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ABSTRACT

The invention relates to a composition comprising a pharmaceutically active agent and a
bioadhesive delivery system that provides for the oral delivery of a vaccine to animals,

particularly aquatic animals.
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COMPOSITIONS AND METHODS FOR ENCAPSULATING VACCINES FOR THE
ORAL VACCINATION AND BOOSTERING OF FISH AND OTHER ANIMALS

[001] BACKGROUND OF THE INVENTION
Field of the Invention

[002] The present invention relates to a composition comprising a pharmaceutically
active agent, such as, but not limited to, an immunogenic agent (e.g., a vaccine), and a
bioadhesive delivery system, that allows the oral administration and delivery of the

pharmaceutically active agent essentially unaltered to the intestinal mucosa.
Background of Related Art

[003] Orally delivered pharmaceutically active agents present a significant problem in
transiting an animal’s stomach, an organ whose contents represent a harsh digestive
cnvironment consisting of low pH and enzymes specifically designed to denature
proteins. As a consequence, orally delivered bacterin or subunit vaccines have not been

proven to be efficacious since the antigens are generally modified by the stomach prior to
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prescntation to the immuno-responsive cells of the gut mucosa. A number of approaches
have been tested to provide an oral delivery vehicle that would transit the stomach but
most have been unsuccessful at the commercial scale. One approach involves the
transient changing of the stomach pH, neutralizing gastric enzymes and stimulating the

mucosal immune response.

[004] In 2003 about 200 million fish were vaccinated in Chile, primarily for Yersiniosis,
Salmonid Ricketsial Septicaemia (SRS), and Infectious Pancreatic Necrosis (IPN)
(Bravo, 2007). Of the more than 20 vaccines for aquacultured fish were brought to the

Chilean market from 1999-2003, none were orally delivered vaccines.

{0051 SRS is a pathology of salmonid fish caused by the intracellular bacterium
Piscrickettsia salmonis and is a major infectious disease in the Chilean salmon industry
with annual losses exceeding 20%. Unlike other bacterial diseases, the anti-SRS
vaccination is not as effective in preventing the disease or in reducing the nced for post-
infection mcdication.  This is because of a gradual diminishing of the SRS
immunogenicity in the vaccinated fish. Boostering the antibody titer in the blood by
vaccinating at a later stage should allow the continued protection of the animals
throughout the entire commercial growing period. However, it is extremely difficult and
economically impractical to provide parenteral vaccine boosters to large animals in the

grow-out net pens.

[006] Almost all existing vaccines are delivered to aquatic animals by injection, which
is traumatic, inconvenient, time consuming, expensive, has a number of side etfects, and
may fail to induce an appropriate immunogenic response in mucosal tissues. Thus, a

method and system for delivery that avoids these disadvantages would be of great value.
[007]) Perhaps the most well known antigen delivery systems are those derived from the

linear polymeric esters of lactic acid and glycolic acid (i.e., poly DL-lactide-co-glycolide,

PLGA, reviewed by Wu (Wu, 2004). In such systems, immunogenic subunit vaccine
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components have been captured in poly-acrylate and poly-glycolide/lactide beads or
liposome-like vesicles through processes utilizing volatile organic solvents such as
dichloromethane or chloroform. The solvents are used to form emulsions of polymer
solutions or dried lipid films. Encapsulation of antigens into PLGA microcapsules
affords a number of advantages including rapid degradation by hydrolysis and subsequent
penetration of the Peyer's Patches (concentrated sites of lymphocytic tissue in the
intestinal mucosa of higher vertebrates but not in fish). A major disadvantage of PLGA
microcapsules is the requisite use of organic solvents. Contact with organic solvents can
inactivate or reduce the efficacy of the vaccine by altering the immunogenicity of surface
proteins critical to induction of humoral or cellular immune responses. Additionally,
poly-acrylate and poly-glycolide/lactide processes typically result in microbeads with

extremely low immunogen or antigen capture efficiency.

[008] Polymer microspheres and lamellar particles (e.g., liposomes) have been
employed for the improved parenteral and mucosal administration of antigens. Because
vaccines themselves may not be efficiently recognized and taken up by mucosal
lymphocytes, they typically need to be co-administered with penetration enhancers or
adjuvants. Different classes of polymer mixtures are known for potential use as
Mucoadhesives(Malik et al., 2007). These include synthetic polymers such as poly
(acrylic acid) (PAA), hydroxypropyl methylcellulose and poly(methylacrylate)

derivatives, as well as naturally occurring polymers such as hyaluronic acid and chitosan.

[009] Chitosan and various chitosan derivatives have been used for a variety of
applications as a biomaterial for tissue engineering, wound healing, and as an excipient
for drug delivery (Chopra et al., 2006; Dang and Leong, 2006). Chitosan has
occasionally been tested as an adjuvant for mucosal application (Kim et al., 2007), but it
is typically applied directly to a mucosal surface such as intranasal application in order to
obtain IgA response in the nasopharyngeal mucosa of terrestrial animals (Kang et al.,
2007). However, the use of chitosan and various chitosan derivatives in vaccine delivery

remains very limited due to poor physicochemical characteristics such as a high transition
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temperature and interfacial free energy, resulting in a suboptimal interaction with
mucosal surfaces and loose interpenctration and interdiffusion of the polymer. This
problem is further compounded when used for poikilothermic lower vertebrates like
salmonid fish. Chitosan also has the additional disadvantage of a low mechanical

strength and solubility.

[0010] Thus, there remains a need for effective systems and processes for
microencapsulation of immunogenic substances with polymers having superior adhesive

and cohesive properties.

SUMMARY OF THE INVENTION

[0011] The present invention overcomes the shortcomings of the above-discussed
encapsulation systems, wherein the present invention discloses a composition designed
for an oral delivery of a primary and or booster vaccination that can be used for animals
housed in the not only in hatchery but also grow-out pens. The exceptional
mucoadhesive properties of compositions of the present invention provide a successful
method of transmucosal drug delivery, especially for lower vertebrates with less

developed digestive system and no Peyer’s Patches, such as fish.

[0012] One aspect of the present invention provides for a method of producing a
bioadhesive delivery vehicle for vaccination of animals, such as aquatic animals, wherein
the delivery vehicle is in a form of dry microparticles comprising an immunogenic agent
embedded or impregnated in a composite matrix of cross-linked chitosan, and at least one
oligosaccharide or short chain polysaccharide. Any applicable oligosaccharides or short
chain polysaccharides may be used in the composition. Common short chain
polysaccharides include maltodextrins and cyclodextrins. The oligosaccharides may
include fructo-oligosaccharides (FOS), galacto-oligosaccharides (GOS) or inulin.
Additionally, the dry microparticles include and selected from the group consisting of a

beta glucan, squalene, and squalane.
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[0013] In one embodiment, the composition comprises or consists of at least one
pharmaceutically active agent in an amount from about 0.05% to about 10% w/w of
composition, at least one bio-adhesive polymer in an amount from about 0.05% to about
10% w/w of composition, at least one short chain polysaccharide or oligosaccharide in an
amount from about 0.05% to about 30% w/w of composition and at least one adjuvant
selected from the group consisting of a beta glucan, squalene, and squalane in an amount

from about 0.1% to about 20% w/w of composition.

[0014] In one particular embodiment of the invention, the method comprises producing a

bioadhesive delivery vehicle containing an SRS vaccine for use in salmonid fish.

[0015] Another aspect of the present invention provides for a feeding regime wherein
animals are fed a standard feed containing a bioadhesive delivery vehicle comprising a
cationic polysaccharide, in combination with a pharmaceutically active agent, for the oral

vaccination of animals. In a particular embodiment, the vaccinated animal is a fish.

[0016] Another aspect of the present invention provides for a method of preparing a
composition for oral delivery of a pharmaceutically active agent comprising:

a. preparing an acidic aqueous solution comprising at least one bioadhesive
polymer, wherein the bioadhesive polymer is chitosan and the acidic
solution has a pH low enough to solubilize the chitosan;

b. combining an oligosaccharide/short chain polysaccharide selected from
the group consisting of inulin, maltodextrin and cyclodextrin into the
solution with the solubilized chitosan to form an oligosaccharide/short
chain polysaccharide-chitosan solution;

c. introducing a sugar/emulsifier complex into the oligosaccharide/short
chain polysaccharide-chitosan solution to form a smooth emulsion while

maintaining the acidic pH of the solution;
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d. combining or emulsifying the pharmaceutically active agent with an
adjuvant selected from the group consisting of beta-glucan, shark liver oil
and squalane in a solution;

e. adding the solution of pharmaceutically active agent and the adjuvant into
the smooth bioadhesive emulsion;

f. forming microparticles, beads or hydrogel by precipitating the emulsion
into a cross-linking solution; and

g. drying the microparticles, beads or hydrogel by any conventional means.

[0017] The dried microparticles may be further milled to obtain particle size lower than

500 micron.

[0018] Preferably, the crosslinking solution comprises from about 1% to about 20% of
phosphate or carbonate anions. The crosslinking solution may further comprise about 1%

to 30% of a sugar and/or alcohol.

[0019] Other aspects and advantages of the invention will be more fully apparent from

the ensuing disclosure and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Figure 1 shows the percentage of dry material that was recovered from the various

oligosaccharides formulations after cross-linking and drying.

[0021] Figure 2 shows the Western blot detection of SRS antigen in chitosan slurry and
after freeze drying and milling. Lane 1: 4 ng SRS in chitosan slurry; Lane 2: 2 ng SRS in
chitosan slurry; Lane 3: Ing SRS in chitosan slurry; Lane 4, 5, 6 are the respective SRS

amounts in freeze dried and milled chitosan matrix.
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[0022] Figure 3 shows the Western blot analysis showing the recovery of the antigen in
fish feed. Lanes 1-5 are several dilutions of the antigen in buffer, Lanes 6-9 are the

respective dilutions or fish feed containing a similar amount of antigen.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

[0023] In describing the present invention, the following terminology is used in

accordance with the definitions set out below.

[0024] A “pharmaceutically active agent” is defined as any biological material that
results in the prevention, cure, or mitigation of a disease in any animal. All vaccines are

intended to be included in this definition of pharmaceutically active agents.

[0025] An "immunogen" or an “immunogenic agent” is defined as a substance or a
composition of matter, which is capable of mounting a specific immune response in an
animal. Immunogenic agents would include immunogenic peptides and proteins
including mixtures comprising immunogenic peptides and/or proteins; intact inactive,
attenuated, and infectious viral particles; intact killed, attenuated, and infectious
prokaryotes (e.g., bacterins); intact killed, attenuated, and infectious protozoans including
any life cycle stage thereof, and intact killed, attenuated, and infectious multicellular
pathogens, recombinant subunit vaccines, and recombinant vectors to deliver and express

genes encoding immunogenic proteins (e.g., DNA vaccines).

[0026] “Vaccination” is defined as a process that results in a specific immune response

generated by an animal against an immunogen or an immunogenic agent.



CA 02783146 2012-07-16

026086.232.81 CIP

[0027] A “bioadhesive delivery system” is defined as a composition that results in the
delivery of an immunogen or an immunogenic agent to the desired location in the gut

associated lymphoid tissue (GALT) of the intestinal mucosa.

[0028] A “mucoadhesive” molecule is a component of a bioadhesive delivery system that
specifically binds to mucosal tissues. Such molecules include, but are not limited to

chitosan, hyaluronic acid, gum Karaya, and cationic guar.

DETAILED DESCRIPTION OF THE INVENTION

[0029] The present invention provides an improved immunogenic substance for oral
delivery. The invention is based on the discovery of unexpected synergetic properties of
a complex mixture of chitosan and a short chain polysaccharides such as fructo-

oligosaccharide.

[0030] Fructans or fructosans are oligosaccharides or short chain polysaccharides
comprising a sequence of anhydrofructose units optionally combined with one or more
different saccharide residues of the fructose. Fructans can be linear or branched.
Fructans can be products obtained directly from a plant or microbial source or else
products with a chain length which has been modified (increased or reduced) by splitting,
synthesis or hydrolysis, in particular of the enzymatic variety. Fructans generally have a
degree of polymerization from 2 to approximately 1000 and preferably from 3 to

approximately 60.

[0031] The short chain polysaccharide or oligosaccharide is preferably used in an amount
of between 0.01 and 30% by weight with respect to the total weight of the composition.
More preferably, this amount is between 0.05 and 15% by weight with respect to the total

weight of the composition and more preferably between 1 and 10% by weight.



CA 02783146 2012-07-16

026086.232.81 CIP

[0032] The preferred short chain polysaccharides are inulins, maltodextrins or
cyclodextrins.  Inulins refer to a group of naturally-occurring fructose-containing
oligosaccharides. ~ Because inulin fiber is resistant to digestion in the upper
gastrointestinal tract (i.e., the stomach). it reaches the large intestine essentially intact,
where it can be digested by indigenous bacteria. Inulins generally consist of chains of
polyfructose in which the fructose units are connected to each other mostly or exclusively
by B-(2-1) linkages. Inulin occurs in nature, in general, as a polydisperse mixture of
polyfructose chains, most of which terminate in one glucosyl unit. They are derived from
the roots of chicory (Cichoriumintybus), the dahlia and Jerusalem artichokes.
Additionally, inulin can be obtained from bacterial syntheses or can be made in vitro by
enzymatic synthesis starting from sucrose. It has been shown that inulin stimulates
mucosal immunity and seems to improve efficacy of a Salmonella vaccine in mice
(Benyacoub et al., 2008). Although the mechanism of action is unclear, several studies
have proposed that inulin may induce changes in colonic epithelium by stimulating
proliferation in the crypts, increasing the concentration of polyamines, changing the
profile of mucins, and/or modulating endocrine as well as immune functions (Roberfroid,
2005). Inulins also stimulate the growth of Bifidobacterium species in the large intestine.
The average degree of polymerization of inulins marketed as nutritional supplements is

10to 12.

[0033] Maltodextrin refers to a group of short chain polysaccharide (complex)
carbohydrates, which are defined as a repeating unit of a simple sugar (like glucose or
dextrose). Maltodextrin is derived from a natural starch by either exposing to acid or

enzymes to partially digest and break down the starch into smaller polymers.

[0034] Cyclodextrins (CDs) refer to a family of cyclic oligosaccharides. CDs derive their
system of nomenclature from the number of glucose residues in their structure, such that
the glucose hexamer is referred to as a-CD, the heptamer as -CD and the octomer as ¥-

CD.
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[0035] These short chain polysaccharides serve in the composition of the present
invention as multi-functional drug carriers, through the formation of inclusion complex or
the formation of carbohydrate/vaccine conjugate and, thereby potentially enhancing the

vaccine bioavailability

[0036] Chitosan is a linear cationic polysaccharide which is gelled or crosslinked in the
presence of anions, such as citrate, phosphate or sulfate. Chitosan has also been shown to
possess useful properties such as non-toxicity, high biocompatibility and non-
antigenicity. While chitosan is itself largely insoluble in water, solubility markedly
increases if the pH is shifted towards the acid condition. To obtain an appreciable
polymer concentration, it is therefore necessary to prepare the solution or dispetsion with
simultaneous use of an acid. To be able to more easily remove this acid from the
composition later, it turned out that the acid should have a low boiling point, namely
preferably maximally 140°C, in particular maximally 120°., especially preferred
maximally 100°., and most preferably maximally 80°C, such as hydrogen chloride,
hydrogen bromide, trifluoroacetic acid, formic acid and acetic acid. Other suitable acids
have the ability to form a lower-boiling binary azeotrope with water, such as acetic acid

or propionic acid.

[0037] Chitosan can be obtained through the deacetylation of chitin, the major compound
of exoskeletons in crustaceans. Chitosan [a-(1~4)-2-amino-2-deoxy-B-D-glucan], a
mucopolysaccharide closely related to cellulose, exhibits chemical properties that are
determined by the molecular weight, degree of deacetylation, and viscosity. Chitosan can
form microparticles and nanoparticles that can encapsulate large amounts of antigens
(van der Lubben et al., 2001; Davis, 2006). In the acidic environment of the stomach,
chitosan retains its positive charges that hold the particle together. It has been shown that
ovalbumin loaded chitosan microparticles can be taken up by the Peyer’s Patches of the
gut associated lymphoid tissue of higher vertebrates. Additionally, after co-administering

chitosan with antigens in nasal vaccination studies in a strong enhancement of both

10
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mucosal and systemic immune responses in mice was observed (van der Lubben et al.,

2001).

[0038] A general method for preparing the compositions for delivery to the gut mucosa is
discussed below. Generally, an aqueous solution, suspension or emulsion of a
pharmaceutically active agent (e.g., an immunogenic agent, including, but not limited to
vaccines) and, if desired, an including, but not limited to beta glucan, lipopolysaccharide,
aluminium salts, virosomes and/or squalene. Squalene or its saturated form - squalane is
hydrocarbon natural oil primarily produced from shark liver oil or plant oil such as olive
oil. In the animal body, squalene plays a vital role in the synthesis of cholesterol, steroid
hormones, and vitamin D. B-Glucans (beta-glucans) are polysaccharides of D-glucose
monomers linked by B-glycosidic bonds. B-glucans are a diverse group of molecules that
can vary with respect to molecular mass, solubility, viscosity, and three-dimensional
configuration. They occur most commonly as cellulose in plants, the bran of cereal

grains, the cell wall of baker's yeast, certain fungi, mushrooms and bacteria.

[0039] The vaccine/adjuvant complex is dissolved or suspended in an aqueous solution
of a suitable mucoadhesive polymer such as, but not limited to, chitosan and a suitable
short chain polysaccharide or oligosaccharide such as, but not limited to, inulin,
maltodextrin, cyclodextrin. The resulting solution/suspension is then dispersed directly
or by atomization into an aqueous cross-linking solution containing water-soluble
phosphate salts. Upon contact, a salt exchange reaction (cross-linking) takes place,
resulting in the formation of beads or capsules in which the pharmaceutically active agent
is retained. The resulting suspension of microparticles or beads containing the encased
pharmaceutically active agent is then collected, dried, and milled if necessary to form
particles having a size range from 10-1000 micron. Details of the preparation are set out

in the series of steps described below:

[0040] Step (a): Preparation of complex mucoadhesive hydrogel. A mucoadhesive

polymer such as chitosan, at a concentration of 1 to 10% (w/w), is dispersed in 0.1-5 N

11
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acetic acid solution at a temperature range of 20 to 65°C until all polymer granules are
fully dissolved. Preferably, the chitosan is at least 85% deacetylated. Additionally it is
preferred that the pH is of the acidic aqueous solution is from about 2 to about 5. The
gelatinization of the polymer granules is required in order to prepare a microparticle

possessing the immunogenic property.

[0041] In embodiments of the invention, short chain polysaccharide components are also
added at a concentration of from about 1 to 30% (w/w) to improve protection of the
antigen from stomach acidity, bile acids and proteases and increase the intestinal
adsorption and bioavailability of the antigen. Examples of applicable materials include,
but not limited to, chitosan oligosaccharide (COS), inulin, fructo-oligosaccharides (FOS),
and various dextrins, such as maltodextrins and cyclodextrins. These absorption-
increasing components may dissolve more readily in intestinal juices than other matrix
materials. Consequently, permeability and biodegradability of the matrix polymer can be
increased, resulting in an improved release of the pharmaceutically active agent at the

desired location in the GALT of the intestinal mucosa.

[0042] Step (b): Complex formation of the mucoadhesive material and a short chain
polysaccharide or oligosaccharide. Without wishing to be bound by theory, it is believed
that the processes described herein yield a novel complex composition mediated by an
emulsifier/sugar complex and comprising polysaccharides and oligosaccharides in the
form of a complex matrix having an insoluble microparticle nature. Generally, the
emulsifiers can be, but are not limited to, any of monoglycerides, sorbitan esters,
propylene glycol esters, lecithin, polysorbates and sucrose esters of medium and long
chain saturated fatty acids, and the sugars will be any mono- or disaccharides such as, but
not limited to glucose, fructose, or sucrose. A solution comprising an emulsifier/sugar
mediating mixture (containing 0.5 to 12.5% w/w emulsifier and 5-30% w/w sugar) is
added to the mucoadhesive polysaccharide and short chain polysaccharide or
oligosaccharide solution at a temperature range of from 20 to 65°C and pH 3-5 until a

smooth and stable emulsion has formed. This emulsion is stabilized by the interaction

12
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between positive charge of the cationic polysaccharide, the emulsifier and hydroxyl
groups of the short chain polysaccharides or oligosaccharides.  The increased
hydrophobicity and elasticity of the mucoadhesive polysaccharide and emulsifier helps
delay or prevent penetration of water or gastric juices into the matrix once formed into

microparticles.

[0043] Step (c): Addition of immunogenic substance. A solution comprising a
pharmaceutically active agent, such as, but not limited to, an immunogen or
immunogenic antigen is mixed with an adjuvant such as beta-gluten or emulsify with
squalene oil, in an amount of about 0.1% to 10% (w/w) by weight of the composition and
more preferably from about 1% to 4%, and then mixed in the mucoadhesive solution

described in Step (b) above.

[0044] Step (d) Cross-linking reaction. The slurry can be dried to produce a powder by a
number of art-recognized methods including, but not limited to, low temperature spray
drying, belt drying, freeze drying, drum drying or flash drying. In a preferred
embodiment, the slurry is extruded through a tube or needle ranging from 10 #m to 1,000
um in diameter to fall dropwise or in a continuous stream into a cross-linked solution
containing 1-15% sodium triphosphate (TPP) in 1-30% alcohol in water solution.
Alternatively, the slurry can be spray-atomized into an alcohol/aqueous solution
containing 1-10% sodium triphosphate. Wet particles can be harvested from the cross-
linking bath by any suitable means well known in the art (e.g., filtration, centrifugation,
etc) and mixed with any acceptable thickening agent such as methylcellulose, pectin,
alginate, xanthan gum, carboxymethyl cellulosc, hydroxypropyl cellulose, and the like,
and sprayed onto feed pellets (i.e., top-coated). Alternatively, the wet particles can be
dried using conventional processes well known in the art such as, but not limited to,
vacuum drying, freeze drying, spray drying, and tunnel drying, milled to the appropriate
size class if necessary, and then mixed with fish oil or other edible oils prior to
application to a standard commercially available feed by top-coating using methods

known in the art.

13
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[0045] In one embodiment the slurry is mixed with sucrose before the drying process
and/or extruding process and cross-linked in 1-15% w/w TPP + 1- 30% w/w sugar in 1-

30% w/w alcohol in water solution followed by drying.

[0046] Feeding strategy for oral vaccination: Fish having a mature immune system (for
Atlantic Salmon generally at about 0.5 g) are ready to be orally vaccinated. However the
instant invention provides a flexible strategy that also allows the vaccination of, or
boosting the immunogenic response of larger fish and other animals. To effectively
induce the immunogenic response, the fish or other animals should be orally fed in a
single event at a similar or greater dose of immunogen that is usually provided by
injection or immersion. To maximize the fish immunogenicity and depending the on
Immunogen type, fish size and responsiveness, this single feeding event may be repeated

(e.g., every three days for up to ten feeding events).
EXAMPLES
Example 1

[0047] Production of a bioadhesive delivery system containing egg ovalbumin antigen.
High DE chitosan (>80%, Sigma, St. Louis, Mo.), (3 gram) was dissolved in 100 ml of
0.5N acetic acid at 50°C. Twenty (20) gram Instant Inulin (Cargil, Minneapolis, Minn.)
or twenty (20) gram maltodextrin DE1 or twenty (20) gram cyclodextrin were added to
make an acidic slurry. Three (3) gram soy lecithin (Archer-Daniels-Midland Co.,
Decatur, I11.) were added to the acidic slurry and allowed to complex under continuous
mixing with the chitosan solution for 30 min. The pH of the acidic complex slurry was
then adjusted to 5.8 with sodium hydroxide and the slurry allowed to cool down to room
temperature. A 10 ml solution containing 100 mg egg ovalbumin and 100 mg beta
glucan (Sigma) was admixed in the slurry and the slurry extruded through 21G needle

into a 50 ml solution containing 10% w/w sodium triphosphate, 40% w/w sucrose and

14
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20% isopropanol to form hydrogel strings. After about 2 hours of hardening in the cross
linking solution, the firm hydrogel strings were harvested, freeze-dried over night and
milled to a particle size below 200 microns. Figure 1 shows the percentage of dry
material that was recovered after cross-linking and drying of the various short chain
polysaccharides or oligosaccharides formulations. It shows that cyclodextrin was
captured the most (94%) within the cross-linked chitosan polymers as compared with

inulin (66%) or maltodextrin DE1 (84%).
Example 2

[0048] Production of Bioadhesive Particles containing Salmonid Rickettsial Septicaemia
(SRS) Vaccine. Complex slurry at pH 5.8 (100 ml) was prepared as described in
Example 1. Ten (10) ml solution containing attenuated SRS vaccine (5 x 10'/ml SRS
killed bacteria) without adjuvant (commercially available from the vaccine manufacturer)
was mixed with 100 mg beta glucan and mixed in the chitosan solution). The slurry was
then extruded into 50 ml cross linking solution as described in Example 1. The hydrogel
strings were allowed to harden for 3 hour and then harvested from the solution and
freeze-dried over night and milled to a particle size below 200 microns. Figure 2 depicts
a Western blot gel chromatography analysis showing the recovery of various amounts of
SRS antigen from a freeze dried chitosan powder relative to its amount in the chitosan
slurry before freeze drying. The analysis demonstrates that the antigen retained its
immunogenicity and activity within the chitosan matrix and was not affected by the

encapsulation process.

Example 3

[0049] Animal feed containing Immunogenic Microparticles for oral delivery. Fifteen
(15) grams of dry immunogenic microparticles prepared as in Example 1 and 2 were

mixed with 30 g of fish oil. The oily mixture is sprayed on 1 kg of standard commercial

feed for animal including fish, livestock, and chicken or companion animal. Figure 3

15
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depicts a Western blot gel chromatography analysis showing the recovery of the antigen
from fish feed relative to a similar amount in PBS buffer. The analysis demonstrates that
the antigen retained its immunogenicity and activity throughout the encapsulation process

and coating on fish feed.
Example 4

[0050] Oral Vaccination of Atlantic Salmon Using the Immunogenic Microparticles of
the Present Invention. Atlantic salmon juveniles ca. 10 g size are stocked at 30 kg/m’® of
fresh water and at temperature of 12°C. Water quality is maintained by rapidly
exchanging the tank water through mechanical and biofiltration systems. Fish are fed 4
times daily a total ration of 2% body weight on a commercial feed. Every 3 days the diet
is replaced with a 2% vaccine top-coated diet as described in Example 3 for a period up
to 30 days. Elevated antibodies titer against the orally delivered vaccine is measured in

the fish blood serum over the subsequent four months.
Example 5.

[0051] Production of Bioadhesive Particles containing Infectious salmon anemia
(ISA)Vaccine. Infectious salmon anemia (ISA) is an orthomyxoviral disease that has had
devastating effects on farmed Atlantic salmon. Fish feed containing ISA immunogenic
microparticles was produced as described in Example 1 and 3. Complex slurry at pH 5.8
(100 ml) containing cyclodextrin (short chain polysaccharide or oligosaccharide) was
prepared as described in Example 1. Eight (8) ml solution containing recombinant ISAV
vaccine (commercially available from the vaccine manufacturer) was emulsitied with 10
ml of squalene and 2 ml of Span-80 using Ultra-Torax homogenizer at 15,000 RPM and
the emulsion mixed in the chitosan solution using low speed hand mixer at 1000 RPM).
The slurry was then extruded into 50 ml cross linking solution as described in example 1.
The hydrogel strings were allowed to harden for 3 hour and then harvested from the

solution and freeze-dried over night and milled to a particle size bellow 200 microns.
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Example 6

[0052] Bivalent Oral Vaccination of Atlantic Salmon against SRS and ISAV using top-
coated feed with Immunogenic Microparticles of the Present Invention. Atlantic salmon
juveniles ca. 10 g size are raised as described in Example 4. Fish are fed 4 times daily a
total ration of 2% body weight on a commercial feed. Every three (3) days, for a period
up to 30 days, the diet is replaced with top-coated feed containing 2% SRS vaccine and
2% ISAV vaccine as described in Example 3 and 5, respectively. Elevated titers of
antibodies against the orally delivered bivalent vaccines are measured in the fish blood

serum over the subsequent four months.
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WE CLAIM:

1. A method of preparing a composition for oral delivery of a pharmaceutically active agent
comprising an immunogenic agent wherein the method comprises the following steps:
(1) preparing an acidic aqueous solution comprising at least one bioadhesive polymer,
wherein the bioadhesive polymer is chitosan and the acidic solution has a pH low
enough to gelatinize the chitosan;
(ii) combining a short chain polysaccharide or oligosaccharide into the solution with
the chitosan to form a solution;
(iii) combining the pharmaceutically active agent with an adjuvant which is beta-
glucan, squalene or squalane oil in a water in oil emulsion;
(iv) adding the emulsion of pharmaceutically active agent and adjuvant of step (iii) into
the solution formed in step (ii); and

(v) precipitating or extruding the product of step (iv) into a cross-linking solution.

2. The method of claim 1, wherein the short chain polysaccharide or oligosaccharide is inulin,

maltodextrins or cyclodextrins.

3. The method of claim 1 or 2, wherein the composition comprises from 0.1% to 10% of the
adjuvant.

4. The method of any one of claims 1-3, wherein the adjuvant is beta glucans.

5. The method of any one of claims 1-4, wherein the pharmaceutical agent is emulsified in

the oil to form a stable water in oil emulsion.

6. The method of any one of claims 1-5, wherein the crosslinking solution comprises from

1% to 20% of phosphate or carbonate anions.

7. The method of any one of claims 1-6, wherein the crosslinking solution further comprises

1% to 30% of a sugar.
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8. The method of any one of claims 1-7, wherein the crosslinking solution further comprises

1% to 30% of an alcohol.

9. A composition for oral delivery of immunogenic agent comprising at least one
pharmaceutically active agent in an amount from 0.05% to 10% w/w of the composition, at least
one bio-adhesive polymer in an amount from about 0.05% to 10% w/w of the composition, at least
one short chain polysaccharide or oligosaccharide in an amount from 0.05% to 30% w/w of the
composition, and from 0.1% to 20% w/w of an adjuvant compound which is a beta glucan,
squalene, or squalane, wherein the composition is prepared by the method of any one of claims 1-

8.

10.  The composition of claim 9, wherein said pharmaceutically active agent is immunogenic
peptides, immunogenic proteins; intact inactive viral particles, attenuated viral particles, infectious
viral particles; intact killed prokaryotes, attenuated prokaryotes, infectious prokaryotes; intact
killed protozoans, attenuated protozoans, infectious protozoans, intact killed multicellular
pathogens, attenuated multicellular pathogens, infectious multicellular pathogens, recombinant
subunit vaccines, recombinant vectors encoding immunogenic proteins or a mixture thereof,
wherein said immunogenic agent is a mixture or an emulsion of the pharmaceutically active agent

and the adjuvant compound.

1. The composition of claim 9 or 10, wherein said bio-adhesive polymer is chitosan, dimethyl

chitosan, trimethyl chitosan, carboxymethyl chitosan, cationic guar or a mixture thereof.

12. The composition of any one of claims 9-11, wherein said short chain polysaccharide or

oligosaccharide is fructans, maltodextrins, cyclodextrins or a mixture thereof.

13.  Use of an immunogenic agent prepared according to the method of any one of claims 1-8
in the manufacturing of a medicament for use in the oral vaccination or boostering of an animal

against a pathogen.
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14, The use of an immunogenic agent according to claim 13 wherein the immunogenic agent

is mixed with a liquid carrier for dispersing or spraying onto animal feed.

15.  Use of an immunogenic agent prepared according to the method of any one of claims 1-8

in the oral vaccination or boostering of an animal against a pathogen.

16. The use of an immunogenic agent according to claim 15 wherein the immunogenic agent

is mixed with a liquid carrier for dispersing or spraying onto animal feed.
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