Office de la Proprieté Canadian CA 2194448 C 2010/03/23

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 1 94 448
Un organisme An agency of

d'Industrie Canada Industry Canada (12) BREVET CANADIEN

CANADIAN PATENT
13) C

(86) Date de depot PCT/PCT Filing Date: 1995/02/02 (51) Cl.Int./Int.Cl. A67K 39/00(2006.01)
(87) Date publication PCT/PCT Publication Date: 1996/01/25 | (72) Inventeurs/Inventors:

(45) Date de délivrance/lssue Date: 2010/03/23

(85) Entree

EMERY, DARYLL A., US;

STRAUB, DARREN E., US;
phase nationale/National Entry: 199//01/06 HUISINGA, RICHARD, US

(86) N° demande PCT/PCT Application No.: US 1995/001304 | (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 1996/001620 EPITOPIXLLC., US

(30) Priorte/Priority: 1994/0/7/07 (US08/272,116) (74) Agent: GOUDREAU GAG

DUBUC

(54) Titre : PROCEDE D' AMORCAGE DE REPONSE IMMUNITAIRE CHEZ UN ANIMAL AGE D'UN JOUR
54) Title: METHOD OF PRIMING AN IMMUNE RESPONSE IN A ONE-DAY OLD ANIMAL

(57) Abrégée/Abstract:
The Invention provides a method of priming an immune response In the presence of maternal antibody In a young animal by

administerir
preferred im

g to a 1-90 day old animal, a biocompatible and non-toxic solid phase implant containing an immunogenic agent. A
plant according to the invention Is one that becomes gradually disintegrated in situ the animal. The implant provides for

extended s

Ustalined delivery of the immunogenic agent into surrounding tissue fluids Iin the presence of circulating maternal

antibodies to provide a priming dose of the iImmunogenic agent to stimulate substantially immediate antibody production for active
Immunity against a pathogen when passive protection is no longer provided by circulating maternal antibodies.

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

OPIC - CIPO 191




PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
— International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6,
A61K 9/14, 9/127, 39/00

(11) International Publication Number: WO 96/01620

(43) International Publication Date: 25 January 1996 (25.01.96)

(21) International Application Number: PCT/US95/01304 | (81) Designated States: AM, AT, AU, BB, BG, BR, BY, CA, CH,
CN, CZ, DE, DK, EE, ES, Fl, GB, GE, HU, JP, KE, KG,
(22) International Filing Date: 2 February 1995 (02.02.95) KP, KR, KZ, LK, LR, LT, LU, LV, MD, MG, MN, MW,
MX, NL, NO, NZ, PL, PT, RO, RU, SD, SE, SI, SK, TJ,
TT, UA, UZ, VN, European patent (AT, BE, CH, DE, DK,
(30) Priority Data: ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI
08/272,116 7 July 1994 (07.07.94) US patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR, NE,
SN, TD, TG), ARIPO patent (KE, MW, SD, SZ).
(71) Applicant: WILLMAR POULTRY COMPANY, INC. 2 ] 9 4 4 4 8
[US/US]; 3735 County Road 5 Southwest, West Highway | Published
12, Willmar, MN 56201 (US). With international search report.

(72) Inventors: EMERY, Daryll, A.; 200 Havana, Willmar, MN
56201 (US). STRAUB, Darren, E.; 720 Monogalia,
Willmar, MN 56201 (US). HUISINGA, Richard; 3015
Swan View Drive East, Wilimar, MN 56201 (US).

(74) Agent: BRUESS, Steven, C.; Merchant, Gould, Smith, Edell,
Welter & Schmidt, 3100 Norwest Center, 90 South Seventh
Street, Minneapolis, MN 55402 (US).

| (54) Title: METHOD OF PRIMING AN IMMUNE RESPONSE IN A ONE-DAY OLD ANIMAL

(§7) Abstract |

The invention provides a method of priming an immune response in the presence of maternal antibody in a young animal by
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METHOD OF PRIMING AN IMMUNE RESPONSE
IN A ONE-DAY OLD ANIMAL

To properly protect a herd or flock of animals
from bacterial and viral infections, it is important that
the animals maintain a 1level of immunity against a
pathogen at the point when effective passive immunity from
circulating maternal antibodies 1s lost. In mammals, a
fetus receives maternally-synthesized antibodies while in
utero which confers passive protection to the fetus. In
the avian species, immunity 1s transferred from the hen
via the egg, and the progeny in the first few months of
life are protected against toxins, viruses and pathogenic
bacteria. The levels o©0f these maternal antibodies
gradually decline as the newborn begins to synthesize its
own antibodies.

The first exposure of an animal to a particular
immunogen triggers a priming response. After initial
contact with an immunogen, there is a latent period before
antibody to that immunogen 1is detectable in the serum,
generally about 1-2 weeks, during which time T and B cells
make contact with the immunogen, proliferate,
differentiate, and secrete antibody which then increases
exponentially in the serum of the animal, reaches a steady
state and then, as the 1immune response shuts down,
decreases in concentration in the serum. This priming
contact with an immunogen leaves the immunized animal with
a cellular memory of the contact such that, upon a second,
later contact with the immunogen, a secondary or
anamnestic (memory) immune response 1s automatically
triggered in which the lag phase is considerably shorter
and the antibody appears much faster and at a higher
concentration in the serum. This capacity to make a
secondary response provides an advantage to an animal that
survives the first contact with an invading pathogen.

Maternal antibody, while capable of providing
passive protection toO the neonate against a variety of
infectious agents or their toxins, may also interfere with

40 the animal’s active response to an immunogen by reacting
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with and tying up the 1mmunogen. As a result,
administration of a priming dose of an immunogen to
stimulate active immunity in the newborn must be delayed
until the level of circulating maternal antibodies has
decreased.

To provide continuous coverage so that immunity
is maintained after the disappearance of maternal
antibodies, the herd may be immunized en masse when all
animals have lost passive 1mmunity. A drawback of this
approach is that there will be a certain percentage of
animals who lose immunity before the rest of the group and
are therefore vulnerable during the interim. Another
approach 1is to vacclinate an animal with an immunogen
repeatedly from day one until they are found capable of
responding, but the stress on the animal and expense for
the breeder prohibits this tactic. Yet another approach
is to administer to a young animal, a priming dose of an
immunogen in a preparation that will present the immunogen
in a slowly dissipating material. Examples of such
preparations are an 1injectable water-in-oil emulsion
containing 1live wvirus, a suspension c¢f an antigen in
Freund’'s complete adjuvant or phosphatidylcholine (egg-
lecithin) - or cholesterol-based liposomes containing an
entrapped immunogen. However, such preparations do not
provide adequate long-term delivery of an immunogen and
may cause adverse reactions such as granuloma formation.
There is also the risk of the person administering the
injection accidentally injecting themselves with the
preparation, resulting 1n an adverse reaction from the
injected ingredients. For example, injecting mineral oil
into a human finger, or other tissue or body part, will
cause severe reaction and may result in the loss of tissue
Or worse.

Therefore, it 1s an object of the invention to
provide an effective method for priming the immune system
of a young animal to achieve a virtually immediate active
immune response to infection by a pathogenic organism at
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the point where such protection 1s no longer provided by
maternal antibodies, without 1irritation or undue stress
caused to the animal. Another object 1is to provide an
effective method for immunizing a large number of animals.

These and other objects are achieved by the
present invention which is directed to a method of priming
an immune response in a young animal by administering a
biocompatible and non-toxic solid phase implant containing
an immunogenic agent. The implant is administered to the
animal at about 1-90 days of age 1n the presence of
circulating maternal antibodies, and provides extended
sustained delivery of a priming dose of the immunogenic
agent into surrounding tissue fluids 1in the presence of
circulating maternal antibodies. A preferred application
is the administration of the implant to a one-day old
animal.

Advantageously, the present method provides a
system for delivering a priming dose of an immunogen to a
young animal in the presence of circulating maternal
antibodies over an extended time so that the animal will
produce a secondary active immune response substantially
immediately upon contact with the immunogen when passive
protection is no longer provided by circulating maternal
antibodies. The priming dose of the immunogen released
from the implant is effective to eliclt a secondary immune
response in the animal to increase the anti-immunogen
antibodies to an antibody titer of about 10-1000, or an
about 5-100 fold increase in antibody titers.

A preferred implant matrix 1s made of a
biocompatible, biodegradable, biocabsorbable and/or
bioerodible polymeric material that will become gradually
disintegrated by the animal’'s system through enzymatic,
chemical and/or cellular hydrolytic action, and release
the immunogen for sustained delivery into surrounding
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tissue fluids over an about 1-90 day period. The implant
may be formulated, for example, from cholesterol,
cellulosic polymers, polylactide, polycaprolactone,
polyglycolide or other 1like polymers or copolymers
thereof. The implant may include immunostimulants such as
aluminum hydroxide, muramyldipeptide, lipophilic amines,
saponins, Freund'’'s incomplete adjuvant (FIA), polymeric
adjuvants, among other adjuvants. The implant may also
contain an immunomodulator such as a cytokine, complex
carbohydrate, and the like to enhance or modulate the
immune response, and other additives as desired, such as
preservatives, buffering agents, and the like.

The immunogen may be any substance that 1is
structurally and/or functionally capable of stimulating an
immune response 1in an animal, and which may be
incorporated into and subsequently released from the
implant matrix into surrounding tissue fluids. The
immunogen may be in the form of a whole bacterial cell or
viral particle, or an isolated and/or substantially pure
immunogenic molecule derived therefrom such as a cell
surface glycoprotein, sphingolipid and the like; a toxin,
allergen, hormone, or anti-idiotype; or a synthetic
polypeptide, and the like.

The implant may be administered to the animal by
subcutaneous or intermuscular implantation, preferably
through the use of an injection gun as known and used in
the art, which accommodates administering the implant to
a large number of animals within a short period of time.
Once implanted, the matrix provides for the sustained
release of the incorporated immunogenic agent over an
about 1-90 day period into the surrounding tissue fluids
of the animal.

Advantageously, the present method of priming an
animal by administering an immunogen-containing implant
into the animal provides for enhanced immune levels at the
point of transition between maternal antibodies and active

production of antibodies. The present method provides a
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of stress placed on the animal, and without adverse
reactions such as granuloma formation, and the like.

The invention relates to a use of a

biocompatible implant for the  manufacture of a
medicament for inducing an immune response in an
immunologically immature animal in which maternal

antibodies are circulating, wherein the implant

releasably contains an 1immunogen therein, and the
1mplant provides sustained release, delayved release, or

a combination thereof, of the immunogen into the tissue

fluids of the animal in an amount effective to stimulate

L.

a primary lmmune response to the immunogen in the animal
in the presence of circulating maternal antibodies, the
primary immune response being effective to stimulate a
secondary immune response 1n the animal upon subsequent
contact with the immunogen.

The 1nvention also relates to a biocompatible

implant for use as a medicament for inducing an immune
response to 1nfection by a gram negative bacteria in an
immunologically i1mmature animal 1in which maternal

antibodies are circulating, wherein the implant

comprises a matrix that releasably contains an immunogen
therein, and the 1implant provides sustained delivery,
delayed delivery, or a combination thereof, of the

immunogen 1into the tissue fluids of the animal in an

amount effective to stimulate a primary immune response

Lo the 1Immunogen 1in the animal in the presence of
circulating maternal antibodies the primary immune
response beling effective to stimulate a secondary immune

response 1n the animal upon subsequent contact with the

immunogen to 1inhibit or prevent infection by the gram

negative bacteria.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIGURES 1A and 1B are graphic depictions of the
immune response to New Castle Disease (NDV) virus in
turkey poults administered a 60-day release, cholesterol-
based, metabolizable implant at 1l-day of age. FIGURE 1A
shows the serological profile of maternal antibody to NDV
between placebo and vaccinated birds (placebo = O; NDV-60
day = W) . FIGURE 1B shows the immune response to NDV
after challenge using a 60-day release metabolizable
implant (placebo = 0O; NDV-60 day = W) .

FIGURE 2 1s a graphic depiction of the elution
profile of concentrated, solubilized siderophore receptor

proteins isolated from Pasteurella multocida serotype A:3

(ATCC 15742) .
FIGURE 3 1s a graphic depiction of the immune

response to P. multocida sliderophore receptor proteins in
turkey poults administered a 60-day release, cholesterol-

based, metabolizable implant at l1-day of age (control = O;

vaccinated = W).
FIGURE 4 1s a graphic depiction of the immune

response to Bovine Serum Albumin (BSA) in turkey poults
administered a 21-day release, cholesterol-based,

metabolizable implant at 1-day of age (BSA-21 day = 0O;

control = B .




2194448

WO 96/01620 PCT/US95/01304

10

15

20

25

30

35

6

FIGURE 7 1s a graphic depiction of the immune
response to BSA 1n turkey poults administered a 90-day
release, cholesterol-based metabolizable implant at 2
weeks of age (BSA-90 day = -a-; control = -R-).

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a method for
priming an immune response in a 1-90 day old animal, in
the presence of circulating maternal antibodies, by
employing a biocompatible implant containing arn
immunogenic agent. According to that method, a continuous
amount of the immunogenic agent effective to provide a
priming dose of the 1mmunogen 1s maintained in the
circulatory system of the animal by its release from the
implant matrix into the tissue fluids of the young animal.
The continuous presence of a priming dose of the immunogen
provides an effective way of priming a young animal so
that a secondary immune response to a pathogenic infection
is stimulated substantially immediately when passive
protection by maternal antibodies against the pathogen is
no longer effective.

As used herein, the term "substantially pure"
means that the i1mmunogen has been separated from its
natural association with other constituents such as
proteins, lipids, and other like substances and elements
of a bacterial cell, viral particle and the 1like. The
term "biodegradable" means that the implant matrix will
degrade over time by enzymatic or hydrolytic action, or
other 1like mechanism 1in the animal’s body. By
"hioerodible," it 1s meant that the implant will erode or
degrade over time by the contact with surrounding tissue
fluids, cellular activity and the like., By
"biocabsorbable," it 1s meant that the implant matrix will
break down and be absorbed by a cell, tissue, and the
like, within the animal’s body. By "biocompatible," it is
meant that the implant matrix does not cause substantial

tissue irritation or necrosis at the implant site.
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The implant administered according to the

method are those known and used in the art that comprise

a biocompatible, non-toxic material. Implants useful in

the method have a matrix structure that will allow for

5 incorporation of the immunogenic agent and release of the
agent at a desired rate.

A preferred implant is made of a biocompatible
solid phase polymeric matrix that is bioabsorbable,
biodegradable, and/or bioerodible in the body of the

10 animal, and will deliver an immunogen into tissue fluids
over an extended period without irritation and adverse
effects to the animal. Such polymers allow for the
breakdown of the implant during therapy, generally to
monomeric subunits that are biocompatible with the

15 surrounding tissue.

Examples of useful polymers for forming a
biodegradable, bioabsorbable implant 1include polylactic
acid (PLA), polyglycolic acid (PGA), polycaprolactone,
polyanhydride, polyamides, or copolymer thereof such as

20 copolymers of polyamides and polyesters, copolymers of PLA
and PGA, and the like. In general, the in vivo life of an
implant formulated with such polymers will depend at least
in part, on the molecular weight and degree of
crosslinking of the polymer in the matrix. Formulations

25 for such matrices are known in the art, as disclosed for
example, in U.S. Patent No. 3,887,699 to Yolles.

Other implants useful in the method include
biodegradable, metabolizable, cholesterol-based pellets
that provide for slow release of bioactive substances.

30 Cholesterol-based implant matrices are commercially-
available, for example, as 21-, 60-, and 90-day implants
from Innovative Research, Toledo, OH. Other cholesterol-
based implants have been described for slow release of
biotin and other micronutrients, and proteins,

35 polynucleotides, polysacharrides, for example, U.S. Patent
No. 4,452,775 to Kent; and U.S. Patent No. 4,326,523 to
Wolfrom. Also  useful are implants having a
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peptide/polymer matrix, for example, tyrosine dipeptides
and polymers as described in U.S. Patent No. 4,863,735 to
Kohn, and Kohn et al., J. Immunol. Methods 95:31-38
(1986), that will degrade to form a product having
adjuvant activity for the antigen or other biocactive
compound incorporated into the matrix.

Also useful according to the invention is a
time-delayed implant, known and used in the art, which
upon implantation, will substantially maintain integrity
of the matrix for a desired length of time. Preferably,
the matrix will remain intact for up to about 3 weeks, or
after the level of maternal antibody has significantly
declined, at which time the antigen is released from the
matrix.

Although not preferred, an implant made of a
non-erodible, synthetic polymer, as for example, a
hydrogel, a high density polyethylene, or ethylene-vinyl
acetate copolymer (EVAC), may be used according to the
method for slow delivery of the immunogen. Such implant
matrices are described, for example, by Niemi et al.,
Laboratory Animal Science 35:609 (1985) (EVAC); Radomsky
et al., Biol. Reprod. 47:133-140 (1992) (EVAC); U.S.
Patent No. 5,114,719 to Sabel (EVAC et al.); and U.S.
Patent No. 3,975,350 to Hudgin (hydrogel carrier).
However, such implants do not naturally degrade in the
body and require surgical removal after the immunogen has
been delivered into the body of the animal. In addition,
EVAC implants have been shown to cause irritation
resulting in necrosis at the implant site. Hydrogels are
a polymeric material that swell but will not dissolve in
water, and have a structural rigidity imparted by
crosslinking agents, as for example, polyhydroxyalkyl
methacrylates (P-HEMA) , polyacryvlamide,
polymethacrylamide, polyvinyl pyrollidone, polyvinyl
alcohol (PVA), among others. Low molecular weight
substances tend to diffuse relatively quickly through a
hydrogel matrix which may be a disadvantage for controlled
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delivery.

Immunogenic Agent. The method provides sustained and/or
timed release of an immunogenic agent from the implant

5 matrix. The immunogenic agent is a substance that 1is
effective in stimulating production of antibodies with
specific activity against the immunogenic agent and the
pathogenic organism against which the animal is being
immunized. The immunogen has a chemical structure which

10 provides for its incorporation into the implant matrix
such that over time, the immunogen will be released from
the matrix into the adjacent tissue fluids, preferably at
a controlled rate. The immunogenic agent may be any
antigenic substance that is capable of stimulating an

15 immune response in the animal being treated. The implant
may be formulated to include a single immunogen or a
mixture of immunogens for immunizing the animal against
one or more diseases and/or infections. Preferably, the
implant contains about 25-5000 ug/mg of the immunogenic

20 agent preferably about 100-2000 ug/mg, preferably about
250-1000 ug/mg.

The immunogen may be derived from a pathogenic
organism such as a bacteria, virus, fungi, mold,
protozoans, nematodes, or other organism. The immunogen

25 may be in the form, for example, of whole bacterial cells,
whole viral particles, immunogenic subunit molecules or
secreted substances derived therefrom, 1isolated nucleic
acid preferably bound to a carrier protein, and the like.
Immunogens may be prepared according to conventional

30 isolation and purification methods, and/or by gene
expression according to recombinant DNA techniques to make
and express a gene encoding all or part of an antigenic
peptide chain in an appropriate vector (i.e., vaccinia
virus recombinants). Such immunogenic subunits include,

35 for example, subunit vaccine polypeptides, cell membrane
glycoproteins, polysaccharides, sphingolipids,
lipopolysaccharides, and the like. See, for example,
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Harlow and Lane, Antibodies, A Laboratory Manual,
generally and Chapter 5, Cold Spring Harbor Laboratory,

Cold Spring Harbor, New York, NY (1988); Male et al.,

Advanced Immunology, generally and pages 14.1-14.15, J.B.
Lippincott Co., Philadelphia, PA (1991); and Roitt et al.,
Immunoloqy, generally and pages 16.1-17.21, J.B.

Lippincott Co., Philadelphia, PA (1989).

Also useful are immunogenic synthetic peptides
that mimic antigenic peptide sequences. Such immunogens
may be synthesized using a solid-phase technique as
described, for example, in R.B. Merrifield, Science 85:
2149-2154 (1963), purified, and optionally coupled to a
carrier protein such as muramyldipeptide (MDP), bovine
serum albumin (BSA), kevyhole limpet hemocyanin (KLH), and
the like, using a bifunctional coupling agent such as
glutaraldehyde, and the like.

Other useful immunogens are purified, secreted
antigen virulence factors, such as toxins, cytotoxins, and
the like. Toxin antigens which are detoxified by
modifying (toxoids) , preferably administered in
combination with an adjuvant such as aluminum hydroxide,
may be used to stimulate the formation of toxin-
neutralizing antibodies. Examples of toxins that may be
used as an immunogen include bacterial endotoxins and
exotoxins, enterotoxins including heat-labile enterotoxins
(LT), heat stable enterotoxins (ST), verotoxin (VT), and
the like. Bacterial exotoxin immunogens are secreted into

the surrounding medium, and 1include, for example,
diphtheria toxin (Corynebacterium diphtheriae), tetanus
toxin (Clostridium tetani), enterotoxins secreted by
Staphylococcus aureus, botulinus toxins (Clostridium
botulinum); and toxins produced by algae such as
neurotoxins; and the like. Heat-stable endotoxins,

released by autolysis of the bacteria, 1include, for
example, cholera toxins released from the gram negative
Vibrio cholerae, colicins produced by intestinal bacteria

such as E. coli (bacteriocin). 1In brief, toxoids may be
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prepared, for example, by culturing the bacteria and,
after the required growth 1is attained, filtering the
culture to obtain a filtrate containing the toxin
(exotoxin), precipitating the toxin from the filtrate
using, for example, a concentrated salt solution, washing
the precipitated toxin and purifying it by dialysis, and
then detoxifying the toxin with formaldehyde. An implant
may contain the detoxified toxin (toxoid) plain or with an
adjuvant such as alum, aluminum hydroxide or aluminum
phosphate. Other toxins may be cell associated and
released by zrupturing the cell wall by sonication or
French pressure, and the like, and the ruptured material
then centrifuged and treated as described above.

Another useful immunogen is an allergen such as
pollen, danders, mold spores, mycelial fragments,
epidermals, and the like, capable of stimulating IgE
production.

Also useful is a hapten, or low molecular weight
substance such as an antibiotic, drug, peptide, among
others, which when conjugated to an immunogenic carrier
such as a protein, carbohydrate, 1lipid, or other like
carrier, for example, BSA and KLH, using a bifunctional
coupling agent, will induce an immune response directed
against the parts of the conjugate. The preparation of
hapten immunogens is described, for example, in Harlow and
Lane, Antibodies: A Laborate: Manual, pages 72-87,
Cold Spring Harbor Laboratory, Cold Spring Harbor,
New York, NY (1988).

Another immunogen is an anti-idiotype antibody
that reacts with the antigen binding site of the idiotype
antibody, and structurally mimics the epitope, i.e.,
contains the internal image of the epitope. The anti-
idiotype may be used as an immunogen to induce antibodies
against the original epitope. Briefly, anti-idiotypic
antibodies may be induced by injectling an antigen into a
rabbit and allowing the immune  system to produce
immunoglobulins. These immunoglobulins are then harvested
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and injected into a second animal such as a domestic hen.
The hen then mounts an 1i1mmune response to the foreign
antibodies with the production of immunoglobulins that
mimic the original antigen. Anti-idiotype antibodies may
then be isolated from the yolks of eggs laid by the hen by
methods known in the art, and used as an original
immunogen. A useful method for isolating antibodies from
egg vyolks 1s according to the method described in
co-pending U.S. patent application Serial No. 08/188,514,
entitled "Method for Purifying Egg Yolk Immunoglobulins."
For further discussion of anti-idiotypes as vaccines, see,

for example, Bhogal et al., Crit. Rev. Poultry Biol. 3:
53-68 (1991); and Bhogal et al., Infection and Immunity

56: 1113-1119 (1988).

The i1immunogen may also be derived from RNA or
DNA viruses. Examples of such viruses include New Castle
disease virus (NCDV), hemorrhagic enteriditis virus (HEV),
infectious rhinotracheitis wvirus (IBRV), bovine viral
diarrhea virus (BVDV), bovine respiratory syncytial virus
(BRSV), hog cholera virus (HCV), equine encephalomyelitis
virus (EEV), canine distemper virus, fowl pox virus,
rabies virus, avian leukosis virus, turkey <virus,
infectious bursal disease virus, infectious bronchitis
virus, avian influenza virus, avian encephalomyelitis
virus, among others. Techniques for the preparation of
virus-derived immunogens are Kknown in the art, and
described, for example, in Ulmer et al., Science 259: 1745
(1993); Male et al., Advanced Immunology, pages 14.1-
14.15, J.B. Lippincott Co., Philadelphia, PA (1989).

Immunogens may also be derived from bacteria
such as Escherichia coli; Salmonella spp. such as
Saimonella agona, Salmonella blockley, Salmonella
enteriditis, Salmonella hadar, Salmonella heidelberg,
Salmonella montevideo, Salmonella senftenberg, Salmonella
cholerasuls; Pasteurella spp. such as Pasteurella
haemolytica and Pasteurella multocida; Pseudomonas spp.
such as Pseudomonas aeruginosa; Klebsiella spp. such as
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Klebsiella pneumoniae,; Actinobacillus spp. such as A.

pleuropneumoniae, Haemophilus spp. such as H. parasuis;

Streptococcus spp. such as S. suis, Bordetella spp. such

as B. bronchiseptica, B. avium,; among other gram negative

F

bacteria. Examples of gram positive bacteria from which

useful 1mmunogens may be derived 1nclude Staphylococcus
spp., Streptococcus spp., Erysipelothrix spp., Clostridium
spp., among others.

The i1mmunogenic agent may also be derived from a

fungl or mold such as Aspergillus flavus, Aspergillus
fumigatis, Penicillium spp., Fusarium spp., Candida spp.

such as C. Trichophyton spp., Rhizopus spp., and other

fungl and molds; protozoa such as Treponema, Toxoplasma,
Cryptococcus, Coccidia, Histomoniasis, Hexamitiasis,
Giardia, among others; spilrochetes such as Borrelia spp:;

nematodes 1including Ascaris spp., ITrichinella spp., and

the 1like, helminthes such as flukes, tapeworms, among

others; and other 1like pathogenic organisms. Methods for

preparing i1mmunogens derived from fungil, molds, protozoa,

nematodes, and helminthes are known 1n the art, and

described, for example, by Douglas R. Yearout, 1988 Proc.

P
—

Assoc. of Avian Veterinarians, pages 139-144 (1988)

(aspergillus).
A useful 1mmunogenic agent 1s a siderophore

receptor protein (SRP) which 1s a protein or subunit

immunogenlic peptide of the protein derived from the outer

membrane of a gram-negative bacterilia or other pathogenic

organism such as a mold or fungus, that will bind a

siderophore, or i1ron-binding protein. Implants containing

an SRP immunogen can be administered to elicit an i1mmune

response 1n an animal with the production of anti-SRP

ﬁ

antibodies that react with SRPs of the same organism from

which the SRP 1mmunogen was derived or cross-react with a

SRP of a pathogenic organism of a different strain,

H

species ©or genus. Examples of siderophore receptor

proteins are reactive with siderophores, such as

hydroxamates and phenolates such as aerobactin,
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enterochelin, citrate, multocidin, ferrichrome, coprogen,

mycobactin, and the 1like, or an 1mmunogenic fragment

—~ —

thereof, that will stimulate production of anti-SRP

antibodies.

Siderophore receptor proteins having a

F

molecular weight of about 72-96 kDa, as determined by

SDS-PAGE, have been 1solated from E. coli, Salmonella

spp., Pasteurella spp., Pseudomonas spp., and Klebsiella

spp. An 1mplant may be formulated to contain, for

F

example, one or more SRPs derived from a serotype of E.

coli such as E. coli serotype 0la, 02a and/or 078
(American Type Culture Collection (ATCC), Bethesda, MD,
ATCC Accesslion no. 55652, on January 3, 1995), the SRP
having a molecular weight of about 89 kDa, 84 kDa, 78 kDa
or 12 kDa (SDS~-PAGE) , and effective to stimulate

antibodies 1mmunoreactive with the E. coli from which the
protelin 1s derived and a second gram-negative bacteria

such as a species of Salmonella, Pseudomonas, Klebsiella,

and/or Pasteurella. Another useful implant may include one

or more SRPs derived from a species of Pasteurella, having
a molecular weight of about 96 kDa, 84 kDa or 80 kDa;

ﬁ

and/or a species of Salmonella having a molecular weight
of about 89 kbDa, 81 kDa or 72 kDa. In brief, to obtain

SRPs for use as i1mmunogens, the SRP-producing organism 1is

cultured 1n a medium that lacks 1ron or i1ncludes an 1iron

chelating agent and, after harvesting, the SRPs are

separated from the organism's outer membrane and purified

py treating with an anionic detergent, preferably sodium

dodecyl sulfate (SDS) and under nonreducing conditions.

Yet another 1implant wuseful in the present

method 18 one that 1s formulated to contaln vasoactive

intestinal peptide (VIP), or an immunogenic fragment

b

Chereof. VIP 1s an about 28 amino acid, synthetically

produced peptide, that has been shown to control the

release of prolactin 1n a hen. This, in turn, inhibits

F

nesting behavior, or broodiness, of a hen. VIP 1is

commercially available, for
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example, from Peninsula Laboratory, Inc., Belmont,

California. Active immunization by injection with

neutralized, endogenous VIP in Freund’s incomplete
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adjuvant has shown a decrease 1n circulating prolactin and
elimination of nesting behavior in hens. However, such
injections 1induce severe granuloma formation and cause
added stress to the hen. Surprisingly, the present method
of administering a VIP preparation formulated as a
metabolizable implant for slow release into the hen has
been shown to effectively immunize hens without inducing
granuloma formation or other adverse reactions.

In brief, a VIP implant may be prepared by
linking the VIP to a carrier protein such as KLH or BSA by
means of a bifunctional coupling agent such as m-
maleimidobenzoyl-N-hydroxysuccinimide (MBS), carbodiimide,
bis-diasotized Dbensidene (BDB) , among others, as
described, for example, in Francis et al., J. Gen. Virol.,
66:2347-2354 (1985). Preferably, the VIP-KLH conjugate is
incorporated 1nto a metabolizable implant material,
preferably a cholesterol-based material, which provides
sustained release of an effective amount of VIP from the
implant matrix 1into the tissue fluids of the hen to
suppress the release of prolactin in the bird. This, in
turn, maintains egg production by 1inhibiting nesting
behavior in the hen. The VIP implant i1s formulated to
contain about 25-5000 ug VIP per mg of the implant matrix,
preferably about 25-1000 ug/mg, and to provide a rate of
release of VIP from the matrix of about 0.01-2 ug/kg
weight of the hen per day, preferably about 0.15-1
ug/kg/day. The hen may be treated to receive VIP over an
about 1-210 day period, using one or more VIP-containing
implants. A preferred implant contains about 16 ug/mg,
and provides a release of about 2.5-3 ug/day in a 30 1lb

(13.6 kg) hen.

Ad-juvants. The implant may include physiologically-
acceptable adjuvants as desired to enhance the immune
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response 1n the animal. Such adjuvants 1include, for
example, aluminum hydroxide, aluminum phosphate, Freund’s
incomplete adjuvant (FIA), liposomes, immunostimulating
complex (ISCOM), muramyldipeptide (MDP), polysaccharides
5 such as Acemann, and the like. Preferred adjuvants are
Al (OH), combined with the antigen at about 0.5%, and FIA
combined with the i1immunogen at a ratio of about 1:1.
Preferably, where included, the implant matrix comprises
about 0.01-10 wt-% of an adjuvant.
10
Additives. The implant may be formulated with one or more
additives to maintain isotonicity, physiological pH and
stability, for example, a buffer such as physiological
saline (0.85%), phosphate-buffered saline (PBS), citrate
15 buffers, Tris(hydroxymethyl aminomethane (TRIS), Tris-
buffered saline and the like, and/or a preservative such
as thimersol, formalin, glutaraldehyde, or an antibiotic,
for example, neomycin or streptomycin, and the like.
It is also envisioned that the immunogen may be
20 combined with a biocompatible, and optionally synergistic,
immunomodulator that cooperatively stimulates antibody
production, as for example, recombinant cytokines such as
TGF-beta, interferons, activating factors,
chemoattractants, interleukins such as IL-1, IL-2, IL-4,
25 IL-5, IL-6, complex carbohydrates such as Acemann
(available commercially from Solvay), and other 1like

substances. Immunomodulators are described, for example,

in Hudson and Hay, Practical Immunology, pages 423-441,
Blackwell Scientific Publications, London (1989): and
30 Male et al., Advanced Immunology, pages 11.1-11.16,

J.B. Lippincott Co., Philadelphia, PA (1991).

The matrix may optionally be formulated to
include a soluble or insoluble pore-forming agent that
will dissipate from the matrix into surrounding tissue

35 fluids causing the formation of pores and/or channels
throughout the implant matrix. Examples of such pore-

forming agents include sodium chloride and other salts;

PRTT— prrenpperec Hr b Ak A £ i » 2 Pnd 30153 § vhidt td Lol ldrt s Bl Al BAl 4l Al A= LB AR B Ladud b v ad L B (s e d e et ot o 8 A 8 s O e T w on i B8 1 1 i pet S I b s AL AR od AEME ATl 2l b £ a1 s MBI AT w114 003 1900 saania el 10 d 1ay* 20e 1720 b du i 1id B e A A s N R s A R R A A A A AR i AR ASAN AR daniessad ombes ssmniedndn




WO 96/01620 o - 219 44 4 8 .  rcr/Us9so1304

10

15

20

25

30

35

Lkt ieeeaerin 4 = b 12 4s bt AN et et AR AT 4o VTR P Syt ST N TR T ST LA S T Aoy sy e 1 e T T SOOI AP +40tes i s ey 648 1476 o i T TN Ao DA ST ST SR AR ST TN (PO T UUTI rTUUUTTUITEIE S04 FHAN AP LN ACHIIRS S (raidh CIAPRIR FOt ot 4 -0 M T MV M et b b et -4

17

carboxymethylcellulose, polyethylene glycol and other
polymers; starch, glucose and other carbohydrates; amino
acids and low molecular weight non-immunogenic proteins
and the like. The implant matrix may be formulated to
include about 0.05-65 wt-% of a pore-forming agent.

Dosage and A ist : The implant may be used to
immunize domestic fowl and other animals such as
livestock, horses, companion animals such as cats and
dogs, and humans, against infection caused by one or more
pathogenic organisms such as a virus, gram-negative
bacteria, fungi, mold, and the like. Choice of the
particular formulation will depend upon the condition to
be treated and the desired release rate, which choice is
made by an animal-care professional.

The implant is formulated with an amount of the
immunogenic agent effective to provide a desired priming
function for the animal’s i1mmune system. The "effective
amount" of the immunogenic agent included in the matrix is
according to the desired release profile, the
concentration of immunogen required for a desired priming
effect, and the period of time over which the immunogen is
to be released. Factors bearing on the vaccine dosage
include, for example, the age and weight of the animal.
Ultimately, the amount of the immunogen included in the
implant is determined by an animal care professional.
There is generally no maximum amount of the immunogenic
agent that is incorporated into the solid matrix, except
for physical limitations that allow the immunogenic agent
to be held within the matrix and released in a
predetermined manner. Generally, the 1i1mplant 1is
formulated to contain about 25-5000 ug of the immunogenic
agent per mg of the implant matrix, preferably about 100-
2000 ug/mg, preferably about 250-1000 ug/mg.

Advantageously, the present method.providés for
the continuous delivery of an immunogenic agent into the
circulatory system of the animal as the level of
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circulating maternal antibodies diminishes over time and
becomes insufficient for providing passive protection
against infection by a pathogen. The continuous presence
and amount of the immunogenic substance released from the
implant matrix provides a priming dose of the antigen
effective to stimulate an immune response 1n the animal in
the presence of decreasing maternal antibody titers,
substantially immediately upon challenge by a pathogenic
bacteria, virus or other organism. In avian species an
about 60- to 90-day release 1implant c¢ontaining the
immunogen will be suitable for delivery of the immunogen,
while in mammals, an about 90-day implant 1s preferred.

The in vivo release rate and extent of release
of the immunogenic ageﬁt from the solid implant matrix may
be effectively controlled and optimized, for example, by
varying the matrix formulation according to the desired
duration or time interval for maintaining the solid matrix
within the implant site, and by varying the type and
amount of adjuvants and additives, such as plasticizing
agents, and by the size, shape, porosity, solubility and
biodegradability of the matrix, among other factors,
according to practices known and used 1n the art. The
release of the immunogen from the matrix may also be
varied according to the form and solubility of the
immunogenic agent 1in tissue fluilds, the distribution of
the immunogen within the matrix, among other factors.

The implant is formulated to release a linear
dosage amount of the immunogenic agent into the body of
the animal over a period of about 1-90 days, preferably
about 1-60 days. The release 1s based on the
biodegradability, bioabsorbability and/or biocerodibility
of the implant matrix 1in the body of the animal. For
example, a cholesterol-based 60-day release implant pellet
(Innovative Research) containing about 25-5000 ug of
protein antigen per mg implant matrix, for example, E.
coli siderophore protein antigen, mailntalning a linear

release, will release on a daily basis, about 0.4-83
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ug/day of protein immunogen. A similar cholesterol-based
2l1-day implant containing about 5000 ug protein antigen
will release about 238 ug/day, and a 90-day implant will
release about 56 ug/day. Thus, the implant is formulated
to 1include an amount of an immunogen to provide the
desired amount released into the bloodstream over a
predetermined time period.

Once implanted, the implant matrix provides for
the sustained release of the immunogenic agent into
surrounding tissue fluids in the presence of circulating
maternal antibodies over the desired time period,
preferably disintegrating gradually by the action of the
animal’s system. The amount of immunogen released from
the 1implant will effectively induce a primary immune
response in the animal, so that the animal will respond by
the production of antibodies (i.e., secondary immune
response) when there is later contact with the immunogen
and/or pathogenic organism and the material antibody titer
is no longer at a protective level.

Once the animal 1s primed, a booster is
advantageously administered to the animal to stimulate a
secondary immune response in the animal. The booster may
be 1n the form of a second sustained-release implant
containing the immunogenic agent, an injectable 1liquid
vaccine, a modified live vaccine, a natural exposure to
the immunogen/pathogen, or other suitable means. For
example, a booster effect 1n a bird primed with SRPs may
come from a natural field exposure with a bacteria that
expresses an SRP that will cause a rise in anti-SRP
antibody titers. The level of anti-SRP antibodies then
remains elevated throughout the 1life of the bird to
protect the animal against lethal challenge by the
pathogenic organism. An animal may also be boosted to
stimulate a secondary response by injection with an
immunogen, for example, a modified live vaccine, at a time
after implantation. For example, a 21-day implant
containing about 50-500 ug protein antigen and having a
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release rate of about 8.3 ug/day, may be administered to
a one-day old turkey poult, and then a booster injection
containing about 500-1500 ug protein may be administered
to the poult after the expiration date of the implant
(i.e., after 21 days), for example, at about 28-42 days
after implantation, to stimulate a secondary immune
response. The booster may also be provided from the
continued release of the immunogen from the implant used
for priming the animal, in which case, after the animal
has been primed and becomes immunologically mature and
decreasing maternal antibody titers no longer provide
effective protection, the continued release of the
immunogen from the implant may induce active production of
antibodies (i.e., secondary response) in the animal.

The amount of 1mmunogen released from the
implant to provide a priming response is effective to
induce a secondary i1immune response in the animal upon
delivery of the booster immunogen and/or upon challenge by
a pathogenic organism resulting in an about 5-50 times
higher antibody titer over pre-challenge antibody titers,
as measured by Enzyme Linked Immunosorbent Assay (ELISA)
assay, more preferably an about 25-100 fold increase,
within about 12-48 hours of receiving the booster and/or
challenge, preferably within about 6-24 hours.
Preferably, the active antibody titer after the booster or
post-challenge, i1s about 10-1000, preferably about 50-500.

In a preferred method, the serological profile
of maternal antibody to a particular immunogen is
monitored by flock profiling the vaccinated animals by
immunoassay, preferably using a direct ELISA as known and
used in the art, for example, a commercially-available
ELISA kit for the antigen being assayed. The booster is
advantageously administered when the maternal antibody
titers have declined to a 1level at which there 1is
inadequate protection provided against infection by a
pathogenic organism, for example, to a titer about 5-10%
of peak measurement (i1.e., an antibody titer of about 50-
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100 following a peak titer of 1000). The animal is then
boosted to elicit a secondary immune response which 1is
then monitored by testing blood samples by i1mmunoassay.
For example, the primary immune response to siderophore
receptor protein immunogen(s) (SRPs) can be monitored by
vaccinating a group of birds at about 3-weeks of age and
testing blood samples at about 5-day intervals for about
20 days. At twenty days post-implantation, birds may then
be intramuscularly boosted with FE. coli 078, a gram-
negative bacteria that expresses four SRPs on its surface.
The birds that have been vaccinated against the proteins
will then mount a secondary 1mmune response to the
proteins. This response can be monitored by taking blood
samples from the birds at about 2-4 day 1intervals and
determining the antibody response by ELISA using SRPs as
the capture molecule to react with antibodies specific for
SRP.

To determine whether the secondary antibody
response 1is protective, a quantitative clearance may be
performed by estimating the number of E. coli 1n organs of
the animal. For example, at 24-hour 1intervals after
challenge, the 1liver and spleens may be aseptically
removed from a limited number of animals 1in the group
(vaccinated and non-vaccinated), macerated, and then
standard plate counts performed to enumerate the number of
bacteria pexr gram of tissue. The data from the vaccinated
birds are compared to non-vaccilinated birds, and
extrapolated to the remaining animals 1n the group.

Administration of the implant 1s ultimately done
under the wisdom and protocol of a veterilnarlan or ot:ner
animal-care professional. The implant 1s advantageously
and preferably subcutaneously implanted 11 a 1l-day old
animal. The implant may also be administered to a youngd
animal up to about 90 days of age, preferably about
1-60 days of age, preferably about 1-25 days of age.
Implantation 1s achieved by a suitable method known and

used 1in art, for example, by surgical 1incision, oOr

AMENDED SHEET
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injection gun.

The 1nvention will be further described by
reference to the following detailed examples, wherein the
methodologies are as described below. These examples are
not meant to limit the scope of the invention that has
been set forth 1in the foregoing description. Variation
within the concepts of the invention are apparent to those
skilled 1n the art. The disclosures of the cited
references, patents and co-pending patent applications
throughout the application are incorporated by reference

herein.

EXAMPLE 1
Priming a l-day old Poult
against Infection by New Castle Disease Virus (NDV)

Forty 1-day old turkey poults were each
administered a 60-day release, cholesterol-based,
metabolizable implant (10 mg; Innovative Research, Toledo,
OH) by subcutaneous 1injection using an 1injection gun.
Twenty of the poults, 1.e. test birds, were implanted with
an implant loaded with 10,000 virus particles/implant of
New Castle Disease (NCD) virus (LaSota strain) (Solvay
Animal Heath, Mendota Heights, MN). The stock virus was
resuspended 1in buffered saline and 0.6 ml of @
propiolactone (Sigma) was added to 1nactivate the virus.
The killed stock suspension was diluted to 10,000 wvirus
particles and lyophilized with the implant matrix to
provide 10,000 virus particles/implant. Twenty of the
poults, i.e. control birds, received a placebo implant.

The maternal antibody to NDV was monitored using
an NDV-ELISA (commercially available from Kirkegaard &
Perry Laboratories, Gaithersburg, Maryland). The
serological response was monltored at 7-day 1intervals
through 42 days post-implantation. The results are shown
in FIGURE 1A. At 60 days following implantation, the
birds were challenged by intravenously injecting 1l-ml of

a solution of killed NDV wvirus at 10,000 wvirus
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particles/bird in physiological saline. The serological

response to challenge was monitored at 1, 3, and 6 days

post-challenge using the above assay.
As shown in FIGURE 1B, all of the test birds

implanted - with the immunogen-containing implant
sero-converted, and showed a significant secondary immune

response after challenge as compared to the non-vaccinated

controls.

EXAMPLE 2

Priming a l-day old Poult
against Infection by Gram-negative Bacteria

A 60-day cholesterol-based matrix of 10 mg, as
described 1n Example 1, was prepared with siderophore
receptor proteins derived from Pasteurella multocida
(turkey 1solate; ATCC P-1059) by the following method .

P. multocida serotype A:3 (700 ml at 10°
colonies/ml) was inoculated into a Virtis bench-top
fermenter (Virtis, Inc., Gardiner, NY), charged with 20-L
of brain-heart infusion (BHI, Difco Laboratories,
Detroit, MI) containing 50 jugrams/ml of dipyridyl
(Sigma Chemical Co., St. Louis, MO) at 41°C. This isolate
has been shown to produce three siderophore receptor
proteins for (M.W. 96 kDa, 84 kDa, 80 kDa) under iron-
restrictive conditions. The pH was held constant at 7.4
by automatic titration with 5N NaOH. The fermenter was
stirred at 400 rpm. The culture was grown continuously
for 18 hours after which the bacteria were removed by
continuous-flow centrifugation at 20,000 x g at 4°C using
a Beckman (Model J2-21M) centrifuge (Beckman Instruments,
Eden Prairie, MN). The pelletized bacteria were washed
two times with 1,000 ml physiological saline (0.85%) to
remove contaminating culture media proteins.

The bacteria were resuspended in tris-buffered
saline (TBS) containing 2.0% sodium N-lauroyl sarcosinate
(SARKOSYL™, Sigma Chemical Co., St. Louis, MO), optical
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density 5%, 540 nm. The suspension was incubated at 4°C
for 45 minutes with continuous stirring. The cells were
then disrupted using a continuous-flow cell sonicator
(Banson 450, Danbury, CT) at 4°C, with a maximum flow rate
of 5 gph. The disrupted cell suspension was centrifuged
at 16,000 x g for 20 minutes.

The effluent from the continuous-flow cell
sonicator containing the outer membrane proteins was
collected and concentrated using ethanol precipitation at
-20°C. It 1s understood that the supernatant may also be
concentrated by membrane concentration using a high
capacity benchtop filtration system, such as Model DC10L
with a 30,000 MW cut off spiral cartridge (Amicon,
Danvers, MASS). The concentrated material (10% T at 540
nm) was solubilized using 0.2 percent sodium dodecyl
sulfate (SDS) in TBS at pH 7.4.

The elution profile of the concentrated material
treated with 0.2% 8SDS 1s shown 1n FIGURE 2. The
solubilized material was applied to a Vantage column
(Amicon, Danvers, MA) containing 3.2-L of cellufine fast
flow GC-700 gel matrix (Amicon, Danvers, MA) equilibrated
with TBS containing 0.2% SDS at 25°C. Purification of the
protein was monitored by UV absorption at 280 nm. Flow
rate through the column was 3,000 ml/hr and 20-ml
fractions were collected using a UA-5 Detector and
Retriever 5 fraction collector (ISCO, Inc., Lincoln, NE).
Fractions from each peak were pooled and concentrated
using a Diaflo ultrafiltration apparatus with a 50,000
MWCO membrane. Concentrated material from each peak was
examined by gel electrophoresis. As shown in FIGURE 2,
peak 1 contained approximately 85% pure siderophore
proteins. This solution was ethanol precipitated at -20°C
for 24 hours to remove the SDS, and then resuspended 1in
phosphate buffered saline. The amount of protein was

determined using a Pierce BCA proteln assay (Pierce,
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Rockford, IL).

The precipitate containing siderophore receptor
proteins of P. multocida serotype A:3, was resuspended in
physiological saline (0.85%) containing 0.1% formalin as
a preservative. The protein concentration was 2500 ug/ml.

The 1implant was loaded with the SRPs from
P. multocida, such that the implant had a protein
concentration of 100 pg/mg or 1000 ug SRP per implant.
Twenty l-day old poults (test birds) were implanted with
the 60-day release, protein-loaded implant. Forty birds
received a placebo implant, and were used as controls.

FIGURE 3 shows the decay pattern in the maternal
antibody to SRPs from 7-28 days in both the vaccinated and
non-vaccinated groups. The maternal antibody levels were
measured by ELISA using SRPs as the capture molecule. At
49 days after implantation, a rise 1in SRP titer was
observed in both groups. This increase in SRP titers was
likely due to a non-specific challenge with an organism
that expressed SRPs that have been shown to cross-react
with the SRPs from P. multocida. The birds in the
vaccinated group showed a significantly higher SRP titer
in comparison to the non-vaccinated control birds. This
increased response 1indicates that there was a priming
effect by the release of SRP immunogen from the implant in
the SRP-implanted birds that resulted 1n a secondary
immune response from the natural field exposure with an
organism expressing SRPs which acted as a booster to
stimulate antibody production.

At 70 days following implantation, all birds
were challenged by intramuscular injection of 1-ml of
sterile saline containing 659 colony forming units (CFU)
of P. multocida ATCC P-1059. Mortality was recorded daily
for two weeks post-challenge.

Table 1, below, shows the mortality between the
vaccinated and non-vaccinated turkeys following challenge
with virulent Pasteurella multocida P-1059.
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TABLE 1
Number of dead/total tested (%)
5 Non-Vaccinated SRP-Vaccilinated
23/38 (61%) 5/16 (31%)
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Twenty-three (61%) of the non-vaccinated birds
died within 14 days after challenge showing only a 39%
liveability. In contrast, only 5 out of 16 birds (31%) of
the SRP-vaccinated group died, with a liveability of 69%.

These results demonstrate that a vaccine
presented to a bird at 1-day of age in the form of an
implant matrix and the sustalned release of protein
immunogen from the implant 1in the presence of maternal
antibody, effectively induced a priming response in the
birds to provide protection to a later challenge by a
pathogenic organism. In particular, the observed increase
in antibody titers when the birds were field challenged at
49 days after implantation, shows that the release of the
immunogen from the implant effectively primed the birds in
the presence of maternal antibodies so that the birds were
capable of producing antibodies 1n a secondary immune
response when maternal antibody titers no longer provided
effective protection against the pathogen.

An implant incorporating a siderophore receptor
protein (SRP) is useful for achieving clinical efficacy of
cross-reactive and cross-protective 1mmunization against
two or more different strains, species and/or genera of

gram-negative bacteria or other organisms capable of

expressing SRPs. An implant containing an SRP reactive
with an aerobactin siderophore, an enterochelin
siderophore, a citrate  siderophore, a multocidin

siderophore, and/or a ferrichrome siderophore, may be used
to stimulate production of antibodies that cross-react
with a number of different bacteria that express one or
more of these receptor proteins. The effectiveness of the

implant is due, at 1least 1n part, to the conservative
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nature of the outer membrane SRPs which are cross-reactive
with siderophores produced by two or more different
species, strains and/or genera of Enterobacteriaceae such
as E. coli, Salmonella, and other gram-negative bacteria
within other families such as Pasteurella and/or
Pseudomonas.

EXAMPLE 3
Priming with Implant containing Bovine Serum Albumin

Twelve 1-day old turkey poults were each
administered a 21-day release, cholesterol-based,
metabolizable implant (10 mg; Innovative Research, Toledo,
OH). Six of the birds (i.e., test birds) were implanted
with the implant 1loaded with 250 ug/mg bovine serum
albumin (BSA) (Sigma). The six remaining birds received
a placebo implant with no BSA, and were used as controls.
Sero-conversion to BSA was monitored at 7, 21, 35, 49, 56
and 66 days post implantation and compared to the control
birds. At 66 days following implantation, the birds were
challenged by intravenously injecting 1-ml of a solution
of BSA in physiological saline (1000 ug/ml) .

As shown in FIGURE 4, all BSA-implanted test
birds sero-converted, and showed a significant secondary
immune response after challenge as compared to the non-

vaccinated controls.

EXAMPLE 4

Priming 2-week old turkeys
with Bovine Serum Albumin (BSA)

Twenty-four 2-week old turkeys were equally
divided into two groups of twelve and 1mplanted with a
cholesterol-based, metabolizable i1mplant as described in
Example 1. The first group of birds received a 60-day
release implant, six of the birds (i.e., test birds)
receiving the implant loaded with 500 ug BSA, and the
remaining six birds (i.e., control birds) receiving a
placebo implant. The second group of birds received a
90-day release implant, six of the birds (i1i.e., test
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birds) receiving the implant loaded with 1000 ug BSA, and
the remaining six birds (i.e., control birds) receiving a

placebo implant.

Sero-conversion ©of the birds to BSA was
monitored at 7, 21, 35, 49, 56 and 66 days post-
implantation and compared to their corresponding controls.
At 66 days following implantation, the birds were
challenged by intravenously 1njecting 1-ml of sterile
saline containing 1000 ug/ml BSA.

As shown 1n FIGURES 5-7, all BSA-implanted test
birds sero-converted as compared to the control birds, and
showed a significant secondary 1mmune response after

challenge as compared to the non-vaccinated controls.

EXAMPLE 5
Priming with Vasocactive Intestinal Peptide (VIP)

A cholesterol-based implant was prepared with
vasoactive intestinal peptide, and administered to breeder
hens to control broodiness or nesting behavior.

Vasoactive intestinal peptide (1 mg; purified;
Peninsula Laboratory 1Inc., Belmont, California) was
ccnjugated to 1 mg keyvhole limpet hemocyanin/MPS at a

ratio of (1:1), according to the method of Lerner et al.,

Proc. Natl. Acad. Sci. 78:3403-3407 (1981). Briefly,
kevhole limpet hemocyanin (KLH, Calbiochem) and

m-maleimidobenzoyl -N-hydroxysuccinimide (MBS, Calbiochem)
were dissolved in a carrier by adding 5 mg KLH to 250 ml
of 0.05 M phosphate buffer (pH 6.0) and 5 mg MBS to 100 ml
N,N, -dimethylformamide (Sigma). Ten wul of the MBS
solution and 200 ul of the KLH solution were combined and
incubated at 25°C for 30 minutes. The KLH/MBS suspension
was then loaded onto a G-25 column matrix, and fractions
absorbing at 280 nm were pooled and used for conjugation.

The VIP (3.6 mg) was solubilized in dH,0 and
added to 3.6 mg of the MBS/KLH suspension in 0.05 M
phosphate buffer (pH 7.0) at a 1:1 ratio and incubated at
28°C for 3 hours. The resulting VIP-KLH/MBS conjugate was
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incorporated into 21- and 60-day release, cholesterol-
based, metabolizable implants at 160 ug/capsule
(Innovative Research of America Toledo, Ohio).

Twelve 1l5-week o0ld breeder hens were divided
into two groups of six, designated as Groups A and B. In
Group A, four birds received the VIP-KLH/MBS conjugate,
two birds received the 21-day implant and two birds
received the 60-day release implant. The two remaining
birds in Group A remained as non-implanted controls. All
six birds in Group B received a placebo implant and
remained as controls.

At three weeks from the expiration date of the
21-day release implant, the two 21-day implanted birds in
Group A each received a 60-day release implant containing
160 pug VIP-KLH/MBS conjugate, giving  these birds an
additional 60 days of treatment.

Beginning at 22 weeks, the hens began to lay
eggs. Eggs were collected from the hens at daily
intervals for 10 weeks of production. Over that time, the
VIP-treated birds produced 180 eggs. By comparison, the
untreated control group produced only 16 eggs in that time

period.

In the VIP group, all four
implanted birds went into production. By comparison, the
two control birds in this group, under identical
conditions, did not 1lay any eggs. Only two of the six

birds in the control group laid eggs. It was also

observed that the VIP-containing implants did not induce
any granuloma formation or any other adverse reaction in
the VIP-implanted birds.
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EXAMPLE 6
Priming Turkeys at l-Day of Age
with Hemorrhagic Enteritis Virus (HEV)
5 Thirty 1l-day old turkey poults were each
administered a 60-day release, cholesterol-based

10
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20
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30

metabolizable implant. Fifteen of the birds received the
implant loaded with 10° TCID,, killed HEV particles. The
remaining fifteen birds received a placebo implant with no
HEV and were used as controls. At seventy days after
implantation, all of the birds were challenged by
intravenously injecting 1l-ml of sterile saline containing
102 TCID., virulent HEV particles. Mortality was recorded
daily for two weeks post-challenge.

Table 2, below, shows the mortality between the
vaccinated and non-vaccinated birds following an HEV

challenge.

Table 2

Numbers of dead/total tested

Non-Vaccinated vVaccinated

6/15 (40%) 0/15

Six (40%) of the non-vaccinated birds died
within 14 days after challenge. By comparison, none of
the birds in the wvaccinated group died. These results
demonstrate that a vaccine presented to a bird at 1-day of
age in the form of a metabolizable implant can induce

effective protection to a later viral challenge.
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WHAT IS CLAIMED IS

. Use of a biocompatible implant for the manufacture of a medicament for inducing an
immune response in an immunologically immature animal in which maternal antibodies are
circulating, wherein the implant releasably contains an immunogen therein, and the implant
provides sustained release, delayed release, or a combination thereof, of the immunogen into the
tissue fluids of the animal in an amount effective to stimulate a primary immune response to the
immunogen in the animal in the presence of circulating maternal antibodies, said primary
immune response being effective to stimulate a secondary immune response in the animal upon

subsequent contact with the immunogen.

2. Use of a biocompatible implant for the manufacture of a medicament for inducing an
immune response in an immunologically immature animal according to claim |, wherein the

immunologically immature animal is a one-day old animal.

3. Use of a biocompatible implant for the manufacture of a medicament for inducing an
immune response in an immunologically immature animal according to claim 1, wherein the
immune response is induced in the animal in the presence of circulating maternal antibodies at

about 1-90 days of age.

4. Use of a biocompatible implant for the manufacture of a medicament for inducing an
immune response in an immunologically immature animal according to claim 1, wherein the
immune response is induced in the animal in the presence of circulating maternal antibodies at

about 1-25 days of age.

S. Use of a biocompatible implant for the manufacture of a medicament for inducing an
immune response in an immunologically immature animal according to claim 1, wherein the
secondary immune response provides about a 5-100 fold increase in anti-immunogen antibody

titres in the animal.

6. Use of a biocompatible implant for the manufacture of a medicament for inducing an
immune response in an immunologically immature animal according to claim 5, wherein the

increase in antibody titres is at about 6-48 hours after the contact with the immunogen.
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7. Use of a biocompatible implant for the manufacture of a medicament for inducing an
immune response in an immunologically immature animal according to claim 1, wherein the
secondary immune response 1s enhanced by a booster in the form of an implant or an injectable

liquid.

8. Use of a biocompatible implant for the manufacture of a medicament for inducing an
immune response in an immunologically immature animal according to claim 1, wherein the

secondary immune response is enhanced by a booster in the form of a modified live vaccine.

9. Use of a biocompatible implant for the manufacture of a medicament for inducing an
Immune response in an immunologically immature animal according to claim I, wherein the
animal is selected from the group consisting of domestic fowl, livestock, horses, humans and

companion animals.

10. Use of a biocompatible implant for the manufacture of a medicament for inducing an
immune response in an immunologically immature animal according to claim I, wherein the

implant contains about 25-5000 ug of the immunogen.

11. Use of a biocompatible implant for the manufacture of a medicament for inducing an
immune response in an immunologically immature animal according to claim 1, wherein the

implant provides a release rate of the immunogen of about 1-100 png per day.

12. Use of a biocompatible implant for the manufacture of a medicament for inducing an
iImmune response in an immunologically immature animal according to claim 1, wherein the
implant is a delayed release implant that provides release of the immunogen at about three weeks

after being administered to the animal.

13. Use of a biocompatible implant for the manufacture of a medicament for inducing an
Immune response in an immunologically immature animal according to claim [, wherein the
implant 1s in a form for administration by surgical incision, by subcutaneous injection, or

intramuscular injection.
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14. Use ot a biocompatible implant for the manufacture of a medicament for inducing an
immune response 1n an immunologically immature animal according to claim 1, wherein the

implant comprises a polymer that is bioabsorbable, biodegradable, bioerodible, or a combination

thereof.

13. Use of a biocompatible implant for the manufacture of a medicament for inducing an
immune response tn an immunologically immature animal according to claim 14, wherein the
polymer is selected from the group consisting of cellulosic polymer, polylactic acid, polyglycolic

acid, polycaprolactone, polyanhydride, polyamide, and copolymers thereof.

16. Use of a biocompatible implant for the manufacture of a medicament for inducing an

Immune response in an immunologically immature animal according to claim 1, wherein the

implant is a cholesterol-based implant.

17. Use of a biocompatible implant for the manufacture of a medicament for inducing an
Immune response in an immunologically immature animal according to claim 1, wherein the
implant comprises a non-erodible synthetic polymer selected from the group consisting of
polyhydroxyalkyl methacrylate, polyacrylamide, polymethacrylamide, polyvinyl pyrollidone,

polyvinyl alcohol, polyethylene, and ethylene-acetate copolymer.

18. Use of a biocompatible implant for the manufacture of a medicament for inducing an
immune response in an immunologically immature animal according to claim I, wherein the
immunogen is derived from a pathogenic organism selected from the group consisting of viruses,

bacteria, fungi, molds, protozoans, nematodes, helminthes, and spirochetes.

19, Use of a biocompatible implant for the manufacture of a medicament for inducing an

immune response 1n an immunologically immature animal according to claim 1, wherein the

immunogen 1s selected from the group consisting of peptides, polypeptides, proteins,

glycoproteins, polysaccharides, lipopolysaccharides, sphingolipids, toxins, and anti-idiotype

antibodies.

20. Use of a biocompatible implant for the manufacture of a medicament for inducing an

iImmune response in an immunologically immature animal according to claim 1, wherein the
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immunogen 1s a polypeptide capable of functioning in the transport of iron across a cell

membrane in an organism.,

21, Use of a biocompatible implant for the manufacture of a medicament for inducing an
Immune response 1n an immunologically immature animal according to claim 1, wherein the

immunogen is derived from a virus or bacterium.

22. Use of a biocompatible implant for the manufacture of a medicament for inducing an
immune response in an immunologically immature animal according to claim 21, wherein the
immunogen 1s derived from a virus selected from the group consisting of New Castle disease
virus, hemorrhagic enteriditis virus, infectious rhinotracheitis virus, infectious bursal disease
virus, infectious bronchitis virus, avian encephalomyelitis virus, bovine viral diarrhea virus,
bovine respiratory syncytial virus, hog cholera virus, equine encephalomyelitis virus, canine

distemper virus, fowl pox virus, rabies virus, avian leukosis virus, and avian influenza virus.

23. Use of a biocompatible implant for the manufacture of a medicament for inducing an
Immune response in an immunologically immature animal according to claim 21, wherein the
immunogen is derived from a bacterium selected from the group consisting of Escherichia coli,
Salmonella, Pasteurella, Pseudomonas, Klebsiella, Actinobacillus, Haemophilus, Streptococcus,

Bordetella, Staphylococcus, Clostridia, Erysipelothrix and Borrelia.

24. Use ot a biocompatible implant for the manufacture of a medicament for inducing an
Immune response in an immunologically immature animal according to claim 1, wherein the

immunogen 1s derived from a fungi or mold selected from the group consisting of Aspergillus,

Penicillium, Fusarium, Rhizopus, Aspergillus fumigatis, and Candida.

25. Use of a biocompatible implant for the manufacture of a medicament for inducing an
immune response in an immunologically immature animal according to claim 1, wherein the

immunogen 1s a polypeptide derived from a gram negative bacteria, mold or fungus.

26. Use of a biocompatible implant for the manufacture of a medicament for inducing an
immune response in an immunologically immature animal according to claim 25, wherein the

polypeptide is a siderophore receptor protein.
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27. Use of a biocompatible implant for the manufacture of a medicament for inductng an
immune response in an immunologically immature animal according to claim 26, wherein the
siderophore receptor protein is reactive with a siderophore selected from the group consisting of
aerobactin, enterochelin, citrate, multocidin, ferrichrome, coprogen, mycobactins, and any

combination thereof.

28. Use of a biocompatible implant for the manufacture of a medicament for inducing an
immune response in an immunologically immature animal according to claim 7, wherein the

booster is an implant that releases the immunogen over an about 1-90 day period.

29. A biocompatible implant for use as a medicament for inducing an immune response to
infection by a gram negative bacteria in an immunologically immature animal in which maternal
antibodies are circulating, wherein the implant comprises a matrix that releasably contains an
immunogen therein, and the implant provides sustained delivery, delayed delivery, or a
combination thereof, of the immunogen into the tissue fluids of the animal in an amount effective
to stimulate a primary immune response to the immunogen in the animal in the presence of
circulating maternal antibodies said primary immune response being effective to stimulate a
secondary immune response in the animal upon subsequent contact with the immunogen to

inhibit or prevent infection by the gram negative bacteria.

30. A biocompatible implant for use as a medicament for inducing an immune response to
infection by a gram negative bacteria in an immunologically immature animal according to

claim 29, wherein the immunogen is selected from the group consisting of peptides, polypeptides,
proteins, glycoproteins, polysaccharides, hpopolysaccharides, sphingolipids, toxins, and anti-

idiotype antibodies.

31. A biocompatible implant for use as a medicament for inducing an immune response to

infection by a gram negative bacteria in an immunologically immature animal according to

claim 29, wherein the immunogen is a polypeptide capable of functioning in the transport of iron

across a cell membrane in an organism.

32. A biocompatible implant for use as a medicament for inducing an immune response to
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infection by a gram negative bacteria in an immunologically immature animal according to
claim 29, wherein the immunogen is a polypeptide derived from a gram negative bacteria, mold

or fungus.

33. A biocompatible implant for use as a medicament for inducing an immune response to
infection by a gram negative bacteria in an immunologically immature animal according to

claim 32, wherein the polypeptide 1s a siderophore receptor protein.

34, A biocompatible implant for use as a medicament for inducing an immune response to
infection by a gram negative bacteria in an immunologically tmmature animal according to
claim 33, wherein the siderophore receptor protein is reactive with a siderophore selected from
the group consisting of aerobactin, enterochelin, citrate, multocidin, ferrichrome, coprogen, and

mycobactin.

33. A biocompatible implant for use as a medicament for inducing an immune response to
infection by a gram negative bacteria in an immunologically immature animal according to

claim 29, wherein the immunologically immature animal is a one-day old animal.

36. A biocompatible implant for use as a medicament for inducing an immune response to
infection by a gram negative bacteria in an immunologically immature animal according to
claim 29, wherein the immune response is induced in the animal in the presence of circulating

maternal antibodies at about 1-90 days of age.

37. A biocompatible implant for use as a medicament for inducing an immune response to
infection by a gram negative bacteria in an immunologically immature animal according to
claim 29, wherein the immune response 1s induced in the animal in the presence of circulating

maternal antibodies at about 1-25 days of age.

38. A biocompatible implant for use as a medicament for inducing an immune response to
Infection by a gram negative bacteria in an immunologically immature animal according to
claim 29, wherein the secondary immune response provides about a 5-100 fold increase in anti-

immunogen antibody titres in the animal.
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39, A biocompatible implant for use as a medicament for inducing an immune response to
Infection by a gram negative bacteria in an immunologically immature animal according to
claim 29, wherein the increase in antibody titres 1s at about 6-48 hours after the contact with the

Immunogen.

40. A biocompatible implant for use as a medicament for inducing an immune response to
Infection by a gram negative bacteria in an immunologically immature animal according to
claim 29, wherein the secondary immune response is enhanced by a booster in the form of an

implant or an injectable liquid.

41. A biocompatible implant for use as a medicament for inducing an immune response to
Infection by a gram negative bacteria in an immunologically immature animal according to
claim 29, wherein the secondary immune response is enhanced by a booster in the form of a

modified live vaccine.

42. A biocompatible implant for use as a medicament for inducing an immune response to
infection by a gram negative bacteria in an immunologically immature animal according to
claim 29, wherein the animal is selected from the group consisting of domestic fowl, livestock,

horses, humans and companion animals.

43. A biocompatible implant for use as a medicament for inducing an immune response to
infection by a gram negative bacteria in an immunologically immature animal according to

claim 29, wherein the implant contains about 25-5000 pg of the immunogen.

44. A biocompatible implant for use as a medicament for inducing an immune response to
infection by a gram negative bacteria in an immunologically immature animal according to
claim 29, wherein the implant provides a release rate of the immunogen of about 1-100 pg per

day.

435. A biocompatible implant for use as a medicament for inducing an immune response to
Infection by a gram negative bacteria in an immunologically immature animal according to
claim 29, wherein the implant is a delayed release implant that provides release of the

immunogen at about three weeks after being administered to the animal.
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46. A biocompatible implant for use as a medicament for inducing an immune response to
infection by a gram negative bacteria in an immunologically immature animal according to
claim 29, wherein the implant is in a form for administration by surgical incision, by

subcutaneous injection, or intermuscular injection.

47. A biocompatible implant for use as a medicament for inducing an immune response to
infection by a gram negative bacteria in an immunologically immature animal according to
claim 29, wherein the implant comprises a polymer that is bioabsorbable, biodegradable,

bioerodible, or a combination thereof.

48. A biocompatible implant for use as a medicament for inducing an immune response to
Infection by a gram negative bacteria in an immunologically immature animal according to
claim 47, wherein the polymer is selected from the group consisting of cellulosic polymer,
polylactic acid, polyglycolic acid, polycaprolactone, polyanhydride, polyamide, and copolymers

thereof.

49. A biocompatible implant for use as a medicament for inducing an immune response to
infection by a gram negative bacteria in an immunologically immature animal according to

claim 29, wherein the implant is a cholesterol-based implant.

50. A biocompatible implant for use as a medicament for inducing an immune response to
infection by a gram negative bacteria in an immunologically immature animal according to
claim 29, wherein the implant comprises a non-erodible synthetic polymer selected from the
group consisting of polyhydroxyalkyl methacrylate, polyacrylamide, polymethacrylamide,
polyvinyl pyrollidone, polyvinyl alcohol, polyethylene, and ethylene-acetate copolymer.

S51. A biocompatible implant for use as a medicament for inducing an immune response to
Infection by a gram negative bacteria in an immunologically immature animal according to
claim 40, wherein the booster is an implant that releases the immunogen over an about 1-90 day

period.
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