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ATTENUATED SALMONELLA ENTERICA

CROSS-REFERENCE TO RELATED APPLICATIONS
[001] This application claims priority to U.S. Patent Application 61/923,941 filed January 6,
2014.

BACKGROUND OF THE INVENTION
Field of Invention
[002] This invention relates to a novel, mutated Salmonella enterica serovar Typhimurium
that can be used to generate an immune response in porcine and avian, in particular, and in
other animals, in general. This immune response helps reduce morbidity and mortality
caused by any serovar of Salmonella enterica and reduces transmission, colonization and

carriage of any serovar of Salmonella enterica in the animal.

Description of the Prior Art

[003] Bacteria of the genus Salmonella spp. are notorious for their pathogenicity in both
man and animal. There are greater than 2,400 Salmonella serovars that are ubiquitous in the
environment and can colonize food producing animals and poultry as well as wild animals
and birds without causing overt disease. In the U.S. alone, on a yearly basis the number of
humans suffering from Salmonella infections exceeds one million cases. In most cases, the
infection is caused by contaminated food. Well-known sources of infection are eggs (from
both ducks and chickens), products containing eggs, and insufficiently heated poultry,
bovine, and porcine meat. The ability to cope with such infections is low, especially in
infants, young children, elderly people and immune compromised people. In these groups,
the yearly death rate caused by Salmonelia infections is high. During the last few decades
large-scale animal husbandry has led to an enormous increase in animal density. As a result,
an increase is seen in the number of animal infections and, subsequently, in the number of
human infections caused by contaminated food. It is clear that animals are the main source of
Salmonella infection in humans. This source is very difficult to control for the following
reasons. First, Salmonella infections usually cause no serious illness in healthy, full-grown
animals; these animals can carry the bacterium for a prolonged period. Carrier animals shed
the bacterium in their feces. Thus it is practically impossible for young animals to avoid
infection. Second, many Salmonella species colonize several different host species. Some

Salmonella species cause primary infections in specific hosts; other Salmonelia species are
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not restrictive at all. As primary infectans, S. enterica serovar Typhi and S. enterica serovar
Paratyphi are frequently associated with infection in man whereas S. enterica serovar Dublin
is a causative agent of disease in cattle. S. enterica serovar Abortus-equi causes abortion in
horses; S. enterica serovar Abortus-ovi causes abortion in sheep. S. enferica serovar
Choleraesuis is the cause of lethal diarrhea in young pigs; S. enterica serovar Typhimurium
and S. enterica serovar Enteritidis cause salmonellosis in humans, poultry, pigs, cattle and
rodents. S. enterica serovar Arizonae causes disease in turkeys, whereas S. enterica serovar

Gallinarum causes salmonellosis only in poultry.

[004] Several years ago, greater than 50% of swine production sites (representing 94% of
the U.S. swine inventory) tested positive for Salmonella spp. Swine that are Salmonella
carriers are a food safety risk for consumers of pork, an animal health risk to non-
colonized/uninfected pigs, and an environmental risk caused by fecal shedding of the
pathogen into manure that is used as a soil amendment. Also several years ago,
approximately 40% of U.S. dairy operations tested positive for Salmonella spp., and
approximately 28% of dairy operations tested positive for Salmonella in either bulk tank milk
or in-line milk filters by RT-PCR. Further, in a more recent study, approximately 9% of beef

cow-calf operations were positive for Salmonella spp.

[005] Clearly there is a need for safe and efficacious vaccines to combat the various
Salmonella species not only to prevent disease in animals but also to reduce subclinical
infections in food-producing animals that are a source of foodborne disease in humans.
Although attenuated Salmonella vaccines are currently available for swine, these vaccines
tend to be Salmonella serovar specific and, therefore, do not provide broad protection against
many Salmonella serovars. For example, Boehringer Ingelheim Vetmedica sells an avirulent,
attenutated S. enterica serovar Choleraesuis vaccine called Enterisol® SC-54 that provides
good protection against S. enterica serovar Choleraesuis infections in swine but does not
protect against other Salmonella species. Lohmann Animal Health sells AviPro®
MEGAN®VAC 1, an attenuated S. enterica serovar Typhimurium that slightly reduces the
amount of S. enterica serovar Typhimurium, S. enferica serovar Enteritidis and S. enterica
serovar Heidelberg in the organs of young growing chickens and S. enterica serovar
Enteritidis colonization of the crop and digestive tract, including the ceca. However, one can

improve greatly upon the efficacy of both of these vaccines.
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[006] Prior art approaches to generate attenuated Salmonella spp. used a limited set of
mutations. See, e.g., Cardenas, ef al., Clin. Microbial Rev. 5:328-342 (1992); Chatfield, et
al., Vaccine 7:495-498 (1989). These approaches include (i) temperature sensitive mutants
(Fahey, et al., Infect. Immun. 1:263-270 (1970)), (ii) mutants defective for aroA, asd, cys, or
thy (Galan, ef al., Gene 94:29-35 (1990); Hoiseth, et al., Nature 291:238-239 (1981);
Robertsson, et al., Infect. Immun. 41:742-750 (1983)), (iii) Apur and Adap mutants (Clarke,
etal., J. Vet. Res. 51:32-38 (1987); McFarland, et al., Microb. Pathog. 3:129-141 (1987)),
(iv) strains defective in carbohydrate metabolism (e.g. AgalE (Germanier, et al., Infect.
Immun. 4:663-673 (1971); Hone, et al., J. Infect. Dis. 156:167-174 (1987)), (v)
lipopolysaccharide synthesis defective strains (e.g., galE, pmi, rfa) (e.g., Nagy, et al., Infect.
Immun. 74(10):5914-5925 (2006) and Nagy, et al., Infect. Immun. 72(7):4297-4301 (2004)),
and (vi) strains lacking plasmids and mutants lacking virulence genes (e.g., invA). However,
the effectiveness of these approaches is doubtful because, at least until now, they have been
unable to confer long term immunity against Salmonella infections and have not been

effective against a broad range of Salmonella spp.

[007] There remains a need for a mutated Salmonella immunogenic composition capable of
inducing high immune responses in animals. It is expected that such a mutated Salmonella
immunogenic composition would induce a strong immune response in an animal, be cross-
protective against other Salmonella species (or at least other serovars), and reduce
colonization and fecal shedding of Salmonella species. Further such a mutated Salmonella
immunogenic composition would be attenuated compared to the wild-type Salmonella
bacteria. Such an immunogenic composition would limit the colonization of swine and other
animals with Salmonella spp. (or at least other serovars), thereby reducing pathogen
transmission and the risks to public health, animal health, and the environment. This
invention involves a §. enterica serovar Typhimurium containing one or more mutations in
rfaH, omrA, omrB, rybB, micA, and/or invR and the use of the mutated S. enterica serovar
Typhimurium to generate in animals an immune response cross-reactive to other Salmonella

enterica serovars.

BRIEF DESCRIPTION OF THE INVENTION
[008] It is an object of this invention to have a novel, mutated Salmonella enterica serovar

Typhimurium having at least one mutation in at least one gene involved in LPS synthesis and
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at least one mutation in at least one sSRNA gene selected from the group consisting of ryb B,

micA, omrA, omrB, and invR.

[009] It is an object of this invention to have a novel, mutated S. enterica serovar
Typhimurium having at least one mutation in at least one gene involved in LPS synthesis and
at least one mutation in at least one sSRNA gene selected from the group consisting of ryb B,
micA, omrA, omrB, and invR. It is a further object of this invention that the at least one
mutation in at least one SRNA gene is a null mutation in omrA and omrB. It is another object
of this invention that this novel, mutated S. enterica serovar Typhimurium is a live attenuated
bacteria or an inactivated bacteria. In one embodiment of this invention, the novel, mutated
S. enterica serovar Typhimurium is a bacterial ghost or membrane fractions of the S. enterica

serovar Typhimurium.

[010] Itis an object of this invention to have a novel, mutated S. enterica serovar
Typhimurium having at least one null mutation in each of rfaH, omrA, and omrB. 1Itis
another object of this invention that this novel, mutated S. enterica serovar Typhimurium is a
live attenuated bacteria or an inactivated bacteria. In one embodiment of this invention, the
novel, mutated S. enterica serovar Typhimurium is a bacterial ghost or membrane fractions of

the §. enterica serovar Typhimurium.

[011] Itis an object of this invention to have a novel, mutated S. enterica serovar
Typhimurium having at least one null mutation in each of rfaH, rybB, micA, omrA, omrB, and
invR. It is another object of this invention that this novel, mutated S. enferica serovar
Typhimurium is a live attenuated bacteria or an inactivated bacteria. In one embodiment of
this invention, the novel, mutated S. enterica serovar Typhimurium is a bacterial ghost or
membrane fractions of the S. enterica serovar Typhimurium. In another embodiment, the S.
enterica serovar Typhimurium is strain BBS 866 which is Patent Deposit Accession Number
NRRL B-50989. In another embodiment, the S. enterica serovar Typhimurium is strain BBS
1134 which is Patent Deposit Accession Number NRRL B-50990.

[012] Itis an object of this invention to have an immunogenic composition that contains a
novel, mutated S. enterica serovar Typhimurium having at least one mutation in at least one
gene involved in LPS synthesis and at least one mutation in at least one sSRNA gene selected

from the group consisting of rybB, micA, omrA, omrB, and invR; and a pharmaceutically
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acceptable carrier or diluent. It is another object of this invention that this novel, mutated S.
enterica serovar Typhimurium is a live attenuated bacteria or an inactivated bacteria. In one
embodiment of this invention, the novel, mutated S. enterica serovar Typhimurium is a
bacterial ghost or membrane fractions of the S. enterica serovar Typhimurium. It is an

optional embodiment that the immunogenic composition contains an adjuvant.

[013] Itis an object of this invention to have an immunogenic composition that contains a
novel, mutated S. enterica serovar Typhimurium having at least a null mutation in rfa#,
omrA, and omrB; and a pharmaceutically acceptable carrier or diluent. It is another object of
this invention that this novel, mutated S. enterica serovar Typhimurium is a live attenuated
bacteria or an inactivated bacteria. In one embodiment of this invention, the novel, mutated
S. enterica serovar Typhimurium is a bacterial ghost or membrane fractions of the S. enterica
serovar Typhimurium. It is an optional embodiment that the immunogenic composition

contains an adjuvant.

[014] Itis an object of this invention to have an immunogenic composition that contains a
novel, mutated S. enterica serovar Typhimurium having at least a null mutation in each of
rfaH, rybB, micA, omrA, omrB, and invR; and an immunologically acceptable carrier or
diluent. It is another object of this invention that this novel, mutated S. enterica serovar
Typhimurium is a live attenuated bacteria or an inactivated bacteria. In one embodiment of
this invention, the novel, mutated S. enterica serovar Typhimurium is a bacterial ghost or
membrane fractions of the S. enferica serovar Typhimurium. It is an optional embodiment
that the immunogenic composition contains an adjuvant. In another embodiment, the S.
enterica serovar Typhimurium is strain BBS 866 which is Patent Deposit Accession Number
NRRL B-50989. In another embodiment, the S. enterica serovar Typhimurium is strain BBS
1134 which is Patent Deposit Accession Number NRRL B-50990.

[015] Itis an object of this invention to have a method for inducing an immune response in
an animal to S. enterica by administering to the animal an immunologically effective amount
of a novel, mutated S. enferica serovar Typhimurium having at least one mutation in at least
one gene involved in LPS synthesis and at least one mutation in at least one SRNA gene
selected from the group consisting of rybB, micA, omrA, omrB, and invR or by administering
an immunogenic composition containing this novel, mutated S. enterica serovar

Typhimurium. It is another object of this invention to optionally administer an adjuvant with
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the novel, mutated S. enterica serovar Typhimurium or the immunogenic composition
containing this novel, mutated S. enterica serovar Typhimurium. It is another object of this
invention that this novel, mutated . enterica serovar Typhimurium is a live attenuated
bacteria or an inactivated bacteria. In one embodiment of this invention, the novel, mutated
S. enterica serovar Typhimurium is a bacterial ghost or membrane fractions of the S. enterica

serovar Typhimurium.

[016] It is another object of this invention to have a method for inducing an immune
response in an animal to S. enterica by administering to the animal an immunologically
effective amount of a novel, mutated S. enterica serovar Typhimurium having at least one
null mutation in each of rfaH, omrA and omrB or by administering an immunogenic
composition containing this novel, mutated S. enterica serovar Typhimurium. It is another
object of this invention that this novel, mutated S. enterica serovar Typhimurium is a live
attenuated bacteria or an inactivated bacteria. In one embodiment of this invention, the

novel, mutated S. enterica serovar Typhimurium is a bacterial ghost or membrane fractions of
the §. enterica serovar Typhimurium. It is another object of this invention to optionally
administer an adjuvant with the novel, mutated S. enterica serovar Typhimurium or with the

immunogenic composition containing this novel, mutated S. enterica serovar Typhimurium.

[017] Itis another object of this invention to have a method for inducing an immune
response in an animal to S. enterica by administering to the animal an immunologically
effective amount of a novel, mutated S. enterica serovar Typhimurium having at least one
null mutation in each of rfaH, rybB, micA, omrA, omrB, and invR or by administering an
immunogenic composition containing this novel, mutated S. enterica serovar Typhimurium.
It is another object of this invention that this novel, mutated S. enterica serovar Typhimurium
is a live attenuated bacteria or an inactivated bacteria. In one embodiment of this invention,
the novel, mutated S. enterica serovar Typhimurium is a bacterial ghost or membrane
fractions of the S. enterica serovar Typhimurium. It is another object of this invention to
optionally administer an adjuvant with the novel, mutated S. enterica serovar Typhimurium
or with an immunogenic composition containing this novel, mutated S. enterica serovar
Typhimurium. In another embodiment, the S. enferica serovar Typhimurium is strain BBS
866 which is Patent Deposit Accession Number NRRL B-50989. In another embodiment, the
S. enterica serovar Typhimurium is strain BBS 1134 which is Patent Deposit Accession

Number NRRL B-50990.
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[018] Itis an object of this invention to have a method for preventing or treating a disease
caused by S. enterica in an animal by administering to the animal an immunologically
effective amount of a novel, mutated S. enterica serovar Typhimurium, or of an immunogenic
composition which contains this novel, mutated S. enterica serovar Typhimurium, and a
pharmaceutically acceptable carrier or diluent. It is a further object of this invention that the
novel, mutated S. enterica serovar Typhimurium has at least one mutation in at least one gene
involved in LPS synthesis and at least one mutation in at least one SRNA gene selected from
the group consisting of ryvbB, micA, omrA, omrB, and invR. It is another object of this
invention that the immunogenic composition optionally contains an adjuvant or that one

administers an adjuvant with this novel, mutated S. enterica serovar Typhimurium.

[019] Itis an object of this invention to have a method for preventing or treating a disease
caused by S. enterica in an animal by administering to the animal an immunologically
effective amount of a novel, mutated S. enterica serovar Typhimurium, or of an immunogenic
composition which contains this novel, mutated S. enterica serovar Typhimurium, and a
pharmaceutically acceptable carrier or diluent. In some embodiments of this invention, the
novel, mutated S. enterica serovar Typhimurium has a null mutation in rfaH, omrA, and
omrB. In other embodiments, the novel, mutated S. enterica serovar Typhimurium has a null
mutation in each of rfaH, rybB, micA, omrA, omrB, and invR. It is another object of this
invention that this novel, mutated S. enterica serovar Typhimurium is a live attenuated
bacteria or an inactivated bacteria. In one embodiment of this invention, the novel, mutated
S. enterica serovar Typhimurium is a bacterial ghost or membrane fractions of the S. enterica
serovar Typhimurium. In another embodiment, the S. enterica serovar Typhimurium is strain
BBS 866 which is Patent Deposit Accession Number NRRL B-50989. In another
embodiment, the S. enferica serovar Typhimurium is strain BBS 1134 which is Patent
Deposit Accession Number NRRL B-50990. It is another object of this invention that the
immunogenic composition optionally contains an adjuvant or that one administers an

adjuvant with this novel, mutated S. enferica serovar Typhimurium.

[020] Itis an object of this invention to have a method for reducing an animal’s carriage of
S. enterica by administering to the animal an immunologically effective amount of a novel,
mutated S. enterica serovar Typhimurium, a bacterial ghost of this novel, mutated S. enterica

serovar Typhimurium, or a membrane fraction of this novel, mutated S. enferica serovar
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Typhimurium, or an immunogenic composition containing a pharmaceutically acceptable
carrier and this novel, mutated S. enferica serovar Typhimurium, a bacterial ghost thereof,
and/or membrane fractions thereof. It is a further object of this invention that the novel,
mutated S. enterica serovar Typhimurium has at least one mutation in at least one gene
involved in LPS synthesis and at least one mutation in at least one SRNA gene selected from
the group consisting of ryvbB, micA, omrA, omrB, and invR. It is another object of this
invention of optionally administering an adjuvant to the animal. It is another object of this
invention that this novel, mutated S. enterica serovar Typhimurium is a live attenuated
bacteria or an inactivated bacteria. In other embodiments, the novel, mutated S. enterica
serovar Typhimurium has at least one null mutation in each of rfaH, rybB, micA, omrA,
omrB, and invR. In another embodiment, the S. enterica serovar Typhimurium is strain BBS
866 which is Patent Deposit Accession Number NRRL B-50989. In another embodiment, the
S. enterica serovar Typhimurium is strain BBS 1134 which is Patent Deposit Accession

Number NRRL B-50990.

[021] It is an object of this invention to have a method for preventing S. enterica
colonization in an animal by administering to the animal an immunologically effective
amount of a novel, mutated S. enterica serovar Typhimurium, a bacterial ghost of this novel,
mutated S. enterica serovar Typhimurium, or a membrane fraction of this novel, mutated S.
enterica serovar Typhimurium; or of an immunogenic composition which contains this novel,
mutated S. enterica serovar Typhimurium, a bacterial ghost of thereof, or a membrane
fraction thereof; and a pharmaceutically acceptable carrier or diluent. It is a further object of
this invention that the novel, mutated S. enterica serovar Typhimurium has at least one
mutation in at least one gene involved in LPS synthesis and at least one mutation in at least
one sRNA gene selected from the group consisting of rybB, micA, omrA, omrB, and invR. In
some embodiments of this invention, the novel, mutated S. enterica serovar Typhimurium has
at least one null mutation in each of rfaH, omrA, or omrB. In other embodiments, the novel,
mutated S. enterica serovar Typhimurium has at least one null mutation in each of rfaH,
rybB, micA, omrA, omrB, and invR. In another embodiment, the S. enterica serovar
Typhimurium is strain BBS 866 which is Patent Deposit Accession Number NRRL B-509809.
In another embodiment, the S. enterica serovar Typhimurium is strain BBS 1134 which is
Patent Deposit Accession Number NRRL B-50990. It is another object of this invention that
the immunogenic composition optionally contains an adjuvant or that one administers an

adjuvant with this novel, mutated S. enferica serovar Typhimurium. It is another object of

8
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this invention that this novel, mutated S. enterica serovar Typhimurium is a live attenuated

bacteria or an inactivated bacteria.

[022] 1t is another object of this invention to have a kit containing antigen which can be at
least one novel, mutated S. enterica serovar Typhimurium, a bacterial ghost of thereof, or a
membrane fraction thereof; a pharmaceutically acceptable carrier or diluent, instructions for
use, and optionally an adjuvant. It is a further object of this invention that the novel, mutated
S. enterica serovar Typhimurium has at least one mutation in at least one gene involved in
LPS synthesis and at least one mutation in at least one sSRNA gene selected from the group
consisting of rybB, micA, omrA, omrB, and invR. In other embodiments, the novel, mutated
S. enterica serovar Typhimurium has at least one null mutation in each of rfaH, rybB, micA,
omrA, omrB, and invR. In another embodiment, the S. enterica serovar Typhimurium is
strain BBS 866 which is Patent Deposit Accession Number NRRL B-50989. In another
embodiment, the S. enterica serovar Typhimurium is strain BBS 1134 which is Patent
Deposit Accession Number NRRL B-50990. It is another object of this invention that this
novel, mutated S. enterica serovar Typhimurium is a live attenuated bacteria or an inactivated

bacteria.

[023] Itis an object of this invention to have a novel, mutated S. enferica serovar
Typhimurium having a null mutation in omrA and omrB. In some embodiments, the novel,
mutated S. enterica serovar Typhimurium also has a null mutation in at least one of rybB,
micA, and invR, or a combination thereof. In other embodiments, the novel, mutated S.
enterica serovar Typhimurium has null mutations in rybB, micA, invR, omrA, and omrB. Itis
another object of this invention that this novel, mutated S. enterica serovar Typhimurium is a
live attenuated bacteria or an inactivated bacteria. In one embodiment of this invention, the
novel, mutated S. enterica serovar Typhimurium is a bacterial ghost or membrane fractions of
this novel, mutated S. enterica serovar Typhimurium. In another embodiment, the S. enterica
serovar Typhimurium is strain BBS 866 which is Patent Deposit Accession Number NRRL
B-50989. In another embodiment, the S. enterica serovar Typhimurium is strain BBS 1134

which is Patent Deposit Accession Number NRRL B-50990.

[024] It is another object of this invention to have a method of preventing or reducing
transmission of S. enterica from a first animal to a second animal by administering to the first

animal an immunologically effective amount of a novel, mutated S. enterica serovar

9
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Typhimurium, a bacterial ghost of this novel, mutated §. enterica serovar Typhimurium, or a
membrane fraction of this novel, mutated S. enterica serovar Typhimurium, or an
immunogenic composition containing a pharmaceutically acceptable carrier and this novel,
mutated S. enterica serovar Typhimurium, a bacterial ghost thereof, and/or membrane
fractions thereof. It is a further object of this invention that the novel, mutated S. enterica
serovar Typhimurium has at least one mutation in at least one gene involved in LPS synthesis
and at least one mutation in at least one SRNA gene selected from the group consisting of
rybB, micA, omrA, omrB, and invR. In other embodiments, the novel, mutated S. enterica
serovar Typhimurium has at least one null mutation in each of rfaH, rybB, micA, omrA,
omrB, and invR. In another embodiment, the S. enterica serovar Typhimurium is strain BBS
866 which is Patent Deposit Accession Number NRRL B-50989. In another embodiment, the
S. enterica serovar Typhimurium is strain BBS 1134 which is Patent Deposit Accession
Number NRRL B-50990. It is another object of this invention that this novel, mutated S.

enterica serovar Typhimurium is a live attenuated bacteria or an inactivated bacteria.

BRIEF DESCRIPTION OF THE FIGURES
Figure 1 shows the rectal temperature of swine immunized with either S. enterica serovar
Typhimurium mutant strain BBS 202 or mutant strain BBS 866 or PBS buffer (mock

immunized) at 1, 2, 3, and 7 days after immunization.

[025] Figure 2 shows the rectal temperature of swine immunized with either S. enterica
serovar Typhimurium mutant strain BBS 202 or mutant strain BBS 866 or PBS buffer (mock

immunized) at 1, 2, 3, and 7 days after challenge with S. enterica serovar Choleraesuis.

[026] Figure 3A shows the cumulative blood culture results taken at three time points of
porcine immunized with either strain BBS 202 or strain BBS 866 or PBS buffer (mock
immunized) and then challenged with S. enterica serovar Choleraesuis. Figure 3B shows the
number of swine blood cultures positive for S. enterica serovar Choleraesuis at seven days
post-challenge. Figure 3C shows the total number of pigs in each group that are blood

culture-positive for S. Choleraesuis at any sample time (days 2, 3, and 7) post-challenge.

[027] Figure 4 shows the number of colony forming units (cfu) of S. enterica serovar

Choleraesuis per gram of liver tissue at seven days post-challenge of swine immunized with
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either S. enterica serovar Typhimurium mutant strain BBS 202 or mutant strain BBS 866 or

PBS buffer (mock immunized).

[028] Figure SA shows the cfu of S. enterica serovar Choleraesuis per gram of spleen tissue
at seven days post-challenge of swine immunized with either S. enferica serovar
Typhimurium mutant strain BBS 202 or mutant strain BBS 866 or PBS buffer (mock
immunized). Figure 5B shows the cfu of §. enterica serovar Choleraesuis per gram of
Peyer’s Patch tissue at seven days post-challenge of swine immunized with either S. enterica
serovar Typhimurium mutant strain BBS 202 or mutant strain BBS 866 or PBS buffer (mock
immunized). Figure 5C shows the cfu of S. enterica serovar Choleraesuis per gram of
ileocecal lymph node (ICLN) tissue at seven days post-challenge of swine immunized with
either S. enterica serovar Typhimurium mutant strain BBS 202 or mutant strain BBS 866 or
PBS buffer (mock immunized). Figure SD shows the cfu of S. enterica serovar Choleraesuis
per gram of tonsular tissue at seven days post-challenge of swine immunized with either S.
enterica serovar Typhimurium mutant strain BBS 202 or mutant strain BBS 866 or PBS

buffer (mock immunized).

[029] Figure 6A shows the cfu of S. enterica serovar Choleraesuis per gram of cecum tissue
at seven days post-challenge of swine immunized with either S. enferica serovar
Typhimurium mutant strain BBS 202 or mutant strain BBS 866 or PBS buffer (mock
immunized). Figure 6B shows the cfu of S. enterica serovar Choleraesuis per gram of cecum
content at seven days post-challenge of swine immunized with either S. enterica serovar
Typhimurium mutant strain BBS 202 or mutant strain BBS 866 or PBS buffer (mock

immunized).

[030] Figure 7 shows the interferon-y levels in serum of swine immunized with either S.
enterica serovar Typhimurium mutant strain BBS 202 or mutant strain BBS 866 or PBS
buffer (mock immunized) at 0, 1, 2, 3, and 7 days post-challenge with S. enterica serovar

Choleraesuis.

[031] Figure 8 compares the percentage of swine positive for antibodies to Salmonella 1.PS
at 14 and 28 (day of vaccination) days prior to challenge, at challenge (0), and seven days
post-challenge (with S. enterica serovar Choleraesuis) for swine vaccinated with strain BBS

866 or PBS buffer (mock immunized).
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[032] Figure 9 illustrates the rectal temperature of piglets vaccinated with strain BBS 866 or
PBS buffer (mock immunized) at 0, 1, 2, 3, and 7 days after challenge with S. enterica

serovar Typhimurium.

[033] Figure 10 illustrates interferon vy levels in plasma of piglets vaccinated with strain
BBS 866 or PBS buffer (mock immunized) at 0, 1, 2, 3, and 7 days after challenge with S.

enterica serovar Typhimurium.

[034] Figure 11 illustrates fecal shedding of piglets vaccinated with strain BBS 866 or PBS
buffer (mock immunized) at 1, 2, 3, and 7 days after challenge with S. enterica serovar

Typhimurium.

[035] Figure 12 shows Peyer’s Patch-associated S. enterica serovar Typhimurium cfu/g in
piglets vaccinated with strain BBS 866 or PBS buffer (mock immunized) at 7 days after

challenge with §. enterica serovar Typhimurium.

[036] Figure 13 shows ileocecal lymph node-associated S. enterica serovar Typhimurium
cfu/g in piglets vaccinated with strain BBS 866 or PBS buffer (mock immunized) at 7 days

after challenge with S. enterica serovar Typhimurium.

[037] Figure 14 shows cecum-associated S. enterica serovar Typhimurium cfu/g in piglets
vaccinated with strain BBS 866 or PBS buffer (mock immunized) at 7 days after challenge

with S. enterica serovar Typhimurium.

[038] Figure 15 shows S. enterica serovar Typhimurium cfu/g obtained from cecum
contents in piglets vaccinated with strain BBS 866 or PBS buffer (mock immunized) at 7

days after challenge with S. enterica serovar Typhimurium.

[039] Figure 16 compares the percentage of swine positive for antibodies to Salmonelia LPS
at 21 (day of booster vaccination) and 35 (day of vaccination) days prior to challenge, at
challenge (0), and seven days post-challenge (with S. enterica serovar Typhimurium) for

swine vaccinated with strain BBS 866 or PBS buffer (mock immunized).
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[040] Figure 17 illustrates the number of turkeys vaccinated with either strain BBS 866 or
PBS buffer (mock immunized) from whose spleen S. enterica serovar Typhimurium are
isolated seven days post-challenge with S. enterica serovar Typhimurium (spleen positive) or
from whose spleen no S. enterica serovar Typhimurium are isolated seven days post-

challenge with §. enterica serovar Typhimurium (spleen negative).

[041] Figure 18 shows S. enterica serovar Typhimurium cfu/g obtained from spleens in
turkeys vaccinated with strain BBS 866 or PBS buffer (mock immunized) at 7 days after

challenge with S. enterica serovar Typhimurium.

[042] Figure 19 shows S. enterica serovar Typhimurium cfu/g obtained from cloaca in
turkeys vaccinated with strain BBS 866 or PBS buffer (mock immunized) at 7 days after

challenge with S. enterica serovar Typhimurium.

[043] Figure 20 illustrates the number of turkeys vaccinated with either strain BBS 866 or
PBS buffer (mock immunized) from whose spleen S. enterica serovar Heidelberg are isolated
seven days post-challenge with S. enterica serovar Heidelberg (spleen positive) or from
whose spleen no S. enterica serovar Heidelberg are isolated seven days post-challenge with S.

enterica serovar Heidelberg (spleen negative).

[044] Figure 21 shows S. enterica serovar Heidelberg cfu/g obtained from spleens in
turkeys vaccinated with strain BBS 866 or PBS buffer (mock immunized) at 7 days after

challenge with S. enterica serovar Heidelberg.

[045] Figure 22 shows S. enterica serovar Heidelberg cfu/g obtained from ceca in turkeys
vaccinated with strain BBS 866 or PBS buffer (mock immunized) at 7 days after challenge

with S. enterica serovar Heidelberg.

STATEMENT REGARDING DEPOSIT OF BIOLOGICAL MATERIAL UNDER
THE TERMS OF THE BUDAPEST TREATY
[046] On or before December 2, 2014, the inventors deposited a sample of a mutated S.
enterica serovar Typhimurium designated strain BBS 866 and a sample of a mutated S.
enterica serovar Typhimurium designated strain BBS 1134, as described herein, with the

U.S.D.A., Agricultural Research Service’s Patent Culture Collection located at the National

13



WO 2015/103104 PCT/US2014/072486

Center for Agricultural Utilization Research, 1815 N. University Street, Peoria, IL. 61604, in
a manner affording permanence of the deposit and ready accessibility thereto by the public if
a patent is granted. The deposits have been made under the terms of the Budapest Treaty on
the International Recognition of the Deposit of Microorganisms for the Purposes of Patent
Procedure and the regulations thereunder. For strain BBS 866, the deposit’s accession
number is Patent Deposit Accession Number NRRL B-50989, and for strain BBS 1134, the

deposit’s accession number is Patent Deposit Accession Number NRRL B-50990.

[047] All restrictions on the availability to the public of strain BBS 866 and strain BBS
1134 which have been deposited as described herein will be irrevocably removed upon the

granting of a patent covering these particular biological materials.

[048] The mutated S. enterica serovar Typhimurium designated strain BBS 866 and strain
BBS 1134 have been deposited under conditions such that access to the microorganisms are
available during the pendency of the patent application to one determined by the

Commissioner to be entitled thereto under 37 C.F.R. § 1.14 and 35 U.S.C § 122.

[049] The deposited biological materials will be maintained with all the care necessary to
keep them viable and uncontaminated for a period of at least five years after the most recent
request for the furnishing of a sample of the deposited microorganisms, and in any case, for a
period of at least thirty (30) years after the date of deposit for the enforceable life of the

patent, whichever period is longer.

[050] We, the inventors for the invention described in this patent application, hereby declare
further that all statements regarding this Deposit of the Biological Material made on
information and belief are believed to be true and that all statements made on information and
belief are believed to be true, and further that these statements are made with knowledge that
willful false statements and the like so made are punishable by fine or imprisonment, or both,
under section 1001 of Title 18 of the United States Code and that such willful false
statements may jeopardize the validity of the instant patent application or any patent issuing

thereon.

DETAILED DESCRIPTION OF THE INVENTION

14



WO 2015/103104 PCT/US2014/072486

[051] The various mutated S. enterica serovar Typhimurium strains of this invention are
made using recombinant DNA technology. Administering one or more of the various
mutated S. enterica serovar Typhimurium strains of this invention to porcine, avian, and other
animals causes the animals to generate an immune response which reduces the transmission,
colonization, carriage, morbidity, and mortality caused by other S. enterica serovars that are
animal pathogens as well as transmission, colonization and/or asymptomatic carriage of other
S. enterica serovars that are pathogenic to humans. Thus, this invention includes the mutated
strains of S. enterica serovar Typhimurium described herein (whether live or inactivated or
bacterial ghosts or membrane fractions; each mutant bacteria being attenuated compared to
the wild-type bacteria), immunogenic compositions containing one or more mutated bacteria,
the use of the mutated bacteria and/or the immunogenic compositions to induce an immune
response against any S. enterica serovar in animals, the use of the mutated bacteria and/or the
immunogenic compositions to reduce any S. enterica serovar carriage, transmission, and

colonization, and kits containing the immunogenic composition.

[052] With the goal of developing a Salmonella vaccine strain to address animal health and
food safety, two mutated S. enterica serovar Typhimurium strains are designed and
constructed. The vaccine strains are attenuated for pathogenesis in swine, turkeys, and other
animals compared to the wild-type S. enferica serovar Typhimurium parent strain and
provide protection against subsequent challenge with any S. enterica serovar. These mutated
S. enterica serovar Typhimurium strains have two general types of mutations. One type of
mutation involves a decreased ability in the production of LPS (lipopolysaccharide). The
other type of mutation involves one or more mutations to one or more regulatory small RNA
genes (SRNA). In particular, one mutated S. enferica serovar Typhimurium is strain BBS 866
(see Table 2 below) has null mutations in rfaH, rybB, omrA, omrB, micA, and invR, and
contains genes encoding for resistance to nalidixic acid and kanamycin. S. enterica serovar
Typhimurium strain BBS 1134 is identical to strain BBS 866, except that the neo gene which
confers kanamycin resistance has been removed. Thus, one of ordinary skill in the art would
expect strain BBS 1134 to produce the same immunogenic response in animals as strain BBS

866.

[053] As mentioned previously, LPS mutations reduce or prevent LPS synthesis. Many
genes are involved in the production of LPS and can be mutated to disrupt or alter LPS

synthesis. Non-limited examples of such genes include rfaH (Nagy, et al., Infect. Immun.
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74(10):5914-5925 (2006) and Nagy, ef al., Infect. Immun. 72(7):4297-4301 (2004)); relA
(Ishiguro, et al., J. Bacteriol. 168(1):328-33 (1986)); galE (Potter and Lo, Infect. Immun.
64(3):855-60 (1996)); rfb (Hone, et al., Mol. Microbiol. 13(3):525-30 (1994)) and pmi
(Narasaki, et al. PLoS One 6(10):€25514 (2011)). The mutated S. enterica serovar
Typhimurium of the present invention can contain any known in the art mutation that stops or
reduces LPS synthesis, including but not limited, to rfafl’, rfaG, rfal, rfaH, rfaJ, rfal., and
rfbA (see U.S. App. 2013-0052230 Boyen, et al.). In the examples infra, the mutant S.
enterica serovar Typhimurium contains a null mutation (mRNA is not transcribed or the gene
product is not translated) in rfaH, thereby reducing or eliminating LPS production. The RfaH
antiterminator prevents the premature termination of long mRNA transcripts encoded by
large operons including rfa and rfb involved in LPS core and O-antigen synthesis,
respectively. The greater than 2,400 Salmonella serovars vary in part because of the O-
antigen located on the bacterial outer membrane. Pathogen colonization and infection of a
host stimulates an immune response to the O-antigen on the outer membrane of the particular
Salmonella serovar. However, this immune response may only provide limited protection
against other Salmonella serovars that express different O-antigens. Not wishing to be bound
to any hypothesis, the mutation of rfaH in S. enterica serovar Typhimurium decreases LPS
core and O-antigen synthesis in the bacteria which is believed to expose outer membrane

proteins that may be conserved in Salmonella spp. and related Enterobacteriaceae.

[054] The mutated S. enterica serovar Typhimurium of the present invention also contain
null mutations in one or more of the following sSRNA genes: omrA, omrB, rybB, micA, and
invR. sRNAs are involved in many physiological processes in the bacterial cell, including but
not limited to, regulation of transcription factors, virulence genes, protein metabolism, and
quorum sensing. See, e.g., Vogel and Papenfort, Current Opinion in Microbiology, 9:605-
611 (2006); Papenfort and Vogel, Cell Host and Microbe 8:116-127 (2010); and Hebrard, et
al., RNA Biology 9(4):437-445 (2012). While the role of individual sRNAs in specific
bacterial species have been elucidated, it is unknown if the SRNA homologs in other bacterial
species possess the identical function. So, while mutations of omrA, omrB, rybB, and micA
have been described in Escherichia coli, it is unknown if null mutations in the S. enterica
homologs would result in an identical phenotype, or if a S. enterica serovar Typhimurium
containing the mutations would generate cross-reactivity for other S. enterica serovars. Not
wishing to be bound to any particular hypothesis, it is believed that the null mutations in

omrA, omrB, rybB, micA, and/or invR increase the production of conserved outer membrane
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proteins which increases the efficacy and cross-protective capabilities of the mutated S.
enterica serovar Typhimurium of the present invention. In particular, OmrA and OmrB
sRNAs decrease the steady-state levels of multiple mRNA targets that encode outer

membrane proteins including cirA, ompT, fepA, and fecA.

[055] It is a surprising and unexpected result that a mutant S. enterica serovar Typhimurium
containing both a mutation in LPS synthesis and one or more mutations to omrA, omrB, rybB,
micA, and/or invR provides better results than S. enterica serovar Typhimurium containing
the individual mutations. Whatever the actual causative effects of these mutations, the
mutated bacteria described herein result in an enhanced immune response against a broad
repertoire of Salmonella enterica serovars that share common, conserved antigens to which
an animal may be exposed during its lifetime. Furthermore, utilization of these attenuated
bacterial strains in other animal and avian species also confer increased, and perhaps
protective, immunity against Salmonella spp. and other Enterobacteriaceae thereby reducing
gastrointestinal colonization, pathogen fecal shedding, and disease severity caused by these

bacteria.

[056] While the examples below discuss generation of deletion mutations in these genes,
one of ordinary skill in the art could use other types of mutations in these genes (such as point
mutations) which would result in identical phenotypes. This invention is not limited to
bacteria containing deletion mutations in these identified genes. Rather the invention
includes any mutation in the identified genes that result in the described phenotype.
Furthermore, these mutated S. enterica serovar Typhimurium have an attenuated phenotype
compared to the wild-type S. enterica serovar Typhimurium which enables one to administer
live, attenuated S. enterica serovar Typhimurium to the animal. In addition to an attenuated
S. enterica serovar Typhimurium having at least one mutation in a gene involving LPS
production and at least one mutation in rybB, micA, omrA, omrB, and/or invR, the present
invention includes an inactivated S. enterica serovar Typhimurium having at least one
mutation in a gene involving LLPS production and at least one mutation in rybB, micA, omrA,
omrB, and/or invR, bacterial ghost of S. enterica serovar Typhimurium having at least one
mutation in a gene involving LLPS production and at least one mutation in rybB, micA, omrA,
omrB, and/or invR, and preparations containing membrane proteins which are produced by an
S. enterica serovar Typhimurium having at least one mutation in a gene involving LPS

production and at least one mutation in rybB, micA, omrA, omrB, and/or invR. 'To generate
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an inactivated mutated S. enterica serovar Typhimurium, one simply kills the live, attenuated
S. enterica serovar Typhimurium after growing the bacteria to the desired density.
Inactivation can occur via application of heat, a cross-linking agent (e.g., formaldehyde), UV
irradiation, or similar types of chemicals or environmental treatments. Bacterial ghosts are a
specific type of inactivated bacteria, namely cell envelopes created by controlled bacterial
cell lysis. One method is the expression of a recombinant lysis gene obtained from a phage,
such as gene E from phage ¢X174. E is a small protein that forms a pore in the bacterial cell
membrane, allowing all cytoplasmic content to flow out of the bacteria, thereby killing the
bacteria but leaving the cell with a preserved cellular morphology including all cell surface
structures. Other methods for creating bacterial ghosts could be performed by one of
ordinary skill in the art. Bacterial ghosts exhibit intrinsic adjuvant properties and trigger an
enhanced humoral and cellular immune response to the target antigen. The mutated S.
enterica serovar Typhimurium can contain gene E under control of an inducible promoter and
be fermented normally. Upon addition of the inducing agent, E is produced and the mutated
bacteria become inactivated ghosts. The bacterial ghosts can be isolated and purified from
the fermenter using tangential flow filtration or other known in the art techniques.
Preparations containing bacterial proteins associated with the outer membrane can be made
using well-known in the art techniques. One such technique is described in USPN 6,432,412.

These preparations are referred herein as “membrane fractions”.

[057] Because this invention involves production and purification of mutated bacteria that
may be administered to an animal, and because this invention involves recombinant DNA
techniques, the following definitions are provided to assist in describing this invention. The
terms “isolated”, “purified”, or “biologically pure” as used herein, refer to material that is
substantially or essentially free from components that normally accompany the material in its
native state or when the material is produced. In an exemplary embodiment, purity and
homogeneity are determined using analytical chemistry techniques such as polyacrylamide
gel electrophoresis or high performance liquid chromatography. A nucleic acid or particular
bacteria that are the predominant species present in a preparation is substantially purified. In
an exemplary embodiment, the term “purified” denotes that a nucleic acid or protein that
gives rise to essentially one band in an electrophoretic gel. Typically, isolated nucleic acids
or proteins have a level of purity expressed as a range. The lower end of the range of purity
for the component is about 60%, about 70% or about 80% and the upper end of the range of
purity is about 70%, about 80%, about 90% or more than about 90%.
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[058] The term “nucleic acid” as used herein, refers to a polymer of ribonucleotides or
deoxyribonucleotides. Typically, “nucleic acid” polymers occur in either single- or double-
stranded form, but are also known to form structures comprising three or more strands. The
term “nucleic acid” includes naturally occurring nucleic acid polymers as well as nucleic
acids comprising known nucleotide analogs or modified backbone residues or linkages,
which are synthetic, naturally occurring, and non-naturally occurring, which have similar
binding properties as the reference nucleic acid, and which are metabolized in a manner
similar to the reference nucleotides. Exemplary analogs include, without limitation,
phosphorothioates, phosphoramidates, methyl phosphonates, chiral-methyl phosphonates, 2-
O-methyl ribonucleotides, and peptide-nucleic acids (PNAs). “ DNA”, “RNA”,

LAY LY LIS LIS

“polynucleotides™, “polynucleotide sequence”, “oligonucleotide”, “nucleotide”, “nucleic

acid”, “nucleic acid molecule”, “nucleic acid sequence”, “nucleic acid fragment”, and

“isolated nucleic acid fragment” are used interchangeably herein.

[059] For nucleic acids, sizes are given in either kilobases (kb) or base pairs (bp). Estimates
are typically derived from agarose or acrylamide gel electrophoresis, from sequenced nucleic
acids, or from published DNA sequences. For proteins, sizes are given in kilodaltons (kDa)
or amino acid residue numbers. Proteins sizes are estimated from gel electrophoresis, from

sequenced proteins, from derived amino acid sequences, or from published protein sequences.

[060] The term “recombinant” when used with reference, e.g., to a cell, or nucleic acid,
protein, or vector, indicates that the cell, organism, nucleic acid, protein or vector, has been
modified by the introduction of a heterologous nucleic acid or protein or the alteration of a
native nucleic acid or protein, or that the cell is derived from a cell so modified. Thus, for
example, recombinant cells may express genes that are not found within the native (non-
recombinant or wild-type) form of the cell or express native genes that are otherwise
abnormally expressed — over-expressed, under-expressed or not expressed at all.

E- N9

[061] The terms “transgenic”, “transformed”, “transformation”, and “transfection” are
similar in meaning to “recombinant”. “Transformation”, “transgenic”, and “transfection”
refer to the transfer of a polynucleotide into the genome of a host organism or into a cell.
Such a transfer of polynucleotides can result in genetically stable inheritance of the

polynucleotides or in the polynucleotides remaining extra-chromosomally (not integrated into
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the chromosome of the cell). Genetically stable inheritance may potentially require the
transgenic organism or cell to be subjected for a period of time to one or more conditions
which require the transcription of some or all of the transferred polynucleotide in order for
the transgenic organism or cell to live and/or grow. Polynucleotides that are transformed into
a cell but are not integrated into the host’s chromosome remain as an expression vector
within the cell. One may need to grow the cell under certain growth or environmental
conditions in order for the expression vector to remain in the cell or the cell’s progeny.
Further, for expression to occur the organism or cell may need to be kept under certain
conditions. Host organisms or cells containing the recombinant polynucleotide can be
referred to as “transgenic” or “transformed” organisms or cells or simply as “transformants™,

as well as recombinant organisms or cells.

[062] This invention utilizes routine techniques in the field of molecular biology. Basic
texts disclosing the general methods of use in this invention include Green and Sambrook,

4th ed. 2012, Cold Spring Harbor Laboratory; Kriegler, Gene Transfer and Fxpression: A

Laboratory Manual (1993); and Ausubel et al., eds., Current Protocols in Molecular Biology,

1994 -- current, John Wiley & Sons. Unless otherwise noted, technical terms are used
according to conventional usage. Definitions of common terms in molecular biology maybe
found in e.g., Benjamin Lewin, Genes IX, published by Oxford University Press, 2007 (ISBN
0763740632); Krebs, ef al. (eds.), The Encyclopedia of Molecular Biology, published by
Blackwell Science Ltd., 1994 (ISBN 0-632-02182-9); and Robert A. Meyers (ed.), Molecular

Biology and Biotechnology: a Comprehensive Desk Reference, published by VCH
Publishers, Inc., 1995 (ISBN 1-56081-569-8).

[063] An “immunogenic composition” is a composition that contains an antigen where
administration of the composition to an animal results in an immune response. In this
invention, the antigen is the mutated Salmonella enterica serovar Typhimurium described
herein which has an attenuated phenotype compared to the wild-type S. enterica serovar
Typhimurium. The attenuating phenotype is caused by at least one mutation in a gene
involving LPS production. Immunogenic compositions of this invention can contain a live,
attenuated mutated S. enterica serovar Typhimurium with the mutation(s) described herein,
an inactivated S. enferica serovar Typhimurium containing the mutation(s) described herein;
membrane fractions derived from the S. enterica serovar Typhimurium containing the

mutation(s) described herein; and/or a bacterial ghost of the mutated S. enterica serovar
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Typhimurium described herein; along with one or more pharmaceutically acceptable diluents,
carriers, and/or adjuvants. Additional antigens can also be included in the immunogenic
compositions such as the use of the §. enterica serovar Typhimurium containing the
mutation(s) described herein as a vector for the delivery and/or expression of antigens,
therapeutic DNA, therapeutic proteins, immunoregulatory agents, and/or antisense RNAs into
an animal via eukaryotic or prokaryotic expression vectors contained within the . enterica
serovar Typhimurium of this invention (see USPN 6,150,170 describing an attenuated
Shigella as a carrier of an eukaryotic expression vector). The immunogenic composition can
also be a combination of an animal feed or water and the mutated S. enterica serovar
Typhimurium, membrane fractions, and/or bacterial ghosts described herein. Such an
immune response in the animal may be a humoral and/or a cellular immune response to the

antigen. The antigen is also referred herein as an “immunogenic agent”.

[064] An “immunological response” or “immune response” to an antigen or immunogenic
composition is, in an animal, the development, increase, or decrease of a humoral and/or a
cellular immune response to the antigen or antigen present in the immunogenic composition.
The immune response may be an increased or enhanced immune response (immuno-
stimulatory) or a decrease or suppression of an immune response (immuno-suppressant). The
immune response may be a systemic and/or localized immune response. For the present
invention, a “humoral immune response” refers to an immune response mediated by antibody
molecules, while a “cellular immune response” is one mediated by T-lymphocytes and/or

other white blood cells.

[065] One important aspect of cellular immunity or cellular immune response involves an
antigen-specific response by cytolytic T-cells (“CTL” or “CTLs”). CTLs have specificity for
peptide antigens that are presented in association with proteins encoded by the major
histocompatibility complex (“MHC”) and which are expressed on the surfaces of cells. CTLs
induce and promote the destruction of intracellular microbes, or the lyses of cells infected
with such microbes. Another aspect of cellular immune response involves an antigen-specific
response by helper T-cells (Th cells). Th cells act to help stimulate the function, and focus the
activity of, nonspecific effector cells against cells displaying peptide antigens in association
with MHC molecules on their surface. A cellular immune response also refers to the
production of cytokines, chemokines and other such molecules produced by activated T-cells

and/or other white blood cells, including those derived from CD4+ and CD8+ T-cells.
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[066] Th cells include Th1 cells and/or Th2 cells. A Thl cell immune response may
include one or more of the following: an increase in CD8" CTLs; an increase in one or more
of the cytokines associated with a Th1 cell immune response (such as interleukin 12 (IL.-12),
interferon gamma (IFN-y), and tumor necrosis factor beta (TNF-f)); an increase in activated
macrophages; an increase in NK activity; and/or an increase in the production of IgGa,. In
one embodiment, the enhanced Th1 cell immune response will include an increase in I1.-12
and IgG,, production. Activated Th2 cells enhance antibody production and are therefore of
value in responding to certain types of extracellular infections. Activated Th2 cells may
secrete one or more of 11.-4, IL-5, IL-6, and IL.-10. A Th2 cell immune response may result in

the production of IgG,, IgE, IgA and memory B cells for future protection.

[067] The ability of a particular antigen to stimulate a cell-mediated immunological
response may be determined by a number of assays, such as by lymphoproliferation
(Iymphocyte activation) assays, CTL assays, or by assaying for T-lymphocytes specific for
the antigen in a sensitized subject. Such assays are well known in the art. See, e.g., Erickson,
et al., J. Immunol. 151:4189-4199 (1993); Doe, et al., Eur. J. Immunol. 24:2369-2376 (1994).
Recent methods of measuring cell-mediated immune response include measurement of
intracellular cytokines or cytokine secretion by T-cell populations, or by measurement of
epitope specific T-cells (e.g., by the tetramer technique)(reviewed by McMichael and
O'Callaghan, J. Exp. Med. 187(9) 1367-1371 (1998); Mcheyzer-Williams, et al., Immunol.
Rev. 150:5-21 (1996); Lalvani, et al., J. Exp. Med. 186:859-865 (1997)).

[068] A humoral immune response is one that stimulates the production of antibodies (e.g.,
neutralizing antibodies that block bacterial toxins and pathogens, such as viruses, bacteria,
fungi, and parasites, from entering cells and replicating by binding to toxins and/or the
pathogens, typically protecting cells from infection and destruction). Hence, an
immunological response may include one or more of the following effects: the production of
antibodies by B-cells; and/or the activation of suppressor T-cells and/or memory/effector T-
cells directed specifically to an antigen or antigens present in the immunogenic composition
or vaccine. These responses may serve to neutralize infectivity, and/or mediate antibody-
complement, or antibody dependent cell cytotoxicity (ADCC) to provide protection to an
immunized subject. Such responses can be determined using standard immunoassays and

neutralization assays, well known in the art. See, e.g., Montefiori, et al., J. Clin Microbiol.
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26:231-235 (1988); Dreyer, et al., AIDS Res. Hum. Retroviruses 15(17):1563-1571 (1999).
The innate immune system of an animal also recognizes and responds to molecular features
of pathogenic organisms via activation of Toll-like receptors and similar receptor molecules
on immune cells. Upon activation of the innate immune system, various non-adaptive
immune response cells are activated to, e.g., produce various cytokines, lymphokines and
chemokines. Cells activated by an innate immune response include immature and mature
dendritic cells, as well as gamma, delta, alpha and beta T cells and B cells and the like. Thus,
the present invention also contemplates an immune response wherein the immune response
involves both an innate and adaptive response.

[069] ““Vaccination™, “vaccinate”, “immunization”, “immunize”, and “inoculate’ are
synonymous and are the administration of the antigen (the mutated S. enterica serovar
Typhimurium described herein) or immunogenic composition (containing the mutated S.
enterica serovar Typhimurium described herein) to the animal. Immunization can also
include removing immunological cells from the animal, allowing such immunological cells to
interact with an antigen in-vitro, and then returning those immunological cells or their
progeny back to the animal’s body. Exemplary routes of administration of an antigen or
immunogenic composition of this invention include, but not limited to, intramuscular
injection, intraperitoneal injection, subdermal injection, intradermal injection, subcutaneous
injection, intravenous injection, oral administration, sublingual administration, vaginal
administration, rectal administration, transmucosally, transcutaneous adsorption, intranodal
administration, intracoronary administration, intraarterial administration, intratracheal
administration, intraarticular administration, intraventricular administration, intracranial
administration, intraspinal administration, intraocular administration, aural administration,
inhalation, and intranasal administration. For this invention, oral administration may involve
an animal eating the plant or plant cells which contain the antigen, a combination of animal
feed and an immunogenic composition containing the mutated S. enterica serovar
Typhimurium, bacterial ghosts, and/or membrane fractions. These bacterial components can
be mixed together with the feed, sprinkled onto the animal feed, or coating the animal feed.
Oral administration also includes the animal drinking a liquid containing the mutated S.
enterica serovar Typhimurium, bacterial ghosts, or membrane fractions. Any suitable liquid
(e.g., water) can be used. Such oral administration may result in mucosal immunity to the

pathogen against which the antigen is directed. Vaccination and immunization involves
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inducing an immune response in the animal receiving the antigen or immunogenic

composition.

[070] The appropriate dose of the immunogenic composition of the present invention
depends on several variables such as the formulation, the route of administration, the animal's
age, the animal'’s weight, the time of administration, the excretion rate, and reaction
irritability. One of ordinary skill in the art can determine the appropriate dose by
administering the antigen to the animal and assaying for an increase or, if applicable, a

decrease in the immune response.

[071] For immunogenic compositions and antigens, “treatment” refers to any of (i) the
prevention of infection or reinfection, as in a traditional vaccine, (ii) the reduction or
elimination of symptoms, (iii) the substantial or complete elimination of the pathogen in
question, (iv) an enhanced immune response to the antigen or immunogenic composition
administered to the animal, and/or (v) the reduction of a hypersensitive immune response in
the animal. Treatment may be effected prophylactically (prior to infection or exposure to the
antigen or infectious agent) or therapeutically (following infection or exposure to the antigen

or infectious agent).

[072] One method of assessing efficacy of an immunogenic composition involves
monitoring an infection after administration of the immunogenic composition. One method of
assessing efficacy of prophylactic administration of the immunogenic composition involves
monitoring immune responses against the antigens in the immunogenic composition after
administration of the immunogenic composition. Another method of assessing the
immunogenicity of the antigens of the immunogenic composition is to express the antigens
recombinantly and to screen an animal’s sera or mucosal secretions by immunoblot. A
positive reaction between the antigen and the animal’s serum indicates that the animal
previously mounted an immune response to the antigen in question--that is, the antigen is an
immunogen. This method may also be used to identify immunodominant proteins and/or

epitopes.

[073] Another method involves intentionally infecting the vaccinated animal or allowing the
vaccinated animal to be in the presence of infected, non-vaccinated animals and monitoring

for symptoms of illness. Alternatively, one may monitor immune responses both
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systemically (such as monitoring the level of IgG; and 1gG,, production) and mucosally (such
as monitoring the level of IgA production) against the antigens in the immunogenic
composition after administration of the immunogenic composition. Typically, serum specific
antibody responses are determined post-immunization but pre-challenge, whereas mucosal
specific antibody responses are determined post-immunization and post-challenge. Other
techniques for monitoring the efficacy of the mutated S. enterica serovar Typhimurium
described herein and the immunogenic compositions containing the mutated S. enterica
serovar Typhimurium described herein are described in the examples, below, such as changes
in body temperature, changes in fecal shedding of bacteria, and the presence of challenge

bacteria in certain body parts.

[074] The immunogenic compositions of the present invention can be evaluated in-vitro and
in-vivo (i.e., in animal models) or ex-vivo prior to administration to the intended animal. For
humans, a particularly useful model is intraperitoneal immunization of a mouse followed by
either intraperitoneal challenge or intranasal challenge. The efficacy of an immunogenic
composition can also be determined using a challenge animal model of infection. That is, the
immunogenic composition may be administered to an animal which is then challenged with
the infectious agent. Of course, the immunogenic composition may or may not be derived

from the same strain of the infectious agent used in the challenge model.

[075] Immunogenic compositions of the present invention may be used either alone or in
combination with other antigens and/or optionally with an immunoregulatory agent
(“‘adjuvant”) capable of eliciting a Th1 and/or Th2 response. An immunogenic composition
of this invention may contain the antigens of this invention with one or more adjuvants. Non-
limiting examples of adjuvants include oil-in-water emulsion, water-in-oil-in-water emulsion,
aluminum hydroxide, aluminum phosphate, squalene and squalene-like compounds, Freund’s
complete adjuvant, Freund’s incomplete adjuvant, muramyl dipeptide, monophosphoryl lipid
A, polyphosphazine, E. coli L'T (or LT-B, native or toxoid), Vibrio cholera toxin (CTX or
CT), CpG motif containing oligonucleotide, and compounds that interact with Toll-like
Receptors (TLR). Adjuvants which are capable of preferential stimulation of the Th1 cell
response are described in International Patent Application No. WO 94/00153 and WO
95/17209.
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[076] The invention also provides for the immunogenic composition described herein to be
used as a medicament. A medicament is preferably able to generate an immune response in
an animal. The invention also provides for the use of the immunogenic composition of the
invention in the manufacture of a medicament for generating an immune response in an
animal. In one embodiment, the medicament is a vaccine or an immunostimulatory

COMpOosition or an immunosuppressant composition.

[077] The invention provides methods for inducing or increasing an immune response using
the immunogenic composition. The immune response is preferably protective and can include
antibodies and/or cell-mediated immunity (including systemic and mucosal immunity).
Immune responses include booster responses. The invention also provides methods for
suppressing or decreasing an immune response in the animal to the antigen using an
immunogenic composition. Such a suppression of an immune response may be useful if the

animal is hypersensitive to the antigen.

[078] A prophylactic antigen or prophylactic immunogenic composition can be
administered to the animal, especially to young animals, to pregnant animals, and to elderly
animals. The age of the young animal will vary depending on the animal’s lifespan and if the
young has maternal antibodies upon birth or, if the animal is a mammal, obtains maternal
antibodies during nursing. Administering a prophylactic immunogenic composition to a
pregnant animal may help stimulate the immune response of the fetus or baby animal prior to
and shortly after birth. It may also stimulate the pregnant animal’s immune system thereby
improving the pregnant animal’s health. Of course, administering prophylactic compositions
to an elderly animal may boost the elderly animal’s immune system to the antigen contained
with the composition and thus help prevent the elderly animal from being infected with the
bacteria, virus, or parasite containing the antigen. Administering an immunosuppressant
composition would be considered a prophylactic administration in that one desires to reduce
the animal’s response to the antigen contained in the immunosuppressant composition prior

to the animal’s next exposure to the antigen.

[079] The invention also includes kits containing one or more containers of the
immunogenic compositions and/or antigens of the invention. The immunogenic composition
can be in liquid form or can be lyophilized; as can be the antigens. Suitable containers for the

immunogenic compositions and/or antigens include, for example, bottles, jugs, vials,
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syringes, and test tubes. Containers can be formed from a variety of materials, including glass
or plastic. A container may have a sterile access port (for example, the container may be an
intravenous solution bag or a vial having a stopper pierceable by a hypodermic injection
needle). The kit can also contain a second container inside of which is a pharmaceutically-
acceptable buffer, such as phosphate-buffered saline, Ringer's solution, or dextrose solution.
The kit can also contain other materials useful to the end-user, including other
pharmaceutically acceptable formulating solutions such as buffers and/or diluents, filters,
needles, and syringes or other delivery devices. The kit may optionally include an adjuvant in
a container. The kit can also contain written instructions for administering the immunogenic
composition and/or antigen and other contents of the kits to subjects. The written instructions
may describe methods for inducing an immune reaction or methods for treating infections.
The invention also includes a delivery device pre-filled with the immunogenic composition of

the invention.

[080] The immunogenic agent may be prepared for administration by formulating an
effective immunization dosage of the antigen with a pharmaceutically acceptable carrier or
diluent, such as physiological saline or tissue culture medium. The expression “effective
immunization dosage” is that amount which will induce immunity in an animal against
challenge using the infectious agent or that amount which will induce immunity in an animal
against a challenge with the infectious agent against which the antigen is directed. Immunity
is considered as having been induced in an animal when the level of protection for the animal

is significantly higher than that of an unvaccinated control group.

[081] The immunogenic composition of this invention may contain one or more
pharmaceutically acceptable carriers. Non-limited examples of such carriers include lactose,
dextrose, sucrose, sorbitol, mannitol, starch, acacia gum, calcium phosphate, alginate, gelatin,
calcium silicate, microcrystalline cellulose, polyvinylpyrrolidone, cellulose, water, syrup,
methyl cellulose, methyl hydroxy benzoate, propyl hydroxy benzoate, talc, stearic acid,
magnesium, and mineral oils. In addition to the above ingredients of the pharmaceutical
composition according to the present invention may further comprise lubricants, wetting
agents, sweetening agents, flavoring agents, emulsifiers, suspending agents, preservatives,
etc. Suitable pharmaceutically acceptable carriers and formulations are described in detail in

Remington's Pharmaceutical Sciences (19th ed., 1995). Because the immunogenic

compositions of the present invention can be used in both animals and humans,
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“pharmaceutically acceptable” refers to those items, compounds, etc. that are approved for

use in human and/or in animals.

[082] The examples herein describe the administration of the mutated S. enterica serovar
Typhimurium to pigs and to turkeys. However, this invention is not limited to inducing an
immune response in porcine and turkeys. Rather, this invention described herein may be
administered to bovine, equine, ovine, goats, and any other mammals including humans;
birds (including but not limited to chickens, turkeys, quail, ducks, and other domesticated
birds); amphibians; reptiles; and fish. This invention can include any animal for which it is
desirous to reduce the animal’s carriage, colonization and/or transmission of Salmonella
enterica serovars, or to prevent or reduce illness caused by Salmonella enterica serovars, or
to induce an immune response against Sa/monella enterica serovars. For this invention, the

term ‘““subject” is used to cover any animal.

Example 1 Construction of mutated Salmonella enterica serovar Typhimurium strains

[083] The mutated strains of S. enterica serovar Typhimurium are constructed using
recombinant DNA techniques as described previously (Bearson, et al., Microbes and
Infection 10:807-816 (2008)). To construct the specific gene knockout mutants, ~1.2 kb
linear DNA fragments containing the neomycin resistance gene (neo) are generated by PCR.
The nucleotide sequences of each primer pair used in these PCR reactions are shown in Table
1. The ~1.2 kb linear DNA fragments containing neo are flanked at their 5° and 3’ ends with
39-46 nucleotides of DNA sequence corresponding to the upstream and downstream
nucleotide sequence for a particular target gene. Each pair of knockout primers for a
particular gene contains a nucleotide sequence on the 5° end that is homologous to the target
gene of interest (bold) and a sequence on the 3’ end (underlined) that binds to the oBBI 92/93

neo template for PCR amplification.

Table 1
Target
gene | Primer Primer Nucleotide Sequence (5’ —3")
oBBI
189 atgcaatcctggtatttactgtactgcaaacgegggeaacttcageatagagecagtgacgtagte

rfaH | (forward) | gc SEQ ID NO: 1

rfaH | oBBI ctaaatcttgegaaaaccggtgtittttacgetctgettcacticgatagetgaatgagtgacgige
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190 SEQ ID NO: 2

(reverse)

oBBI

378 ctgaagtttgectttaagtgaaaaaattttgccaataggtegatagetgaatgagtgacgtec
rybB (forward) | SEQ ID NO: 3

oBBI

379 caaaaaacccaccaaccttgaaccgaaatggegggottgatgggcatagagcagtgacgtagt
rybB (reverse) | cgc SEQ ID NO: 4

oBBI
omrA | 383 gattacacgagttgcgtaacaggagegatagcaaaataggttegatagetgaatgagtgacgtg
B (forward) | ¢ SEQ ID NO: 5

oBBI
omrA | 384 caaatctttegttacagtitgegaagegetgttgegattgtetgeatagageagigacgtagtcge
B (reverse) | SEQ ID NO: 6

oBBI

385 ctgaactctttgticcggggcgagtctgagtatatgaaagacgatagetgaatgagtgacgtge
micA | (forward) | SEQ ID NO: 7

oBBI

386 cgtggcttgcaaaacacgectgacccaaaagaaaaaggeatagageagigacgtagtcge
micA | (reverse) | SEQ ID NO: 8

oBBI

408 ctgaactcatcatgatataattaagaccatattttgcattgecacgatagetgaatgagtgacgty
invR (forward) | ¢ SEQ ID NO: 9

oBBI

409 ccaagtctgggaggccgtictttatcacaaataaaaaaageatagagcagtgacgtagtcge
invR (reverse) | SEQ ID NO: 10

[084] Following PCR amplification of the oBBI 92/93 neo template with a given primer
set, gel electrophoresis is performed using a 1% agarose gel in TBE, and the PCR fragment is
excised from the gel and purified using a BioRad Freeze’n Squeeze column according to
manufacturer’s recommendations (Hercules, CA). The linear knockout fragment containing
the neo gene is electroporated into arabinose-induced competent cells of S. enterica serovar
Typhimurium BSX 7 or BBS 209 containing the plasmid pKD46 encoding Lambda exo, bet,
and gam to facilitate recombination of the linear DNA fragment using the protocol described
in Datsenko and Wanner, Proc. Natl. Acad. Sci. USA 97:6640-6645 (2000). Kanamycin-
resistant transformants are screened by PCR to confirm the replacement of the target gene
with the neo gene. Gene knockout mutations are transferred to other S. enterica serovar
Typhimurium mutant strains using P22 high-transducing phage lysates grown on the
kanamycin-resistant donor strain. The oBBI 92/93 neo cassette contains FRT sequences for
enabling a FLP catalyzed deletion of neo (Bearson, et al., Microbes and Infection 10:807-816
(2008)). The plasmid pCP20, encoding FLLP recombinase, is transferred to the kanamycin-

resistant knockout mutants by transformation with purified plasmid from EBB 221 or P22
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phage transduction from BBS 120, and the recipient strains are grown at 30°C (Cherepanov

and Wackernagel, Gene 158:9-14 (1995)). The gene deletion mutants are constructed using

FLP recombinase to facilitate deletion of the neo gene followed by loss of the temperature-

sensitive pCP20 plasmid when the gene deletion mutant is grown at 37°C. Following strain

construction, bacterial strains are assigned BBS designations (see Table 2) and stored at -

80°C in stocking solution containing 0.9% saline and 15% glycerol.

Table 2
Parent
Strain Strain Genotype Phenotype  Notes
Transformation of
F- merA A(mrr-hsdRMS- SR Top10 with pCP20
mcrBC) Phi80lacZAM15 Can;R containing the FL.P
EBB 221 | TOP10 AlacX74 recAl araD139 ApR ’ recombinase for
Aara-leu)7697 galU galK rpsL. | 30003 deletion of antibiotic
(St endA1 nupG / pCP20 resistance gene flanked
by FRT sites
metA22 metE551 trpD?2 ilv-452
leu pto (leaky) hsdL.T6 hsdSA29 R o,
BSX 7 (TLTT222)971 hsdB strA120/ pKD46 araC bla ?5’0 é grow a 50°C: Lambda
oriR101 repAl01ts lambda red ara
(gam+ bet+ exo+)
S. enterica serovar R .
BSX 8 14232 Typhimurium Nal Wild-type
BSX7 | metA22 metESSI trpD2 ilv-452 g;nlfls‘;(c‘;loﬁg 1201;‘:1“
BBS 119 | [TT22971 | leu pto (leaky) hsdLT6 hsdSA29 37°C. cur égd vav KD46
(LT2)] hsdB strA120 ApS P :
Electroporation of BBS
119 with pCP20
BSX7 | metA22 metESSI upD2 ilv-452 | | x fgg‘gﬁﬁi;g&?l)
BBS 120 | [TT22971 | leu pto (leaky) hsdLT6 hsdSA29 35)0 C deletion of antibiotic
(LT2)] hsdB strA120 / pCP20 resistance gene flanked
by FRT sites, pCP20
from EBB 221
BSX7 | metA22 metESSI trpD2 ily-452 fﬁ:ﬁf;%ggiﬁ?ﬁgjmx
BBS 195 | [TT22971 | leu pto (leaky) hsdL.T6 hsdSA29 Kn® 7 with oBBI 189/190
(L'T2)] hsdB strAI20 rfaH::neo neo
metA22 metESSI trpD2 ilv-452 Electroporation of BBS
BSXT | leu pto (leaky) hsdLT6 hsdSA29 195 with
BBS 201 | [TT22971 | ¢4 pio (redly) NSaLro s Kn® Ap® | pBADoBBI193/194
(LT2)] hsdB strA120 rfaH::neo / (complements rfaH
pBADoBBI193/194 P “
mutation)
BBS 202 | BSX 8 rfaH::neo Nal® Kn® | Transduction of BSX 8
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(¥4232) with HT BBS 201
BSX 8 Nal® Ap® | Transduction of BSX 8
BBS 209 (X4232) pKD46 30°C with HT BSX 7
BSX7 | metA22 metESSI trpD2 ilv-452 Hecroporation o1
BBS 782 | [TT22971 | leu pto (leaky) hsdLT6 hsdSA29 | Kn® 7 with oBBI 378/379
(LT2)] | hsdB strA120 rybB::neo -~
BSX7 | metA22 metESSI trpD2 ily-452 fﬁ:ﬁf;%ggiﬁ?ﬁgjmx
BBS 786 | [TT22971 | leu pto (leaky) hsdLT6 hsdSA29 | Kn® 7 with oBBI 383/384
(LT2)] | hsdB strA120 omrAB::neo -~
BSX 8§ B R . R | Transduction of BSX 8
BBS 790 (14232) rybB::neo Nal™ Kn with T BBS 782
BSX 8§ R Transduction of BBS
BBS 805 (¥4232) ArybB Nal 790 with HT BBS 120
BSX 8§ . R . R | Transduction of BBS
BBS 811 (14232) ArybB omrAB::neo Nal™ Kn 805 with HT BBS 786
Electroporation of
BSX 8§ o R . R | arabinose induced BBS
BBS 814 | o 403y | micA:neo Nal"Kn™ | 509 with oBBI 385/386
neo
BSX 8§ R Transduction of BBS
BBS 8171 o3y | AvOB AomrAB Nal 811 with HT BBS 120
BSX 8§ C R ., R | Transduction of BBS
BBS 827 (14232) ArybB AomrAB micA::neo Nal™ Kn 817 with HT BBS 814
BSX 8 Electroporation of BBS
BBS 836 (14232) ArybB AomrAB AmicA Nal® 827 with pCP20 for
« deletion of neo gene
Electroporation of
BSX 8 R R . R | arabinose induced BBS
BBS 849 ) 4030y | ivR:ineo NalmKn™ | 509 with oBBI 408/409
neo
BSX 8 ArybB AomrAB AmicA R . R | Transduction of BBS
BBS 8571 0 4230) | invR::neo Nal"Kn™ | 36 with H'T BBS 849
BSX 8 Electroporation of BBS
BBS 860 (14232) ArybB AomrAB AmicA AinvR | Nal® 857 with pCP20 for
« deletion of neo gene
BBS 866 . . .
(NRRL BSX 8 ArybB AomrAB AmicA AinvR Nal® Kn® Transduction of BBS
B-50989) (x4232) rfaH::neo 860 with HT BBS 201
BBS Electroporation of BBS
1134 BSX 8 ArybB AomrAB AmicA AinvR Nal® 366 wit% CP20 for
(NRRL (14232) ArfaH deletion OI; neo gene
B-50990) 8

Nal® means nalidixic acid resistant.
Kn® means kanamycin resistant.

Ap® means ampicillin resistant.

Cam"® means chloramphenicol resistant.
Str® means streptomycin resistant.
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[085] As indicated in the Table 2, supra, many different novel, mutated S. enterica serovar
Typhimurium are generated, including bacteria with null mutations in one or more of the
following genes: rybB, omrA, omrB, micA, and invR. Further, bacteria are generated
containing an LLPS production mutation (null mutation in rfaH) in combination with null
mutations in one or more of the following genes: rybB, omrA, omrB, micA, and invR. Some
of the bacteria described in Table 2 possess the kanamycin resistance gene and/or nalidixic
acid resistance gene. Bacteria containing the same mutations in LPS production mutation
(null mutation in rfaH) in combination with null mutations in one or more of rybB, omrA,
omrB, micA, and invR, but lacking the kanamycin resistance gene are generated. The S.
enterica serovar Typhimurium strain BBS 1134 is a derivative of strain BBS 866 with a
deletion of the reo gene inserted in rfaH. Thus, with only a deletion of the neo gene, one of
ordinary skill in the art would expect that strain BBS 1134 has the same efficacy as strain

BBS 866 in swine, turkey and other animals.

Example 2 Live, attenuated mutants of S. enferica serovar Typhimurium cross-protect swine

against S. enterica serovar Choleraesuis infections

[086] At three-weeks of age, piglets receive intranasal administration of 1 ml of PBS
(mock-vaccinated) or PBS containing 1.0 X 10° cfu of live attenuated S. enterica serovar
Typhimurium strains BBS 202 (rfaH::neo, single mutant, vaccinated) or BBS 866 (ArybB
AomrAB AmicA AinvR rfaH::neo, quintuple mutant, vaccination). The rectal temperature is
monitored at 0, 1, 2, 3, and 7 days following vaccination. As shown in Figure 1, vaccination
of swine with either BBS 202 or BBS 866 mutants does not induce a significant increase in
the swine rectal temperature compared to mock-vaccinated swine. In Figure 1, “a” indicates

significance compared to mock-vaccinated swine.

[087] At seven-weeks of age all pigs are intranasally challenged with 1 ml of PBS
containing 1 X 10° cfu of wild-type S. enterica serovar Choleraesuis. The rectal temperature
is monitored at 0, 1, 2, 3, and 7 days following challenge. As seen in Figure 2, a significant
increase in the rectal temperature is observed for both mock-vaccinated (P= 0.0002) and the
BBS 202 vaccinated (P=0.0123) swine at day 1 post-challenge compared to day 0; a
significant increase in rectal temperature is not observed in the BBS 866 vaccinated pigs. In

Figure 2, “a” indicates significance compared to mock-vaccinated swine, and “b” indicates
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significance compared to BBS 202 vaccinated swine A significantly lower swine rectal
temperature is seen at day 1 post-challenge for the BBS 866 vaccinated swine compared to
both mock-vaccinated (P<0.01) and the BBS 202 vaccinated (P < 0.05) swine. At day 3 post-
challenge, the swine rectal temperature is significantly reduced in the BBS 866 vaccinated
swine compared to the mock-vaccinated (P < 0.05) swine. At 7 days post-challenge, a
significantly lower swine rectal temperature is observed for both the BBS 202 (P<0.001) and
BBS 866 (P<0.001) vaccinated pigs compared to the mock-vaccinated swine. Furthermore, a
significant increase in the rectal temperature is observed for mock-vaccinated swine (P<
0.0001) at day 7 post-challenge compared to day 0; however, a significant increase is not
observed in either the BBS 202 vaccinated or the BBS 866 vaccinated pigs for this

comparison.

[088] Following vaccination with either BBS 202 or BBS 866 and then challenged, blood
cultures are negative for S. enterica serovar Choleraesuis at day 1 but culture-positive at days
2, 3, and 7 post-inoculation for a subset of pigs. The blood culture results are analyzed in
several ways including: a) the cumulative number of positive blood cultures over several
days, b) the number of positive blood cultures at 7 days post-inoculation, and c) the
cumulative number of blood culture-positive pigs over time. Cumulative blood culture
results for days 2, 3, and 7 post-challenge indicate a significantly higher quantity (24 vs 11
and 7, respectively) of positive-blood cultures comparing mock-vaccinated to both the BBS
202 (P=0.0014) and BBS 866 (P < 0.0001) vaccinated pigs. See Figure 3A, where “a”
indicates significance compared to mock-vaccinated swine. Analysis of blood culture results
at the termination of the vaccine trial (7 days post- challenge) indicates that both the BBS 202
vaccinated swine (P=0.0198) and the BBS 866 vaccinated pigs (P=0.0055) have a
significantly lower quantity (3 and 2 vs. 9, respectively) of positive-blood cultures compared
to mock-vaccinated pigs. See Figure 3B, where “a” indicates significance compared to
mock-vaccinated swine. Analysis of the number of pigs in each group that are blood culture-
positive at any time indicates that the cumulative number of blood culture positive pigs is
significantly different comparing mock-vaccinated to BBS 866 (P=0.0108) vaccinated pigs.
At days 2, 3, or 7 post-challenge, a total of four pigs are culture-positive in the BBS 866
vaccinated group but all ten swine in the mock-vaccinated group are positive a minimum of
at least one day. See Figure 3C where “a” indicates significance compared to mock-

vaccinated swine.
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[089] At day 7 post-challenge the S. enterica serovar Choleraesuis cfu/g of liver tissue is
significantly lower in both the BBS 202 (P=0.0051) and the BBS 866 (P=0.0023) vaccinated
pigs compared to mock-vaccinated pigs. See Figure 4 where “a” indicates significance

compared to mock-vaccinated swine.

[090] At day 7 post-challenge the S. enterica serovar Choleraesuis cfu/g of spleen tissue is
significantly lower in both the BBS 202 (P=0.0030) and BBS 866 (P=0.0015) vaccinated
swine compared to mock-vaccinated pigs. See Figure SA where “a” indicates significance
compared to mock-vaccinated swine. At day 7 post-challenge the S. enterica serovar
Choleraesuis cfu/g of Peyer’s Patch tissue is significantly lower in both the BBS 202
(P=0.0093) and BBS 866 (P=0.0041) vaccinated pigs compared to mock-vaccinated pigs.
See Pigure 5B where “a” indicates significance compared to mock-vaccinated swine. At day
7 post-challenge the S. enterica serovar Choleraesuis cfu/g of ileocecal lymph node (ICLN)
tissue is significantly lower in both the BBS 202 (P=0.0045) and BBS 866 (P=0.0021)
vaccinated pigs compared to mock-vaccinated swine. See Figure 5C where “a” indicates
significance compared to mock-vaccinated swine. At day 7 post-challenge the S. enterica
serovar Choleraesuis cfu/g of tonsil tissue is significantly lower in both the BBS 202
(P=0.0390) and BBS 866 (P=0.0060) vaccinated swine compared to mock-vaccinated pigs.

See Figure 5D where “a” indicates significance compared to mock-vaccinated swine.

[091] At day 7 post-challenge, the S. enterica serovar Choleraesuis cfu/g in cecum tissue is
significantly lower in both the BBS 202 (P=0.0028) and BBS 866 (P=0.0129) vaccinated pigs
compared to mock-vaccinated pigs. See Figure 6A where “a” indicates significance
compared to mock-vaccinated swine. At day 7 post-inoculation the S. enterica serovar
Choleraesuis cfu/g of cecal contents is significantly lower in both the BBS 202 (P=0.0042)
and BBS 866 (P=0.0274) vaccinated swine compared to mock-vaccinated pigs. See Figure

6B where “a” indicates significance compared to mock-vaccinated swine.

[092] A Thl immune response is generated against viral and intracellular bacterial
pathogens and is characterized by production of the cytokine interferon-gamma (IFNy).
Analysis of serum IFNy levels in S. enterica serovar Choleraesuis challenged swine indicates
a significantly lower IFNy level in the BBS 866 vaccinated pigs compared to mock-
vaccinated swine at days 3 and 7 post-inoculation (P=0.0345 and P=0.0035, respectively).

See Pigure 7 where “a” indicates significance compared to mock-vaccinated swine.
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Example 3 Live, attenuated S. enterica serovar Typhimurium mutants reduce carriage in

swine and are a DIVA vaccine

[093] Piglets for the BBS 866 vaccine trial with S. enterica serovar Choleraesuis challenge
are the offspring from four sows. These sows are screened prior to farrowing, and it is
determined that they are not shedding Sa/monella in their feces. However, serological
analysis of sow serum using the IDEXX Swine Salmonella Ab Test (Westbrook, Maine)
indicates that 3 of the 4 sows are positive for antibodies to Salmonelia LPS. Upon screening
at three-weeks of age, a subset of piglets (from the three Salmonella-antibody-positive sows)
in both the BBS 866-vaccinated and mock-vaccinated groups are positive for antibodies to
Salmonella 1.PS. This screening corresponds to the day of initial BBS 866 vaccination and
mock vaccination (28 days prior to challenge). Over a 4-week period, the number of pigs
with serum containing antibodies to Salmonella 1LPS decline in both BBS 866-vaccinated and
mock-vaccinated pigs. These results suggest that the initial detection of antibodies to
Salmonella 1PS in piglet serum is caused by maternal antibodies that wane until the day of S.
enterica serovar Choleraesuis challenge. Furthermore, vaccination of pigs with BBS 866 (-
28 days prior to challenge) does not induce an antibody response against LPS derived from
Salmonella serogroups B (includes S. enterica serovar Typhimurium), C1 (includes S.
enterica serovar Choleraesuis), and D present in the IDEXX Swine Salmonella Ab Test. This
methodology is utilized especially in Furope to screen swine herds for the prevalence of the
most common Salmonella spp. Thus, vaccination with BBS 866 does not interfere with the
monitoring for herd level prevalence of Salmonella spp. Based on these results, the BBS 866
vaccine strain is a DIVA (Differentiation of Infected from Vaccinated Animals) that can be
used to induce immune cross-protection to reduce disease severity caused by Salmonella spp.
At day 7 post-challenge with wild-type S. enterica serovar Choleraesuis, serum from 80% of
BBS 866-vaccinated and 80% of mock-vaccinated pigs are positive in the IDEXX Swine
Salmonella Ab Test. These results demonstrate that greater than one-half of the pigs without
maternal antibodies to Salmonella 1LPS are able to induce an immune response to the LPS

antigen(s) present on S. enferica serovar Choleraesuis following challenge. See Figure 8.

Example 4 Live, attenuated S. enterica serovar Typhimurium mutants protect swine against

wild-type S. enterica serovar Typhimurium infections and reduce colonization
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[094] At four-weeks of age, piglets receive an intranasal administration of 1 ml of PBS
(mock-vaccinated) or PBS containing 1.0 X 10" cfu of a live attenuated S. enterica serovar
Typhimurium strain BBS 866 (ArybB AomrAB AmicA AinvR rfaH::neo, quintuple mutant,
vaccination). Two weeks later, piglets receive a booster of either PBS or PBS containing 4.0
X 10° cfu of BBS 866. At nine-weeks of age, all pigs are intranasally challenged with 1 ml
of PBS containing 2 X 10% cfu of SB 377, a virulent . enterica serovar Typhimurium UK1
strain (previously inoculated into a pig and re-isolated from the ileocecal lymph node 7 days
after challenge). The rectal temperature is monitored at 0, 1, 2, 3, and 7 days following
challenge. As seen in Fligure 9, a significantly lower swine rectal temperature is seen at days
1, 2, and 3 post-challenge for the BBS 866 vaccinated swine compared to mock-vaccinated

swine (P< 0.0001, P< 0.0001, and P= 0.0057, respectively).

[095] As seen in Figure 10, analysis of plasma IFNy levels in S. enterica serovar
Typhimurium challenged swine indicates a significantly lower IFNy level in the BBS 866
vaccinated pigs compared to mock-vaccinated swine at days 1, 2, 3, and 7 post-challenge (P=
0.0003, P< 0.0001, P= 0.0002, and P=0.0017, respectively) (where “a” indicates significant

difference between mock vaccinated and BBS 866 vaccinated pigs).

[096] Fecal shedding of S. enterica serovar Typhimurium is significantly lower at days 2, 3,
and 7 post-challenge in BBS 866 vaccinated pigs compared to mock-vaccinated swine (P<
0.0001, P=0.0011, and P=0.0047, respectively). See Figure 11 where “a” indicates
significant difference between mock vaccinated and BBS 866 vaccinated pigs. At day 7 post-
challenge, fecal samples from 7 of 10 pigs vaccinated with BBS 866 are below the
quantifiable level of detection for S. enterica serovar Typhimurium (but enrichment positive)

compared with only 2 of 10 samples from mock-vaccinated pigs (P= 0.0349).

[097] At day 7 post-challenge, the S. enterica serovar Typhimurium cfu/g of Peyer’s Patch
tissue is significantly lower in BBS 866 vaccinated pigs compared to mock-vaccinated pigs
(P=0.0081). See Figure 12, where “a” indicates significant difference between mock
vaccinated and BBS 866 vaccinated pigs. Furthermore, Peyer’s Patch tissues from 7 of 10
pigs vaccinated with BBS 866 are below the quantifiable level of detection for S. enterica
serovar Typhimurium (2 enrichment negative and 5 enrichment positive) compared with all

10 samples of the mock-vaccinated pigs that are quantifiable (P= 0.0015).
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[098] At day 7 post-challenge, the S. enterica serovar Typhimurium cfu/g of ileocecal
Iymph node (ICLN) tissue is significantly lower in BBS 866 vaccinated pigs compared to
mock-vaccinated swine (P=0.0003). See Iligure 13, where “a” indicates significant difference
between mock vaccinated and BBS 866 vaccinated pigs. Purthermore, ICLN tissues from 4
of 10 pigs vaccinated with BBS 866 are negative for S. enterica serovar Typhimurium

compared to all 10 samples of the mock-vaccinated pigs that are quantifiable (P= 0.0433).

[099] At day 7 post-challenge, the S. enterica serovar Typhimurium cfu/g in cecum tissue is
significantly lower in BBS 866 vaccinated pigs compared to mock-vaccinated pigs (P=
0.0006). See Figure 14, where “a” indicates significant difference between mock vaccinated
and BBS 866 vaccinated pigs. Furthermore, cecum tissues from 6 of 10 pigs vaccinated with
BBS 866 are negative for S. enterica serovar Typhimurium compared with only 1 of 10
samples from mock-vaccinated pigs (P=0.0286). At day 7 post-challenge, the S. enterica
serovar Typhimurium cfu/g of cecal contents is significantly lower in BBS 866 vaccinated
swine compared to mock-vaccinated pigs (P=0.0016). See Figure 15, where “a” indicates

significant difference between mock vaccinated and BBS 866 vaccinated pigs.

[0100] Piglets for the BBS 866 vaccine trial with S. enterica serovar Typhimurium challenge
are the offspring from four sows. These sows are screened prior to farrowing and are
determined to not be shedding Salmonella in their feces. However, serological analysis of
sow serum using the IDEXX Swine Salmonella Ab Test (Westbrook, Maine) indicates that 3
of the 4 sows are positive for antibodies to Salmonellia LPS. Upon screening at four-weeks of
age (day of vaccination), a subset of piglets (from the three Salmonella-antibody-positive
sows) are positive for antibodies to Sa/monella 1LPS. This screening corresponds to the day
of initial BBS 866 vaccination and mock vaccination. Over a 5-week period, the number of
pigs with plasma containing antibodies to Salmonella 1LPS declines in both BBS 866-
vaccinated and mock-vaccinated pigs. These results suggest that the initial detection of
antibodies to Salmonella 1LPS in piglet plasma is caused by maternal antibodies that wane
until the day of S. enterica serovar Typhimurium challenge. Furthermore, vaccination of pigs
with 2 doses of BBS 866 (at -35 and -21 days prior to challenge) does not induce an antibody
response against LLPS derived from Salmonella serogroups B (includes S. enterica serovar
Typhimurium), C1, and D present in the IDEXX Swine Salmonella Ab Test. As discussed
above, this methodology is utilized especially in Europe to screen swine herds for the

prevalence of the most common Salmonella spp. Thus, vaccination with BBS 866 does not
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interfere with the monitoring for herd level prevalence of Salmonella spp. Based on these
results, the BBS 866 vaccine strain is a DIVA (Differentiation of Infected from Vaccinated
Animals) and can be used to reduce gastrointestinal colonization, pathogen fecal shedding
and disease severity caused by Salmonella spp. At day 7 post-challenge with wild-type S.
enterica serovar Typhimurium (SB 377), plasma from 90% of BBS 866-vaccinated and 70%
of mock-vaccinated pigs are positive in the IDEXX Swine Sa/monella Ab Test (see Figure
16). These results demonstrate that most of the pigs do not have antibodies to Salmonella
LPS just prior to challenge, but most of the pigs are able to induce an immune response to the
LPS antigen(s) present on the virulent S. enterica serovar Typhimurium strain following

challenge.

Example 5 Live, attenuated S. enterica serovar Typhimurium mutants protect turkeys against

S. enterica serovar Typhimurium challenge

[0101] At two-days of age, turkey poults receive an oral gavage of 500 ul of PBS (mock-
vaccinated) or PBS containing 4 X 108 cfu of the live, attenuated S. enterica serovar
Typhimurium strain BBS 866. At 2-weeks of age, poults receive a 1 ml booster of either
PBS or PBS containing 1 X 10° cfu of BBS 866. At 5-weeks of age all turkeys are
challenged via oral gavage with 5 X 10° cfu of SB 391, a wild-type S. enterica serovar
Typhimurium UKI1 strain (previously inoculated into a turkey and re-isolated from the ceca 7
days after challenge). Seven days after challenge, necropsies are performed on both mock-
vaccinated and BBS 866 vaccinated turkeys that had been challenged with S. enterica serovar

Typhimurium UKI1, and their spleen and cloaca are harvested for examination.

[0102] Bacterial isolation of Salmonella from spleen tissue indicates systemic infection. At
day 7 post-challenge with S. enterica serovar Typhimurium UK1, the number of turkeys that
are positive for S. enterica serovar Typhimurium isolation from the spleen is significantly
lower in BBS 866 vaccinated turkeys compared to mock-vaccinated turkeys (P=0.0019). See
Figure 17 where “a” indicates significance compared to mock-vaccinated turkeys. At day 7
post-challenge the S. enterica serovar Typhimurium cfu/g of spleen tissue is significantly
decreased in BBS 866 vaccinated turkeys compared to mock-vaccinated turkeys (P=0.0001).
See Pigure 18 where “a” indicates significance compared to mock-vaccinated turkeys.
Bacterial isolation of Salmonella from cloaca tissue indicates gastrointestinal colonization.

At day 7 post-challenge, the S. enterica serovar Typhimurium cfu/g of cloaca tissue is
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significantly lower in BBS 866 vaccinated turkeys compared to mock-vaccinated turkeys
(P=0.0404). See Figure 19 where “a” indicates significance compared to mock-vaccinated
turkeys. This data demonstrates that BBS 866 protects turkeys from systemic infection and

gastrointestinal colonization by S. enterica serovar Typhimurium that infects turkeys.

Example 6 Live, attenuated S. enterica serovar Typhimurium mutants cross-protect turkeys

against S. enterica serovar Heidelberg challenge

[0103] At two-days of age, turkey poults receive an oral gavage of 500 pl of PBS (mock-
vaccinated) or PBS containing 4 X 10% cfu of the live attenuated S. enterica serovar
Typhimurium strain BBS 866. At 2-weeks of age, poults receive a 1 ml booster of either
PBS or PBS containing 1 X 10° cfu of BBS 866. At 5-weeks of age all turkeys are
challenged via oral gavage with 1 X 10° cfu of SB 392, a multidrug-resistant S. enterica
serovar Heidelberg strain (previously inoculated into a turkey and re-isolated from the ceca 7
days after challenge). Seven days after challenge, necropsies are performed on both mock-
vaccinated and BBS 866 vaccinated turkeys that had been challenged with S. enterica serovar

Heidelberg, and their spleen and ceca are harvested for examination.

[0104] Bacterial isolation of Salmonella from spleen tissue indicates systemic infection. At
day 7 post-challenge with §. enterica serovar Heidelberg, the number of turkeys that are
positive for S. enterica serovar Heidelberg isolation from the spleen is significantly lower in
BBS 866 vaccinated turkeys compared to mock-vaccinated turkeys (P=0.0019). See Figure
20 where “a” indicates significance compared to mock-vaccinated turkeys. At day 7 post-
challenge, the S. enferica serovar Heidelberg cfu/g of spleen tissue is significantly decreased
in BBS 866 vaccinated turkeys compared to mock-vaccinated turkeys (P=0.0002). See Figure
21 where “a” indicates significance compared to mock-vaccinated turkeys. Bacterial
isolation of Salmonella from ceca tissue indicates gastrointestinal colonization. At day 7
post-challenge, the S. enterica serovar Heidelberg cfu/g of ceca tissue is significantly lower
in BBS 866 vaccinated turkeys compared to mock-vaccinated turkeys (P=0.0149). See Figure
22 where “a” indicates significance compared to mock-vaccinated turkeys. This data
demonstrates that BBS 866 generates cross-protection in turkeys from systemic infection and

gastrointestinal colonization by S. enterica serovar Heidelberg.
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[0105] The terms “approximately” and “about” refers to a quantity, level, value or amount
that varies by as much as 30%, or in another embodiment by as much as 20%, and in a third
embodiment by as much as 10% to a reference quantity, level, value or amount. As used
herein, the singular form “a”, “an”, and “the” include plural references unless the context
clearly dictates otherwise. For example, the term “a bacterium” includes both a single

bacterium and a plurality of bacteria.

[0106] Many modifications and other embodiments of the inventions set forth herein will
come to mind to one skilled in the art to which these inventions pertain having the benefit of
the teachings presented in the foregoing descriptions and the associated drawings. Therefore,
it is to be understood that the inventions are not to be limited to the specific embodiments
disclosed and that modifications and other embodiments are intended to be included within
the scope of the appended claims. Although specific terms are employed herein, they are used
in a generic and descriptive sense only and not for purposes of limitation. All documents

cited herein are incorporated by reference.
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CLAIMS

We the inventors claim:

1. A novel, mutated Salmonella enterica serovar Typhimurium comprising at least one
mutation in at least one gene involved in LPS synthesis and at least one mutation in at least

one sRNA gene selected from the group consisting of rybB, micA, omrA, omrB, and invR.

2. The novel mutated S. enterica serovar Typhimurium of Claim 1 wherein said at least one

mutation in at least one SRNA gene is a null mutation in omrA and omrB.

3. The novel mutated S. enterica serovar Typhimurium of Claim 1 wherein said at least one
mutation in at least one gene involved in LPS synthesis is a null mutation in rfaH; and
wherein said at least one mutation in at least one sSRNA gene is a null mutation in omrA and

omrB.

4. The novel, mutated S. enterica serovar Typhimurium of Claim 1 wherein said at least one
mutation in at least one gene involved in LPS synthesis is a null mutation in rfaH, and
wherein said at least one mutation in at least one SRNA gene is a null mutation in rybB, micA,

omrA, omrB, and invR.

5. The novel, mutated S. enterica serovar Typhimurium of Claim 4 wherein said S. enterica
serovar Typhimurium is strain BBS 866 (Patent Deposit Accession No.: NRRL-50989) or
strain BBS 1134 (Patent Deposit Accession No.: NRRL-50990).

6. The novel, mutated S. enterica serovar Typhimurium of Claims 1, 4, and 5 wherein said

novel, mutated S. enterica serovar Typhimurium is attenuated or inactivated.

7. An immunogenic composition comprising the novel, mutated S. enterica serovar
Typhimurium of Claims 1, 4, 5, and 6; a bacterial ghost of said S. enterica serovar
Typhimurium; or a membrane fraction of said S. enterica serovar Typhimurium; and a

pharmaceutically acceptable carrier or diluent.

8. The immunogenic composition of Claim 7 further comprising an adjuvant.
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9. A method of inducing an immune response in an animal to S. enterica comprising
administering to said animal an immunologically effective amount of the novel, mutated S.
enterica serovar Typhimurium of Claims 1, 4, 5, and 6; a bacterial ghost of said S. enterica

serovar Typhimurium; or a membrane fraction of said S. enterica serovar Typhimurium.

10. The method of Claim 9 wherein said at least one mutation in at least one gene involved
in LPS synthesis is a null mutation in rfaH; and wherein said at least one mutation in at least

one sRNA gene is a null mutation in omrA and omrB.

11. The method of Claims 9 and 10 further comprising administering an adjuvant.

12. The method of Claims 9, 10, and 11 wherein said novel, mutated S. enterica serovar

Typhimurium is attenuated or inactivated.

13. A method of preventing or treating a disease caused by S. enterica in an animal
comprising administering to said animal an immunologically effective amount of the

immunogenic composition of Claims 7 and 8§.

14. A method of reducing an animal’s carriage of S. enterica comprising administering to
said animal an immunologically effective amount of the novel mutated S. enterica serovar
Typhimurium of Claims 1, 4, 5, and 6; a bacterial ghost of said S. enterica serovar

Typhimurium; or a membrane fraction of said S. enterica serovar Typhimurium.

15. A method of preventing S. enterica colonization of an animal comprising administering
to said animal an immunologically effective amount of the immunogenic composition of

Claims 7 and 8.

16. A kit comprising an antigen selected from the group consisting of a novel, mutated S.
enterica serovar Typhimurium, a bacterial ghost of said S. enferica serovar Typhimurium,
and a membrane fraction of said S. enterica serovar Typhimurium; a pharmaceutically
acceptable carrier or diluent; instructions for use; and optionally an adjuvant, wherein said

novel, mutated S. enterica serovar Typhimurium comprises at least one mutation in at least
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one gene involved in LPS synthesis and at least one mutation in at least one SRNA gene

selected from the group consisting of rybB, micA, omrA, omrB, and invR.

17. The kit of Claim 16 wherein said at least one mutation in at least one gene involved in
LPS synthesis is a null mutation in rfaH, and wherein said at least one mutation in at least

one sRNA gene is a null mutation in rybB, micA, omrA, omrB, and invR.

18. The kit of Claims 16 and 17 wherein said mutated S. enterica serovar Typhimurium is

attenuated or inactivated.

19. The kit of Claims 16, 17, and 18 wherein said mutated S. enterica serovar Typhimurium
is strain BBS 866 (Patent Deposit Accession Number NRRL B-50989) or strain BBS 1134
(Patent Deposit Accession Number NRRL B-50990).

20. A novel, mutated S. enterica serovar Typhimurium comprising a null mutation in omrA

and omrB.

21. The novel, mutated S. enterica serovar Typhimurium of Claim 20 further comprising a

null mutation in rybB.

22. The novel, mutated S. enterica serovar Typhimurium of Claim 21 further comprising a

null mutation in micA.

23. The novel, mutated §. enterica serovar Typhimurium of Claim 22 further comprising a

null mutation in invRk.

24. The novel, mutated S. enterica serovar Typhimurium of Claim 23 wherein said S.
enterica serovar Typhimurium is strain BBS 866 (Patent Deposit Accession Number NRRL

B-50989) or strain BBS 1134 (Patent Deposit Accession Number NRRL B-50990).

25. An immunogenic composition comprising the novel, mutated S. enterica serovar

Typhimurium of Claims 20-24 and a pharmaceutically acceptable carrier or diluent.

26. The immunogenic composition of Claims 25 further comprising an adjuvant.
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27. An immunogenic composition comprising an antigen selected from the group consisting
of a novel, mutated S. enferica serovar Typhimurium, a bacterial ghost of said S. enterica
serovar Typhimurium; or a membrane fraction of said S. enterica serovar Typhimurium; a
pharmaceutically acceptable carrier or diluent; and optionally an adjuvant, wherein said
novel, mutated S. enterica serovar Typhimurium comprises a null mutation in rfaH, omrA,

and omrB.

28. The immunogenic composition of Claim 27 wherein said novel, mutated S. enterica

serovar Typhimurium is attenuated or inactivated.

29. A method of preventing or treating a disease caused by S. enferica in an animal

comprising administering to said animal the immunogenic composition of Claims 25-28.

30. The method of Claim 29 wherein said novel, mutated S. enterica serovar Typhimurium

of said immunogenic composition further comprises a null mutation in rybB, micA, and invR.
31. A method for preventing or reducing transmission of S. enterica from a first animal to a

second animal comprising administering to said first animal an immunologically effective

amount of the novel, mutated S. enterica serovar Typhimurium of Claims 20-24.

44



PCT/US2014/072486

WO 2015/103104

Figure 1

Mock
BBS 202
BBS 866

N
N
N
Q
NN

3
N

2 ix -~

Wy

Vaccination

ML 15 -©
) |} ] L)
- Q o)) o) [
<+ < ) ] )

(D,) ainesadwa] [eoay

Rectal Temperature following S. Typhimurium

Days Post-vaccination

1/16



PCT/US2014/072486

WO 2015/103104

Figure 2

Mock
BBS 202
BBS 866

Ry

[
-
W

©
© 5

PN vy
%Y % i

LAY -
YX

¥ < &)
Ve s s -O

L) 1) ) |} ]
O a4 - O o
S ¥ < F o &

(D,) ainlesadwa] jejoay

7
G

7
2

®
R
N
W
L]
7

=

A

=

Challenge

Rectal Temperature following S. Choleraesuis

Days Post-challenge

2/16



WO 2015/103104

Figure 3A

PCT/US2014/072486

Cumulative Blood Culture Results for Days
2, 3, & 7 Post-challenge

30+

Number of Samples (h=30)

Figure 3B

a

Mock BBS 202

Vaccination

BBS 866

a

Bl BC Positive
BC Negative

Blood Culture Results at Day 7 Post-challenge

104

=10)

# of Blood Culture Positive
Pigs (n

BBS 202
Vaccination

3/16

BBS 866

Hl BC Positive



WO 2015/103104 PCT/US2014/072486

Figure 3C
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Figure 4
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Figure SA
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Figure 5C
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Figure 6A
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Figure 10

IFNy Levels following S. Typhimurium
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Figure 11

Fecal Shedding following S. Typhimurium
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Peyer's Patch-associated S.T. at
7 Days Post-challenge
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Figure 13

ICLN-associated S.T. at 7 Days
Post-challenge
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Figure 14
Cecum-associated S.T. at 7 Days
Post-challenge
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Figure 15

S.T. in Cecal Contents at 7 Days
Post-challenge

— 5-
e
S §§§\§ a
S5 17
5
0 T Ny
Mock BBS 866
Vaccination
Figure 16
Salmonella Serology prior to and
following S.T. Challenge
100+
2 ., Il Mock
g : = ;
= 80- Waning maternal Abs \ BBS 866
: |
:%a 60- §
o \
;5 40- §
a 20+ \
. .
R o o

-35 -21 0 7
Days Prior to and Post-challenge

13/16



WO 2015/103104

Figure 17
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S. Typhimurium Isolation from the Spleen
at 7 Days Post-challenge
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Figure 19

Cloaca-associated S.T. at 7 Days

Post-challenge
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Figure 20
S. Heidelberg Isolation from the Spleen
at 7 Days Post-challenge
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Figure 21
Spleen-associated S.H. at 7 Days
Post-challenge
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Ceca-associated S.H. at 7 Days

Post-challenge
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