| MPROVED MODI FI ED LI VE VACCI NE OF MYCOPLASMVA BOVI S, METHODS OF PRODUCI NG
MODI FI ED LI VE MYCOPLASMA BOVI S VACCI NES, COMBI NATI ON VACCI NES AND METHODS
OF TREATMEONTRoRARANBED APPLI CATI ONS This application cl ai meETiUseopoBIAd ty
benefit of U S. Provisional Patent Application Serial Nunmber 61/172,543,
filed on April 24, 2009. SEQUENCE LI STI NG The instant application contains
a Sequence Listing which has been submtted via EFSWb and i s hereby
incorporated by reference inits entirety. Said ASCI|I copy, created on
April 20, 2010, is naned 100118PC.txt and is 103,856 bytes in size.
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exhi bit signs of VIS I nfection Such as feever, depression, anorexia,
| abor edWsbead hd hﬁgebynawporam@l by cefbiancedngsteatigty, S@idu‘gfiﬁlh goPys neeted g Angidspi ng,

grunti NGy, 25%@1 ?r?ed%ﬁill%lﬁ@éxtea@%h qpﬁté@gpggﬁnss m ddl e ear infections,

aborti ons,” reécunbence and m per5| sts in unsanitary, warm
noi st envi ronnents. Mycoplasmas may survive in mlk, and even seemto

thrive in the presence of %ﬁkwm% I‘%&EE&@%{ whi ch are produced
in response to the inf ect? s a vacci ne conposi tion
t hatis i ncor povadopsusaa \WaRk €MCBMis) linaskidviall @slbe 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
20  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
entering the cells. Animals infected with M. bovis have depressed immune responses and may
25  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 may survive in milk, and even seem to
thrive in the presence of large numbers of leukocytes, which are produced in response to the
30  infection.
US 6,548,069 discloses a vaccine composition that incorporates a whole cell inactivated

bacterin containing at least two killed M. bovis strains and that an isolate may rapidly alter its



bacterin containing at least two killed M bovis strains and that an
isolate may rapidly alter itsantigens in culture. The patent teaches that

hi gh passwiQeosynaisas of greater than about 50 passages may/usese/osrfiectivity
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retain their natural state and thus will elicit a protective inmune
response agai nst the infectious mcroorganism Killed M bovis is not as
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| MUNOYRNI&-ifO TRARS A ON (DleaNAGEL BN SR MS €M ainOMilus somnus (reclassified as

Histophilus somni), Chlamydiae, Bovine genital campylobacteriosis, Leptospirosis, Brucellosis,

20  Clostridia, Escherichia coli, Cryptosporidium parvum, Mycobacterium avium paratuberculosis,

Salmonella,  Mycobacterium  avium  paratuberculosis,  Cryptosporidiosis,  mastitis,

Dermatomycoses, lower respiratory tract infections, Trichomoniases, Neospora Canum,
Babesiosis and the like.

There remains a need for an immunogenic composition effective for eliciting an

25  immunological response against M. bovis for lessening the severity of or reducing the incidence

of signs of M. bovis infection, and for reducing or eliminating the incidence of signs of M. bovis

infection.
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passage attenuated M bovis strains, such that signs of M bovis infection
and/or the M bovis infection itself and/or incidence or severity, are
reduced iwoaniomekss4r ecei vi ng the i nmunogeni ¢ conposi t i ORCHIUS2EOMB2189 as
conpared to those animals with infection by wild-type M bovis strains. The
i mmunol ogi cal conposition of the present invention provides rapid onset of
protection and |l ong-lasting protection to an animal in need thereof. The

i nvention provides for attenuated and avirulent strains or isolates of M
bovi s which have been passaged at |east 110 times that provoke or elicit an
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Such an immunological composition would be suitable as either a one dose or two dose
or multi-dose (initial dose followed by booster(s)) immunization regimen, an immunological

20  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.

In another embodiment of the present invention, the M. bovis strains of the present
invention may be combined with other medicaments, therapies or vaccines.

25 The present invention also provides for a method of making the immunogenic
composition of the present invention. The method comprises obtaining a virulent strain of M.
bovis and passaging said strain at least 110 times, such that it becomes attenuated and avirulent.
The high passage strain may then be mixed with an additional components including but not
limited to, pharmaceutically acceptable carriers, diluents, other medicaments, therapeutic

30  compositions or vaccines, and combinations thereof.



having an M 5ovis infection to reduce signs of M bovis infection, reduce
the severity of or incidence of clinical signs of M bovis infection,
reduce thwororowakisty of animals from M bovis infectionpCarus2aiondiinati ons

t hereof. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a graph illustrating
| ung | esion scores for animals receiving an M bovis isol ate passaged 135
times in accordance with the present invention isolate; Fig. 2 is a graph
illustrating total |anmeness scores for aninals receiving an M bovis

i sol ate passaged 135 tines in accordance with the present invention; Fig. 3
is a graph iTheuzeseatinneptivonkp pjayides favenéthedoff eratragit wabrophBees of agmals M
bovi's | iohal & PASRAASHIRR bl RS LG8 IRNRSMAL, LR PHESEL| Dyept i on;
Fig. 41s graph iTlustrating artiritis scores for animal's recervi ng an M
bovi s i Boldatee qpatisiageient 35 M. iboes infectiaocedaantemaitility thenipnbdemi M. deent | on;
Fig. 5 i raph illystrating a conparison of serology for Live Vac I, 11,
111 and" Cg@%@%@ﬁ‘gm@%ﬁﬁs%ﬁN only); and Fig. 6 is a graph illustrating a
compsri son of serology for Live Vac | using various routes of
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i sol ates nay be detected using DNA fingerprinting (i.e. different strains
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15 Fig. 5 is a graph illustrating a comparison of serology for Live Vac I, II, IIT and No Vaccine
Group (SQ+IN only); and

Fig. 6 is a graph illustrating a comparison of serology for Live Vac I using various routes of

administration.

20 DETAILED DESCRIPTION OF THE INVENTION
Definitions
For purposes of the present invention, the terms “isolate” and “strain” are used
interchangeably and that differences between individual strains or isolates may be detected using
DNA fingerprinting (i.e. different strains or isolates will have differing fingerprints). For
25 purposes of the present invention, the terms “vaccine” and ‘“composition” are used
interchangeably.
The following terms and expressions are used herein:
“Attenuation” means reducing the virulence of a pathogen. In the present invention
“attenuation” is synonymous with “avirulent”. In the present invention, an attenuated bacterium
30  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



attenuated M bovis in conparison with a "control group"” of aninals
infected with nonattenuated M bovis and not receiving the attenuated
bact eri unwolzmowzess4cont ext, the term "reduce/ reduced” meamaSa0w0ms2Ige i on of
at least 10% preferably 25% even nore preferably 50% still nore
preferably 60% even nore preferably 70% still nore preferably 80% even
nore preferably 90% and nost preferably of 100% as conpared to the control
group as defined above. Thus, an attenuated, avirulent M bovis strain is
one that suitable for incorporation into an inmmunogenic conposition
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the attenuated, avirulent M. bovis bacteria per dose. An example (but not meant to be limited to such

example) of an effective amount would be an M. bovis vaccine administered via a simultaneous

20  intranasal and subcutaneous route administered 2 times with a 2 week interval at a high dose
level (1E9 CFU).

“High passage strain” as well as the term “passaged at least 110 times” for purposes of

the present invention, refers to an M. bovis strain that has been passaged more than 110 times,
more preferably, more than 115 times, more preferably, more than 120 times, even more

25  preferably, more than 125, even more preferably, more than 130 times, more preferably, more
than 133 times, even more preferably, more than 135 times, and still more preferably between
135 and 145 times, specifically more preferably more than 140 times, and more preferably more
than 145 times, and further more preferably more than 150 times.

The term “having the characteristics as the M. bovis bacteria strain deposited with the

30 ATCC under accession numbers PTA-9666 and PTA-9667” means that such a bacteria strain is

attenuated, and is capable to reduce the mortality and euthanization rate in a group of animals of



ATCC under accessi on nunbers PTA-9666 and PTA-9667 " neans that such a
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passaged as taught by the present invention with M~ bovis
infected host.

20 The term “Immunogenic testing” means infecting cattle with the passaged M. bovis
bacteria and monitoring the development of the humoral antibody response against M. bovis in
the infected cattle.

The term “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

25 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
30  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



vacci nes that were available prior to this invention. In this context,

ani mal s not vaccinated, or vaccinated wwth M bovis vacci nes avail abl e
prior to wbeoessat i nvention will have clinical signsPoffi/uskoloosiig9
infection that are at |east 30% and possibly up to nore preferably at

| east 40% still nore preferably at |east 50% even nore preferably at

| east 60% still nore preferably at | east70% even nore preferably at |east
75% still nore preferably at |east 80% even nore preferably at |east 85%
still nore preferably at |east 90% and nost preferably at |east 95% nore
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6 nmonths, nore preferably at |east 1 Xear, still nore preferably at |east 2
years, SRNPIORRHE EOTPRASTon abicgordanqe syt thapigeeat iveiol- even nore preferably at
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it is nost preferred that the Tong |asting protection shall persist until
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suf feri g BHECEY &Y Bt £ A dRaA% eny ’ﬁg BY (2HERAS pocBde FhEr PRFHTIVE RS of M
bovi s i nfiemki on" refers to the manifestations of infection or disease

caused by M bovis including both the clinical synpton(s) and pathol ogy
typically The term “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
20  accumulation.
The term “Mortality” refers to death caused by M. bovis infection. This includes the
situation where the infection is so severe that an animal is euthanized to prevent suffering and
provide a humane ending to their life.

The term “Signs of M. bovis infection” refers to the manifestations of infection or

25  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
disease 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 ear, abortions and

30  other reproductive disorders, recumbence, respiratory infection, head tilt, ataxia, arthritis,



experienced by cattle infected with wild type M bovis. These
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i nvent i dRagsinewPHia agrdadedceyith Sgdyesaiérveadoipar ed to ot her vaccines currently

on tzg'e Additionally, herds would experience a smaller number of infected and deceased animals

in a herd when animals are administered the vaccine in accordance with the present invention as

compared to non-vaccinated but infected animals, and preferably even as compared to animals

vaccinated with conventionally available vaccine(s). The high passage, attenuated strains of the

present invention provide added efficacy when compared to other vaccines currently on the
25  market.

The present invention provides for attenuated and avirulent strains or isolates of M. bovis
which have been passaged at least 110 times that provoke or elicit an immune response when
administered to an animal. Advantageously, such attenuated and avirulent strains or isolates of
M. bovis which have been passaged at least 110 times provokes or elicits an immune response

30 that protects the animals receiving the immunogenic composition of the present invention and

reduces the risk of the animals dying or having to be euthanized as a result of M. bovis infection.



mar ket. The present invention provides for attenuated and avirulent strains
or isolates of M bovis which have been passaged at |east 110 tines that
provoke owoOebioci2#isan i nmune response when admi ni st ered POTAIS2@0I08HH9

Advant ageousl y, such attenuated and avirulent strains or isolates of M
bovi s whi ch have been passaged at |east 110 times provokes or elicits an

i nmune response that protects the aninmals receiving the i nmunogenic
conposition of the present invention and reduces the risk of the animals
dying or having to be euthanized as a result of M bovis infection. The
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conposition of the present invention. The nmethod conprises obtaining a
vi r uf ensevstityif aliw¢al Menp ol sbapdinisaswadsi wal asapdiiceemadriplign and eathpniza®ntas nes,

such th ' nuated and avirulent. The hi gh passage strain may
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non- pat hogeni ¢, . but i mmunogeni ¢c. M bovi s, bacteri.a to obtain the attenuated
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pat hogeni city and i mmunogenicity. Preferablg, this step is done prior to
¥

step (cYhe painpd ety compaELes (Hgasanps M deviy hickerimrye dantl 1@ tigies 1o Rreduce

passagegd cifthurROMi Sovis bacteria; (b) obtaining the cultured M. bovis bacteria; and (c) propagating the
non-pathogenic, but immunogenic M. bovis bacteria to obtain the attenuated M. bovis bacteria.

20 In preferred forms of this method, an additional step of testing the cultured M. bovis
bacteria obtained under step (b) for its pathogenicity and immunogenicity. Preferably, this step is
done prior to step (c). Pathogenicity testing comprises infecting cattle with the passaged M. bovis
bacteria and monitoring the infected cattle for developing clinical symptoms of an M. bovis
infection.

25 The present invention also provides for a method of reducing the incidence of death or
euthanasia resulting from M. bovis infection in an individual cow or within a herd of cattle. The
method comprises administration of a high passage strain of M. bovis, passaged at least 110
times, to a bovine. The immunogenic composition of the present invention has been shown to
reduce mortality in cattle and in herds when compared to those animals not receiving a vaccine

30  as well as compared to those strains passaged less than 110 times. Preferably, mortality in cattle

and in herds is reduced by at least 10%, more preferably, mortality is reduced by at least 20%,



bacteria and nonitoring the infected cattle for devel oping clinical
synptons of an M bovis infection. The present invention also provides for
a net hod wb 20wdiaeisng t he i nci dence of death or eut hanasiPaTmSgubos21g9 from M
bovis infection in an individual cow or within a herd of cattle. The nethod
conprises adm nistration of a high passage strain of M bovis, passaged at

| east 110 tines, to a bovine. The imunogeni c conposition of the present

i nvention has been shown to reduce nortality in cattle and in herds when
conpared to those animals not receiving a vaccine as well as conpared to
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or o ne g Sl eE s R HR R SR ELREM, Ao D iR TeRa s os:
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prophylgéj Wg&%%Q ctions caused by M bovis. The nethod conprises
adm'hi sP&PF %ective anount of the i mmunogeni ¢ conposition of the

present i nvgﬂ&th@rkntb@dmnalmtmés,am&@@&ﬂonthsaﬂe@kn{eﬁﬁatpmyla@rs oPInBqRliyhaxi s is
selected fromthe group consisting reduci ng gns of M _ bovis infection,

r educi nErUeHEPYSEVR St Jheopetgpd f%ﬁ%%ﬁé’@ll@ﬁwwg Hi %%?Ftlgq w9t the  povi s
i nfecti ARmudREHE LaEpdshiBn of the present invention to an animal, wherein said treatment or

prophylaxis is selected from the group consisting of reducing signs of M. bovis infection,
20  reducing the severity of or incidence of clinical signs of M. bovis infection, reducing the
mortality of animals from M. bovis infection, and combinations thereof.
A further embodiment includes a method of reducing the incidence and/or severity of
clinical symptoms of M. bovis infection. The method generally comprises administration of a
high passage strain of M. bovis, passaged at least 110 times, to animals, preferably cattle. More
25  particularly, the method may be used to reduce lung consolidation due to M. bovis infection. The
effectiveness of the administration of a high passage strain of M. bovis to an animal in need
thereof may be verified in a number of conventional ways, including lung pathology assessment.
Preferably, lung pathology assessment, specifically the percentage of lung consolidation
attributed to lesions due to M. bovis as customarily scored for various species may be made post-
30  necropsy. Still more preferably, such lung pathology will be reduced when compared to the non-

vaccinated group, by at least 33%, more preferably at least 50%, even more preferably at least

10



nortality of animals fromM bovis infection, and conbi nations thereof. A
further enbodi nent includes a nethod of reducing the incidence and/or
severity wD20lo/nisal synptons of M bovis infection. TheCkaishad/oganeral |y
conprises adm nistration of a high passage strain of M bovis, passaged at
| east 110 tinmes, to animals, preferably cattle. More particularly, the

met hod may be used to reduce | ung consolidation due to M bovis infection.
The effectiveness of the administration of a high passage strain of M
bovis to an animal in need thereof may be verified in a nunber of
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those studies using the higher passage strain of present invention, it
was 18ur pri siltigiay ancagddionilbit surbidiee vesslt shat admetisteption of poe tdasd oy thgrhigher

eut hanasj.a,f [ L Aar 0, e. resul td VLS

ot oot Baised belt PR pRELAARADE, L3k ol HEicheRl ol AT R St 1y
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strain gf th resent inventiqn was or. nore efficjent. and efficacious as
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| ess t heedudib@ it inveslity ioft abd 86% NG @inpalee to1b iberaefnatdtahinglexpepioeided hg deat h

or euthanasja . as.a r.esu%eit of M $%I s infecti og. Wiile a reductign in
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the present invention passaged nore than 110 times, two adm ni strations of
at t enuat’ed nrpded 6o pRiaia theasapes Tesdustéolge dnai@titymor e 106 ti mes were needed to

obtain the gapBreferlGCnlRBintdde, TR hidh iph¥acd frath Bf §F Bh4iE% SRRQA AERLst 11he high
passage strain of M bovis is passa%ed at least 110 '
times in vitro in cell culture, more preferably, between 110 times and 200 times, even more
20  preferably, between about 110 and 180 times, still more preferably, at least 115 times, even more
preferably at least 120 times, still more preferably, between 120 and 170 times, even more
preferably at least 125 times, still more preferably between 125 and 160 times, even more
preferably, at least 130 times, still more preferably, between 130 and 150 times, even more
preferably at least 131 times, more preferably, at least 132 times, even more preferably, at least
25 133 times, more preferably, at least 134 times, and even more preferably, at least 135 times, and
most preferably between 135 and 145 times.
The strains of M. bovis useful in the vaccine or immunogenic composition may be any
strain or isolate of M. bovis having the same properties like inventive strains as described herein.
Representative strains include those deposited with the ATCC in Manassas, VA on December

30 18, 2008, under the terms of the Budapest Treaty and designated as ATCC deposit numbers
PTA-9666 and PTA-9667. These strains are pathogenic prior to passaging, but after passaging

11



times in vitroin cell culture, nore preferably, between 110 tines and 200
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(reclassified as Histophilus somni), Chlamydiae, Bovine genital campylobacteriosis,

Leptospirosis, Brucellosis, Clostridia, Escherichia coli, Cryptosporidium  parvum,

20  Mpycobacterium avium paratuberculosis, Salmonella, Mycobacterium avium paratuberculosis,

Cryptosporidiosis, mastitis, Dermatomycoses, lower respiratory tract infections, Trichomoniases,
Neospora Canum, Babesiosis and the like,

Bovine viral diarrhea virus (BVDV) type 1 (BVDV-1) and type 2 (BVDV-2) cause

bovine viral diarrhea (BVD) and mucosal disease (MD) in cattle (Baker, 1987; Moennig and

25  Plagemann, 1992; Thiel et al., 1996, hereby entirely incorporated by reference). The division of

BVDYV into 2 serotypes is based on significant differences at the level of genomic sequences

(summarized in Heinz et al.,, 2000, hereby entirely incorporated by reference) which are also

obvious from limited cross neutralizing antibody reactions (Ridpath et al. 1994, entirely

incorporated by reference). Inactivation of the RNase activity residing within the E™ results in

30  an attenuated apathogenic BVDV which may be used as a modified live vaccine (WO 99/64604,

hereby entirely incorporated by reference). The international patent application W02005/111201
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of said Npro . Furt more, vari ous conventi o att nuate uses
are knommhﬂﬂ[whmmambugmhhohsaa%lamtémgumtdbbbnganmndaﬂbywpmﬂouaBMﬂnmd

developnent Par nfl u 3 Vil an cl as fled |n t he
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di scharge, increased respiratory rate, and increased breath sounds. The

severit m%?“k@?ﬁﬂ@@ﬁmgwaﬁs worsen with the onset of bacterial pneunonia.

Fatalities fpamdREpIRokCOMeHialVirds DEESNDOhRARKMASiFRBissifi@Sls APBed G ide

cranioventral |ung consdlidation, bronchiolitis, and alveolitis with nmarked

congest inothe spgepmyxovirus family. In addition to cattle, sheep and goats may also be infected by

20  respiratory syncytial viruses. This virus was named for its characteristic cytopathic effect—the

formation of syncytial cells. BRSV is distributed worldwide, and the virus is indigenous in the

cattle population. BRSV infections associated with respiratory disease occur predominantly in

young beef and dairy cattle. Passively derived immunity does not appear to prevent BRSV

infections but will reduce the severity of disease. Initial exposures to the virus are associated

25  with severe respiratory disease; subsequent exposures result in mild to subclinical disease. BRSV

appears to be an important virus in the bovine respiratory disease complex because of its

frequency of occurrence, predilection for the lower respiratory tract, and its ability to predispose

the respiratory tract to secondary bacterial infection. In outbreaks, morbidity tends to be high,

and case fatality may be 0-20%. Signs include increased rectal temperature 40-42°C, depression,

30 decreased feed intake, increased respiratory rate, cough, and nasal and lacrimal discharge.

Generally, respiratory signs predominate. Dyspnea may become pronounced in the later stages of
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haenorrhage. | nclusion bodies may be identified. Myst fatal cases will also
have a concurrent bacterial bronchopneunoni a. Bovine Respiratory Syncyti al
Virus (BR®W)20ig12a154RNA virus cl assified as a pneunovi r uCruské16/032149
paramnmyxovirus famly. In addition to cattle, sheep and goats may al so be
infected by respiratory syncytial viruses. This virus was naned for its
characteristic cytopathic effect-the formation of syncytial cells. BRSV is
di stributed worldwi de, and the virus is indigenous in the cattle

popul ati on. BRSV infections associated with respiratory di sease occur
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stages of t hepgliiReASSesviPHP EHILT PG QURsRTHRAY SRR vES] FOHRL! aﬁ@%yrﬁﬁt@ﬁh'é §Bhttle:
Secondary bacterial "pneunonia is a frequent occurrence. A biphasic disease

pat tler nIntesgiopeayingaBinpirdsdeitih GiBRl),smﬁ@etuoue ongilet edvovagnisis sIAVashadmepgstidliude a
diffus ecd n%ﬁ? Elg tdb%l‘tloﬂn g&ég@ﬂa'l(ﬁn% Pb[HJls'?ng a(bnl r}dm n%,i% %ér%{yh& 'o?‘ AR m)( sena
ese
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ot A 2o UEPS T Sedec ey s HE I BT SRy hPdeda e bgiRagal e
rhinotr a&ﬁ&ep&p@authﬁ) feed1Bf @fdd, QS rddpisdtoty Abrmy W MRVE@thd. SThe VRY) infection

bal anopost hitis, conjunctivitis, abortion, encephal onilel itis, and mastitis.

Only a %P%*rgnsél%]éﬁedhrwémm bespyedispoges caigls dh perariannbastsyial pneprpwia. whish Yi8¥s of

BHV-1 havg: heammdenchitbed enul BoRRdl & ghilfndpRisleas st eavans. pahigr ns of
viral DNA. These types are referred to as BHV-1. 1 (respiratory subt%/pe)
infections may occur in bulls (infectious pustular balanoposthitis) and cows (IPV) within 1

20  days of mating or close contact with an infected animal. Transmission may occur in the absence
of visible lesions and through artificial insemination with semen from subclinically infected
bulls. Cattle with latent BHV-1 infections generally show no clinical signs when the virus is
reactivated, but they do serve as a source of infection for other susceptible animals and thus
perpetuate the disease. The incubation period for the respiratory and genital forms is 2-6 days. In

25  the respiratory form, clinical signs range from mild to severe, depending on the presence of
secondary bacterial pneumonia. Clinical signs include pyrexia, anorexia, coughing, excessive
salivation, nasal discharge that progresses from serous to mucopurulent, conjunctivitis with
lacrimal discharge, inflamed nares (hence the common name *red nose™), and dyspnea if the
larynx becomes occluded with purulent material. Pustules may develop on the nasal mucosa and

30  later form diphtheritic plaques. Conjunctivitis with corneal opacity may develop as the only

manifestation of BHV-1 infection. In the absence of bacterial pneumonia, recovery generally
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BHV- 1.2 (genital subtype), and BHV-1.3 (encephalitic subtype). Recently,
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Ut erus BRENCEr Ahts plantes iarg eften fifled, withia perpiir ol whefibyiaginarudates Andhg dissase
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BHV- | |nf ection nay be severe in young calves and cause a generali zed
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occurs, epithelium is sloughed in the airways. The viral lesions are often masked by secondary
bacterial infections. In young animals with generalized BHV-1 infection, erosions and ulcers
overlaid with debris may be found in the nose, esophagus, and forestomachs. In addition, white
foci may be found in the liver, kidney, spleen, and lymph nodes. Aborted fetuses may have pale,

25  focal, necrotic lesions in all tissues, but which are especially visible in the liver.
A number of other Bovine Respiratory Viruses have been identified as being involved in
BRD. Bovine herpesvirus-4 has been implicated in several diseases, including BRD. Bovine
adenovirus has been associated with a wide spectrum of diseases, with bovine adenovirus type 3
being the serotype most often associated with BRD. Two serotypes of bovine rhinovirus have
30  been recognized to cause respiratory tract infections in cattle. Other viruses reported to be

associated with BRD include bovine reovirus, enterovirus, and coronavirus. These viruses have

15



death may occur in a short period after generalized viral infection. IBRIs
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20  serotype 1 is the bacterium most frequently isolated from the lungs of cattle with BRD. Although
less frequently cultured than M. haemolytica, Pasteurella multocida is also an important cause
of bacterial pneumonia. When pulmonary abscessation occurs, generally in association with
chronic pneumonia, Actinomyces (Arcanobacterium) pyogenes is frequently isolated. Under
normal conditions, M. haemolytica generally remains confined to the upper respiratory tract, in

25  particular the tonsillar crypts, and is difficult to culture from healthy cattle. After stress or viral
infection, the replication rate of M. haemolytica in the upper respiratory tract increases rapidly,
as does the likelihood of culturing the bacterium. The increased bacterial growth rate and
colonization of the lungs may be due to suppression of the host's defense mechanism related to
environmental stressors or viral infections. It is during this log phase of growth that virulence

30 factors are elaborated by M. haemolytica, such as an exotoxin that has been referred to as

leukotoxin. The interaction between the virulence factors of the bacteria and host defenses results
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associated with extensive pleuritis. H. somnus may cause an acute, usually fatal, septicemic

disease that may involve the nervous, musculoskeletal, circulatory, and respiratory systems,

either singly or together. The reproductive system is often affected but usually without the other

systems being clinically involved. The disease may be characterized by fever, severe depression,

25  ataxia, weakness, blindness, coma, and death within several hours to several days. It occurs
sporadically in individual beef and dairy cattle and is found nearly worldwide. H. somnus is a
gram-negative, nonmotile, nonsporeforming, pleomorphic coccobacillus that requires an

enriched medium and a microaerophilic atmosphere for culture. It appears to be identical to
Histophilus ovis and Haemophilus agni, ctiologic agents of ovine septicemia, mastitis, and

30  epididymitis; however, transmission of H. somnus between sheep and cattle has not been

demonstrated. Pathogenic and nonpathogenic strains have been differentiated by intracisternal
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subnormal within hours. Other findings are determined by the system(s) involved and may
include rapid respiration, stiffness, knuckling at the fetlocks, severe depression, ataxia, paralysis,
and opisthotonos, followed by coma and death within several hours. Affected animals may be
blind, and retinal hemorrhages with grey foci of retinal necrosis are sometimes seen. Signs such
25  as hypersensitivity, convulsions, excitement, nystagmus, and circling occur inconsistently and
may be related to the regions of the CNS affected in the course of disease development.
Occasionally, animals are found dead, indicating a rapidly fatal course. A marked change in the
total and differential WBC count is common; leukopenia and neutropenia occur in severe,
usually acute, fatal disease, while neutrophilia may be present in less severe disease. In TME, the
30 total cell count of the CSF is markedly increased, and neutrophils predominate. During

septicemia, the organism may be recovered from blood, synovial fluid, CSF, brain, kidneys,
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pneumonic lungs of calves and pigs. Thus, the GI tract must be considered as an important site in
the pathogenesis of chlamydial infections and as a natural reservoir and source of the organisms.
Chlamydial pneumonia has affected calves under a whole range of conditions, including dairy
farms. A synergism between Chlamydia and P. haemolytica has been demonstrated
25  experimentally. Calves with chlamydial pneumonia are usually febrile, lethargic, and dyspneic,
and have a serous and later mucopurulent nasal discharge and a dry hacking cough. Calves of
weanling age are affected most frequently, but older cattle may also show signs of infection. The
acute pulmonary lesion is a bronchointerstitial pneumonia. The anteroventral parts of the lungs
are affected but, in severe cases, entire lobes may be involved. The dry cough is attributed to
30  tracheitis. Microscopic changes in the lungs include suppurative bronchitis and alveolitis

progressing to type II pneumocyte hyperplasia and interstitial thickening.

19
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canpyl obacteriosis is a venereal disease o? cattle characterized primarily
> 2 yr. IgA antibodies are shed in cervical mucus in significant amounts in ~50% of cows for

20  several months after infection and are useful diagnostically. Although most of the genital tract
may be free of infection when a cow eventually conceives, the vagina may remain chronically
infected, even through pregnancy. Cows are systemically normal, but there is are variable
degrees of mucopurulent endometritis that causes early embryonic death, prolonged luteal
phases, irregular estrous cycles, repeat breeding and, as a result, protracted calving periods.

25  Observed abortions are not common. In herds not managed intensively, disease may be noticed
only when pregnancy examinations reveal low or marginally low pregnancy rates but, more
importantly, great variations in gestation lengths, especially when the disease has recently been
introduced to the herd. In subsequent years, infertility is usually confined to replacement heifers
and a few susceptible cows. Bulls are asymptomatic and produce normal semen.

30 Leptospirosis is a contagious disease of animals, including man, caused by various

immunologically distinct leptospiral serovars, most of which are regarded as subgroups of
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by early enbryonic death, infertility, a protracted cal ving season, and
occasionally, abortion. Distribution is probably worl dw de. The cause is

t he noti IwWQ 2grozamrsegat i ve, curved or spiral, polar flageCratsedolosaueri um
Campyl obacter fetus venerealis or Canpyl obacter fetus fetus . For many
years, it was thought that C. fetus fetus (fornmerly C. fetus intestinalis)
was generally an intestinal organism only occasionally caused abortion in
cattle, and was not a cause of infertility. However, it has been shown that
C. fetus fetus may al so be a significant cause of the classic infertility
syndr onbendesnat [interxpgaris blufestionsanaSahepyyroprawpes orfcatigsyavierrerignal ingudiThéaver, ar e
several . ai f..C .fe S, gt Y, 0 erm it a
strain }Cgehgs’ (? g%lggl Ol())lgE urllihf%@iéﬁrg’ }ng 07t g@%ﬁﬁaatn\éﬁ%ggﬁ' bASfeIE taﬁﬁ% ﬁgffc%?“oUp
hei f er slepGapipy [feheatlgrospe ar te keingys @bepredianide argandast aroykd iguhe kiiye, by
heat i ng dr.ﬁ ng 1and ex osgre ta.t he at rr\DAEQhere Unl ess cul t.ured % i ckly
af ter colTELT of WEDAIPRES dRT MRMMARE Y5 5wR " G M eS8 SPHYT {1k SBFice
anaes Obbvﬁtegsdﬁlcﬁxftdnﬁlit;s}rerﬁaﬂgbé clﬁébaségebﬁery\dvitér_b&ab. gr ow. Canpyl obagt 38 fetus i E
transmtted venere and al sq contam nated ipstrupents,. ing, or by
artificial i#‘is%‘?ri[%gttn"%ﬁlsﬁ%“teﬁbp{%@ﬁ%{]ﬁ U dP dBF SENEH L‘fl’ﬁ‘tﬁ”&f’gﬁﬂ’&?]"’bﬁ‘fl’ﬂ’s‘ﬂ%‘éry in
their sy3&eRPahPidrbday HaRijb M8 IPRjiNEY AUBErcPABReRESPIRr NEIPNRRY0 BBVE), €T S,
whi |l e ot hers_appear to [%e resistant to i nfgectl on. Bulls nmay also transmt

t he i nf EEASEHa BRI cld V-ePloIPiKie SEPBYUIISE s Homerst: deBimBiTd rigniotan a4

I nf ect eﬁeﬁ ira ﬂ@tepﬂi%moirnggigé”s%lfé}g‘ agt) e 1edl riéo@d’te@t@zﬁ@es'tﬁa@h% YRk, abl e;
sone clear the infection rapidly, while others may carry C. Tetus for > 2
yr . 10 gAarpnexih odidedyspiree, shddn i lepesrivd eamoma cdections, sicignisf hemepglobimpiantasd i n
~50% of -hs [ ' . I

di agnos%ll%ca I]{/O%ﬁ f?ﬁ%%tg‘lﬁ %Qosfl ﬁ{leh tggoeﬁfgifot??l gglt%glr?gff}ﬁ%%?a?%lgéasgflo?%{ ection
when a thew4&vehtsulitdrys demcepidbsandtinéllvoagdd ha amenia rBreedd BC's begnitcakbileyse in

i nfected, even  through egnpancy. are system | .no | ,. t there
0 o up RLEP £ TSy B RPN, SRR R oMb R P R inridlopt
enbr yonusalthedd mot prued aaraelsiid uicddh, wikials amked ding@osik afore giffionls Myrdldas ,and epeat
breeding and, as.a result, protracted calyjn erjods. Cbserved abortions
o 90t Moty A% Hygheh Bretlyes aBh BLAT i il S lof iru SRR o
onl y wWhgnnét /Enane Enexadidi 1RalkQRshdrepaatect @W Wiickras@ilyadshly id hophL@nancy

rates but, nore inportantly, great variations in gestation | en_ﬂ(t hs,
especi alFynahehyigHdn erigehabinhse caileetigryuspabiis irerised celevesdobis wdeall | n

subsequgRbudRR! Shentdh RN disis ldbds dof odéSH AL Yni kA HidRe GeifoQ, hEPbIBELARIY: ihﬁia? ers
and a few susceptible cows. Bulls are asQ/rrptomatl c and produce nornma
semen. contain clots, although there is little evidence of mammary inflammation. Milk production

of

20 returns to normal in 10-14 days, even in the absence of treatment. Abortion and stillbirths, which
are common in Leptospira pomona infections and sporadic in Leptospira hardjo infections,
generally occur 3-10 weeks after initial infection. The abortions are more common during the
third trimester. An abortion storm in a breeding herd is often the first indication that leptospirosis
exists, because the mild initial signs often pass unnoticed. In endemically infected herds,

25  abortions occur mostly in younger animals and are sporadic, rather than being manifested as
abortion storms. Calves reared by previously infected cows are protected by colostral antibodies
for up to 6 months. The calves generally have an antibody titer similar to that of their dams. In
the acute form, anemia, icterus, hemoglobinuria, and submucosal hemorrhages are prominent.
The kidneys are swollen, with multifocal petechial and ecchymotic hemorrhages that become

30  pale with time. The liver may be swollen, with minute areas of focal necrosis. Petechiae in other
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t he'25 df}ﬁ{@—nll thost cattle for life. Natural transmission occurs by ingestion of organisms, which are
present in large numbers in aborted fetuses, fetal membranes, and uterine discharges. Cattle may
ingest contaminated feed and water, or lick contaminated genitals of other animals. Venereal
transmission by infected bulls to susceptible cows appears to be rare. Transmission may occur by
artificial insemination when Brucella-contaminated semen is deposited in the uterus but,

25  reportedly, not when deposited in the midcervix. Brucellae may enter the body through mucous
membranes, conjunctivae, wounds, or even intact skin. Mechanical vectors (eg, other animals,
including man) may spread infection. Brucellae have been recovered from fetuses and from
manure that has remained in a cool environment for > 2 mo. Exposure to direct sunlight kills the
organisms within a few hours. Abortion is the most obvious manifestation. Infections may also

30 cause stillborn or weak calves, retained placentas, and reduced milk yield. Usually, general

health is not impaired in uncomplicated abortions. Seminal vesicles, ampullae, testicles, and
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the acute form anem a, icterus, henoglobinuria, and submucosal henorrhages
are prom nent. The kidneys are swollen, with nultifocal petechial and
ecchynot iwohempretsages t hat becone pale with tine. The PCYars20map3iies
swollen, with minute areas of focal necrosis. Petechiae in otherorgans are
seen in ful mnating cases; however, in the nore preval ent Leptospira hardjo
infections, the lesions are primarily restricted to the kidneys.

Brucell osis is caused by bacteria of the genus Brucella and is
characterized by abortion, retained placenta, and to a | esser extent,
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conj uncbicpwreor ayathes cause oblpedizedhnessesiss lyhen cpaditiciviferzinagrekipyy are fagrably her
ani 3@' Sthe spores germinate, and the resulting vegetative cells multiply and produce [ toxin
(phospholipase C), which causes intravascular hemolysis and its sequelae, including hemolytic
anemia and hemoglobinuria. Cattle may be found dead without premonitory signs. Usually, there
is a sudden onset of severe depression, fever, abdominal pain, dyspnea, dysentery, and
hemoglobinuria. Anemia and jaundice are present in varying degrees. Edema of the brisket may
25  occur. Hgb and RBC levels are quite low. The duration of clinical signs varies from ~12 hr in
pregnant cows to ~3-4 days in other cattle. The mortality in untreated animals is ~95%. Some
cattle suffer from subclinical attacks of the disease and thereafter act as immune carriers.
Dehydration, anemia, and sometimes subcutaneous edema are present. There is bloody fluid in
the abdominal and thoracic cavities. The lungs are not grossly affected, and the trachea contains
30  bloody froth with hemorrhages in the mucosa. The small intestine and occasionally the large

intestine are hemorrhagic; their contents often contain free or clotted blood. An anemic infarct in
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20  without premonitory signs. Acute lameness and marked depression are common. Initially, there
is a fever but, by the time clinical signs are obvious, the temperature may be normal or
subnormal. Characteristic edematous and crepitant swellings develop in the hip, shoulder, chest,
back, neck, or elsewhere. At first, the swelling is small, hot, and painful. As the disease rapidly
progresses, the swelling enlarges, there is crepitation on palpation, and the skin becomes cold

25  and insensitive as the blood supply to the area diminishes. General signs include prostration and
tremors. Death occurs in 12-48 hrs. In some cattle, the lesions are restricted to the myocardium
and the diaphragm, with no reliable ante mortem evidence of the localized lesion.

Clostridium novyi has been suspected but not yet confirmed as a cause of sudden death in
cattle and pigs fed high-level grain diets, and in which pre-existing lesions of the liver were not

30  detectable. The lethal and necrotizing toxins (primarily o toxin) damage hepatic parenchyma,

thereby permitting the bacteria to multiply and produce a lethal amount of toxin. Usually, death
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occur. Hgb and RBC |l evels are quite low. The duration of clinical signs
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20  is dark brown to black. Accumulations of gas are uncommon. Severe edema of the head of rams
occurs after infection of wounds inflicted by fighting. Malignant edema associated with
lacerations of the vulva at parturition is characterized by marked edema of the vulva, severe
toxemia, and death in 24-48 hours. Similarity to blackleg is marked, and differentiation made on
necropsy is unreliable; laboratory confirmation is the only certain procedure. Horses and pigs are

25  susceptible to malignant edema but not to blackleg.

Infectious disease caused by Clostridium sordellii is also manifested as malignant edema
in cattle, and also characterized by a nongaseous, nonhemorrhagic, edematous swelling of the
head, face, and neck of young rams. This infection is initiated in young rams by their continual
butting of one another. The bruised and battered subcutaneous tissues provide conditions suitable

30 for growth of pathogenic clostridia, and the breaks in the skin offer an opportunity for their

entrance
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back, neck, or elsewhere. At first, the swelling is small, hot, and
painful. As the disease rapidly progresses, the swelling enlarges, there is
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trenors. Death occurs in 12-48 hrs. In sone cattle, the lesions are
restricted to the nyocardium and the diaphragm wth no reliable ante
nortem evi dence of the localized | esion. Costridiumnovyi has been
suspected but not yet confirmed as a cause of sudden death in cattle and
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20 Tetanus toxemia is caused by a specific neurotoxin produced by Clostridium tetani in
necrotic tissue. Almost all mammals are susceptible to this disease. Although tetanus is
worldwide in distribution, there are some areas, such as the northern Rocky Mountain section of
the USA, where the organism is rarely found in the soil and where tetanus is almost unknown. In
general, the occurrence of C. fetani in the soil and the incidence of tetanus in man and horses is

25  higher in the warmer parts of the various continents. Clostridium tetani, an anaerobe with
terminal, spherical spores, is found in soil and intestinal tracts. In most cases, it is introduced into
the tissues through wounds, particularly deep puncture wounds, which provide a suitable
anaerobic environment.

Infection with Salmonella spp may produce diarrhea in animals of all ages, especially

30 those that are stressed, closely stocked, or exposed to a heavily contaminated feed or water

supply. Salmonellosis is caused by many species of salmonellae and characterized clinically by
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include Escherichia coli, Cryptosportdtum parvum and  Mpycobacterium  avium

20  paratuberculosis. Escherichia coli infection causes severe intestinal disease in young animals
characterized as neonatal diarrhea, post weaning diarrhea, edema disease, and/or septicemia
depending upon the virulence factors present in the strain causing the infection. Calves infected
with pathogenic E. coli may develop severe diarrhea causing fatal dehydration, or fatal
septicemic infections. Paratuberculosis is a chronic contagious enteritis characterized by

25  persistent and progressive diarrhea, weight loss, debilitation, and eventually death. It affects
cattle, sheep, goats, llamas, camels, farmed deer, and other domestic, exotic, and wild ruminants.
It has also been recognized in wild rabbits; horses and pigs may be infected experimentally.
Distribution is worldwide.

Animals with paratuberculosis should be considered as potential zoonotic risks until the

30  situation is clarified. The causative organism is Mycobacterium avium paratuberculosis,

formerly known as M. paratuberculosis or M. johnei. Occasionally, other M. avium subspecies
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and t he adni @ivgtoeparidingisa$ an enterocolitis of cosmopohtan distribution caused by the coccidian

20  parasite Cryptosporidium parvum. It is not host-specific and is common in young ruminants,
particularly calves; it is also found in man and pigs and is rare in dogs, cats, and horses. Other
cryptosporidia cause disease in reptiles and birds. The disease in calves, characterized by weight
loss and watery diarrhea, is clinically indistinguishable from many other causes of calf diarrhea.
Cryptosporidium parvum is a minute protozoan that is transmitted by the fecal-oral route.

25 Oocysts are sporulated (four sporozoites) when shed in the feces and, therefore, are immediately
infective. The mean incubation period is ~4 days. Calves 1-3 weeks old seem to be most
susceptible. Signs such as anorexia, weight loss, diarrhea, and tenesmus, resemble those caused
by several other intestinal pathogens; however, infections without signs do occur. Uncomplicated
cryptosporidiosis is seldom fatal. Disease may be severe in immuno-compromised individuals. If

30  severe disease in calves is seen, other disease agents or concurrent infections should be ruled out.

Although C. parvum may infect virtually the entire intestinal tract, the distal small intestine
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sonme drugs. Further relevant gastro-intestinal pathogens that may be used
in the present invention include Escherichia coli, Cryptosporidium parvum
and Mycobwaotzero/izmsavi um par at ubercul osis . Escheri chi a eclriuszesaiiison
causes severe intestinal disease in young aninmals characterized as neonat al
di arrhea, post weaning di arrhea, edenma di sease, and/or septicem a dependi ng
upon the virulence factors present in the strain causing the infection.
Calves infected with pathogenic E. coli nay devel op severe diarrhea causing
fatal dehydration, or fatal septicem c infections. Paratuberculosis is a
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richophyton verrucosum, Trichophyton mentagrophytes or Trichophyton sarkisovii.

20 An infection of the lower respiratory tract, usually resulting in bronchitis or pneumonia,
may be caused by any of several parasitic nematodes, including Dictyocaulus viviparus in cattle.

This lungworm belongs to the superfamily Trichostrongyloidea and has direct life cycles. The
cattle lungworm is common in northwest Europe and is the cause of severe outbreaks of “husk”

r “hoose” in young grazing cattle. Because D. viviparus infection in cattle is the most

25  economically important, it has been most investigated and many of the observations from it are
applicable to the other species. Clinical disease usually develops on first exposure to sufficient
infective larvae. In cattle, this usually occurs during their first season at pasture; however, an
increase in the number of older cattle affected has been reported. Signs of lungworm infection
range from moderate coughing with slightly increased respiratory rates to severe persistent

30  coughing and respiratory distress and even failure. Reduced weight-gains, reduced milk yields,
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arise in ineffective serumanti body. However, fecal sheddi ng begins before
clinical signs are apparent. Mcobacterium avi um paratubercul osis may be
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20  vaginal cultures taken as late as § months of gestation and, apparently, live calves may be born to
infected dams. Pyometra occasionally develops after breeding.

Neospora caninum is an obligate intracellular protozoan parasite that has been confused

previously with Toxoplasma gondii. Only asexual stages are known, and they resemble 7.

gondii. The complete life cycle of N. caninum is unknown, but it may be transmitted

25  transplacentally in dogs, cattle, goats, sheep, and cats, and subsequent offspring may be affected.

Tachyzoites are 5-7 x 1-5 um, depending on the stage of division. They divide by endodyogeny.

Tachyzoites are found in myocytes, neural cells, dermal cells, macrophages, and other cells.

Tissue cysts up to 100 um in diameter are found in neural cells; the cyst wall is amorphous and

up to 4 um thick. Cysts have no septa and enclose slender 7 x 1.5 pm bradyzoites. In dairy cattle,

30  N. caninum is a major cause of abortion in many countries, particularly in the USA. Calves may

be aborted, stillborn, born underweight, weak, or paralyzed, or they may become paralyzed
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and related tissue. Cinical synptons are characterized by loss of hair in
the affected area, hyperem a, scaling and asbestos-like scabs. Inflanmation
i s often wocompamised by suppuration. Dernat omycoses ar ePOTitsSa01al032149
characterized by localized infection of the skin. Dermatonycoses in aninals
carry a substantial socioeconom c inpact. D seased animals required

prol onged treatnment and may spread infection to both animals and humans.
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V\heaoComh&iewﬂfcﬁdpersists throughout, and is accompanied later by inappetence, increased

respiratory rate, muscle tremors, anemia, jaundice, and loss of weight with hemoglobinemia and
hemoglobinuria in the final stages. CNS involvement due to sludging of parasitized erythrocytes
in brain capillaries occurs frequently with B. bovis infection. Either constipation or diarrhea may
be present. Pregnant cows often abort. With virulent strains of B. bovis, a hypotensive shock
25  syndrome, combined with generalized non-specific inflammation, coagulation disturbances, and
erythrocytic stasis in capillaries, contribute to the pathogenesis. With most strains of B.
bigemina, the pathogenic effects relate more directly to erythrocyte destruction. Animals that
recover from the acute disease remain infected for a number of years with B. bovis and for a few
months in the case of B. bigemina. No signs are apparent during this carrier state. Lesions
30  include an enlarged and friable spleen; a swollen liver with an enlarged gallbladder containing

thick granular bile; congested, dark-colored kidneys; and generalized anemia and jaundice. The
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naturally by an infected bull, 30-90% becone infected, suggesting that
strain differences exist. Variation in breed susceptibility to

tri chonorwasis/mmas4al so exi st. Bulls of all ages may remarusoasiie
indefinitely but this is less likely in younger nales. By contrast, nost
cows are free of infection within 3 nonths after breeding. However,
inmmunity is not long lasting and reinfection does occur. Transm ssion nay
al so occur when the senmen frominfected bulls is used for artificial
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risk of clinical disease: 1? calves have a degree of imunity (related both
t 0 col o¥irysgd BVIRY)ityeedl (BVDV-1) and type 2 (BVDV-2), Parainfluenza-3 Virus (PI-3), Infectious
20  Bovine Rhinotracheitis virus (IBR), Bovine Respiratory Syncytial Virus (BRSV), Bovine
Herpesvirus (BHV), Bovine Rotavirus (BRV), Bovine Enterovirus (BEV), Bovine Coronavirus
(BCV), Bovine Rabies (BR), Bovine Parvovirus (BPV), and Adenovirus and Astrovirus; ii)
pathogens of bacterial origin, such as Mannheimia haemolytica (formerly Pasteurella
haemolytica), Pasteurella multocida, Haemophilus somnus (Histophilus ovis and Haemophilus
25 agni), Actinomyces (Corynebacterium), Actinomyces pyogenes, Chlamydia psittaci,
Campylobacter fetus venerealis and Campylobacter fetus fetus (formerly C. fetus intestinalis),
Leptospira interrogans, Leptospira pomona, and Leptospira grippotyphosa, Leptospira canicola,
Leptospira grippotyphosa, Leptospira hardjo (Leptospira hardjoprajitno and Leptospira hardjo-
bovis), Brucella abortus, Brucella suis and Brucella melitensis, Eschericia coli, Listeria
30  monocytogenes, Chlamydia psittaci, Clostridium chauvoei, Clostridium septicum, Clostridium

haemolyticum, Clostridium novyi, Clostridium sordellii, Clostridium perfringens, Clostridium
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anti bodies and to age) that persists for ~6 nonths, and 2) aninmals that
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Brahnan cattle are nore resistant to B. bovis infection than are Brltlsh
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conmbi naph@igefRCol HasteAdN oPigirt, NGIcROIDIMBHNLRR Hneh SO0 YRRW&1YC FIRRRANI), ONS
for the treatnent and/ or prophylaxis of cattle against m crobi ol ogi cal

i nf ect i bregolipjaer Easienrala matteddd dlsmapridlus sawees Bstrhilyowyis aaddlaaroplaast one

20 agni), Actinomyces (Corynebacterium), Actinomyces pyogenes, Chlamydia psittaci,
Campylobacter fetus venerealis and Campylobacter fetus fetus (formerly C. fetus intestinalis),
Leptospira interrogans, Leptospira pomona, and Leptospira grippotyphosa, Leptospira canicola,
Leptospira grippotyphosa, Leptospira hardjo (Leptospira hardjoprajitno and Leptospira hardjo-
bovis), Brucella abortus, Brucella suis and Brucella melitensis, Escherichia coli, Listeria

25  monocytogenes, Chlamydia psittaci, Clostridium chauvoei, Clostridium septicum, Clostridium
haemolyticum, Clostridium novyi, Clostridium sordellii, Clostridium perfringens, Clostridium
tetani, Moraxella bovis, Klebsiella spp, Klebsiella pneumoniae, Salmonella typhimurium,
Salmonella newport, Mycobacterium avium paratuberculosis, Staphylococcus aureus,
Streptococcus dysgalactiae, Mycoplasma dispar, and Ureaplasma spp., and Streptococcus uberis

30  and iii) pathogens of other origin, such as Tritrichomonas foetus, Trichophyton verrucosim,

Trichophyton mentagrophytes, Trichophyton sarkisovii, Neospora caninum (formerly
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further relevant cattle pathogen. The conbi nati on vacci ne as descri bed
herein conprises at | east one M bovis antigen, preferably the attenuated,
avi rul entwd2otvonztss4as provi ded herewi th and one or nor e PCUAISREN0/032149

i mmunol ogi cal ly active conponents effective for the treatnent and/or
prophyl axis of infections caused by one or nore further rel evant pathogen
of cattle. The conbi ned use or the nethod of co-adm nistration of two or
nore anti gens of pathogens affecting cattle conprises admnistering a first
i mrunogeni ¢ conposition conprising M bovis antigen, preferably the

at t enuafl edplasmi igahdnt CNpishondigmasirpmo\Groeep dnigfremiomingn abdsid bigetinernad
further ;i ol ogj | i . C f i t t. and/ or
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back d ti b but t limted to: i t . iral

ori gi'n such D& BROThanATHal TeGs FhaayITie (e BB & CBIENT Tl ¢ ype
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Astrovirus; | i%@ pat hogens of bacterial origin, such as Mannheim a.
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har dj o Bbept dbppaseiria BRI YprRgvinen ®oamatud éBR Y3 pBodnd dindjroboy i (BEV)BBatist | a

abortus,. Brucell is and uc a litensis ricia.colj, Listeria
ooyt GAEREERS (B3 BolRe sRbEERR T it Pl e FBEUB L gy BR L Aqugisiy
sept i cuManklieasiur | idietpiyliae mtbithdrigUnPastduasgiar | diewdlyieny | Pasthioslid | Ghiulivaida,

sor del I}qi , Costridium pe%,f,ri zlgens, Clostridjunt e%%ni , Moraxell.a bovis,

Kl eb3i efl P4 KieEeel |4 Honi A8 &Y oA MY phidHiRi umci8aPYShel | a

newpor t (CJWieBRAG e Mm@yt Hasaty ol GRS psSacSIRPIPYIODEAE IS s JLH LU Sis
St rept ococcus désgal actiae, Mycopl asma dispar, and Ureaplasma spp., and
St r ept ottt i@ nlobrarte ity Jeut nGRENEY of - deter sl EaMPEE miqrtasiehononas

foetus, 1 JnbehaPRyhBRa., v ehi UQRsMMirdT T biSHRRBNSQN MBI BB ORDNLER, MépsheRphyton
sar ki sovii, Neospora cani num (fornerly
grippotyphosa, Leptospira hardjo (Leptospira hardjoprajitno and Leptospira hardjo-bovis),
20  Brucella abortus, Brucella suis and Brucella melitensis, FEscherichia coli, Listeria
monocytogenes, Chlamydia psittaci, Clostridium chauvoei, Clostridium septicum, Clostridium
haemolyticum, Clostridium novyi, Clostridium sordellii, Clostridium perfringens, Clostridium
tetani, Moraxella bovis, Klebsiella spp, Klebsiella pneumoniae, Salmonella typhimurium,
Salmonella newport, Mycobacterium avium paratuberculosis, Cryptsporidium parvum,
25  Cryptsporidium hominis, Staphylococcus aureus, Streptococcus dysgalactiae, Streptococcus
uberis, Mycoplasma spp, Mycoplasma dispar, and Ureaplasma spp., Tritrichomonas foetus,
Trichophyton verrucosum, Trichophyton mentagrophytes, Trichophyton sarkisovii, Neospora
caninum (formerly Toxoplasma gondii), Babesia bigemina and Babesia bovis, and Dictyocaulus
viviparous (Lungworm disease) and/or any other pathogen known to be pathogenic in cattle,

30  including the pathogens discussed in the background.
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Toxopl asma gondii), Cryptsporidium parvum Cryptsporidium hom nis, Babesia
bi gem na and Babesia bovis, and Di ctyocaul us vivi parous (Lungworm di sease).
The conbiwieaouwse4r t he net hod of co-adm nistration of PEE/USROWOEAE4ANt I gens
of pat hogens affecting cattle conprises admnistering a first imrunogenic
conposition conprising M bovis antigen, preferably the attenuated,
avirulent M bovis as provided herewith and at | east one further

i mrunol ogi cal ly active conponent effective for the treatnent and/or

prophyl axis of infections caused by a further pathogen of cattle, wherein
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novyi , Bkzamnhxlds unwsordel (Hisigph@ostavisdi wnd peHaanapgéms, cn@hx)st rAatianytteet ani ,
Mor axel Kl.ebsi el Kl iella neu a

typht miS R erBHeRT ket d ety Lo R BT i o TP Bl e,

St aphy| aebctupyRbdes ferbt fept obaaalis dysgal ﬂﬁdstlﬁcﬂz,s My Capbsasaaintdraans, and
Ur eag)l ai P and Streptococcus uberis and %f Pat hogens ﬁ; ot her
orid IR Ss PRFPEE | HENDRBES R Bkt E(éPPO*VPP%‘Hop A ert 6 dunjepiospira
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(former yToxo | asma gondi i) ypt spori di um parvum_Crypt spori di um hom ni s,
Babesi aBHicgéni %W%d E’fé@l ambfoﬁné Bawgllpi etefsedn lf%‘d\‘ﬁrkfﬁ’ﬂarc@ﬂs Iisergwor m
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e pathogenic I n cat
P hégemolytlcum Closmdlum novyi, Clostridium sordellii, Clostridium perfringens, Clostridium

20  tetani, Moraxella bovis, Klebsiella spp, Klebsiella pneumoniae, Salmonella typhimurium;
Salmonella newport, Mycobacterium avium paratuberculosis, Cryptsporidium parvum,
Cryptsporidium hominis, Staphylococcus aureus, Streptococcus dysgalactiae, Streptococcus
uberis, Mycoplasma spp, Mycoplasma dispar, Mycoplasma bovis, and Ureaplasma spp.,
Tritrichomonas foetus, Trichophyton verrucosum, Trichophyton mentagrophytes, Trichophyton

25  sarkisovii, Neospora caninum (formerly Toxoplasma gondii), Babesia bigemina and Babesia
bovis, and Dictyocaulus viviparous (Lungworm disease) and/or any other pathogen listed in the
background section or known to be pathogenic in cattle. Preferably, the further immonogenic
composition comprises an antigen of one or more of any of the cattle relevant pathogens as listed
above.

30 According to a further embodiment, the present invention relates to a combination

vaccine or the combined use of immunogenic compositions for the treatment and/or prophylaxis
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The present invention relates to conbi nation vacci nes and/or the conbined
use of i mrunogeni c conpositions for the treatnent and/ or prophyl axis of
cattl e agapnsto/risrobi ol ogi cal i nfections, wherein the iPofTastéions2iay e
caused by M bovis and at |east one further cattle relevant pathogen,
wherein said vacci ne or conbined use conprises or nakes use of an M bovis
antigen, preferably the avirulent, attenuated M bovis, as described
herein, and a further immunol ogically active conponent effective for the
treatment and/or prophylaxis of infections caused by Bovine viral diarrhea
vi rus (8udWe tgppet infecBYB\of|the waplraterpand/oy BYDYudive sPdemas nf ¢attéen ydered e r us
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newpor t andiepodsiactier sysrnavinupatpar shabier el cosibsati@r yptdporemprivey Par bam,
D DR RO G gt S S R R
spp., Tﬁhﬁmkmﬁmmnﬂa&%kaﬁhqsnaﬁkﬁahﬁaﬁmtmanwahmucmﬁMﬁun&ﬁwmhmpﬁyMBﬂkms

ment agr ophyt es rich on sarkisovii,. Neospora caninum (fornerly.
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Vi Vi par eaispr(sbUOWON Mpeif&ERS e AR @Y vRUIBERI MPRHIOE QRsJBEYRertia, R at

pat hogenic in cattle, including the pathogens discussed in the
backgro@ﬁ%?@h@“@@%@ﬂﬁéﬁkﬂg@ogp t he met hod of co-adi mstration of two or

nore anti gengcfdiRatdaoRASeAEhECdinBY, SRt bletent GRAHSE SRk SELHiNGoR i TSt
i Munogeni ¢ conposition conprising
vaccine for the treatment and/or prophylaxis of cattle against viral infections of the respiratory
20 and reproductive systems in cattle, wherein the combination vaccine comprises M. bovis,
preferably the attenuated and avirulent M. bovis as described herein, and at least one further
immunologically active component effective for the treatment and/or prophylaxis of infections
caused by BVDV (type 1 and/or type 2), preferably attenuated BVDV (type 1 and/or type 2)
[combo 007]. According to a more preferred embodiment, the combination vaccine comprises
25 M. bovis, preferably the attenuated and avirulent M. bovis as described herein and at least one
antigen of BVDV (type 1 and/or type 2), preferably attenuated BVDV (type 1 and/or type 2)
[combo 008].
According to a further embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against viral infections of the respiratory

30 and reproductive systems in cattle, wherein the combination vaccine comprises M. bovis,

preferably the attenuated and avirulent M. bovis as described herein, and at least one further
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M bovis antigen, preferably the attenuated, avirulent M bovis, as

provi ded herewith, and at |east one further imunogenic conposition

conpri si yoanw/au1saor e further i mmunol ogically active cecparsen®3nfid ective
for the treatnment and/or prophylaxis of infections caused by a further
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caused by IBR and BVDYV (type 1 and/or type 2), preferably attenuated BVDV (type 1 and/or

type 2) [combo 013]. According to a preferred embodiment, the combination vaccine comprises

20 M. bovis, preferably the attenuated and avirulent M. bovis as described herein, and at least one

antigen each of IBR and BVDV (type 1 and/or type 2), preferably attenuated BVDV (type 1
and/or type 2) [combo 014].

According to a further embodiment, the present invention relates to a combination

vaccine for the treatment and/or prophylaxis of cattle against viral infections of the respiratory

25 and reproductive systems in cattle, wherein the combination vaccine comprises M. bovis,

preferably the attenuated and avirulent M. bovis as described herein, and further

immunologically active components effective for the treatment and/or prophylaxis of infections

caused by IBR and BHV [combo 015]. According to a preferred embodiment, the combination

vaccine comprises M. bovis, preferably the attenuated and avirulent M. bovis as described herein,

30  and at least one antigen each of IBR and BHV [combo 016].
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vacci ne or the conbi ned use of inmmunogenic conpositions for the treatnent
and/ or prophyl axi sof cattle against infections of the respiratory and/or
reproductwoeosyrtesas in cattle, wherein the conbi nati onPcaasz2ee/08214€0nmbi ned
use conprises a M bovis antigen, preferably the attenuated and avirul ent
M bovis as described herein, and at |east one further immnol ogically
active conponent effective for the treatnent and/or prophyl axis of

i nfections caused by IBR [conmbo 001]. According to a preferred enbodi nent,
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t he atten at ed nd avi rul ent e erein, and | east one
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pr efier r BYTEHUS ﬁ Ve GOBPRLTHA ?f o) HETABRL ‘PrleQP a"lfo‘%fl igfections
pr ef er abluyed mepp:s hRd B e thonid (nv] rmh@atng% atp@aférseda@n%aﬁwnt hedcdnedigition and at

| east one antigen of BVDV (type 1 and/or ty preferably attenuated
BVDV (t J356ing commprisst M ppds. pyeferablyihs %temated/&@é avlml?ﬂjf‘{ doys pydesrihed dfisddi nent |

the present 1davRRbLARRN E&MAFe$ 3008d BHGORDINBE 02AN

According to a further embodiment, the present invention relates to a combination

20  vaccine for the treatment and/or prophylaxis of cattle against viral infections of the respiratory

and reproductive systems in cattle, wherein the combination vaccine comprises M. bovis,

preferably the attenuated and avirulent M. bovis as described herein, and further

immunologically active components effective for the treatment and/or prophylaxis of infections

caused by IBR, PI-3 and BVDV (type 1 and/or type 2), preferably attenuated BVDYV (type 1

25  and/or type 2) [combo 021]. According to a preferred embodiment, the combination vaccine

comprises M. bovis, preferably the attenuated and avirulent M. bovis as described herein and at

least one antigen each of IBR, PI-3 and BVDV (type 1 and/or type 2), preferably attenuated

BVDV (type 1 and/or type 2) [combo 022]. Preferably, all viral antigens are modified live
viruses [combo 023].

30 According to a further embodiment, the present invention relates to a combination

vaccine for the treatment and/or prophylaxis of cattle against viral infections of the respiratory
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vaccine for the treatnent and/or prophylaxis of cattle against viral
infections of the respiratory and reproductive systens in cattle, wherein
t he conbiwetzom2yeeci ne conpri ses M bovis, preferably Phe/ustiensated and
avirulent M bovis as described herein, and at |east one

furtherimmunol ogi cally active conponent effective for the treatnent and/or
prophyl axis of infections caused by BHV [ conbo 009]. According to a
preferred enbodi nent, the conbinati on vacci ne conprises M bovis,
preferably the attenuated and avirulent M bovis as described herein, and
at | eastndompreguctivge systeinsBiVcftdonler@aOhe caobortidmgatanea cérapishe M.ebdodi nent
the pre Fnvent i a oppi .jon v j . the tr nt
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descri brgsthas @itlben 8nchcABRBASI] BVBVaRHE JeRdBAERe Of, pldBRa@nditéthndd [Baampo
012]. According to a further_ _enbodi ment, the present invention relates to a

conbi naftyrRsnl 38litrs 2l6Pmbe®23]r eat nent and/ or prophyl axis of cattle agai nst

viral infectAQnsi® «f Reruk@SPLLBERYn ARG pRRMOGMEhiMNE ¥ &8 ddhtkdkibh e,
wherei n the conbinati on vaccine conprises M bovis, preferably the

at t éhuarasdingier the itreatnent angfor pesphslagis of eaftle agraekt Wapleintectieny ! fhe tepratory

i munol ogi t] o] t feeti ~ .re df ar.
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pr ef er apleferaiy ethaabechuBvdValid yperulenandl obovisypes Tesdribedrbberifil3]and Awttler di ng

CCi ne comp oyis
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f d - d. h . . I N ’
to a prefer rqﬁ%glcgap?%%tgvgecgtafpgﬁe&% &%EEYICQ%% Itl%{lre\ég UeiL a%déoropéséﬂryi?a%zsao'}d%lt%%t A and

pr ef er aBIy"1 LEte avl
at | eastausdichyalBR, BND € dpe dfant BR tgped2) BM B rabtyypendataiBVDN (typpe ahd/or type

B urt nerhebo tiampo EHE ArsbBie To Avnienoh *PEpdineh® b BonBAbiHa O
vacci necdipristhsr. bieatpraEehbl e Qen@itpdid|adihiSntal. StstdsQleq@iBbdBdreid] 4ndl at

infections of the respiratory and reproductive systens in cattle, wherein
t he conSPH0F dAtisFacerthaf s d N3 Vi (&ype dr B&r drey2 ) Rsteatl v Atiaagd and

avi rul eBypM (thRVIl S1dRS e 3Gedhsslodygr ei n, and further

According to a further embodiment, the present invention relates to a combination

20  vaccine for the treatment and/or prophylaxis of cattle against viral infections of the respiratory

and reproductive systems in cattle, wherein the combination vaccine comprises M. bovis,

preferably the attenuated and avirulent M. bovis as described herein, and further

immunologically active components effective for the treatment and/or prophylaxis of infections

caused by PI-3, BVDV (type 1 and/or type 2), preferably attenuated BVDYV (type 1 and/or type

25 2 and BHV [combo 028]. According to a preferred embodiment, the combination vaccine

comprises M. bovis, preferably the attenuated and avirulent M. bovis as described herein, and at

least one antigen each of PI-3 and BVDV (type 1 and/or type 2), preferably attenuated BVDV
(type 1 and/or type 2 and BHV [combo 029].

According to a further embodiment, the present invention relates to a combination

30  vaccine for the treatment and/or prophylaxis of cattle against viral infections of the respiratory

and reproductive systems in cattle, wherein the combination vaccine comprises M. bovis,
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i mmunol ogi cal ly active conponents effective for the treatnent and/or

prophyl axis of infections caused by IBR and BHV [conbo 015]. According to a
pr ef er r edworthoxdizmesat , t he conbi nati on vacci ne conpri ses PRI/USOMI®32149
preferably the attenuated and avirulent M bovis as described herein, and
at | east one antigen each of IBR and BHV [conbo 016]. According to a further
enbodi nent, the present invention relates to a conbination vaccine for the
treatment and/or prophylaxis of cattle against viral infections of the
respiratory and reproductive systens in cattle, wherein the conbination
vacci nepetonghbhs ede Mationviicd préef arimlehy Mhedatit emuaesdibeth dhaeinr idndntfuer bovi s
as descy| LN f eleel I Y 0 -

o1 cot | TR R e A R S St R S SRR I s,
and BVDsaugddy pe IBRarRIFDand yipl V2 )comboedIBi.abboording emuapettriByvhHotlinpat, 1thand/ or
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vabci neceBtpireebGiie BETRLS 8P di g SRl RRe b SRR kO R | "
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(type 1 and/or type T),_ preferably attenuated BVDY (type 1 and/qr type 2)
[ conbo 018] . ARSI hG T6he FOPHar e HsoBicH At VPR 6‘%5‘%?& % %“8&

rel at esy{cgind f6:0MD i@ ineANandAs prdpyhis of ket heat AR L BRdicts PrRPRYpiAXdr$ Of
cattle against viral infections of the respiratory and reproductive systens

in catt P rRFMETVE PYEOIRDFHEL | BRFGACEP EMOHREML dacane BIIPESS Plefeisabl y
the attgnpat AR 2AMuh el €9%a MyiRkR¥E SaaSpslesCdd RRERES ehdlein@Ndhdfl Uhlilaer

i mmunol ogi cally active conponents effective for the treatnment and/or

pr ophy| exhenoddeidaiy eetivcorespeadns etfediiye ppr Be aigen@pparfdéarmserholegis, of Anfeestatb ng t o
a prefe ipyRN od ' v ' i Vii

prefer a%%ugé&t e at’tpg?’ﬁiag?]gah Q%‘% awdr)@f %E?Z)W?&g%%q% 9@@%}%{%’?’}%&5 %elrazlfi/r?,r and
at | eastypor?eandnBHYelvomho 032} ARlceiBingnid Bidvre pefebred @20pdiAeto tidi ergntimtian
further_enbodi ment he .present. i.nventi rel ates to . a combination vaccine
for tneverastaneesirorsragny S Lot f rd Biurf el R el one. o
t he respid atledsy oendhtigepeet WE IBRBISY PI-SEnd BVOM (), 1 whddsretype 2h@reCaatdy nat i on
vacci ne _conpn ovis, preferably t attenuated and avirulent M bovis
as d%sc?tfaﬁg%ecﬁgflgwn@ypﬁr}c? GFEYIREP?}%H%BH(@?@@ cally active conponents
effective foAcdohBnd k€at Akfér anBddnedd eRNylesont Snwhtidbmi@atd ens easedohy | BR
Pl -3 and BVDV (tgpe 1 and/or type 2%,_ preferably attenuated BVDV tﬁpe 1
and/ or Yifp@e Tipr [tBo Hsatntray Rngler drephigris ootac e FeipE dLasHbial iiesitons tohethe

combi natdQhid9Gal Mroductive systems in cattle, wherein the combination vaccine comprises M.

bovis, preferably the attenuated and avirulent M. bovis as described herein, and at least one

20  further immunologically active component effective for the treatment and/or prophylaxis of

infections caused by H. somnus [combo 034]. According to a more preferred embodiment, the

combination vaccine comprises M. bovis, preferably the attenuated and avirulent M. bovis as
described herein, and at least one antigen of H. somnus [combo 035].

According to a further embodiment, the present invention relates to a combination

25  vaccine for the treatment and/or prophylaxis of cattle against viral and bacterial infections of the

respiratory and reproductive systems in cattle, wherein the combination vaccine comprises M.

bovis, preferably the attenuated and avirulent M. bovis as described herein, and further

immunologically active components effective for the treatment and/or prophylaxis of infections

caused by IBR and H. somnus [combo 036]. According to a more preferred embodiment, the

30 combination vaccine comprises M. bovis, preferably the attenuated and avirulent M. bovis as

described herein, and at least one antigen each of H. somnus and IBR [combo 037].
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conpnses M bovis, preferably the attenuated and avirulent M bovis as
descri bed herein and at | east one antigen each of IBR PI-3 and BVDV (type
1 and/ or wope102ip415pr ef erably attenuated BVDV (type 1 an@Coruskeno®3ane [ conbo
022] . Preferably, all viral antigens are nodified live viruses [conbo 023].
According to a further enbodi nent, the present invention relates to a
conbi nation vaccine for the treatnent and/or prophylaxis of cattle agai nst
viral infections of the respiratoryand reproductive systens in cattle,
wherein the conbi nati on vacci ne conprises Mbovis, preferably the
attenuated and avirulent M bovis as described herein, and further

i nmunol ogi ca tiVv 0 fect] ) t r
prophyl axi s %#C%lmﬁ?ge(t: i%loﬁlgtﬂgrag@g%ﬁlggﬁtB%%\})r\é%&t %@B&‘ﬁﬁ E/%%gstl %grr%d‘?%p)q‘éa?} Bré 2),

pr ef er abdcyinatféraheiat aadeBWDY of prypleyldxisasfdhole agyipe vl {nddatrerid) 2«4 ctioAc ofdtheli ng t o
a preferred enb

o?i ment . .l he %onbi naﬁtdi onhvacgt%ne cthBri ses.M bovis

pr ef er alSTRAHE A FRUAERE RRETRVI FETEnY IR oY FETHL 8 SRR S e P IRIET H and
at Leasb(fm@raaﬁblgan% @fterﬁa@? aBRQViralast BV i{ hs’ﬂgscﬂib@’thngﬁfr&h, ﬁr])tp@t R)st oge
refera attenuated BVDV (type 1 and/or type conbo 025]. According to
g furt hgﬁ‘%%ﬁ‘b‘m qcally HEtYsT & R FERTVE nf%E &eaﬁr‘lé‘ém‘?“é aﬁ%b REAPRYETIS P k
vacci neinf@tioddeulddeiyt IBRI PRSIGhATH. RoARaY [niso 658] CALdoldn AR Bidke Miefoiled
infections of the respiratory and reproductive systens in cattle, wherein

t he conBbReime Wifc 6PRRININIpYIcSHS MMM 4 et dreprabt e atnssehted and

avi rul enfirMns BOYhEs 8504674 hdetl, Dl £iddst ABYnd dih Lh&loriTBRUPC! Qg gRldYnact i ve
conponents effective for the treatnent and/or prophylaxis of infections

caused bymbBRIYBVDV (type 1 and/or type 2), preferably attenuated BVDV
(type 1 and/ R{]COI‘CMIP t(g aa‘ﬁllgtth{)&Rﬁpﬁ, %6$reséﬁgqf%{qu&9rélﬂesat(p L eéo%% ilﬁl(gio%
the ¢ npri ses y the

enbodi nent , I nati on vaccine co i ovis, prefera
at t enuavadinario @ itreatinent anilor lpoaphglagis ofl egtde iapaakt venleinfectiamnchf alie teg@storpne
anti gen eda(r:h of IBR B

and BVDV, (type 1 and/or type 2 r ef erabl
Tt eat B BURY( By e R syt e soBl 8% eGSO kB TP ¢ hex
enbodi npw.ferablhethpr aganhted Nweht avanlehel Bt esoio & clerdibadt haeiny aadi ferthedr t he
treatment and/ or prophyl axis of cattl ainst virgl infections of the
r esii 1 WPy g B repiPyRerbyfeate 1o TR drertveent apbrairP T tscel dpie iR on
vacci necHedsy IBRS PIA3, BYDIS ty Ry BART/@blype 2)) Breddritey bigdn@ste @BY DWW ity el 10hk/oM
bovis as described herein, and further i nmunol ogically active conponents

ef f ect | DB 12r 2nich & t oauuselsomba 49 Aressipe 4R & rotre| iefstred gHbodiment,  the

combination vaccine comprises M. bovis, preferably the attenuated and avirulent M. bovis as
described herein, and at least one antigen each of IBR, PI-3 and BVDV (type 1 and/or type 2),

20  preferably attenuated BVDV (type 1 and/or type 2) and one antigen of H. somnus [combo 041].
According to a further embodiment of said combination vaccine, the IBR, PI-3 antigens are
killed viruses [combo 042]. According to a further embodiment, any of said combination
vaccines, preferably the combination vaccine that comprises killed IBR and killed PI-3 antigens,
contains neomycin and thimerosal as preservatives [combo 043].

25 According to a further embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against viral infections of the respiratory
and reproductive systems in cattle, wherein the combination vaccine comprises M. bovis,
preferably the attenuated and avirulent M. bovis as described herein, and further
immunologically active components effective for the treatment and/or prophylaxis of infections

30 caused by IBR, PI-3, BVDV (type 1 and/or type 2), preferably attenuated BVDV (type 1 and/or

type 2), BHV and H. somnus [combo 044]. According to a more preferred embodiment, the
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caused by PI-3, BVDV (type 1 and/or type 2), preferably attenuated BVDV
(type 1 and/or type 2 and BHV [conbo 028]. According to a preferred

enbodi nerwQ 20t12¢3abi nat i on vacci ne conpri ses M bovi s, ppraiSerialob49 he
attenuated and avirulent M bovis as described herein, and at |east one
antigen each of PI-3 and BVDV (type 1 and/or type 2), preferably attenuated
BVDV (type 1 and/or type 2 and BHV [conbo 029]. According to a further
enbodi ment, the present invention relates to a conbination vaccine for the
treatment and/or prophylaxis of cattle against viral infections of the
respi r ac@nlingied vaeproderiisee Vs yovisnpreferabbathe| astenwaitesr midnavithient dbridioniatas on
vact! DeaRRRRR%. Yha AP KL B ShRLARL, LASRIS EPUBL O AN BYIL &M, DOVI S
as descri herei’'n, ur t Rer=i nuno I'cal 'y act

ef f ect i wpe f20r pl'efeeabl}r etttnoatnd wqtypprlogl’rd]cbrawpcs 2pfand loﬁe(anmgmsofclalumdmby | BR,
Pl -3 anE Hvygggnbo 030] . According to a preferred enbodi nent, the

conbi na ine conprises M bovis, preferably the attenuated and
avirglent M A&lelsg as adfisbed aﬁﬁlodﬂma&j fhe pﬂa@bnatmxleea@i rédites &Nt @mblmeh of

| BR, BHV and Pl -3 [conbo 031] ﬁ?ﬁrdl ng a further e od| ment , g
pr esent ViHPE 1T OR Heaimepband/s RoRt s st Hlﬁ a\%élé‘étl A thl%ﬂs O[H]ée ’EersIérﬁt%ﬁP

prophyl spiciuélveGéttheina@@ieN Sherin té comibiBatidnORSCiRS cdnkiRisECHPbHAL, PreYeradld
reproductive systens in cattle, wherein the conbination vaccine conprises

M bovi $ie piargedpiny eriglattt dhuaeist wndessubsdyheistn. Mndy g leashsonseditliched

herein, Hﬁﬁﬁinoﬁ&gqéah%cﬁmwoeah Cotbdide 36 in¥ Qregt%ﬁpmmr p@eééfh%&isvcﬁ M&IJn@e
treat nent and/or prophylaxis of infections caused (type

1 an@l/ ogausgdoly 9)e oqomeﬁepaélmgymatspwaﬂelebpwwa( plg@fsveabiy sahebtasr fr@ry;ﬂee groand BHV
[Conbo (S)c)")fgl]stm%A ocfoi%}tg'x%nla i %&eL%t {p?ira ZZJ&? gkc[reﬂ%ﬁo gﬁa\“ t%%r!i{\)/ln

vacci ne conpri ses ovis, préfera enuat e
bovi s aéemepan ihbebb (iept@smra lmvmlroaitaﬂh@aasd quresp@mthagteorbeac)thftospBRpBb‘th?l -3

and BVDY (t at t enuat ed 1. and/ E)r
Cype 2) EuhES B Ruest g teaP it Ch R G deRrosthe s Koo

i nvent i pomdrel &toﬁﬂ)ot (% Acmshh]m@td ® nora @edfarecdf afibddhigent,r thatcombinat@ohdy tine
prophyl axi s. of ttle t bacterial i.nfec ns. of the r iratory and
Pl b STy Bt PRty e a ChRER ai tLT S Hat SHoTUBRR SUMILI cos
M bovi &; mpfeeafnﬁ?@i@ldf at Nstadnle I hadre PatBOEbnaVipe it L LddoshRY, i prefa@bigasetieded

herein, and at [east one further immunol ogically active caonponent effective
for thefrPiefensionr agpapisingy ObIPIoaKTeS ERICPIRF dEPPHI SHURUPIBY. HPdBRtitis

[ combo Q%Awterp@ﬁz? rﬂbﬂ@?lhp h@rdi® r(EepPJsﬁfrﬁ U{a%oﬁr@ﬁ%' ﬂﬁniept{;ﬂﬂﬁa hardjo-bovis),

Leptospira prajitno, Leptospira icterohaemmorrhagiae, Leptospira bovis, Leptospira

and/ or

20 interrogans and Lepiospira pomona [combo 047].

According to a further embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against infections of the respiratory and
reproductive systems in cattle, wherein the combination vaccine comprises M. bovis, preferably
the attenuated and avirulent M. bovis as described herein, and further immunologically active

25  components effective for the treatment and/or prophylaxis of infections caused by IBR and one
or more pathogenic species of Leptospira, preferably selected from the group consisting of
Leptospira canicola, Leptospira grippotyphosa, Leptospira borgpetersenii, Leptospira hardjo
(Leptospira hardjoprajitno and Leptospira hardjo-bovis), Leptospira prajitno, Leptospira
icterohaemmorrhagiae, Leptospira bovis, Leptospira interrogans and Leptospira pomona.

30 [combo 048]. According to a more preferred embodiment, the combination vaccine comprises

M. bovis, preferably the attenuated and avirulent M. bovis as described herein and at least one
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conbi nati on vacci ne conprises M bovis, preferably the attenuated and
avirulent M bovis as described herein, and at | east one antigen of H.
somus [ cwol010038{54 According to a further enbodi ment, Phe/UsL@o®B1149
invention relates to a conbination vaccine for the treatnent and/or

prophyl axis of cattle against viral and bacterial infections of the
respiratory and reproductive systens in cattle, wherein the conbination
vacci ne conprises M bovis, preferably the attenuated and avirulent M
bovi s as described herein, and further inmunol ogically active conponents
ef f ect i smwigkpeachhel tBReandrenst ommdreopathmeophysbenid(s) df Laphispies, ippefsrablawskedtedy | BR

e e R R e R e
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conmponent s effectlve for the treatnment and/or prophylaxis of i1nfections

caused ByPradprivepystans rfdttls, WagRiAUEe FUBRBYICOIBFCINACERREFTY- beyia PrRbTRPY
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preferably the attenuated and avirulent M bovis as described herein,

at lleaseompracinteifgaive dac HieofearBR! apfl/og proghyaHs of anfReipnf cawrbd g IBR and

Accor di r V4§

conbi na‘tﬂ%c';&nsg(/rggg{ﬁowr or the !E%%rr%& %@gﬁ& ?r%éahé{b agﬁ%ngqﬁ%%ott H](iaa%gﬁlal nst
viral i ndcewticonpriet M hevis@siiernily dreyatamditadepd odndeitvé bsyts taecﬂmcmbtddlaltetd e,

wherei n_t |nat|on rlses ovi s r
ot ¢ enuatb A 201 puteSheY R LBSrEREh diE sl Ml S AT i
|mmnolp@nmlﬂamemtdomOm]rponents effective for the treatnent and/or

prophyl axi s ectiops, caused . by IBR, Pl-3, BVDV e 1 and/.or e 2
P oRaY oty Rt G B, EY B drop et PR am B o S S anie .

040] . Acgoindifeigtht Qre@nl¥l endidrefrephiyestisesthadier®aist hitetieie rﬁaltmtds@fht&gcaﬁu ne
conprises M bovis, preferably the attenuated and avirulent M bovis as

descri bEAIEstHYStERYNgattce waEre e sembigaipneaetiniosontires My bayis Risfavy (type

1 and/ thetayt%a&,anera%ﬁl@ﬁtbw pkit eOHALRCLIBMRYL (RS HeraRe@blob ¥ RE, 2ivand one
antigen of H sommus [conbo 041].
components effective for the treatment and/or prophylaxis of infections caused by IBR, PI-3,

20  and one or more pathogenic species of Leptospira, preferably selected from the group consisting
of Leptospira canicola, Leptospira grippotyphosa, Leptospira borgpetersenii, Leptospira hardjo
(Leptospira hardjoprajitno and Leptospira hardjo-bovis), Leptospira prajitno, Leptospira
icterohaemmorrhagiae, Leptospira bovis, Leptospira interrogans and Leptospira pomona
[combo 052]. According to a more preferred embodiment, the combination vaccine comprises

25 M. bovis, preferably the attenuated and avirulent M. bovis as described herein, and at least one
antigen each of IBR, and PI-3, and one or more antigens each of one or more pathogenic
specie(s) of Leptospira, preferably selected from the group consisting of Leptospira canicola,
Leptospira grippotyphosa, Leptospira borgpetersenii, Leptospira hardjo (Leptospira
hardjoprajitno  and  Leptospira  hardjo-bovis),  Leptospira  prajitno,  Leptospira

30  icterohaemmorrhagiae, Leptospira bovis, Leptospira interrogans and Leptospira pomona

[combo 053].
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According to a further enbodi nent of said conbination vaccine, the |IBR,

Pl -3 antigens are killed viruses [conbo 042]. According to a further

enbodi merwQ 2arwi2efs4sai d conbi nati on vacci nes, preferabl pCrhs2cionbiinat i on
vacci ne that conprises killed IBR and killed PI-3 antigens, contains
neonycin and thinmerosal as preservatives [conbo 043]. According to a
further enbodinent, the present invention relates to a conbi nation vaccine
for the treatnment and/or prophylaxis of cattle against viral infections of
the respiratory and reproductive systens in cattle, wherein the conbination
vacci ne conph¢osedingvito aofpirtber pmbddaments] yhet pusscat tieventiere delaerd tawi ¢amberation]

of T oot | VS Tort RE ep ey AR Il TR OBl ont ik KSR ERTRARE " T
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et or r B8P EsBhis it TP R BT SRCTRA A PR R DSl §iet er al
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i nf ect i bABbEFO 56}1é%@mgrtataomyream%felfr%dp%mﬂemwethgf@@é}@éﬂ?w%@? CRMPiAKSET ei n
the conpy nali %ef!ﬁﬁl%' e 1 ERATRES &1 NiruRAY hB R &S BEBHBbY Hel8y, alhl 8 1aL e and
avirulent M ‘bovis as described herein, and at |east one further

i mmufiol eyicemletah ACBRy ¥ldohpronent asfiicelot Lapospan grimpotplwat entospingd hadjo,

pr ophyl f f ogeni ¢ speci es of
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cani col a, Lefptcosiing & gr fuppet yrphwlhlasentLd}@t pe Nt an\bontgpecﬂacsmlal gonihéipitios pi r a

har dj 0 gacc ns(%stptlhr E%re%‘tmeg{ Or%é%é)lég v a%ﬁagl Rfe I L ainpect odsbog\“ € res%ié Lept QSpI ra

prajitn Pt ospir S '9$Pfra

i nt err ogargluand shaephoBpdatti, pae®inathe [:musibﬂlda%}cmeémmrﬂmg bavia pfaﬁarraaly
preferr d enbodi nent, .the conbi.nation.vaccine bovi s referabl y
Phe 15t t BhStaa A gy iy BTeHE PRI Boyrerte Heat T aaanRe, B andcahe k65 mor o

anti gen&rﬂﬁonaﬁts lefaditve ABELhO ltreRfeft RAYITOGEMHyaxSPETIhREtIE: bR GSIBRE. PI-3,
preferab sel ected fromthe group consisting of Le tospira canicol a,

Lept osppyi) Voftypobaydies dype {)eme ¥ HtputehBYVENs B | all‘fg‘ﬁfttéfgf‘p?)r?ﬁl HEEEF o
(Lept osRiofa phtas ShRPEptkciel MR BéfodpRal Godtéhity NRlediea- B § ,orpup consisting of

Leptospira canicola, Leptospira grippotyphosa, Leptospira borgpetersenii, Leptospira hardjo

20  (Leptospira hardjoprajimo and Leptospira hardjo-bovis), Leptospira prajitno, Leptospira

icterohaemmorrhagiae, Leptospira bovis, Leptospira interrogans and Leptospira pomona

[combo 056]. According to a more preferred embodiment, the combination vaccine comprises

M. bovis, preferably the attenuated and avirulent M. bovis as described herein, and at least one

antigen each of IBR, PI-3, BVDV (type 1 and/or type 2), preferably attenuated BVDV (type 1

25  and/or type 2) and one or more antigens each of one or more pathogenic species of Leptospira,

preferably selected from the group consisting of Leprospira canicola, Leptospira grippotyphosa,

Leptospira borgpetersenii, Leptospira prajitno, Leptospira icterohaemmorrhagiae, Leptospira
bovis, Leptospira interrogans and Leptospira pomona [combo 057].

According to a further embodiment, the present invention relates to a combination

30  vaccine for the treatment and/or prophylaxis of cattle against infections of the respiratory and

reproductive systems in cattle, wherein the combination vaccine comprises M. bovis, preferably



Leptospira prajitno, Leptospira icterohaemmorrhagi ae, Leptospira bovis,
Leptospira interrogans and Leptospira ponona [conbo 047]. According to a
further ewbadiomemtss t he present invention relates to a eomwhiisp@biodar4¥acci ne
for the treatnment and/or prophylaxis of cattle against infections of the
respiratory and reproductive systens in cattle, wherein the conbination
vacci ne conpnses M bovis, preferably the attenuated and avirulent M bovis
as described herein, and further inmunol ogically active conponents
effective for the treatnent and/or prophylaxis of infections caused by |IBR
and onetherattamatedpad hogelntcMs pedi es destribedpieospi and, fupshesfimmabplpeiselleadtied from
the gro 0

Lopt osprTuRaR, Shkde 2 ERRRAL Sl b Rusie FERPERM IR o and
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Lot oonf Taar L0535 BB ke, JoRl e Peil, PP B o en:
t he gonbipiapirahatdoPows), TRPIKPIRE ftdvbhdenivrhagin SART aptyspiracpoatdranidambel and
i herein and at, | east one en each of |IBR

avirul e ovi s as descr ant i

and oneg%ﬁ I\/‘%W&h‘b%‘[or?o‘&@?‘ﬁ Péeggrﬁ%‘g?%?@)‘mﬁﬁ e 5?18'%15?903 VaRTet ‘é’r“é‘%’lSV eP@ét ed
from t hgrefi MNP tHeOMMShiskddNghdOfvikuRRL BB PbFiR a6 @Bdcﬁ@écﬁherélﬁpﬁlﬁisﬂl ledt 9hd Qrﬂfgteh{ phosa,
Leptosplira borgpetersenll Lept ospira hardjo Etosplra hardjoprajltno and

Lept ospfach hdPh; Bl BORYRY, (tynspk dskirrtapaprafaiehly pEpruaspiB PV (type 1 and/or
i ct er ohggpTI LOAGHAE, n{o@@tagég%yng 280U} $.0prb GO |IDDRYFAHRRS,AHhora,

Lept ospi'ra ponona [cC According to a further enbodi nent’,
pr esent Lemieseirti WdJrOeK@Pé?gplﬂo rargamdiinat angferv badsneaf lordiorevist, eéttpmafmm and/ or

pr ophyl érghagina%& ee 91&?" l[} { \foothioggs ﬁfnb‘bhﬂ fs]eStQéCO?élI\?}g; Yo agdpreferred

reproduc ive syst rein e Co |nat|on CCi ne conpri ses
M bovi smbq&hméretr tizl ylralhaltgene auakdtdaridusay iand Itlenbadmrlab@w$nasredbwnnbed
her ei n, f her i no [ active conp S ectlv for

P eat molcBRbat pbon Blerd i A B hab flebiies SOTRERGH! B Bl iyl Bingt '
ponona &mmmbmxﬁﬁﬂhumA@Qﬁkdkﬂgsbﬁmﬁwﬁﬁéekpm$ﬁﬁﬁtﬁd enbodlnent t he
conbination ne conmmri ses bovi s reLerabI t he attenuat d and

avi rul ent M ‘bc8 e 4 EURET FRGOHEYET dhe SABPHRIL YAC SN BN P dh B9 BR

pref er aplejerably theattomdiddi £1d virtse MaPshiahs dQasteddReil aiveafigHified PRITEDE
bacterlﬁwﬁconbo 51 According to_a further enbodi nent, the present
i nvent i BRr B HBNDY dtype d AR erzypoR). vestenhis aﬁwa@%\@\éé&m@eh@mg%%? 2,

prophyl g SacRbinCRtiteh & sARALNSloid, Mol AiRNSriYorlRSsal BSRb Il WHa¥djdREeprospira

hardjoprajitno and/or Leptospira hardjo-bovis), Leptospira icterohaemorrhagiae and Leptospira

20  pomona [combo 062]. According to a further preferred embodiment, the combination vaccine
described in this paragraph comprises neomycin as a preservative [combo 063].

According to a further embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against infections of the respiratory and
reproductive systems in cattle, wherein the combination vaccine comprises M. bovis, preferably

25  the attenuated and avirulent M. bovis as described herein, and further immunologically active
components effective for the treatment and/or prophylaxis of infections caused by IBR, PI-3,
BVDV (type 1 and/or type 2), preferably attenuated BVDV (type 1 and/or type2), BHV and
one or more pathogenic species of Leptospira, preferably selected from the group consisting of
Leptospira canicola, Leptospira grippotyphosa, Leptospira borgpetersenii, Leptospira hardjo

30  (Leptospira hardjoprajitno and Leptospira hardjo-bovis), Leptospira prajitno, Leptospira

icterohaemmorrhagiae, Leptospira bovis, Leptospira interrogans and Leptospira pomona.
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reproductive systens in cattle, wherein the conbi nati on vacci ne conpri ses
M bovis, preferably the attenuated and avirulent M bovis as descri bed
herei n, awo2buwwRiess | rmunol ogi cal |y active conponents efCeatSeme/osnno t he
treatment and/ or prophylaxis of infections caused by IBR, PI-3, and one or
nor e pat hogeni c species of Leptospira, preferably selected fromthe group
consisting of Leptospira canicola, Leptospira grippotyphosa, Leptospira
borgpetersenii, Leptospira hardjo (Leptospira hardjoprajitno and Leptospira
har dj o- bovi s), Leptospira prajitno, Leptospira icterohaemorrhagi ae,

Lept os plcombodpil Adcedingstpiar moterprefe ey embodament] tp tcowpinrorpeivoing cpoprtse 052] .
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cani col a ptospira grippot tos I'ra hardjo tospira
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pr ef er abbptospiea, at entidice dbaveda@VHr sremis [Mmbe066. Ascoidise td betrdperitd and
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present inventjon relates to a conbi nation vaccine for_ the treatnent and/ or
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M bovis, preferab
vaccine for the treatment and/or prophylaxis of cattle against microbiological infections in cattle,

20  wherein the combination vaccine comprises M. bovis, preferably the attenuated and avirulent M.
bovis as described herein, and further immunologically active components effective for the
treatment and/or prophylaxis of infections caused by IBR and one or more pathogenic specie(s)
of Leptospira, as mentioned above, and H. somnus [combo 068]. According to a more preferred
embodiment, the combination vaccine comprises M. bovis, preferably the attenuated and

25  avirulent M. bovis as described herein, and at least one antigen of IBR and at least one antigen
each of one or more pathogenic species of Leptospira, as mentioned above, and at least one
antigen of H. somnus [combo 069].

According to a further embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against microbiological infections in cattle,

30  wherein the combination vaccine comprises M. bovis, preferably the attenuated and avirulent M.

bovis as described herein, and further immunologically active components effective for the
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the attenuated and avirulent M bovis as described herein, and further

i munol ogi cally active conponents effective for the treatnent and/or

pr ophyl axwe 20fo/i2mfsect i ons caused by |IBR, PI-3, BVDV (typeTiUSamd/082149 ype 2),
preferably attenuated BVDV (type 1 and/or type 2) and one or nore

pat hogeni ¢ species of Leptospira, preferably selected fromthe grpup
consisting of Leptospira canicola, Leptospira grippotyphosa, Leptospira
borgpetersenii, Leptospira hardjo (Leptospira hardjoprajitno and Leptospira
har dj o- bovis), Leptospira prajitno, Leptospira icterohaemorrhagi ae,

Lept ospireaamprvang/or [peqphplopis rod infla¢teons ggesnd bal®BR. dftdossi e pomoreapdigatio 056] .
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pr ef er r @ohmitiocmbe 972). tAveorddigbiona iriodn prefed U nenboaiiht, SBS cMnbiaeydnSyaccine

preferably the t enuat.ed and avirulent M bovjs as describ herei n, and
P ChSnatortrse ot b PEERP S e bR B SRS By Be: Sy e

pref er alhyt oat hpdateech BB, 01-3 PE:plospn@L@ticdly ARp Y pirdBhRRBI&G, NBpaRt | gens
each of LeptosEira cani col a, Leptospira grippotyphosa, Leptospira ﬁardj

{ Lept osp#e hdtejieprs) i fintiamaier LEYSs pilerowdiod] Jupboibeyis). | ebtéspie a

i ct er ohRenDH e haghASae, 2BSo4RRLRFBLE, And BTIAk FQM (33P] - According to a
preferred enbodi nent, the viral antigens are killed viruses and the

bacteri al anb¢gehing & @ hadereppadiment, the present invention relates to a combination

20  vaccine for the treatment and/or prophylaxis of cattle against microbiological infections in cattle,
wherein the combination vaccine comprises M. bovis, preferably the attenuated and avirulent M.
bovis as described herein, and further immunologically active components effective for the
treatment and/or prophylaxis of infections caused by IBR, PI-3, BVDYV (type 1 and/or type 2),
preferably attenuated BVDV (type 1 and/or type 2), and one or more pathogenic specie(s) of

25  Leptospira, as mentioned above, and H. somnus [combo 074]. According to a preferred
embodiment, the combination vaccine comprises M. bovis, preferably the attenuated and
avirulent M. bovis as described herein, and at least one antigen each of IBR, PI-3, BVDV (type 1
and/or type 2), preferably attenuated BVDV (type 1 and/or type 2), and one or more antigens
each of one or more pathogenic species of Leptospira, as mentioned above, and at least one

30  antigen of H. somnus [combo 075].
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[ conmbo 060]. Preferably, said conmbination vaccines as described in this
paragraph further contain neonycin and thinmerosal as preservatives [conbo
061]. Accwodorgiés4a further enbodi ment, the conbi nati oRCYAISCIM3ITIINDr i Ses
M bovis, preferably the attenuated and avirulent M bovis as descri bed
herein, live nodified viruses of IBR PI-3, BVDV (type 1 and/or type 2),
preferably attenuated BVDV (type 1 and/or type 2), and bacterin of
Leptospira canicola, Leptospira grippotyphosa, Leptospira hardjo
(Leptospira hardjoprajitno and/ or Leptospira hardjo-bovis), Leptospira
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at least o (type 1 and/or type

ach of | BR BHV,
b U TP e ZE B s i H e RO ppgTY, (Ype & anelor Y
anti gens eachamﬁhmpa>arﬁmmaeemmmhmgﬁnﬂ& pp&at ésveafion epites i haconfhiefien abl y
selected fro nSIStI of L tos ra can col a, Le t 0s
r1 Shot YiSHIS A TopRuBT AT on SRR ATTE PR OB D EoRRF A S B r a
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Leptosplra |cterohaennDrr2%g|ae Leptos Ira bOVIS Leptosplra |nterrogans

and LepPdéppt dessthishheipivo atsh fods 1mm@e@9zm%lg 14V PUPPINE HRSHY FRENE t he
present olayeRth@r ?%bﬁlﬁ%ﬁs bPirfecRONPI N IRNBRAGERNBVIRY (hRe1 hipat t?FJ‘Q) and/ or

prophyl axi s of cat % inst mcrobiological infections in catt
preferably attenuated BVDV (type 1 and/or type 2), BHV and one or more pathogenic speae(s)
20  of Leptospira, as mentioned above, and H. somnus [combo 078]. According to a more preferred
embodiment, the combination vaccine comprises M. bovis, preferably the attenuated and
avirulent M. bovis as described herein, and at least one antigen each of IBR, PI-3, BVDV (type 1
and/or type 2), preferably attenuated BVDV (type | and/or type 2), BHV and one or more
antigens each of one or more pathogenic species of Leptospira, as mentioned above, and at least
25  one antigen of H. somnus [combo 079].

According to a further embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against microbiological infections in cattle,
wherein the combination vaccine comprises M. bovis, preferably the attenuated and avirulent M.
bovis as described herein, and further immunologically active components effective for the

30  treatment and/or prophylaxis of infections caused by one or more pathogenic specie(s) of

Leptospira, as mentioned above, and Campylobacter fetus [combo 080]. According to a more
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wherein the conbinati on vacci ne conprises M bovis, preferably the
attenuated and avirulent M bovis as described herein, and further

i mrunol ogvoabliwi2astti ve conponents effective for the treaCwastoaosliay
prophyl axis of infections caused by one or nore pathogeni c species of
Leptospira, as nentioned above, and H somus [conbo 066]. According to a
nore preferred enbodi nent, the conbination vaccine conprises M bovis,
preferably the attenuated and avirulent M bovis as described herein, and
at | east one antigen of one or nore pathogenic species of Leptospira, as
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m cr obi pdthgpesialspécik o€ Lemopirams cantibred abbner sidmt idag omo mivigeabt Cmpdaemicree

conpris ovi preferably the attenuated and avirulent M bovis as
descri b’gea'sllrl%(f'“gl?%?ﬁ&nd further immnol ogically active conponents effective

for $he treaAt®@idingnd/aofurpéophyddines, e pfaetin@ntort alsed tdy dddBigmidn one or
nore pat hogeni c_specie(s) of Leptospira, as nentjqoned above, and H _somnus
[ conbo 6%8?‘? q%c%r“ﬁ‘?ﬁ‘?&g’{ andiornw Y5t o 2l astBistintRsHens It MBS MY hen

vacci nec&bTRdtiof 8acdthe BMprises B, Hobi apleterdbie that di@muheddeshdadvauryt MlBHE aM
bovi s as described herein, and at |east one antigen of |IBR and at | east one

ant i gendegehrdoicrgheandr fuiberel npBtIigElE 28hecweropfnt 6PEYpifPatheascafadit i oned
above, %ﬂﬁor%rpﬁl%@a%&s 8P enfiHoh 9 @ Mused vht LRSPHE danRORO 195 pird GRPSHpAIsd O @
further embodi nEnt, the present invéntion relates to a combination vaccine
f or 1¢ heLentesairachardiant/eptosmirao phxdjepciénofandéan Leptesgirnnkardiortowishi birdypical

i nfecti i i i i j kS Vi s,
prefer a@@’?ﬁg@’{@%ﬁﬁ%@@h@%@# a%gm ’ogg%y'?%%lg Irﬁ’escrl Lzlf C}?%Ilréﬂenlgﬁg and

f ur t her a prefarred|eotpodialehy theectomb@natiompaomeawetcomefifes 31.ibveisf pefetabbt the attereated and/ or
prophyl axj s .of i ctions, caus by IBR, . Pl-3 and on r re pathogenic
et o B & lenh L 35 AR usEHRT Feihe AT, bast Rl AE sure P G0,
Accor di heptdspira gipp@yitosd, Eepeshiimaod Medptaspiri @aciupbdined i spasgirdRardpri ses
M  bovi 2 Iifgrgferab% thg att%nuate and. avi rul ent g(l bzﬂvi S agg de[scr'bbed
her &7 n, Pa#e LAPQSBAL{CIGRACHIETGEHE ISR PRI ampipbypier [y egmbo

ant i geno8RCMcedrdRRet0h hBfee pREIrRAJENSIBHRL RS bidfterla Rin@8dHs " & @SmitRNY | oned
above, and at |east one antigen of H somus [conbo 071]. Accordi n% to a

f ur t her NagiyatsE mahminygy hygrosidentdspibgdntvhels uuese e t3d Dagsibilembd P8¢hcci ne
for theastéR@hient randd QlerBf QAR Rtheht, AhidC@hitifiidf3hasle dofpicds @RdnRint he

respirat orK and
and Amphotericin B as preservatives [combo 085].

20 According to a further embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against microbiological infections in cattle,
wherein the combination vaccine comprises M. bovis, preferably the attenuated and avirulent M.
bovis as described herein, and further immunologically active components effective for the
treatment and/or prophylaxis of infections caused by IBR and one or more pathogenic specie(s)

25  of Leptospira, as mentioned above, and Campylobacter fetus [combo 086]. According to a
more preferred embodiment, the combination vaccine comprises M. bovis, preferably the
attenuated and avirulent M. bovis as described herein, and at least one antigen of IBR and one or
more antigens each of one or more pathogenic species of Leptospira, as mentioned above, and at
least one antigen of Campylobacter fetus [combo 087].

30 According to a further embodiment, the present invention relates to a combination

vaccine for the treatment and/or prophylaxis of cattle against microbiological infections in cattle,
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reproductive systens in cattle, wherein the conbi nati on vacci ne conpri ses
M bovis, preferably the attenuated and avirulent M bovis as descri bed
herei n, awo2buwwRiess | rmunol ogi cal |y active conponents efCeatSeme/osnno t he
treatment and/or prophylaxis of infections caused by IBR, PlI-3, Leptospira
cani col a, Leptospira grippotyphosa, Leptospira hardjo {Leptospira

har dj oprajitno and/ or Leptospira hardjo-bovis), Leptospira

i ct erohaenorrhagi ae, Leptospira ponobna and H somus [conbo 072]. According
to a nore preferred enbodi nent, the conbi nation vaccine conprises M bovis,
pr ef er abyhgreinithe eanmtartian edecatedbompiisasidéntovigl pibiguaby the atieweted bedahateai M. and
at | eas tl.gen, each P - . ospi | col . SpLra
ar i ppot JEo s ERREENERE R et iipled PR RV BAIGE, Breck LS

Lept os pireambraralfor lpoophglpxis lod pofesiping @ansed ey dBRe RIfY halgdmeor et pelpigeEc
pormona, and H .sommus [ conbo. 073].. Acc in o.a furthe iment, the
D esont SeRgsher EFPRTeR EORPGion it Al CmPYab@iR e ibicfbe RERHTERRE and) o
pL ophy Irr%xi #o@f peédiel @nbgdintest, thd cdrtiih@lod Giatdde &c:;mi@ﬁébsi Mnsyﬁbim méteiabg, thg\/ner Si n
t he conbi nati on vaccjne conprises M bovis, preferably the attenuated an
avi rul e?ﬂenmtecg%}\?’i Wirgengls s detreredt bereinfgdpbices gpe B%ng}& i‘é‘%’ﬁ’ﬁ‘%cti ve
conponegidorf drafdrt UftideRt eidieorionedt AR paRslenic sPERRNIIRNIoSPIAL ot RlefGdne@NS
caused by IBR, PI-3, BVDV (tty e 1 and/or type 2), refera%ly att enuat ed
BVDV (t §swe.nnd abledy ongisieen o Yeghecteiseny C@“ﬁ’&t‘ﬁ%ﬁeni c specie(s) of
Leptospira, A&ofkmd 'tcP'A%utﬁQWﬁ@&'ﬂ&qt!"the%ﬂ%? iheRIRP 148 1o ACCRHidEGnt 0 @
preferred enbodi nent, the conbination vaccine conprises M bovis,

pr efler apioging her tha treatueitt @od/empiopthyilaxid eattiagdyesy ndcralgiolgeiselripfgeitbnl ér edttle, and

at |eas i . Pl V

prefer a%]flél}glgtt?%%dt?goﬁ %&SE&%W tcl;(/) ggnigaMn'ﬁj/O 35?’ E }//fﬁgeatb t(,ﬁe étrt\%%g{ﬁgg%% X‘Frfr%%eé} %t i gens
each of honeaodeswubal patinogehifgthepenimesolodicdlypiatispicompomatsneieciionéd hbove,

and at | east one antigen.of. .H sommus 0 ] di t furt her
oo iRy AT e BoRRTR e BT HiRay LT, BER B S Ot Bh e
t r eat mepiefeadbdly attenpited BWMIEXi(Spofl aadlot typea®aindsénel sif eekipatt®gafic sheeie(s) of

respiratory and reproductjve s ens in cattle erein the conbi nation
act? noL SesmEhe’ FRBSTES biEeRtr GO eiseRitnsalibn O ASrEiRaRe I bovi s

as descpichedd Reibsiihen@ et EdnitiNeion ivaTBIMMOE DG My baf!, i ptereGBPAO @ikdrated
effective for the treatnent and/or prophylaxis of infections caused by |BR,

Pl -3, BYDWIEeM Dy pbesesfpsd heyein. pind fag feat ape aptiggracie af BBV P

ﬁg% or ft{;m )Qld/pﬂ—f%ﬁ@ Qgpgré@raggmt&%@ed BEPRNORP) B aBd/bPRYL YPNREne [ERAGQSPI T @
jo {Leptospirahardjo prathn_o and/ or ' .
antigens each of one or more pathogenic species of Leptospira, as mentioned above, and at least
20  one antigen of Campylobacter fetus [combo 091].

According to a further embodiment, the present invention relates to a combination

vaccine for the treatment and/or prophylaxis of cattle against microbiological infections in cattle,

wherein the combination vaccine comprises M. bovis, preferably the attenuated and avirulent M.

bovis as described herein, and further immunologically active components effective for the

25  treatment and/or prophylaxis of infections caused by IBR, PI-3, BVDV (type 1 and/or type 2),

preferably attenuated BVDV (type 1 and/or type 2), BHV, one or more pathogenic specie(s) of

Leptospira, as mentioned above, and Campylobacter fetus [combo 092]. According to a more

preferred embodiment, the combination vaccine comprises M. bovis, preferably the attenuated

and avirulent M. bovis as described herein, and at least one antigen each of IBR, PI-3, BYDV
30 (type 1 and/or type 2), preferably attenuated BVDV (type 1 and/or type 2), BHV and one or
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Lept ospi ra hardj o-bovis), Leptospira icterohaenorrhagi ae, Leptospira ponona
and H somus [conbo 076]. According to a nore preferred enbodi nent, the
conbi nat w0 208¢CiIS@ conprises M bovis, preferably the acrarse@avss2iand
avirulent M bovis as descnbed herein, and at |east one antigen each of

IBR, PI-3, BVDV (type 1 and/or type 2), preferably attenuated BVDV (type 1
and/or type 2), Leptospira canicola, Leptospira grippotyphosa, Leptospira
hardj o, Leptospira icterohaenorrhagi ae, Leptospira ponona and H sommus

[ combo 077] According to a further enbodi nent, the present invention

r el at esmpr aatigowishdiatticon ovmetsi mghoRerc tiveies piclatptasnira, andicotionsd ephigl andiag of

cattle i 1 | i L nf [ in cattle, wherein the
conbina?%%ﬁﬂgégg%ﬁéﬂggg ??gégk%bﬂg%%ﬁga@%leferably t he attenuated and
avi rul ent MAdowisg as adfstben bebodieergi the prasknf umvehgon refaremnol agéondlinyionct i ve

conponents. ef.fective for the treatnment and/ or prophy] axis of .infections
coused Byingi T bl bR s PR Bl BB ARG AT o
BVDVs ( t wh&eih tHé”ICUrﬁlﬁnattinﬁga&él)Dne CBhMriedgM.Gﬁb@isQ]brembﬁf tﬁgh“ﬂg@g@ﬂ @ndS@&ﬁJdi @ 8) of
Leptospira, as mentjoned above, and H somus [conbo 07 cording.to a
nmore pr&fér F‘%&%ﬂﬁ%b%ﬁt ,"mcf E‘a‘é)ﬁh@b h‘BWH%‘EIP%Fﬁ%a%“E‘iV?\éo@BﬂﬁfPlsségﬂCM%S‘%f | e

pr ef er aRbatmbdi€andlds %U}%{yﬁﬁtisaﬂid irAMORY @ﬁisecl\ﬂb?%ﬂesoraﬁloﬁefﬁhéééﬁﬂ §REigisN of and at
| east one antigen each of IBR PI-3, BVDV (type 1 and/or type X),

pr ef er abPRtosRira AumeREPIEyERe Ve pwmpus aed Gempyfphacyer fetryhgombe OQ%AS?or%g e

anti geng, £ath Plerda RfbolReR:, PRI NRQYRMIHoN SREG LSrrisLERL BSRY T Refe@Bly AL | ONEd
above, and at Teast one antigen of H somus [conbo 079] According to a

f ur tiher attarboed ashaviruteheMppewe at disevked thiewsin, red aneer moreang gandicacdt ¢fomewacci ne
for the e . r i i ] ' i-Ggal

ot ect i e egdtie ARlepbr PLARIHA A cRerBbnkibel® RO IS ot SHAR BIGEL
pr ef er ablmput hiel Geyerelat edfcandcanba @5ént M bovi s as descri bed herein, and

further imupol ogically tive c nents effective for the treatnment
bnd or ' prophyrasris B oGt FERERERACER By SehdN b orahen i ae i i o s)
of Lept o&pine dor tRStrémdnét @ndor @bshydaxisaotdat@aapihsd baabvlokehlusfef tmatxocdiEO]

According to nor epreferred enbadi t, the.c i nati on vacci ne conpri ses
B St aBe (aT AR ST IR St vy P iSO R tspged S BT Phed
her ei n, p@ndadtied-AB&E h@BIA, afd FRRr dMuIabScABCRLIE cOMPodhtsNEFRtiRATdO@ENI C
species of Leptospira, as nentioned above, and at | east one antigen of
Canpy| oBgRTE} a_rlé/pagmpbdmbomiqﬁlowemeémd% oge PLMPKeRathogpie PRSHS) of he
present | phvgsitd, Q0mept A& sbdVe, B. IRk AR LRMpylobacter fetus [combo 096]. According

to a more preferred embodiment, the combination vaccine comprises M. bovis, preferably the

20  attenuated and avirulent M. bovis as described herein, and at least one antigen each of IBR, H.

somnus and Campylobacter fetus, and one or more antigens each of one or more pathogenic
species of Leptospira, as mentioned above, [combo 097].

According to a further embodiment, the present invention relates to a combination

vaccine for the treatment and/or prophylaxis of cattle against microbiological infections in cattle,

25  wherein the combination vaccine comprises M. bovis, preferably the attenuated and avirulent M.

bovis as described herein, and further immunologically active components effective for the

treatment and/or prophylaxis of infections caused by IBR, PI-3, and one or more pathogenic

specie(s) of Leptospira, as mentioned above, H. somnus and Campylobacter fetus [combo

098]. According to a preferred embodiment, the combination vaccine comprises M. bovis,

30  preferably the attenuated and avirulent M. bovis as described herein, and at least one antigen
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vaccine for the treatnent and/or prophylaxis of cattle against infections
in cattle, wherein the conbination vaccine conprises M bovis, preferably

t he atterweted/amd4avirulent M bovis as descri bed her ePaT/usnaofsziher

i mmunol ogi cal ly active conponents effective for the treatnent and/or

prophyl axis of infections caused by Leptospira canicola, Leptospira

gri ppotyphosa, Leptospira hardjo {Leptospira hardjoprajitno and/or

Lept ospi ra hardj o-bovis), Leptospira |cterohaenorrhagi ae, Leptospira ponona
and Canpyl obacterfetus [conmbo 082]. According to a preferred enbodi nent,

t he contichat i Rlak d nemoompd Cowpyibacdysfiress andraaf o aioreyatinigensanelepiiaeed and

avirul e I: . | be: I t nti gen each of
Leptosp?%gm%éng%%?g%afggﬁ%%ggﬁghggﬁgﬁnggﬂ%ggiahgﬁfg%ﬁira har dj o
(Lept ospi ra haodjinprajai funberaaabddiperns per prekear divebos sglated eprosmbization

| ct erohaenorr.hagi ae, Leptospir omona_and Canpyl obacter. fetus [conbo 083].
accor di o FEprE RSO BB enl CerE B PRk (a4 G

chens calvhytreintRetdnvidihfidn vadcitd dopribes .oy eprafdsd i@ attsrfiatee atdih litileds MOf  sai d
bact eri .conmbo 084 According to a furth referred enbodi nent, said
conbi na ?‘Ibgn a%/&‘ésé’flh“é’] BSRBr ?%‘géu ﬁf%ﬁi“&éiﬂglﬁaﬁ@ hSCRPPREH ‘ﬁgeﬁEVe For E

pr eser vatdimes ah&orhopBhlis ofAGRel ¢hs REust@ bR IBRI BN IL..£PH0dI ARRbIa, LRosplrgsent
invention relates to a conbination vaccine for the treatnent and/or

pr ophy| &retipfiosdatlepiesritfaiitsio. niee st o lidevbeamariugieei bagowiackamaie, Haher ei n

the conbnalifa Yane SKRCRPTPLL Z[‘é‘&n% 100V Recollifd &5 aPlr¥lhenfblituat @d and
avirulent M bovis ds described herein, and further immunol ogically active

conpdnepasbiedtioacapsree anprishe M rheuls nemterabhd fherattonustsigdydndxiverulsht Mhfbews iapns

caused . 0 f i eci e( . i :
nentiongﬁqgggJ%?g%ﬁﬁgég#%%?%%d%@%?pgggJgIF%@%%%’8%@%?”%2@%?§Rnég?gggannre
pr ef er r gdprewipbdiamémiospirnciacdiodLaaespon Nadiopragine ampior egoddirabewiljs;bovis),
prefera?u% the att nuateg and&§v;rulent M Q@Vis as d%sgrib%%7h rgjp and
at | eastEHB Ant CHEHOBY TIBR AddP SHE OB Ant YRR MBS A BRI IF iror e
pat hogefiombedet].es of Leptospira, as nmentioned above, and at |east one
anti gen of .obacterfetus [conbo Q87]. According to a further .

onbodi ment | FHOMIBAb i Rr iU HOPORTRG: Aioberest SONBT FAEFoi Jacr Pl « he
t r eat meddcciaB @drQhe P@PEN ladd(biSprophytakist dfRa@e abdisd niidr6bioRkRhiIagfec@ns iméREd i ons
in cattle,wherein the conbination vaccine conprises M bovis, preferably

the att Bheraindbe eaebinajiop ypesiftc qUmPHERSIM: LesisdRigicrabhitc Asnwpiad anthy irulsnt fer
i mrunol pgiical byscAGLd N&enO RO RRMHES iﬁﬁlm%t)g%ﬁlyf Rlivt REmbbRALMERL i AN Othe

prophyl axis of infections caused by IB -3 and one or nore pathogenic
treatment and/or prophylaxis of infections caused by IBR, PI-3, BVDYV (type 1 and/or type 2),

20  preferably attenuated BVDV (type 1 and/or type 2), and one or more pathogenic specie(s) of
Leptospira, as mentioned above, H. somnus and Campylobacter fetus [combo 102]. According
to a more preferred embodiment, the combination vaccine comprises M. bovis, preferably the
attenuated and avirulent M. bovis as described herein, and at least one antigen each of IBR, PI-3,
BVDYV (type 1 and/or type 2), preferably attenuated BVDV (type 1 and/or type 2), H. somnus

25  and Campylobacter fetus and one or more antigens each of one or more pathogenic species of
Leptospira, as mentioned above [combo 100].

According to a further embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against microbiological infections in cattle,
wherein the combination vaccine comprises M. bovis, preferably the attenuated and avirulent M.

30  bovis as described herein, and further immunologically active components effective for the

treatment and/or prophylaxis of infections caused by IBR, PI-3, BVDV (type 1 and/or type 2),
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speci e(s) of Leptospira, as nentioned above, and Canpyl obacterfetus [conbo
088]. According to a nore preferred enbodi nent, the conbinati on vaccine
conpri seswbl2otvoniess4 preferably the attenuated and avi r ulPemtuskdiolosiits as
descri bed herein, and at |east one antigen each of IBR, PI-3, and one or
nore anti gens each of one or nore pathogenic species of Leptospira, as
nment i oned above, and at | east one antigen of Canpyl obacterfetus [conbo
089]. According to a further enbodi nent, the present invention relates to a
conbi nati on vaccine for the treatnent and/or prophylaxis of cattle against
m cr obi pletpgibdal atiendagash iBOARV i yeath |aad/onhepei D). t vplospindi mt’qblm Yaeospine

i J tt
ComPr SR BR S AN G T S R AL o M POV
for t heMmaatmezntercdmdhmhqgmpHyp@xpzm d’bmpmd et isonsuscads €dmbyi0/]>cBR,r fPlus 3,
BVDV t 1 tt ted BVDV 1 d/. t
ol B g3 aREorttBe huraftk EREEARLY, AL LSHMBIER e LolRR Mo RE L ore
a% g_aﬁpl)éfe@db&iﬁhﬂeratﬂ%ﬁ)ﬁa&kﬁi drcioavixle@O0] bohicao rdelscﬂgT\cAt Bebramnm{&atﬂézf&f eﬁdl’) leldlgen
enbodi nent i on vaccjne co es oVi era
at t enuat® Oﬁﬁﬁﬁaéﬁgb ﬁk’ ©rPepoth Ora‘¥Pedgp erstyeRly HE?IE’F":‘?S Ba\ﬁ?j\?aﬁypf’é %ne
ant i gentygach), of epkBRira P&arﬁbolﬁv%t&s%ﬁﬁefﬁplﬂﬁ}yh%a t YdRospira  RERfCT B Ypira

attenuat ed BVDV (type and/or type 2 one or nore antigens each of
one or Metiopsuiin gt Lypewireshatioteps bdupiosiradcisrabgamsndasian ol@iosaid at

| east opg,aRt HISHNS addedPY PRAEL £LLE Tdmboc@dPo 091] . According to a further

enbodi nent, the present 1nvention reFates to a conbi nati on vacci ne for the
t red® ment anz6|¢c‘@rdnpﬁr @phyfuati@rs epbodiment| gheaprgbans tinvenderobilgbodl eagonibifagioni ons

in catt lf&:t:my:\’@cg‘rtﬁé eattrgglt% ﬂ}ﬁ;ﬁgﬂyg svﬁ%gtltlggéaqg iér%ﬁﬁlo%calqgf\él:éd s gattﬁer abl'y

t he attenuate aviru ent ovi S as el n urt
i mmunol wgcrcml thq/ccmﬂ:tmaren wmmrwnmgsafl\ﬂ dmmvgeifewolﬁ the atten@atedremd a\alrmttHnOM

prophyl axi.s ons S .BVDV pe 2),
D oF or abty af Pt oh Do R 1 e Phaiar oDy mpRiRG, drdi% S b

pat hogetittmspaad/ef pioplofladiept iofeptisnd cadsd b IBRPPBA, BYDVd1ypeichnddemypeolrct er
fetus [co to nore pr rr d enbodi nent, the

conths nasrBRse i eE BIHY B Nty iine BoBlFandions St e gt ey

avi rul ept L¥¢ptoopiva,Sasdsedeseli Hde, NAT 8bMnuandd atarkBeducon §eradie@fbo 649sh of
IBR, PI-3, BVDV (type 1 and/or type T), preferably attenuated BVDV (type 1

and/ or ygsedipg to BHOh ArebiEed P HRAdE N hgeTPEnbEnREiAn oRCHife CORPTSH L phtEbgeni ¢
speci espQferep ersat@ﬂeﬁ@atedaaﬁqd%meﬁnm LARPUE de@NBeBhertiBaSld ANEasABhd GRIbeRT
Canpy| oBact erfetus [conbo O 1]
each of IBR, PI-3, BVDV (type I and/or type 2), preferably attenuated BVDV (type 1 and/or
20  type 2), BHV, H. somnus and Campylobacter fetus, and one or more antigens each of one or

more pathogenic species of Leptospira, as mentioned above, [combo 106].

According to a further embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against infections of the respiratory and
reproductive systems in cattle, wherein the combination vaccine comprises M. bovis, preferably

25  the attenuated and avirulent M. bovis as described herein, and further immunologically active
components effective for the treatment and/or prophylaxis of infections caused by BHV, BVDV
(type 1 and/or type 2), preferably attenuated BVDYV (type 1 and/or type 2), PI-3, IBR, Leptospira
canicola, Leptospira grippotyphosa, Leptospira borgpetersenii Leptospira hardjo (Leptospira
hardjoprajitno  and/or  Leptospira  hardjo-bovis),  Leptospira  prajitno,  Leptospira
30  icterohaemmorrhagiae, Leptospira bovis, Leptospira interrogans and Campylobacter fetus

[combo 107]. According to a more preferred embodiment, the combination vaccine comprises
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According to a further enbodi nent, the present invention relates to a
conbi nation vaccine for the treatnent and/or prophylaxis of cattle agai nst
m cr obi olwQi2eel12ursfiecti ons in cattle, wherein the conbi raTiusa0vAsTIHNE
conprises M bovis, preferably the attenuated and avirulent M bovis as
descri bed herein, and further imunol ogically active conponents effective
for the treatnent and/or prophylaxis of infections caused by one or nore
pat hogeni ¢ speci e(s) of Leptospira, as nentioned above, H somus and
Campyl obacter fetus [conmbo 094]. According to a nore preferred enbodi nent,
t he conbianatedi. vausimndesohpt haes, Md dhdanstsonepnagearcablt pf BHY, Mltvdsped and
avirul e (S i I n r Nt ge e of
M/ tggéf"r% g%rﬁji%{:a%gé GldnR&dy ?ﬁhﬁv ”%yg%. f 005: %fr?g@ R H%, }\D/? foséz%% ot

one or nore ecies of Leptospira, as i oned abo
| east onmiat, ilgems@ac prigfonit/io s hapie spardbCapasrsatiakiperspiet erdjec ohdpospRB] .

Accor di to a furth enpodi nent, . the present invention.relates to.a
ol nabtale Pt TR T REHPER: ko ARATDr BN e PR a1k ai nst
m cr obi plegiahmorMigiat, IQp@spifn Kuakjdi@seniNBdp@ispirl Beyvis; Qafros}ati iofRrea&Giane
conprisgs M éfVi?’ refer y the attenuated and avirulent M bovis as
descri bR /e4rdetmPe F¥” i munol ogi cal Iy active conponents effective

for the treakf®pfin@Rd0furREORRYbENRES, &e pREAE ihRABoL aIsed (dY dBRin@bE OF
nore pat hogeni c spede(s) of Leptospira, as mentioned above, somus and

H.
Canpy| okaseme Hox e (satmeshirs/ ooBPPhyReisopioraily 3%3inst rceoT Bfalee W heRBodF ment |

the conn@hiQR MaGR! BEnGREPM. $5is MreROMIS the Pih kA0 LiGIAL heNUaLed and
avirulent M bovis as described herein, dnd at |east one antigen each of

| BR10 H. desenfredsheagias. @anjyythebiaonenoldeemally actayedcapmongits gifecdivarfel enscagaet of
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one 1or e iR I 2 Tl Bt e remgim@h: Tl RIORRHRT GReth s vRToeR
sommus  adehycaniy liokeekarns prbdsatlveorbmbe981). According to a preferred

enbodi nent, the conbinati on vaccine conprises M bovis, preferably the
attenuat ed ahefoEling ( enfurtier pBbedmer. Hisspicrarbdn¥FBHR FEldtenéP at cabigtiopne

ant i gengaefie 3br hBPRreafllenBandrbr HOPAYSiCHC R RPRG BN Bt UkleaRHeeREmOr NDIre
ati ngens each of one or
combination vaccine comprises M. bovis, preferably the attenuated and avirulent M. bovis as

20  described herein, and further immunologically active components effective for the treatment
and/or prophylaxis of infections caused by IBR, Pasteurella haemolytica and Pasteurella
multocida [combo 112]. According to a preferred embodiment, the combination vaccine
comprises M. bovis, preferably the attenuated and avirulent M. bovis as described herein, and at
least one antigen of each of IBR, preferably as live modified viruses, Pasteurella haemolytica

25  bacterin and Pasteurella multocida bacterin [combo 113]. According to a further preferred
embodiment, said combination vaccine comprises neomycin and thimerosal as preservatives
[combo 114].

According to a further embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against infections in cattle, wherein the

30 combination vaccine comprises M. bovis, preferably the attenuated and avirulent M. bovis as

described herein, and further immunologically active components effective for the treatment
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nore pat hogeni c species of Leptospira, as nentioned above, [conbo 099]
According to a further enbodinent, the present invention relates to a
conbi nat iwo 208¢icirse for the treatnment and/ or prophyl axi #CofuseaviBra4agai nst
m crobi ol ogi cal infections in cattle, wherein the conbi nation vaccine
conprises M bovis, preferably the attenuated and avirulent M bovis as
descri bed herein, and further inmmunol ogically active conponents effective
for the treatnent and/or prophylaxis of infections caused by IBR PI-3,
Leptospira canicola, Leptospira grippotyphosa, Leptospira hardjo,
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caused by IBR, (type and/or type 2), preferably attenuated
BVD\O ( t W@l&at@ndfammet mpr@}%s Marbgvisnpretsrabiipthe attanuntrgemidcavepleai & dpvigfas

Lept osp tion | t nbo
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conpr i saesl/dpriphylasis 0|ﬁ nééoapasmaysetdﬁxy IBR, @h0aB ¥ Vattypealvardidretype B, plederaldy as

descri be i each. of | BR, 3. BVDV (type 1
and or Taegs BERSHE a0 TE bk ARtk Ry ARG eie ot
sommus gothboargy.| Am:afzﬁ@ td‘ &tpﬂéfelﬁmﬂelﬁbk&hméntﬁﬂfeeco&mﬁﬂageﬂﬂSfa@a{ehcc@[ﬁprﬂﬂel\@r nor e
pat hogeni ¢ sp cies Lepto ra,.as i oned abave [ conbo 100]. According
Do 87 ub e AT a0 Gkistlend Hy Lt oh CPentibSHE. S mbindt on
vacci neaftipen thd I BR, PRO! p@Mubw a@nﬁpﬂﬁsh@m sir@des CRVDVe(t@@al Bisd/or type 2),

m cr obi ol og| cal infections in | e, wherein the conbinatjion vaccine

conpr i sBgfesgd b@V?@ateBr%YQVaBVRF tlh%ldé?tr tt8pfu at- st gy hidegiobica Wyacterin and

Pasteurella multocida bacterin [combo 119]. According to a further preferred embodiment, said

combination vaccine comprises neomycin and thimerosal as preservatives [combo 120].

20 According to a further embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against infections in cattle, wherein the
combination vaccine comprises M. bovis, preferably the attenuated and avirulent M. bovis as
described herein, and further immunologically active component effective for the treatment
and/or prophylaxis of infections caused by IBR, PI-3, BVDV (type 1 and/or type 2), preferably

25 attenuated BVDV (type 1 and/or type 2), BHV, Pasteurella haemolytica and Pasteurella
multocida [combo 121]. According to a preferred embodiment, the combination vaccine
comprises M. bovis, preferably the attenuated and avirulent M. bovis, as described herein, and at
least one antigen each of IBR, PI-3, BVDV (type 1 and/or type 2), preferably attenuated BVDV
(type 1 and/or type 2), BHV, preferably as live modified viruses, Pasteurella haemolytica

30  bacterin and Pasteurella multocida bacterin [combo 122]. According to a further preferred
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bovi s as described herein, and further inmunol ogically active conponents
effective for the treatnent and/or prophylaxis of infections caused by I|IBR,
Pl -3, BVDVO(bype454and/ or type 2), preferably attenuat ed PBYDS2¢0pH4d and/ or
type 2), Leptospira canicola, Leptospira grippotyphosa, Leptospira hardjo
(Leptospira hardjoprajitno and/ or Leptospira hardjo-bovis), Leptospira

i ct erohaenorrhagi ae, Leptospira Ponona, H somus and Canpyl obacter fetus

[ combo 103]. According to a further enbodi nent, the conbination vaccine
conprises M bovis, preferably the attenuated and avirulent M bovis as
descr i bembddemeiitn saihydmbmatienagaccmn ecogptipggercogwein ol thBRrofR] a8 pravumities ype 1
and/ or P%&$O%k3]preferably attenuated BVDV (type 1 and/or type 2),
Leptospira canicol a, Leptospira grippotyphosa, Leptospira hardjo

(Lept ospi r a Aandlioprajai funberapdbatimeepties picseat hiavedjior baates }q al epibasypion a

i ct erohaenorrhagi ae, Leptospira nmon sommus .and Ca obacter _fetus
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caused BigferpR embpdigenpyirgcqmiiippsion vagrdcotoriniises #) boyit grefpablyythapttenast ed

BVDV ('t YR viruRRA(080vEsYR Be ZibedHtYeifNHd %@as@ﬁnt%@ﬁ §f PREV QM F125peci e(s) of
Leptospira, as nentioned above, H somus and Canpyl obacter fetus [conbo
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and/ or typeniop prafecabpriseait enuval pdfeBWDVthet appenaledaand/ orirutenp dl. Dpyis BV, H.
somus and. l.obact er . f et us nd _one or nore antigens ch of one, or
ot e pat e S edRL Er s led) Sale SRiaRlt <HEe 397 hsris e
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conbi nati on vaccine for, the treatnent and/or hyl axi f cattl e against
nf dtt | BRETSH CPRRtiFSR e RRI AN VA OHT o e PRTE TP A RUCTUREr e
t he conpidatiiu@it VassHines EQBMddSREiMandaViesst apfighaitabdyIBRI§ratheRuated and
avirulent M bovis as _described herein, and further imunol ogically active

conponepedifisd viseses.pad BBS Vi[gembe 824lnent and/ or prophyl axi s of infections

caused by BHVecoBWYERY «{ LbyREhdr BRiRhedty BR BlsenP ifeffi@Pldadd t& AU BYPY
(type 1 and/or type 2), PI-3, IBR, Leptospira
vaccine for the treatment and/or prophylaxis of cattle against infections in cattle, wherein the

20  combination vaccine comprises M. bovis, preferably the attenuated and avirulent M. bovis as
described herein, and further immunologically active component effective for the treatment
and/or prophylaxis of infections caused by IBR, PI-3, and BRSV [combo 128]. According to a
preferred embodiment, the combination vaccine comprises M. bovis, preferably the attenuated
and avirulent M. bovis as described herein, and at least one antigen eaxh of IBR, PI-3, preferably

25  as live modified viruses, and BRSV [combo 129].

According to a further embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against infections in cattle, wherein the
combination vaccine comprises M. bovis, preferably the attenuated and avirulent M. bovis as
described herein, and further immunologically active components effective for the treatment

30  and/or prophylaxis of infections caused by IBR, PI-3, BRSV, and BVDYV (type 1 and/or type
2), preferably attenuated BVDV (type 1 and/or type 2) [combo 130]. According to a preferred
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cani col a, Leptospira grippotyphosa, Leptospira borgpetersenii Leptospira
hardj o (Leptospira hardjoprajitno and/ or Leptospira hardjo-bovis),

Lept ospi rsiopnayi2t1sé, Lept ospira icterohaemmorrhagi ae, Lepraspiwasievis,
Leptospira interrogans and Canpyl obacter fetus [conbo 107]. According to a
nore preferred enbodi nent, the conbination vaccine conprisesattenuated M
bovis, as described herein, and at |east one antigen each of BHV, BVDV
(type 1 and/or type 2), preferably attenuated BVDV (type 1 and/or type 2),
I BR, PI-3, Leptospira canicola, Leptospira grippotyphosa, Leptospira

bor gpet enbehingnt] gt ogpbinafidnaraicme (¢epriospiM- abdvas djrefprablyi theoattenddted and

Lept 0 LARNANA £r RO e, PSR! 1 BT BL (10 anb R ORI dABR. pL3 BRSV,

i ct er ohaenmor rhagl ae, Leptospira borgpetersenii, epat ospira’bovis,

Lept osppreteribhy ey Hegandifad d/iGsaspydd BAENetypet sdfoc oydo2)1 p8ferable aeraiatag to a

further g,?;t{p i nt ,., the sent .,nvention relates to a conbi nati on vacci ne
for theBt ea&%nﬁtan&@&ﬁ@?%&%’l}i’?ll&%s of cattle against infections in

cattbe, whergtdrdifie t€ anbiriat e@bodiaed] AL pRHE iiSREtid rdavd $o apéseitetiagibhy t he
at t enuat ed, ar}d t%Vi rul ent bovi s as descri bed herei.n, and u%her
I

i munol BYFEAITPY NS EPRENE BHEY AR 14t et iFersrBist RSP e IS “ARGINothe

prophy!l @shisingoni vat&kd taNSise WS GbvBY preRsdbBu el dt@nieanmdydvieRnand Bastagur el | a
mul t oci da [conbo 109]. According to a preferred enbodi nent, the conbination

vacci nedesifsdi issgnvndpigihe ingpepiqeigslly actie eanpronenit ebediva fan theuratnen

bovi s ag, A§sesinhadisRelfldion addsdlby IBRE PLANBRAV BHSN ARABV IV (tggéiguw%kl a
haenol yti ca bacterin and Pasteurel'la multocida bacterin. [conbo 110]

Accof di hgetd. arefurtiherepnedBYRY érfisotliang/t fypsad)dcewhpildal i Avsordatcione
conpri Sﬁﬁﬁ%ge@é{)g@fﬁgﬁ tlliehft:cﬁg[fi&?i%h vacei! @o%ﬁJn*éé’stM‘.’ %?g%@g&’t@%bli%%% %%é%%ﬁt%&d' ng

to a further t, present invention re i nat1on
vacci nearfdoavitubest M datismentiesamniehddrergim, ophyal &xstonefanggntdach aBRAL-3, BRSI. i ons

i tt wherein th mbi. nat i . i i s, f bl
the.at t BRI C G RUTYErBRE BBoY o as CABSC PBbd Rt RO P RITHAEr

i mmunol agnaattd BVaGt (tye lcatdpongats[cembedB3ve for the treatnment and/or
prophyl axi s of inpfectiops, caus R, Pasteurell aéepaem)l ytica.and

d.by I
Past2urel | a AT & 3 Hohgoch %j]lmg c E6r BEHGt foVeRuYr & UFY &Y 2e Weht , the

conbi nayiceme faCtk ﬂ@a@&ﬁpﬁﬂcﬂ@sprgﬂ)hyﬁk@i/si & capleefRmabinyectib® At daBRUIhEMinaine
avirulent M bovis as described herein, and at |east one antigen of each of
| BR, preehingiop vascing ¢empiisgs M- dgvisi Paksedly pastteiiand dnavdmsny M davisdet eri n

andf Pas&%k'ﬁl%ld' [RrdTH| ARCHuARe DREHETIJYida P EBGveldBhpondifi€ @friNg thotR dathder
rererre
P and/or prophylaxis of infections caused by Pasteurella haemolytica, Pasteurella multocida and

20 BRSYV [combo 134]. According to a preferred embodiment, the combination vaccine comprises
M. bovis, preferably the attenuated and avirulent M. bovis as described herein, and at least one
antigen each of Pasteurella haemolytica, Pasteurella multocida and BRSV [combo 135].

According to a further embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against infections in cattle, wherein the

25  combination vaccine comprises M. bovis, preferably the attenuated and avirulent M. bovis as
described herein, and further immunologically active components effective for the treatment
and/or prophylaxis of infections caused by IBR, Pasteurella haemolytica, Pasteurella multocida
and BRSV [combo 136]. According to a preferred embodiment, the combination vaccine
comprises M. bovis, preferably the attenuated and avirulent M. bovis as described herein, and at

30 least one antigen each of IBR, preferably as live modified viruses, Pasteurella haemolytica,

Pasteurella multocida and BRSV [combo 137].
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enbodi ment, said conbi nati on vacci ne conprises neonycin and thinerosal as
preservatives [conbo 114]. According to a further enbodi nent, the present
i nventi orwoebaviesisto a conbi nati on vacci ne for the treaPeES2@0685219
prophyl axis of cattle against infections in cattle, wherein the conbination
vacci ne conprises M bovis, preferably the attenuated and avirulent M
bovis as described herein, and further inmunologically active conponents
effective for the treatnentand/ or prophylaxis of infections caused by |BR,
Pl -3, Pasteurella haenolytica and Pasteurella nultocida [conbo 115].
Accordi ng toA@()pii@‘ &7 netirbaboubedement, theepreeombiimveniion refgecine corpratises M
bovi s, I e e
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n nt n.r at e n vaccl ne 0 e at ne
or opiyl SRt a8 Y 4ERR s n AGA RL0 frPrEEEd EmOUBEGS e FETUGRER nat i on

vacci neyLempbsfisseMy. @9‘% ,Pref@as] @ik iudtdatna bl BNUANE Godnds @4briteld @BieinVl
bovis as described herein, and further i mrunol ogi cal |y active conponents

ef fect i 3 floleas (ae ppiganneash o4dBRoPIgr BiskRjabAxias lige maskfasd vistes. Fevewil/py | BR,

Pl -3, B)/(Q\ézo@}n}f&‘@a}ze%%%lrb(}’z&?ar%)BRWf‘d‘o‘ﬁ{b%tl'%].attenuat ed BVDV (type 1
and/ or type '2), Pasteurella haenolytica and Pasteurella nmultocida [conbo

11810 Accor diergrding & prftéer edbedibodi thenpresanhan\soidi mdttorr waepibieation
conpri 59 BONk: %rea eﬁ gr?d?(pr S]%{’o% i axfit SEQURT %g%; ?P%fe%‘ﬁ%&uilngﬁgﬂfl\&vh ;‘f’n the 85

descri b erein, anti gen rabl y as
live rmchrflblmdlomwaqsm‘s porav[sbﬁ 8 ypels,lplafmdb@r tlmycmten@)ed emdedv@u&bt M abbtﬂemaat ed

oot our SRR GE! o Blnd s Ry a8 T RoRtf 3rBREE 364 fheMGument
D e b Y 2 b or e s ﬁ?fﬁmmﬁcﬁﬁb&ﬁ rent,
e oy oa e BYRRT NS LASPal G0008 riabeadremolyite Fiutrells inogid g

and/ or BRSWNxb@ko 34@f A@@iralhg 1) pleRsied iebBGitvieAt) Sel ddnbRatibie vacsie rceﬂnﬁnge@e
conbi nat i on vacci ne conprises M bovis, Mgr eferably the attenuated and
avi r ul et ORyis.ReRfriablyshejaicapatedb anchaisient Makevis ay fifffélfi SArhsRiD | 9G ik KRTYIECt | ve

conmponentioef taGtdVIBRS @03t BYDV &R Ahd/or type 2), preferably as live modified viruses,
Pasteurella haemolytica, Pasteurella multocida and BRSV [combo 141].

20 According to a further embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against infections in cattle, wherein the
combination vaccine comprises M. bovis, preferably the attenuated and avirulent M. bovis as
described herein, and further immunologically active components effective for the treatment
and/or prophylaxis of infections caused by IBR, PI-3, BVDV (type 1 and/or type 2), preferably

25  attenuated BVDV (type 1 and/or type 2), BHV, Pasteurella haemolytica, Pasteurella multocida
and BRSV [combo 140]. According to a preferred embodiment, the combination vaccine
comprises M. bovis, preferably the attenuated and avirulent M. bovis as described herein, and at
least one antigen each of IBR, PI-3, BVDV (type 1 and/or type 2), preferably attenuated BVDV
(type 1 and/or type 2), BHV, preferably as live modified viruses, Pasteurella haemolytica,

30  Pasreurella multocida and BRSV [combo 141].
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and/ or prophylaxis of infections caused by IBR PI-3, BVDV (type 1 and/or
type 2), preferably attenuated BVDV (type 1 and/or type 2), BHYV,

Past eur elwa 2heentwisyt i ca and Pasteurella nul toci da [ conb@CIABpo10oAsay di ng to
a preferred enbodi nent, the conbination vacci ne conprises M bovis,
preferably the attenuated and avirulent M bovis, as described herein, and
at | east one antigen each of IBR, PI-3, BVDV (type 1 and/or type 2),
preferably attenuated BVDV (type 1 and/or type 2), BHV, preferably as live
nodi fied viruses, Pasteurella haenolytica bacterin and Pasteurella
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conpr i sesmpsePBN bsvis, %E&ér@ﬁl?lﬂ{eﬁtﬁeﬂ@t@t dngniabiest ANsbvRaVds rdé&c@ﬂaéd MreiROMidSat 2S
descri bed her ei n, at | east anti Zyen of BRSV [conmbo 125 Accor di ng to a

f ur t her leastoBeiaties® eacbwéf’ﬁﬁ@@félm haerigBeq-digstewic e aalipadpandddppiars [sambacci ne
for thejjgjeatment and/or prophylaxis of cattle against infections in
cattl e, V\/nerel n the conbinati on vaccine conprises M bovis, preferably the
att éfhuat ed aheroming td enfurther pobodimend. thespeidsednysatiesi relatenp famqmbematlon

i rmunol Ly
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descri bed herein, furt i mmunol o i cal é‘%ﬁlactl ve conponent effectl ve
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According to a further embodiment, the present invention relates to a combination

20  vaccine for the treatment and/or prophylaxis of cattle against infections in cattle, wherein the

combination vaccine comprises M. bovis, preferably the attenuated and avirulent M. bovis as

described herein, and further immunologically active components effective for the treatment

and/or prophylaxis of infections caused by IBR, PI-3, Pasteurella haemolytica, Pasteurella

multocida and H. somnus [combo 146]. According to a preferred embodiment, the combination

25  vaccine comprises M. bovis, preferably the attenuated and avirulent M. bovis as described herein,

and at least one antigen each of IBR, PI-3, preferably as live modified viruses, Pasteurella
haemolytica, Pasteurella multocida and H. somnus [combo 147].

According to a further embodiment, the present invention relates to a combination

vaccine for the treatment and/or prophylaxis of cattle against infections in cattle, wherein the

30 combination vaccine comprises M. bovis, preferably the attenuated and avirulent M. bovis as

described herein, and further immunologically active components effective for the treatment
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preferred enbodi nent, the conbination vaccine conprises M bovis,
preferably the attenuated and avirulent M bovis as described herein, and
at | east woeommiyen eaxh of IBR, PlI-3, preferably as | ipce/usediofosado
viruses, and BRSV [conbo 129]. According to a further enbodi nent, the
present invention relates to a conbi nati on vaccine for the treatnent and/or
prophyl axis of cattle against infections in cattle, wherein the conbination
vacci ne conprises M bovis, preferably the attenuated and avirulent M
bovi s as described herein, and further inmunol ogically active conponents

ef f ect i ywl/drrophiykaxisof atfentinns caneddry IBRe Pyl BXDY @¥pe hanslior tyne 2k aresaeblpy | BR,
Pl -3, B t r . . DV
Ctype L@l BYDCd | Biug GRS oL PadtbBuhue iRl B0\cturthd SRMRLEFARYDY |\
conbi natli spmuwac ¢eamgbac d4J)r i‘sesrdMg toow ipssfepede Embadbimgntt e adrheinatainedhcaine

avirulent M bovis .as described herein, an t | east one antjgen each of
"or by Compfsecll by R GRRY RS e NG BuioP e GRBLe B BBURIER, FRE,

and/ or feyfp@nd hntigefi eidralBR, PL3, VR et pBYRNI/6f Wpe 21 pasiethisly attatated B VEVNDO
131]. A corﬁiin to a further enbodjnent, .the presen inven%ion re} ates to a
conbi nat¥Rn v%{%éqrntgpﬁr - PREETab Y 4 ﬁtmaﬁér%r“%f%pﬁ dxprewstla Jgepplsiciyai nst

i nf ect i PASeUrbIICALRI RBIa MOBX &3k P@nfINat i on vacci ne conprises M bovis,
preferably the attenuated and avirulent M bovis as described herein, and

further i nubesostie & pyfugdes GabRGRFNNEt Bregsmf divenien fptey e 2t fahinAsAR

and/ or pLoRBYhANE Sre@ineh MRS BB FRUSE R dBRst RtscBonBRN teBiWereANEle BVDV
(type 1 and/or type 2), preferabl’'y attenuated BVDV (type 1 and/or type 2)

[ conbo d@Hinating ceedingomprisas Ppf diowssy pidfeeabibo therastanuatadhandcatiglena . davivasci ne
conpris .S, . pr ; t he. Jat } | S..as
Gosor i b Hisd o aff BREL Bkl By ROUA' EmREy I Bl e BRBSLEY
pr ef er almdjorgsophiylagis mb diffdtiens aausaddedBRaRE-3BRYMDV (typrel dnddordiype 2}, ppder@ly

pref erab t d _BVD djor t 2 .0 33l,. According to
B urt nahufis B e hipsh B WROLk et denab PO ity o i

vacci neandH. sheniy Ramiye M1S0Rdcodingrto phrtfaded ebodidtiit] the agabination ndce@ei ons
in cattle, wherein .the conbination vacci ne conprjses M bovis, preferably

t he Lat ¢ BHERIERa Aep 5 TR R PN e GRS R et s s bedh e, A

i munol REitGak |yt @Gt daek of IBROPERL BVBM @Ghd Veand/eF t;fﬁba),tBHazt, FRMraandé Ofve
prophyl axi s of infections caused by Pasteurella haenolytica, Pasteurella
mul t oci BRIAiRd ViBRSY AreleiisBe haunolying s tsiitdavmliacify st riedmenisembadat]; ¢ he
combi nati on XAGKIRE & AMRkthSEEmbodiment, the present invention relates to a combination

vaccine according to any one of [combo 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120,
20 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139,
140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150 and 151], that further comprises
immunologically active components effective for the treatment and/or prophylaxis of infections
caused by one or more pathogenic species of Leptospira, preferably selected from the group
consisting of Leprospira canicola, Leptospira grippotyphosa, Leptospira borgpetersenii,
25  Leptospira hardjo, Leptospira prajitno, Leptospira icterohaemmorrhagiae, Leptospira bovis,
Leptospira interrogans and Leptospira pomona [combo 152]. According to a further
embodiment, the present invention relates to a combination vaccine according to any one of
[combo 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126,
127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145,
30 146, 147, 148, 149, 150 and 151], that further comprises one or more antigens each of one or

more specie(s) of Leptospira, preferably selected from the group consisting of Leptospira
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M bovis, preferably the attenuated and avirulent M bovis as descri bed
herein, and at | east one antigen each of Pasteurella haenolytica,

Past eur elwa 2n/2estda and BRSV [ conbo 135]. Accordi ng t @Ca/usaetiniosz149

enbodi ment, the present invention relates to a conbination vaccine for the
treatment and/or prophylaxis of cattle against infections in cattle,

wherei n the conbinati on vaccine conprises M bovis, preferably the
attenuated and avirulent M bovis as described herein, and further

i mmunol ogi cal ly active conponents effective for the treatnent and/or

pr ophy| esti@lwfLeplafdot Ranwnwiese demyspiBRor Rust eutieLérgoshae rotdje i(katospira

Past eur lt.oci and [C g pre

enbodi %'Jflj% p{g:lu\e conb %lﬂnatl llr%%\?éécm%emjgob]&g% %ﬁﬁ% S‘[gkp s} T%Jpl%gferé%ltgss

att enuatceazloiamatmamhagzhenLemspbovbcs;msLeg}esp,zm bedrhessi md drprogtird eambnaone
ant i gen ea hlgglsl BR, preferably as live nodified viruses, Pasteurella
haenol y teurella mul tocida and BRSV [conbo 137]. According to a
further errboAltdas&mig td taefupthasembodmﬁmntﬂeopregeat ahveatidro rdateO M iaN@indmtivACCi ne

cat | o, HHBE eFRBE CERARAL KON 0ACh: Hd- Compl <38 . BVILT 1Bl iy ¢ ne

at t enuated 1and 2avizuhentiod] 1200viss 128 1@@313"1! mp 1B§r1%un135am@l6 flan t s 139,
i mmunol o%l caII active conponents effective for the treatnent and/ or

prophyl & 4éf nfldét ihd4 ’alfkéed4tyy148BFk49’Pliosandpb%ltleﬂil@efqrﬁl%a‘eﬁmsw REa,
Past eur ghihéholihdtg LilfucithpBRSY cheQDorl BB hcadeROR b by Ax BT REE RS

enbodi nent, the conbinati on vaccine conprises M bovis, preferably the
at t éhuacadedandCanpylohaster fomus fromibe 9] dheserdiniseld hbwtbemembadiment. theastensne

ant i genm@@ft{en glat!e?% Hmﬁna‘t qja?%[?eb%%dﬁgﬁéb\éﬁ neg!)ff ['fgng}xy'l Sﬁ%(jllaaﬁfur ella

haenol yti ca, ast eure toci ccor té a
further 1ehtiodi Iént 17, i Kk 1pp.eOnt2l, AV LB o4 é1atles 126, bZSCéhﬂ)llﬁ&,thnIS/Zacm ne

cat 1 0. Vharet mot b aholRal Fon ats Rz Aot B8 eyt L ey ¢ e

att enuat &4, taﬁtdulaharbuh@m:s Mtigbovl Carays idbaser feb@(ﬂcdnﬂfoeISrS] and further

i mmunol ogi ca% Y ctive oneg@s effgﬁtl ve for the treat ment aq)d/ or
prophyl axi s OFCINRRL @ o Pistens VSRR (§l35% 10 24 0H8RalieY pe 2) |
pr ef er ablcyindbtRndind eohnwayof tdéaﬂsohtanptltomt YpE 11’)1,, 11Basteunelilis, h@em;d ytica,
Past eur el | a mul t oci da_and nbo 140 According to a prefer

enbodi ek ! %h183cb?ﬁ‘b|1?°§atl%n12\7a  Red. défphils &2 NB3pigd 635 E)?Qeflé%abﬁgyl%%e

attenuajgqd @ndaviy! eni W5, boviigy a§48dq3§rl§@f~‘§hdh%1q| fhat RflePtohRRE aRNE
antigen each of IBR PI-3, BVDV (type and/or typé T), preferably as live
modi fi etnmiolegeslly active component effective for the treatment and/or prophylaxts of infections

20  caused by one or more pathogenic specie(s) of Leptospira, preferably selected from the group
consisting of Leprospira canicola, Leptospira grippotyphosa, Leptospira borgpetersenii,
Leptospira hardjo (Leptospira hardjoprajitno and Leptospira hardjo-bovis), Leptospira prajitno,
Leptospira icterohaemmorrhagiae, Leptospira bovis, Leptospira interrogans and Leptospira
pomona, and Campylobacter fetus [combo 156]. According to a further embodiment, the present

25 invention relates to a combination vaccine according to any one of [combo 110, 111, 112, 113,
114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132,
133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150 and
151], that further comprises one or more antigen each of Campylobacter fetus and of one or more
specie(s) of Leptospira, preferably selected from the group consisting of Leptospira canicola,

30  Leptospira grippotyphosa, Leptospira borgpetersenii, Leptospira hardjo (Leptospira

hardjoprajitno  and  Leptospira  hardjo-bovis),  Leptospira  prajitno,  Leptospira
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Past eurel | a haenol ytica, Pasteurella nultocida and BRSV [conbo 141].
According to a further enbodinent, the present invention relates to a
conbi nat iwo 208¢icirse for the treatnment and/ or prophyl axi #CofuseaviBra4agai nst
infections in cattle, wherein the conbination vaccine conprises M bovis,
preferably the attenuated and avirulent M bovis as described herein, and
further immnol ogically active conponents effective for the treatnent
and/ or prophylaxis of infections caused by IBR, PlI-3, BVDV (type 1 and/or
type 2), preferably attenuated BVDV (type 1 and/or type 2), BHV,

Past eur &ldrelidaaenolgsing d.epPastebrved, ILapmipitaogiedagardnBRIW ofw ombandgQind.
Accor di “?’ referred enbodi nent, the conbination vaccine conprises M
bovi s, B% erabl'y the attenuated and avirulent M bovis as described
herein, and atcoldasto anturéat egbolieech thef pleBRf iRlenBon BV (d ypenibizatidh or
type T) ref.erabl y attenuated DV (t [.or, .t ferably
22PF i vevasBlE F e b SRR P utYASH| & RS af Y megor BB b R i R

and BRSVhéIemrtb@colAbll]latAﬁ eadcttien@nipeisa M. wotvhepre&fdbgdﬂhaemnuaﬁeh aniesiisnt M.
i nventlgn rel i’tﬂ % a. consﬁl nati on vacci ne for ﬁ treat nent and/or
prophy! Q%25 S‘E f hgreiy A &t lepsh PRE Y ﬁ%“ﬁ“ﬂ“rt?é‘{gfqa Y AGHEr QPR ORHE S nat i on

vacci nefg ofpr iréRseill alPM @ropnayﬁa‘q@r@fblmfeétms atau@QUBY ediopidiay | perfrRizendyl
bovi s as described herein, and further inmunol ogically active conponents

ef f ect i Peefergblyt hepes rfba?nwl(oraﬁdﬁembgrléﬁhﬁcmd@gowo 3 e tsdarRbaduedthpy
Past eur gl @nfiRGRLYE E&n dprPeéhﬁ%@Jsl Fre Ol P fle dike AL dHhnaS QML BE PADR 2142] .

According to a preferre nbodi nent, the ‘conbi nati on vaccine conprises M
bovilg, gasefilkaddisteyn, ahdtozins oh Gésetlivamerfn gend Bypes Nand & jeembe 284k Actdadinl

herein d igen..
Past eur eI a grrIfJeI k) %&@S %&#&g’or@rﬁgg& %%%bégﬁ%&gié glkég%{’%ﬁ%lla%) ?Oq%:'l ur t

enbodi rr€mstrzdumep41fm&em piefevahy Types e BaCemdia Da[comhbilﬁfa]tl on vacci ne for the
t reat ment an/ord%a(g y%atgls 0 attt aaln i Iect ons.in cattle,

wherei n the ¢oibi hat| 8n' Vaccl Oélgrﬁ)’rlse ei‘/‘l“ 6%‘(? 1o JlAFe i 81 §Pritgaon

att enuab;&:dmalaeboadmg td #gtondlof PoMibe 08S, WRS003, bed Oloe,r(m6noo7and8 foopt tier 011,

or oyl O 8710t e e A PEARCRLP By (Bl Va0t Db WECHAT Josal. B0

Past eur gbl, @3IYIU3BO@34d@3ﬁI®G6 H3750381039,[0a0nda, 34241043 ARa 004, 046, t0a7 20481 efer red
enbodi ment , i nation vaccine conprises r ef er abl y t he

at t enualdd Oéhd)58v9)5r3u DEHOSM 05600 s Og (aESRA0: Beki Oﬁ%r%ﬁn%“aﬁéﬁ 4061 @dsPo%ne
ant i geno&aeho,af71! BB, 0P, eher@Bl ¥762977,i0v8, dbéd, 861, \ishUss3, Bastoesr &s! 8s7,

haenol yti ca,
088, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 105, 106,
20 107,108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125,
126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144,
145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156 and 157], that further comprises an
immunologically active component effective for the treatment and/or prophylaxis of infections
caused by infections caused by Clostridium perfringens, preferably Types A, C and/or D
25  [combo 160]. According to a further embodiment, the present invention relates to a combination
vaccine according to any one of [combo 001, 002, 003, 004, 005, 006, 007, 008, 009, 010, 011,
012, 013, 014, 015, 016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030,
031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048, 049,
050, 051, 052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068,
30 069, 070, 071, 072, 073, 074, 075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085, 086, 087,
088, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 105, 106,
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Pasteurella nultocida and H sommus [conbo 145] . According to a further
enbodi nent, the present invention relates to a conbination vaccine for the
t r eat mrentweandioor4prophyl axi s of cattl e agai nst infecti oRsTius2@ansliiey
wherein the conbinati on vacci ne conprises M bovis, preferably the
attenuated and avirulent M bovis as described herein, and further

i munol ogi cally active conponents effective for the treatnent and/or
prophyl axis of infections caused by IBR, PlI-3, Pasteurella haenolytica,
Pasteurella nultocida and H sommus [conbo 146]. According to a preferred
enbodi nme®t ,108.H@9cblbbil hlatlildnl Matkd Aéd, ddﬁ:p]rlﬁsébS MLO.bIG0I 821, pPsfled.alidy 13he
attenua ViJoul gnt o] SECA raign n S ne
ant i genﬁ%gégﬁdlgg 18% %? 1§M13?e¥3e3?611§? 1(%? Fi%i ?@dr%?)%ﬁ ?’Peh“@ﬂ?h?&% ﬁ% ! Lgurel | a
haenol yt4xd46,Puit ¢4, ell4l9a15ﬁ,|I115¢),cliﬂZala31d1ﬂ44 1§0m56$n{1d6ﬂb®ha14m}heermpm@s ng to

furth m [ t | at t i nat,i
acel nottiseh PRClelrkin dtFiRiEr SR sb B IRAIRS Spdt el AR AHEDe | one
i E cat E heurtht&hgﬂhed)damblhet}ﬁqm&bmahvmiow&ﬂaem& £ OO h8R8 Mcubaoadcsmn@rtefaﬁy ably
the atten e an a | S e | e n
munol 687 Syt U0E dbbents Ble el GeRh T o0 EaPre AR ob ¥
prophyl axi, 919f01bndRc b QS2.cased, bys, IBR 07! o8, 0BYDMo( type3d cardizar ossype 2),

preferablﬁ%/ at't enuat ed BVDV 1 and/ or téﬁe 2%, Past eur el | a haenol ytica,
Past eur 849 &3 ?nﬂ%o@@d%%f%&@“%g%l%“ [Xentss: 14B1048. A% obh Agl-1062.0r Biter r ed

enbodi Mgy o5¢, %7%’5@%5@0’6@%6‘{3@&2 063, BRAPGISS 656, M7 RB¥I 669, @*7(‘?“0@'1 3(?7'2}’0‘??513

attenuated and avirulent M bovis as descri bed herein, and | east one
ant ilgen0&ROKS.dX76] BR; 0H, 039, BODRB 1, O§pH 83, GitdPY: 089;305872988 BS%fOQQdIﬂlyO%

att enua (kopp r Ry Vi @S ine

vir useséﬁgrqugggtée%ér 2?71 Ogﬁgdeg??o dqﬁgg%%asgefljgéﬁpga 1r(r)u%I %dg‘é:{%aqggdﬁlgl ?11 mmus
[ combo 14D]113,Adéolidi mgs tld>7,a1118ut19né20 dathoth2miiy, ,124,h@5pi s ébit, 12BvEXt il-%ih

rel ates t.an rgphyl.a of
bt RE Nl e IR R R i Gl ST T
conpri se30, NI51bosa, 5153pw4 ersapliyo ahe 18T] el dtuetckr anthpaisdsr dnkiged oMCId30Vign as

descri bed herei d fur ogi cally active conponents effective
for 1§ heP{FEREHe Pe%l FOPHC{QW%W%%EM i nfections caused by IBR, PI-3,

BVDV (type 1AaREfiRS td MPRirtBdr eRb&fi@E@bine pletednumteatoBWMe( ty RecombitibRr type
2), BHV, Pasteurella haenplytica, Pasteurella multocida and H somus

[conbo Y350pe fotheiestmgnt pad/ar w@w&xrseﬁ catitp gepin Aricrobiplogicaliplentians dhcaldeci ne

Conpri SGferMn thONdrdbindHod hedaR! Mntphissaltpnnas e rAndmavidish@atndVhviR@ME #7. @S
descri bed herein, and at
bovis as described herein, and further immunologically active components effective for the

20  treatment and/or prophylaxis of infections caused by Clostridium perfringens Types A, C
and/or D, and Clostridium tetani [combo 163]. According to a preferred embodiment, the
combination vaccine comprises M. bovis, preferably the attenuated and avirulent M. bovis as
described herein, and toxins of Clostridium perfringens Types A, C and/or D, and Clostridium
tetani [combo 164]. According to a more preferred embodiment, said vaccine comprises

25  antigens, preferably toxins, of Clostridium perfringens Types A, B, C, and/or D, and Clostridium
tetani [combo 165].

According to a further embodiment, the present invention relates to a combination
vaccine according to any one of [combo 001, 002, 003, 004, 005, 006, 007, 008, 009, 010, 011,
012, 013, 014, 015, 016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030,

30 031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048, 049,

050, 051, 052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068,
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| east one antigen each of IBR PI-3, BVDV (type 1 and/or type 2), BHV,
preferably as live nodified viruses, Pasteurella haenolytica, Pasteurella
mul t oci dawarrdioH24sermus [ conbo 151]. According to a fur®herusenbosiinent, the
present invention relates to a conbination vaccine according to any one of
[conbo 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122,

123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137,
138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150 and 151],
that further conprises immnol ogically active conponents effective for the
t r eat mebt9, &6/, W%@F@tloé%i & 50076, AT 6AXBOY. BHUHBYH UBY. Bive 084, UFdr@OpBEhogeni c
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115, 116, 117 1@8, 119, 120, %é 123, 124, fr]}htl’? 2 128, 129,
130, 13fnmyrpigicpldy activg Lompgacnts) C“‘ies I thegffeatmegg an QF ropfyaxis of gfeqien’s 144
145, 14&auseks infedBons k4Bed @ﬁ@’lo@ﬁﬂlnﬂrﬁ br; nh 13 "[fyﬂéstzhem aﬁ&’ﬂpﬂ ame CRNLidm NOr €
antigens each of gne or nore specie(s {‘ Lept ospi ra, preferably sel ect ed

from t hgtagy depmbeA8fls vicreydie Rehfwdst F@(‘?&‘HF’@M ahe B@mnbglp)\ieﬂtaorgfq Protyphosa,

Lept 0Spi&RbiPRIGARGESHS £RbdingERhOSRE LA [RaHEI B1 ( HRP1HOSRI0ua0ds, 36/ (oRT Gdd, t NO
and Leptospira hardj o-bovis Leptospira prajitno, Leptospira

i ct 89 oh8@hRbe, r(Hég@]a”eOlLé)M d)slél 9]66 BMMOS}S VSptys [Qﬂl 692Qn@365r ﬂ@)‘béﬁé 260027,
Lept 0SppIe oPORD2e3 1L ﬁ%% 13 035’“@%6”0‘%‘7 NGhst B3 oty rd4h964zegﬁ>9fb'4ﬁmdht5 oddre

present Tnvention rélates a conbi'nation’ vacéci ne accor t'o any one of
[ conbo 040 048, 1089, Q3020511 132, 0153540541!)55 05660571058, 039.8)60104, 0&2@63 14, 0632,

138, 130 9B 00Ty §0 0745 7307408 TR0 S sy 0R2ganiPhsny
that fuosess mrrpmasfe@ @RI OO, 093, 0l 1953046, V67.I9PBINeN0D. A1 €Ll Vs | or
Forus { iotroee-12h BB b T TheF o difee: | Mhe TR eh Fent i on

rel atesiiy a4 qqsbmsatmonzsaml [l}t) agpqsgll ng m asy memf 1Bs:qr59014b1@41 111,
112, 113, 114, 124, 125, 126
127, 12842.14% 14131(515 h@ll“ﬁéég 1f§31501é§11 1§é5153155§ 1%531’56 11%15713tbat fauhsr 147

142, 14§omﬂxﬁés aﬁ‘tﬂg‘én A 8osthidilim ﬂé‘}ﬁmg%gTyp'l&%,@,dand/or D, and Clostridium tetani
[combo 167]. According to a further embodiment, the present invention relates to a combination
20  vaccine according to any one of [combo 001, 002, 003, 004, 005, 006, 007, 008, 009, 010, 011,
012, 013, 014, 015, 016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030,
031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048, 049,
050, 051, 052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068,
069, 070, 071, 072, 073, 074, 075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085, 086, 087,
25 088, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 105, 106,
107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125,
126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144,
145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156 and 157], that further comprises one
or more antigens of Clostridium perfringens Types A, B, C, and/or D, and Clostridium tetani
30 [combo 168].



151], that further conprises antigen of Canpyl obacterfetus [conbo 155].
According to a further enbodinent, the present invention relates to a

conbi nat iwO 208¢iCirse according to any one of [conbo 110, PCTAIS20104321343, 114,
115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129,
130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144,
145, 146, 147, 148, 149, 150 and 151], that further conprises an

i mrunol ogi cal ly active conponent effective for the treatnent and/or

prophyl axis of infections caused by one or nore pathogenic specie(s) of
Lept ospi ra, peceferail yp Sethectmbodinom thvepigsoupn\songi stitaytoh egiosipnr a

cani col ?ztccilng %r‘%ﬁe"!réa}?}g% chB&L;]é’ B@ﬁrﬁ&ls ﬁ%ﬁ&l@tﬁgdlﬁs?n{?& E@%%glﬁﬁf&ﬂu}ns ll'\f@attt?Spl ra

har dj o ospira splra Os ira
prajit nwherbmph@sth&muon tvescolzarempriras H\é.qwae prEprquhe ngennated snd h_\elplﬂﬂnSM ra

Accor of RO B ACFIRChBRC B aBh TR P RE SER S ek BRPTSHr S AT ES W o th

conbj natrédmentagi/srep@pbidi ng fmﬁ:cams oerisecbfby[cmtaluﬂﬂ(hhaihﬂoh, Cyridhdd, 114,
115, 116, 117, 118, 119, 1% él%l 123(’:1 24, 125, 126, 127, 128, 129,
130, 13%¥ptiqu, Clogrdiugipovyi,dosty lliiy apd (asgiidiypperfygensy hypes L 144

145, 148ad/éd D [&ﬁﬁbo 11@91b A&Lrand t@-Ehll)reférféat erhbYdié&tt, %Wﬂl&ﬁaﬁloﬁn@ac@lﬁle nor e
antigen each of npyl obact erfetus and of one or nore specie(s)

Lept os pFeBRrispy ¥f @V@bPs?f%@qhé@@éaerfuﬁ@ﬁ%%w@#e@ay é@ﬁ%@%&eﬁq@@e%hert@p@cnésoaﬁ ra

cani col g, ylBPLASRINS Ap@fd MO LYHRROSAch lo@p@zgﬁnum bRLAPS! %rz(%%ula[m Jgﬁa%% pira
hardj o (LeptospiTa hardjoprajitno and Leptospira hardjo-bow s) eptospira

pr ajlf t nelostrepre gpii.af Wskeidatn sodolfir. readi Gestriliept pgpinganhdypes, A,Lépftn@lévm Pa
|nterrﬁ§%&& & Lept ospi ra ponona, and. [conbo 157]. According to a further
enbodi the present invention relates to a conbination vaccine for the
t r eat meAtcoadhidg oo apﬁmphybramcsrnaft tet freenagaemsn rlagasobi 0 lcogbioationi vdceiot i ons

e at 1 ik Shiodd it SRR Oty 080 o8 BBA s RBTYAzR 5, Moo AUy, BRTHELEY' ¥ e
further o1mm51a11_eg®1c7ab_1& oag,tozmeonommea,t 028 Ommweoznp@z& b9, t03eai3ren32, and/ or
gt ABchahdrsr o pebids TR, Rtokd: G Dbt Teblpeh PRBTE B ek ¥ ne
conbi nat)szarosyaﬁmm omsvm M9 b@oflcm (mzet)@zr @bh)OGBh%@t)&i‘BWé@t(mQ arul
avirulent M bovi n ns of Costridium

perfri n%@ﬁ@?ry)&ésmé QFQzl 0@6[%%@ Q%%]OSOA%oP%’% 963,tQ§4a0%p%6 (985 88y B3P
enbodi NBgY, o Bajod, HRCBHN9E AR HhSLBoRMob IRIBS 10 R1185 Efdbl 4, 1exi108, 109f 108,

109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127,
20 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146,
147, 148, 149, 150, 151, 152, 153, 154, 155, 156 and 157], that further comprises
immunologically active components effective for the treatment and/or prophylaxis of infections
caused by infections caused by Clostridium chauvoei, Clostridium septicum, Clostridium novyi,
Clostridium sordellii, and Clostridium perfringens Types A, C and/or D [combo 171].
25  According to a further embodiment, the present invention relates to a combination vaccine
according to any one of [combo 001, 002, 003, 004, 005, 006, 007, 008, 009, 010, 011, 012, 013,
014, 015, 016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030, 031, 032,
033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048, 049, 050, 051,
052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068, 069, 070,
30 071, 072, 073, 074, 075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085, 086, 087, 088, 089,
090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 105, 106, 107, 108,
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Clostridiumperfringens, preferably Types A, B, C, and/or D [conbo 159].
According to a further enbodinent, the present invention relates to a
conbi nat iwO 208¢Cirse according to any one of [conbo 001, PO0AIS2008321094, 005,
006,
021,
036,
051,
066,
081,
096,
111,

126,
141,

156 and"“ﬁ@‘?ﬁ‘s “aphat o Pf’ﬁ ‘r”m ‘3“%%"’% Z”rﬁd‘i"ﬁﬁ%‘&f"gg@é ’Z:@%g%cgorﬁg%en

o007, 008, 009, o010, O11, 012, 013, 014, 015, 016, 017, 018, 019, 020,
022, 023, 024, 025, 026, 027, 028, 029, 030, 031, 032, 033, 034, 035,
037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048, 049, 050,
052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064, 065,
067, 068, 069, 070, 071, 072, 073, 074, 075, 076, 077, 078, 079, 080,
08209.083,1108412, 085,116865, 087,110888. 0§9]121m3I08!, 13911230924, 18831260924/, 095,

128 1151301 1315 Fpng . fgrodae. ndyie 30 e B o0
12747.128, 143280, 130, 1513133, 132.15L3656 345711851 1406 e icd88,0r189 140,
143, 144 147 149 150, 155,

ef f egt i v@déltn, atdh€loki-aimpantr-ingatt BibePAOP faydl/ap(]D $comhbd madcmgaausadleby

i nfecti on cause Clostridiu erfrin referably Types A C nd/ or
D [conb‘E)m eypent, g“éd%%ﬁeﬁtgmf“ﬁmﬁnfrﬁl?@ﬁé‘? a H@ﬂf’a‘:‘:tr’ﬁeacﬁ P K PBR

rel at es|domba m@rﬁvzn@m vamcm@ 0@¢cmsd0(m otlg @my oqm&ngf oizpmi)an@odn 002,
003, 004, 005, 015, 016, 017,

018, 01918.639, 02@2(151 @%22 02@»2@4 @225402@é§7 @228602%@?0 @28032@%3 0§4003508%, 032,

033, 03437, @§§ 03@3@40 @@17 04@3&1:3 @4?490494)(26 &471045%39 (%3@5106§2 0@§505406‘§5 047,
048, 049, 062,

063,
078,

10

093,
108,
123,
138,

153,

06@56 @6”5 0566@59 0@37 06@6}52 %906@1165 Qﬁm%bﬁ)QS %?30700@211 0@25)730(764 077,

004> 865 7ok 87 0%Gd1. B 055iR. G5y0s 4887 A os B AdonBd. 107

10994 099,0961297, 098,092,130, 1014 102,193, 10861051196, 10781081199, 11201111210, 122,

1560 158 13 150130, 1120 0. g dEs. wigon i o B 15

15432, 158, 1315835am8b, 137, 1,381 has, 1ﬂ®lr1t4mer420®4ﬁ)ﬂi4$61315aM6i @€n 198, @9p$30;,i di um

perfringens f b ' [ or conbo 161 Accor di to a
P ther PEmasal TN Rrk: bEBER 1511, an fk Foam B0 p o5 BtHItEn S5k Phooi e
accor di 0gst-QidnyeHierd TIROM B Q@Jandlgf)@ CORBidi R a8, COYB diud0tpiQHB, 009,
010, 011, 012, 013, 014, 015, 016, 017, 018, 019, 020, 021, 022, 023, 024,

025,

040,
055,
070,

20

25

30

026losntpim gy, Chpaidigneordghnanddosiridian reiggicomhsi’336 037 038, 039

041, 04@@00%}% toQftée p%éred%od%?lt tﬂ%%esegﬂﬁvelgég relfedio DRfnbifeidn 054,
056, 057, 058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068, 069,
07accipg for tigeytgeatment ‘and/or prophylax1s of cattle against microbiological infections in cattle,

wherein the combination vaccine comprises M. bovis, preferably the attenuated and avirulent M.
bovis as described herein, and further immunologically active components effective for the
treatment and/or prophylaxis of infections caused by Clostridium chauvoei, Clostridium
septicum, Clostridium novyi, Clostridium sordellii, Clostridium perfringens Types A, C
and/or D and BRSV [combo 174]. According to a preferred embodiment, the combination
vaccine comprises M. bovis, preferably the attenuated and avirulent M. bovis as described herein,
and one or more antigens, preferably toxins, each of Clostridium chauvoei, Clostridium
septicum, Clostridium novyi, Clostridium sordellii, and Clostridium perfringens Types A, C
and/or D and Mycoplasma bovis [combo 175].

According to more preferred embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against microbiological infections in cattle,

wherein the combination vaccine comprises M. bovis, preferably the attenuated and avirulent M.
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074, 075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085, 086, 087, 088,
089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102, 103,
104, 105,woQ610/120i34 108, 109, 110, 111, 112, 113, 114, PCPH/US2M6/03M1¥, 118,
119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133,
134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148,
149, 150, 151, 152, 153, 154, 155, 156 and 157], that further conprises
antigen of Costridiumperfringens Types, B, C, and/or D [conbo 162].
According to a further enbodi nent, the present invention relates to a
conbi nabévenay dessiibesl hapint hed fyrthat memunelpgitadly tioplvpmasieytsofifestye fa thgai nst
m cr obi a f i i . n l:

corpri sSe R oad 2 PRSP SREROE, B By clmr MRk KRR R
descri b@nhen,eanstralwnfnm)yt;e@loimdmnolsmqwzal Cgpsmdtquwcﬂmgaueﬂlypeseﬁf eCtive

N N TR A T T T

Accos di figcine canpﬁseﬁ 81, beds @r&f@dlbmﬂmatteﬁﬂ&dca@ﬂ‘amﬁaémmn boais as mc@&ﬂmae&es M
bovi s, Er eferably the attenua%{ag and. avi rul ent Vi S, as dES?I‘I b

M
her ei n, “%¥ha"% &%i e & B tRFI12AM BT ATt q‘%’ég’”ﬂ C@um/goswde 4hd

C ost ri gipkfish, etidkidibsomba, E68Yidihe sHuliNand ORI p&Y/BiLhS Bfbes Thadimvent
sai d vacci ne conprises antl gens, pref er abl y toxins, of Costridium

per fri nghfé spyises [@mbg 17¢). and/or D, and C ostridiumtetani [conbo 165].

Accordi ng t op&ofdiid f36hore FRA IR bod ke, Qﬁeejfﬁ@&ht in'@ééﬁﬂah 'chQteg fél Blhida@ioR
conbi nati on vacci ne according to any one o 002, 003, 004, 005,

006,10 00Yaccme$or tixpgeatrpay angjariprogiypaxisguf Fattle Mﬂlnsm Efscromml@gw@lllflfect@vlls in guitde, 020,
021, 035,
036 039 ifghe SRinEp vag i cofiphses o Sisterctly e enfid it 020
051, 052¢vi0N58deRBded B&GEn, OB furdBs7 imBS8ologsdly 9Bi0¢ cOBPonedB2eifR63; f@6dle 065,
066, 067, .068, 06 070, .071, .07 073, 074, O 076 7 07 080,

081, osBtrEl TR PRYINGEeT eI ehny GBI Hyhipen ClestiBim 005,
096, 099eptitlR, C\Dﬁﬂldzzﬂ:ﬁonovjz@ ZlCloﬂtﬂal,unﬂ.@&deﬂﬂ4€lolﬁﬂmn1%rfrﬂ@?ns 198es AQSC 110,
111, 112, 11 116 17 1 119, 120, 12 2, 3, 124, 125,
12613 12‘*7“‘1/‘1"23’ é%év ok Sf‘ﬂmslﬁ‘?‘“ ‘1%128] Fisfordipggto ﬁ@%eferﬁ‘?éfmﬁémnis@e 140,
141, 1480mﬂ}ﬂa3honM601ne]-6(5nprﬂs4§M Tbvis, ﬂ{éﬁrabjgﬂa],e at@fuatelSdnd oRlend 38.pokiv4ds 155,
156 and 157], that further conprises immnol ogi cal I}{;; active components

ef f ect | Sesciisd hepran.t %éa&nﬁémm%fﬁ&P%enﬁrﬁﬁﬁgﬂbmw@éf each fop (o ug sy

I(jm:)eﬂl gfb?%%yﬁ%%tﬁﬁmdc@oﬁ%dzﬂh WRRE TSt RBBRS oM URES afy ChosBRH AR pelringénd
stridiu

Types A, C and/or D, Mycoplasma bovis, and H.somnus [combo 179].

20 According to a further embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against microbiological infections in cattle,
wherein the combination vaccine comprises M. bovis, preferably the attenuated and avirulent M.
bovis as described herein, and further immunologically active components effective for the
treatment and/or prophylaxis of infections caused by Salmonella, preferably Salmonella dublin,

25  Salmonella newport and Salmonella typhimurium [combo 180]. According to a preferred
embodiment, the combination vaccine comprises M. bovis, preferably the attenuated and
avirulent M. bovis as described herein, and one or more toxins of Salmonella, preferably each of
Salmonella dublin, Salmonella newport, and/or Salmonella typhimurium [combo 181].

According to a further embodiment, the present invention relates to a combination

30  vaccine according to any one of [combo 001, 002, 003, 004, 005, 006, 007, 008, 009, 010, 011,

012, 013, 014, 015, 016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030,
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tetani [conbo 166]. According to a further enbodi nent, the present

invention relates to a conbi nati on vacci ne according to any one of [conbo
001, 002,wO(Q810/00¥4 005, 006, 007, 008, 009, 010, 011, @CZ/USeWB/0301%, 015,
016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030,
031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045,
046, 047, 048, 049, 050, 051, 052, 053, 054, 055, 056, 057, 058, 059, 060,
061, 062, 063, 064, 065, 066, 067, 068, 069, 070, 071, 072, 073, 074, 075,
o076, 077, 078, 079, 080, 081, 082, 083, 084, 085, 086, 087, 088, 089, 090,
091, 09231,083,0309W4, 09%,036987, 0387 030980, 90421083, 0rg10451026. 08403048104, 105,

153 158%0.538 0508, 5P 0s3ibe. g5 054380, defoerdRe. daleeaiids. chaher df 122
136, 13069, 1038,07139/2, 043 0744175, 0162 07’2],4)38 A7A4080 8], (IBZ!60831£W4 0838)8614%7, 150,
& ost 11 LRGPy o ERE 0pg R4 B0 gy 6 9% 3Gt o8B T R B Combo
167] 5 Aﬂ;@DﬂdS ngof DlOaliurltlheerelTdeﬂﬂHﬂB,, 11t7h$18)ﬂ¢§elﬂt) mvem IlQBI I’Ml axrs to a
So0 Dok dat 135000, SEET581RY. b9 1 30 kR, 1B IR e 0 19 143850 28 020,

021, 02245,028,1492¢4s3, @2(’;3 15@2@1 95217,15@2134 %‘9,156)3@7 1(5312540339 1@3316103612 035,
036, 037, 038, 039 050,

051, 05903053, 1695406, dé% 16851569 @ng 17@5872 é%i) 17661)75 é%@ 17661278 @63179b6129t 065,

066, 06¢un68omPds Jibhunfi 1calgr7 %et1&7§om%%émts %'%cu&? ?br ﬁ&Z Treafhf & e%%r 080,
081, 082, 083, 084, 085, 086, 087, 088, 089, 1, 092, 093 095,

096,10 09Fropimd&is @D Mmfectioos capad bIOQf,ectiLC@lS,Caqq§d,by1$ﬁ5m011@1@; @@Tabl}ldelmmga 110,
111, 11 11 , , ; . . 125,
126, 12@’{” l‘%’zﬁ'ﬁ""’i"%’f“ %%‘%”’%?,S%%?ell%@h’%ﬁ?m 1‘:23[8"1’0%%] %‘%’,dl“gtg 4 ﬁﬁff 140,
igfls 13@22@@%&1&14 prd_84t6t in;!etﬁi,gn Idllih;es ;uztlahcomrgxatiaISQaccmﬁilacC%ergftQ%y oth5{bf i l1”5nS
vt o1 nisEREb Ry bz, LRS! oy lRE B S0l SoRios D 1 Bl T B oy TR
16%3i ﬁ;ﬁm @Il@lg)Zt)ipOH foa, tO!(ZE;O%nmmr t ion@{my,nmﬁom, ?S&Wﬂ;@ﬁﬂgﬂ%,@ﬁﬁ@ﬁ?ﬁ ait gs?
DB DS APebel gite ! BRL BFE 0afnEebad oAl Wi et oS S iicn e

conpr i sess, %7 bmzi @59 pdsoafoe[ adlslzyo@h@ézat%srmmt e@b aopgl ow9i 010, ent, olvk, ALY 0B, as
descri bed her ei her | mmunol g@iﬁ Q%Et active con‘gonents effective
f

for thelty 82¢- rpgﬁtméne%p%r%h%?aW% 0§ 0888 e 89hyo & 2t P9 i um
chauvoepgy Gbosiok] GH7UTVS @PY | memﬂmﬁ%sdmmasmms 109 et bsliyo sarel i,

and C ostridium perfringens Types
113, 114, 115, 116, 117, 118, 119; 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131,

20 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150,
151, 152, 153, 154, 155, 156, 157, 158, 254, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168,
169, 170, 171, 172, 173, 174, 175, 176, 177, 178 and 179], that further comprises one or more
antigens, preferably toxins, of Salmonella, preferably each of Salmonella dublin, salmonella
newport and/or Salmonella typhimurium [combo 183].

25 According to a preferred embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against microbiological infections in cattle,
wherein the combination vaccine comprises M. bovis, preferably the attenuated and avirulent M.
bovis as described herein, and further immunologically active components effective for the
treatment and/or prophylaxis of infections caused by Pasteurella haemolytica, Pasteurella

30  multocida, Salmonella, preferably Salmonella dublin, Salmonella newport and Salmonella

typhimurium [combo 184]. According to a preferred embodiment, the combination vaccine
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and/or D [conbo 169]. According to a preferred enbodi ment, the conbination
vacci ne conpnses M bovis, preferably the attenuated and avirulent M bovis
as descriweadotweneisn, and one or nore antigens, preferablPgTiuszéns32ieach of
Cl ostridium chauvoei, Costridiumsepticum Costridiumnovyi, Costridium
sordellii, and Costridiumperfringens Types A, C and/or D [conbo 170].
According to a further enbodinent, the present invention relates to a

conbi nati on vacci ne according to any one of [conbo 001, 002, 003, 004, 005,
006, 007, 008, 009, 010, 011, 012, 013, 014, 015, 016, 017, 018, 019, 020,
021, 02om@pgs M) 24yis,(2sierabyothe @RMua®2 dnd @2Yulen3Y, bOB1as GBAbedIBreig3nd 035,

036, 03 40, 4 4 5 , 0 050,
051, osbestidia fipotdid; ratdurelyratiida, Ghigondiled orifeonodmofiih affil. 022
066, 063¢lnd68la A&Enor) A0 Solidgneld 2yphDiium Bhctefd T ox0id GeordFd 18517 8ccdFgg 080,
081, 082, 083, 084, . 085 .086, 087, 088, . 089, 090, 091, 092, 093. 094, 095,
006, 00F 8% POgE TBCURB: Tty coripgitiopy yiecigatoniigies TRHPISGRIATHET 10
111, 5 11Pastdiddia Adefoltitdh Typd @1 dnli7an dsidiatddl BxoiliZPactidid,land IsZndle kd@tes b24. 125,
126, 127, 128, 1@22, 138, 131, 132, 133, 3%4’ 135, 136, 137, 138, 139, 140,
141, 14Bultocadsl, SAR!n, R S. @%W”%’?,[C‘Tié’,l 9, 150, 151, 152, 153, 154, 155,
156 and 157] Acdohtfihg fidifat ietheC PEdIHES, HHENPRAINO Ghvedtidry r@fibd Y& aCOMRNLBH S

effective for the treatnent and/or prophylaxis of infections caused by

i nf ect i HIF§INg ALRreRgment 384/ph RIPRIMI AT FAEF 223056 81§ PRIPIgHicaldplertiqnmin cattle,

Q ostri ghyBhnRY ¥dmbifdiBR WadSHeWdhpAsdah! ddvis, ?@Qra@lmé by BRS LihQEns Types
A, Cand/or D [conbo 171]. According to a further enbodinent, the present
i nveht i beviy ey dessybadohereipontyd fathen impaedpgieallycactivelicagperentsnsifasiee & theonbo

001, 00 , 4 . . . 4, 015,
ote, o178 ngierogigeigdimigih su t5orddh sfhrandidrichina gl 030
031, 03pref@3Bly BlAsiclbGpeud@@iac8FmbeIST]. 08Qorddrg0to Dfefer@d2emipi8nenddde 045,
046, 047, 048, 049, 050, 051 52. 05 54, 055 56,, 057, 058, 059, 060,
T S e e e e (e A Y
076, O7descibed, hddeiB, afdiBOne 08 Inordd 8&insO&dh DMoraddlln bOEO andBY  KIebsiellaO&th. 090,
091, 092, f09gr 11%94, 1095, 094, [097,b 8% 099, 100, 101, 102, 103, 104, 105,
106, 10prefergBly fjepsiellg gneupmqniae lpgmbe {831 114 115 116, 117, 118, 119, 120,
121, 122, 12Bccoldidly tdl ASfurthébemBalifmerk2the réSbnt 1BRntidBelatd3% alddabidaddn 135,
136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150,
151, 15ydccipggecording toas ong o logebo 1§17 002t Hkk 0p4i00RR06E B PPE Q9 IHE- B nor e
ant| geng; £a¢h . ofs. 610917 clisumsc bau\ee! 522Ches oo doumze B, ¢ 20! o3, i di um
novyi , ostridium
y 031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048, 049,
20 050, 051, 052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068,
069, 070, 071, 072, 073, 074, 075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085, 086, 087,
088, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 105, 106,
107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125,
126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144,
25 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157 ,158, 254, 159, 160, 161, 162,
163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181,
182, 183, 184, 185, and 186], that further comprises immunologically active components
effective for the treatment and/or prophylaxis of infections caused by infections caused by
Moraxella bovis and/or Klebsiella spp., preferably Klebsiella pneumoniae [combo 189].

30  According to a further embodiment, the present invention relates to a combination vaccine

according to any one of [combo 001, 002, 003, 004, 005, 006, 007, 008, 009, 010, 011, 012, 013,
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sordellii, and Costridiumperfringens Types A, C and/or D [conbo 172].
According to a further enbodinent, the present invention relates to a

conbi nat iwO 208¢Cirse according to any one of [conbo 001, PO0AIS2008321094, 005,
006, 007, 008, 009, 010, 011, 012, 013, 014, 015, 016, 017, 018, 019, 020,
021, 022, 023, 024, 025, 026, 027, 028, 029, 030, 031, 032, 033, 034, 035,
036, 037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048, 049, 050,
051, 052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064, 065,
066, 067, 068, 069, 070, 071, 072, 073, 074, 075, 076, 077, 078, 079, 080,
081, 08214,083,01684.7, 085019880, 087 02D8R3. @39020390¢, 13910280929, 01693031092, 095,

096, 09 ,12Q9 , 4 Byl 109, 110,

117, 109 Bpposyipe. 435 0oq. fpo. ¢lE oaf B qligowg Bgs. i our B8, od dsori ¢

126, 12032,038,053205, 039,051,358, B2 060,36/, 440631 864, (6360661 8F7, 0688)69168), 140,

141, 14 14 45, 7 9 1,..1 1 155,

155" and0ts 12 Viiag s (1085 Danih v WBneddly 05 08 40 win 080,437, Ty 0

g OS§ri d@w@pnwtm%ge@% oﬁiy,ptmjsaa(_m,, 088, 009, Eoudior, 102, 103084, iloij,lums,ch)agwsei ,
ostrigLu ept | tri_di um novyl, triai or Il

G oot ri Wb Ealinf M kpiuaT sy HETALE s 1S P8 ol o0 ERCT P 2enba! Fent

the presgtiog,uentiion3z,abat B3, 135, a3canbi mat i 99 1vacai nes, o3 tihe, taseatgrent

and/ or [l)rophél axis of cattle against nicrobiol (égl cal infections in cattle,

wher ei nlthd4edtBi hdk iloh WackPn® € daprirsed M bav-sl9ptek dphddy. 1el 70,

at t enuajpd 1and gviTulent; M (oYL s 189 @8SHH 1186 dREFEhr cAMisEUsdNE more

i mrunol ogically active conponents effective for the treatnent and/ or
pr ophy| axigensofprétafablyt fosims, eanhseld Myyaxallgsbavisdpndor Helghsiella spp.o preferablim

septicu i dj i ostridiumsordellii, Costridiumperfringens
Types A@é%lﬁ@%%%ﬂ%@%}ﬂomo 174]. According to a preferred

enbodi nent, Adrerdiogie pafurtber vabaiimentc dreppiesas iMenti@v irdatep e feccaidiinativhe
attenuat ed. and. .avij rul ent bovi s as .descri bed herein,. and. one or re

ot + gene P BB i ardler PRH T BRor RN mie R B B iR

sept i cuwher€inahd cdnabitttion @%dtine dohpsikdsiMi asrisspefdeldbly the adddatel asd sviaildam/.
perfringens Types A , C and/ or and opl asma _bovi s [conbo. 175] ..

Recor ai G0 8 HBFEbE: biTefr ai EHllsarHEHto EraSpaSa o TPHVaR fBROTeld 88 (o a
conbi natrbMmemaGE/N BropRYladif6f infRBbMRAtised b/ MChdicRRNYOlcbmbON IraNLt Rdiagal nst

m crobi ol ogi cal infections in cattle, wherein the conbi nhati on vaccine
conpr i st&s aMprefsggd smbodipneat athe yeanHanation evigeine FoBRESEAvME Uoskt PRAfEaRly sthas

descri begnhQEeidd avAO-nf M7 ANBTas IBTUPA 1R94i Bl ¥ndGL h¥@ (SGRRINEALSicklBET T ve
for the treatnment and/or prophylaxis of infections caused by C ostridium

chauvoelcombodg2k i di um

20 According to a further embodiment, the present invention relates to a combination
vaccine according to any one of [combo 001, 002, 003, 004, 005, 006, 007, 008, 009, 010, 011,
012, 013, 014, 015, 016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030,
031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048, 049,
050, 051, 052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068,
25 069, 070, 071, 072, 073, 074, 075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085, 086, 087,
088, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 105, 106,
107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125,
126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144,
145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157 ,158, 254, 159, 160, 161, 162,
30 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181,
182, 183, 184, 185, 186, 187, 188, 189 and 190], that further comprises an immunologically
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septicum Cdostridiumnovyi, Costridiumsordellii, Costridiumperfringens
Types A, C and/or D, and H somus. [conbo 176]. According to a preferred
enbodi nerwQ 20t12¢3abi nat i on vacci ne conpri ses M bovi s, ppraiSerialob49 he
attenuated and avirulent M bovis as described herein, and one or nore
antigens, preferably toxins, each of Costridiumchauvoei, Costridium
septicum dCostridiumnovyi, Costridiumsordellii, and Costridium
perfringens Types C and D and H somnus. [conbo 177] . According to nore
preferred enbodi nent, the present invention relates to a conbi nation

vacci neadtige qohwonene adffeetite é@rdrmrtrﬁﬂtmphyarai/@rspmh}dmi& loé ia@atiicn@tcaused by

m cr obi Rllfé%ﬁkﬁaiaukéaf @f%‘s@@ﬁc ? Cgﬁ'ﬂ ,g?({ %‘ﬁ dorglrlf]{g tS%nRhF %ﬂ.ﬁ&@l g

conpri ses bovi s era aviru is as
descri bpldsdneltreflemionamtitds uo tah@mhmmumah@gwmtd)rymgctb jaug og® nf){m)mbbsoOéf Extive

chauvoe?® EFLIER e Ean: ARG E Bra B RbUST O BTHEE Prhuln €31 Bk
?73155 ri d:uérmpemﬂ{ (DZSger 0275?88@29, @3@,{1134,2@32@%%@34/,,O3iaﬁ©B6!ﬂ0§’Q\rPB&,§Q3[9go4fb0
combr i SBEl a1 e pPL Pa by o 8% Pl bEF 458 Bor T 8RBT B0 s
descri begh, ber Q]6Q; 0@”064)@65 O(I66n@67e 068“0696(617@; 0101r @ﬁ,@r(ﬁm ¥74, 0%3, 156, EachrHf

Cl ostridi um chauvoe ridi um septi um novyi, C ostrl di um

sor del | P79 08hd8d Q@t p%luoéf'n I$6r 986 Hé@r%STWeQ9QAO9C Q%%:j@%”r 094, 00561 %7
bovi's, agadobb s@amis, 1621789, 49105, A6 ad B, I1®, a16.unther, eradinent 14 he

present | nvention relates to a conbi'nation vaccine for the treatnent and/ or
prophy! aki. 4 1&f118at20, é21ag}32 nsB, 4 dbilgboli7c &18.i1A%.el30i bils 134 183t t¥el3her ei n

the CO”P%‘I%?‘/ ORaVRRCHAE 1GPMRL! $8S 1M B8V]E, 1 ,ﬁ%ﬁ;@@' Y5t hﬂ gibepdaied and

avi rul ent ‘bovi s as descrl ed herein,” and i mmanol’'ogically active
conponehis 186.f16G1 158e2546r159,hi0t F@atl 6263 ale 065, po6pley] §8, $6Q)f17D,nI7éc1172bns

Sal monel 1 TTYphOmLiS AT 2ovhe” L0bTe ARCorth AG 8 n 5 OV br B CbRdr et -

t he conanfatth@romeeds ARt @aprelcmbl, dMoxippaf IS chdpickineb A pdoynbo®4ht t enuat ed and
avirulent M bovj.s as descrldged her ej n and one or. nore toxi ns qf

Sal ftonel | a, PrQrEtan § PEER DX MBHe e P RGBT INC I8 TRBIFEI™ & 7% ien

and/ or Gakiie ne thetrdayiakit Abd/biiTo bR E8HE agAE afictbhiglobRalAn febtidn &f cattle,
enbodi ment, the present invention relates to_a_conbination vaccine
accor di WYEIEid t%ﬁ\?“@ﬂ’éat@fl VREHIFOMpY Acs Mbapyisoprsterabbythe ggenuaigdand parelenps, 009,

010, O01Zsvis as described herein, and further immunologically active components effective for the

treatment and/or prophylaxis of infections caused by Pasteurella haemolytica, Pasteurella

20 multocida, Salmonella dublin Salmonella typhimurium and Escherichia coli [combo 195].

According to a preferred embodiment, the combination vaccine comprises M. bovis, preferably

the attenuated and avirulent M. bovis as described herein, and one or more antigens each of

Pasteurella haemolytica, Pasteurella multocida, Salmonella dublin, Salmonella typhimurium

and Escherichia coli Bacterin-Toxoid [combo 196]. According to more preferred embodiment,

25  said combination vaccine comprises multiple isolates of Pasteurella haemolytica Type Al and

an associated toxoid fraction, and single isolates of P. multocida, S. dublin, and S. typhimurium
[combo 197].

According to a further embodiment, the present invention relates to a combination

vaccine for the treatment and/or prophylaxis of cattle against microbiological infections in cattle,

30  wherein the combination vaccine comprises M. bovis, preferably the attenuated and avirulent M.

bovis as described herein, and further immunologically active components effective for the
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012, 013, 014, o015, 016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026,
027, 028, 029, 030,031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041,

042, 043,w04410/0464 046, 047, 048, 049, 050, 051, 052, @E3I/USRH4/,0308d, 056,
057, 058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068, 069, 070, 071,
072, 073, 074, 075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085, 086,
087, 088, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101,
102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116,
117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131,
132, 13363t111®ﬁ and{gsprop_lgyﬁams]ginfeq_tgms Ciﬂl@@i b}il.wlneJ.RQ.taVlIHSZ [combg 198]440001011155; 146,

161 169, 185 dpmipgheny e qinaih vaydhe Bl s ofddabiiZge o0
176, 17'2t;enmad amdavi®@ns M Ihatis hudesagbedclengin iasd gntigamoefidbogg Balaliyusgcombe
conpone effective for the treatnment and/ or prophylaxis of infections
caused infections caused by Sal nonella, preferably Sal nonella dublin,

Sal menel | a nevdalitg and Kahenaabdamentp fenpiesdamiheati®io rd@dd to ACeditihatignt 0 a

further enpbodi ment, the present i nti.on. r t 0 C i nation_vaccine
o i Hopg e 55 e ohEn DT 0, Do B2 85, dof” BB 3D aba" 006,
010, 01442,012, 01911@15 @ilél,oﬁldi,s @119602@301,1 @212802331994 @30@2606;17 082029083, 024,
025, 026, 027, 031, 033 037, 038, 039

040, 04931.842, 03é4%§4 @3154 03@43?7 @15603?)4)7‘0 %44804%%3 Q§60045@§i6 (95:04808%), 054,

8?(5) 05@50 %? 0595@’53 @549 0596(%6 @5571059@%9 &@30610%2 (525@5@640%5 0@@706706& 833,

08510 08@69 085 0705972, 085 076005, 093 DTOGRS. GBaiS09R . BSIS 008, (B5,056009, 006,
115, 1165 P15 ORR - 496 0033 450 00267 G300 30 ipdgion 3. ihatio B 1o
130, 13107,102]1083510. 184 111355, 13611137, 13618399, 10001211413, 114224145, 144,
150, 1605 168 12060 184 13hele™ 185134885 y197 das. el IRt 1yt BB 173
174, 17545,11@f1417]748 148 1aad151795]2,81531a1t54f LASt h&, 16DM38) %S 1@9’]660!’16‘1’0&@ne| |
aubl Fr, TG PondbarE 490 5 T ebrrantt APE YRRt s TURT T o ea -

Accor di ngp, 1193,asp; B5E86.e37eT8300U3ITRNY,, 191 N®2PT IS @08, ahd YEN! th@Tuftedr @b@Frided @
conbi nati gn VaCCI ne for the treatnment and/ or prophyl axis of cattle agai nst
ni cr obi ¥ JEIAPIORIGHEC AFhYEs CPRPRISRY [eHecting efosi the t FRAUBININGAY | BIRPRAEE] 19

conpri SggecbnPOML& bPlFEEIAR! Mudeh S abb AR RSV iAR28Y] TAHERInMo PRYiEr @S
descri bed herein, and further inmunol ogically active corrponent s effective
f or t heembodiment, the present invention relates to a combination vaccine according to any one of

20 [combo 001, 002, 003, 004, 005, 006, 007, 008, 009, 010, 011, 012, 013, 014, 015, 016, 017,
018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036,
037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048, 049, 050, 051, 052, 053, 054, 055,
056, 057, 058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068, 069, 070, 071, 072, 073, 074,
075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085, 086, 087, 088, 089, 090, 091, 092, 093,
25 094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112,
113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131,
132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150,
151, 152, 153, 154, 155, 156, 157, 158, 254, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168,
169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187,
30 188, 189, 190, 191, 192, 193, 194, 195, 196 and 197], that further comprises antigen of bovine

Rotavirus [combo 201].
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treatment and/or prophylaxis of infections caused by Pasteurella
haenol yti ca, Pasteurella multocMa, Sal nonella, preferably Sal nonell a
dubl i n, SabDreorvei2bs4newport and Sal nonell a typhi nuri um [ eORhIS20L18432149
According to a preferred enbodi nent, the conbi nati on vacci neconprises M
bovis, preferably the attenuated and avirulent M bovis as described herein,
and Pasteurella haenolytica, Pasteurella nultocida, Salnonella, preferably
Sal nonel | a dublin, Salnonella newport, and Sal nonel |l a typhimurium
Bacterin-Toxoid [conmbo 185]. According to nore preferred enbodi nent, said
conbi nat i on Aeouline te anfyrthgesmbedimens| ¢hej pigheat esveafiorPadaten telal eontbamatiohyt i ca

A A A S Rl T

f ur t her weaerbiodherembhindtioe vprecgsamprimaseit ooiy, pekameemtauenw@dbmhamnmmtmeccine
for the, treat

nd/ or ophyl axi f cattl i nst m crobi i.cal
ot ot BHES T IS e Dot aPL R B BBlr Bh e AR MR CeRRuL RS, o
]E)r ef ﬁr aﬂj!r Yhet ti’tﬁicrﬁén’ft eindiat Iﬁ’dp}@rmhsadf iififadtenk CMSC(?]EBW beviRs Cfdﬁﬁﬁli'iﬁbﬁﬁtohfbb@(m] and
urt her i nol ogi c i ve conponents. effective for t treatne
and/ or 6F%}£¥‘9$ é&? &4 ?“‘?drf‘lnﬁ”&fii”&?ﬁ% lg CRIZRINAS™ I\/B‘icéB?e‘iqmaP“Bng%VhfdPEﬁfem qY
Kl ebsi efhkaittsiRited, anrRfreleabdby Hibie RS L@HBedNSY NI tib&P B B0V CorofiGE di Ng
to a preferred enbodi ment, the conbi nati on vaccine conprises M bovis,

pr ef er absPbERE3kt t enuated and avirulent M bovis as described herein, and
one or nore A&?&H‘l%% €GN the VPLBXEMER, %V%&sém%\%huéﬁ ehstekd a8 SPbination

preferably Kl ebs | a pneunoniae [c . According to a further
embdeli mezseine tpeording toeanty dnA e foimba 0|0é,| ¥ree03 @043 0@6n@5]6n&(ﬂ7, 608 \WARCh 1011,

030 " 01 D% BRI, BRC g8, g AR RRbeq 0% 2002, 26% 00 91 B B 020,
025, 02631,037,030284, 029036307, Q381 030320, GE304D 43, 350450845, 1837048068, 039,
055, 0at0-BaE 0sdan. b osg e, Je vsgkse. (oot BanoeoRE. BEPSTORE: oeo
8gg 8;&69,@7@,07@,;@72 07% 070785, OT6 D7D, @mgosrggsl (188908338&4 0882086068, 883,
10013 10?88’%‘%:09% L %23 09263%4 Q@%m%& (89%80991(3@0 1%?01021%% 1%21051%% 114,

115, 11647, 149, 10@11&0 1119111291,3 11211,115121216 IL127311812149 12@512112@ 13;271,241225 129,
130, 131 132 13 144

145, 14éﬂ3ilr12§4§@ i%bl3i§§2 E§&13ﬁéés E%Bl3hé§8 ﬁ%5L“h$%f1f%7P91%§f 254,
159, 16@45 Jr@é 14316?48 1@9’3 15@61451 i@5,153161@4 15571561687 15892541 (%, 186 Lic111d, 173,

tra, 17 163 164 165 166 167 168 169 170 171 172 173, 174, 175, 176, 177, 178, 179, 180, 181,
20 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196 and 197], that further
comprises an immunologically active component effective for the treatment and/or prophylaxis

of infections caused by infections caused by bovine Coronavirus [combo 204]. According to a
further embodiment, the present invention relates to a combination vaccine according to any one

of [combo 001, 002, 003, 004, 005, 006, 007, 008, 009, 010, 011, 012, 013, 014, 015, 016, 017,

25 018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036,
037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048, 049, 050, 051, 052, 053, 054, 055,

056, 057, 058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068, 069, 070, 071, 072, 073, 074,

075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085, 086, 087, 088, 089, 090, 091, 092, 093,

094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112,

30 113,114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131,
132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150,

73



182, 183, 184, 185, and 186], that further conprises imunol ogically active
conponents effective for the treatnent and/or prophylaxis of infections
caused bywonhexnisns caused by Moraxella bovis and/ or Kipehaisedloasapy. ,
preferably Klebsiella pneunoniae [conbo 189]. According to a further

enbodi ment, the present invention relates to a conbination vaccine
according to any one of [conbo 001, 002, 003, 004, 005, 006, 007, 008, 009,
010, 011, 012, 013,014, 015, 016, 017, 018, 019, 020, 021, 022, 023, 024,
025, 026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 037, 038, 039,
040, 04151 032,150484, 04%,156045,7, 0286 250479, 0981610492, 18801649343, 106216705&, 054,

055, 5 , , , 5, 0 7400 069,
070, 0790435 170752 05178725 b6 17678 bEa1shi8!: 430!s0dt 1832508 osa.
085, 08688 B8719088], 19891930994, 1991]96082] 1093hat(fsher GOFpri@IGNLGATL bOGBe 099,
100, 1Oéb 102mi3b12%] 105, 106, 107, 108, 109, 110, 111, 112, 113, 114,
115, DropvHus P09l 120, 121, 122, 123, 124, 125, 126, 127, 128, 129,
130, 5131, 13&¢cokBids td34furtha5cmﬁéiﬁmerﬂt3ﬂie p3&nt 132ntidd Gslatdd 1o alébﬁlblﬂa‘ﬂﬁn 144,
145, 146, 147, 148, 149, J}% 152, 153, 154, 155, 156, 157 D? 254,
159, 16%accifgfor thgeeatrjgy an %Pfoli xisjof gattlg pglinsi sycrobislobicalyplectiayy in Gagle. g4
185 andwh&6ih, thd Ehibihdiioh REscifeQUTRIPLHSE M. cmlso% ref¥RIb8y BB hithRASd afd @\flﬁlﬁéﬁbhﬂ

t oxi ns, each of Moraxella bovis and/or Klebsiella spp Ereferably,

Kl ebsi epevas phétifihihEcFEotsoiUIYe] Imnerdeary 16va coipensar SFSBYE FEnte t he

present LAKERT bR ?@hﬁm 0o FQBhN 2LE LA N}a%'vfﬁ% CBForaVful AR HBhe aNd/ OF
prophyl axis of cattle agai nst m crobiologicdl infections in cattle, wherein

t he 1@ onBowairugricombeiZiel. coemordiseedo M pistaried, epbasiimeribihe t:mblaattoenwp@@l and
avirul e@c;rr%g\qéf%)e c?vzsa ege?gﬁ%h@eaﬂe&%{e@'aﬂd aaﬁ,\ﬂenft W tbg'\%% % Ll O?) Fhf ndyont’:?‘Ctl ve

conponent |vé or the treatment and/or prop ections
caused mwnﬁsemeﬁmshma06b¢mnq@@nmnmmga¢ihwmmdkdwngsEomaoﬁﬂéﬁerred
enbodi nent refera

I na n vacc ne C npr
S g e T IR e R e
t oxi ns @efccﬁs@bm&dlﬁ@toaan@ainb of {mmb@ 01)9,2(](12 @ax; 0041i00g, 08, @07, 008,060, E@IEboLi, ment ,
the pre i 0 | at e cGin n any one
of R onB ek Vigos B 01 BfR. BB D638 B boD e Eho g ier Gh Do Yo
014, 01831,036,0381034, @358,03@1@7 020039210, ©@A2040233, 1424045085, 0@260480@79 028,
029, 030, 031, 032 035, 036, 037, 038, 039, 040, 041, 042, 043,

044, 0480.02k 058493, @ifé 05@4@?6 056 059HDY. ¢8p0619582. 1854064986, 0966067085, 058,
059, 06869, 06407062, B93.07068hs, 082 079408, ®B708DP81, 082, 083, 084, 085, 086, 087,

088, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 105, 106,
20 107,108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125,
126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144,
145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157 ,158, 254, 159, 160, 161, 162,
163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181,
182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196 and 197], that further
25  comprises immunologically active components effective for the treatment and/or prophylaxis of
infections caused by infections caused by bovine Coronavirus and bovine Rotavirus [combo
208]. According to a further embodiment, the present invention relates to a combination vaccine
according to any one of [combo 001, 002, 003, 004, 005, 006, 007, 008, 009, 010, 011, 012, 013,
014, 015, 016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030, 031, 032,
30 033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048, 049, 050, 051,
052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068, 069, 070,
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069, 070, 071, 072, 073, 074, 075, 076, 077, 078, 079, 080, 081, 082, 083,
084, 085, 086, 087, 088, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098,
099, 100,woQa10/12064 103, 104, 105, 106, 107, 108, 109, PCOUSMLHO3MAP, 113,
114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128,
129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143,
144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157 , 158,
254, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172,
173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187,
188, 18971afd2,190] 074 AAY, U GrG7Hed7& 6nproS8.e@B Lan8l, @B oS 884, ﬁé&t@%eow
conpone for tho@ N0k Pr axis t s
caused E(SO ??113% io%ébggggg? y%?ﬁ%ﬂgghfyg ?:(()) 19?2%)%1@4 Sl)gi] 1|0§c§)gf Iclj%g to a
further I@Ibd)@il Itént12, i he 1pd.edént 16, AventlBohl9r édatles, 128, #3c dphiladat i26n1%acci ne

030 " 011,09y, B° 4%, 55 p R a0 5 (a3 3d0 dorndts 1430 505%. 02,
84218 583647,0227,,149%&0, G)%g 15@,215,3, Dsi% 15515}?6 16523158)344 1(5951608361, 1@3,;16383&, 823,
055. 05%‘?5’3%11685@6,8’ 8@%:17g6](57:1’ 87@1:1786154 Hés”qgg%’ ]%3517963%9’ 182’7138202%; 069,

070, 07134, 082, 1831870148, (8651907691, 067, 163/8,040195, 380.an@8%7 108z OB 084,
085, 086, 087, 088, 089, 090, 091, 092, 093, 094, 095. 096, 097 098, 099,

100, 109OMPIEes onp(ys mofqntiganysachy gfghoving Foropggrus pnd bovingRotayinus [qombo 2004 114

115, 116, 114ecofdh t&%gfurtﬂgloemﬁ(%ﬁmergtzale %I?Cgbnt l@v%ntlénz%latg-sz@) a%?nbu‘]a%@n 129,
130, 131, 132, 13 134, 135, 136, 137 144,

145,10 1 4gaccing for theygeatmern an@wron@axm@zatﬂiB&mﬂsncromglaglcalasfecq@? in q%t@ 254,

174, 175neriighe indfE v copfises s poripgereiy o denufdnd frihfr 1o
ég ghgp?lgﬁ??scidmmed fharetthend el iose Surthat ingemolqeiaefle petbleycoanppsait Bffeaifve

di.ng to referred. enbodi ne he
o coont o B fie ARTR0 pdP e GORERIAR SRed BBl R e B eambO 5 or
prophyl al()]s Aotorgiag ttbea pgdirredt embddﬁr@é:it o{mmdnaimaiuaﬁ emtdnmwﬂqpmeatml Bovispher ei n
t he conbi nati on vacci ne conpri ses M VI S refe t he attenuated and
i 151 ORETRT D QYT gt AP bt et el Dokt GFRER | T of i CHFTRy Shot f ve
comonemtﬁﬁémﬁmfﬁ@wh@chnﬂ& trigat nent and/ or prophyl axis of i nfections
caused by Pasteurella haenolytica, Pasteurella nultocida, Salnonella dublin

~Sal nonel | a A§oRIRaES @nivather E§E‘P§E1T‘1F1%fh|ﬂ§ RSPt [RGB 1957 NS cHIRGOR0 a
prefer r%&ﬁ@*ﬂ@é&dﬁ fo arlyBie G0 fHLIB 0P V0 2GES, '@@4 .@REPI06S 687, Wbs.R@Yi G0, 011,

preferably the att enuat ed and avirulent M bovis as described herein, and
one or prbﬁl 813t gRlds OBm dA7.dE18, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030,
20 031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048, 049,
050, 051, 052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068,
069, 070, 071, 072, 073, 074, 075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085, 086, 087,
088, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 105, 106,
107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125,
25 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144,
145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157 ,158, 254, 159, 160, 161, 162,
163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181,
182, 183, 184 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199,
200, 201, 202, 203, 204, 205, 206, 207, 208 and 209], that further comprises an immunologically

30 active component effective for the treatment and/or prophylaxis of infections caused by

infections caused by Cryptosporidium parvum [combo 212]. According to a further

75



Pasteurel | a haenol ytica, Pasteurella multocida, Sal nonella dublin,

Sal monel | a typhi nurium and Escherichia coli Bacterin-Toxoid [conbo 196].
Accor di ngwvoaoronelspr ef erred enbodi nent, sai d conbi nat i oRCTAISCIB3ITIINDr i SES
mul tiple isolates of Pasteurella haenolytica Type Al and an associ at ed
toxoid fraction, and single isolates of P. nmultocida, S. dublin, and S.
typhi murium [conbo 197]. According to a further enbodi nent, the present
invention relates to a conbination vaccine for the treatnent and/or

prophyl axis of cattle against mcrobiological infections in cattle, wherein
t he conﬁhbmﬁm@n, thacmésnet owenpion gelgtepto bm@h@inamrefvmcablaycctrﬁi@ga@ taspwat e and

avi r ul ept, 853, 4825068, M85 b, 0N hUsiNgta |dTHUPOI B9k Gkl Acti ve

conmpone ts ef |ve et redtmen roph ‘axi’s of ‘infections
caused bys lOd)Q/lOié At 84,1003, (2600250 01@85_[27 05&8002%06@, 130, B2 O&F, B34.e1B5, 036,

o onuny Loz Bau b AR ol gy baso i B RN Bl Yo, B0 Ot B L D IR 81 b o e
:?oslasnt IrOI% Eosnrr{se d199p60, Ascami;@@ 064,065 W66 867, ©ER.ABONETH, N7, meﬁgmsmnéonbo
001" 0087 656 V75 0 oo DBk b D 385 BSe05G 357 0% 30 §lee30eds °0re,
016, 01@'94 @Q@ 0961@;7 @@,09@211)0 @(212,10@2163 ﬂﬂ4,10532156 1@2610802(79 1@881110292 030,

031, 039, 043, 044’ 045,
046, 043713 éll% 11@4@6 (1315"(3118}51119 b%élzbs@z b?§412‘b§§5 %6127959/8 1888130053l. 060,

8% 06?32 Q§§ 13Q6f‘35 %65 13@61@8 %7,146’5@,1 9@914§EQ4 1QL§11460?27 1%3}490?540 8;8,

091,10 091251 09% 15@91154 (1)@55 15@91657 0‘53725@989 5@91611062 1§©;Ll641(DQ5 1@@»3167@@8 105,

106, . , , , . , 1 120,
109 107398100 0udlhs. HZertide sl KBudige Oellp. 120
136, 137§8,188,1903%1,14D,1984194, 192, 19@4397 1984 199490, 262021 4P3, 248,0512%,, 150,
151, 15 1 156, 157 4, 159,..160, 161 6 163, 164,
165, 16%(,)7’ %ﬁgi‘n@él’tﬁ%gfﬂh%mﬁef an gr"é“’f ’Osf?ﬂd‘”%mf%bm%??ﬂ:‘]l?s, 179,
180, 181, 18&¢coidddy td 84furth&5ehB&limdiB7 thel BiBsend 8Denfl@D reldtSsl to h9&bmblLi@hion 196,
and 197], that further co rls s an i nol o |caII ctive, conponen

o a1 Vscheror bl aaty GlTBY BREN Gt CaE pesr oY RE et B e TR d ey
infecti Q/H&eﬁ&hks&dnlbﬂahbﬁWh&ﬂqe%h@ﬁbds% Ho280prefeABEOME bitdhubed and situla M.
enbodi nent, the present invention relates to a conbination vaccine

accor di #gyit & %Fﬁgflb@ﬁéle@m PebAbis2sone fyher ingpanolqpirally gete wowongd vifeativg, 009,
010, Olfer o¥MlfeatBd 7an@314pr091;3§a)(150§-f61nfegt4(7ns caused by Cryptosporidium hominis [combo

214]. According to a preferred embodiment, the combination vaccine comprises M. bovis,

20  preferably the attenuated and avirulent M. bovis as described herein, and antigen of
Cryptosporidium hominis [combo 215].

According to a further embodiment, the present invention relates to a combination

vaccine according to any one of [combo 001, 002, 003, 004, 005, 006, 007, 008, 009, 010, 011,

012, 013, 014, 015, 016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030,

25 031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048, 049,

050, 051, 052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068,

069, 070, 071, 072, 073, 074, 075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085, 086, 087,

088, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 105, 106,

107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125,

30 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144,

145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157 ,158, 254, 159, 160, 161, 162,
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018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030, 031, 032,
033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047,
048, 049,w03010/0854 052, 053, 054, 055, 056, 057, 058, @EY/USREO0/,03064, 062,
063, 064, 065, 066, 067, 068, 069, 070, 071, 072, 073, 074, 075, 076, 077,
078, 079, 080, 081, 082, 083, 084, 085, 086, 087, 088, 089, 090, 091, 092,
093, 094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 105, 106, 107,
108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122,
123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137,
138, 13%03,144,1634166, 1472 168430, 14Y 170,452, WiB6 174475, 17481771488, 178018015631, 152,

153, 15 , 7, 1 4 0gr1 2:0<1 gal 166,
To7, 10> 18%5190% 9115473 Bstesy . pdcton 3. 1pdos S 1§fghos . 1o
182, 18300,284,201893, 2KE6205180’6 208208 iﬁgzoﬂgﬁat flStier cdlﬁmsei%i,mrﬂ@wlogicgﬂy 196
and 197 that furth es. antigen of bovine.Rotavirus [conbo

201 - Ak i pepiny R Pitore Mot MEHT. Mty BRUbARE PhORKEIR IR 1o a
conmbj natnf@fomacaisee bprCrypspdrkiaimendmmnd/[comiby o316 axt@dopg eatd Ifertagai nst
m cr obi ol og cal infections in cattle, wherein the combi ngtion vacci n?

conpr i sEECFAMEYy hs, PRl @Yoy - té'fs i P&HH‘Q&“&HO%HEFCH% FEPERE RABSUF St a

descri bgdmlaeroen npo2a0es, a4 @%Sbo@ﬂ!)@?fwst b@gr 01mmun0b@glmal b, Bck.ive, gp;rrponent
effective for the treatnent and/or g (?\:?éam ecti ons caused
i

bovi ne &6 8hd 4201 UK. PeoBé Boof2>. Reb 6P b 593?)r(5’f1e@}2e83%r9é6093}§e%6’ t he

conbi napi-0n3yanei o), 6LIMRLL SRS, Ma, BIYiose, Ri7ehed akd YOsbh@sﬁbS?'@H@(%q a5yl
avirul ent 'M 'bovis as descri bed herein, and anti gen of bovi ne Coronavirus

[Cf)rﬂbo OHBPS7. A8 00 P AQD 106 L.DRupG3Ep4, éﬁﬁo@ﬁ@r@@ﬂ 068 Hh59p97é)fs§7ﬂ O073&ERt Poh

005 0ol 886 PRI BES RS HAET 55, 38525 0%, b8, 35, AR 0RL phS Wh R . 002
018, 01094,099,0962197, 028 099210, 0P4,10D283, TR6]10DAV6, 1028]08029, 10801110812, 032,
0ds. 0ab!>-QLh 11gskrs. g8 11Bege. b 12bdde. fe120dss. Peaiodds. 3onoolR oss
833 8$432 085, 13@3&55 084,130683, 019214@71@1 D1 140724, 1@331468147,, 1@8(5)14987@, 8;;,
09315 ogi51 88% 15859%54 83% 15%91357 g%sa%%d% %116113%2 1f83164lg§5,’ 1%%5136713%8;’ 107,

108, 10969, 1110),171111322 iL712,2,174L1135 IL7364,17711158 1‘L7196,18(111%,1 ﬂslz8,183Lh%4 1301861287, 122,
123, 124, 125, 135, 136, 137

138, 13688149, 19@4191 iﬁé 19%41394 i9§1= 19@4‘597 11%6199&4?-)90 %04820%@@3 A50205184%. 152,
153, 15447, 289and1h9;, tﬂa@?urthéﬁ&mpgééjs’ anglge%y of %toéﬂgﬂidlu%mlms [combo 217].

According to a further embodiment, the present invention relates to a combination

20  vaccine for the treatment and/or prophylaxis of cattle against microbiological infections in cattle,

wherein the combination vaccine comprises M. bovis, preferably the attenuated and avirulent M.

bovis as described herein, and further immunologically active components effective for the

treatment and/or prophylaxis of infections caused by Cryptosporidium parvum and

Cryptosporidium hominis [combo 218]. According to a preferred embodiment, the combination

25  vaccine comprises M. bovis, preferably the attenuated and avirulent M. bovis as described herein,

and one or more antigens each of Cryprosporidium parvum and Cryptosporidium hominis
[combo 219].

According to a further embodiment, the present invention relates to a combination

vaccine according to any one of [combo 001, 002, 003, 004, 005, 006, 007, 008, 009, 010, 011,

30 012, 013, 014, 015, 016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030,

031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048, 049,
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163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177,
178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192,
193, 194,w02b10/2964and 197], that further conprises an iPewUsd100HBIa% | y
active conponent effective for the treatnment and/or prophyl axis of

i nfections caused by infections caused by bovine Coronavirus [conbo 204].
According to a further enbodinent, the present invention relates to a

conbi nati on vacci ne according to any one of [conbo 001, 002, 003, 004, 005,
006, 007, 008, 009, 010, 011, 012, 013, 014, 015, 016, 017, 018, 019, 020,
021, 02230,028,0502up3, 035,0582B0, 0/7 059289, @RQ0610962, B310049893, 0168306708@, 035,

00s gogeo. 838 0733 iR e dhs. §iEorftRs Ghgos BBt @dtesiihe. FiheerdSy. 020
066, 067s8,088,0906® 1, 091),098,A04, O 09Q 187, WR409D 180, 10161020773, 107.810507®,, 080,
006, oo B 10885, 1Bg 1 9eds. SR 255s. Dan9dee. 23512032 Baass 110
111,511226,123,1281%9, 13R,13L182, 1337,134,1185, 13691371208, 18211401221, 14231431244, 125,
123 1abis 138 115 13015038, 1551538 Bhe150 987 18, 2578 %9, 18 618 H0% 18

156, 15763,168,16851k6, 168,168,609, Ll 171622, 631741645, 11651771668, 116,/1801681, 169,
170, 171, 172, 173, 174, 175, 176, 177, 178 179, 180, 181, 182, 183, 184,
185, 18632 18%, 184984189, 199087198, 1892901193, 1929493, 184, 1959696, 44 W71t hat
further ,G@OnpI | §BS2@E@NLHYSIN5050 YT MR8 Gl 9DGY kifab! RurlheLIRPr AL Imm ARG AP Lo a
further enbodi nent, 'the present invention relates to a conbinati on vaccine
f or 1¢ headtive aqompanengndffedtivpriopild dieatsent anden prophyarinstt infestioni edvessh bal

i nfecti oRSqhiy CALdd 6 c“)@gﬁ bRahE p& SR DAL ERPeNpHTiIG R RERbY20PV! S,
prefer a’[qf?y 1tllage att en%at %ﬁ@daw Ul entﬂ%l ﬁ@\ﬂ éé}aslﬂgesocrl e[g&ﬁer el ﬁpand
f urt her Acenmiingltogi Bathely erabddimentc deppeent sivelitfoactelage oy corhbinttiamatareint
and/ or prophyl.axis of infectiqns.,C Q% q$)i riﬁg i vi ne
Rotavir§§° 8%&88“&8%T#[%%e%%%ﬁn§”%@gg%gﬁe 2 éd&g d?ﬁgﬁgaqﬁﬁgﬂ'o Pnati on
vacci ne0oups,i(H6s01V 0b&wil s, 020r eflen2ah |03t e, 623, ®6Lai26 d0Z28) 2B V030,038 N032M
bovi s as, d ri e@vy i e re.antij s, ea f % i
R N L T T T S
enbodi mesy, 058,540 054, 05NVESBL 0330 06@ | 081 562{ 063 060,055 NG, 067,\086,.0069€070,
accordln%»to ané one of gconbo 0017 002, 003, 004, 005, 006, 007, 008, 009,
010, 01471-812 078194, 61% 07610 7. 8% 079080, ¢ig08% 83, 0830085946, 0§208809%. 024,
025, 02690, @87.,09928b3, 880.09936, GFL 008300, 3100382, 8351040365, 1087107088k, 039,
040, 041, '042, 043, 044, 045, 046, 047, 048, 049,
109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127,
20 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146,
147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157 ,158, 254, 159, 160, 161, 162, 163, 164,
165, 166, 167, 168, 169, 170,171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183,
184, 185,186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197 198, 199, 200, 201, 202,
203, 204 205, 206, 207, 208 and 209], that further comprises one or more antigens each of
25  Cryptosporidium parvum and Cryptosporidium hominis [combo 221].
According to a further embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against microbiological infections in cattle,
wherein the combination vaccine comprises M. bovis, preferably the attenuated and avirulent M.
bovis as described herein, and at least one further immunologically active component effective

30 for the treatment and/or prophylaxis of infections caused by Mycobacterium avium

paratuberculosis [combo 222]. According to a preferred embodiment, the combination vaccine
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050, 051, 052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064,
065, 066, 067, 068, 069, 070, 071, 072, 073, 074, 075, 076, 077, 078, 079,
080, 081,wo&f10/08G34 084, 085, 086, 087, 088, 089, 090, EET/USRGRA/HN3NIB, 094,
095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109,
110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124,
125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139,
140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154,
155, 156, 157 , 158, 254, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168,
169, 17eompuipds ML Pavis, 1igferablpithe 2a&uated Gnd pyipylent 74, bAPoas deg@ibed dereim @2d 183,

184, 188,300 1t B 0 A0 d 90 IR0 (450 40, 104, 195, 196 and 157),

t hat I fimuné conponents effective for the
treat ment andl¢cordimg (ocphyfuadwsembodlmélﬁctheomssemaum@dtiduy rélatte ot aormsnbdationd by

o rroar noE e irdiRe By S oB FooR T MWLy AR RGPS B8 s, AFF BhE\RE G Bt Tt e
gclzgos gilogz, 10(1)3,801341(0)1r15e0136£i o[mﬂﬂapo@gmzo,m?m,, %2(238236©Q4,,0260626 008, 029&72,900318, 0(2)29
025, 02%3,1’8%:0382%4’ 8%‘9:03&(@7’ 8%31:0358 0, Qﬁés?“?@ﬁ?’ %%5045(3@%6 06%7048 . 039,
040, 04450,042, 0594@33 @5&4,0594#'5,6 @5476058)4)39 ((M)Sowlé%z (13300640845, 08620670668, 054,

055, 056, 057, 065, 066 067, 068 069,
070, 07196% 930, (5?3072@9213 0@4’53750976? 0@771)78067@ 0@7@81(%@ 0855 984. 982, 0568487. 084,

085, 08fgs B89 09@8@1 @@? 0999@4 6’%1096’%@7 @)‘%30990%@ 1@)9510209@3 1@27}050?@5 099,
100, 101, 102, 114,

115,10 11607 19%, 1021810 111.19111,21313 11.12411112126 111231181249 129512112%2 122712412%3 129,
15, 14625137 Ak 10 dghe [ a4d)s pihords pffuoth adousfh. o0
159, 16@45 164,, 141648, 168,150.66,1, 185,153,664, 16571561887, 16892541787, 10011611762, 173,
189, 1000 165, 1630%6 16510500 185170d¢> 116775, "Pnkt” 10 her otk i ses.
ggg] or ngR, 38_anlt8l4tgsm,;1%a<rl:$6,gﬂ7,2m5)m&9, @9@,01@?)61921,1393294,bm5%/m%,:Qet/,alx%lr u%)e[sc?gbg
cont? na% ﬁglf%g@lﬁg ?{?)ZF zbgreiopr g@t %@%gﬂpo przi%ﬁ%a;ﬂ Sg‘{ 23&1%1% Sli;fggai nst
M crobi olRgbEald INn{,ekd: ifQSr édingiRbd dneimnheIoRichlly Reive sthpdnahi PRcHRTEH the

conprises M bovis, preferably the attenuated and avirulent M bovis as
descri béeptmetangdfor %rﬁeiwé@cm ddafectione cused epferighysarssg P Aegpasterinpervégtponent

ef f ecti ¥Gafi@brcldSis [EMSdENY. 2RG/0]e (0h PRI BXbSIiREnt ME Bkl RN e k@AM DY
Crypt ospori di um parvum [corrbo 210] According to a preferred enbodi nent,

t he conts haempatipac@rgiec wﬁﬁiﬂn&@sanwlonb@w%ombo 001, 002, 003, 004, 005, 006, 007,
20 008, 009, 010, 011, 012, 013, 014, 015, 016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026,

027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045,
046, 047, 048, 049, 050, 051, 052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064,
065, 066, 067, 068, 069, 070, 071, 072, 073, 074, 075, 076, 077, 078, 079, 080, 081, 082, 083,
084, 085, 086, 087, 088, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102,
25 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121,
122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140,
141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157 ,158, 254,
159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170,171, 172, 173, 174, 175, 176, 177,
178, 179, 180, 181, 182, 183, 184, 185,186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196,
30 197 198, 199, 200, 201, 202, 203, 204 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215,
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preferably the attenuated and avirulent M bovis as described herein, and
antigen of Cryptosporidium parvum [conbo 211]. According to a further
enbodi nerwQ 20te2prsesent i nvention rel ates to a comnbi nat iPOM/USATI0i082 49
according to any one of [conbo 001, 002, 003, 004, 005, 006, 007, 008, 009,
010, 011, 012, 013, 014, 015, 016, 017, 018, 019, 020, 021, 022, 023, 024,
025, 026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 037, 038, 039,
040, 041, 042, 043, 044, 045, 046, 047, 048, 049, 050, 051, 052, 053, 054,
055, 056, 057, 058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068, 069,
070, 07116,342, 20% 32190722 agy¥ 3211078y famer Qm@rised 7@11iz@80f My8dLac@8an @881 084,
085, 08 ) , 0, 091, 092, 093, 094, 095, 096, 097, 098, 099,
100, 10‘?‘?”%&,"”%’3,[&%2’,2# 5, 106, 107, 108, 109, 110, 111, 112, 113, 114,
115, 116, 11Agcofdiife td h9furth@OembRiimerit22he fi2&nt 1dentidiP? belatdP €y al@mbida®i8n 129,

130, 131, 13 33, .134, 35 36, .137,..138,. 139, 140,. 141, 142. 14 144,
Tas, Tagiecls §r Qe andyspproifivisid foun ding BeroRiEBricddirectitn Gl 55,
159, 5 16Qherdialthe dddahinalod vadchd, colpbises W6.GhovkOprefelddB; thd 68cnudtéd andladvdsulehv B, 173,
174, 175, 176, 177, 178, 179, 180, %8%{ 182, 183, .184 184, 185, 186, 187,
188, 18 ,Wslﬁd,les%éjffi heih1, angat legsy ghe fugier ipypunojegically gefiveq@gpongyy etferiye 202
203, 20fr @O5wcadéht AQ/br prOfhydRe 3D htecitdnat cabibbdt BEIAERIPIrLS GorAbb 226].

i mmunol ogi cal ly active conponent effective for the treatnent and/or
pr ophy| A%§%diBE 19 pPEceTegrrabodinsal s cqpfRdion JACINEAPEWHS M CPSPpt BEHBREIAI um

par vum {reopbQiaghZind AFERAGING O a@adsEiitdAeeRHD Ol MBALen &fhﬁdd%%%r[%oﬁlm{ ention
relates to a conbi nation vacci ne according to any one of [conbo 001, 002,

003,10002271005, 006, 007, 008, 009, 010, 011, 012, 013, 014, 015, 016, 017,
018, 019, 02 2 3 2 : 030..: 032,
033, 034 03 ?m%§é§“%§7ﬁH@§g?mg§ﬁ?ﬂgn§? %%%?tgﬁy?ugﬁg?mgiﬁfad%%?”%ﬁ%? 047,
048, 04%ccidb@gcopbig tadHR,0nd58 [cofthd 0005K)2, OF6 000%D), @HSN071H08, 00800100611, 062,
063, 06 0686, , 9. 07 1 3 5 0 077,
076, ov2 038 018a8rs. BES 013, R, v ddr. Ge02 DT Biarefe 650D oes
093, 094d31,09%,0309634, 09¥,03098,7, 059 034,030, Q10421 023, (4A,30451 046, 04050481048, 107,
108, 10 11 , , 4 6, 1 8 1 0. .1 122,
123}512§$l%%gf5%2 ?aé%695i%%?’é%©P5%%g?’é 196h§%?‘%%39@ﬁé§?(%ééxﬁiéé? 137,
138, 13869, b40,0714372, 842,074,455, AA4 071,458, 3460801481, 0848083148, 0850861687, 152,
153, 154, 155, 156, 157 , 158, 254, 159, 160, 161, 162, 163, 164, 165, 166,
167, 16858, D8 0997511 892, 0930094195, 09449716085, 09976 00.10, 1027403, 1194, 10pgH06. 181,
182, 18357 184.1088P10186:, 11873131881 118916100, 1191410 1198, 1249322 194, 1249925, 196,
197 198, 199, 200, 201, 202, 203, 204 205, 2086,
126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144,
20 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157 ,158, 254, 159, 160, 161, 162,
163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181,
182, 183, 184 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199,
200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218,

219, 220, 221, 222, 223, 224 and 225], that further comprises an immunologically active

25  component effective for the treatment and/or prophylaxis of infections caused by infections
caused by Adenovirus [combo 228]. According to a further embodiment, the present invention
relates to a combination vaccine according to any one of [combo 001, 002, 003, 004, 005, 006,
007, 008, 009, 010, 011, 012, 013, 014, 015, 016, 017, 018, 019, 020, 021, 022, 023, 024, 025,
026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044,

30 045, 046, 047, 048, 049, 050, 051, 052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062, 063,
064, 065, 066, 067, 068, 069, 070, 071, 072, 073, 074, 075, 076, 077, 078, 079, 080, 081, 082,
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207, 208 and 209], that further conprises antigen of Cryptosporidium parvum
[ conbo 213]. According to a further enbodi nent, the present invention

rel at es twoaowoniisaati on vaccine for the treatnent and/ ecTasoplopba s of
cattle against mcrobiological infections in cattle, wherein the

conbi nati on vacci ne conprises M bovis, preferably the attenuated and
avirulent M bovis as described herein, and at | east one further

i mrunol ogi cal ly active conponent effective for the treatnent and/or

prophyl axis of infections caused by Cryptosporidium hom nis [conbo 214].
Accor di B, 084.d8pr e P8 B A3BMB8dIHR AP 1, ORIBolbt. BAD.i 1A, Ve 87 hd98olr itles M

bovi s, I he,at t I ' b
ner ei 1, "ad Saner o op DT, B, T BT ool B8 IS i 1o @
further 2ozl lﬂén12,4 ihe 1p6.e28nt28, nYenBDolB 1 €32at183 134, b35c¢3milﬁat]36n13&acci ne

Seeor oI g R B9, S OmROyBR 15 098: 1B Tt 352 1530 000> 188900 094
025, 502654,029,,1602851, 088,1683(M4, 084,,160317, 0653,169340,10851720363, 1037],750385, 039,
0es ook 428 1 Bakko. 386 15858 SEk 194k §aatssodmy. 1§Reto1088. 1825104085, 0o,

070, 07196, Q52,19@71®9 WQODE@Q ,@)73620432(75 2@8820702@8 2080210081, 2082313081, 084,
085, 086, 087, 4, 095, 096, 097, 098, 099,

100, 10315. 246 21170§18 1?(,12 221%§21,1%¥@ 2@&39/24 f@@ﬂﬁje@at further gqmprisey pntigen F 114
115, 11@@&%@[%&&1;0% . 120, 121, 122, 123, 124, 125, 126, 127, 128, 129,
130, 131 132 133, 134 135 136 137 138 139 140 141 142 143 144
14510 146 1a%ccordige tof 49furhgpemb@timentsthe BBENt IMeNtiaqsEelatgs e al@mbinsgn 254

159, 169, . 4 6¢ 173,
174, 175t oGty addeprdiipcd i parkh donek et idhpertfnredihs e o2
188, 18@her¢@Q0he chlibinﬁigz vacd, com@mses MEboszSQﬁefene@W thg Q&Hua@@ pmﬂ@@l;uleiﬁf)M 202,
203, 204é 205 2 b | ?1] O 2 oot

i nmunol 84 c& ‘fescré e?u srgmcswg(%ngﬁs °8f é%‘f“i %m‘f OgE"ﬁ‘QY o Crrglrli)fmeél gifgive
prophyl sxits t&htnndﬂf fCVir@Rg$heRaks edmlﬁc;cuomsfcaﬁiemb@3\stmuﬁ~a@|[cbmb®2w}: Asmdhngll um
hom ni s [ conb 6] .. Accordi ng further enbodi nept, the present

i nvénti Bn? r%rle%frgi %‘@Ogmﬁeélﬁb hﬁa‘ﬁ“ﬁ’r‘l"a\?%c‘faﬁ@n%&?g‘lpﬂfeﬁg% o5y PEEARY PEonbo
001, Oo&ﬁmgﬂ&imQQﬂuuﬁgﬁwZQQQ@SQQ%Hb&Q&ﬁmQQﬁdmﬂ&@moﬂA&anﬁQko&%323ﬂ14 015,
016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030,

031, 032, 03Accophne tpasfurhggembaimergggie prgeent guygntigy 1clatgu o aowembigwian 045
046, 04zacc%g§ccogﬂ§g 10 7ong%%-[c09ﬁg 00@&;‘3)2 @@4009%5 &%60070668 0@580100591 060,

061, 062 , 064, 06 067,
012, 013, 014, 015, 016, 017 018 019, 020 021 022 023 024 025 026 027 028 029 030
20 031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048, 049,
050, 051, 052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068,
069, 070, 071, 072, 073, 074, 075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085, 086, 087,
088, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 105, 106,
107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125,
25 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144,
145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157 ,158, 254, 159, 160, 161, 162,
163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181,
182, 183, 184 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199,
200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218,
30 219, 220, 221, 222, 223, 224, 225, 226, 227, 228 and 229], that further comprises an

immunologically active component effective for the treatment and/or prophylaxis of infections
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075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085, 086, 087, 088, 089,
090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 104,
105, 106,w0Q@i0/2064 109, 110, 111, 112, 113, 114, 115, PCHUSPA,03WAB, 119,
120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134,
135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149,
150, 151, 152, 153, 154, 155, 156, 157 , 158, 254, 159, 160, 161, 162, 163,
164, 165, 166, 167, 168, 169, 170,171, 172, 173, 174, 175, 176, 177, 178,
179, 180, 181, 182, 183, 184, 185,186, 187, 188, 189, 190, 191, 192, 193,
194, 1956111861196' inf@Ton0@usetidsy, AOeviratombe 232 0gcordna tQ@Efurthf(D@meQimenQOB and
209], - i SniC

2071, Adesrath M Ep GO nES Anbharh haitd KELARRN0 o) HR RN BB 10 a
conbi naO®30|®04/e(I§)61 o, Do, 0080001 HY AEht01an@lB3op 14 0o bakI7s 08, 0dat@A0e02gai nst

compr i <02t g 5 e 2 R, SR D Giepliidiar bt 518 ST Bt W "BEON L s
](cjg?Cf Ihle)&dl log2, Sr]élgt 04N d49, wab, Ir"(BW Om;ummlwfgj @561% DSQt, ;‘B)GB,iSOﬁ&é@SSréTDw)@ﬁV,SOSST oEGtive
o ypt oS Fal-Uepiy id 968 @By o S B Uk Fokor oo 2 08p. 077a8%br di ng
to a pr@fsef()B@dB@nmegB?f@M 09390863@@7 FO@EIGE@ U@(FCOQDQ)%O@EW 0$€ DM 09BOVI S ,
prefera‘t;)r%g/ the attenuated avi rul as described herein, and

one or 89%nPgkHs 1@adh3 olf04d%t18@>p}8?1 Hl8uﬂ799pér1@eu1rh1ah]c¥ &g bsHSr L Hi um
homi ni s {£qn®0 131Ro. 17 Ges dixng 40 185 flupt frer 1@37’999“1@@”131 t5e BEesanias,

invention relates to a conbi nation vacci ne according to any one of [conbo
001,10 00236,003, 1380139, &4/6 1400612, 687 14908, B99 1411483, 1612115001?1 102315301, 015,

031, 035 438183 638 150ak0. 365 1eg5in. B&hrenae. 15 16850 BARTIER s,
046, 04773,0328, 17640760507, 1081]79052), 1853]8205%3, 1855185086, 15758, 088, 1905%1, 060,
076, 0v 2 098 1878, 388 190 as. BR520050 §Ra20088" Whe060eT: 52080 oo,
106, 102 08 100 o1a e e e e I 118, 18 120,
12113 12%29] g%*f“%]ﬂco%%sesilﬁléeniégs“of%s[C who 233" 1371 132, 133 134, 135,
136, 137, 13Bccoldd® tdl40furthél emBstiimerkdhe grddent 1dentidif Gelatdd o aldBabidAiGn 150,
151, 152, 153, 154, 155, 156, 157 .158, 254. 159, 160, 161, 162, 163, 164,

165 16BiccHgor theacatmey and/gproghylaxisiof pattlg peinsi pucroRiglyeiclaptectiopy in qaptle, 179

180, 18y pherdiZne dfsbinakidfh Vgc%‘flne c%%nsé's&@ b0$§7pre§e§a%ly th8Qetenk¥Qd adPdviruldeas 193,
194, 195, 196, 197, 198, 19

bovis as described herem and at least one further immunologically active component effective

20  for the treatment and/or prophylaxis of infections caused by bovine Parvovirus [combo 234].

According to a preferred embodiment, the combination vaccine comprises M. bovis, preferably

the attenuated and avirulent M. bovis as described herein, and antigen of bovine Parvovirus
[combo 235].

According to a further embodiment, the present invention relates to a combination

25  vaccine according to any one of [combo 001, 002, 003, 004, 005, 006, 007, 008, 009, 010, 011,

012, 013, 014, 015, 016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030,

031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048, 049,

050, 051, 052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068,

069, 070, 071, 072, 073, 074, 075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085, 086, 087,

30 088, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 105, 106,

107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125,
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200, 201, 202, 203, 204, 205, 206, 207, 208 and 209], that further
conprises immunol ogically active conponents effective for the treatnent
and/ or prwphyleris4of i nfections caused by infections caasas2ay/032149

Crypt ospori di um parvum and Cryptosporidi um hom nis [conbo 220]. According
to a further enbodi nent, the present invention relates to a conbi nation
vacci ne according to any one of [conbo 001, 002, 003, 004, 005, 006, 007,
008, 009, 010, 011, 012, 013, 014, 015, 016, 017, 018, 019, 020, 021, 022,
023, 024, 025, 026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 037,
038, 039ﬂ30261264mw 032,1304132, 034 1394585, 046130433, 1348140049], 1880143054, 052,

065, 066! a3 4G ks 03 15gn. (215806 6156337 B80T 188 0kE: o2
083, 0811]63 084, 1608806, 087 ,168.389, UBY 170902, UB1174)925, 10631770948, 109,5],8009&1,, 097,
113 1148155 184 8% 187189 {57, horen 2. 1o . 19 tesy Jop. pdetosy S, 157
%ig 5 %3300 21280,,201;2203, %64;,2012285),6 %%20&@29 %13)62111372 211282141395 %ggzﬂ%glg ig%
‘15b, 289 Hhe e i 2Fhns {is e By Pcarn 2l sndeash T v, 171,
172, 1730m1§|n7sés arﬂ-ﬂnurﬂo?@acaﬂl? Zetlv:b?c%mp@n?&lt eA&Qive ¥&Ithe 48AmedGRd/ob gfbph}l&'és 186,

187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197 198, 19 200, 201,

202, 208 infgBomyRused gy, infrgtions zaged byl bowie, Parkenirus [(embe 230nesudss $ha or

mor € a“%dréﬂ%”én&ﬂﬁﬂen‘?fth r)éi%‘hpﬁql?a{doﬁ I B PR VAR AN o 4 YRR SPdifE ARE Ni S
[ conbo 221]. Accordi further enbodi nent, the present invenfion

rel af esott bomb@ﬁ%@ﬁétqoéno%ﬁ@ﬁ 1986,f497, (% 00%, 849, rﬁihtoﬁnllbﬂlfbr(ﬁé#@ﬂbam% of
cattle ggaipst)pi (%10%?'099'(%' %ﬁ%@&tdﬁ”@zs' pz @'(%11 ng@e%&*}% 036

conbi nat16n vacci ne’ conp bovi s the a nuat ed’” and
avi rul efd7, MBS, H59i @40a§4ljé)512,r045e@|44h@#%|046 @Eﬁdoﬁ OH%aQﬁ) @mle 05y r06RE54, 055,

or opnyl 0t 3Tk bR PR Rt B e oo bEF kgt B FEP arinEehitsi s
\[/;ggii)geQEZDE,gWGD(DRL 0P, 1080, 608[1[%2?082&(08@%(10863@87 68830898@13/@911,: Oémt 093,b0vi ]
as d%sc&?‘g@é% H)g?e(géﬂ 8§ (ﬁ)g%n]t L(ﬁ g& éo@acﬁ@fqﬁﬁgl ﬁ(& @% Eb]e1 cllosi s

[combo 223114, Aqgorm mg7,t108.al 1f9uuohem emomz.rmam 12% h1@6pms¢m mvgr@t i3
relates to a conbination vacci ne accord h% to anX one of nbo 001 002,

003, 00432.08%, 13éob°>5 bz 136098, b 1491g1. bq 149192 19131461 7 16&514901%0 017,
018, 01951 Q@@ 15@21154 Q?SZ 15@21%7 95?8425@2159 %61692182 1%%81640285 1@§01670$é8 032,

822: 04969 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 047,

20 188, 189, 190, 191, 192, 193, 194, 195, 196, 197 198, 199, 200, 201, 202, 203, 204 205, 206,

207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225,

226, 227, 228, 229, 230, 231, 232, and 233], that further comprises antigen of bovine Parvovirus
[combo 237].

According to a further embodiment, the present invention relates to a combination

25  vaccine for the treatment and/or prophylaxis of cattle against microbiological infections in cattle,

wherein the combination vaccine comprises M. bovis, preferably the attenuated and avirulent M.

bovis as described herein, and further immunologically active components effective for the

treatment and/or prophylaxis of infections caused by Cryptosporidium parvum, Adenovirus,

Astrovirus, bovine Parvovirus and Mycobacterium avium paratuberculosis [combo 238].

30  According to a preferred embodiment, the combination vaccine comprises M. bovis, preferably

the attenuated and avirulent M. bovis as described herein, and one or more antigens each of
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050, 051, 052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064,
065 066, 067 068 069 070 071, 072, 073, 074, 075. 076, 077, 078. 079
080, 081 wO2R10/0834 084, 085 086, 087. 088 089, 090 @OT/USMGB/H3NSS. 094
095, 096. 097, 098, 099. 100 101, 102. 103 104, 105 106, 107, 108. 109
110, 111, 112, 113 114 115 116 117, 118, 119 120 121, 122 123 124,
125 126, 127. 128 129 130, 131 132 133, 134 135 136, 137 138 139
140 141, 142, 143 144 145 146, 147, 148. 149 150 151. 152 153, 154,
155 156, 157. 158 254 159. 160 161 162. 163, 164, 165 166 167, 168,
169, 170rpiodpqridif@ panv@®, Adgyirdsy Bstraqvigis, boyihe Phip®virds7and MB80bacigium agar 183,
184 184 . 7189, 190, 191, 192, 193, 194, 195, 196, 197,
198, 196?%§%8f%§§iFaéﬁhﬂzgggs, 204, 205, 206, 207, 208, 209, 210, 211, 212
213, 2|14, _ 211[5<|;cofiﬂ1€g _tCQh7furt2618¢mﬁd£9mfer]?2ﬂleamd8?211}V,eﬁti¢1fa1relitw tmarcommmmtd/' ioges an
I MMuUNol 0gl Ca active co onent . e ctive for t treatnent,.. an or

or ophyl SReEe Serthe peamirn SRARERI SRy 1N ¢ uE st mictuialyB et & sy m
aviuy1p@ha%hbﬁ¢ﬁﬂﬂﬁﬁﬁﬁnk&&ﬂb&oa@ﬁkﬁﬂlgﬁﬁﬁrﬂkﬁgmbomaaﬂ&ﬁ&?@ﬁmﬁﬂhﬁﬁhﬂﬁﬂt, tpe
pr esent _1nvention relates t a .conpol nat.l on _.vaccl ne accordil n to ny_one o
[ conbo bois a“bé?g,cnb?%l,‘er@‘@zl an @heﬁﬁ‘ﬁfmﬁ‘é%mﬁbﬁcuﬁﬁQ?mﬁ‘ilt?f“so‘ifge,cut‘f‘l g3
014, Olpeat@dR. afdlof, p@%l%&la)@sl%f i026t0r 2dausdd2By [N BeriBid o2 Salnthdella Gdp., 028,
029, 030, 031 032, 033, 034, 035 036, 037, 038, 039, 040, 041, 042, 043,
044, o4preferably Salmongfiegdulging Sagneyellgstyphipmypiumyand Syhuonediarewyeg, bosine 058’
059, 06Rifihs HE2 boRiE. COBmvRES. 9B DRAm BBurOa0ihus ORburol, 073
074, 075. 076, 077.°078. 079 080 0817082 " 383 "Gg4. 085 086, 087 088
089 10 0obovineParvosizus ek Myoguctetiom, avhos pagymheradsis [Sombo 2401 Averdingopa 103,

125, 1043 ep3mebse Qi BRaq cophfies Bvogidremly defrenil 155

134, 13&md dv3@lend 87 povi88s dekBhed hglein, bdd ond dPmotedBitigddbachl ABEschdbchidl dofi, 148,

163, 1eXImiRdln BT iy gamagda R Yl iphugy g Sancpgt 177>

178, 178ewpb80,boiid, rola8dus 183, bolé, CABhavlii6, Ch¥iaspdi@Buym L8Bvur,9Bdenb9ilys, 192,
193, 194, 195, 196, 197.198,d%§9, 200, 201, 202, 2qg,.2p4 %og 206, 207,
20815 208501, boyipe Parygvirus pad Mygobackigmzsiyigim peqelubes qigosisleamby Sl n " 5517
that furtheraeormid $€9 ARhégeRbefimbtC akapiant tRecatél RIRed & WbInHih@Sh S

[ combo 225]. According to a further enbodi nent, the present invention

r el at esVac6ing fdhilireransms And/ aicki PPty iy of epidle peaint ﬁﬁﬁ?blaﬁamrm%ﬁwﬁw eiles of
cattle {gatmshe MndtiRRioRNAQife@lompRiQGYI NS, piBfefdiy the attdMISEE bl LViilent M.

conbi nati on vacci ne conprises M bovis, preferably the attenuated and
avi r ul epevigvps described herein, and further immunologically active components effective for the

20 treatment and/or prophylaxis of infections caused by Streptococcus spp., preferably
Streptococcus uberis and /or Streptococcus dysgalactiae [combo 242]. According to a preferred
embodiment, the combination vaccine comprises M. bovis, preferably the attenuated and
avirulent M. bovis as described herein, and antigen of Streptococcus spp., preferably each of
Streptococcus uberis and/or Streptococcus dysgalactiae, [combo 243]. According to a more

25  preferred embodiment, the combination vaccine comprises M. bovis, preferably the attenuated
and avirulent M. bovis as described herein, and one or more antigens of Streptococcus spp.,
preferably each of Streptococcus uberis and/or Streptococcus dysgalactiae [combo 244].

According to a further embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against microbiological infections in cattle,

30  wherein the combination vaccine comprises M. bovis, preferably the attenuated and avirulent M.

bovis as described herein, and further immunologically active components effective for the
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bovis as described herein, and at |east one further inmmunologically active
conponent effective for the treatnent and/or prophylaxis of infections
caused bywederonirsus [ conbo 226]. According to a preferpet/tsatiomsrment , the
conbi nati on vacci ne conprises M bovis, preferably the attenuated and
avirulent M bovis as described herein, and antigen of Adenovirus [conbo
227]. According to a further enbodi nent, the present invention relates to a
conbi nati on vacci ne according to any one of [conbo 001, 002, 003, 004, 005,
006, 007, 008, 009, 010, 011, 012, 013, 014, 015, 016, 017, 018, 019, 020,
021, 02Zcatp8, agldr, pOFHyla@B6 of ORfecti@BE ca3ed, by) Frepd@vecud3 spp-0I3Fefegaly 035,

036 03 39, 040, +041. 043,044 045 046 048, 049. 050
051, osg’,’ ””8‘2”%?“"85%’,’ 3’858',“1 dﬁ%,S"%é%’foﬁgg,dy g‘f“’%‘é&“%l?’“%@”"%&’é“ 8%%? 065
066, 06[combPeR45DEBcody, to Ot?ﬂlpreQ)TﬁprréH? Bnb@IrdentOThS ,coMBimati @7 Vaccldd 8pmprii@s 080,
081, 082 083, 084 090, 091. 092. 093, 094. 095
095, 0o P8 Pragatly FeoineRtied GifivicaRat ) iy gsrertgd neprand g orgge 170
111,5 112nt1g3.ﬂs30f 3tléb,tocﬂad:515 spp.6 prefetably Edéh, oﬂSzQaptdeZ@aus Yddiis AdHor Y2prockdhs 125,

126, 127, 128, 1297% 0, 131 132 1123 134, 135, 136, 137, 138, 139, 140,
141 149ssqlgegiaeqapglor Sigphylagpscusigpensiigembe 461 150° 151 152 153 154 155,

156, 157 15§cco?cﬁ*ﬁ1g to’l-ﬁgfurtiﬁ@oemﬂ&ﬁmeﬁl@ale ﬂ@?&nt 11@%nt1@155@1at@@6§) al&ﬁbﬂaﬁgn 169,
170, 171, 172, 173, 174, 175, 176, 178, 184

184 1g8waccinggccording tojayg ong g6 [compg’ 0019092 4@ 00‘1@@5 %)@40071%8 09960101@171 198,

%ig 20@12 %‘i’i 0130@15 8963 01?%418 8@502@%@1 (?ﬁ70232%§4 (%99@262@397 0%10292%’0 213,

fur tlher 0@@:%2 |(§é503érn Oﬁin@ﬁﬁd}ﬁgi)iﬁapﬁ% 0&@{ (i)‘kle%?o Nﬂbrfélﬁt 0435f ﬂé@toi‘l%eo%oﬁ‘l% he

t t / I f db
R e

i nvent i 649, |0é(l) 50700 05, EGRAAbTORT Y8, 679, Bl GBI 130, 05, by CBRELTGH { oo
016, 0153515 021 B3 0o 85509037, B3k, Bgiond®. Hkeroschl. oz
031, 032y7,088, 100380, 085110343, 0BT 119386, D39 10405, 0411210422 04312404, 025,
061, 06526 085 123617 085136682 07 138> bibe!¥b7a8 B9114634!. 1d3a4307h: o7s.

076, 07745,048,1407us, @&0 15@8151 0@2,1%3,540% 1%557 018@ 25918?59 Q%B,,lfﬁ8962 090,
091, 092 093 09 103, 104, 105,

106, 10703.16% 163056, i@b 16&11ﬁ9 l@z 171111§2 1_L7J?417411§5 117%177113?8 1798180118, 120
121, 12?82 11§§ 18-121%4 192018613487, 18871891280, 154291921363, 1931495138, 133349818gh, 135,

136, 13 200 201 202 203 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218,
20 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237,
238, 239, 240, and 241], that further comprises immunologically active components effective for

the treatment and/or prophylaxis of infections caused by infections caused by Streptococcus
spp., preferably Streptococcus uberis and/or Streptococcus dysgalactiae, and/or
Staphylococcus aureus [combo 247]. According to a further embodiment, the present invention

25  relates to a combination vaccine according to any one of [combo 001, 002, 003, 004, 005, 006,
007, 008, 009, 010, 011, 012, 013, 014, 015, 016, 017, 018, 019, 020, 021, 022, 023, 024, 025,

026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044,

045, 046, 047, 048, 049, 050, 051, 052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062, 063,

064, 065, 066, 067, 068, 069, 070, 071, 072, 073, 074, 075, 076, 077, 078, 079, 080, 081, 082,

30 083, 084, 085, 086, 087, 088, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101,
102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120,
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140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154,
155, 156, 157 ,158, 254, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168,
169, 170,wé>pr0122154173, 174, 175, 176, 177, 178, 179, 180T/uB3do/03B29 183,
184, 185,186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197 198,
199, 200, 201, 202, 203, 204 205, 206, 207, 208, 209, 210, 211, 212, 213,
214, 215, 216, 217, 218, 219, 220, 221, 222, 223,224, and 225], that
further conprises antigen of Adenovirus [conbo 229]. According to a further

enbodi ment, the present invention relates to a conbination vaccine for the
t reat mehil, dAd/188. Prlophy11dki K70t28%d429.1180abHi h&t 1A3.cI38bl Bt & ddV. 138f &&xi ons
in catth 8 MYst i } i e ably
the att Rt B By ent oM bt aas Deder (Btd er o aad B7 1 Ehet. one
f urt her 24ntoholedgi@all by, 1881 16de 16D MPoNENTT 16, flégt iAd 71,0172 heés, t1r7ea17ﬁem6 and/ or

P P B daabn i S PSR i s 80 8y 5 Tt TR {2 e 19 to @
g::]te:c ﬁ;ﬁb%@( lghtﬂ?&tl@gﬂm edl algdzm P4 e, O2MSI %HVEGS 529? Sﬂﬂﬁﬁilbeﬂu @Bﬁﬁm a?ﬂe
s ont 2 g Ae i auR1d. 330001 2] ans ARGOLE! D8 b8 ok e o SIP ORI o

[ conbo 981 239036, 235@323809319 200and 2406, thQQZnhe@Q&n%@@Qon@d{Qnm@Jaﬂnlge%gach%3
014, 015, 016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028,

029, 03BireptgqoccunsppoImefenahly Smpiocomss wams wyubor dgeptoguons dusgalagize, 043

044, 04§nd/914§tap9 Zeoc%aur%k‘g[coﬁﬁg ’2492 %cc%%’g tQ %%uﬁg%m&ﬁﬁnen(g 5tﬁe pQ@gn’t 058,
059, 060, 061, 062, 063 4, 065 068, 06 073,

074.10 o75werome relgpy o @V@nblgait@n \ogne %qrdlrrgse anp g oﬁ)[smnb@s@;l 0@36)03090/4 088,
2oa. 20005 93¢ oofods. a0 Q. fizo1 2. Qo1 . dfjors §b. gD, 193
110, 12034, 023 0782007, 126 0202060, Q95 031263, (FA7)331285, (BZO) 6188, (BRI 1GE, 133
Tao. 1583 DER:oaj e, gEBoag.dye. ifos o, dilosq s, ko Bss. opfipoorfidr. 15
igg’ 16462, D68, 062665, 066 :0613%:8, a@gbm,mi,lmm%%mé, WETCL O 01285079étmi, 1317:
L6015 10081 DR 0sf gbsa. 1B osq . G o8 o Eloodhans. Benods b B3 eskoby. o6,

207, 208p0,208, 1021£h3 2041,108 16, 2@7&10@%9 2051112162, 121371142185 12@911722Q§ 221,
222, 223 224, 225 226 227, 228 and V]@ﬂ that further conpri ses

i munol &)Iﬁ da01 \2Tabd2 V&3, ddtpioRe Mo: 42102 b 1Bhel 3Er EB rlf%‘htBé,n@ﬁoN?
prophyl axg, %3@1‘140nfaﬁCMPQS,@aM%G%bXM nixectisons qaysed, P3p A8t reyi f4sjgombo

232]. According to a further enbodi ment)

157 ,158, 254, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170,171, 172, 173, 174,
20 175,176, 177, 178, 179, 180, 181, 182, 183, 184, 185,186, 187, 188, 189, 190, 191, 192, 193,
194, 195, 196, 197 198, 199, 200, 201, 202, 203, 204 205, 206, 207, 208, 209, 210, 211, 212,
213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231,
232, 233, 234, 235, 236, 237, 238, 239, 240 and 241], that further comprises one or more
antigens of several serotypes of Streptococcus spp., preferably of several serotypes each of
25  Streptococcus uberis and/or Streptococcus dysgalactiae, and/or Staphylococcus aureus

[combo 249].
According to a further embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against microbiological infections in cattle,
wherein the combination vaccine comprises M. bovis, preferably the attenuated and avirulent M.

30  bovis as described herein, and further immunologically active components effective for the

treatment and/or prophylaxis of infections caused by Streptococcus spp., preferably
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the present invention relates to a conbination vaccine according to any one
of [conbo 001, 002, 003, 004, 005, 006, 007, 008, 009, 010, 011, 012, 013,
014, 015,wO02610/024i84 018, 019, 020, 021, 022, 023, 024, ©2FUSA®6/030D2¥, 028,
029, 030, 031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043,
044, 045, 046, 047, 048, 049, 050, 051, 052, 053, 054, 055, 056, 057, 058,
059, 060, 061, 062, 063, 064, 065, 066, 067, 068, 069, 070, 071, 072, 073,
074, 075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085, 086, 087, 088,
089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102, 103,
104, 108frem@@ccusOqberisQ8trept@@ccusldysedlactiae 1angd/or St@hylpidccud vBreus,] Klebsieila 118,

119, 12 1 , 4, 125 6, . 128, 3 133,
134, 13%’,“ 1%%’, %‘%"’%ﬁ’é S&‘gg,[“’m’g’, Zﬁl,A%ﬁ’%i?“glﬁ,a %ﬁ%?“éfi%?“bﬁé‘fenh ® 148
149, 150ymUitdtion Ma2qinel &@nprisbd M. ¥obis, filoterabhbthe, atoByate@Sahd dvn@lentd 60 ,boi®hs 162,
163, 16 65, ,.166, 167, 168, 169, .170,1 172, 173, 174, .1 176, 177,
178, 17@‘?“%@3, hagp, aggone; gy mdrg gntigegs’ i%%f‘ref@ff’“i‘§8?pp1’85‘fefei%’g‘f etgh °f 192,
193, 5 198¢4rept&@foccubOherit D 8tréft8cocdiBBdysgélctiad) and/d0 Btrepfddoccd4urdds, Kéhiell207,
208, 209, %ég’l\/l%ll’ 212, 213, ﬁliﬁ 1515, 216, 217, 218,?{%%]9, 220, 22%, 222,
223, 22%PP- 356 Myseplasga, spp, Jgompg 25blyjAccoiding o4 KT PEe | SRR GBR of
Ast rovi gdigbibSRADACARS Lommse O M i Jagist Preferdblly thRediteRRAJANRIEArulch 87, RLES &8t
invention relates to a conbination vaccine for the treatnment and/or

pr ophy| 8seFidbedt heraing 1a8d aRpsi ASIMHE CHYBFYS| BlgiHEEPIACAEHE { SPBns PICHIEAX 1P dhher ei n
the conbi-pasi el Vidsh MdfR SRR BV e SEALRRbY U Nerdlh! RitRlRS and
avirulent "M bovis as described herein, and at |'east one further

i mmitiol sryl-.AdY¢oplasaaispp. anshendatoxin lepmbe 2P2le for the treat ment and/ or

prophyl axi s e i,0 . bavi I J: o

Accordi ng togéco%drﬁegfe gc% raeﬂﬁtg%g%gﬁ%éﬁ%{r}t’ t ee&% %ﬁgil%‘%%{#l%*n??}%gsg%g g(?%lﬁrjllplﬁugrés

bovi s, paceine f@tyhestr¢atreeratindozad pylaximdof avitle afamt midrolbolggalasfedigsis fin teidk,

her ei n, nd. ti n of bovine Parvovirus.[co 235]. Accordin 0

o ¢ hor VBRGNS ko tion el emBrNS e 3i! FEBLERR heo EER AR Al Bacci ne
accor di @i as deyribsteh@tin] aadrifathed InmlRApgiCAR, addifd ,coMPbnenBO&TecAR/ forOB8, 009,
010, 011, 012, 013, 014, Q15, 016, 017, 018, 9. 020, 021, Q22, 023, 024,
02515 028c2tgeY anbes pigplylags Pt by }loﬁ%féuséégzy 8%%,“06‘@%?“ oaé‘é “@?f’?l’%’g’; 039,
040, 04ﬂr,efe@ajt)2y s8éded bt 14 oup%nsiﬂfh ,o@mch&%9wn0@9m09§ﬂn, %&opﬁﬁ&c 054,
055, 056, 057, 058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068, 069,
070, O7mentggrophysgsy Toghpphgten equigumo7lrichgpkytory 7syrkigyé, Hirospomon ¢y, 084,

085, 08@1icr9§17)rum canis var. obesum, Microsporum canis var. distortum, and Microsporum

gypseum [combo 253]. According to a preferred embodiment, the combination vaccine

20  comprises M. bovis, preferably the attenuated and avirulent M. bovis as described herein, and one
or more antigens each of Trichophyton, and Microsporum, preferably selected from the group
consisting of Trichophyton verrucosum, Trichophyton mentagrophytes, Trichophyton equinum,
Trichophyton sarkisovii, Microsporum canis, Microsporum canis var. obesum, Microsporum
canis var. distortum, and Microsporum gypseum [combo 254].

25 According to a further embodiment, the present invention relates to a combination
vaccine according to any one of [combo 001, 002, 003, 004, 005, 006, 007, 008, 009, 010, 011,
012, 013, 014, 015, 016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030,
031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048, 049,
050, 051, 052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068,

30 069, 070, 071, 072, 073, 074, 075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085, 086, 087,
088, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 105, 106,
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088, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102,
103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117,
118, 119,w02010/122054 122, 123, 124, 125,126, 127, 128, 12@T/uB3@0/038319 132,

133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147,
148, 149, 150, 151, 152, 153, 154, 155, 156, 157 ,158, 254, 159, 160, 161,
162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176,
177, 178, 179, 180, 181, 182, 183, 184 184, 185, 186, 187, 188, 189, 190,

191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205,
206, 20¥)7,208,1020D10, 2110,112.1113, P2 1121136, DIV411821589, 12061212172, 1238124212, 220,

221, 22?26 423:1282thg 14p:13£2 2 ?3237’1?22@5 601372398, 1%%11402?31 ang 1%%314 t hat

further npri‘'ses an i rmuno cal acti'vé conponent ecti ve
treat rreh45 arh@llldﬁ Wom#@gllé&|§10152i ﬂﬁhdﬁﬂprﬁ ¢m|sléﬂ 15y, 234 €59, |16&,316daﬂ1@3d by

or esont T Bk oo e rEr 8%y B EoTgl nat o 4 el hel BekBr Arg T Sny bne of
[conbo 001150084, 053150047, 085150080, 1007192008, 1009950045, 101195 01D, 2013
029, 039! B320035. Fag003k1 Bio0b3h Y871%038: 04215048 044215037 04,

044, 04520 046,200473, Qﬂz&zz@%% @570,228)@29 @.5)223105232 13423405%5, 86562370235, 058,
059, 060, 061, 062 069, 070, 071, 072, 073,

074, 0759 G786, 2407742 C%é 2‘%517@450384@ %7812480%42’ 2@%3%(1(?-@&1 g Srtisg somptses 088,

089’ 09 m 1 ac n 1 T ©a an 0 ’X1S nire 8 03’
222 oo 095 e Ao fn e 107

119,10 12¢pusetyy, infieegonsicagsed by Al rickpphytop @nd Migrospogim, 2eferablygelegtsd fromgthe 133,
129, 15328 of @bhorlipn {ithcolls 1 dmiiflyl meflihrortif, Tkl 16
163, 16équirith, Tti6kophio#, satkiBavii) @Bicrosfgdyumi tqnid, 7¥Micraspdrum Tehnis1ids, ohéSﬁm, 177,
103, ToMiryBru ghis 165 didertim it Mol ssim pomve 4381, 08SrGEE Y 307
ggg ggéﬂll,rthgr%@nboaﬂrﬂent Zﬂépre%ilemVé}ﬁﬁan ra%rEs, toZldwmbaihtion ﬂﬂogme %&&),rdlﬁgﬂ), anZzZﬁw h§r22,
comp?i s%fs[cgllﬁg‘? Béﬁ%g? %égv(?(ﬁ 8%%5%\}103 @08 6@%@6&%%1 &QAQES ﬁ%ﬁ @dgf@6 H art her

enbodi ey, 019,2opuAES N, oAVl 0 7) owloate@zst 029 080431 N@32, 083, \388C033e0i@r the
t reat nent_ and/ or & ﬁ&y axis of cattle against nicrobiol og%’cal |nf ectl ons

in cattP¥: WhdPei O6afi a1 RId061 - BEOAY-<B8- Wl B Trably
the attgsyiabehsaNesoawsd WoeMeoMeP oYL, 506§506$e§6?f '0@@‘1)6@96’%‘ 071,8n9, (f?lér b‘flﬁr

i munol ogi'cal’ly active components effective for
073, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085, 086, 087 088 089, 090, 091, 092, 093,
20 094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112,
113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131,
132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150,
151, 152, 153, 154, 155, 156, 157 ,158, 254, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168,
169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187,
25 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201,202, 203, 204, 205, 206,
207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225,
226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244,
245, 246, 247, 248, 249, 250, 251, and 252], that further comprises one or more antigens each of
Trichophyton and Microsporum, preferably selected from the group consisting of Trichophyton

30  verrucosum, Trichophyton mentagrophytes, Trichophyton equinum, Trichophyton sarkisovii,
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treatment and/or prophylaxis of infections caused by Cryptosporidi um
parvum Adenovirus, Astrovirus, bovine Parvovirus and Mycobacterium avi um
par at uberwol2osvi4{5aonbo 238]. According to a preferred echasoms2149 he
conbi nati on vacci ne conprises M bovis, preferably the attenuated and
avirulent M bovis as described herein, and one or nore antigens each

of Crypt ospori di um parvum Adenovirus, Astrovirus, bovine Parvovirus and
Mycobact eri um avi um par at uber cul osi s [conbo 239]. According to a further
enbodi ment, the present invention relates to a conbination vaccine for the
t r eat meMicrawd/ um cmimdﬁyrm@@nbtanéfamrl ebeayai Metromwoomobiras ogi davoriunf,eodi ons
in catt | tion vaccine conprises M bovis, preferably
t he attﬁcumi\%d; S%J\%l? Cgﬁ" tzgﬁ;l bovis as described herein, and further

i mmunol ogi caActoprchmg tovaefmmmpa};pamtme pfekat tinveetidroalsd tedatdsrte ahareombbivgaldse ror

pr ophyl aX| nf ecti ons. caus erichia col Sal monel | g _spp. ,

D oF of ot bl oL PR agmmarre by B icamp Paliimiaeqs fsnthor B
newpsr t conby/ 2563. Referabily, Use Mndohpymtrgen Goproidvd frus flr@immhmg@@lmodnmmlw vum
Adenovi rus, Astrovjrus, bovine Parvovirus and I\/flécobact eriumaviy

par at ub¥HcAm §EieL ar[t%%%}lgﬁ%‘]re PIRYEISH Y MG OF B104¢ IoF ?réFlFElao%eH{fo“&mi‘@ﬂPO“Sttﬁe
conbi napd QMmiMReEdNe conprises M bovis, preferably the attenuated and
avirulent M bovis as described herein, and one or nore anti gens each of

Escheri chi a 2efordingggifrighrsembodipisnt. the ipupelpgicallgactivsrampaneiits) sectigaldonel | a

typhi mug 4 @fad: SRR Bx R SRR tion LAY dASyT RE BY obScaad-ROM: %@thpgen(s)
Coronavi rus, Cryptosporidi um parvum Adenovirus, Astrovirus, bovinhe

Par Vovi ﬁ&]@umdofl\)%@b@btnefmmmcaw wrievpdadahadyethe il angi ane[indndsd 124111? vagagneer di ng
to a fugd ?J}%rd ghoglL g&#‘tg C&Q%%f{b%e&%h%ﬁm”ktﬁﬁ CONVRHRS AL PR\ -EPMRI BARL ON

vaccine for t etre nt an an|so cattl e agal nst
m cr obi YA JalBARVEEI® dhﬁ)MNLESatBAleAM?@r&|BAR%®®rﬂ§iDnBtAiReﬁA€§c©iDTe

Gescr i bERTRBAERRK S A Fhr BREFD ASGKS! o3 (BT BREROBACKE rEne s PRFFRs T ve

for theBACEAYH NS PdeRHE[pBQpWII(g%L _SIMJ‘IBER}@E&KDDID]BHR@ISEHLH}E M, @f]ﬂl'b?iogg us
occ c

[ Cortbo e EOREL gl 86 TR o PRk RSN R RBRE ConeRRANT R Mici ne

conpr i sgxpk‘lasbq%;;xpmesr aliPRESRE 5319, erRE3Y “ 3 MY EXPRESS® MEXIPRESS® as

described herein, and antigen of Streptococcus prefer abl y _each of

St 1 et obbRISUebARDS: M- oV ISVIDUBH SRERY Mol BRMEEG AR D 8 BARYiO-
Accor di gg ARD & PRINYSHEf RIS -GDRRGTITER M- { NEEROTRRPAY | QIBNRLEEREOSOMPT i SEs
M bovis, preferably the attenuated
(all of Boehringer Ingelheim, St. Joseph, MO); Cobalt™ 7, 1-Site™, Lepto 5, Master Guard®
20  Preg 5, Master Guard® 10, Master Guard® 10 + Vibrio, Master Guard® J5, P.HM. Bac® 1,
Pre-vent 6™, Respromune® 4, Respromune® 4 + Somnumune® (IM, SC), Respromune® 5 I-B-
P+BRSV, Respromune® 5+L5, Respromune® 5+L5 Somnus, Respromune® S+Somnumune,
Respromune® 5+VLS5, Respromune® 8, Respromune® 9, Respromune® 10, Scour Vac™ 4,
Scour Vac™ 9 Scour Vac™ E coli + C, Somnumune®, Titanium™ 3, Titanium™ 4,
25 Titanium™ 4 LS5, Titanium™ 5, Titanium™ 5 L35, Titanium® 5+P.H.M. Bac®-1, Titanium™
BRSV 3, Titanium™ IBR, Titanium™ IBR-LP (all of Agri Laboratories Inc., St. Joseph,
MO); Herd-Vac® 3, Herd-Vac® 3 S, Herd-Vac® 8, Herd-Vac® 9, Surround™ 4, Surround™
4+HS, Surround™ §, Surround™ 9, Surround™ 9+HS, Surround™ HS, Surround™ LS5,
Surround™ V-L5 (all of BioCor, Omaha, NE (Pfizer)); Mycomune® (Biomune Co., Lenexa,
30 KS); Bluetongue vaccine, Bovine Virus Diarrhea Vaccine, Campylobacter fetus bacterin-

bovine, Essential 1, Essential 2, Essential 2+P, Essential 3, Essential 3+T, Essential 4, Lepto-5,
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and avirulent M bovis as described herein, and one or nore antigens of
Streptococcus spp., preferably each of Streptococcus uberis and/or

St r ept ocosousiodipsgal acti ae [ conbo 244] . Accordi ng to aPCumshew/osarodi ment ,
the present invention relates to a conbination vaccine for the treatnent
and/ or prophylaxis of cattle against mcrobiological infections in cattle,
wherei n the conbinati on vaccine conprises M bovis, preferably the
attenuated and avirulent M bovis as described herein, and further

i mmunol ogi cally active conponents effective for thetreatnent and/or

pr ophy| &imeghiai hakweliignBastamd edmisyocgtar kasteso oBisthseasipp . Bre-breed 8¢ Ropyra-1,
Strepto r o 0

o1 P ORRGRS WHETVRGAIT O SHEERIPSIRRHSCANGAR, FNEE CON Pl o
enbodl nmeyhmidéhé, Rmnimd@aﬁt +@msp<arse;® 1€, Corpiid® éSPWhmbi@)/S Syrqie®e), Riptaynidd e

attenua bo | as..de e Qlonpre

ant i gen@ﬁgf yﬁ@@@t@%oi‘ gMgrﬁ ge ef‘éﬁfpg?ﬁ?@gc laBEIG ré%c%@ﬁée%be?l s

an di or B8sr Efdiangd:a@: ¢ uSPI]EIAHSSQ %InaﬁguﬁaJ RHICK { orna%tg&@hzy Hormqu svay rIeiaﬁg1E:®®rrbo

246 ording t er._e i e invention_ r es to a
conbi na SohARG ﬁé%ék%ofﬁa?%&@ a"ran%ﬁ&@, “Eﬂoﬂlg%ﬂﬁ@@ @&gu%é? \S%Laefrg%h 005,
006, 007L.®Q88of PR, DELE Afikhl HRdigh, Ove?land WPhrk OKS, (VWoykth));0LF £s@dBcni@ 19 020,
021, 022, 023, 024, 025, 026, 027, 028, 029, 030 031, 032 033, 034, 035,

036, 03Bactgap Seorrys Spages BagterimaSraplykgocqys surgusbactsng-toxpay (alh 28 Hygda (50

0 0 065,
ogé 5&01%2&1 LQﬁé‘x:at&%’é V&%@l?nggdzm %Q@vag%%:v@ég%h Ig%nq%%é( i acgl%g, 088,

081,10 08@0111@983s 9%, 20685V isp8®, wigepur@sh) SQsNeconad™, (}Q%ter@gagd@d@@ 5 (5914?6 095,
111 105 endimiise. Piiodi?s Wiodd s dPsed)vighie 79 1og:
126, 123pur®28/1816.@,8 ScBius ]Y@ﬂl, SpB®, VIgs3\® 834ith $86®, M36on®@ TN-T18® SH8®, 140,
156, 157 HdBCTMAn stude. wigr IR sdedertd sqineily sqeiatgy 1988 1eo)
igg 17Y1sta§§2}nc&$@ VL345Q, lvdiar(fiﬂ,zzﬁ], oﬂ.ﬂﬁervéﬂgmc %TﬂsbdeﬁDE],S\lac@l&%harﬁ@?, 1.8481
199,520 ‘31“2‘65? %g éol%R %%fil éog;Ré% P‘%‘?ﬂt@%m i t® %’i“fB%% 213,

214, 21fpual tER ™3 IReliadt®Bp1uL dShal BROM) Aelpisiddi™ 2 a&sp@lﬁéldﬂ@z 55 ﬁ@s@msh@ﬁmﬂ 228,
229, 230, 231, 232 233, 234, 235, 236 237, 238, 239, 240, and 241 t hat

furt her H¥b bk pls Meriald T iy ptha GAY; Aipsnpl® dompuranl® B¢ Asena®@ 188 B
t r eat meghyiad FiRrsSHI@PNYE AXleS pAf shidf@eld OnRsaRURRMPY, | (baat snedecadsed by

Streptococcus s preferably St rept ococcus uberis and/ or Streptococcus
dysgal aElgSjO&@d@g_Egpt@rShleldTM 5, Pinkeye Shield™ XT4, Salmo Shield® T, Salmo Shield® TD,
20 Scour Bos™ 4, Scour Bos™ 9, Somnu Shield™, Trep Shield™ HW, Vib Shield® L5, Vib
Shield® Plus, Vib Shield® Plus L5, Vira Shield® 2, Vira Shield® 2+BRSV, Vira Shield® 3,
Vira Shield® 3+VLS5, Vira Shield® 4, Vira Shield® 4+L35, Vira Shield® 5, Vira Shield® 5+L5,
Vira Shield® 5+L5 Somnus, Vira Shield® 5+Somnus, Vira Shield® 5+VLS, Vira Shicld®
5+VL5 Somnus, Vira Shield® 6, Vira Shield® 6+Somnus, Wart Shield™ (all of Novartis
25  Animal Health, Basel, Switzerland); Bovi-K® 4, Bovi-Shield™ 3, Bovi-Shield™ 4, Bovi-
Shield™ BRSYV, Bovi-Shield® FP™ 4+1.5, Bovi-Shield® GOLD 3, Bovi-Shield® GOLD 5,
Bovi-Shield® GOLD FP™ 5 L5, Bovi-Shield® GOLD FP™ 5 VL5, Bovi-Shield® Gold IBR-
BVD, Bovi-Shield® Gold IBR-BVD-BRSV-LP, Bovi-Shield™ IBR, Bovi-Shield™ IBR-
BRSV-LP, Bovi-Shield™ IBR-BVD, Bovi-Shield™ IBR-BVD-BRSV-LP, Bovi-Shield™ [BR-
30 PI3-BRSV, Calf-Guard®, CattleMaster® 4, CattleMaster® 4+L5, CattleMaster® 4+VL5,
CattleMaster® BVD-K, CattleMaster® Gold FP™ 35, CattleMaster® Gold FP™ 5 LS,
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St aphyl ococcus aureus [conbo 247] . According to a further enbodinent, the
present invention relates to a conbination vaccine according to any one of
[ combo OOWO 2002124303, 004, 005, 006, 007, 008, 009, 010pPCPAB20100H2214913,

014, 015, 016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028,
029, 030, 031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043,
044, 045, 046, 047, 048, 049, 050, 051, 052, 053, 054, 055, 056, 057, 058,
059, 060, 061, 062, 063, 064, 065, 066, 067, 068, 069, 070, 071, 072, 073,
074, 075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085, 086, 087, 088,
089, OQDCfe@@1® PI2rtrepy3 7, Oodress@D B, FQOess®00R, Laggerng®9, OnoEhoti®0neldipt 103,

108 100d00. 47 syd %y S g e rddugdlbogdiins et 116

134, 13BRSY%,mubm R88/,2c@39/SofBac® 4 3¢out@@ard 1348, (K44ScoidBardl 48 (KA, 148,

165, 163 RES. RENGESmipEEe h3Spimvge vhS. gt i 2 vt tugdle 77

178, 5 179,, ULB0ac®l 8S0mk8Zc®, 1Bi&rabat®4 8, UBRbidH ,C]Zﬂ,&TlxraG:BcﬁceTMSE Ulk90hoide84 ,8, 192,

208, 200wsBR6iee314D. Tisomm 03, Berigindiorait logt Phsippes 36w ey, 3907 255,

223, 22¢ovesdi® 8%@01@%?&&&3@ 7 Raline 238stroddid D, é’i%é’rdlaa% JerkIR® 2 Incind®B, 237,
238, 239, 240 and 241], that further conpri ses _one or_nore antlgens éach of

St r ept ofHERER 4 PisalegsiBhiR Vasning. BilisapdBe Binkers- lubayalent Riligwrd&Pinksyot decus
dysgal apfi.AfdeaPdle ARy QROGGHD @}Jrﬁtéguir&@HMQGZ%lcmeA@ﬁprﬂ's@ﬂeﬁ@

further enbodi nent,” the present invention'relates to a conbi nati on vacci ne
acca? di B@ugbAanyaldiealtbfcdglm@rﬁi@nommlwl} D3 MyooBac'h0B, PabpBac BO73, Pob8, 009,

025, 028 B SB3EPoRaRe 1B i desgiher s geiogER: oo

040, 04Y1ralﬁm2“ 3od4B, I ostd®, Vidabe s ™4 ¥ H. 048nusOdith IngmdhostB®, ar@5Riratds3- 054,

070, o7k WigzEmpRimgEn of SrongBeangiat vigh. SGns.dag). BBt M 08P oea

085, 08mtigh prefO8Bly tBRten@HY, adBlent OO 2oviDX3esEHdd heOmm, isQ8fed. BAdNatdR8,, 099,

100, 101h 1%,1) 103, .104, 105, 106, 0%07 108,. 109, 11061 1%%, 17\%219 113, 114,
11515 11 8hety ¥ 'boyjig @intigepgis presgnt iy of fhose jvpacinegy prtenyiated ayisglent 420ovis@s 159’
130, 13descdt®d hefedlis abddd, ol 82.M.136is adtBobn pledént ad38f thdQraccidel is hbitutkd By 144,
145, 146, 147, 148 149, 150, 151, 152, 153, 154, 155, 156, 157 , 158, 254,
159, 16the attgated gyirulepiall. hagiy as dgstibeddisteing7, 168, 169, 170, 171, 172, 173,
174, 17posedaf@ adihinfstradd®s, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188,
189, 190, 191, 192, 193, 194, 195, 196, 197 198, 199, 200, 201, 202, 203,
204 205, 206Acc2g17ng m)ghe p(pgentgm(pntlgq_,lan gﬁ_fgctwe amount of a combination vaccine

20  administered to cattle provides effective immunity against microbiological infections caused by

M. bovis and at least one further pathogen as listed above. Preferred combinations of antigens for

the treatment and prophylaxis of microbiological diseases in cattle are listed above.
In preferred forms, the dose volume of the combination vaccine as well as of each
immunogenic composition when separately co-administered is no more than 5ml, more
25  preferably no more than 3 ml, and more preferably no more than 2 ml. In a most preferred
embodiment, the dose is 2 ml, preferably administered intranasally, with 1 ml being administered
in each nostril, more preferably administered intramuscularly, even more preferably administered
subcutaneously, and most preferably administered both intranasally and subcutaneously on one
occasion as a single dose. In some preferred forms, a second or subsequent administration of the
30 immunogenic composition would be administered after the first administration. Such a

subsequent administration would preferably occur at least 10 days after the initial administration,
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213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227,
228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240 and 241],
t hat furtwerowonprsises one or nore antigens of several ®eralSyEesn3ITHI
Streptococcus spp., preferably of several serotypes each of Streptococcus
uberi s and/ or Streptococcus dysgal acti ae, and/or Staphyl ococcus aureus

[ conbo 249]. According to a further enbodi nent, the present invention
relates to a conbi nati on vaccine for the treatnent and/or prophyl axis of
cattle against mcrobiological infections in cattle, wherein the

conbi namowrprefatsblyrietweesmat legsid OM32 daysi morepprefiesabhiteywechat nstd duidtdas. anld

avirul e i S. A cr.ibe i f n i.call ctive
componenPs R RRY soRe S ANRLCERA IR E pfbre BT o NIGRDSE 1S TR BRC o 80
caused pyfeSed dptoche cagimppould pe afneinalelodStitheptsachcgdaidosabpefesmblySir Bpt @coccus

op [ conih B0 ARy AIAY 6 BORPLt o B BOH e ha® BONGI et b

vacch newih kRpdsaRsto Mathbganiisforas @f 8f.aki¢ dohecatrimpnundil afleradiel campletidrest thi/
bovis as described herein, and negg#f; nore antigens of Streptococcus spp.,

pr ef er abTUHEER "GHMER r Bpt GL BTETHEPI™S, NEPPRFY I8 %&%?rﬂﬁggélileac‘f‘f‘icﬁl&ls and/ or

St r ept 0gOEiGI4RrAUERHSne HiheDRe8lat@nsRRdMAN el €O R iRSRBIHPR -daf 6P FROthZRED -
Accor di 2{9 to a nmore preferred enbodi nent, the combi hation vaccine conpri ses
u

M bovi 3dultheed arefgsaRly tofalvat fremuads@f agrathioyeh drwgdw cails/? ¥eassofdesdrebed

herei n, ,andAR QlivelBlof ABLY GENS Rioust ﬁ@%a&%%gé, SBRnost %reﬁefr@di@m deach of
Streptococcus” uberis and/ or” Strept ococcus dysgalactiae, Staphyl ococcus

aur es, frnghwpeks|ta 13 pyseks MyagsplSashadmipistratbemdlesssaikst exieduced sighd oL ¥R bovis
Accor di . f odli ] i

conbi na{}]?eghgr\l/gsc%#%ﬁe& S?B%e%e%%EW%? an /!g(r%%)lrng%ﬁﬁ%xtﬁgg%ﬁ b ggct%ﬁateegﬁgai nst
m cr obi ddsoghedaboverdre ptiaddyianlega st foe mowhmeterahl ytdh eagt@ity, peeni roore peetaabie
conpri se Vis, prefera he. at t ated and avi,rulent M bovis as
Gosbri padetbER e bl BOR A e B PR TY e BT et i v
for theLingepithelogy andssarenr ppdifitadlyi the Qferdentage tof A cansskdhtiby aftkibetdpbyt on
and M crospor.u ferably selected fromthe group consisting of

Tri hoplyebn ool Y Betit et BRBERy KoHER Y RS RIS Y2 TR RETHEBRSY:

equi NUNMPrefidraIN QREYEDehs ¢ keI By, atNbGBT 93ROMUFD [afRiably W 1E/OSPR! eWdh GRdik s var .
obesum M crosporumcanis var. distortum and M crosporum qypseum %conbo
253] . AREBEdIng least A0%r e s PEABYIY Aelstst 8P Ke crd R K5l At kepiie 0%

and most preferably by at least 95% in comparison to a non-vaccinated group.
The amount of combination vaccine that is effective depends on the ingredients of the
20  vaccine and the schedule of administration. Typically, when bacterial antigen is used in the
combination vaccine or in a combined use, the vaccine or immunogenic composition contains an
amount of about 10° to about 10" colony forming units (CFU) of the bacterial antigen per dose,
preferably, about 10” to about 10° CFU of the bacterial antigen per dose, more preferably about
10° to about 10° CFU of the bacterial antigen per dose. For instance, the attenuated, avirulent M.
25  Dbovis is preferably used in amounts of about 10 to about 10'° CFU per dose, preferably about
10° to about 10° CFU per dose, even more preferably in an amount of about 10® to about 10'°
CFU per dose, most preferably in an amount of about 2.1 x 10° CFU per dose.
Typically, when an inactivated virus or a modified live virus preparation is used in the
combination vaccine or in a combined use, the vaccine or immunogenic composition containing
30  about 10* to about 10° TCIDsy viral antigen per dose, preferably about 10° to about 10° TCIDs,

viral antigen per dose, more preferably, about 10* to about 10® TCIDs, viral antigen per dose. For
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conprises M bovis, preferably the attenuated and avirulent M bovis as
descri bed herein, and one or nore antigens each of Trichophyton, and

M cr osporwonoprefissabl y sel ected from the group consi st iPag/uskoitosnhophyt on
verrucosum Trichophyton ment agrophytes, Trichophyton equi num Trichophyton
sarkisovii, Mcrosporumcanis, Mcrosporumcanis var. obesum M crosporum
canis var. distortum and M crosporum gypseum [conbo 254]. According to a
further enbodi ment, the present invention relates to a conbination vacci ne
according to any one of [conmbo 001, 002, 003, 004, 005, 006, 007, 008, 009,
010, Oldxanpie2ab@ 3)’ to2kqut G)@.%TCIM@GY Gdse, of @t1€8tuat©@_BVD0’2@ype®2ﬁnd (0)0.5:4 eff@'ZlBe 024,

025, , 038, 039,
040, 04%?6%%%1“18%’%? t%%%,"o @‘gg"‘“‘%ﬁ%” “%%%e“g‘ggf, abg%’, toogge,ekgﬁ,ge‘% ' 053. 054,
055, O5tactDhaied afhgen i1 OB maldbxed @6t ghdd GRouid Bran (6 moQibibd vioees. 067, 068, 069,
070, 071, 07 073 4.0 076, 077, .07 81, O 3, 084,
085, 086, 08F MR BLGmIgEYon ghFine bbb sve BhAeddER. Eogogea b 000,
100, 5 104ntigdR B, prdi®3bly 104 rang®5f abd061,01 87107108 IDL B8 dodd.Qn th]::bﬂzentﬂﬂeZ 113, 114,
115, 116, 117, 118, 119, .12 i 123, 124 26, 127, .128, 129,
130, 13‘i°m@%/“21°ni’3?§mef§ﬁlpnie§ ive ?@élﬁe%é){’z tlf’a"glou %@Pl%ﬁ‘ﬁlge‘ﬂffrefir&@y RA3, 144,
145, 14f(ngd Gelabodth®’ t0114)9,TC1]55(3,per1c5>1;e T4 82.evdi® 3he cbatinali®PvacdBb cork ses ﬁs‘%g 254,
159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173,
174, 17%0difipe BRYY7the pmguntof RSVamtizaigis prefgably yemranggof abegd 0 118d0° 187, 188,
189, 1 9@@1%@ éer d%gcz 1n t:h% %Venl- %’coﬂigﬁatlc;lng@accﬂg Zom[ﬁ‘%gs klﬂlgcpant %Qﬁ thez'%}]%g 203,
204, 205, 206, 207, 208, 209, 210, 21 12, 213 , 216 17, 218,
219,10 220FU2ndicatez2tre ang@@t ofz@ngerm d052216 the 212'17 CU12128bef2129naCQ%10n2@§1 fOIZ@B,, 233,
234, 23 ; . 3 4 248,
209 ooty afofinsf AR oflln 1 pidherafiln addbe of on: £ hg A TS pelle 1 tHE
conmponeenest B t@fﬁbihaﬁ'ennfv@ccimdr@ntprleathiﬂErdtPIarthH gnoynt gfpﬂ’iﬁ latxges iofrefersblciniaons

caused by i ct| eferably
et eie B BB B S R aed s P £ B o R R S oo oyt on
ment agr mmhcyBRsv ihe namb@mh)yBﬁsvemugausrpreTerrmhﬂmyhmfaamu19?3%|1o7 ‘M@Daspor um
canis, Mcros um cani s var. .obesum Mcro cani s va di st ort um and
o125 Bt Db s s D S B U et TR E Pt PR BB APREHET 1

pr esent edcﬁ\mptbgz;m 8ﬁ|aﬁﬁ €9 it preferPNiaal el abAE ¢ a0 A€ QUi N@r tQeamyhOne of
[ combo 001, 002, 003, 004, 005, 006, 007, 008, 009, 010, 011, 012, 013,
014, 015venpthecompinationygecippiapmpgisgy, kilipsldH. spmpus. aypdor kijbed Pagtouyellmpltociday 028,

029, 03bha/@3dnedRBgmh8dt: ndeRdiyil3Me aBdGnt BB/ sorfiil an%%% an%pl?asgﬂljeﬂa 042, 043,
044, 045, 046, 047, 048, 049, 050, 051, 052, 053

multocida ant1gen and/or Mannheimia haemolytlca antigen is preferably in a range of about 10°°

20 to 10" colony forming unit (CFU) per dose.

Combined use/ method of treatment

A further aspect of the present invention relates to the combined use of immunogenic
compositions for the treatment and/or prophylaxis of cattle against microbiological infections,
25  wherein the infections are caused by M. bovis and at least one further cattle relevant pathogen.
Yet another important embodiment of the invention is a method for the prophylaxis or
treatment of diseases caused by M. bovis, and further cattle pathogenic microorganism(s),
wherein a M. bovis antigen, preferably the attenuated, avirulent M. bovis as described herein,
and further immunologically active components effective for the treatment and/or prophylaxis of

30  the infection caused by said further cattle pathogenic microorganism, preferably as described
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056, 057, 058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068, 069, 070,
o071, 072, 073, 074, 075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085,
086, 087,w0&810/28%4 090, 091, 092, 093, 094, 095, 096, 0CET/USC@8/,03099, 100,
101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115,
116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130,
131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145,
146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157 ,158, 254, 159,
160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174,
175, 17kereinyare adiii@istetedgo an @@mal @ need @preofl@ 3 suitadle, dop@Bs ku@en toxly7skilledg, 189,
190, 19%”“%%2’ 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204,
205, 200, 7, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219,
220, 221, 22Phe @aBjned <k or2xometBO®of @2AmidA{tioR BOwR2BOnord 3ijge@3H, 233, 234,
235, 236,237 3 239, 240, 241, .242 43,. 244 245 246, 247, 248, 249,
250 hindgtfs osfaiine Gcofiisssdimin i aaltnB b i o b ioBROmStNg of

Tr i chophwt. eovia bt dvh qirefsfablyuhg ateheftel, adlyens 8. @otieds frovided heewifQuid onsi sti ng
of Triﬁro hyt on_verrucosum Tri chophyton. nentagro hgte , Irichophyton

equi nu ea#r‘%%ﬁ’é‘ﬁﬁr;}?’é‘ﬂmg%?nk‘i ‘?HWOFIFIR)FE ReStofelcting Pgl,o lmlfyrasgbeo‘mmoe is var.
obesum eRdcalORP BleUrfB@At SdVdpropdiakiobt thractiéiidtaldea b s BAfHPDANRREYM [ conbo
256] . According to a further aspect, the present invention also relates to

t he confittifefreieablyrthe Buthemagiosen isenoef tBe pahseent astlived dpicing Breéerphlvvhded i n

the confipgld tﬁ@quﬁQﬁhﬂﬁﬁo%&%&p%siﬁi&s%%iﬁéé}ed st ;%a?ét@l&?ﬂi}laﬁérabhl)ﬁle'\/l bovi s
antigen is provided in a first inmunogenic conposition, and any ot her

ant i'genfuathel igemmogenee qomppbided comprisaeonsror mereinfroynotgicallyadivo gempanent(s)
conmposi Effé%ﬂ&f foﬂ’ & AATE DRI DN S@?ig gsf‘ ﬂké%%ﬁ&a}%@ tbpﬁ‘rgat% 9 TRAL Oth'édl?gr

i mrunol ogi cal 'y active conponent ective treatnent an
pr ophyl dxi 3. bbvis.nMeot prefiesiblyathe distlyd tedurdrer momencganit cenpeitename pat hogen(s)

as source of t conbination vaccine provided herew th i ny .one included
"o tho danfiitd oERE LR R TR BT R B a PG ol AR RRR b

ALPHA- 7filvBfridthe fufthBHANUDOEahic cobpoMAGhs(ih h sihgleBARaMAC( r) 7/ SOVNUS, BAR- VAC(r)
8, BAR-VAC(r), CD, BAR-VAC(r DI, BREED- BACK(tm) .FP 10, BREED- BACK(tn) FP
10 13, BREED%@WMI@IBO ,02 @%&%@ﬂ%&?ﬁ%ﬁnﬁﬁg%%}on%&%ﬁﬂ%ﬂ NeQE Y 1 |
CAL| BERhjch $reaksAlt Id3ER(ithin 48 hddked, PRfdbBIMmithBLA4THoul( &vdh mdm-préferdbtyHS(thiR) |,
EXPRESS(r) 10, EXPRESS(r) 10-HS, EXPRESS(r) 3, EXPRESS(r) 3/Lp, EXPRESS 4(r),
EXPRESSE% %toussg e EXPRESB{§ratyy peshinphdmmEs gy gnjmae pafgratiy et hoprs eveprsRESS( )

preferably within 2, hours, even more preferably within 1 hour. The route of administration of

each of the immunogenic compositions depends on the mode-of-action and may be the same, but
20  also could be different.

According to a further embodiment the M. bovis antigen as provided herewith and one or

more further immunologically active component(s) effective for the treatment and/or prophylaxis

of infections caused by a further cattle relevant pathogen other than M. bovis can be used a

medicament. Preferably, that medicament is a vaccine and can be used for lessening or reducing
25  the signs of a M. bovis infection. Most preferably, that medicament or vaccine can be used for

lessening or reducing the signs of a M. bovis infection and associated with or caused by an

infection of the further cattle relevant antigen.
Formulations

30 A turther aspect of the present invention is the preparation of the combination vaccine(s).

One of skill in the art can determine additional components which are present in the composition
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| /LP, OCU GUARD(r) MB, PULMO GUARD(tm) MoB, PULMOD GUARD(tm) PH M
PULMOGUARD (tm PH M SDT, PULMO- GUARD(tm PHW I, TETGUARD(tnN),

VI BRI O LBPOo B 2md54(al | of Boehringer Ingelheim St. Jo®ephiS20dDp32149
Cobalt(tm 7, 1-Site(tnm), Lepto 5 Master GQuard(r) Preg 5 Master Guard(r)
10, Master Guard(r) 10 + Vibrio, Master CGuard(r) J5 P.H M Bac(r) 1,
Pre-vent 6(tm, Respronune(r) 4, Respromune(r) 4 + Sommunune(r) (IM SO,
Respromune(r) 5 |I-BP+ BRSV, Respromune(r) 5+L5, Respronune(r) 5+L5 Somus,
Respromune(r) 5+Somumnune, Respronune(r) 5+VL5, Respromune(r) 8,

Respr onointég ﬂl)VCgtiorRé@p radseuteniington § Ph8owarutivel cciampesd (1988 )b Lyth véthaf—‘B Pgbl., Scour

Vactm el oy RRINTHRRGddgealyt BOLMBLE et JJLO WD o pep
Bac(r) - frepakinganieadyt e BRBIOnIor Iil'eirelaﬂialljnietu'rﬁ)n drBRusidn, tagnecusrisotonicl dBRﬂbﬁ?s (all
er dovatER Spe e SR A Epyesgighe PRGN b a . el ok ety SRRV GHE) S
Sur r punglfditihceBticabldbmponitetnt rF 1% piSkbnt OiiBak{dnNha P bEIDresSitras Aydyhytisites HS, dry
oSt on b B btk e bt SHEp R P

D arr heandgaggﬂﬂe@@ncﬁadﬁ@yé Qgggkﬁbff)@{sus bact eri nbovi ne, Essential 1,
Essential 2, Essential 2+P, Essential 3, Essential 3+T, Essential 4,

Lept o- 5, Manneidditionn disniininogeiipand ¥arcuie] coutpapiiions efathp 2u¢sent Hyerbes B eed 6,

Pre-bregdi 8. JRERI hidre Veté?ﬁﬁﬂzl Jc@e@ab@'&&myﬁc CAS”I%C& Q'Jekelrpf @Eﬁ{aﬁd%cgﬁﬁﬂm
Conmpany, Denver, CO); Pyram’d(r) 3, Pyramd(r) 4, Pyramd(r)

Pr esponse(ier) lrsdydepymsamdd<1¥ Jolgntspdisparsion medig, cq{ingsnpdifyantsy staPWlamaafm’cS) | BR,
d {BRt . . 5,

o1 angl SpeptyPEERASgs, LOUAPGHANLY ahifipfyREed. B TRy R Eifiby Aottt

Tri angl egfens, ahd*thérlyd@e Il BVD, Triangle(r) 9 + HS, Trlangl e(r) 9 + PH—K

Tri I h V5 Tri b 5L

(ai 1ot For tDsHEecsRrire malt o HAnE Aekirkic il HRET Lapa ) ey b8 SHLT)

Escheri gdeng @ﬁlmclam:tcejﬁum chSﬁﬂ@edaﬁtr&eeaiaesltﬁamr&tdl,nandSIaaqakwIaﬁmgmﬂ&rsaur eus

bact d I Lab t Whod| and, CA);

EndoyacSBBUFLT bRt HOPHAMBAECS o PG ALam e Gaf e Ry 20/ 20

Vision(r) wi A&]u&mw i(na)lde Lt @@ndﬂ&iﬁﬂt&@rtd(ﬂlmml\/ﬁ@]hﬁefn@%&&ﬁ (RibPIRY, BluniONCE

PMH(r ), Once PVH( r Q. Vi bral onei m-L5, Vision(r) 7 Sommus wth Spur( )

Vi si on( fymmugg bwr%@ﬁ g5 Cholgsterdngif-yn WateosmitlEions pRCSHUPI FNUISONS FUSAER)e- 8 wi t h

Spur (1) ¢ ¥Miesh®OEShp1&Padd McbRpSRUI lrvhms Visphio8d- aly&Q c@yﬁ& SRHhGraA), gt a(t m
| BR SQ \/stat 57s E] SQ Vista(tm Once

sQ VLsMs@huvm Emer:yyﬂle ’(Csﬁ\gl» Séé%(aﬁr’z@p%@w’ﬁé&% 3 %@tr éaPOE)El) Quifs(@9-21
Rel '2§nt Eéa)mb%dge Biotech Inc., Cambridge MA), GPI-0100 (Galenica Pharmaceuticals, Inc.,
Birmingham, AL) or other saponin fractions, monophosphoryl lipid A, Avridine lipid-amine
adjuvant, heat-labile enterotoxin from E. coli (recombinant or otherwise), cholera toxin, or
muramyl dipeptide, among many others.
The immunogenic compositions can further include one or more other
25 immunomodulatory agents such as, e. g., interleukins, interferons, or other cytokines. The
immunogenic compositions can also include Gentamicin and Merthiolate. While the amounts
and concentrations of adjuvants and additives useful in the context of the present invention can
readily be determined by the skilled artisan, preferably the composition comprises from about 50
ug to about 2000 ug of adjuvant and preferably about 250 ug/ ml dose of the vaccine
30  composition. In another preferred embodiment, the present invention an antibiotic is present in

an amount of from about 1ug/ml to about 60 ug/ml of and preferably less than about 30 ug/ml.
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Reliant(r) 4, Reliant(r) IBR, Reliant(r) IBR'BVD, Reliant(r) |BR/ Lepto,
Reliant(r) Plus BVD-K (Dual IBR(tm)), Reliant(r) Plus (Dual IBR(tm),

Respi shi ewo(2or)124154Respi shiel d(tm 4 L5, Respi shi el d(t npcHvS¢@lolo3afi Meri al
LTD, Duluth, GA); Arsenal (r) 4.1, Arsenal (r) I1BR Arsenal (r) |IBR BVD,
Bovine Pili Shield(tm, Bovine Pili Shield(tm+C, Costri Shield(r) 7,
Clostri Shield(r) BCD, Fusogard(r), Lepto Shield(tm 5, Pinkeye Shield(tm
XT4, Salnmo Shield(r) T, Salno Shield(r) TD, Scour Bos(tm 4, Scour Bos(tm
9, Sommu Shield(tm, Trep Shield(tm HW Vib Shield(r) L5 Vib Shield(r)
Plus, Vib Shield(r) Plus L5, Vira Shield(r) 2, Vira Shield(r) 2+BRSV, Vira

o el Akl 8 L PSR o (XA AG e LS
SEI e: (Cjig fidst Bd%SdI‘Hltﬂsﬂs lf N[B rcamBhdi@drdisrfjrstSlydfbiblizeVi or aleBjvirgbdl by )ot}ﬁ&\fLeBaoSarthus Vira
Shi e

i il PRl P e S DB TR ek o el e i (G

Bovi 5 Shbetdléd mpalihe)) Bthl noSlqu&écﬁllét NpluBRSBV, (eE’g)VImIShérﬁhlslibﬁ) (Ellﬁ{eitdl”) 041+L5Jr

o S S PP AR Gy B e s ™ °

Bovi - Shhgkdlididvasol d | BR- BVD- BRSV-LP, Bovi - Shiel d(tm IBR BOVI Shl eld(tm
| BRBRSV- LP, ‘Bovi-Shield(tm |BRBVD, Bovi-Shield(tm |BR BVD-BRSV-LP,
Bovi - Shi el d(AFPrdimRbY 3. fsthay embagimet, dhe) ARmunqespic] eNEROBIEPY rof gombination

Cat t |1 eMaRERE (G ;pro‘bfdeé ,he%ﬁnfh' @;M%ﬁ tc@fng)ﬁges 4t Wast: onfA AO%N%hgén( Aokt é%\é%r Kaore
Cattl eMaster(r tm 5 Master(r) L5, Def ensor (r)

3, Fort fuethey m)rnlmolqgmaﬂy @gtg(erqorrwon@dm eléectye )C0r®\1)3 trt%@@mf @ﬂm rpyOPBylaoa @f
Shot (r tr

pr egGual i o thct Bt kol S AN g AL o 6T SEEIALAAAI o7

4/ Sormubdese repmbBator Guaimng. Blefgral{lK) the Smomn@staicdcoa(HO)ltl(M)at @pmSmmdmama(cm)m

Spi rovac gva I OV r V-2t
Ot ababevies R KB tdge s @ A BREE ot RN} B ety &
U t r aChghgledbss orimultildokea CGivoine e(vheﬁ‘)as&he Edlrfnlhh(ﬂﬂlof(&e(sé ) aGhglekdpiso hﬁbciheﬁs
Bacterin Pfizer Inc.,. New York, ; vexin(r) 8
Vacdé? ne™ Er%ftfi:ﬁr%’ibht‘?éew@@ &i? Hmungeghie FUPRRSIHMHYT EGEPYiP rﬁtﬂycohe En q(sﬁ)e( r)
2, Jenctdfingtiod,vadSMChratided hdewNassadogambted f&rRhé/a@IﬁinEL@fatlcﬁi hd Quald{ssk or

Pi nkeye-. 1 Tr| val ent, Piliguard Pi nkeye + 7, uard(r) Pinkeye

Tri vi ewtirgle-daie; aherspsths for@;ulaSP@ ggdhfr eftml)nswmn\?ééag cal m@ﬁt PEEgTEd] -

Pl ough Apiwied deakifpiCeRRhatid sieRi dodhliRinidMlion My% ﬁa%&lmamﬁéenﬁgl y- Bac
B(r) 3, Poly- Bac B(r) Sommus, Supefr Poly-Bac B(r) Sonmus (all of Texas Vet

Lab, I neffectigain lagsejangoor rvde)cmg\ﬁl? sisosgitamM Poristipfestipmu st daepiding tadaies (t m) - 4
+ HQO SO%UO%lPﬁ”:&t,h tﬂenmﬁﬁgéotg‘sﬁt: réomp%&ﬁor}é En%'@fﬁ%& tl{g}ewuh, in particular the fix-dose

combination vaccine is formulated for use as a single-dose vaccine, wherein the administration

of such single-dose is effective in lessening or reducing the signs of an M. bovis infection.

Modes of Administration and Dosing

25 Compositions of the present invention may 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, including but not limited to, oral, transdermal,
intradermal, intravenous, subcutaneous, intramuscular, intraocular, intraperitoneal, intrarectal,
intravaginal, intranasal, intragastrical, intratracheal, intrapulmonarial, or any combination

30  thereof. Preferred modes of administration are intramuscular, subcutaneous and intranasal, with

subcutaneous and intranasal being especially preferred. If desired or necessary, booster
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4 wth I mmunostinm(r) (all of Bioniche Animal Health, Athens, GA), wherein
the M bovis antigen, preferably the attenuated, avirulent M bovis as
descri bedwberw/ngisus added. Alternatively, when M bovi Canisegen3iigd pr esent
in any of those vaccines, attenuated avirulent M bovis, as described
herein, is added, or the M bovis antigen present any of those vaccines is
substituted by the attenuated, avirulent M bovis as described herein. Dose
and adm ni stration According to the present invention, an effective anount
of a conbi nati on vaccine adnm nistered to cattle provides effective imunity
agai nst imyiverigitiond wgy baglvémdrse pi senstakianssed vioyoumMintprods. Hareemtt 1§ ®prsteriohe
further n for
the tredERIEE oG e AR s o L P SOMMARELNT o gl PR 2

| i st ed adrovstratiom qfrsecﬂea we:atmfeoamsnmmdeefesjmse 1\9@11«;1@ infthet dnémadomBisizat bOM.

[ wh [
Lo iy Witshiof s ae GBS in, MRRRBAS N RVBRS bt SBIVTE REPE LI e o and

mor es pr mbﬁﬁlaial iy cORPAIBOR to dhahalR exPosed to waldrisd bapteeih oF fseldtee atedhiinge withe dose
is2m, %)%1 rabﬁ%vgj mnistered intranasally, with 1m being adm ni stered
i n each®NEEEN Peferably admi nistered intramuscul arly, even nore

preferably agirprétbsdeionts, S ANERU S Yhe vAENORb nivr€ftah 3R, Ynad Fﬂd@érﬁﬁl?r ed
bot h |ntranasall and subcutaneously on _one occasion as a_ single dose
sone pr BY Bofeethat o Pisindanae psfrdably ne fosedan Al Ay Ainasskietsird pmbgdimey. the

i mnog@&'e Qvo%mhﬂ i ﬁ@fef’é@ﬂzl ﬂnﬁﬁst@gmlﬁ}fﬁas%[@ Cl)vﬁf i &l btefﬂ% alitnfrittered in each
admi ni stration. Such ‘a subsequent adm nistration woul d preferably occur at

| ead® 100sgidy sveaf mele priferaplyi adnaihistgehdi ywbeutangpishn, ang rreosp peferpblly| agmiydistoiedn  at
| t 1 f { 12-
eas g? y%ﬁ.{aﬂ?%ﬁ% a&pétl%cﬁgr%oggl glll Xnéagctc\i\ﬁ asH si +§9% se. I% S%Qleg redsfto,'ln% mor e

prefera a days, nost pre era etween a eas

days | m serosd omté)ﬁ@lmmadldfrmnw,tlom héth{zammunegmmmpbatiemanlidslieeldenhlmlwher as
S|nlefd ef} taQ%on Day Oor, in alternative fornms, 14-28 days

t her eaf £&F | éhrnérﬂf '8 Day 0 and 14-28 days thereafter with exposure to

pat hogeni ¢ f$11’cl’f& sOf)seMenbﬁﬂthiﬁisﬂ&ionOﬁ@ﬂkll plieftgabllﬁbdchr aflesrt 10 de/s @ﬂéﬁlhetrﬁtﬁml of

the i mmunizin n. .| nost referre OOSt is necessary
b 't ettt ie Bt s BpEr R RS T There Puder s oPareRm i Tt o 2d
to ani mpt-s0 fdmmsan daye pefead®y hieaygh dagaku |ahdﬂﬁﬁ>@t _?@fe@tbe,r &bzwent 2 1eat vesgfrom 1

day of age through young adult cattle 2 years nor e pref erably to
cal ves #%Yéfﬂnlma%mﬁrr@gfgr% thruytrcing wavddge ﬂmlaaéeredaﬁalehﬁ% Dap DeFser #BEG t o

rcglj\ljgz dﬁ(gslg %f 1n‘(’)‘?%l‘r§at1(ré3 \fﬁl@s V&REKSy 0fan@9£.28 Fue BNk it &b lEsRRIReH O

forms of M. bovis not occurring until after the completion of the immunizing regimen. In a most

20  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 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

25  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%,
even more preferably, at least 75%, more preferably, at least 80%, still more preferably at least
83%, more preferably, at least 85%, and, most preferably, at least 90% in comparison to the non-
vaccinated group.

30 In a preferred embodiment, the immunogenic compositions of the present invention are

effective in stimulating an onset of immunity within 14 days following a single dose
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i nfection as described below. Preferably, signs of M bovis infection in
the group vacci nated as descri bed above are reduced by at |east 50% nore
pr ef er ablwoabideast 60% even nore preferably at | east PO¥USand/0821en nor e
preferably at |east 75%in conparison to the non-vacci nated group. Lung
pat hol ogy assessnent, specifically the percentage of |ung consolidation
attributed to lesions due to M bovis, as customarily scored for various
speci es, was rmade post-necropsy. Preferably lung | esions are reduced by at
| east 33% nore preferably at | east 50% even nore preferably at | east 70%
even nopdmipiseftemalll yn addifiendy pgdoyedesnabrdimens thy mirevizigesic gpmpesatsn G0 and
nost pr . %41, LS - I . up.
The. ampbtornlveitint BR iy HORAL Loty B BB BRI P €

i ngr edi engls dode atimgnistadon nithaimimtingeisic hedpdsagioof adm ni stration. Typical ly,

when bacteri al ti i sed in the conbination vacci or in a conbined
Use. the. vactiRE RGP R YRR B U aH T Henal BBt of about 103
to fabou%lv&ﬁiongﬁygﬂ)fgﬁﬁ?[ﬂiﬂ%e&lid dlfgagfnﬁ@rei?fa:)f]yhﬁgbafﬁ)&ﬁﬁ?ﬂlya\{% bg@breper ddose,
preferably, abou to abou he bacterial antigen per, dose,
mor e pr SRy b itered & ﬂb%ﬂ?alfgf@% hgpiS eREEBE fhérﬁreéFntalh‘?ePa%ﬁan&éf dose.
For i nst.adiege o&%nﬁi&n@l&@f&ﬁl@ﬂacti&éf!:dnﬂcld:(ﬁBﬂt(s%ff&ﬁVé fortife tRAGARE &y used in
anounts of about 102 to about 10 U per dose, preferably about 103 to

about 1PYPiHRxipRfrinigeticns caipehbyd fusthgr @ftisrralsyapt pahegsn afsuhen 8 Labbut 108 to

about lgﬁscg:s!:-h Rlefﬁmg Qs&il im.tT}ErAﬁfb%K)i@thYgeh 13f fd pmﬂ @ﬁveﬁﬁorﬁiﬁglﬂﬂe 2 1 X 109 CrU
per dose. Typically, wheh an inactivated virus or a nodified live virus

pr ep@r atnownolegicadzdctivie componeoithimmtticsn-adadustered or adnpinigtered neparsely.use, t he

vacci ne | ' : Et oy t - ; 9 TCI D50
Viral sl TR LS R R B Hr 38 R s Ve b AP

ant i genagiee cadopmen pecuping frethald] days.abbernathely, the MaPout adi@n T@ DECrmaral
antigeniger 0sen Fotrexarrgleh %bouﬁ)%o to . apout 10 TCI DO, per dose of

at t enuat @GBS JPES COMEAELY T B SR e T e 6 AT BrEE i ce to the
ani mal Adusthaprefepat dnaishdhenaliould b3 ddmidistagekide thdoigene hadigens warhi vat ed
antigen i S nor used kgﬁgkgher anmun s.tﬁan live nodified viruses. In

1 ég:a

|1,
t he '2vef™MR'HE “C SAYT HEIEFOA HE C'OHPH° Y FEVREAPPIERY BRECM A& Tamount

of | BR aRtieg@ini aﬁldlbﬁgfo‘phﬁ_biiyof iAfedtisrdROBeOby aPather ddid Olekihl pdikdddaGtHeer dose.
In the event the conbination vaccine conprises live nodified PD, the anount

of PD aleR dehovisarginprsoaby ose-miligrmagygls (. thise of foro gosey mipde FMipstsTsser dose.

In the @Mggpxﬁﬁﬁﬁﬁgg@a@@&hﬁﬁm&ﬁgggggmggnprises live nodified BRSV, the
anount of BRSV antigen is freferab y ih a range of about 104 5 to 106 5
In a preferred embodiment, the immunogenic composition of the present invention

20  contains an adjuvant. Adjuvants may include aluminum hydroxide and aluminum phosphate,
saponins e.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 may be based in particular on light liquid paraffin oil
(European Pharmacopea type); isoprenoid oil such as squalane or squalene; oil resulting from the

25  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

30  surfactants, in particular esters of sorbitan, of mannide (e.g. anhydromannitol oleate), of glycol,

of polyglycerol, of propylene glycol and of oleic, isostearic, ricinoleic or hydroxystearic acid,
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TCI D50 per dose. In the event the conbination vaccine conprises killed
antigens the TCI D50 or CFU indicates the anount of antigen per dose in the
i ve cul twoeotve2erse i nactivation, and for |IBR the anmoumCTafS2018@3Ane i gen i s
preferably in a range of about 107 to 109 TCI D50 per dose. In the event

t he conbi nati on vaccine conprises killed PD, the anount of PD antigen is
preferably in a range of about 107 2 to 109 2 TCI D50 per dose. In the event
t he conbi nation vaccine conprises killed BRSV, the anpunt of BRSV antigen
is preferably in a range of about 105 to 107 5 TCI D50 per dose. In the
event t fbichardbopirnilbnetherytitade a@(bmiW?e’e@Pkienft e@lywefpthabp(r eepodysrer bideks,drount

of each raf e r to
10 E&S&h%ﬁé %rérﬁ@ pyel ANk %%ﬁeicﬁa?lﬁe 1% cf,%ﬁg rllt%tnnet\?% L %Hg%hgor%%}?@ﬁacgigazl e

H. sormApphcanoﬂ of Adjuvhetd (EdsSEwmeﬂluH DuIR ac). dahn avitkyoandk$drset YMppAhe4d m a

haenol y f H s Lgen and/ or. Pasteurella

oot 1 gen o8N d TR Pies Sy SR iilh o SRRy o b Ege o
abou$ 1PBor dxampR, it COpABkiYleltOhKE the SBmietnu(sQiLﬂesﬁﬂi’ed dﬁ@@ge Qondri‘vackinesbésigiet hod
of trea t A further aspect of t esent invention rel ates to t he
conbi neﬁgeglé byt %Mﬁ&&@hn‘*@@&%o‘%‘r ieg Pfst Spvelhang ﬁ\’éal?“ﬁ‘étﬂi‘“ aP gy Press,
prophyl mssalﬁifth@ahﬁﬂslenmraeicnm&apﬁug@h@gbpais shilé 864K, ons, wherein the

i nfections are caused by M bovis an | east one further cattle rel evant

pat hogen. Yet @it Hsrnesefoint adity 2etnih 8 gPmeindshosen dramh s ety & nkstkod f or

the proplyba¥iicaQd atd GRLBFMNMAL ofrSRASES yEAMSEE aR¥n Ma-ROMIVE, A@NHibsbut her
cattl e pathogenic m croorganisn(s), wherein a M bovis antigen, preferably

t he 1&t t ediwemne domppepindy hignthe Wolybwsw of aesylgesicmethedtylie pedl nvhieinare fagessthiaked,
| mmunol 9 %&8 %%ﬂﬂﬁ&lﬁﬁ%ﬁ%ﬁ?&@@ﬁ&g f{)g&lg&lé{o {,sofhehggorh a%ﬁ{ls”eﬁé‘kn i ef“ ¢

pr ophyl tron cau urther e pat
m cr oorgam @mlponmredf’ealablrypaaéloue&: Nobedhlenei 1996,a herelayd mtiieyt ?mcexpora@%dahy ani mal

in need here at a. suitable dose rson.

conbr nelgiseh Pe R T i fr 0BT SuniirSP AR, bR S80It uPER SR rgtne o
pat hogefsopbiaedt bngretatricke vateprdesebeaditni £tyeici plymefsi tobs-limked n@@ﬁnac
conmposi tion co r|S|n a bovis antigen, prefer the atte

Vi RO eREIMIOT B S BaR T B et RO LA G b bt P ey B e

| MUNOYRr6zed ONPAS lof 120 MeabiOMRYE! 1S dRG yRNbeifETHEPICEY b alnkytudel | AiphARNMRAOREN!

effective for the treatnent and/or prophyl axis o? i nfecti ons caused by a
f urt her h{yatn¥deait drcagan alogs. Bﬂfepréf%qi yadlctaiﬁew thosh ePntHEINRA SWEN2 it 4 5AdOBF t he

pat hogengmase biah@d M6lsein- ofitrefifidilaty vhfRurated groups. The unsaturated radicals

may themselves contain other substituents, such as methyl. The products sold under the name

20  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 maleic anhydride and ethylene. The dissolution of these polymers in water leads to an acid

25  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),

30  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
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first and the further inmmunogenic conpositions are adm nistered separately.
Preferably, the further immunogenic conposition conprises one or nore

i mmunol ogvoabiwi2astti ve conponent (s) effective for the tPpeatuserro/oazds or
prophyl axis of infections caused by a pathogen of cattle other than M
bovis. More preferably, the first and the further inmunogenic conpositions
are adm ni stered together by neans such as m xi ng before adm nistration
and/or by forrmulating the first and the further inmunogenic conpositions in
a single container. The co-adm nistration of each of the inmunogenic
conposi béconmgoycaeanEanyicyehivoust ynalegsi théreofeemyinatantse g endagetoun cy@kinour s,
prefera W1 hi s, even nore preferably wthin 12 hours, even nore
preferag%%yhf%ﬂégnéﬁ%%@%é, even nore preferably within 3 hours, even nore
pref erabl y wertferably? thehgijuvant s\wddedninraa qmahepfidiopt WG g o dvoaurd .g fdnelosut e of

adm ni stration of. each of .the | ageni ¢ conmposi ti.ons depen n the
mode- of EXGNSR B TRkl LARACH R GBS BT B bt PEREROT Maer ai ng
to asf Uﬂ(?shﬂEVhEﬁ el bﬁ&m:fbljz e aMluVJ&Q‘i/d &ldedini @eimoast q(:fm?W?f@d nped aw;cut hsoarﬂgl one
or nore further imunol ogjca .active caonponent (s ective for t

t r eat meR¥" 9QifuFEm ?}P‘Sﬁ%ﬁ%ﬁ:% ]iyé'!‘f‘o%/dJ‘i‘Vﬁ%”eléta‘ikf?ﬂglP eL Bt B2 “’fﬁﬁtnt%tro ag%\‘tttlpg

r el evaninepat fRgemeR kiR plefeatbiMhe ROV Mt 6RIdELINULH REhoantBFAbSATRBLte abteFer abl y,
t hat medi canment is a vaccine and can be used for Iessenlngbor reduci ng the

si gns oMZRSMOsHJicR MoK REteraBh, thyagivast sfedehip pn amRgtt ohbiue AP 2bRutvecci ne
can be H%E)gr dRE. NIES SRRy e BRIMEINRAEDR R128R8n QT 2aBouVll nOYE: Bodenf €Cti On and
associated with or caused by an infection of the further cattle rel evant
antilgen. Fornul ations A further aspect of the present invention is the
prepar aph on of the conbination vaccine(s). One of skill in the art can

det er i Té addi ti onal conponents which are present in the conpositionof the
i nvention (slkeeddltoo, Renmmnghogens: Alvayareioe wbinpeditid®sicd riie sresgnt 3B@htidBmhy ed.
Mack Publ East on). Known injectabl e, physialogical.l cceptable sterile
ol ut 1 oRE e ol ey SRbh sPBEbE Ry o P BB B SR i HET SRR BsZhEnt er
i nj ecti oha0.i RivigSitiath, adciue@dhiosgt aiitiples phsvideOdiSserislumtenagioa. 3. desalbede or
correspaondi ng pl as rotein solutions, are readily, avail able. The

phar e Poal SCBIGET-t PEREDSY 5t fe VB UBEREeA Ent]-oi Hay HE Pioeui ass

| yophy! i&aties 086vediyy P& eRartat ihe PlpadhbC b £ pihriagcet 8&0Bsthpdsitioadaidekdrivad known

injectable solution directly before use under sterile conditions, e.g. as a
kit of bea?lpsf_or the prophylaxis or treatment of infections caused by M. bovis. As noted above, those

pharmaceutical compositions/vaccine compositions may be used for the treatment and/or
prophylaxis of animals susceptible to infection by M. bovis.
20

Methods of treatment or prophvlaxis

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

25  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.

30  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
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In addition, the immunogenic and vacci ne conpositions of the present

i nvention can include one or nore veterinary-acceptable carriers. As used
her ei n, " awoebsvizneny - accept abl e carrier” includes any amdTaiskoiwobaent s,

di spersion nedia, coatings, adjuvants, stabilizing agents, diluents,
preservatives, antibacterial and antifungal agents, isotonic agents,

adsor ption del aying agents, and the like. Diluents can include water,
saline, dextrose, ethanol, glycerol, and the |ike. Isotonic agents can

i ncl ude sodium chl oride, dextrose, mannitol, sorbitol, and | actose, anong
ot her s. atdeabi 0% zepis rirgfetablyedyadt brasti 39 %rtll] addca piefesatily by of least 30%, even more

o ! BB 4 LGRS SRR AP ST, Bl o et

gel , Ch@@%smﬂr mbre pieﬂerabty b\ﬁaeleaserml%s ie@¢rs mowapreferabhy by lat ast| o sl suah as, e

. , |nco u Bl ock ¢

ac Pt P EATEO SRR B AR el PPl ey R e P o AR B S v
saposi neithdinot Aacc@atedlof Cadtiatedg@itiBiaat Mcfbol/i@Clmmlﬁagéjﬁd doepddtjon ERI w100
(Galenlca arnmaceyticals, |Ing Birmn m _AL ther onln

fracti o€ ‘ﬂBH%‘ﬁfHB chS‘?Sf‘/'Pt I?YGBP%P e S‘A?FF‘H‘%P&E“W dntép%

heat-lablle enterotoxin fromE. coli (reconblnant or othermﬁse) cholera

t oxi n, or mur anyl di peptide, anong many ot hers. The i munogenic

conposi E Ié%% further include one or nore other imunonodul atory agents
such as, e - TH follévmlg E%a%&ﬂfésrb%e ﬂo{‘/‘ih@({ fo? R RrpoQds RN ratfh A b6t infiiGed )

i nmmunogeni ¢ conposi tions can aﬁso i ncl ude é%ntaHIC|n and Merthiolate. Wile
t he 1&noterlimit hedcaps vt Bwtpreseitdivenigdn adj uvants and additives useful in the
context of the present invention can readily be deternmined by the skilled
artisan, preferably t he conp05|t|on conprlses from about 50 ug to about
2000 ugE@hn=n1 Pegptarativoh god ztvif v hidiopd QM Unvisrigolade sgccafe t he vacci ne
conposi her preferred enbodlnent the present invention an
antibiob#glrgs?ﬂiigghlﬁfn an amount of from about |ug/m to about 60 ug/m
of and pr ef efaipul (G&)Scald&@.ﬁzeﬂ:bearbd %st&k@ﬁfaﬂin.gﬁ((he o41dkisivgeré andorhlyraktigted to 1
enbodlne t he |nat| n_vac lnnuno eni c npositiqn) i.s first
dehytir abestonrs CRBSE Jassiel BHreT O paer i HpHT e BEOOP OGRS ARG Y ot her
et hods accbfi@fy, to Rl astiOniéit Gh Malyi (0dhd 381 . AEPRATHAtEPMourS4) RENKE 1AL g Dai N

aqueous,g Zg saline, PBS (phosphate buffered saline)) or non-aqueous
sol uti oAY: ¢avey wegs ghallensed i V(‘Hieﬁfeﬂﬂalrm@l qr mega %g@ﬁ%}“éltﬂélfoabéﬁ@aﬁpb oi |

based/ siR@kf () dRUBkEIRMHE! @ayRas@dLalval Wik R RRaCThe SREPOIRRents are

summarized in Table 1.

20
Table 1: Group Treatments
Animals Test Substance Challenge
Groups / group | Article 3?:1% Sﬁl(li(:il:ﬁe Material | Dose / Route Sél?;;;lie
~10°CFU
M in 2 ml/ M. bovis 30 ml of Day 27
Group 3 bovis SQ Day 0 (Single challenge (approx 4
1 MLV and and 14 Isolate | material and 10 | weeks after
~10°CFU Fresh) ml of PBS vaccination)
2mL IN
M ~10°CFU M. bovis 30 ml of Day 27
Group 9 bovis in2 ml Day 0 (Single challenge (approx 4
2 MLV SQ Isolate | material and 10 | weeks after
Fresh) ml of PBS vaccination)
Group 9 M | ~10°CFU | Day0 [ M. bovis 30 ml of Day 27
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based adjuvant). According to a further enbodi ment, the imunogenic
conposition or conbination vaccine as provided herewth, which conprises at
| east onewdl20byomis4ant i gen and one or nore further I mMmurciragza@ioby4acti ve
conmponent (s) effective for the treatnment and/or prophylaxis of infections
caused by a further cattle rel evant pathogen other than M bovis are
formul ated as fixdose conbi nation vacci ne. Preferably, the inmunogenic
conposition or conbination vaccine provided herewith, in particular the
fix-dose conbination vaccine is fornmulated for use as a sing|e-dose or
mul ti-fosé vdcci ne, |whevieas in Renlf or nul at i joiSihgle (ise chadlengesi npl @prios é
vacci ng i s ngst prefleMldd.| | nS@t her wor ds| tlkdate nrumsoggeharel 1o [rpeslstaftoens or
vacci ng, preflerably |t he filx-dose ¢onbi natfi diteshacgi nml pf RS defivdveinetidn) p i s
formul ated fqr the gdm ni stri@tCem|as a mufl i pal@ase or3oshingl e- fogmy mhel eas
the fof rabagijon for t h&! adniipbsiir at i on as gsingker dosgalleedOSt @pgbenr ¢d. As
shown | n ghe exa%ple é@Efion,s uch gmgpnglqmgﬁge bl slarat | Qregfarkthe M
bovis antigen is ef fleMVe in esseni ng Jr;@&gyc NOmi BEPIss INBvREin&ibn
bovi s [nfectijon. ThUs, accprding 10 a f urft e, &PodigfERtss TNE | ogeni ¢
conpos Qﬁgg§ provi dgd Qﬁe“bhﬁsd n particular.the fixydpse cp b ol
vaccing 1§ .crnu9ated Wy [use as a §hm@le- 03 ean&t?ﬁlm1 & BLRe j%%ﬂ.
aami i pLratiqn of Syoh S gp e dose 15, effeablys | n heseal no| oLl no
dllb Ul arll Vi UVvi o IILLLIA A "2 9 B YALE IVOUUCT O Ul I \" LI I otl actir Ull nu |, U R | Ilg
Conpositions of the present invention may be adm nistered in any
convent i onal HiganpwBEage BExanmphesy/@finadpiini sshihatATIC NetAodss i(etidelecaadiyatt hat

af ford C y cells of the imun stemto the j munogeni c conposition,
i ncl udi @833/314_%0%\4%4 i VBIGh s Boaeed tﬁén@aj@r Haraw iCﬁhrsde?q%ﬁ! wa§ HictalPenous,
subcut apReMssiod. NhiARHMSE Wadbbtaintd TRAE HAdfally 1004 ARE bist AR Albredk théRE@RIA!

i ntravagi nal, intranasal, |ntra8astr|cal, intratracheal, intrapul nonari al
or ahy BURSPHAR RoRCGAE B6f MoPHief dp reEoveodS comparitisnitgteram bfiisaMedia to

| nt ramisenl:8the HHOEHABRAPSiRNy! AL LANASShs bivh th FHOGRLANEANEANE with

i ntranasal being especially pre?erred. | f desired or necessary,

boost er Lefunist gxiranh Indrd(%oersyi seam. oifeecubipresessegravn tZ4ve g heursvad 1370 (safter

i nterva it 1S, r i . Of e ' tion
thar ¢ OGRS an Sbrrbiis ROBEI3CERRE BRRhR tohsis PSRAN, IR LT on
of suchwas thac Gionm, at arO0°Eniiive to esponsen, itle whtediltved rapidly levadiand khrendbssi gns
of bovi.s infectian ag&,red%ﬁedtbndinc'dence and/ or severity, as well as
a r &QuctiVdh eIy FRELSP ESF AT PrditiShhari son to animals exposed to

wi | d-t yp® ORCPehhatiel (Gregdsataag 2aft er chall enge with

—4

2 ml dose administered subcutancously and (group 1 only) 2 ml dose administered intranasally (1
ml in each nostril).
SQ Total: 8.4E8 CFU / Animal

15  IN Total: 8.4E8 CFU / Animal

1e8 CFU Preparation (Group 3):

2 ml dose administered subcutaneously.
SQ Total: 9.4E7 CFU / Animal

20
1e8 CFU Preparation (Group 4):

2 ml dose administered subcutaneously.
SQ Total: 1.0E7 CFU / Animal
Modified Live Vaccine M. bovis PTA-9666 (2“l Vaccination)
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a virulent formof M bovis. In preferred forns, the dose volune of the
vaccine is no nore than 5m, nore preferably no nore than 3 m, and nore

pr ef er ablwonoiomms4t han 2m . In a nost preferred enbodi memtus2atm3rese woul d
be 2 M, preferably admnistered intranasally, with 1 m being adm ni stered
in each nostril, even nore preferably adm ni stered subcutaneously, and nost
preferably adm nistered both intranasally and subcutaneously on one
occasion as a single dose. In sone preferred fornms, a second or subsequent
adm ni stration of the inmunogenic conposition would be adm nistered after
the fi rBighgderiagd bterMrdioplismGhehs Bl 406 queniculdaineilist r ati on woul d preferably
occur at least 10 days after the initial admnistration, nore preferably
between at |east 10 -32 days, nore preferably between at |east 12-30 days,
still nore prlefieslabluyedafor b &ashtidvweakagtsginahlommsturgblyefceurebyg distrat wetbreakt

| east 14-28 days. In np referred for. t he vacci ne .

ndn i si1eF aar Y dhep iR s FR%LEE 150 VT akaS R AR Rt o 99 s, on
Day O ands ifbwa8indBxyis nidder blc@fentst tWithe xR SKER dx@aqainb dgenhersé a&am. The M
bovi s not occurrin ntil after_the conpletjion of the innunizing reginen.
' a oS SReEPEd Hor mhos aﬁé&@éﬁ_ﬂi @Oﬁﬁwgs&#y%wm&% 1_811‘?918{ jega

adm ni sg@heddeddnneaMerold 1B studN VMG WAE floSerd@NBond s PR6EME vheridfibABh&edd om 1
day of age through adul thood, preferably to calves from 1l day of age

t hr ough"9oitRglaliaved Bdppsigledaelsvd wis Pigaed pepe e stediasitie diertal ves from 1
day of age through 16 weeks of age, and nost preferably to calves fromb®6
weeks to 12 weeks of age. Such adm nistration reduced signs of M bovis

i nf eet i &b QU Heepae drpe ow. I n fact, the studies herein show that signs
of M bevjs.i.nfiecti [ ' - ' re
Feduced: B ot EE AR bibebilieclf Ry ¥ B bR A8 REGH PO EAC

pr ef er abbsyril).at | east 70% even nore preferably, at |east 75% nore

prefera t % still nmore preferably at |east 83% nore

pref er aggy/lj,omz'ﬂ#%g@rfljgg%ma nd, nost preferably, at |east 90%in conpari son
to the noMvardi2R8tHW gawial | n a preferred enbodi ment, the i munogenic

conposi tj qQns. of t, resent. .inyention are effective in stimylating an onset
of "M Mty Quly o ae B P L s NG waPmERrE i Ab S Sk PHict Do "an
addi ti ogmahl yospa@hisieeh epbedicomn. the i munogeni c conposition of the

present invention is effective in stinulating duration of imunity of at
| east 49QdRAd: G6FY dHiniepl &e8ngl e dose adni ni stration of the i munogenic

coNMPOsi kis@Amary of the study timeline is below in Table 2.

Table 2: Study Timeline
Day Event Samples Testing

-42 | Acquire Animals - -
-42 | General Observations (Daily) - -

to 0
Collect samples Nasal swab M. bovis (Culture/PCR)
-35 (Wet/Dry)
Blood (SST) M. bovis (ELISA)
Ear-notch BVDYV (IHC)

-3 to | Transfer animals - -
-1
0 to | Clinical assessment - -

28

0 Collect samples Nasal swab M. bovis (PCR)
(Wet/Dry)
Blood (SST) M. bovis (ELISA)

1" Vaccination (All Groups) - --
Injection site evaluation -- -
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I n anot her preferred enbodi nent,

present invention nmay be co-adm nistered to an ani mal

t he i mmunogeni ¢ conpositions of the

(preferably cattle

).

Speci fi cavbyotovm4r nore anti gens may be adm ni st ered tecarusanmomsdi4of t he

M bovis antigen of the present

i nventi on and at

| east

one ot her

i mrunol ogi cal ly active conponent(s) effective for the treatnent and/or

prophyl axi s of
other than M bovis (discussed in nore detai
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SAMPLING

Swab

In

Nasal swabs were collected from all calves on Days -22, 0, 14, 27, 34 and 43 (or day of

post). 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 area involvement. In all cases, three sterile swabs were rubbed around

the regions, as aseptically as possible, for a few seconds and then removed. The swabs were

placed back into the transport containers. Two swabs were placed into individual transport

containers with media and one was placed into a transport container without media. The swabs

were appropriately labeled with the Study number, calf ID number and date. Sample collections

were recorded on the Sample Collection Record. The swabs were stored on ice and transported

the same day to BIVI — St. Joseph. The deliveries of the swabs were documented on a Specimen
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particular the Pluronic products, especially L121. See Hunter et al., The
Theory and Practical Application of Adjuvants (Ed. Stewart-Tull, D. E S.).
John W | eyoant/Borss, NY, pp51-94 (1995) and Todd et al. pcvaseéms3zise 564-570
(1997), hereby entirely incorporated by reference. For exanple, it is

possi ble to use the SPT enul sion described on page 147 of "Vaccine Desi gn,
The Subunit and Adjuvant Approach" edited by M Powell and M Newnman,

Pl enum Press, 1995, and the enul sion MF59 descri bed on page 183 of this
sanme book. A further instance of an adjuvant is a conpound chosen fromthe
polyners of acrylic or nethacrylic acid and the copolyners of naleic
anhydri g ghrenyl derivative. Advantageous adjuvant conpounds are the
polyners of acrylic or methacrylic acid which are cross-linked, especially
W th poSyaIkenyI et hers of sugars or polyalcohols. These conmpounds are

known by th n1car P uro un 19 her eby
entirely i nc Wﬁ? & Eﬁ@ﬁ%“@‘ﬁ%&f d%g?aarygo s ki 7e§4 i 4%&“ dr%f/ hBY*Val s0
refes tBlddd V\S].s daamm addpticaBy 9&& 4§2g1ﬂdiareﬁbﬂomrﬁab1ﬁ ehly 1rlt6l(bﬁé pQrSathCBelmfn
referen bes s acrylic mers cros nked _wi t

pol yhyd ﬁ‘z’(‘i 2% Borﬁt qffé‘a%g %X H%/HF&WP eg‘F‘E} don R TEBI y not
nore t hallao@ wal Q8lIRYr 098w 1 atSTtWFosQfSh Atth Iﬂeaa&éhvéﬂyr&ﬁlgm&ﬁ@m&s oR@igpdcinep! aced
by unsaturated aliphatic radicals haV|ng at | east carbon atons. The

pr ef er r PaliveayFea oerewehBer haue i fmmgachr g @eatrkfu&aé}%awi Rsfeged &0 ¢y

vinyl's, ki xh%vﬁ[‘ et hape Sk %R LAIP ¥ RS LA QURRe temestdfg%%aa& ur at ed
radi cal s may "t hensel ves contai n ot her substituents, such as net . The

prodct 80°4al d under the nane Carbopol (BF Goodrich, Chio, USA) are
particu#glly appropriate. They are cross-1linked mﬁth an allyl sucrose or
with al pentaerythritol. Anong then, there may be nentioned Carbopol
974P, 934P dﬁdeﬂlhﬂnans&mpmﬁfeﬁﬂ@@ h@mthdbuee af th€abepaion9t e, Swdpng the
copoly

eanda r|vt|ve are t 0
R T et S g SR e b C A R i o Al
di ssol utveernplakd tiheseal pm:lkytnigg Snd nbv!ed Mthltﬁcﬁd@mhbm&ﬂbeacm ﬁs@hd,ltdnqﬂbst\hﬁé wil |
be neutralized, preferabl in order to
o6 05 ant el T foeoh FRewoTr ok SR el o8 b b Al B I iae
conposi HieRneollt&el nd\blatedbigtd HW@rf&Q{aﬁh%dluu&U hd@ppropatapiderd] Hixad tiSsue
include, but are not limted to, the RIBl adjuvant _system (R bi Inc.),

Bl ock cHRpRbSyHRse sRipRrdrg ISUAr [VaterigargAyiagngpife Mbe@mryo Fhe mmls) yites seleqted for

each calf are listed on the Sample Collection Record.

20 TESTING
Microbiology
Swabs placed in the transport media and tissue samples were shipped to BIVI for
Mycoplasma bovis isolation (day of posting samples only). Briefly, swabs were swirled in SmL
Mycoplasma selective broth. A small sample (approx. Smm) was cut from lung tissue and
25  homogenized in 5 mL of complete Friis media. 100ul of homogenate were added to 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 -70° C.

30 PCR
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nmonophosphoryl lipid A Avridine |ipid-amne adjuvant, heat-labile
enterotoxin fromE. <coli (reconbinant or otherwi se), cholera toxin, |IM
1314 or mwoamo/12dispepti de, or natural |l yoccurring or receabiusano/osytoki nes
or anal ogs thereof or stinulants of endogenous cytokine rel ease, anong nany
others. Preferably, the adjuvant is added in an anmount of about 100 ng to
about 1 g per dose. Even nore preferably the adjuvant is added in an anopunt
of about 100 ng to about 500 ng per dose. Even nore preferably the adjuvant
is added in an anount of about 500 ng to about 250 ngy per dose. Even nore
preferably t¥wabadionvearh celd natipleckdiin transparfowadia ofd tebesutanips0 wege stappeddat 100

ng per e t

about 1| B r BN B At AL T PR SRBCAFERRI TS

added i guenarof aMdonits defelgled ut BILWgRtwltabﬁﬁCRlx@erﬂgxmaschus;@slthgt nepgae{?eefoabl y

t he adj bﬁéﬁ%ﬂ S in an anount of about 1ng per dose. Carriers In

addi ti o ?‘ﬁs f69€hi ¢ and vacci ne conpositions of the present invention
may §ncl ude one or nore veteri nary-acceptable carriers. Thus, the present
inventlg ];Pel ates to the use of an M bovis strain, attenuat ed t hrough

mul ti pl 8'B&8¥age or serial attenuation as descri bed above, as a medici ne,

preferably aserdn\@hpled Bafeltedi@Oiswig®: EIMS AROWInfer&hiRhvataat be BiRlked adsda)
descri bed above nay be used for the preparation of a pharmaceuti cal

conposi Bt theggotged gropdad Yk dientestilly pryBhgreasPesta a5 r@piicaeRensyy
infecti S) ‘E&Hﬁ@g bﬁnﬁ\ﬂs (@19‘%' %zereAéorﬂﬁatr&ﬂ t@RRY %sﬁlol%ﬁ‘?evléf‘f(‘m%ﬁ caly. 3)
conposi tions/vacci ne conpositions nay be used fo he treat nent” and/ or

prophy| estdbishkerl bazrthm%stl\@lfgnfé@tlil%m@dtl@ therigsé it Pmltw rMultb vefesthenMiatehiyeited of
treatme t Vv t he

i nvent | Ao SR BBl AP OSn3ARAEL 0 Bhind R A0RIRHioh T REHE ery

| esseni stgpngferpbmvenon denseoamvesiod belppen iTafledil.i on in a herd or reductl on in
the severity of signs of M bovis infection associated with wild type M
bovis infected animals adm ni stered i rmunogeni ¢ conpositions in accordance
W t h t hFaple 8sSéroconveéssigi on in conparison to aninmals that are either not
vacci nated or yaccinated wth vaeehines avail abl e pr| ekerbRtakifle | pr esent
invention is provided. Addb tanpBabbsyiviad ni stration| oleghdieyag¢ci ne in
accordance w th thessiatigsenrt<omvanpki<ans r ediicesetehe nunber+iof animals in a
herd that becope it estied Davd HoVsanp@\d 2.+ Potigly Revéret hod gener allly i nvol ves

t he adm ni strafi ons3cefodivicherdpeptshah 4 3+ efifwgtéwve apountssof an M

OD Sample > 3 * Positivity Level +4

15
Histopathology/IHC
Formalin-fixed tissues were sent to ISU Veterinary Diagnostic laboratory and tested by
hematoxylin/eosin stained slide and immunohistochemistry using monoclonal antibodies specific
for M. bovis
20
Clinicals
Daily general observations were carried out from Day 0 to Day 27 and then daily clinical
observations made from Day 28 to euthanasia and necropsy. Clinical and general observations
noted deviation from the norm and were documented.
25 Necropsy
Following euthanasia, each animal was necropsied. The thoracic cavity and trachea were

examined for each calf and gross observations recorded on the Necropsy Report Record. The
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bovis strain attenuated through the nethods discl osed above, to a subject
or herd of subjects in need of such a treatnent. Preferably, clinical
synpt ons wpeologssned i n i nci dence or severity byat | ea®PCTABY10/082189
preferably by at |east 20% still nore preferably by at |east 30% even
nore preferably by at |east 40% still nore preferably by at | east 50%
even nore preferably by at |least 60% still nore preferably by at |east
70% even nore preferably by at least 80% still nore preferably by at

| east 90% and nost preferably by at |east 95% in conparison to ani mals

t hat ar kingj arkleabonidt inghes if trached fiom gasb cilh aeesdrewiovdd iafaciMior bytheseiammatiogeni ¢
conposi | s _avail able prior to the present invention but
subsequ%dr??%aril%#%%%)g%&ég' by wild-type M bovis. EXAMPLES The fol |l ow ng

exanpl es are provided for the purposes of illustration and are not intended
to Iim'L th[etscfo e of the present invention Exanple 1 : Preparation and
testing ot aa}holo -passage M bovis isolate vaccine Materials and Met hods
Forty-four (M)efaabems IM@E,GSaE}FafngdobeP@ﬁst cmﬁiﬂﬂdﬂgfi(vi&daﬁzaﬁ@h\mﬁ bweakpati@idoni ]Y
assigned to of 5 groups. ves were 6 + 2 weeks of age at initiation o
the st u%ﬂ A @éie%”g‘é’&t 8‘(;%‘?6‘1?%% RIFFeRT@H P RFTIENY Bergeﬁﬁlh[?n&g%qeﬁ‘fﬁé?\{‘i $RVibay 0
and Daywid detORRh&Xinmeh ehde fobbrpetcdht Waekisen! wéiehted RAY sdined Cidl HESMWRS Be
challenged with virulent M bovis or nmedia only according to group

assi gnnificentage of wEh lyngeyithpathologht er chal | enge, (Day 43) the cal ves were
necropsi ed. The group treatnents are summari zed in Table 1. H gh passage
live Mycoplasma bovis strain, ATCC PTA-9666 (vaccine candi date 052823A131
VE+4Y) ,  itdlathetegypassaged 135 times in raw culture media, was used for
vacci nat i I: i ine | y occurring di sease

out br eak ﬁ%ﬁ@é@?tﬁ}‘{%%ﬁﬁgg ?Jﬁ&aoq)rsr%gi&@g%t#{d%. nodified to renove CNS
conponent st hékabla 4 1BtatisticalsMathddsoft Amabysisget weangrompst fer adth. pakiometer

speci f | patanyetert he | BebAh€Sy¥aem gr own Evaldationh ©fBadh Ratdnpére NenSedistiéadl h 10%
yeast extract and 20% horse serum |[The culture was grown 24 -Aphlys@urs|at 37
C aftef inoculdtion with an approptfiate volune of seed cult urgesl@ner m ned
before|the study. Material was thep frozen at <-60C. Priof togyagfsi nafion,
the mafert Jo@sgé tolody 'AWed dNUTHE] &9 9 Pathblo¥d 'Seord®! F WAl @Pc?{”?égt usi ng
Friis fredia as [the diluent. I|e9 CFULRr.e (ggson (Goups 1 and 2): 2 nl dose
admi ni ptenked suagut gir%%%llgbeand (group 1 onl'y) 2 nml dose admi ni stered
'ntranpsald y ( hathology multiplied by
ANOIOLY | Jobular fraction of total lung
per animal
Clinical Observation (per Number of animals with Fisher’s Exact
day) coughing scores > 0 from Day 27 | Test
Clinical (DPC 0) to Day 43 (DPC 16) /
Signs of 0 = No Coughing total number of animals in the
Coughing | 1 =Coughing group.
Post- Number of days with coughing Fisher’s Exact
Challenge scores > 0 from Day 27 (DPC 0) | Test
to Day 43 (DPC 16) / total
number of days.
Clinical Clinical Observation (per Number of animals with total Fisher’s Exact
Signs of day) lameness scores > 0 from Day 27 | Test
Lameness (DPC 0) to Day 43 (DPC 16) /
Post- Lameness Severity Score total number of animals in the
Challenge | (per limb) group.
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m
Ani mal

in each nostril).
| e8 CFU Preparation (G oup 3):
subcut anew02b1w/12834 Tot al :
2 m dose adm ni stered subcutaneously. SQ Total:

SQ Tot al :

8.4E8 CFU / Ani mal
2 mM dose adm ni stered
| e8 CFU Pr eparstelon3yi@ oup 4):
1.0E7 CFU / Ani nmal

9.4E7 CFU / Ani nal

IN Tot al :

8.4E8 CFU

/

Modi fied Live Vaccine M bovis PTA-9666 (2nnda Vacci nati on) H gh passage
live Mycoplasma bovis PTA-9666 in raw culture nedia. The isolate used for
vacci nati on was obtained fromnaturally occurring di sease outbreak then

seri al
Bl VI.
extrac
after
bef ore
mat er i
Friis
adm ni
in eac
Medi a
extrac
CFU /
Tabl e
cal ves

Total Arthritis Scores between
groups

Wilcoxon Test

y passaged in the nodified Friis Media. Mteri al S prepared at
The i sol dte=Nad-ageossn i n Fri i Sumddi o dsyppitetveit ed W FlsharB%xpetast
and 20% hoeMkl serum The cllamenesswasesgpr OWwamAday272 | Hetirs at 37| C
nocul at i |ah=WMddbragn appr opr i atl2PW O) wriEaycf3 (B&E€d6eul t ure det er m ngd
the studyi=Mateeri al was frozemal@emb@@fdayri or to vacci nation
bl was r apvae:yScokafisdf @mdvad $i ngl e dose | evel was prepared using
redi a as [tdagly Goudnttudy 89 CFUTBRERAERsE OtbréBedidenl) | WalcBkondnse
5t ered subtbhasneausky and 2 frodpse administered intranasally (|1 m
h nostril]). SQ Total: 7.2E8 CFU / Animal IN Total: V.2E8 CFU / Aninma
Dnly ( lstsuMasCbmatesObrefpel | $§ Medi a suppl enented with 10% yeast
and 20%Hahge s2 m dose ag@lm ni stered subcutaneously. SQ Total: O
pnimal - serdiiRica) HYEH Y Wer T NE NAiBEYoflah fk1d With 1otal D€ OWshdp s HEALE ¢
p:  Study [Ty,0€l I neSAVPLI NG Smngﬁ&§ hin S Wekgmcol | gced from al
on Days [-22, 0, 14, 27, 34 & yﬁgiéﬁgo @bR143 (DPC
Clinical Joint Swelling Score (per 16) / total number of animals in
Signs of animal) the group.
Joint 0 =No Swelling Number of days with total joint Fisher’s Exact
Swelling 1-12 = Number of joints swelling scores > 0 from Day 27 | Test
Post- with swelling (DPC 0) to Day 43 (DPC 16) /
Challenge | Note: Last score for the total number of days.
remainder of the study if Total Joint Swelling Scores Wilcoxon Test
removed early from the between groups
study for humane reasons
Early Clinical Observation (per Number of animals removed Fisher’s Exact
Removal day) from study prior to Day 43 (DPC | Test
Rates 16) / total number of animals in
(Mortality | 0 = Alive the group
or Culling [ 1= Death or early removal
Rate) for humane reasons
Clinical Observation (per Number of animals with arthritis | Fisher’s Exact
day) score > 0 from Day 27 (DPC 0) Test
to Day 43 (DPC 16) / total
Clinical Sum of total lameness and number of animals in the group.
Sinrl:sci ¢ joint swelling scores Number of days with arthritis Fisher’s Exact
A r%hritis score > 0 from Day 27 (DPC 0) Test
to Day 43 (DPC 16) / total
Score
number of days.
Post-
Challenge

Total Arthritis Scores between

groups by day

Wilcoxon Test

Percent Reduction for All Parameters
Groups compared using percent reduction [1-(vaccinate/challenge)] and statistical significance for each parameter.
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post). At necropsy, tonsil swabs were collected fromall calves. Joint
swabs were taken fromanimals with clinical abnormalities hi addition,

sanpl es weoeotoakers4f rom ot her | ocations in certain ani meC3/Ushamioszy4ar ea
invol venent. In all cases, three sterile swabs were rubbed around the
regions, as aseptically as possible, for a few seconds and then renoved.
The swabs were placed back into the transport containers. Two swabs were

pl aced into individual transport containers with nedia and one was pl aced
into a transport container wthout media. The swabs were appropriately

| abel ed with the Study nunber, calf | D nunber and date. Sanple collections
e e e B TR PP oL PRS2 % BEREARLGPRNET O
swabs were docunented on a SpeC| menDel i very Form Sera Bl ood was col |l ected
from alT cal ves| osall2aysg | 421inid) Sighdof CAughingd 4 | an@inidad Sig @ of idhayneQPogpOmilidnge Bl 00d
was coll ected asepitiobay | y frompaChallged ar vein fromeach calf into one|12.5
mL Ser um Separator Tube (SST). Sanple collections were recorded on t h¢
Sanpl e| Gold ect i phoR&Jongd | Nirfer df| opBaywash del Nyeheed t DBVt - HifoulJosepl with
the delivery bel Ffolscumphtidys v ac i men2EelsWer y ORbAesSe FiRias | hen
harvest ed from e&CK®t ube ght“%ntri S ésaﬁoi on E?ﬁ‘bla‘f“i“‘éﬁsf(erred t 058 Sterile

scores > scores >0

cryovi 1'1 —The biggé/{! €S Wel fy, ST OT ed %9,74 € lgg,ﬂ testd g, fotto \ﬁaﬂ%_by_FOﬂg
term steprage at[3y,20 C TI55Ue Frommaf i an Ijﬁ%s, Sames of fgpg Wwere
col | ectgd at thesdi scret|amgof thegshpudy I NyeSTi gat Olgy, Areas [ gy Whi ch|gr oss

| esi ong4wer e obserwed wer @4 ar get ¢eb or samplivng. Sanp¥kes wel ezpl aced|in
whi rl pack bags and | abeled with the ani mal nunber. The tissue sanples were
st ored &®eiSdeonand transported the sanme day to BIVI - St. Joseph. An

addi tional set of Iung ti ssues were coI | ect ed and pl aced into 10%for mal i n

- U

o

i ep—and o Fixed—t = e
sol uti ef o @ Pb afSans f%fomtE ﬁhnﬁ %s 1y ° hmcafg ns ofAr 1Fs S’coref” t— to
| SU - Veterinaf 11€n abora ory gf',alsa e si e§ha§é; £cted each
calf are list ed on the Sarrpl e Col | ectijongrRecor|d. TESTI NG M cr obi ol ogy Swabs
pl aced| Giut he [ Kamspor [ Ddayedia [andi jpins Suwansapl |eamwebe |Sanppead | treaBl VI | f or
animals total joint swelling animals animals days with Arthritis
with total swelling scores removed with arthritis scores
joint scores>0 early from arthritis score >0
swelling study score >0
scores >0
1 33% 0% 63% 83% 17% -8% 67%
2 26% -8% 58% 55% 11% -8% 39%
3 -33% -8% 22% 43% -33% -8% 12%
4 -14% -17% 32% 33% -33% -17% 10%

10
Group 1 =2 Hi Dose (dual IN/SQ Day 0 and Day 14)
Group 2= 1 Hi Dose (SQ Day 0)
Group 3=1 Mid Dose (SQ Day 0)
Group 4= 1 Lo Dose (SQ Day 0)
15 Group 5= Challenge Only Control (all values are in comparison to challenge controls)
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Mycopl asma bovis isolation (day of posting sanples only). Briefly, swabs
were swirled in 5nL Mycopl asma sel ective broth. A small sanple (approx.

5mm) was wotofwaamskhung ti ssue and honogeni zed in 5 nL ofPCrarspdiowns21Fy i i s
medi a. | OQul of honbgenate were added to Mycopl asma sel ective broth.
Cultures were incubated at 37C / 5% CO2. After 4-14 days, the broth was
exam ned for growh and subcultured to plates for isolation. Al positive
subcul ture sanples were stored at -70 C. PCRSwabs from each calf not placed
in transport media and tissue sanples were shipped to BIVI where DNA was
extracted and tested by PCR using prinmers and probe specific for the uvrC
gene of pM Ndevel oped at BlIVI. Results of PCR were expressed as
positive or negatl ve for M bovis DNA detection Serol ogy Serum sanpl es were
tested usi ngrlwmbﬁﬂghse!\oﬁmmmmdyl wisl ty easlaatk aizl effitaey BF oiet higBamadad M,limwg t he

Bens: tyeeby PRy el 8% Ieken L ek 3R a7 R BeG B Kerbver -
(Meap Olydcitafbodyly €SO apith 5 bﬁgleblyﬁsd (hﬂﬁym)()SA tvhaehe @OfMid1 @roupned stk dndlidel had t est
ol assi T FEH THESEHENS . B S0 HONGEROEDH P S bHeENAoBLH] SV Sy Es rong
seroconver sipgp é}ﬁaﬂ@ng%eﬁrmcomﬁlwaﬁaﬁd&el oplishaWoRis 3bold@Plued3in this study

Ser oconver.si on_ Hi st opat hol oqy/ |1 HC Formal i n-fi xed ti ssues were sent to |ISU

Vet er i n@igingtihigem diffegent apgialy grsetethame dheehagngsdirkttonygt piayieedy shosidp ned

slide apgd gpmnghi aﬁcpmralgageydmgn&p@@mﬁmomhe@etah@cwéd%ﬁné&%%f Ilns(eéor
bovis Cmcals Daily general observations were earned out frombDay 0 to Day

27 ahd tshlaie qlialﬂdnge ethding. dab livhgasepacingidataranehigh paysaRaysoR@stopigmalhdnvsd a and
et OB Kol ok IR BpE Yl OB L e AR, e Rt
necr opslimding Phletidrhiorkaidd lease angditypuppleménteaichidtahaver @rum and yeast extract. Although
no appreciable difference has been observed in the growth rate in the Friis complete media, at
high passage, vaccine candidate PTA-9666 has demonstrated restricted growth on some
15 Mycoplasma selective agar formulations while the low passage parent isolate shows no apparent
growth restriction. Also, genotypes of the challenge and vaccine isolates are dissimilar (as
determined by insertion sequence PCR fingerprinting).

The challenge procedure using a total volume of 30mL of the challenge isolate and

resulted in the challenge control group showing lung pathology in all animals and joint
20  involvement in 6 of § animals.

Multiple parameters were investigated during this study to access vaccine benefits and
identify possible primary parameters for future studies. Of those parameters, animal removal
rates and joint clinical signs (lameness and joint swelling) were proposed as indicators of joint
protection. Lung pathology (percent gross lung lesions) and clinical signs of coughing were

25  proposed as indicators of lung protection. Lung lesion scores are provided in Figure 1. Total
lameness scores were also taken and are presented in Figure 2.

Post-challenge, the SQ/IN two high dose vaccine group (group 1) had a lower incidence
of joint swelling and removal rates, compared with the challenge control group (group 5). In
addition, group 1 showed a trend in a reduced incidence of arthritis as shown in Figure 4. In the

30 SQ/IN single high dose vaccine group (group 2), a trend was observed in a lower incidence of
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exam ned for each calf and gross observations recorded on the Necropsy
Report Record. Thelungs and about 6 inches of trachea fromeach calf were
renoved iwobaoto/R2ers4f urt her exam nati on and sanpl e col | e®Cirars2010o82y49

Pat hol ogy For each set of |ungs, each lung | obe was exam ned by

vi sual i zati on and by pal pation. The quality and anmount of pathol ogy present
(as a percent) per each lung | obe due to M bovis was determ ned. Each | ung
| obe percent was then weighted and sunmed to determ ne the percentage of
total lung with pathol ogy. Joint Pathol ogy Affected joints were exam ned
and gr opsntohsking as ihome in dtgwraddd)tPersreyns dRbshost 4 sdudtion inte ifadapepiIont G oups
conpar eg. usi I ction [ 1-(vaccinate/challenge)] and statistical
signifi génﬁéaggg%fa%gggﬂévﬁg%geﬁét er. Table 5 Percent Reduction and Significance
for all Par afet srisalases€dippsrtiedfior /. bhnes Chibbdienger Goot andDay® oudd of ISuithiar y

ri Dootit (B0l o Beup et mori BeLi ey B %y E 5t A= Oy 555 54T S pay

0) G ouprofocChBlVigi@e3 @nd)y REpodhd fir teddeum dikdite pri@r o ek posampapieiudeé GLehal | enge
control s) DIl SCUSSI ON The obj ecti.ve  of is study was_to evaluate the

ef fi cacS?)a%f’f“t &roFSi"i‘?%“ﬁ’i%ﬂ“?ﬁ%\‘]?%léﬁ@bﬂlesl?B Psr &‘éatfi ”é‘iﬁ%ﬁfl@&?’é“ 153 di fferent
dosage | evel Bhe(ddalfor 1S idvMde bsbadeliU3parmddoss) conthaieni ts Ry @dda Sotheidtignaeusl y
(SQ with a single dose (Da 0%’ A vaccine control group was al so included
and gi v&het WS%%@%&?@S-GS}%&W callyy theagnyay eRpRiFFeswhery bethngasigizeshol e hi gh
dose | exglateOfer¥ 3GfiniGered RG> GRAL Ld%@ﬁlt@ne%ﬁgy \éﬁ‘&‘ﬁ{_tﬁﬁas‘é@.”ﬂi gati8s W&QQJ ardip bovi s
isolates used in this study originated fromdifferéent naturally infécted
farng. THg lehmdl enigd 8 wat o vedgomrths stadisdug te Heninandocudings i thol ¢0 pasrage and
joint dj e [ - ' and Br ] [ '

i sol at eg%ﬁg?ﬁ %‘ﬂ;gé %%ﬁ%?lgg’?érgﬁ%ﬁﬂeggg\%%hg% candtllgd‘lggIt g;g ngractélﬁﬁﬁggﬁe{oﬂééggge

i sol at esulbng gan@bhogd die thevigdaté povagtd dghostes by SART. dbe rddilgharpassegezedfint he
vacci net(e:arr;gliﬁgates was performed by serial |limting dilution in Friis base
medi a suppl hted with horse serum and yeast extract. Although no

appr ec| abl e diTabky @ GCuengaaBol 6L1B5qRa8SIzY 681106 pdstge Goraddath &l @lling t he Frijis
conpl ete nedia, at Administration Number of Animals | Percentage
Method Removed due to
Death and culling
135 passage Two times 1/8 12.5%
subcutaneously and
intranasaly
106 passage Two times 4/9 44.4%
(Live Vacl) subcutaneously and
intranasaly
Difference 31.9%

15 CONCLUSIONS
Mycoplasma bovis vaccine candidate PTA-9666 via a simultaneous intranasal and
subcutaneous route administered 2 times with a 2 week interval at a high dose level (1E9 CFU)
showed a reduction of total joint swelling scores and early removal rates (joint protection) in
colostrum deprived calves when challenged.
20

Example 2: Efficacy of live Mycoplasma bovis vaccine (05-2823 P106) using various

administration routes

Materials and Methods
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hi gh passage, vacci ne candi date PTA-9666 has denonstrated restricted growh
on sone Mycopl asma sel ective agar fornul ati ons while the | ow passage parent
i sol at e sWowsioa4epparent growt h restriction. Al so, gen®eCyassoiofi3iihe
chal l enge and vaccine isolates are dissimlar (as determ ned by insertion
sequence PCR fingerprinting). The chall enge procedure using a total volune
of 30nL of the challenge isolate and resulted in the chall enge control
group showi ng lung pathology in all animals and joint involvenent in 6 of 8
animals. Miultiple parameters were investigated during this study to access
vacci ne benetd venghdalidamgitivy fgrddgioblagng biviawsre pearedrdt eps weering (ft weads

st udi es., | r e ol i Nj signs
(1 amenctd ek P Filom QL ER BT dotbe TRk oui th

pr ot ect fapnsix L(fngdgyat hel ogyivepevaceinttiogr eserdinggol esupnsyigamentcbn Ndgal0.si gns
of coughi ng wer ropoased. as i ngdicat.or f lun otecti.on.. Lung, |.esion
Scor o0 BpBYp Il B PR B Pt TR D P By nid S BEREE B gL R ane
are pr?aeﬁﬁEQg?qﬁEggwm%n&mnPgsmyﬁhqkhan§e@ﬂ&hﬂmﬁﬁ&FNphwmzhgghca@seryaccine
group roup. ad.a | ower incidence of joint s in rempval rates,
conpar ege%ﬁﬂsﬁ‘]{tﬂgeeclﬁél PERec gt FHIverg Péfii‘ﬁjo G@WB%Q"A@? caly %ﬁ igi‘ﬁ 1P BTG Bup 1
showed & Mr &6 Lile RadcRRUCHHdVACILIdE Wa& i ILahd M. ipbiis LA VabeWdIIL ThEicghfee 4. I N
the SQ I N single high dose vaccine group (group 2), a trend was observed in
a | ower TEPHEFGEIYE SUgHP dnﬁtldes(f\%ﬂf%ﬁﬁ%%gsdee%%g with e ghFeCan MeapsiasgVdups di d

show a pedbGt10RobNubdie tﬂ@&hﬁ@&ﬁ&e@ud{%}?@s{‘@mg@ ﬂdc&kitg;ﬁ%&ﬂés PA-g60oNaL

rates. Five aninals tested positive f M bovis an odies prior to or on

Day 10 alacls Q5P49\ M2t Hindapheitedhveifhl endd CSomtMarastgr.otd onddtaber oSBT vededur i ng
th ' [ ' t L ki 4).
© Vacﬁ];?@@rh{s QP tﬂ%r]?a%%)&{ TI%Etg agd G0l 1.RA9E phRe% 0B ,?,%thWL F%‘éﬁ@ﬁ%&éﬁﬁ )

Reasons tor the serumtiter rror°to exposure nay inc reagent

cr oss- r dactieposited, witha ther AECCantMdroshag sV and/@itolree 36 02UW7 amd tdesigmted asolffi 4or i or

st udi es &gﬂﬁ.dq}alfor this isolate passaged 135 tines was conpared to the
data foPoPHi S5t e when passaged at 106 times. Specifically, the data
was conpar edGwhey @, boidd passagesn dlivet Veccireol aid ®awe) endaday nisGesupdl twae ti mes

Subst SRERUl L S oA SHESEl Vi T el Bl b ST AR o

passageadhidfieredd? it sudbutbnednil PabiScadk heémidiaved ool Res stimdysteee 2t deat h
and culling. Death and culling was reduced in the isolate passaged 135
tines byltrglj_a_sgﬂ% forgechradaipisteatigh Oroypd¥i vy @goptiol group and was administered 2 mL

of media subcutaneously and 2 mL of media intranasally for each administration. Group V was
administered Live Vaccine II on Day 0 and Day 14 at a dose of 2 mL subcutaneously and 2 mL
20  intranasally for each administration. Group VI was given Live Vaccine Il on Day 0 and Day 14
at a dose of 2 mL subcutaneously and 2mL intranasally for each administration. All groups were

challenged with virulent M. bovis on Day 28. A summary of the Study Design is illustrated in

Table 7.
Table 7: Group Treatments
Test Substance Challenge
Animals
Groups Dose . .
/group | Apticle |/ Admin |\, e rial Dose / Route Admin
Schedule Schedule
Route
Grou M 25131 Davo | M- bovis 120 ml of (fazoig A
1 P 10 bovis and an dyl 4 (24466- | challenge material weE 1€s after
Live I 192) with 15 ml PBS .
2mL vaccination)
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The M. bovis Live Vaccine 1 isolate used for vaccination was obtained from naturally

occurring disease outbreak then serially passaged (106 times) in modified Friis Media. The

isolate was grown in Friis media supplemented with 10% yeast extract and 20% horse serum.

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 3.0E9 CFU / ml.

The M. bovis Live Vaccine II isolate used for vaccination was obtained from naturally

occurring disease outbreak then serially passaged (102 times) in modified Friis Media. The

isolate was grown in Friis media supplemented with 10% yeast extract and 20% horse serum.

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-

vaccination concentration was found to be 7.8E8 CFU / ml.

The M. bovis Live Vaccine III isolate used for vaccination was obtained from naturally

occurring disease outbreak then serially passaged (106 times) in modified Friis Media. The
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at a dose of 2 nL subcutaneously and 2nL intranasally for each

adm ni stration.

Al

28. A sumwangioof24tshe Study Design is illustrated in TablPeTSIde/0821490vVi S

Li ve Vacci ne |

i sol ate used for vaccination was obtained fromnaturally
occurring disease outbreak then serially passaged (106 tines)
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chal | elge, PALET 1@ quid A0 €Nt M DOVI g Tsorate was oobtarned fromnaturat|ly
occurr|ng dhseage outbreak The average pre and post chal |l enge concentratlfi on
was f ofMi43 R 00 [Eehind Okl allons 0OAR) €5 Wel € takem from e ani mat s, sach as
nasal pwab et oot —t t-s—THhe—SanmpteSchedut ] Tyt zedm—Table 8
Tabl e b: Shady TiHel | HOGAVPLING Nasal [SRefiscere a3l et bd Figldit catves
on Dayp 0, 14, 27, 35 and 41. At necrd O?ﬁotc ' et rom
al'l calves—Jott—sy . H-ecr eSS —wi-Hh—gH .
abnor mpiti-as— Naaddi s, e taken fromotither locations—in—
certai p_ahiofdl s glfﬁ\ﬁﬁlﬁﬁessment - -
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 -- --
29 10 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 (Wet/Dry) | M. bovis (Culture/PCR)
42 Lung Tissue (Preserved) | M. bovis IHC)
Lung Tissue (Fresh) M. bovis (Culture/PCR)
Joint swabs (Wet/Dry) M. bovis (Culture/PCR)
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area involvenent. In all cases, three sterile swabs were rubbed around the
regions, as aseptically as possible, for a few seconds and then renoved.

Ti ssue Frem2ald2arsenal s, sanpl es of | ung were col |l ect edPCAUS2aG10/0821whi Ch
gross | esions were observed were targeted for sanpling. An additional set
of lung tissues were collected and placed into 10% fornalin solution. Sera
Bl ood was col lected fromall calves on Days 0, 14, 27, 35 and 41. Bl ood was
coll ected aseptically froma jugular vein fromeach calf into one 12.5 nL
Serum Separator Tube (SST). TESTING M crobiology Briefly, swabs were

swi rl edSANMBMNGM/copl asma sel ective broth. A small sanple (approx. 5m) was

cut fromlu i d |.Z I C e ki S I | OQul
of homgena’?lgas&/fesﬁia%gﬁ gedcéthg% gljglffl agfsj?%‘%g é PéDcig'it’ \(/) ’e? r gt %§ a‘l&:E{JIh'i'uArterHLsae gl:/?gsryé
i ncubat edsibtwBE er&eo1E€0Rd fraht @i calvekd]adiayssvabg rerelyplanhroma aniesadsnwvitie dlifiod

growt h and sybcul-t ur, to plates for isolation. Al .posjtive subculture
T os EPRIEES I dugfion SaRert B3’ Ben Tl Bt Prsatay RS LTRE B RR b ng
pri ner sa@nthvpivelentspedl dakes, thewe stehige wmabCwgeneabiel aMunbehd 18gioRe suhdepticafly PCR
were expressed as positive or _negative for M bovis DNA detection.

Ser ol oggﬁié‘rgﬂmesfgﬁ%%@’sseﬁ%’rdé alﬂ%@%g@n{%? g an ELI SA comercial ly avail abl e by
Bi ovet (Canada) using the protocol provided with the test kit. ELISA

results are expressed as Optical Density (OD) readings. Sanple QD s were
conpar edist¥ the Positivity | evel (Mean ODp x 0.3) established by the

posi tive congb) a1 BGHUAE hohdlest fi€luh & Slertdllec®@SAfehy i WRRH! drSes IS Ghst AGE
interpreted according to the manufacturer’'s classification scheme, with O
bei Ag nobsseederpeigsicd fortsamplinge Angddidipyal setrod hepedespuss digteetodpesed and placed

Hi st opahltgéaiqz/g%&}nlaﬁl EQiiml in-fixed tissues were sent to I SU Veterinary
a

D agnosti c oratory and tested by

Sera
Blood was collected from all calves on Days 0, 14, 27, 35 and 41. Blood was collected

15 aseptically from a jugular vein from each calf into one 12.5 mL Serum Separator Tube (SST).

TESTING
Microbiology
Briefly, swabs were swirled in SmL Mycoplasma selective broth. A small sample
20  (approx. Smm) was cut from lung tissue and homogenized in 2mL of complete Friis media.
100ul of homogenate were added to 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 -70° C.
25 PCR
DNA was extracted and tested by PCR using primers and probe specific for the uvrC
gene of M. bovis. Results of PCR were expressed as positive or negative for M. bovis DNA

detection.

30  Serology
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hemat oxyl i n/ eosi n stained slide and i mmunohi stochem stry using nonocl onal
anti bodi es specific for M bovis. Cinical Signs Daily general observations
wer e carrwedopuR4fsaom Day O to Day 28 and then daily cl ipoiraskololosanyat i ons
made from Day 29 to eut hanasia and necropsy. Cinical and general
observations noted deviation fromthe norm and were docunented. Necropsy
Fol | om ng eut hanasi a, each ani nal was necropsied. The thoracic cavity and
trachea were exam ned for each calf and gross observations recorded on the
Necr opsy Report Record. The lungs and about 6 inches of trachea from each
cal f were refrvpdanpleawereftestedt wsiehear EldR Andomadraalyamdilsapy 8iavet ((@oedadon. For
each sef_.of .| the .dar I r r phed
wth anifb el R cR e R 0l B R R T b
set of [(QibgssadagehSimoplg ODbe waes canpameded thy Pesiguigy) ilovat i(Meam@Dipbyk 0.3)

| ion. .. i mat i f. h 4
per Gont b EBRn B Bl nc e T TR LS W BPT e iR By 1 ope

per cent advaslidehe thevtir@hdcaterandassiionnd stiendeivith DibBidghbeepervenioage4 6ting ot al

| ung with pathol ogy. Joint Pathol ogyAffected joints were exam ned and gross
obser vaY?r?Sﬁgor}géﬁli?%‘@(ﬁr.sméhanges to the Study Protocol Six animals were

excl uded from anal ysis. One ani mal each was excluded fromGoups I, Il, and
[11. Three animals were excluded from Goup IV. The one animal in Goup Il
was f ouHitapaalogyiC| ung pat hol ogy i nconsistent with M bovis, and the rest

ver e excl udeghfh QT RR ¥adsSwdi@ ket 85 TS & RO YiGorloRfic Moox*af&éb Snd (EVEABY - t WO
animals were renoved prior to study term nation %rom Day 30-38 for humane

r eagdnshen@iexyliniepsin stainedlisigpnd ingnahisteshedison udagy meaoclgnal artibpdesipaelfic
term na,ftoirgp,b hecause the animal died by asphyxiation after beconing trapped
in the feed bunk. Results and Di scussion

Clinical Signs
Daily general observations were carried out from Day 0 to Day 28 and then daily clinical
15  observations made from Day 29 to euthanasia and necropsy. Clinical and general observations

noted deviation from the norm and were documented.

Necropsy
Following euthanasia, each animal was necropsied. The thoracic cavity and trachea were
20  examined for each calf and gross observations recorded on the Necropsy Report Record. 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 ear tag alongside each view.
25
Lung Pathology
For each set of lungs, each lung lobe was examined by visualization and by palpation. An
approximation of how much pathology was present (as a percent) per each lung lobe due to M.
bovis was determined. Each lung lobe percent was then weighted and summed to determine the
30  percentage of total lung with pathology.
Joint Pathology
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Post-Chal l enge Cinical Signs Cinical observations were nade from Day 28
t hrough Day 42. Coughing, | abored respiration, depression, swollen joints,
| aneness wododvieersy ear were clinical observations not e@Caorszeng/o0siits phase
of the study. Cinical signs were divided into three types (respiratory,
joint and other) typical of Mycoplasma bovis infection. Respiratory signs
i ncl uded coughi ng, rapid/| abored respiration and nasal discharge. Joint
signs included swollen joints and | aneness. Lung Pat hol ogy At necropsy,

| ungs were coll ected and observed for |esions associated with M bovis.

Ani mal s exhi bifected joits vedse pranynddrangd gtdsp blsgivednsfrecatdedes such as
consol i dation and nodul ar |l esion formati on. Results of |ung invol venent
were expressed as a percent using a scoring system which reflects the

per cent Ggmged tottheeSthdy Bilotdcaing wi t h gr oss pat hol ogy associated with M bovis

infection. In sone,cases, .,determ nation.of |.un ercent . i nyol venent S
hamor ed by SiREETEe e L TRbisR o sutafeoP L afs MendR o BRRR oS o
necr psy, ardiilnThret hoiMaaNidraksclideatfropt @viupUs| Yhexdr dairhadn Créupi IC &las SyAPt ons
(swel i m ned for. gross

ng and/ or | apeness) were ex at ho| o Ar eas .
af f ect eﬁegax‘}é’}”f ]Gn%Pataﬁ‘P%f')C%\l?f&Ft%W‘ﬁr{‘%l?‘%" ikt Eéi‘?sbt‘)gfe %{d‘ﬂg‘}lgt"infﬂné YSif et | ock
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fluid, abnormal fluid appearance, or thick e joint capsule. In

) ckening of t j
more selendPyy ik Er dumang ipawns.fOnsanimyes C}S?@sg MRS a%n(ws@ o LY 48nPEF ¢ he

arti cul ghqptihAGSon, Baee QhinlaPuftl bl MbilxBRIA AfierSHESARE SPERISINWRS Reeli €St €d
by culture and PCR for the presence of copl asma bovis. P Det ecti on of

M Bovi Burkr om Nasal , Tonsil and Lung Sanpl es The nasal passages were
sanpl ed from each animal by swab on Day 0, 14, 27, 35 and 4 1 or Day of
Necropsy. In addition, during the post-nortem sanples of tonsils were

t aken bResiNslandMdscusgioresent ati ve |lung tissue was recovered. The frequency
of dete?t% Hsing.reqk;tine PCR targeting a general M bovis marker (uvrC)
was anal $3&HI8 SUECE S tonsi| and Iung tissue were anal yzed using a

r ecent | gligieMeibegredioan depomnde RER s SHythtoagl €lay Q. TaidhensS labotedfreyphdtion) t he

M bovis challen ﬁ i sol ate but fg%ﬂd inall v ccHn candi dates. M bovis

Ser df og@epﬁﬁsflog’efﬁ‘% ELIRHEY e PSP PREVBI TG EL MR O %Yaéloﬁ_lil%‘;’&i T8I ¢ or

the ser ph®@bE e 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.

20  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 lesion
formation. Results of lung involvement were expressed as a percent using a scoring system,
which reflects the percentage of the total lung with gross pathology associated with M. bovis
25  infection. In some cases, determination of lung percent involvement was hampered by adhesions

or the atypical nature of lesions.

Joint Pathology
At necropsy, joints from animals that previously exhibited clinical symptoms (swelling
30 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,
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response to M bovis. Seroconversion was scored according to grouped
multipliers of positivity ODs. The nean serol ogi cal scores detected from
each grouwwoanioDay1sd, 14, 27, 35 and Post (post represenPsTaASR@NYE218¢ St udy
days from37 to 4 1 due to early renmoval of certain aninmals) were anal yzed.
Figure 5 illustrates the serology results for Live Vac I, I1l, Il1l, and
controls and Figure 6 illustrates the conparison of serology for Live Vac |
usi ng various routes of adm nistration. DI SCUSSI ON The objective of this
study was to assess the efficacy of an experinental |ive Mycopl asna bovis
vacci niecie@sd 28231aP1lo8e) aburirmgl fheidiappesranat. adhickingter eft the nointocapesde. (IB@ore N,

SQ+I N) t t | ' -

opoci o5V A REe PR AR A e By SO ERSB PEIRE olTRHRL el $5bS P

| ocat i fbwigd ad/ort sngfadesmgbswverh tdsted baaditire emd BER dor thdbragtneaafWycapinom bdws.
addition, two other live vaccine candi dates (05-249 P102 and 05-1902-1
P106) were evaluated for efficacy using only the SQtIN route. The chal |l enge
and yafFCRek?ﬁﬂdidagﬂxwkﬁﬂm%NSﬁﬁiP?Miﬁﬂﬂ&mk?h@pb@riginated fron1ﬁifferent
naturally infected farns. The c enge_isol ate was prevjous own to
cause both | N 3SHB2 BNV LEREE TR ?a,rfa 4 ‘ﬂfﬁ)Y H‘E\i\%{ %‘F D@hg’l H%e%é%é‘ﬁwl
predom gapgdofl NecRdps € dn ad@liat, Queiadhk @BgensHeH k@ 8plesldt@onsily Geeaien b swab

candi dat es are hi gh passage isolates originally derived from di agnostic

sanpl esq GRCHALEING IS i FeViateer Eede dRaITgateasy Radetprdion gsiig dedhyinkefG R

limti nargihh%lg o@Rrd1 M. Bhbik $hah@s BBl & YRRl BB B Wohd HANSE esUmRand
yeast extract. Al though no appreciable difference has been observed in the

growt h sralged psinhe reepitlysdeyelapideane-poud PER atayHightinsasasige noviaeed mehedhdi dat e
05-2823;, F108 .1 e%%lﬁfe“(ﬁﬁ %&Bﬁ\ﬂ}ﬁfzatc%ihgE%ﬁicﬁ{eg’.""t h on some Mycopl asma

sel ective agar formulations Oow passage parent isolate shows no
apparent growh restriction. Al so, genotypes of the chall enge and vacci ne

i sol ate %re giﬁsinilar (as determ ned by insertion sequence PCR

fi nger prt ACTHYY > °Fhe chal | enge procedure using a total volune of 1207l of

t he chal | enggllisambit evadntstds tne fredBiovete B ool i REISAr es wohe the dehdogitral | enge
only group show l.u pat hol ogy and joi nt .invol venent in. all_ anjnals.

NI 17 pl B PR el P @ SPEC PGB Y e drirng 1 SOURa g R GHK ] ne
benef i t ®Ds Cfhel h@HQeRBI WAL S de@itbdBbmI@BDYBlp bADES 0aNM 27 03 5ind Fobtpesl
synptons were used as primary indicators of joint protection. Lun

p y on. Lung
pat hol off§reepeT & sHree §f 64dy dayigiemasi/gashl dugdo Gadyreatovehef certain animals) were

analyzed. Figure 5 illustrates the serology results for Live Vac L, II, III, and controls and Figure 6
illustrates the comparison of serology for Live Vac I using various routes of administration.
20
DISCUSSION
The objective of this study was to assess the efficacy of an experimental live Mycoplasma
bovis vaccine (05-2823 P106) 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 a
25  high volume administered to two locations of the lung with the addition of an IV administration.
In addition, two other live vaccine candidates (05-249 P102 and 05-1902-1 P106) 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 challenge isolate was previously shown to cause both lung and
30 joint disease during experimental challenge and predominated in mixed isolate challenge studies.

The live vaccine candidates are high passage isolates originally derived from diagnostic samples.
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primary indicator of lung protection. Oher data such as detection of
organismfromtissue, joint distribution, and serol ogy provi ded additi onal
data for wonbovrratsion. All groups showed sone | ung and poraiS2@onsBdei ve
benefit after receiving the vaccine candi date Mycopl asma bovi s Live Vacci ne
| (05-2823 P106) regardless of route or route conbination as denonstrated
by a reduction in lung lesions, joint clinical synptons and ani mal renoval
rates. The conbined SQ and IN route (Goup 1) resulted in the greatest
reduction of lung |esions (86% conpared to the groups using only a single
rout e. Hethipaswaalof (he waecsiuﬂ candulhtel wag PhéeimsADy seodliimishg dilesin igympt bave and

removal Lat gul%a%%%EeE QAR {n ?rl%rg%&%teiﬁécq rp%_lg%%gﬁ X4 récha% { er%ﬁ&q{af

vacci ne can i've Vaccl ne and L1 ve Vaccl ne
(05- 190Rech oP®GM 1byhe@rcmhﬁmuaeldth8$m¢bmpm¢ matha at BighSAstaes whtcgnedmndidst r at ed

a stron response tq ion wth all CCI ne candi dates.

vacci negcgﬁc}o(ﬁb e Osf]tg'ir ecfes %‘f%(i Vol VR TR S F%’W%’Hﬂ/ §F‘“{YB ?’%aéel VI ng
a vagci ﬂﬁmﬁla&&r&mllﬁd: the 16w PhisigeCtrens Yyuit® BEowd Uid maﬁehtegmazﬂme@t@t:u@ﬂ Ay, i od
and only one aninmal that had, recei ve Li ve Vacci ne III e%1902 1 P106)

showed FERBPFY Pt y1eatNARngeN UL FIGHESTE étes AtFdPEYBHAT (3, fi‘%’fglﬁﬂ Do SBER showed

non- chagaqaag@p@‘kfb%wpﬁng@)ectl on fromthe tonsil tissue of only groups
receiving a vaccine candidate via the IN route and detection_ of

non- chal | engEhef FRAENEEngrocsdieq @sing Pty ¥olumagtte L Hmlnedl e ghalipage rigdddf ved
Live Vag&hlﬁﬁteked(tg%aa‘g%ﬁm&ﬁ-%@heﬁﬁnl?lgatghah&‘lg@’lﬁlys&o V\}E%’ﬁ(ﬁ@in ﬁn%%ﬁ@[dg?%ﬂd of

serol ogy for Live No Vaccine where the vacci newas
admilfi siogrteryobighenitiandeuslals- and intranmuscularly, is provided in Figure 5.

Figure 51l 'Mﬁfnﬁ)%t fa%anhé%% }ré[/ ﬁag %aée!i 'duﬁ.i?é‘ﬁhssEtﬁc‘ISF }Jaé&@sq JaE J‘b&f&@ evel

of serol ogy, Ive equal®in serology wt L5 ve Il for
days 27tho85 paramdteposnimnéccrop@y Tatpg Iancg []@uipshlheaﬂ srymghms weneomsegyasmramry he
group given no g ustrates i SO ol ogy
Por i UlrGReR o BEf nEStabdrtttRs Salralo 3 bt afef MR PRGBS T ang
intr arrupﬁmh@rmcachmmfsmﬂgqirbtemdno()&ies tankhoh dadietthn dfiogh@sin ﬁ@mﬂsa@yjower t he
period of the s%%g intr scyl ar adm |strat|on only being in
second. Slﬂﬁnltb %Fpé%gymr@\ﬂqu aggu PYGHIATY ERPAIGR- t hose ani mal s not

adm ni st er edAN ag&iph 8ho W&\t STuENInFriethe plotee@vdBaiRfit hfer(fe@8Whg @eOvitciand
joint) were observed for M bovis vacci ne candi dates Live Vaccine |

( 05- 2828wpifgis) Myeaasrmyaldisnbive Vewseoh §0p3%R) P Egajdlesiaglc 1ovée iof route

(05- 190&snlbination 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

20 lung lesions (86%) compared to the groups using only a single route. Additionally, results of
lung lesions, joint clinical symptoms and removal rate reductions suggest benefit from receiving
the two other vaccine candidates Live Vaccine II (05-249 P102) and Live Vaccine III (05-1902-1
P106) by a combined SQ and IN route. ELISA results demonstrated a strong humoral response to
vaccination with all vaccine candidates.

25 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.
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

30  lung tissue in only a single animal that had received Live Vaccine 1 (05-2823 P106) by both IN

and SQ routes. A comparison of serology for Live Vac L, II, II, and no vaccine where the vaccine
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P106) via a sinultaneous intranasal and subcutaneous route adm nistered 2
times with a 2 week interval in colostrumdeprived cal ves using a dual

| ung/ j oi wochal12ersge. Protective benefits (respiratory &ou/ysedmoy2iwer e
observed for M bovis vaccine candi date Live Vaccine | (05-2823 P106) wth
either intranasal or subcutaneous route admnistered 2 tines wth a 2 week
interval in colostrum deprived calves using a dual lung/joint challenge.
Exanple 3 : DNA fingerprinting The DNA fingerprinting process was used to
differentiate M bovis strains by isolating, anplifying and detecti ng DNA
usi ng t wes nemhvderedrrdbgutdnaeysty asd ditsahwsdarly, nis \VWDo20eB 1030619 . 5. Maigerei al s and
Met hods; I IS I i I l. t wer e
obt ai noll ST Eam 18 hsalss MR EHERL B B P BETPE. By ROV R FBelE

ani mal sequabl tadsgyweitle Lgreovue llisfonday 270 A andtfostmeofophfy dpbaspehsidiigheti ve
agar and rotp f@{% 1-7 da%/s. To isolate étattt)rOth cul.tur(ﬁs{hwer %%p n and
pel | et ed 'BRATD Sif $RP HETT &3 ViREE°t HEWC QAP HRIEd CORHY  Hé edea%j asy
Ti ssse Kivtada!rad I essspendeds iﬂ(a)utml efC Wdatini graide. vsabartaneoﬁgmﬁm mtﬂé)hi;gsdmg
quantitated. using Picogreen (lLnvjtrogen). Prinmers were designed based on
the knofPHERH sws%%ﬂ%r}@ést t#“&fﬁf‘ssgé?)ﬂﬂg@ ﬁYeén‘zﬁtIéf’POBr%fs Sughy-¢ yeh

bact eri flkra@eRQNe addvhe.0nliss My b 31 s@BAld. 31E o ChSIAthdr Re¥Be? AAReOHAR 19.
Qutwardly facing prinmers were manually selected fromthe el enent ends

(excl udtheer 3Balt BetRIRAISterEDEHEINFegi ons) at a Tm of 55-58C. PCR reacti ons
were then carried outusing a nmultiplex PCR master m x (Q agen Miltiplex PCR
Kit). The reactions contained Ix Master m x, 300OnM of each prinmer and |Ing
of tenpCANEIDNAONSher mal cycling conditions were 95C for 15 minutes, 35
cycles of 9 ; r G2 .M W th
21 nal ext ongi By S8 ERp gL ark ol It B RAREAS MPhay accinfl LR

pr oduct bivediaecisepdb 18831 Poon) alidevVacrameold €0g249 ROL harett Ihiivel V egvirerIdinDgé 902- 1

(Invitr E- gel run for 5 inytes at roomtenperature and i ed under
O P R S el ot itRadly [T RARE AL e R TREK

i sol at emitdies 6h ¢otostriimSdepiddicaBtd ingadhabludgjcntehilioager pri nt. However, as
shown i n Ex le.2, each isqlate s.also an effecti attenuated live

cul tr e vacc RS Aol GSTBRYY 9 BTt Fos b el DS AT T gHf nst a
chal | engreivaotiaé (OS8R Q166) Hithfhanhtrdnati@ 6 bt itindbhanuanymdfisttbe 2 iakei ne

candi dates. Three field isol ates, 05-2823 P106 o
with a 2 week interval in colostrum deprived calves using a dual lung/joint challenge.

Example 3: DNA fingerprinting

20 The DNA fingerprinting process was used to differentiate M. bovis strains by isolating,
amplifying and detecting DNA using the methods and primers as disclosed in WO 2008-030619.
Materials and Methods

Mycoplasma sp. isolates were used in the studies. Isolates were obtained from in-house
sources or field isolates obtained from infected animals. Isolates were grown using a

25  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

30 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
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(PTA-8694), 05-249 P102 (PTA-8696), and 05-1902-1-P106 (PTA-8695), were
grown and DNA isol ated according to the above protocol. 2-5ng of DNA from
each i solwbeowaz4sapl i fied according to the above prot o®OII/U$I10H3IA49
multiplex of 4 sets of IS primers identified as SEQ ID Nos. 1-8 as

di scl osed in WO 2008-030619. The anplified products were separated on a

I nvitrogen E-gel 4% agarose gel containing ethidiumbromde (according to
manuf acturer) for 50 m nutes and visualized under U/ light. Al isolates
produced uni que patterns. The patterns were reproduci bl e using i ndependent
al i quot ssingdenultiplex SERphestPARIxr d2iegenoviuitioledi RGO Hst). Excarrpétiond cont@oepdkat i ve

o vace Renfily pEFRY oF oo bR AR B A o BN A Bl D S e e GO LT ™
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of clinical %)PS caused b %copl aﬁm%mt;gw s disease. The latter
rranlfes’fnéllui“iﬁﬁt MfFERY e 88 wefs ght consequential, and hence, was
consi dereshlisAgd Discusdigipor t ant feature of vaccine efficacy. This nost

i nportant paraneter was used to measure any differences in efficacy between
vacci ne at pHSsE§dts1gBVERdhPadshgd hessolaey vird it ityarplistionbed # Aniskanpl e 2
with PagRAgSint AeoWaeE 0 €nowd 19‘ﬁ9caln§>ie'2/ Rac¥aiCorhte IRELIND of @EEINE A MRGLH MG t W Ce
at 14 day intervals and via two routes of administration,intranasal (I
and 18 ubewtuzmesseist (haf B@) etfegtiveer o R IAStArGACtion @gtinst Sebeueagfelsgla@ Upgingf

cal ves [f?er&!t gé’@ﬁ@t‘é@%ﬁmﬁﬁ% ﬁ’r tl RASRAGGITRR VREEL B Mﬁ&i 49)3@8'29%6 6 \as

G oup 2 Ive was gl ven vaccine tw ce ay intervals
but vi a(®ire8¢Butls-2H Pellh{RiliAeS@Qﬁ)J aod 050803 1FUBEe (RTahéﬁﬂ,ﬁéJ werg g@wn aatl DBk h
vaCC|nat| even L Ci Lon CCi and
& o 3 skl 8 g Mt bGP o8 58 or BACR 16 B TR SRR ol Ves
wer e puiqeosiéd gytoakpaisad pta@odsl ﬁﬂhgltmdkﬂﬂﬂ@pd)faﬁsms boMs! mimked idestiftd [iIWTIDY i nto
each cal f sease re ul t al Ie e ex osure ured and
compar o O%mgﬁgast S s W OGS T s AR Fort RUrel Bt 1 oant
di seasenyameby Ef@ND% algaroéeogea&dh)alﬁlﬂg ytaﬁiwnmaﬂoedd@awémlﬂg RNHhnfeer2fok 80 t he

non-vacci nated (No Vac) calves of Group 4 to neasure the effectiveness of
t he pasglgglées:pg@ V‘?H@E‘F‘iiléndevalﬁ@ée‘h]ﬂ esglajes produced unique patterns. The patterns were

reproducible using independent aliquots under the sample PCR reaction conditions.

20  Example 4: Comparative analysis of efficacy of Mycoplasma bovis vaccine at passage 135

as compared to vaccine at the lower passage level of 106.

The study in Example 2 used the Mycoplasma bovis vaccine at the lower passage 106,
and measured the effectiveness in protecting vaccinated calves from 3 key manifestations of
Mycoplasma bovis disease: clinical signs of respiratory disease, lameness, and “early removal”

25  or euthanasia and death resulting from a severe myriad of clinical signs caused by Mycoplasma
bovis disease. The latter manifestation of disease is obviously most consequential, and hence,
was considered the most important feature of vaccine efficacy. This most important parameter
was used to measure any differences in efficacy between vaccine at passage 106 and passage
135.

30 In the study described in Example 2 with passage 106 vaccine, Group 1(Live Vac I

SQ+IN) received vaccine twice at 14 day intervals and via two routes of administration,

121



Tabl e 8, passage 106 vaccinated G oup 2 given vaccine tw ce at 14 day
intervals but via one route of adm nistration, subcutaneously, provided a
not abl e S58@20\dizetsson i n deat h/ eut hanasi a. G oup | (Li vePUawsko18@41M) gi ven
passage 106 vaccine twice at 14 day intervals and via two routes of

adm ni stration, intranasal (IN) and subcutaneously (SQ, at each

vacci nati on event, provided the sanme notable 56%reduction in

deat h/ eut hanasi a of vaccinated calves. In this study the Mycopl asna bovis
vacci ne at the higher passage 135 was al so evaluated for its effectiveness
i n prot ageiasgy WAL eihatbedarsabile $S@) ahreachevapuisation reyontt Separateapiopesseiatalen of
Mycopl a Vi S .di o e a " Or. e I: th
resul 1| BTt e AEE IR pos B 14 VARl e Pl SUIBATL SRLSOR Do
di seasewhich whegisinudycide seick hed4 iday Extanvpls éul viaGrreuputt &l slministceiouechlyacci ne
tw ce at lﬁ-dax i rvalﬁhvia two roytes of adm nistration, intranasal (IN)
and sub%ﬁ?%ﬁ%%u%ygﬁgkfy?c YRS "VAEtI nati on event as was done in the
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critical .difference between the vaccines in Goup 1 each of these two
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recei ved vacci ne at the higher passage 135. Separate groups of calves were
al so vabErEdendvonpaisdsunie hasapascindesPerilictly. seRRingdle Masedenifc®tampl e
1. Most 4iRekd +OER e Q@a!l’“gdé@tﬁ) @ \%Bngted"@i'r&ib Wt GhotB BaRE hARvRBINN@TGE Vi a
one route of adm nistration, subcutaneously (SQ . Follow ng vacci nation,

bot R0 t h¥ag)zelyehelt @gued dumeasugnitie SifentigerRsaeidhapaseqgar 86 sacggsefbpigsqu@ddup 5)

of non- kn . t i :

R A N R e T
chal | engeteexposurigranas, swbagancews!y pdovededpanaabla i geduagorymodgat/euthanasia.

Specifigally, effic det er m ne comparin e st .signi.fi cant
o <ense RISt oS JRD oLVPh Gl b Y G R R RE A R IR S 568" (o
t he nonrou&s Gif ndinddstediby,eiatrofas{Br (@Niparkl fubciBEsULle (§QE efeh@cltdcvamemseveht, t he

passage 135 cci ne. sented in Taple 10, oup 1 given passage 135
Daces noptuited Meramgigae PHESRDAFS et ERufrtin o0 SHPaGRSt r ot on
intranasal (IN) and subcutaneously (SQ, at each vaccination event provided

a quite unanticipated and very high effectiveness by reducing calf early
renoval r ates (dpm h) hy R?O/g or - m ﬁArBIaEé?hpr efficacv than was achi eved

7 B
wi th passage [106—vaecei-nre—tHRE 8 ovi-tled—aHB8table but PRI b eoclr educt i on of
early renoval| rates. The conparatisve kesul s begween fhe;tpo stjudi es appear
in Table 11. Group 2 3 ISE 2 g IS 8 2 x® 3
= oy el ) j=n =] fam] j=ny ]
< & & | < & © | < i &
1 | Live Vacl 3/9 33% 0% 6/9 67% 33% 479 44% 56%
(8Q+IN)
2 | LiveVacl | 0/9 0% 100% 779 78% 22% 4/9 44% 56%
Q)
4 No Vac 2/6 33% 6/6 100% 6/6 100%

In this study the Mycoplasma bovis vaccine at the higher passage 135 was also evaluated

20  for its effectiveness in protecting vaccinated calves from the most important manifestation of

Mycoplasma bovis disease, “early removal rates” or euthanasia and death resulting from a severe

myriad of clinical signs caused by Mycoplasma bovis disease. In the study described in Example

1, Group 1 also received vaccine twice at 14-day intervals via two routes of administration,
intranasal (IN) and subcutaneously (SQ), at each vaccination event as was done in the study

25
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Al so unanticipated was the efficacy achieved in Goup 2 the study of
Exanple 1, with a single dose of vaccine. Goup 2 received just a single
dose of pae=zage2iB3% vacci ne via one route of adm ni straPConsS2010/032149

subcut aneously. This hi gher passage 135 vacci ne provided a 55.6% (56%
reduction in calf death/euthanasia. By contrast, the 106 passage vacci ne
required two doses of vaccine, a primng dose followed by a booster 14 days
| ater in the study of Exanple 2 to achieve conparable efficacy delivered in
just one dose (no booster needed) to cal ves receiving passage 135 vacci ne
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nor e convenlent | ess costly single dose of vaccine, whereas the | ower

passageC108 b 288 Greup qand adsepisicarsanblyf(GyapcPhal menFnesyIalg €orepardsl e
ef fi cacy,pbdyaotdOR vaubat m&ap@dsw RSkt &hivelhi £REYy Ao 83 EQ@U@&&Q@ in

deat h was achieved with high passage G oup 1 of the 'study of Exanple 1
usi ng aresiltentiraml thy aabellenge | mosuegyi wes nmassurpde andricompitody waesathe Goopp 1 of

the ot Ud Ao BXAMRLE, Guy WEONbALSE0GE RS 00yEDS BA3RE0G nkAFCL e ™

the forner an assage vacci atter~st e pa sage
vacci neraltfsdlﬁdr—‘edh)dreaadmdtwé GrouMy coplGasmm 2 b@vhesndnyvasa%t@d;caimmﬁr(édun 6 ta I ower

but not abl e eilf ! Fc\f %eéness ofrtglassa‘%g 6Vra<\éaCeC|Ar§epré)s]:3nt5c?1n T;[Xeoi@ﬂ/rogpr %glvent he

ef fi cach B A PedSiRE pasages
nicroorg&m@sﬂBSu@&h&Hwadaauach@1ﬂﬁh&s@uiﬁufﬁm&@@fb@ﬁa&uau@faaﬁmamlaN)

potentla i mmunogeni ¢ Vi ryl ence proteins xpect edl.y, t$e avirul ent M
Poviis. vALRETBEo G i hih G BT AT ot it Pt praesdef n
I esponserfdclvetie GBI reliiting éanfwaﬂgs@[msmtear@aieaapw}lsfs%c 8 nyicl RighsregiRssinag from
passage 106 _to passage 135 vaccine. Example 5 M ni mum i mruni zi ng doses
was achieved with passage 106 vaccine that provided a notable but lower 56% reduction of early
removal rates. The comparative results between the two studies appear in Table 11.
Also unanticipated was the efficacy achieved in Group 2 the study of Example 1, with a
20  single dose of vaccine. Group 2 received just a single dose of passage 135 vaccine via one route
of administration, subcutaneously. This higher passage 135 vaccine provided a 55.6% (56%)
reduction in calf death/euthanasia. By contrast, the 106 passage vaccine required two doses of
vaccine, a priming dose followed by a booster 14 days later in the study of Example 2 to achieve

comparable efficacy delivered in just one dose (no booster needed) to calves receiving passage

25 135 vaccine in the study of Example 1.
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Mat erials and Methods An M bovis, avirulent |ive bacterial culture in

| yophil i zed presentation that was rehydrated with sterile water diluent was
used at 2weB1m24tddses adm ni stered at 2 to 3 week i nt ePCaITS2M0M32149

subcut aneous injection in cattle 6 weeks of age or ol der The study design
utilized 3 vaccine treated groups and 1 placebo treated each containing 15
to 17 calves. Test aninmals all received two subcutaneous doses of
experinmental vaccines fornulated at 3 different antigen |levels or a placebo
vacci ne conposed of the nedia used to produce the Mycoplasma Bovis culture
Cal ves were 6-weeks of age at the tine of admnistration of the first dose
of vaccine or placebo. Calves were chall enged on day 42 and post-chal |l enge
observations were nmade for 28 days. Primary paraneters of

nmortality/culling, and | ameness and joint swelling on any day were observed
to asse f f t he v RE Ta sunmarizes the ¢ | usi ons
mde £ A 1 parb@ Refpedaicmi e Bt or PR PR nfehansorh § the
DosesVaChmhmgeTbﬁﬁbnent No. of Prevented Lower 95% Upper 95% Concl usi on
calves Fraction CL CL Mortality/ Lom116 Culling Dos>ee 106 8 Inconplete

/ dose 07024 =0 859,0ptds | ECHhiGREMNs dYiCOgH ﬁg RAISEnsof dose

0. 1467|-0. 631 ( @iedogkt f|i cacyosddtghen spee 108 Efflcacy /dose 0/6235 0
0855 0| 9268 Estlabl i shed |Pl acebo 15 Presence Lom116 of Dosie 106
| nconp| etoep Langneass LdQs eube2@57 | bYs Lit) 50@dnblfof | amys Wihdd
Pathology Animals with | coughing animals with | total

Scores coughing scores >0 total lameness
scores >0 lameness scores >0
scores >0
33%
1%

@otdl5
Lameness
scores

—

68% *
2 30%

0%
-19%

-57%
-129%

-8%
-8%

70% *
31%

10 Table 10: (con’t)

Clinical Signs of Joint Swelling Post-
Challenge

Early
Removal

Rates
Number of
animals
removed
early from
study

Clinical Signs of Arthritis Score Post-
Challenge

Number of
animals
with total
joint
swelling
scores >0
33%

2 26%

Group Total
Arthritis

SCOres

Number of
days with
arthritis
score >0

Number of
animals
with
arthritis
score >0

Days with
total joint
swelling
scores>0

Total joint
swelling
scores

—

0%
-8%

63% **
58% *

8§3% **
55%

17%
11%

-8%
-8%

67% *
39%

Group 1 = 2 Hi Dose (dual IN/SQ Day 0 and Day 14) Group 2 = 1 Hi Dose (SQ Day 0)

15

Table 11: Comparative Results of Passage 135 and Passage 106 Vaccine
Study Number Group Vaccine Doses Booster Route of
Passage Vaccination

Reduction:
Death due to
M. bovis

Example 2

106

Yes

IN & SQ

56%

Example 1

135

Yes

IN & SQ

83%°

DD | bt | bt

Example 2

106

NN

Yes

SQ

56%

Example 1 2

135

lb

No

SQ

56%

20

(a) passage 135 vaccine provides unanticipated reduction in death due to M. bovis compared to passage 106

(b) passage 135 vaccine is effective as single dose without need for booster, whereas passage 106 requires a
booster for comparable reduction in death due to M. bovis
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Dos; ee = 10 I nconplete /dose 0.0857 -0.324 0 4046 Efficacy H gh 17 Dos>ee
== 108 Efficacy / dose 0.6667 0 3653 0 8513 Established Placebo 15 Presence
Low 16 ofwDasw/r2415@6 8 | nconpl ete Swelling /dose 0.1818PCO/us$e@0035998

Effi cacy Mddl e 15 Dos>ee = 10' Inconplete /dose 0.0303 -0.693 0 4606

Effi cacy H gh 17 Dos>ee == 108 Efficacy / dose 0.5722 0 0498 Established

Pl acebo 15 CONCLUSI ONS A preferred dose of 108 9 CCUS0 was efficaci ous as
assessed. Exanple 6 : Safety - Dissem nation and Transm ssion Materials and
Met hods An M bovis, avirulent live bacterial culture in Iyophilized

pr esent at illenca, e pageger éfrrﬁydmir@dyiwmm agtigpidved wad emexfiertadnithighes lewedfat 2 x

2 nL doses. adni ni
PRSI RSO RR, Ripcind Qe s BAEIALE, KR, TR RRRIT A O e

in catt e or on and transm‘ssi on of the
vacci necsive@em, \assscoalls emgeaibwdzfexchcqume odieast thenvdeprede ¢6 vasinelrequitad s

o1 Y no b ARE o st B e Bl SRR SR Ry nelBp PR s o o

t i ssses s8N deduiadisin\Westk waohdh@st@ ohith him plassagd @ﬂ;up al of @ saidyWeEKAryple Musiny al s
for 5 weeks after adm nistrati on To. assess tr SI on of tqlg vacci ne,
t

sent i nef™ ENNAES VAREIBI WA 128 456 VHP e PSS 8‘393 of Hieysaily RS t he
study. t#ebhg diffesh@WeidshBe pRSibet1S5 Ahedidd if B 16@¥er and passage 106 vaccine in the

latter study. The passage 135 vaccine reduced death due to Mycoplasma bovis by 83% as
compared to a lower but notable efficacy with passage 106 vaccine of 56%. Typically the
10 efficacy of a vaccine is reduced on progressive passages in vifro as the microorganism further
adapts to cell culture and loses expression of potentially immunogenic virulence proteins.
Unexpectedly, the avirulent M. bovis vaccine of this invention demonstrated improved
effectiveness in response to higher in vitro passages, and specifically in progressing from
passage 106 to passage 135 vaccine.
15
Example 5: Minimum immunizing doses
Materials and Methods

An M. bovis, avirulent live bacterial culture in lyophilized presentation that was rehydrated

with sterile water diluent was used at 2 x 2 mL doses administered at 2 to 3 week intervals via
20  subcutaneous injection in cattle 6 weeks of age or older.

The study design utilized 3 vaccine treated groups and 1 placebo treated each containing 15
to 17 calves. Test animals all received two subcutaneous doses of experimental vaccines
formulated at 3 different antigen levels or a placebo vaccine composed of the media used to
produce the Mycoplasma Bovis culture. Calves were 6-weeks of age at the time of administration

25  of the first dose of vaccine or placebo. Calves were challenged on day 42 and post-challenge
observations were made for 28 days. Primary parameters of mortality/culling, and lameness and
joint swelling on any day were observed to assess the efficacy of the vaccine.

Table 12 summarizes the conclusions made from the analysis of the data.

30 Table 12: Minimum Immunizing Doses
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Tabl e 13: Summary of experinental

Mycopl asmsiolzow/24rsacci ne,

avirul e

tissue sanple froma single calf

nunber of sentinel calves were conm ngled with the vaccinated cal ves.
bovis was isolated fromanv of the swab sanples or fijssu
sent i nlaridbl| vi@seatmfifye | Yatfa| Frevored EXanplo&s | Grrande fCoddnipnst r
efficaky of Z]he vacci o @ pr¥sent [(Hventi pn. The va
preseng invention wefe highly effectivelin preyventing di
DOVi S oGl gmt Do Gt ik E-eh Sttt St B i
(108 @BY [The'“¥af.ety '&lal uati pns in young, highly sus
depnvefd (Ch) -(;Bg)j:ygs ¢onfifmegyt he safesV ofsas ;[_jé}?’cﬂ T'd oy
subcutpneousl [y g ¥af gty St udi §5 af So| Uenonsrat ed t11g
when ipj ect ed suhcytaneously. Exanple 7|: Preppr@hpgn of
vacci nes Vaccli/agA M |bovi 5, b.BR;| andh.BVDV typepericagnd 24
type 1} and 2 |strapis| hay| ng at [east ope nutafion in th
for gllcoprot $ or at |east apother [mffiaty on
Fio gy it e L
g.lné;:gr o Ldﬁolw()lll I WW&WW@
of saiQfNBro ¢ﬁ§=d©@cri6ed in WORO05/1 [11201, nedepme ent
by refpreaaes)|/dage giown | n MBBK}celdis pnt Dby9a|FGdH50 of
per m]cell cul tuidecfl uinslf A live attenpated sfrain of |
cells until aDpetD 180|0of apout 105 to 1P8 6 pefngplgel
live aftenuatlddesstrailn of | M BB § ad3@dbscr PHEA| Hbksre | s
until | CFU of albelut 110110 per n{ cell gulturelfluid. Eg
are cof | ect ed >EquUdl’ |amoupt s N Hlligeyed g
st andaf d techﬁ+é%esf— SeaR-ut b bR —an Aanaaa s
dose %l t he conplﬁgpionl%§§§§§g§§§§§§§§ > ol b the
Presence Low 16
of Dose = 10°® Incomplete
Swelling |/ dose 0.1818 -0.468 0.5908 | Efficacy
Middle 15
Dose = 107 Incomplete
/ dose 0.0303 -0.693 0.4606 | Efficacy
High 17
Dose = 10%° Efficacy
/ dose 0.572;§ 0.049§§ 0.86%§ Established .
ool L 0 0 0
CONCLUSIONS

negative for

design and results of dissem nation and
transm ssi on CONCLUSI ONS The 14 day sanpling was the only recovery of

nt

live culture,

and ORCY¥/USR010/08214DNSI

in the vaccinated group The remaining 129
sanpl es collected fromdosed calves fromday 7 through day 35 after
vacci nation were all

M bovis Wthin this study,

an equal

No M
es fromthe

ated the safety and
ccines of the

sease due to M

um i mruni zi ng dose

ceptible col ostrum
erdose injected

vaccine is safe
conbi nati on
it t enuated |ive BVDV

e codi ng sequence
n the coding
equence for

By residing in Ens
fqds to i nactivation

irely incorporated
about 105 0 to 10s

BR is grown in MDBK
culture fluid. A
grown in MDBK cells

ch culture fluids
nd | yophilized by

aidtion i s used. One
egonstituted

A preferred dose of 10%° CCU5y was efficacious as assessed.

Example 6: Safety - Dissemination and Transmission

Materials and Methods

An M. bovis, avirulent live bacterial culture in lyophilized presentation that was rehydrated

with sterile water diluent was used at 2 x 2 mL doses administered at 2 to 3 week intervals via

subcutaneous injection in cattle 6 weeks of age or older.
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antigens. A final dose includes IBR (105 0 to 108 6 TCI D50) BVDV-1 (105 O
to 108 1 TCI D50), BVDV-2 (105 to 108 1TCID50), and M bovis (2.1 x 109
CFU). VacwoneloB2mMs4bovis, I1BR, BVDV types 1 and 2, and PBT/iseo1p/8iasy ati on
of the IBR, BVDV 1 and 2 and M bovis antigens are grown as descri bed for
vaccine A. In addition, a live attenuated strain of PDis grown in NMDBK
cells until a TdD 50 of about 104 2 to 10 per m cell culture fluid.
Afterwards, the PD containing culture fluid is harvested. An anount of 104
2 to 106 5 (TCID50) of the PD antigen is mxed with the IBR and BVDV types
1 and 2. Tihe diissninpteon andt thammisyioplvif Ithez eabciny sgrainndwarasot @ehmiedua solostonm hat

one dos e i C i an.vacc

descri baa s “Gabeimar i EAERI ST SRR R8RS 8 8t ap s0)
BVDV- | {difibis@rddovid 08 sibchi@h&50 yroutBwWiD\)- <211\(ei,%1rrfplets0nc11@8ng115l'@ff%ﬁt) tisshds abdvi s
(2.1 x 10 and, PD (104 TCl D5 eCM ovi s,. BVDV
types 17% 8‘”5,%) ‘Bﬂlé‘?le‘?\g%lﬁ&reef‘tﬁ? 8a1¥e|5££¥8 el niteéﬁ"g%]foé §r B % MRS, M
bovi s b@dSés@rttaumlﬁﬁﬁlﬁ)lbﬂiﬂﬂgvdcemé he) pen@ia€indalvies weid b@fﬁm@m With Ve Vigeihatad €
grown as descri or {) B. After the culture fluids are

har vest gdvesgliay ‘“eﬁg legﬁ@"f“ SRR AsTHa (Past eurel | a)

haenol ytica is grown unt|I the titer reaches 108 0 to 10 1 1 cells per m
of culture. The bacteria are inactivated and the culture fluid is,

| yophi | il2klg 13+ Symwary ofexperimentat dosign andagsults of disseminationand tgpmymissign

i nacti yat é“%it“[‘eéhthat eiminiitg yNeol epfvegvD, MOshovi s, and Pﬁ’“t%mlearmunt of 108 0
to 10 |\lnnh| i Rtl(mr froan a dri oad Ar armil ot ‘uu d hae 5 ar e

Ritz¢ e e+ed—oet .u,ymw..
m xed Qgﬁ’a u%_) ﬁ%g%nleofséd BVDVY t yped 1 9nd Beant i ¢ %90‘@ ’SOlatéa be Ond Qqopint  of
105 0 % D|ant i gen (107 3 to 108 3 Tel. Qchmm b s
anti ge 1c&némdg1e& W qalmU) - Gi[naljpanti ggn afi#nt S per des€yans :BYldved. KPS O
t 0 108| eattlada0) | aBWDWnRct( 105 0 to 108 1 TCI D50), PDickidid dr Bnitabsigh®8 3
TG D50) M bovis (2.1 x 109 CFU), and Mannheim a (Pasteurella) haenolytica
(108 E 10 11 cgl | s). VaccineD M bovis BVDV types 1 and 2, IBR, PI3,
Lept'®sp PREHIRS a, Leptospira grippotyphosa, Leptospira hardjo,

Lept ospi r ghR0l ,salePRELOSRL fR &@yg&@mg%wwﬁ@w @D\QPVh&HBVWnﬂer@leez M

bovis, IBR and PD are grown as described for vaccines A and B.
culture, and only in one tonsil tissue sample from a single calf in the vaccinated group. The

remaining 129 samples collected from dosed calves from day 7 through day 35 after vaccination
were all negative for M. bovis.

15 Within this study, an equal number of sentinel calves were commingled with the vaccinated
calves. No M. bovis was isolated from any of the swab samples or tissues from the sentinel
calves.

The data from Examples 5 and 6 demonstrated the safety and efficacy of the vaccine of the
present invention. The vaccines of the present invention were highly effective in preventing

20  disease due to M. bovis following two subcutaneous injections at the minimum immunizing dose
(10*°/dose). The safety evaluations in young, highly susceptible colostrum deprived (CD) calves
confirmed the safety of a 20-fold overdose injected subcutaneously. The safety studies also

demonstrated the vaccine is safe when injected subcutaneously.

25  Example 7: Preparation of combination vaccines

Vaccine A

M. bovis, IBR, and BVDYV types 1 and 2
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After the culture fluids are harvested, the viruses and M bovis are

| yophi |l i zed. Leptospira canicola, Leptospira grippotyphosa, Leptospira
har dj o, Lwptospizes4ponoma, Leptospira borgpetersenii hardirarsShavios21ay e
separately cultivated until reaching 108 to 10 11 cells per m of

culture. The Leptospira cultures are inactivated and the culture fluids are
| yophilized or freeze dried, or fornmulated as a liquid that is
non-virucidal for the live antigens of the vaccine. Each of the 108 0 to 10
110 of the Iyophilised or freeze dried bacteria cells are reconstituted
with the | yoptnuptzédverB¥i édeBVIN 1 stpess, havamglatdeqse aechmivfatiom imatho wadingf 10

bovi s ( SRy MRl 8L kol hntnd Sndhfegcin e e sc RS fFCN VS

steril eWha’e'm(rjsaiﬂmnutitt'rqnélIthe@ndmgseqmbm:e If(yng])jrdobioz?‘ldEr& dﬂzpis mceimacsivati@ of RNe;sg coira
or nu

o o SRStV Bt T Eu b i e LR BN Rt b REGTRERE P, |

?eo %gl gf ;Iﬁ}ngDIF’ré%rdé@dﬂ\l;Vg nz fma]osamll(%s; n%ra?yc);mtrayp@crsrpi@aed ay ec;,tav&é)l ar6 105 0

Tgl D50) ngnblBa&éBF ejls ynglyy %ﬂ%)o of 1(t1]d)7 % “g %’EIZICB?SW)DV f?‘lé%& live

Lept osphtcausadited & 1BREPERSAIIK MIIBK @agtlmahm@my 8P4R&PI 0° At tp& mi cell
Leptosplra ponmoma,  and Leptospira borgpetersenll har dj o-bovis (each 108 to

10 cel PUIC HECANBE MRS STnEVDN-Aofip s dgsciben 500V BrRerop, in MABK cell

H. somugBYDVeEuadihmdut M'© BOVh® cell BRtu@tRidPIBRtfindE PMilsaSe Q@l%éé{é@eﬂ {0r
vaccines A and B. After the culture fluids are harvested, the V|ruses and

M Bovi smeynss ¢hytpiritisenseade mixed gpdrhigshiligedchy Sltﬁndafldé@huml%l Far_clh@éwtngor&@rr 1to
109 2 C%uieﬁus %fuu[ﬂ: 1sCLH%:1& ‘- dggrehc% t?ea&tnﬂ)rlﬂa off ls’ e%o#tﬁinls Q%to'f tr@c%n?tpgte& he

cul ture 1'ze reeze drie as a lrquid
that i samigrasvid ﬂoatlctbzlse firmtudeh EBR i (Ve ant 0f 2 AE ) BW@wadchr?eto DG7TCED4A09 2 of

the lyo 50 a constituted with the
|y0ph||?§gb}%gg}f¥el yﬁ@gwqxgﬁzigxégaéﬁﬁ'n an anount of 105 0 to 107
0 TA D5O, nodified I|ve PD (107 3 to 108 3 TCID50), nodified Iive M bovis

(2.1 x 109 CFU), and nodified live IBR (106 i to 107 7 TCI D50) using
stef?l e water for injection, or the | e zed conponents are

reconstituted using the |iauibgvi9BRVBYDChgad 1 &fd Tuhapion of the bacteri al
H. sommus culture. The reconstituted suspension (2 ml per dose) contains

traces of nebfissRiraion of BsdPRaBYRY. 1 mdnaandddtfoys RnBgras AteL et 25dtssdibsd e

BVDV- | fo%@éccﬂlet@ Iﬂggdlﬁéfpaﬁﬁ@htten%@ys@alé 391513%% 1Bwa Of MDBICLORQ i1 PRCB3P7 3 to
108 3 TCl D50) bOVéSS (2.1 x 109 7 3 to 108 3 TCI D50),
of about 10 to 10™ per ml cell culture ﬂu Afterwards the PI3 containing culture fluid is

20 harvested. An amount of 10*? to 10%° (TCIDsg) of the PI3 antigen is mixed with the IBR, and
BVDYV types 1 and 2. The mixture is then lyophilized by standard techniques, so that one dose of
the reconstituted combination vaccine contains 2 ml as described for Vaccine A. A final dose
includes IBR (10°° to 10*® TCIDsp) BVDV-1 (10°° to 10*' TCIDs), BVDV-2 (10°° to 10*!
TCIDso), M. bovis (2.1 x 10°>CFU), and PI3 (10*? to 10%° TCIDxp).

25

Vaccine C
M. bovis, BVYDV types I and 2, PI3, Mannheimia (Pasteurella) haemolytica
BVDV 1 and 2, M. bovis bacterium according to the present invention, and PI3 viruses
are grown as described for vaccines A and B. After the culture fluids are harvested, the antigens
30  are lyophilized. Mannheimia (Pasteurella) haemolytica is grown until the titer reaches 10* to

10" cells per ml of culture. The bacteria are inactivated and the culture fluid is lyophilized or
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and H somus (107 | to 109 2 cells). Vaccine F M bovis, IBR BVDV types 1
and 2, PB and BRSV The preparation of the IBR, PD, BVDV 1 and 2 and M

bovi s antwQenw/rases4gr own as descri bed for vacci ne A andPBI/uUSaoiadeiige on, a
live attenuated strain of BRSV is grown in MDBK cells until a TCI D50 of
about 105 0 to 107 2 per ml cell culture fluid. Afterwards, the BRSV
containing culture fluid is harvested. After the culture fluids are
harvested, the antigens are m xed and |yophilized as described for vaccine
A and B. An anmount of 105 to 107 2of the BRSV antigen is mxed with the

| BR, BVikezeyipied, o famapl@ted and lighidobati willart iigpenigate Thpauatek cultuesi f BYREnM.
reconstitu igh 2 e Qb 0 Vacei I
reconst H‘Hu{ I%g% ,ﬁ%nAgahnggﬁtsOfsgq u'?;%a éﬁsi g%gfs}%%g&&ferg%gs%ﬁgf&? %1‘31‘1%%%{)}1%% ion
vacci nebxomihaesar mitedofith the Iyophitingt BV DVegpearitand eremtigéh eaahah ademeuntn€| udes

| BR (105,50 .t 0.sh 0) BvVDV=l ( to 1 TCl D50 VDo, 05 0
to 108 Orc:lt‘bg%) ?ﬁ]\lﬁﬁ(’gg\}?gn%gf?ﬁ@ i‘bé%g%)ﬁ]}fﬁga‘t‘g‘%d}%vﬁ %“%6%(25% @%@gﬂjand
BRSVs I( 1%a10argigén Qﬁ;ﬁnﬂ@éw@s} a,ré/\HA(_D\A\;{$ (Al YED> $CIs0AB Vb V-enuated, 10

avi rul ent.. M bqyi act ersam stram erein the cteriumis passage re

t han 116&{]?5%%1%?%&%?‘5 e@@g,ﬂ/]’a&(ﬂ"fyﬁén’f 1%&5%3? 4n A@Pﬁ?%ﬂﬁs@?ﬁ‘%\rg or di ng
to cl ai Relolpe(BFNiot € ‘atignuat ed, avirulent Mbovis stramis sel ected
fromthe group consisting of: the attenuated M bovis bacteria stram
deposited with the ATCC under accession nunber PTA-9666, any attenuated
descendant M bovis bacteria strains thgrgRfp and any attenuated, avirulent

M bovis bacteriumstrain having the same characteristics as the Mbovis
bactieri a str ¥ hodeB8BVias wiatdh 2t IRE, RIPCEnirsdern cavcds JieplasmiundyéwopRies8666 3

The attenuat Al t vV [ .St [Hol o claim1l,
wherein the 2% tg%}ég{@éﬁ?ﬂa@%ﬁ%&n Orm%gfést&?t@abiw plQ tse?%gﬁ?gg'idgogbév?som the group
consi sti ng oBYDVheaat 2.eubted IRRband Bl3bae geminaasstes@ibad depascinesdAvand M.t he

ATCC under accessi op .nunber PTA-9667,. any attenuated descendant M bovis
Cacter At e Rt il AR h b O vinfRY o MR e TR RES T elaR Ol T urm
strain havdog LEgospane gaharatber | Biptapirashdrip, M.dptspisa baedodid, alglrdspirn

dep?SS 't ggrg;%tér?ei}iz %rcﬁgr—%ocvilsj ggesgpa?sﬁgl?fsclsﬂtiggteg Hntl ergacllzl)i-lr_fg\-l%@ﬁtg 109 cells per ml of

culture. The Leptospira cultures are inactivated and the culture fluids are lyophilized or freeze
dried, or formulated as a liquid that is non-virucidal for the live antigens of the vaccine. Each of
the 10%° to 100 of the lyophilised or freeze dried bacteria cells are reconstituted with the
lyophilized modified BVDV types 1 and 2 (each in an amount of 10°° to 10”° TCIDs), modified
20 live PI3 (10" to 10*° TCIDsp), modified live M. bovis (2.1 x 10° CFU) and modified live IBR
(10%! to 10”7 TCIDs) using sterile water for injection, or the lyophilized components are
reconstituted using the liquid non-virucidal formulation of the Leptospira cultures. The
reconstituted suspension (2 ml per dose) contains traces of neomycin as preservative. Final
antigen amounts per dose are BVDV-1 (105'0 to 107° TCIDsy), BYDV-2 (105'0 to 107° TCIDsy),
25 PI3 (1077 to 10* TCIDso) M. bovis (2.1 x 10°CFU), PI3 (10" to 10** TCIDso), and Leptospira
canicola, Leptospira grippotyphosa, Leptospira hardjo, Leptospira pomoma, and Leptospira

borgpetersenii hardjo-bovis (each 103 to 10" cells).

Vaccine I

30 M. bovis, BVDV types 1 and 2, IBR, PI3, and H.somnus
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4 The attenuated, avirulent M bovis bactenum strain according to any one of
claims 1 to 3, wherein said attenuated, avirulent Mbovis bacteriumstrain
when usedwe=oiwelstacci ne, reduces the nortality and euPharusatioosirate in a
group of aninmals of at |east 83% as conpared to a non-vacci nated control
group of animals 5 The attenuated, avirulent M bovis bacteriumstrain
according to any one of clains 1 to 4 wherein said attenuated, avirulent M
bovi s bacterium strain when used as |ive vaccine, reduces the nortality and
eut hanzation rate in a group of animals of at |east 56% as conpared to a
non- vacci natBYDY¥ohard?P, Hr beyss, dBRamidBIBsirairopm ashdesaihad horstacein¢son aod Ba

singl e daseqalc il hyACHL AR INGALLRRVAEE 1AL LW RBBnMCDRY S pACLEr T um
strain according to any one of “¢l'ai ms 0 5, erel aid atténuate :

avi r ul eatltiMtedoowil scibadte i 0'drw 0T adetis \whiem! uslede. d&hel Havteriy adoira e inagivité sanme

characterjsti as the M. .bovis _bacteria deposited with the ATCC under
cccessi Gt Bt pOEF e SR BRUR FPER B Sui RS ER e bR TP o i e
usi ng ﬁEirhl&dBVdjzﬁﬁi(géﬂsbﬁ"dhé’ledfceing.. 107! tA10rBtohag I%phﬂtzbﬁbuﬁ’éézﬁgiri&’ﬂ blx@stiasare .
conprising, .a ., passagi ng.M bovijs teria nore_thap. 110 tinmes _t o produce
a cul tu?eég“smumélo‘gﬁ%éﬁ*ﬁg%‘ip fized “‘B?lf%%%gﬁ%ﬁ%’ef Fmé‘“‘gal(‘fal‘j é‘?:la‘ivaB‘H\Fi‘)El@Oé?eri a;
c . tesipMgdibg)eidifiddate M3 bovi & RACTErD.H, altidieddde WNd6¥is 81 eR 10)CFOy, their
pat hogeni ci 'é% .and i nmunogeni CImti[' and d . propagating the non-pathogenic,
but im fied fre BR/{18" biacler TElDso usie alctile Weclet wirsder@r e herilged
bact eri gomBmenifi Bt iRici@eg Ot o thet YqfiiahdR-firucMAB EIMILRE M tROvhGeRACt eri a
are passaged in vitro. 9. The nmethod according to claim7 or 8, wherein the
pat hdgeHiseintys qudtgre hbe tasemptifusesssuspension i} ed rpihgpselagonfagnsvifaces efheopaigisaged M
bovis b A - ' ' Ve ocafdrb r 9R{ Y

ol i i caf eag s T8 pieep AR bl E pADVT RH L EEH G L RIoh, SRERGZRTTS any
one cl aion07° TGITGy), e &i’rio § &6 TOHMN b bmiic(2t les 10’ oRpr(1 e sa 10°° TCIDsy),

and H.somnus (107'1 to 10°* cells).

15 Vaccine F
M. bovis, IBR, BVDV types 1 and 2, PI3 and BRSV
The preparation of the IBR, PI3, BVDV 1 and 2 and M. bovis antigens are grown as
described for vaccine A and B. In addition, a live attenuated strain of BRSV is grown in MDBK
cells until a TCIDs, of about 10%0 to 1077 per ml cell culture fluid. Afterwards, the BRSV
20  containing culture fluid is harvested. After the culture fluids are harvested, the antigens are
mixed and lyophilized as described for vaccine A and B. An amount of 10%9 to 10"%of the BRSV
antigen is mixed with the IBR, BVDYV types 1 and 2, and M. bovis antigens. The mixture is then
reconstituted in 2 ml dose volume as described for Vaccine A. For reconstitution, an aqueous
solution is used. One dose of the combination vaccine contains 2 ml of the reconstituted
25 antigens. A final dose includes IBR (107 to 10*° TCIDsp) BVDV-1 (10°° to 10%! TCIDsy),
BVDV-2 (10°° to 10*' TCIDs0), M. bovis (2.1 x 10”CFU), PI3 (10** to 10°* TCIDso) and BRSV
(10°° to 10" TCIDsy).
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a . infecting cattle with the passaged M bovis bacteria; and b .

nmoni toring the devel opnment of the hunoral antibody response agai nst M
bovi s i n wheoinmi2ersted cattle. 11. An i nmunogeni ¢ conposiPCTars2¢ompidsi ng
live bacteria of any of the attenuated, avirulent M bovis bacteria strains
according to any one of clainms 1 to 6.12. The i munogeni ¢ conposition
according to claim1ll, characterized in that the inmunogenic conposition
conprises at least 1.0E7 CFU of the |ive bacteria of the attenuated,
avirulent M bovis bacteria per dose. 13. The inmunogeni ¢ conposition
accor di WHHADIECRAMER I8r 12, wherei n one dose of the i munogenic
conposition is fornulated in 1 or 2 m. 14. The i munogeni ¢ conposition
according to any one of clainms 11 or 13, wherein said i munogenic

conposi 1i onAn stténoatad) lagir@entfMrboais baaigien stoge vadreimihs baadrivomis pd&agedngore

i mrunogeni ¢ cQﬂBQ§ition according to any one of clains 1 1 to 14, wherein
t he innunod%%ﬁc céﬁﬁbsition is effective in stinulating an onset of
imupity within 14 days follow ng a single dose adm nistration. 16. The

i mmunogeni c_conpositjon according to any one of clains 1 1 to 15, wherein
the i rmg'nogg}ﬁ Hiegy sﬁqu?]GW {"’g b@?ﬁ‘ PEEFRIEM  SHG 35N tHgC]I%IH’r j’ﬂ Wé‘?fm&f the

i munity ofatefuate@aslirufbdt SRYSvi§ QlaiPWisOIBt@] §brA PheCor@@S@ AU thE aldrRARe®f the
i mrunogeni ¢ conposition. 17. The innunoaenic conposition according to any

one of cl aiMsbors hagten strajhdenopitrdsitiythe welsr accesipaRimbEbRIARPOhapy

conpri ses ofenQfed &AM NSyl BIHRRA Q@lik@InkXoRGhi MRy GRERRENiSlenhf €CLi Ve
for the treatnent and/or prophylaxis of mcrobiological infection in cattle

cauded by adorathacieripat Hiagehaorhdre saencivirackasigiies, asithe Mhéovimbaeioige niran
conpositio ~ ! t | i A @-m crobiol ogical infection
in cattle crhgg(gsgtg&g’yﬂglec%ﬁgh%gé%cgasgr?iﬁg{ﬁﬁgrrﬁt%gg i bovis is caused by one
or nore immunogeni ¢ conponents selected fromthe group consisting of:

Bovi ne iragbdi rr%g Vi rus DV) ,. Parai nfl uenza-3 Virys ( I-g .
oot eeri Sus Bt RRUAER AtbR ACYPE peb B N R E e Tttt Far Byt al
Vi rus ( BRS\@tteniBeedi merubldar e sytis umin iBsMctedBooh fiig: Roipasankisisn e BRY} attdawtct e
Ent erovi rus_(BEV), Baovine EOronoeru ( %%%, ovi ne. Rabi es %fig, oVvi ne
Par Vbl 1 us Y sl S ot e TG imR RS hammpey b TAgiss 2ty
attenuated descendant M. bovis bacteria strains thereof, and any attenuated, avirulent M.
bovis bacterium strain having the same characteristics as the M. bovis bacteria strain

deposited with the ATCC under accession number PTA-9667.

20 4. The attenuated, avirulent M. bovis bacterium strain according to any one of claims 1 to 3,
wherein said attenuated, avirulent M. bovis bacterium strain when used as live vaccine,
reduces the mortality and euthanization rate in a group of animals of at least 83% as

compared to a non-vaccinated control group of animals.

25 5. The attenuated, avirulent M. bovis bacterium strain according to any one of claims 1 to 4
wherein said attenuated, avirulent M. bovis bacterium strain when used as live vaccine,
reduces the mortality and euthanization rate in a group of animals of at least 56% as
compared to a non-vaccinated control group of animals after the administration of a single
dose of said vaccine.
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(formerly Pasteurella haenolytica), Pasteurella multocida, Haenophil us
somus( Hi st ophilus ovis and Haenophilus agni), Actinonyces

( Cor ynebawoeniom2y154 Act i nonyces pyogenes, Chl anydi a psit ragiys2@anpihobact er
fetus venerealis and Canpyl obacter fetus fetus (fornmerly C fetus
intestinalis ), Leptospira interrogans, Leptospira hardjo, Leptospira
ponona, and Leptospira grippotyphosa, Leptospira canicola, Leptospira

gri ppotyphosa, Leptospira hardjo (Leptospira hardjoprajitno and Leptospira
har dj o- bovi s), Brucella abortus, Brucella suis and Brucella nelitensis,

Li st eri & noHwcfteogeade syiruBhilt %wd'viabgmrtlmaetrain Gicosiing @iamoghatiaiais, 1 to 5,

G oSt UM RERE LA ThenChRE L e NAS Y G T 30 LA VD Qe has

d ostri di um sor def ST dlum perfringens ostridiumte

Mor axel | a btwsasqe dHKhebsrigick as $ip@d/. bl&vzebsataﬁal @ppnedrmmithfeATSéil underedckasion

t yphi muri u ct erium avi ar at uber cul

Oyt spor | AR R Gire o SRR o Riraciies Frs o RER e el

St rept ococcdascrﬁyﬁgablacu ae, Streptococcus uberis, Streptococcus agal act i ae,
Escherichia coli, Mcoplasma spp, Mycopl asna dispar, and Ureapl asma spp.,
Tritrichononas foetus, Trichophyton verrucosum Trichophyton

ment agr@DhYA@f&tho-ﬁrdfﬁﬂ?&]ﬂﬁ‘tﬁ{gQ\@ BRlsKécaPfising, Neospora cani num (fornerly
Toxopl asma gondi i), Babesia bi gem na and Babesi a bovis, Dictyocaul us

vi vi parous ( LuAguiisigiae $&euy bagipiip weiesnaal | bigey awedice a pgltargh 4. bovis

i mrunogeni ¢ conpggidlipn according to any one of clainms 1 1 to 18, wherein

t he i mmunogeni ¢ conposition is a vaccine. 20. A method of producing an

i mmifiogeni ¢ cohpodiaiienthacelsrdl Hgbavé taslgrisne of cl ai s 11 to 19, conprising

adm xi ng said paqgs%B% a%l?f &t t]\?.n%g'\;z?dbac?e\ﬁ'ar dt%;ﬂgd I\ﬂ s'te ?TE }nthg\frt ha

pharmaceuti cal acceptable carrier. A et ho or th e tr nt or
prophyl axi s of i maélogérdrris/ aoammdnrigymmty,bodﬂ s, conprising, adm ni steri ng an
effective anount of 03|t|ona

claims 1 1 o 15 kg A erur PRt PR AR s P SR e e s

sel ected from t hetgnatyd M apsis hdterir. of reducing signs of M bovis infection,
reducing the severity of or incidence of clinical signs of M bovis

i nféttion, reduci ng the nortality of animals fromM bovis infection, and

conbi nag| orrrshetrhan@picc&amg/éo Bt PdvHedin the i Golvg bididial dﬂ@%gwg@@imz_r&mr tality
and/ or euthanasia of animals resulti ng frominfection M bovis

conprising adm ni stering the i munogeni ¢ conposition
9. The method according to claim 7 or 8, wherein the pathogenicity testing comprises:

a. infecting cattle with the passaged M. bovis bacteria; and
20 b. monitoring the infected cattle for developing clinical symptoms of a M. bovis

infection.

10. The method according to any one claim 7 to 9, wherein the immunogenic testing
comprises:
25 a. infecting cattle with the passaged M. bovis bacteria; and
b. monitoring the development of the humoral antibody response against M. bovis in

the infected cattle.

I1.  An immunogenic composition comprising live bacteria of any of the attenuated, avirulent

30 M. bovis bacteria strains according to any one of claims 1 to 6.
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according to any one of clains 11 to 19 to an aninal.
claim?22, wherein said nortality is reduced by at |east 56% 24. The net hod

accordi ngvoaoemp4sne of clainms 2 1 to 23, wherein two d@SEAISA016/032149

adm ni stered to said ani nal

the second dose is adm nistered at |east 10 days after the first

adm ni strati on.
wherein only a single dose is admnistered to said ani mal.

according to any one of clainms 2 1 to 26, wherein the i munogenic

conposi 12.onlties iagwihegesice cedpesgicaniapeirdng riomcday 11, ofhasigpeerizpd. inAthmet thod of

co- admi ni St1fn?f{ul ggenf)cf 8&‘}(?@??{% a?rnn‘ﬂﬂ%%gtg%gﬁ E@Eg @lﬂ} tolfethg gggrl%a%{.eggglofotrlllee

adm ni stering to”sail
claim 1l to afenard, omelent Mbeés Hagretiheer doserunol ogi cal |y active conponent (s)
effective for the treatnent and/or prophyl axis of

e ovis antirgen accordi ng

further cattle rel evant pathogen other than M bovis. 29. The nethod
accos di np tTheCinghifogénic \Wh@p&itionS &dcbrdMg 20slhisn @ntdr gen wheeirs anhd dose of the
i rmunol ogi cal

active camponent are adm ni stered separately. 30. The
met hod acchﬂP%ﬁgP&‘€FQPﬁg§B§ ﬂﬁé$ ?Hnﬁﬁﬁgt or nore antigens which

conprise M bovis antigen and one or nore i nmunol ogically active
conponent (s) effective for the treatnent and/or prophyl axis of infections

caused

e ifnHEPe et £PrBPGSEIoR\AERIdnER GGEPnetHelaimpdd W [ gvhessinpad

adm ni st er gfpfo g@ﬁiﬂ:oﬁ@%l]ﬂ@n is oAt QI¥oY 2 g@gl@—-dose administration.
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15.

16.

17.

18.

The immunogenic composition according to any one of claims 11 to 14, wherein the
immunogenic composition is effective in stimulating an onset of immunity within 14 days

following a single dose administration.

The immunogenic composition according to any one of claims 11 to 15, 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 one of claims 11 to 16, wherein said
immunogenic composition further comprises one or more further immunologically active
component(s) effective for the treatment and/or prophylaxis of microbiological infection in

cattle caused by a cattle pathogen other than M. bovis.

The immunogenic composition according to claim 17, wherein said microbiological
infection in cattle caused by a cattle pathogen other than M. bovis is caused by one or more
immunogenic components selected from the group consisting of: Bovine viral diarrhea
virus (BVDV), Parainfluenza-3 Virus (PI-3), Infectious Bovine Rhinotracheitis virus
(IBR), Bovine Respiratory Syncytial Virus (BRSV), Bovine Herpesvirus (BHV), Bovine
Rotavirus (BRV), Bovine Enterovirus (BEV), Bovine Coronovirus (BCV), Bovine Rabies
(BR), Bovine Parvovirus (BPV), Adenovirus Astrovirus, Mannheimia haemolytica

(formerly Pasteurella haemolytica), Pasteurella multocida, Haemophilus somnus
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25. The nethod according to claim?24, wherein

26. The nmethod according to any one of clains 2 1 to 23,
27. The net hod

of

i nfections caused by a
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19.

20.

21.
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(Histophilus ovis and Haemophilus agni), Actinomyces (Corynebacterium), Actinomyces
pyogenes, Chlamydia psittaci, Campylobacter fetus venerealis and Campylobacter fetus
fetus (formerly C fetus intestinalis ), Leptospira interrogans, Leptospira hardjo, Leptospira
pomona, and Leptospira grippotyphosa, Leptospira canicola, Leptospira grippotyphosa,
Leptospira hardjo (Leptospira hardjoprajitno and Leptospira hardjo-bovis), Brucella
abortus, Brucella suis and Brucella melitensis, Listeria monocytogenes, Chlamydia psittaci,
Clostridium chauvoei, Clostridium septicum, Clostridium haemolyticum, Clostridium
novyi, Clostridium sordellii, Clostridium perfringens, Clostridium tetani, Moraxella bovis,
Klebsiella spp, Klebsiella pneumoniae, Salmonella typhimurium; Salmonella newport,
Mycobacterium avium paratuberculosis, Cryptsporidium parvum, Cryptsporidium hominis,
Staphylococcus aureus, Streptococcus dysgalactiae, Streptococcus uberis, Streptococcus
agalactiae, Escherichia coli, Mycoplasma spp, Mycoplasma dispar, and Ureaplasma spp.,
Tritrichomonas foetus, Trichophyton verrucosum, Trichophyton mentagrophytes,
Trichophyton sarkisovii, Neospora caninum (formerly Toxoplasma gondii), Babesia
bigemina and Babesia bovis, Dictyocaulus viviparous (Lungworm disease), and

combinations thereof.

The immunogenic composition according to any one of claims 11 to 18, wherein the

immunogenic composition is a vaccine.

A method of producing an immunogenic composition according to any one of claims 11 to
19, comprising admixing said bacteria of an attenuated, avirulent M. bovis strain 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 11 to 19 to an animal, wherein said treatment or prophylaxis is selected from the
group consisting of reducing signs of M. bovis infection, reducing the severity of or
incidence of clinical signs of M. bovis infection, reducing the mortality of animals from M.

bovis infection, and combinations thereof.
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22,

23.

24,

25.

26.

27.

28.

29.

30.

A method for reducing the incidence of mortality and/or euthanasia of animals resulting
from infection by M. bovis comprising administering the immunogenic composition

according to any one of claims 11 to 19 to an animal.

The method of claim 22, wherein said mortality is reduced by at least 56%.

The method according to any one of claims 21 to 23, wherein two doses are administered

to said animal.

The method according to claim 24, wherein the second dose is administered at least 10

days after the first administration.

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 26, wherein the immunogenic

composition is administered to animals from day 1 of age.

A method of co-administration of two or more antigens to a cattle comprising,
administering to said cattle an M. bovis antigen according to any one of claim 1 to 6, and
one or more further immunologically active component(s) effective for the treatment and/or

prophylaxis of infections caused by a further cattle relevant pathogen other than M. bovis.

The method according to claim 28, wherein said M. bovis antigen and said immunologically

active component(s) are administered separately.

The method according to claim 28, wherein the two or more antigens which comprise M.
bovis antigen and one or more immunologically active component(s) effective for the
treatment and/or prophylaxis of infections caused by a further cattle relevant pathogen

other than M. bovis are administered to said cattle in one only dose.
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