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(57) ABSTRACT 

A strain of Bi?dobacterium isolated from resected and 
Washed human gastrointestinal tract is signi?cantly immu 
nomodulatory following oral consumption in humans. The 
strain is useful in the prophylaxis and/or treatment of 
undesirable in?ammatroy activity, especially gastrointesti 
nal in?ammatory activity such as in?ammatory boWel dis 
ease or irritable boWel syndrome. The in?ammatory activity 
may also be due to cancer. 
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BIFIDOBACTERIUM IN THE TREATMENT OF 
INFLAMMATORY DISEASE 

INTRODUCTION 

[0001] This invention relates to probiotic Bi?dobacterium 
strains Which have various applications in foodstuffs and in 
medicine. More particularly, the invention relates to probi 
otic strains of bi?dobacteria Which are capable of bene? 
cially modifying and consequently alleviating observable 
symptoms in in?ammatory disease. 

[0002] Consumers are becoming increasingly aWare of 
matters Which may be necessary for maintenance of their 
environment, health and nutrition. In response, scienti?c 
research has focussed upon the roles that diet, stress, and 
modem medical practices (e.g. antibiotics and radiotherapy) 
may play in threatening human health. In particular, popu 
lation dynamics shifting toWards older societies are increas 
ing the incidence of illnesses Which may be caused by 
de?cient or compromised micro?ora such as gastrointestinal 
tract (GIT) infections, constipation, irritable boWel syn 
drome (IBS), in?ammatory boWel disease (EBD)—Crohn’s 
disease and ulcerative colitis, food allergies, antibiotic 
induced diarrhoea, cardiovascular disease, and certain can 
cers (e.g. colorectal cancer). 

[0003] Probiotics have been de?ned as live microbial food 
supplements Which bene?cially affect the host by improving 
the intestinal microbial balance, or more broadly, as living 
micro-organisms, Which upon ingestion in certain numbers, 
exert health effects beyond inherent basic nutrition. Cock 
tails of various micro-organisms, particularly species of 
Lactobacillus and Streptococcus, have traditionally been 
used in fermented dairy products to promote health. 

[0004] In recent years the commercial manufacture and 
marketing of functional foods (foods Which affect functions 
of the body in a targeted manner so as to bring about positive 
affects on physiology and nutrition), particularly probiotic 
(Acidophilus-Bi?dus) yoghurts, has spread from the Well 
established Japanese niche market place into the lucrative 
and expanding European Union. While a number of probi 
otic bacteria of human origin are noW being exploited 
commercially (e.g., L. acidophilus LA-1), many consumers, 
consumer organisations, and members of the scienti?c com 
munity are sceptical of such products and their publicised 
probiotic claims. The diary-food industry is therefore under 
considerable pressure to scienti?cally validate these neW 
probiotic food products. 

[0005] Criteria Which have been suggested for the selec 
tion of potentially effective probiotic micro-organisms may 
be summarised as folloWs: human origin, non-pathogenic 
behaviour, resistance to technological processes (i.e., viabil 
ity and activity in delivery vehicles), resistance to gastric 
acidity and bile toxicity, adhesion to gut epithelial tissue, 
ability to colonise the GIT, production of antimicrobial 
substances, ability to modulate immune responses, and the 
ability to in?uence metabolic activities (e.g., cholesterol 
assimilation, lactase activity, vitamin production) (Huis in’t 
Veld J, Shortt C. Selection criteria for probiotic micro 
organisms. In: Leeds, A. R., RoWland, I. R. eds. Gut Fora 
and Health—Past, Present and Future. London: The Royal 
Society of Medicine Press Ltd., 1996:19-26). 

[0006] Bi?dobacteria are one of several predominant cul 
turable bacteria present in the colonic micro?ora. 
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[0007] The functions of endogenous bi?dobacteria in the 
colon have not been completely elucidated. HoWever, it is 
recognised that exclusively breast-fed infants have a reduced 
risk of diarrhoea compared With formula-fed infants. The 
fact that these infants have greater numbers of colonic 
bi?dobacteria may in part explain this observed health 
advantage as the occupation of available niches in the GIT 
by large numbers of nonpathogenic bi?dobacteria may help 
prevent bacterial infection. The pathogenesis of Crohn’s 
disease is thought to be related to colonic bacterial micro 
?ora (Targan, S. and Shanahan, F. In?ammatory boWel 
disease: From bench to bedside. Williams and Wilkils 1994.) 
It has recently been found that patients suffering from active 
Crohn’s disease have signi?cantly less recoverable bi?do 
bacteria in their faeces compared With healthy individuals. 
This reduction in bi?dobacteria numbers Was observed to be 
directly correlated With decreased levels of [3-D galactosi 
dase production and activity (Favier, C. et at, Dig. Dis. Sci. 
1997;42:817-822). [3-D galactosidase is an enZyme pro 
duced by bi?dobacteria. These results support suggestions 
proposed in other studies that strains of bi?dobacteria may 
play important roles in maintaining a balanced healthy 
intestinal micro?ora. 

[0008] Bi?dobacteria are considered to be probiotics as 
they are living organisms Which exert healthy effects beyond 
basic nutrition When ingested in suf?cient numbers. Numer 
ous ingested bi?dobacteria must reach the site of action in 
the gut in order to exert a probiotic effect. A minimum level 
of approximately 106-107 viable bi?dobacteria per gram 
intestinal contents has been suggested (Bouhnik, Y., Lait 
1993: 73:241-247). There are reports in the literature Which 
shoW that in vivo studies completed in adults and in infants 
indicate that some strains of bi?dobacteria are capable of 
surviving passage through the gastrointestinal tract. Signi? 
cant differences have been observed betWeen the abilities of 
different bi?dobacteria strains to tolerate acid and bile salts, 
indicating that survival is an important criterion for the 
selection of potential probiotic strains. 

[0009] Ingestion of bi?dobacteria can improve gas 
trointestinal transit. 

[0010] Furthermore, indirect evidence in humans demon 
strates that consuming milk fermented by bi?dobacteria can 
lead to reduced levels of certain faecal enZymes such as [3-D 
galactosidase implicated in the conversion of procarcino 
gens to carcinogens (Bouhnik Y. et al, Eur. J. Clin. Nutr. 
1996;50:269-273). Faecal-borne putrefaction metabolities 
such as p-cresol, indole and ammonia Were also reduced 
When subjects consumed milk fermented by Bi?dobacterium 
longum and S. thermophilus (Takiguchi, R. etal. Bi?ds— 
Flores, Fructus er Semina 1996;9:135-140). 

[0011] Antimicrobial activity has been reported to be 
associated With bi?dobacteria. Also, bi?dobacteria have 
been shoWn to modulate various parameters of the immune 
system. 

[0012] Mucosal in?ammation in IL-10 de?cient mice has 
been reported to be reduced by feeding the subject animals 
a preparation of lactic acid bacteria (Madsen, K. et al. 
Gastroenterol. 1997;112:A1030.). Further studies completed 
in rats have demonstrated that ingestion of bi?dobacteria can 
suppress aberrant crypt foci (early preneoplastic lesions) 
formation in the colon (Kulkarni, N. and Reddy, B. Proc. 
Soc. Experim. Biol. Med. 1994; 207;278-283.) in addition to 
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signi?cant decreases in colon tumor incidence and in the 
numbers of tumors present (Singh, J. et al Carcinogenesis 
1997;18:833-841). 
[0013] There is an on-going search for probiotic strains 
With particular bene?cial effects on nutrition and therapy 
and on health generally. 

STATEMENTS OF INVENTION 

[0014] The invention provides a strain of Bi?dobacterium 
isolated from resected and Washed human gastrointestinal 
tract Which is signi?cantly immunomodulatory folloWing 
oral consumption in humans. 

[0015] The strain of Bi?dobacterium preferably effects 
changes in an immunological marker When introduced into 
a system comprising cells Which interact With the immune 
system and cells of the immune system. Preferably the cells 
Which interact With the immune system are epithelial cells. 
Preferably the immunological marker is a cytokine, espe 
cially TNFot. 

[0016] In a preferred embodiment the cells Which interact 
With the immune system and the immune system cells are of 
matched origin. 

[0017] The cells Which interact With the immune system 
are of gastrointestinal, respiratory or genitourinary origin. 

[0018] The cells of the immune system are preferably of 
gastrointestinal, respiratory or genitourinary origin. 

[0019] The invention also provides a strain of Bi?dobac 
terium longum infantis isolated from resected and Washed 
human gastrointestinal tract Which is signi?cantly immuno 
modulatory folloWing oral consumption in humans. 

[0020] The strain of Bi?dobacterium Which has signi?cant 
anti-in?ammatory effect folloWing oral consumption in 
humans. 

[0021] The strain of Bi?dobacterium is preferably isolated 
from resected and Washed human gastrointestinal tract 
Which is capable of combating the effects of in?ammatory 
boWel disease, said capability being maintained in the pres 
ence of physiological concentrations of human bile and 
human gastric juice. The capability of combating the effects 
of in?ammatory boWel disease is measured by measuring a 
reversal of a Wasting disease induced in severe combined 
immunode?cient recipient mice (SCID) Which have been 
administered puri?ed CD4+, CD45RBhigh T cells. 

[0022] The capability of the strain of Bi?dobacterium 
longum infantis to combat the effects of in?ammatory boWel 
disease can also be measured by measuring the reduction in 
colonic in?ammation in IL-10 de?cient mice (IL-10+129 
SveX strain) folloWing administration of one or more of the 
strains of Bi?dobacterium longum infantis according to the 
invention alone or in combination With a strain of Lactoba 
cillus salivarius as hereinafter de?ned. 

[0023] Interleukin 10 (IL-10) is an important regulatory 
cytokine that supresses effector functions of macrophage/ 
monocytes, T helper 1 (Th1) cells, and natural killer cells. In 
addition, IL-10 augments proliferation and differentiation of 
B cells. Murine models lacking the IL-10 gene spontane 
ously develop in?ammatory boWel disease and gastrointes 
tinal tumors. The gastrointestinal ?ora have been implicated 
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in the pathogenesis of these disease states as germ free 
animals do not develop disease. 

[0024] The strain of Bi?dobacterium preferably has 
inhibitory activity against a broad range of Gram positive 
and Gram negative bacteria. 

[0025] Preferably the strain of Bi?dobacterium eXhibits a 
broad-spectrum of activity against bacteria including Sta 
phylococcus, Pseudomonas, Coliform and Bacilus species. 

[0026] In a particular aspect the invention provides strain 
of Bi?dobacteriurn longum infantis UCC35624 or mutant or 
variant thereof. 

[0027] Adeposit of Bi?dobacteriurn longum infantis strain 
UCC 35624 Was made at the National Collections of Indus 
trial and Marine Bacteria Limited (NCIMB) on Jan. 13, 
1999 and accorded the accession number NCIMB 41003. 

[0028] In one embodiment the mutant is a genetically 
modi?ed mutant. 

[0029] In one embodiment the variant is a naturally occur 
ring variant of Bi?dobacterium longum infantis UCC35 624. 

[0030] The strain of Bi?dobacterium may be in the form 
of viable cells. Alternatively the strain of Bi?dobacterium is 
in the form of non-viable cells. 

[0031] The invention also provides an antimicrobial agent 
obtained from a strain of Bi?dobacterium of the invention 
Which is antagonistic to the groWth of other organisms. 

[0032] In a further aspect the invention provides a formu 
lation Which comprises a strain of Bi?dobacterium of the 
invention. 

[0033] The formulation may comprise tWo or more strains 
of Bi?dobacterium. 

[0034] The formulation may include another probiotic 
material. Alternatively or additionally the formulation 
includes a prebiotic material. 

[0035] The formulation may Which include a strain of 
Lactobacillus salivarius. 

[0036] The strain of Lactobacillus salivarius may be in the 
form of viable cells or in the form of non-viable cells. 

[0037] The Lactobacillus salivarius is preferably isolated 
from resected and Washed human gastrointestinal tract, the 
Lactobacillus salivarius being signi?cantly immunomodu 
latory folloWing oral consumption in humans. Preferably the 
strain of Lactobacillus salivarius is isolated from resected 
and Washed human gastrointestinal tract Which inhibits a 
broad range of Gram positive and Gram negative micro 
organisms. 

[0038] In a preferred embodiment the strain of Lactoba 
cillus salivarius secretes a product having antimicrobial 
activity into a cell—free supernatant, said activity being 
produced only by groWing cells and being destroyed by 
proteinase K and pronase E, the inhibitory properties of said 
strain and its secretory products being maintained in the 
presence of physiological concentration of human bile and 
human gastric juice. 

[0039] Such strains of Lactobacillus salivarius are dis 
closed in WO 98/35014. 
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[0040] Ideally the strain of Lactobacillus salivarius is 
Lactobacillus salivarius strain UCC 118 or a mutant or 
variant thereof. The mutant is a genetically modi?ed mutant. 
The variant may be a naturally occurring variant of Lacto 
bacillus salivarius. 

[0041] A deposit of Lactobacillus salivarius strain UCC 
118 Was made at the NCIMB on Nov. 27, 1996 and accorded 
the accession number NCIMB 40829. 

[0042] Preferably the formulation includes an ingestable 
carrier. The ingestable carrier may be a pharmaceutically 
acceptable carrier such as a capsule, tablet or poWder. 

[0043] The ingestable carrier may be a food product such 
as acidi?ed milk, yoghurt, froZen yoghurt, milk poWder, 
milk concentrate, cheese spreads, dressings or beverages. 

[0044] The formulation may comprise a protein and/or 
peptide, in particular proteins and/or peptides that are rich in 
glutamine/glutamate, a lipid, a carbohydrate, a vitamin, 
mineral and/or trace element. 

[0045] In one embodiment the Bi?dobacterium is present 
at more than 106 cfu per gram of delivery system. 

[0046] 
adjuvant. 

In another embodiment the formulation includes an 

[0047] The formulation may include a bacterial compo 
nent. The formulation may alternatively or additionally 
include a drug entity. The formulation may also include a 
biological compound. 
[0048] The formulation may be in a form for oral immu 
nisation. 

[0049] The invention further provides a strain of Bi?do 
bacterium or a formulation thereof for use in foodstuffs. 

[0050] In another aspect the invention provides a strain of 
Bi?dobacterium or a formulation thereof for use as a medi 
cament. 

[0051] The strain or formulation may be for use in the 
prophylaxis and/or treatment of undesirable in?ammatory 
activity. 
[0052] The strain or formulation may be for use in the 
prophylaxis and/or treatment of undesirable gastrointestinal 
in?ammatory activity such as in?ammatory boWel disease 
eg. Crohns disease or ulcerative colitis, irritable boWel 
syndrome, pouchitis or post infection colitis. 

[0053] The undesirable in?ammatory activity may be due 
to cancer. 

[0054] In addition the strain or formulation may be for use 
in the prophylaxis and/or treatment of gastrointestinal can 
cer(s). 
[0055] The strain or formulation may be used for the 
prophylaxis of cancer. Further, the strain or formulation may 
be for use in the prophylaxis and/or treatment of systemic 
disease such as rheumatoid arthritis. 

[0056] The strain or formulation may be for use in the 
prophylaxis and/or treatment of autoimmune disorders due 
to undesirable in?ammatory activity. 

[0057] The strain or formulation may be for use in the 
prophylaxis and/or treatment of cancer due to undesirable 
in?ammatory activity. 
[0058] The strain or formulation may be for use in the 
prophylaxis and/or treatment of diarrhoeal disease due unde 
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sirable in?ammatory activity, such as Clostria'ium dij?cile 
associated diarrhoea, Rotavirus associated diarrhoea or post 
infective diarrhoea. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0059] In the accompanying draWings: 

[0060] FIG. 1 is a graph of cfu/ml versus time for Bi? 
dobacterium longum infantis strain 35612 as described in 
Example 2; 

[0061] FIG. 2 is a graph of cfu/ml versus time for Bi? 
dobacterium longum infantis strain 35624 as described in 
Example 2; 

[0062] FIG. 3 is a graph of percentage Weight change 
versus time (days) for ?ve SCID mice (1-5) administered 
strain UCC 35624 as described in Example 5; 

[0063] FIG. 4 is a graph of average percentage Weight 
change versus time (days) for the SCID mice (1-5) admin 
istered stain UCC 35624 as described in Example 5; 

[0064] FIG. 5 is a graph of percentage Weight change 
versus time (days) for mice (6-10) administered a combi 
nation of strains Lactobacillus salivarius UCC 118 and UCC 
35624 as described in Example 5; 

[0065] FIG. 6 is a graph of average percentage Weight 
change versus time (days) for mice (6-10) administered a 
combination of strains UCC 118 and UCC 35624 as 
described in Example 5; 

[0066] FIG. 7 is a graph of percentage Weight change 
versus time (days) for mice (11-15) administered a combi 
nation of strains UCC 118 and UCC 35624 as described in 
Example 5; 

[0067] FIG. 8 is a graph of average percentage Weight 
change versus time (days) for mice (11-15) administered a 
combination of strains UCC 118 and UCC 35624 as 
described in Example 5; 

[0068] FIG. 9 is a bar chart of TNFO. levels in patient and 
control samples in the presence of PBMCs and Bi?dobac 
terium longum infantis as described in Example 7; 

[0069] FIG. 10 is a bar chart shoWing TNFO. and IL-8 
levels in co-cultures of epithelial cells, PBMCs and Bi?do 
bacterium longum infantis as described in Example 7. Con 
trols represent co-cultures of epithelial cells and PBMCs 
alone; 

[0070] FIG. 11 are bar charts of peripheral blood cytokine 
levels folloWing consumption of Bi?dobacterium longum 
infantis by healthy human volunteers (n=18) for three Weeks 
as described in Example 8; 

[0071] FIG. 12 are bar charts of serum levels of TNFO. and 
IL-1RA folloWing consumption of Bi?dobacterium longum 
infantis to healthy human volunteers (n=18) as described in 
Example 8; 

[0072] FIG. 13 is a bar chart of TNFO. levels in cell-free 
spent culture supernatant of Bi?dobacterium longum infantis 
and an MRS control as described in Example 9; 

[0073] FIG. 14 is a diagrammatic representation of a 
SCID mouse loWer intestine after treatment With Bi?dobac 
terium longum infantis; and 

[0074] FIG. 15 is a diagrammatic representation of the 
loWer intestine of an untreated SCID mouse. 
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DETAILED DESCRIPTION 

[0075] We have isolated strains of probiotic bacteria 
Which are capable of bene?cially modifying and conse 
quently alleviating observable symptoms in in?ammatory 
disorders. These strains and the formulations prepared may 
be used in a variety of foodstuffs and medicaments to 
combat the effect of in?ammatory disorders. 

[0076] In vivo and in vito studies Were carried out using 
the probiotic bacteria strains. It Was found that humans fed 
With yoghurt containing Bi?dobacterium longum infantis 
UCC35624 shoW marked decreases in their systemic levels 
of IL-8. This strain may therefore have potential application 
in the treatment of a range of in?ammatory disorders, 
particularly if used in combination With current anti-in?am 
matory therapies, such as non-steroid anti-in?ammatory 
drugs (NSAIDs) or In?iximab. 

[0077] The consumption of Bi?dobacterium longum 
infantis by SCID mice Was also examined. While this 
experiment signi?cantly attenuated in?ammatory activity, 
mice consuming Bi?dobacterium longum infantis retained 
solid stools While control mice suffered from diarrhoea. This 
anti-diarrhoeal effect could be related to the anti-in?amma 
tory activity of this invention, possibly mediated via cAMP 
modulation. 

[0078] It is unknoWn Whether intact bacteria are required 
to exert an anti-in?ammatory effect or if individual active 
components of the invention can be utilised alone. Proin 
?ammatory components of certain bacterial strains have 
been identi?ed. The proin?ammatory effects of gram-nega 
tive bacteria are mediated by lipopolysaccharide (LPS). LPS 
alone induces a proin?ammatory netWork, partially due to 
LPS binding to the CD14 receptor on monocytes. It is 
assumed that components of probiotic bacteria possess anti 
in?ammatory activity, due to the effects of the Whole cell. 
Upon isolation of these components, pharmaceutical grade 
manipulation is anticipated. 

[0079] The general use of Bi?dobacterium longum infantis 
UCC35624 is in the form of viable cells. HoWever, it can 
also be extended to non-viable cells such as killed cultures 
or compositions containing bene?cial factors expressed by 
Bi?dobacterium longum infantis UCC35624. This could 
include thermally killed micro-organisms or micro-organ 
isms killed by exposure to altered pH or subjection to 
pressure. With non-viable cells product preparation is sim 
pler, cells may be incorporated easily into pharmaceuticals 
and storage requirements are much less limited than viable 
cells. Lactobacillus casei YIT 9018 offers an example of the 
effective use of heat killed cells as a method for the 
treatment and/or prevention of tumour groWth as described 
in US. Pat. No. 4,347,240. 

[0080] The invention Will be more clearly understood 
from the folloWing Examples. 

EXAMPLE 1 

Isolation of Probiotic Bacteria 

[0081] Appendices and sections of the large and small 
intestine of the human G.I.T., obtained during reconstructive 
surgery, Were screened for probiotic bacterial strains as 
shoWn in Table 1. 
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TABLE 1 

Gastrointestinal tract tissue samples screened for the presence of 
probiotic bacteria 

Sample Location 

A Ileum 
B Colon 
C Ileal-caecal region 
D Appendix 
E Appendix 
F Ileum 
G Ileal-caecal region 

[0082] All samples Were stored immediately after surgery 
at —80° C. in sterile containers. FroZen tissues Were thaWed, 
Weighed and placed in cysteinated (0.05%) one quarter 
strength Ringers’ solution. Each sample Was gently shaken 
to remove loosely adhering microorganisms (termed—Wash 
‘W’). FolloWing transfer to a second volume of Ringers’ 
solution, the sample Was vortexed for 7 min to remove 
tightly adhering bacteria (termed—Sample ‘S’). In order to 
isolate tissue embedded bacteria, samples A, B and C Were 
also homogeriised in a Braun blender (termed—homo enate 
‘H’). The solutions Were serially diluted (dilution 10' from 
a Wash sample Was labelled W1, dilution 10-2 Was labelled 
W2 and the same labelling system Was used for the ‘S’ and 
‘H’ samples) and spread-plated (100pl) on to the folloWing 
agar media: RCM (reinforced clostridial media) and RCM 
adjusted to pH 5.5 using acetic acid; TPY (trypticase, 
peptone and yeast extract), Chevalier, P. et al. (1990) J. Appl. 
Bacterial 68, 619-624). MRS (deMann, Rogosa and 
Sharpe); ROG (acetate medium (SL) of Rogosa); LLA 
(Liver-lactose agar of Lapiere); BHI (brain heart infusion 
agar); LBS( Lactobacillus selective agar) and TSAYE (tryp 
tone soya agar supplemented With 0.6% yeast extract). All 
agar media Was supplied by Oxoid Chemicals With the 
exception of TPY agar. Plates Were incubated in anaerobic 
jars (BBL, Oxoid) using CO2 generating kits (Anaerocult A, 
Merck) for 2-5 days at 37° C. 

[0083] Gram positive, catalase negative rod-shaped or 
bifurcated/pleomorphic bacteria isolates Were streaked for 
purity on to complex non-selective media (TPY). Isolates 
Were routinely cultivated in TPY medium unless otherWise 
stated at 37° C. under anaerobic conditions. Presumptive 
Bi?dobacteria species Were stocked in 40% glycerol and 
stored at —20° and —80° C. 

[0084] Fermentation End-product Analysis 

[0085] Metabolism of the carbohydrate glucose and the 
subsequent organic acid end-products Were examined using 
an LKB Bromma, Aminex HPX-87H High Performance 
Liquid Chromatography (HPLC) column. The column Was 
maintained at 60° C. With a ?oW rate of 0.6 ml/min (constant 
pressure). The HPLC buffer used Was 0.01 N H2SO4. Prior 
to analysis, the column Was calibrated using 10 mM citrate, 
10 mM glucose, 20 mM lactate and 10 mM acetate as 
standards. Cultures Were propagated in modi?ed MRS broth 
for 1-2 days at 37° C. anaerobically. FolloWing centrifuga 
tion for 10 min at 14,000 g, the supernatant Was diluted 1:5 
With HPLC buffer and 200 pl Was analysed in the HPLC. All 
supernatants Were analysed in duplicate. 

[0086] Biochemical and Physiological Characterisation 

[0087] Biochemical and physiological traits of the bacte 
rial isolates Were determined to aid identi?cation. Nitrate 



US 2002/0006432 A1 

reduction, indole formation and expression of [3-galactosi 
dase activity Were assayed. Growth at both 15° C. and 45° 
C. and protease activity on gelatin Were determined. GroWth 
characteristics of the strains in litmus milk Were also 
assessed. 

[0088] Antibiotic Sensitivity Pro?les 

[0089] Antibiotic sensitivity pro?les of the isolates Were 
determined using the ‘disc susceptibility’ assay. Cultures 
Were groWn up in the appropriate broth medium for 24-48 h, 
spread-plated (100pl) onto agar media and discs containing 
knoWn concentrations of the antibiotics Were placed onto the 
agar. Strains Were examined for antibiotic sensitivity after 
1-2 days incubation at 37° C. under anaerobic conditions. 
Strains Were considered sensitive if Zones of inhibition of 1 
mm or greater Were seen. 

[0090] 
[0091] Seven tissue sections taken from the-human G.I.T. 
Were screened for the presence of strains belonging to the 
Bi?dobacterium genus. There Was some variation betWeen 
tissue samples as folloWs. Samples A(ileum) and E (appen 
dix) had the loWest counts With approximately 102 cells 
isolated per gram of tissue. In comparison, greater than 103 
cfu/g tissue Were recovered from the other samples. Similar 
numbers of bacteria Were isolated during the ‘Wash’ and 
‘sample’ steps With slightly higher counts in the ‘sample’ 
solutions of F (ileum) and G (ileal-caecal). Of those 
screened for tightly-adhering bacteria (homogenised), C 
(ileal-caecal) Was the only tissue section that gave signi? 
cant counts. 

Isolation of Bi?dobacteria sp. 

[0092] During the screening of some tissue sections, for 
example C and B, there Was not a direct correlation betWeen 
counts obtained during a dilution series. This Would indicate 
that some groWth factors, either blood or tissue derived Were 
being provided for the groWth of the fastidious bacteria in 
the initial suspension Which Was subsequently diluted out. 

[0093] Strain Selection and Characterisation 

[0094] Approximately ?fteen hundred catalase negative 
bacterial isolates from different samples Were chosen and 
characterised in terms of their Gram reaction, cell siZe and 
morphology, groWth at 15° C. and 45° C. and fermentation 
end-products from glucose. Greater than sixty percent of the 
isolates tested Were Gram positive, homofermentative cocci 
arranged either in tetrads, chains or bunches. Eighteen 
percent of the isolates Were Gram negative rods and hetero 
fermentative coccobacilli. 

[0095] The remaining isolates (tWenty-tWo percent) Were 
predominantly homofermentative coccobacilli. Thirty eight 
strains Were characterised in more detail-13 isolates from G; 
4 from F; 8 from D; 9 from C; 3 from B and 1 from E. All 
thirty eight isolates tested negative both for nitrate reduction 
and production of indole from tryptophan. 

[0096] Antibiotic Sensitivity Pro?les 

[0097] Antibiotics of human clinical importance Were 
used to ascertain the sensitivity pro?les of selected bi?do 
bacteria. The bi?dobacteria tested Were sensitive to ampi 
cillin, amoxycillin ceftaxime, ceftriaxone, cipro?oxacin, 
cephradine, rifampicin, amikacin, gentamicin and chloram 
phenicol. They Were also resistant to netilmicin, trimetho 
prim, nalidixic acid, cefuroxime, vancomycin and tetracy 
cline. 
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EXAMPLE 2 

[0098] Acid Resistance 

[0099] The ?rst line of host defence that a microorganism 
reaches folloWing human consumption is gastric acid in the 
stomach. A key factor in?uencing bacteria is survival in 
gastric juice. The survival and groWth of Bi?dobacterium 
longum infantis strains 35612 and 35624 in a loW pH 
environment Were examined The strains Were routinely 
cultured in trypticase-peptone-yeast extract (TPY) medium 
at 37° C. under strict anaerobic conditions (BBL Gas jars 
using the Merck Anaerocult A gas pak system) for 12-24 h. 
Human gastric juice Was obtained from healthy subjects by 
aspiration through a nasogastric tube (Mercy Hospital, Cork, 
Ireland). It Was immediately centrigued at 13,000 g for 30 
min. to remove all solid particles, sterilised through 0.45 pm 
?lters and 02pm ?lters and stored at 4° C. The pH and 
pepsin activity Were measured prior to experimental use. 
Pepsin activity Was measured using the quantitative haemo 
globin assay (Guantam, S. and R. S. de la Motte. 1989. 
Proteolytic enZymes, a practical approach. Chapter 3. R. J. 
Beynon and J. S. Bond(eds.), IRL Press, Oxford University 
Press; DaWson, R. M. 1969. pH and buffers. In Data for 
Biochemical Research p 138. R. M. DaWson, D. C. Elliot 
and K. M. Jones(eds.), Clarendon Press, Oxford). Survival 
of the strains at loW pH in vitro Was investigated using the 
folloWing assays: 

[0100] (a) Cells Were harvested from fresh overnight 
cultures, Washed tWice in phosphate buffer (pH 6.5) and 
resuspended in MRS broth adjusted to pH 3.5, 3.0, 2.5 
and 2.0 (With 1N HCl) to a ?nal concentration of 
approximately 106 cfu/ml. Cells Were incubated at 37° 
C. and survival measured at intervals of 5, 30, 60 and 
120 min. using the plate count method. 

[0101] The strains survived With no loss of viability at pH 
3.5. At pH 2.5 there Was a 3 log reduction over the 60 min. 
incubation period as depicted in FIGS. 1 and 2. 

[0102] Survival of Strains of Bi?dobacterium in Human 
Gastric Juice 

[0103] Fresh overnight cultures Were harvested, Washed 
tWice in buffer (pH 6.5) and resuspended in human gastric 
juice to a ?nal concentration of 10° cfu/ml. Survival Was 
monitored over a 30-60 min incubation period at 37° C. The 
experiment Was performed using gastric juice at pH 1.2 
(unadjusted) and pH 2.0 and 2.5 (adjusted using IN NaOH). 

[0104] Survival of the strains Was increased in gastric 
juice at pH 2.0, When compared With gastric juice at pH 1.2. 
After 30 min incubation no viable cells Were recovered at 
either pH as shoWn in Table 2. 

TABLE 2 

Survival of Bi?dobacterium sp. in human gastric juice" 

TIME min 

STRAIN pH 0 5 30 60 

35612 1.2 7.56 0.00 0.00 0.00 
2.0 6.27 6.31 2.88 0.00 

35624 1.2 5.96 4.18 0.00 0.00 
2.0 6.33 6.32 0.00 0.00 

35652 1.2 6.16 3.78 0.00 0.00 
2.0 8.45 8.40 3.45 0.00 

35648 1.2 6.00 0.00 0.00 0.00 
2.0 7.89 6.45 0.00 0.00 
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TABLE 2-continued 

Survival of Bi?dobacterium sp. in human ga_stric juice" 

TIME min 

STRAIN pH 0 5 30 60 

35687 1.2 6.68 0.00 0.00 0.00 
2.0 8.75 8.77 3.34 0.00 

BO 2.0 8.41 8.56 8.42 8.43 
10 2.0 8.39 8.56 4.64 0.00 
6.3 2.0 8.75 8.75 8.29 8.42 

B 6 2.0 8.15 8.02 0.00 0.00 
longum 

*survival expressed as log 10 cfu/ml 

EXAMPLE 3 

Bile Resistance 

[0105] In the evaluation of the effectiveness of using lactic 
acid bacteria as bene?cial members of the gastrointestinal 
tract, it is considered that resistance to bile acids is an 
important biological strain characteristic required for sur 
vival in this hostile environment and in addition they must 
not impinge on the health of the host by producing toxic 
compounds such as deoxycholic (DCA) and lithocholic acid 
(LCA) which have been implicated in a number of cytotoxic 
phenomena. 

[0106] A number of Bi?dobacterium longum infantis 
strains were streaked onto TPY agar plates supplemented 
with porcine bile (B-8631, Sigma Chemical Co. ltd., Poole) 
at concentrations of 0.3, 0.5, 1.0, 1.5, 5.0 and 7.5% (w/v) 
(Legrand-Defretin, R. et al., Lipids 1991; 26 (8), 578-583). 
Porcine bile is the closest in composition to human bile with 
respect to bile salt/cholesterol and phospholipid/cholesterol 
ratios. Plates were incubated at 37° C. under anaerobic 
conditions and growth was recorded after 24-48 h. Strain 
35624 was found to be strongly bile resistant and grew to 
con?uence at up to 55 porcine bile as shown in Table 3. 

TABLE 3 

Growth of Bi?dobacterium sp. isolates in the presence of porcine bile 

% (w v) PORCINE BILE 

STRAIN 0.0 0.3 0.5 1.0 1.5 5.0 7.5 

34612 + — — — — — — 

35624 + + + + + + — 

35652 + — — — — — — 

35658 + + + + — — — 

35687 + — — — — — — 

—, no growth; +, con?uent growth 

[0107] Human bile was obtained from several human gall 
bladders and sterilised at 80° C. for 10 min. The bile acid 
composition of human bile was determined using reverse 
phase High Performance Liquid Chromatography (HPLC) 
in combination with a pulsed amperometric detector accord 
ing to the method of Delker, R. R. et al., Chromatographia, 
1991, 31 (11/12), 255-256.Human bile was added at a 
concentration of 0.3% (v/v). Freshly streaked cultures were 
examined for growth after 24 and 48 h. 

[0108] Strain 35 624 was capable of growth in the presence 
of physiologically relevant human bile (0.3% (v/v)). 
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[0109] Growth of the strains was examined in the presence 
of individual conjugated and deconjugated bile acids. Under 
physiological conditions bile acids are often found as 
sodium salts. The strains were screened for growth on TPY 
agar containing the conjugated and deconjugated sodium 
salts of each of the following bile acids. 

[0110] (a) conjugated form: glycocholic acid (GCA); 
glycodeoxycholic acid (GDCA); and glycochenode 
oxycholic acid (GCDCA); 

[0111] (b) deconjugated form: lithocholic acid (LCA); 
chenodeoxycholic acid (CDCA); deoxycholic acid 
(DCA) and cholic acid (CA). For each bile acid con 
centrations of 1, 3 and 4 mM were used. Growth was 
recorded after 24 and 48 h anaerobic incubation. 

[0112] The ?ve strains studied grew on agar medium 
supplemented with 5 mM GCA and GCDCA and on agar 
medium supplemented with 1 mM GDCA as shown in Table 
4. Strain 35624 was resistant to concentrations of 5 mM 

LCA (data not shown) and strains 35612 and 35624 were 
capable of growth at concentrations of 5 mM CA as shown 
in Table 5. No growth was observed in the presence of 1 mM 

CDCA (data not shown). 

TABLE 4 

Growth of Bi?dobacterium sp. isolates in the presence of 
glycine-conjugated bile acids 

BILE ACIDS (mM) 

GCDCA GDCA GCA 

STRAIN 0 1 3 5 0 1 3 5 0 1 3 5 

35612 + + + + + + + + + + + + 

35624 + + + + + + + + + + + + 

35652 + + + + + + + + + + + + 

35658 + + + + + + + + + + + + 

35687 + + + + + + + + + + + + 

—, no growth; +, con?uent growth 

GCDCA, glycochenodeoxycholic acid; GDCA, glycodeoxycholic acid 
CGA, glycocholic acid. 

[0113] 

TABLE 5 

Growth of Bi?dobacterium sp. isolates in the presence of unconjugated 
cholic acid (CA) 

CHOLIC ACID mM 

STRAIN 0 1 3 5 

35612 + + + + 

35624 + + + + 

35652 + + — — 

35658 + + — — 

35687 + + — — 

—, no growth; +, con?uent growth 
















