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Description
Field of the Invention.

[0001] This invention relates to vaccine preparations, and in one particular embodiment it relates to vaccine prepara-
tions of the type which are variously described as controlled- or delayed-release vaccines, pulsatile or pulsed-release
vaccines and single-shot vaccines. The preparations of the presentinvention are relevant for use as human and veterinary
vaccines, and are provided in the form of a dry powder, which can be subsequently incorporated into a liquid suspension
orin asolid pellet orimplant for administration. Typically, administration of the vaccine preparation of the presentinvention
in the form of a liquid suspension is by parenteral administration, for example by subcutaneous or intramuscular injection.

Background to the Invention.

[0002] Delivery of a full course of vaccine in a single dose has held attraction in both human and veterinary medicine
and a number of patents and other publications (e.g. U.K. Patent No. 1,567,503) have addressed this possibility. For
veterinary applications, the advantages include:

(i) reduced time - animals need be handled only once,
(i) reduced cost - single veterinary visit and reduced handling costs,
(iii) guaranteed compliance with recommended dose schedule (number of doses, time interval between doses).

[0003] In human medicine, the above three advantages are also important with compliance being extremely important
in developing countries where repeated access to infants is often not possible. In addition, the pain and suffering asso-
ciated with vaccination, especially of infants, is an additional reason to favour a single-dose vaccine in human medicine.
[0004] Early studies of vaccination using inactivated vaccines (generally tetanus or diphtheria toxoids), have demon-
strated the importance of two or more discrete doses of vaccine with an interval of at least 4 weeks, and preferably
longer, between doses. A third dose is sometimes necessary to induce an adequate immune response, especially in
young animals or infants where transfer of maternal antibodies could interfere with the preliminary immune response.
[0005] Recent studies in theoretical immunology have supported these findings and introduced the phrase "affinity
maturation". Affinitymaturation describes the process whereby plasma cells secreting high affinity antibodies to the
desired immunogen are preferentially selected whilst plasma cells secreting antibody of lower affinity are lost. The
process involves competition between follicular dendritic cells and plasma cells for antigen binding and thus can only
occur effectively in the presence of limiting amounts of antigen. The process of affinity maturation may not commence
until 2 to 3 weeks after a primary vaccine dose and it is important that the second dose of antigen not be given until the
process is effectively complete. This is readily achievable in a multidose vaccination schedule provided the first dose
does not contain too much antigen. However, for this process to be achieved in a single dose delayed-release vaccine,
it is important that the second and subsequent doses do not release their antigen payload prematurely. To achieve this,
the antigen must be contained within a matrix which has a defined time of degradation. This matrix should be biode-
gradable, although biocompatible matrixes have been proposed as acceptable. A number of options have been reviewed
by Cox & Coulter, 1992.

[0006] The major effort to develop delayed release vaccines has centred round the studies of Eldridge et al., 1990;
1991, who used the biodegradable copolymer - polylactide coglycolide to produce antigen-containing microspheres and
observed a delayed-release of the antigen contents in vivo (see also Australian Patent Specifications Nos. 79929/87
and 33433/89). Similar observations have been reported by Kreuter, 1990 using nanoparticles produced from acrylate
polymers. Although the above workers were able to show that the concept of delayed-release vaccines was possible,
the process they used in the preparation of the vaccines suffered from a number of deficiencies making it unsuitable for
the routine manufacture of a vaccine. The major problems were:

(i) exposure of biological materials to denaturing chemical and physical conditions, and
(ii) difficulty of scale-up.
(iii) low efficiency of incorporation of hydrophilic compounds (e.g. proteins).

[0007] InEuropean patentpublication No. 0486959, in the name of Vectorpharma International SpA, there are disclosed
controlled release, particulate pharmaceutical compositions containing pharmacologically active substances, the com-
positions comprising a biodegradable polymer such as polylactic acid, polyglycolic acid and copolymers thereof and/or
other polymers including a pohsaccharide gellifying and/or bioadhesive polymer, an amphiphilic polymer, an agent
modifying the interface properties of the particles and the pharmacologically active substance. In the preparation of the
pharmaceutical composition, the polymeric substituents are co-solubilised with the agent modifying the interface prop-
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erties either in the absence of any solvent or in the minimum necessary amount of solvent, and the pharmacologically
active substances then dissolved or dispersed in the polymer solution prior to formation of the final particles, for example
by emulsion, extrusion, spray drying or spray-congealing techniques. As previously described, this technique suffers
from a major disadvantage in that the pharmacologically active substance is directly exposed to the mixture of polymeric
compounds together with any solvents therein, which results in the denaturing of biological materials used as the phar-
macologically active substance.

[0008] The production of microcapsules from biodegradable polymers incorporating water-soluble and water-insoluble
active substances, including vaccines, is also described in WO 94/09898 which forms prior art pursuant to Art. 54(3)
EPC. In this case microcapsules are formed by spraying a solution, suspension or water-in-oil dispersion of the active
substances and biodegradable polymers.

[0009] It is a principal object of the present invention to provide a vaccine preparation and method for the production
thereof wherein the immunogenic material is not exposed to an organic solvent or other organic phase when in soluble
form, so as to ensure that there are no conformational changes in the immunogen, in other words to maintain the native
structure of the immunogen.

Summary of the Invention

[0010] In accordance with a first aspect of the present invention, there is provided an immediate-release vaccine
preparation in stable, dry particulate form, said particles being microspherical particles obtainable by spray-drying,
comprising animmunogen adsorbed to an aluminium salt adjuvant, said vaccine preparation being a free-flowing powder.
[0011] In accordance with this aspect of the invention, there is also provided a method for the production of an
immediate-release vaccine preparation in stable, dry particulate form as described above, which comprises the steps
of forming an aqueous suspension of aluminium salt-adsorbed immunogen, and subsequently spray-drying said sus-
pension.

[0012] Freeze-drying or lyophilisation of similar preparations has been described by Csizer et al. (US Pat 4578270).
This process has a number of shortcomings, most importantly the need to add large amounts of both dextran and protein
so that partial retention of the aluminium gel structure can be achieved (40 and 6-4 mg/ml respectively). This large
addition of protein can act to displace vaccine antigens from the aluminium gel and in addition would, in most cases, be
immunogenic and as a result tend to swamp the immune response to the vaccine antigen. Other problems associated
with lyophilisation are that it is less amenable to large-scale production, equipment costs are significantly higher and the
resultant product tends to form flakes rather than free-flowing microgranules.

[0013] Surprisingly, the gel-forming nature of aluminium gels is completely retained during spray-drying even in the
absence of any other materials (apart from minimal quantities of vaccine antigen, typically 1 to 10 pg/ml) which could
exert a stabilising effect. Addition of water to the spray-dried powder results in the instant formation of a typical gel, with
sedimentation properties similar to the starting material.

[0014] In accordance with a second aspect of the present invention, there is provided a controlled or delayed-release
vaccine preparation in stable, dry particulate form, said particles being microspherical particles obtainable by spray-
drying comprising a continuous matrix of biodegradable polymer containing one or more discrete, immunogen-containing
regions, wherein said immunogen-containing regions also comprise an adjuvant and said vaccine preparation is a free-
flowing powder.

[0015] In this aspect, the invention also provides a method for the production of a controlled- or delayed-release
vaccine preparation in stable, dry particulate form as described above, which comprises the steps of forming an emulsion
of an aqueous suspension comprising the immunogen and an adjuvant in a continuous organic phase having said
biodegradable polymer dissolved therein, and subsequently spray-drying the water-in-oil emulsion to form said micro-
pherical particles which comprise a continuous matrix of polymer containing one or more discrete, immunogen-containing
regions.

[0016] In an alternative method, these microspherical particles are produced by spray-drying a suspension of a par-
ticulate immunogen-containing material, preferably an immediate-release vaccine preparation in stable particulate form
as broadly described above, and an adjuvantin a continuous organic phase having said biodegradable polymer dissolved
therein, to form said microspherical particles comprising a continuous matrix of polymer containing one or more discrete,
immunogen-containing regions.

[0017] These two processes confer major advantages over methods described previously, e.g. Eldridge et al. 1991,
O’Hagan et al. 1991, Singh et al. 1991 and Bodmeier & Cheng 1988. In the processes of Eldridge et al. 1991 and
Bodmeier & Chen 1988, proteins are directly exposed to the organic solvents required to dissolve the PLG. As a result,
antigens are denatured and, because most antigens are water-soluble, poor efficiencies of incorporation result. O’Hagan
et al. 1991 and Singh et al. 1991 devised complex processes to try to overcome these deficiencies. Neither process
was amenable to commercial scale, and in addition the former showed poor efficiency of incorporation whilst the latter
necessitated injection of large quantities of foreign proteins.
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[0018] Finally, none of these methods is inherently suited to the simultaneous incorporation of adjuvant.

[0019] Both the intermediate-release vaccine preparation of this invention and the controlled- or delayed release
vaccine preparation are in the form of microspherical particles, preferably in the range of 10 nm to 250 pwm, more
preferably in the range of 1 um to 100 pm.

[0020] The vaccine preparations in stable particulate form may be made up into vaccine compositions for administration
by combining at least one immediate-release vaccine preparation and/or at least one controlled- or delayed-release
vaccine preparation with a carrier or diluent acceptable for pharmaceutical or veterinary use. Suitable carriers or diluents
for use in the preparation of vaccine compositions for parenteral administration are well known in the art. Alternatively,
the vaccine composition may be produced in the form of a solid pellet or implant with known carrier materials.

Detailed Description of the Invention.

[0021] In accordance with the present invention, immunogen-containing microspheres of the controlled- or delayed-
release vaccine preparation are produced by a one-step process of manufacture with the potential for a very high
throughput. The end-product is a free-flowing powder. As a normal though not essential component of the process,
adjuvant is incorporated into these microspheres in association with the immunogen, and this confers a number of
advantages:

(i) the immunogen is held in a selected configuration during the drying process,

(i) adjuvant is available to stimulate the immune system at every pulsed release,

(i) during in vivo residence time, whilst delayed-release polymer is undergoing biodegradation, the immunogen is
protected from thermal and perhaps enzymic denaturation by attachment to a solid support.

[0022] In work leading to the present invention, it has surprisingly been found that an immediate release composition
can be provided in stable, solid dry form since it has been generally believed that aluminium salt-adsorbed immunogens
could not be prepared in powder or other dry form without recourse to complex technology and excessive and unac-
ceptable use of stabilisers (e.g. Csizer et al.). In accordance with the first aspect of the present invention, however, it
has been found that a stable, solid product can be produced as a free-flowing powder by drying an aluminium salt-
adsorbed immunogen produced in aqueous suspension. The immunogen may for example be adsorbed on an aluminium
salt adjuvant such as aluminium hydroxide or aluminium phosphate. Preferably, the suspension also contains a protein
stabiliser, and suitable stabilisers include, for example, sugars and sugar derivatives such as trehalose, lactose, dextrose
and glucosamine. The resultant suspension is then dried, preferably spray-dried, to form a free flowing powder. As
previously described it has been found that drying of such an aluminium salt-adsorbed immunogen does not denature
the immunogen, nor does it degrade the aluminium salt adjuvant, and in fact results from preliminary experiments show
that the immunogenicity of the immunogen may be enhanced in such a powder formulation.

[0023] In accordance with the second embodiment of the invention, there is provided a process for the manufacture
of controlled- or delayed-release microencapsulated vaccines. This process involves the emulsification of vaccine im-
munogen, preferably in association with adjuvant, all of which comprises the aqueous phase, into a continuous organic
phase in which the biodegradable polymer is dissolved. This water-in-oil emulsion is then spray-dried under suitable
conditions such as to generate microspheres which comprise a continuous matrix of the polymer surrounding at least
one, but preferably many, pockets of immunogen in association with adjuvant.

[0024] It will be noted that in accordance with this process, the emulsion which is formed prior to spray drying is a
water-in-oil emulsion, in contrast to the oil-in-water emulsions which are produced in the preparation of the delayed-
release vaccine compositions of the prior art mentioned above.

[0025] Inamodification of the process just described, the microspheres may be produced by spray-drying microdroplets
which comprise a suspension of microparticulate immunogen in a solution of the polymer in organic solvent, the micro-
particulate antigen being in a form which does not dissolve in the polymer solution, and preferably being the immediate-
release vaccine preparation in stable particulate form described herein.

[0026] The vaccine preparations of the present invention are applicable for use with a wide variety of immunogens
known in both human and veterinary vaccines, including for example tetanus toxoid, diphtheria toxoid, pertussis extract
vaccine, influenza virus, and the like.

[0027] The biodegradable polymer used in the present invention may be any polymer substance which is capable of
existing in a nonaqueous phase, which is biocompatible and which is capable of delayed breakdown in vivo. Suitable
polymers include, for example polyesters, polyorthoesters, polyanhydrides and cyanoacrylates, as well as various natural
polymers including some proteins and polysaccharides. Particularly suitable polymers for use in accordance with the
present invention include homopolymers of D-, L- and DL-polylactic acids (D-PLA; L-PLA; DL-PLA) and polyglycolic
acid (PGA), and various copolymers (PLG) thereof. Preferably, in the formation of the water-in-oil emulsion, one or more
emulsifiers are used, and suitable emulsifiers include, for example, Tween® 80, Span® 85 and various lecithins and
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lecithin-derivatives.

[0028] Suitable adjuvants forincorporation into a delayed-release vaccine preparation in accordance with this invention
include not only the aluminium salt adjuvants previously described (aluminium hydroxide or aluminium phosphate), but
also other particulate and non-particulate adjuvants which are well known in the vaccine field. Suitable adjuvants are
described, by way of example, by Cox and Coulter, 1992.

[0029] Further features of the vaccine preparations of the present invention and the processes for the preparation
thereof will be apparent from the following nonlimiting Examples.

EXAMPLE 1
Preparation of an Inmediate-Release Tetanus Vaccine.

[0030] Clostridium tetani was cultured in a protein-free casein hydrolysate medium for 6 days, at which time approx-
imately 60 Lf/ml (in vitro flocculation units) of tetanus toxin had been produced. Bacterial cells and debris were removed
by centrifugation then the toxin concentrated and washed on a 30,000 MW cut-off ultrafiltration membrane. Formaldehyde
and lysine solutions were added to a final concentration of 0.3 and 0.9% w/v respectively and toxoiding was allowed to
proceed for 2 weeks at 37 °C. The resultant toxoid was purified by ammonium sulphate precipitation.

[0031] Tetanus toxoid was adsorbed to the aluminium salt adjuvant (aluminium hydroxide or aluminium phosphate)
by slow addition of the antigen to the suspension of aluminium adjuvant whilst continuously stirring. The stirring was
continued overnight. The aluminium hydroxide gel was sourced as "Alhydrogel" from Superfos, Denmark. The aluminium
phosphate gel was prepared by back titration of a solution of aluminium chloride with tri-sodium phosphate. When
desired, stabiliser was dissolved in water to a concentration of 50% (w/v) then added to the adsorbed tetanus toxoid to
give the required final concentration as stated in Table 1.

[0032] The aqueous suspension of aluminium salt-adsorbed tetanus toxoid was spray-dried in a Drytec Compact
Laboratory Spray Dryer equipped with a 40/100/120 concentric-type nozzle at an atomising pressure of 80 psi and an
outlet temperature of 60 °C. The resultant microspheres had a size range around 3 pm in diameter and were collected
as a free-flowing powder.

EXAMPLE 2
Preparation of an immediate-release diphtheria vaccine.

[0033] Cornyebacterium diphtheria was cultured in a medium incorporating casein hydrolysate modified to have a
total nitrogen content of 0.2% (w/v) and containing 1.5% (w/v) maltose.

[0034] Seedwas grown as a 24 hour surface culture in tubes then inoculated into 250 ml volumes in 500 ml Erflenmeyer
flasks which were incubated at 35 °C for 3 days on a table rotating at 200 rpm.

[0035] Toxin was clarified by filtration to remove bacteria, concentrated to 1% the original volume by ultrafiltration
(50,000 MW cut-off) then washed at that volume with half the original volume of PBS. Final purification was on a Sephadex
G-100 column, to a purity of 2200 Lf/mg protein nitrogen. The procedure is described in detail by Cox (1975). Formal-
dehyde and lysine solutions were added to a final concentration of 0.3% and 0.9% (w/v) respectively and toxoiding was
allowed to proceed for 4 weeks at 37 °C.

[0036] Diphtheria toxoid was absorbed to the aluminium salt adjuvant as described previously for tetanus toxoid, and
the aqueous suspension of aluminium salt-absorbed diphtheria toxoid was spray-dried as described previously (Example

1).
EXAMPLE 3
Preparation of an immediate-release botulinum C & D vaccine.

[0037] Clostridium botulinum strains C and D were grown in a cellophane-sac apparatus modified from Sterne (1958).
Growth medium external to the sac was a modified corn steep medium which was allowed to equilibrate with PBS within
the dialysis sac. Seed cultures of C.botulinum were inoculated into the PBS and incubated at 37°C for 18 days under
anaerobic conditions. The contents of the dialysis sac were then harvested, cells removed by centrifugation and formal-
dehyde to a final concentration of 0.5% (w/v) added. Toxoiding was allowed to occur at 37 °C until complete (7-14 days)
then potency was determined as described in the British Pharmacopoeia-Veterinary (1985).

[0038] Botulinum toxoids type C and D were mixed with Quil A (Superfos) and spray-dried as described previously
for tetanus toxoid (Example 1).
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EXAMPLE 4
Preparation of Bordetella pertussis derived PTD immediate-release vaccines.

[0039] Cultures of Bordetella pertussis were grown in shake flasks in a modified Stainer and Sholte medium (Stainer
& Sholte, 1970) containing 1 mg/ml 2,6 dimethyl 8 cyclodextrin. The flasks were incubated at 37 °C with gentle agitation
at 180 rpm for 42 hrs when a cell density of around 2.0 x 1010 organisms/ml was achieved.

[0040] Pertussis toxin (PTX) was purified from the culture supernatant after clarification by filtration. PTX was bound
specifically to asialofetuin by affinity chromatography essentially as described by Sekura et al. (1985), washed, then
eluted with 50mM Tris/4M urea buffer, pH 9.0.

[0041] PTX was toxoided at pH 9.6 in the presence of 2.5 mM glutaraldehyde for 48 hrs at 4 °C when reaction was
terminated by addition of 9 mM lysine. The method was essentially as described in Australian Patent Specification No.
601415 (71581187). The resultant pertussis toxoid (PTD) was adsorbed to the aluminium salt adjuvant and spray-dried
as described previously.

EXAMPLE 5
Preparation of Delayed-Release Tetanus Vaccine
A. Emulsion Procedure.

[0042] 50:50 and 85:15 copolymers of polylactide and polyglycolide (PLG) and the homopolymer of polylactic acid
(PLA) were obtained from Birmingham Polymers Ltd., Birmingham, Alabama, USA. The copolymers were solubilised to
10% w/v dissolution in either chloroform or a mix of 5 parts of trichloroethylene and 3 parts of 1,1,2-trichloroethane. For
each of these polymer solutions, an emulsion was produced as follows:

(a) to 93 parts of polymer solution were added 1 part of soya lecithin and 6 parts of an aqueous suspension of
aluminium salt-adsorbed tetanus toxoid, or

(b) to 88 parts of polymer solution were added 1 part of a 1:5 mixture of Tween® 80 and Span® 85 and 11 parts of
an aqueous suspension of aluminium salt-adsorbed tetanus toxoid.

[0043] The production of the aqueous suspension of aluminium salt-adsorbed tetanus toxoid is described in Example
1 above. The mixture was vigorously agitated using either an ultrasonic probe or a high-speed blender (e.g. a Silverson
blender) to produce a stable water-in-oil emulsion with a milk-like consistency and appearance. This emulsion was spray-
dried using a Drytec Compact Laboratory Spray Dryer equipped with a 40/100/120 concentric-type nozzle at an atomising
pressure of 30 psi and an outlet temperature of 35 °C. The resultant microspheres had a size range around 30 pm in
diameter and were collected as a free-flowing powder. Traces of remaining organic solvent were removed by vacuum
evaporation. A number of preparations were made to permit consideration of the following variables:

(a) | choice of polymer | - 50:50 PLG

85:15 PLG

PLA

(b) | choice of adjuvant | - aluminium hydroxide

- aluminium phosphate

(c) | choice of stabiliser | - 0, 0.5 and 5.0% trehalose.

B. Suspension Procedure:

[0044] Polymer solutions were prepared as described in Section A above, then microspheres of particulate immediate-
release aluminium salt-adsorbed tetanus toxoid, prepared as described in Example 1, were added to a final 1% w/v
suspension. The mixture was agitated sufficiently to maintain an even suspension and spray-dried as described in
Section A above to a particle size around 30 pm. In some experiments, tetanus toxoid, spray-dried to small microspheres
but in the absence of any aluminium salt adjuvant, was suspended similarly in polymer solution and larger microspheres
spray-dried as described.
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EXAMPLE 6
Preparation of delayed-release botulinum C & D vaccines by emulsion procedure.

[0045] 50:50and 85:15 copolymers of PLG and the homopolymer PLA were solubilised to 10% w/v in dichloromethane.
For each of these polymer solutions, a water-in-oil type emulsion was made as follows: to 88 parts polymer solution was
added 1 part of a 1:5 mixture of Tween 80 and Span 85 and 11 parts of an aqueous mixture of botulinum C and D toxoids
and Quil A. The mixture was vigorously agitated using a high-speed blender then immediately spray-dried using a Drytec
Compact Laboratory Spray Dryer equipped with a 60/100/120 nozzle at an atomising pressure of 15 psi and an inlet
temperature of 65 °C. The resultant microspheres had a size range of around 20 uwm diameter and were collected as a
free-flowing powder. Traces of remaining organic solvent were removed by vacuum evaporation.

EXAMPLE 7
Incorporation of microspheres into implants.

[0046] The microspherical particles of the present invention may be formed into implants, particularly for implantation
into subcutaneous tissues of livestock and companion animals. This method has the advantage of delivering a large
number of microspheres in a simple, easily packaged device. The implants may contain "immediate" release micro-
spheres, "delayed release microspheres" or a defined mixture of both delayed and immediate release microspheres to
give the desired release for a particular vaccine or active immunogen. These implants are usually cylindrical in shape
and produced by standard pharmaceutical tabletting procedures. Various excipients may be added to aid in the com-
pression and tabletting processes such as calcium phosphate, Emcompress®, lactose, dextrose, lysine and magnesium
stearate. Other excipients such as a disintegrant (e.g. sodium starch glycolate; Explotab®) may also be added to increase
the dispersion characteristics of the microspheres upon implantation. The size of the implants may be varied depending
on the amount of microspheres required per dose, but would normally be in the range of 2-4 mm in diameter and 3-10
mm long. Further polymer coatings may be applied to the implants to accelerate or retard the release of the active
immunogen following implantation.

EXAMPLE 8

A. Testing of Vaccine Preparations.

(a) In vitro testing.

[0047] Aluminium phosphate gel was solubilised by dilution to 2 mg AIPO,/ml in saline containing a final concentration
of 10% w/v sodium citrate. Samples were incubated at 37 °C overnight or until completely clear. This treatment yielded
an aqueous solution in which previously bound protein molecules were freed for assay as described below.

Tetanus prototoxin.

[0048] Purified tetanus prototoxin was produced by extraction from cells of Clostridium tetani harvested prior to com-
mencement of autolysis. Preferably, cells were harvested 72 to 90 hr after inoculation and immediately chilled at 4 °C
and held at that temperature during subsequent processing. The culture was centrifuged at 10,000g for 25 min, washed
twice in 0.15M NaCl then resuspended to 1/30 the original volume in 1M NaCl, 0.1M sodium citrate pH 7.5 containing
1mM phenylmethysulphonyl chloride (PMSF), 1 mg/ml pepstatin and 1 mg/ml leupeptin. After 16 h, extracted prototoxin
was separated from cell debris by centrifugation. Initial prototoxin purification was by precipitation and washing with 40%
saturated ammonium sulphate, followed by resuspension in 0.1M phosphate buffer pH6.8 containing 1mM PMSF and
1 mg/ml each of pepstatin and leupeptin. Final purification was performed in this buffer on an anion exchange column
of an FPLC.

Diphtheria toxin.

[0049] Purified diphtheria toxin as described in Example 2 with a purity of 2200 Lf/mg protein nitrogen.

Botulinum C and D toxin.

[0050] Botulinum toxins were clarified by filtration then concentrated and partially purified by ultrafiltration (50,000 MW



10

15

20

25

30

35

40

45

50

55

EP 0 678 035 B9
cut-off).
B.pertussis FIX
[0051] PTX was purified as described in Example 4. Final purity was in excess of 99%.
Enzyme immunoassay.

[0052] Purified antigen was diluted to 10 wg/ml (approx 5 Lf/ml) in 0.05 M sodium bicarbonate buffer pH 9.6 and used
to coat polystyrene plates (Maxisorb/NUNC, Denmark) overnight at 4°C At the end of this incubation, contents were
aspirated and the wells post-coated with casein solution (1 mg/ml) in 0.01 M phosphate buffered saline (PBS) pH 7.2
for 1 hr at 20 °C. Contents were again discarded, the wells were rinsed with stabilising solution then plates were dried
and stored in sealed metal foil pouches.

[0053] All serum dilutions were performed in Blue Diluent (CSL, Australia) a PBS Tween diluent containing casein.
Test samples were incubated for 60 min at 20°C (0.1 ml/well), washed 6 times with PBS Tween then incubated similarly
with horse radish peroxidase (HRP) - conjugated sheep anti-mouse Ig, sheep anti-horse Ig, or rabbit anti-sheep Ig.
Peroxidase activity was measured by addition of 0.1 ml/well of substrate solution containing H,O, and tetramethyl
benzidine. After 5 min atroom temperature, the reaction was stopped by addition of 0.05 ml/well 0.5M H,SO,. Absorbance
readings were made at 450 nm on an automated EIA plate reader. Titration of a subsidiary standard serum of 115 IU/ml
was included on all plates.

(b) In vivo testing.

[0054] Naive mice were dosed subcutaneously with a total of 0.1 to 1.0 Lf tetanus toxoid and 1 p.g of each of diphtheria
toxoid and PTD. Mice were eyebled at regular intervals and their serum antibody levels tested by EIA using the above
described validated assay.

[0055] Sheep were dosed with bivalent botulinum which contained 2 cpu/dose botulinum C toxoid, 21.8 cpu/dose
botulinum D toxoid and 0.4 mg Quil A.

[0056] Horses were dosed with 10 Lf/dose of tetanus toxoid by the intramuscular route.

B. Results for immediate release preparations.

[0057] Table 1 shows in vitro and in vivo testing data for a range of microspherical immediate-release vaccine prep-
arations produced in accordance with Example 1. Group 7 was the positive control; titres of 100 are considered back-
ground. It can be seen that inclusion of 5% trehalose along with tetanus toxoid adsorbed to either aluminium hydroxide
or phosphate permitted the formation of microspheres with a high retention of in vitro activity and no reduction in immu-
nogenicity (Group 2 and 6).

TABLE 1.

GROUP DOSE MEDIAN TITRE | % EIA Activity
1 TT-AIPO, s/d 100 3.9
2 " "+ 5% trehalose 1500 70.2
3 " "+ 5% glucosamine 1150 74.3
4 " "+ 5% lactose 900 74.4
5 TT-Al(OH)5 s/d 100 N.T.
6 " " + 5% trehalose 1550 N.T.
7 TT-AIPO, suspension 1540 100
8 TT-Al(OH)3 suspension 1600 N.T.
9 TT s/d 100 67.0

[0058] Table 2 shows in vivo testing data in mice for microspherical immediate-release diphtheria-toxoid (DT) and
B.pertussis PTD vaccines. It can be seen thatin all cases, the dried microparticulate vaccine was at least as immunogenic
as the liquid vaccine from which it was produced when given at the same dose level based on the assumption of zero
losses during drying.
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TABLE 2
Group Vaccine Median antibody titre (week)
2 4 8 12 16 20

DT-AIPO, dried | 1600 | 850 | 700 | 530 | 500 | 200
liquid | 500 NT | 500 | 240 | 190 | 130

PTD-AIPO, dried | 150 | 430 | 190 | 45 60 40
liquid 40 190 | NT NT 52 36

A WOIN =

NT = not tested

[0059] Table 3 shows in vivo testing data in horses for microspherical immediate release tetanus vaccine. Results
show secondary titres 4 weeks after the second dose (doses were given at 4 wk intervals). All horses were seronegative
4 weeks after primary immunisation. It can be seen that horses that were boosted with the dried vaccine (horses 1, 2
and 7) have titres on average which are better than the horse that received the liquid vaccine boost (horse 8).

TABLE 3
Number Dose (secondary) Titre
4 week | 8 week

1 Dried immediate release ND 500
2 " ND 7500
3 85:15 delayed release * ND 100
4 " * ND 500
5 " * ND 400
6 " * ND 400
7 Dried immediate release ND 12500
8 Liquid vaccine ND 1000
9 none ND ND
10 none ND ND

ND = not detectable.

* Delayed-release component given in combination with primary dose.

[0060] Table 4 shows in vivo testing data in sheep for microspherical immediate release botulinum C & D vaccine
adjuvanted with Quil A. Five animals were dosed per group. It can be seen that 2 doses of dried immediate-release
vaccine has given identical results to 2 doses of normal liquid vaccine over a 12 week examination period (group 2 cf

group 1).

TABLE 4

Number Dose Antibody titre (units)
1° 2° Wk 4 8 12

1 liquid liquid 1.3 | 143 | 34

2 dry immed.release dry immed.release 20 | 120 | 4.4

3 50:50 delay release - 12.2 39 | 13

4 85:15 delay release - 5.8 21 3.6

5 dry immed.release + 50:50 delay release - 7.2 23 | 1.0

6 dry immed.release + 85:15 delay release - 6.9 83 | 1.7

10
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C. Results for delayed-release preparations.

[0061] Table 5 shows the in vivo testing for a range of microspherical, delayed-release vaccines. All mice were dosed
with | Lf tetanus toxoid except group 1 which are the negative controls. Group 2 is the positive control (liquid aluminium
adsorbed tetanus toxoid) and group 3 is unadsorbed antigen. Groups 4 to 7 were prepared by the suspension procedure,
groups 8 to 13 by the emulsion procedure. Substantial delayed release responses can be seen, especially for groups
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9,11 and 13.

TABLE 5
Group No. | VACCINE MEDIAN Ab TITRE
2Wks | 4 Wks | 8 Wks

1 no treatment 100 100 100
2 TT-AlPhos susp 2250 4200 5950
3 soluble TT 350 300 400
4 50:50 PLG s/d TT 850 700 2500
5 50:50 PLG s/d TT-AlPhos 700 500 3950
6 85:15 PLGs/d TT 700 1350 1700
7 85:15 PLG s/d TT AlPhos | 1450 1050 2700
8 50:50 PLG liq TT 900 1000 2950
9 50:50 PLG lig TT-AlPhos 700 1450 6300
10 85:15 PLG lig TT 550 550 1750
11 85:15 PLG lig TT-AIPhos 500 700 6900
12 100% PLAliq TT 550 450 4300
13 100% PLA liq TT-AlPhos 600 450 5350

s/d = spray-dried

TT = tetanus toxoid

[0062] Table 6 shows the in vivo testing for a range of microspherical delayed-release vaccines. These vaccines were
prepared using trehalose (5% wi/v) as antigen stabiliser and mice were dosed with 0.1 Lf tetanus toxoid per dose. All
vaccines were given as a single dose and bleeds taken for assay at the specified time. The results show significant
delayed release responses for all the delayed-release vaccines as compared with an erosion in response for groups
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which received immediate-release vaccine only, either liquid or dried (groups 1 to 3).

TABLE 6
GP No. Vaccine Nozzle Median EIA Titre

2wks | 4wks | 8wks | 12wks
1 TT-AIPO, suspension 100 100 100 100
2 TT-AIPO, spray dried | 40/100/120 | 200 200 300 200
3 TT-AIPO, spray dried | 60/100/120 | 250 200 150 100
4 no treatment 100 100 100 100
5 TT-AIPO,in 50:50 PLG | 40/100/120 | 750 1200 | 6750 1100
6 TT-AIPO,in 50:50 PLG | 60/100/120 | 500 500 | 4650 450
7 TT-AIPO,in 85:15PLG | 40/100/120 | 500 700 | 2200 1650
8 TT-AIPO,4in85:15PLG | 60/100/120 | 550 600 | 2250 | 2400
9 TT-AIPO,4in 100% PLA | 40/100/120 | 500 800 900 600

11
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(continued)
GP No. Vaccine Nozzle Median EIA Titre
2wks | 4wks | 8wks | 12wks
10 TT-AIPO,4in 100% PLA | 60/100/120 | 350 800 1700 | 2100

Note: all preparations contain 5% trehalose.

[0063] Table 3 shows the results of tetanus toxoid vaccines in horses. It can be seen that a single dose of immediate-
release vaccine (horses 9 and 10) failed to induce detectable antibody levels in horses over the 8 week study period.
Conversely, horses which received a single dose of vaccine which contained both immediate and delayed-release
components (horses 3 to 6) showed definite antibody titres at week 8 as a result of the delayed release. Titres at 8 weeks
were not as high as for horses receiving 2 doses of vaccine, but it is expected that titres will persist longer.

[0064] Table 4 shows the results of botulinum C and D vaccination of sheep. It can be seen that the single dose
delayed-release vaccines both on their own (groups 3 and 4) and in combination with immediate release vaccine have
given titres at 12 weeks comparable to two doses of immediate-release vaccine and well in excess of that expected
from a single dose of immediate release vaccine. It is of further significance that this result was obtained using Quil A
as the adjuvant.

EXAMPLE 9
Preparation of controlled-release vaccine by the suspension route using spray-drying.

[0065] This method was used with small samples of toxoid suspensions, typically 0.6 to 1 gmin 10 ml or 1.6 to 2 gm
in 60 ml, which could not be processed in a standard spray dryer. A special spray dryer able to process such small
quantities was set up which atomised the slurry using a piezoelectrically powered ultrasonic nozzle, (Sono-Tek Corp.
Model 8700-120MS). The advantage of this nozzle is that it is able to create small droplets without the use of large
volumes of a second fluid or the use of high pressure which requires much space and surface making a small amount
of material difficult to collect. The unit was provided with a source of hot air, cold air and a filter. The hot air carried the
atomised spray allowing the water to evaporate. Cold air was then mixed with the hot air before collecting the dried
sample on a filter. The bottom of the 11 cm diameter filter was connected to a source of vacuum. There were 3 thermo-
couples in the device, one at the top near the nozzle, one in the middle of the device and one at the filter.

[0066] Two types of samples were processed, (1) a "saturated" preparation of 30,000 Lf tetanus toxoid adsorbed on
AIPQ,, each bottle containing 0.6 g AIPO, in 12 ml of pyrogen free water and (2) a "saturated/3" preparation of 30,000
Lf tetanus toxoid adsorbed on 1.65 g AIPO, in 60 ml of pyrogen free water. Both samples were sterile. Feed rate of the
slurry which was added under agitation conditions was between 1 and 3 ml/min. The power to the nozzle which operated
at 120 khz was about 7 watt. The filter was set to 6 in mercury of vacuum and the cold air at 500 cm3/min. Typical
thermocouple readings were 63 to 86 °C at the top near the nozzle, 83 to 85 °C in the middle and 46 to 58 °C at the
bottom near the collection filter.

[0067] Micrographs of the product showed 5 to 20 um spheres for the more dilute samples and 10 to 30 wm for the
more concentrated samples. Solid recovery ranged from 40 to 70%.

[0068] The productfrom the "saturated" samples was divided into 3 portions each being 0.865 g solids. Three solutions
were prepared each 20 gm polymer in 200 ml of solvent. Poly(DL-lactide) (inherent viscosity 0.73 at 0.5 g/dl) and 85/15
Poly(DL-lactide-co-glycolide) (inherent viscosity 0.65 at 0.5 g/dl) were dissolved in trichloroethylene 5 parts, 3 parts
1,1,2-trichloroethane, whereas 50/50 Poly(DL-lactide-co-glycolide) (inherent viscosity 0.71 at 0.5 g/dl) was dissolved in
chloroform 5 parts, 3 parts 1,1,2-trichloroethane. The solids were dispersed in the solution and stirred for 30 minutes
before being sprayed with a two-fluid nozzle (Spraying Systems, fluid cap 40100, air cap 120) at 20 psi. It was sprayed
into room temperature air and after drying recovered on cloth filters. The particles were separated on a 104 micron sieve.
[0069] The product from the "saturated/3" samples was treated essentially the same way, except in this case 1.5 g
sample was available for each final spray run, therefore the ratio of toxoid solids to polymer was 1.5 to 20 in this case
instead of .965 to 20 for the "saturated" case.

EXAMPLE 10
Preparation of polylactide encapsulated toxoid by the spray-dried emulsion technique.

[0070] 20 g of Poly(DL-lactide) supplied by Birmingham Polymers, Inc. (inherent viscosity 0.73 g/dl) was dissolved in
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a mixture of 105 ml of trichloroethylene and 70 ml toluene by stirring overnight with a magnetic spin bar. Sodium dioctyl
sulfosuccinate also known as sodium docusate (2.0 gm) was added with stirring until dissolution was complete. The
saturated aqueous suspension of aluminium salt-adsorbed tetanus toxoid (12 ml) was added in a thin stream to the
polymer solution which was stirred with a spin bar. Also, an ultrasonic probe was included to provide the necessary
shear for stable emulsion preparation with this small volume of solution. The mixture was fed by syringe to a 2-fluid
spray nozzle contained in a spray drying chamber at approximately 30 ml/min. The inlet temperature to the spray chamber
was at ambient and nozzle pressure was controlled at 20 psi. The product after drying was removed from the outlet filter
socks.
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Claims

1. Animmediate-release vaccine preparation in stable, dry particulate form, said particles being microspherical particles
obtainable by spray-drying comprising an immunogen adsorbed to an aluminium salt adjuvant and said vaccine

preparation being a free-flowing powder.

2. A vaccine preparation of claim 1, wherein said aluminium salt adjuvant is aluminium hydroxide or aluminium phos-
phate.
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A vaccine preparation of claim 1, further comprising a protein stabiliser which is a sugar or sugar derivative.

A vaccine preparation of claim 3, wherein said stabiliser is selected from the group consisting of trehalose, lactose,
dextrose and glucosamine.

A method for the production of a vaccine preparation of claim 1, which comprises the steps of forming an aqueous
suspension of aluminium salt-adsorbed immunogen, and subsequently spray-drying said suspension.

A controlled- or delayed-release vaccine preparation in stable, dry particulate form, said particles being microspher-
ical particles obtainable by spray-drying comprising a continuous matrix of biodegradable polymer containing one
or more discrete, immunogen-containing regions, wherein said immunogen-containing regions also comprise an
adjuvant, and said vaccine preparation being a free-flowing powder.

A vaccine preparation of claim 6, wherein said immunogen-containing regions contain particles comprising an
immunogen adsorbed to an aluminium salt adjuvant.

A vaccine preparation of claim 6,wherein said biodegradable polymer is selected from the group consisting of
polylactic acid, polyglycolic acid, and copolymers thereof.

A method for the production of a vaccine preparation of claim 6, which comprises the steps of forming an emulsion
of an aqueous suspension comprising immunogen and an adjuvant in a continuous organic phase having biode-
gradable polymer dissolved therein, and subsequently spray-drying the water-in-oil emulsion to form microspherical
particles.

A method of claim 9, wherein said emulsion includes an emulsifier.
A method for the production of a vaccine preparation of claim 6, which comprises the steps of forming a suspension
of a particulate immunogen-containing material and an adjuvant in a continuous organic phase having biodegradable

polymer dissolved therein, and subsequently spray-drying the suspension to form microspherical particles.

A method of claim 11, wherein the particulate immunogen-containing material comprises an immunogen adsorbed
to an aluminium salt adjuvant.

A vaccine composition comprising at least one immediate-release vaccine preparation of any of claims 1 to 4 together
with a pharmaceutically or veterinarily acceptable carrier or diluent.

A vaccine composition comprising at least one controlled- or delayed-release vaccine preparation of any of claims
6 to 8, together with a pharmaceutically or veterinarily acceptable carrier or diluent.

A vaccine composition comprising
(i) at least one controlled- or delayed-release vaccine preparation in stable, dry particulate form, said particles
being micro spherical particles obtainabe by spray-drying comprising a continuous matrix of biodegradable
polymer containing one or more discreet, immunogen-containing regions, and said vaccine preparation being
a free flowing powder, and
(ii) at least one immediate-release vaccine preparation of any of claims 1 to 4, together with a pharmaceutically
or veterinarily acceptable carrier or diluent.

A vaccine composition of claim 15, wherein said immunogen-containing regions also comprise an adjuvant.

A vaccine composition of claim 16, wherein said immunogen-containing regions contain particles comprising an
immunogen adsorbed to an aluminium salt adjuvant.

A vaccine composition of claim 15, wherein said biodegradable polymer is selected from the group consisting of
polylactic acid, polyglycolic acid, and copolymers thereof.

A vaccine composition of any of claims 13 to 18, in a form suitable for parenteral administration.
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A vaccine composition of any of claims 13 to 19, wherein said carrier is a solid carrier and said vaccine composition
is in the form of a solid pellet or implant.

Use of the vaccine preparation of any one of claims 1 to 4 or 6 to 8 in the manufacture of a vaccine composition for
use in a method of vaccination of a human or other animal patient.

Patentanspriiche

1.

10.

1.

12.

13.

14.

Impfstoffzubereitung zur sofortigen Freisetzung in stabiler, trockener teilchenartiger Form, wobei die Teilchen Mi-
krokligelchen sind, die durch Sprihtrocknen erhalten werden kdnnen, die ein an einem Aluminiumsalzhilfsstoff
adsorbiertes Immunogen umfassen, und die Impfstoffzubereitung ein freiflieBendes Pulver ist.

Impfstoffzubereitung nach Anspruch 1, wobei der Aluminiumsalzhilfsstoff Aluminiumhydroxid oder Aluminiumphos-
phat ist.

Impfstoffzubereitung nach Anspruch 1, der ferner einen Proteinstabilisator, der ein Zucker oder Zuckerderivat ist,
umfasst.

Impfstoffzubereitung nach Anspruch 3, wobei der Stabilisator aus der aus Trehalose, Lactose, Dextrose und Glu-
cosamin bestehenden Gruppe ausgewahlt ist.

Verfahren zur Herstellung einer Impfstoffzubereitung nach Anspruch 1, das die Stufen Bilden einer wassrigen Sus-
pension eines an einem Aluminiumsalz adsorbierten Immunogens und anschliefend Spriihtrocknen der Suspension
umfasst.

Impfstoffzubereitung zur gesteuerten oder verzégerten Freisetzung in stabiler, trockener teilchenartiger Form, wobei
die Teilchen Mikrokiigelchen sind, die durch Sprihtrocknen erhalten werden kdnnen, die eine kontinuierliche Matrix
eines biologisch abbaubaren Polymers, das einen oder mehrere diskrete immunogenhaltige Bereiche enthalt, um-
fassen, wobei die immunogenhaltigen Bereiche auch einen Hilfsstoff umfassen, und die Impfstoffzubereitung ein
freiflieRendes Pulver ist.

Impfstoffzubereitung nach Anspruch 6, wobei die immunogenhaltigen Bereiche Teilchen enthalten, die ein an einem
Aluminiumsalzhilfsstoff adsorbiertes Immunogen umfassen.

Impfstoffzubereitung nach Anspruch 6, wobei das biologisch abbaubare Polymer aus der aus Polymilchsaure, Po-
lyglykolsédure und Copolymeren derselben bestehenden Gruppe ausgewahlt ist.

Verfahren zur Herstellung einer Impfstoffzubereitung nach Anspruch 6, das die Stufen Bilden einer Emulsion einer
wassrigen Suspension, die Immunogen und einen Hilfsstoff umfasst, in einer kontinuierlichen organischen Phase,
in der biologisch abbaubares Polymer gelést ist, und anschlieRend Spriihtrocknen der Wasser-in-Ol-Emulsion zur
Bildung von Mikrokiigelchen umfasst.

Verfahren nach Anspruch 9, wobei die Emulsion einen Emulgator umfasst.

Verfahren zur Herstellung einer Impfstoffzubereitung nach Anspruch 6, das die Stufen Bilden einer Suspension aus
einem teilchenférmigen immunogenhaltigen Material und einem Hilfsstoff in einer kontinuierlichen organischen Pha-
se, in der biologisch abbaubares Polymer gel6st ist und anschlieend Spriihtrocknen der Suspension zur Bildung

von Mikrokigelchen umfasst.

Verfahren nach Anspruch 11, wobei das teilchenférmige immunogenhaltige Material ein an einem Aluminiumsalz-
hilfsstoff adsorbiertes Immunogen umfasst.

Impfstoffzusammensetzung, die mindestens eine Impfstoffzubereitung zur sofortigen Freisetzung nach einem der
Anspriche 1 bis 4 zusammen mit einem pharmazeutisch oder veterindrmedizinisch akzeptablen Trager oder Ver-

dinnungsmittel umfasst.

Impfstoffzusammensetzung, die mindestens eine Impfstoffzubereitung zur gesteuerten oder verzégerten Freiset-
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zung nach einem der Anspriiche 6 bis 8 zusammen mit einem pharmazeutisch oder veterindrmedizinisch akzeptablen
Trager oder Verdinnungsmittel umfasst.

Impfstoffzusammensetzung, umfassend

(i) mindestens eine Impfstoffzubereitung zur gesteuerten oder verzdgerten Freisetzung in stabiler, trockener
teilchenartiger Form, wobei die Teilchen Mikrokligelchen sind, die durch Spriihtrocknen erhalten werden kénnen,
die eine kontinuierliche Matrix aus einem biologisch abbaubaren Polymer, das einen oder mehrere diskrete
immunogenhaltige Bereiche enthalt, umfassen und die Impfstoffzubereitung ein freiflieRendes Pulver ist, und
(ii) mindestens eine Impfstoffzubereitung zur sofortigen Freisetzung nach einem der Anspriiche 1 bis 4 zusam-
men mit einem pharmazeutisch oder veterindrmedizinisch akzeptablen Trager oder Verdiinnungsmittel.

Impfstoffzusammensetzung nach Anspruch 15, wobei die immunogenhaltigen Bereiche auch einen Hilfsstoff um-
fassen.

Impfstoffzusammensetzung nach Anspruch 16, wobei die immunogenhaltigen Bereiche Teilchen enthalten, die ein
an einem Aluminiumsalzhilfsstoff adsorbiertes Immunogen umfassen.

Impfstoffzusammensetzung nach Anspruch 15, wobei das biologisch abbaubare Polymer aus der aus Polymilch-
saure, Polyglykolsaure und Copolymeren derselben bestehenden Gruppe ausgewahlt ist.

Impfstoffzusammensetzung nach einem der Anspriiche 13 bis 18 in einer zur parenteralen Verabreichung geeigneten
Form.

Impfstoffzusammensetzung nach einem der Anspriiche 13 bis 19, wobei der Trager ein fester Trager ist und die
Impfstoffzusammensetzung in Form eines festen Pellets oder Implantats vorliegt.

Verwendung der Impfstoffzubereitung nach einem der Anspriiche 1 bis 4 oder 6 bis 8 bei der Herstellung einer
Impfstoffzusammensetzung zur Verwendung bei einem Impfverfahren flr einen Menschen- oder anderen Tierpa-
tienten.

Revendications

Préparation vaccinale a libération immédiate sous forme particulaire séche stable, lesdites particules étant des
particules microsphériques, pouvant étre obtenues par séchage par atomisation, comprenant un immunogéne ad-
sorbé sur un adjuvant du type sel d’aluminium et ladite préparation vaccinale étant une poudre s’écoulant librement.

Préparation vaccinale selon la revendication 1, dans laquelle ledit adjuvant du type sel d’aluminium est de I'hydroxyde
d’aluminium ou du phosphate d’aluminium.

Préparation vaccinale selon la revendication 1, comprenant de plus un stabilisant de protéines qui est un sucre ou
un dérivé de sucre.

Préparation vaccinale selon la revendication 3, dans laquelle ledit stabilisant est choisi dans le groupe formé par le
tréhalose, le lactose, le dextrose et la glucosamine.

Procédé pour la production d’'une préparation vaccinale selon la revendication 1, qui comprend les étapes consistant
a former une suspension aqueuse d’'immunogéne adsorbé sur un sel d’aluminium, puis a sécher ladite suspension
par atomisation.

Préparation vaccinale a libération réglée ou retardée sous forme particulaire séche stable, lesdites particules étant
des particules microsphériques, pouvant étre obtenues par séchage par atomisation, comprenant une matrice
continue de polymeére biodégradable contenant une ou plusieurs régions discrétes contenant un immunogéne,
lesdites régions contenant un immunogéne comprenant également un adjuvant, et ladite préparation vaccinale étant
une poudre s’écoulant librement.

Préparation vaccinale selon la revendication 6, dans laquelle lesdites régions contenant un immunogéne contiennent
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des particules comprenant un immunogéne adsorbé sur un adjuvant du type sel d’aluminium.

Préparation vaccinale selon la revendication 6, dans laquelle ledit polymeére biodégradable est choisi dans le groupe
formé par I'acide polylactique, I'acide polyglycolique et leurs copolymeéres.

Procédé pour la production d’'une préparation vaccinale selon la revendication 6, qui comprend les étapes consistant
a former une émulsion d’'une suspension aqueuse comprenant un immunogéne et un adjuvant dans une phase
organique continue dans laquelle est dissous un polymere biodégradable, puis a sécher par atomisation I'’émulsion
du type eau dans I'huile pour former des particules microsphériques.

Procédé selon la revendication 9, dans lequel ladite émulsion comprend un émulsifiant.

Procédé pour la production d’une préparation vaccinale selon la revendication 6, qui comprend les étapes consistant
a former une suspension d’'une matiére particulaire contenant un immunogéne et un adjuvant dans une phase
organique continue dans laquelle est dissous un polymére biodégradable, puis a sécher par atomisation la suspen-
sion pour former des particules microsphériques.

Procédé selon la revendication 11, dans lequel la matiére particulaire contenant un immunogéne comprend un
immunogéne adsorbé sur un adjuvant du type sel d’aluminium.

Composition de vaccin comprenant au moins une préparation vaccinale a libération immédiate selon 'une quelcon-
que des revendications 1 a 4, ainsi qu’un support ou diluant acceptable pour 'usage pharmaceutique ou vétérinaire.

Composition de vaccin comprenant au moins une préparation vaccinale a libération réglée ou retardée selon I'une
quelconque des revendications 6 a 8, ainsi qu'un support ou diluant acceptable pour 'usage pharmaceutique ou
vétérinaire.

Composition de vaccin comprenant

(i) au moins une préparation vaccinale a libération réglée ou retardée sous forme particulaire séche stable,
lesdites particules étant des particules microsphériques, pouvant étre obtenues par séchage par atomisation,
comprenant une matrice continue de polymere biodégradable contenant une ou plusieurs régions discrétes
contenant un immunogeéne, et ladite préparation vaccinale étant une poudre s’écoulant librement, et

(ii) au moins une préparation vaccinale a libération immédiate selon I'une quelconque des revendications 1 a
4, ainsi qu’un support ou diluant acceptable pour 'usage pharmaceutique ou vétérinaire.

Composition de vaccin selon la revendication 15, dans laquelle lesdites régions contenant un immunogene com-
prennent également un adjuvant.

Composition de vaccin selon la revendication 16, dans laquelle lesdites régions contenant un immunogéne con-
tiennent des particules comprenant un immunogéne adsorbé sur un adjuvant du type sel d’aluminium.

Composition de vaccin selon la revendication 15, dans laquelle ledit polymére biodégradable est choisi dans le
groupe formé par I'acide polylactique, I'acide polyglycolique et leurs copolymeéres.

Composition de vaccin selon I'une quelconque des revendications 13 a 18, sous une forme convenant pour I'admi-
nistration parentérale.

Composition de vaccin selon I'une quelconque des revendications 13 a 19, dans laquelle ledit support est un support
solide et ladite composition de vaccin est sous la forme d’un pellet ou implant solide.

Utilisation de la préparation vaccinale selon I'une quelconque des revendications 1 & 4 ou 6 & 8 dans la fabrication
d’'une composition de vaccin a utiliser dans un procédé dé vaccination d’'un sujet humain ou autre sujet animal.
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