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(57) ABSTRACT 

This invention relates to vaccines and methods for protect 
ing dogs against disease caused by Bordetella bronchisep 
tica. This invention also relates to combination vaccines and 
methods for protecting dogs against disease or disorder 
caused by canine pathogens, for example, infectious tra 
cheobronchitis caused by Bordetella bronchiseptica, canine 
distemper caused by canine distemper (CD) virus, infectious 
canine hepatitis (ICH) caused by canine adenovirus type 1 
(CAV-1), respiratory disease caused by canine adenovirus 
type 2 (CAV-2), canine parainfluenza caused by canine 
parainfluenza (CPI) virus, enteritis caused by canine coro 
navirus (CCV) and canine parvovirus (CPV), and lep 
toSpirosis caused by Leptospira Bratislava, Leptospira cani 
cola, Leptospira grippotyphosa, Leptospira 
icterohaemorrhagiae or Leptospira pomona. The vaccines 
of the present invention include a Bordetella bronchiseptica 
p68 antigen. 
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Figure 1: Summary of Geometric Mean of P68 ELISA Endpoint Titers in Unvaccinated 
and p58 Bordetella (15 ugldose) Vaccinated Dogs Aerosol Challenge with Bordetella 
Bronchiseptica 
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Figure 2. Summary of Serum Amyloid Atiters in Dogs Following Aerosol 
Challenge with Bordetella bronchiseptica 
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Figure 3 Summary of Geometric Mean of P68 ELISA Endpoint Titers in 
Unvaccinated and pé8 Bordetella Vaccinated Dogs following Vaccination 

and Aerosol Challenge with Bordetella Bronchiseptica 
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Figure 4. Summary of Serum Amyloid A titers in Dogs Following 
Aerosol Challenge with Bordetella bronchiseptica 
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CANINE WACCNES AGAINST BORDETELLA 
BRONCHSEPTICA 

FIELD OF THE INVENTION 

0001. This invention relates to vaccines containing a 
Bordetella bronchiseptica p68 antigen and the use thereof 
for protecting dogs against infectious tracheobronchitis 
(“kennel cough”) caused by Bordetella bronchiseptica. This 
invention also relates to combination vaccines containing a 
Bordetella bronchiseptica p68 antigen and one or more 
antigens of another canine pathogen Such as canine distem 
per (CD) virus, canine adenovirus type 2 (CAV-2), canine 
parainfluenza (CPI) virus, canine coronavirus (CCV), canine 
parvovirus (CPV), Leptospira bratislava, Leptospira cani 
cola, Leptospira grippOtyphosa, Leptospira icterohaemor 
rhagiae or Leptospira pomona. Methods for protecting dogs 
against diseases caused by canine pathogens using combi 
nation vaccines are also provided. 

BACKGROUND OF THE INVENTION 

0002 The present commercially available canine Borde 
tella bronchiseptica Vaccine product is composed of an 
inactivated, nonadjuvanted Bordetella bronchiseptica whole 
cell bacterin. Such whole cell bacterin can lead to cell 
protein related post-vaccination reactions. The p68 protein 
of B. bronchiseptica is antigenically similar to the Outer 
Membrane Protein (OMP) of B. pertussis and the OMP of B. 
parapertussis (Shahin et al., “Characterization of the Pro 
tective Capacity and Immunogenicity of the 69-kD Outer 
Membrane Protein of Bordetella pertussis', J. Exp. Med., 
171: 63-73, 1990). A protective role of this OMP has been 
demonstrated for mice (Shahin et al., Supra; Novotny et al., 
“Biologic and Protective Properties of the 69-kD Outer 
Membrane Protein of Bordetella pertussis: A Novel Formu 
lation for a Acellular Pertussis Vaccine”, J. Infect. Dis. 
164:114-22, 1991), humans (He et al., “Protective Role of 
Immunoglobulin G Antibodies to Filamentous Hemaggluti 
nin and Pertactin of Bordetella pertussis in Bordetella 
parapertussis Infection”, Eur: J. Clin Microbiol Infect Dis. 
10:793-798, 1996) and Swine (Kobisch et al., “Identification 
of a 68-Kilodalton Outer Membrane Protein as the Major 
Protective Antigen of Bordetella bronchiseptica by Using 
Specific-Pathogen-Free Piglets”, Infect. Immun. 58(2):352 
357, 1990). 
0.003 Prior to the present invention, there had been no 
showing that a Bordetella bronchiseptica p68 antigen can be 
a safe and effective vaccine in dogs. Therefore, there is a 
need to develop a Bordetella bronchiseptica vaccine con 
taining a p68 antigen that is Suitable for canine use. It would 
be even more advantageous if Such a Bordetella bronchisep 
tica p68 vaccine is Safe for administration to puppies and 
provides a long-term protection. 

0004 CD is a universal, high-mortality viral disease with 
variable manifestations. Approximately 50% of nonvacci 
nated, nonimmune dogs infected with CD virus develop 
clinical Signs, and approximately 90% of those dogs die. 
0005 Infectious canine hepatitis or ICH, caused by 
canine adenovirus type 1 (CAV-1), is a universal, Sometimes 
fatal, Viral disease of dogs characterized by hepatic and 
generalized endothelial lesions. CAV-2 causes respiratory 
disease, which, in Severe cases, may include pneumonia and 
bronchopneumonia. 
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0006 CPI is a common viral upper respiratory disease. 
Uncomplicated CPI may be mild or subclinical, with signs 
becoming more Severe if concurrent infection with other 
respiratory pathogens exists. 

0007 CPV infection results in enteric disease character 
ized by Sudden onset of Vomiting and diarrhea, often hem 
orrhagic. Leukopenia commonly accompanies clinical Signs. 
Susceptible dogs of any age can be affected, but mortality is 
greatest in puppies. In puppies 4-12 weeks of age CPV may 
occasionally cause myocarditis that can result in acute heart 
failure after a brief and inconspicuous illness. Following 
infection many dogs are refractory to the disease for a year 
or more. Similarly, Seropositive bitches may transfer to their 
puppies CPV antibodies which can interfere with active 
immunization of the puppies through 16 weeks of age. 

0008 CCV also causes enteric disease in Susceptible 
dogs of all ages worldwide. Highly contagious, the virus is 
transmitted primarily through direct contact with infectious 
feces, and may cause clinical enteritis within 1-4 days after 
exposure. Severity of disease may be exacerbated by con 
current infection with other agents. Primary signs of CCV 
infection include anorexia, vomiting, and diarrhea. Fre 
quency of Vomiting usually diminishes within a day or 2 
after onset of diarrhea, but diarrhea may linger through the 
course of infection, and Stools occasionally may contain 
streaks of blood. With CCV infection most dogs remain 
afebrile and leukopenia is not observed in uncomplicated 
CSCS. 

0009 Leptospirosis occurs in dogs of all ages, with a 
wide range of clinical signs and chronic nephritis generally 
following acute infection. Infection with L. canicola and L. 
icterohaemorrhagiae cannot be differentiated clinically. 

0010 Prior to the present invention, there have been no 
effective combination vaccines that protect dogs against 
Bordetella bronchiseptica and one or more of other canine 
pathogens such as CD virus, CAV-2, CPI virus, CPV, CCV, 
and a Leptospira Species Such as L. bratislava, L. canicola, 
L. grippotyphosa, L. icterohaemorrhagiae and L. pomona. A 
problem in developing combination vaccines involves effi 
cacy interference, namely a failure of one or more antigens 
in a combination composition to maintain or achieve effi 
cacy because of the presence of the other antigens in the 
composition. This is believed to be a result of interference 
with an antigen in the composition administered to a host, 
e.g., a dog, in the immunological, antigenic, antibody or 
protective response Such antigen induced in the host because 
of the other antigens present in the composition. However, 
for other hosts, Such as cats, combination vaccines are 
known. It is believed that efficacy interference in dogs is due 
to Some peculiarity of the canine biological System, or due 
to the reaction of the antigens with the canine biological 
System. 

0011. There is a need, therefore, to develop a combina 
tion vaccine Suitable for administration to dogs against 
Bordetella bronchiseptica and one or more other canine 
pathogens, which does not exhibit efficacy interference in 
canines. It would be even more advantageous if Such a 
combination vaccine is Safe for administration to puppies 
and provides long-term protection. 
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SUMMARY OF THE INVENTION 

0012. The present invention provides vaccines and meth 
ods for protecting dogs against diseases caused by canine 
pathogens. 

0013 In one embodiment, the present invention provides 
p68 vaccines Suitable for administration to dogs and capable 
of protecting dogs against disease caused by Bordetella 
bronchiseptica. Such vaccines of the present invention 
include a Bordetella bronchiseptica p68 antigen and a vet 
erinary-acceptable carrier Such as an adjuvant. 
0.014. In another embodiment, the present invention pro 
vides methods of protecting dogs against disease caused by 
Bordetella bronchiseptica by administering to a dog a vac 
cine which includes a Bordetella bronchiseptica p68 antigen 
and a veterinary-acceptable carrier Such as an adjuvant. 
0.015. In still another embodiment, the present invention 
provides combination vaccines Suitable for administration to 
dogs. The combination vaccines of the present invention 
include a Bordetella bronchiseptica p68 antigen in combi 
nation with at least one other antigen from other canine 
pathogens, capable of inducing a protective immune 
response in dogs against disease caused by Such other 
pathogen(s). Such other pathogens can be selected from 
canine distemper (CD) virus, canine adenovirus type 2 
(CAV-2), canine parainfluenza (CPI) virus, canine parvovi 
rus (CPV), canine coronavirus (CCV), canine herpesvirus, 
rabies virus, Leptospira bratislava, Leptospira canicola, 
Leptospira grippolyphosa, Leptospira icterohaemorrhagiae, 
Leptospira pomona, Leptospira hardiobovis, Porphyromo 
nas spp., Bacteriodes spp., Leishmania spp., Borrelia spp., 
Ehrlichia spp., Mycoplasma spp. and MicroSporum canis. 
0016 A preferred combination vaccine of the present 
invention includes attenuated Strains of canine distemper 
(CD) virus, canine adenovirus type 2 (CAV-2), canine 
parainfluenza (CPI) virus and canine parvovirus (CPV); an 
inactivated preparation of a Strain of canine coronavirus 
(CCV); and a Bordetella bronchiseptica p68 antigen. 
0.017. Another preferred combination vaccine of the 
present invention includes attenuated Strains of canine dis 
temper (CD) virus, canine adenovirus type 2 (CAV-2), 
canine parainfluenza (CPI) virus and canine parvovirus 
(CPV), an inactivated preparation of a strain of canine 
coronavirus (CCV); a Bordetella bronchiseptica p68 pro 
tein, and an inactivated cell preparation of five Leptospira 
Serovars (Leptospira bratislava, Leptospira canicola, Lep 
toSpira grippotyphosa, Leptospira icterohaemorrhagiae and 
Leptospira pomona). 
0.018 Still another preferred combination vaccine of the 
present invention includes attenuated Strains of CD virus, 
CAV-2, CPI virus, a CPV strain; and a Bordetella bron 
chiseptica p68 antigen. 

0.019 Another preferred combination vaccine of the 
present invention includes attenuated Strains of CD virus, 
CAV-2, CPI virus, a CPV strain; a Bordetella bronchiseptica 
p68 antigen; and an inactivated cell preparation of Lep 
toSpira canicola and Leptospira icterohaemorrhagiae. 
0020 Still another preferred combination vaccine of the 
present invention includes attenuated Strains of CD virus, 
CAV-2, CPI virus, a CPV strain, a Bordetella bronchiseptica 
p68 antigen and an inactivated cell preparation of five 
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Leptospira Serovars (Leptospira bratislava, Leptospira cani 
cola, Leptospira grippOtyphosa, Leptospira icterohaemor 
rhagiae and Leptospira pomona). 
0021 Another preferred combination vaccine includes a 
Bordetella bronchiseptica p68 antigen and an attenuated CPI 
Virus. 

0022. Still another preferred combination vaccine 
includes a Bordetella bronchiseptica p68 antigen, an attenu 
ated CPI virus and an inactivated cell preparation of Lep 
toSpira canicola and Leptospira icterohaemorrhagiae. 
0023 The present invention also provides methods of 
protecting dogs against disease caused by a canine pathogen 
by administering to a dog a combination vaccine of the 
present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024 FIG. 1. Summary of the geometric mean of p68 
ELISA endpoint titers in unvaccinated and Bordetella p68 
(15 ug/dose) vaccinated dogs-aerosol challenge with Bor 
detella bronchiseptica. 
0025 FIG. 2. Summary of Serum Amyloid A titers in 
dogs following aerosol challenge with Bordetella bron 
chiseptica. 
0026 FIG. 3. Summary of the geometric mean of p68 
ELISA endpoint titers in unvaccinated and Bordetella p68 
Vaccinated dogs following Vaccination and aeroSol chal 
lenge with Bordetella bronchiseptica. 
0027 FIG. 4. Summary of Serum Amyloid A titers in 
dogs following aerosol challenge with Bordetella bron 
chiseptica. 
0028 FIG. 5. Western blot showing reactivity of p68 
monoclonal antibody Bord 2-7 to p68 whole cell lysate. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0029. In one embodiment, the present invention provides 
monovalent vaccines Suitable for administration to dogs 
which are capable of protecting dogs against disease caused 
by Bordetella bronchiseptica. The monovalent vaccines of 
the present invention include a recombinantly produced 
Bordetella bronchiseptica p68 antigen and a veterinary 
acceptable carrier Such as an adjuvant. 
0030. In another embodiment, the present invention pro 
vides methods of protecting dogs against disease caused by 
Bordetella bronchiseptica by administering to a dog a 
monovalent vaccine which includes a recombinantly pro 
duced Bordetella bronchiseptica p68 antigen and a veteri 
nary-acceptable carrier Such as an adjuvant. 
0031. In still another embodiment, the present invention 
provides combination vaccines Suitable for administration to 
dogs. The combination vaccines of the present invention 
include a recombinantly produced Bordetella bronchiseptica 
p68 antigen in combination with at least one other antigen 
capable of inducing a protective immune response in dogs 
against disease caused by Such other antigen. 
0032 A preferred combination vaccine of the present 
invention includes attenuated Strains of canine distemper 
(CD) virus, canine adenovirus type 2 (CAV-2), canine 
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parainfluenza (CPI) virus and canine parvovirus (CPV); an 
inactivated preparation of a Strain of canine coronavirus 
(CCV); and a Bordetella bronchiseptica p68 protein. 
0033. Another preferred combination vaccine of the 
present invention includes attenuated Strains of canine dis 
temper (CD) virus, canine adenovirus type 2 (CAV-2), 
canine parainfluenza (CPI) virus and canine parvovirus 
(CPV), an inactivated preparation of a strain of canine 
coronavirus (CCV); a Bordetella bronchiseptica p68 pro 
tein, and a preparation of five Leptospira Serovars (Lep 
toSpira Bratislava, Leptospira canicola, Leptospira grippo 
typhosa, Leptospira icterohaemorrhagiae and Leptospira 
pomona). 

0034 Still another preferred combination vaccine of the 
present invention includes attenuated Strains of CD virus, 
CAV-2, CPI virus, a CPV strain; and a Bordetella bron 
chiseptica p68 protein. 

0.035 Another preferred combination vaccine of the 
present invention includes attenuated Strains of CD virus, 
CAV-2, CPI virus, a CPV strain; a Bordetella bronchiseptica 
p68 protein; and a preparation of Leptospira canicola and 
Leptospira icterohaemorrhagiae. 

0.036 Still another preferred combination vaccine of the 
present invention includes attenuated Strains of CD virus, 
CAV-2, CPI virus, a CPV strain and a preparation of five 
Leptospira Serovars (Leptospira bratislava, Leptospira cani 
cola, Leptospira grippolyphosa, Leptospira icterohaemor 
rhagiae and Leptospira pomona). 
0037. The present invention also provides methods of 
protecting dogs against disease caused by a canine pathogen 
by administering to a dog a combination vaccine of the 
present invention. 

0.038 For clarity of disclosure, and not by way of limi 
tation, the detailed description of the invention is divided 
into the following Subsections which describe or illustrate 
certain features, embodiments or applications of the inven 
tion. 

Definitions and Abbreviations 

0.039 The term “protecting a dog against a disease caused 
by a canine pathogen' as used herein means reducing or 
eliminating the risk of infection by the pathogen, amelio 
rating or alleviating the Symptoms of an infection, or accel 
erating the recovery from an infection. Protection is 
achieved if there is a reduction in Viral or bacterial load, a 
reduction in Viral or bacterial Shedding, a decrease in inci 
dence or duration of infections, reduced acute phase Serum 
protein levels, reduced rectal temperatures, and/or increase 
in food uptake and/or growth, for example. 

0040. The term “p68 antigen” refers to a protein with a 
molecular weight of 68 kDa as determined by SDS poly 
acrylamide gel electrophoresis, is recognized by the p68 
specific monoclonal antibody Bord 2-7 (ATCC#), and has an 
amino acid sequence as set forth in SEQ ID NO: 1 or an 
amino acid Sequence that is Substantially identical to SEQ 
ID NO: 1. 

0041. By “substantially identical” is meant a degree of 
sequence identity of at least about 90%, preferably at least 
about 95%, or more preferably, at least about 98%. 
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0042. The term “monovalent vaccine” as used herein 
refers to a vaccine having one principal antigenic compo 
nent. For example, a p68 monovalent vaccine includes a 
Bordetella bronchiseptica p68 antigen as the principal anti 
genic component of the vaccine and is capable of protecting 
the animal to which the vaccine is administered against 
diseases caused by Bordetella bronchiseptica. 
0043. The term “combination vaccine” is meant a biva 
lent or multivalent combination of antigens which are 
capable of inducing a protective immune response in dogs. 
The protective effects of a combination vaccine against a 
pathogen or pathogens are normally achieved by inducing in 
the animal Subject an immune response, either a cell 
mediated or a humoral immune response or a combination of 
both. 

0044. By “immunogenic' is meant the capacity of a 
composition to provoke an immune response in dogs against 
a particular pathogen. The immune response can be a 
cellular immune response mediated primarily by cytotoxic 
T-cells and cytokine-producing T-cells, or a humoral 
immune response mediated primarily by helper T-cells, 
which in turn activates B-cells leading to antibody produc 
tion. 

004.5 The term “therapeutically effective amount” or 
“effective amount” refers to an amount of a monovalent or 
combination vaccine Sufficient to elicit a protective immune 
response in the dog to which it is administered. The immune 
response may comprise, without limitation, induction of 
cellular and/or humoral immunity. The amount of a vaccine 
that is therapeutically effective may vary depending on the 
particular antigen used in the vaccine, the age and condition 
of the dog, and/or the degree of infection, and can be 
determined by a veterinary physician. 

p68 Vaccines 

0046) The present invention has demonstrated for the first 
time that a vaccine composition containing a Bordetella 
bronchiseptica p68 antigen effectively protected dogs 
against disease caused by Bordetella bronchiseptica. The 
vaccine composition of the present invention does not cause 
Significant post-vaccination reactions, is Safe for adminis 
tration to puppies, and induces protective immunity in dogs 
that lasts for an extended period of time. 
0047 Accordingly, one embodiment of the present inven 
tion is directed to a vaccine composition containing a 
Bordetella bronchiseptica p68 antigen (or “a p68 vaccine”), 
that is Suitable for administration to dogs and is capable of 
protecting dogs against disease caused by Bordetella bron 
chiseptica, e.g., infectious tracheobronchitis (“kennel 
cough’). 
0048 For the purpose of the present invention, the term 
“p68 antigen' refers to a protein with a molecular weight of 
68 kDa as determined by SDS polyacrylamide gel electro 
phoresis, is recognized by the p68-specific monoclonal 
antibody Bord 2-7 (ATCC#), and has an amino acid 
sequence as set forth in SEQ ID NO: 1 or an amino acid 
sequence that is substantially identical to SEQID NO: 1. By 
“Substantially identical' is meant a degree of Sequence 
identity of at least about 90%, preferably at least about 95%, 
or more preferably, at least about 98%. An example of a p68 
antigen having an amino acid Sequence Substantially iden 
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tical to SEQ ID NO: 1 is the p68 antigen described in WO 
92/17587, which is set forth in SEQ ID NO: 3. The p68 
Specific monoclonal antibody of the present invention rec 
ognizes native p68 proteins, recombinant p68 proteins and 
p68 proteins on the Surface of bacteria, for example. 
0049. In accordance with the present invention, p68 anti 
gens Suitable for use in the present invention include both 
native p68 proteins (i.e., naturally occurring p68 proteins 
purified from Bordetella bronchiseptica) and recombinantly 
produced p68 proteins. 

0050 Purification of native p68 from Bordetella bron 
chiseptica is described, e.g., in Montaraz et al., Infection and 
Immunity 47: 744-751 (1985), and is also illustrated in the 
examples provided hereinbelow. Recombinant production of 
p68 can be achieved using any one of the molecular cloning 
and recombinant expression techniques known to those 
skilled in the art. For example, a nucleic acid molecule 
encoding p68 can be introduced into an appropriate host cell, 
Such as a bacterium, a yeast cell (e.g., a Pichia cell), an insect 
cell or a mammalian cell (e.g., CHO cell). The p68-encoding 
nucleic acid molecule can be placed in an operable linkage 
to a promoter capable of effecting the expression of the p68 
antigen in the host cell. p68, which is expressed by the host 
cell, can be readily purified using routine protein purification 
techniques. 
0051. In a preferred embodiment of the present invention, 
the nucleotide sequence as set forth in SEQID NO: 2 coding 
for the p68 antigen which has the amino acid sequence of 
SEQ ID NO: 1, is cloned in an expression vector and placed 
in an operable linkage to a temperature Sensitive promoter. 
The expression vector is introduced into Escherichia coli 
and the p68 antigen is expressed upon heat induction. The 
cells are lysed and the inclusion bodies where the p68 
antigen accumulates are separated by centrifugation. The 
recombinant p68 in the inclusion bodies is Solubilized using 
SDS or other solubilization agents known in the art such as 
urea, guanidine hydrochloride, Sodium cholate, taurocho 
late, and Sodium deoxycholate. In accordance with the 
present invention, a purified native or recombinant p68 
protein is combined with a veterinary-acceptable carrier to 
form a p68 vaccine composition. 
0.052 The term “a veterinary-acceptable carrier' includes 
any and all Solvents, dispersion media, coatings, adjuvants, 
Stabilizing agents, diluents, preservatives, antibacterial and 
antifungal agents, isotonic agents, adsorption delaying 
agents, and the like. Diluents can include water, Saline, 
dextrose, ethanol, glycerol, and the like. Isotonic agents can 
include Sodium chloride, dextrose, mannitol, Sorbitol, and 
lactose, among others. Stabilizers include albumin, among 
others. 

0.053 Adjuvants suitable for use in accordance with the 
present invention include, but are not limited to Several 
adjuvant classes Such as; mineral Salts, e.g., Alum, alumi 
num hydroxide, aluminum phosphate and calcium phos 
phate, Surface-active agents and microparticles, e.g., non 
ionic block polymer Surfactants (e.g., cholesterol), 
virosomes, saponins (e.g., Quil A, QS-21 and GPI-0100), 
proteoSomes, immune Stimulating complexes, cochleates, 
quarterinary amines (dimethyl diocatadecyl ammonium bro 
mide (DDA)), pyridine, vitamin A, vitamin E; bacterial 
products such as the RIBI adjuvant system (Ribi Inc.), cell 
wall skeleton of Mycobacterum phlei (Detox(R), muramyl 
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dipeptides (MDP) and tripeptides (MTP), monophosphoryl 
lipid A, Bacillus Calmete-Guerin, heat labile E. coli entero 
toxins, cholera toxin, trehalose dimycolate, CpG oligodeox 
nucleotides; cytokines and hormones, e.g., interleukins (IL 
1, IL-2, IL-6, IL-12, IL-15, IL-18), granulocyte-macrophage 
colony Stimulating factor, dehydroepiandrosterone, 1,25 
dihydroxy Vitamin D3, polyanions, e.g., dextran; polyacryl 
ics (e.g., polymethylmethacrylate, Carbopol 934P); carriers 
e.g., tetanus toxid, diptheria toxoid, cholera toxin B Subnuit, 
mutant heat labile enterotoxin of enterotoxigenic E. coli 
(rmLT), heat shock proteins, oil-in-water emulsions e.g., 
AMPHIGENCE (Hydronics, USA); and water-in-oil emul 
Sions Such as, e.g., Freund's complete and incomplete adju 
VantS. 

0054 Preferred adjuvants for use in the vaccines of the 
present invention include Quil A and cholesterol. 
0055. The p68 antigen and the veterinary-acceptable car 
rier can be combined in any convenient and practical manner 
to form a vaccine composition, e.g., by admixture, Solution, 
Suspension, emulsification, encapsulation, absorption and 
the like, and can be made in formulations Such as tablets, 
capsules, powder, Syrup, Suspensions that are Suitable for 
injections, implantations, inhalations, ingestions or the like. 
Preferably, the vaccine is formulated such that it can be 
administered to dogs by injection in a dose of about 0.1 to 
5 ml, or preferably about 0.5 to 2.5 ml, or even more 
preferably, in a dose of about 1 ml. When appropriate, the 
pharmaceutical compositions of the present invention 
should be made sterile by well-known procedures. 
0056. The amount of p68 in the vaccines should be 
immunizing-effective and is generally in the range of 0.5- 
1000 ug per dose. Preferably, the amount of p68 is in the 
range of 1-260 ug per dose. More preferably, the amount of 
p68 is in the range of 10-100 lug per dose. Even more 
preferably, the amount of p68 is about 15 to 25 ug per dose. 
0057 The amount of adjuvants suitable for use in the 
vaccines depends upon the nature of the adjuvant used. For 
example, when Quil A and cholesterol are used as adjuvant, 
Quil A is generally in an amount of about 1-1000 ug per 
dose, preferably 30-100 ug per dose, and more preferably, 
about 50-75 ug per dose; and cholesterol is generally in an 
amount of about 1-1000 ug per dose, preferably about 
30-100 lug per dose, and more preferably, about 50-75 ug per 
dose. 

0058. In another embodiment, the present invention pro 
vides methods of protecting dogs against disease caused by 
Bordetella bronchiseptica by administering to a dog a p68 
vaccine composition, as described hereinabove. In accor 
dance with the present invention, the p68 vaccine compo 
Sition provides dogs with a long term immunity for at least 
about 4 months, preferably for at least about 6 months, or 
even more preferably, for about one year, 
0059. In accordance with the present invention, a p68 
vaccine can be administered to a dog by any known routes, 
including the oral, intranasal, mucosal, topical, transdermal, 
and parenteral (e.g., intravenous, intraperitoneal, intrader 
mal, Subcutaneous or intramuscular). Administration can 
also be achieved using needle-free delivery devices. Admin 
istration can be achieved using a combination of routes, e.g., 
first administration using a parental route and Subsequent 
administration using a mucosal route. 
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0060 Preferred routes of administration include subcu 
taneous and intramuscular administrations. 

0061 The p68 vaccine composition of the present inven 
tion can be administered to dogs of at least 6 weeks old, 
preferably at least 7 weeks old, and more preferably, at least 
8 or 9 weeks old. Dogs can be vaccinated with one dose or 
with more than one dose of a p68 vaccine. Preferably, two 
doses of a p68 vaccine are administered to dogs with an 
interval of about 2-4 weeks, preferably about 3 weeks, 
between the two administrations. If dogs are vaccinated 
before the age of 4 months, it is recommended that they be 
revaccinated with a single dose upon reaching 4 months of 
age, because maternal antibodies may interfere with devel 
opment of an adequate immune response in puppies leSS 
than 4 months old. Dogs can also be revaccinated annually 
with a single dose. Where B. bronchiseptica exposure is 
likely, Such as breeding, boarding, and showing situations, 
an additional booster may be given within 1 year, or pref 
erably 6 months, of the occurrence of these events. 

p68 Combination Vaccines 
0.062. In another embodiment, the present invention pro 
vides combination vaccines and methods for protecting dogs 
against Bordetella bronchiseptica and one or more other 
canine pathogens by administering Such combination vac 
cines. The combination vaccine compositions of the present 
invention do not exhibit efficacy interference and are Safe for 
administration to puppies. 
0.063. The combination vaccines of the present invention 
include a Bordetella bronchiseptica p68 antigen, which can 
be made as described hereinabove, in combination with at 
least one antigen from other canine pathogens capable of 
inducing a protective immune response in dogs against 
disease caused by Such other pathogens. 
0064. Such other pathogens include, but are not limited 
to, canine distemper (CD) virus, canine adenovirus type 2 
(CAV-2), canine parainfluenza (CPI) virus, canine parvovi 
rus (CPV), canine coronavirus (CCV), canine herpesvirus, 
and rabies virus. Antigens from these pathogens for use in 
the vaccine compositions of the present invention can be in 
the form of a modified live viral preparation or an inacti 
Vated viral preparation. Methods of attenuating virulent 
Strains of these viruses and methods of making an inacti 
Vated viral preparation are known in the art and are 
described in, e.g., U.S. Pat. Nos. 4,567,042 and 4,567,043. 
0065 Other pathogens also include Leptospira brat 
islava, Leptospira canicola, Leptospira grippotyphosa, Lep 
toSpira icterohaemorrhagiae, Leptospira pomona, Lep 
toSpira hardiobovis, Porphyromonas spp., Bacteriodes spp., 
Leishmania spp., Borrelia spp., Ehrlichia spp., Mycoplasma 
S.Sp. and MicroSporum canis. Antigens from these pathogens 
for use in the vaccine compositions of the present invention 
can be in the form of an inactivated whole or partial cell 
preparation, using methods well-known in the art. For 
example, methods of making an inactivated whole or partial 
Leptospira cell preparation are known in the art and are 
described in, e.g., Yan, K-T, "Aspects of Immunity to 
Leptospira borg.petersenii serovar hardjo', PhD Thesis, 
Appendix I, 1996. Faculty of Agriculture and Food Science, 
The Queen's University of Belfast; Mackintosh et al., “The 
use of a hardio-pomona vaccine to prevent leptospiruria in 
cattle exposed to natural challenge with Leptospia interro 
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gans serovar hardo”, New Zealand Vet. J. 28:174-177, 
1980; Bolin et. al., “Effect of vaccination with a pentavalent 
leptopSiral vaccine on Leptospira interrogans Serovar hardjo 
type hardio-boivS infection of pregnant cattle', Am. J. Vet. 
Res. 50:161-165, 1989. 
0066. In accordance with the present invention, the com 
bination vaccines generally include a veterinary-acceptable 
carrier. AS described hereinabove, a veterinary-acceptable 
carrier includes any and all Solvents, dispersion media, 
coatings, adjuvants, Stabilizing agents, diluents, preserva 
tives, antibacterial and antifungal agents, isotonic agents, 
adsorption delaying agents, and the like. Diluents can 
include water, Saline, dextrose, ethanol, glycerol, and the 
like. Isotonic agents can include Sodium chloride, dextrose, 
mannitol, Sorbitol, and lactose, among others. Stabilizers 
include albumin, among others. 
0067. Adjuvants suitable for use in accordance with the 
present invention include, but are not limited to Several 
adjuvant classes Such as; mineral Salts, e.g., Alum, alumi 
num hydroxide, aluminum phosphate and calcium phos 
phate, Surface-active agents and microparticles, e.g., non 
ionic block polymer Surfactants (e.g., cholesterol), 
virosomes, saponins (e.g., Quil A, QS-21 and GPI-0100), 
proteoSomes, immune Stimulating complexes, cochleates, 
quarterinary amines (dimethyl diocatadecyl ammonium bro 
mide (DDA)), pyridine, vitamin A, vitamin E; bacterial 
products such as the RIBI adjuvant system (Ribi Inc.), cell 
wall skeleton of Mycobacterum phlei (DetoxR), muramyl 
dipeptides (MDP) and tripeptides (MTP), monophosphoryl 
lipid A, Bacillus Calmete-Guerin, heat labile E. coli entero 
toxins, cholera toxin, trehalose dimycolate, CpG oligodeox 
nucleotides; cytokines and hormones, e.g., interleukins (IL 
1, IL-2, IL-6, IL-12, IL-15, IL-18), granulocyte-macrophage 
colony Stimulating factor, dehydroepiandrosterone, 1,25 
dihydroxy Vitamin D, polyanions, e.g., dextran; polyacryl 
ics (e.g., polymethylmethacrylate, Carbopol 934P); carriers 
e.g., tetanus toxid, diptheria toxoid, cholera toxin B Subnuit, 
mutant heat labile enterotoxin of enterotoxigenic E. coli 
(rmLT), heat shock proteins, oil-in-water emulsions e.g., 
AMPHIGENCE (Hydronics, USA); and water-in-oil emul 
Sions Such as, e.g., Freund's complete and incomplete adju 
VantS. 

0068 Preferred adjuvants for use in the combination 
vaccines in accordance with the present invention include 
Quil A and cholesterol. 

0069. The p68 antigen, one or more antigens from other 
pathogens, and the Veterinary-acceptable carrier can be 
combined in any convenient and practical manner to form a 
combination vaccine composition, e.g., by admixture, Solu 
tion, Suspension, emulsification, encapsulation, absorption 
and the like, and can be made in formulations Such as tablets, 
capsules, powder, Syrup, Suspensions that are Suitable for 
injections, implantations, inhalations, ingestions or the like. 
Preferably, the vaccine is formulated such that it can be 
administered to dogs by injection in a dose of about 0.1 to 
5 ml, or preferably about 0.5 to 2.5 ml, or even more 
preferably, in a dose of about 1 ml. 
0070. In accordance with the present invention, p68 com 
bination vaccines can be administered to a dog of at least 6 
weeks old, preferably at least 7 weeks old, and more 
preferably, at least 8 or 9 weeks old. The administration can 
be done by any known routes, including the oral, intranasal, 
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mucosal topical, transdermal, and parenteral (e.g., intrave 
nous, intraperitoneal, intradermal, Subcutaneous or intra 
muscular). Administration can also be achieved using 
needle-free delivery devices. Administration can also be 
achieved using a combination of routes, e.g., first adminis 
tration using a parental route and Subsequent administration 
using a mucosal route. Preferred routes of administration 
include Subcutaneous and intramuscular administrations. 

Preferred d68 Combination Vaccines and 
Vaccination Methods 

0.071) A preferred combination vaccine of the present 
invention includes an attenuated Strain of CD virus, an 
attenuated Strain of CAV-2, an attenuated Strain of CPI virus, 
an attenuated Strain of CPV, an inactivated preparation of a 
strain of CCV, and a Bordetella bronchiseptica p68antigen. 
0.072 An especially preferred combination vaccine 
includes the attenuated CD virus Strain designated as the 
“Snyder Hill” strain (National Veterinary Service Labora 
tory, Ames, Iowa), the attenuated CAV-2 Strain designated as 
the “Manhattan” strain (National Veterinary Service Labo 
ratory, Ames, Iowa), the attenuated CPI virus Strain having 
the designation of “NL-CPI-5” (National Veterinary Service 
Laboratory, Ames, Iowa), the attenuated CPV Strain having 
the designation of “NL-35-D" (National Veterinary Service 
Laboratory, Ames, Iowa), an inactivated preparation of the 
CCV strain having the designation of “NL-18” (National 
Veterinary Service Laboratory, Ames, Iowa), and the recom 
binant Bordetella bronchiseptica p68 antigen having the 
sequence of SEQID NO: 1. Such combination vaccine, also 
referred to herein as “the p68/5CV combination vaccine”, is 
preferably prepared by rehydrating a freeze-dried prepara 
tion of the attenuated Viral Strains and viral preparation with 
a liquid preparation, which liquid preparation is composed 
of the p68 antigen dissolved in Sterile Saline Solution and 
adjuvanted with Quil A and cholesterol. 
0073. Another especially preferred combination vaccine 
includes the antigenic components of the p68/5CV combi 
nation vaccine as well as inactivated whole cell preparations 
of five Leptospira species: Leptospira bratislava (e.g., a 
Leptospira bratislava strain which can be obtained from 
National Veterinary Service Laboratory, Ames, Iowa), Lep 
toSpira canicola (e.g., Strain C-5, National Veterinary Ser 
Vice Laboratory, Ames, Iowa), Leptospira grippotyphosa 
(e.g., strain MAL 1540, National Veterinary Service Labo 
ratory, Ames, Iowa), Leptospira icterohaemorrhagiae (e.g., 
strain NADL 11403, National Veterinary Service Labora 
tory, Ames, Iowa) and Leptospira pomona (e.g., Strain T262, 
National Veterinary Service Laboratory, Ames, Iowa). Such 
combination vaccine, also referred to herein as “the p68/ 
5CV-Leptospira combination vaccine', is preferably pre 
pared by rehydrating a freeze-dried preparation of the 
attenuated viral Strains (or a preparation made by other 
methods Such as spray drying or desiccation) and viral 
preparation with a liquid preparation, which liquid prepara 
tion is composed of the p68 antigen and Leptospiral anti 
gens, dissolved in Sterile Saline Solution and adjuvanted with 
Quil A and cholesterol. 

0.074. In accordance with the present invention, the p68/ 
5CV and p68/5CV-Leptospira combination vaccines can be 
administered to healthy dogs 4 weeks of age or older, 
preferably 6 weeks or older, and preferably in 3 doses, each 
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administered about 3 weeks apart. Dogs can be revaccinated 
annually with a single dose. Where B. bronchiseptica and 
canine virus exposure is likely, Such as breeding, boarding, 
and showing situations, an additional booster may be given 
within 1 year, or preferably 6 months, of the occurrence of 
these events. 

0075 Still another preferred combination vaccine of the 
present invention includes an attenuated Strain of CD virus, 
an attenuated Strain of CAV-2, an attenuated Strain of CPI 
virus, an attenuated Strain of CPV, and a recombinant 
Bordetella bronchiseptica p68 antigen. 

0076 An especially preferred combination vaccine 
includes the attenuated CD virus Strain designated as the 
“Synder Hill” strain (National Veterinary Service Labora 
tory, Ames, Iowa), the attenuated CAV-2 Strain designated as 
the “Manhattan” strain (National Veterinary Service Labo 
ratory, Ames, Iowa), the attenuated CPI virus Strain having 
the designation of “NL-CPI-5” (National Veterinary Service 
Laboratory, Ames, Iowa), the attenuated CPV Strain desig 
nated as “NL-35-D" (National Veterinary Service Labora 
tory, Ames, Iowa), and the recombinant Bordetella bron 
chiseptica p68 antigen having the sequence of SEQ ID NO: 
1. Such combination vaccine, also referred to herein as “the 
p68/DAPP combination vaccine”, is preferably prepared by 
rehydrating a freeze-dried preparation of the attenuated viral 
Strains (or a preparation made by other methods such as 
spray drying or desiccation) with a liquid preparation, which 
liquid preparation is composed of the p68 antigen dissolved 
in Sterile Saline Solution and adjuvanted with Quil A and 
cholesterol. 

0077. Another especially preferred combination vaccine 
includes the antigenic components of the p68/DAPP com 
bination vaccine as well as inactivated whole cell prepara 
tions of two Leptospira species: Leptospira canicola (e.g., 
strain C-51, National Veterinary Service Laboratory, Ames, 
Iowa), and Leptospira icterohaemorrhagiae (e.g., Strain 
NADL 11403, National Veterinary Service Laboratory, 
Ames, Iowa). Alternatively, a preferred combination vaccine 
can include the antigenic components of the p68/DAPP 
combination vaccine as well as inactivated whole cell prepa 
rations of five Leptospira Species: Leptospira bratislava, 
Leptospira canicola, Leptospira grippotyphosa, Leptospira 
icterohaemorrhagiae and Leptospira pomona. These com 
bination vaccines, also referred to herein as “the p68/ 
DAPP-Leptospira combination vaccines', are preferably 
prepared by rehydrating a freeze-dried preparation of the 
attenuated viral Strains (or a preparation made by other 
methods Such as spray drying or desiccation) and viral 
preparation with a liquid preparation, which liquid prepara 
tion is composed of the p68 antigen and Leptospiral anti 
gens, dissolved in Sterile Saline Solution and adjuvanted with 
Quil A and cholesterol. 

0078. In accordance with the present invention, the p68/ 
DAPP and p68/DAPP-Leptospira combination vaccines 
can be administered to healthy dogs 6 weeks or older, or 
preferably 8 weeks of age or older, and preferably in 2 doses, 
each administered about 3 weeks apart. A Single dose may 
be Sufficient if given to a dog at least 12 weeks of age. Dogs 
can be revaccinated annually with a single dose. Where B. 
bronchiseptica and canine virus exposure is likely, Such as 
breeding, boarding, and showing situations, an additional 
booster may be given within 1 year, or preferably 6 months, 
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of the occurrence of these events. Another preferred com 
bination vaccine include a p68 antigen, preferably the 
recombinant p68 antigen having SEQ ID NO: 1, in combi 
nation with an attenuated Strain of CPI. 

0079 Still another preferred combination vaccine include 
a p68 antigen, preferably the recombinant p68 antigen 
having SEQ ID NO: 1, an attenuated strain of CPI, and two 
at least two Leptospira Species Such as Leptospira canicola 
(e.g., strain C-51, National Veterinary Service Laboratory, 
Ames, Iowa), and Leptospira icterohaemorrhagiae (e.g., 
strain NADL 11403, National Veterinary Service Labora 
tory, Ames, Iowa). 

0080. The amount of the p68 antigen and the antigencs) 
from one or more other pathogens in the combination 
vaccines of the present invention should be immunizing 
effective. In general, the p68 antigen in a combination 
vaccine should be in an amount of at least about 0.5 lug per 
dose. The attenuated CD virus should be in an amount of at 
least about 10° to about 10 TCID50 per dose TCIDs (tissue 
culture infectious dose 50% cytopathic effect) per dose, and 
preferably in the range of about 10" to about 10 TCIDso per 
dose. The attenuated CAV-2 should be in an amount of at 
least about 10 TCIDso to about 10 TCIDso per dose, 
preferably in the range of 10' to about 10 TCID per 
dose. The attenuated CPI virus should be in an amount of at 
least about 10° TCIDs to about 10 TCIDso per dose, and 
preferably in the range of 10° to about 10 TCIDso per dose. 
The attenuated CPV should be in an amount of at least about 
102 TCIDso to about 10 TCIDso per dose, preferably, an 
amount in the range of 107 to about 10'TCIDso per dose. The 
amount of CCV in an inactivated viral preparation should be 
at least about 100 relative units per dose, and preferably in 
the range of 1000-4500 relative units per dose. Each Lep 
toSpira Species in the vaccine should be in the range of about 
100-3500 NU (nephelometric units) per vaccine dose, and 
preferably in the range of 200-2000 NU per dose. 

0081. The combination vaccines are formulated Such that 
the vaccines can be administered to dogs by injection in a 
dose of 0.1 ml to 5 ml, preferably from 0.5 ml to 2.5 ml, and 
more preferably, about 1 ml. 

0082 The present invention is further illustrated by the 
following non-limiting examples. 

EXAMPLE 1. 

Canine Bordetella p68 Recombinant Antigen dose 
Titration Study 

0083) Vaccine: 
0084. The experimental vaccine antigen was a recombi 
nant p68 outer membrane protein (SEQ ID NO: 1) of B. 
bronchiseptica produced by E. coli strain LW68. The vac 
cine contained varying levels of SDS (sodium dodecyl 
sulfate) solubilized p68, adjuvanted with 50 tug of QAC 
(Quil A/50 ug cholesterol) in a 1 mL dose. 
0085 Challenge Material: 

0.086 An aerosol of Bordetella bronchiseptica, dog iso 
late #85B, passage #3, lot #051597, was used as the chal 
lenge material. The mean plate count was 1.59x10 CFU/ml. 
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0.087 Animals: 
0088 Sixty male and female canine pups were randomly 
allocated to one of six treatment groups (10 pups per group). 
Pups were bled and tracheal Swabs were taken 41 days prior 
to the first vaccination and again 28 days prior to first 
vaccination and any Seropositive or culture positive animals 
were removed from the study. 
0089 Animals were randomly assigned to treatments and 
rooms according to a randomized complete block design. 
Post-vaccination observations were done without knowl 
edge of Vaccine assignment groups. 
0090. Design: 

Group Dose Level Route" Number of Animals 

TO1 Saline Control (0.9% saline SC 9 
as a 1 mL dose) 

TO2 1 ugp68 SC 8 
TO3 4 ugp68 SC 8 
TO4 16 ugp68 SC 9 
TO5 64 ugp68 SC 9 
TO6 256 ugp68 SC 9 

"SC = subcutaneous 

0.091 Procedure: 
0092) 
0093 Animals were vaccinated on Day 0 with either the 
placebo or the experimental vaccine. A Second vaccination 
was administered on Day 21. The first vaccination was 
administered Subcutaneously in the right neck and the Sec 
ond vaccination was administered Subcutaneously in the left 
neck. 

0094) Challenge Administration: 
0095 All animals were challenged 28 days after the 
Second vaccination with an aerosol of Bordetella bronchis 
petica. Animals were monitored for coughing for a period of 
30 minutes, twice daily (once in the a.m. and once in the 
p.m.) on days two through fourteen following challenge 
(Days 51 through 63). 

IVP Administration: 

0096 Observations and Samples Collection: 
0097 All injection sites were palpated and measured 
three dimensionally for Seven days following each vaccina 
tion (Days 0 through 7 and 21 through 28) and on the 14" 
day post each vaccination (Days 14 and 35). 
0098 Rectal temperatures were recorded on the day of 
vaccination and for three days following each vaccination 
(Days 0 through 3 and 21 through 24). 
0099 Blood was collected on the days of vaccination 
(Days 0 and 21) and on Days 42, 50, and 63 and assayed by 
ELISA for Specific antibodies against the p68 protein puri 
fied from B. bronchispetica. Blood was also collected on 
Days 42, 49, 50, 52, 54, 56 and 58 and analyzed for Serum 
Amyloid A (SM). 
0100 All animals were tracheal Swabbed for B. bron 
chispetica isolation and blood was collected for B. bron 
chispetica agglutination titers prior to vaccination (at the 
vendor, on Day-41 and Day-28) and on Day 49. 
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0101 Bordetella P68 Dog and Mouse Antibody Titration 
DAB ELISA 

0102) Purified native p68 was diluted to 600 ng/mL in 
0.01 M Borate Buffer and was added to each well at 100 
All ?well. The plates were incubated overnight at 4 C. The 
plates were then washed once with excess PBS-Tween 
20.1% nonfat dried milk in PBS was added to the plates at 
200 u/well. The plates were then incubated for 1 hour at 
37 C. The plates were then washed once with excess 
PBS-Tween 20. 

0103 Dog or mouse serum was added at a 1:50 dilution 
to the top row of the ELISA plates and two fold serially 
diluted serum was added all the way down the plate. The 
plates were incubated for 1 hour at 37 C. Subsequently, the 
plates were washed 3 times with excess PBS-Tween 20. 
0.104) To plates incubated with dog serum above, peroxi 
dase labeled goat anti-dog IgG (H+L), diluted at a 1:2000 
dilution, was added at 100 u/well. The plates were then 
incubated for 1 hour at 37 C. To plates incubated with 
mouse Serum above, peroxidase labeled goat anti-mouse 
IgG (H+L), diluted at a 1:4000 dilution, was added at 100 
All ?well. The plates were then incubated for 1 hour at 37 C. 
The plates were then washed 3 times with excess PBS 
Tween 20. 

0105 ABTS substrate was added at 100 u/well. 
Approximately 20 minutes later, the plates were read with a 
Molecular Devices or an equivalent plate reader at 405-490 

. 

0106 Data Analysis: 

0107 Treatment differences in the number of dogs 
coughing were tested using Fisher's Exact Test. The 5% 
level of Significance was used. 

0108 ELISA titers were log transformed prior to analysis 
using a general linear mixed model. The 95% level of 
confidence was used to assess treatment differences. Chal 
lenge observations were monitored twice daily for 30 min 
utes each. 

01.09 Results: 
0110 Tracheal Swab Culture and Agglutination Titers 
0111 Tracheal Swab cultures and agglutination titers 
were evaluated to monitor the B. bronchiseptica status of 
animals enrolled in the Study. A number of dogs demon 
Strated increased titers at various time points but no titer 
increased above 128 prior to challenge. 

0112 
0113 Injection site reactions following the first vaccina 
tion are presented in Table 1. The largest injection site 
reactions were observed in T05 (64 ug) vaccinated animals, 
with the largest mean injection site reaction measuring only 
14.69 cm (two days post vaccination). T03 (4 ug), T04 (16 
Aug) and T06 (256 ug) vaccinated animals demonstrated 
varying injection site reactions up to 7 days post vaccination. 
T02 (1 lug) vaccinated animals only demonstrated reactions 
on Day 1 post vaccination. By the Seventh day post vacci 
nation, there was no Statistically significant difference in 
injection Site reactions among the treatment groups. By Day 
14, all injection Site reactions had dissipated. 

Injection Site Observations 
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0114 Injection site reactions following the second vac 
cination are presented in Table 2. Following the Second 
vaccination the largest mean injection site reactions were 
observed in T06 (256 ug), with the largest mean injection 
site reaction measuring 50.03 cm (one day post vaccina 
tion). Injection site reactions were demonstrated in T05 (64 
Aug) and T04 (16 ug) animals up to 7 days post Second 
vaccination. Minimal injection site reactions were demon 
strated in T03 (4 ug) and T02 (1 lug) animals up to 7 days 
post vaccination. Injection site reactions that were not sta 
tistically different from the placebo group were demon 
Strated in T02 (1 lug) and T03 (4 ug) post vaccination. 
Fourteen days post Second vaccination no injection site 
reactions were observed. 

0115 Frequency of injection site reactions following first 
vaccination is presented in Table 3. The highest overall LSM 
frequency, 76%, of injection sites exhibiting a reaction at 
any time post first vaccination resulted from vaccination 
with T06 (256 ug). The next most frequent were 72% of the 
injection Sites showing a reaction following the first vacci 
nation with T05 (64 ug), 69% following the first vaccination 
with T04 (16 ug), and 63% following the first vaccination 
with T03 (4 ug). The lowest frequency, 38%, followed the 
first vaccination of TO2 (1 lug). 
0.116) Frequency of injection site reactions following the 
Second vaccination is presented in Table 4. The overall LSM 
frequency for each vaccine was consistent with that Seen 
post first vaccination. 

0117 Incidence and duration of injection site reactions 
following vaccination are summarized in Table 5. The 
incidence (or the number of dogs showing a reaction at any 
time) of a measurable injection site reaction was 100% for 
T03, T04, T05 and T06 (41 g, 16 ug, 64 ug, and 256 ug, 
respectively) following the first and Second vaccination. 
Animals that received T02 (1 lug) demonstrated the least 
incidence of injection site reactions post vaccination 
(57.1%). 
0118. Duration of the reaction (expressed as a least 
Squares means of days with a reaction shown in Table 5) was 
longer for TO4, T05 and T06 (16 ug, 64 ug, and 256 ug, 
respectively) vaccinated animals following the first and 
Second vaccinations (2.7 to 5.1 days post first vaccination 
and 6.0 to 6.7 days post second vaccination). T02 and T03 
(1 ug and 4 ug, respectively) vaccinated animals demon 
Strated the fewest number of days with an injection site 
reaction following the first and Second vaccinations (0.3 and 
1.3 days post first vaccination and 1.9 and 4.5 days post 
Second vaccination). 
0119 Rectal Temperatures 

0120 Mean rectal temperature measurements are sum 
marized in Table 6. The LSM rectal temperature for TO2 (1 
Aug) on Day 1 and 24, for TO3 (4 ug) on Day 1, 21, and 24, 
for TO4 (16 ug) on Day 2 and 24, for TO5 (64 ug) on Day 
23, and for TO6 (256 ug) on Day 0, 1, and 24 were 
significantly different from the placebo. On Day 23 all 
comparisons were not statistically significant (P>0.05) from 
the placebo. 
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0121 pé8 ELISA Serology 
0.122 Summary of p68 ELISA data are presented in Table 
7. The pre-vaccination geometric mean virus titers of p68 
ELISA specific antibodies in all groups were low (range 24.9 
to 28.9) and titers for the placebo remained low throughout 
the duration of the study. Twenty-one days following the first 
vaccination, p68 ELISA geometric meantiters had increased 
in the vaccinated treatment (range 55.2 to 4,411.7), however 
T02 (1 lug) titer was not statistically different from the 
Placebo (TO1). Forty-two days after the second vaccination, 
geometric mean titers were further increased in all vacci 
nated groups (range 674.6 to 48,382.0) demonstrating good 
Serological response to vaccination. 
0123 Serum Amyloid A (SAA) Serology 
0.124 SAA titers are summarized in Table 8. Prior to 
challenge, geometric mean SAA titers were low in all the 
treatment groups (range 0.1 to 0.5). Post challenge, T01 
GMT titers ranged from 1.5 to 146.0, where p68 treatment 
groups ranged from 0.3 to 23.1. All treatment groups were 
statistically different than the placebo on Days 50, 52, 54, 
and 56. No Statistical differences were demonstrated among 
the p68 vaccines with the exception of TO2 (1 lug) on Day 52 
when it demonstrated a Statistically different geometric 
mean from all other p68 treatment groups. 
0.125 Challenge Response 

0.126 Challenge response data are presented in Table 9. 
The response was determined by monitoring coughing fol 
lowing challenge and the observations were analyzed using 
two methods: least Square mean number of days with cough 
and two consecutive days of coughing (Incidence of Dis 
ease). 
0127. Analysis of the mean number of days coughing 
demonstrated no Statistically significant difference between 
the p68 treatment groups, but in the dogs vaccinated with 
placebo coughed a mean of 8.6 days whereas dogs admin 
istered p68 vaccines coughed significantly less, means rang 
ing between 2.2 to 4.7 dayS. 

0128. When dogs were evaluated using Incidence of 
Disease, all T01 (placebo) were observed coughing for two 
consecutive days (100% Incidence of Disease). TO4 (16 ug) 
and T05 (64 lig) vaccinated dogs demonstrated an Incidence 
of Disease of 55.6% and 66.7%, respectively. Only 28.6% of 
TO2 (1 lug), 50% of TO3 (4 ug), and 33.3% of TO6 (256 ug) 
vaccinated dogs were observed coughing for two consecu 
tive dayS. 

0129. Discussion: 
0130. In this study, the objective was to establish a 
relationship between antigen dose, immune response, and 
protection in dogs. The p68 antigen doses examined were 1 
pig, 4 lig, 16 lig, 64 lig, and 256 lig. 

0131 Analysis of injection site reaction measurements 
demonstrated a negligible reaction in the p68 treatment 
groups, with the exception of TO6 (256 ug) on the first day 
post Second vaccination. Reactions that were observed 
tended to be Small, generally decreasing in size during the 
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observation periods. The size of these reactions was clini 
cally insignificant and would most likely go unnoticed on 
unshaven dogs. 

0132 Rectal temperatures post vaccination were unre 
markable and were within normal limits for all dogs in all 
groupS. 

0.133 Serological response to vaccination was excellent 
in T03 through T06 groups. In these treatment groups, all 
demonstrated significantly higher p68 ELISA titers when 
compared to the placebo from Day 21 through Day 63. TO2 
(1 lug) demonstrated Significant p68 ELISA titers compared 
to the T01 (placebo) from Day 42 through Day 63. The 
highest titers were observed in T05 (64 ug) and T06 (256 
4g). 

0.134 Examination of the SM response in all p68 vacci 
nated dogs following challenge indicated a much Smaller 
rise in the SM post-challenge when compared to control 
dogs. No difference was demonstrated between the p68 
vaccine dose levels post-challenge with the exception of TO2 
(1 lug) on Day 52 that demonstrated a statistically different 
geometric mean from all other p68 treatment groups. 

0.135 Post challenge coughing observations were ana 
lyzed using least Squares means (LSM) of the number of 
days with cough or two consecutive days coughing (inci 
dence of disease). Using LSM of days coughing, a signifi 
cant difference was demonstrated between placebo and all 
p68 vaccinated groups although no difference was demon 
strated between the different p68 vaccine dose levels. Using 
the Incidence of Disease T02 (1 ug), TO3 (4 ug) and T06 
(256 ug) vaccinated dogs coughed significantly less than the 
placebo. 

CONCLUSIONS 

0.136 The study was conducted to establish a relationship 
between antigen dose, immune response, and protection in 
dogs. The p68 antigen doses examined were 1 lug, 4 lig, 16 
pig, 64 lig, and 256 ug. 

0.137 All vaccines were safe as demonstrated by minimal 
injection site reactions, normal rectal temperatures and 
absence of adverse response to vaccination. The size of the 
injection site reactions and the duration of these reactions 
were leSS in the lower antigenic treatment groupS. Serologi 
cal response to vaccination as measured by ELISA titers was 
excellent with the higher antigenic dose groups demonstrat 
ing higher Serological responses. When using LSM days 
coughing as a method of comparison, all treatment groups 
demonstrated a Significant reduction in coughing when 
compared to placebo. No differences were noted between the 
treatment groups. When two consecutive days coughing (or 
Incidence of Disease) was used for comparison, TO2 (1 lug), 
T03 (4 ug) and T06 (256 ug) vaccinated dogs coughed 
Significantly less than the placebo. 
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TABLE 1. 

10 

Volume of Injection Site Reaction in Dogs Following First Vaccination with 
p68 Antigen or Placebo 

LS Mean Size (cm) of Injection Site Reactions After 

O.OO 
4.00 
O.OOae 

O.OO 
10.44 
7.00a 

First Vaccination by Day of Study": 

8.53d 

O.OO O.OO O.OO 
O.OOa O.OOa O.OOa 

456b 1.14a,b O.39a 
4.28b 1.32 a,b 1.79 a,b 

14.69° 10.56° 401B, 440 
7.5Obe 5.62° 4.36 

TABLE 2 

5 7 

O.OO O.OO 
O.OOab O.OOa 
O.OOa O.OOa 

2.36a,b O.38a 
2.82ab 1.15a 
3.56° 1.24 

Volume of Injection Site Reaction Following Second Vaccination with 

Treatment 

(N) 

TO1 Placebo (9) 
TO2 pos, 1 lug (7) 
TO3 p68, 4 ug (8) 
TO4 pé8, 16 ug (9) 
TO5 pé8, 64 ug (9) 
TO6 pé8, 256 ug (9) 

0138) 

Treatment 

(N) 

TO1 Placebo (9) 
TO2 pos, 1 lug (7) 
TO3 p68, 4 ug (8) 
TO4 pé8, 16 ug (9) 
TO5 pé8, 64 ug (9) 
TO6 pé8, 256 ug (9) 

O (21) 

O.OO 
0.00a 

O.OO 
0.00a 

O.OO 
0.00a 

1 (22) 

O.OO 
0.00a 

2.89a 
50.03b 

p68 Antigen or Placebo 

LS Mean Size (cm) of Injection Site Reactions 

2 (23) 

5.33 a,b, 
7.58b.c 

10.99 
8.58b-e 

3 (24) 4 (25) 

O.OO O.OO 
1.14a 0.45a 

c 4.20a 2.59ab 
10.67b 7.25b,c 
14.28 9.79 
13.44 11.32 

'Values with different superscripts are statistically different (Ps 0.05) 

0139) 

TO1 

TO2 

TO3 

TO4 

TO5 

TO6 

Treatment (N) 

Placebo (9) 
p68, 1 lug (7) 
p68, 4 ug (8) 
p68, 16 lug (9) 
p68, 64 ug (9) 
p68, 256 ug (9) 

TABLE 3 

5 (26) 

Frequency of Injection Site Reaction Following First 

O 

Vaccination with pé8 Antigen or Placebo 

100.00 
90.OObe 
62.50 

90.OObe 
1OOOOb-d 

6 (27) 

15.3a 
7.97b 
11.14 
9.51b 

LS Mean Percent Dogs per Pen with Reaction. After 

O.OOa 

83.33P 
80.00 
87.5OP 

100.00 
100.00 

O.OOa O.OOa 

50.OOb 25.00a 
90.00 80.00 

100.00° 100.00 
100.00 90.00 
1OO.OO 100.00 

O.OOa 

12.50a 

63.33 
77.50b.c 
90.OOP: 
1OOOO 

14 

7 (28) 

1.23a,b 
5.14a,b 
6.50 

87.50 100.00 

90.00 90.00 

87.50° 100.00 

After Second Vaccination by Day of Study": 

14 (35) 

First Vaccination by Day of Study: 

14 

O.OOa 

O.OOa 

O.OO 

10.00 

O.OO 

O.OOa 

Sep. 23, 2004 
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0140 

TABLE 4 

Frequency of Injection Site Reaction Following Second 
Vaccination with pé8 Antigen or Placebo 

LS Mean Percent Dogs per Pen" with Reaction 
Treatment After Second Vaccination by Day of Study : 

(N) O (21) 1 (22) 2 (23) 3 (24) 4 (25) 5 (26) 6 (27) 7 (28) 14 (35) 

TO1 Placebo (9) O.OO O.OO 2O.OO 10.00 O.OO O.OO O.OO O.OO O.OO 
TO2 pos, 1 lug (7) O.OOa 58.33b 58.33b 58.33 45.83° 41.67 41.67 29.17 O.OOa 
TO3 p68, 4 ug (8) 0.00a 83.33° 100.OO 100.00 90.00° 73.33° 73.33° 73.33 O.OOa 

T04 pos, 16 g (9) 0.00 90.00° 100.00 100.00 100.00 100.00 100.00 100.00 0.00 
TO5 poS, 64 g (9) 0.00 100.00 100.00° 100.00° 100.00° 100.00 100.00 100.00' 0.00 
T06 pé8, 256 ug (9) 0.00 100.00 100.00° 100.00° 100.00° 100.00 100.00 87.50° 0.00 

2Two pens per treatment 

Values with different superscripts are statistically different (Ps 0.05). 

0141) 
TABLE 5-continued 

TABLE 5 - 
Duration of Injection Site Reactions Following 

Duration of Injection Site Reactions Following Vaccination with p68 Antigen or Placebo 

Vaccination with pé8 Antigen or Placebo LS Mean Days LS Mean Days 
Measurable with Reaction' with Reaction' 

LS Mean Days LS Mean Days Reaction (post first (post second 
Measurable with Reaction with Reaction' Treatment (N) (anytime) vaccination) vaccination) 
Reaction (post first (post second d 

Treatment (N) (anytime) vaccination) vaccination) TO4 p68, 16 lug (9) o 2.7 6.O 
o 

d 
TO1 Placebo (9) 0/9 O.Oa -O.O. TO5 pé8, 64 ug (9) Go) 4.9 6.3 

o 

(0%) al TO6 p68, 256 ug (9) 9/9 5.1 6.7d 
TO2 p68, 1 lug (7) 4/7 O.3 1.9 (100%) 

(57.1%) 
TO3 p68, 4 ug (8) 8/8 1.3a,b 4.5e Values with different superscripts are statistically different (Ps 0.05). 

(100%) 
0142) 

TABLE 6 

Mean Rectal Temperatures for Dogs Following Vaccination 
with poS Antigen or Placebo 

Treatment LS Mean Rectal Temperature by Day of Study 

(N) O 1. 2 3 21 22 23 24 

TO1 Placebo (9) 38.9a, 38.9a 38.9a, 39.0a 39.0a 38.8a 38.9a, 39.0a 
TO2 pos, 1 lug (7) 39.0a;b 38.5 38.8a 38.4B 38.7a 38.6a 38.7a, 38.6b. 
TO3 p68, 4 ug (8) 39.0 38.7a, 38.6a 39.0 38.6 38.6 38.6 38.4 

TO4 pos, 16 g (9) 39.0a 39.0 38.9° 38.7a, 38.7a 38.8 38.7ab 38.6be 
TO5 pos, 64 g (9) 38.9, 38.9° 38.9, 38.8° 38.7a 38.7a 39.0° 38.7a, 
T06 pos, 256 ug (9) 38.7b 39.3° 38.8ab 39.0° 38.8a 38.8 38.9ab 38.6be 
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0143) 

TABLE 7 

Serology pé8 DAB ELISA Titers in Dogs Following 
Vaccination with pé8 Antigen or Placebo 

Geometric Mean Virus Titers 

Treatment for pG8 ELISA by Day of Study: 

(N) O 21 42 49 63 

TO1 Placebo 25.2a 48.3 30.0a 28.2a 230.4a 

(9) 
TO2 pos, 25.5a 55.2a 674.6B 29445 1301.7 

1 tug (7) 
T03 p68, 25.3a 310.9° 7865.0° 4414.8° 10580.1° 

4 ug (8) 
T04 pé8, 28.9 515.4° 12180.4° 5824.4° 11429.3° 

16 lug (9) 
TO5 pé8, 25.3a 1699.5 36460.6 17593.9 22689.3°, 

64 ug (9) 
T06 pé8, 24.9a 4411.7d 48382.Od 2598O.9d 30594.3d 

256 ug (9) 

"Vaccinations were administered on Study Days 0 and 21. Values with 
different superscripts are statistically different (Ps 0.05) 
Vaccinations were administered on Study Days 0 and 21 and challenge 
was administered on Study Day 49. 
'Values with different superscripts are statistically different (Ps 0.05) 

0144) 

TABLE 8 

Serum Amyloid A (SAA) Titers in Dogs Following Challenge 
of Dogs Vaccinated with poS Antigen or Placeb 

Geometric Mean Serum Amyloid 
Treatment A Titers by Day of Study Postchallenge'. 

(N) 49 50 52 54 56 58 

TO1 Placebo (9) O.2a 146.0a 87.2a 153.6a 14.7a 1.5a 
TO2 pos, 1 lug (7) O.2a 8.3b 1.2b O.7b O.6b O.3a 
TO3 p68, 4 ug (8) O.2a 9.9 6.4 2.3b 1.2b 1.8a 
TO4 pé8, 16 ug (9) O1a 16.3b 11.6 3.0b 1.6b 14a 
TO5 pé8, 64 ug (9) O.5a 114 8.0° 34 13P 1.2a 
T06 pé8, 256 ug (9) 0.5 23.1. 16.4° 3.8 1.1 0.4 

'Values with different superscripts are statistically different (Ps 0.05) 

0145) 

TABLE 9 

Incidence and Duration of Coughing in Dogs Following 
Challenge of Dogs Vaccinated with po8 Antigen or Placeb 

Incidence of LS Mean Days with 
Treatment (N) Disease? Cough 

TO1 Placebo (9) 9/9a 8.6a 
(100%) 

TO2 p68, 1 lug (7) 2/7b 2.2b 
(28.6%) 

TO3 p68, 4 ug (8) 4/8b 3.8b 
(50%) 

TO4 p68, 16 ug (9) 5/9 3.7b 
(55.6%) 
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TABLE 9-continued 

Incidence and Duration of Coughing in Dogs Following 
Challenge of Dogs Vaccinated with po8 Antigen or Placeb 

Incidence of LS Mean Days with 
Treatment (N) Disease? Cough 

TO5 p68, 64 ug (9) 6/9a, b 4.7b 
(66.7%) 

TO6 p68, 256 ug (9) 3/9 3Ob 
(33.3%) 

Based on two consecutive days coughing 
“Values with different superscripts are statistically different (Ps 0.05) 

EXAMPLE 2 

Canine Bordetella p68 Immunogenicity Study 
0146) Animals 
0147 Forty-five male and female mixed breed dogs were 
purchased. A MLV parvovirus Vaccine was administered to 
all puppies on the day the puppies arrived at the Study site. 
No other vaccines, other than the experimental products, 
were administered to the puppies during the Study. Dogs 
were approximately 9 weeks of age (t1 week) on Day 0 (day 
of first vaccination). 
0.148 Dogs were kept in an isolation facility necessary to 
prevent exposure to Bordetella and other canine pathogens 
prior to challenge. After aerosol challenge with Bordetella, 
isolation procedures were continued to prevent exposure to 
other canine pathogens. 
0149 Vaccines 
0150 Sterile Saline was used as a placebo vaccine in 
treatment groups TO1 and TO2. Canine recombinant p68 
Bordetella Bronchiseptica Vaccine was used in treatment 
groups T03 and T04. The structural gene of the p68 antigen 
was cloned in Escherichia coli and expression of the gene 
was regulated by a temperature Sensitive promoter. The cells 
were lysed and the inclusion bodies were separated by 
centrifugation. The recombinant p68 in the inclusion bodies 
was solubilized by SDS treatment. The recombinant p68 (15 
Aug per mL) was combined with 50 ug of Quil A and 50 ug 
of cholesterol per mL in Sterile Saline as the diluent. Each 
one mL dose contained 0.28% of ethanol and 0.01% thime 
rosal. 

0151 Challenge Inoculum 
0152 Bordetella bronchiseptica Bihr Cat strain was pre 
pared as the challenge inoculum using the method currently 
employed by Biologics Control Laboratories-Microbiology. 
Bordet-Genou agar plates were plated with a confluent 
growth of Bordetella bronchiseptica-Bihr Cat strain and 
incubated for 48 hours at 37.5+/-2.5 C. Virulent phase I 
colonies were Selected and Streaked on Bordet-Genou agar 
and incubated for 24 hours at 37.5+/-2.5 C. After incuba 
tion, Bordetella Saline was used to wash colonies from the 
agar and the antigen was diluted to an optical density of 0.80 
at 600 nm. A cell count was performed pre- and post 
challenge for confirmation of the nephelometer reading. 
Challenge target concentration was approximately 1x10” 
CFU. The pre-challenge concentration was 2.37x10 CFU 
(100% Phase I) and post-challenge concentration count was 
1.35x10 CFU (100% Phase I). 
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0153 Study D Sign 
0154 Summary Table 

Treatment 
Group Treatment Route Number of Animals 

TO1 Saline Control Intramuscular 8 
TO2 Saline Control Subcutaneous 7 
TO3 p68 15 lug?dose Subcutaneous 15 
TO4 p68 15 lug?dose Intramuscular 15 

0155 Randomization/Blinding 
0156 For the time period from vaccination to day of 
challenge, animals were assigned to treatments according to 
a generalized block design. Treatments were randomly 
assigned to rooms. On the day of challenge, animals were 
randomly assigned to challenge rooms by block. 
O157 Qualified individuals, unaware of the assigned 
treatment groups, conducted microbiological and Serologi 
cal assays and assessments of injection sites, measurements 
of rectal temperatures, and observations of coughing. 
0158 Data Analysis 
0159 Post vaccination response variables consisted of 
injection Site data, rectal temperatures and p68 ELISA titers. 
Injection site data was Summarized in the following ways: 1) 
number of animals having a measurable reaction by treat 
ment and day of study, 2) number of animal time points 
having a measurable reaction by treatment, 3) number of 
animals having a measurable reaction at any time point by 
treatment. 

0160 Separately for first and second vaccinations, injec 
tion site volume (cubic cm), rectal temperatures and natural 
log transformed p68 ELISA titer data was analyzed using a 
general linear mixed model. 
0.161 Apriori linear contrasts of the treatment by obser 
Vation time-point least Squares mean were constructed to test 
treatment group differences at each observation time-point 
and to compare time-points within each treatment. The 5% 
level of Significance was used for all comparisons. 
0162 Post challenge response variables consisted of 
daily coughing observations, p68 ELISA titers and Serum 
amyloid Atiters. Number of days coughing during the post 
challenge period was analyzed using a general linear mixed 
model. 

0163 A priori contrasts of the treatment least squares 
mean was constructed to test treatment group differences. 
The 5% level of significance was used for all comparisons. 
0164 Separately for first and second vaccinations, Fish 
er's Exact test was used to compare treatment groups for the 
incidence of two days of consecutive coughing. The 5% 
level of Significance was used for all comparisons. 
0165 For serum amyloid A (SAA) titer data post chal 
lenge, the natural log transformation was applied to titer 
values prior to analysis using a general linear mixed model. 
0166 Apriori linear contrasts of the treatment by obser 
Vation time-point least Squares mean was constructed to test 
treatment group differences at each observation time-point 
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and to compare time-points within each treatment. The 5% 
level of Significance was used for all comparisons. 
0167 Study Procedure 
0168 Detailed Animal Procedures 
0169 Forty-five (45) seronegative and culture negative 
pups were randomly assigned to one of 4 treatment groups. 
Eight and Seven dogs were allocated to the intramuscular 
(IM) or Subcutaneous (SC) control groups respectively, for 
a total of 15 control dogs. Fifteen dogs were allocated to the 
p68 SC treatment group and 15 dogs were allocated to the 
p68 IM treatment group. Treatment Groups are detailed in 
the Study Design Section above. 
0170 Day 0 was designated as the day of first vaccina 
tion. Vaccinations were administered on Day 0 and repeated 
21 days later. For the first vaccination, the right side of the 
neck was used and for the Second vaccination, the left Side 
of the neck was used. Intramuscular injections were admin 
istered in the right and left SemimembranoSuS muscle for the 
first and Second vaccinations, respectively. All injection Sites 
were measured three dimensionally for Seven days following 
each vaccination with a follow-up measurement conducted 
14 days following vaccination. Rectal temperatures were 
monitored on the day of vaccination (prior to vaccination) 
and for three days following each vaccination. 
0171 On Day 35, all animals were tracheal Swabbed for 
B. bronchiseptica culture and blood was collected for agglu 
tination titers. All animals were negative by tracheal Swab 
and Serologically negative to Bordetella and deemed eligible 
for challenge. 
0172] On Day 45, twenty-four days after the second 
vaccination, an aeroSol challenge of B. bronchiseptica was 
administered to all dogs. Sedated dogs were challenged 
using a disposable nose cone, which was fitted Snugly over 
the muzzle of the Sedated dog. The nose cone was attached 
to a nebulizer which was attached to a vacuum preSSure 
pump Set at 5.5 to 6.0 psi. One mL of challenge material was 
placed in the nebulizer and the aeroSolized challenge mate 
rial was administered to each dog for 4 minutes. Personnel 
making observations were unaware of treatment group 
assignments. 
0173 Animals were monitored for coughing for 14 days 
following challenge (Days 46-59). Observations were made 
in 2 (two), approximately 30-minute periods at approxi 
mately the same time each day, one conducted in the AM and 
one in the PM and results were recorded. 

0174 Blood Collection 
0.175 Blood for agglutination titers was collected prior to 

first vaccination and prior to challenge. Blood for anti-p68 
ELISA evaluation was collected prior to vaccination on 
Days 0 and 21 and on Days 35, 45, and 59. Blood for Serum 
Amyloid A (SAA) assay was collected on the day of 
challenge (Day 45) and on Days 46, 48, 50, 52 and 54. 
0176 Tests Performed on Samples 
0177 Tracheal Swabs were evaluated for the presence of 
B. bronchiseptica by culture. Each tracheal Swab was 
streaked onto a Bordetella Selective Agar plate. Positive and 
negative controls were included. The plates were incubated 
at 37.5-2.5 C. for 48+4 hours. The resulting colonies on 
each plate were compared to the positive control and any 
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colony which appeared identical to the positive control was 
further tested to confirm the presence of B. bronchiseptica. 
Confirmational testing included the use of TSI, Citrate and 
Urea Agar and Nitrate Red media. 
0.178 Sera were evaluated for agglutination titers, p68 
ELISA analysis or SAA analysis using the following meth 
ods: 

0179 Agglutination titers-Sera were serially diluted in 
microtiter plates using Bordetella Saline. Positive and nega 
tive controls were included on each plate. B. bronchiseptica 
Strain 87 (grown on Bordet Genou agar, harvested, inacti 
vated and diluted to 20% T at 630 nm) was used as the 
agglutinating antigen and was added to each well. Plates 
were shaken and incubated at 35+2 C. for 2 hours. Plates 
were read after a Second incubation at room temperature for 
22 hours. The endpoint titer was determined using the last 
well to show 50% agglutination. 
0180 p68 ELISA titers. The recombinant p68 antigen 
was captured on a 96 well microtiter plate coated with a 
polyclonal antiserum specific to the Bordetella p68 antigen. 
Serial two-fold dilutions of the canine serum were added to 
the plate and incubated. Positive and negative controls at a 
1:1000 dilution were included on each plate. A peroxidase 
labeled affinity purified goat anti-dog IgG indicator conju 
gate was used to detect antibodies Specific for the p68 
antigen. A chromogenic Substrate ABTS was then added and 
the plate read when the positive control wells had an O.D. 
of 1.2+0.2. The titer of a given sample was calculated as the 
reciprocal of the last dilution with an optical density greater 
than the mean of the negative control Serum dilution plus 
five Standard deviations. 

0181 SAA titers. The canine Serum Amyloid A titers 
were evaluated using a kit purchased from Accuplex Co., 
University of Nebraska Medical Center, Omaha, Nebr. 
68198. Briefly, canine SAA was captured on a microtiter 
plate coated with a monoclonal anti-canine SAA antibody. 
Diluted Samples of the canine Serum were added to the plate 
followed by a biotin labeled anti-canine antibody conjugate. 
Following incubation, a peroxidase conjugated Streptavidin 
chromogenic Substrate was added. The plate was read after 
30 minutes. 

0182 Results 
0183 Rectal Temperatures 
0184 Summary of rectal temperature measurements are 
presented in Tables 10 and 11. 

TABLE 10 

Least squares mean of rectal temperatures 
(C.) in dogs following saline or pG8 Bordetella 

vaccination (post first vaccination" 

Rectal Temperatures (C.) 
Day of Study Std 

Treatment O 1. 2 3 Error 

TO1 saline IM 38.2 38.2 38.2 38.2 O.08 
TO2 saline SC 38.0 38.3 38.2 38.2 O.09 
T03 p68 SC 38.1 38.3 38.1 38.0 O.O6 
TO4 pé8 IM 38.2 38.4 38.2 38.2 O.O6 

First vaccination administered on Day 0. 
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0185 

TABLE 11 

Least squares mean of rectal temperatures 
(C.) in dogs following saline or pG8 Bordetella 

vaccination (post second vaccination') 

Rectal Temperatures (C.) 
Day of Study Std 

Treatment 21 22 23 24 Error 

TO1 saline IM 38.1 38.3 38.2 38.2 O.10 

TO2 saline SC 38.5 38.5 38.2 38.2 O.10 

T03 p68 SC 38.0 38.3 38.1 38.1 O.08 

T04 pé8 IM 38.1 38.4 38.4 38.4 O.08 

Second vaccination administered on Day 21. 

0186. No significant difference was noted between any 
groups on any day following the first vaccination. A signifi 
cant difference was noted between Saline vaccinated dogs 
and all p68 vaccinated dogs (p=0.0053 for TO1TO2 v 
T03T04) on Day 21. A significant difference (p=0.0124) 
between p68 SC and IM vaccinates was demonstrated on 
Day 24. 

0187. Injection Site Reactions 

0188 Injection site reactions are summarized in Tables 
12 and 13. Due to technical oversight, no injection Site 
observations were conducted at the 14-day observation 
following the second vaccination (Day 35). 

0189 Measurable site reactions were observed in T03 
(p68 SC) and were minimal in size. A Small injection site 
reaction was noted in one dog in T04 (p68 IM) on Day 3 but 
the minimal impact of the measurement is not reflected in 
the overall mean for the group. 

TABLE 12 

Least squares mean (cubic cm) of injection site reactions 
in dogs following saline or pé8 (15 lug?dose) Bordetella 

vaccination (post first vaccination" 

Mean Size (cubic cm) of 
Injection Site Reactions 

Day of Study 

Treatment 1. 2 3 4 5 6 7 14 

TO1 saline IM O.O O.O O.O O.O O.O O.O O.O O.O 
TO2 saline SC O.O O.O O.O O.O O.O O.O O.O O.O 
T03 p68 SC 7.4 4.3 6.8 3.4 2.5 2.6 1.9 O1 
T04 pé8 IM O.O O.O O.O. O.O O.O O.O O.O O.O 

First vaccination administered on Day 0 
standard error for TO1 = 0.80, TO2 = 0.84, TO3 = 0.70, and T04 = 0.70 
one dog had a small site reaction (0.5 cm) but due to rounding, the 
minimal impact of value is not reflected in overall mean. 
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0190. 
TABLE 14-continued 

TABLE 13 
Significance values for a priori contrasts among least squares 

Least squares mean (cubic cm) of injection site mean of iniection site reaction measurements. 
reactions in dogs following saline or poS 

(15 lug?dose) Bordetella vaccination Contrasts 
(post second vaccination") Day of Study (treatment v. treatment) p-value 

4 TO2 v TO3 O.OO44 Mean Size (cubic cm) of 
Injection Site Reactions TO3 v TO4 O.OO42 

Daw of Stud TO1TO2 v TO3TO)4 O.O339 
- YOSY- 5 TO2 v TO3 O.O313 

Treatment 22 23 24 25 26 27 28 TO3 v TO4 O.O253 
22 TO2 v TO3 O.OOO1 

TO1 saline IM O.O O.O. O.O. O.O. O.O. O.O. O.O TO3 v TO4 O.OOO1 
TO2 saline SC O.O O.O. O.O. O.O. O.O. O.O. O.O TO1TO2 v TO3TO)4 O.OOO2 
T03 p68 SC 8.6 9.2 9.5 7.3 5.2 4.7 5.1 23 TO2 v TO3 O.OOO1 
TO4 pé8 IM O.O O.O. O.O. O.O. O.O. O.O. O.O TO3 v TO4 O.OOO1 

TO1TO2 v TO3TO)4 O.OOO1 

Second vaccination administered on Day 21 24 TO2 v TO3 O.OOO1 
standard error for TO1 = 1.12, TO2 = 1.19, TO3 = 0.92, and T06 = 0.92 TO3 v TO4 O.OOO1 

TO1TO2 v TO3TO)4 O.OOO1 
25 TO2 v TO3 O.OOO1 

0191 Significant differences in injection sites measure- TO3 v TO4 O.OOO1 
ments are Summarized in Table 14. A significant difference 26 TO T y RT 
in injection site measurements between T02 (Saline SC) TO3 v TO4 00007 
versus T03 (p68 15ug SC) was noted for six days following TO1TO2 v TO3TO)4 O.O172 
the first vaccination. By Day 7 and again on Day 14 (the two 27 TO2 v TO3 O.OO35 
week re-evaluation observation), no significant differences TO T w Fro 

w 4 
were noted between any treatment group. 28 TO2 v TO3 O.OO17 

TO3 v TO4 O.OO1O 
0.192 A significant difference in injection site measure- TO1TO2 v TO3TO)4 O.O2OO 
ments between T02 (saline SC) versus T03 (p68 15ug SC) 
was noted for Seven days following the Second vaccination. Only significant (P < 0.05) contrasts are presented. 

TABLE 1.4 

Significance values for a priori contrasts among least squares 
mean of iniection site reaction measurements. 

0193 P68 ELISA Titers 
0194 p68 ELISA data are summarized in Table 15 and 
FIG. 1. Due to the considerable titer response to p68 in the 
vaccinated dogs, various titration minimums were used at 

Contrasts different time-points in the study. Titrations for Days 0 and 
Day of Study (treatment v. treatment) p-value 21 were started at 50. For Days 35, 45 and 59, titrations were 

1. TO2 v TO3 O.OOO1 begun at 200. Any value reported S “less than' was divided 
TO3 w TO4 O.OOO1 by 2 prior to analysis. The incremental rise observed in p68 

TO1TO2 v TO3TO4. O.OOO1 ELISA values for control groups (TO1 and T02) during the 
2 TO2 v TO3 O.OOO7 course of the Study is due to these minimum titration values. 

to N. w Niro es Agglutination titers remained <4. 
3 TO2 y TO3 0.0001 0.195 All p68 vaccinated animals demonstrated at least a 

TO3 w TO4 O.OOO1 four-fold increase in titers from the first day of vaccination 
TO1TO2 v TO3TO4. O.OOO2 to the day of challenge (Day 0 vs. Day 45) when compared 

to placebo Vaccinated animals. 

TABLE 1.5 

Geometric mean and standard errors of p88 (15 lug? dose) 
ELISA endpoint titers in dogs following saline or 

p68 (15 lug? dose) vaccination and following 
B. bronchiseptica aerosol challenge. 

Day of Study 

Std Std Std Std Std 
Treatment O error 21 error 35 eO 45 eO 59 eO 

TO1 Saline IM 25.O 4.78 25.0 4.78 125.4 23.96 10O.O 1814 13O.O 32.24 
TO2 saline SC 25.O 5.06 25.0 S.O6 113.5 23.OO 10O.O 1939 1OO.O 26.50 
T03 p68 SC 25.O 3.93 189.5 29.77 10688.7 1679.2O 4555.1 60343 8796.O 1592.43 
TO4p08 IM 25.O 3.93 121.4 19.08 11023.7 1731.85 4419.2 585.44 13718.1 2483.54 

Titrations for Days 0 and 21 were started at 50. Titrations for Days 35, 45 and 59 were stared at 200. 
Any value reported as "less than' was divided by 2 prior to analysis. 
First vaccination occurred on Day 0; Second vaccination occurred on Day 21 and challenge was 

administered on Day 45. 
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0196) Significant differences for least squares mean of 
post vaccination and post challenge ELISA titers are listed 
in Table 16. No significant difference was noted between the 
p68 SC and p68 IM vaccinated animals after vaccination 
was complete. 

TABLE 16 

Significance values for a priori contrasts among 
least square mean of post vaccination and 
post challenge po8 ELISA endpoint titers. 

Day of study Contrast p-value 

21 TO1 v TO4 O.OOO1 
TO2 v TO3 O.OOO1 

35 TO1 v TO4 O.OOO1 
TO2 v TO3 O.OOO1 

45 TO1 v TO4 O.OOO1 
TO2 v TO3 O.OOO1 

59 TO1 v TO4 O.OOO1 
TO2 v TO3 O.OOO1 

Only significant (P < 0.05) contrasts are presented. 

0197) Only significant (P<0.05) contrasts are presented 
0198 Serum Amyloid A Titers 
0199 SM values were determined on Days 0, 1, 3, 5, 7 
and 9 following challenge. Serum Amyloid A values are 
presented in Table 17 and represented in FIG. 2. 

TABLE 1.7 
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TABLE 18-continued 

Significance values for a priori contrasts 
among least square mean of Serum 
Amyloid A titlers postchallenge. 

Contrast 
Day of study (treatment V treatment) p-value 

48 TO1 v TO4 O.OOO7 
TO2 v TO3 O.OOO1 

50 TO1 v TO4 O.OOO1 
TO2 v TO3 O.OOO1 

52 TO1 v TO2 O.OO93 
TO2 v TO3 O.OOO1 

54 TO2 v TO3 O.O493 

Only significant (P < 0.05) contrasts are presented. 

0201 Coughing Observations 
0202 Aerosol challenge for all treatment groups 
occurred 24 days following the Second vaccination (Day 
45). Coughing observations were examined using two meth 
ods-disease Status based on two consecutive days coughing 
(presented in Table 19) and percentage of days coughing 
(presented in Tables 20 and 21). When dogs were evaluated 
using criteria of two consecutive days coughing, 80% of the 
p68 vaccinated dogs (SC and IM) coughed at least two 
consecutive days whereas the Saline SC and Saline IM 
vaccinated dogs coughed 100% and 87.5%, respectively. 
When dogs were evaluated using percentage of days 

Geometric mean and standard errors of Serum Amyloid A titers 
in saline and pé8 (15 lug?dose) Bordetella vaccinated dogs 
following aerosol challenge with Bordetella bronchiseptica 
Geometric Mean and Standard Errors of Serum Amyloid A 

Day of Study" 

45 46 48 50 52 54 

Std. Std. Std. Std. Stod. Std. 
TRT Mean error Mean error Mean Error Mean error Mean error Mean error 

TO1 O.1 O.O2 277.3 125.3O 82.4 42.17 69.8 28.6O 6.O 2.24 12 O.33 
TO2 O.4 O.06 384.5 185.63 128.9 70.46 215.9 94.56 28.O. 11.23 3.7 1.11 
TO3 O.S. O.OS 31.7 10.51 6.O 2.25 23 O.68 O.8 O.23 13 O.27 
TO4 O.3 0.04 SOO 16.58 8.6 3.22 S.O 150 2.4 O.65 O.7 O.14 

Challenge administered on Day 45 

0200 Significant differences in SM titers are summarized 
in Table 18. Saline controls demonstrated higher SM titers 
than vaccinated dogs on Days 1, 3 and 5 following chal 
lenge. Saline SC controls continued to demonstrate signifi 
cantly higher SM titers when compared to vaccinated SC 
dogs on Day 7 and 9 following challenge. 

TABLE 1.8 

Significance values for a priori contrasts 
among least square mean of Serum 
Amyloid A titlers postchallenge. 

observed coughing, p68 SC and IM vaccinated dogs 
coughed 38.72% and 41.05% of the days observed, respec 
tively. Saline SC and Saline IM vaccinated dogs coughed 
69.04% and 62.66%, respectively. 

TABLE 1.9 

Summary of disease status in saline and poS 
(15 lug?dose) Bordetella vaccinated 

dogs based on two consecutive days coughing 
following aerosol challenge with Bordetella 

bronchiseptica 

Percent Dogs 
Contrast with Two Consecutive 

Day of study (treatment V treatment) p-value Treatment Number # of Dogs Days Coughing 

46 TO1 v TO4 O.OO25 TO1 Saline IM 8 87.5 
TO2 v TO3 O.OOO1 TO2 Saline SC 7 1OO.O 
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TABLE 19-continued 

Summary of disease status in saline and poS 
(15 lug?dose) Bordetella vaccinated 

dogs based on two consecutive days coughing 
following aerosol challenge with Bordetella 

bronchiseptica 

Percent Dogs 
with Two Consecutive 

Treatment Number # of Dogs Days Coughing 

T03 p68 15 lug/dose SC 15 8O.O 
TO4p08 15 lug/dose IM 15 8O.O 

0203 No significant difference was demonstrated 
between Saline vaccinated and p68 vaccinated dogs when 
disease Status was based on two consecutive days coughing. 

TABLE 2.0 

Mean percentage of days coughing in saline and poS 
(15 lug?dose) Bordetella vaccinated dogs following 
aerosol challenge with Borderella bronchiseptica 

Number of 
Treatment Dogs Mean Std Error 

TO1 Saline IM 8 62.66% 8.67 
TO2 Saline SC 7 69.04% 8.86 
TO3 p68 15 lug SC 15 38.72% 6.38 
TO4 p68 15 lug IM 15 41.05% 6.44 

0204 A significant difference (p=0.0112) was demon 
strated between T02 (saline SC) and T03 (p68 15 lug SC). No 
significant difference was demonstrated between T01 (saline 
IM) and TO4 (p68 15 lug IM). 

TABLE 21 

Mean percentage of days coughing by treatment in saline 
and pé8 (15 lug?dose) Bordetella vaccinated dogs 

following aerosol challenge with Bordetella bronchiseptica 

Parameter Estimate Std error 

Saline mean (TO1 & TO2) 65.89% 1.10 
15 lug/dose mean (TO3 & TO4) 39.88% 4.34 

0205) A significant difference (p=0.0022) was demon 
Strated between the Saline controls and p68-vaccinated dogs. 
0206 Discussion 
0207. The study was designed to demonstrate the safety 
and efficacy of a p68 Bordetella 15 lug/dose vaccine in dogs. 
0208 Safety was examined using injection site and rectal 
temperature observations. Analysis of injection site reaction 
measurements demonstrated a negligible reaction in the IM 
vaccinated group and minimal reactions in SC Vaccinated 
group. Reactions that were observed tended to be Small, 
generally decreasing in size during the observation periods. 
The size of these reactions would most likely go unnoticed 
on unshaven dogs. Although a significant difference was 
observed between Saline and vaccinated on Day 21 and 
between IM and SC vaccinates on Day 24, rectal tempera 
tures were clinically unremarkable and were within normal 
limits for all dogs in all groups. 
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0209 Efficacy was examined using observations of mea 
Surement of p68 ELISA endpoint titers and coughing. 
Regardless of the route of administration, a good p68 
antibody response was demonstrated in p68-vaccinated 
groups by Day 35. A good anamnestic response was 
observed in vaccinates post challenge. Although higher 
antibody responses have traditionally been obtained with the 
more vascular and less fatty IM route as compared to the SC 
route, the difference between p68 SC and IM vaccinates was 
not significant through the course of the Study. 

0210 Examination of the SAA response in vaccinated 
and unvaccinated p68 Bordetella dogs following challenge 
indicated a much smaller rise in the SM values in vaccinated 
animals groups especially on days 1, 3 and 5 days post 
challenge. 

CONCLUSIONS 

0211. In this study, efficacy a 15 lug/dose p68 canine 
Bordetella Vaccine was examined using a canine challenge 
model 24 days after vaccination. The vaccine was Safe as 
demonstrated by normal rectal temperatures, minimal injec 
tion Site reactions and efficacy was demonstrated in com 
bined IM and SC groups. Comparison of SM values dem 
onstrated a significant difference between Saline and p68 
vaccinated dogs on Days 1, 3 and 5 following aeroSol 
challenge. 

EXAMPLE 3 

Six Month Duration of Immunity Study of Canine 
Bordetella p68 Vaccine 

0212 Animals 
0213 Ninety male and female mixed breed dogs were 
purchased and the majority of puppies were 9 weeks (t1 
week) on the day of first vaccination. 
0214) A MLV parvovirus vaccine was administered to 
dogs upon arrival at the Study site. To be eligible for the 
Study, animals were determined to be negative to B. bron 
chiseptica by tracheal Swab and agglutination titer. No 
vaccines, other than the experimental products, were admin 
istered during the Study. 

0215 Dogs were kept in an isolation facility necessary to 
prevent exposure to B. bronchiseptica and canine pathogens 
prior to challenge. After aeroSol challenge with B. bron 
chiseptica, isolation procedures were continued to prevent 
exposure to other canine pathogens. 

0216 Vaccines 
0217 Sterile Saline was used as a placebo vaccine in 
treatment groups TO1 and TO2. Canine recombinant p68 
Bordetella Bronchiseptica Vaccine was used in treatment 
groups T03 and T04. The structural gene of the p68 antigen 
was cloned in Escherichia coli and expression of the gene 
was regulated by a temperature Sensitive promoter. The cells 
were lysed and the inclusion bodies were separated by 
centrifugation. The recombinant p68 in the inclusion bodies 
was solubilized by SDS treatment. Separately, the 15 ugp68 
and 60 ugp68 were combined with 50 tug of Quil A and 50 
tug of cholesterol per mL in Sterile Lepto Saline as the 
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diluent. The combined components were mixed at 4 C. for 
24 hours and passed three times through a microfluidizer. 
Each one mL dose contained 2.7 ul of ethanol and 0.0001% 
thimerosal. p.68 concentrations in the experimental vaccines 
were measured by p68 ELISA. All assays were done in 
replicates of five (5). All vaccines were used within 6 
months of assembly. 
0218 Challenge Inoculum 
0219 Bordet-Genou agar plates were plated with Borde 
tella bronchiseptica-Bihr Cat strain and incubated for 48 
hours at 37.5+/-2.5 C. Virulent phase I colonies were 
Selected and Streaked on Bordet-Genou agar and incubated 
for 24 hours at 37.5+/-2.5 C. After incubation, Bordetella 
Saline was used to wash colonies from agar and the cells 
diluted to an optical density of 0.80 at 600 nm. A cell count 
was performed pre and post challenge for confirmation of 
the nephelometer reading. Challenge target concentration 
was approximately 1x10°CFU. For Group I, the prechal 
lenge concentration count was 1.94x10" and the post chal 
lenge concentration count was 1.43x10'. For Group II, the 
prechallenge concentration count was 2.55x10" and the post 
challenge concentration count was 2.13x10'. 
0220 Study D Sign 
0221) Summary Table 
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0228) Data Analysis 

0229 Post vaccination response variables consisted of 
injection Site data, rectal temperatures and p68 ELISA titers. 
Injection site data was Summarized as follows: 1) number of 
animals having a measurable reaction by treatment and day 
of study, 2) number of animal time points having a measur 
able reaction by treatment, 3) number of animals having a 
measurable reaction at any time point by treatment, 4) 
duration of a measurable reaction for each animal. 

0230 Separately for first and second vaccinations, injec 
tion site volume (cubic cm), rectal temperatures and natural 
log transformed p68 ELISA titer data was analyzed using a 
general linear mixed model. 

0231. A priori linear contrasts of the treatment by obser 
Vation time point least Squares mean was constructed to test 
treatment group differences at each observation time point 
and to compare time points within each treatment. The 
specific comparisons of interest were TO1 vs. T03, TO1 vs. 
TO5, TO3 vs. T05, TO2 vs. TO4, TO2 vs. T06, and T04 vs. 
TO6. If the time point-by-treatment-by-study group interac 
tion term was Significant at P-0.05, contrasts among treat 
ment groups at each time point and among time points 
within treatment groups was within each Study group, oth 

Number of Animals 
Day of First Vaccination 

Treatment Day 0 Day 
Group Treatment Route (Group I) 20 (Group II) 

TO1 Saline Control Subcutaneous 8 7 
TO2 Saline Control Intramuscular 8 7 
TO3 p68 60 tug/dose Subcutaneous 8 7 
TO4 p68 60 tug/dose Intramuscular 8 7 
TO5 p68 15 lug?dose Subcutaneous 8 7 
TO6 p68 15 lug?dose Intramuscular 8 7 

0222. The study was conducted in two phases or groups 
consisting of 48 dogs in Group I and 42 dogs in Group II. 
Vaccination #1 occurred on Day 0 for the each Group. 
Vaccination #2 occurred 20 days later. Events in Group I 
were offset from the events in Group II by approximately 15 
days. Dogs were aerosol challenged with B. bronchiseptica 
181 days after the last vaccination. 
0223 Randomization/Blinding 

0224) Animals were randomly assigned to treatments and 
rooms according to a complete randomized design. 

0225. For the time period from vaccination #1 to day of 
challenge within each study group, animals were randomly 
assigned to treatments and rooms (3 to 5 dogs per room) 
using a randomization plan. 

0226 On the day of challenge, the previously treated 
animals were randomized to challenge rooms within Study 
group using a generalized block design. 

0227 Qualified individuals, unaware of the assigned 
treatment groups, conducted microbiological and Serologi 
cal assays and assessments of coughing and injection sites. 

Total Number 
of Animals 

15 
15 
15 
15 
15 
15 

erwise these contrasts were based on the time point-by 
treatment interaction effect least Squares mean. The 5% level 
of Significance was used for all comparisons. 

0232 Post challenge response variables consisted of p68 
ELISA titers, Serum Amyloid A titers and daily coughing 
observations. Post challenge p68 ELISA titers were ana 
lyzed as previously described. For Serum Amyloid A(SAA) 
titer data post challenge, the natural log transformation was 
applied to titer values prior to analysis using a general linear 
mixed model. 

0233. The analysis of coughing was amended to reflect 
USDA requirements. For each dog, the percentage of obser 
Vation periods during which coughing was observed was 
calculated. Prior to analysis, the percentage was transformed 
using the arcsin Square root transformation. A general linear 
mixed model was used for analysis of coughing. 

0234 Least squares mean from this analysis were back 
transformed to percentages and the percent reduction in 
coughing was calculated as: 
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(control group mean - treatment group mean) 
Percent Reduction = 100X 

(control group mean) 

0235 A priori linear contrasts of the treatment least 
Squares mean was constructed to test treatment group dif 
ferences. The Specific comparisons of interest were TO1 VS. 
TO3, TO1 vs. TO5, TO3 vs. T05, TO2 vs. T04, TO2 vs. TO6, 
and T04 vs. T06. If the treatment-by-study group interaction 
term was significant at P-0.05, contrasts among treatment 
groups was within each Study group otherwise contrasts 
among treatment groups were based on the treatment main 
effect least Squares mean. The 5% level of Significance was 
used for all comparisons. 
0236 Study Procedure 
0237) Detailed Animal Procedures 
0238 Prior to arrival on study premises and prior to the 

first vaccination, puppies were tracheal Swabbed for B. 
bronchiseptica culture and blood was collected for aggluti 
nation titers. All animals were negative by tracheal Swab and 
Serologically negative to Bordetella and deemed eligible for 
the Study. Forty-eight puppies were randomly assigned to 
one of six treatment groups for Group I. The procedure was 
repeated using forty-two dogs for Group II. Animals were 
acclimated to the Study site for at least five dayS. 
0239 Groups and treatments are detailed in Section 
7.4.A. Due to facility constraints and to enhance the accu 
racy of coughing observations following challenge, the 
vaccination and the respective challenge periods were Stag 
gered by 15 days to generate the two dog groups. Day 0 
refers to the day of vaccination #1 for both Group I and II. 
Vaccination #2 occurred 20 days later. Treatments T01, TO3, 
and TO5 were administered via the Subcutaneous route. 
Treatments TO2, T04, and TO6 were administered via the 
intramuscular route. Subcutaneous injections were admin 
istered in the dorsolateral aspect of the neck. For vaccination 
#1, the right Side of the neck was used and for vaccination 
#2, the left Side of the neck was used. Intramuscular injec 
tions were administered in the right and left Semimembra 
noSuS muscle for vaccination #1 and vaccination #2, respec 
tively. All injection sites were measured three dimensionally 
for Seven days following each vaccination with a follow-up 
measurement done 14 days following vaccination. Rectal 
temperatures were monitored on the day of vaccination 
(prior to vaccination) and for three days following each 
vaccination. Blood was collected prior to each vaccination 
(on Day-1 and Day 19) and on Day 50 for p68 ELISA titer 
determination. 

0240 Each month, all dogs were tracheal Swabbed for B. 
bronchiseptica culture under sedation to confirm B. bron 
chiseptica negative Status. Blood was also collected for 
agglutination and ELISA titers. The procedure was repeated 
7 days prior to challenge for each group. Evidence of a 
positive tracheal Swab culture or a rising agglutination titer 
excluded the animal from the Study. 
0241 Challenge was administered to dogs 181 days after 
vaccination #2. Sedated dogs were challenged using a dis 
posable nose cone, which was fitted Snuggly over the muzzle 
of the Sedated dog. The nose cone was attached to a 
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nebulizer which was attached to a vacuum pressure pump Set 
at 5.5 to 6.0 psi. One mL of challenge material was placed 
in the nebulizer and the aeroSolized challenge material was 
administered to each dog for 4 minutes. 
0242 Post challenge coughing observations were 
amended prior to challenge to comply with USDA recom 
mendations. After challenge, each group of dogs was 
observed between the third and tenth day following chal 
lenge, for a total of 8 days. Animals were observed twice 
daily for coughing for approximately 45 minutes at each 
observation period. The interval between observation peri 
ods was approximately 12 hours. Personnel unaware of the 
assigned treatment groups recorded coughing observations. 

0243 Blood Collection 
0244 Blood for agglutination titers was collected prior to 

first vaccination, monthly and prior to challenge for each 
grOup. 

0245 Blood for anti-p68 ELISA evaluation was collected 
the day before vaccination #1 and #2, on Day 50 and at 
approximately 30 day intervals thereafter for each group. 
Blood was also collected the day of challenge and on the 
final day of post challenge observation. 
0246 Blood for Serum Amyloid A (SAA) assay was 
collected on the day of challenge (prior to challenge) and on 
1, 3, 5, 7, and 9 days post challenge for each group. 
0247 Tests Performed on Samples 
0248 Tracheal Swabs were evaluated for the presence of 
B. bronchiseptica by culture. Each tracheal Swab was 
streaked onto a Bordetella Selective Agar plate. Positive and 
negative controls are included. The plates were incubated at 
37.5-2.5 C. for 48+4 hours. The resulting colonies on each 
plate were compared to the positive control and any colony 
which appeared identical to the positive control was further 
tested to confirm the presence of B. bronchiseptica. Confir 
mational testing included the use of TSI, Citrate and Urea 
Agar and Nitrate Red media. 
0249 Sera were evaluated for agglutination titers, p68 
ELISA analysis or SM analysis using the following meth 
ods: 

0250 Agglutination titers-Sera were serially diluted in 
microtiter plates using Bordetella Saline. Positive and nega 
tive controls were included on each plate. B. bronchiseptica 
Strain 87 (grown on Bordet Genou agar, harvested, inacti 
vated and diluted to 20% T at 630 nm) was used as the 
agglutinating antigen and was added to each well. Plates 
were shaken and incubated at 35+2 C. for 2 hours. Plates 
were read after a Second incubation at room temperature for 
22 hours. The endpoint titer was determined using the last 
well to show 50% agglutination. 

0251 p68 ELISA titers. The recombinant p68 antigen 
was captured on a 96 well microtiter plate coated with a 
polyclonal antiserum specific to the Bordetella p68 antigen. 
Serial two fold dilutions of the canine serum were added to 
the plate and incubated. Positive and negative controls at a 
1:1000 dilution were included on each plate. A peroxidase 
labeled affinity purified goat anti-dog IgG indicator conju 
gate was used to detect antibodies Specific for the rp68 
antigen. A chromogenic Substrate ABTS was then added and 
the plate read when the positive control wells had an O.D. 
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of 1.2.0.2. The titer of a given Sample was calculated as the 
reciprocal of the last dilution with an optical density greater 
than the mean of the negative control Serum dilution plus 
five Standard deviations. 

0252 SAA titers. The canine Serum Amyloid A was 
captured on a 96 well microtiter plate coated with a mono 
clonal anti-canine SAA antibody. Diluted samples of the 
canine Serum were added to the plate and incubated. A 
reference Standard was added to obtain a Standard curve 
from 0.31 ng/ml to 20 ng/ml. A biotin labeled anti-canine 
antibody conjugate was added. Following the incubation of 
the biotin labeled anti-canine antibody, a peroxidase conju 
gated Streptavidin was added. A chromogenic Substrate 
TMB was added and the plate was read after 30 minutes. The 
concentration of Serum Amyloid A was determined by 
comparison the Sample to the Standard curve and multipli 
cation by the appropriate dilution factor. 

0253) Results 

0254. Unless otherwise noted, results are the combined 
data from Group I and II. 

0255 Tracheal Swab Culture and Agglutination Titers 

0256 Positive tracheal Swab cultures and/or rising agglu 
tination titers were demonstrated in eleven dogs during the 
course of the study. These dogs and any dog housed with the 
positive dogs were removed from the Study, resulting in a 
loss of 20 dogs. The number of dogs removed from each 
group was: TO1-4 dogs, TO2-2 dogs, TO3-3 dogs, TO4-1 dog, 
TO5-5 dogs, TO6-5 dogs. 

0257) 

0258 Injection site reactions are summarized in Tables 
22-25. Injection site information was not collected for Dog 
81595 on Day 21 for Group I due to technical oversight. The 
protocol was amended So that injection site reaction data 
was not collected for dogs in Group II on Day 22 therefore, 
Summary of data from Day 22 contains only information 
from the eight dogs per treatment group in Group I. Injection 
Site reactions were not observed for any dog receiving an IM 
treatment. Injection Site measurements were minimal for 
both SC vaccinated treatment groups (TO3 and T05). 

Injection Site Observations 

TABLE 22 

Least squares mean (cubic cm) of injection site 
reactions in dogs following saline or pé8 Bordetella 

vaccination (post first vaccination" 

Mean Size (cubic cm) 
Day of Study 

Treatment 1. 2 3 4 5 6 7 14 

TO1 saline SC O O O O O O O 
TO2 saline IM O O O O O O O 
TO3 60 ug SC 5.8 6.4 7.3 6.3 5.0 4.9 2.7 
TO460 ug IM O O O O O. O O 
TO5 15 lug SC 4.4 4.6 3.1 2.1 1.2 O.9 O.7 
T06 15 lug IM O O O O O O O 

Vaccination #1 administered on Day 0 
standard error for all means = 0.64 
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0259 

TABLE 23 

Least squares mean (cubic cm) of injection site reactions 
in dogs following saline or poS Bordetella vaccination 

post second vaccination" 

Mean Size (cubic cm) 
Day of Study 

Treatment 21b 22e 23b 24b 2.5b 26b 27b 34b 

TO1 saline SC O O O O O O O O 
TO2 saline IM O O O O O O O O 
TO3 60 ug SC S.O 3.2 4.2 5.8 5.9 5.8 43 O.1 
TO460 ug IM O O O O O O O O 
TO5 15 lug SC 3.7 24 2.2 2.6 2.1 2.0 16 O 
T06 15 lug IM Od O O O O O O O 

Vaccination #2 administered on Day 20 
'standard error for means on this day = 0.55 
standard error for means on this day = 0.70 
'standard error for TO6 on Day 21 = 0.57 

0260 

TABLE 24 

Percent of dogs having a measurable injection site 
reaction following vaccination with saline or pé8 

Borderella (post first vaccination" 

Percent Measurable Reaction 

Treatment in 1. 2 3 4 5 6 7 14 

TO1 saline 15 O O O O O O O O 
SC 
TO2 saline 15 O O O O O O O O 
IM 

TO3 60 ug 15 66.7 73.3 73.3 73.3 73.3 73.3 66.7 O 
SC 
TO460 ug 15 O O O O O O O O 
IM 
TO5 15 ug 15 73.3 73.3 60.0 60.0 53.3 
SC 
T06 15 lug 15 O O O O O O O O 
IM 

46.7 46.7 O 

Vaccination #1 administered on Day 0 

0261) 

TABLE 25 

Percent of dogs having a measurable injection site 
reaction following vaccination with saline or pé8 

Borderella (post Second Vaccination" 

Percent Measurable Reaction 
Day of Study 

Treatment 21 22b 23 24 25 26 27 34 

TO1 saline 15 O O O O O O O O 
SC 
TO2 saline 15 O O O O O O O O 
IM 

TO3 60 ug 15 80.0 50.0 66.7 66.7 80.0 80.0 80.0 6.7 
SC 
TO460 ug 15 O O O O O O O O 
IM 
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TABLE 25-continued 

Percent of dogs having a measurable injection site 
reaction following vaccination with saline or pé8 

Borderella (post second vaccination" 

Percent Measurable Reaction 
Day of Study 

Treatment 21 22b 23 24 25 26 27 34 

TO5 15 ug 15 73.3 50.0 73.3 73.3 73.3 73.3 66.7 O 
SC 
T06 15 lug 15 0° O O O O O O O 
IM 

Vaccination #2 administered on Day 0 
n = 8 for Day 22 
n = 14 for TO6 on Day 21 

0262 Significant differences in injection sites measure 
ments are Summarized in Table 26. A significant difference 
in injection sites measurements between T01 (saline SC) 
versus T03 (60 ug SC) was noted for seven days after the 
first vaccination. A significant difference between TO1 
(saline SC) and T05 (15ug SC) was noted for only the first 
four days after the first vaccination. A significant difference 
was found between T03 (60 ug SC) and T05 (15ug SC) on 
Days 3 through 7. By Day 14 (the two week re-evaluation 
observation), no difference was noted between any of the 
groupS. 

0263. A significant difference (P=0.0138) in injection 
sites measurements between T01 (saline SC) versus T03 (60 
ug SC) and T05 (15ug SC) was noted for seven days after 
the Second vaccination. A significant difference was found 
between T03 (60 ug SC) and T05 (15ug SC) on Days 23 
through 27. By Day 34 (the two week re-evaluation obser 
Vation), no difference was noted between any of the groups 

TABLE 26 

Significance values for a priori contrasts among least 
Squares mean of iniection site reaction measurements. 

Contrasts 
Day of Study (treatment v. treatment) p-value 

1. TO1 v TO3 O.OOO 
TO1 v TO5 O.OOO 

2 TO1 v TO3 O.OOO 
TO1 v TO5 O.OOO 

3 TO1 v TO3 O.OOO 
TO1 v TO5 O.OOO6 
TO3 v TO5 O.OOO 

4 TO1 w. TO3 O.OOO 
TO1 v TO5 O.O214 
TO3 v TO5 O.OOO 

5 TO1 v TO3 O.OOO 
TO3 v TO5 O.OOO 

6 TO1 v TO3 O.OOO 
TO3 v TO5 O.OOO 

7 TO1 v TO3 O.OO3 
TO3 v TO5 O.O258 

21 TO1 v TO3 O.OOO 
TO1 v TO5 O.OOO 

22 TO1 v TO3 O.OO1O 
TO1 v TO5 O.O166 

23 TO1 v TO3 O.OOO 
TO1 v TO5 O.OO55 
TO3 v TO5 O.O113 

Sep. 23, 2004 

TABLE 26-continued 

Significance values for a priori contrasts among least 
squares mean of injection site reaction measurements. 

Contrasts 

Day of Study (treatment v. treatment) p-value 

24 TO1 v TO3 O.OOO1 
TO1 v TO5 O.OOO8 
TO3 w TO5 O.OOO1 

25 TO1 v TO3 O.OOO1 
TO1 v TO5 O.OO67 
TO3 w TO5 O.OOO1 

26 TO1 v TO3 O.OOO1 
TO1 v TO5 O.O104 
TO3 w TO5 O.OOO1 

27 TO1 v TO3 O.OOO1 

TO1 v TO5 0.0475 
TO3 w TO5 O.OOO4 

Only significant (P < 0.05) contrasts are presented. 

0264. Rectal Temperature 

0265 Rectal temperature measurements are summarized 
in Tables 27 and 28. The protocol was amended so that rectal 
temperature data were not collected for Group II dogs on 
Day 22, therefore, Summary of data from Day 22 contains 
only information from the dogs per treatment group in 
Group I. 

TABLE 27 

Least squares mean of rectal temperature (C.) 
in dogs following saline or pé8 Bordetella 

vaccination (post first vaccination" 

Rectal Temperature.( C.) 
Day of Study 

Treatment O 1. 2 3 

TO1 saline SC 38.5 38.4 38.3 38.2 
TO2 saline IM 38.4 38.2 38.4 38.2 
TO3 60 ug SC 38.4 38.5 38.2 38.3 
TO460 tug IM 38.4 38.5 38.4 38.4 
TO5 15 lug SC 38.5 38.5 38.2 38.2 
T06 15 lug IM 38.5 38.4 38.3 38.4 

Vaccination #1 administered on Day 20. 
'standard error = 0.09 

0266 

TABLE 28 

Least squares mean of rectal temperature (C.) 
in dogs following saline or pé8 Bordetella 
Vaccination (post Second Vaccination" 

Rectal Temperature( C.) 
Day of Study 

Treatment 2Ob 21b 22c 23b 

TO1 saline SC 38.6 38.5 38.3 38.4 
TO2 saline IM 38.6 38.6 38.3 38.4 
TO3 60 ug SC 38.7 38.6 38.6 38.4 
TO460 tug IM 38.8 38.7 38.5 38.5 
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TABLE 28-continued 

Least squares mean of rectal temperature (C.) 
in dogs following saline or pé8 Bordetella 
vaccination (post second vaccination" 

Rectal Temperature( C.) 
Day of Study 

Treatment 20b 21b 22e 23b 

TO5 15 lug SC 38.6 38.6 38.5 38.4 
TO615 ug IM 38.7 38.7 38.4 38.5 

Vaccination #2 administered on Day 20 
standard error = 0.08 
standard error = 0.11 

0267 A significant difference was noted in rectal tem 
peratures between T02 (saline IM) and T04 (60 ug IM) on 
Day 1 after the first vaccination. No significant difference 
was found in rectal temperatures between any group on any 
day after the Second vaccination. 
0268 pé8 ELISA Titers 
0269 Prechallenge p68 ELISA data are summarized in 
Table 29. Due to the response of Group I dogs in T06 on Day 
19, an effect due to group was observed in the data analysis 
of p68 ELISA titers. The effect was small and did not 
influence other analyzed timepoints. Therefore, data from 
Group I and II are combined for reporting purposes. 
0270. Due to the considerable titer response to p68 in the 
vaccinated dogs, various titration minimums were used at 
different timepoints in the study. Titrations for Days-1 and 
19 were started at 50. For days 50 through 195, titrations 
were begun at 200. Titrations for samples collected on Day 
201 and 211 were started at 1000. Any value reported as 
“less than” was divided by 2 prior to analysis. The incre 
mental rise observed in p68 ELISA values for control groups 
(TO1 and T02) during the course of the study is due to these 
minimum titration values. 

0271 Agglutination titers, except as previously noted, 
remained <4. 

0272 All placebo vaccinated dogs had p68 titers <200 on 
Day 50. All p68-vaccinated animals demonstrated at least a 
four-fold increase in titers after the Second vaccination (Day 
0 vs. Day 50) when compared to placebo vaccinated ani 
mals. 

TABLE 29 

Geometric mean and standard errors of p88 
ELISA endpoint titers in dogs following poS 
Borderella vaccination on Day 0 and Day 20. 

Day of Study 

-1a 19a 50b 

Treatment Mean std. error Mean stc. error Mean std error 

TO1 Saline SC 31.4 5.06 30.5 4.92 1OO.O 16.14 
TO2 Saline IM 27.7 4.47 25.0 4.03 1OO.O 16.14 
TO3 P68 60 ug 29.8 4.8O 507.6 81.92 10633.5 1715.94 
SC 
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TABLE 29-continued 

Geometric mean and standard errors of p88 
ELISA endpoint titers in dogs following poS 
Borderella vaccination on Day 0 and Day 20. 

Day of Study 

-1a 19a 50b 

Treatment Mean stc. error Mean stc. error Mean std error 

T04 P68 60 ug 26.7 4.31 249.7 40.29 4722.2 762O2 

M. P68 15ug 25.0 4.03 268.7 43.36 5622.8 907.35 

i. P68 15ug 33.4 5.40 91.8 1481 3528.9 569.46 
IM 

titrations for Days -1 and 19 were started at 50. Any value reported as 
“less than was divided by 2 prior to analysis 
titrations for Day 50 were started at 200. Any value reported as “less 
than was divided by 2 prior to analysis 

0273 Significant differences for least squares mean of 
post vaccination ELISA titers are listed in Table 30. No 
significant difference in p68 ELISA titers was observed 
between SC controls and SC vaccinates or IM controls and 

IM vaccinates prior to vaccination (Day-1). 

TABLE 30 

Significance values for a priori contrasts 
among least square mean of post 

vaccination poS ELISA endpoint titlers. 

Day of study Contrast p-value 

19 TO1 v TO3 O.OOO1 
TO1 v TO5 O.OOO1 
TO2 v TO4 O.OOO1 
TO2 v TO6 O.OOO1 
TO3 v TO5 OOO61 
TO4 w TO6 O.OOO1 

50 TO1 v TO3 O.OOO1 
TO1 v TO5 O.OOO1 
TO2 v TO4 O.OOO1 
TO2 v TO6 O.OOO1 

0274 p68 ELISA titers measured during the course of the 
study are summarized in Table 31 and illustrated in FIG. 3. 

0275. During the course of the study, every attempt was 
made to coordinate activities between Groups I and II. For 
pivotal data collection time points (i.e. events Surrounding 
vaccination and challenge), this was achieved. In three 
instances during the interim of the Study, blood and tracheal 
Swab collection varied by 1 or 2 days between groups. In 
order to summarize and report p68 ELISA data for this 
interim period, data from these days were combined. There 
fore, Day 79 contains combined data from Day 79 (Group I) 
and Day 81 (Group II), Day 111 corresponds to Day 110 
(Group II) and Day 111 (Group I) and Day 169 corresponds 
to Day 169 (Group II) and Day 170 (Group I). Per the 
protocol, data analysis was not performed on p68 ELISA 
data beyond Day 50. 
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TABLE 31 

Summary of geometric mean of p88 ELISA endpoint titers in 
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unvaccinated and poS Bordetella vaccinated dogs following vaccination 
and aerosol challenge with Bordetella bronchiseptica 

Geometric Mean of p88 ELISA Endpoint Titers 
Day of Study 

211 

109.14 SOO.O 

112.37 SOO.O 

Treatment 79 110 140 169 195 

TO1 Saline SC 1OO.OO 154.92 106.OO 108.59 117.18 

TO2 Saline IM 112.85 145.33 130.61 115.51 113.43 

TO3 60 ug SC 3434.24 2884.97 1861.64 1895.56 3097.24 2408.61 81564.79 
TO4 60 ug IM 1508.60 1164.81 933.12 987.64. 1142.01 1547.87 59940.47 
TO5 15 lug SC 1699.20 1511.80 1229.35 1312.62 2248.63 2244.47 29869.29 
TO6 15 lug IM 974.18 916.21 573.51 876.15 1505.01. 1458.16 11503.28 

Titrations Days 50 through 195, were started at 200. Titrations for samples collected on Day 
201 and 211 were started at 1000. Any value reported as “less than' was divided by 2 prior to 
analysis. 
Vaccination #1 and #2 was administered on Day 0 and 20, respectively. Challenge was 
administered on Day 201. 
During the course of the study, every attempt was made to coordinate activities between 
Groups I and II. In three instances, blood collection for the Groups varied by 1 or 2 days. 
Data from these days were combined for data summary. Analysis was not done on pé8 ELISA 
titer values collected beyond Day 50. Day 79 corresponds to Day 79 and 81, Day 110 corre 
sponds to Day 110 and 111, Day 169 corresponds to Day 169 and 170. 

0276 Coughing Observations 

0277 Aerosol challenge for both groups occurred 181 
days following the Second vaccination. To comply with 
USDA recommendations, coughing criteria was amended to 
approximately 45-minute observations, approximately 
twelve hours apart on the third through eighth day following 
challenge. Coughing observations are Summarized in Tables 
32 and 33. 

TABLE 32 

Mean percentage of timepoints coughing in unvaccinated 

and pé8 Bordetella vaccinated dogs following 

aerosol challenge with Bordetella bronchiseptica 

Number of 

Treatment Dogs Mean Std Error 

TO1 Saline SC 11 75.44% 7.73 

TO2 Saline IM 13 80.50% 6.64 

TO3 p68 60 ug SC 12 67.30% 8.12 

TO4 p68 60 tug IM 14 71.81% 7.32 

TO5 p68 15 lug SC 1O 36.30% 9.19 

TO6 p68 15 lug IM 1O 39.55% 9.18 

0278) 

TABLE 33 

Mean percentage of timepoints coughing by 
treatment in unvaccinated and pé8 Bordetella 

vaccinated dogs following aerosol 
challenge with Borderella bronchiseptica 

Parameter Estimate Std error 

Saline mean (TO1 & TO2) 78.26% 5.28 
60 ug?dose mean (TO3 & TO4) 69.58% 5.68 
15 lug/dose mean (TO5 & TO6) 37.92% 6.7O 

0279 The percent reduction in coughing when compared 
to the saline control was 51.55% for the 15 lug/dose groups 
and 11.09% for the 60 tug/dose groups. Statistical significant 
differences are Summarized in Table 34. 

TABLE 34 

Significance values for a priori contrasts 
among least squares mean for 

percentage of timepoints coughing 

Contrast p-value 

TO1 v TO5 OOO41 
TO3 w TO5 O.O199 
TO2 v TO6 O.OO19 
TO4 w TO6 O.O119 

TO1 & TO2 v TOS & TO6 O.OOO1 

(Only significant (P < 0.05) contrasts are presented.) 

0280 Serum Amyloid A 
0281 SAA values were determined on Days 0, 1, 3, 5, 7 
and 9 following challenge. Serum Amyloid A values are 
presented in Table 35 and represented in FIG. 4. 
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TABLE 35 

Geometric mean and standard errors of Serum Amyloid A titers in 
unvaccinated and poS Bordetella vaccinated dogs following aerosol 

challenge with Borderella bronchiseptica 

Geometric Mean and Standard Errors of Serum Amyloid A. 
Day of Study 

2O1 2O2 204 2O6 208 210 

Std. Std. Std. Std. Std. Std. 
TX Mean error Mean error Mean error Mean error Mean error Mean error 

TO1 1.1 O.33 257.3 84.61 371.6 116.44 548.7 171.93 68.0 21.31 9.4 2.95 
TO2 1.0 0.28 114.0 32.83 111.9 32.21 108.9 31.36 15.6 4.48 1.7 0.49 
TO3 O.8 O.25 135.7 40.5S 119.7 35.75 74.5 22.25 10.9 3.38 1.O O.30 
TO4 O.8 O.23 134.7 39.2O 156.O 43.59 174.8 48.86 34.6 9.67 1.9 O.S4 
TO5 O.8 O.28 68.4 22.85 88.3 29.50 9.3 3.12 1.9 O.64 2.O O.66 
TO6 O.8 O.27 45.7 14.94 54.O. 17.67 9.4 3.07 1.9 O.63 O.8 O.27 

challenge administered on Day 201. 

0282 Significant differences in SAA titers are summa 
rized in Table 36. 

TABLE 36 

Significance values for a priori contrasts 
among least square mean of Serum 
Amyloid A titlers postchallenge. 

Contrast 
Day of study (treatment V treatment) p-value 

2O2 TO1 v TO5 O.OO54 
TO2 v TO6 O.O393 
TO4 w TO6 O.O154 

2O)4 TO1 v TO3 O.O097 
TO1 v TO5 O.OO2O 
TO4 w TO6 O.O154 

2O6 TO1 v TO3 O.OOO 
TO1 v TO5 O.OOO 
TO2 v TO6 O.OOO 
TO3 w TO5 O.OOO 
TO4 w TO6 O.OOO 

208 TO1 v TO3 O.OOO 
TO1 v TO5 O.OOO 
TO2 v TO6 O.OOO 
TO3 w TO5 O.OO23 
TO4 w TO6 O.OOO 

210 TO1 v TO3 O.OOO2 
TO1 v TO5 O.OO68 

Only significant (P < 0.05) contrasts are presented. 

0283 Discussion 
0284. The study was designed to demonstrate the safety 
and six-month efficacy of a recombinant p68 Bordetella 
vaccine in dogs. Safety of both the 15 lug/dose and the 60 
tug/dose vaccine was demonstrated. The efficacy and 6 
month duration of immunity of the 15 lug/dose was well 
Supported in the Study. 
0285 Safety was examined using injection site and rectal 
temperature observations. Analysis of injection site reaction 
measurements demonstrated no reactions in the IM vacci 
nated groupS and minimal reactions in both the 15 lug/dose 
and 60 lig/dose SC Vaccinated groups. Reactions that were 
observed tended to be smaller in the 15 lug/dose SC vacci 
nated dogs. Such reactions that were seen were transient, 
generally resolving in 14 days or leSS. The size of these 
reactions would most likely go unnoticed on dogs where 

injection sites were not shaven. Rectal temperatures post 
vaccination were unremarkable and were within normal 
limits for all dogs in all groups. 
0286 Efficacy and duration of immunity were examined 
181 days from vaccination using observations of coughing 
and measurement of p68 ELISA endpoint titers. The per 
centage of coughing in the Saline controls (78.26%) indi 
cated that the challenge administered to the Study animals 
was acceptable. Percentage of time points coughing for the 
15ug/dose group (37.92%) demonstrated a 51.55% reduc 
tion in coughing when compared to the controls, Satisfying 
the efficacy requirements mandated by the USDA. No 
protection was demonstrated in the 60 lug/dose group 
(69.58%) with dogs demonstrating minimal reduction in 
coughing when compared to the controls. 
0287 Although not statistically compared, it can be seen 
from Tables 29 and 31 that SC vaccinates tended to have 
higher antibody responses when compared to IM vaccinates. 
For the purposes of the discussion, further comments regard 
ing the different dose groups combine the results of the IM 
and SC routes of administration. 

0288 Regardless of the route of administration, an excel 
lent p68 antibody response was demonstrated in both vac 
cinated groups by Day 50 and was maintained by vaccinates 
throughout the course of the Study. A good anamnestic 
response was observed in vaccinates post challenge. 
0289 Comparison of the p68 ELISA titers of the 15 
tug/dose and 60 lug/dose during the course of the Study 
indicated that the 60 lig/dose group showed a slightly higher 
titer response (FIG. 3). This response, although excellent, 
did not correlate with protection following aerosol chal 
lenge. p.68 ELISA titer responses were variable in dogs 
removed from the study with positive tracheal Swabs or 
rising agglutination titers. Three of the Six controls removed 
from the study with positive tracheal Swab cultures and/or 
rising agglutination titers maintained p68 ELISA titers of 
<200. There appears to be no correlation of p68 ELISA titers 
to the tracheal Swab or agglutination titer Status of dogs 
removed from the study. 
0290 Examination of the SAA response in vaccinated 
and unvaccinated p68 Bordetella dogs following challenge 
indicated a much smaller rise in the SAA values in the 15 
tug/dose groups especially on dayS 5 and 7 post-challenge. 
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CONCLUSIONS 

0291. In this study, efficacy a 15 lug/dose and 60 lug/dose 
of a p68 canine Bordetella Vaccine was examined using a 
canine challenge model 6 months after vaccination. Both 
vaccines were Safe as demonstrated by normal rectal tem 
peratures and minimal injection site reactions. Although 
both the 15 lug/dose and the 60 lug/dose vaccinated dogs 
showed good Serological response to vaccination as mea 
sured by p68 ELISA titers, the response did not correlate 
with clinical protection in the 60 lig/dose vaccinated dogs. 
The 60 lug/dose vaccinated dogs demonstrated no significant 
difference in coughing when compared to unvaccinated 
controls. Good efficacy of the 15 lug/dose vaccine was 
demonstrated by a greater than 50% reduction in coughing 
when compared to controls. It is postulated that increased 
levels of SDS in the 60 tug/dose vaccine may result in the 
demonstrated difference in protection. Comparison of SAA 
values demonstrated a difference between vaccinates and 
controls. 

EXAMPLE 4 

Safety and Efficacy of VANGUARD(R Plus 5/CV-L 

0292 VANGUARD(R) Plus 5/CV-L is a freeze-dried 
preparation of attenuated strains of CD virus, CAV-2, CPI 
virus, CPV, and inactivated whole cultures of L. canicola 
and L. icterohaemorrhagiae, plus a liquid preparation of 
inactivated CCV with an adjuvant. All viruses were propa 
gated on established cell lines. The CPV fraction was 
attenuated by low passage on the canine cell line which gave 
it the immunogenic properties capable of overriding mater 
nal antibody interference at the levels indicated in Table 38. 
The liquid component was used to rehydrate the freeze-dried 
component, which had been packaged with inert gas in place 
of vacuum. 

0293 Laboratory evaluation demonstrated that VAN 
GUARDF) Plus 5/CV-L immunized dogs against CD, ICH, 
CAV-2 and CPI respiratory disease, enteritis caused by CCV 
and CPV, and leptoSpirosis caused by L. canicola and L. 
icterohaemorrhagiae, and that no immunologic interference 
existed among the vaccine fractions. Extensive field Safety 
trials showed it to be Safe and essentially reaction-free in 
dogs as young as 6 weeks of age under normal usage 
conditions. 

0294. It was also demonstrated that CAV-2 vaccine cross 
protects against ICH caused by CAV-1. Studies demon 
Strated that CAV-2 not only protects against ICH, but against 
CAV-2 respiratory disease as well. Canine adenovirus type 
2 challenge virus was not recovered from CAV-2-vaccinated 
dogs in tests conducted. 
0295) The CPV fraction in VANGUARD(R) Plus 5/CV-L 
was Subjected to comprehensive Safety and efficacy testing. 
It was shown to be Safe and essentially reaction-free in 
laboratory tests and in clinical trials under field conditions. 
Product Safety was further demonstrated by a backpassage 
Study which included oral administration of multiple doses 
of the vaccine Strain to Susceptible dogs, all of whom 
remained normal. 

0296 Research demonstrated that 3 doses of the vaccine 
with increased CPV virus titer can overcome serum neutral 
ization (SN) titers associated with maternal antibody. Serum 
neutralization titers as low as 1:4 were shown by others to 
interfere with active immunization using conventional 
modified live vaccines. A clinical trial was conducted with 
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fifty 6-week-old puppies 25 vaccinates (SN titer range 
-256) and 25 nonvaccinated controls (SN titer range 
4-1024) (Table 37). The group of vaccinates received 3 
doses, with vaccinations administered 3 weeks apart begin 
ning at 6 weeks of age. After 1 vaccination, 13/25 puppies 
exhibited a 4-fold or greater increase in CPV SN titer 
(seroconversion) (Table 38). Twelve of these 13 puppies had 
maternal SN titers is 1:16 at the time of the first vaccination 
with the remaining puppy having an SN titer of 1:64. 
Another 9 puppies with initial SN titers between 1:16 and 
1:256 seroconverted after the second vaccination. Their 
maternal antibody SN titers had declined to s 1:64 at the 
time of the Second vaccination. Similarly, the last 3 vacci 
nates, with initial SN titers of 1:128, Seroconverted after the 
third vaccination, after their maternal antibody CPV titer 
dropped s 1:64. Therefore, in this study, when 3 doses of 
vaccine were given beginning at 6 weeks of age, all 25 
vaccinates, even those with the highest maternal antibody 
levels, became actively immunized (GM=1:1176; range of 
SN titers 128-4096). All 50 dogs were challenged 3 weeks 
after the third vaccination with a heterologous CPV chal 
lenge virus. Fourteen of 25 nonvaccinated control dogs died 
or showed illness Severe enough to warrant euthanasia, 
while all 25 vaccinates remained essentially healthy. The 
high-titer, low-passage vaccine virus in VANGUARD (R) Plus 
5/CV-L was therefore highly immunogenic and capable of 
Stimulating active immunity in the presence of maternal 
antibodies. 

0297. The efficacy of the CCV fraction of VAN 
GUARD0& Plus 5/CV-L was demonstrated in an extensive 
vaccination challenge Study. Sixteen 7- to 8-week-old pup 
pies were vaccinated with VANGUARD(R Plus 5/CV-L 
(vaccinates) and 17 with Vanguard(R) Plus 5/L (controls). All 
puppies received three 1-mL doses at 3-Week intervals. 
Three weeks following the third vaccination, puppies were 
challenged with a virulent strain of CCV (CV-6). Clinical 
observations, temperatures, weights, and blood parameters 
were monitored for 21 days following infection. CCV vac 
cinates demonstrated a reduction in the occurrence of diar 
rhea and amount of virulent CCV shed when compared to 
controls. At 21 days postchallenge, fluorescent antibody 
staining for virulent CCV of small intestinal sections dem 
onstrated a significant reduction (P) in detectable CCV 
antigen between CCV vaccinates and controls (Table 39). 

TABLE 37 

Initial Serum Neutralization (SN) Titers 
of Vaccinates and Controls 

SN # Vaccinates # Controls 
Titers Included Included 

<1:2 3 O 
1:4 4 3 
1:8 1. 3 
1:16 4 1. 
1:32 2 5 
1:64 3 1. 
1:128 6 3 
1:256 2 3 
1:51.2 O 5 
1:1024 O 1. 
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0298) 

TABLE 38 

Postvaccination Serum Neutralization (SN) Titers Geometric 
Mean (Range)" 

Postvaccination 

Groups N Prevaccination 1 2 3b 

All Vaccinated Dogs 25 1:24 1:108 1:605 1:1176 
(<2-256) (8-1024) (8–4096) (128->4096) 

Responders Post 13 1:6 1:460 1:1745 1:1410 
1st Vaccination (<2-64) (64–1024) (256-4096) (256–4096) 
Responders Post 9 1:87 1:2O 1:376 1:1625 
2nd Vaccination (16-256) (8-64) (256–1024) (256–4096) 
Responders Post 3 1:128 1:32 1:25 1:2O3 
3rd Vaccination (128) (16-64) (8-64) (128-256) 
Nonvaccinated 25 1:64 1:9 1:3 <1:2 
Control Dogs (4-1024) (<2-64) (<2-64) (<2-4) 

'Dogs were vaccinated at 6, 9, and 12 weeks of age. 
Pre-challenge SN titers 

0299) 

TABLE 39 

Fluorescent Antibody Staining of Small Intestinal 
Sections 21 Days Following Challenge 

% Dogs Fluorescent 
Antibody Positive 

Gut Section Vaccinates Controls 

1. O 89 
Duodenum 2 O 1OO 

3 O 1OO 
Jejunum 4 O 89 

5 O 1OO 
6 12.5 56 

Ileum 7 O 78 
8 12.5 78 
9 O 67 
1O 12.5 56 

CONCLUSIONS 

0300. In this study, an adjuvanted combination vaccine 
containing CD virus, CAV-2, CPI virus, CPV and inactivated 
whole cultures of L. canicola and L. icterohaemorrhagiae 
and CCV, was shown to be both safe and efficacious as a 
vaccine when used in puppies. The combination vaccine was 
also shown to overcome serum neutralization (SN) titers 
asSociated with maternal antibody. 

EXAMPLE 5 

Canine Bordetella Native p68 Immunogenicity 
Study Animals 

0301 The study included two litters of SPF beagles and 
two litters of random Source dogs. Dogs were assigned 
randomly to vaccinated or non-vaccinated groups. The Study 
included a total of 10 vaccinated and 11 non-vaccinated 
dogs. 
0302 Preparation of Experimental Vaccine 
0303 B. bronchispetica (strain 110H) was harvested 
from a 48 hour Bordet-Gengou blood agar Spread plates by 

washing the plate surface with 5 to 10 ml heat extraction 
buffer. Alternatively, cells grown in both culture (Charlotte 
Parker Defined Medium) were harvested by centrifugation 
discarding the Supernatant fraction. Harvested cells were 
suspended in 25 mM Tris-HCL, pH 8.8 and incubated at 60 
C. for 1 hour. Cell debris was separated from heat extract by 
centrifugation at 20,000xg at 4 C. fro 30 minutes. Sodium 
azide (0.01%) was added to the heat extracted Supernatant 
fraction which was then further clarified by microporous 
filtration. 

0304 Monoclonal antibody affinity resin was prepared 
by conjugation of monoclonal antibody (designated Bord 
2-7) to CNBr-activated Sepharose 4B using standard pro 
cedures. Approximately 30.35 mg of monoclonal antibody 
was conjugated to 1 gram of affinity resin. Clarified heat 
extracted Supernatant fraction (above) and Bord 2-7 affinity 
resin was combined at an approximate ratio of 1 liter eXtract 
to 20 ml resin. 

0305 Binding of the native p68 to the resin was facili 
tated by incubating the mixture at ambient temperature, with 
gentle shaking, overnight, followed by resin Settling and 
aspiration of the Supernatant fraction. The resin was then 
packed into a 2.6 cm diameter column and the column 
washed sequentially with PBS, pH 7.5 and 10 mM phos 
phate buffer, pH 8.0 at a flow rate of 5 ml/min. When 
absorbance at 280 nm reached a baseline level, bound 
material was eluted using 100 mM triethylamine and frac 
tions under the Single large peak of 280 nm absorbance were 
collected and tested for the presence of p68 by ELISA. 
Fractions containing p68 were pooled and dialyzed against 
PBS to remove triethylamine. 
0306 An experimental vaccine serial formulated was 
formulated to contain approximately 100 micrograms of 
purified p68 and 1% aluminum hydroxide gel. Formalin 
(0.01%) was used as a preservative in a final vaccine dose 
volume of 1 mL. 

0307 Challenge Ineculum 
0308 Challenge material was prepared essentially as 
described in examples above. 
0309 Study Procedure 
0310 Twenty-one (21) seronegative and culture negative 
pups were randomly assigned to one of two treatment 



US 2004/0185062 A1 

groups. Eleven dogs were assigned to the non-vaccinitated, 
control group and ten dogs to the vaccinated group. Day 0 
was designated as the day of first vaccination. One mL of 
vaccine was administered Subcutaneously on Day 0 and 
repeated 21 days later. Blood was collected for Serological 
p68 ELISA prior to first and second vaccination. 
0311. On Day 35, fourteen days after the second vacci 
nation, an aerosol challenge of B. bronchiseptica was admin 
istered to all dogs as described above. Animals were moni 
tored for coughing for 14 days following challenge as 
described in previous examples. 
0312 Results 
0313 Summary of clinical observations and serologic 
responses to p68 are presented in Table 40. 

TABLE 40 
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Summary of Clinical Observations and Serologic Responses 

NUMBER 
COUGHON 
TWO TITER (GMT) TITER (GMT) 

CONSECUTIVE NORMAL TITER (GMT) PRE- POST 
GROUP N DAYS TOTAL PRE-VAX CHALLENGE CHALLENGE 

VACCINE 10 O 10/10 5.08 348.15 391.30 
CONTROL 11 11 Of 11 6.10 6.45 18.81 

0314 Discussion 
0315. In this study, 10 of 10 control dogs coughed on at 
least two consecutive days. A dog is considered clinically 
diseased if it coughs for two consecutive days. By this 
criteria, 100% of the non-vaccinated control dogs were 
diseased. In the vaccinated group, one dog coughed on day 
4 post-challenge and one dog coughed on dayS 4 and 6 
post-challenge. Two dogs coughed on day 14. None of the 

SEQ ID NO: 1 

vaccinated dogs coughed for two consecutive days. There 
fore, 100% of the dogs in the native p68 vaccinated group 
were judged to remain normal following challenge. 

CONCLUSIONS 

0316 This trial demonstrates the ability of a native p68 
vaccine to protect against B. bronchiseptica disease. 

SEQUENCE LISTING 

DPNTVSIIKAGEROHGIHIKQSDGAGWRTATGTTIKVSGROAQGWLLENPAAELRFQNGSWTSSGQLFDEGWRRFLGTWT 

WKAGKLVADHATLANVSDTDDDGIALYWAGEQAQASIADSTLQGAGGWRVERGANWTWQRSTIVDGGLHIGTLQPLOPE 

DLPPSRVWLGDTSWTAVPASGAPAAWSWFGANELTWDGGHITGGRAAGWAAMDGAIWHLORATIRRGDAPAGGAVPGGAV 

PGGFGPLLDGWYGWDWSDSTVDLAQSIVEAPOLGAAIRAGRGARWTVSGGSLSAPHGNVIETGGGARRFPPPASPLSITL 

RAGARAQGRALLYRVLPEPWKLTLAGGAQGQGDIVATELPPIPGASSGPLDWALASQARWTGATRAWDSLSIDNATWWMT 

DNSNVGALRLASDGSWDFQQPAEAGRFKVLMWDTLAGSGLFRMNWFADLGLSDKLWWMRDASGOHRLWWRNSGSEPASAN 

TMLLWOTPRGSAATFTLANKDGKVDIGTYRYRLAANGNGOWSLVGAKAPPAPKPAPQPGPQPGPQPGPOPPQPPOPPOPP 

QRQPEAPAPQPPAGRELSAAANAAVNTGGWGLASTLWYAESN 

SEQ ID NO: 2 

GATCCAAACACTGTGTCAATCATCAAGGCCGGCGAGCGCCAGCACGGCATCCACATCAAGCAAAGCGATGGCGCCGGCGT 

ACGGACCGCCACCGGAACGACCATCAAGGTAAGCGGTCGTCAGGCCCAGGGCGTCCTGCTGGAAAATCCCGCGGCCGAGC 
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0317) 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 3 

<210> SEQ ID NO 1 
&2 11s LENGTH 602 
&212> TYPE PRT 
<213> ORGANISM: Bordetella bronchiseptica 

<400 SEQUENCE: 1 

Asp Pro Asn Thr Val Ser Ile Ile Lys Ala Gly Glu Arg Glin His Gly 
1 5 10 15 

Ile His Ile Lys Glin Ser Asp Gly Ala Gly Val Arg Thr Ala Thr Gly 
2O 25 30 

Thir Thr Ile Llys Val Ser Gly Arg Glin Ala Glin Gly Val Lieu Lieu Glu 
35 40 45 

Asn Pro Ala Ala Glu Leu Arg Phe Glin Asn Gly Ser Val Thr Ser Ser 
50 55 60 

Gly Glin Leu Phe Asp Glu Gly Val Arg Arg Phe Leu Gly Thr Val Thr 
65 70 75 8O 

Wall Lys Ala Gly Lys Lieu Val Ala Asp His Ala Thr Lieu Ala Asn Val 
85 90 95 

Ser Asp Thr Arg Asp Asp Asp Gly Ile Ala Leu Tyr Val Ala Gly Glu 
100 105 110 

Glin Ala Glin Ala Ser Ile Ala Asp Ser Thr Lieu Glin Gly Ala Gly Gly 
115 120 125 

Val Arg Val Glu Arg Gly Ala Asn Val Thr Val Glin Arg Ser Thr Ile 
130 135 1 4 0 

Val Asp Gly Gly Lieu. His Ile Gly. Thir Lieu Glin Pro Leu Glin Pro Glu 
145 15 O 155 160 

Asp Leu Pro Pro Ser Arg Val Val Leu Gly Asp Thr Ser Val Thr Ala 
1.65 170 175 

Val Pro Ala Ser Gly Ala Pro Ala Ala Val Ser Val Phe Gly Ala Asn 
18O 185 19 O 

Glu Lieu. Thr Val Asp Gly Gly His Ile Thr Gly Gly Arg Ala Ala Gly 
195 200 2O5 

Val Ala Ala Met Asp Gly Ala Ile Val His Leu Glin Arg Ala Thir Ile 
210 215 220 

Arg Arg Gly Asp Ala Pro Ala Gly Gly Ala Val Pro Gly Gly Ala Val 
225 230 235 240 

Pro Gly Gly Phe Gly Pro Leu Lieu. Asp Gly Trp Tyr Gly Val Asp Wal 
245 250 255 

Ser Asp Ser Thr Val Asp Leu Ala Glin Ser Ile Val Glu Ala Pro Glin 
260 265 27 O 

Leu Gly Ala Ala Ile Arg Ala Gly Arg Gly Ala Arg Val Thr Val Ser 
275 280 285 

Gly Gly Ser Leu Ser Ala Pro His Gly Asn Val Ile Glu Thr Gly Gly 
29 O 295 3OO 

Gly Ala Arg Arg Phe Pro Pro Pro Ala Ser Pro Leu Ser Ile Thr Leu 
305 310 315 320 

Arg Ala Gly Ala Arg Ala Glin Gly Arg Ala Lieu Lleu Tyr Arg Val Lieu 
325 330 335 
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-continued 

Pro Glu Pro Wall Lys Lieu. Thir Lieu Ala Gly Gly Ala Glin Gly Glin Gly 
340 345 35 O 

Asp Ile Val Ala Thr Glu Leu Pro Pro Ile Pro Gly Ala Ser Ser Gly 
355 360 365 

Pro Leu Asp Val Ala Lieu Ala Ser Glin Ala Arg Trp Thr Gly Ala Thr 
370 375 38O 

Arg Ala Val Asp Ser Leu Ser Ile Asp Asn Ala Thr Trp Val Met Thr 
385 390 395 400 

Asp Asn. Ser Asn Val Gly Ala Lieu Arg Lieu Ala Ser Asp Gly Ser Val 
405 410 415 

Asp Phe Glin Glin Pro Ala Glu Ala Gly Arg Phe Lys Wall Leu Met Val 
420 425 43 O 

Asp Thr Lieu Ala Gly Ser Gly Lieu Phe Arg Met Asn Val Phe Ala Asp 
435 4 40 4 45 

Leu Gly Lieu Ser Asp Lys Lieu Val Val Met Arg Asp Ala Ser Gly Glin 
450 455 460 

His Arg Lieu Trp Val Arg Asn. Ser Gly Ser Glu Pro Ala Ser Ala Asn 
465 470 475 480 

Thr Met Leu Leu Val Glin Thr Pro Arg Gly Ser Ala Ala Thr Phe Thr 
485 490 495 

Leu Ala Asn Lys Asp Gly Lys Val Asp Ile Gly Thr Tyr Arg Tyr Arg 
5 OO 505 51O. 

Leu Ala Ala Asn Gly Asn Gly Glin Trp Ser Lieu Val Gly Ala Lys Ala 
515 52O 525 

Pro Pro Ala Pro Lys Pro Ala Pro Gln Pro Gly Pro Gln Pro Gly Pro 
530 535 540 

Gln Pro Gly Pro Gln Pro Pro Gln Pro Pro Gln Pro Pro Glin Pro Pro 
545 550 555 560 

Glin Arg Glin Pro Glu Ala Pro Ala Pro Glin Pro Pro Ala Gly Arg Glu 
565 570 575 

Leu Ser Ala Ala Ala Asn Ala Ala Val Asn Thr Gly Gly Val Gly Lieu 
58O 585 59 O 

Ala Ser Thr Leu Trp Tyr Ala Glu Ser Asn 
595 600 

<210> SEQ ID NO 2 
&2 11s LENGTH 1806 
&212> TYPE DNA 
<213> ORGANISM: Bordetella bronchiseptica 

<400 SEQUENCE: 2 

gatccaaaca citgtgtcaat catcaaggcc gg.cgagcgcc agcacgg cat coacatcaag 60 

caaag.cgatg gcgc.cggcgt acggaccgcc accggaacga ccatcaaggit aag.cggtogt 120 

caggcc cagg gcgtoctogct ggaaaatc.cc gcggcc.gagc tigcggttcca gaacggcago 18O 

gtoacgtott cqggacagot gttcgacgaa gqcgtc.cggc gctttctggg caccg to acc 240 

gtoaaggc.cg gcaa.gctggit cqc.cgatcac gocacgctgg ccaacgt.cag cqacaccc.gg 3OO 

gacgacgacg gcatc.gc.gct citatgtggcc gg.cgagcagg cccaggc.cag catc.gc.cgac 360 

agCaccCtgc aggg.cgcggg C gg.cgtgcgg gtC gag.cgcg gcqccaatgt Cacgg to Caa 420 

cgcago acca togttgacgg g g g cittgcat atcgg cacco to cago.cgct gcago.cggaa 480 
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-continued 

115 120 125 

Val Arg Val Glu Arg Gly Ala Asn Val Thr Val Glin Arg Ser Thr Ile 
130 135 1 4 0 

Val Asp Gly Gly Lieu. His Ile Gly. Thir Lieu Glin Pro Leu Glin Pro Glu 
145 15 O 155 160 

Asp Leu Pro Pro Ser Arg Val Val Leu Gly Asp Thr Ser Val Thr Ala 
1.65 170 175 

Val Pro Ala Ser Gly Ala Pro Ala Ala Val Ser Val Phe Gly Ala Asn 
18O 185 19 O 

Glu Lieu. Thr Val Asp Gly Gly His Ile Thr Gly Gly Arg Ala Ala Gly 
195 200 2O5 

Val Ala Ala Met Asp Gly Ala Ile Val His Leu Glin Arg Ala Thir Ile 
210 215 220 

Arg Arg Gly Asp Ala Pro Ala Gly Gly Ala Val Pro Gly Gly Ala Val 
225 230 235 240 

Pro Gly Gly Phe Gly Pro Leu Lieu. Asp Gly Trp Tyr Gly Val Asp Wal 
245 250 255 

Ser Asp Ser Thr Val Asp Leu Ala Glin Ser Ile Val Glu Ala Pro Glin 
260 265 27 O 

Leu Gly Ala Ala Ile Arg Ala Gly Arg Gly Ala Arg Val Thr Val Ser 
275 280 285 

Gly Gly Ser Leu Ser Ala Pro His Gly Asn Val Ile Glu Thr Gly Gly 
29 O 295 3OO 

Gly Ala Arg Arg Phe Pro Pro Pro Ala Ser Pro Leu Ser Ile Thr Leu 
305 310 315 320 

Glin Ala Gly Ala Arg Ala Glin Gly Arg Ala Lieu Lleu Tyr Arg Val Lieu 
325 330 335 

Pro Glu Pro Wall Lys Lieu. Thir Lieu Ala Gly Gly Ala Glin Gly Glin Gly 
340 345 35 O 

Asp Ile Val Ala Thr Glu Leu Pro Pro Ile Pro Gly Ala Ser Ser Gly 
355 360 365 

Pro Leu Asp Val Ala Lieu Ala Ser Glin Ala Arg Trp Thr Gly Ala Thr 
370 375 38O 

Arg Ala Val Asp Ser Leu Ser Ile Asp Asn Ala Thr Trp Val Met Thr 
385 390 395 400 

Asp Asn. Ser Asn Val Gly Ala Lieu Arg Lieu Ala Ser Asp Gly Ser Val 
405 410 415 

Asp Phe Glin Glin Pro Ala Glu Ala Gly Arg Phe Lys Cys Lieu Met Val 
420 425 43 O 

Asp Thr Lieu Ala Gly Ser Gly Lieu Phe Arg Met Asn. Wall Ala Phe Ala 
435 4 40 4 45 

Asp Leu Gly Lieu Ser Asp Lys Lieu Val Val Met Arg Asp Ala Ser Gly 
450 455 460 

Gln His Arg Lieu Lleu Val Arg Asn. Ser Gly Ser Glu Pro Ala Ser Gly 
465 470 475 480 

Asn Thr Met Leu Leu Val Glin Thr Pro Arg Gly Ser Ala Ala Thr Phe 
485 490 495 

Thr Lieu Ala Asn Lys Asp Gly Lys Val Asp Ile Gly Thr 
5 OO 505 

Arg Tyr t y 

Arg Lieu Ala Ala Asn Gly Asn Gly Glin Trp Ser Lieu Val Gly Ala Lys 
515 52O 525 
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-continued 

Ala Ala Pro Ala 
535 

Pro Pro Pro Pro Glin 
530 

Lys Pro Gly 
540 

Glin Glin Pro Glin Glin Pro 
555 

Pro Pro Pro 
550 

Pro Pro Pro 
545 

Glu Ala Ala 
565 

Gln Pro Ala 
570 

Pro Pro Pro Pro Gly Arg 

Ala Ala Ala Asn Ala Val Asn Thr Gly 
585 

Gly Val Gly 

Leu Trp Tyr Ala Glu Ser Asn 
595 

What is claimed is: 
1. A vaccine composition comprising an amount of a 

Bordetella bronchiseptica p68 antigen and an adjuvant 
effective to protect dogs against Bordetella bronchiseptica. 

2. The vaccine composition of claim 1 wherein Said 
Bordetella bronchiseptica p68 antigen is produced recom 
binantly. 

3. The vaccine composition of claim 2 wherein Said 
Bordetella bronchiseptica p68 antigen is produced recom 
binantly in E. coli. 

4. The Vaccine composition of claim 2 wherein Said 
Bordetella bronchiseptica p68 antigen comprises the amino 
acid sequence as set forth in SEQ ID NO: 1. 

5. The vaccine composition of claim 1 wherein said 
amount of said Bordetella bronchiseptica p68 protein is in 
the range of 0.5 lug to 1000 ug per dose. 

6. The vaccine composition of claim 1 wherein Said 
adjuvant comprises Saponin and a Surfactant. 

7. The vaccine composition of claim 6, wherein said 
Saponin is Quil A and Said Surfactant is cholesterol. 

8. The vaccine composition of claim 7 wherein the 
amount of Quil A is in the range of 1 to 1000 ug per dose, 
and the amount of cholesterol is in the range of 1 to 1000 ug 
per dose. 

9. The vaccine composition of claim 1, wherein said 
adjuvant comprises aluminum hydroxide. 

10. A vaccine composition comprising an amount of a 
recombinantly produced Bordetella bronchiseptica p68 pro 
tein and an adjuvant which comprises Quil A and choles 
terol, wherein said amount of the Bordetella bronchiseptica 
p68 protein and the adjuvant is effective to protect dogs 
against Bordetella bronchiseptica. 

11. A method of protecting dogs against Bordetella bron 
chiseptica comprising administering to a dog the vaccine 
composition of claim 1 or 10. 

12. The method of claim 11, wherein said vaccine com 
position is administered by an intravenous, intranasal, oral, 
intramuscular or Subcutaneous route. 

13. The method of claim 11, wherein said dog is admin 
istered twice with Said vaccine composition with an interval 
of about 2-4 weeks between the two administrations. 

14. A combination vaccine for immunizing dogs against 
canine pathogens comprising a preparation of an attenuated 
Strain of canine distemper (CD) virus, an attenuated Strain of 
canine adenovirus type 2 (CAV-2), an attenuated Strain of 
canine parainfluenza (CPI) virus and an attenuated Strain of 
canine parvovirus (CPV); an inactivated whole or partial cell 

Pro Glin Pro 

Pro Glin Arg 

Glu Lieu Ser 

Leu Ala 
59 O 

Gly 

Glin 
560 

Ala 
575 

Ser Thr 

preparation of a strain of canine coronavirus (CCV), a 
Bordetella bronchiseptica p68 protein, and an adjuvant. 

15. The combination vaccine of claim 14, wherein the 
amount of Said attenuated Strain of CD virus in Said com 
bination vaccine is in the range of 10° to 10” TCIDso per 
dose. 

16. The combination vaccine of claim 14, wherein the 
amount of said attenuated Strain of CAV-2 in said combi 
nation vaccine is in the range of 10° to 10 TCIDso per dose. 

17. The combination vaccine of claim 14, wherein the 
amount of said attenuated Strain of CPI virus in said com 
bination vaccine is in the range of 10° to 10” TCIDso per 
dose. 

18. The combination vaccine of claim 14, wherein the 
amount of said attenuated Strain of CPV in said combination 
vaccine is in the range of 10° to 10 TCIDso per dose. 

19. The combination vaccine of claim 14, wherein the 
amount of the cell preparation of said strain of CCV in said 
combination vaccine is at least about 100 relative units per 
dose. 

20. The combination vaccine of claim 14, wherein said 
Bordetella bronchiseptica p68 antigen comprises the amino 
acid sequence as set forth in SEQID NO: 1 and is produced 
recombinantly. 

21. The combination vaccine of claim 20, wherein said 
Bordetella bronchiseptica p68 antigen is produced recom 
binantly in E. coli. 

22. The combination vaccine of claim 20, wherein the 
amount of said Bordetella bronchiseptica p68 protein is in 
the range of 0.5 lug to 1000 ug per dose. 

23. The combination vaccine of claim 14 wherein said 
adjuvant comprises Saponin and a Surfactant. 

24. The combination vaccine of claim 23, wherein said 
Saponin is Quil A and Said Surfactant is cholesterol. 

25. The combination vaccine of claim 24 wherein the 
amount of Quil A is in the range of 1 to 1000 ug per dose, 
and the amount of cholesterol is in the range of 1 to 1000 ug 
per dose. 

26. A method for immunizing dogs against canine patho 
gens comprising administering to a dog the combination 
vaccine of claim 14. 

27. The method of claim 26, wherein said combination 
vaccine is administered by an intravenous, intranasal, oral, 
intramuscular or Subcutaneous route. 

28. The method of claim 26, wherein said dog is admin 
istered three times with Said combination vaccine with an 
interval of about 3 weeks between the administrations. 
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29. The combination vaccine of claim 14, further com 
prising a Leptospira cell preparation of at least one of 
Leptospira bratislava, Leptospira canicola, Leptospira grip 
pOtyphosa, Leptospira icterhaemorrhagiae, or Leptospira 
pOmona. 

30. The combination vaccine of claim 29, wherein said 
Leptospira cell preparation comprises a cell preparation of 
Leptospira bratislava, Leptospira canicola, Leptospira grip 
pOtyphosa, Leptospira icterhaemorrhagiae, and Leptospira 
pOmona. 

31. The combination vaccine of claim 30, wherein the 
amount of each Leptospira Strain in the vaccine is in the 
range of about 200 to 2000 nephlometeric units per dose. 

32. A method of for immunizing dogs against canine 
pathogens comprising administering to a dog with the com 
bination vaccine of claim 29 or claim 30. 

33. The method of claim 32, wherein said combination 
vaccine is administered by an intravenous, intranasal, oral, 
intramuscular or Subcutaneous route. 

34. The method of claim 32, wherein said dog is admin 
istered three times with Said combination vaccine with an 
interval of about 3 weeks between the administrations. 

35. A combination vaccine for immunizing dogs against 
canine pathogens comprising a preparation of an attenuated 
Strain of canine distemper (CD) virus, an attenuated Strain of 
canine adenovirus type 2 (CAV-2), an attenuated Strain of 
canine parainfluenza (CPI) virus and an attenuated Strain of 
canine parvovirus (CPV); a Bordetella bronchiseptica p68 
protein, a Leptospira bacterin which comprises a cell prepa 
ration of at least one of Leptospira bratislava, Leptospira 
canicola, Leptospira grippotyphosa, Leptospira icterhaem 
Orrhagiae, or Leptospira pomona; and an adjuvant. 

36. The combination vaccine of claim 35, wherein said 
Leptospira bacterin comprises a cell preparation of Lep 
toSpira canicola and Leptospira icterhaemorrhagiae. 

37. The combination vaccine of claim 35, wherein said 
Leptospira bacterin comprises a cell preparation of Lep 
toSpira bratislava, Leptospira canicola, Leptospira grippo 
typhosa, Leptospira icterhaemorrhagiae, and Leptospira 
pOmona. 

38. The combination vaccine of claim 35, wherein the 
amount of Said attenuated Strain of CD virus in Said com 
bination vaccine is in the range of 10° to 10” TCIDso per 
dose. 
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39. The combination vaccine of claim 35, wherein the 
amount of said attenuated Strain of CAV-2 in said combi 
nation vaccine is in the range of 10° to 10” TCID'perdose. 

40. The combination vaccine of claim 35, wherein the 
amount of said attenuated Strain of CPI virus in said com 
bination vaccine is in the range of 10° to 10 TCID per 
dose. 

41. The combination vaccine of claim 35, wherein the 
amount of said attenuated Strain of CPV in said combination 
vaccine is in the range of 10° to 10” TCIDso per dose. 

42. The combination vaccine of claim 35, wherein said 
Bordetella bronchiseptica p68 antigen comprises the amino 
acid sequence as set forth in SEQID NO: 1 and is produced 
recombinantly. 

43. The combination vaccine of claim 42, said Bordetella 
bronchiseptica p68 antigen is produced recombinantly in E. 
coli. 

44. The combination vaccine of claim 42, wherein the 
amount of said Bordetella bronchiseptica p68 protein is in 
the range of 0.5 lug to 1000 ug per dose. 

45. The combination vaccine of claim 35 wherein said 
adjuvant comprises Saponin and a Surfactant. 

46. The combination vaccine of claim 45, wherein said 
Saponin is Quil A and Said Surfactant is cholesterol. 

47. The combination vaccine of claim 46 wherein the 
amount of Quil A is in the range of 1 to 1000 ug per dose, 
and the amount of cholesterol is in the range of 1 to 1000 ug 
per dose. 

48. A method of for immunizing dogs against canine 
pathogens comprising administering a dog with the combi 
nation vaccine of any one of claims 35-37. 

49. The method of claim 48, wherein said combination 
vaccine is administered via an intravenous, intranasal, intra 
muscular or Subcutaneous route. 

50. The method of claim 48, wherein said dog is admin 
istered once with Said combination vaccine. 

51. The method of claim 48, wherein said dog is admin 
istered twice with Said combination vaccine with an interval 
of at least about 21 days between the two administrations. 


