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Description 

Field of the Invention 

5 [0001] The invention relates to immunological adjuvants. In particular, the invention relates to adjuvants which com-

prise an oil -in -water emulsion and a surtactant. Adjuvants of the invention are useful in a variety of vaccine formulations, 

including vaccines comprising bacterial or viral components. 

Background of the Invention 
10 

[0002] The generation of immunity to infectious organisms is a powerful tool in disease control. Those antigens that 
induce immunity to infection are known as immunogens. The protective antibody they induce may collaborate with 

other natural defenses to inhibit the infective process, or they may neutralize harmful products of the infective organism 
such as toxins. 

is [0003] An effective means of enhancing the antibody response is the use of an adjuvant. Thus, an adjuvant is included 
in a vaccine as an additive or vehicle to enhance the response to the antigen An adjuvant may function by different 
mechanisms, including (1) trapping the antigen in the body to cause a slow release, (2) attracting cells of the immune 
system to the injection site, (3) stimulating cells of the immune system to proliferate and to become activated, and (4) 
improving antigen dispersion in the recipient’s body 

20 [0004] A number of agents with diverse chemical properties have been used as adjuvants, including Water -in -oil and 
oil -in -water emulsions, mineral salts, polynucleotides and natural substances. One adjuvant, known under the trade-
mark AMPHIGNTM, is described in U.S. Patent No. 5,084,269. AMPHIGENTM adjuvant consists of de-oiled lecithin 
dissolved in an oil, usually light liquid paraffin. In vaccine preparations AMPHIGENTM is dispersed in an aqueous solution 
or suspension of the immunizing antigen as an oil -in -water emulsion. 

25 [0005] Problems were observed when using an AMPHIGENIM adjuvant according to U.S. Patent No. 5,084,269, 
above. For example, the lecithin in the AMPHIGENTM does not suffice to produce a stable emulsion of the oil, thus 
leading to a pool or depot of oil in the injected tissues. Mineral oil can not be metabolized or removed by the animal. 
As a result, the oil becomes a source of severe chronic inflammation and scarring. Emulsifying the AMPHIGENTM 

directly in the antigenic preparation carries the risk of damaging the antigen. Also, if the desired emulsion fails to form. 
30 the valuable antigen must be discarded. 

[0006] An adjuvant useful in vaccines for animals, including humans, that is effective and solves the above problems 
would therefore be highly desirable. 

Summary of the Invention 
3 

[0007] The invention relates to an adjuvant useful for the enhancement of the immune response of an animal to an 
antigen In particular, the invention relatfóâjyant  that is capable of forming an oil inwater emulsion in a vaccine 

S 
composition. The invention also relates to an adjuvant that, when used in a vaccine formulation, causes minimal in-
flammation and scarring at the vaccination site. The invention further relates to a vaccine formulation that contains an 

40 adjuvant of the invention, Finally, the invention relates to a method of using an adjuvant of the invention in a vaccination. 
[0008] In one embodiment, the adjuvant of the invention comprises a lecithin, an oil and an amphiphilic surfactant 
capable of emulsifying the adjuvant, for example, a Tween or a Span surfactant. In another preferred aspect, the 
surfactant is Tween 80, Tween 85, Span 80 or Span 85. ’1 
[0009] In another embodiment, the adjuvant of the invention comprises a lecithin, an oil and two amphiphilic sur-

45 factants capable of emulsifying the adjuvant or a vaccine composition that contains the adjuvant. In a preferred aspect, 
one of the two surfactants is predominantly found in the aqueous phase, for example, Tween 80, and the other surfactant 
is predominantly found in the oil phase, for example, Span 80. 
[0010] A lecithin is a phosphatide. Crude preparations of lecithin may include triglycerides. For purposes of the 
present invention, lecithin encompasses both purified and crude preparations. In a preferred aspect, the lecithin is 

5° de-oiled. 
[0011] Suitable oils include a mineral oil, for example, DRAKEOLTM light mineral oil. 
[0012] In a further embodiment, the adjuvant of the invention contains an aqueous carrier solution, for example, a 
physiologically a.ceptable.buffer,.water or a saline solution. 
[0013] In a preferred embodiment, the adjuvant of the invention contains a lecithin, a mineral oil, two amphiphilic 

55 surfactants and an aqueous carrier solution (e.g., saline). 
[0014] In another embodiment of the invention, a method to inactivate a culture of BordetI/a bronchiseptica (’8. 
bronchiseptica") using formalin and glutaraldehyde is described. In another aspect, a culture of B. bronchiseptica is 
provided that was inactivated using formalin and glutaraldehyde. In yet another aspect, an antigen composition from 

,, tj.,. C 
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a B. bronchiseptica culture is provided that was inactivated using formalin and glutaraldehyde. In yet another aspect, 

a vaccine composition is provided that contains an antigen composition from a B. bronchisoptica culture that was 

inactivated using formalin and glutaraldohyde. 

5 Brief Description of the Drawings 

[0015] Figure 1 presents a graph depicting the distribution of droplet sizes of an emulsion prepared as described 

below. Lines (a) and (b) depict that about 94% of the droplets have a diameter of 1 I.Lm or less, 

10 Detailed Description of the Invention 

[0016] The invention relates to an aduvant useful for the enhancement of the immune response to an antigen. In 

particular, the invention relates to an oily adjuvant that is capable of emulsifying a vaccine formulation. Further, the 
invention relates to an adjuvant that, when used in a vaccine formulation, is capable of substantially avoiding the 

15 inflammation or scarring at the injection site typical of vaccines containing mineral oil Adjuvants of the invention 
comprise a lecithin, an oil and an amphiphilic surfactant capable of emulsifying the adjuvant or a vaccine composition 
that contains the adjuvant. 
[0017] The invention is based, in part, on the discovery that adding from about 1.5% v/v (i.e., 1.5% volume pervolume 
concentration obtained by, e.g., mixing 98.5 volumes of the vaccine comprising the adjuvant with 1.5 volumes of the 

20 amphiphilic surfactant) to 3.5% v/v of an amphiphilic surfactant to a vaccine containing an adjuvant as described in U. 
S. Patent No. 5,0941269 is effective to sufficiently emulsify a vaccine composition formulated with such an adjuvant 
and to minimize irritation in the injection site of the vaccinated animal. 
[0018] In one embodiment, the adjuvant of the invention contains a lecithin and an oil and an amphiphilic surfactant. 
In one embodiment, the adjuvant of the invention contains a lecithin and an oil and an amphiphilic surfactant capable 

25 of emulsifying a vaccine composition formulated with an adjuvant of the invention. In another preferred embodiment. 
two amphiphilic surfactants are used in an adjuvant of the invention, for example a Tween and a Span surfactant 
[0019] A preferred adjuvant, herein referred to as No.1 Adjuvant’, comprises about 2% v/v lecithin, about 18% vjyJ 
mineral oil, and about 8% v/v surfactant (e.g., about 5.6%v/v Tween 80 and about 2.4% v/v an 80), with the remaining 
volume being a saline solution. In a preferred aspect, aRre composition is formulated comprising an antigen at a 

30 concentration of about 75% v/v and an adjuvant, preferably No. 1 Adjuvant, at a concentration of about 25% v/v of the 
vaccine composition. All concentrations provided herein in percentage are indicated in volume per volume unless the 
context indicates otherwise. 

Surfactants Useful in the Adjuvant of the Invention 
35 

[0020] Surfactants useful for the adjuvant of the invention are amphiphilic and acceptable for veterinary or medical 
use. Whether or not a particular surfactant is acceptable for medical or veterinary use can be determined by those of 

S 
ordinary skill in the art. A surfactant is amphiphilic if a part of the surfactant molecule is hydrophobic and a part is 
hydrophilic. See U.S. Patent Nos. 5,690,942; 5,376,369: 4,933,179 and 4,606,918, which describe surfactants than 

40 can be used in the adjuvant of the invention. Examples of surfactants useful in the adjuvant of the invention include, 
but are not limited to, a Tween surfactant and a Span surfactant. Tween and Span surfactants include, but are not 
limited to, monelaureate (Tween 20, Tween 21, Span 20), monopalmitate (Tween 40, Span 40), monostearate (Tween 
60, Tween 61, Span 60), tristearate (Tween 65, Span 66), monooleate (Tween 80, Tween 81, Span 80) and trioleate 
(Tween 85, Span 85). In a preferred embodiment, Tween 80, Tween 85n  or Span 85 is used. 

45 [0021] It is preferred that a surfactant useful in the adjuvant of the invention is amphiphilic and has a hydrophilic-
lipophilic balance ("HLB’) value that is preferably at least about half the sum of the HLB values of all other components 
of the adjuvant. More preferably, the surfactant has an HLB value that is from about half to about twice the sum of the 
HLB values of all other components of the adjuvant. More preferably, the surfactant has an HLB value that is about 
the same as the HLB value of all other components of the adjuvant. HLB values are readily available for surfactants 

&0 lecithins, oils and carrier solutions or, if necessary, can be determined through routine experimentation. For example, 
see U.S. Patent Nos. 4504,275 and 4,261,925 and references provided therein. 
[0022] Amphiphilic surfactants useful in the adjuvant of the invention have HLB values from about 2 to about 20, 
preferably from about 3 to about 17. Methods for determinig the HLB value of particular surfactants are known in the 
art. See for example U.S. Patents Nos. 5,603,951; 4,933,179 and 4,606,918, which describe surfactants having par-

55 ticular HLB values. 
[0023] The concentration of a surfactant in a vaccine composition formulated with the adjuvant of the invention is 
from about 1.5% to 3.5% v/v, more preferably from about 1.5% to about 3% v/v, more preferably from about 1.5% to 
about 2.50%, and most preferably about 2% v/v. When more than one surfactant is used, the sum of the concentrations 
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[0032] The concentration of a lecithin in a vaccine composition formulated with the adjuvant of the invention is from 

about 0.25% to about 12.5% v/v, more preferably from about 0.5% to about 10% v/v more preferably from about 0.5% 

to about 7.5%, more preferably from about 0.5% to about 5%, more preferably from about 0.5% to about 2,5%, and 

most preferably from about 0.5% to about 1.25% v/v. 
5 [0033] The concentration of a lecithin in a 25% adjuvant is at least about 1 % vlv, preferably at least about 2% v/v. 

In another aspect, the lecithin concentration in a 25% adjuvant is from about 1% to about 50% v/v, more preferably 

from about 2% to about 40% v/v, more preferably from about 2% to about 30% v/v, more preferably from about 2% to 

about 20% v/v, more preferably from about 2% to about 10% v/v and most preferably from about 2% to about 50% v/v, 

The concentration of a lecithin in the adjuvant of the invention with a higher or lower concentration is determined as 
10 exemplified above. 

[0034] The adjuvant of the invention contains an oil, for example an oil described in U.S. Patent Nos. 5814.321: 
5,084,269. In a preferred aspect, the adjuvant of the invention contains a mineral oil, for example DRAKEOLIM. In 
another aspect, a mixture of oils is used. The oil may be provided for preparation of the adjuvant of the invention as 
pure oil or as a mixture that contains the oil and another component, for example the lecithin. 

15 [0035] The concentration of an oil in a vaccine composition formulated with the adjuvant of the invention is from 
about 1% to about 23% v/v, more preferably from about 1.5% to about 20% v/v, more preferably from about 2.5% to 
about 15%, more preferably from about 3.5% to about 10%, more preferably from about 35% to about 7.5%, more 

. preferably from about 4% to about 6% v/v, and most preferably about 4,5%, 
[0036] The conoentrao ..a 25% adjuvant is at least about 5% v/v, preferably at least about 8% v/v and 

20 more preferably at least about 12% v/v. In another aspect, the oil concentration in a 25% adjuvant is from about 4% 
to about 92% v/v, more preferably from about 6% to about 80% v/v, more preferably from about 10% to about 60% v/ 
v, more preferably from about 14% to about 40% v/v, more preferably from about 14% to about 30% v/v, more preferably 
from  about 16% to about 24% and most preferably about 18%. The concentration of an oil in the adjuvant of the 
invention with a higher or lower concentration is determined as exemplified above. 

25 [0037] In another embodiment, an aqueous carrier is used in the adjuvant of the invention, for example saline (e.g., 
phosphate-buffered saline), tris-HCI, citrate-phosphate buffer, Hopes buffers, other pharmaceutically acceptable buff-
ers known in the art or water. The pH of the carrier preferably is physiologically acceptable, for example between 6 
and 8, most preferably around 7. The aqueous carrier used in the adjuvant of the invention preferably takes up the 
volume that is not needed for any of the other components 

30 [00381 The adjuvant of the invention is preferably provided at a concentration that is from about 2X to about lOX the 
concentration after formulation of the adjuvant in a vaccine composition, more preferably from about 2X to about BX, 
more preferably from about 3X to about 6X and most preferably about 4X. 

311 

Uses of Adjuvants of the Invention 

[0039] Adjuvants of the invention may be used to enhance the immune response to an antigen of a vaccine formu-
lation. Adjuvants of the invention can be used with antigens derived from any bacteria or from any virus, provided the 

S antigen does not get destroyed or denatured. Examples of antigens, and not by way of limitation, are Erysipelothr;x 
rhusiopathiae antigens, Bordetella bronchiseptica antigens, antigens of toxigenic strains of Pas tours i/a multoc,da, an -

40 tigerisof Esc/,e,lcja co/i strains that cause neonatal diarrhea, Actinobacil/us p/europneumoniae antigens, Pasteure i/a 
haernaens,oiany combination of the above. Adjuvants of the invention are also useful in vaccine compo-
sitions that contain an antigen described in U.S. Patent Nos. 5,616,328 and 5,084,259. 
[0040] In a preferred embodiment, the adjuvant of the invention is used in a vaccine formulation containing an antigen 
obtained from the liquid phase of an Erysipelothrix rhusiopathiae (’E. rhusiopathiae") culture. In a preferred aspect, a 

45 culture of E. rhusiopathiae is inactivated by adding formalin (about 0.5% v/v final concentration) and, after incubation 
for 24 hours at 370 C, the cells were removed, for example by centrifugation or filtration. The culture supernatant, in a 
preferred embodiment, is concentrated about 10 fold and aluminum hydroxide gel (preferably REHYDRAGELTM) is 
added to the concentrated supernatant at a final concentration of about 30% v/v to stabilize the antigen. In another 
preferred embodiment, thimerosal (about 0.01% v/v final concentration) (Dimportex, Spain, imported through Flavine 

50 Inc., Klosters, New Jersey) with EDTA (about 0.07% v/v final concentration) are added to the antigens as preservatives. 
In another preferred embodiment, a vaccine composition is formulated comprising the antigen and the adjuvant of the 
invention (e.g. No. 1 Adjuvant) with the adjuvant comprising, for example, about 25% v/v of the vaccine composition. 
This preferred E. rhusiopathiae antigen is described in U.S. Patent Application Serial No. , filed 
January 29. 1999, entitled "Etysipe/othrtx rhusiopathiae Antigens and Vaccine Compositions", which is incorporated 

55 herein by reference. 
[0041] In another preferred embodiment, the adjuvant of the invention is used in a vaccine composition containing 
antigens from a B. bronchiseptica culture that has been inactivated by adding formalin thereto in log phase, preferably 
late log phase, followed by the addition of glutaraldehyde. In addition to killing the bacterial cells, the purpose of this 
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[0050] All percentage concentrations herein are provided in volume per volume unless indicated otherwise, Percent-

age values, unless otherwise indicated, of an oil -lecithin adjuvant refer to the concentration of a mixture of lecithin 
(10% of the mixture) and a carrier oil (DRAKEOLTM) (90% of the mixture) in an aqueous carrier (continuous phase). 

For example, a20% oil -lecithin adjuvant contains 2% v/v lecithin (Central Soya, Fort Wayne, Indiana), 1 8% vN DRAKE-
S OLTM 5 (Penreco, Karns City, Pennsylvania) and 80% v/v saline solution (with the saline content being reduced if other 

components, for example surfactants, are added). The percentage values of an oil -lecithin adjuvant in a vaccine com-

position, i.e., following dilution of the adjuvant solution with the antigen solution, refer to the concentration of a mixture 

of lecithin (10% of mixture) and a carrier oil (DRAKEOLTM) (900% of mixture) in the vaccine preparation which comprises 

the adjuvant and a solution containing an antigen, unless the context indicates otherwise In all cases where a surfactant 
10 was added to an adjuvant composition, the percentage values for a surfactant concentration refer to the total concen-

tration of all added surfactants in the adjuvant or the vaccine preparation, unless the context indicates otherwise. 
[0051] When an oil-lecithin adjuvant was used as an adjuvant in vaccine formulations, it was found that it does not 
emulsify aqueous preparations without the addition of extra surfactants as the lecithin in the oil -lecithin adjuvant did 
not suffice for emulsification, Therefore, vaccines made using inadequately dispersed oil-lecithin adjuvant formed a 

15 pool or depot of mostly mineral oil in the tissues at the injection site, This oil can not be metabolized or removed by 
the injected animal and so it remains as a source of severe chronic inflammation and scarring. 
[0052] It was also determined that adding surfactants to a vaccine formulation comprising an oil -lecithin adjuvant 

. and an antigen in order to emulsify the formulation was not an adequate solution. Problems encountered when adding 
oil and surfactants to the vaccine formulation before emulsifying were that the antigen could get damaged and. if a 

20 suitable emulsion was not achieved, that the formulation would have to be discarded including the valuable antigen. 
[0053] Different adjuvant compositions were tested comprising an oil -lecithin adjuvant in combination with surfactants 
to emulsify the vaccine formulations. 

Example 2, The Use of an Adjuvant Containing a Surfactant at a Low Concentration 
25 

[0054] The following example describes the use of an emulsion containing 40% oil-lecithin and 2% of synthetic sur-
factants, i.e., Tween 80 and Span 80 (Van Water & Rogers, Omaha, Nebraska) in phosphate buffered saline. This 
adjuvant was prepared aseptically and separate from the antigen. The emulsion was added to the antigen preparation 
without further emulsification. The synthetic surfactants helped the oil -lecithin adjuvant to disperse as a coarse. rela-

30 tively stable emulsion. The adjuvant emulsion was added to the aqueous antigenic preparation at the rate of one in 
eight, decreasing the oil -lecithin adjuvant content from 40% to 5%, and the surfactants from a combined 2% to 0.25%. 
[0055] The adjuvant was used in several vaccines. It was found that because the emulsion is coarse and not very 
stable. the oil droplets tend to coalesce and to separate as a permanent, irritating depot of oil in the injected tissues 
Another problem observed with this adjuvant was that it aggregates with Al gel. A number of vaccines contain Al gel 

35 for a number of purposes like, for example, as an adjuvant or to stabilize an antigen or to bind endotoxin. The oil -
lecithin adjuvant carries a negative charge which causes it to bind to the positively charged Al gel to form coarse 
aggregates. These aggregates are unsightly, difficult to pass through a hypodermic needle, and very irritating to the 
injected tissues. 

40 Example 3. The Use of an Adjuvant Containing  Surfactant at a High Concentration 

[0056] An oil -lecithin adjuvant (5% vfv) was emulsified in the antigenic preparation with the help of Tween 80 and 
Span 80 surfactants, as above, but at a total surfactant concentration of 8% in the vaccine composition. The emulsion 
was very fine and stable. It had almost the clarity of a solution and it did not cream on standing. Under the microscope, 

45 with maximum magnification (resolution 02 micron), most droplets were too small to be visible. Thus it wa..micr.o 
emun This adjuvant, wh’ nu21navaccine formulation, was found to be virtually free at injection-site reactivity 
and, when Al gel was added, there was no detectable aggregation of oil and gel. As a result of its high surfactant 
content, this adjuvant is easy to emulsify, attractive in appearance, stable, unreactive with Al gel, and virtually free of 
irritating effects at the site of vaccination. Despite these advantages, however, this emulsion had slightly lower adjuvant 

50 potency compared to the coarse version made with surfactants at a low concentration. 

Example 4. The Use of an Adjuvant Containing a Surfactant at a Medium Concentration 

[0057] An attempt was made to find an adjuvant emulsion that is acceptably smooth and fully potent as an adjuvant. 
55 A 20% oil -lecithin adjuvant was used in these experiments as it was found that a 20% oil -lecithin adjuvant emulsion is 

easier to make than a 40% oil -lecithin adjuvant emulsion. Its addition to vaccines at a rate of one in four, to make a 
final oil concentration of 5%, would leave 75% of the dose volume for antigens. Preliminary experiments thowed.that. 
a smooth subrnicron emulsion (most droplets had adiameter of less than one micron, see Figure 1)could be prepared 

\ , 
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1571 ABSTRACT 

A vaccine adjuvant composition of’ an oil-in -water submi-
cron emulsion that has about 0.5 to 50% of a first component 
of an oil, about 0.1 to 10% of a second component of an 
emulsifier, about 0,05 to 5% of a nonjutice surfactant, about 
0.00001 to 117o of an immunogen, and an aqueous continu-
ous phase. This submicron emulsion has a mean droplet size 
in the range of between about 0.03 and 0.5 urn, and 
preferably 0.05 and 0.2 tam. 

25 Claims, S Drawing Sheets 
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intrinsically and extrinsically as extensively detailed in the 
examples. In general. SME. intrinsic formulations are pre-
pared by emulsifying the antigen together with the SME 
components, while SME extrinsic formulations are prepared 
by adding externally the antigen to previously prepared plain 
SME. 
Dehydrated SME Adjuvants 

A further aspect of the invention provides dehydrated 
emulsions, made by dehydrating the submicron emulsion of 
the types described herein. Dehydrated submieron emul-
sions may be stored for prolonged periods with minimal 
degradation, then reconstituted with water shortly before 
use. Residual water content in the dehydrated emulsion is 
usually less than 5% (w/w), commonly less than 2%, and 
often less than 17. 

Dehydration may be performed by standard methods, 
� such as drying under reduced pressure; when the emulsion 

is frozen prior to dehydration, this low pressure evaporation 
is known as lvophiizariun. Freezing may be performed 
conveniently in a dry ice-acetone or ethyl alcohol bath. fhe 
pressure reduction may he achieved conveniently with a 
mechanical vacuum pump, usually titled with a liquid nitro-
gen cold trap to protect the pump from contamination. 
Pressures in the low millitnrr range, e.g., 10-50 millitoir, arc 
routinely achievable but higher or lower pressures are sot-
tic ie rtt 

A cryoproteetant or anticoalescent compound may be 
added to the emulsion prior to dehydration to inhibit floc-
culation and coalescence upon rehydration. The eryopro-
tect:mut may be of auy type known in the art, including sugars 
and polysaccharides such as sucrose or trehalnse, and non -
natural polymers such as polyvinylpyrrolidone. Cryopro-
tcciants are usually present at less than 25%, commonly 
10%, more commonly 5%, 4% (w/v) or less in the emulsion 
before tyophilization. 

A preferred category of crynprotectants is an’nuo acids 
,and otigopcptides Preferred amino acids include valine, 
leucii’me, isoleucine, tysine, methionine, threonine, serine, 

� argin:Lne, alamne, .gtycine, histidinc, proline, phenylalanine, 
il 0 ir tae, and carnit i ne, although any of the other natural 

amino acids may atsr/ be prcscnL Amino acids may he of 
either D or I. configuration, or a mixture; the natural L form 
is preferred. Amino acids may be present as their salts or 
esters, arid as mixtures of amino acids or as pure species. 

Aparticularly preferred amino acid is glycine, which may 
be present either in pure form or as a component of a 
mixture, e.g. in an hydrolyzate of collagen or other glycine-
rich protein. 

Mixtures of oligopeptides, especially di- and tripeptides, 
are another preferred type of cryoprotectant. These may he 
prepared conveniently as partial protein hydrolysates or 
enzymatic digests. 

The cryoprotectivc amino acids or oligopcptidcs are gell-
erally present in the emulsion at a concentration of about 
1L25 to 2.%/ (w/w), preferably about 0.5 to 121/r., (w/w), more 
preterabty about I to 10%. (w/w) and commonly 3-6% 
(u /,W). 

Cryoprorectants and methods of making lyophilized sub-
micron emulsions are taught in more detail in Pharmos Corp. 
PCT International Application Publication WO 93/15736 
entitled Dry Compositions fur Preparing Subinicrun 
Lrmtlsions", the content of which is expressly incorporated 
herein by refercnce. 

10 
EXAMPLES 

This invention is illustrated by the following non -limiting 
examples: 

Example 1 

Preparation of Intrinsic-gp IbO-SME vaccine 
Antigen Description and Background 

The urgency and high priority for developing an effective 
�ic vaccine against the human immunodeficiency virus (lily) 

are fully recognized. The reasons for using subunits of the 
virus as the basis of an l-{IV vaccine are the perceived 
overwhelming requirements for safety. Despite the high 
efficacy of many live attenuated viral vaccines, the require -

is ment for product safety, especially in the case of 
retroviruses, has favored the subunit approach to the extent 
that all of the current candidate preparations in clinical 
prophylactic trials are of this type, being mainly gplGO, the 
envelope protein of HIV, or part thereof. Studies have shown 

o that gpl60 attaches the virus to the cell and also facilitates 
the fusion of the cell and virus during the early stages of 
infection. 

The gplflO antigen used in this example was supplied by 
MicroGeneSys Inc. This gplflO recombinant protein in 

os alum-adjttvanted vaccine formulation is currently under 
evaluation in human clinical trials. 
Preparation of Oil Phase 

The oil phase was composed of MCT oil (2.0 p Mygliol 
812, Hulls, Germany), lecithin (0.4 g, Lipoid E-80. 

.30 Germany), and DL-a-toeopherol succinate (8.0 mg, Merck, 
Germany). The lipids and oil were weighed in a 250-ml 
beaker and mixed at room temperature using a magnetic 
stirrer during 2-4 hrs until a homogenous and almost clear 
solution was obtained. 

35 Preparation of Water Phase 
Polysorhate 80 (1% w,/v, Monlanox 80, Dl, Seppic, 

France), Glycerol (22% w/v, Merck, Germany), EDTA 
(0.1% w/v, Merck, Germany), and purified water (to 100% 
w/v) were dissolved at room temperature in a 250-mi beaker 

40 by gentle shaking using a magnetic stirrer plate until a clear 
homogenous solution was obtained (about 15-20 ruin). A 
total volume of 40 ml of water phase was prepared. A vial 
containing 2.1 nil of gpi 60 recombinant protein 
(MicroGeneSys, Inc., CT, USA) at a concentration of 0,25 

co mg/mi in saline was added to the water phase and the 
mixture was gently shaken fur 5 mm. 
Mixing of Oil and Water Phase 

The oil phase was heated to 400 C. and added to the 
beaker containing the 40 ml of water phase. The mixture was 

so gently stirred for 10-15 ruin at room temperature. 
Preparation of Oil-in -Water Coarse Emulsion 

An oil -in-water emulsion contajrm the antigen was 
prepared using the medium-sized disperser and homogeniz-
ing unit Polytron P13000 (Kinematics, Switzerland) at 

55 3,600 rpm for 30 sec. The resultant micronsize emulsion was 
cooled at room temperature. 
Sizing of Emulsion to Subnaicron Range 

The droplet size of the emulsion obtained after Polytron 
step was lowered to the submicrcmn (nanosize) range by 

so submitting the emulsion to high shear homogenization using 
the Gaulin Microlab 70 High Pressure Homogenizer (AIV 
Gaulin, Germany) at 800 bar pressure. A total of 10 cycles 
were performed. The particle size distribution of the result-
ant formulation was determined using an N4MD Coulter 

65 Particle Size Analyzer (Coulter Electronics, England). The 
differential weight % mode of the instrument indicated the 
existence of homogeneous population of SME droplets with 
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while PLO particics bioc.lcgradc by raridom nonenzyniatic 
hydrolysis of ester bonds to lactic and glycolic acids which 
are excreted along normal metabolic pathways. 

Recent studies have shown that P10 rnicroparticles with 
entrapped antigens are able to elicit cell -mediated immunity. 
For example, microencapsulated human immunodeficiency 
virus (HIV) gpl2O has been shown to induce HIV-specific 
CD4+ and CD8+ Leell responses in mice (Moore et al., 
Vdccine (1995) 13:17’11-1749). Similarly, microparticle-
encapsi.tlated ovalbumin has been shown to be capable of 
priming cellular immune responses in vivo and can induce 
mucosal IgA responses when administered orally (O’Hagan 
et al., Vaccine (1993) 11:149-154). Additionally, both anti-
body arid i-eel I responses liave been induced in mice 
vaccinated with a PLO -entrapped Mycobacierr.uot tubercu-

a ritigen (Vordermeier ci al., Vaccine (1995) 
13:1576-1582). Antigen-specific CTT responses have also 
been induced in mice using a ni ierc encapsulated short 
synthetic peptide from the circunasporozoite protein otPlas-
inodluin herghei. 

However, the use of mieroparticles with entrapped or 
adsorbed antigen, in combination with submicron oil-in -
water emulsions, has not heretofore been described. 

DISCLOSURE OF Il-IL INVENTION 

The present invention is based on the surprising and 
unexpected discovery that the use of biodegradable 
mieropartieles, such as those derived from a poly 
((t-hydro xv acid), and including entrapped or adsorbed 
antigen, in combination with submicron oil -in -water 
emulsions, serves to enhance the immunogenicity of the 
antigen. The use of such combinations provides a sate and 
effective approach for enhancing the immunogenicity of a 
wide variety of antigens. 

Accordingly, in one embodiment, the invention is directed 
to a composition comprising a submicron nil -in -water 
emulsion and i selected  antigen entrapped in or adsorbed 
to, a biodegradable microparticle. 

In another embodiment, the invention is directed to a 
cor.npositiori comprising (a) a submicron oil -in -water emul-
sion which comprises 4-5% w/vuale 0.25-0.5% w/v 
1WLLN SOfi, and 0.3% w/v SrIT  85, and optionally, 
N-aeeivl miiramvl..L-a Ianyl..D-isogluatrninyl-I.-alanine-2 
-(1 ’-2’-dipalmitovt-sn-gtvcero-3-huyclroxyphosphnryloxv)-
ethylaintirie, and (b) a selected antigen entrapped in, or 
adsorbed to, a biodegiliclâble rnicroparticle. 

In vet another embodiment, the subject invention is 
directed to a method of immunization which comprises 
administering to a vertebrate subject (a) a submicron oil-in-
water emulsion, and (b) a therapeutically effective amount of 
a selected antigen entrapped in, or adsorbed to, a biodegrad-
able microparticle. 

In still further embodiments, the invention is directed to 
a method of making a composition comprising combining a 
submicron oil -in -water emulsion with a selected antigen 
entrapped in, or adsorbed to, a biodegradable microparticle. 

In particularly preferred embodiments, the microparticle 
is derived from a poly (ce-hvdroxy acid), preferably poly 
(L-luctidc), poly (D,L-laictidc) or poly (D,L-lactide-co-
glycolide) 

These and other embodiments of the present invention 
will readily occur to those of ordinary skill in the art in view 
of the disclosure herein. 

BRIEF DESCRIPTION OF THE FIGURES 
ElO. I shows total lgG titers at 2, 6 and 10 weeks 

following initial vaccination in mice immunized with 

4 
gpl20; gp120+MF59; PLO with entrapped gplO; and PLO 
with entrapped gp126+M1-"59. 

DETAILED DESCRIPTION 01’ l’llL 
5 INVENTION 

The practice of the present invention will employ, unless 
otherwise indicated, conventional methods of chemistry, 
biochemistry, molecular biology, immunology and 
pharmacology, within the skill of the art. Such techniques 

30 are explained fully in the literature. See, e.g., Remington a 
Pharmaceutical Sciences, 18th Edition (Easton, Pennsylva-
nia: Mack Publishing Company, 1990); Met/tons In Tn:v-
nology (S. Colowick and N. Kaplan, eds., Academic Press, 
Inc.); and Handbook of Experimental Immririologv. Vials. 

15 l�IV (D.M. Weir and C.C. Blackwell, eds., 1980, Blackwell 
Scientific Publications); and Sambrook, et al., Molcc.:nlar 
Cloning: A Laboratory Manual (2nd Edition, 1989). 

All publications, patents annt patent applications cited 
herein, whether supra or infra, are hereby incorporated by 

20 reference in their entirety. 
As used in this specification and the appended claims.., the 

singular forms "a," "an" and "the" include plural references 
unless the content clearly dictates otherwise. 

25 
I. Definitions 
In describing the present invention, the following terms 

will he employed, and are intended to he defined as indicated 
below. 

The term "mieroparticle" as used herein, refers to a 
ao 

particle of about 100 nm to about 150 um in diameter, more 
preferably about 2.00 nm to about 30 am in diameter, and 
most preferably about 500 nm to about 10’

 
urn in diameter. 

Preferably, the microparticle will be of a diameter that 
permits parenteral administration without occluding needles 

35 and capillaries. Microparticle size is readily determined by 
techniques well known in the art, such as photon correlation 
spectroscopy, laser diO’raetometry and/or scanning electron 
microscopy. Microparticles for use herein will he formed 
from materials that are sterilizable, non-toxic and hinde-

40 gradable. Such materials include, without limitation, polv 
(a-hydroxy acid), polyhydruxybutyric acid, 
polycaprolactone, polyorthoester, polyanhydride. 
Preferably, niicroparticles for use with the present invention 
are derived from a poly((x-hydroxy acid), in particular, from 

45 a poly (lactidc) ("PLA") or a copolymer of D,L-lactide and 
glyculide or glycolic acid, such as a poly (D,L-lactidc-co-
glycolide) ("PLG" or "PLGA"), or a copolymer of L).L-
lactide and caprolactone. The micropanicles may be derived 
from any of various polymeric starting materials which have 

o a variety of molecular weights and, in the ease of the 
copolymers such as P1.0, a variety of tact ide:glyccdide 
ratios, the selection of which will he largely a matter of 
choice, depending in part on the coadministered antigen. 
These parameters are discussed more fully below. 

55 By "antigen" is meant a molecule which contains one or 
more epitopes that will stimulate a host’s immune system to 
make a cellular antigen-specific immune response when the 
antigen is presented, or a humoral antibody response. 
Normally, an epitope will include between about 3-15, 

so generally about 5-15, amino acids. For purposes of the 
present invention, antigens can be derived from any of 
several known viruses, bacteria, parasites and fungi. The 
term also intends any of the various tumor antigens. 
Furthermore, for purposes of the present invention, an 

es "antigen" refers to a protein which includes modifications, 
such as deletions, additions and substitutions (generally 
conservative in nature), to the native sequence, so long as the 
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2. Objeto de la invención 
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3. De la solicitud de Patente 

3.1 Descripción (articulo 28 D. 486) 

Se utiliza el tØrmino "aproxi mad amente" el cual no es conciso. 

3.2, Reivindicaciones (articulo 30 0 486) 

La reivindicaciôn 3, utiliza el tØrmino "aproximadamente’ el cual no es conciso, 

4. Determinación del Estado de la TØcnica 

La fecha que se ha tenido en cuenta para determinar el Estado de la TØcnica es: 

Fecha de presentación de  la solicitud prioritaria 

’ Teniendo en cuenta la fecha indicada se realizó la büsqueda en el estado de la 
tØcnica de documentos relacionados con la solicitud encontrÆndose los siguientes 
documentos mØs relevantes: 

No Documento Titulo 
Fecha de 

publicación* 
Dl EP1023904 Adjuvants for use in vaccines febrero/08/2000 

D2 US5961970 Subncronemsion: as vaccine Octubre/05/1 999 - - 

D3 u S6306405

 
Use of mkJroPartides combined with 

Octu bre/23/200 I submicron oil -water emulsions 
Dl (folios 158-162): D2 (folios 163-164): D3 (folios 165-166) 

5. AnÆlisis de patentabilidad (articulo 14 D486) 

5.1 Novedad (articulo 16 D486) 

La reivindicación 1, reclama una emulsion submicromØtrica de aceite en agua 
como adyuvante de vacuna, con un tamaæo de gota inferior a 1pm, que 
co mp re nde: 

1-Un aceite no metabolizable ligero 
2-Un tensioactivo 
3-Componente acuoso 

Dl, divulga una emulsion submicromØtrica de aceite en agua como adyuvante de 
vacuna, con tamaæo de gota inferior a 1pm (folio 159, pÆrrafo 07, lineas 36-37, 
pàrrafo 9, linea 44; pØrrafo 12, linea 53) y folio 162 pÆrrafo 57, lineas 57-58) 
que comprende: 

1-Un aceite no metabolizable ligero 18% VN (folio 159 pÆrrafo 11, linea 51, folio 
160 pârrafo 19, linea 27) 
2-Un tensioactivo 2% VN (folio 160 pÆrrafo 19, linea 27) 
3-Componente acuoso 
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De la comparación anterior se concluye que las reivindicaciones 1 y 2, no son 
nuevas. 

La reivindicación 6, reclama una composicióri que comprende una emulsion de 
aceite y agua (reivindicaciôn 1) y un antigeno. 

Dl, divulga una emulsiOn submicromØtrica de aceite en agua como adyuvante de 
vacuna, con tamaæo de gota inferior a 1pm (folio 159, parrafo 07, lineas 36-37, 
parrafo 9, linea 44; pÆrrafo 12, linea 53) y folio 162, parrafo 57, lineas 57-58) 
que comprende: 

1-Un aceite no metabolizable ligero 18% VN (folio 159 pÆrrafo 11, linea 51, folio 
160 pÆrrafo 19, linea 27) 
2-Un tensioactivo 2% VN (folio 160 pÆrrafo 19, linea 27) 
3-Componente acuoso 
4-un antIgeno (vIrico 6 bacteriano, ej: E. coli) (folio 161, pÆrrafo 39, lineas 36-
40) 

De la comparación anterior se concluye que las reivindicaciones 6-9, no son 
nuevas. 

5.2 Nivel inventivo (artIculo18 0486) 

La reiviiidicación 3, reclama una emulsion submicronlØtrica de aceite en agua 
coma adyuvante de vacuna, con tamaæo de gota de aceite entre 0.1 y 0.5pm, que 
comprende: 

1-Un aceite no metabolizable ligero aproximadamente 40 % VN 
2-Tensioactivos aproximadamente 10% VN de lecitina, aproximadamente 0.18% 
VN de Tween-SO y 0.08% VN de Span-80 
3-Componente acuoso 

El documento del Estado de Ia TØcnica mÆs prôximo es Dl, que divulga una 
emulsion submicromØtrica de aceite en agua como adyuvante de vacuna, con 
tamano de gota inferior a 1 pm (folio 159, pÆrrafo 07, lineas 36-37, pârrafo 9, 
linea 44; pÆrrafo 12, linea 53) y folio 162, pÆrrafo 57, lineas 57-58) que 
comprende: 

1-Un aceite no metabolizable ligero 18% VN (folio 160, parrafo 19, linea 27) 
2-Un tensioactivo 2% VN (folio 160, pÆrrafo 19, linea 27) 
3-Componente acuoso 

La diferencia entre la materia reclamada y Dl, es que la solicitud menciona otras 
concentraciones de aceite metabolizable ligero: aproximadamente 40 % VN y de 
tensioactivos: aproximadamente 10% VN de lecitina, aproximadamente 0.18% 
V/V de Tween-80 y 0.08% VN de Span-SO. 

Efecto tØcnico: El hecho de utilizar otras concentraciones para los componentes 
que hacen parte de la emulsiOn submicromØtrica, no muestra un efecto tØcnico 
inesperado. 

El problema tØcnico objetivo en esta solicitud es: obtener una composiciOn, 
alternativa, de emulsiOn submicromØtrica de aceite en agua, coma adyuvante de 
vacuna, con tamano de gota inferior a 1pm. 
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Par esta razón se considera que modificar las concentraciones de los 
componentes de la emulsion no le confiere paso inventivo a la materia reclamada. 

Coma resultado del anÆlisis anterior, se concluye que la reivindicaciôn de 3, no 
tiene Nivel Inventivo. 

La reivindicación 4, reclama un procedimiento para preparar la emulsion 
submicromØtrica que comprende: 

1-mezclar et aceite no metabolizable ligero, con un tensioactivo y el componente 
acuoso. 
2-emulsificar la mezcla anterior 
3-microfluidizar la emulsiOn de 2. 

El documento del Estado de la TØcnica mÆs prOxinio es D2, que divulga un 
mØtodo de preparaciôn de una emulsiOn submicromØtrica, que consiste en: 

1-mezclar la fase oleosa con la acuosa 

S 2-homogenizar para obtener una emulsiOn. 
3-La emulsiOn 2) se somete una etapa para obtener un tamaæo de particula 
submicromØtrica. (folio 164, columna 10, lineas 28-59) 

La diferencia entre el mØtodo reclamado y D2, es que la solicitud nienciona un 
aceite no metabolizable ligero. 

Efecto tØcnico: El hecho de utilizar un aceite no metabolizable ligero en el proceso 
de fabricación de  la emulsiOn reclamada, no da evidencia de un efecto tØcnico 
inesperado. 

El problema t(§cnico objetivo en esta solicitud es: como obtener una composición, 
alternativa, de emulsiOn submicromØtrica de aceite en agua, como adyuvante de 
vacuna, con tamaæo de gota inferior a 1 pm. 

Par esta razón se considera que modificar el tipo de aceite en los componentes 
de la emulsiOn, ya mencionado en Dl (aceite no metabolizable) no le confiere 
paso inventivo al proceso de fabricaciOn reclamado. 

La reivindicaciOn 5, reclama un procedimiento de fabricación de acuerdo con la 
reivindicaciOn 4, para obtener una emulsion con un rango de concentraciones 
de aceite y lecitina, Ia cual no le da paso inventivo al procedimiento reclamado. 

Como resultado del anÆlisis anterior, se concluye que las reivindicaciones 4 y 5, 
no tienen Nivel Inventivo. 

La reivindicaciÆn 10, reclama un procedimiento para preparar la emulsiOn 
submicromØtrica que comprende: 

1-mezclar el aceite no metabolizable ligero, con un terisioactivo y el componente 
acuoso. 
2- aæadir un antigeno a la mezcla 1). 
3-emulsificar la mezcla anterior 
4-microfluidizar la emulsion de 3) 

El documento del Estado de la TØcnica mÆs praximo es D2, que divulga un 
mØtodo de preparaciÆn de una emulsiOn submicromØtrica, que consiste en: 



1mezclar la fase oleosa con la acuosa 
2-homogenizar para obtener una emulsion con antigeno (folio 164, columna 10, 
linea 52) 
3-La emulsiOn 2) se somete una etapa para obtener un tamano de partIcula 
submicromØtrica. (folio 164, columna 10, Uneas 28-59) 

La diferencia entre el mØtodo reclamado y D2, es que la solicitud menciona un 
aceite no metabolizable ligero. 

Efecto tØcnico: Por el hecho de utilizar un aceite no metabolizable ligero en el 
proceso de fabricaciOn de la emulsion reclamada, no se evidencia un efecto 
tØcnico inesperado. 

El problema tØcnico objetivo en esta solicitud es como obtener una composiciOn, 
alternativa, de emulsiOn submicromØtrica de aceite en agua, como adyuvante de 
vacuna, con tamaæo de gota inferior a 1pm. 

For esta razOn se considera que modificar el tipo de aceite en los componentes 

S de la emulsion, ya mencionado en Dl (aceite no metabolizable ligero) no le 
confiere paso inventivo al mØtodo de fabricación reclamado. 

Las reivindicaciOn 11-13, reclaman un procedimiento de fabricaciOn de acuerdo 
con la reivindicaciOn 10, que no agregan caracteristicas nuevas ni inventivas at 
proceso reclamado en la reivindicaciOn 10, por lo tanto no le dan paso inventivo a 
dicho procedimiento. 

Como resultado del anÆlisis anterior, se concluye que las reivindicaciones 10-13, 
no tienen Nivel Inventivo. 

La reivindicaciOn 14, reclama una composiciOn de vacuna que comprende: 

1-un antigeno microencapsulado y una emulsiOn de aceite en agua (reivindicaciOn 
1). 

El documento del Estado de la TØcnica mÆs próximo es D3, que divulga una 
composiciOn, que comprende: 

1- un antIgeno microencapsulado en combinación con una emulsion 
submicromØtrica de aceite en agua (folio 166, columna 3, Imneas 25-31). 

La diferencia entre la composición reclamada y D3, es que la solicitud menciona 
un aceite no metabolizable ligero. 

Efecto tØcnico: Por el hecho de utilizar un aceite no metabolizable ligero, en la 
composiciOn reclamada, no se muestra un efecto tØcnico inesperado. 

El problema tØcnico objetivo en esta solicitud es: obtener una composición, 
alternativa, de vacuna con un antigeno microencapsulado y una emulsion 
submicromØtrica de aceite en agua, como adyuvante de vacuna, con tamaæo de 
gota inferior a 1pm. 

For esta razOn se considera que modificar el tipo de aceite en los componentes 
de la emulsion, ya mencionado en Dl (aceite no metabolizable ligero) no le 
confiere paso inventivo a la composiciOn reclamada. 
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La reivindicaciôn 15, reclama una composición de acuerdo con la reivindicaciÆn 
14, con un rango de concentraciones de aceite y lecitina, lo cual no le da Paso 
inventivo a la composicion reclamada. 

6. Conclusion: 

Los requisftos de patentabilidad de la presente solicitud se encuentran afectados 
asi: 

N Documento N Reivindicaciones Requisito que afecta afectadas 

Dl EP1023904 1-2,6-9 Novedad 
3-5, 

y 

10-15 Nivel Invenvo 
PL 

__ 
1ZP_.._ 4-5, y 10-13 Nivel Inventivo 

Nivel Inventivo D3 US6306405 - - - 14-15 

40 
En cumplimiento del articulo 45 de la Decision 486 de la Coniisiôn de a 
Comunidad Andina, se le indica que debe dar respuesta dentro del tØrmino de 
sesenta dias contados a partir de Ia fecha de notificación de la presente 
comunicaciOn. En caso de no dar respuesta al presente requerimiento, o si a 
pesar de la respuesta subsistieran los impedimentos Para la concesión, se 
denegarÆ la patente. 

Notifiquese el presente oficio conforme a 10 dispuesto en el numeral 5.2, literal e), 
del capitulo quinto d4 titulo pjkfQo de la Circular Unica N° 10 de 2001. 

ALIX CARMEN CESPEDES DE VERGEL 
Jefe de Divisi de Nuevas Creaciones 

El anterior requerimiento fue notificado por fijaciOn en lista de fecha 
10 JUL 20U2 
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