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(57) ABSTRACT 

The invention relates to probiotic bacteria and particularly, 
although not exclusively, to anti-bacterial compositions 
derived from probiotic bacteria. Disclosed are compositions 
comprising material secreted from probiotic bacteria, uses 
thereof, and methods using the compositions. Particularly 
contemplated are compositions comprising material Secreted 
from Lactobacillus rhamnosus, and uses thereof. 
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ANTI-BACTERIALLYSATE OF PROBOTC 
BACTERA 

FIELD OF THE INVENTION 

0001. The present invention relates to probiotic bacteria 
and particularly, although not exclusively, to anti-bacterial 
compositions derived from probiotic bacteria. 

BACKGROUND TO THE INVENTION 

0002 The concept that probiotics are beneficial to gut 
health has been investigated for a number of years. Studies 
have demonstrated that probiotics potentially improve gut 
function through a number of mechanisms including 
increasing epithelial barrier function (40) and modulation of 
the immune response (6, 51). There is also evidence that 
probiotics can prevent colonisation of the gut by pathogens. 
This can be via mechanisms such as down regulation of 
virulence factors and inhibition of pathogen adherence to the 
epithelium (2). For example, lactobacillus species inhibit the 
adhesion of Enterobacter Sakazaki to intestinal mucus by 
competitive exclusion (32). Other studies demonstrated that 
Some probiotics increase the production of intestinal mucin 
thus inhibiting pathogen adherence to intestinal epithelial 
cells (31). Probiotics are also able to produce antimicrobial 
peptides (bacteriocins) and acids. Collectively, there are 
numerous probiotic mediated mechanisms that limit patho 
gen colonisation (33). 
0003. Since probiotics may have positive impacts on the 
gut, their potential effects on other systems, such as the 
mouth (18) and the urogenital tract (44) have also begun to 
be investigated. A study in 2001, examining the impact of 
oral administration of Lactobacilli in a clinical trial of 
women with bacterial vaginosis, showed that Lactobacilli 
could indeed inhibit the colonization of uro-epithelial cells 
by pathogens (44). Recently, the topical application of 
probiotics to the skin has been investigated in a limited 
number of studies. Topical application of Sonicated Strep 
tococcus salivarius Strains to patients Suffering from atopic 
dermatitis resulted in improved barrier function apparently 
through increasing the level of ceramides in the stratum 
corneum (13). Topically applied L. plantarum for treatment 
of infected wounds resulted in improved tissue repair in a 
mouse burn model and prevention of infection in chronic leg 
ulcers and burns in humans (41. 42). However, in general the 
mechanisms underlying these effects are not well under 
stood. 
0004 Staphylococcus aureus is both a transient coloniser 
of skin and a major opportunistic skin pathogen, causing 
diseases ranging from impetigo to life threatening conditions 
such as sepsis (25). Previously, our lab demonstrated that the 
probiotic L. reuteri could protect epidermal keratinocytes 
from the toxic effects of S. aureus via competitive exclusion 
of the pathogen from keratinocyte binding sites (43). The 
inventors have now identified L. rhamnosus GG as a second 
probiotic with the ability to protect skin cells from the effects 
of S. aureus. However, L. rhamnosus GG uses multiple 
mechanisms to protect against infection including inhibition 
of S. aureus growth, competitive exclusion and displace 
ment of the pathogen from keratinocytes. 

SUMMARY OF THE INVENTION 

0005 Few studies have evaluated the potential benefits of 
the topical application of probiotic bacteria or material 
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derived from them. The inventors have investigated whether 
a probiotic bacterium, Lactobacillus rhamnosus GG can 
inhibit Staphylococcus aureus infection of human primary 
keratinocytes in culture. When primary human keratinocytes 
were exposed to S. aureus, only 25% of the keratinocytes 
remained viable at 24 h afterwards. However, in the pres 
ence of 10 CFU/ml of live L. rhamnosus GG, the viability 
of the infected keratinocytes increased to 57% (P=0.01). 
Interestingly, L. rhamnosus GG lysates and spent culture 
fluid also provided significant protection to keratinocytes 
with 65% (P=0.006), and 57% (P=0.01) of cells respectively, 
being viable following 24 h incubation. Keratinocyte sur 
vival was significantly enhanced regardless of whether the 
probiotic was applied in viable form, or as lysates, 2 h before 
or simultaneously (P=0.005) or 12 hafter (P=0.01)S. aureus 
infection. However, spent culture fluid was only protective 
if added before or simultaneously to S. aureus. With respect 
to mechanism, both L. rhamnosus GG lysate or spent culture 
fluid apparently inhibited adherence of S. aureus to kera 
tinocytes by competitive exclusion but, only viable bacteria 
or the lysate could displace S. aureus (P=0.04 and 0.01, 
respectively). Furthermore, growth of S. aureus was inhib 
ited by either live bacteria or lysate but not spent culture 
fluid. Together, these data Suggest at least two separate 
activities involved in the protective effects of L. rhamnosus 
GG against S. aureus, growth inhibition and reduction of 
bacterial adhesion. 
0006. The inventors have previously demonstrated that 
probiotic bacteria and lysates thereof in protecting cells 
against infection by pathogenic bacteria Such as S. aureus 
(see WO2013/153358). They have now demonstrated that 
cell free culture supernatant, in which the probiotic bacteria 
have previously been cultured, is also capable of preventing 
pathogenic bacteria adhering to, or infecting, cells. Thus, 
probiotic bacteria are able to protect cells from infection by 
at least two mechanisms. Firstly, the probiotic bacteria may 
be able to reduce or inhibit the growth of pathogenic bacteria 
through one or more agents contained within the probiotic 
bacterium that are able to directly inhibit growth and/or 
viability of the pathogenic bacteria. Secondly, and as iden 
tified herein, one or more agents that are secreted from the 
probiotic bacteria (and thus present in the culture media) are 
able to inhibit the ability of the pathogenic bacteria to infect 
the cells, possibly through preventing adhesion of the patho 
genic bacteria to the cells. Material secreted by the probiotic 
bacteria is therefore protective against pathogenic bacterial 
infection. Thus, the secreted material has anti-bacterial, or 
anti-infective properties that can be harnessed in a variety of 
anti-bacterial compositions as described here. 

DESCRIPTION 

0007. The invention includes the combination of the 
aspects and preferred features described except where such 
a combination is clearly impermissible or expressly avoided. 
0008. The section headings used herein are for organiza 
tional purposes only and are not to be construed as limiting 
the subject matter described. 
0009 Probiotic Bacteria 
0010. The invention relates to the use of probiotic bac 

teria. Probiotics are commonly defined as “live microorgan 
isms which when administered in adequate amounts confer 
a health benefit on the host”. Studies in the gut have 
demonstrated the ability of probiotic bacteria to inhibit 
colonisation by pathogens through mechanisms including 
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exclusion, competition and displacement of pathogen attach 
ment to the host tissues. As used herein, the term “probiotic 
bacterium may also refer to such bacteria when they are no 
longer alive, for example following inactivation by heat or 
radiation. 

0.011 Lactobacillus rhamnosus 
0012. The invention particularly relates to probiotic bac 

teria of the species Lactobacillus rhamnosus. Such bacteria 
were originally considered a Subspecies of Lactobacillus 
casei, but later genetic research found it to be a species of 
its own. A number of L. rhamnosus strains are known. For 
example, strains 1-1720 (Pasteur collection Nationale de 
Cultures de Microorganismes), AC413, GR-1 (Karlsson et 
al., BMC microbiology 2012, 12:15), JB-1 (Bravo et al., 
PNAS 2011 108(38) 16050-16055) GG and LC705 (Savijok 
et al., J. Proteome Research 2011 10(8)3460-3474). Other 
strains of L. rhamnosus may be readily isolated. 
0013. In particular, the invention relates to L. rhamnosus 
GG. L. rhamnosus GG (also referred to herein as LGG) is 
deposited at ATCC (American Tissue Culture Collection) 
under accession number ATCC 53103. BGG was isolated in 
1983 from the intestinal tract of a healthy human being by 
Gorbach and Goldin. 

0014) 
0015 The compositions according to the invention com 
prise or consist of secreted material from probiotic bacteria. 
0016 Secreted material refers to material secreted from a 
probiotic bacterium. The secreted material may be a single 
agent. It may be a mixture of more than one agent. The 
secreted material may include proteins, carbohydrates, 
nucleic acids or lipids. Secreted material may include the 
secretome, which is all of the Secreted proteins and secretory 
machinery of the probiotic bacterium. It may additionally 
encompass molecules that are not proteins, such as carbo 
hydrates, lipids and nucleic acid. 
0017. Some compositions described herein contain 
secreted material in a carrier. The carrier is usually a solution 
in which the secreted material is dissolved, Suspended, 
diluted or admixed. 

0018. In some cases the carrier may be the medium which 
has been in contact with the probiotic bacterium during 
culturing. The composition of the medium will have 
changed during the culture, for example by the secretion of 
material from the probiotic bacterium. The compositions 
may consist or comprise culture medium in which the 
probiotic bacteria have been growing in. 
0019 Media suitable for culturing probiotic bacteria is 
well known to those of skill in the art. As used herein the 
terms “media' and “medium' encompasses any nutrient 
containing liquid in which microorganisms such as bacteria 
may be supported, kept alive, grown and/or expanded. The 
media may contain the minimal nutrients to Support bacterial 
life, and optionally other nutrients. Exemplary nutrients 
contained within the broth include Sugar, magnesium, phos 
phate, phosphorous and Sulphur. The media may be made to, 
or modified from, a combination of nutrients that is well 
known in the art, such as Wilkins-Chalgren Broth. Media 
may be obtained pre-mixed from a commercial source, or 
may be made in-house. 
0020. The probiotic bacterium may have been in contact 
with the media for at least six hours, at least twelve hours, 
at least eighteen hours, at least twenty four hours, at least 3 
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days, at least 4 days, at least 5 days, at least 6 days, at least 
7 days, at least 8 days, at least 9 days, at least 10 days, at 
least two weeks or longer. 
0021. The probiotic bacteria may have been cultured in 
the media, or in contact with the media, under aerobic or 
anaerobic conditions. Preferably the probiotic bacteria have 
been cultured under anaerobic conditions. For example, the 
culture may be performed under 10% H., 10% CO, 80% N. 
0022. The probiotic bacteria may have been cultured in 
the media under conditions that facilitate growth and expan 
sion of the probiotic bacteria. Such conditions are well 
known to those of skill in the art. For example, the culture 
may be incubated at 37° C. 
0023 Preferably the composition does not contain any 
probiotic bacteria. The probiotic bacteria may have been 
removed from the media, for example by centrifugation 
and/or filtration. For example, the bacteria may be removed 
by sedimenting them from the media in a centrifuge at 
15,000xg for a period of time sufficient for substantially all 
of the bacteria to sediment from the media. The media may 
be filtered using a microporous filter with pores of a suitable 
size to remove substantially all of the bacteria from the 
media. These methods may remove intact bacteria, and may 
also remove bacterial debris, such as the remains of any 
bacteria that have undergone cell lysis Such as by apoptosis. 
The media containing secreted material has not been 
obtained from a culture that has undergone a lysis process, 
and thus is not, and has not been obtained from, a lysate. 
0024. The composition may be sterile. That is to say that 
the secreted material has been subject to a sterilisation 
process, such as irradiation, heat, chemicals, pressure or 
filtration, or any combination thereof. This may include 
autoclaving, X-ray sterilization or UV-light sterilisation. In 
the case of media containing the secreted material, the media 
may have been sterilised before the probiotic bacteria were 
introduced and cultured, and also after the bacteria had been 
removed from that media. 
0025. In some cases the composition comprising secreted 
material contains Substantially no intact bacteria. The com 
position may also be substantially free from lysed bacteria or 
bacterial fragments, such as bacteria that have undergone 
apoptosis. The intact bacteria and/or lysed bacteria or bac 
terial fragments may have been separated from the Secreted 
material. Separation may occur by any suitable means 
known in the art, such as centrifugation or filtration. By 
“substantially free from we mean that the secreted material 
contains no or minimal contamination of non-secreted bac 
terial components, such as whole bacteria, lysed bacteria, or 
bacterial fragments. Thus, the composition may contain 
100% secreted material, at least 99% secreted material, at 
least 95% secreted material, at least 90% secreted material, 
at least 85% secreted material, at least 80% secreted mate 
rial, at least 75% secreted material or at least 70% secreted 
material. The secreted material may comprise additional 
components of non-bacterial origin, such as carrier solu 
tions, other active agents, or preservatives, as described 
herein. 
0026 Compositions as described herein may be prepared 
by culturing a probiotic bacteria in media, separating the 
probiotic bacteria from the media, and preparing a compo 
sition from the media. The probiotic bacteria may be cul 
tured under anaerobic conditions. The probiotic bacteria 
may be cultured at a temperature above the normal tem 
perature of the human body. The probiotic bacteria may be 
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cultured at 30° C., 31° C., 32° C., 33°C., 34° C., 35° C., 36° 
C., 37° C., 38° C., 39° C., 40° C. or 41° C. Preferably the 
probiotic bacteria are cultured at 37° C. The probiotic 
bacteria may be cultured in the media for 1 day, 2 days, 3 
days, 4 days, 5 days, 6 days, 7 days, 8 days, 9 days, 10 days, 
11 days, 12 days, 13 days or 14 days. The probiotic bacteria 
or lysed bacteria or fragments of bacteria may be separated 
from the media by centrifugation, such as centrifugation at 
15000xg. The media may be separated from the probiotic 
bacteria, lysed bacteria or fragments of bacteria by filtration. 
The media may be separated by a combination of filtration 
and centrifugation. The media may be subject to sterilisa 
tion, before or after the probiotic bacteria are removed. For 
example, following separation of the media from the whole 
bacteria, lysed bacteria or bacterial fragments, the media 
may be subject to sterilisation. The media may be subject to 
concentration, Such that the proportion of Secreted material 
increases relative to the total volume of media. Concentra 
tion may occur by any method known in the art, Such as 
evaporation. Secreted material may be separated from the 
media. Any method of separating material from a carrier 
solution may be used. For example the secreted material 
may be separated from the media by chromatography, crys 
tallisation, distillation, drying, electrophoresis or precipita 
tion. Once isolated from the media, or concentrated in the 
media, the secreted material may be dissolved or diluted in 
a carrier, or otherwise formulated into a composition as 
disclosed herein. 

0027 
0028. The compounds and compositions of the present 
invention are useful in the treatment of a wide range of 
diseases and conditions. In particular they are useful in the 
treatment and prevention of skin infections, including bac 
terial infections. In particular, the compounds and compo 
sitions are useful in the treatment or prevention of S. aureus 
infections. The compounds and compositions are particu 
larly useful in the treatment of soft tissue bacterial infec 
tions, such as skin infections. The compounds and compo 
sitions of the present invention are particularly useful in the 
prevention or treatment of S. aureus skin infections. 
0029. The invention relates to the prevention or treatment 
of infections. The probiotic compositions of the present 
invention exhibit anti-infection activity. For example, anti 
adhesion activity, including preventing the adhesion of S. 
aureus to cells. Thus, the compositions are useful for the 
prevention or treatment of infections including bacterial 
infections, such as the prevention or treatment of multi-drug 
resistant bacterial infections, hospital acquired bacterial 
infections, antibiotic resistant bacterial infections, infections 
by gram negative and/or gram positive bacterial infections. 
0030 The compositions of the invention are useful in the 
prevention of infections by Staphylococcus spp., Such as S. 
Saprophyticus, S. xylosus, S. lugdenensis, S. Schleiferi, S. 
caprae, S. epidermidis, S. saprophyticus, S. waneri, S. 
aureus, S. hominis, Methicilin resistant S. aureus (MRSA), 
S. pyrogenes, S. salivariu, S. mutans and S. pneumonia. 
0031. In particular the compositions of the invention 
exhibit anti-Staphylococcus adhesion activity, and are there 
fore useful in the prevention or treatment of Staphylococcus 
infection. For example, the compositions of the invention 
exhibit anti-Staphylococcus aureus activity, and are there 
fore useful in the prevention or treatment of S. aureus 
infections. 

Therapeutic Applications 
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0032) Infections occur where disease causing microor 
ganisms invade the tissues of the body. Multiplication of 
those microorganisms and the toxins that they produce react 
with the tissues of the body, often causing immune reactions 
by the infected host. Infections may be caused by bacteria, 
viruses, Viroids, fungi and other parasites. Infections may 
occur via any of the tissues of the body, Such as the skin, gut 
or membranes. In some embodiments of the invention the 
probiotic bacteria or lysates of the invention are used to treat 
infection of tissues other than the gut, for example in some 
embodiments the probiotic bacterium or lysate according to 
the invention is not used for the treatment of infection of the 
alimentary canal, esophagus, stomach, intestines, rectum or 
anus. In particular aspects the invention relates to the 
treatment or prevention of infection of the external surface 
of the body, and particularly the skin. 
0033. The compositions according to the invention may 
be used in the prevention or treatment of skin infections. The 
infection may be due to a bacterium, Such as a Staphyllo 
coccus bacteria, including S. aureus. The composition may 
be applied separately, sequentially or simultaneously with 
exposure to the infective agent. Preferably, the composition 
is applied before exposure to the infective agent. 
0034. The compositions of the invention are preferably 
used for the prevention of bacterial infection. They are 
preferentially administered to a subject before that subject is 
exposed to the infective agent, such as S. aureus. The Subject 
may have been identified as being at risk of infection by the 
infective agent. Subjects may be identified as being at risk 
of infection by an infective agent because of their environ 
ment, for example being situated in an environment where 
the inventive agent is known to exist, or due to the health of 
the Subject, Such as the existence of an open wound or poor 
immune health. For example, the compositions may be used 
in a hospital or other clinical environment in which a 
pathological bacteria is known to, or Suspected to, be 
present. 
0035. In some cases, the patient is about to undergo, or 
has recently undergone, Surgery. The compositions 
described herein may be used to prevent infection of an open 
wound Such as a Surgical incision or graft by a pathogenic 
bacteria. 
0036. In some cases the subject is determined not to have 
an infection by the infective agent. For example, the Subject 
may be determined not to have a S. aureus infection. 
Methods for determining whether a subject has an infection 
are well known in the art, and may include the analysis of 
a sample obtained from the subject for the presence of the 
infective agent. 
0037. A composition may be administered alone or in 
combination with other treatments, either simultaneously or 
sequentially dependent upon the condition to be treated. 
0038. The secreted material may be dissolved in, sus 
pended in, or admixed with one or more other pharmaceu 
tically acceptable ingredients. The probiotic bacterium or 
lysate thereof may be presented in a liposome or other 
microparticulate. 
0039. In some embodiments, the secreted material may 
be provided as a suspension in a pharmaceutically accept 
able excipient, diluent or carrier. In some embodiments 
probiotic bacterium may be provided as a lyophilisate. 
0040. Non Therapeutic Applications 
0041. The invention also provides antibacterial compo 
sitions in the form of cleaning products, washes, Surface 
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coatings or other compositions which are not for medical 
treatment of the human or animal body. 
0042. Such agents may be useful for removing, killing, or 
preventing the accumulation of bacteria on a surface, or 
inhibiting the action or growth of the bacteria. The secreted 
material is formulated as an antibacterial composition. 
0043 Anti-bacterial compositions according to the 
invention may be useful for treating biomaterials, implants 
and prosthesis (including stents, valves, eyes, hearing aids, 
gastric bands, dentures, artificial joint replacements etc), 
Surgical instruments or other medical devices prior to 
administration to, or treatment of, or use with, a patient or 
subject. The antibacterial compositions may be useful for 
treating Surfaces prone to colonisation or exposure to bac 
terial. Such as handrails, food preparation Surfaces, kitchen 
Surfaces or equipment, tables, sinks, toilets or other bath 
room hardware, 
0044 Antibacterial compositions may comprise agents in 
addition to the lysate. Such as cleaning agents, stabilisers, 
anionic Surfactants, perfumes, chelating agents, acids, alka 
lis, buffers or detergents. Such agents may facilitate or 
enhance the antibacterial properties of the agent, Such as 
killing or inhibiting bacteria, or preventing the recolonisa 
tion of the cleaned surface. 

0045. The present invention also gives rise to a method of 
preparing a surface comprising applying secreted material to 
the surface. The method may result in reduced colonisation 
of the Surface by pathogenic microorganisms. 
0046 Fomulations 
0047. Whilst it is possible for the secreted material to be 
used alone, it is preferable to present it as a formulation 
comprising the material and a carrier. The Secreted material 
may be dissolved in, Suspended in, or admixed with one or 
more other ingredients. In some cases the secreted material 
is presented in a liposome or other microparticulate. 
0.048. Formulations disclosed herein include skin care, 
wound care, respiratory care and oral care formulations, 
including medical, personal care and consumer products. 
0049. Formulations may suitably be in the form of liq 
uids, Solutions (e.g., aqueous, non-aqueous), Suspensions 
(e.g., aqueous, non-aqueous), emulsions (e.g., oil-in-water, 
water-in-oil), elixirs, syrups, electuaries, mouthwashes, 
drops, tablets (including, e.g., coated tablets), granules, 
powders, losenges, pastilles, capsules (including, e.g., hard 
and soft gelatin capsules), cachets, pills, ampoules, boluses, 
Suppositories, pessaries, tinctures, gels, pastes, ointments, 
creams, lotions, oils, foams, sprays, mists, or aerosols. 
0050 Formulations may suitably be provided as a patch, 
adhesive plaster, bandage, dressing, or the like which is 
impregnated with one or more active compounds and 
optionally one or more other pharmaceutically acceptable 
ingredients, including, for example, penetration, perme 
ation, and absorption enhancers. Formulations may also 
suitably be provided in the form of a depot or reservoir. 
0051. In some formulations, the secreted material is for 
mulated with one or more pharmaceutically acceptable 
ingredients. Pharmaceutically acceptable ingredients are 
well known to those skilled in the art, and include, but are 
not limited to, pharmaceutically acceptable carriers, adju 
vants, excipients, diluents, fillers, buffers, preservatives, 
anti-oxidants, lubricants, stabilisers, Solubilisers, Surfactants 
(e.g., Wetting agents), masking agents, colouring agents, 
flavouring agents, and Sweetening agents. The formulation 
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may further comprise other active agents, for example, other 
therapeutic or prophylactic agents. 
0.052 Certain products and formulations herein are suit 
able for skin care or wound care. "Skin care” means topical 
personal care and/or health care products including products 
useful for the treatment of adult or infant skin to maintain or 
improve the health of the skin or improve the appearance of 
the skin. “Wound care” includes products for the treatment 
of a wound to assist in the closure or healing of the wound, 
and/or to reduce the pain or scarring associated with the 
wound, maintaining or improving the health of Such tissue 
or skin, repairing Such tissue or skin, and reducing irritation, 
itching and/or redness of Such tissue or skin. 
0053. In some embodiments the secreted material accord 
ing to the invention is formulated for topical administration, 
particularly for use or application to, or on, the skin. 
0054 Formulations suitable for topical administration 
include gels, pastes, ointments, creams, lotions, and oils, as 
well as patches, adhesive plasters, bandages, dressings, 
depots, cements, glues, and reservoirs. 
0055 Ointments are typically prepared from the secreted 
material and a paraflinic or a water-miscible ointment base. 
0056 Creams are typically prepared from the probiotic 
bacterium or lysate and an oil-in-water cream base. If 
desired, the aqueous phase of the cream base may include, 
for example, at least about 30% w/w of a polyhydric alcohol, 
i.e., an alcohol having two or more hydroxyl groups such as 
propylene glycol, butane-1,3-diol, mannitol, Sorbitol, glyc 
erol and polyethylene glycol and mixtures thereof. The 
topical formulations may desirably include a compound 
which enhances absorption or penetration of the active 
compound through the skin or other affected areas. 
Examples of Such dermal penetration enhancers include 
dimethylsulfoxide and related analogues. 
0057 Emulsions are typically prepared from the probi 
otic bacterium or lysate and an oily phase, which may 
optionally comprise merely an emulsifier (otherwise known 
as an emulgent), or it may comprises a mixture of at least 
one emulsifier with a fat or an oil or with both a fat and an 
oil. Preferably, a hydrophilic emulsifier is included together 
with a lipophilic emulsifier which acts as a stabiliser. It is 
also preferred to include both an oil and a fat. Together, the 
emulsifier(s) with or without stabiliser(s) make up the so 
called emulsifying wax, and the wax together with the oil 
and/or fat make up the so-called emulsifying ointment base 
which forms the oily dispersed phase of the cream formu 
lations. 
0.058 Suitable emulgents and emulsion stabilisers 
include Tween 60, Span 80, cetostearyl alcohol, myristyl 
alcohol, glyceryl monostearate and sodium lauryl Sulphate. 
The choice of suitable oils or fats for the formulation is 
based on achieving the desired cosmetic properties, since the 
solubility of the active compound in most oils likely to be 
used in pharmaceutical emulsion formulations may be very 
low. Thus the cream should preferably be a non-greasy, 
non-staining and washable product with Suitable consistency 
to avoid leakage from tubes or other containers. Straight or 
branched chain, mono- or dibasic alkyl esters such as 
di-isoadipate, isocetyl Stearate, propylene glycol diester of 
coconut fatty acids, isopropyl myristate, decyl oleate, iso 
propyl palmitate, butyl Stearate, 2-ethylhexyl palmitate or a 
blend of branched chain esters known as Crodamol CAP 
may be used, the last three being preferred esters. These may 
be used alone or in combination depending on the properties 
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required. Alternatively, high melting point lipids such as 
white soft paraffin and/or liquid paraffin or other mineral oils 
can be used. 
0059. Some products and formulations described herein 
are suitable for oral care. “Oral care” means products for use 
and/or uses of materials in the oral cavity or any portion 
thereof, including products for use on the teeth, mucosa, 
tongue, and the like. Products and uses in the field of oral 
care include those intended for tooth aesthetics including, 
for example, tooth whitening, stain prevention, and the like, 
as well as anti-plaque, anti-gingivitis, anti-sensitivity, anti 
caries, breath freshening, dry mouth relief, erosion repair 
and prevention, active delivery and retention, sensory 
enhancement and mouth feel alteration, and the like. 
0060 Formulations for oral care include dental sprays, 
mouthwashes, toothpastes, lozenges, antibacterial washes, 
drinks (e.g. milk, yoghurt), food items (such as yoghurt, ice 
cream, candy bars), or powdered foods (such as powdered 
milk). Formulations suitable for oral care include formula 
tions suitable for oral and/or buccal administration. 
0061 Formulations suitable for oral administration (e.g., 
by ingestion) include liquids, Solutions (e.g., aqueous, non 
aqueous), Suspensions (e.g., aqueous, non-aqueous), emul 
sions (e.g., oil-in-water, water-in-oil), elixirs, syrups, elec 
tuaries, tablets, granules, powders, capsules, cachets, pills, 
ampoules, boluses. 
0062 Formulations suitable for buccal administration 
include mouthwashes, losenges, pastilles, as well as patches, 
adhesive plasters, depots, and reservoirs. Losenges typically 
comprise the active compound in a flavored basis, usually 
Sucrose and acacia or tragacanth. Pastilles typically com 
prise the active compound in an inert matrix. Such as gelatin 
and glycerin, or Sucrose and acacia. Mouthwashes typically 
comprise the active compound in a Suitable liquid carrier. 
0063 Some formulations disclosed herein are suitably 
provided as a patch, adhesive plaster, bandage, dressing, or 
the like which is impregnated with, or coated with, one or 
more secreted material according to the invention and 
optionally one or more other pharmaceutically acceptable 
ingredients, including, for example, penetration, perme 
ation, and absorption enhancers. The probiotic bacteria, 
lysates or culture media may also be provided in the form of 
coatings for medical devices such as implants, prosthetics, 
Surgical instruments, gloves, catheters, valves, pacemakers 
and the like. Some compositions and formulations disclosed 
herein are suitable for respiratory care. “Respiratory care” 
means products for the treatment of conditions including 
prevention and treatment of rhinitis, sinusitis, seasonal aller 
gies, nasal congestion and colds. The compositions may be 
useful for preventing a bacterial infection of the respiratory 
tract, including the sinuses, airways, throat or lungs. In some 
cases Such formulations are formulated for intranasal admin 
istration or pulmonary administration. 
0064. Formulations suitable for intranasal administration, 
where the carrier is a liquid, include, for example, nasal 
spray, nasal drops, or by aerosol administration by nebuliser, 
include aqueous or oily solutions of the active compound. 
0065. Formulations suitable for intranasal administration, 
where the carrier is a solid, include, for example, those 
presented as a coarse powder having a particle size, for 
example, in the range of about 20 to about 500 microns 
which is administered in the manner in which Snuff is taken, 
i.e., by rapid inhalation through the nasal passage from a 
container of the powder held close up to the nose. 
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0.066 Formulations suitable for pulmonary administra 
tion (e.g., by inhalation or insufllation therapy) include those 
presented as an aerosol spray from a pressurised pack, with 
the use of a suitable propellant, such as dichlorodifluo 
romethane, trichlorofluoromethane, dichoro-tetrafluoroeth 
ane, carbon dioxide, or other suitable gases. 
0067 Compositions and formulations according to the 
invention may further comprise other active agents, for 
example other anti-bacterial agents such as bactericidal 
agents. 
0068. In some embodiments a formulation for use 
according to the present invention may comprise at least 
about 0.01%, about 0.05%, about 0.1%, about 0.2%, about 
0.3%, about 0.4%, about 0.5%, about 0.6%, about 0.7%, 
about 0.8%, about 0.9%, about 1.0%, about 1.5%, about 
2.0%, about 3.0%, about 4.0%, about 5.0%, about 6.0%, 
about 7.0%, about 8.0%, about 9.0%, about 1 0.0%, about 
11.0%, about 12.0%, about 13.0%, about 14.0%, about 
15.0%, about 16.0%, about 17.0%, about 18.0%, about 
19.0%, about 20.0%, about 25.0%, about 30.0%, about 
35.0%, about 40.0%, about 45.0%, about 50.0% by weight 
of secreted material. 

0069. In some embodiments the formulation may com 
prise, one of at least about 0.01% to about 30%, about 0.01% 
to about 20%, about 0.01% to about 5%, about 0.1% to about 
30%, about 0.1% to about 20%, about 0.1% to about 15%, 
about 0.1% to about 10%, about 0.1% to about 5%, about 
0.2% to about 5%, about 0.3% to about 5%, about 0.4% to 
about 5%, about 0.5% to about 5%, about 1% to 10 about 
5%, by weight of secreted material. 
0070 
0071. The probiotic preparations according to the inven 
tion may be formulated as pharmaceutical compositions for 
clinical use and may comprise a pharmaceutically accept 
able carrier, diluent or adjuvant. They may beformulated for 
topical administration. 
0072 Administration is preferably in a prophylactically 
or therapeutically effective amount, this being an amount 
sufficient to show benefit to the individual. The actual 
amount administered, and rate and time-course of adminis 
tration will depend on the nature and severity of the disease 
being treated. Prescription of treatment, e.g. decisions on 
dosage etc., is within the responsibility of general practitio 
ners and other medical doctors, and typically takes account 
of the disorder to be treated or prevented, the condition of 
the individual patient, the site of delivery, the method of 
administration and other factors known to practitioners. 
Examples of the techniques and protocols mentioned above 
can be found in Remington's Pharmaceutical Sciences, 20" 
Edition, 2000, pub. Lippincott, Williams & Wilkins. It will 
be appreciated by one of skill in the art that appropriate 
dosages of the active compounds and compositions com 
prising the active compounds can vary from patient to 
patient. 
0073. The compositions of the present invention may be 
formulated as medicaments, that is to say formulated as a 
medicine. The medicament may include other pharmaceu 
tically acceptable ingredients well known to those skilled in 
the art, including , but not limited to, pharmaceutically 
acceptable carriers, adjuvants, excipients, diluents, fillers, 
buffers, preservatives, anti-oxidants, lubricants, stabilisers, 
solubilisers, Surfactants (e.g. wetting agents), masking 
agents, colouring agents, flavouring agents, and Sweetening 
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agents. The formulation may further comprise other active 
agents, for example other therapeutic or prophylactic agents. 
0074 Aspects and embodiments of the present invention 
will now be illustrated, by way of example, with reference 
to the accompanying figures. Further aspects and embodi 
ments will be apparent to those skilled in the art. All 
documents mentioned in this text are incorporated herein by 
reference. 

BRIEF DESCRIPTION OF THE FIGURES 

0075 Embodiments and experiments illustrating the 
principles of the invention will now be discussed with 
reference to the accompanying figures in which: 
0076 FIG. 1: L. rhamnosus GG protects keratinocytes 
from the toxic effects of S. aureus. Uninfected cells had a 
mean viability of (90%). S. aureus infected cells had a mean 
viability of (25%+3.4). In keratinocytes infected with a 
combination of S. aureus and L. rhamnosus GG (LGG+SA), 
the viability after 24 hours was 57%+2.7 (P=0.01, n=3). 
0077 FIG. 2: Lysate and spent culture fluid (CM) from L. 
rhamnosus GG protect keratinocytes from the effects of S. 
aureus. The viability of S. aureus infected keratinocytes 
with L. rhamnosus GG lysate (LGGLYS+SA) was 65%+2.4 
and with spent culture fluid (LGGCM+SA) was 57%+1.5 
compared to 25% +3.1 in keratinocytes infected with S. 
aureus (SA) alone (P=0.006, P=0.01 respectively, n=3). 
0078 FIG. 3: L. rhamnosus GG protects keratinocytes 
from infection with S. aureus. Percentage viability of kera 
tinocytes was significantly higher in cells that were pre 
exposed to L. rhamnosus GG (LGG+SA), lysate (LGG 
LYS+SA) or spent culture fluid (LGG CM+SA) (58%+14, 
57%+1.9, 55%+0.5, P=0.006, P=0.005, P=0.004) compared 
to S. aureus (SA) infected cells (25%+1.3) (n=3). 
0079 FIG. 4: L. rhamnosus GG but not its spent culture 
fluid rescuesd keratinocytes from S. aureus mediated toxic 
ity. A) Uninfected keratinocytes were incubated overnight; 
approximately 90% of the cells were viable after 24 hours. 
The viability of S. aureus infected keratinocytes was sig 
nificantly higher in cells post-exposed with L. rhamnosus 
GG (P=0.003, n=3). 2 h (52%+1.6), 4 h (54%+1.4), 6 h 
(57%+1.3), 8 h (58%+1.3) or 12 h (58%+1.5). B) There was 
significant difference between the viability of cells (P=0.01, 
n=3) treated with L. rhamnosus GG lysate 2 h (574%+3.1), 
4 h (58%+2.1),6 h (63%+1.2),8 h (63%+1.3) or 12 h 
(55%+2.4) after infection had begun, whereas the viability 
of keratinocytes had been infected with S. aureus (SA) alone 
(25%+1.7). C) Cells post-exposed with L. rhamnosus GG 
spent culture fluid (CM) did not have significant protection 
(P=0.15, n=3). 2 h (32%+2.6), 4 h (39%+2.4), 6 h(37%+1. 
8),8 h (36%+1.3) or 12 h (35%+3.5), whereas, the co 
exposed cells had significant protection from S. aureus 
infection (56%+2.1, P=0.01, n=3). 
0080 FIG. 5: L. rhamnosus GG lysate, but not spent 
culture fluid, reduced staphylococcal viability. A) The opti 
cal densities of cultures of S. aureus (SA) growing in the 
presence of keratinocytes and treated with L. rhamnosus GG 
lysate (LGG LYS) or spent culture fluid (LGG CM) was 
determined every hour to monitor the growth of the bacteria. 
The growth of S. aureus in the presence of the probiotic 
lysates was significantly lower than in S. aureus cultures 
(P=0.02, n=3), whereas, the spent culture fluid had no effect. 
B) The number of viable S. aureus (SA) in keratinocytes 
culture alone was 8 log CFU/ml or with spent culture fluid 
(LGG CM) 7.87 log CFU/ml, whereas 5 log CFU/ml of S. 
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aureus (SA) was viable in the present of L. rhamnosus GG 
lysate. C). The total number of viable staphylococci in 
keratinocytes culture was reduced by the L rhamnosus GG 
lysate in a post infection assay (2-4-6-8 and 12 hours), also 
showed significant reduction in S. aureus viability after 2 h 
incubation (P=0.05, n=3) compared to S. aureus alone. 
I0081 FIG. 6: Live L. rhamnosus GG, lysate or spent 
culture fluid inhibited S. aureus from adhering to keratino 
cytes by competitive exclusion from binding sites. Ability of 
bacteria to adhere to keratinocytes S. aureus (SA) (10), 
when applied to keratinocytes for 1 h adhered to cells at 
approximately 7.5+0.6 log CFU/ml, while L. rhamnosus GG 
(LGG) (10) adhered at approximately 7.9+0.5 log CFU/ml. 
In pre-exposed cells with L. rhamnosus GG (LGG+SA), 
lysate (LGGLYS+SA) or spent culture fluid (LGGCM+SA) 
had significantly less staphylococci adhered to them 
(5.83+0.2 log CFU/ml, 5.9+0.6 log CFU/ml and 6.4+0.7 log 
CFU/ml respectively) compared to cells infected with S. 
aureus (SA) alone (7.9-0.6 log CFU/ml) (P=0.04, n=3). 
I0082 FIG. 7: Live L. rhamnosus GG or lysate inhibited 
S. aureus from adhering to keratinocytes by competitive 
displacement to binding sites. Post exposed cells with L. 
rhamnosus GG (LGG-12 h) or lysate (LGGLYS-12 h) had 
significantly less staphylococci adhered to them after 12 
h(5.8+0.7 log CFU/ml, 5.4+0.3 log CFU/ml respectively) 
compared to cells infected with S. aureus (SA) alone 
(7.95+0.6 log CFU/ml) (P=0.01, n=3). Whereas, the post 
exposed cells with L. rhamnosus GG spent culture fluid 
(LGG CM-12 h) did not reduce the adhesion number of S. 
aureus (7+0.6 log CFU/ml, P>0.05, n=3). 

EXAMPLES 

Example 1 

Materials and Methods 

0083. Mammalian Cell Culture 
I0084. Normal human epidermal keratinocytes (NHEK) 
cultured in keratinocyte basal medium (Promocell, Heidel 
berg, Germany) containing a Supplement mix (bovine pitu 
itary extract 0.004mg/ml, epidermal growth factor (recom 
binant human) 0.125 ng/ml, insulin (recombinant human) 5 
ug/ml, hydrocortisone 0.33 ug/ml, epinephrine 0.39 g/ml 
and transferrin, holo (human) 10 g/ml) and 0.06 mM CaCl 
(Promocell, Heidelberg, Germany), were used as a model 
system. These were cultured routinely at 37° C. in a humid 
atmosphere of 5% CO in T-75 culture flasks as described 
previously (43). 
0085 Bacterial Cell Culture 
I0086 Lactobacillus rhamnosus Goldin and Gorbach (L. 
rhamnosus GG) (ATCC 53103, ATCC, Middlesex, UK) was 
grown routinely in Wilkins-Chalgren Broth or Agar (Oxoid, 
Basingstoke, UK) at 37° C. in incubated in an anaerobic 
cabinet (atmosphere, 10:10:80, H-CO-N). Staphylococcus 
aureus was grown aerobically at 37° C. in Nutrient Broth 
(Oxoid, Basingstoke, UK) as described previously (43). 
I0087 Treatment of Keratinocytes with Bacteria 
I0088 Bacteria (10 CFU/ml of probiotics and 10 CFU/ 
ml of S. aureus) were centrifuged at 15,000xg, washed twice 
in 0.85% NaCl and resuspended in keratinocyte basal 
medium. This suspension was added directly to 5x10 
cells/cm of NHEK growing in 24 well plates. For experi 
ments using a probiotic lysate, 10 ml of 10 CFU/ml of L 
rhamnosus GG were centrifuged, washed, resuspended in 
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Phosphate Buffer Saline (PBS) pH=7.4 (10 mM) and lysed 
using a MSE Soniprep 150. Samples were filtered using a 
0.22 um pore filter (Millipore, Billerica, USA) to remove 
any whole bacteria remaining. Approximately 100 ul of this 
lysate was used to treat keratinocytes (5x10 cells/cm). In 
Some experiments, cells were sedimented in a centrifuge at 
15,000xg for 5 minutes and the cell-free supernatant (spent 
culture fluid) collected and filtered using a 0.22 um pore 
filter (Millipore, Billerica, USA) to remove any whole 
bacteria remaining. In other experiments, keratinocytes 
monolayers were co-infected with pathogen plus probiotics 
or lysates simultaneously. In separate experiments, cells 
were exposed to L. rhamnosus GG lysate 2, 4, 6, 8 and 12 
hours after S. aureus infection had consumed. In all experi 
ments keratinocytes were detached and cell viability was 
determined using trypan blue exclusion assays as described 
in (43). 
I0089 Measurement of S. aureus Viability in Cell Culture 
0090. To determine whether L. rhamnosus GG lysates or 
keratinocytes were able to inhibit the growth of S. aureus in 
cell culture, keratinocytes were grown to confluence in a 24 
well plate. These were exposed to S. aureus alone, or S. 
aureus plus L. rhamnosus GG lysates or conditioned 
medium. In separate experiments, cells were exposed to L. 
rhamnosus GG lysates 2, 4, 6, 8 and 12 hours post infection 
with S. aureus. The total number of viable staphylococci was 
determined by counting the colonies as described previously 
(43). 
0.091 Measurement of Bacterial Adhesion to Keratino 
cytes 
0092 Confluent keratinocytes were exposed to bacteria 
for 1 h. Cells were then washed three times in phosphate 
buffered saline (PBS) pH=7.4 (10 mM) (Invitrogen, Life 
Technologies Ltd, Paisley, UK) to remove non adherent 
bacteria. The cells were trypsinised and serial dilution plate 
counts performed to assess the number of adherent bacteria. 
Selective agar was used for growth of Staphylococci. 
0093. Determination of Bacterial Antagonism 
0094. A 10 ul aliquot of an overnight culture of S. aureus 
was inoculated into 7 ml of the soft-agar media (0.7% agar) 
and was added directly onto plates, pre-poured with agar 
base. 100 ul of each organism or extract of L. rhamnosus GG 
cultures were spotted onto the S. aureus lawn. 
0095 Determination of the Outcome of Co-Culture 
(Competition Assays) 
0096 Aliquots (100 ul) of L. rhamnosus GG lysates and 

S. aureus were inoculated into 10 ml WCB broths. The pH 
and optical density of cultures was measured at 0 and 24 h. 
At regular intervals (indicated in the text) bacteria were 
counted by serial dilution plate counts using selective agar. 
0097 Statistical Analyses 
0098 All experiments were performed a minimum of 
three times, with three replicates within each experiment. 
Data generated were analysed by one way ANOVA and post 
hoc Tukey test using SPSS (IBM SPSS Statistics version 
16.0) program. Results were considered significant if P-0. 
05. Data are expressed as meansistandard errors of the 
means (SEM). 

Example 2 
Results 

0099. L. rhamnosus GG Protects Keratinocytes from the 
Pathogenic Effects of S. aureus. 
0100 Initially, we investigated whether the viability of 
keratinocytes was affected by incubation with L. rhamnosus 
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GG. However, following 24 h incubation, there was no 
difference in the viability of keratinocytes incubated with the 
probiotic bacteria vs the control of untreated keratinocytes 
(data not shown). Next, the ability of L. rhamnosus GG to 
protect keratinocytes from the effects of S. aureus was 
investigated. In agreement with our previous findings (43) 
24 h exposure of keratinocytes to 10 CFU/ml S. aureus 
resulted in significant keratinocyte cell death. However, 
keratinocytes incubated simultaneously with pathogen and 
L. rhamnosus GG had a significantly higher percentage 
viability (57% P=0.01) than monolayers infected with 
pathogen alone (FIG. 1). 
0101 L. rhamnosus GG Lysates and Spent Culture Fluid 
Protect Keratinocytes from the Effects of S. aureus. 
0102 We investigated whether live bacterium was 
required for the protective effect of L. rhamnosus GG by 
examining the effect of probiotic lysate and spent culture 
fluid on S. aureus infected keratinocytes. Neither lysate nor 
spent culture fluid significantly affected the viability of 
keratinocytes (P-0.05) (data not shown). However, both the 
lysate and spent culture fluid reduced the toxicity of S. 
aureus such that the viability of treated keratinocytes was 
65% and 57.93% respectively compared to 25% in kera 
tinocytes infected with S. aureus alone (P=0.006 and P=0.01 
respectively) (FIG. 2). 
0103 L. rhamnosus GG, Lysate but Not Spent Culture 
Fluid Rescues Keratinocytes from S. aureus Toxicity. 
0104 We next investigated the timing of the protective 
effect of L. rhamnosus GG by adding the live bacteria or the 
lysate either pre or post infection of keratinocytes with S. 
aureus. The percentage of keratinocyte viability was sig 
nificantly greater in monolayers exposed to L. rhamnosus 
GG or spent culture fluid for 2 h prior to infection with S. 
aureus, than in monolayers infected with S. aureus alone 
(P=0.006). Both the lysate and spent culture fluid afforded a 
similar levels of protection (P=0.005, p=0.004), (FIG. 3). In 
post-infection experiment, keratinocytes were exposed to S. 
aureus for 2 h, 4 h, 6 h, 8 h and 12 h before addition of the 
live L. rhamnosus GG, lysate, or spent culture fluid. The 
viability of the keratinocytes was then measured at 24 h post 
infection with S. aureus. The data in FIG. 4 (A, B) shows 
that both live probiotic and its lysate could protect the 
keratinocytes when added after S. aureus. Even at 12 h post 
S. aureus infection, L. rhamnosus GG or lysate still afforded 
protection to the keratinocytes such that 58% and 55% 
respectively of cells remained viable compared to 25% when 
exposed to S. aureus alone (P=0.003, P=0.01 respectively). 
However, the spent culture fluid from L. rhamnosus GG had 
no protective effect on keratinocytes when added after S. 
aureus (FIG. 4 C). 
0105 L. rhamnosus GG Lysate, but Not Spent Culture 
Fluid, Inhibits the Growth of S. aureus. 
0106 The mechanism by which the L. rhamnosus GG 
lysate exerted its protective effect was explored. We inves 
tigated whether the probiotic lysate had direct effects on the 
growth of the pathogen by growing them simultaneously in 
culture. Competition assays showed a significant reduction 
in S. aureus growth over a period of 24 h in keratinocyte 
culture medium in the presence of the L. rhamnosus GG 
lysate compared to untreated cultures (P=0.02) (FIG. 5A). 
However, the spent culture fluid from L. rhamnosus GG had 
no effect on the growth of S. aureus (FIG. 5A).The total 
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number of viable staphylococci was also significantly 
reduced in the presence of the lysate (but not the spent 
culture fluid) to 5 logo cfu/ml, compared to 8 logo cfu/ml 
for S. aureus grown alone (P=0.02) (FIG. 5B). Furthermore, 
the total number of viable staphylococci culture was reduced 
with time by the L. rhamnosus GG lysate (FIG. 5C). Since 
Lactobacili can produce organic acids, we measured the pH 
of keratinocyte media infected for 24 h with S. aureus, L. 
rhamnosus GG lysate or both simultaneously. However, 
there was no significant difference in the pH between 
treatments group (data not shown). We also measured the pH 
of lysate alone and found it be pH-7.2 thus eliminating the 
possibility of acid mediated effects. 
0107 L. rhamnosus GG Inhibits Adhesion of S. aureus to 
Keratinocytes. 
0108. Another mechanism by which live bacteria, lysate 
or spent culture fluid of L. rhamnosus GG may protect the 
keratinocytes is by inhibition of pathogenic adhesion. Pre 
viously, we showed that adhesion is a requirement for the 
toxic effects of S. aureus and specific probiotic Such as L. 
reuteri protected keratinocytes by competitive exclusion of 
pathogen from keratinocyte binding sites (43). Hence, we 
considered that inhibition of adhesion also be part of the 
protective mechanism of L. rhamnosus GG, lysate or spent 
culture fluid. Adhesion assays were performed to determine 
whether inhibition was due to competition, exclusion or 
displacement of pathogen from binding sites on keratino 
cytes (FIG. 6 A&B and FIG. 7). Our results demonstrated 
that live L. rhamnosus GG or lysate were able to inhibit 
pathogen adhesion if keratinocytes were co-infected (com 
petition, P=0.03), pre-exposed (exclusion, P=0.04) or even 
applied 12 h after infection with S. aureus had begun 
(displacement, P=0.01). However, the spent culture fluid 
only inhibited pathogen adhesion if it was added to kera 
tinocytes either before or at the same time as the pathogen 
(FIG. 7). 
0109 Discussion 
0110. This study explored whether an enteric probiotic, L. 
rhamnosus GG could protect keratinocytes from the patho 
genic effects of S. aureus. Preliminary experiments to deter 
mine the effect of adding S. aureus and L. rhamnosus GG 
simultaneously on keratinocyte viability indicated a signifi 
cant protective effect as observed by an increase in the 
number of viable keratinocytes in the presence of the 
probiotic compared to keratinocytes infected with S. aureus 
alone (FIG. 1). Furthermore, the protective effect of L. 
rhamnosus GG did not require viable bacteria because a 
lysate and spent culture fluid from the probiotic also afforded 
protection of keratinocytes from S. aureus. The timing of 
application of L. rhamnosus GG or lysate did not affect the 
degree of protection conferred by the probiotic or lysate to 
protect keratinocytes against S. aureus induced cell death 
(FIG. 3). The data demonstrate that keratinocytes pre-, post 
or co-exposed to L. rhamnosus GG or lysate were protected 
from S. aureus induced cell death. However, the probiotic 
spent culture fluid only protected keratinocytes if it was 
added either before or at the same time as pathogen. These 
data Suggest that there are at least two separate activities 
involved in the protective effects of L. rhamnosus GG 
against S. aureus, one contained within the spent culture 
fluid and one contained within the lysate. 
0111 Our data shows that the activity contained within 
the spent culture fluid probably has anti-adhesive effects. 
This is based on the following observations: A) L. rhamno 
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sus GG-spent culture fluid only inhibits pathogen adhesion 
to keratinocytes if it is added before or at the same time as 
infection with S. aureus. B) We have shown previously that 
S. aureus must adhere to keratinocytes in order to be toxic 
to them and agents inhibiting adhesion protect keratinocytes 
from this pathogen (43). C). In agreement with this, spent 
culture fluid is only protective when added pre or co 
infection with S. aureus. Other studies in vitro demonstrated 
that cell-free culture supernatants (CFCS) from the putative 
probiotics (Lactobacillus, Bifidobacterium, Lactococcus, 
Streptococcus) were able to inhibit the adhesion of several 
pathogens Such as Salmonella Tiphimurium, Saureus and 
Escherichia coli, to Caco-2 cells (11). 
0112 Keratinocyte protection by the lactobacillus lysate 
may involve at least two mechanisms. Firstly, the lysate may 
be able to reduce the growth of Saureus. Competition assays 
demonstrated that L. rhamnosus GG lysate reduced the total 
number of viable staphylococci (FIG.5 A, B, C). In addition, 
in inhibition assays, Zones of inhibition were observed when 
S. aureus was challenged with lysates from probiotic grown 
anaerobically (Table 1). These data suggest an ability of L 
rhamnosus GG lysate to inhibit growth of S. aureus. This 
could be due to the presence of a toxic molecule(s) within 
the probiotic that are able to directly inhibit S. aureus growth 
and/or viability. It is possible that this molecule(s) may be 
synthesized, but not secreted because there was no effect of 
L. rhamnosus GG spent culture fluid on the viability of S. 
aureus. If L. rhamnosus GG contains bacteriostatic Sub 
stances, then this may also, at least partially explain the 
protective effect of the probiotic in keratinocyte survival 
assays. Probiotics, especially lactobacilli, have previously 
been shown to exert a strong inhibitory effect on S. aureus 
growth. Certain Lactobacillus strains have been reported to 
be highly antagonistic to biofilm-forming S. aureus (28, 30). 
Other studies have reported that probiotics can improve gut 
health by inhibiting growth of pathogens through production 
of bacteriocins (16. 48). Moreover, L. rhamnosus GG has 
been shown to inhibit the growth of Salmonella enterica 
through production of lactic acid (29). However, in the 
present study, we could find no evidence of the involvement 
of acid production as part of the protective effects of L. 
rhamnosus G.G. Indeed, the lysate from this organism was 
neutral (pH 7.2) but was still able to inhibit S. aureus 
growth. 

TABLE 1. 

Zones of Inhibition (ZOI) for S. aureus in Spot-on-the-lawn 
assays (n = 3). Spot on the lawn assay demonstrating Zones 
of inhibition produced by L. rhamnosus (LGG) and lysate 

(LGG LYS) under anaerobic condition, but not under aerobic 
condition. Results are expressed as the meant SEM 

Organisms (ZOI)mm 

SA + LGG Anaerobic 11 + 1.3 
SA + LGG Lysate Anaerobic 18 - 0.7 
SA + LGG Aerobic No inhibition 
SA + LGG Lysate Aerobic No inhibition 

0113. A second mechanism by which live bacterium or 
lysate of L. rhamnosus GG could protect the keratinocytes is 
by inhibition of pathogenic adhesion. Indeed, our data 
demonstrated a reduction in adhesion of S. aureus to kera 
tinocytes in the presence of L. rhamnosus GG or its lysate. 
This data Suggests a mechanism of exclusion as we have 
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observed previously for L. reuteri (43). However, interest 
ingly, viable L. rhamnosus GG or its lysate also inhibited 
adhesion of S. aureus when added to existing infections 
demonstrating another mechanism of protection i.e. that L. 
rhamnosus GG can displace pathogen from keratinocytes 
(FIG. 7). Similarly, live L. rhamnosus GG has been shown 
to displace pathogens from the intestinal cells in the gut (47). 
However, our data demonstrated that the presence of live 
bacterium is not necessary for displacement of S. aureus 
from keratinocytes. Importantly, our data demonstrated spe 
cies dependent differences in the mechanisms used by 
lactobacilli to reduce pathogen toxicity. Our previous work 
highlighted L. reuteri as an organism capable of excluding 
S. aureus form keratinocyte binding sites (43). In this study 
we have shown that L. rhamnosus GG can, not only, exclude 
pathogens but can also reduce pathogen growth and displace 
pathogen from keratinocytes. Of course, it is possible that 
this displacement activity may be related to the ability of L. 
rhamnosus GG to inhibit growth and further studies will be 
required to clarify this point. 
0114. In conclusion, we report that L. rhamnosus GG is 
a potential new agent to inhibit the pathogenicity of S. 
aureus. Furthermore, our data shows that the utility of L. 
rhamnosus GG on skin will not be limited by whether it can 
grow and Survive on skin because a lysate of the organisms 
is just as efficacious at preventing S. aureus colonization as 
live bacteria. Furthermore, the lysate could be useful as 
prophylaxis e.g. in hand washes, but potentially as an 
adjunct or even an alternative to antibiotics in existing 
infection. 
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1. A topical composition comprising material Secreted 
from a probiotic bacterium, having no intact probiotic bac 
teria, lysed bacteria, or bacterial fragments. 

2. The topical composition according to claim 1 which 
comprises secreted material in a carrier, and optionally 
wherein the carrier comprises media obtained from a culture 
containing a probiotic bacterium. 

3. (canceled) 
4. (canceled) 
5. The topical composition according to claim 1 wherein 

the probiotic bacteria is a Lactobacillus spp. bacteria. 
6. The topical composition according to claim 1 wherein 

the Lactobacillus is L. rhamnosus, or L. rhamnosus G.G. 
7. (canceled) 
8. The topical composition according to claim 1 which is 

formulated for use as an anti-bacterial composition. 
9. The topical composition according to claim 1 which is 

formulated for use as a cream, gel or spray. 
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10. The topical composition according to claim 1 wherein 
the probiotic bacteria were cultured under anaerobic condi 
tions. 

11. A pharmaceutical composition according to claim 1. 
12. The topical composition according to claim 1 which is 

formulated for topical administration. 
13. The topical composition according to claim 1, com 

prising material secreted from a probiotic bacterium, and 
Substantially no intact probiotic bacteria, lysed bacteria, or 
bacterial fragments, for use in medicine. 

14. The topical composition according to claim 13 for use 
in a method of preventing a bacterial infection or a skin 
infection. 

15. The topical composition according to claim 13 for use 
in a method of preventing a Staphylococcus infection or a S. 
aureus infection. 

16. (canceled) 
17. The topical composition for use according to claim 13 

for use in a method of preventing a skin infection. 
18. Use of a topical composition comprising material 

secreted from a probiotic bacterium, having Substantially no 
intact probiotic bacteria, lysed bacteria, or bacterial frag 
ments, in the manufacture of a medicament for the preven 
tion of bacterial infection. 

19. Use according to claim 18 wherein the bacterial 
infection is a Staphylococcus infection or a S. aureus infec 
tion. 

20. (canceled) 
21. A method of preventing a bacterial infection compris 

ing administering a topical composition comprising material 
secreted from a probiotic bacterium, having Substantially no 
intact probiotic bacteria, lysed bacteria, or bacterial frag 
mentS. 

22. The method of preventing an infection according to 
claim 21 wherein the infection is a Staphylococcal infection 
or a S. aureus infection. 

23. (canceled) 
24. The method of preventing an infection according to 

claim 21 wherein the infection is a skin infection. 
25. The method of preventing an infection according to 

claim 21 wherein the treatment comprises administering the 
topical composition to the skin. 

26. The method of claim 21 wherein the patient has been 
identified as not having a bacterial infection of the skin. 

27. (canceled) 


