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Can ] Gastroenterol 2001;15(12):817-822. Probiotics are liv-
ing microorganisms that can affect the host in a beneficial man-
ner. Prebiotics are nondigestible food ingredients that stimulate
the growth and activity of probiotic bacteria already established
in the colon. Efficacy of probiotic compounds has been shown in
a wide range of gastrointestinal diseases. Lactobacillus GG alone,
or the combination of Bifidobacterium bifidum and Streptococcus
thermophilus, is effective in the treatment of Clostridium difficile,
as well as in preventing the frequency and severity of infectious
acute diarrhea in children. Prevention of antibiotic-induced
diarrhea with the concomitant administration of either
Lactobacillus GG or Saccharomyces boulardii has been demon-
strated. The most successful studies involve the use of
Lactobacillus GG at a dose of 1x10!° viable organisms per day
and the yeast boulardii at a dose of 1 g/day. A probiotic prepara-
tion (VSL#3 — 6 g/day) that uses a combination of three species
of Bifidobacterium, four strains of Lactobacillus and one strain of
Streptocccus has shown promise in maintaining remission in
ulcerative colitis and pouchitis, as well as in preventing the post-
operative recurrence of Crohn’s disease. The mechanism of
action of probiotics may include receptor competition, effects on
mucin secretion or probiotic immunomodulation of gut-associ-
ated lymphoid tissue. Oral administration of probiotic com-
pounds has been demonstrated to be well tolerated and safe.
However, while probiotics have the potential to improve human
health and to prevent and treat some diseases, major improve-
ments are needed in labelling and quality assurance procedures
for probiotic compounds. In addition, well planned and con-
trolled clinical studies are necessary to delineate fully the poten-
tial for probiotic compounds.
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Les probiotiques et les troubles
gastro-intestinaux

RESUME : Les probiotiques sont des micro-organismes vivants suscep-
tibles de produire des effets bénéfiques chez ’hote. Ce sont des ingrédi-
ents alimentaires non digestibles qui stimulent la croissance et I'activité
des bactéries probiotiques déja présentes dans le colon. Leur efficacité a
été prouvée dans de nombreux troubles gastro-intestinaux. Ainsi,
Lactobacillus GG, seul ou en association avec Bifidobacterium bifidum ou
Streptococcus thermophilus, s’est révélé efficace pour traiter les infections a
Clostridium difficile et prévenir la fréquence et la gravité des diarrhées
aigués d’origine infectieuse chez les enfants. De plus, on a montré que
I'administration concomitante de Lactobacillus GG ou de Saccharomyces
boulardii peut prévenir les diarrhées secondaires 2 la prise d’antibiotiques.
Les essais les plus fructueux font état du recours a Lactobacillus GG
administré a raison de 1 x 1010 de micro-organismes viables par jour et a
la levure Boulardii, & raison de 1 gfjour. Une préparation probiotique
(VSL-3, 6 gljour) composée de trois especes de Bifidobacterium, de quatre
souches de Lactobacillus et d’une souche de Streptococcus s’est révélée
prometteuse pour le maintien de la rémission dans les cas de recto-colite
hémorragique et de pochite ou la prévention de la réapparition de la
maladie de Crohn aprés une opération. Parmi les mécanismes d’action
possibles figurent la liaison concurrentielle aux récepteurs, les effets sur
la sécrétion de mucine ou I'immuno-modulation probiotique du tissu
lymphoide associé a I'intestin. La tolérabilité et 'innocuité de 'adminis-
tration orale des composés probiotiques ne restent plus a établir.
Toutefois, méme si les probiotiques peuvent améliorer la santé des
humains et prévenir ou traiter certaines maladies, I'étiquetage et les
mesures d’assurance de la qualité doivent faire I'objet d’améliorations
importantes. En outre, il faudrait mener des essais cliniques comparatifs,
bien congus pour déterminer clairement les effets possibles des probio-
tiques.

Oral probiotics are living microorganisms that, upon
ingestion, affect the host in a beneficial manner by
modulating mucosal and systemic immunity, as well as

improving nutritional and microbial balance in the intes-
tinal tract (1). The main probiotic preparations on the mar-
ket belong to a large group of bacteria designated as lactic
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TABLE 1
Common probiotics, prebiotics and symbiotics

TABLE 2
Alleged health claims for probiotics

Probiotics
Lactobacillus
Lactobacillus acidophilus
Lactobacillus casei
Lactobacillus delbrueckii subsp bulgaricus
Lactobacillus reuteri
Lactobacillus brevis
Lactobacillus cellobiosus
Lactobacillus curvatus
Lactobacillus fermentum
Lactobacillus plantarum
Lactobacillus rhamnosus
Lactobacillus salivarius
Bifidobacterium
Bifidobacterium bifidum
Bifidobacterium infantis
Bifidobacterium longum
Bifidobacterium thermophilum
Bifidobacterium adolescenti
Streptococcus
Lactis salivarius subsp thermophilus
Yeasts
Saccharomyces boulardii
Saccharomyces cerevisiae
Prebiotics
FOS
Inulin
GOS
Lactulose
Lactitol
Symbiotics
Bifidobacterium species + FOS
Lactobacillus species + lactitol
Bifidobacterium species + GOS

FOS Fructo-oligosaccharides; COS Galacto-oligosaccharides

acid bacteria (Lactobacillus, Streptococcus, Bifidobacterium
species) that are important and normal constituents of the
human gastrointestinal microflora (Table 1). However,
studies are also investigating the potential probiotic roles of
other microbes, such as yeast (Saccharomyces boulardii),
which are not normally found in the gastrointestinal tract.
Prebiotics are nondigestible food ingredients that benefi-
cially affect the host by selectively stimulating the growth
and/or activity of one, or a limited number of, bacterial
species already established in the colon (2). Substances that
act as prebiotics cannot be hydrolyzed or absorbed in the
upper part of the gastrointestinal tract but are available as
substrates for the indigenous bacteria in the colon.
Nondigestible oligosaccharides in general, and fructo-
oligosaccharides (FOS) in particular, are prebiotics. These
low molecular weight carbohydrates are found naturally in
onions, garlic, leeks, chicory, artichokes and some cereals.
Other oligosaccharides (raffinose and stachyose) are found
in beans and peas. These molecules are also produced indus-
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Intestinal disorders Other disorders

Diarrhea Vaginitis
Antibiotic-induced Alcohol-induced liver disease
Traveller’s Cancer prevention
Infantile Hypercholesteremia
Constipation Food allergy
Salmonella and Shigella Prevention of osteoperosis
species infections Cystic fibrosis
Inflammatory bowel disease Cystitis
Lactose intolerance
Flatulence

Colon cancer

trially, and a number of new prebiotic preparations are
being developed for the market. The beneficial effect of
prebiotic intake on the host may result from either suppres-
sion of the growth of harmful microorganisms or the stimu-
lation of favourable organisms (mainly Lactobacillus species
and Bifidobacterium species). For instance, in controlled
dietary studies, intake of FOS (15 g/day) increased fecal
Bifidobacterium species numbers 10-fold, while reducing
Clostridia and Enterobacteria counts (3). However, it should
be mentioned that intake of FOS at this dose may give some
patients significant gastrointestinal symptoms, even apart
from alterations in microbial flora.

A symbiotic is a product in which a probiotic and a pre-
biotic are combined. The rationale for this combination is
that survival of the probiotic bacteria is improved during
the passage through the upper intestinal tract, implantation
in the colon is more efficient, and the prebiotic has a stim-
ulating effect on the growth of both the exogenous (probi-
otic) and endogenous bacteria.

Recent global marketing trends of probiotics and prebi-
otics are based on numerous claims of various health bene-
fits that have varying levels of supporting scientific evi-
dence (Table 2). The emergence of microorganisms with
acquired antibiotic resistance profiles, and increasing public
concern about disease prevention and maintenance of
health, are also driving the search for approaches to therapy
that do not involve pharmaceutical agents. Thousands of
different microbial preparations are available to the public.
Traditionally, probiotic strains have been incorporated into
fermented milk products, but dietary supplements contain-
ing Lactobacillus species, Bifidobacterium bifidum, Strepto-
coccus thermophilus, or a combination of these microorgan-
isms, are now available in capsules, tablets and enteric-coated
formulations. However, it must be remembered that there is
no substantial regulation in this area; thus, there is no guar-
antee that an over-the-counter product will contain the
bacterial species listed on the label or that the bacteria will
be viable. Indeed, a study performed by Hamilton-Miller et
al (4) showed that, of 52 probiotic products, very few actu-
ally contained what was listed on the label. Often, products
contained lower numbers of bacteria than were listed on

Can J Gastroenterol Vol 15 No 12 December 2001



the label, contained extraneous bacterial strains not listed
on the label, or did not contain the strains listed on the
label. Thus, it is difficult to advise which products to pur-
chase. Although probiotics and prebiotics have been used
in humans and animals for centuries, only recently have
these formulations been subjected to any type of controlled
clinical research. The present review outlines various docu-
mented findings on the probiotics and prebiotics, with par-
ticular emphasis on gastrointestinal disease.

MICROBIAL ECOLOGY OF THE HUMAN GUT
[t is estimated that more than 400 bacterial species inhabit
the human intestinal tract. Among these, only 30 to 40
species constitute some 99% of the mass of intestinal flora
(Figure 1). Although environmental factors and physiolog-
ical interactions can modulate the distribution of the
microflora, diet appears to be the major factor that regulates
the frequency and concentration of individual species of
microorganisms that colonize the gut.

Bacteria entering the mouth are washed with saliva into
the stomach. Most bacteria are destroyed by gastric acid,
resulting in a very sparse bacterial population in the upper
small bowel because only the most acid-resistant organisms
survive transit through the stomach. The small intestine
constitutes a zone of transition between the sparsely popu-
lated stomach and the luxuriant bacterial flora of the colon.
In addition, bile acids, bicarbonate, lactozyme, mucins,
peristalsis and antimicrobial peptides all contribute to the
relative scarcity of bacterial colonization in the small intes-
tine (5). In the colon, all available habitats are occupied by
indigenous microorganisms. At least three major bacterial
habitats have been described: the lumen of the gastroin-
testinal tract, the mucus gel that overlies the epithelium
and the adherence of bacteria to receptors on mucosal
epithelial cells (6).

One of the major problems that oral probiotics face is
how to ensure survival of the microbe during the passage
from the mouth to the colon. Indeed, microbial strains used
as probiotics must be both acid- and bile-resistant. Whether
it is necessary for probiotic bacteria to have the ability to
colonize the colon for long term survival is not known. For
example, common commercial strains such as Lactobacillus
bulgaricus and Lactobacillus acidophilus are not adhesive in
humans. However, convincing mucosal adhesiveness has
been shown for Lactobacillus plantarum strains 299 and
299V, Lactobacillus thamnosus strains GG and 271, and
recently, L acidophilus strain LA1, Lactobacillus salivarius,
and Bifidobacterium longum infantis. It must be remembered
that when using preparations of microbes that are unable to
adhere to the colonic mucosa, continuous consumption is
necessary to maintain any beneficial effects. However, even
strains such as L thamnosus, which does adhere to mucosa,
gradually disappear by approximately two weeks after the
end of administration of the bacteria (7). However, it must
also be noted that adherent probiotics can persist on
colonic mucosa even after the strain is no longer detectable
in fecal samples (7). Thus, testing for the presence of a pro-
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Figure 1) Distribution of bacterial species in the gastrointestinal tract

biotic by testing fecal samples alone may severely underesti-
mate the levels present within the colon.

INTESTINAL DISORDERS
Gastrointestinal infection: The colonic microflora and
epithelial cells normally present barriers to invading organ-
isms, but pathogens can become established when the
integrity of either becomes compromised through stress, ill-
ness, antibiotic treatment, changes in diet or physiological
alterations in the gut. Both Lactobacillus and Bifidobacterium
species have been widely used in treating diarrheal diseases
such as pseudomembranous colitis, antibiotic-induced diar-
rhea, traveller’s diarrhea and infantile diarrhea, with mixed
results. However, this may be due to the use of ineffectual
strains of microbes. For instance, feeding freeze-dried pow-
ders of L acidophilus had no effect in patients with
pseudomembranous colitis (8), but another study using
Lactobacillus GG showed a successful eradication of
Clostridium difficile in patients with relapsing colitis (9). In a
double-blind, placebo controlled trial, Saavedra et al (10)
reported that a combination of B bifidum and S thermophilus
was an effective prevention strategy to reduce the frequency
and severity of acute diarthea in children. The yeast
S boulardii has also been used successfully in the prevention
and treatment of diarrhea associated with C difficile infec-
tion (11). Over 50 published clinical studies have examined
the impact of probiotics on diarrheal diseases. The most
successful studies have involved the use of Lactobacillus GG
at a dose of 1x1010 viable organisms per day and the yeast
S boulardii at a dose of 1 g/day. Overall, the evidence sup-
ports the clinical efficacy of Lactobacillus GG and S boulardii
in reducing the severity and duration of diarrhea in both
viral and bacterial enteritis and enterocolitis.

Traveller’s diarrhea: Lactobacillus, Bifidobacterium, Entero-
coccus and Streptococcus species have been used prophylac-
tically to prevent traveller’s diarrhea with limited success.
Hilton et al (12) and Black et al (13) both demonstrated a
reduction in the risk of traveller’s diarrhea with prophylac-
tic use of L rhamnosus or the combination of S thermophilus,
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L bulgaricus, L acidophilus and B bifidum, respectively.
Conversely, a well-controlled study on British soldiers failed
to show any protective effect of Lactobacillus fermentum or L
acidophilus (14). These mixed results may be due to the use
of ineffective strains of microbes. Thus, while the concept
of protection from traveller’s diarrhea using probiotics
remains appealing, there are limited data to support this
use. Further clinical trials are needed in this area.
Antibiotic-induced diarrhea: The use of antibiotics results
in a severe attack on the normal gastrointestinal flora.
Probiotics can be used to help the indigenous gastrointesti-
nal flora withstand this assault. Vanderhoof et al (15) eval-
uated the use of concomitant ingestion of Lactobacillus GG
in children who received antibiotics for various acute ill-
nesses. They found that diarrhea occurred in 25% of chil-
dren in the placebo group compared with only 8% in the
group that received the probiotic. In addition, the probiotic
shortened the duration and severity of the diarrhea.
Prevention of antibiotic-associated diarrhea with S boulardii
(1 g/day) has also been shown (16,17).

Inflammatory bowel disease: Very recent reports have sug-
gested that probiotics may be beneficial in the maintenance
of remission of ulcerative colitis and pouchitis. In a prelim-
inary study, 15 patients with ulcerative colitis who were
intolerant to or allergic to 5-acetylsalicylic acid were
treated with a new probiotic preparation (VSL#3 [VSL
Pharmaceuticals, United States]) using a combination of
three species of Bifidobacterium (B longum, Bifidobacterium
breve and B infantis), four strains of Lactobacillus species
(Lactobacillus casei, L plantarum, L acidophilus and
Lactobacillus delbruekii subsp bulgaricus) and one strain of
Streptococcus  (Streptococcus  salivarius subsp thermophilus)
(5%1011 cells/g/day). In this study, 75% (12 of 15) of
patients remained in remission after 12 months of treat-
ment (18). This clinical response was associated with a sig-
nificant increase in the fecal concentration of Lactobacillus
species, Bifidobacterium species and S thermophilus from day
15 of treatment (18). This preparation has two main inno-
vative characteristics compared with other probiotic com-
pounds — a very high bacterial concentration and the
presence of a mixture of different bacterial species that has
the potential to have synergistic associations. Further to
these studies, a double-blind, randomized trial was carried
out to investigate the efficacy of the VSL#3 preparation in
the maintenance treatment of chronic, relapsing pouchitis
(19). Forty patients were randomly assigned to receive
VSL#3 (6 g/day) or placebo for nine months (19). All
patients had chronic pouchitis (defined as a history of the
need for continuing medical suppressive therapy and recur-
rence within a few weeks of discontinuing suppression) and
were in remission (Pouchitis Disease Activity Index [PDAI]
score of zero after open induction of remission therapy with
antibiotics). Relapse was defined as an increase of two or
more points in the clinical portion of PDAI. Clinical assess-
ment and stool culture were done monthly, while endo-
scopic and histological assessment were done every two
months. At the end of the study period, 17 of the 20
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patients treated with VSL#3 remained in remission com-
pared with zero of 20 in the placebo arm (19). Fecal con-
centration of Lactobacillus, Bifidobacterium and S thermophilus
increased only in the VSL#3 group and remained stable for
the entire nine months of treatment. One month after stop-
ping probiotic treatment, fecal concentrations of these bac-
terial species returned to baseline. Within four months of
removing active therapy, 100% of the responding patients
had relapsed. No toxicity or adverse effects of this treat-
ment were observed. Whether all of these bacterial species
are necessary for the VSL#3 effects is unknown and remains
to be shown. Indeed, a small study examining the ability of
Lactobacillus GG alone, albeit combined with FOS, to treat
refractory pouchitis showed efficacy in reversing macro-
scopic endoscopic alterations (20).

While the above studies validate the clinical efficacy of
the VSL#3 compound in maintenance therapy of some
inflammatory bowel diseases, previous human trials of other
probiotic compounds have produced less convincing
results. For example, while Rembacken et al (21) demon-
strated that a nonpathogenic strain of Escherichia coli
(serotype 06:D5:H1), two capsules twice daily (2.5x101°
viable bacteria per capsule), was as effective as mesalazine
(1.4 to 2.4 g/day) in maintaining remission in patients with
ulcerative colitis, this study had several flaws (22). The
patient group was heterogeneous with regard to the severity
of the illness (mild to severe), and patients were treated
with several different corticosteroid formulations as well as
the study medication. Also, the doses of mesalazine used
were relatively low, and only a very small number of
patients remained in remission at the end of the study.

S boulardii, in combination with mesalamine, has
recently been shown to be more effective than mesalamine
alone in the maintenance treatment of inactive Crohn’s
disease (23), and a combination of antibiotic and probiotic
treatment using the VSL#3 compound was shown to be
more effective than mesalamine in the prevention of post-
operative recurrence of Crohn’s disease (24). These find-
ings indicate that probiotics could represent a form of
maintenance treatment for inflammatory bowel diseases.
Prevention of colon cancer: The consumption of probi-
otics and/or prebiotics may have several antimutagenic
effects, including the inhibition of mutagenic activity, a
decrease in enzymes implicated in the generation of car-
cinogens and the suppression of tumours (25). For instance,
lactic acid bacteria bind mutagenic pyrolysates produced
during cooking at high temperatures as well as degrading
carcinogens such as N-nitrosamines. Indeed, the link
between high fat/low fibre Western-style diets and a higher
risk of colon cancer can partially be explained by the alter-
ations in fecal bacterial enzyme activity induced by a
Western-style diet. Fecal bacterial beta-glucuronidase,
nitroreductase, azoreductase and steroid 7-alpha-dehydroxy-
lase have been implicated in the conversion of precarcino-
gens into carcinogens within the colonic lumen;
furthermore, these enzymes are all increased in the colons
of those consuming a high fat/low fibre diet. Tumour sup-
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pression by probiotics has been shown to exist in numerous
animal models and the biological basis of the suppression
attributed to either diminished neoplastic enzyme activity
or immunostimulation of the host. However, there is not
yet any direct evidence that probiotics can protect against
the development of colon cancer.

Lactose intolerance: There is evidence to suggest that pro-
biotics may have some use in the treatment of patients with
lactase deficiency (26). During fermentation, lactic acid
bacteria, especially L bulgaricus, produce lactase, which
hydrolyzes the lactose in dairy products to glucose and
galactose (26). It has been shown that lactose is better
digested from yogurt than from milk by lactase-deficient
individuals; furthermore, yogurt intake in these patients is
paralleled by reduced symptoms (26). This effect of yogurt
appears to be related to a high enzymatic content of beta-
galactosidase (27).

MECHANISM OF ACTION OF PROBOTICS
The probiotic approach to the treatment of gastrointestinal
disease remains controversial and will remain so until the
mechanisms through which probiotic bacterial strains
antagonize pathogenic organisms or exert other beneficial
effects in the host are fully understood through well-
planned scientific study. Furthermore, there are significant
differences between probiotic bacterial genera and species.
It is crucial that each strain be tested on its own or in prod-
ucts designed for a specific function. Much research is
directed toward understanding the mechanisms of action of
oral probiotics. The main areas being examined are receptor
competition, whereby probiotics compete with microbial
pathogens for a limited number of receptors present on the
surface epithelium; probiotic release of antimicrobial com-
pounds (28); probiotic-induced increased levels of mucin
secretion, which acts to block pathogen binding to epithe-
lial receptors (29); probiotic bacterial ‘priming’ of gut-asso-
ciated lymphoid tissue; and immunomodulation of gut-asso-
ciated lymphoid and epithelial tissue response (30-32).
Probiotics are able to enhance the activity of the intestinal
immune system through the stimulation of macrophage and
natural killer cells, the proliferation of lymphocytes and the
increase of secretory immunoglobulin A production (33),
although the specificity of the secretory immunoglobulin A
production was unknown. Selected strains of probiotics are
able to alter mucosal and systemic immune function at
many levels, including stimulating mucosal production of
interleukin-10 (34) and producing systemic T helper 2
reponses (31). However, it remains to be proven which, if
any, of these mechanisms have a clinical benefit or how
they alter the pathophysiology of gastrointestinal diseases.
With regard to the pathophysiology of inflammatory bowel
disease, one of the most widely accepted theories is that the
inflammation results from a dysregulation of the immune
system to normal gut flora. Thus, common probiotic species
may contribute to chronic inflammation. However, in sev-
eral animal models, not all gut microflora cause the same
degree of inflammation (35). Indeed, there are several
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reports demonstrating that probiotic species tend to down-
regulate pro-inflammatory cytokine release rather than
stimulate secretion (30-32). Thus, while it is possible that
some probiotic strains may contribute to chronic inflamma-
tion, some of the strains may actively suppress inflamma-
tion.

Once protective mechanisms are understood, it will be
possible to identify bacterial species as possessing certain
beneficial traits, and optimal doses, timing of administra-
tion and potential synergy between bacterial species can
then be determined. Several studies have shown that con-
centrations of endogenous Lactobacillus and Bifidobacterium
species are decreased during active Crohn’s disease, ulcera-
tive colitis and pouchitis (36). Leading from these findings
is the speculation that the ratio of protective to harmful
luminal bacteria may be involved in the determination of
mucosal homeostasis, and that restoring microbial balance
through antibiotic, probiotic and prebiotic approaches may
be a true physiological approach to the treatment of gas-
trointestinal disease (37).

SAFETY AND TOLERANCE

Oral administration of probiotic compounds has been
demonstrated to be well tolerated and proven to be safe in
143 human clinical trials occurring between 1961 and
1999. No adverse effects or events were reported in any of
the 7526 subjects participating in these trials. However,
rare cases of local or systemic infections, including sep-
ticemia and endocarditis due to Lactobacillus, have been
reported (38,39). These infections have occurred in
immunocompromised patients with aplasia (40), organ
transplantation (41) and human immunodeficiency virus
infection (42,43). In most of these cases, the source of the
infection was the commensal Lactobacillus flora, rather than
an ingested bacteria supplement, suggesting that these bac-
teria can act as opportunistic pathogens. With regard to
Saccharomyces infections, there have been few reports of
fungemia due to Saccharomyces species, again, usually in
immunocompromised patients receiving high enteral doses
of Ultra-Levure (Biocodex, Montrouge, France) containing
S boulardii (1.5 g/day) (44). Although rare, these reports sug-
gest that caution and further studies are necessary to assess
the safety of probiotic bacteria for immunodeficient hosts.

CONCLUSIONS
Probiotics have the potential to improve human health,
and to prevent and treat a wide variety of diseases. Results
from human clinical trials and scientific studies have con-
firmed the preventive and therapeutic effects of selected
strains of microbes in viral and bacterial intestinal infec-
tions, and in positively influencing immunological parame-
ters. However, several of these documented results need
more rigorous research to be confirmed (45). Furthermore,
it must be remembered that not all Lactobacillus or
Bifidobacterium species are equal, and not all over-the-
counter products contain the bacterial species listed on the
label or, indeed, any viable bacteria at all. Thus, until major
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improvements occur in the regulation of labelling and qual-
ity assurance procedures for probiotic compounds, it is diffi-
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