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1
CONTROLLED RELEASE VACCINES AND
METHODS OF TREATING BRUCELLA
DISEASES AND DISORDERS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This claims priority to, and is a continuation under 35
U.S.C. § 120 of, pending non-provisional application U.S.
Ser. No. 13/269,382, filed Oct. 7, 2011, which claims benefit
under 35 U.S.C. § 119(e) of U.S. Provisional Patent Appli-
cation No. 61/390,705 filed on Oct. 7, 2010 and entitled
“Controlled Release Vaccines and Methods of Treating
Brucella Diseases and Disorders” the entire contents of
which are incorporated herein by reference.

STATEMENT OF FEDERALLY FUNDED
RESEARCH

This invention was made with U.S. Government support
under Contract No. W81XWH-07-1-0304 from the Depart-
ment of Defense (DOD), US Army Medical Research and
Material Command, Contract Nos. 1U54AI057156-0100,
R41 AI068252-01A2, and T32-0200016, from the National
Institutes of Health (NIH), and Contract Nos. 99-35204-
7550 and 2002-38420-5806, from the United State Depart-
ment of Agriculture. The government has certain rights in
this invention.

TECHNICAL FIELD OF THE INVENTION

The present invention relates in general to methods and
compositions for the treatment of Brucella induced diseases
and disorders. In preferred embodiments, the invention
relates to vaccines. In additional embodiments, the invention
relates to formulations capable of releasing said live vac-
cines at a controlled rate of release in vivo. In further
embodiments, the invention relates to modified strains of the
bacteria Brucella melitensis, and Brucella abortus either to
reduce virulence or to provide a diagnostic marker. In still
further embodiments, the invention relates to compositions
that do not induce clinical symptoms or splenomegaly in a
subject receiving said compositions.

REFERENCE TO A SEQUENCE LISTING

The present application includes a Sequence Listing filed
separately as required by 37 CFR 1.821-1.825.

BACKGROUND OF THE INVENTION

Without limiting the scope of the invention, its back-
ground is described in connection with controlled release
vaccines and use of Brucella strains in vaccine manufactur-
ing.

Andrews and Lowry have described compositions and
methods for the diagnosis and prevention of B. abortus
infection in U.S. Patent Application Publication No. 2011/
0177127. The invention describes a method of detecting a
Brucella abortus infection in an animal, comprising the
steps of: a) obtaining a biological sample from said animal;
and b) detecting the presence of at least one antibody
immunologically specific for at least one Brucella abortus
protein, wherein the presence of antibodies to the Brucella
abortus protein indicates a Brucella abortus infection in said
animal.
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At present, no human brucellosis vaccine is available
even though Brucella species are isolated from 86 countries,
with 500,000 new cases of brucellosis appearing each year
throughout Latin America, the Mediterranean littoral, Ara-
bian peninsula, Africa, central Asia and the Far East (WHO,
2006); as a result, prevention of human brucellosis has
focused upon the reduction in animal disease. The animal
vaccine strains employed today are fortuitous isolates
attenuated in ability to cause abortion due to reduced rep-
lication in reproductive tissues. The attenuation of these
mutants does not extend to reticuloendothelial disease
observed in mice and in humans, except in the case of the
rough strain RB51. The lack of genetic definition of fortu-
itous isolates limits the usefulness of vaccine strains, pre-
venting complete description of their stability, and warrants
caution when applied to human use as disclosed in Sangari
et al (1998) Vaccine 16, 1640-5 and Schurig et al (1991) Ver.
Microbiol. 28, 171-88. Of the currently available vaccine
strains, only B. abortus S19 and B. melitensis Revl have
been tested in humans as provided for in Spink et al. Bul/
World Health Organ (1962) 26, 409-19 and Spink &
Thompson (1953) JAMA 153, 1162-1165, which are hereby
incorporated by reference. Revl was found to be highly
unsuitable with 2/3 of the “volunteers” exhibiting symptoms
of disease and colonization by the organism. However, a
subculture of S19 referred to as 19-BA provided results that
are more palatable. Only two volunteers (12%) exhibited
symptoms of disease, and the organism was isolated from
one of these volunteers. 19-BA was originally used to
vaccinate at least 3 million people in the Soviet Union as
described in Vershilova Bull World Health Organ (1961) 24,
85-9. These investigators concluded that there were more
problems due to hypersensitivity than to persistence of the
organism. Eight percent complained of headache and mal-
aise, and 2% showed signs of febrile illness. Clearly, a
vaccine with this much side effect would not be and should
not be tolerated given our current state of knowledge. Given
the potential threat this organism poses, there is a need to
develop a better human vaccine.

One such example of a live vaccine against brucellosis is
described in U.S. Pat. No. 7,541,447 issued to Ugalde et al.
(2009). The Ugalde invention comprises a live vaccine for
immunization, prophylaxis or treatment of brucellosis com-
prising a bacterium modified by partial or complete deletion
of the pgm gene, rendering the bacterium incapable of
synthesizing a key enzyme in the metabolism of bacterial
sugars. The vaccine of the *447 patent discloses nucleotide
sequence fragments having the aforementioned deletion and
is either lyophilized or is in a pharmaceutical vehicle.

SUMMARY OF THE INVENTION

The present invention relates to methods and composi-
tions for the treatment of Brucella induced diseases and
disorders. In preferred embodiments, the invention relates to
vaccines. In additional embodiments, the invention relates to
formulations capable of releasing said live vaccines at a
controlled rate of release in vivo. In further embodiments,
the invention relates to modified strains of the bacteria
Brucella melitensis, and Brucella abortus either to reduce
virulence or to provide a diagnostic marker. In still further
embodiments, the invention relates to compositions that do
not induce clinical symptoms and splenomegaly in a subject
receiving said compositions.

The present invention in one embodiment discloses a
vaccine composition comprising: (i) a Brucella strain com-
prising one or more attenuating gene knockouts and further
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comprising a diagnostic gene knockout and (ii) an encap-
sulating agent comprising vitelline protein B capable of
releasing the Brucella strain at a predetermined rate. In one
aspect the composition disclosed hereinabove comprises an
optional adjuvant or a pharmaceutically acceptable carrier.
In another aspect the encapsulating agent is an alginate bead
or a microsphere. In yet another aspect the Brucella strain is
selected from the group consisting of Brucella melitensis
and Brucella abortus. In a related aspect the Brucella
abortus is a Brucella abortus S19 strain.

In another aspect the attenuating gene knockout is
selected from the group consisting of AvjbR, AmucR,
AmanB/A, Aasp24, AvirBl, AvirB2, AvirB3, AvirB4,
AvirBS, AvirB6, AvirB7, AvirB8, AvirB9, AvirB10, and
AvirB11. In another aspect said diagnostic gene knockout
comprises a differentiation of infected animals from vacci-
nated animals (DIVA) mutant that includes AvirB12,
Abcesp31, and Aasp24. In yet another aspect the attenuating
gene knockout comprises AvjbR, AmucR, AvirB2, or
AmanB/A. In one aspect the vaccine further comprises a
marker for serological testing, wherein the marker is DIVA
mutant comprising AvirB12, Abcsp31, Aasp24, or any com-
binations thereof. In another aspect the vaccine comprises
AmucR/DIVA, AvjbR/DIVA, AvirB2/DIVA, AmanB/A/
DIVA, or any combinations thereof. In yet another aspect the
strain is a double mutant and further comprises a third
mutation, wherein the third mutation is a marker for sero-
logical testing. In a specific aspect the double mutant is
selected from the group consisting of a AvirB2/AmanB/A
mutant, AvjbR/AmucR mutant, AvirB2/AmucR mutant,
AvirB2/AvjibR  mutant, AvjbR/AmanB/A mutant, and
AmucR/AmanB/A mutant. In one aspect the third mutation
is DIVA mutant comprising AvirB12, Abcsp31, Aasp24, or
any combinations thereof. In another aspect the strain com-
prises AvjbR/AmucR/DIVA mutant, AvirB2/AmanB/A/
DIVA mutant, AvirB2/AvjbR/DIVA mutant, AvirB2/AmucR/
DIVA mutant, AvjbR/AmanB/A/DIVA mutant, and AmucR/
AmanB/A/DIVA mutant.

In yet another aspect the composition described herein-
above further comprises one or more optional antibiotic
markers, wherein the antibiotic marker is Kanamycin. In one
aspect the vaccine is used for a prophylaxis, an amelioration
of symptoms, a treatment, or any combinations thereof
against brucellosis in a human or an animal subject. In
another aspect the vaccine is administered by an oral, an
intranasal, a parenteral, an intradermal, an intramuscular, an
intraperitoneal, an intravenous, a subcutaneous, an epidural,
a mucosal, a rectal, a vaginal, a sublingual, or a buccal route.

Another embodiment of the instant invention relates to a
vaccine composition comprising: a single or a double mutant
strain of Brucella comprising one or more attenuating gene
knockouts and further comprising a diagnostic gene knock-
out, wherein the attenuating gene knockouts comprise
AmucR, AvjbR, AmanB/A, AvirB2, AvirB2/AmanB/A
mutant, AvjbR/AmucR mutant, AvirB2/AmucR mutant,
AvirB2/AvjbR mutant, AvjbR/AmanB/A mutant, AmucR/
AmanB/A mutant, or any combinations thereof, wherein the
diagnostic gene knockout comprises a differentiation of
infected animals from vaccinated animals (DIVA) mutant
that includes AvirB12, Abcsp31, Aasp24, or any combina-
tions thereof; and an encapsulating agent comprising vitel-
line protein B capable of releasing the Brucella strain at a
predetermined rate.

In yet another embodiment the present invention provides
a vaccine composition comprising (a) a single or double
mutant strain of Brucella melitensis and Brucella abortus
strain comprising: (i) one or more attenuating gene knock-
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outs and further comprising a diagnostic gene knockout,

wherein the attenuating gene knockouts comprise AmucR,

AvjbR, AmanB/A, AvirB2, AvirB2/AmanB/A mutant,

AvjbR/AmucR mutant, AvirB2/AmucR mutant, AvirB2/

AvjbR mutant, AvjbR/AmanB/A mutant, and AmucR/

AmanB/A mutant, or any combinations thereof and (ii) a

marker for serological testing, wherein the marker is s

differentiation of infected animals from vaccinated animals

(DIVA) mutant comprising AvirB12, Abcsp31, Aasp24, or

any combinations thereof and, (b) an encapsulating agent

comprising vitelline protein B capable of releasing the strain
at a predetermined rate.

In yet another embodiment the present invention discloses
a method for evaluating efficacy of a vaccine against bru-
cellosis in an animal subject comprising the steps of: 1)
providing a vaccine comprising: a single or a double mutant
strain of Brucella comprising one or more attenuating gene
knockouts and further comprising a diagnostic gene knock-
out, wherein the attenuating gene knockouts comprise
AmucR, AvjbR, AvirB2, AmanB/A, AvirB2/AmanB/A
mutant, AvjbR/AmucR mutant, AvirB2/AmucR mutant,
AvirB2/AvjbR mutant, AvjbR/AmanB/A mutant, AmucR/
AmanB/A mutant, or any combinations thereof, wherein the
diagnostic gene knockout comprises a differentiation of
infected animals from vaccinated animals (DIVA) mutant
that includes AvirB12, Abcsp31, Aasp24, or any combina-
tions thereof; and an encapsulating agent comprising vitel-
line protein B capable of releasing the Brucella strain at a
predetermined rate; ii) inoculating the animal subject with
the vaccine; iii) providing one or more animal subjects
suffering from brucellosis or naturally infected with the
Brucella strain; iv) performing a DIVA assay based on a
diagnostic or serological test to differentiate detection of one
or more antibodies against the one or more attenuating gene
knockouts in the infected and the vaccinated animal sub-
jects; and v) evaluating efficacy of the vaccine against
brucellosis based on a presence or absence of the one or
more antibodies against the one or more attenuating gene
knockouts. In one aspect of the method the Brucella strain
is selected from the group consisting of Brucella melitensis
and Brucella abortus, wherein the Brucella abortus is a
Brucella abortus S19 strain.

One embodiment of the present invention relates to a
method for prophylaxis, amelioration of symptoms, or any
combinations thereof against brucellosis in a human or
animal subject comprising the steps of: identifying the
human or animal subject in need of the prophylaxis, ame-
lioration of symptoms, or any combinations thereof against
brucellosis; and administering a therapeutically effective
amount of a vaccine composition to the human or animal
subject for the prophylaxis, amelioration of symptoms, or
any combinations thereof against brucellosis, wherein the
vaccine comprises:

(1) a Brucella strain comprising one or more attenuating
gene knockouts and further comprising a diagnostic gene
knockout;

(i1) an encapsulating agent comprising vitelline protein B
capable of releasing the Brucella strain at a predetermined
rate; and

(iii) an optional adjuvant or a pharmaceutically acceptable
carrier.

In one aspect of the method hereinabove the Brucella
strain is selected from the group consisting of Brucella
melitensis and Brucella abortus. More specifically, the Bru-
cella abortus is a Brucella abortus S19 strain. In another
aspect the attenuating gene knockout is selected from the
group consisting of AvjbR, AmucR, AmanB/A, Aasp24,
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AvirB1, AvirB2, AvirB3, AvirB4, AvirB5, AvirB6, AvirB7,

AvirB8, AvirB9, AvirB10, and AvirB11. In another aspect

diagnostic gene knockout comprises a differentiation of

infected animals from vaccinated animals (DIVA) mutant
that includes AvirB12, Abcesp31, and Aasp24. In yet another
aspect the attenuating gene knockout comprises AvjbR,

AmucR, AvirB2, or AmanB/A.

In related aspects the vaccine further comprises a marker
for serological testing, wherein the marker is a DIVA mutant
comprising AvirB12, Abesp31, and Aasp24 and comprises
AmucR/DIVA, AvjbR/DIVA, AvirB2/DIVA, AmanB/A/
DIVA, or any combinations thereof. In one aspect the strain
is a double mutant and further comprises a third mutation,
wherein the third mutation is a marker for serological
testing. In another aspect the double mutant is selected from
the group consisting of a AvirB2/AmanB/A mutant, AvjbR/
AmucR mutant, AvirB2/AmucR mutant, AvirB2/AvjbR
mutant, AvjbR/AmanB/A mutant, and AmucR/AmanB/A
mutant. In a specific aspect the third mutation is a DIVA
mutant. In another aspect the strain comprises AvjbR/
AmucR/DIVA mutant, AvirB2/AmanB/A/DIVA mutant,
AvirB2/AvjbR/DIVA mutant, AvirB2/AmucR/DIVA mutant,
AvjbR/AmanB/A/DIVA mutant, and AmucR/AmanB/A/
DIVA mutant.

In yet another aspect the vaccine further comprises one or
more optional antibiotic markers, wherein the antibiotic
marker is Kanamycin. In one aspect the vaccine is admin-
istered by an oral, an intranasal, a parenteral, an intradermal,
an intramuscular, an intraperitoneal, an intravenous, a sub-
cutaneous, an epidural, a mucosal, a rectal, a vaginal, a
sublingual, or a buccal route.

Another embodiment disclosed herein describes a method
for prophylaxis, amelioration of symptoms, or any combi-
nations thereof against brucellosis in a human or animal
subject comprising the steps of: a) identifying the human or
animal subject in need of the prophylaxis, amelioration of
symptoms, or any combinations thereof against brucellosis
and b) administering a therapeutically effective amount of a
vaccine composition to the human or animal subject for the
prophylaxis, amelioration of symptoms, or any combina-
tions thereof against brucellosis, wherein the vaccine com-
prises:

(1) a single or a double mutant strain of Brucella comprising
one or more attenuating gene knockouts and further
comprising a diagnostic gene knockout, wherein the
attenuating gene knockouts comprise AmucR, AvjbR,
AmanB/A, AvirB2, AvirB2/AmanB/A mutant, AvjbR/
AmucR mutant, AvirB2/AmucR mutant, AvirB2/AvijbR
mutant, AvjbR/AmanB/A mutant, AmucR/AmanB/A
mutant, or any combinations thereof, wherein the diag-
nostic gene knockout comprises a differentiation of
infected animals from vaccinated animals (DIVA) mutant
that includes AvirB12, Abesp31, Aasp24, or any combi-
nations thereof;

(ii) an encapsulating agent comprising vitelline protein B
capable of releasing the Brucella strain at a predetermined
rate; and

(iii) an optional adjuvant or a pharmaceutically acceptable
carrier.

In yet another embodiment the present invention provides
a method for prophylaxis, amelioration of symptoms, or any
combinations thereof against brucellosis in a human or
animal subject comprising the steps of: a) identifying the
human or animal subject in need of the prophylaxis, ame-
lioration of symptoms, or any combinations thereof against
brucellosis and b) administering a therapeutically effective
amount of a vaccine composition to the human or animal
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subject for the prophylaxis, amelioration of symptoms, or

any combinations thereof against brucellosis, wherein the

vaccine comprises:

(1) a single or double mutant strain of Brucella melitensis
and Brucella abortus strain comprising: one or more
attenuating gene knockouts and further comprising a
diagnostic gene knockout, wherein the attenuating gene
knockouts comprise AmucR, AvjbR, AmanB/A, AvirB2
AvirB2/AmanB/A mutant, AvjbR/AmucR mutant, AvirB2/
AmucR mutant, AvirB2/AvjbR mutant, AvjbR/AmanB/A
mutant, AmucR/AmanB/A mutant, or any combinations
thereof and a marker for serological testing, wherein the
marker is a differentiation of infected animals from vac-
cinated animals (DIVA) mutant;

(i1) an encapsulating agent comprising vitelline protein B
capable of releasing the Brucella strain at a predetermined
rate, and

(iii) an optional adjuvant or a pharmaceutically acceptable
carrier.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the features and
advantages of the present invention, reference is now made
to the detailed description of the invention along with the
accompanying figures and in which:

FIG. 1 shows protection of Balb/c mice vaccinated with
the present invention against virulent challenge infection.
Groups of five mice were vaccinated with 1x10° colony
forming units (CFU) of vaccine strain and challenged at 12,
16 or 20 weeks post-vaccination. The spleens were removed
one week later and virulent B. melitensis 16M colonies
enumerated. Significant difference determined using
ANOVA is indicated by either an asterisk (p<0.05) or double
asterisk (p<0.01);

FIG. 2 shows a micrograph of alginate reservoir capsules
measuring 200 microns in diameter;

FIG. 3 shows clearance of B. melitensis vaccine strains
from a mammalian spleen following inoculation of Balb/c
mice with 1x10° cfu as provided for in Example I;

FIG. 4 shows recovery of B. melitensis 16M by bacterio-
logic culture from spleen in BALB/c mice vaccinated with
encapsulated B. melitensis vaccine compositions of the
present invention following 32 weeks post-vaccination as
provided for in Example 1. A single asterisk (*) represents
data with p<0.05; double asterisks (**) represent data with
p<0.01;

FIG. 5 shows INFy production in BALB/c mice vacci-
nated with encapsulated B. melitensis vaccine strains as
described in Example 1. Blue bar=measurements performed
after 10 weeks post-injection (p.i.); red bar=measurements
performed after 30 weeks p.i.; yellow bar=measurements
performed two days after challenge doses were delivered;

FIG. 6 shows INFy production by spleen cells in BALB/c
mice vaccinated with encapsulated B. melitensis vaccine
strains as provided for in Example 1. Double asterisks (**)
represent data with p<0.01;

FIGS. 7A and 7B show the kinetics of clearance of
16MAmucR from mice. Forty, 6-8 week old female BALB/c
mice were used to evaluate the persistence and replication of
16MAmucR. Mice were inoculated intraperitoneally with
either (FIG. 7A) 1x10° CFU in 100 ul 16MAmucR or (b)
1x10° CFU in 100 ul of the parental strain 16M. Groups of
four mice were euthanized via carbon dioxide asphyxiation
at1,3,5,7 or 9 weeks post infection. At each time point, the
spleens were harvested, weighed, and homogenized in 1 ml
of peptone saline. Serial dilutions were prepared, and 100 pl
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aliquots of each dilution (including the undiluted organ)
were plated in duplicate onto TSA plates. The levels of
infection were expressed as the meanzof standard error of
the mean (SEM) of individual log CFU/spleen. (FIG. 7B)
The spleen weights were measured and used to compare the
mutant strain to wild type organism. Statistical significance
is based upon Student’s T-Test comparing the deletion
mutant to the wild type strain. The solid line at 0.69 logs
represents the lower limit of detection, with is =5 CFU.
Splenomegaly, a pathological consequence of infection with
the wild type strain 16M is not observed with the vaccine
strain 16MAmucR;

FIG. 8 shows the protection against homologous 16M
intraperitoneal challenge. Groups of 5 female BALB/c mice
were vaccinated with 16MAmucR at either 1x10° CFU/
mouse, 1x10% CFU/mouse, or unvaccinated as a naive con-
trol. 20 weeks post-vaccination all animals were challenged
with 6x10° CFU/mouse IP. One week post-challenge, mice
were euthanized via CO, asphyxiation and spleens, livers,
and lungs collected. Data are reported as the log,, recovery
of Brucella from organs. The solid line at 0.69 logs repre-
sents the lower limit of detection, which is 25 CFU. Statis-
tical analysis was performed by ANOVA for each organ
separately followed by Tukey’s honestly significant (HSD)
post-test comparing all groups to one another;

FIG. 9 shows the protection against homologous 16M
aerosol challenge. Groups of 5 female BALB/c mice were
vaccinated with 16MAmucR at 1x10° CFU/mouse, or
unvaccinated as a naive control. 20 weeks post-vaccination
all animals were challenged with an aerosol chamber dose of
5x10° CFU/ml of 16M. Four week post-challenge, mice
were euthanized via CO, asphyxiation and spleens, livers,
and lungs collected. Data are reported as the log, , recovery
of Brucella from organs. The solid line at 0.69 logs repre-
sents the lower limit of detection, which is 25 CFU. Statis-
tical analysis was performed by Student’s T-Test comparing
vaccinated to non-vaccinated mice for each organ sepa-
rately;

FIGS. 10A and 10B show cross-protection against other
species of Brucella. Six to eight week-old female BALB/c
mice are inoculated intraperitoneally (IP) with a single dose
(1x10° CFU/mouse) of B. melitensis 16MAVirB,
16MAVirB/ManB/A, 16MAvjbR. Controls include empty
capsules or PBS as a control. Twenty weeks post-vaccina-
tion, mice (n=5 per group) were challenged i.p using 6x10°
CFU/mouse of B. melitensis 16M (FIG. 10A) or B. abortus
2308 (FIG. 10B). One week post-challenge, animals were
euthanized, spleens, lungs and livers harvested, homog-
enized in Iml of PBS and plated to determine total CFU/
organ. Serial dilutions were performed and aliquots were
plated onto TSA or Farrell’s media plates. The levels of
infection were expressed as means=SEMs of the individual
log,, CFU/spleen, log,, CFU/liver and log,, CFU/lung;

FIG. 11 shows the survival of IRF-1~"~ knockout mice
infected with 1x10° CFU/mouse of either 2308, S19,
S19AvjbR, 16M or 16MAvjbR. Mice inoculated with AvjbR
vaccine candidates survived longer compared to either 16M
(P<0.005), 2308 (P<0.005) or S19 (P<0.005). In the present
study, the safety of the vaccine candidates in the Interferon
regulatory factor (IRF~") knockout mice. IRF-17"" mice
infected with either wild-type Brucella melitensis 16M or
the vaccine strain Brucella abortus S19, succumb to the
disease within the first three weeks of infection, which is
characterized by a marked granulomatous and neutrophilic
inflammatory response that principally targets the spleen and
liver. In contrast, IRF-1~/~ mice inoculated with either the B.
melitensis 16MAVjbR or B. abortus S19AvijbR, do not show
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any clinical or major pathologic changes associated with
vaccination. Additionally, when 16MAvjbR or S19AvjbR
vaccinated mice are challenged with wild-type Brucella
melitensis 16M, the degree of colonization in multiple
organs is significantly reduced, along with associated patho-
logic changes. These findings demonstrate the safety and
protective efficacy of the vjbR mutant in an immunocom-
promised mouse model;

FIGS. 12A-12D shows microscopic changes observed in
the spleens of IRF-17'~ mice vaccinated with S19AvibR
(FIG. 12C) or 16MAvjbR (FIG. 12D) and challenged 8
weeks post-vaccination with 1x10° CFU/mouse of wild-type
B. melitensis 16M. Naive but challenged mice (FIG. 12B) or
naive (FIG. 12A) are present for comparison. Note the
marked reduction in the inflammatory response in the spleen
in animals that received the AvjbR mutant;

FIGS. 13A-13D shows microscopic changes observed in
the livers of IRF-1~"~ mice vaccinated with S19AvibR (FIG.
13C) or 16MAvjbR (FIG. 13D) and challenged 8 weeks
post-vaccination with 1x10° CFU/mouse of wild-type B.
melitensis 16M. Naive but challenged mice (FIG. 13B) or
naive (FIG. 13A) are present for comparison. Note the
marked reduction in the inflammatory response in the liver
in animals that received the AvjbR mutant; and

FIGS. 14A-141 illustrate histological changes associated
with 16MAmucR vaccination followed by challenge with
16M strain. BALB/c mice were vaccinated with 16MAmucR
at 10° CFU/mouse or left unvaccinated as naive controls. At
20 weeks post vaccination, all of the animals were chal-
lenged with an aerosol chamber dose of 5x10° CFU of
16M/ml. At 2 weeks post-challenge, tissues were collected
for histology. The histology of the nonvaccinated but chal-
lenged animals (FIGS. 14A-14C) were compared to vacci-
nated but challenged animals (FIGS. 14D-14F). The lungs
(FIGS. 14A and 14D), livers (FIGS. 14B and 14E), and
spleens (FIGS. 14C and 14F) were compared to determine
the reduction in pathology afforded by vaccination with the
16MAmucR mutant. Naive mice are depicted (FIGS. 14G-
141) for comparison. Hematoxylin and eosin staining was
used (x10 magnification).

DETAILED DESCRIPTION OF THE
INVENTION

While the making and using of various embodiments of
the present invention are discussed in detail below, it should
be appreciated that the present invention provides many
applicable inventive concepts that can be embodied in a
wide variety of specific contexts. The specific embodiments
discussed herein are merely illustrative of specific ways to
make and use the invention and do not delimit the scope of
the invention.

To facilitate the understanding of this invention, a number
of terms are defined below. Terms defined herein have
meanings as commonly understood by a person of ordinary
skill in the areas relevant to the present invention. Terms
such as “a”, “an,” and “the” are not intended to refer to only
a singular entity, but include the general class of which a
specific example may be used for illustration. The terminol-
ogy herein is used to describe specific embodiments of the
invention, but their usage does not delimit the invention,
except as outlined in the claims.

As used herein, “Brucella” refers to a genus of Gram-
negative bacteria. They are small, non-motile, encapsulated
coccobacilli. While not limiting the scope of the present
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invention, Brucella is often transmitted by ingesting infected
food, direct contact with an infected animal, or inhalation of
aerosols.

As used herein, “splenomegaly” refers to a disease char-
acterized by an enlargement of the spleen. While not limiting
the scope of the present invention, symptoms of splenom-
egaly include but are in no way limited to abdominal pain,
early satiety due to splenic encroachment or anemia related
symptoms.

As used herein, the term “brucellosis” refers to a disease
caused by ingestion of milk or meat and/or contact with the
bodily fluids or secretions of animals infected with Brucella
bacterial species. While not limiting the scope of the present
invention, symptoms of brucellosis include but are not
limited to acute undulating fever, headache, night sweats,
fatigue, sterility and anorexia.

As used herein, the terms “prevent” and “preventing”
include the prevention of the recurrence, spread or onset of
a disease or disorder. It is not intended that the present
invention be limited to complete prevention. In some
embodiments, the onset is delayed, or the severity of the
disease or disorder is reduced.

As used herein, the terms “treat” and “treating” are not
limited to the case where the subject (e.g. patient) is cured
and the disease is eradicated. Rather, the present invention
also contemplates treatment that merely reduces symptoms,
improves (to some degree) and/or delays disease progres-
sion. It is not intended that the present invention be limited
to instances wherein a disease or affliction is cured. It is
sufficient that symptoms are reduced.

The term “subject” as used herein refers to any mammal,
preferably a human patient, livestock, or domestic pet. It is
intended that the term “subject” encompass both human amd
non-human mammals, including, but not limited to bovines,
caprines, ovines, equines, porcines, felines, canines, etc., as
well as humans. In preferred embodiments, the “subject” is
a ruminant (e.g. bovine, etc.) or a human although it is not
intended that the present invention be limited to these groups
of animals.

As used herein the term “immunogenically-effective
amount” refers to that amount of an immunogen required to
generate an immune response (e.g. invoke a cellular
response and/or the production of protective levels of anti-
bodies in a host upon vaccination).

In a specific embodiment, the term “pharmaceutically
acceptable” means approved by a regulatory agency of the
federal or a state government or listed in the U.S. Pharma-
copeia or other generally recognized pharmacopeia for use
in animals, and more particularly in humans.

The term “carrier” as used herein refers to a diluent,
adjuvant, excipient or vehicle with which the active com-
pound is administered. Such pharmaceutical vehicles can be
liquids, such as water and oils, including those of petroleum,
animal, vegetable or synthetic origin, such as peanut oil,
soybean oil, mineral oil, sesame oil and the like. The
pharmaceutical vehicles can be saline, gum acacia, gelatin,
starch paste, talc, keratin, colloidal silica, urea, and the like.
In addition, auxiliary, stabilizing, thickening, lubricating and
coloring agents can be used. When administered to a subject,
the pharmaceutically acceptable vehicles are preferably ster-
ile. Water can be the vehicle when the active compound is
administered intravenously. Saline solutions and aqueous
dextrose and glycerol solutions can also be employed as
liquid vehicles, particularly for injectable solutions. Suitable
pharmaceutical vehicles also include excipients such as
starch, glucose, lactose, sucrose, gelatin, malt, rice, flour,
chalk, silica gel, sodium stearate, glycerol monostearate,
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talc, sodium chloride, dried skim milk, glycerol, propylene
glycol, water, ethanol and the like. The present composi-
tions, if desired, can also contain minor amounts of wetting
or emulsifying agents, or pH buffering agents.

The present invention relates to methods and composi-
tions for the treatment of Brucella induced diseases and
disorders. In preferred embodiments, the invention relates to
vaccines. In additional embodiments, the invention relates to
formulations capable of releasing said live vaccines at a
controlled rate of release in vivo. In further embodiments,
the invention relates to modified strains of the bacteria
Brucella melitensis and Brucella abortus. In still further
embodiments, the invention relates to compositions that do
not induce splenomegaly in a subject receiving said com-
positions.

In preferred embodiments, the present invention relates to
the treatment and prevention of Brucellosis induced diseases
and disorders. To date, Brucella species have been isolated
from humans and domesticated animals in nearly 90 coun-
tries, with an estimated 500,000 new cases each year.
Moreover, Brucella species exhibit desirable characteristics
for use as bioterrorism agents as described in Kaufmann et
al. (1997) Emerging Infectious Diseases 3, 83-94 and Pappas
et al. Cell Mol Life Sci (2006) 63, 2229-36, incorporated
herein by reference. Thus, vaccines exhibiting prolonged
interaction with the immune system combined with the
safety of attenuated Brucella strains deliverable vaccines
would be desirable.

A further embodiment of the present invention involves
the use of double knockout, live B. melitensis mutants that
are delivered orally using microencapsulation-mediated
controlled release compositions. These compositions are
storage-stable and compatible with a number of pharmaceu-
tical agents. At this time and following decades of testing,
the only effective vaccines for the prevention of brucellosis
are living Brucella cells that stimulate the immune system
through limited infection. Alternatives to the use of live,
attenuated Brucella vaccines, including subunit vaccines
and killed Brucella, have thus far proven non-efficacious.
Live Brucella vaccines have been applied for decades to
prevent brucellosis in cattle and sheep, but their capacity for
direct use in humans has remained elusive. Previous reports
have postulated that use of attenuated strains appropriate for
use in humans is difficult, since spontaneously derived
strains retain some level of virulence and are genetically
undefined as disclosed in Spink et al. (1962) Bulletin of the
WHO 26, 409-19, incorporated herein by reference. Recent
evaluation of attenuated mutants has confirmed the superi-
ority of long-term survival in stimulating a protective
immune response, yet the added safety of short-term sur-
vival cannot be overlooked in the development of human
vaccines. The present invention combines the optimal fea-
tures of prolonged interaction with the immune system with
enhanced safety of highly attenuated, single and/or double
gene deletion Brucella mutants as a composition that is safe,
free of side effects and efficacious in humans.

While not limiting the scope of the present invention in
any way, ruminant transmission of Brucella may occur as a
result of abortion of the fetus and/or shedding in milk. The
best approach to minimize animal disease and subsequent
transmission to humans is to block transmission via contact
with aborted material or to prevent the consumption of
contaminated dairy products. Inhibiting replication in repro-
ductive tissues prevents the release of massive numbers of
organisms into the environment. For example, B. abortus
S19 vaccine does not replicate in the pregnant uterus due
perhaps in part to erythritol present in elevated amounts in
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the pregnant uterus, although other defects may exist as
disclosed in Williams et al. (1962) British Journal of Experi-
mental Pathology 43, 530-537, incorporated herein by ref-
erence. B. melitensis Rev-1, a streptomycin-sensitive organ-
ism isolated following back-selection from a streptomycin-
dependent organism, is used to protect against B. melitensis
infections worldwide as provided for in Alton et al. Journal
of Comparative Pathology (1967) 77, 293-300, incorporated
herein by reference. Both S19 and Rev-1 provide protection
in ruminants despite long-term persistence in a percentage of
vaccinates, but retain significant virulence in humans as
disclosed in Spink et al. Bull World Health Organ (1962) 26,
409-19. There are even reports of human isolation of the
recently approved vaccine strain RB51, a rough derivative
used with some success in ruminants as described in Palmer
et al. Am J Vet Res (1997) 58, 472-7, but with less success
in other species Arenas-Gamboa et al. (2009) 45, 165-73
incorporated herein by reference. While not limiting the
present invention to any particular theory, there is evidence
that the absence of the immunodominant 0-antigen prevents
development of cross-reacting immune responses that are
indistinguishable from wild-type infection, but also
increases the susceptibility of this strain to complement-
mediated lysis, limiting survival and vaccine efficacy. Sple-
nocytes in infected animals express more mRNA for 1L.-2,
IFNy, and IL-10, and less mRNA for 1[.-4 than uninfected
animals, suggesting a T-helper type 1 (TH1) response as
disclosed in Zhan and Cheers. Infection and immunity
(1995) 63, 720-3, incorporated in its entirety by reference.
However, increases in I1[.-10 may be counterproductive and
may explain the virulence of this organism and the failure of
some vaccines to stimulate a protective immune response as
disclosed in Svetic et al. International immunology (1993) 5,
877-83, incorporated herein by reference. Subunit and killed
vaccine candidates have proven to be less effective than live,
attenuated organisms, despite the use of adjuvants, conju-
gation to carriers, immunization (+/-cytokines), or alternate
routes of inoculation. Attempts to develop subunit vaccines
have met with limited success as disclosed in Cassataro et al.
Infect Immun (2005) 73, 8079-88 and Kaushik et al. Vet Res
Comm (2010) 34, 119-32, both are incorporated here by
reference. The intracellular nature of this organism requires
the stimulation of a cell-mediated immunity (Thl) favored
by the use of attenuated live vectors capable of stimulating
this arm of the immune system. For this reason Brucella, like
M. bovis BCG has been suggested as a vector for the
delivery of immunogens of other intracellular agents as
provided for in Surendran et al. Vet Micorbiol (2010) in
press. One approach to human vaccine design is the iden-
tification of mutants of reduced persistence (survival) within
macrophages based on the relationship to disease and poten-
tial for latent survival as disclosed in Hong et al. (2000)
Infection and Immunity 68, 4102-4107, incorporated herein
by reference. To date, functions targeted for inactivation are
based on observations with other bacterial pathogens that
typically cause acute infections. The chronic nature of
brucellosis in humans suggests another approach is war-
ranted. For this reason, the present inventors have identified
gene functions necessary for persistence within macro-
phages using signature-tagged mutagenesis as disclosed in
Lestrate et al. Mol Microbiol (2000) 38, 543-51, Foulongne
et al. Infect Immun (2000) 68, 1297-303 and Hong et al.
(2000) Infect Immun 68, 4102-4107, incorporated herein by
reference. In this approach, genes required for survival have
been classified into two groups. Group 1 gene functions are
required for early survival in mice and are reduced at both
two weeks and eight weeks post infection. A subgroup of
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these mutants recovers to normal levels by eight weeks
suggesting that its function is only transiently required.
Group II gene functions are required for long-term survival
appearing normal at two weeks, but reduced after eight
weeks. Although persistence in animal species may be
acceptable, assuming the organism does not colonize tissues
that threaten other animals in the herd or humans, use in
humans requires much greater attenuations. Examination of
the vaccine potential of these groups of organisms in the
mouse model is performed here to provide proof of principle
prior to testing in other species including non-human pri-
mates.

In some embodiments, the present invention is adminis-
tered to human beings for the treatment and/or prevention of
brucellosis. The hallmarks of human brucellosis are persis-
tant undulating severe fevers coupled with a measurable
splenomegaly with increased lymphohistiocytic cells in the
spleen, a reduced percentage of splenic CD4+ and CD8+ T
cells, and an increased percentage of splenic macrophages.
Brucellosis occurs in at least 90 countries in humans or
animals, which is often difficult to recognize, and may
present as an acute fever, or as a chronic or localized
infection. Infection is best diagnosed by growing the bac-
terium from blood or other infected tissues. Due to the slow
growth of Brucella, cultures may require several weeks for
positive identification. Infection is also diagnosed by detec-
tion of anti-Brucella specific antibodies in patients’ blood.
Humans are infected through the ingestion of contaminated
animal products, and are normally dead-end hosts, although
anecdotal evidence suggests occasional sexual transmission
as disclosed in Meltzer et al. Clin Infect Dis. (2010) 51,
el2-5, incorporated herein by reference. Persistence within
the cells and tissues of the host is the basis for human disease
and the cause of reduced efficacy of antibiotic treatment.
Recommended treatment requires a combination of deoxy-
cycline and gentamicin or rifampin as disclosed in Roushan
et al. J Antimicrobi Chemother (2010) 65, 1028-35, hereby
incorporated by reference. Disecase may begin abruptly or
gradually from three days to several months after exposure.
Nonspecific symptoms typically observed in humans
include pyrexia, diaphoresis, fatigue, loss of appetite, and
muscle or joint pain. Depression, cephalalgia, and irritability
also frequently occur. Infection of bones or joints occurs in
about 1 in 3 patients, causing localized inflammation and
edema. Some may also have cough, chest pain, and stomach
upset. Although about 1 in 4 patients with brucellosis have
respiratory symptoms, thoracic radiographs usually appear
normal as disclosed in Madkour M M (1989) in Brucellosis,
pp. 131-139. Lubani, et al (1989) Quart J Med 71, 319-324.,
both of which are incorporated by reference. Less common,
but of added concern are infection of the, brain, heart valves,
or male reproductive system. Symptoms often last for 3-6
months, but occasionally persist for a year or longer and may
reappear after periods of quiescence. Chronically infected
patients frequently experience weight loss, and many
patients temporarily improve but relapse as provided for in
Ariza, et al (1986) Antimicrob. Agents Chemother. 30,
958-960., incorporated herein by reference. Brucellosis can
be treated with antibiotics (usually doxycycline and rifam-
pin) taken orally, but requires treatment for at least six
weeks. Recurrence of human brucellosis may be related to
a latent form of survival demonstrated to occur at low
frequency as provided for in Ray et al (1988) J. Am. Ver.
Med. Assoc. 192, 182-186, incorporated herein by reference.

Brucella organisms can be delivered via aerosol to infect
humans. The use of Brucella as a weapon was calculated to
pose a substantial financial risk as disclosed in Kaufmann et
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al. (1997) Emerging Infectious Diseases 3, 83-94 and Pappas
et al. Cell Mol Life Sci (2006) 63, 2229-36, both incorpo-
rated herein by reference. Infection incapacitates human
hosts with mostly flu-like symptoms, but will result in death

if left untreated as provided for in Young E J (1995) Clin Inf" 5

Dis 21, 283-290, hereby incorporated by reference. Bioen-
gineering poses the additional risk of introducing antibiotic
resistance, rendering ineffective the most successful form of
treatment. The transposon Tn10 encoding tetracycline resis-
tance has been used to obtain stable transformants. The
financial impact study did not attempt to determine the
threshold at which financial risk may pose a risk to national
security. Nor did the study outline scenarios in which the use
of one organism might be favored over the use of others. The
study did underscore the need to invest in research in all
understudied organisms to prevent their use in this manner
and suggested that decreased study of these organisms
increase the potential consequences resulting from their use
as weapons. Brucella spp. have been weaponized by several
countries, including the former Soviet Union, Japan and the
USA, and thus is a recognized biological warfare threat that
can cause illness and death in humans. No vaccine for
humans is available against this threat. Expected market and
commercial need: The primary need for human brucellosis
vaccines is for specialty protection of military personnel,
public health workers and veterinarians with the cross-over
opportunity for extensive markets in the high risk zones that
occur throughout the world, particularly in the Middle East,
Central Asia, Latin-America, Africa and the Far East. While
there is a huge need for a human brucellosis vaccine
worldwide, the question is whether or not major biologics
manufacturers will recognize these needs as a profitable
market, thus it is more plausible that federal government
subsidized stockpiles, e.g., Bioshield I and Bioshield II, to
protect the general public and military personnel represent a
more likely market. The potential reluctance of the general
population to use live vaccines is based on a limited trust of
scientists and government, and such thinking must not be
used to deter the development of products based on other-
wise sound scientific principles. The use of such vaccines in
humans is expected under extreme circumstances, such as
stockpiling large reserves for protection against biological
terrorism or biological warfare. Starting with the work of
Louis Pasteur, live vaccines have offered the best possible
solution for immune protection. Use in humans requires that
safety be determined beyond a shadow of a doubt. This is
one of the reasons that the present inventors use of double
knockout mutants. Questions concerning the preliminary
production under Good Manufacturing Procedures and
safety testing of such products warrant studies in non-human
primate models.

As previously mentioned, no federally approved or com-
mercially available human brucellosis vaccines are available
anywhere worldwide; there simply are no currently known
or published existing vaccine alternatives to protect humans
from Brucella.

The present invention provides for controlled release
compositions further comprising attenuated, live Brucella
mutant vaccines. Drug delivery materials have historically
been derived from many sources including commodity plas-
tics and textile industries and have been incorporated into
vehicles as diverse as pH responsive hydrogels and polymer
microparticles or implants designed for surface or bulk
erosion as disclosed in Langer RaP, N. A. (2003) Bioengi-
neering, Food and Natural Products 49, 2990-3006, incor-
porated herein by reference. In the case of controlled release
formulations, a drug is typically released by diffusion,
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erosion or solvent activation and transport. In most cases,
the desired polymer characteristics include biocompatibility,
lack of immunogenicity, capability of breakdown by the
body and water solubility. Many of the processes used to
entrap pharmaceuticals involve harsh organic solvents
which are bacteriocidal and capable of denaturing proteins.
When considering controlled release vehicles for the entrap-
ment of active enzymes or living cells, new alternatives are
needed. A number of milder processes based on established
technologies and variations have recently been applied to the
delivery of active protein agents such as insulin, erythro-
poietins and chemokines as provided for in Marschutz et al
(2000) Biomaterials 21, 1499-07. Takenaga et al (2002) J
Control Release 79, 81-91. and Qiu et al (2003) Biomate-
rials 24, 11-18., all of which are incorporated by reference,
or as encapsulants for living cells to permit transplantation
as disclosed in Young et al (2002) Biomaterials 23, 3495-
3501, hereby incorporated by reference. The technologies
cover a wide range of materials including gelatin-based
hydrogels, protein-PEG microparticles, novel PEG copoly-
mers, biodegradable PLGA particles, PLG/PVA micro-
spheres and surface modified nanospheres. Alginate, a natu-
rally occurring biopolymer, is especially well suited to the
entrapment of living cells. Alginate is a linear unbranched
polysaccharide composed of 1-4'-linked p-D-mannuronic
acid and a-L-guluronic acids in varying quantities. Alginate
polymers are highly water-soluble and easily crosslinked
using divalent cations such as Ca2+ or polycations such as
poly-L-lysine as provided for in Wee & Gombotz (1998)
Adv Drug Deliv Rev 31, 267-285, hereby incorporated by
reference. The relatively mild conditions required to pro-
duce either an alginate matrix or particle is compatible with
cell viability. Entrapment in alginate has been shown to
greatly enhance viability and storage as provided for in Cui
et al (2000) Int J Pharm 210, 51-59 and Kwok et al (1989)
Proc. Int. Symp. Contol. Release Bioact. Mater. 16,170-171,
both of which are incorporated by reference. The physical
properties such as porosity, rate of erosion, and release
properties may be modulated through mixing alginates of
different guluronic acid composition and through applying
different coatings to the matrix as provided for in Wee &
Gombotz (1998) Adv Drug Deliv Rev 31, 267-285. While in
no way limiting the scope of the present invention, it is
generally thought that release of a biomolecule from alginate
matrices generally occurs through i) diffusion through pores
of the polymer or ii) erosion of the polymer network. In
general, the alginate matrix is stabilized under acidic con-
ditions, but erodes slowly at pH of 6.8 or above.

The present invention exploits the performance and safety
of live Brucella strains stabilized in an alginate bead for
slow erosion of the capsule, resulting in a prolonged release
of bacteria. A further advantage of the present invention is
that highly attenuated, safe, double gene deletion, live
Brucella mutants can be safely delivered orally by con-
trolled release to optimally provide the long term immuno-
stimulation required for protective immunity. As previously
mentioned, currently available Brucella vaccines are unsuit-
able for human use, and antibiotic therapies are at best
unreliable and ineffective, particularly if, e.g., bioterrorists
introduce antibiotic resistance into weaponized strains of B.
melitensis. Vaccination offers the best approach for long-
range protection. In view of the lack of success of defining
Brucella protective immunogens over the last four decades,
the use of attenuated vaccine strains offers the best approach.
Data reported below includes the identification of genetic
defects that specifically attenuate intracellular survival.
These strains have been characterized based on safety and
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attenuation in the mouse and goats and soon in non-human
primates. The most protective strains are less attenuated,
survive longer in the host and cause unwanted side effects
(e.g., splenomegaly). The aim of the proposed studies is to
utilize the most attenuated mutants and enhance vaccine
potential through sustained release ultimately in non-human
primates, to list a very specific and defined product. How-
ever, if successful the approach would provide proof of
principle regarding the use of sustained delivery with live
attenuated agents by providing direct evidence by 1) poten-
tiating the efficacy of weakly persistent strains, and ii)
testing the persistence and safety of vaccine strains under
conditions of controlled release for safety of controlled
release vaccines and efficacy in mouse model as well as
orally vaccinating with encapsulated mutant strains and
challenged through the aerosol route. There is strong prom-
ise for oral vaccination with alginate and alginate/protein
encapsulated strains as disclosed in Arenas-Gamboa et al.
Infect Immun (2008) vol. 76, 2448-55, Kahl-McDonagh et al
(2007) Infect Immun 75, 4923-32, Suckow et al (2002) J
Control Release 85, 227-235, Kim et al (2002) J Control
Release 85, 191-202., all of which are hereby incorporated
by reference. In addition, lyophilization of bacteria in alg-
inate beads extends their viability. Embodiments of the
present invention include a storage-stable delivery system
that may be administered orally and is generally applicable
to a number of select agents.

In preferred embodiments, capsule formulations include
vitelline protein B (vpB), a slowly erodable, non-antigenic
protein, which extends the time frame over which capsule
dissolution occurs. The present invention utilizes the ability
of naturally occurring protein polymers (vpB) to act as
controlled release vehicles. The proteins utilized for this
purpose are encapsulants produced in nature that are unusu-
ally refractive to the actions of proteases, strong acids and
bases. In some embodiments, alginate is formulated into the
present invention. Alginate, a naturally occurring biopoly-
mer, is especially well suited to the entrapment of living
cells. Alginate is a linear unbranched polysaccharide com-
posed of 1-4'-linked B-D-mannuronic acid and a-L-gu-
luronic acids in varying quantities. Alginate polymers are
highly water-soluble and easily crosslinked using divalent
cations such as Ca®* or polycations such as poly-L-lysine as
disclosed in Wee & Gombotz (1998) Adv Drug Deliv Rev 31,
267-285, incorporated herein by reference. The relatively
mild conditions required to produce an alginate matrix or
particle are compatible with cell viability; and in many
cases, entrapment in alginate has been shown to greatly
enhance viability and storage as disclosed in Cui et al (2000)
Int J Pharm 210, 51-59. and Kwok et al (1989) Proc. Int.
Symp. Contol. Release Bioact. Mater. 16, 170-171, incorpo-
rated herein by reference. Release from alginate matrices
generally occurs through i) diffusion through pores of the
polymer or ii) erosion of the polymer network. In the case
of standard bacterial entrapment methods used for BCG or
for bifidobacteria as provided for in Cui et al (2000) Int J
Pharm 210, 51-59., cells escape through erosion rather than
diffusion due to size and surface charge. In general, the
alginate matrix is stabilized under acidic conditions, but
erodes slowly at pH of 6.8 or above. Capsule formulations
additionally include vpB, a slowly erodable, non-antigenic
protein, which extends the time frame over which capsule
dissolution occurs. Ongoing research has identified Brucella
genes required at different stages of infection. Extensive
vaccine trials in laboratory species have revealed that inac-
tivation of “early” genes, important early in infection, results
in rapid clearance of the organism. The use of live, attenu-
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ated mutants in which “early” genes are inactivated or
deleted, is favored, due primarily to the absence of side
effects associated with long-term carriage of the organism.
Work with “late” mutants, identified by their importance late
in infection has confirmed that persistence of vaccine strains
is associated with improved protective immunity. However,
accompanying this increased efficacy is an increased risk of
side effects. In order to avoid the rapid clearance of the early
mutants or the side effects associated with late mutants, the
present inventors use microencapsulation to provide a con-
trolled release and enhanced immune response to mutants
that survive for brief periods. Although other approaches are
possible, the work proposed offers an opportunity to build
upon historical use of attenuated live vaccine strains to
protect against Brucella infections. Alternative sources of
protection, including subunit or killed vaccine preparations
have provided little promise for success. The development
of the proposed product takes full advantage of ongoing
research using signature-tagged mutagenesis and specific
knock-out mutants that has identified genes required for
survival coupled to novel microencapsulation and nanoen-
capsulation technology to balance attenuation, persistence
and protective immunogenicity.

In one embodiment the present invention describes prepa-
ration of B. melitensis loaded alginate microspheres. Alg-
inate beads were prepared by resuspending 6x107 CFU of
the live B. melitensis mutant in 1 ml of 3-[N-morpholino]
propanesulfonic acid] (MOPS) buffer comprising 10 mM
MOPS, 0.85% NaCl, pH 7.4 and is mixed with 5 ml of
alginate solution (1.5% sodium alginate, 10 mM MOPS,
0.85% NaCl, pH 7.3). Spheres were obtained by extruding
the suspension through a 1.2 cm tip into a 100 mM calcium
chloride solution and stirred for 15 min by using a Nisco
Encapsulator. After extrusion of the bacterium-alginate mix-
ture into the CaCl,, the capsules were washed twice with
MOPS for 5 min and further cross-linked with 0.05%
poly-L-lysine (molecular weight. 22,000; Sigma) and 2.5
mg of VpB for 10 min. After two successive washes, the
beads were stirred in a solution of 0.03% (wt/vol) alginate
for 5 min to apply a final outer shell and washed twice with
MOPS before storage at 4° C.

Pharmaceutical Formulations: The present compositions
can take the form of solutions, suspensions, emulsion,
tablets, pills, pellets, capsules, capsules containing liquids,
powders, sustained-release formulations, suppositories,
emulsions, aerosols, sprays, suspensions, or any other form
suitable for use. In one embodiment, the pharmaceutically
acceptable vehicle is a capsule (see e.g., U.S. Pat. No.
5,698,155). In one embodiment, the vaccine is encapsulated
using materials described in U.S. Patent Application Publi-
cation No. 2005/0260258, hereby incorporated by reference.

In a preferred embodiment, the active compound and
optionally another therapeutic or prophylactic agent are
formulated in accordance with routine procedures as phar-
maceutical compositions adapted for administration to
human beings. Typically, the active compounds for admin-
istration are solutions in sterile isotonic aqueous buffer.
Where necessary, the compositions can also include a solu-
bilizing agent. Compositions for administration can option-
ally include a local anesthetic such as lignocaine to ease pain
at the site of the injection. Generally, the ingredients are
supplied either separately or mixed together in unit dosage
form, for example, as a dry lyophilized powder or water free
concentrate in a hermetically sealed container such as an
ampoule or sachet indicating the quantity of active agent.
Where the active compound is to be administered by infu-
sion, it can be dispensed, for example, with an infusion
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bottle containing sterile pharmaceutical grade water or
saline. Where the active compound is administered by
injection, an ampoule of sterile water for injection or saline
can be provided so that the ingredients can be mixed prior
to administration.

Compositions for oral delivery can be in the form of
tablets, lozenges, aqueous or oily suspensions, granules,
powders, emulsions, capsules, syrups, or elixirs, for
example. Orally administered compositions can contain one
or more optional agents, for example, sweetening agents
such as fructose, aspartame or saccharin; flavoring agents
such as peppermint, oil of wintergreen, or cherry; coloring
agents; and preserving agents, to provide a pharmaceutically
palatable preparation. Moreover, where in tablet or pill form,
the compositions can be coated to delay disintegration and
absorption in the gastrointestinal tract thereby providing a
sustained action over an extended period of time. Selectively
permeable membranes surrounding an osmotically active
driving compound are also suitable for an oral administra-
tion of the active compound. In these later platforms, fluid
from the environment surrounding the capsule is imbibed by
the driving compound, which swells to displace the agent or
agent composition through an aperture. These delivery plat-
forms can provide an essentially zero order delivery profile
as opposed to the spiked profiles of immediate release
formulations. A time delay material such as glycerol monos-
tearate or glycerol stearate can also be used. Oral compo-
sitions can include standard vehicles such as mannitol,
lactose, starch, magnesium stearate, sodium saccharine, cel-
Iulose, magnesium carbonate, and the like. Such vehicles are
preferably of pharmaceutical grade.

Further, the effect of the active compound can be delayed
or prolonged by proper formulation. For example, a slowly
soluble pellet of the active compound can be prepared and
incorporated in a tablet or capsule. The technique can be
improved by making pellets of several different dissolution
rates and filling capsules with a mixture of the pellets.
Tablets or capsules can be coated with a film that resists
dissolution for a predictable period of time. Even the par-
enteral preparations can be made long acting, by dissolving
or suspending the compound in oily or emulsified vehicles,
which allow it to disperse only slowly in the serum.

Compositions for use in accordance with the present
invention can be formulated in conventional manner using
one or more physiologically acceptable carriers or excipi-
ents.

Thus, the compound and optionally another therapeutic or
prophylactic agent and their physiologically acceptable salts
and solvates can be formulated into pharmaceutical compo-
sitions for administration by inhalation or insufflation (either
through the mouth or the nose) or oral, parenteral or mucosal
(such as buccal, vaginal, rectal, sublingual) administration.
In some embodiments, the administration is ophthalmic (e.g.
eyes drops applied directly to the eye). In one embodiment,
local or systemic parenteral administration is used.

For oral administration, the compositions can take the
form of, for example, tablets or capsules prepared by con-
ventional means with pharmaceutically acceptable excipi-
ents such as binding agents (e.g., pregelatinised maize
starch, polyvinylpyrrolidone or hydroxypropyl methylcellu-
lose); fillers (e.g., lactose, microcrystalline cellulose or
calcium hydrogen phosphate); lubricants (e.g., magnesium
stearate, talc or silica); disintegrants (e.g., potato starch or
sodium starch glycolate); or wetting agents (e.g., sodium
lauryl sulfate). The tablets can be coated by methods well
known in the art. Liquid preparations for oral administration
can take the form of, for example, solutions, syrups or
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suspensions, or they can be presented as a dry product for
constitution with water or other suitable vehicle before use.
Such liquid preparations can be prepared by conventional
means with pharmaceutically acceptable additives such as
suspending agents (e.g., sorbitol syrup, cellulose derivatives
or hydrogenated edible fats); emulsifying agents (e.g., leci-
thin or acacia); non-aqueous vehicles (e.g., almond oil, oily
esters, ethyl alcohol or fractionated vegetable oils); and
preservatives (e.g., methyl or propyl-p-hydroxybenzoates or
sorbic acid). The preparations can also contain buffer salts,
flavoring, coloring and sweetening agents as appropriate.

Preparations for oral administration can be suitably for-
mulated to give controlled release of the active compound.
The microencapsulated vaccine gives a controlled release or
continual boosting effect. Those formulations with vpB and
alginate are described in U.S. Patent Application Publication
No. 2005/0260258, hereby incorporated by reference.

For buccal administration the compositions can take the
form of tablets or lozenges formulated in conventional
manner.

For administration by inhalation, the compositions for use
according to the present invention are conveniently deliv-
ered in the form of an aerosol spray presentation from
pressurized packs or a nebulizer, with the use of a suitable
propellant, e.g., dichlorodifluoromethane, trichlorofluo-
romethane, dichlorotetrafluoroethane, carbon dioxide or
other suitable gas. In the case of a pressurized aerosol the
dosage unit can be determined by providing a valve to
deliver a metered amount. Capsules and cartridges of e.g.,
gelatin for use in an inhaler or insufflator can be formulated
containing a powder mix of the compound and a suitable
powder base such as lactose or starch.

The compositions can be formulated for parenteral admin-
istration by injection, e.g., by bolus injection or continuous
infusion. Formulations for injection can be presented in unit
dosage form, e.g., in ampoules or in multi-dose containers,
with an added preservative. The pharmaceutical composi-
tions can take such forms as suspensions, solutions or
emulsions in oily or aqueous vehicles, and can contain
formulatory agents such as suspending, stabilizing and/or
dispersing agents. Alternatively, the active ingredient can be
in powder form for constitution with a suitable vehicle, e.g.,
sterile pyrogen-free water, before use.

In addition to the formulations described previously, the
compositions can also be formulated as a depot preparation.
Such long acting formulations can be administered by
implantation (for example subcutaneously or intramuscu-
larly) or by intramuscular injection. Thus, for example, the
pharmaceutical compositions can be formulated with suit-
able polymeric or hydrophobic materials (for example as an
emulsion in an acceptable oil) or ion exchange resins, or as
sparingly soluble derivatives, for example, as a sparingly
soluble salt.

The compositions can, if desired, be presented in a pack
or dispenser device that can contain one or more unit dosage
forms containing the active ingredient. The pack can for
example comprise metal or plastic foil, such as a blister
pack. The pack or dispenser device can be accompanied by
instructions for administration.

In certain preferred embodiments, the pack or dispenser
contains one or more unit dosage forms containing no more
than the recommended dosage formulation as determined in
the Physician’s Desk Reference (62" ed. 2008, herein
incorporated by reference in its entirety).

Methods of administering the active compound and
optionally another therapeutic or prophylactic agent include,
but are not limited to, parenteral administration (e.g., intra-
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dermal, intramuscular, intraperitoneal, intravenous and sub-
cutaneous), epidural, and mucosal (e.g., intranasal, rectal,
vaginal, sublingual, buccal or oral routes). In a specific
embodiment, the active compound and optionally other
prophylactic or therapeutic agents are administered intra-
muscularly, intravenously, or subcutaneously. The active
compound and optionally other prophylactic or therapeutic
agents can also be administered by infusion or bolus injec-
tion and can be administered together with other biologically
active agents. Administration can be local or systemic. The
active compound and optionally the prophylactic or thera-
peutic agent and their physiologically acceptable salts and
solvates can also be administered by inhalation or insuffla-
tion (either through the mouth or the nose). In a preferred
embodiment, local or systemic parenteral administration is
used.

Pulmonary administration can also be employed, e.g., by
use of an inhaler or nebulizer, and formulation with an
aerosolizing agent, or via perfusion in a fluorocarbon or
synthetic pulmonary surfactant. In certain embodiments, the
active compound can be formulated as a suppository, with
traditional binders and vehicles such as triglycerides.

Selection of a particular effective dose can be determined
(e.g., via clinical trials) by a skilled artisan based upon the
consideration of several factors, which will be known to one
skilled in the art. Such factors include the disease to be
treated or prevented, the symptoms involved, the subject’s
body mass, the subject’s immune status and other factors
known by the skilled artisan.

The dose of the active compound to be administered to a
subject, such as a human, is rather widely variable and can
be subject to independent judgment. It is often practical to
administer the daily dose at various hours of the day.
However, in any given case, the amount administered will
depend on such factors as the viability of the active com-
ponent, the formulation used, subject condition (such as
weight), and/or the route of administration.

Method of creating knockout mutants: The starting strain
already has one of the mutations AvjbR, AmucR, AvirB2,
AvirB2/AManB/A. The method has been previously
described (25). The DIVA mutations include Aasp24,
Abcesp31, AvirB12.

Recombinant plasmid construction: In order to construct
vectors to eliminate genes of interest, primers were designed
to amplify sequences flanking the genes. These flanking
regions are referred to as the 5' and the 3' fragments and were
joined to one another using specially designed PCR primers
(Table 1). Importantly, the reverse primer of the 5' fragment
and the forward primer of the 3' fragment include approxi-
mately 5 to 10 nucleotides of sequence complementary to
the opposite fragment and a terminal restriction site. The 5'
and 3' fragments were amplified in separate reactions, gel
purified, and used as templates for a second round of PCR
(38). The forward primer of the 5' fragment and the reverse
primer of the 3' fragment were utilized in a second round of
PCR to engineer a product that represented the ligation of
the 5' and 3' fragments. The ends of this joined product were
removed by restriction digestion at sites engineered into the
primers. The final fragment was gel purified and ligated to
pBluescript I1 KS(+) (Stratagene). A kanamycin cassette was
inserted between the 5' and 3' fragments following ampli-
fication via PCR from the plasmid pKD4 using primers
containing the compatible restriction site located within the
overlap between the fragments. pKD4 contains nptll from
TnS flanked by FLP recombination target sites (11). These
constructs are referred to as the marked plasmids (Table 2).
The construction of the plasmid for creation of unmarked

10

15

20

25

30

35

40

45

50

55

60

65

20

deletion mutants entails cloning of the original overlapping
PCR product (lacking the kanamycin cassette) into plasmid
pEX18Ap, which contains sacB, using the appropriate
restriction enzymes (23). This construct is referred to here as
the unmarked plasmid (Table 2) (25).

TABLE 1

Primers used in this study.

Sequence
Primer (restriction enzyme
name engineered) Fragment
TAF101 5'-GGAATTCGGCAAAGCGAGTGGGTGAT asp24
TAG-3' (EcoRI) (SEQ ID NO: 1) upstream
TAF102 5'-CGGGATCCTGAGCAAGTGCGGGAATA asp24
GC-3' (BamHI) (SEQ ID NO: 2) upstream
TAF103 5' - CGGGATCCTGGGAATGGAGCGGCTTT asp24
AG-3' (BamHI) (SEQ ID NO: 3) downstream
TAF104 5'-GCTCTAGATTTGAACACTTGGCGATA asp24
GCG-3' (XbaI) (SEQ ID NO: 4) downstream
TAF300 5'-CGGGATCCCGCACGTCTTGAGCGATT Kan cassette
GTGTAGG-3' (BamHI)
(SEQ ID NO: 5)
TAF301 5'-CGGGATCCCGGGACAACAAGCCAGGG Kan cassette
ATGTAAC-3' (BamHI)
(SEQ ID NO: 6)
TAF356 5'-CGGGATCCCTGGAGGAAAACAATCT manB/A
GGG-3' (BamHI) upstream
(SEQ ID NO: 7)
TAF357 5_-AAGACGGCGCGCCCGAACCTGTATCT manB/2
GCCTG-3_(AscI) (SEQ ID NO: 8) upstream
TAF358 5_-GTTCGGGCGCGCCGTCTTAACCCAAA manB/2
ACCGCTTCGTA-3_ (AscI) downstream
(SEQ ID NO: 9)
TAF359 5-GCTCTAGAGGGTTTTCTGATCGATCT manB/A
GGTAGC-3_ (Xbal) downstream
(SEQ ID NO: 10)
TAF204 5-GGCGCGCCACGTCTTGAGCGATTGTG Kan cassette
TAGG-3_ (AscI) (SEQ ID NO: 11
TAF205 5-GGCGCGCCGGACAACAAGCCAGGGAT Kan cassette
GTAAC-3_ (AscI) (SEQ ID NO: 12)
TABLE 2

Bacterial strains and plasmids.

Strain or plasmid Relevant characteristic(s)

B. abortus strains

2308 Wild type

Strain 19 Vaccine strain
BAAasp24::kan Aasp24::Km
BAAasp24 Aasp24
BAAvirB2::kan AvirB2:Km (polar)
BAAvirB2 AvirB2 (nonpolar)
BAAmanBA AmanBA

B. melitensis strains

16M Wild type

Rev 1 Vaccine strain
BMAasp24::kan Aasp24::Km
BMAasp24 Aasp24
BMAvirB2::kan AvirB2:Km (polar)
BMAvirB2 AvirB2 (nonpolar)
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TABLE 2-continued

Bacterial strains and plasmids.

Strain or plasmid Relevant characteristic(s)

BMAmanBA::kan
BMAmanBA
E. coli strains

AmanBA:Km
AmanBA

DH3a F~ ¢80dlacZAM15 A(lacZYA-argF)U169 recAl
endAl hsdR17(r;” m;") phoA supE44 A thi-1
gyrA96
relAl

Topl10 F~ merA A(nur-hsdRMS-merBC) ¢ 80lacZAM1S5
AlacX74 recAl araAl39 A(ara-leu)7697 galU galK
psL (Str”) endAl nupG

DHI10B F~ merA A(nur-hsdRMS-merBC) ¢ 80lacZAM1S5
AlacX74 recAl endAl araAl39 A(ara-leu)7697 galU
galK rpsL (Str") nupG

Plasmids

pBluescript KS ColEl, bla

pKD4 FLP/FRT Km"

pEX18Ap sacB bla

pMMKB TAF101/TAF104 cloned into pEX18Ap

pMMKS8 TAF101/TAF104 cloned into pBluescript

pMMKI16 PMMKSR separated by TAF300/TAF301 (kanamycin
resistance)

pMMK29 TAF356/TAF359 cloned into pBluescript

pMMK31 TAF356/TAF359 cloned into pEX18Ap

pMMK33 pPMMK29 separated by TAF204/205 kanamycin
resistance gene

pAV2.2 Plasmid to make marked virB2 deletion

pAS1.1 Plasmid to make unmarked virB2 deletion

Selection of marked deletion mutants: Marked deletion
mutants were created in B. melitensis and B. abortus via
allelic exchange following electroporation of the marked
plasmid into either 16M or S2308, respectively. Bacteria
were grown as described above and pelleted via centrifuga-
tion at 1,700xg for 15 min at 4° C. All subsequent steps were
performed on ice or at 4° C. The cell pellet was washed three
times with ice-cold sterile water under the same conditions.
After the final wash, the cells were resuspended in 1 ml
sterile water. The bacterial cell suspension was used in each
electroporation with approximately 1 g DNA in a prechilled
1-mm gap cuvette (Bio-Rad, California) and shocked in a
BTX electroporation apparatus set at 2.2 to 2.5 kV and 246.
SOC-B (6% [wt/vol] tryptic soy broth, 10 mM NaCl, 2.5
mM KCI, 10 mM MgCl,, 10 mM MgSO,, and 20 mM
glucose) medium was immediately added to the cuvette,
transferred to microcentrifuge tubes, and incubated over-
night at 37° C. with agitation (31). Following incubation, the
entire culture was plated onto TSA containing kanamycin.
Colonies were replica plated onto TSA containing kanamy-
cin and onto plates containing carbenicillin. Marked deletion
mutants from allelic exchange should be kanamycin resis-
tant (Kmr) and carbenicillin sensitive (Carbs). Verification
of mutant genotypes was obtained via PCR and Southern
blot analysis to ensure that the gene of interest was deleted
and the kanamycin cassette was retained.

Selection of unmarked deletion mutants. The unmarked
plasmid, containing the sacB gene, ligated 5' and 3' frag-
ments, and bla gene, was used for electroporation into
marked deletion strains. Electroporation conditions were
identical to those described for the construction of marked
mutants. Following electroporation, cells were plated onto
TSA containing carbenicillin to select for the first homolo-
gous recombination, i.e., a cointegration. Colonies were
replica plated onto sucrose plates (TSA without salt, con-
taining 6% [wt/vol] sucrose, without antibiotic) and to TSA
containing carbenicillin. Colonies that grew on carbenicillin
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(Carbr) but not sucrose (Sucs) were cointegrates with a
functional sacB gene. Resolution of cointegration occurs
spontaneously and was selected for by inoculating 5 ml of
sucrose broth (TSB, without salt or antibiotics, and supple-
mented with 6% [wt/vol] sucrose) and incubating for 24 h
with agitation at 37° C., with subsequent plating onto
sucrose-containing medium. All knockout candidates were
verified via PCR and Southern blot analysis to demonstrate
gene deletion as well as loss of the kanamycin cassette.

The following examples are provided in order to demon-
strate and further illustrate certain preferred embodiments
and aspects of the present invention and are not to be
construed as limiting the scope thereof.

In the experimental disclosure that follows, the following
abbreviations apply: MOPS (3-[N-morpholino]|propanesul-
fonic acid); PCR (polymerase chain reaction); vpB (vitelline
protein B).

EXAMPLE I

The studies described herein focus on highly attenuated
mutants in order to provide the highest degree of safety.
Despite multiple hits in the same genes, sequencing in
progress has identified more than 100 distinct loci that
contribute to intracellular survival. Double mutants have
been constructed in a number of the most attenuated
mutants. Double mutants may include two genes in the same
metabolic pathway at separate genetic loci to virtually
eliminate the potential for reversion of the vaccine strain to
virulence or distinctly different functions which when com-
bined may be expected to severely cripple the organism or
provide a diagnostic target in order to distinguish vaccine
from virulent field strain. Transposon mutagenesis has iden-
tified several hundred Brucella genes whose activity con-
tributes to intracellular survival as provided for in Ficht et al.
(2000) Infection and Immunity 68, 102-107, incorporated
herein by reference. Nonpolar knockout mutations have
been constructed in a number of genetic loci identified as
important for survival and protection induced by these
strains against challenge was examined at several times post
clearance. DNA flanking the internal deletion fragment was
amplified by PCR using primers designed with specific
restriction sites to create a nonpolar deletion and both
fragments were cloned into pBluescript or any other ColE1-
based vector that cannot replicate in Brucella. A kanamycin
resistance cassette is inserted at the junction of the two
fragments and the resulting plasmid is electroporated into
the parental Brucella strain. Marked-knockouts were created
by allelic exchange and selected based on their kanamycin
resistance and ampicillin-sensitivity and were considered
polar. These organisms are then subjected to a second
electroporation using a plasmid that contains the same
construct lacking the kanamycin cassette, but also has the
sacB and ampicillin-resistance genes. Cointegrants were
selected for carbenicillin resistance and sucrose sensitivity.
This step assures the integration of a functional sacB gene
necessary for the final step. These colonies are incubated in
media containing sucrose and plated onto sucrose plates.
Individual colonies are selected and replica plated onto
sucrose plates and verified for kanamycin sensitivity and
sucrose resistance. Verification of nonpolar knockout was
performed by PCR, Southern blotting, and DNA sequencing.

In surveying the large numbers of transposon mutants
developed, sequence data has provided a great deal of
information concerning the environment in which Brucella
persists. In a recent screen of mariner mutants, 40/42 of the
genes identified to date possess homology to entries in
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GenBank. Of these mutants, 31/42 were either known viru-
lence factors or had homology to virulence factors described
in other organisms, 6/42 were purine auxotrophs, 10/42 were
virB genes, and 2/42 possessed no similarity to entries in the
database. Based on the preliminary results at least 3% of the
Brucella genome appears to be required for intracellular
survival. Although, screening in the mouse model suggested
at least a ten-fold higher number, it became too difficult to
sort through mutants exhibiting lesser degrees of attenua-
tion. It may be expected that attenuated mutants unable to
persist within macrophages will fall into several different
categories. Mutants exhibiting the greatest level of attenu-
ation and are therefore safest will be the primary focus of
this proposal. Genes involved in purine and glutamate (or
nitrogen) metabolism have been identified within this group.
Both provide a number of potential targets for elimination
along complex pathways. Another group may be impaired in
response to stress conditions, including those unable to
withstand the bactericidal mechanisms of phagocytes such
as the oxidative burst, acidity of the phagolysosome, or
activity of defensins. A third group may have defects in
effector molecule secretion for example by the Brucella
homolog to the type IV secretion system. While not limited
the present invention to any particular theory, it is possible
that these molecules function to “modify the phagosome”
and enhance survival or the equivalent of icm/dot. However,
the inventors have also identified a number of novel classes
of genes that will have to be fully characterized in order to
establish their role in infection. Many in this final group may
be defective in specific host adaptations, e.g. adhesion to
host cells, invasion, intracellular replication, systemic
spread, or modulation of the host immune response.

One embodiment of the present invention involves the use
of mutations in recognized Brucella virulence factors to
develop vaccines. Both single and double mutations have
been investigated to provide a balance between safety and
persistence. While double knockouts likely provide the
highest degree of safety, some of these mutants will be too
highly attenuated to stimulate protective immunity even in
encapsulated form or may be missing important protective
antigens. For purposes of this proposal, the present inventors
utilized knockouts whose identity and putative function are
known. These include AvirB2 (type IV secretion system)
and AmanB/A (LPS synthesis). Efficacy of these single
mutant strains alone is illustrated here (FIG. 1); vaccine
potential of individual mutants was evaluated following
clearance of vaccine candidates (i.e., nonrecoverable) in
order to minimize the contribution of non-specific immune
functions to clearance.

B. melitensis Rev-1 (vaccine strain) was also used as a
control in the protection experiment. When considering
clearance of these organisms following vaccination,
manB/A (AMBA), virB (AVB2) exhibit early, rapid declines
in recovery (Group 1 classification, highly attenuated), while
the AASP (Group 2) mutant exhibits a more gradual decline
in number; the double mutant virB/manB/A exhibits the
most rapid clearing time. The results observed (FIG. 1)
appear to confirm the contention that increased protection is
associated with persistence of vaccine strains. However, it is
difficult to generalize since genes missing from the mutants
may also be important protective immunogens. The AVB2
shown here and the AVB2/AMBA double mutant may be
used effectively in one embodiment of the present invention.
The efficacy and persistence of the organisms introduced in
unencapsulated or encapsulated (controlled release) format
may further be evaluated. The inventors hypothesize that
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maximal safety may be through use of the rapidly clearing
strains, while enhancing efficacy through the disclosed con-
trolled release format.

The use of a novel biopolymer, vpB, in microcapsule
formulations greatly extends the time frame of erosion and
release of capsule contents. This property is based on the
unusual enzymatic and chemical resistance of the protein to
breakdown. To demonstrate the unusual properties of this
protein additive with regard to vaccination, the present
inventors have included it in both a solid microparticle and
a reservoir microparticle formulation (alginate, FIG. 2), and
monitored the enhancement of the immune response in each
case. Our methods include the addition of vpB (recombi-
nant) derived from aquatic invertebrates, a protein of 31 kDa
produced in E. coli free of additional amino acids and
purified through conventional chromatography. The protein
is non-antigenic and has been extensively characterized
regarding biochemical properties. We have demonstrated the
ability to form a variety of capsules with this material
altering the surface properties and controlled release profiles
of the particles (data not shown). The performance of vpB
containing reservoir capsules in vaccine enhancement is
shown in FIG. 6. Armed with the information that the vpB
protein imparted sustained release profiles to erodible cap-
sules, the inventors used this protein as an additive to extend
release profiles of a number of capsule types. Alginate
capsules in particular were a target of interest as a hydrogel
to stabilize entrapped vaccine strains and maintain viability.
Through a modification of the methods of Abraham et al.
(1996) Pharm. Dev. Technol. 1, 63-68, hereby incorporated
by reference, the present inventors produced three formula-
tions of alginate-based microcapsules to entrap and deliver
live Brucella vaccines. Alginate solutions (1.5% in MOPS
buffer) containing 1x10° bacteria/ml were nebulized into a
solution of 100 mM CaCl, using an Encapsulator with a 200
micron nozzle (Innova, Inc.) and stirred for 15 minutes at
20° C. CaCl, solution was removed and crosslinking of
alginate achieved with a solution of 0.5% poly-L-lysine. An
external coating of alginate was applied through a five-
minute incubation of particles in a 0.03% (w/v) alginate
solution in MOPS buffer. Particles were washed with MOPS
buffer before storage at 4° C. (formulation A). A second
formulation employed the substitution of vpB for poly-L-
lysine in the crosslinking reaction, producing a vpB layer in
the capsule wall (formulation C). A third formulation incor-
porated vpB (0.5 mg/ml) into the alginate core with the
bacterial payload to extend bacterial release from the cap-
sule and delay breakdown of the capsule (formulation B).
Formulations A, B, and C were compared with unencapsu-
lated bacteria, empty capsule type C and buffer for protec-
tion against challenge 32 weeks after a single vaccination
dose as shown in FIG. 6. Each of three capsule formulations
described above were tested in mice (FIG. 6) through
intraperitoneal injection to perform as a depot. The vaccine
strain used 19C6 (AvjbR; BMEI1116) is one of the Group 1
attenuated strains discovered through transposon mutagen-
esis of B. melitensis. This has been revealed by screening
attenuated strains in macrophage culture and mice. In this
study 1x10 bacteria 19C6 were introduced into mice (n=10)
intraperitoneally (IP). The six groups of animals received
buffer alone (MOPS), empty capsules (alginate), unencap-
sulated 19C6 or one of three encapsulated forms of 19C6.
The three forms include formulation A (alginate only),
formulation B (alginate, vpB core) and formulation C (alg-
inate, vpB shell). Thirty-two weeks following vaccination,
all groups were challenged with 1x10* B. melitensis strain
16M through IP injection. Vaccination of mice with the
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19C6 strain alone provided three logs of protection against
challenge. Vaccination with the same organism in an encap-
sulated form provided one to two logs of additional protec-
tion. Formulation C, which provided the best protection, is
formulated with a vpB shell; 50% of the animals in this
group demonstrated sterile immunity after challenge, thirty-
two weeks following vaccination.

This study was carried out once with 60 mice and clearly
demonstrates the utility of encapsulation in immune poten-
tiation. The inventors used two highly attenuated strains for
the studies described here. The present inventors determined
the clearing time for encapsulated Brucella from the mouse
spleen following vaccination as a measure of safety (FIG. 3).
The present inventors have further tested a single mutant
AVB and a double mutant, AVB/AMBA for persistence and
efficacy in an encapsulated format.

FIG. 4 shows recovery of B. melitensis 16M by bacterio-
logic culture from spleen in BALB/c mice vaccinated with
encapsulated B. melitensis vaccine compositions of the
present invention following 32 weeks post-vaccination. A
single asterisk (*) represents data with p<0.05; double
asterisks (**) represent data with p<0.01.

In related studies the inventors used cell fractionation and
ELIspot analysis to define the T cell subpopulations pro-
ducing the observed cytokines and have provided an ELISA-
based Bioplex analysis here to illustrate an example of data
collected to date on the experimental vaccination detailed in
FIG. 6. Both humoral and cell mediated immunity were
followed during the course of the study. Prior to challenge,
five mice were evaluated for cell mediated immune status
through splenocyte blastogenesis and release of cytokines
into the supernatant (FIG. 6.). Following challenge the
remaining mice were bled at 48 hours and serum evaluated
for cytokine production. This same group was sacrificed at
two weeks post challenge and an enumeration of bacteria in
the spleen was used as an indicator of protection (FIG. 4). To
summarize the analysis of immune parameters, the inventors
found that serum antibody titers correlated with protection
while blastogenesis results were unrevealing. Cytokine
analysis of antigen-stimulated splenocytes reveals the hall-
marks of a Thl response in animals analyzed prior to
challenge (FIG. 6). Bioplex analysis of cytokines present in
sera revealed similar profiles. We will analyze T cell sub-
populations via ELIspot in future experiments to gain a
better understanding of immune correlates.

Cytokine quantitation: Spleens were excised from vacci-
nated mice and ground lightly with the frosted ends of two
glass slides. Erythrocytes were lysed using ACK lysis buffer
(150 mM NH,CI, 10 mM KHCOj;, 100 mM Na,EDTA, pH
7.2-7.4) and the cell suspension was washed following
centrifugation three times in RPMI-1640 medium. Then the
concentration of cells was adjusted to 2x10° cells/ml with
complete RPMI-1640 containing 25 mM HEPES, 2 mM
L-glutamine, 10% (v/v) heat-inactivated (for 30 min at 56°
C.) fetal bovine serum (Difco), and 5.5x10° M 2-mercap-
toethanol in the presence of 100 U penicillin and 10 mg
streptomycin (Difco). For cytokine production by spleno-
cytes, 4x10° cells are cultured as described in a 24-well
tissue culture treated plate (Costar, Massachusetts) for three
days at 37° C., 5% CO,. 1x10® heat-killed B. melitensis
16M, or 1 pug of lysate is applied to each well. Cells in
control wells receive complete RPMI-1640 only as back-
ground control. Cell suspensions are harvested and assayed
for cytokine levels. Filtrates were analyzed by ELISA using
Bio-Plex analysis, a multiplex suspension array technique
that relies on antigen capture and bioluminecence (Luminex
Corp.) for IL-2, IL.-4 and IL.-10. Spleen supernatants were
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treated according to manufacturer’s instructions. Sera were
serially diluted and similarly analyzed. FIG. 6 shows the
results of ELISA analysis via Bioplex of IFN gamma in
spleen supernatants from animals at 32 weeks post-vacci-
nation. FIG. 5 illustrates IFN gamma production detected in
sera of animals at 10 and 30 weeks post-vaccination and two
days after challenge doses were delivered. The relative
levels of cytokines concur between these analyses although
the levels of cytokine are much higher in spleen supernatants
than in sera, as expected. Data has also been collected on
IL-2, 1L-4 and IL-10 revealing a Thl cytokine profile
elevated in IL.2 and IFN gamma and low in I[.4 production.
One may further use ELIspot analysis to assign these values
to specific T cell subsets.

EXAMPLE II

The present inventors have previously used signature-
tagged mutagenesis to identify in vitro and in vivo virulence
genes (1, 16, 40). Among these, a mucR (BMEI 1364)
mutant, was attenuated for survival in the mouse and mac-
rophage model (40). The role of MucR in Brucella is
unknown, but recently, the function of the MucR gene has
been identified in soil and plant bacteria such as Agrobac-
terium tumefaciencis and Sinorhizobium meliloti (19, 28).
MucR is a transcriptional regulator that coordinates a
diverse set of bacterial behaviors including the control of
exopolysaccharide production which is important not only in
bacterial-plant symbiosis but also in biofilm formation (4,
5).

In the present invention the inventors conducted a series
of studies designed to characterize the Brucella melitensis
16MAmucR as a potential vaccine candidate against intra-
peritoneal and aerosol Brucella melitensis 16M challenge.
Vaccination with the mutant did not induce systemic or local
adverse reactions and significantly protected BALB/c mice
against intraperitoneal and aerosol challenge.

Materials and Methods: (i) Mice: 6 to 8-week old female
BALB/c mice were obtained from the Jackson Laboratories
(Bar Harbor, Me.) and acclimated for one week prior to
infection or vaccination. All experimental procedures and
animal care were performed in compliance with the institu-
tional animal care guidelines.

Bacterial strains: Strains used in these studies include B.
melitensis 16MAmucR (engineered for this study and used
as the vaccine candidate) and the virulent strain Brucella
melitensis 16M biovar 1 (originally obtained from ATCC
and re-isolated by this lab from an aborted goat fetus) (24).
Bacteria were grown on tryptic soy agar (TSA) (Difco,
Becton Dickinson) or Farrell’s media (TSA supplemented
with Oxoid Brucella supplement) at 37° C. with 5% CO,.
For construction of the B. melitensis 16MAmucR knockout,
the medium was supplemented with kanamycin (100 pg/ml),
or carbenicillin (100 pg/ml). Sucrose media was utilized for
sacB counterselection and unmarked gene deletion selection
as previously described (25). Escherichia coli cultures uti-
lized for the construction of the 16MAmucR mutant were
grown on Luria-Bertani (LB) (Difco, Becton Dickinson)
plates or in LB broth overnight at 37° C. with or without
ampicillin (100 mg/liter) or kanamycin (100 mg/liter).

To prepare organism for animal infections, Brucella were
harvested from the surface of the plates after 3 days of
incubation using phosphate-buffered saline (PBS) pH 7.2.
The bacteria were pelleted and resuspended to a final
concentration based on optical density readings using a Klett
meter and a standardized curve. Actual viable counts were
confirmed by serial dilution, plating, and enumeration.
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Construction of the Brucella melitensis 16MAmucR dele-
tion mutant: The mutant was constructed as previously
described with some modifications (25). The sequence
upstream of the mucR gene (BMEI1364) was amplified
from B. melitensis 16M with the primer pair S'GCTCTA-
GAGCCCATCAACAACAGGACAAACGG3' (SEQ ID
NO: 13) (contains Xbal site) and S'GGCGGCGCGCCTG-
GTTGCTCCGAACTATGCTG (SEQ ID NO: 14) (contains
Ascl site). The sequence downstream of mucR was ampli-
fied with the primer pair S'CCAGGCGCGCCGCCGCT-
GCGTATTTCATAATC (SEQ ID NO: 15) (contains Ascl
site) and S'GCTCTAGAGCCTTTGCAGGTTTTCCG-
TATCTTT (SEQ ID NO: 16) (contains Xbal site). These two
products were ligated to one another via overlapping PCR
via the Ascl site (New England Biolabs) engineered between
the two sequences. This overlap product was then ligated to
pEX18Ap via the Xbal site (named pMMK40). A kanamy-
cin resistance gene was subsequently ligated within the
vector by the unique Ascl site (plasmid pMMK44). This
construct was used for electroporation into Brucella meliten-
sis 16M. Potential marked deletion mutants were kanamycin
resistant and carbenicillin sensitive, and were verified by
PCR and Southern Blot; the confirmed mutant was named
16MAmucR::Kan. The unmarked deletion mutant was engi-
neered by electroporation of pMMK40 into 16MAmucR::
Kan and selected on TSA/carb@100. Cointegrants with the
following phenotypes were selected: Kan®, Carb®, and
sucrose®, indicating a co-integrant with a functional sacB
gene. Bacteria were selected in the presence of sucrose for
resolution of co-integration as previously described (25). All
knockout candidates were verified by PCR and Southern
Blot to demonstrate gene deletion and loss of the kanamycin
cassette.

Evaluation of B. melitensis 16MAmucR attenuation in
mice: Forty, 6-8 week old female BALB/c mice were used
to evaluate the persistence and replication of the B. meliten-
sis 16MAmucR mutant. Mice were inoculated intraperito-
neally with either (a) 1x10° CFU in 100 ul 16MAmucR or
(b) 1x10° CFU in 100 pl of the parental strain 16M. Groups
of four mice were euthanized via carbon dioxide asphyxi-
ation at 1, 3, 5, 7 or 9 weeks post infection. At each time
point, the spleens were harvested, weighed, and homog-
enized in 1 ml of peptone saline. Serial dilutions were
prepared, and 100 pul aliquots of each dilution (including the
undiluted organ) were plated in duplicate onto TSA plates.
The levels of infection were expressed as the meanzof
standard error of the mean (SEM) of individual log CFU/
spleen (FIG. 7A). Elevated spleen weights indicative of
splenomegaly in the 16M parental strain were not observed
in the vaccine strain (FIG. 7B).

Immunization of mice for efficacy studies: Six to eight
week-old female BALB/c mice were distributed into 3
treatment groups and inoculated intraperitoneally (IP) with
a single dose of B. melitensis 16MAmucR. Treatment groups
included: (a) 1x10° CFU/mouse, (b) 1x10° CFU/mouse, or
(c) PBS as a control. Mice were housed for 20 weeks
post-vaccination under ABSL-3 conditions.

Vaccination efficacy against intraperitoneal challenge:
Twenty weeks post-vaccination, mice (n=5 per group) were
challenged i.p using 6x10° CFU/mouse of B. melitensis
16M. One week post-challenge, mice were euthanized via
CO, asphyxiation. Spleens, lungs, and livers were collected,
weighed and homogenized in 1 ml of PBS. Serial dilutions
were performed and aliquots were plated onto TSA or
Farrell’s media plates. One week post-challenge, animals
were euthanized, spleens, lungs and livers harvested,
homogenized and plated to determine total CFU/organ. The
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levels of infection were expressed as means+SEMs of the
individual log,, CFU/spleen, log,, CFU/liver and log,,
CFU/lung (FIG. 8).

Vaccination efficacy against aerosol challenge: Twenty
weeks post vaccination, groups of 5 mice were challenged
with an aerosol chamber dose of 5x10° CFU/ml of B.
melitensis 16M. Four weeks post challenge, the mice were
euthanized and the lungs, liver and spleen were removed,
weighed, homogenized in 1 ml PBS, serially diluted and
plated onto Farrell’s medium to determine total CFU/organ.
The levels of infection were expressed as means+of SEMs
of the individual log,, CFU/spleen, log,, CFU/liver and
log,, CFU/lung. A group of 3 mice were euthanized directly
after aerosol exposure to quantify the CFU/lung inhaled
(FIG. 9).

Cross protection against other species of Brucella: Six to
eight week-old female BALB/c mice are inoculated intrap-
eritoneally (IP) with a single dose (1x10°® CFU/mouse) of B.
melitensis 16MAVirB, 16MAVirB/ManB/A, 16MAvjbR.
Controls include empty capsules or PBS as a control.
Twenty weeks post-vaccination, mice (n=5 per group) were
challenged i.p using 1x10* CFU/mouse of B. melitensis 16M
or B. abortus 2308. One week post-challenge, mice were
euthanized via CO, asphyxiation. Spleens, lungs, and livers
were collected, weighed and homogenized in Iml of PBS.
Serial dilutions were performed and aliquots were plated
onto TSA or Farrell’s media plates. One week post-chal-
lenge, animals were euthanized, spleens, lungs and livers
harvested, homogenized and plated to determine total CFU/
organ. The levels of infection were expressed as
means+xSEMs of the individual log,, CFU/spleen, log;,
CFU/liver and log;, CFU/lung. Cross protection was
observed for encapsulated B. melitensis AvirB2 and for
encapsulated B. melitensis AvjbR (FIGS. 10A and 10B).

Safety Studies with vjbR mutants in B. melitensis, B.
abortus S19: IRF-/IRF-(interferon regulatory gene) knock-
out mice are considered a good model for immunocompro-
mised subjects. IRF-1~"~ mice were infected intraperitone-
ally with 1x10° CFU/mouse of either B. melitensis
16MAVjbR, B. abortus S19AvibR, B. melitensis 16M, B.
abortus 2308 or S19 (FIG. 11). Mice inoculated with AvjbR
vaccine candidates survived longer compared to either 16M
(P<0.005), 2308 (P<0.005) or S19 (P<0.005) In the present
study, the safety of the vaccine candidates in the Interferon
regulatory factor (IRF~~ knockout mice. IRF-17~ mice
infected with either wild-type Brucella melitensis 16M or
the vaccine strain Brucella abortus S19, succumb to the
disease within the first three weeks of infection, which is
characterized by a marked granulomatous and neutrophilic
inflammatory response that principally targets the spleen and
liver. In contrast, IRF-1~'~ mice inoculated with either the B.
melitensis 16MAVjbR or B. abortus S19AvjbR, do not show
any clinical or major pathologic changes associated with
vaccination. Additionally, when 16MAvjbR or S19AvjbR
vaccinated mice are challenged with wild-type Brucella
melitensis 16M, the degree of colonization in multiple
organs is significantly reduced, along with associated patho-
logic changes. These findings demonstrate the safety and
protective efficacy of the vjbR mutant in an immunocom-
promised mouse model.

Histopathology: Twelve female BALB/c mice were dis-
tributed into 4 groups. The groups consisted of A)
16MAmucR vaccinated and subsequently aerosol chal-
lenged (2 weeks post-challenge) B and C) Non vaccinated
(naive) and aerosol challenged (2 and 4 weeks post-chal-
lenge) and D) non vaccinated and IP challenged (4 weeks
post-challenge). Animals were euthanized by CO, asphyxi-
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ation, and spleen, lungs, liver, kidneys and heart were
harvested, fixed in 10% buffered formalin, paraffin embed-
ded and stained with hematoxylin and eosin. Histological
changes were assessed between treatment groups (FIGS.
12A-12D, and FIGS. 13A-13D).

Statistical analysis: Bacterial burden from mutant clear-
ance as well as efficacy studies were expressed as mean CFU
+/- standard error (SE) and presented graphically as the
log,, CFU Brucella recovered per organ. Culture-negative
organs were assigned a value of four CFU, which is below
the limit of detection of five CFU/organ. Spleen weight data
from kinetics was plotted as the mean spleen weight in mg
+/- standard error (SE).

For the survival of 16MAmucR in mice, a Student’s T-test
was performed to compare splenic colonization and weight
of the knockout strain to the wildtype control group at each
timepoint (FIGS. 7A and 7B). Efficacy studies compared
vaccinated and subsequently challenged mice to mice
receiving PBS as a vaccine control that were challenged
with wild type organism. In the intraperitoneal challenge
study, statistical significance of differences between vacci-
nates were analyzed by ANOVA for each organ separately
followed by Tukey’s honestly significant (HSD) post-test
comparing all groups to one another (FIG. 8). In the aerosol
protection studies a Student’s T-test was performed for each
organ separately to compare the vaccines to naive mice. For
all statistical analyses P-values less than 0.05 were consid-
ered statistically significant (FIG. 9).

Attenuation of 16MAmucR in mice: To determine the
effect of the mucR gene deletion in vivo, mice were infected
IP with 1x10° CFU/mouse of B. melitensis 16MAmucR.
Compared to the wild type strain 16M, the colonization of
the spleen with 16MAmucR was significantly reduced at 1,3
and 6 weeks (P<0.01), but not at 9 or 12 weeks (FIG. 7A).
Reduced splenic colonization by the 16MAmucR mutant
correlated with reduced spleen weights (FIG. 7B), indicating
a reduced inflammatory response by the mutant. Spleen
weights of mice infected with wild-type 16M were consis-
tently higher.

Evaluation of immune protection provided by
16MAmucR against intraperitoneal 16M challenge: In order
to determine the vaccination efficacy elicited by the
16MAmucR mutant, the level of protection provided by the
vaccine candidate was evaluated against intraperitoneal B.
melitensis 16M wild-type challenge at 20 weeks postvacci-
nation. Animals were euthanized one week post-challenge
because this timepoint corresponds to the highest bacterial
load in the spleen based on previous studies (25). At one
week post challenge (21 weeks postvaccination), there was
a statistically significant decrease in the splenic, hepatic and
pulmonary bacterial loads from the mice vaccinated with the
16MAmucR mutant relative to those of the naive mice
regardless of the vaccination dose, with a 4.14-4.75 log
reduction in bacterial burden in the spleen (P<0.001), 3.24-
3.34 log reduction in the liver (P<0.001) and 2.54-3.64 log
reduction in the lungs (P<0.001) (FIG. 8).

Evaluation of immune protection provided by 16AmucR
against aerosol 16M challenge: In order to determine the
vaccination efficacy elicited by the 16MAmucR mutant
against a natural route of exposure, the level of protection
provided by the vaccine candidate was evaluated against
aerosol B. melitensis 16M wild-type challenge at 20 weeks
postvaccination. For aerosol exposure studies, the four week
post-challenge timepoint was chosen as the timepoint of
peak splenic colonization (23). Mice that were euthanized
within 1 hour of aerosol exposure inhaled an average of
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2.1x10* CFU/lungs as determined by plating their lungs and
enumerating the bacteria recovered.

When mice were challenged by the aerosol route, the
16MAmucR vaccine candidate protected mice significantly
in all organs plated. The mutant afforded a 2.79 log reduction
in the bacterial burden in the spleen (P<0.05), 1.97 log
reduction in the liver (P<0.05) and a 1.63 log reduction in
the lungs (P<0.01) (FIG. 9).

Vaccination of mice with B. melitensis AvjbR strain
protects against B. abortus challenge as well as B. melitensis
challenge. There should be good cross protection whether a
B. abortus or a B. melitensis strain is used as vaccine based
on previously described data. Exception is AvirB/AManB
(FIGS. 10A and 10B).

Survival of the Brucella AvjbR mutants in IRF-1
knockout mice: Ten days post inoculation, 60% of mice had
succumbed to the infection with B. melitensis 16M (FIG.
11). Similarly, mice inoculated with B. abortus 2308 exhib-
ited signs of illness by day 7 and 50% of mice were
euthanized by day 11 post-inoculation due to imminent
deterioration (FIG. 11). Interestingly, mice vaccinated with
the vaccine strain S19, also elicited clinical signs of illness,
but at a later timepoint than observed with the virulent
strains, i.e., at day 10 post-inoculation with a 100% mortal-
ity rate by day 28 (FIG. 11). In contrast, 100% of mice
vaccinated with either the 16MAvjbR or S19AvjbR mutant
exhibited no signs of disease (P<0.0001) and 100% survived
beyond day 30 post-inoculation (FIG. 11). Two animals
from the B. melitensis 16M and B. abortus 2308 exhibited no
signs of disease beyond day 30 post-inoculation. This data
clearly demonstrate that vjbR mutants are less virulent in
immunocompromised mice than the parental strains from
which they were derived.

Microscopic changes observed in the spleens (FIGS.
12A-12D) and in the livers (FIGS. 13A-13D) of IRF-17"~
mice vaccinated with S19AvjbR (FIGS. 12C and 13C) or
16MAvjbR (FIGS. 12D and 13D) and challenged 8 weeks
post-vaccination with 1x10° CFU/mouse of wild-type B.
melitensis 16M. Naive but challenged mice (FIGS. 12B and
13B) or naive (FIGS. 12A and 13A) are presented for
comparison. It can be seen from the figures that there is a
marked reduction in the inflammatory response in both the
spleen and liver in animals that received the AvjbR mutants.

Evaluation of histological changes in mice vaccinated
with 16MAmucR: Histological analysis of the lungs, livers,
and spleens of BALB/c mice inoculated with either
16M_mucR (FIGS. 14D-14F) or naive PBS controls (FIGS.
14A-14C) that were subsequently aerosol challenged with
wild-type 16M and euthanized 2 weeks postchallenge was
assessed to determine the degree of inflammation elicited by
the challenge organism in animals that were vaccinated with
the mutant. Histologically, the bronchiole-associated lym-
phoid tissue was prominent at 2 weeks postchallenge (FIG.
14A), and no significant changes were seen in mice vacci-
nated with the mucR mutant (FIG. 14D). Inflammatory foci
in the liver of naive aerosol challenged mice were rare at 2
weeks postchallenge (FIG. 14B) and absent in mice vacci-
nated with the mucR mutant (FIG. 14E). Changes in the
spleen of naive mice consisted of marked extramedullary
hematopoiesis at 2 weeks postchallenge (FIG. 14C). There
were no significant changes in the spleen of mice vaccinated
with the mucR mutant (FIG. 14F). No significant changes
were observed in the kidneys or hearts in vaccinated or
aerosol exposed animals (data not shown). Naive mice are
depicted in FIGS. 14G-141 for comparison.

/=
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Historically, the most efficacious vaccines against brucel-
losis have been live attenuated vaccines, and is the case of
multiple currently licensed vaccine strains for animal use
including S19, Rev 1 and RB51(15, 37). Unfortunately, both
S19 and Rev 1 vaccines, which have been highly efficacious
in controlling the disease in cattle and goats respectively,
have proven to be unsafe or have the capacity to cause
adverse reactions in humans due to local and systemic
reactions that in some cases resulted in the development of
the disease (3, 38). Other vaccinology alternatives including
the use of subunit, recombinant proteins and DNA vaccines
which might be safer for human use, although capable of
eliciting both humoral and cellular immune responses to a
certain degree, generally induce lower or no protection
compared to the live attenuated vaccines in animal models
(8-10, 14, 30, 32, 33, 36). As such, a live attenuated
organism has been utilized as the vaccine type of choice for
the prevention of Brucellosis. An ideal Brucella vaccine
would be one that persists long enough to generate a robust
immune response without eliciting the undesired side effects
such as splenomegaly or clinical signs of disease.

Previous studies using signature tagged mutagenesis by
the present inventors have identified multiple candidate
genes that are attenuated for virulence and survival in the
mouse and macrophage models, among these disruption of
the mucR locus in B. melitensis 16M (40). The inventors
have previously demonstrated an in vitro and in vivo role for
the mucR transposon mutant. The organism was found to be
significantly attenuated in both models when the gene was
interrupted. To further characterize the role of mucR in
regards to survival, protective efficacy and safety in vivo, an
unmarked gene deletion was created.

In Sinorhizobium meliloti, a gram-negative soil bacterium
that establishes a symbiotic relationship with alfalfa, a clear
role of the mucR gene has been recently established (28).
MucR has been identified as a transcriptional regulator with
multiple functions that help in the establishment of symbio-
sis, including a key role in the control of exopolysaccharide
biosynthesis, necessary for biofilm formation (4, 5, 35).
Biofilms are microbial aggregates surrounded by a self-
produced matrix that attach to a surface (11, 12). The biofilm
provides bacteria with a physical barrier against antibiotics,
innate defense mechanisms from the host and environmental
stress conditions including UV radiation, pH changes and
osmotic shock among others (11). Important components of
biofilms include water, bacterial cells and exopolysaccha-
rides (11). Exopolysaccharides have been recognized as key
elements that provide the structural support for the biofilm.
In order to ensure a successful symbiotic association, exopo-
lysaccharide production and biofilm formation are tightly
regulated and partially controlled by the mucR gene. Dele-
tion of mucR in S. meliloti therefore results in deficiencies
in invasion or the establishment of symbiosis.

One clear example of the importance of the mucR gene in
S. meliloti symbiosis is in the induction of nodule formation
(28). MucR causes an increase in the biosynthesis of nod
factor, necessary for the induction of nodule development.
Other established roles of mucR in this organism include an
induction of increased expression of multiple operons
required for nitrogen fixation and respiration, as well as
numerous type [V secretion systems and putative transport-
related genes all necessary for a successful symbiosis (28).

In the case of Brucella, the role of mucR is less under-
stood. Preliminary studies from this laboratory using
microarray technology suggests that the mucR gene regu-
lates exopolysaccharide biosynthesis, as well as genes
involved in iron sequestration and storage, nitrogen metabo-
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lism and stress response mechanisms. (J. Weeks, unpub-
lished data). Although preliminary and still under investi-
gation, all these putative roles of mucR in Brucella explain
to a certain degree the attenuation of the mutant strain
observed in J774 A macrophages and in mice. Recently it has
been reported that B. melitensis 16M produces an exopoly-
saccharide; studies suggested that Brucella may indeed be
capable of biofilm formation (17). It is possible that mucR
may play a role in biofilm formation through regulation of
exopolysaccharide synthesis.

Protective efficacy as a function of persistence has been
previously evaluated by this laboratory (25). The construc-
tion and characterization of multiple deletion mutants in
Brucella abortus and Brucella melitensis has led to the
conclusion that a vaccine candidate needs to persist in the
host long enough in order to mount a strong protective
immune response (15, 25). This observation is apparent here
as well with the B. melitensis mucR mutant. Interestingly,
the mucR mutant persists at least for 12 weeks in mice,
similarly to the wild-type 16M, but the degree of coloniza-
tion is significantly reduced compared to the parental strain
during the acute phase of the infection. This difference in
colonization properties may explain the lack of gross and
microscopic changes associated with infection. Lack of
hepatic granuloma formation, hepatomegaly or splenom-
egaly associated with vaccination suggests that immuniza-
tion with the mutant is safe, and therefore superior to many
other Brucella vaccines, including licensed ones. Most
importantly, protection against the most common micro-
scopic changes associated with the disease in mice such as
granulomatous hepatitis, granulomatous splenitis or spleno-
megaly was not observed, indicating that vaccination with
the mucR mutant not only reduced the bacterial burden in
multiple organs but also prevents against the development of
Brucella-associated pathologic changes. Lack of splenom-
egaly associated with vaccination has been previously dem-
onstrated as a safety parameter in other vaccine candidates
2.

Protection against intraperitoneal challenge, observing
the output of bacterial colonization in the spleen of mice, has
been historically used as a means of evaluating Brucella
vaccine efficacy (6, 27, 34, 39). Although this vaccination or
challenge location does not reflect a natural route of infec-
tion, it has been extremely useful in determining the poten-
tial efficacy of vaccine candidates against brucellosis. Most
importantly, it provides a reproducible and invariable means
of comparing multiple vaccine candidate strains that had
been studied for the past 30 to 50 years. When 16MAmucR
vaccinated mice were challenged against wild-type Brucella
melitensis 16M, all animals demonstrated a statistically
significant reduction in the bacterial burden in the spleen,
lung and liver regardless of the vaccination dose. The
marked reduction in bacterial burden in the spleen conferred
by the mutant is impressive and comparable to other live
attenuated vaccine candidates tested by this laboratory and
others (2, 20, 21, 25). Although an intraperitoneal challenge
is of historical importance, a more logical approach is the
use of an aerosol challenge route, not only because of the
documented evidence of aerosol transmission of these
organisms, but also because of the potential threat of the use
of Brucella as a bioterrorism agent (13, 18, 22, 26). It has
been documented that 10 to 100 organisms are enough to
cause disease in and Brucella is therefore considered highly
infectious when delivered by this route (7). Previous inves-
tigations performed by this laboratory has determined that
BALB/c mice receiving an infectious dose of 5x109 CFU/
ml added to the chamber nebulizer inhaled an average of
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12,250 organisms per mouse (4.10 logs) and that tissue
colonization reached a peak by 4 weeks post-exposure (23).
The high dose (100-fold more bacteria that actually needed
to establish an infection) and the time post-vaccination
chosen to test efficacy, provide us the means to evaluate the
vaccine candidate efficacy at the most stringent conditions.
Interestingly and importantly, the bacterial burden in the
spleen, liver and lung were markedly reduced in animals that
received the vaccine, demonstrating the vaccine efficacy
against an aerosol exposure. Gross and microscopic evalu-
ation confirmed the protection against the pathologic
changes associated with the disease. As expected, the high-
est number of bacterial were isolated from the lung. It is
possible that a diminished inflammatory response in the
lungs masks the efficacy in reducing the bacterial coloniza-
tion, and although high bacterial counts were observed there
were no significant gross or microscopic changes associated
with the infection apart from an increased amount of BALT
associated lymphoid tissue.

In the present invention, the intraperitoneal vaccination
with the live attenuated vaccine candidate 16MAmucR was
able to markedly enhance the bacterial clearance in the
spleen, lung and liver using two different challenge routes.
Most importantly, vaccination conferred protection against
Brucella-associated pathologic changes.

It is contemplated that any embodiment discussed in this
specification can be implemented with respect to any
method, kit, reagent, or composition of the invention, and
vice versa. Furthermore, compositions of the invention can
be used to achieve methods of the invention.

It may be understood that particular embodiments
described herein are shown by way of illustration and not as
limitations of the invention. The principal features of this
invention can be employed in various embodiments without
departing from the scope of the invention. Those skilled in
the art will recognize, or be able to ascertain using no more
than routine experimentation, numerous equivalents to the
specific procedures described herein. Such equivalents are
considered to be within the scope of this invention and are
covered by the claims.

All publications and patent applications mentioned in the
specification are indicative of the level of skill of those
skilled in the art to which this invention pertains. All
publications and patent applications are herein incorporated
by reference to the same extent as if each individual publi-
cation or patent application was specifically and individually
indicated to be incorporated by reference.

The use of the word “a” or “an” when used in conjunction
with the term in the claims and/or the specification may
mean “one,” but it is also consistent with the meaning of
“one or more,” “at least one,” and “one or more than one.”
The use of the term “or” in the claims is used to mean
“and/or” unless explicitly indicated to refer to alternatives
only or the alternatives are mutually exclusive, although the
disclosure supports a definition that refers to only alterna-
tives and “and/or.” Throughout this application, the term
“about” is used to indicate that a value includes the inherent
variation of error for the device, the method being employed
to determine the value, or the variation that exists among the
study subjects.

As used in this specification and claim(s), the words
“comprising” (and any form of comprising, such as “com-
prise” and “comprises”), “having” (and any form of having,
such as “have” and “has”), “including” (and any form of
including, such as “includes” and “include”) or “containing”
(and any form of containing, such as “contains” and “con-
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tain”) are inclusive or open-ended and do not exclude
additional, unrecited elements or method steps.

The term “or combinations thereof” as used herein refers
to all permutations and combinations of the listed items
preceding the term. For example, “A, B, C, or combinations
thereof™ is intended to include at least one of: A, B, C, AB,
AC, BC, or ABC, and if order is important in a particular
context, also BA, CA, CB, CBA, BCA, ACB, BAC, or CAB.
Continuing with this example, expressly included are com-
binations that contain repeats of one or more item or term,
such as BB, AAA, AB, BBC, AAABCCCC, CBBAAA,
CABABB, and so forth. The skilled artisan will understand
that typically there is no limit on the number of items or
terms in any combination, unless otherwise apparent from
the context.

All of the compositions and/or methods disclosed and
claimed herein can be made and executed without undue
experimentation in light of the present disclosure. While the
compositions and methods of this invention have been
described in terms of preferred embodiments, it may be
apparent to those of skill in the art that variations may be
applied to the compositions and/or methods and in the steps
or in the sequence of steps of the method described herein
without departing from the concept, spirit and scope of the
invention. All such similar substitutes and modifications
apparent to those skilled in the art are deemed to be within
the spirit, scope and concept of the invention as defined by
the appended claims.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 16

<210> SEQ ID NO 1

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide.

<400> SEQUENCE: 1

ggaattcgge aaagcgagtg ggtgattag

<210> SEQ ID NO 2

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide.

<400> SEQUENCE: 2

cgggatectyg agcaagtgeg ggaatage

<210> SEQ ID NO 3

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide.

<400> SEQUENCE: 3

cgggatectyg ggaatggage ggcetttag

<210> SEQ ID NO 4

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Syntehtic oligonucleotide.

<400> SEQUENCE: 4

gctetagatt tgaacacttg gcegatageg

<210> SEQ ID NO 5

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide.

<400> SEQUENCE: 5

cgggateeeg cacgtettga gegattgtgt agg

29

28

28

29

33
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-continued

40

<210> SEQ ID NO 6

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide.

<400> SEQUENCE: 6

cgggatcceg ggacaacaag ccagggatgt aac

<210> SEQ ID NO 7

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide.

<400> SEQUENCE: 7

cgggatcect ggaggaaaac aatctggg

<210> SEQ ID NO 8

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide.

<400> SEQUENCE: 8

aagacggcge gcccgaacct gtatctgect g

<210> SEQ ID NO 9

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Syntehtic oligonucleotide.

<400> SEQUENCE: 9

gttcgggege gecegtcttaa cccaaaaccg cttegta

<210> SEQ ID NO 10

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide.

<400> SEQUENCE: 10

getctagagg gttttcetgat cgatctggta ge

<210> SEQ ID NO 11

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Syntehtic oligonucleotide.

<400> SEQUENCE: 11

ggcgegecac gtcettgageg attgtgtagg

<210> SEQ ID NO 12

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Syntehtic oligonucleotide.
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-continued

<400> SEQUENCE: 12

ggcgegeegg acaacaagec agggatgtaa ¢

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 13

LENGTH: 32

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide.

<400> SEQUENCE: 13

getctagage ccatcaacaa caggacaaac gg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 14

LENGTH: 32

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Syntehtic oligonucleotide.

<400> SEQUENCE: 14

ggeggegege ctggttgete cgaactatge tg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 15

LENGTH: 32

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide.

<400> SEQUENCE: 15

ccaggegege cgccgetgeg tatttcataa te

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 16

LENGTH: 33

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Syntehtic oligonucleotide.

<400> SEQUENCE: 16

getctagage ctttgcaggt ttteccgtate ttt
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What is claimed is:

1. A vaccine composition comprising:

a Brucella strain comprising one or more attenuating gene
knockouts selected from at least one of AvjbR, AmucR,
AmanB/A, AvirB1, AvirB2, AvirB3, AvirB4, AvirB5,
AvirB6, AvirB7, AvirB8, AvirB9, AvirB10, or AvirB11;

a diagnostic gene knockout, wherein the diagnostic gene
knockout is a differentiation of infected animals from
vaccinated animals (DIVA) marker comprising
AvirB12, Abcsp31, Aasp24, or any combination
thereof; and

an encapsulating agent comprising vitelline protein B
capable of releasing the Brucella strain at a predeter-
mined rate, wherein the vaccine is free of side-effects.

2. The vaccine composition of claim 1, wherein the

Brucella is selected from the group consisting of Brucella
melitensis and Brucella abortus.
3. The vaccine composition of claim 1, wherein said
DIVA marker is selected from AvirB12 or Abcsp31.

4. The vaccine composition of claim 1, wherein the
attenuating gene knockout comprises AvjbR, AmucR,
AvirB2, or AmanB/A.
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5. The vaccine composition of claim 1, wherein the
Brucella strain comprises AmucR/DIVA, AvjbR/DIVA,
AvirB2/DIVA, AmanB/A/DIVA, or any combinations
thereof.

6. The vaccine composition of claim 1, wherein the strain
comprises AvjbR/AmucR/DIVA mutant, AvirB2/ AmanB/A/
DIVA mutant, AvirB2/AvjbR/DIVA mutant, AvirB2/AmucR/
DIVA mutant, AvjbR /AmanB/A/DIVA mutant, and AmucR/
AmanB/A/DIVA mutant.

7. The vaccine composition of claim 1, further comprising
one or more antibiotic markers.

8. The vaccine composition of claim 1, wherein the
vaccine is used for a prophylaxis, an amelioration of symp-
toms, a treatment, or any combinations thereof against
brucellosis in a human or an animal subject.

9. The vaccine composition of claim 1, wherein the
vaccine is administered by an oral, an intranasal, a parent-
eral, an intradermal, an intramuscular, an intraperitoneal, an
intravenous, a subcutaneous, an epidural, a mucosal, a
rectal, a vaginal, a sublingual, or a buccal route.

#* #* #* #* #*



