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Pasteurella haemolytica Type A-1
Bacterin-Toxoid Vaccine

15 Field of the Invention

This invention relates to the field of Pasteurella haemolytica
vaccines. More particularly, the invention relates to a bacterin-toxoid
vaccine capable of inducing immunity in bovine species in one dose agamnst
Pasteurella haemolytica Type A-1 infections comprising Pasteurella

20 haemolytica derived leukotoxaid, capsular antigen, soluble antigens and

inactivated cells, methods to make the vaccine and methods of vaccinating
bovine animals. '

30 Background of the Invention
Approximately 40% to 80% of all diseases of cattle involve the
respiratory system (Liliie LE: "The bovine respiratory disease complex.
Can Vet J 15:233-242, 1974). Bovine respiratory disease complex (BRDC) 1s

a major problem in the U.S. cattle industry. BRDC consists of several
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clinical syndromes, the two most common being shipping fever of feedlot
cattle and enzootic calf pneumonia usually seen in dairy calves. While it is
now recogmzed that numerous viruses, stressful management practices,
and environmental factors are important in the genesis of shipping fever, P.
haemolytica biotype A, serotype 1 (Type A-1) is the main bacterial agent
responsibie for the clinical disease and pathophysiologic events leading to
acute fibrinous lobar pleuropneumoma and subsequent death (Yates WDG:
"A review of 1nfect10us bovine rhinotracheitis, shipping fever pneumonia

and viral-bactenal Bynergism in respiratory disease of cattle." Can J Comp
' Med 46:225-263, 1982) |

In a two year study conducted in Saskatchewan, Canada, P.

“haemolytica Type A-1 was isolated from the lungs of 74% of cattle that died
of shipping fever pneumonia (Schiefer B, Ward GE, Moffatt RE:

"Correlation of xmcrobmlogxcal and histological findings in bovine fibrinous

pneumonia.” Vet Pathol 15: 313-321, 1978). Annual progress reports during

the five year period 1987 to 13991 from the Department of Veterinary

- Science at South Dakota State University (South Dakota State University,

20

. oA

. ﬁbnnous necromzmg lobar pleumpneumoma seen in shipping fever and
-"purulent; bronchopneumoma associated with enzootic calf pneumonia.

Department of Vetennary Smence Animat Disease Research and Diagnostic

Laborahory Annual Progress Reports 1987-1991. Submitted to the NC107
. Techm¢al Commxttee on Bovine Respxratory Disease.) revealed that P.

- _haemolytzca Type A«-l was 1solated from 48.7% of bovine pneumonic lungs.

‘ Thus, 1t appears t.o be t.he major bacterial agent causing pneumonia in
. .cattle | ' DR

P iwemolytzca serotype Type A-1 1s the pathogen responsible for the

- Interestingly, other P. haemolytzca serotypes (frequently ST2 and ST4 and

o occaswnally ST7 and STl 1) are innocuous inhabitants in many areas of the

o nasal cawty or upper respu'atory tract (URT) of clinically normal feedlot
...cattle (Frank GH ’When Pasteurella haemolvtwa colonizes the nasal

passages of cattle.” Vet Med 83:1060-1064, 1988 and Wilkie BN, Shewen
PE: "Defining the rqle that Pasteurella haemolytica plays in shipping

tever.” Vet Med 83 1053-1058 1988). In clinically normal dairy calves, P.
multoada maypredommatem the URT flora, in which various serotypes of

R
“ s
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; F. haemolytica can also be found. In contrast, P. haemolytica Type A-1 is
q barely detectable in the URT of feedlot and dairy calves (Frank GH: supra
(1988) and Wilkie BN, Shewen PE: supra {(1988)).

Exposure of calves to stress factors such as viral infection, marketing,
shipping, processing at feedlots, and abrupt changes in climate leads to an
explosive growth and colonization by P. haemolytica Type A-1 in all areas of
the URT (Frank GH: supra (1988) and Wilkie BN, Shewen PE: supra
(1988)). No other serotype of P. haemolytica is known to exhibit this type of
increase. In shipping fever pneumonia, colonization of the URT with P.
2 - 10 haemolytica Type A-1 1§ an important prerequisite to the development of
- the clinical disease and the ensuing fibrinous necrotizing lobar
‘- o o pleuropneumonia' Id.

A . - In spite of its potential importance in the pathogenesis of the
S pneumoma the mechanism of colonization that facilitates the explosive
R 15 proliferation of P. haemolvtica Type A-1in the URT is poorly understood. It
, is nevertheless apparent that these orgamsms enter the lung via aspiration
B ' of droplet nuclei, colomzed desquamated epithelial cells, or pharyngeal
S secretions. At the Umvermty of Minnesota (Whiteley LO, et al:
; = SN o "Pasteurella haenwiytzca and bovme respiratory disease: Current thoughts
20 on lts pat.hogeneszs Vet Int Med 6:1-12, 1992), large numbers of rapidly
_. ' T growmg bacteria entenng the alveolar spaces were found to interact with
: ' e . alveolar macrophages The endotoxin released from the bacteria crosses the
R 'alveolar wall and actwates the pulmonary intravascular macrophages,

L endothehum neutroph:ls platelets, complement and Hageman factor
e s leadmg to complex mteractnons of cells and mﬂammatorv mediators.
e '.--'Progresswn of tlns 1nflammatory response with neutrophil influx ‘is
responsxble for the acute lung mjury that 1s assocxated with the disease.
SRR " Leukotoxm, one of the major vxrulence factors of P. haemolytzca, may enable
SER the bactena to sumve by destroymg phagocytlc cells and impairing lung

30 clearance mechanisms. Id. ,

, S Preventaon of pneumomc pasteurellosnls has been attempted in the
iy - past by the use of killed bacterins of P. haemolytica. However, it has been
R ~demonstrated that vaccmatmn ~with bacterins may enhance the

develOpment of ﬁbnnous pneumonia af‘ter challenge exposure. (Sanford,

n
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S.E., "Some Respiratory and Enteric Diseases of Cattle; An Update" Mod
Vet Prac, 65(4): 265-268 (1984)) Immunization with live vaccines have
been generally uneuccesaful because of the low antigenicity of P.
haemolytica and rapxd mactlvatwn by the healthy animal. (Henry, C.W..
thppmg fever pneumoma a new look at an old enemy’ Veterinary

| Medzcme 1200-1206 September (1984)).

More recently, attempts to deveIOp a Pasteurella haemolytica vaccine

. _have focused on the P. haemolytzca leukotonn In a etudy to determine the
~ mteractaon of P. haemolytzca with bovine neutrophxle, results demonstrated

| that optnmal cytotoxm productxon occurred dunng the loganthmxc phase of

R bactenal growth for P. haemolytzca that was grown in a standard tissue

e ,culture medmm (Baluyut C.S., et al. Interactxon of Pasteurella

-‘ o ._haemolytxca mth Bovme Neutrophxls Identaﬁcanon and Partial
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'Charactenzatmn of a Cytotonn Am J Vet Res, Vol. 42, No. 11, pages 1920-

1926 (1982)) The authors concluded that " ..[s]mce this toxin affected the
-,'-phagocytlc cells. 1t was consxdered to be a vrrulence factor." Id. at page

U S pat.ent 4 957 739 teaches a vaccme ‘containing a purified P.

L LR ;_;:_Q;-.haenwlytzca antxgen, such as a leukotoxm component ‘where the antlgen 1S
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e punﬁed from a cell-free supematant or obtamed by recombmant DNA
Sa technology WO 9]/15237 dlscloses a vaccme composxtlon contmmng at
SRR, least one unmunogemc polypeptlde ﬁ'om the group of P, haenwlytrca

. ﬁmbnal protem, plasmm receptor protexn a SOK outer membrane protein

o N -.and leukotoxm U S 5 055 400 dxscloses DNA encodmg P. haemolytzca A-1

o 0
P

Gennld leukotoxm whxch m used to produce recombmant protem for the preparauon
~ ofvaccines. U.S. 5,055,400 refers to the protective capability of cytotoxic

;_ o ';f} i s supernate from P haemolyt zca and mtes U S Se nal N umber 82 1 197 filed
L e 27 J anuary 1986 now U S 5 165 924 as an example of such a vaccme
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umty to Pasteurella haemolytzca Serotype 1 " In

S k ';Proceedmgs of tne North Amencan Symposwm on Bovine Respiratorv
de th e ‘-.__..Dzsease (RW Loan ed) Texas A & M Umversxtv Press, College Station.

o S A Tex pp 480-481 (1984)) cell free vaccme contalmng leukotoxin and
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serotype specific surface antigens (Presponse® Pasteurella naemolytica
toxoid: American Cyanamid Co., Wayne, N.J.) was shown to be efficacious
In preventing pneumoma 1n calves vaccinated twice followed by
intratracheal challenge with live P. haemolytica. (Bechtol, D.T.. et al.,
"Field Trial of a Pasteurella haemolytica Toxoid Administered at Spring

Branding and in the Feedlot Agri-Practice, Vol. 12, No. 2, pp.6-14
( March/Apnl 1991)).

There remains a need in the art for improved Pasteurella haemolytica
vaccines, such as a vaccme that confere active immunity in a single dose

10 thereby ehlmnaung the requirement of costly repeat administration and a

vaccme that offers the convemence of being administered subcutaneously or
.mtramuscularly

(1

- Summary of the Inventlon
ETE o There 1S promded by the invention a novel bacterin-toxoid vaccine
' capable of inducing rmmumty in bovine species in one dose against
Pasteurella haem.olytzca Type A-1 infection compnsmg a therapeutically
B effectlve amount of Pasteurella haemolytzca Type A-1 leukotoxoid, capsular
pEf el T .antlgen soluble antxgens and macuvated cells.
R 20 There is furt.her provxded by the mventlon a novel method of making
S a bactenn-toxmd vaccine capable of mducmg unmumty in bovine species in
~ one dose against Pasteurella haemolytxca Type A-1 infection comprising a
' o therapeutlcally effecuve amount of Pasteurella haemolytica Type A-1
| -,'-"leukotoxmd capsular antxgen soluble ‘antigens and inactivated cells
2'*’ comprxsmg the steps of culturmg Pasteurella haemolytica Type A-1 for a
j_  time suﬁicrent for said P. haemolytica to reach the late logarithmic phase ‘of
S *'.growth mactwat:mg the P haemolytzca culture harvesung the culture
SR ﬂ,ﬂmds compnsmg the leukot;oxoxd capsular antigen, soluble antigens and
e mactlvated P. haemolytzca cells Also prowded by the invention is the
- 30 - ',vaccme produced thereby
R Further prowded bv the mventmn 1s a novel method of vaccinating
bovme ammals ccmpnsmg adm:mst.enng to said animals a bacterin-toxoid
'. "vaccme of this invention.
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Further provided by the invention is a novel biologically pure culture
of Pasteurella haemolytica having all the identifying characteristics of
ATCC No. 55318.

Detailed Description of the Invention
As used herein, the term "leukotoxin” refers to a soluble toxin
produced by actively growing Pasteurella haemolytica as taught in the

literature. Seee.g. U.S. patent 5,055,400;MCanadi'an patent 1,332,366 and Gentry et al.,
"Neutralizing monoclonal antibodies to P. haemolytica leukotoxin affinity-purify the
toxin from crude culture supernatants" Microbial Pathogenesis, 10: 411-417 (1991).
"Leukotoxoid" is the term used to describe inactivated leukotoxin. Leukotoxin is

alternatively referred to in the literature by other identifiers as exotoxin or cytotoxin.

What is meant by "ca'bsular antigen" as used herein refers to a
soluble capsular polysaccharide from P. hoemolytica as described in the
literature. See e.g. Inzana, T.J., "Capsules and Virulence in the HAP Group
of Bacteria” Can J of Vet Research, 54:522-S27 (1990); and Adlam et al.,
"Purification, characterization and immunological properties of the
serotype-specific capsular polysaccharide of Pasteurella haemolytica
(serotype Al) organisms" J Gen Microbiol 130:2415-2426 (1984).

What is meant by "soluble antigen” as used herein refers to soluble
antigens shed during growth of P. haemolytica other than leukotoxin and

capsular antigen such as glycoprotease and neuramindase. See e.g. Reggie
et al. "Molecular Studies of Ssal, a Serotype-Specific Antigen of Pasteurella
haemolytica Al", Infection and Immunity, Vol. 59 No.10 3398-3406 (1991).
In one aspect, this invention provides a Pasteurella haemolytica Type
A-1 bacterin-toxoid vaccine capable of inducing immunity in bovine species
in one dose comprising a therapeutically effective amount of leukotoxoid,
capsular antigen. soluble antigens and inactivated Pasteurella haemolytica
Type A-1. The Pasteurella haemolytica Type A-1 suitable for use in this

S ——.
vt fiarelire e b Lol SRITY 1 w— b wep i bbby . e ————
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invention is believed to be any Type A-1 that is not attenuated. The
preferred strain is presently ATCC No. 55318.

The vaccine of this invention can be generally prepared by growing
Pasteurella haemolytica Type A-1 for optimal leukotoxin production,
preferably in a protein fortified cell culture medium, and harvesting the
culture fluids during the logarithmic phase.

One of the preferred techniques for preparing the vaccine of the
invention 18 a novel method of making a bacterin-toxoid vaccine capable of
inducing immunity in bovine species in one dose against Pasteurelia
haemolytica Type A-1 infection comprising a therapeutically effective
amount of Pasteurella haemolytica derived leukotoxoid, capsular antigen,
soluble antigens and inactivated cells. The method comprises culturing
Pasteurella haemolytica Type A-1 for a time sufficient for said Pasteurelia
haemolytica to reach the late logarithmic phase of growth.

Standard culture medium suitable for use in the invention is a cell
culture medium that is fortified with protein and may be selected by one
skilled in the art. One example is RPMI-1640 generally fortified with 3%
heat inactivated bovine calf serum, 1% tryptose and 0.1% '*Tween 80
(polysorbate from Sigma, St. Louis, MO) or the like. Growth can be
stimulated by the addition of carbohydrates such as glucose to the medium.

The bacteria are grown in the medium from inoculation to the log
phase of growth. For optimum leukotoxin production, the late log phase of
growth is preferred. This is generally in the range of 2.5 to 6 hours -
following inoculation of the medium with the bacteria and can be accurately

~ determined by the relationship of optical density to time as is known in the

art.

While growth is in the late log phase, an inactivating agent is added
to the culture fluids. Preferably, the inactivating agent is a fixative, such as

formalin (formaldehyde solution USP), which is usually used at a relatively
low concentration of about 0.1 to about 0.5% v/v.

The culture fluids comprising the leukotoxoid, capsular antigen,

~ soluble antigens and inactivated Pasteurella haemoiytica cells are then

harvested by standard techniques known to those in the art such as
centrifugation. It is important that the supernatant not be cell-free, thus,

*Trademark

SUBSTITUTE SHEET
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metnoas of harvesting such as filtration which would remove all cells are

Centrifugation preferably occurs at a force of about 10,000 xg. The methods
and conditions to remove the majority of the cells from the culture are
within the skill of the art.

The order of inactivation and harveatnng in the method of this
invention is not believed cntxcal Present.ly, Jt 18 preferred to inactivate
prior to harvesting. S

- The supemetant i8 collected and contams from about 103 to about

108 cells/ml of supernatant measured prior to inactivation. The number of

cells is difficult to measure and can vary substantially from batch to batch.

- The lower Limit is _g0verned by the necessity of having some cells in the

of animals to vac'cinaﬁon; Levels of up to 10° cellsyml have been

. _demonstrated prior to mact.xvatmn in the supernatant.

The supernatant produced oy this method and used for the vaccine of

- _the mventmn is a leukotoxmd rich preparation also comprising capsular
20

antigen, soluble anugens and mactwated Pasteurella haemolytica Type A-1

e cells and cellnlar debris.

The vaccme of the mventlon as stated 18 the culture supernatant

o whxch may or may not be concentrated or diluted.

- Still other preferred vaccme composxtaons of this invention result

N 'from combxmng the vaccme of thls invention with other vaccinal agents,

--.partlcularly antlgens of ot.her BRDC pathogens An 1llustrative example is

~ a vaccine composmon formed by the combmanon of antigens from

o Pasteurella multoczda, Haemophzlus somnus, Clostridial species,

30

. Mycoplasma speaes, Bovme Respxratory Syncytial Virus, Bovine Viral
.' Dlarrhea erus Bovme Paramﬂuenza Type 3 virus.

Vaccines of the mventlon may be prepared as pharmaceutical

'composmons conta1mng a therapeuncally effective amount of the
supernatant as the actlve ‘ingredient in a nontoxic and sterile

pharmaceutically acceptable carrier. A preferred embodiment of the vaccine
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of the invention is where the vaccine is in freeze-dried form and
reconstituted with at least one adjuvant just prior to use. Such a vaccine 1s
preferred as it provides increased stability and reduced free endotoxin,
which reduces post-vaccinal .syatemic reactions. Such adjuvants include,
¢ among others, a mineral oil and lecithin emulsion [Amphigen®.Hydronics,
Inc.] as taught in U.S. patent No. 5,084,269 or other dispersed oils,
aluminum hydroxide, muramyl dipeptide, and saponins, such as Quil A.

10 According to the present invention, preferably a pharmaceutical
preparation provides a unit dose of between 0.5 and 3 ml, and more
preferably approximately 2 mL of a sterile preparation of an immunogenic
amount of the active ingredients and carrier.

For purposes of this invention, a therapeutically effective amount of

1S vaccne 1s that amount which induces immunity in bovine species against P.
haemolytica Type A-1 infection in one dose. More specifically, this amount
can be readily determined by testing a variety of vaccine preparations made
in accordance with this invention in cattle and selecting the vaccine
preparation that induced immunity in one dose in a statistically significant

20 number of cattle when challenged with P. haemolytica. A vaccine induced
immunity can be measured by resistance to experimental challenge
reflected by decreased or absence of mortality, absence of, or minimal
clinical signs, reduction or complete elimination of charactenstic lung
lesions as is known to those in the art.

2s A desirable dose regamen involves the administration of one dose of
the desired vaccine composition of this invention to confer active immunity.
A booster dose is believed desirable whenever subsequent stress or exposixre
1s likely. The mode of administration of the vacanes of the invention may -
be any suitable route which delivers the vaccine to the host. Presently, the

30 vacane is preferably administered subcutaneousiy or by intramuscular
injection. '

The preferred freeze-dried vaccine is aseptically rehydrated with the
adjuvant containing sterile diluent. The vaccine 1s administered to healthy
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cattle 2 minimum of 7-10 days prior to weaning, shipping, or exposure to
stress or infectious conditions.

The examples which follow illustrate preferred methods for preparing
the vaccine of the invention and for preparing and testing a variety of
vaccines. These examples are illustrative only and do not limit the scope of
the present invention.

A vaccine embodied by this invention has been commercially
available in the United States since about 18 May 1992 and is known as

One-Shot™ (trademark of SmithKline Beecham Animal Health, Exton,
PA).

Deposit of Strains Useful in Practicing the Invention .'

- A deposit of biologically pure cultures of the following strain was
made with the American Type Culture Collection, 12301 Parklawn Drive,

Rockville, Maryland, as shown below.

Strain , Deposit Date  ATCC No.
Pasteurella haemolytica Type A-1 9 April 1992 55318
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Vaccine Preparation

P. haemolytica Type A~1 (deposxted 9 April 1992 ATCC Accession No.
55318) was grown overnight at 37°C on brain heart infusion (BHI) agar.
Subsequent passages were made in BHI broth in a series of Erlenmever
flasks, 9 and 19 liter carboys or seed fermentors. The final production

- medium consists of RPMI 1640 tissue cultr 2 medium containing sodium
: bxcarbonate (0.2% w/v) fortlﬁed with 3% hea. inactivated bovine calf serum.

1% tryptose, and 0.1% 'I‘ween 80. Antifoam was mcluded at 0.06% final

- concentratxon The__ ﬁ‘n’al fermentor was:seeded with a 5% Imoculum.

Cultures were grown for 4.5 hours at 37°C and the dissolved oXygen content
of the culture was momtored and controlled by aeration to a level at 40%.

The culture was stxrred contmuously and was maintained at pH 7.4.

S .._Growth was stxmulated by the add1tlon of stenle 50% glucose at 2 5, S.25,

O -l PRI e - o ’
- . . . et * . '
J PR 4 - . . : . = K
. . . . - . . . . .
’ .. . .o
‘. L. C o . : : .
. L . . . .
LT * EENT : . .
v - . : s : .
-~ ~ L) . - . . - e .
. . . . e *
] o "
. - .
. N . . .
. N ! ' .
-~ . . .
. .
N .
o . . - ..
. '
. -
S '
5y

were stlrred in the fermentor for one ho and then stored at 4°C with
_;constant stamng for ﬁve days to complete lnactxvatmn Inactivated fluids
",were centnfuged and the supernatant retmned Stenle 10% Merthiolate
 7 » and 10% Ethylenedlanunetetraacetxc Ac1d (EDTA) were added as

preservatxves to ﬁnal concentratmns of O 01% and 0. 07%, respectively. The

A Ll ‘f'isupernatant was stored at ~50°C untll it was thawed for assemblv

The supematant was thawed and based on results of quanutauon

j'_-.-..fassays was assembled thh the addxtxon of stenle phosphate ‘buffered
| ' '::fsahne The assembl ed product was ahquoted mto bottles and lvopluhzed
'f'-ljf’_and stored at 4°C LT ' ' '

o g
:' .,_']"7.[.'j‘oxl/lecxthm emulsxon adjuvant sold under the tradename Amplugen. and

 The duo-phased adjuvant system consxsts of 5% wv mineral

s ', '--3.)1-'«'}12% v/v Aluxmnum Hydroxxde gel and sahne (herexnafter "Adjuvant

Dlluent) The dual adjuvant dlluent was bottled and was used to rehvdrate

the freeze-dned vaccxne
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The vaccine was tested in cattle for protective capabilities bv
vaccination-challenge experiments.

A relative unit (RU) dose of 1496 per dose of leukotoxoid and 2580 of

capsular antigen was assigned to the lyophilized bulk supernatant that was
5 used to prepare the vaccine found to induce immunity in one dose to

infection by P. haemolvytica Type A-1 infection 3 In, Povme species as taught
herein. '

Example 2
100 Pasteurella haemolytica Bacterin-Toxoid
. - Single Vaccination -
‘Dose Titration Study

Teblze 1

o .' 1s - | ~ One DosjeExperimental Design
Vaccine  Number of Vaccinatioﬁ Challenge  Necropsy
NQ. Animals
1 5 Day'?O' ' Day 14 ‘, Day 20
2 5 Day0  Dayl4  Day20

3 5 ‘Dayo ~ Day 14  Day 20

4 5 ' Day0  Dayl4 Day 20

e ' Annnals 400 550 lbs beef cattle N

12 | '-.Chal,lénge P haemolvtzca A-l heterologous sr;ram 2. 2 x 109 cfu in 500 ml
00 Cherry s Phosphate Buffered Sahne (CPBS) Intratracheal

o admamstrataon

- Va‘c.ci_nes: 1 Dlluted to 800 oIT lel.m.otoxmd and 1380 RU capsular
e o antxgen per dose with Adjuvant Diluent. 2 ml dose -
f 25 o " - 1ntramuscular admjlmst.ratnon. |
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2. Diluted to 400 RU leukotoxoid and 690 RU capsular
antigen per dose with Adjuvant Diluent. 2 ml dose -
intramuscuiar administration.

3. Diluted to 200 RU leukotoxoid and 345 RU capsular
antigen per dose with Adjuvant Diluent. 2 ml dose -
intramuscular administration.

4, Placebo (medium control). Diluted as vaccine #3 with
Adjuvant Diluent. 2 ml dose - intramuscular administration.

t_n

10 - ~ TablelI
' " - Summary of Results

Vaccine No. No.of  Mean Percent Percent
- . Lung Reduction in
~  Animals  Conselidation - Lung

. EERPE Consolidation

1 5 000  100.00
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Exampile 3
Pasteumlla haemolytica Bacterin-Toxoid
Immunogenicity Study

TableIIl
One Dose Expeﬁmental_‘_‘Design

No.of  vyaecination Challenge Necropsy
Animals '
20 Day0  Dayl4  Day20
20'.’ - 'Day 0  Dayl4 - Day 20

10 ‘Day0  Dayl4  Day20

10 Ammals 400'-550‘ l_bs, bfeefic'attlef

PCT/US93/0293¢, i

Challenge' P haemolytzca A«-l heterologous stram 1 6 x 109 cfu in 500 ml

CPBS Intratrachea] adxmmstratmn

Dxluted to 200 RU leukotoxmd and 345 RU capsular

- | antxgen per dose wrth Adjuvant Dxluen‘t

- "."1ntramuscu1ar (IM) or subcutaneous (SC) admmxstramon
2. Placebo (medmm control). Dxluted as Vaccine #1 with

2 ml dose -

j Adjuvant Dlluent 2 ml dose mtramuscular admunstrat:non
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Table IV
Summary of Results

Vaccine No. No. of Mean Percent Percent
- ' Lung Reduction in

Animals " Consolidation Lung
' - . Consolidation

1(IM) 20 146 94.20
180 20 477 8120
5 - . : 10 : . 25‘32 . .. o

) Example 4 |
Pcwteurella haemolytzca Bactenn-Toxmd

Table V

SRR | A . One Dose Expemnental Desxgn

Vaccine N° Of Vaccmatxon Challenge N;ecmpsy j

.t .o o . L] . L
g ele ;"s s " * . . . '
‘" e ., . - . . o .
. ’ t. e . : L
. e - . . . e . N . L
Vo ' . v . . S . . . "
0 ' . . .
e . . ..
. . . . '
‘-, . : o . . . - .
.o .
o '\ L4 o . - .
. . . . ' * - : . . :
L " . . ° . . . ;! . _
. -~ N . . .
vy - ' . : .
. -~ ‘l . .
. “ N ' N * .
A ' ' . . . .
J‘\I ’ . s - l' ' . . * . .
;. e ' . - - : - . . .
1o ' ’ ’ .
' } ' . . .
' P B - L . . : . . .
[ PR . . - .
.t : Ld * . . . 0
A " : : . .
. : ' R . . .
.o ¢ . . ' . : s : ’ ' ’

i 10 ~ Day0  Dayl4  Day18

' 5 Challenge P. haemolytzca A-l 5 ml of 2 5 X 109 cfu/ml Bilateral
SV transthoramc mtra'pu.lmomc mjecuon o -
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Vaccines: 1. Rehydrated with adjuvant dilvent. 2 ml dose -
intramuscular (IM) or subcutaneous (SC) administration.
2. Placebo (medium control). Rehydrated with Adjuvant
Diluent. 2 ml dose subcutaneous admxmatratnon

th

- -

Table VI
Summary of Results

Vaccine No. No. of Percent * Mean Lung
. - . o - Lesion Score
Ammals  Mortality ;

S o1mo 0 100 s
Siso w00 esh

2 10 80 18.1B
e L Dlﬁerence between A and B s statlstlcallv s:tgmﬁcant (p < 0 001)
et 10 i ; . R S

Bnd Example % .

Pasteurella haemolytzcaBactenn-Toxmd
Four Month Duratnon of Immumty Study

15 . Twentv beef calves welghmg approxunatelv 450 lbs (204 5 kg) were
selected for thIS Example Ten beef calves (Group 1) were vacmnated
: .fzsubcutaneouslv wzt.h one 2 ml dose of Pasteurella haemol‘vtzca Bactenn-
";.’; e ;Q\:Tox oid as described below A.n addmon al ten calves (Gro up 2) were
~ vaccinated subcutaneously with one 2 ml. dose of placebo containing all
; :‘.0 fi f ',f'_'componems of the Pasteurell a haemolytzc._, Bactenn-Toxmd except for P.
f | "haemol ytzca antxgens and served as controls Calves were challenged ‘
77.fj',j:‘-;-'ﬁ"f.'~_1ntratracheally at four months seven davs post-vacmnauon with a
ROLEORE ""heterologous stram of P haemolvtzca (Table VII) Challenge moculum
i R ;conszsted of a. broth culture of P. haemolvtzca contammg 1.2 x 107 colonv
° 25 formmg umts (cfu) m 500 ml of Cherrvs Phosphate Buffered Saline
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(CPBS). No animals succumbed to challenge. Animals were necropsied six

days post-challenge.

Control animals exhibited a marked increase (statistically
significant) in body temperature due to challenge for two days post-
challenge while vaccinated animals showed an increase for one day post-
challenge. Statistical analysis indicated a significant difference in mean
body temperatures at two dayvs post-challenge between vaccinates and

Serum from blood samples collected from each animal by
venipuncture was tested for antibody titers to P. haemolytica whole cells by

~ an agglutination assay, to leukotoxin by a leukotoxin neutralization assay,

and to capsular antigen by an Enzyme-Linked Immunosorbent Assay

(ELISA). Samples were collected at pre-vaccination, 4 months post-
vaccmauon (pre-challenge) and six davs post-challenge (at time of

necropsy). ‘Geometric mean (G‘VI) antlbodv titers were calculated for each

test and results indicated that only GM antibody titers to capsular antigen
'. were mgmfcantly h.lgher in the vaccinated animals (Group 1) at 4 months

post-vaccmat:on and 6 days post-challenge compared to pre-vaccination
twers |

‘At necropsy, - lungs were removed and evaluated for lesions

charactensncs of pneumomc pasteurellosxs (Table VIII) Lungs were scored

bv welglung affected : areas and expressmg the percent lung mvolvement as

a percentage of the total welght oi the lungs. In addmon lungs were scored
LS by wsual mspecnon mcludmg drawings of affected areas. Vaccinated
ammals had a mean lung consohdatwn of 2.65% whzle control animals had

a mean lung conaohdat.mn of 19 35% when evaluated on the basis of actual
wezght of aﬁ'ected lung ussue in relauon to the welght of the entire lung.

szual sconng of aﬁ”ected lung nssue gave a mean lung consolidation of
1 68% of vacmnated ammals and 13 35% for control ammals These results

| ,showed an 86. 3% reductzon m lung lesions in Group 1 compared to Group 2

" on the basis of wexght and an 87.42% reduction when visual inspection was
used. Statistical analysis showed the difference in lung consolidation

between vaccinates and controls to be significant (p<0.05).

PCT/US93/02930
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‘ ' The subcutaneous injection sites were carefully examined at necropsyv
and none of the ammalts._ n ex_ther group had any visible tissue reacdons.

o - Microbial 1solations were .‘a't.tempbed from lesion-bearing areas of lung

o ' ussue P, haem‘olyt;ca‘was _isolated from lung lesions of 4 of 10 vaccinates
¢ and8ofl0controls. @ .

-; BRI These results have shown that this product 18 safe and efficacious up

g ~ to four months followmg ‘admxms_tran_o_n ‘of a single dose of vaccine.

N N Vaccmatnon of catt.le w1t11 this product enhanced their resistance to
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Table VIII
- Summary of Results

Vaccine No. No. of Animals  * Mean Percent  Percent
' ’ Lung Reduction in
Conaolidation Lung
Consolidation

1 10 2654 863

2 1  1935B e

. Difference between A and BIS statisticahy significant (p=0.0169)

Exa.mple G
Pa.steurella haemolytwaBactenn-Toxmd
. Onset of Immumty St:udy
Vacane prepared as descnbed in [Example 1. [Leukotoxmd Potency =

G 254 Relatrve Umtstose (15 months natural agmg) Capsular Antigen
e _._‘.‘.‘.Potency 758 Relative Units/Dose] -

Thxrty beef calves mth an average welght of 553 1bs. (251 kg) were

' “*....-.subcutaneeusly thh one 2 ml dose of Pasteurella haemelytzca Bactenn-'

S - Toxoid seven days pnor to challenge Another ten calves (Group B) were
POV -','.vaccmated in the same manner with one 2 ml dose of vaccine three days
~ prior to challenge A.n addltmnal ten calves (Group C) were inj jected seven
20 .:,_.""days pnor to challenge via t.he subcutaneous route with one 2 ml. dose of
2 A "  :".-','*',",Placebo contammg all components of the Pasteurella haeﬂwlytzca Bacterin-

‘,f."*_-Toxoxd except. for P haemolytzca antzgens and served as controls Calves

. were chanenged mtratracheally at seven days post~vacmnauon (Groups A

- and C) or three days post-vacmnauon ( Group B) with a heterologous strain
of P. haemolytzca Challenge inoculum consisted of a broth culture of P.

"_haemolytzca cont.almng 3 0 X 108 colony forxmng umts (cfu) in 500 mi. of

- PCT/US93/02930
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‘.'1.0, .'and to capsular antlgen by an Enzyme-Lmked Immunosorbent Assay

. [(ELISA) Samples were collected at pre-vacmnat:on seven days post-
S vaccmanon (Groups A and C) and three days post-vacc:matmn (Group B),

whxch was mmedxately pnor to challenge, and six days post-challenge (at

. tlme of necropsy) Geometnc mean (GM) antlbody titers were calculated for

| '.each test and results 1nd1cated that a slgmﬁcant reponse to all three

15

- possible. All other ammals were necropsied six days post-challenge.

Pre-challenge body temperatures of two-thirds of the animals were

40°C, so no marked mcrease n body temperature due to challenge was
exhxblted at any time post-challenge mhny of the groups.

' Serum ﬁ'om blood samples collected from each animal by

venipuncture was tested for antlbody tlters to P. haemolytica whole cells by

an agglutmatlon assay, to leukotoxm by a leukotonn neutralization assay,

N IR f_j_,._'_.f!-_,antlgens was obtalned m Group A ammals at seven days post-vaccination
and no such response was observed in Group B ammals at three days post-
e A .‘-'__;_.._vaccmat:on or in Group C ammals at seven days after placebo

'_)_',f"'_stratnon.- Lo e -
At necropsy, lungs ‘were removed and evaluated for lesions

% ’.'-‘:charactenstlcs of ) pneumomc pasteurellosxs Lungs were scored bv weighing
: : '._--aﬁ‘ected areas and- exnres smg the percent lung mvolvement as a percentage
of the total wexght of the lungs In addmon lungs were scored by visual
i e ;{fﬁ! 'If-.‘mspectl on mcludmg drawmgs of aﬂected areas Ammals vaccmated seven

25 days pnor to challen ge had a mean lung cons oh dation of 12.7%, those
S ‘,':"":'--‘-j'-"";-j-;-',i'vacmnated three days prior to challenge had a mean lung consolidation of
. ﬁff;.;_'36 1%, wlrnle control ammals had a mean lung consohdatmn of 26.6% when
: '-.;.'_':-.f‘.-'i"evaluated on the basxs of actual welght of aﬁ‘ected lung tissue in relation to
S -;f-_.the welght of the entire lung Visual sconng Of aﬂ”ected lung tissue gave a

g

mean lung consolldatxon of 8 6% for seven-day vaccmates 28.7% for three-

| day vaccmates, and 17 8% for placebo controls These results showed a
- '52 3% reductlon in lu.ng lesxons in Group A compared to Group C on the
P '_'basrs of werght and a 51 7% reductlon when wsual Inspection was used.

--.Statlstlcal analy51s showed the dlfference m lung consolidation between

WO 93/19779 913 2108 PCT/US93/0293(C, }
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Group A and Group B to be significant (p<0.05), but not between Groups A
and C. No reduction in lung lesions was observed when comparing three-

day vaccinates with placebo controls.
The subcutaneous injection sites were carefully examined at
5 necropsy. Approximately 50% of the animals in all three groups had some
evidence of tissue reactions at the injection site. Microbial isolations were
attempted from lesion-bearing areas of lung tissue. P. haemolytica was
isolated from lung lesions of 5 of 10 seven-day vaccinates, 8 of 10 three-day

- vaccmates, and 7 of 10 placebo controls.

o 10 These results have shown that this product, when administered in a
' : smgle dose 1s able to reduce lung damage when animals are challenged
seven days post-vacmnatlon “but not at three days post-vaccination.
. Vacomatmn of cattle thh this product seven days prior to challenge

- enhanced their resistance to challenge exposure.
o T _

Conclusmn

~All stud.les conﬁrmed the safety of the vaccne. No untoward
- reactions were observed. Safety was also proved in the administration of
,' 20 ‘three d.:ﬁ‘erent senals of the vaccme to over 3,000 animals under field
| condmons Testmg resulted in locahzed reactions in 3.5% of those
~ vaccinated, with many of those being transient. Few other reactions were

;observed o o | ,
| ) An antxgen exmncnon ‘study was undertaken to determine a
. 25 nonproteotnve dosage level of the vacane. The study was successful
RN mdxcatmg a deﬁmte relatlonshlp between protection and quantity -of

antxgens in the vaccme

RO Analysxs of the results presenbed in the studies revealed that this
;"".,"".-vaccme is efﬁcamous and safe Vaccmatlon of cattle with this product
3 s 30 ~ (either by mtramuscular or subcutaneous routes) enhanced their resistance
""to cha]lenge exposure Th.ls was reﬂected by a sxgmﬁcant reduction in the
‘extent of lung lesions observed with vaccinates compared to control animals.
The expenmental challenge models employed 1n these studies lead.mg to the
developmenr, and ’oestmg of thls vaccine were severe enough, that under
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natural conditions, the probability of an animal being exposed to such a
level of challenge is remote. It is, therefore, safe to conciude that this
vaccne should perform even better under field conditions. It is further
Intended to use this vaccine as a component of one or more multivalent

> vacanes contaimng viral and bacterial components, such as vaccines for
bovine respiratory disease complex.
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The embodiments of the invention in which an exclusive
property or privilege is claimed are defined as follows:

1. A bacterin-toxoid vaccine against Pasteurella
haemolytica Type A-1 infection, comprising a
therapeutically effective amount of Pasteurella
haemolytica Type A-1 leukotoxoid, capsular antigen,

soluble antigens, and inactivated cells in a density
ranging from about 10° to about 10° cells per ml, which
therapeutically effective amount of bacterin-toxoid
vaccine provides protection in a bovine species in one

dose.

2. The vaccine of claim 1 wherein the leukotoxoid,
capsular antigen, soluble antigens and inactivated
Pasteurella haemolytica are derived from strain ATCC No.

55318.

3. The vaccine of claim 1 further comprising a
therapeutically effective amount of one or more
additional antigens of pathogens of bovine respiratory
diseases.

4. The vaccine of claim 1 wherein the wvaccine is
freeze-dried and rehydrated prior to use with at least
one adjuvant.

5. The vaccine of claim 4 further comprising two

adjuvants.

6. The vaccine of claim 5 wherein the adjuvants
comprise 12% v/v aluminum hydroxide gel and 5% v/v
Amphigen®.

7. The vaccine of claim 1 wherein the vaccine has a
duration of immunity of about four months.
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8. A method of making a bacterin-toxoid vaccine which
provides protection in a bovine species in one dose
against Pasteurella haemolytica Type A-1 infection,

comprising the steps of: culturing Pasteurella
haemolytica Type A-1 for a time sufficient for said P.
haemolytica culture to reach a late logarithmic phase of
growth; inactivating the P. haemolytica culture; and

harvesting culture supernatant therefrom comprising
leukotoxoid, capsular antigen, soluble antigens, and
inactivated P. haemolytica cells at a density ranging

from about 10° to about 10° cells per ml.

9. The method of claim 8 wherein the P. haemolytica is

stain ATCC No. 55318.

10. The method of claim 8 wherein said time sufficient
for said P. haemolytica to reach the late logarithmic

phase of growth 1s about 2.5 to 6 hours.

11. The method of claim 8 wherein the P. haemolytica

culture is inactivated with formalin.

12. The method of claim 8 wherein the supernatant is
harvested by centrifugation.

13. The method of claim 8 wherein the P. haemolytica is

cultured in a protein fortified cell culture medium.

14. The method of claim 13 wherein the cell culture
medium comprises RPMI-1640 and about 3% bovine calf
serum, about 1% Tryptose and .1% *Tween 80.

15. A vaccine produced by the method of claim 8.

*Trademark
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16. The vaccine of c¢laim 15 wherein the vaccine is
freeze-dried and 1s reconstituted prior to use with at

least one adjuvant.

> 17. The vaccine of claim 16 further comprising two
adjuvants.
18. The wvaccine of c¢laim 17 wherein the vaccine

comprises the adjuvants 12% v/v aluminum hydroxide gel

10 and 5% v/v Amphigen@®.

19. The use of a bacterin-toxoid wvaccine of claim 1 or

15 for vaccinating bovine animals.

15 20. The use as defined in claim 19 wherein the vaccine

is for use intramuscularly or subcutaneously.

21. The use as defined in claim 19 wherein the vaccine
is in freeze-dried form and 1s reconstituted prior to use

20 with at least one adjuvant.

22. The use as defined in claim 21 wherein the wvaccine

comprises two adjuvants.

25 23. The use as defined in claim 22 wherein the adjuvants

are 12% v/v aluminum hydroxide gel and 5% v/v Amphigen®.

24. A biologically pure culture of Pasteurella

haemolytica having all identifying characteristics of

30 ATCC No. 55318.

25. The use of a bacterin-toxoid vaccine
of any one of claims 1-7 for the preparation of a medicament

for vaccinating bovine animals.

35
26. The use as defined in claim 25 wherein the

medicament is for use intramuscularly or subcutaneously.
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27. The use as defined in claim 25 wherein the
medicament is 1n freeze-dried form and 1is reconstituted

prior to use with at least one adjuvant.

28. The use as defined in claim 27 wherein the

medicament comprises two adjuvants.

29. The use€ of claim 28 wherein the adjuvants are 12%

v/v aluminum hydroxide gel and 5% v/v Amphigen®.
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