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MYCOPLASMA BOVIS VACCINE AND METHODS OF USE THEREOF

RELATED APPLICATIONS

This application claims the priority benefit of U.S. Provisional Patent Application Serial
Number 60/983,482, filed on October 29, 2007, and U.S. Provisional Patent Application Serial
Number 61/075,552, filed June 25, 2008, the teachings and content of which are hereby

incorporated by reference.

SEQUENCE LISTING
This application contains a sequence listing in paper format and in computer readable

format, the teachings and content of which are hereby incorporated by reference.

BACKGROUND

Mycoplasma bovis (M. bovis) is considered to be one of the more pathogenic species of
Mycoplasma and causes significant economic losses worldwide. Mycoplamsas cause severe
clinical signs in cattle of all ages. M. bovis is the most frequent Mycoplasma pathogen found to
cause pneumonia, mastitis, and arthritis in cattle and its etiological role has also been associated
with otitis, keratoconjuctivitis, synovitis, and reproductive disorders in cows and bulls. In
general, Mycoplasmas are difficult to treat since they lack a cell wall or membrane, which tends
to make them resistant to several classes of commonly used broad-spectrum antibiotic
treatments. Mycoplasmas differ from viruses in that Mycoplasmas are larger than most viruses

and damage tissue cells by attaching to the surface of cells and destroying them, rather than by

-1-



10

15

20

25

WO 2009/058833 PCT/US2008/081545

entering the cells. Animals infected with M. bovis have depressed immune responses and can
exhibit signs of M. bovis infection such as fever, depression, anorexia, labored breathing, nasal
and ocular discharge, coughing, sneezing, gasping, grunting, lameness and swollen joints,
mastitis, middle ear infections, abortions, recumbence and death. The organism persists in
unsanitary, warm, moist environments. Mycoplasmas can survive in milk, and even seem to
thrive in the presence of large numbers of leukocytes, which are produced in response to the
infection.

There are several references available in the art disclosing M. bovis vaccines. Patent No.
6,548,069 discloses a vaccine composition that incorporates a whole cell inactivated bacterin
containing at least two Killed M. bovis strains. Other references available disclose passaging an
M. bovis strain less than 10 times to prepare an inactivated vaccine, but do not describe
attenuation of an infectious or pathogenic M. bovis strain through serial passaging or any such
attenuated live M. bovis strain as the essence of avirulent live culture vaccine.

The prior art is deficient in that killed M. bovis is not as effective or efficient in lessening
the severity of clinical symptoms associated with a Mycoplasma bovis infection. Even passage at
a low level does not produce a Mycoplasma vaccine with high efficacy such that clinical
symptoms arc greatly reduced. The few low passage, inactivated, M. bovis vaccines that are
available do not show a large reduction in the severity of clinical symptoms. Additionally, the
‘069 patent strongly teaches away from the idea of a high passage, attenuated strain of M. bovis
being used in an immunogenic or vaccine composition by teaching:

“Because a Mycoplasma isolate may rapidly alter its
antigens in culture, high passage strains of greater than about 50
passages may lose infectivity and ¢licit a poorer immune response

when used in a bacterin of the present invention. Therefore, it is
preferable to employ freshly isolated strains or cultured strains that
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are still virulent; that is, strains that have retained the ability to be
infectious in the host animal. While no critical number of
generations is known to exist, the present invention preferably
starts with a Mycoplasma strain which has been passed no more
than about ten, and preferably only about five or less times before
mass scale production. By using strains with fewer generations in
culture, it is believed that the antigens retain their natural state and
thus will elicit a protective immune response against the infectious
microorganism.”

Accordingly, what is needed in the art is an immunogenic composition effective for
eliciting an immunological response against M. bovis. What is further needed is an
immunogenic composition effective for lessening the severity of or reducing the incidence of
signs of M. bovis infection. What is still further needed is a vaccine effective for reducing or
eliminating the incidence of signs of M. bovis infection. What is still further needed is an
immunological composition effective for lessening the severity of or reducing the incidence of
signs of M. bovis infection that can be safely administered to an animal in need thereof. What is
still further needed is an immunological composition as described above that induces cross-
protection and provokes an immune response against different M. bovis strains and isolates than
those strains or isolates used in the composition. What is still further needed is a safe and
effective immunological composition that is suitable as either a one dose or two dose or multi-
dose (initial dose followed by booster(s)) immunization regimen, an immunological composition
suitable and convenient for administration by several routes, and an immunological composition
that is compatible with other immunogens and immunological compositions for preparation of
combination vaccines. Finally, what is needed is an immunological composition as described

above that provides rapid onset of protection and long-lasting protection to an animal in need

thereof.
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SUMMARY OF THE INVENTION

The immunogenic composition or vaccine of the present invention overcomes the
problems present in the prior art by providing avirulent, and attenuated strains of M. bovis,
preferably high passaged, capable of being combined with a pharmaceutically or veterinarily
acceptable carrier, that can be used as an immunogenic composition with improved efficacy such
that signs of M. bovis infection and/or the M. bovis infection itself and/or incidence or severity,
were reduced in comparison with infection by wild-type M. bovis strains, preferably as well as in
comparison to currently available vaccines. In other words, calves given a vaccine in accordance
with the present invention are at a lower risk of developing signs of M. bovis infection, and any
clinical signs that result would be less severe or prevalent than in animals not receiving any
vaccine, but were infected with M. bovis or received a vaccine not in accordance with the present
invention. Additionally, herds would experience a smaller number of infected animals in a herd
when animals are administered the vaccine in accordance with the present invention as compared
to non-vaccinated but infected animals, preferably as compared to animals vaccinated with
conventional available vaccine. Advantageously, the vaccine of the present invention is a stable
vaccine formulation with high efficacy that provides both quick onset and long-lasting
protection. Due to the teachings of the prior art, the composition of the present invention
provided surprising results in that strains of M. bovis, preferably high passaged strains of M.
bovis were attenuated, live, and more highly effective as components of an immunogenic
composition.

The invention disclosed herein provides for, avirulent, and attenuated strains or isolates
of M. bovis, preferably high passaged attenuated strains of M. bovis that elicit or provoke an

immune response when administered to an animal. Advantageously, the immune response
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protects the animals receiving the administration of the composition of the present invention
such that individual animals are a lower risk of developing signs of M. bovis infection, and such
signs would be less severe or prevalent than in animals not receiving the composition or in
animals receiving a vaccine or composition not made in accordance with the present invention.

Applicants note that for purposes of the present invention, the terms “isolate” and “strain”
are used interchangeably and that differences between individual strains or isolates can be
detected using DNA fingerprinting (i.e. different strains or isolates will have differing
fingerprints).

In one embodiment, an immunogenic composition is disclosed which comprises a high
passage strain of M. bovis and a pharmaceutically acceptable carrier. Preferably, said M. bovis
strain is attenuated and avirulent. The immunogenic composition of the present invention
produces an immunogenic response against M. bovis infection in cattle. The immunogenic
response to M. bovis infection generated or induced by administration of the immunogenic
composition greatly reduces the severity of or incidence of signs of M. bovis infection. In another
embodiment, a method of making an immunogenic composition including a high passage strain
of M. bovis, preferably a high passaged, attenuated, avirulent M. bovis strain is disclosed. In
another embodiment, a method of stimulating a rapid and long lasting serological humoral
immune response, and consequently disease protection, using the immunogenic composition in
calves is disclosed. In yet another embodiment, a method of immunizing calves against M. bovis
infection by administering the immunogenic composition of the present invention in an effective
amount is disclosed. The immunogenic or vaccine composition of the present invention, when
administered to calves subsequently challenged with a wild-type strain of M. bovis, exhibited a

decrease in signs of M. bovis infection including a decrease in clinical symptoms, lung
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pathology, lameness, and joint pathology normally associated with M. bovis infection.
Specifically, a reduction in lung pathology and an appreciable reduction in joint clinical
symptoms and associated lameness were observed in the vaccinated group. In another
embodiment of the present invention, a method for reducing signs of M. bovis infection is
disclosed, preferably by administering any of the attenuated, avirulent M. bovis bacteria
according to the invention and/or disclosed in the present patent applications. The reduction of
signs of M. bovis infection is achieved by administration of the immunogenic composition of the
present invention.

In one preferred embodiment of the present invention, calves were administered one of
three live vaccines or immunogenic compositions, each comprising a high passage, attenuated
strain of M. bovis and a pharmaceutically acceptable carrier. The M. bovis high passage strains
are preferably passaged more than 10, preferably at least 20, still more preferably at least 30,
even more preferably at least 40, still more preferably, at least 50, even more preferably at least
55, still more preferably at least 60, even more preferably at least 70, still more preferably, at
least 80, even more preferably at least 90, still more preferably at least 95, even more preferably
at least 100, still more preferably at least 102 times, and most preferably at least 106 times,
preferably in vitro in cell culture. The strains of M. bovis useful in the vaccine or immunogenic
composition can be any strain or isolate. Three representative strains include 052823A106,
deposited with the ATCC in Manassas, VA on October 16, 2007 under the terms of the Budapest
Treaty and designated as PTA-8694; 05249A102, also deposited with the ATCC in Manassas,
VA on October 16, 2007 under the terms of the Budapest Treaty and designated as PTA 8696;
and 0519021B106, also deposited with the ATCC in Manassas, VA on October 16, 2007 and

designated as PTA 8695. Each of these strains prior to passaging are pathogenic, but after
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passaging each of these strains as described above, and particularly after passaging more than
100 times, the resultant passaged strains were attenuated, avirulent, and produced an immune
response in an animal receiving an administration of the immunogenic composition of the strain.
The calves were subsequently challenged with M. bovis isolates obtained from naturally
occurring discase outbreaks. In all instances herein, the challenge isolates had a different
“fingerprint” (as determined below) than the isolates used for vaccination (i.e. it was a
heterologous challenge). Advantageously, the administration of the passaged strains resulted in
immune responses that reduced the severity and/or incidence of clinical symptoms of M. bovis
infection after challenge with a pathogenic strain or wild-type strain of M. bovis.

Thus, according to a further aspect the present invention relates to any of the attenuated
M. bovis bacteria strains deposited with the ATCC under accession numbers PTA-8694; PTA
8695; or PTA 8696, preferably as well as to any attenuated descendant M. bovis bacteria strains
of any of the foregoing deposited M. bovis bacteria strains that can be used in an immunogenic
composition with improved efficacy such that signs of M. bovis infection and/or the M. bovis
infection itself and/or incidence or severity, were reduced in comparison with infection by wild-
type M. bovis strains, preferably as well as in comparison to currently available vaccines, and
with high efficacy that provides both quick onset and long-lasting protection.

According to another aspect, the present invention also provides immunogenic
compositions as described herein, comprising any of the attenuated M. bovis bacteria strains
deposited with the ATCC under accession numbers PTA-8694; PTA 8695; or PTA 8696, or any
attenuated descendant M. bovis bacterium strain of any of the foregoing deposited M. bovis
bacteria strains. Preferably, those immunogenic compositions comprising any of the attenuated

M. bovis bacteria strains deposited with the ATCC under accession numbers PTA-8694; PTA
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8695; or PTA 8696. Any of the specific foregoing M. bovis bacteria strains can be used
Moreover, the present invention also relates to the veterinary use of any of those specific an
attenuated M. bovis strains as described herein, e.g. for the reduction of the severity and/or
incidence of clinical symptoms of M. bovis infection after challenge with a pathogenic strain or
wild-type strain of M. bovis.

According to another aspect, the present invention also relates to attenuated M. bovis
bacteria having the same characteristics as the M. bovis bacteria strains deposited with the ATCC
under accession numbers PTA-8694; PTA 8695; or PTA 8696. The term “having the
characteristics as the M. bovis bacteria strains deposited with the ATCC under accession
numbers PTA-8694; PTA 8695; or PTA 8696 means that such a bacteria strain is attenuated,
capable to induce a humoral immune response in a calf within 14 days after administration of
one dose of 2.1E9 CFU via the subcutaneous or intranasal route to a calf, and do not cause
clinical signs normally caused by an infection with a pathogenic M. bovis wild-type strain. As a
reference method, the humoral immune response is to be determined by the BIOVET M. bovis
ELISA-Kit using the protocol provided with the test kit. Preferably, each of those strains induces
a humoral immune response within 14 days after administration of one dose of 2E9 CFU via the
subcutaneous or intranasal route to a calf, that has a relative ELISA score in the BIOVET M.
bovis ELISA-Kit using the protocol provided with the test kit of at least 1.5 when expressed as
Optical Density (O.D.) readings.

The composition of the present invention can be administered in any conventional
manner. Examples of administration methods include any that afford access by cells of the
immune system to the immunogenic composition: oral, transdermal/intradermal, intravenous,

subcutancous, intramuscular, intraocular, intraperitoneal, intrarectal, intravaginal, intranasal,
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intragastrical, intratracheal, intrapulmonarial, or any combination thereof. Preferred modes of
administration are intramuscular, subcutancous and intranasal, with subcutancous and intranasal
being especially preferred. If desired or necessary, booster immunizations may be given once or
several times at various intervals. After administration of such a vaccine, an immune response is
elicited in the animal and signs of M. bovis infection are reduced in incidence and/or severity
when exposed to wild-type bacteria or isolates after challenge with a virulent form of M. bovis.
Furthermore, the vaccine or immunogenic composition of the present invention exhibited
effective cross-protection against M. bovis strains other than the strain passaged to attenuation
and then used as an antigenic component.

In preferred forms, the dose volume of the vaccine is no more than 5ml, more preferably
no more than 3 ml, and more preferably no more than 2ml. In a most preferred embodiment, the
dose would be 2 ml, preferably administered intranasally, with 1 ml being administered in each
nostril, even more preferably administered subcutancously, and most preferably administered
both intranasally and subcutancously on one occasion as a single dose. In some preferred forms,
a second or subsequent administration of the immunogenic composition would be administered
after the first administration. Such a subsequent administration would preferably occur at least
10 days after the initial administration, more preferably between at least 10 —32 days, more
preferably between at least 12-30 days, still more preferably at least 14 days, and most preferably
between at least 14-28 days. In most preferred forms, the vaccine would be administered either
on Day 0 as a single dose, or, in alternative forms, on Day 0 and 14-28 days thereafter with
exposure to pathogenic forms of M. bovis not occurring until after the completion of the
immunizing regimen. In a most preferred form, no booster is necessary and the vaccine is

administered only one time. The vaccine is administered to animals from 1 day of age through



10

15

20

WO 2009/058833 PCT/US2008/081545

adulthood, preferably to calves from 1 day of age through young adult cattle 2 years of age, more
preferably to calves from 1 day of age through 16 weeks of age, and most preferably to calves
from 6 weeks to 12 weeks of age. Such administration reduced signs of M. bovis infection as
described below. In fact, the studies herein show that signs of M. bovis infection in the group
vaccinated as described above were reduced by at least 50%, more preferably at least 60%, even
more preferably at least 70%, and even more preferably at least 75% in comparison to the non-
vaccinated group. Lung pathology assessment, specifically the percentage of lung consolidation
attributed to lesions due to M. bovis as customarily scored for various species was made post-
necropsy and was reduced when compared to the non-vaccinated group, by at least 33%, more
preferably at least 50%, even more preferably at least 70%, even more preferably at least 80%,
even more preferably at least 90%, and most preferably by at least 95%.

In another preferred embodiment, the vaccine of the present invention is combined with a
suitable adjuvant. “Adjuvants” as used herein, can include aluminum hydroxide and aluminum
phosphate, saponins ¢.g., Quil A, QS-21 (Cambridge Biotech Inc., Cambridge MA), GPI-0100
(Galenica Pharmaceuticals, Inc., Birmingham, AL), water-in-oil emulsion, oil-in-water emulsion,
water-in-oil-in-water emulsion. The emulsion can be based in particular on light liquid paraffin
oil (European Pharmacopea type); isoprenoid oil such as squalane or squalene; oil resulting from
the oligomerization of alkenes, in particular of isobutene or decene; esters of acids or of alcohols
containing a linear alkyl group, more particularly plant oils, ethyl oleate, propylene glycol di-
(caprylate/caprate), glyceryl tri-(caprylate/caprate) or propylene glycol dioleate; esters of
branched fatty acids or alcohols, in particular isostearic acid esters. The oil is used in
combination with emulsifiers to form the emulsion. The emulsifiers are preferably nonionic

surfactants, in particular esters of sorbitan, of mannide (e.g. anhydromannitol oleate), of glycol,
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of polyglycerol, of propylene glycol and of oleic, isostearic, ricinoleic or hydroxystearic acid,
which are optionally ethoxylated, and polyoxypropylene-polyoxyethylene copolymer blocks, in
particular the Pluronic products, especially L121. See Hunter et al., The Theory and Practical
Application of Adjuvants (Ed.Stewart-Tull, D. E. S.). JohnWiley and Sons, NY, pp51-94 (1995)
and Todd et al., Vaccine 15:564-570 (1997).

For example, it is possible to use the SPT emulsion described on page 147 of “Vaccine
Design, The Subunit and Adjuvant Approach” edited by M. Powell and M. Newman, Plenum
Press, 1995, and the emulsion MF59 described on page 183 of this same book.

A further instance of an adjuvant is a compound chosen from the polymers of acrylic or
methacrylic acid and the copolymers of maleic anhydride and alkenyl derivative. Advantageous
adjuvant compounds are the polymers of acrylic or methacrylic acid which are cross-linked,
especially with polyalkenyl ethers of sugars or polyalcohols. These compounds are known by the
term carbomer (Phameuropa Vol. 8, No. 2, June 1996). Persons skilled in the art can also refer to
U. S. Patent No. 2,909,462 which describes such acrylic polymers cross-linked with a
polyhydroxylated compound having at least 3 hydroxyl groups, preferably not more than &, the
hydrogen atoms of at least three hydroxyls being replaced by unsaturated aliphatic radicals
having at least 2 carbon atoms. The preferred radicals are those containing from 2 to 4 carbon
atoms, e.g. vinyls, allyls and other ethylenically unsaturated groups. The unsaturated radicals
may themselves contain other substituents, such as methyl. The products sold under the name
Carbopol ; (BF Goodrich, Ohio, USA) are particularly appropriate. They are cross-linked with an
allyl sucrose or with allyl pentaerythritol. Among then, there may be mentioned Carbopol 974P,
934P and 971P. Most preferred is the use of Cabopol 971P. Among the copolymers of maleic

anhydride and alkenyl derivative, are the copolymers EMA (Monsanto) which are copolymers of
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maleic anhydride and ethylene. The dissolution of these polymers in water leads to an acid
solution that will be neutralized, preferably to physiological pH, in order to give the adjuvant
solution into which the immunogenic, immunological or vaccine composition itself will be
incorporated.

Further suitable adjuvants include, but are not limited to, the RIBI adjuvant system (Ribi
Inc.), Block co-polymer (CytRx, Atlanta GA), SAF-M (Chiron, Emeryville CA),
monophosphoryl lipid A, Avridine lipid-amine adjuvant, heat-labile enterotoxin from E. coli
(recombinant or otherwise), cholera toxin, IMS 1314 or muramyl dipeptide, or naturally
occurring or recombinant cytokines or analogs thereof or stimulants of endogenous cytokine
release, among many others.

Preferably, the adjuvant is added in an amount of about 100 pg to about 1 g per dose.
Even more preferably the adjuvant is added in an amount of about 100 pg to about 500 mg per
dose. Even more preferably the adjuvant is added in an amount of about 500 ug to about 250 mg
per dose. Even more preferably the adjuvant is added in an amount of about 750 ug to about 100
mg per dose. Even more preferably the adjuvant is added in an amount of about 1mg to about 50
mg per dose. Even more preferably the adjuvant is added in an amount of about 1 mg to about 10
mg per dose. Most preferably the adjuvant is added in an amount of about 1 mg per dose.

In addition, the immunogenic and vaccine compositions of the present invention can
include one or more veterinary-acceptable carriers. As used herein, “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. In some preferred embodiments, and especially those that include
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lyophilized immunogenic compositions, stabilizing agents for use in the present invention
include stabilizers for lyophilization or freeze drying.

“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 and alkali salts of ethylendiamintetracetic acid, among others.

An “immunogenic or immunological composition” refers to a composition of matter that
comprises at least one antigen, which elicits an immunological response in the host of a cellular
and/or antibody-mediated immune response to the composition or vaccine of interest. Usually, an
“immunological response” includes but is not limited to one or more of the following effects: the
production or activation of antibodies, B cells, helper T cells, suppressor T cells, and/or cytotoxic
T cells and/or gamma-delta T cells, directed specifically to an antigen or antigens included in the
composition or vaccine of interest. Preferably, the host will display either a therapeutic or
protective immunological response such that resistance to new infection will be enhanced and/or
the clinical severity of the disease reduced. Such protection will be demonstrated by either a
reduction or lack of clinical signs normally displayed by an infected host, a quicker recovery
time and/or a lowered duration or bacterial titer in the tissues or body fluids or excretions of the
infected host.

“Signs of M. bovis infection” refers to the manifestations of infection or disease caused
by M. bovis including both the clinical symptom(s) and pathology typically experienced by cattle
infected with wild type M. bovis. These manifestations of infection or disecase may take many
forms including, but not limited to, fever, depression, anorexia, labored breathing, nasal and
ocular discharge, coughing, sneezing, gasping, grunting, lameness and swollen joints, middle ear

infections, discharge from inflammation of the inner car, abortions and other reproductive
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disorders, recumbence, respiratory infection, head tilt, ataxia, arthritis, mastitis, otitis,
keratoconjunctivitis, synovitis, pleuritis, lung lesions, lung consolidation and nodular formation
in the lungs, increased synovial fluid, thickened joint capsules, and even death.

“High Passage strain” for purposes of this disclosure, refers to an M. bovis strain that has
been passaged more than 10, preferably at least 20, still more preferably at least 30, even more
preferably at least 40, still more preferably, at least 50, even more preferably at least 55, still
more preferably at least 60, even more preferably at least 70, still more preferably, at least 80,
even more preferably at least 90, still more preferably at least 95, even more preferably at least
100, still more preferably at least 102 times, and most preferably at least 106 times in vitro in cell
culture.

“Lung Pathology Assessment” refers to observation of the lungs after necropsy,
including, but not limited to, assessment of consolidation, lesions, and nodular formations as
well as assessment of the thoracic cavity including pleuritis and fluid accumulation.

“Attenuation” means reducing the virulence of a pathogen. In the present invention
“attenuation” is synonymous with “avirulent”. In the present invention, an attenuated bacterium
is one in which the virulence has been reduced so that it does not cause clinical signs of a M.
bovis infection but is capable of inducing an immune response in the target mammal, but may
also mean that the clinical signs are reduced in incidence or severity in animals infected with the
attenuated M. bovis in comparison with a “control group” of animals infected with non-
attenuated M. Dovis and not receiving the attenuated bacterium. In this context, the term
“reduce/reduced” means a reduction of at least 10%, preferably 25%, even more preferably 50%,

most preferably of more than 100% as compared to the control group as defined above. Thus, an
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attenuated, avirulent M. bovis strain is one that suitable for incorporation into an immunogenic
composition, comprising a modified live M. bovis bacterium.

An “effective amount” for purposes of the present invention, means an amount of an
immunogenic composition capable of inducing an immune response that reduces the incidence of
or lessens the severity of M. bovis infection in an animal. Particularly, an effective amount refers
to 10E3 to 10E10, preferably to 10E6 to 10E10 colony forming units (CFU) per dose.

“Improved efficacy such that clinical signs associated with M. bovis infection and/or the
M. bovis infection itself were reduced in comparison to currently available vaccines when
vaccinates are exposed to M. bovis or suffer infection by wild-type M. bovis strains” refers to a
reduction in either the incidence of or severity of clinical signs of M. bovis infection when
comparing vaccines made from strains passaged as taught by the present invention with M. bovis
vaccines that were available prior to this invention. In this context, animals not vaccinated, or
vaccinated with M. bovis vaccines available prior to the present invention will have clinical signs
of M. bovis infection that are at least 30%, and possibly up to more preferably at least 40%, still
more preferably at least 50%, even more preferably at least 60%, still more preferably at least
70%, even more preferably at least 75%, still more preferably at least 80%, even more preferably
at least 85%, still more preferably at least 90%, and most preferably at least 95% more severe or
prevalent than in animals receiving an administration of an M. bovis immunogenic composition
in accordance with the present invention.

“Long-lasting protection” shall refer to “improved efficacy” that persists for at least 3
weeks, but more preferably at least 6 months, still more preferably at least 1 year, even more
preferably at least 2 years for beef animals, and at least 6 months, more preferably at least 1 year,

still more preferably at least 2 years, still more preferably at least 3 years, and even more
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preferably at least 4 years for dairy animals. For both dairy animals and beef animals, it is most
preferred that the long lasting protection shall persist until the average age at which beef animals
are marketed for meat and the age at which dairy animals conclude their productive life of
milking.

The term “in need of such administration” or “in need of such administration treatment”,
as used herein means that the administration/treatment is associated with the boosting or
improvement in health or any other positive medicinal effect on health of the animals which
receive the immunogenic composition in accordance with the present invention.

“DNA fingerprinting”, as used herein, refers to the rapid identification of bacterial strains
accomplished by amplifying the DNA between insertion sequences and measuring the pattern of
amplified products as described in W02008-030619. Briefly, using PCR and a combination of
outwardly facing primers designed against bacterial insertion sequences (transposable elements),
patterns are produced that are unique to an isolate of a bacterial species. These patterns can then
be compared for such things as epidemiology or phylogeny. One preferred method of DNA
fingerprinting utilizes PCR and a combination of outwardly facing primers designed against
single or multiple bacterial insertion sequences. Such a method produces amplification products
from adjacent IS. Once the PCR amplification is complete, the products are separated (agar gel)
and banding patterns are produced, according to the molecular weight of the amplification
products, which are unique to an isolate of a bacterial species. The preferred method is to carry
out multiplex PCR using outwardly facing primers. Multiplex PCR is a variant of PCR which
enables simultancous amplification of many targets of interest in one reaction by using multiple
primer sets. Of course, other molecular-based fingerprinting methods known in the art may also

be used.
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An “insertion sequence” (IS) is a short DNA sequence that acts as a transposable
element. IS are generally around 700 to 2500 bp in length, which is relatively small compared to
other types of transposable elements. They code for proteins implicated in transposition activity,
wherein the proteins catalyze the enzymatic reaction allowing the IS to move. IS clements are
unique to a particular specics or can be shared between taxonomic groups. There are usually
multiple copies of these insertion sequences, but they are located in unique locations for a
specific transposable element.

Thus, according to another aspect the present invention relates to the use of an M. bovis
strain, attenuated through multiple passage or serial attenuation as described above, as a
medicine, preferably as a veterinary medicine.

According to another aspect of the present invention, M. bovis strains attenuated as
described above can be used for the preparation of a pharmaceutical composition, as described
herein, for the prophylaxis or treatment of infections caused by M. bovis. As noted above, those
pharmaceutical compositions/vaccine compositions can be used for the treatment and/or
prophylaxis of animals susceptible to infection by M. bovis.

In another aspect of the present invention, the invention is a method for the treatment or
prophylaxis including a lessening of the incidence of wild type infection in a herd or reduction in
the severity of signs of M. bovis infection associated with wild type M. bovis infected animals
administered immunogenic compositions in accordance with the present invention in comparison
to animals that are either not vaccinated or vaccinated with vaccines available prior to the present
invention is provided. Additionally, administration of the vaccine in accordance with the present
invention reduces the number of animals in a herd that become infected with M. bovis. Such a

method generally involves the administration of a therapeutically effective amount of an M.
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bovis strain attenuated through the methods disclosed above, to a subject or herd of subjects in
need of such a treatment. Preferably, clinical symptoms are lessened in incidence or severity by
at least 10%, more preferably by at least 20%, still more preferably by at least 30%, even more
preferably by at least 40%, still more preferably by at least 50%, even more preferably by at least
60%, still more preferably by at least 70%, cven more preferably by at least 80%, still more
preferably by at least 90%, and most preferably by at least 95% in comparison to animals that are
either not vaccinated or vaccinated with an M. bovis immunogenic composition that was

available prior to the present invention but subsequently infected by wild-type M. bovis.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1: Frequency of Culture Recovery from Nasal, Tonsil and Lung Samples (Days 0, 14, 28,
35 and Post)

Figure 2: Frequency of PCR Detection from Nasal, Tonsil and Lung Samples (Days 0, 14, 28,
35 and Post)

Figure 3: Average Group Score for M. bovis specific Antibodies from Serum Samples (Days 0,
14, 28, 35 and 42)

Figure 4: Comparison of Serology for Live Vac I, II, IIT and No Vaccine Group (SQ+IN only)

Figure 5: Comparison of Serology for Live Vac I using Various Routes of Administration
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following examples are representative of preferred embodiments of the present
invention. It is understood that nothing herein should be taken as a limitation upon the overall

scope of the invention.

Example 1

This Example assessed the efficacy of an experimental live M. bovis vaccine using two

different challenge models in a target species.

Materials and Methods

Thirty-five colostrum deprived (CD) Holstein calves ranging in age from 4 — 8 weeks of
age were used. All animals met the inclusion criteria, namely that they tested negative for M.
bovis and were in good health at the time of the challenge. The calves were first randomly
assigned to 1 of 4 groups. Groups 1-3 each contained 9 calves, and Group 4 contained 8 calves.
Group 1 and 2 calves were vaccinated with Live Vac 1, which is a raw culture of M. bovis isolate
052823 passaged 106 times (05-2823-1A-3A P106+) (ATCC Designation No. PTA-8694) while
Group 3 and 4 calves were vaccinated with media only. The vaccine isolate for Groups 1 and 2
was obtained from naturally occurring disease outbreak and then serially passaged 106 times in
M. bovis appropriate media. The culture was grown 24 = 2 hours at 37° C after inoculation with
an appropriate volume of seed culture determined before the study. The isolate was used without
dilution. The average pre and post vaccination concentration was found to be 2.1E9 CFU / ml.
The vaccine was administered in 2 ml doses subcutaneously and in 2 ml doses intranasally (1 ml

in cach nostril). All study calves were challenged with virulent M. bovis to induce the naturally
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occurring infection and disease with Groups 1 and 3 receiving a higher challenge dose and
Groups 3 and 4 receiving a lower challenge dose

The doses and administrations of the test substance are summarized in Table 1.

Table 1
Group Treatments
Groups Animals/ Test Substance Challenge
Dose / Admin Admin
group ; ;
Article | poute | Sechedule | Material Dose Schedule
2 ml
M :r% M. bovis Day 29
L Day 0 and (Single High dose of challenge (approx 4
Group 1 ? bgvzs 2ml IN 14 Isolate material and 30ml of PBS weeks after
Livel (1ml L
Fresh) vaccination)
each
nostril)
2 ml
M :r% M. bovis Day 29
L Day 0 and (Single Low dose of challenge (approx 4
Group 2 ? bgvzs 2ml IN 14 Isolate material and 30ml of PBS | weeks after
Livel (1ml .
Fresh) vaccination)
each
nostril)
2 ml
asr% M. bovis Day 29
Groun 3 9 Media 2ml IN DayOand | (Single High dose of challenge (approx 4
oup Only (1ml 14 Isolate material and 30ml of PBS weeks after
Fresh) vaccination)
each
nostril)
2 ml
asr% M. bovis Day 29
Groun 4 3 Media 2ml IN Day 0 and (Single Low dose of challenge (approx 4
D Only (1ml 14 Isolate material and 30ml of PBS weeks after
Fresh) vaccination)
each
nostril)

Nasal swabs and blood samples were taken on Days 0, 14, 28, 35, and 42. At necropsy,
samples of the lungs were taken, tonsil swabs were collected from all calves and joint swabs
were taken from animals with clinical abnormalities. Additionally, samples were taken from

other locations in certain animals showing area involvement. In all cases, three sterile swabs
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were rubbed around the regions, as aseptically as possible, for a few seconds and then removed.
Two of the swabs were placed into individual transport containers with media and one was

placed into a transport container without media. Table 2 summarizes the samples taken from

cach calf.
Table 2
Day Event Samples Testing
-4210 0 General Observations (Daily) - --
Approx Collect samples Nasal swab (Wet/Dry) M. bovis (Culture/PCR)
-35 Blood (SST) M. bovis (ELISA)
Ear-notch BVDV (IHC)
0to28 Clinical assessment -- --
0 Collect samples Nasal swab (Wet/Dry) M. bovis (Culture/PCR)
Blood (SST) M. bovis (ELISA)
1* Vaccination - -
14 Injection site evaluation. - --
Collect samples Nasal swab (Wet/Dry) M. bovis (Culture/PCR)
Blood (SST) M. bovis (ELISA)
2nd Vaccination - -
28 Collect samples Nasal swab (Wet/Dry) M. bovis (Culture/PCR)
Blood (SST) M. bovis (ELISA)
Injection site evaluation -- --
29 Challenge - -
28 to 43 Clinical observation (Daily) -- --
35 Collect samples Nasal swab (Wet/Dry) M. bovis (Culture/PCR)
Blood (SST) M. bovis (ELISA)
42 Collect samples Nasal swab (Wet/Dry) M. bovis (Culture/PCR)
Blood (SST) M. bovis (ELISA)
Necropsy and Gross Pathology -- --
Collect samples (Post) Tonsil swab (Wet/Dry) M. bovis (Culture/PCR)
43 Lung Tissue (Preserved) M. bovis (IHC)
Lung Tissue (Fresh) M. bovis (Culture/PCR)
Joint swabs (Wet/Dry) M. bovis (Culture/PCR)
Testing

For microbiological testing, swabs were placed in the transport media and tissue samples

were shipped for M. bovis isolation. Briefly, swabs were swirled in 5Sml Mycoplasma selective

-21 -



10

15

WO 2009/058833 PCT/US2008/081545

broth. A small sample (approximately Smm) was cut from lung tissue and homogenized in 2ml
of Mycoplasma media. 100ul of homogenate was added to the Mycoplasma selective broth.
Cultures were incubated at 37C/5% CO2. After 4-14 days, the broth was examined for growth
and subcultured to plates for isolation. All positive subculture samples were stored at -70C.

For PCR, swabs from cach calf not placed in transport media and tissuc samples were
shipped for DNA extraction and testing by PCR using primers and probes specific for the uvrC
gene of M. bovis. Results of PCR testing were expressed as positive or negative for M. bovis
DNA detection.

For serology testing, serum samples were tested using a commercially available ELISA
(Biovet, Canada) using the protocol provided with the test kit. ELISA results were expressed as
Optical Density (OD) readings. Sample OD’s were compared to the Positivity level (Mean ODp
x 0.3) established by the positive control included in the test kit. Positive results were then

interpreted by the following scale:

Interval Interpretation
OD sample < Positivity Level Negative (0)
Positivity Level < OD Sample < 1.75 * Positivity Level +1

1.75 * Positivity Level < OD Sample < 2.3 * Positivity Level +2

2.3 * Positivity Level < OD Sample < 3 * Positivity Level +3

OD Sample < 3 * Positivity Level +4

For histopathology/IHC testing, formalin-fixed tissues were tested by hematoxylin/eosin
stained slide and immunohistochemistry using monoclonal antibodies specific for M. bovis.

For clinical testing, daily general observations were carried out from Day 0 to Day 28,
and then daily clinical observations were made from Day 28 to euthanasia and necropsy.

Clinical and general observations that deviated from the norm were noted and documented.

2.
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At necropsy, the thoracic cavity and trachea were examined for each calf and gross
observations recorded. The lungs and about 6 inches of trachea from each calf were removed
intact for further examination and sample collection. For each set of lungs, the dorsal and ventral
lung surfaces were photographed with an appropriate car tag alongside cach view.

For lung pathology, cach lung lobe was examined by visualization and by palpation in
order to determine how much pathology was present (as a percent) per each lung lobe due to M.
bovis. Each lung lobe percent was then weighted and summed to determine the percentage of
total lung with pathology.

Joint pathology was tested by examining affected joints and recording gross observations.

For data analysis purposes, data was summarized. Percent reduction of clinical
symptoms and gross pathology were calculated using the following formula: % Reduction = [1 —
(Treatment/Non-treatment)] * 100.

Additionally, 1 animal from cach of groups 2 and 3, and 2 animals from group 4 were
removed for humane reasons at Day 37.

Results

Pre-challenge clinical assessments were made from Day 1 — Day 26. Loose/watery stool,
depression, car droop, and lethargy were observed during this phase of the study. Appropriate
veterinary care was administered. No adverse site reactions or Mycoplasma specific clinical
symptoms were noted from any groups on any day of observation. Post-challenge clinical
assessments were made from Day 27-43. Coughing, labored respiration, depression, anorexia,
swollen joints, lameness, and droopy ear were all clinical observations noted during this phase of
the study. The incidence of clinical scores during the post-challenge period is summarized

below in Table 3. Group 1 had two out of nine calves affected with at least one clinical sign of
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infection, two that were affected with respiratory signs and one that was affected with signs of
joint infection. Group 3 had all calves affected with at least one clinical sign, seven calves
affected with respiratory signs and three calves affected with signs of infection in their joints.
Group 2 had four out of nine calves affected by at least one clinical sign, no calves affected with
just respiratory signs, and four calves with signs of infection in their joints. Group 4 had seven
calves with at least one clinical sign, one with respiratory signs, and seven with signs of infection

in their joints.

Table 3

All (Respiratory + Joint + Other) Respiratory Joint

> c > c b c

© Q <) T (%] <) T (%] <)

o > N 3 o =) N 35 @ =) ™~ 5

E o 2 & o 2 E o 2

1 VYac/Hi 2/9 22% 78% 2/9 22% 2% 1/9 11% 67%
3 NoVac / Hi 9/9 100% 779 78% 3/9 33%

2 Vac/Lo 4/9 44% 50% 0/9 0% 100% 4/9 44% 50%
4 NoVac /Lo 7/8 88% 1/8 13% 7/8 88%

Group | = Vaccine/High Respiratory Challenge
Group 2 = Vaccine/Low Respiratory Challenge
Group 3 = No Vaccine/ High Respiratory Challenge
Group 4 = No Vaccine/Low Respiratory Challenge

Lungs were collected at necropsy and observed for lesions associated with M. bovis
infection. Animals exhibited variability in pathological features such as consolidation and
nodular formation. Results of lung involvement were expressed as a percent using a scoring
system reflecting the percentage of the total lung with gross pathology associated with M. bovis

infection. In some cases, the determination of lung percent was hampered by adhesions or the

atypical nature of lesions. Table 4 displays the ratios of individuals displaying any amount of
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lung lesions and percent range/average percent lung involvement. For lung pathology scores,
group 3 had the most calves affected (9/9) and group 2 had the least number of calves affected

(2/9).

Table 4 Summary of Lung Pathology Scores

Lung Pathology
Group Affected % Range % AVG + STD | % Reduction

1 Vac / Hi 6/9 0.8 —26.7 4.0 + 8.6

33%
3 No Vac / Hi 9/9 0.4-23.9 6.0+74
2 Vac /Lo 2/9 0.4-2.0 0.3+0.7

96%
4 No Vac/Lo 6/8 0.4 -36.3 7.2+ 123

At necropsy, joints from animals that previously exhibited clinical symptoms (swelling or
lameness) were examined for gross pathology. Arcas affected varied by animal and may have
involved the carpus, hock, stifle, fetlock and/or elbow. Animals presented with gross swelling,
increased synovial fluid, abnormal fluid appearance and thickening of the joint capsule. In more
severely affected calves, fibrin was present as was erosion of the articular surface. Samples of
joint fluid and/or surface swabs were tested by culture for the presence of M. bovis. The

presence of gross pathological features in the joint is summarized in Table 5 below.

Table 5 Presence of Gross Pathologic Features in the Joint (0 = Normal; 1 = Abnormal)

Group | Animals | Joint Gross | Synovial | Synovial Fibrin Joint | Articular | Detection
Swelling Fluid Fluid Present | Capsule | Surface of M.
Volume | appearance bovis
1 5982 Right 1 1 l 1 1 1 Yes
Stifle
1 5887 Left NR 1 0 0 0 0 No
Stifle
1 5007 Right NR 1 0 0 0 0 No
Stifle
1 0007 Right 0 0 0 0 0 0 No
rear
fetlock
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2 5987 Right 0 0 0 0 0 0 Yes
Elbow
2 5989 Right NR 1 NR | 1 0 Yes
Hock
3 5995 Right | 1 1 | 1 0 Yes
Hock
3 5990 Left 0 1 1 0 0 0 Yes
Stifle
4 5985 Left | 1 | 0 1 0 Yes
rear
fetlock
4 5991 Left | 0 1 0 1 0 No
rear
fetlock
4 0004 Left 1 1 NR 1 1 0 Yes
Stifle
4 0000 Left | 1 0 0 0 0 Yes
Carpus
4 0011 Right 1 1 1 0 0 0 Yes
Elbow
4 0011 Right 1 1 1 0 1 0 Yes
Stifle
4 0013 Left 0 0 | 0 0 0 No
Stifle
4 6015 Right 0 1 1 | 0 0 Yes
Hock

Group 1=Vaccine / High Respiratory Challenge; 2=Vaccine / Low Respiratory Challenge;

3=No Vaccine / High Respiratory Challenge; 4=No Vaccine / Low Challenge (NR = Not Recorded)

The nasal passages were sampled by swab on Day 0, 14, 28, and 35 and then sampled at
necropsy (Day 43). In addition, during the post-mortem, samples of tonsils were taken by swab
and representative lung tissue was recovered. Figures 1 and 2 show the frequency of recovery by
Mycoplasma seclective culture or the frequency of detection by M. bovis specific PCR. As shown
in Figure 1, there was 100% recovery from all groups when the tonsils were sampled post
necropsy. There was 100% recovery in groups 1 and 3 in the lungs post necropsy. Group 2
recovered the least amount from the lungs (about 60%) and group 4 recovered about 90%. No

group showed recovery of bacteria M. bovis until samples taken nasally on day 35 of the study,
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and the only group to show recovery on day 35 was group 4 (25%). All groups except group 2

showed recovery in nasal samples post necropsy.

Summary of PCR and Serology

Table 6
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Culture PCR ELISA
0 =No M. bovis growth 0 =Negative for M. bovis 0 =Negative
1 = Growth of M. bovis 1 = Positive for M. bovis 1 = Positivity to 1.75x
M = Mixed/or other 2=1.75xt02.3x
3=23xt03.0x
NS =No Sample 4 = 3.0x or greater

NT = Not Tested

All samples were tested in the Biovet M. bovis ELISA to monitor the serological
response to M. bovis. Seroconversion was scored according to grouped multipliers of positivity
ODs. The following table shows the average serological scores detected from each group on Day
0, 14, 28, 35 and 42. Figure 3 shows the average group score for M. bovis specific antibodies
from serum samples. Seroconversion indicating effective humoral immune response was
detected at no more than 14 days following one dose of vaccine, and good duration of this
immune response was evident by measurable serological response to M. bovis for at least 42 days
after one vaccination and 28 days after two doses of vaccine. The score for group 1 was
consistently higher than all other groups beginning on day 28. Groups 1 and 2 were equal on day
14 (1.5 ELISA score). Group 4 was the lowest from days 14 — 35, and came in third (about 2.2)
on day 42.

Conclusions

This study assessed the efficacy of a live M. bovis vaccine in calves given as two doses,
given both subcutancously and intranasally, and challenge models in the target species. The
challenge model included a high respiratory administration and a low respiratory administration.
The study also evaluated cfficacy, onset of immunity, and duration of immunity by an indirect
assessment, seroconversion or humoral immune response following a single and two doses of

vaccine. The onset of immunity and duration of immunity following vaccination was so proven.
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Both the challenge and vaccine M. bovis isolates originated from different, naturally
infected animals. The isolate used as the challenge was previously shown to cause both lung and
joint disease during experimental challenge and predominated in mixed isolate challenge studies.
The vaccine isolate is a high passage isolate (passage 106) originally derived from a diagnostic
sample. Furthermore, the genotypes of the challenge and vaccine isolates were shown to be

dissimilar when using the fingerprinting method described herein.

Within the high volume respiratory challenged groups (1 and 3), a reduction in
respiratory clinical symptoms (72%) and lung pathology (33%) was observed in the vaccinated
group. Most of the respiratory clinical symptoms in the non-vaccinated group occurred between
day 2 and 3 post challenge. As shown in Table 3, the vaccine also reduced the occurrence of joint

disease due to M. bovis.

Within the low volume respiratory challenged groups (2 and 4), a reduction (96%) in
lung pathology was observed in the vaccinated group. In addition, the vaccinated group showed

an appreciable reduction (50%) of joint clinical symptoms.

Laboratory testing of lung samples (IHC, PCR and culture) and joint samples (PCR and
culture) agreed with gross pathology in most instances. Discrepancies may be attributed to
bacterial distribution at the sampling site or between samples submitted for testing. The vaccine
isolate was not detected from any lung samples tested by an experimental PCR assay designed to

detect the vaccine candidate and not the challenge isolate.

The novel, high passage attenuated Live M. bovis vaccine candidate (05-2823 P106)

given via both intranasal and subcutancous route administered 2 times with a 2 week interval
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between vaccinations was shown to be safe and effective by providing a reduction in signs of M.
bovis infection including both clinical symptoms and pathology (respiratory and joint) associated
with Mycoplasma bovis infection in colostrum deprived calves using various challenge
conditions. The M. bovis vaccine and immunological composition was also effective in
stimulating an onset of immunity no more than 14 days following a single dose and with a

duration of at least 42 days following the single dose.

Example 2
The purpose of this investigation was to determine the safety and efficacy of three live

vaccine candidates.

Materials and Methods

The calves used for the study were 6 + 2 weeks of age and were divided into 6 groups.
As shown in Table 7, group 1 was comprised of 10 animals, which were vaccinated with M.
bovis Live Vaccine I on day 0 (D0) and D14 of the study. Group 1 was vaccinated with 2 ml
subcutancously and 2 ml intranasally on DO and D14. Group 2 was comprised of 10 animals and
was vaccinated with 2 ml of M. bovis Live Vaccine I subcutaneously on DO and D14 of the
study. Group 3 was comprised of 9 calves vaccinated with M. bovis Live Vaccine 1 on DO and
D14. Group 3 was vaccinated with 2 ml intranasally. Group 4 was a control and was not
administered any vaccine. Group 5 was comprised of 2 calves that were vaccinated with M.
bovis Live II vaccine. Group 5 was vaccinated with 2 ml subcutaneously and 2 ml intranasally
on DO and D14. Group 6 was comprised of two calves that were administered M. bovis Live

Vaccine III. The calves in Group 6 were administered 2 ml subcutaneously and 2 ml intranasally
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on DO and D14. All groups were subsequently challenged with 120 ml of challenge material. All

animals were challenged on D28.

As noted in Table 8, nasal swabs were collected from all calves on Days 0, 14, 27, 35 and

41. At necropsy, tonsil swabs were collected from all calves. Joint swabs were taken from

animals with clinical abnormalities. In addition, samples were taken from other locations in

certain animals showing arca involvement. Blood was collected from all calves on Days 0, 14,

27, 35 and 41. Blood was collected aseptically from a jugular vein from cach calf. After

necropsy, lungs were scored for lung lesions.

Table 7 Group Treatments

Test Substance

Challenge

M. bovis
Group 1 10 Live I 2 mldSQ Day 0 and M. bovis challenge material with a 5 ml wash Dazlvisk(sagggx 4
P 05-2823 an 14 of PBS i
2mL IN tion)
P106) m vaccination
M. bovis Day 28 (approx 4
Group 2 10 Live I 2 ml SQ Day 0 and M. bovis challenge material with a 5 ml wash zveeks gfpter
P (05-2823 14 of PBS vaccination)
P106)
M. bovis
Group 3 9 Livel 2mL IN Day 0 and M. bovis challenge material with a 5 ml wash Daijvizk(sagggx 4
P (05-2823 14 of PBS vaccination)
P106)
Group 4 9 Media ? I:IlldSQ Day 0 and M. bovis challenge material with a 5 ml wash Dafvizkgagfpti(;x 4
Only 2ml IN 14 of PBS vaccination)
M. bovis
Group 5 5 Live IT 2 I:IlldSQ Day 0 and M. bovis challenge material with a 5 ml wash Dazvizk(:gggx 4
b 032491 LN 14 of PBS vaccination)
P102)
M. bovis
Group 6 2 Ll(\(l)es TH 2 I:IlldSQ Day 0 and M. bovis challenge material with a 5 ml wash Dazvizk(:gggx 4
1902-1 2mL IN 14 of PBS vaccination)
P106)
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-42t0 0 General Observations (Daily) -- --
Approx Collect samples Nasal swab (Wet/Dry) | M. bovis (Culture/PCR)
-35 Blood (SST) M. bovis (ELISA)
Ear-notch BVDYV (IHC)
0 to 28 Clinical assessment -- --
0 Collect samples Nasal swab (Wet/Dry) | M. bovis (Culture/PCR)
Blood (SST) M. bovis (ELISA)
1% Vaccination - -
14 Injection site evaluation. -- --
Collect samples Nasal swab (Wet/Dry) | M. bovis (Culture/PCR)
Blood (SST) M. bovis (ELISA)
2nd Vaccination -- --
27 Collect samples Nasal swab (Wet/Dry) | M. bovis (Culture/PCR)
Blood (SST) M. bovis (ELISA)
28 Challenge -- --
29to 42 | Clinical observation (Daily) -- --
35 Collect samples Nasal swab (Wet/Dry) | M. bovis (Culture/PCR)
Blood (SST) M. bovis (ELISA)
41 Collect samples Nasal swab (Wet/Dry) | M. bovis (Culture/PCR)
Blood (SST) M. bovis (ELISA)
Necropsy and Gross Pathology | -- --
Collect samples (Post) Tonsil swab | M. bovis (Culture/PCR)
(Wet/Dry)
42 Lung Tissue | M. bovis (IHC)
(Preserved)
Lung Tissue (Fresh) M. bovis (Culture/PCR)
Joint swabs (Wet/Dry) | M. bovis (Culture/PCR)

Results and Discussion

Pre-Challenge Clinical Signs

Clinical assessments were made from Day -1 through Day 28. Loose/watery stool, ocular

discharge, depression and lethargy were clinical observations noted during this phase of the
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study, and none were attributed to an effect of vaccination. Observation of injection sites
recorded no adverse site reactions except for calf 6134 (group 6) that showed swelling at the 1%

injection site on Day 14.

Post-Challenge Clinical Signs

Clinical observations were made from Day 28 through Day 42. Coughing, labored
respiration, depression, swollen joints, lameness and droopy ear were clinical observations noted
during this phase of the study. Clinical signs were divided into three types (respiratory, joint and
other) typical of Mycoplasma bovis infection. Respiratory signs included coughing, rapid/labored
respiration and nasal discharge. Joint signs included swollen joints and lameness. Other signs
included ear droop, head tilt, depression and anorexia. Table 9 displaying individual results can

be found below:

Table 9
DPC 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
= = 28 [ 29 | 30 | 31 | 32 33 34 35 36 37 38 39 40 41 42
G
1 6116 5 4,5 4,5 4.5 4,5
1 6123 47 4 45 |4,58
1 6124 45 [1,45]|4.58 | 4.5 4.5 4,5
1 6139 45 | 1,4,5
1 6140 4,5 4.5 4.5
1 6145 5 4.5 4.5 4.5 4.5
1 6151 5 4,5 4.5 4.5 4.5 4.5
1 6152 4 4.5 4,5 4.5
1 6153
1 6156
2 6117
2 6118 2
2 6119
2 6125
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DPC
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A

Group

28

29

30

31| 32 33 34 35 36 37 38 39

6127

6128

6130

45 | 4,5

4,5

4,5

4,5

6133

45 | 45 | 45 | 45 | 45 | 45

4,5

45,8

4,5

6136

4,5

4,5

4,5

6144

45 | 45 | 45 | 45 | 45 | 45

6129

6132

o

4,5 45 | 45 | 45

6135

6138

4,5

4,5

4,5

6141

4,5 | 45 4,5 | 4.5

4,5

4,5

4,5

6142

45 | 4 | 45 | 45

4,5

4,5,8

4,5,8

6154

6158

6159

6120

6126

6131

6143

5 1,5

6146

2,5,8[2,4,5,8

6147

6150

6155

w
w

45,8

6157

12

2 28] 1,28

6122

6137

6121

N[ A[R[BR]|BR SBR[ [wW]|wW|w|w wwlwww N[N N

6134

Key to Clinical Sign:

1 Coughing

2 Rapid (labored) respiration
3 Nasal discharge

4 Swollen Joint 6 Ear Droop
5 Lame 7 Head Tilt
A Diarrhea
B Ocular Discharge
C Leg Laceration
Black Box = Animal removed from study
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Table 10 - Incidence of Clinical Scores during the Post-Challenge period

Respirator: Joint Early Removal
piratory
Grou g E § g E § S E §
p £ § < £ g < £ g .
& & = 35 & I =32 & 5 =5
Z Z 2 2 £ 2 2 g g
1 L('Sv(e):’&c)l 3/9 33% 0% 6/9 67% 33% 479 44% 56%
2 L”(es(\;;‘“ 0/9 0% 100% 7/9 78% 22% 4/9 44% 56%
3 L”(enz)a“ 0/9 0% 100% 5/8 63% 38% 3/8 38% 63%
5 L(‘;a];fl)n /2 0% 100% 0/2 0% 100% 072 0% 100%
6 L‘(VSEQ‘S;;H 0/2 0% 100% 0/2 0% 100% 0/2 0% 100%
4 No Vae 2/6 339 6/6 100% 6/6 100%

The table 10 is subdivided into respiratory and confirmed (culture and/or PCR) joint
clinicals typical of Mycoplasma bovis infection. In addition, early removal rates due to severe

joint involvement are reported.

Lung Pathology

At necropsy, lungs were collected and observed for lesions associated with M. bovis.
Animals exhibited variability in pathological features such as consolidation and nodular
formation. Results of lung involvement were expressed as a percent using a scoring system that
reflects the percentage of the total lung with gross pathology associated with Mycoplasma bovis
infection. In some cases, determination of lung percent was hampered by adhesions or the
atypical nature of lesions. Below is a table with the ratios of individuals displaying any amount

of lung lesions and percent range / mean percent lung involvement.
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Table 11 -Summary of Lung Pathology Scores
Lung Pathology
o Affected % Range Lels\;loel? ll Z‘:[D Kztilfss)?l

1 L('SVSXE%I 719 0.2-2.0 1.0+0.9 36%
2 Live Vac I (SQ) 9/9 0.4-12.5 2.8+38 61%
3 Live Vac I (IN) 5/8 0.2-39.2 63+135 13%
5 L(';ZY;‘;I)H 1/2 N/A 02403 98%
6 L'(VSEQ‘S;;H 0/2 N/A 0.0 100%
4 No Vae 6/6 2.0-19.5 72469

Joint Pathology

At necropsy, joints from animals that previously exhibited clinical symptoms (swelling

and/or lameness) were examined for gross pathology. Areas affected varied by animal and may

involve the carpus, hock, stifle, fetlock and/or elbow. Animals presented with gross swelling,

increased synovial fluid, abnormal fluid appearance or thickening of the joint capsule. In more

severely affected calves, fibrin was present and erosion of the articular surface. Samples of joint

fluid and/or surface swabs were tested by culture and PCR for the presence of Mycoplasma

bovis. Vaccination using any of the attenuated live vaccines successfully reduced the total

numbers of calves affected.
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Table 12 - Incidence of Laboratory Confirmed Clinical Joints

= Right Front Left Front Right Rear Left Rear

= | EZ

= = = I =

) 2 =< o =< 9 =g =

S22 ¢ B = 2| e &=zl =|2|%|¢g]| =
s<|l 2| 5| & El sl 2| & Sl sl 2|l 2| B 5| 2| 8| E
= = = = = = = o =

1 6/9 0% | 4% | 11% ] 0% | 11% | 22% | 0% 0% | 11% | 11% | 11% | 0% | 33% | 11% | 22% | 0%

2 79| 9% | 9% | 0%

N
(>4
3

86% | 0% | 0% | 29% | 29% | 4% | 4% | S7% | W% | 14% | 0%

3 5/8] 0% | 38% | 0% | 0% | 0% | 13% ] 0% | 0% | 13% | 0% | 13% | 0% | 13% | 13% | 25% | 0%

4 6/6 | 0% | 8% | 3% | 0% | 50% | 100%]| 0% | 0% | 67% | 17% | 0% | 0% | 8% | 0% | 0% | 0%

5 0/2]1 0% | 0% | 0% ] 0% | 0% ] 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0%

6 0/2] 0% | 000 0% ] 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0%

Group 1= Vac I (SQ+IN); 2=Vac I (SQ only); 3=Vac I (IN only); 4=No Vac; 5=Vac II (SQ+IN); 6=Vac III (SQ+IN)

Note: A sample was reported as laboratory confirmed if PCR and/or Culture was positive for M. bovis.

PCR Detection of M. bovis from Nasal, Tonsil and Lung Samples

The nasal passages were sampled from each animal by swab on Day 0, 14, 27, 35 and 41
or Day of Necropsy. In addition, during the post-mortem, samples of tonsils were taken by swab
and representative lung tissue was recovered. The following tables show the frequency of
detection using real-time PCR targeting a general M. hovis marker (uvrC). In addition, tonsil and
lung tissue were analyzed using a recently developed end-point PCR assay targeting markers not
found in the M. bovis challenge isolate but found in all vaccine candidates. As expected, PCR
detected the M. bovis vaccine and/or the challenge microorganism in various nasal swab

samples.
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Table 13 - PCR Detection Frequency of M. bovis from Nasal Swab Samples

Day of Test
Group n=

DO D14 D27 D35 Post
1 L(‘SV(‘;JYE\?)I 9 0% | 33% | 0% 1% | 22%
2 |Livevactsq)| o 0% 0% 0% | 22% | 0%
3 |vivevactany| 8 0% 0% 13% | 0% | 25%
4 No Vac 6 0% 0% 0% | 50% | 33%
5 ngla;)n 2 0% 0% 0% | 50% | s50%
6 L‘(VS"Q‘:‘;CN;H 2 0% 0% 0% 0% | 100%

Group 1= Vac I (SQ+IN); 2=Vac I (SQ only); 3=Vac I (IN only); 4=No Vac; 5=Vac II (SQ+IN); 6=Vac III (SQ+IN)
Note: PCR detection by real-time PCR targeting a general M.bovis marker (uvrC).

5 Table 14 - PCR Detection Frequency (General M. hovis and Non-Challenge assay) from Tonsil

and Lung Tissue Samples

Tonsil Lung
roup " General ChI:;)lz:lI-lge General ChI:;]lIelI-lge
1 L(‘gaﬁil‘\?)l 9 100% 100% 67% 11%
2 Liv(esg‘c o 100% 0% 100% 0%
3 Liv(elx)"‘c o 100% 100% 13% 0%
4 No Vae 5 100% 0% 100% 0%
5 L('g‘a’;‘g)n 2 100% 100% 50% 0%
6 Li(VSeQY:‘;CN;H 2 100% 100% 50% 0%

Group 1= Vac I (SQ+IN); 2=Vac I (SQ only); 3=Vac I (IN only); 4=No Vac; 5=Vac II (SQ+IN); 6=Vac III (SQ+IN)
Note: General = PCR detection by real-time PCR targeting a general M. bovis marker (uvrC); Non-challenge =
10 PCR detection by end-point PCR targeting markers not found in the M. bovis challenge isolate but found in all

vaccine candidates.
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Again, as expected PCR successfully detected the attenuated live vaccine in tonsil
following intranasal vaccination, whereas the challenge microorganism was detected in a high

percentage of both lung and tonsil samples.

M. bovis Serology

All samples were tested in the Biovet M. bovis ELISA to monitor the serological
response to M. bovis. Seroconversion was scored according to grouped multipliers of positivity
ODs. The following tables show the mean serological scores detected from each group on Day 0,
14, 27, 35 and Post (post represents a range of study days from 37 to 41 due to early removal of
certain animals). The seroconversion seen following vaccination reinforces the conclusion that
these new vaccines do provoke a suitable immune response in vaccinated animals such as calves

with rapid onset and long duration (see Figure 4).

Discussion

The objective of this study was to assess the efficacy of three novel and experimental live
Mycoplasma bovis vaccines including vaccine (05-2823 P106) (PTA-8694) using various 2mL
administration routes (SQ, IN, SQ+IN) fourteen days apart and a dual challenge model in the
target species. The challenge model used administration via the respiratory tract with the addition
of a parenteral administration. In addition, two other live vaccine candidates (05-249 P102
(PTA-8696) and 05-1902-1 P106 (PTA-8695)) were evaluated for efficacy using only the SQ+IN

route.

The challenge and vaccine candidate Mycoplasma bovis isolates originated from different
naturally infected farms. The procedure using a total volume of 120mL of the challenge isolate

was previously shown when administered to cause both lung pathology and joint disease during
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experimental challenge and predominated in mixed isolate challenge studies. The live vaccine
candidates are high passage isolates originally derived from diagnostic samples. High passage of
the vaccine candidates was performed by serial limiting dilution involvement in Mycoplasma
appropriate media. It is noted that high passage vaccine candidate 05 2823 P106 has
demonstrated restricted growth on some Mycoplasma selective agar formulations, while the low
passage parent isolate has not shown the same characteristic. Additionally, the genotypes of the
challenge and vaccine isolates were (as determined by the fingerprinting method) shown to be

different.

Multiple parameters were investigated during this study to assess vaccine benefits. Of
those parameters, animal removal rates and joint clinical symptoms were used as primary
indicators of joint protection. Lung pathology (percent gross lung lesions) was used as the
primary indicator of lung protection. Other data such as detection of organism from tissue, joint
distribution, and serology provided additional data for confirmation, as did serocoversion to M.

bovis following vaccination.

All groups showed disease reducing lung and joint protective benefits after receiving the
vaccine candidate Mycoplasma bovis Live Vaccine 1 (05-2823 P106) regardless of route or route
combination as demonstrated by a reduction in lung lesions, joint clinical symptoms and animal
removal rates. The combined SQ and IN route (Group 1) resulted in the greatest reduction of
lung lesions (86%) compared to the groups using only a single route. Additionally, results of
lung lesions, joint clinical symptoms and removal rate reductions confirm benefit from receiving
the two other vaccine candidates Live Vaccine 11 (05-249 P102) and Live Vaccine 111 (05-1902-1

P106) by a combined SQ and IN route. ELISA results demonstrated a strong humoral response to
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vaccination with all vaccine candidates confirming that the onset of immunity following a single
vaccination is as soon as 14 days and that the duration of immunity is at least 41 days (see Figure

5).

All vaccine candidates demonstrated safety. No animals from any group receiving a
vaccine presented with clinical symptoms during the vaccination period and only one animal that
had received Live Vaccine III (05-1902-1 P106) showed reactivity at an injection site and that
reactivity was insignificant. Additionally, results of PCR showed non-challenge M. bovis
detection from the tonsil tissue of only groups receiving a vaccine candidate via the IN route and
detection of non-challenge from lung tissue in only a single animal that had received Live

Vaccine I (05-2823 P106) by both IN and SQ routes.

The data support the conclusion that, in general, novel, attenuated live M. bovis vaccines
made in accordance with the present invention and given by various routes of administration are
safe and effective, rapid in onset and long lasting in protection as immunological compositions
for vaccination of calves to prevent and reduce various disecase manifestations caused by

infection with virulent wild type M. bovis.

Example 3

This example describes the DNA fingerprinting process used to differentiate M. bovis
strains by isolating, amplifying and detecting DNA using the method and primers as disclosed in
WO 2008-030619

Materials and Methods
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Mycoplasma sp. 1solates were used in the studies. Isolates were obtained from in-house
sources or field isolates obtained from infected animals. Isolates were grown using a
combination of Mycoplasma-selective agar and broth for 1-7 days. To isolate DNA, broth
cultures were spun and pelleted. DNA from the pellet was then extracted (using the Qiagen
DNeasy Tissue Kit and resuspended in molecular grade water). Genomic DNA was quantitated
using Picogreen (Invitrogen). Primers were designed based on the known insertion sequences
(transposable elements) present in the bacterial genome (Mycoplasma bovis) and are disclosed in
WO 2008-030619. Outwardly facing primers were manually selected from the element ends
(excluding the terminal repeat regions) at a Tm of 55-58C. PCR reactions were then carried out
using a multiplex PCR master mix (Qiagen Multiplex PCR Kit). The reactions contained 1x
Master mix, 300nM of each primer and 1ng of template DNA. Thermal cycling conditions were
95C for 15 minutes, 35 cycles of 94C for 30 seconds, 56.1C for 90 seconds,72C for 2 minutes,
with a final extension of 72C for 4 minutes and a 4C hold. The amplified products were
separated on a 4% agarose gel with ethidium bromide (Invitrogen E-gel), run for 50 minutes at
room temperature and imaged under UV light.

Results and Discussion

The results showed that cach of the isolates used in this application had a unique
fingerprint. However, as shown in Example 2, each isolate was also an effective attenuated live
culture vaccine that was effective at providing cross protection against a challenge isolate having
a different fingerprint than any of the vaccine candidates. Three field isolates, 05-2823 P106
(PTA-8694), 05-249 P102 (PTA-8696), and 05-1902-1-P106 (PTA-8695), were grown and DNA
isolated according to the above protocol. 2-5ng of DNA from cach isolate was amplified

according to the above protocol using a multiplex of 4 sets of IS primers identified as SEQ 1D
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Nos. 1-8 as disclosed in WO 2008-030619. The amplified products were separated on a
Invitrogen E-gel 4% agarose gel containing ethidium bromide (according to manufacturer) for 50
minutes and visualized under UV light. All isolates produced unique patterns. The patterns were

reproducible using independent aliquots under the sample PCR reaction conditions.
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CLAIMS

An attenuated, avirulent M. bovis bacterium strain.

The attenuated, avirulent M bovis bacterium strain according to claim 1, wherein the

bacterium is passaged more than 10 times.

The attenuated, avirulent A bovis bacterium strain according to claims 1 or 2, wherein the

bacterium is passaged more than 50 times.

The attenuated, avirulent M. bovis bacterium strain according to any one of claims 1 to 3,
wherein the attenuated, avirulent M. bovis strain is selected from the group consisting of:
the attenuated M. bovis bacteria strains deposited with the ATCC under accession numbers
PTA-8694, PTA 8695, or PTA 8696, any attenuated descendant M. bovis bacteria strains
thercof, and any attenuated, avirulent M. bovis bacterium strain having the same
characteristics as any of the M. bovis bacteria strains deposited with the ATCC under

accession numbers PTA-8694, PTA 8695, or PTA 8696.

A method of attenuating M. bovis, comprising,

a. passaging M. bovis bacteria more than 10 times;

b. obtaining the cultured M. bovis bacteria;
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c. testing the cultured M. bovis bacteria obtained under step b) for their
pathogenicity and immunogenicity;
d. propagating the non-pathogenic, but immunogenic M. bovis bacteria to obtain the

attenuated M. bovis bacteria.

6.  The method according to claim 5, wherein the M. bovis bacteria are passaged for more than

50 times.

7.  The method according to claims 5 or 6, wherein the M. bovis bacteria are passaged in vitro.
10
8.  The method according to any one of claims 5 to 7, wherein the pathogenicity testing
comprises:
a. infecting cattle with the passaged M. bovis bacteria;
b. monitoring the infected cattle for developing clinical symptoms of a M. bovis

15 infection.

9.  The method according to any onc of claims 5 to 8, wherein the immunogenic testing
comprises:
a. infecting cattle with the passaged M. bovis bacteria,
20 b. monitoring the development of the humoral antibody response against M. bovis in

the infected cattle.
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An immunogenic composition comprising live bacteria of any of the attenuated, avirulent

M. bovis bacteria strains according to any one of claims 1 to 4.

The immunogenic composition according to claim 10, further comprises a pharmaceutical

acceptable carrier.

The immunogenic composition according to claims 10 or 11, characterized in that the
immunogenic composition comprises at least 10E3 CFU of the live bacteria of the

attenuated, avirulent M. bovis bacteria per dose.

The immunogenic composition according to claim 12, characterized in that the
immunogenic composition comprises 10E3 to 10E10 CFU of the live bacteria of the

attenuated, avirulent M. bovis bacteria per dose.

The immunogenic composition according to claim 12, characterized in that the

immunogenic composition comprises 10E6 to 10E10 CFU of the live bacteria of the

attenuated, avirulent M. bovis bacteria per dose.

The immunogenic composition according to any one of claims 10 to 14, wherein one dose

of the immunogenic composition is formulated in 1 or 2 ml.
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16.

17.

18.

19.

20.

21.

The immunogenic composition according to any one of claims 10 to 15, wherein the
immunogenic composition is effective in stimulating an onset of immunity within 14 day

following a single dose administration.

The immunogenic composition according to any one claims 10 to 16, wherein the
immunogenic composition is effective in stimulating duration of immunity of at least 42

days following a single dose administration of the immunogenic composition.

The immunogenic composition according to any onc of claims 10 to 17, wherein the
immunogenic composition elicits or provokes an immune response when administered to

an animal.

The immunogenic composition of any one of the claims 10 to 18, wherein the

Immunogenic composition is a vaccine.

A method of producing an immunogenic composition according to any one of claims 10 to
19, comprising admixing bacteria of an attenuated, avirulent M. bovis strain according to

any one of claims 1 to 4 with a pharmaceutical acceptable carrier.

A method for the treatment or prophylaxis of infections caused by M. bovis, comprising,

administering an effective amount of the immunogenic composition according to any one

of claims 10 to 19 to an animal.
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A method for reducing signs of a M. bovis infection, comprising, administering an effective
amount of the immunogenic composition according to any one of claims 10 to 19 to an

animal.

A method for reducing the severity or incidence of clinical signs of a M. bovis infection,

comprising, administering an effective amount of the immunogenic composition according

to any one of claims 10 to 19 to an animal.

The method according to any one of claims 21 to 23, wherein only a single dose is

administered to said animal.

The method according to any one of claims 21 to 24, wherein the immunogenic

composition is administered to animals from day 1 of age.

The method according to claim 25, wherein the immunogenic composition is administered

to animals from 1 day of age through 16 weeks of age.

The method according to any one of claims 21 to 26, wherein two doses are administered to

said animal.

The method according to claim 27, wherein the second dose is administered at least 10

days after the first administration.
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29. The method according to claim 28, wherein the second dose is administered between day

14 and 28 after the first administration.

30. The method according to any one of claims 21 to 29, wherein the animal is cattle.
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Figure 1:

Frequency of Culture Recovery from Nasal, Tonsil and Lung Samples

(Days 0, 14, 28, 35 and Post)
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Figure 2:

Frequency of PCR Detection from Nasal, Tonsil and Lung Samples

(Days 0, 14, 28, 35 and Post)
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Group 1=Vaccine / High Respiratory Challenge; 2=Vaccine / Low Respiratory Challenge; 3=No Vaccine / High Respiratory Challenge; 4=No

Vaccine / Low Respiratory Challenge
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Figure 3:

Average Group Score for M. bovis specific Antibodies from Serum Samples

(Days 0, 14, 28, 35 and 42)
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Group 1=Vaccine / High Volume Respiratory Challenge; 2=Vaccine /Low Respiratory Challenge; 3=No Vaccine / High Volume Respiratory

Challenge; 4=No Vaccine / Low Respiratory Challenge

Figure 4:

Comparison of Serology for Live Vac I, 11, III and No Vaccine Group (SQ+IN only)

-2/3 -



PCT/US2008/081545

WO 2009/058833

Figure §

Comparison of Serology for Live Vac I using Various Routes of Administration
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