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ABSTRACT 

Compositions containing a lactic acid-producing bacterial 
strain, e.g., Bacillus coagulans for inhibition of pathogenic 
bacterial infections. Spores or extracellular products pro 
duced by the bacterial strains are also useful as inhibitory 
agents. 
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INHIBITION OF PATHOGENS BY PROBIOTIC 
BACTERIA 

RELATED APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Application Ser. No. 60/163,959, ?led Nov. 8, 1999, 
entitled: “ISOLATION AND CHARACTERIZATION OF 
PROBIOTIC STRAINS OF BACILLUS COAGULANS”; 
and US. Provisional Application Ser. No. 60/198,404, ?led 
Apr. 19, 2000, entitled: “ADDITIONAL ISOLATION AND 
CHARACTERIZATION OF PROBIOTIC STRAINS OF 
BACILLUS COAGULAN ”; the disclosures of Which are 
incorporated herein by reference in their entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to methods of treat 
ment and compositions using novel stains of probiotic 
organisms and/or their extracellular products in therapeutic 
compositions. More speci?cally, the present invention 
relates to the utiliZation of one or more species or strains of 
probiotic bacteria and/or their extracellular products for the 
control of gastrointestinal pathogens, including antibiotic 
resistant species. 

BACKGROUND OF THE INVENTION 

[0003] The gastrointestinal micro?ora has been shoWn to 
play a number of vital roles in maintaining gastrointestinal 
tract function and overall physiological health. For example, 
the groWth and metabolism of the many individual bacterial 
species inhabiting the gastrointestinal tract depend primarily 
upon the substrates available to them, most of Which are 
derived from the diet. See, e.g., Gibson et al., 1995. Gas 
troenterology 106: 975-982; Christ1, et al., 1992. Gut 33: 
1234-1238; Gorbach, 1990.Ann. Med. 22: 37-41; Reid et al, 
1990. Clin. Microbiol. Rev. 3: 335-344. These ?nding have 
led to attempts to modify the structure and metabolic activi 
ties of the community through diet, primarily With probiot 
ics, Which are live microbial food supplements. The best 
knoWn probiotics are the lactic acid-producing bacteria (i.e., 
Lactobacilli and Bi?dobacteria), Which are Widely utiliZed 
in yogurts and other dairy products. These probiotic organ 
isms are non-pathogenic and non-toxigenic, retain viability 
during storage, and survive passage through the stomach and 
small intestine. Since probiotics do not permanently colo 
niZe the host, they need to be ingested regularly for any 
health promoting properties to persist. Commercial probiotic 
preparations are generally comprised of mixtures of Lacto 
bacilli and Bi?dobacteria, although yeast species such as 
Saccharomyces have also been utiliZed. 

[0004] There remains a need for the development of a 
highly ef?cacious, non-antibiotic-based therapeutic regimen 
Which functions in acute treatment scenarios, as Well as 
prophylactically to mitigate antibiotic-resistant pathogens 
(e.g., antibiotic-resistant enterococci) in both humans and 
animals. 

SUMMARY OF THE INVENTION 

[0005] The invention provides compositions, therapeutic 
systems, and methods of use Which exploit the discovery 
that novel lactic acid-producing bacterial strains (e.g., the 
novel strains of Bacillus coagulans disclosed herein), or 
extracellular products thereof, possess the ability to exhibit 
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inhibitory activity in mitigating and preventing the groWth 
and/or coloniZation rates of pathogenic bacterial, particu 
larly gastrointestinal pathogens such as antibiotic-resistant 
pathogenic bacterial species including, but not limited to, 
Enterococccus, Clostria'ium, Escherichia, Klebsiella, 
Campylobacter; Peptococcus, Heliobacter; Hemophylus, 
Staphylococcus, Yersinia, Vibrio, Shigella, Salmonella, 
Streptococcus, Proteus, Pseudomonas, Toxoplasmosis, and 
Rotovirus species, as Well as mitigating the deleterious 
physiological effects of the infection by the pathogen(s). 
Preferably, the bacteria are probiotic. As currently de?ned, 
probiotic microorganisms are those, Which confer a bene?t 
When groW in a particular microenvironment by, e.g., 
directly inhibiting or preventing the groWth of other bio 
logical organisms Within the same microenvironment. 
Examples of probiotic organisms include, but are not limited 
to, bacteria, Which possess the ability to groW Within the 
gastrointestinal tract, at least temporarily, to displace or 
destroy pathogenic organisms, as Well as providing other 
bene?ts to the host. See, e.g., Salminen et al, 1996. Antonie 
Van Leeuwenhoek 70: 347-358; Elmer et al, 1996. JAIVIA 
275: 870-876; Rafter, 1995. Scand. J. Gastroenterol. 30: 
497-502; Perdigon et al, 1995. J. Dairy Sci. 78: 1597-1606; 
Gandi, Townsend Lett. Doctors & Patients, pp. 108-110, 
January 1994; Lidbeck et al, 1992. Eur. J Cancer Prev. 1: 
341-353. 

[0006] In addition, the novel strains of Bacillus coagulans 
disclosed herein possess biochemical and physiological 
characteristics Which include, but are not limited to: the 
production of the (L)+ optical isomer of lactic acid (propi 
onic acid); (ii) have an optimal groWth temperature of 
betWeen 20-44° C.; (iii) produces spores resistant to tem 
peratures of up to approximately 90° C. Which are able to 
germinate in a human or animal body Without speci?c 
inducement (e.g., heat-shock or other environmental fac 
tors); (iv) the production of one or more extracellular 
products exhibiting probiotic activity Which inhibits the 
groWth of bacteria, yeast, fungi, virus, or any combinations 
thereof; and/or (v) the ability to utiliZe a Wide spectrum of 
substrates for proliferation. Preferably, the puri?ed popula 
tion of Bacillus coagulans has an optimal groWth tempera 
ture of less than 45 degrees C. For example, the isolated 
population of Bacillus coagulans has an optimal groWth 
temperature of 20 degrees C., more preferably 30 degrees 
C., more preferably 35 degrees C., more preferably 36 
degrees C., and most preferably 37 degrees C. In contrast, 
previously identi?ed populations of Bacillus coagulans have 
an optimal groWth temperature of greater than 37 degrees C., 
e.g., an optimal groWth temperature of 45 degrees C. The 
strain groWs at loW pH such as pH conditions found in the 
gastrointestinal tract of a mammal, e.g., pH 2-5. 

[0007] By puri?ed or isolated preparation of a bacterial 
strain is meant that the preparation does not contain another 
bacterial species or strain in a quantity suf?cient to interfere 
With the replication of the preparation at a particular tem 
perature. A puri?ed or isolated preparation of a bacterial 
strain is made using standard methods, e.g., plating at 
limiting dilution and temperature selection. 

[0008] In one embodiment of the present invention, a 
therapeutic composition comprising Bacillus coagulans in a 
pharmaceutically-acceptable carrier suitable for oral admin 
istration to the gastrointestinal tract of a human or animal, is 
disclosed. In another embodiment, a Bacillus coagulans 
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strain is included in the therapeutic composition in the form 
of spores. In another embodiment, a Bacillus coagulans 
strain is included in the composition in the form of a dried 
or lyophiliZed cell mass. 

[0009] An embodiment of the present invention involves 
the administration of from approximately 1><103 to 1><1014 
CFU of viable, Bacillus coagulans vegetative bacteria or 
spore per day, more preferably from approximately 1><105 to 
1x10“, and preferably from approximately 5x108 to 1><101O 
CFU of viable, vegetative bacteria or spores per day. Where 
the condition to be treated involves antibiotic-resistant 
digestive pathogens and the patient is an adult, the typical 
dosage is approximately 1><102 to 1><1014 CFU of viable, 
vegetative bacteria or spores per day, preferably from 
approximately 1><108 to 1x101‘), and more preferably from 
approximately 25x108 to 1><101O CFU of viable, vegetative 
bacteria or spores per day. 

[0010] In another aspect of the present invention, a com 
position comprising an extracellular product of Bacillus 
coagulans in a pharmaceutically-acceptable carrier suitable 
for oral administration to a human or animal, is disclosed. In 
one embodiment, the extracellular product is a supernatant 
or ?ltrate of a culture of an isolated Bacillus coagulans 
strain. In another embodiment, the extracellular product is a 
semi-puri?ed or puri?ed, lyophiliZed supernatant or ?ltrate 
of a culture of an isolated Bacillus coagulans strain. In a 
preferred embodiment, the extracellular product is the active 
agent(s) possessing the anti-microbial activity, Which are 
isolated and puri?ed from a supernatant or ?ltrate of a 
culture of an isolated Bacillus coagulans strain. 

[0011] The extracellular product is administered to a sub 
ject in a composition comprising a total concentration ratio 
of Bacillus coagulans extracellular product ranging from 
approximately 1% to 90% extracellular product With the 
remainder comprising the carrier or delivery component. 
The subject is preferably a mammal, e.g., a human. The 
bacteria and/or products derived from the bacteria are also 
suitable for veterinary use, e. g., to treat animals such as dogs 
and cats. A preferred embodiment comprises a composition 
a total concentration ratio of Bacillus coagulans extracellu 
lar product ranging from approximately 10% to 75% extra 
cellular product With the remainder comprising the carrier or 
delivery component. 

[0012] The present invention is not limited solely to oral 
administration of the therapeutic compounds disclosed 
herein. Skin and or mucous membranes are treated using 
compositions containing Bacillus coagulans vegetative 
cells, spores, or extracellular products produced by vegeta 
tive cells. For example, the administration of the Bacillus 
coagulans strains, and/or the extracellular products thereof, 
aid in the mitigation of vaginal pathogens, as Well as 
reducing the incidence of relapse by re-population of the 
vagina With these probiotic, lactic acid-producing bacteria. 
The compositions are used to treat a condition characteriZed 
by a reduction or absence of lactic acid-producing bacteria 
Within the vagina, Which condition is the a common etiology 
of both vaginal yeast infections and bacterial vaginosis. 
Moreover, the use of such probiotic bacterial strains are 
effective in the mitigation or prevention of pathogens Which 
are resistant to one or more antibiotics. Skin creams, lotions, 
gels, and the like, Which contain Bacillus coagulans dis 
closed herein, and/or the extracellular products thereof, are 
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effective in the mitigation or prevention of pathogenic 
organisms on the skin, mucus membrane, and cuticular 
tissues and further reduce the emergence of antibiotic resis 
tant pathogens. In addition to topical and oral administra 
tion, the compositions are administered vaginally, intra 
ocularly, intra-nasally, intra-otically, or buccally. 

[0013] A further embodiment of the present invention 
involves the utiliZation of probiotic organisms in livestock 
production, in Which antibiotics such as Vancomycin and 
Gentamicin are commonly used to stimulate health and 
Weight gain. Most, if not all, probiotic organisms are sen 
sitive to these tWo antibiotics and this fact has limited the 
potential use of such microorganisms in the livestock indus 
try. In addition, there are many environmentally-related 
problems associated With the use of antibiotics in livestock 
production. For example, antibiotic laden animal Waste 
degrades very sloWly and the antibiotic residue can persist, 
further sloWing biodegradation. With the addition of species 
of bacteria that are resistant to Vancomycin, Gentamicin, 
and other antibiotics, biodegradation is enhanced. 

[0014] The present invention describes compositions, 
therapeutic systems, and methods of use for inhibiting 
pathogen and/or parasite groWth in the gastrointestinal tract 
and feces of animals. According to the invention, there is 
provided a composition comprising Bacillus coagulans veg 
etative cells or spores in a pharmaceutically- or nutrition 
ally-acceptable carrier suitable for oral administration to the 
digestive tract of an animal. In another embodiment, the 
extracellular product from a Bacillus coagulans culture is 
utiliZed, With or Without Bacillus coagulans vegetative cells 
or spores. 

[0015] In one embodiment, the bacteria is present in the 
composition at a concentration of approximately 1><103 to 
1x10 colony forming units (CFU)/gram, preferably 
approximately 1><105 to 1><1012 CFU/gram, Whereas in other 
preferred embodiments the concentrations are approxi 
mately 1><109 to 1><1013 CFU/gram, approximately 1><105 to 
1><107 CFU/g, or approximately 1><108 to 1><109 CFU/gram. 

[0016] In one embodiment, the bacteria is in a pharma 
ceutically acceptable carrier suitable for oral administration 
to an animal, preferably, as a poWdered food supplement, a 
variety of pelletiZed formulations, or a liquid formulation. 

[0017] The invention also describes a therapeutic system 
for inhibiting pathogen and/or parasite groWth in the gas 
trointestinal tract and/or feces of an animal comprising a 
container comprising a label and a composition as described 
herein, Wherein said label comprises instructions for use of 
the composition for inhibiting pathogen and/or parasite 
groWth. 
[0018] The advantages of such a non-antibiotic, probiotic 
bacteria-based therapeutic regimen include, but are not 
limited to: the administration of the composition Will 
result in the reduction of the coloniZation rate of enterococci 
in the gastrointestinal tract; (ii) no contribution to the 
development of antibiotic resistance; (iii) the composition 
can be used prophylactically to reduce the reservoir of 
enterococci in hospitals, Which Will concomitantly reduce 
the chances of high-risk patients from acquiring VRE; (iv) 
the dosage of the composition can be varied according to 
patient age, condition, etc; and (v) the composition may be 
utiliZed in food animal to reduce the development of further 
antibiotic resistance. 
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[0019] Unless de?ned otherwise, all scienti?c and techni 
cal terms used herein have the same meaning as commonly 
understood by those skilled in the relevant art. Unless 
mentioned otherWise, the techniques employed or contem 
plated herein are standard methodologies Well knoWn to one 
of ordinary skill in the art. It should be understood that both 
the foregoing general description and the folloWing detailed 
description are exemplary and explanatory only and are not 
restrictive of the present invention as claimed. 

DESCRIPTION OF THE FIGURES 

[0020] FIG. 1 is a bar graph shoWing the minimal and 
optimal culture temperatures for the Bacillus coagulans 1% 
isolate (GBI-1); ATCC-99% isolate (ATCC #31284); the 
5937-20° C. isolate (GBI-20); and the 5937-30° C. isolate 
(GBI-30), in either Trypticase Soy Broth (TSA) or Glucose 
Yeast Extract (GYE) media. 

[0021] FIG. 2 is a bar graph shoWing the End-Point 
Kinetics of the 1% Bacillus coagulans strain (GBI-1). 

[0022] FIG. 3 is a bar graph shoWing the End-Point 
Kinetics of the ATCC-99% Bacillus coagulans strain (ATCC 
#31284). 
[0023] FIG. 4 is a bar graph shoWing the End-Point 
Kinetics of the 5937-20° C. Bacillus coagulans strain (GBI 
20) and the 5937-30° C. Bacillus coagulans strain (GBI-30) 
With TSB and GYE media. 

[0024] FIG. 5 is a bar graph shoWing the End-Point 
Kinetics of the 5937-20° C. Bacillus coagulans strain (GBI 
20) and the 5937-30° C. Bacillus coagulans strain (GBI-30) 
With NB and BUGMB media. 

[0025] FIG. 6 is a diagram shoWing the results from 
Alignment With other Bacillus species, Neighbor Joining 
Tree, and Concise Alignment analysis for the Bacillus 
coagulans ATCC-99% isolate (ATCC #31284). 
[0026] FIG. 7 is a diagram shoWing the results from 
Alignment With other Bacillus species, Neighbor Joining 
Tree, and Concise Alignment analysis for the Bacillus 
coagulans 20° C. isolate (GBI-20). 

[0027] FIG. 8 is a diagram shoWing the results from 
Alignment With other Bacillus species, Neighbor Joining 
Tree, and Concise Alignment analysis for the Bacillus 
coagulans 30° C. isolate (GBI-30). 

[0028] FIG. 9 is a bar graph shoWing the results of the 
Aminopeptidase pro?le for the Bacillus coagulans ATCC 
99% isolate (ATCC#31284). 

[0029] FIG. 10 is a bar graph shoWing the results of the 
Aminopeptidase pro?le for the Bacillus coagulans ATCC 
1% isolate (GBI-1). 

[0030] FIG. 11 is a bar graph shoWing the results of the 
Aminopeptidase pro?le for the Bacillus coagulans ATCC 
30° C. isolate (GBI-30). 

[0031] FIG. 12 is a bar graph shoWing the results of the 
Aminopeptidase pro?le for the Bacillus coagulans ATCC 
20° C. isolate (GBI-20). 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] Lactic acid-producing bacterial species, e.g., Lac 
tobacillus, Bi?diobacterium, and the majority of Bacillus 
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species have generally been thought to be unsuitable for 
coloniZation of the gut due to their instability in the harsh 
(i.e., acidic) pH environment of the bile, particularly human 
bile. HoWever, Bacillus coagulans, including the novel 
strains disclosed herein, Was found to survive and coloniZe 
the gastrointestinal tract such as a bile environment and 
groWn in this loW pH range. In particular, the human bile 
environment is different from the bile environment of animal 
models, and heretofore there has not been any accurate 
descriptions of Bacillus coagulans groWth in human gas 
trointestinal tract models. 

[0033] With the current, dramatic increases in the number 
of bacterial strains, Which exhibit resistance to one or more 
antibiotics, the development of a non-antibiotic-based thera 
peutic regimen is of paramount importance. Prior to the 
disclosure of the present invention, there remained a need 
for the development of a highly ef?cacious biorational 
therapy Which functions therapeutically in acute treatment 
scenarios, as Well as prophylactically and in vector control 
applications to mitigate antibiotic-resistant pathogens (e.g., 
antibiotic-resistant enterococci) in both humans and ani 
mals, by the coloniZation (or re-coloniZation) of the gas 
trointestinal tract With probiotic microorganisms, Which 
serves to reduce or prevent both the coloniZation rate and the 
potential physiologically deleterious effects due to the colo 
niZation of antibiotic-resistant digestive pathogens. 

[0034] Lactic acid producing bacteria are gram positive 
and vary in morphology from long, slender rods to short 
c0cc0bacilli, Which frequently form “chains”. Their metabo 
lism is fermentative; With some species being aerotolerant 
(i.e., may utiliZe oxygen through the enZyme ?avoprotein 
oxidase) While others are strictly anaerobic. Spore-forming 
lactic acid-producing bacteria are facultative anaerobes, 
Whereas the rest are strictly anaerobic. The groWth of these 
bacteria is optimum at pH 5.5-5.8, and the organisms have 
complex nutritional requirements for amino acids, peptides, 
nucleotide bases, vitamins, minerals, fatty acids, and carbo 
hydrates. The lactic acid bacteria have the property of 
producing lactic acid from fermentable sugars. The genera 
Lactobacillus, Leuconostoc, Pediococcus, and Streptococ 
cus are important members of this group. The taxonomy of 
lactic acid-producing bacteria has been based on the gram 
reaction and the production of lactic acid from various 
fermentable carbohydrates. These groups include: 

[0035] Homofermentative: produce more than 85% lactic 
acid from glucose. 

[0036] Heterofermentative: produce only 50% lactic acid 
and considerable amounts of ethanol, acetic acid and carbon 
dioxide. Well-knoWn are the hetero-fermentative species, 
Which produce DL-lactic acid, acetic acid and carbon diox 
ide. These species, Which have been used therapeutically, 
include: Lactobacillus acidophilus, Lactobacillus plan 
tarum, Lactobacillus casei, Lactobacillus brevis, Lactoba 
cillus delbruekii, and Lactobacillus lactis. 

[0037] While probiotic preparations Were initially system 
atically evaluated for their effect on health and longevity in 
the early-i 900’s (see e.g., Metchinikoff, Prolongation of 
Life, Willaim Heinermann, London 1910), their utiliZation 
has been markedly limited since the advent of antibiotics in 
the 1950’s to treat pathological microbes. See, e.g., Win 
berg, et al, 1993. Pediatr'. Nephrol. 7: 509-514; Malin et al, 
Ann. Nutr. Metab. 40: 137-145; and US. Pat. No. 5,176,911. 
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Unfortunately, the majority of these early studies on pro 
biosis Were observational rather than mechanistic in nature, 
and thus the processes responsible for many probiotic phe 
nomena Were not quantitatively elucidated. 

[0038] There has been an increasing interest in the rela 
tionship betWeen intestinal micro?ora and their effects on 
the health of the human host. The ecosystem of the human 
gastrointestinal tract is coloniZed by more than 500 species 
of bacteria and represents an extremely complex microen 
vironment. The composition of the intestinal micro?ora is 
constantly changing, being in?uenced by such factors as: 
diet, stress, age, and treatment With antibiotics and other 
drugs. 

[0039] In order to provide the bene?cial effects of lactic 
acid-producing bacteria, many manufacturers have been 
marketing various probiotic preparations. The reported 
health effects of these preparations include effectiveness in 
the treatment of a variety of disorders including, but not 
limited to, colitis, constipation, diarrhea, ?atulence, gastric 
acidity, gastroenteritis, gingivitis, hypercholesterolemia, 
hepatic encephalopathy and tumorigenesis, and in re-colo 
niZation of the intestine With bene?cial ?ora after treatment 
With antibiotics. HoWever, these reports are highly contro 
versial due to such factors as differences in the viability of 
the implanted ?ora Within the gastrointestinal tract. Success 
ful utiliZation depends upon the folloWing factors: a high 
count of viable organisms retaining their viability during 
manufacturing into dosage forms and subsequent storage; 
(ii) survival of these lactic acid producing bacteria, once 
ingested, in the acidic gastric secretions and their passage 
into the intestine; and (iii) the production of a suf?cient 
quantity of metabolites antagonistic to pathogens (e.g., L(+) 
(deXtrorotatory) lactic acid and bacteriocins). 

[0040] Previously, numerous species of Lactobacilli have 
been eXamined including, but not limited to, Lactobacillus 
bulgaricus, Lactobacillus bi?a'us, Lactobacillus acidophi 
lus, Lactobacillus casei, and Lactobacillus brevis. Interest 
ingly, hoWever, Lactobacillus acidophilus, long regarded as 
the best candidate for therapeutic use, has been subsequently 
shoWn to be highly ineffective as a probiotic organism for 
the re-coloniZation of the gastrointestinal tract and in the 
alleviation of gastrointestinal disorders. Moreover, this bac 
terial strain produces D(—) (levorotatory) lactic acid, Which 
is not an effective antagonistic agent and may potentially 
introduce metabolic disturbances. In vieW of this fact, the 
World Health OrganiZation (WHO) has recommended 
restricted intake of D(—) lactic acid for adults and total 
avoidance in infant nutrition. 

[0041] It is noW knoWn that probiotic bacteria mitigate or 
prevent the groWth of putrefactive or pathogenic microor 
ganisms by the process of competitive inhibition, through 
the generation of a non-physiologically conducive acidic 
environment (i.e., through the production of lactic or other 
biological acids) and/or by the production of antibiotic-like 
substances (i.e., bacteriocins), Which are responsible for the 
bacteria’s anti-microbial effects. See, e.g., Klaenhammer, 
1993. FEMS Microbiol. Rev. 12: 39-85; Barefoot et al., 
1993. J. Diary Sci. 76: 2366-2379. For eXample, selected 
Lactobacillus strains, Which produce antibiotics, have been 
demonstrated as effective for the treatment of infections, 
sinusitis, hemorrhoids, dental in?ammations, and various 
other in?ammatory conditions. See, e.g., US. Pat. No. 
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5,439,995. Similarly, Lactobacillus reuteri has been shoWn 
to produce antibiotics Which possess anti-microbial activity 
against Gram negative and Gram positive bacteria, yeast, 
and various protoZoan. See, e.g., US. Pat. Nos. 5,413,960 
and 5,439,678. Additionally, the proteolytic, lipolytic. and 
[3-galactosidase activities of probiotic bacteria have also 
been shoWn to improve the digestibility and assimilation of 
ingested nutrients, thereby rendering them valuable in con 
valescent/geriatric nutrition and as adjuncts to antibiotic 
therapy. 
[0042] Probiotics have also been shoWn to possess anti 
mutagenic properties. For eXample, Gram positive and Gram 
negative bacteria have been demonstrated to bind mutagenic 
pyrolysates Which are produced during cooking at a high 
temperature. Studies performed With lactic acid producing 
bacteria has shoWn that these bacteria may be either living 
or dead, due to the fact that the process occurs by adsorption 
of mutagenic pyrolysates to the carbohydrate polymers 
present in the bacterial cell Wall. See, e.g., Zang, et al., 1990. 
J. Dairy Sci. 73: 2702-2710. Lactobacilli have also been 
shoWn to degrade carcinogens (e.g., N-nitrosamines), Which 
may serve an important role if the process is subsequently 
found to occur at the level of the mucosal surface. See, e.g., 
RoWland and Grasso, 1986. Appl. Microbiol. 29: 7-12. 
Additionally, the co-administration of lactulose and Bi?do 
bacteria longum to rats injected With the carcinogen 
aZoXymethane Was demonstrated to reduce intestinal aber 
rant crypt foci, Which are generally considered to be pre 
neoplastic markers. See, e.g., Challa, et al., 1997. Carcino 
genesis 18: 5175-21. Puri?ed cell Walls of Bi?dobacteria 
may also possess anti-tumorigenic activities in that the cell 
Wall of Bi?dobacteria infantis induces the activation of 
phagocytes to destroy groWing tumor cells. See, e.g., Sekine, 
et al., 1994. Bi?dobacteria and Micro?ora 13: 65-77. Bi? 
dobacteria probiotics have also been shoWn to reduce colon 
carcinogenesis induced by 1,2-dimethylhydraZine in mice 
When concomitantly administered With fructo-oligosaccha 
rides(FOS; see e.g., K00 and Rao, 1991. Nutrit. Rev. 51: 
137-146), as Well as inhibiting liver and mammary tumors in 
rats (see e.g., Reddy and Rivenson, 1993. Cancer Res. 53: 
3914-3918). Interestingly, populations at high risk for colon 
cancer have been found to harbor gut ?ora, Which ef?ciently 
metaboliZe steroids and hydrolyZe glucuronides While con 
comitantly producing carcinogens (e.g., nitrosamines). A 
diet containing large concentrations of viable, lactic acid 
producing bacteria Was found to signi?cantly loWer these 
deleterious bacterial-mediated activities in such individuals. 

[0043] It has also been demonstrated that the microbiota of 
the gastrointestinal tract affects both mucosal and systemic 
immunity Within the host. See, e.g., Famularo, et al., Stimu 
lation of Immunity by Probiotics. In: Probiotics: T herapeu 
tic and Other Bene?cialE?rects. pg. 133-161. (Fuller, R., ed. 
Chapman and Hall, 1997). The intestinal epithelial cells, 
blood leukocytes, B- and T-lymphocytes, and accessory cells 
of the immune system have all been implicated in the 
aforementioned immunity. See, e.g., Schiffrin, et al., 1997. 
Am. J. Clin. Nutr 66(suppl): 5-20S. Other bacterial meta 
bolic products, Which possess immunomodulatory proper 
ties, include: endotoXic lipopolysaccharide, peptidoglycans, 
and lipoteichoic acids. See, e.g., Standiford, 1994. Infect. 
Linmun. 62: 119-125. Accordingly, probiotic organisms are 
thought to interact With the immune system at many levels 
including, but not limited to: cytokine production, mono 
nuclear cell proliferation, macrophage phagocytosis and 
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killing, modulation of autoimmunity, immunity to bacterial 
and protozoan pathogens, and the like. See, e.g., Matsumara, 
et al., 1992. Animal Sci. Technol. (Jpn) 63: 1157-1159; 
Solis-Pereyra and Lemmonier, 1993. Nutr. Res. 13: 1127 
1140. Lactobacillus strains have also been found to mark 
edly effect changes in in?ammatory and immunological 
responses including, but not limited to, a reduction in 
colonic in?ammatory in?ltration Without eliciting a similar 
reduction in the numbers of B- and T-lymphocytes. See, e.g., 
De Simone, et al., 1992. Immunopharmacol. Immunotoxicol. 
14: 331-340. 

[0044] While the attachment of probiotics to the gas 
trointestinal epithelium is an important determinant of their 
ability to modify host immune reactivity, this is not a 
universal property of Lactobacilli or Bi?dobacteria, nor is it 
essential for successful probiosis. See, e.g., Fuller, 1989. J. 
Appl. Bacteriol. 66: 365-378. For eXample, adherence of 
Lactobacillus acidophilus and some Bi?dobacteria to human 
enterocyte-like CACO-2 cells has been demonstrated to 
prevent binding of enterotoXigenic and enteropathogenic 
Escherichia coli, as Well as Salmonella typhimurium and 
Yersinia pseudotuberculosis. See, e.g., Bernet, et al. 1994. 
Gut 35: 483-489; Bernet, et al., 1993.Appl. Environ. Micro 
biol. 59: 4121-4128. 

[0045] While the gastrointestinal micro?ora presents a 
microbial-based barrier to invading organisms, pathogens 
often become established When the integrity of the micro 
biota is impaired through stress, illness, antibiotic treatment, 
changes in diet, or physiological alterations Within the GI. 
tract. For eXample, Bi?dobacteria are knoWn to be involved 
in resisting the coloniZation of pathogens in the large intes 
tine. See, e.g., YamaZaki, et al., 1982. Bi?dobacteria and 
Micro?ora 1: 55-60. Similarly, the administration of Bi? 
dobacteria breve to children With gastroenteritis eradicated 
the causative pathogenic bacteria (i.e., Campylobacter 
jejuni) from their stools (see e.g., Tojo, 1987. Acta Pediatr. 
Jpn. 29: 160-167) and supplementation of infant formula 
milk With Bi?dobacteria bi?a'um and Streptococcus thermo 
philus Was found to reduce rotavirus shedding and episodes 
of diarrhea in children Who Were hospitaliZed (see e.g., 
Saavedra, 1994. The Lancet 344: 1046-109. 

[0046] Additionally, lactic acid producing bacteria also are 
able to coloniZe the skin and mucus membranes, and may be 
used either prophylactically or therapeutically to control 
bacterial infections. For eXample, lactic acid producing 
bacteria are able to utiliZe glycogen in the vaginal epithelial 
cells to produce lactic acid, Which keeps the pH of this 
environment in the range 4.0 to 4.5. This acidic environment 
is not conducive for the groWth of pathogens such as 
Candida albicans, Gardnerella vaginalis, and various non 
speci?c bacteria, Which are responsible for vaginal infec 
tions. There is a large body of quantitative evidence, Which 
has demonstrated that the depletion of these lactic acid 
producing bacteria is the cause and effect relationship in 
fungal and bacterial gynecological diseases. 

[0047] Antibiotic Administration and Production of Mul 
tiple Antibiotic-Resistant Pathogenic Bacterial Strains 

[0048] Antibiotics are Widely used to control pathogenic 
microorganisms in both humans and animals. Unfortunately, 
the Widespread use of anti-microbial agents, especially 
broad-spectrum antibiotics, has resulted in a number of 
serious clinical consequences. For eXample, antibiotics often 
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kill bene?cial, non-pathogenic microorganisms (i.e., ?ora) 
Within the gastrointestinal tract, Which contribute to diges 
tive function and health. Accordingly, relapse (the return of 
infections and their associated symptoms) and secondary 
opportunistic infections often result from the depletion of 
lactic acid producing and other bene?cial ?ora Within the 
gastrointestinal tract. 

[0049] Unfortunately, most, if not all, lactic acid-produc 
ing or probiotic bacteria are extremely sensitive to common 
antibiotic compounds. Accordingly, during a normal course 
of antibiotic therapy, many individuals develop a number of 
deleterious physiological side-effects including: diarrhea, 
intestinal cramping, and sometimes constipation. These 
side-effects are primarily due to the non-selective action of 
antibiotics, as antibiotics do not possess the ability to 
discriminate betWeen bene?cial, non-pathogenic and patho 
genic bacteria, both bacterial types are killed by these 
agents. Thus, individuals taking antibiotics offer suffer from 
gastrointestinal problems as a result of the bene?cial micro 
organisms (i.e., intestinal ?ora), Which normally coloniZe 
the gastrointestinal tract, being killed or severely attenuated. 
The resulting change in the composition of the intestinal 
?ora can result in vitamin de?ciencies When the vitamin 
producing intestinal bacteria are killed, diarrhea and dehy 
dration and, more seriously, illness should a pathogenic 
organism overgroW and replace the remaining bene?cial 
gastrointestinal bacteria. 

[0050] Another deleterious result of indiscriminate use of 
anti-microbial agents is the generation of multiple antibiotic 
resistant pathogenic bacterial stains. See, e.g., Mitchell, 
1998. The Lancet 352: 462-463. For example, a meticillin 
resistant Staphylococcus aurous (MRSA) strain Was respon 
sible for over 50 deaths in a single Australian hospital. See, 
Shannon, 1998. Lancet 352: 490-491. HoWever, these initial 
reports of MRSA infections have been over-shadoWed by 
the more recent outbreaks of multiple drug resistant (MDR) 
strains of Enterococci, including vancomycin-resistant 
Enterococci (VRE). Vancomycin is generally regarded as an 
antibiotic of “last resort”. The development of such resis 
tance has led to numerous reports of systemic infections 
Which remained untreatable With conventional antibiotic 
therapies. 

[0051] Multiple Drug-Resistant Enterococci 

[0052] Vancomycin-resistant enterococci (VRE) have 
emerged as important nosocomial pathogens in the past 
decade. First reported in the United States in 1989, these 
organisms have rapidly spread throughout the country. VRE, 
particularly Enterococcus faecium strains, are often resistant 
to all antibiotics that are effective for treatment of suscep 
tible enterococci. This situation has left clinicians treating 
VRE infections With either sub-optimal bacteriostatic agents 
(e.g., chloramphenicol) or no therapeutic options. Efforts to 
limit the spread of VRE through infection control measures 
and reduction of vancomycin use have had a limited effect. 

[0053] Intestinal coloniZation With VRE is the most 
important source for spread of these organisms. Most 
patients harboring VRE have a-symptomatic intestinal colo 
niZation that may persist for months. These patients are at 
risk to develop VRE infection and are a potential source for 
spread to healthcare Workers, the environment, and to other 
patients. The infection control measures that are imple 
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mented to minimize the spread of VRE are expensive and 
inconvenient for patients, family members, and healthcare 
Workers. 

[0054] Recent studies have demonstrated a profound 
potential for lactic acid producing Bacillus coagulans spe 
cies, especially the novel strains of Bacillus coagulans 
disclosed herein, for use in bio-rational therapies for the 
prophylactic or therapeutic treatment of antibiotic-resistant 
digestive pathogens. With the present state of emerging 
infectious disease and antibiotic-resistance, neW therapies 
and neW Ways of thinking about controlling pathogens are 
required. Antibiotics, in some applications, have outlived 
their usefulness When considering the massive reservoir of 
neW and antibiotic resistant strains that have resulted from 
the misuse of antibiotics in the healthcare setting and 
“groWth factors” in production animal operations. 

[0055] Enterococci, leading causes of nosocomial bacter 
emia, surgical Wound infection, and urinary tract infection, 
are becoming resistant to many and sometimes all standard 
therapies. NeW rapid surveillance methods are highlighting 
the importance of examining enterococcal isolates at the 
species level. Most enterococcal infections are caused by 
Enterococcus faecalis, Which are more likely to express 
traits related to overt virulence but, at least for the moment, 
also more likely to retain sensitivity to at least one effective 
antibiotic. The remaining infections are mostly caused by 
Enterococcus faecium, a species virtually devoid of knoWn 
overt pathogenic traits but more likely to be resistant to even 
antibiotics of last resort. Effective control of multiple drug 
resistant Enterococci Will require: better understanding of 
the interaction betWeen Enterococci, the environment, and 
humans; (ii) far more prudent antibiotic use; (iii) better 
contact isolation in hospitals and other patient care environ 
ments; (iv) improved surveillance; and, most importantly, 
(v) the development of neW therapeutic paradigms (e.g., 
non-antibiotic-based) Which are less vulnerable to the cycle 
of drug introduction and drug resistance. 

[0056] TWo types of Enterococci cause infections: those originating from patients’ native ?ora, Which are 

unlikely to possess resistance beyond that Which is intrinsic 
to the genus and are unlikely to be spread, and (ii) isolates 
that possess multiple antibiotic resistance traits and are 
capable of nosocomial transmission. The therapeutic chal 
lenge of multiple-drug resistant (MDR) Enterococci (i.e., 
those strains With signi?cant resistance to tWo or more 
antibiotics, often including, but not limited to, vancomycin), 
has brought their role as important nosocomial pathogens 
into sharper focus. 

[0057] During the last decade, enterococci have become 
recogniZed as leading causes of nosocomial bacteremia, 
surgical Wound infection, and urinary tract infection. TWo 
types of enterococci are generally found to be associated 
With causing infections: those originating from patients’ 
native ?ora, Which are unlikely to possess resistance beyond 
that intrinsic to the genus and are unlikely to be spread from 
bed to bed; and (ii) isolates that possess multiple antibiotic 
resistance traits and are capable of nosocomial transmission. 
The therapeutic challenge of multiple-drug resistant (MDR) 
enterococci (i.e., those strains With signi?cant resistance to 
tWo or more antibiotics, often including, but not limited to, 
vancomycin) has brought their role as important nosocomial 
pathogens into sharper focus. 
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[0058] Enterococci normally inhabit the boWel and may 
be found in the intestine of nearly all animals, from cock 
roaches to humans. In humans, typical concentrations of 
enterococci in stool are up to 1><108 CFU per gram. See, e. g., 
Rice, et al., 1995. Occurrence of high-level aminoglycoside 
resistance in environmental isolates of enterococci. Appl. 
Environ. Microbiol. 61: 374-376. The predominant species 
inhabiting the intestine varies. In Europe, the United States, 
and the Far East, Enterococcus faecalis predominates in 
some instances, and Enterococcus faecium in others. More 
over, of the 4 or more knoWn enterococcal species (see, e. g., 
Devriese, et al., 1993. Phenotypic identi?cation of the genus 
Enterococcus and differentiation of phylogenetically distinct 
enterococcal species and species groups. J. Appl. Bacterial. 
75: 399-408), only Enterococcus faecalis and Enterococcus 
faecium commonly coloniZe and infect humans in detectable 
numbers With Enterococcus faecalis being isolated from 
approximately 80% of human infections, and Enterococcus 
faecium from the remaining individuals. 

[0059] Enterococci are exceedingly hardy and tolerate a 
Wide variety of groWth conditions, including temperatures of 
10° C. to 45° C., and hypotonic, hypertonic, acidic, or 
alkaline environments. Sodium aZide and concentrated bile 
salts, Which inhibit or kill most microorganisms, are toler 
ated by Enterococci and are actually used as selective agents 
in agar-based media. As facultative organisms, enterococci 
groW under reduced or oxygenated conditions, although 
enterococci are usually considered strict fermenters because 
they lack a Kreb’s Cycle and respiratory chain. However, 
Enterococcus faecalis is an exception since exogenous 
hemin can be used to produce d, b, and 0 type cytochromes. 
Enterococcus faecalis cytochromes are only expressed 
under aerobic conditions in the presence of exogenous 
hemin and, therefore, may promote the coloniZation of 
inappropriate sites. 

[0060] Enterococci are also intrinsically resistant to many 
antibiotics. Unlike acquired resistance and virulence traits, 
Which are usually transposon or plasmid encoded, intrinsic 
resistance is based in chromosomal genes, Which typically 
are non-transferable. Penicillin, ampicillin, piperacillin, imi 
penem, and vancomycin are among the feW antibiotics that 
shoW consistent inhibitory, but not bactericidal, activity 
against Enterococcus faecalis. Enterococcus faecium is less 
susceptible to [3-lactam antibiotics than Enterococcus faeca 
lis because the penicillin-binding proteins of the former have 
markedly loWer affinities for the antibiotics. The ?rst reports 
of strains highly resistant to penicillin began to initially 
appear in the 1980s. See, e.g., Bush, et al., 1989. High-level 
penicillin resistance among isolates of enterococci: impli 
cations for treatment of enterococcal infections. Ann. Intern. 
Med. 110: 515-520; Sapico, et al., 1989. Enterococci highly 
resistant to penicillin and ampicillin an emerging clinical 
problem. J. Clin. Microbiol. 27: 2091-2095. 

[0061] As Will be more-fully discussed beloW, Entero 
cocci often acquire antibiotic-resistance through exchange 
of resistance-encoding genes carried on conjugative trans 
posons, pheromone-responsive plasmids, and other broad 
host-range plasmids. The past tWo decades have Witnessed 
the rapid emergence of MDR enterococci. High-level gen 
tamicin resistance Was initially reported in 1979 (see, e.g., 
Horodniceanu, et al., 1979. High-level, plasmid-borne resis 
tance to gentamicin in Streptococcus faecalis sub-sp. Zymo 
genes. Antimicrob. Agents Chemother. 16: 686-689.), and 
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was quickly followed by numerous reports of nosocomial 
infection in the 1980’s (see, e.g., Zervos, et al., 1987. 
Nosocomial infection by gentamicin-resistant Streptococcus 
faecalis: an epidemiologic study. Ann. Intern. Med. 106: 
687-691). Simultaneously, sporadic outbreaks of nosoco 
mial Enterococcus faecalis and Enterococcus facium infec 
tion appeared With penicillin resistance due to [3-lactamase 
production; hoWever, such isolates remain relatively rare. 
Finally, MDR enterococci that had lost susceptibility to 
vancomycin Were reported in Europe and the United States. 
See, e.g., Sahm, et a1., 1989. In-vitro susceptibility studies of 
vancomycin-resistant Enterococcus faecalis. Antimicrob. 
Agents Chemother. 33: 1588-1591. 

[0062] Among several phenotypes for vancomycin-resis 
tant enterococci, VanA (resistance to vancomycin and teico 
planin) and VanB (resistance to vancomycin alone) are most 
common. In the United States, VanA and VanB account for 
approximately 60% and 40% of vancomycin-resistant 
Enterococci (VRE) isolates, respectively. See, e.g., Clark, et 
a1., 1993. Characterization of glycopeptide-resistant Entero 
cocci from US. hospitals. Antimicrob. Agents Chemother 
37: 2311-2317. Inducible genes encoding these phenotypes 
alter cell Wall synthesis and render strains resistant to 
glycopeptides. It has been demonstrated, in the laboratory, 
that these genes can be transferred from Enterococci to other 
bacteria. See, e.g., Arthur, et a1., 1993. Genetics and mecha 
nisms for glycopeptide-resistance in Enterococci. Antimi 
crob. Agents Chemother 37: 1563-1571. For example, Sta 
phylococcus aureus has been rendered vancomycin-resistant 
through apparent transfer of resistance from Enterococcus 
faecalis. 
[0063] As previously discussed, most enterococci have 
naturally occurring or inherent resistance to various drugs, 
including cephalosporins and the semisynthetic penicihi 
nase-resistant penicillins (e.g., oxacillin) and clinically 
achievable concentrations of clindamycin and aminoglyco 
sides. Compared With streptococci, most enterococci are 
relatively resistant to penicillin, ampicillin, and the 
pseudopenicillins. Many enterococci are also tolerant to the 
killing effects of cell-Wall active agents (e.g., ampicillin, 
vancomycin, etc.); although recent data suggest that this 
property may not be inherent, but rather acquired after 
exposure to antibiotics. For example, the inherent in vivo 
resistance of Enterococcus faecalis to trimethoprim-sul 
famethoxaZole, may explain the lack of efficacy in animal 
models. Moreover, bactericidal activity against Enterococ 
cus faecalis seems unreliable and very method dependent. In 
animal models, this combination has not shoWn good activ 
ity and is not generally accepted as an effective anti 
enterococcal therapy, especially for systemic infections. 

[0064] In addition to natural resistance to many agents, 
enterococci have also developed plasmid-and transposon 
mediated resistance to the tetracyclines (e.g., minocycline 
and doxycycline); erythromycin (e.g., aZithromycin and 
clarithromycin); chloramphenicol; high levels of trimetho 
prim; and high levels of clindamycin. The propensity of 
Enterococcus faecalis to acquire multiple antibiotic-resis 
tance traits may result from a variety of distinctly different 
mechanisms for conjugation. 

[0065] The best-characteriZed system of conjugation 
involves pheromone oligopeptides and pheromone-respon 
sive plasmids. See, e.g., C1eWel1 and Keith, 1989. Sex 
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pheromones and plasmid transferin Enterococcus faecalis . 
Plasmid 21: 175-184. In this conjugation system, strains of 
Enterococcus faecalis typically secrete into the culture 
medium a number of different small, oligopeptide sex phero 
mones Which are speci?c for different types of plasmids. 
When a cell containing a pheromone-responsive plasmid 
(i.e., the potential donor cell) comes into contact With its 
corresponding pheromone, transcription of a gene on the 
plasmid is turned on, resulting in the synthesis of an aggre 
gation substance on the surface of its cell membrane. When 
the donor cell, in turn, comes in contact With another 
Enterococcus faecalis bacterium, the aggregation substance 
(Which contains tWo Arg-Gly-Asp motifs adheres to the 
binding substance on the surface of most Enterococcus 
faecalis cells, causing them to aggregate. By a process, not 
yet Well-characterized, the pheromone-responsive plasmid 
can then transfer from the donor bacterium to the other 
(recipient) bacterium. Once the recipient cell has acquired 
this particular plasmid, the synthesis of the corresponding 
sex pheromone is shut-off to prevent self-aggregation. This 
system of conjugation, Which occurs primarily in Entero 
coccus faecalis, is a highly efficient means of plasmid 
transfer. 

[0066] Another system of conjugation, also not Well 
characteriZed, involves broad host-range plasmids that can 
transfer among species of enterococci and other gram 
positive organisms such as streptococci and staphylococci. 
See, e.g., CleWe1l, 1981. Plasmids, drug resistance, and gene 
transfer in the genus Streptococcus. Microbiol. Rev. 45: 
409-436. The transfer frequency is generally much loWer 
than With the pheromone system. Since staphylococci, strep 
tococci, and enterococci share a number of resistance genes, 
these broad host-range plasmids may be a mechanism by 
Which some of these resistance genes have spread among 
different genera. 

[0067] A third type of conjugation, Which involves con 
jugative transposons, may also explain the spread of resis 
tance genes to many different species. See, e.g., CleWe1l, 
1986. Conjugative transposons and the dissemination of 
antibiotic resistance in streptococci. Annu. Rev. Microbial. 
40: 635-659. As opposed to ordinary transposons, Which can 
jump Within a cell from one DNA location to another, 
conjugative transposons also encode the ability to bring 
about conjugation betWeen different bacterial cells. Since 
plasmids typically require rather complex machinery for 
replication (often depending on successful interactions With 
host proteins) and must face additional problems of surface 
exclusion and incompatibility, conjugative transposons 
(Which do not replicate, but instead insert into the chromo 
some or into a plasmid of the neW host) appear to be an even 
more efficient and far-reaching Way of disseminating a 
resistance gene. This may explain Why the tetM gene of the 
conjugative transposon Tn916 has spread beyond the gram 
positive species into gram-negative organisms, including 
gonococci and meningococci, as Well as into mycoplasma 
and ureaplasma. See, e.g., Roberts, 1990. CharacteriZation 
of the TetM determinants in urogenital and respiratory 
bacteria. Antimicrob. Agents Chemother. 34: 476-478. Other 
resistance genes, including those encoding resistance to 
erythromycin and kanamycin, are also found on conjugative 
transposons; these frequently contain or are related to 
Tn916. Such transposons may have evolved from a Tn916 
ancestor; their emergence suggests the possibility of further 
dissemination of resistance among gram-positive organisms. 










































