPlQS2l. Typically, the dosages of 
0521 and 3D-MPI. in a vaccine for human administration 
will he in the range I .l000 fig, preferably 10pg.500pg, 
and most preferably tO- 100 jig per dose. Typically the oil in 
water will comprise from 2 to 10% squalene. from 2 to 1001t, 
re-tocopherol and from 0.4 to 2% polyoxyethylene sorbitari 
monooleate (’FWLiI!N 80). Preferably the ratio of squatene: 
er-tocopherol is equal or less than I as this provides a more 
stable emulsion. Polyoxyethylene sn,rbitan trioleatu (SPAN 
85) may also be present at a level of (1.5-1%. In some cases 
it may be advantageous that the vaccines of the present 
invention will further contain a stabiliser, for example other 
emulsifiers/surfactants, including eaprylic acid (merck index 
10th Edition, entry no. 1739), of which Tricaprylin is a 
particularly preferred embodiment. 

[0023] npflq e, rr’nrfMi  

- W iflii oo
i 
1water 

’1r’ilreter.h1%, ’ho 

l)TI I.Iir riir rrri’ llfl1 ri’i ’ iniig’rr"n1,o.. 

j4 11, 1W -jull  

[0024] The previous emulsions used in International 
patent application No. WO 95/17210 obviously holds some 
advantages over conventional non-ThI inducing adjuvants. 

[0025] However, the inclu.sion of QS21 has’sr, far made 
this potent adjuvant reactogenic. thereby, leading to pain. It 
has been observed that formulation of the QS2I into cho-
lesterol containing Iipoaomes may help prevent the necrosis 
occurring at the site of injection. this observation is subject 
to the International Patent Application No. l’C’l/11P961 
01464. 

0 iments of the present invention the pm. 

rrl r 

[0027] (.7821 in aqueous solution is known to degenerate 
over time into an adjuvant-inactive form, 0S21 -Il, which 
degeneration is mediated by (III hydrolysis by the aqueous 
medium. Such degeneration may occur when the QS21 is 
present in the aqueous phase of an oil in water adjuvant 
Surprisingly it has been found that the addition of choles-
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terol to the oil phase of the oil in water emulsion has the 
effect of maintaining the QS21 in its active form, with 
obvious benefits to the shelf-life of the adjuvant/vaccine 
formulation. The present invention provides a method of 
stabtilising a preparation of a saponin, preferably 0821, in 
its non-hydrolysed adjuvant-active form, when the 082I is 
present in an oil in water emulsion based adjuvant. This 
method comprises the addition of a sterol, preferably cho-
lesterol, into the oil phase of an oil in water emulsion. 

[0028] Such preparations are used as vaccine adjuvant 
systems and once formulated together with antigen or anti-
genie preparations for potent vaccines. Advantageously they 
preferentially induce a Thi response. 

[0029]11 ’-1�iir r ir 
h nt 

jjp 

[0030] The amount of protein in each vaccine close is 
selected as an amount which induces an iznmunoprotective 
response without significant, adverse side effects in typical 
vaccinecs. Such amount will vary depending upon which 
specific immunogen is employed and bow it is presented. 
Generally, it is expected that each dose will comprise t-ttlOO 
pg of protein, preferably 1-500 pg. preferably 1-100 pg, 
most preferably I to SO M. An optimal amount for a 
particular vaccine can be ascertained by standard studies 
involving observation of appropriate immune responses in 
subjects. Following an initial vaccination, subjects may 
receive one or several booster immunisation adequately 
spaced. 

[0031] The formulations of the present invention maybe 
used for both prophylactic and therapeutic purposes. In a 
further aspect of the present invention there is provided a 
vaccine as herein described for use in medicine. Vaccine 
preparation is generally described in New Trends and Devel-
opments in Vaccines, edited by Voller et al., University Park 
Press, Baltimore, Md., U.S.A. 1978. 

[0032] It is foreseen that compositions of the present 
invention will be used to formulate vaccines containing 
antigens derived from a wide variety of sources. For 
example, antigens may include human, bacterial, or viral 
nucleic acid, pathogen derived antigen or antigenic prepa-
rations, tumour derived antigen or antigenic preparations, 
host-derived antigens, including the histamine releasing 
decapeptidc of IgE (known as the Stanworth decapeptidc), 
recombinantly produced protein or peptides, and chimeric 
fusion proteins. 

[0033] The vaccine preparations of the present invention 
may he used to protect or treat a mammal susceptible to, or 
suffering from a disease, by means of administering said 
vaccine via systemic or mucosal route. These administra-
tions may include injection via the intramuscular, intraperi-
toneal, iotradcrmal or subcutaneous mates, or via mucosal 
administration to the oral/alimentary, or respiratory tracts. 

EXAMPLE 

Preparation of the Oil in Water Emulsion Adjuvants 

[0034] rIse oil in water emulsion adjuvant formulations 
used in the subsequent examples were each made compris-
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ing the following oil in water emulsion component: 5% 
Squalcite, 5% a-tocopherol, 2.0% polyoxyethylene sorbitsa 
monooleate (TWEIIN 80). 

[0035] The emulsion was prepared as follows as a 2 IbId 

concentrate. All examples used in the immunological experi, 
meals are diluted with the addition of extra components and 
diluents to give either a lx concentration (equating to a-
squskue:QS2I ratio (w/w) of 240:1) or faker dilutions 
thereof. 

[0036] Briefly, the TWEEN 80 is dissolved in phosphate 
buffered saline (PBS) to give a 21A solution in the PBS. To 
provide 100 ml of a two fold concentrate emulsion, 5 ml of 
Dl. alpha tocopherol and 5 ml of squalene are vortexed to 
mix thoroughly. 95 ml of PBS!FWEEN solution is added to 
the oil and mixed thoroughly. Re resulting emulsion is then 
pasacd thiojyringe need e a tanatty rnacroI{iil 
liisiajkil’M1ll Mrcmntud.jcs madame. The resultirig7I’ 
droplets have a sire of approximately 145-180 nm 
(expressed as z ay. measured by R) and is termed "full 
dose" SB62. 

[0037] The other adjuvant/vaccine components (QS21. 
3D-ML’L or antigen) are added to the emulsion in simple 
admixture. 

[00381 The antigen containing vaccines used herein 
are

 
formulated either with full dose SB62 adjuvant to give a 
high squalene:QS21 ratio (240:1) or with a tower amount of 
SB62 to give a low ratio formulation (411:1), these adjuvant 
formulations are called 51362 and S1362’ respectively. Other 
vaccines may optionally be formulated with the addition of 
cholesterol to the oil phase of the emulsion (denoted by the 
addition of the letter "c°). 

EXAMPLE 2 

lmrmanogenicity Studies with Recombinant Antigen 
S.L° 

[0039] A study was conducted in llalh/C mine in order to 
compare the immunogenicity of various S,L° containing 
formulations. SL* is a composite antigen comprising a 
modified surface antigen L protein (L") and an S-protein 
both derived from the Hepatitis B virus (1113. This composite 
antigen is the subject of European Patent application No. Ill’ 
(I 414 374. This immunisation scheme used in the ills 
transgenic mouse mouse model which has been shown 
previously to support the induction of CrL in B.alb/c mice. 

[0040] Different adjuvant formulations, using the emul-
sion systems as described in example 1, with differing ratios 
of squalene:QS21, and optionally comprising cholesterol 
(QS2l cholesterol ratio w/w of 1:10), were combined with 
S,L and compared in their ability to induce humoral and 
cell mediated immune responses (cytokine production and 
C11.). S.L° adsorbed onto Aluminium hydroxide (Atoll3) 
was used as a Th2 inducing control. 

[0041] Briefly, groups of 10 mice were immunised intra-
muscularly 4 times at 3 weeks interval with 2pg lyophilised 
S,l.° combined with various oil in water emulsion systems 
(51362). 14 days following the fourth immunisation the 
production of cytokines (ILS and lEN-7) and CM activity 
was analysed after in vitro restimulation of spleen and 
lymph nodes cells with SL* antigen. Antibody response to 
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adjuvant. 11 is formed by cleavage of the 0821 molecule by 
OR-from the aqueous solution. This reaction occurs where 
the p11 of the aqueous medium is above a value of 65. and 
is accelerated by higher temperature. The oil-in -water emul-
sions described in this patent application (for example 
Sll62) are known to exhibit a stabilising effect such that the 
hydrolysis of QS21 into 0521-U is inhibited. Upon dilution 
of the oil in water emulsion in the presence of constant 
QS21, they lose this stabilising property and the QS21 
degenerates into the inactive 0S21-H form. Surprisingly, 
emulsions containing additional Cholesterol, who at I/I 
ratio do not show an improved 0521 stability, maintain the 
stabilising effect even at a Vs  dilution. 

[0199] 0S21 and 0521-H are assayed directly into the 
emulsion. This is achieved by chemically derivatising the 
complete formulation, and by performing a selective extrac-
tion step that dissolves the QS21, but leaves most interfering 
matrix compounds behind. The assay is HPLC based, and 
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[0202] Aseries of samples with the following composition 
were analysed: 

Compuntlioo 5B62 51162a MPt. Q52t 

SBS2 mn,i - %J SONg 

s136 so /d - sa Pg 59 PS 
sna2 - 250 pd 50 P50 P 
SBxt’c - 504 $O 5Og 

[0203] Assay of QS2I/0S21-H was performed after incu-
bation of the samples at various time intervals and tempera-
tures (4° C. and 370 C.). The data for 1 month at 37° C. in 
this model correlate well with stability of 0521 after pro-
longed storage at 40 C. (eg2 years). 

TABLE 9 

IIPLC 0S21 os,uva % of 0521-U aro,ratcal ova, ti-ins

3 �th,Smooth, (4 C.) * 
Q,mpooiiion 3o,o,ttm(4°C.) 6a,onths(4’C.) 7doyn(37°C) 1,000th(SrC) 

5B62 1% 2’S 3% 15% 
S262’ 1% 1% 9% 31% 
xu62 2% 2% 3% 17% 
SB62e 2% 2% 3% 21% 

the compounds are dansylated. Tho dansylation is performed 
by drying down a sample of the emulsion, and adding 100 
p1 of 3.5 nag Dansyl bydrazine/mI QM 2/1 and lilopi of 1:4 
Acetic acid: C%4 2/1 in that order. The mixture is well 
vortexed and incubated at 60" C. for 2 hours. The reaction 
mixture is dried in the Speedvac. It is reconstituted in 500 Il 
30% ACN pin 1120, and centriliagated twice at 14000 rpm 
for two minutes. The supernatants are then collected in an 
autosamplcr tube. A standard curve is obtained by preparing 
QS21 and QS2I-H in a mixture that contains the same 
compounds as the emulsion under study. 

[0200] The HPLC assay is ran onadac218TP545p 
particle size C18 RP column, 250°4.6 mm. Solvents are 
kl 120+0,115% TFA(trifluoracetic acid) and 13:Acetonilrile+ 
0,05%11A. the gradient is: 

tia,o(o,ia) %A ’SB 

0 
2 

I5 
17 
Il-I 
19 
SI 
25 

[0201] The (tow rate is I ml/mm. Detection is in fluores-
cence, with excitation at 345 run said emission at 515 urn. 50 
p1 is injected of both the sample and the standards.’the 
column heater is set to 37° C. for this separation. Peaks for 
0521, QS2I-iso and QS2I-11 are distinguished on the 
chromatogram. 

[0204] This results shown in the table above shows clearly 
(both for 7days and 1 mm) the effect of adding asterol, in this 
case cholesterol, to SB62’ in maintaining the stability of 
QS21. 

ZHóllitoo comprising an oil in water emulsion and 
a saponin, wherein said oil is a metabolisable oil, charac-
terised in that the ratio of the nietabolisable oll:saponin 
(w/w) lain the range of 1:1 to 100:1. 

3. A composition comprising an oil in water emulsion and 
a saponin, wherein said oil is a metabolisable oil, charac-
terised in that the ratio of the metabolisabte oil:saponin 
(w/w) is substantially 48:1. 

of claims lto4. where 

jamm n onv of claims I to 5. 

on .-1,.nonot in ,4,in,  

8. A composition as claimed in claims I to 7, further 
comprising one or more other immunomodulators. 

9. A composition as claimed in any of the preceding 
claims, further comprising one or more other immunomcxlu-
lators, which inimunomodulator is selected from the group 
comprising: 3D-MPL, a-tocopherol. 

tO. A composition as claimed in claim 9, wherein the ratio 
of QS21:30-MPL (w/w) is from 1:10 to 10:1. 

e15 
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(54) TItle: VACCINE FOR RESPIRATORY AND REPRODUCTIVE SYSTEM INFECrrONSIr,LCA’vrI II 
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for uIng arsmconO 
itt.aoathmal cmrwdusvjnf and ’ novane llerpes Virus ’l’pe-i (BIr. 
Bovine Respratoiy S S)v ___(V)h!uenza Virus (P1), (smpyl11 fetus, laptospira canicola, Leptospirn 

0 grippotyphosa, I.eptospira hanlj.prajilxio. Leptospiiaictcmltaesnmorrhagiac, l.eptospirn hardjo-bovis and l.eptospira pomonaby ad-
ministering to the animal an etlhelive amount of a combination vaccine. The combination vaccine can be a whole or partial cell 
inactivated or modified live preparation. 
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Infections, reduced rectal temperatures, and/or Increase In food uptake and/or growth. The 

treatment Is also considered therapeutic If there Is a reduction in fetal Infection and urinary 

shedding due to infection with Leptospim serovars hardjo and pomona, tbr example. 

The method of the present Invention is, for example, effective In preventing or 

5 reducing abortion caused by IBR and Infections caused by BVDV Types I and 2, and 

reducing recta? temperatures. The present Invention Is therefore contemplated to provide 

fetal protection against IBR and Infections caused by BVDV Types I and 2 as well as fetal 

protection against cattle herpes and cattle pestMruses. The present invention Is also 

contemplated to provide protection against persistent fetal Infection, such as persistent BVDV 
10 Infection. By "persistent fetal infection’ Is meant infection occurring during early fetal 

development (e.g., 45-125 days of gestation) that leads to the live birth of animals that are 

irnmunoto?erant to BVDV and maintain active BVDV replication and multiplication that often 

occurs at a high rate for months or years, serving as a permanent source of BVDV In the 

herd. These persistently infected animals are also at risk of developing fatal mucosal disease 

15 If superinfected with a cytopathlc virus biotype. 

The term’combination vaccin?" is meant a bivalent or multivalent combination of 

antigens IncludIng modified live antigens end/or inactivated antigens. In accordance with the 

present Invention a combination vaccine can cornijrlse_modIfiedlive_infusetninaIRP_P1’S 

� BRSV and _Ina ctivated BVD\LTvons I_and2. one or more antigens such as but not limited to 

20 Leptospira can/cola, Leptosplra gæppotjq.ihosa, LeptospLra bo,gpetersenfl hard/o-praJltno, 

Leptosplra icterohaemmorthagia, Leptosplra Intemogans pomona, Leptosplra borgpetersenil 
hazrlo-botils, Leptospira bratL,lava, Campylobacter fetus, Neospora canfrium, Trichomonus 

fetus, Mycopiasrna bovLs, Haemophflus sornnus, Mannhelmla heemolytica and Pasturella 

multoc!da, a veterinary acceptable canter and an adjuvanL In a preferred embodiment the 

25 modified live IBR component is temperature sensitive IBR. In another preferred embodiment 

the BVDV Type 2 component Is cytopathic (cpBVD-2 strain 53637-ATCC No. PTA-4859) and 
the BVDV Type I component Is cytopathlc 5960 (cpBDV-1 strain 5960-National Animal 

Disease Center, United States Department of Agriculture, Ames, Iowa). The present 
Invention also contemplates non-cytopathic BVDV Type I and Type 2 strains. In still another 

30 preferred embodiment the modified live antigens are deslccated,Iyophllized or vitrified. 

with the present invention a combination vaccine can 

BVDV Types I and 2, one ormore 
can/cola, Leptospira grlppoiyphosa, Leptosplra borgpetersenhi hardlo-prajitno, Leplosplra 

lcteroMaemmorrhagla, Leptospira lnterrogans pomona, Leptospim borgpetorsenfl hanijo-

35 bovLs, Leptosplra bratislava, Campylobacter fetus, Neospora caninum, Trlchomonus fetus, 
Mycopla,sma bovis, Haemophilus somnus, Mannhelmla haemolyllca and Pastur&la 
multocida, a veterinary acceptable carrier and an adjuvant The term "combination vaccine’ 

c 
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as used herein also refers to a multicomponent composition containing at least one modified present inventions Is P13 is mutant strain RBL 103. Yet another preferred virus to be Included 

live antigen, at least one second antigen and an adjuvant which prevents or reduces the risk In an immunogenic composition of the present invention Is BRSV strain 375. 

of infection and/or which ameliorates the symptoms of infection. In a preferred embodiment The Immunogenic compositions of the present invention can also Indude additional 

the second antigen Is inactivated. In a preferred embodiment the source of the combination active ingredients such as other immunogenic compositions against BVDV, e.g., those 

S vaccine is PregSure5 5 (Pfizer, Inc.). PregSure5 5-1-5 (Pfizer, Inc.) and PregSure5 5-V15 5 described in copending Application Serial No. 08/107,908, WO 9512682, WO 9955366, U.S. 

(Pfizer, Inc.). A particularly preferred source of the combination vaccine is PregSurefi 5-VI-5. Patent No. 6,060,457, U.S. Patent No. 6,015,795, U.S. Patent No. 6,001,613, and U.S. Patent 

The protective effects of a combination vaccine composition against a pathogen are No. 5,593,873. 

normally achieved by inducing in the subject an Immune response, either a cell-mediated or a In addition, the Immunocenic end veg’,ine omoosltions of the present invention can 

humoral Immune response or a combination of both. Generally speaking, abolished or Include one or more veterinary-acceptabIe carriers. As used herein, ’a veterin 

10 reduced incidences of BVDV, 1BR, and/or P13 Infection, amelioration of the symptoms, or 10 canter includes any and all soIventa..lsoerslon media, coatings. adUuvaI. 

accelerated elimination of the viruses from the infected subjects are Indicative of the nts, diluents, preservatives, antibacterial and antlal agents. Isotonic aoents 

protective effects of a combination vaccine composition. The vaccine compositions of the adsorption delavina enents and the like. Diluents can Include water, saline, dextrose, 

present invention provide protection against Infections caused by either or both type 1 and - ethanol, glycerol, and the like. Isotonic agents can include sodium chloride, dextrose. 

type 2 BVD viruses as well as abortions caused by BHV-1 (IBR) and respiratory infections mannitol, sorbitol, and lactose, among others. Stabilizers Include albumin, among others. 

15 caused by P13 and BRSV. 15 AdJuvants Include, but are not limited to, the RIBI adjuvant system (Ribi Inc.), alum, aluminum 

The present method of treating or preventing a disease or disorder in an animal hydroxide gel, Cholesterol, oil-In water emulsions, water-In-oil emulsions such as. a.n. 

caused by Infection with IBR, BVDV, P13, BRSV. Campylobecter fetus and/or Leptospirae by Freund’s complete and incomplete adjuvants. Block co-polymer (CytRx, Atlanta GA), SAF-M 

administering a combination vaccine is also referred to herein as a vaccination method. (Chiron. Emeivvlfle CM. AMPHIGENfi aditSiant saponln, Quit A, QS-21 (Cambridge Biotech 

The term ’combination vaccine’ that may be used In the present method can include, Inc.. Cambridge MA). GPI-0100 (Galenica Pharmaceuticals, Inc., Birmingham, AL) or other 

20 for example, an inactivated whole or partial C. fetus and/or Leptospira cell preparation, 20 saponln fractions- --- nnhnenhorvi lipid A, Avridlne lipid-amine adjuvant, heat-labile 

inactivated BVDV Was I and 2 and/or one or more modified live antigens such as BI-IV-1, enterotoxin from E. coIl (recombinant or otherwise), cholera toxin, or muramyl dipeptide, 

P13 and/or BRSV. among many others. The Immunogenic compositions can further Include one or more other 

In one embodiment, the vaccine compositions of the present invention include an Immunornodulatory agents such as--a-a-- Interieukins. interferons, or other cytoidnas. The 

effective amount of one or more of the above-described BVDV viruses, preferably cpBVD-2 Immunogenic compositions can also Include Genlamicin and Merthlolate. While the amounts 

25 strain 53537 (ATCC PTA-4859),; cpRVD-1 strain 5960 (cpBDV-1 strain 5960-National Animal 25 and concentrations of adjuvants and additives useful in the context of the present Invention 

Disease Center, United States Department of Agriculture. Ames, iowa);1BR ts mutant strain can readily be determined by the skilled artisan, the present Invention contemplates 

RBL 106 (National Institute of Veterinary Research, Brussels, Belgium); P13 is mutant strain compositions comprising from about 50 ug to about 2000 ug of adjuvant and preferably about 

RBL 103 (RIT, Rixensart, Belgium); BRSV strain 375 (Veterinary Medical Research Institute, 500 ug/2 ml dose of the vaccine composition. In another preferred embodiment, the present 

Ames, Iowa), Purified BVDV viruses can be used directly in a vaccine composition, or Invention contemplates vaccine compositions comprising from about I ug/ml to about 60 

30 preferably, BV1) viruses can be further attenuated by way of chemical Inactivation or serial 30 ughel of antibiotic, and more preferably less than about 30 ug/ml of antibiotic. 

passages in vitro. Typically, a vaccine contains between about I x le and about I x 1010 The Immunogenic compositions of the present Invention can be made in various 

tormina units of virus, with a veterinary acceptable carrier and an adjuvant, forms depending upon the route of administration. For example, the Immunogenic 

In a volume of between 0.5 and 5 ml and preferably about 2 ml. The precise amount of a compositions can be made in the form of sterile aqueous solutions or dispersions suitable for 

virus in a vaccine composition effective to provide a protective effect can be determined by a Injectable use, or made In lyophilized forms using freeze-drying techniques. Lyophilized 

35 skilled veterinary physician. Veterinary acceptable centers suitable for use In vaccine 35 immunogenic compositions are typically maintained at about 41C, and can be reconstituted In - 

compositions can be any of those described hereinbelow, a stabilizing solution, e.g., saline or and HEPES, with or without adjuvant. 
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of the present invention can be administered to 
diurnal surxeas to ino, 

.’rrfle response "me Y8VIJV1rUse$, or 
against both type 1 and type 2 BVI) viruses- Accordingly, another embodiment of the pr 
Invention provides methods of stimulating an immune response against type 2 or type 2 BVD 
viruses, or against a combination of type I and type 2 BVD viruses by administering to an 
animal subject an effective amount of an Immunogenic composition of the present invention 
described above. By "animal subject" Is meant to Include any animal that Is susceptible to 
BVDV Infections, such as bovine, sheep and swine. 

In accordance with the methods of the present Invention, a preferred immunogenic 
composition for administration to an animal subject Includes the BVDV cp53637 virus and/or 
the BVDV cp5960 virus. An Immunogenic composition containing a BVDV virus, preferably 
attenuated by chemical inactivation or serial passage In culture, is administered to a cattle 
preferably via intramuscular or subcutaneous routes, although other mutes of administration 
can be used as well, such as e.g., by. oral, Intranasal, intra-lymph node, hitradermal, 
Intraperitoneal, rectal or vaginal administration, or by a combination of routes. 

Immunization protocols can be optimized using procedures well known it, the art. A 
single dose can be administered to animals, or, alternatively, two or more inoculations can 
take place with Intervals of two to ten weeks. Depending on the age of the animal, the 
immunogenic or vaccine composition can be readmlnlstered. For example, the present 
Invention contemplates the vaccination of healthy cattle prior to six months of age and 
revaccination at abc months of age. In another example, the present invention contemplates 
the vaccination of prebreeding cattle at about 5 weeks prebreeding and again at about 2 
weeks prebreeding to protect a fetus against infection caused by BVDV Types I and 2. 
Semiannual revaccination with a single dose of the combination vaccine is also contemplated 
to prevent BVDV fetal Infection. 

The extent and nature of the Immune responses Induced In the cattle can be 
assessed by using a variety of techniques. For example, sera can be collected from the 
Inoculated animals and tested for the presence of antibodies specific for BVDV viruses, e.g., 
Ins conventional virus neutralization assay. 

The term "cattle" as used herein refers to bovine animals including but not limited to 
steer, bulls, cows, and calves. Cattle as used herein refers to pregnant and lactating bovine 
animals. Preferably, the method of the present invention Is applied to an animal which Is a 
non-human mammal; preferably, a lactating or pregnant cow and Its fetus. 

The term ’therapeutically effective amount" or "effective amount" refers to an amount 
of combination vaccine sufficient to elicit an immune response In the animal to which It Is 
administered. The Immune response may comprise, without limitation, induction of cellular 
and/or humoral immunity. The amount of a vaccine that Is therapeutically effective may vary 
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depending on the particular virus used, the condition of the cattle and/or the degree of 
Infection, and can be determined by   veterinary physician. 

Inactivated (Partial or Whole Cell) and Modified Live Vaccines 
Inactivated or modified live vaccines for use In the method of the present invention 

5 can be prepared using a variety of methods Which are known in the art. 
For example, BVDV isolates can be obtained directly from infected cow uteri using 

known techniques. 

BVDV Isolates can be Inactivated using a variety of known methods, e.g., treating the 
bacterial Isolate with binary ethylenelmine (BEI) as described in U.S. Patent No. 5,565,205, or 

10 Inactivation with formalin, glutaraldehyde, heat, Irradiation, BPI- or other Inactivating agents 
known to the art. 

In addition to inactivated viral Isolates. e ’ nmduct can also Include an_ 

appropriate amount of one or more coramoojipts. Siiltajdlvants !nX 
InclUde, but are not limited to: mineral oe&s e.g.. aluminum hvdmxInle surfaceacfhe_-

15 substances such as Ivsoleclthln: alvcosldes. e.a.. saconin derivatives such as Oull A or GPI-

20 

mineral 

as 

In a preferred embodiment, the saponin containing oil-In-water emulsion is 

A particularly preferred source of BVDV type 1, for use in the vaccine and method of 
the present invention is PregSurefi (PFIZER INC.), containing BVDV strain 5960 (acquired 

25 from the National Animal Disease Center (NADC). USDA Ames, IA). A particularly preferred 
source of BVDV type 2, for use In the vaccine and method of the present Invention Is 
PregSurefi (PFIZER INC.), containing BVDV strain 53637 (ATCC PTA-4859), acquired from 
the University of Guelph, Guelph, Ontario. 

Preferably, the strains 5960 and 53837 are inactivated with BEI and adjuvanted with 
30 a commercially available adjuvant, preferably, Quil A-Cholesterol-Amphlgen (Hydronics, 

USA). A preferred dose of the Immunogenic and vaccine compositions of the present 
Invention is about 2.0 ml. Preservatives can be Included In the methods and compositions of 
the present invention. Preservatives contemplated by the present Invention Include 
gentamicln and merthiolate. A carrier can also be added, preferably, PBS. Preparation of 

35 modified live vaccines, such as by attenuation of virulent strains by passage In culture, Is 
known In the art. 
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borgpetersen!1 hardjo-prajitno, Leptospira 

Dosing and Modes of Administration 

According to the present Invention, an effective amount of a combination vaccine 

administered to cattle, including pregnant cows and calves nursing pregnant cows provides 

effective immunity against disease and fetal Infection associated with Bovine Viral Diarrhea 

Virus (Type 1 and 2). In one embodiment, the combination vaccine Is administered to calves 

In two doses at an interval of about 3 to 4 weeks. For example, the first administration is 

performed when the animal Is about ito about 3 months of age. The second administration 

is performed about 1 to about 4 weeks after the first administration of the combination 

vaccine. 

In a preferred embodiment, the first administration is performed about 5 weeks prior. 

to animal breeding. The second administration is performed about 2 weeks prior to animal 

breeding. Administration of subsequent vaccine doses is preferably done on an annual basis. 

In another preferred embodiment animals vaccinated before .the age of about 6 months. 

should be revaccinated after 6 months of age. Administration of subsequent vaccine doses is 

preferably done on an annual basis. 

The amount of combination vaccine that is effective depends on the ingredients of the 

vaccine and the schedule of administration. Typically, when an inactivated Bovine Viral 

Diarrhea Virus preparation is used in a vaccine, an amount of the vaccine containing about 
103 to about 1010 colony forming units per dose of BVDV, and preferably about 105 to about 
108 colony forming units per dose of BVD V(rype I and 2) Is effective when administered 

twice to the animal during a period of about 3 to 4 weeks. Preferably, a combination vaccine 

that provides effective immunity contains about 105 to 108 colony forming units/dose of BVDV 

(Type I and 2) and more preferably, about 106 colony forming units/dose, when administered 

twice to the animal during a period of about 3 to 4 weeks. The first administration is 

performed about 5 weeks prior to animal breeding. The second administration is performed 

about 2 weeks prior to animal breeding. Administration of subsequent vaccine doses is 

preferably done on an annual basis. Animals vaccinated before the age of about 6 months 

should be revaccinated after 6 months of age. Administration of subsequent vaccine doses is 

preferably done on an annual basis. 

According to the present invention, when the preferred product, PregSurefi 5 (Pfizer, 

Inc.), is administered. PragSurefi 5 is administered preferably twice, each time in the amount 

��.  
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of about 0.5 ml to about 5.0 ml, preferably about 1.5 ml to about 2.5 ml, and more preferably, 

about 2 ml. When the preferred product PregSurefi 5-1-5 or PregSurelt) 5-VL5 is 

administered, PregSurefi 5-1-5 or PregSure(it) 5-VL5 is administered preferably twice, each 

time in the amount of about 0.5m1 to about 10.OmI, preferably about 3mi to about 7m1. and 

5 more preferably, about timl. The first administration is performed about 5 weeks prior to 

animal breeding. The second administration Is performed about 2 weeks prior to animal 

breeding. Administration of subsequent vaccine doses is preferably done on an annual basis. 

Animals vaccinated before the age of about 6 months should be revaccinated after 6 months 

of age. Administration of subsequent vaccine doses is preferably done on an annual basis. 

10 In accordance with the present invention, administration can be achieved by known 

routes, including the oral, intranasal, topical, transdermal, and parenteral (e.g., intravenous. 

intraperitoneal, Intradermal, subcutaneous or Intramuscular). A preferred route of 

administration is subcutaneous or Intramuscular administration. 

The present invention also contemplates a single primary dose followed by annual 

15 revaccination, which eliminates the necessity of administration of additional doses to calves 

prior to annual revaccination in order to generate and/or maintain immunity against Infection. 

The combination vaccine administered in accordance with the present invention can 

include additional components, such as an adjuvant (e.g., mineral gels, e.g., aluminum 

hydroxide; surface active substances such as Cholesterol, lysolecithin; glycosides, e.g., 

20 saponin derivatives such as Quil A, QS-21 or (3Pi-0100; piuronic polyols; polyanions; non-

ionic block polymers, e.g., Pluronic F-127; peptides; mineral oils, e.g. Montanide ISA-SO, 

carbopol, Amphigen, Aihydrogel, oil emulsions, e.g. an emulsion of mineral oil such as 

BayolF/Macel A and water, or an emulsion of vegetable oil, water and an emulsifier such as 

lecithin; alum; bovine cytokines and combinations of adjuvants.). 

25 According to the present invention, the administration of an effective amount of a 

combination vaccine administered to cattle at approximately 3 months of age provides 

effective immunity against respiratory infections and reproductive disease, and reduces 

abortions. 

The present Invention also provides a method of immunizing cattle, Including but not 

30 limited to cows, calves, and prabreedlng heifers, against infection caused by BVDV (types 1 

and 2), andrespiratory disease attributed to IBR, BVDV (Types 1 and 2), P13, BRSV, 

camplobacterlosls and leptospiriosis comprising administering to the animal at least one 

dose, and preferably two doses of the combination vaccine in order to immunize the animal 

against infection caused by BVD (types I and 2), IBR, 1313, BRSV, Leptospfra canicola. 

35 Leptospira grippotyphosa, Leptospira borgpetersenhi haniio-praJltno, Leptospira 

icferohaemmorrhagia, Leptospira intor’mgans pomona. Leptospira borgpetersenfl hardjo-

bovts, Leptospira bratislava, and Campylobactef fetus. 
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What Is claimed is: 

1. An lmmunoaenlc comoositlon comprislrra...... 

a modified live Bovine Herpes Virus (RI4V4? 

a modified live parainfluenza virus Type 3 (P13); 

5 a modified live Bovine Respiratory Syncytial Virus (BRSV); 

nag" 

east n’ 

peterinervaccePtabla carrier. 

2. The immunogenic composition of Claim 1, wherein said antigen is 

10 Inactivated. 

3. The immunoenlc composition of Claim I � wherein said adluvantcomorlses a 

onln a saponln containino oil-in-water emtilslniv antthr ifl k Amnhinas ,,nd r,hnlnqtas1 

4. The ImmunogenIc composition of Claim 1, wherein saldjpn t,nmnrici�_ 

15 Bovine Viral Diarrhea VirusJBVDV-2l Leptosplra can/cola, Leptospfra g,lppotyphosa, 

Leptospira borgpetersenhl hardlo-prejltno, Leptospira Icterohaemmorrhagla, Leptospire 

intetroganspomona, Leptospira borgpetersenll herdJo-bovls, and Campyfobacter fetus. 

5. The immunogenic composition of Claim 4, wherein said Bovine Viral Diarrhea 

Virus (BVDV-1) is cytopathic or noncytopathic and said Bovine Viral Diarrhea Virus (BVDV-2) 

20 Is cytopathic or noncytopathic. 

6. A method of Inducing an immune response, in an animal subject against at 

least one of the following: 

(a) Bovine Herpes Virus Type 1; 

(b) Bovine Viral Diarrhea Virus Type-I; 

25 (c) Bovine Viral Diarrhea Virus Type- 2; 
(d) paralnfluenza virus Type 3 (P13); 

(e) Bovine Respiratory Syncytlal Virus (BRSV); 

(f) Campylobacter fetus; or 

(g) an antigen selected from the group consisting of Leptospira can/sofa, Leptospira 

30 grtppotyphosa, Leptospira borgpetersenll hardlo-prajitno, Leptospira icternhaemmonhiagia, 

Leptosplre h,tezrogans pomona, Leptospira borgpetersenllhardJo-bovls, Leptospira brat/slave, 

Neospora caninum, Tilcbomonus fetus, Mycoplasma, boWs, Haemophllus somnus, 

Mannheimla haemolytica and Pasturdlla multoclde, 

comprising administering an immunologically effective amount of the composition of 

35 Claim I and a veterinary-acceptable carrier. 

7. ..Aiacclne csnnosItion mmnrnn 

modified live Bovine Herpes Virus (SHy-I); 
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a modified live pamintluemm virus Type 3 (P13); 

a modified live Bovine Respiratory Syncylial Virus (BRSV); 

iuvan1 

at least one an,r,i 

5 a veterinarlv-ecceotahln rstnr 

8. A method of preventing abortion caused by a virus selected from the group 

consisting of BHV-1 In an animal comprising administering to said animal a therapeutically 

effective amount of the vaccine composition of Claim 7. 

9. The method of Claim 8, wherein said animal is a cow, a calf, a heifer, a steer 

10 or  bull. 

10. A method of treating or preventing a disease or disorder in an animal caused 

by infection with a virus selected from the group consisting of.BVDV Type I or Type Z BHV-

1, P13 or BRSV comprising administering to said animal a therapeutically effective amount of 

the vaccine composition 
of 

Claim 7. 

15 11. A method of treating or preventing a disease or disorder in an animal caused 

by infection with an antigen selected from the group consisting Leptospira can/cola, 

Leptospira grippotyphosa, Leptospire borgpetersenli hardlo-prajitno, Leptospire 

fcterohaemmo,rhaIa, Laptospira Intenogans pomona, Leptosplra bo,gpete,senil hardjo-

bovls, Leptospira Brat/slave, Campylobacter fetus, Neospore caninum, Trlchomonus fetus, 

20 Mycoplasme, bovfs, llaemophflus somnus, Mannhelmla heernolytica and Pasturelle 

muliccida, comprising administering to said animal a therapeutically effective amount of the 

vaccine composition of Claim 7. 

12. A method of preventing persistent fetal infection In an animal subject, 

comprising administering to said animal an effective amount of the vaccine composition of 

25 Claim 7. 

13. A1c(*W’ Hbw’ 

fmnrffs_I 

lh, P.I VI., 101.51 4’I. 

a modified live parainlluenza virus Type 3 (1313); 

a modified live Bovine Respiratory Syncyllai Virus (BRSV); 

30 acvtnnathI. RVfl 

at least one antigen selected from the group consisting of Leptospira 

canicola, Leptospira gdppoiyphosa, Leptospira bcrgpetersen/l hardlo-prajitno, Leptospira 

35 icterohaernmorrhagla, and Leptospira intermgans pomona, Leptospira borgpetersenll harcijo-

boWs, Leptospira Brat/slave and Campylobacter fetus and 

.ypteIlnary-acceptable canIer. 
MMONUMMUNNO 



3. De la Solicitud de Patente 

Reivindicaciones (Art 30 D 486, Art 22 PCT) 

7D 

La reivindicaciOn I que hace referenda a una vacuna no se encuentra 
adecuadamente caracterizada puesto que una composiciOn debe definirse tanto 
por todos sus componentes como por sus proporciones. Asi mismo se debe 
definir la naturaleza, tipo de organismo(s), protelna(s), expresiOn y secuencia(s) 
que hacen parte del antigeno puesto que este es el componente principal de la 
vacuna. 

- La reivindicación I se refiere a la formaciOn de micelas helicoidales por la 
combinaciôn de dos de los componentes de la composidión de vacuna. Lo 
anterior corresponde a un resultado a alcanzar y no define la composiciOn de 
vacuna, puesto que la reivindicaciOn incluirla no solo la soluciOn propuesta por el 
solicitante, sino todas las alternativas presentes o futuras que lieguen a ese 
resultado. Se sugiere reemplazarlo por las caracterIsticas esenciales, 
estructurales o funcionales, que contribuyen a la obtenciOn de ese efecto. 

- La reivindicaciôn 2 contiene el tØrmino: "vehIculo veterinariamente aceptable" el 
cual es impreciso y no permite distinguir la invenciôn del estado de la tØcnica. Se 
sugiere sustituirlo por un tØrmino preciso o los componentes de dicho vehIculo. 

- La reivindicaciOn 3 se refiere a una emulsiOn aceite en agua. Teniendo en cuenta 
el capitulo descriptivo, la naturaleza del componente aceite de dicha emulsiOn 
cumple un papel importante dentro de la composiciOn portal razOn se sugiere al 
solicitante establecer la naturaleza de este componente. 

- La reivindicaciôn 5 hace referencia a Quil-A, que es una Marca Registrada y por 
tanto no definen al producto porque su composiciOn puede cambiar con el paso 
del tiempo aunque conserve el mismo nombre. Se sugiere aclarar cuÆles son las 
caracteristicas del producto en cuestiOn. 

- La reivindicaciOn 7 hace referencia ala naturaleza del antigeno, sin embargo las 
. posibilidades son muy amplias y no se define de manera especifica el agente que 

se encuentra dentro de la composiciOn. De igual manera se debe teneren cuenta 
. que la naturaleza de cada un o de los antIgenos reclamados es diferente y la 

respuesta inmune junto con la interacciOn con la emulsiOn aceite en agua puede 
no ser la misma. Se sugiere al solita restringir de tal manera que se defina y 
caracterice adecuadamente el antigeno que se encuentra en la composicion de 
vacuna. 

Las reivindicaciones 1 y7 que hacen referenda a un antigeno de manera general 
o antIgenos de diversos microorganismos, no tiene soporte en el capitulo 
descriptivo ya que, solo se hace menciOn a composiciones o formulaciones de 
vacuna que tienen como antigeno del virus de BVDV de tipo I (BVDI-5960) ytipo 
II (BVD2-890, cepa 24515) de forma inactivada (ejemplo 2, 12 y 14). 

Descripcion (Art 28 D 486) 

Se solicita definir los nombres comerciales o marcas que se encuentran dentro del 
capitulo descriptivo, tales como: AMPHIGEN, Tween 80, SPAN 80, QuiI-A, Ross, 
DRAKEOL, etc. 

Primer ArtIculo 45- Expediente 06-100763 



4. Determinaciôn del Estado de la TØcnica 

El Estado de la TØcnica se determinó con base en la fecha de presentaciôn de la 
solicitud de prioridad (05 Abril 2004) y se encontraron los siguientes documentos que 
anticipan el objeto de esta solicitud: 

Item Documento Tituto Fecha de 
Publicación 

Dl W096 33739 Vaccines containing saponin and a 31 Octubre 1996 sterol  

D2 US2003 0095974 Oil in water emulsions containing 22 Mayo 2003 saponins  

D3 W02004 017990 Vaccine for respiratory and reproductive 04 Marzo 2004 system infections in cattle  

Dl (folios 217 a 218) divulga una vacuna que comprende un antigeno, una fracciôn 
inmunolOgicamente activa de saponina y un esterol de preferencia el colesterol. 
URL:http://worldwide.espacenet.com/publicationDetails/biblio?DB=EPODOC&l l=0&adjacent=tr 
ue&locale=en_gb&FT=D&date=1 9961031 &CC=WO&NR=9633739A1 &KC=A1 

D2 (folios 219 a 220) divulga una formulación adyuvante para vacunas que comprende una 
emulsiOn aceite en agua combinada con una saponina y un esterol. 
URL:httpJ/worldwide.espacenet.com/publicationDetails/biblio?DB=EPODOC&Il=0&adjacent=tr 
ue&Iocaleen_gb&FT=D&date=20030522&CC=US&NR=2003095974A1 &KCAI 

D3 (folios 221 a 223) divulga composiciones inmunogØnicas que comprenden la combinaciOn 
de un agente viral, un antigeno, un adyuvante) y un vehicuto veterinariamente aceptable. 
URL:http://worldwide.espacenet.com/publicationDetails/biblio?DB=EPODOC&l 10&adjacenttr 
ue&locale=en_gb&FT=D&date=20040304&CC=WO&NR=200401 7990A1 &KCA1 

5. Examen de Patentabitidad (Art 14 D486) 

Novedad (Art 16 D486) 

La reivindicación I consiste una vacuna que comprende un glucOsido de saponina, 
un esterol y un antigeno, en la que dicho glucosido de saponina y dicho esterol se 

� asocian entre si para formar complejos en forma de micelas helicoidales y en la que 
dicho antigeno estÆ mezclado, pero no integrado, en dichas micelas helicoidales. 

ComparaciOn de las caracteristicas tØcnicas esenciales, con las del Estado de la TØcnica: 

Caracteristicas esenciales Dl D2 
Vacuna Vacuna Vacuna 

GlucOsido de saponina 
FracciOn 
inmunolOgicamente activa 
de saponina (QS21) 

FracciOn 
inmunolOgicamente activa 
de saponina (QuiI-A) 

Un esterol Esterol (colesterol) Esterol (colesterol) 
Un antigeno AntIgeno Antigeno 

Frente a Dl 

Las caracterIsticas esenciales de la composicion de la reivindicaciOn I habian sido 
divulgadas previamente en DI, el cual da a conocer una composicion de vacuna que 
comprende un antigeno (folio 217, abstract, pagina 1, lmnea 25; folio 217, pagina 3, 
lmnea 1 a 2; folio 218, reivindicaciôn 1 y 6), una fracciOn inmunolOgicamente activa de 
saponina (glucosido de saponina) que corresponde a QS2I (folio 217, abstract, 

Primer Articulo 45- Expediente 06-100763 
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paginapagina 1, linea 10 y 31; folio 217; folio 218, reivindicaciOn I y 2) y un esterol de 
preferencia el colesterol (folio 217, abstract, pagina 1, linea 20 y 31 a 33; folio 218, 
reivindicaciôn I y 3 ) en un vehiculo farmacØuticamente aceptable que comprende 
una emulsion aceite en agua (folio 217, pagina 2, linea 34 a 38). 

En consecuencia, la reivindicaciOn 1 no es nueva, segUn lo divulgado en el 
documento Dl. Asimismo, las reivindicaciones dependientes 2 a 4, 6 y 7 no 
mencionan alguna caracteristica que haga nueva a la composiciôn de Ia 
reivindicaciOn 1, por lo cual se considera que no son nuevas. 

Frente a D2 

Las caracterIsticas esenciales de la composicion de la reivindicaciôn I hablan sido 
divulgadas previamente en D2, el cual da a conocer una composiciOn de vacuna que 
comprende una fracciOn inmunolOgicamente activa de saponina que corresponde a 
Quit-A 0 Ufl derivado de esta como QS2I (folio 219, pagina 1, pÆrrafo 005; folio 220, 
pagina 13, reivindicaciOn I y 4), en un vehiculo que comprende una emulsion 
submicronizada de aceite en agua (folio 220, pagina 4, pÆrrafo 0029) con un tamaæo 
de gota de I micrometro (folio 220, pagina 1, reivindicaciôn 17). Dicha composiciOn 
contiene ademÆs un antigeno de naturaleza tanto bacteriana como viral (folio 219, 

� pagina 2, pÆrrafo 0014: folio 220, reivindicación 13) y un esterol de preferencia el 
colesterol (folio 219, pagina 3, pÆrrafo 0023 y 0026; folio 220, reivindicaciôn 5 a 7) 

En consecuencia, la reivindicaciOn 1 no es nueva, segUn lo divulgado en el 
documento Dl. Por otro lado, las reivindicaciones depend ientes 2 a 7 no mencionan 
alguna caracteristica que haga nueva a Ia composiciOn de la reivindicaciOn 1, por to 
cual se considera que no son nuevas. 

La reivindicación 7 consiste la composiciOn de vacuna de la reivindicaciôn 1, en la 
que dicho antigeno comprende un agente vIrico, un agente bacteriano o una 
combinaciOn de los mismos 

ComparaciOn de las caracterIsticas tØcnicas esenciales, con las del Estado de la 
TØcnica: 

Caracteristicas esenciales D3 
Vacuna Vacuna 

GlucOsido de saponina GlucOsido de saponina (QuiI-A/GPI-
0100) 

Un esterol Esterol (Colesterol) 
Un antigeno (agente virico, un agente Un antigeno que comprende: BVDV 
bacteriano o una combinaciOn de los tipo 16 II, Virus de herpes 
m ismos)  

Las caracteristicas esenciales de la composiciOn de la reivindicación 7 habian sido 
divulgadas previamente en D3, el cual enseæa composiciones inmunogenicas y 
vacunas que comprenden la combinaciOn de: a) un agente viral como es el virus de 
herpes bovina (BHV-1); b) un antigeno de BVDVtipo I ytipo II (folio 223, pagina 44, 
reivindicaciones I y 4; pagina 45, reivindicaciOn 12); c) un adyuvante seleccionado 
entre glucOsidos de saponina o sus derivados (Quil-A/GPI-01 00), colesterol (folio 223, 
pagina 44, reivindicación 2), citoquinas, etc (folio 222, pagina 11, lInea 12 a 22) y d) 
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un vehiculo veterinariamente aceptable que involucra emutsiones aceite en agua 
microfluidizadas (folio 
222, pagina 11, lInea 22) 

En consecuencia, la reivindicaciôn 7 no es nueva, segUn lo divulgado en el 
documento D3. De igual manera, la reivindicación dependiente 8 no menciona alguna 
caracteristica que haga nueva a la composiciOn de la reivindicaciOn 7, por lo cual se 
considera que no son nuevas. 

6. Conclusion 

Los requisitos de Patentabilidad de la presente Solicitud estÆn afectados asI: 

Item Documento Reivindicaciones afectadas Reguisito gue afecta 
Dl W096 33739 1 a 4, 6 y 7 Novedad 
D2 US2003 0095974 1 a 7 Novedad 
D3 W02004017990 7 y 8 Novedad 

En cumplimiento del artIculo 45 de la Decision 486 de la ComisiOn de la Comunidad 
Andina, se le indica que debe dar respuesta dentro del tØrmino de sesenta (60) dIas 
contados a partir de la fecha de notificaciôn de la  presente comunicaciOn. En caso de 
no dar respuesta at presente requerimiento, 0 si a pesar de la respuesta subsistieran 
los impedimentos para la concesiôn, se denegara la patente. 

NotifIquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del 
capItulo quinto deltItulo primero de la Circular Unica No. 10 de 2001. 

JOSE LUIS SALAZAR LOPEZ 
Director de Nuevas Creaciones (C) 
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