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Abstract: Changes of the gut microflora in elderly appear to involve a reduction in numbers of healthy bacteria
(lactobacilli and bifidobacteria) and an increase in numbers of potentially pathogenic species. These changes are
generally described as gastrointestinal disorders and infections. This review analyses benefits of probiotics in old
people, with particular interesting for the latest researches relevant to elderly people, e.g. trials examining enteric
infections, antibiotic-associated diarrhea and Clostridium difficile associated diarrhea, functional bowel problems
(constipation and irritable bowel syndrome), inflammatory bowel diseases, stimulation of the immune system and
prevention of cancer. A growing number of researches indicates that some probiotic strains may help to maintain
the health in old people, suggesting both health and cost-saving benefits in offering fermented dairy products.
These benefits include: establishment of balanced intestinal microflora; improving colonization resistance and or
prevention of diarrhea; reduction of fecal enzymes; reduction of serum cholesterol; reduction of potential
mutagenes; reduction of lactose intolerance; synthesis of vitamins; predigestion of proteins.
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Introduction

The human adult microflora is colonized by approximately
10714 microbial cell, about 10 times more than all tissue cells
of the body. This high metabolic rate suggests important
regulatory effects on body functions, especially in the colon
where the greatest concentration of up to 5x10711 bacterial cell
per g is found (1). The human microbiota is stable at different
anatomic locations along the gut, but absolute numbers vary
greatly, ranging from 10711 cells/g content in the ascending
colon to 1077 in the distal ileum and 1073 in the proximal
ileum and jejunum. Anaerobes are more abundant that aerobes
in the bacterial community and a majority of the population are
representatives of two divisions: the Bacteroidetes and
Firmicutes. At birth the gut is sterile and is colonized
immediately, although there are marked variations in microbial
composition between individuals. More than 400 species are
included: Gram-positive, anaerobic genera Bacteroides,
Eubacterium, Bifidobacterium, Peptostreptococcum,
Streptococcum, Lactobacillus, Fusobacterium, Ruminococcus,
Clostridium and Escherichia. Some of these bacteria are
potential pathogens and can be a source of infection and sepsis
under some circumstances, when the integrity of the bowel
barrier is physically or functionally breached. These bacteria
maintain the integrity of gut mucosa and the production of short
chain fatty acids (SCFA) in a favorite ratio (2, 3). The
enormous numbers and diversity of microorganisms in the
human intestine contribute to a diverse set of functions, which
complement the host for important features such as digestion of
complex carbohydrates. The interaction between animal and
bacterial cells is very important in the human gastrointestinal
tract. The bacterial microbiota has established multiple
mechanisms to influence the human host in a beneficial fashion
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and maintain their stable niche. The human host coevolved with
a normal microbiota developed and optimized immune
mechanisms. Both the impact of gut microbiota on disease and
the impact of disease on gut microbiota need to be investigated
to establish a good treatment in the gastrointestinal disease. The
gut microflora exerts a considerable influence on host
biochemistry including enzymatic activity of intestinal
contents, oxidation-reduction potential of luminal contents,
short chain fatty acid production in the lumen, host physiology,
host immunology, modification of host-synthesized (4). Several
studies showed a decrease in Bifidobacteria and an increase in
clostridia, lactobacilli, streptococci and Enterobacteriaceae in
the gastrointestinal tract of elderly people (5-8). The genera
Bifidobacterium are the dominant probiotic bacteria inhabiting
the distal jejunum ileum and large intestine of humans and
other warm-blooded animals. Bifidobacterium spp has many
beneficial effects on human health, including:
immunomodulation, reducing serum cholesterol, promoting
lactose digestion and protecting against colon cancer. Changes
in the microflora could alter the metabolic environment of the
colon with important modifications in the concentration of
healthy substances that may alter the motor and secretor
functions of the bowel. So, changes in the microflora increase
susceptibility to gastrointestinal functional disorders, infections,
inflammation or cancer. Conversely, probiotics can promote the
homeostasis of the colonic microbiota (9). Recent studies have
suggested that the gut microbiota may have a role in
gastrointestinal diseases through the regulation of energy
metabolism by several mechanisms (that is, energy harvest
from the diet, regulation of fat storage, modulation of afferent
gastrointestinal peptide hormones, induction of metabolic
endotoxemia) (10).
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Therapeutic potential and health benefits of probiotics

Probiotics are: ‘live microorganisms which when
administered in adequate amounts, confer a health benefit on
the host” (11). Probiotics work by positively influencing the
composition and activity of the micro-organisms in the gut and
helping to maintain a beneficial balance of intestinal micro-
organisms. Probiotics advantages are strain specific. Good
products should contain the correct probiotic strains. The main
therapeutic benefits of probiotics are prevention of diarrheal
diseases, enhancement of immunity against intestinal
infections, improvement of gastrointestinal motility disorders
and inflammatory intestinal disorders, immune enhancement,
prevention of colon cancer (12). Mechanisms of these effects
include a decrease of gut pH, production of antimicrobial
substances, agglutination of harmful bacteria (13, 14),
maintaining of the gut mucosa, competition for substrates or
receptors on the wall of the mucosa, release of intestinal-
protective substances such as arginine and short chain fatty
acids (SCLA) (15, 16), neutralization of toxic or cancerogenic
molecular, modulation of immune system (17), promotion of
peristalsis (18). Foods containing probiotics have increased
over the years. As effects of probiotics have been shown to be
strain specific, it is essentially to report health benefits for
single strains or for a mix of strains separately (19-21) (Table

).
Probiotics and immunomodulation

Older people are more susceptible to illnesses due to
weakened immune system. In fact the immune system of
elderly people is less able to produce antibodies and mount a
cellular immune response (T-cells). Elderly people may have
reduced levels of circulating T-cells that can kill viral infected
cells, or other activated cells of the adaptive immune response.
Moreover the activity or number of Natural Killer (NK), that
target virally infected cells and tumors are reduced (22).
Modifications in bowel microbiota probably also contribute to
the chronic inflammatory status of the elderly and to their
increased frailty and immunosenescence (23, 24). Probiotic
bacteria and their cell-wall components (peptidoglycanes,
lipopolysaccharides), DNA and metabolites are shown to have

immunomodulatory properties. One mechanism of probiotic
activity is immune modulation; so, it might be expected that
probiotics could slow the immune decline and support immune
function in older people. Human and in vitro studies with
probiotics, explore both the immune benefit and mechanism of
activity, using a range of immune markers. These have included
immunoglobulins (IgA, IgG: antibodies), Toll-like receptors
(antigen recognition sites), mucosal integrity markers, innate
immune markers (NK cells, phagocytes, neutrophils,
monocytes), cytokines (pro- and anti-inflammatory: the
proteins that communicate with and activate other immune
cells) and viral response. In a large controlled study involving
360 people over 60 years, the effect of a 3-weeks intervention
of a fermented milk containing yogurt cultures and the
probiotic L. casei DN-114001 showed that the incidence of
winter infections was no different, but the duration of all
pathologies was significantly lower in the probiotic group (7.0-
3.2 days) compared to the control group (8.7 - 3.7 days) (25). A
double-blinded trial involving 24 elderly patients that received
enteral nutrition, valued the effects of fermented milk product
containing Lactobacillus johnsonii Lal (LC1) for 12 weeks.
The probiotic group had significantly less days with infection at
the end of the trial, a drop from 15.4% days with infection to
5.7%, and this reduction was larger than that seen for the
control group (26). This means that the immune system may be
more efficient at warding off infections when probiotics are
administered. A variety of effects of probiotic strains on
immune system function have been reported. The species
Lactobacillus acidophilus, L. casei, L. plantarum, L.
delbrueckii, L. rhamnosus, stimulate immune system (25).

Antibiotic-associated diarrhea

Acute diarrhea can have bacterial or viral causes, and is a
common problem especially in children in developing
countries. Several investigations have shown that the intake of
S. boulardii reduced the duration of acute diarrhea (although
one study did not find any effect) (27). So, Lactobacillus
rhamnosus GG (LGG) was effective in reducing duration of
diarrhea. However, a sub-analysis showed that the effect of
LGG was only important in children of Western countries,
where rotavirus is the main cause of acute diarrhea; it was

Table 1
Mechanisms of probiotics activity

Modulation of intestinal ecosystem

Modulation of immune resistance

Improved colonization resistance

¢ beneficial bacteria

¢ short chain fatty acids

e gutpH

¢ faecal microbiota mass

« stimulation of gut peristalsis

 enhanced defence response (
adjuvant effect)

e harmful substances response

e stimulation of local and systemic systems .
IgA,
CD4+ & CD8+ T cells, NK cell activity, .

* downregulation of inflammatory and allergic

competitive exclusion (e.g. for nutrients, adhesion
sites)

harmful microbial species

e epithelial cell mucin synthesis

* enhanced intestinal barrier function

increase;  decrease
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inefficacy in children in developing countries (27). Studies on
the healthy effects of probiotics on traveler’s diarrhea showed
no good results because there were differences between
probiotic strains, the traveled countries, the local microflora,
specific (eating) habits of the travelers, and the method of
intake of the probiotic. However, some studies described less or
shortened episodes of diarrhea in people consuming the
probiotic (28-30), others found no advantages (31, 32). Intake
of S. boulardii reduced traveler’s diarrhea. Data on the
probiotic LGG were unclear. In one study the risk of
developing traveler’s diarrhea was lower in the treatment group
compared with the placebo group (28); in other, there were no
differences between treatment group and placebo group (29).
Also the efficacy of S. boulardii was more important in some
areas (32). Antibiotics kill both healthy and pathogenic gut
bacteria, alter the intestinal microbiota increasing the risk of
opportunistic infections. Antibiotic-associated diarrhea (AAD)
can affect 5% to 25% of patients taking antibiotics (33, 34).
Intake of some probiotic strains before and during antibiotic
treatment in most studies reduced the frequency and/or duration
of episodes of antibiotic-associated diarrhea and the severity of
symptoms (35, 36). For example, S. boulardii and LGG are the
most effective strains for preventing AAD, and lowering the
risk of AAD. Actually, mixtures of probiotic strains including
L. rhamnosus, L. casei, L. acidophilus, L. bulgaricus and
Bifidobacterium Bb-12 have been studied (35-37). Probiotics
have been used Clostridium difficile that accounts for 20% to
25% of cases of AAD, causing over 95% of cases of
pseudomembranous colitis (34). Although some studies showed
that probiotics decrease the risk of Clostridium difficile
associated diarrhea (CDAD), in many studies the number of
patients was no statistical sufficient (38). A yogurt containing
L. casei DN-114 001, S. thermophilus and L. bulgaricus
significantly decreased the risk of developing CDAD in
hospitalized patients (36). Another study showed a significant
difference between S. boulardii and placebo, both in
combination with antibiotics, in patients with recurrent
Clostridium difficile disease (CDD), but not acute CDD (29). A
mix of L. acidophilus and B. bifidum on occurrence of diarrhea
and CDAD did not reduce the frequency of episodes both in
patients and in the placebo group (40). Various species may be
effective in the prevention of diarrhea: in prevention of
traveler’s diarrhea are saccharomyces bulgarius or mixture of
L. acidophilus, B. bifidum, Streptococcus thermophilus, L.
bulgarium; in prevention of rotavirus diarrhea are L.
rhamnosus, B. bifidum; in prevention of Clostridium difficile
diarrhea are L. rhamnosus, Saccharomyces bulgaricus; in
prevention of diarrhea are L. Acidophilus, L. rhamnosus, B.
bifidum (Figure 1).

Figure 1
Pathophysiology of probiotics in gastrointestinal activity
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Functional bowel diseases

Functional bowel diseases in elderly include irritable bowel
syndrome (IBS) and constipation. IBS is a chronic disease that
is characterized by intermittent abdominal pain, diarrhea and/or
constipation and other gut symptoms including flatulence and
bloating in the absence of structural alterations in the intestine
(41). People with IBS wusually describe incomplete
evacuation/rectal hypersensitivity, as well as urgency, which
are increased in diarrhea-predominant IBS (42). The prevalence
of IBS is estimated about 3-25% of the general population
(41). There is evidence that bacteria and bacterial components
may play a role in aggravating IBD (43). The pathophysiology
of IBS is multifactorial (41), with bacterial overgrowth in the
small intestine in up to 78% of patients (44). So, probiotics can
alleviate symptoms of IBS, and their efficacy has been showed
in most studies (45). In a meta-analysis, the results of
randomized, controlled, blinded trials were examined to
determine the efficacy of LGG in 3 studies and B. infantis in
other 2 studies (32). Compared to placebo, probiotics did not
reduce significantly abdominal discomfort, bloating and altered
bowel habits, but were effective to decrease the risk of
abdominal pain. However, insufficient data analyzed individual
IBS symptoms or the efficacy of individual probiotic strains.
The treatment periods varied between 2 and 24 weeks, in most
of the 20 studies was between 4 and 8 weeks (85%) (32).
Another study showed that a probiotic mix (B. longum LA 101,
L. acidophilus LA 102, Lactococcus lactis LA 103, St.
thermophilus LA 104), increased satisfactory relief of overall
IBS symptoms and of abdominal discomfort/pain at fourth
week, but also similar effects were showed in the placebo
group. Abdominal pain improved significantly during the study
in both groups, independent of IBS category (constipation-
predominant, diarrhea-predominant or alternating). The
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difference between the first week and the fourth week was
significantly higher in the treated patients. Overall, the
frequency and consistency of stools did not differ significantly
between the probiotic and placebo groups. In the group of
subjects reporting constipation, the frequency of stools was
significantly higher in the treated group from the first week of
treatment (46). Sinn et al. examined the effect of L. acidophilus
strains SDC 2012 and 2013 on IBS symptoms. They observed
a significant improvement in the probiotic group at week four
compared to the placebo group, based on abdominal pain scores
from 0 (good) to 10 (bad) (47). A study showed effects on IBS
symptoms of a mixture of probiotic strains consumed as a milk
drink. The decrease of distension and abdominal pain score was
significantly more pronounced in the probiotics group
compared to the placebo group. No differences were found in
the percentage of soft stools, hard stools or diarrhea (48).
Actually, some evidences show good results for the use of
probiotics in the treatment of IBS. However, available studies
use different probiotics strains and there is not evidence to
make any firm conclusions about individual strains or dose (32,
46-48). In elderly, constipation is a common condition,
characterized by a constellation of symptoms proposed by the
present of two or more symptoms fixed the “Rome criteria I1I”.
These criteria include 12 weeks or more of symptoms in the
least year: hard or lumpy stools, painful and strained
defecation, a sense of incomplete evacuation, the need to use
manual manoeuvres to pass stool or sense of anorectal
obstruction with >25% of bowel movements and /or <3 bowel
movements/week, no evidence for IBS (49). Studies about
probiotics have shown improved colonic transit times, both in a
healthy population and in constipated patients (49). Probiotics
reduce the pH in the colon by the bacterial production of short
chain fatty acids (butyric acid, propionic acid, and lactic acid).
A lower pH enhances peristalsis in the colon and, subsequently,
might decrease the colonic transit time (50). A study reported a
reduction of transit time after 10-day intervention with
Bifidobacterium animalis DN-173 010 (51), while other
described an increase in stool frequency after a 2-week
intervention with Lactobacillus casei Shirota (52). A more
recent study has associated the use of a synbiotic combination
of lactitol and Lactobacillus acidophilus twice daily by healthy
elderly subjects, with increased stool frequency, as well as
other indications of positive results in the intestinal microbiota
composition and mucosal function (53). Contrary, constipation
was not improved, in a trial with Lactobacillus rhamnosus GG
(54); thus, it is important to know which probiotic strains have
improved bowel functions. Beneficial changes in the microbial
metabolism in the colon of people with gut function disorders
have also been reported (55). The main metabolic markers of
probiotic benefit include short chain fatty acid levels (SCFAs),
fecal enzyme activity and certain toxic or carcinogenic
compounds (55). SCFAs in the gut, for example, stimulate host
receptors for gut motility and the immune response, and
regulate mucosal gene expression. The SCFA butyrate, an
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important energy source for colon cell, is involved in regulation
of their growth. Probiotics have also been associated with
production of substances that inhibit tumor growth,
neutralization of harmful molecular in the gut, and inhibition of
species that can produce promoters, mutagens and carcinogens
(56). So, phenol, cresol and ammonia are metabolites produced
by colonic fermentation. A significant reduction of such
substances was associated with consumption of a probiotic
containing L. casei Shirota, in double-blind, placebo, controlled
trials with healthy subjects (57, 58), and similar results have
been reported with other probiotics (59-63). Likewise, data
suggest that Bifidobacterium animalis, lactobacillus casei
Shirota, L. acidophilus, L. paracasei, L. rhamnosus and
Propionibacterium freudenreichii might increase the frequency
of defecations and reduce the time of bowel transit (50).

Diverticular disease

Diverticular disease (DD) of the colon is very common in
Western countries and its prevalence increases with age and up
to an estimated 20% of patients may manifest clinically-
relevant illness in their lives (64, 65). Uncomplicated
diverticular disease is defined as the presence of diverticula in
the absence of complications such as fistula, perforation,
obstruction and/or bleeding. The pathophysiology of
diverticular disease is complex and relates to abnormal colonic
motility, changes in the colonic wall, chronic mucosal low-
grade inflammation, imbalance in colonic microflora and
visceral hypersensitivity. Moreover, there can be genetic factors
involved in the development of colonic diverticula (66, 67).
The rationale for the use of probiotics is to promote the
production of antimicrobials, competitive metabolic
interactions with pro-inflammatory organisms, and inhibition of
adherence and translocations of pathogens. They may also
enhance mucosal defense at the levels of immune and epithelial
function, such as decreasing several pro-inflammatory
cytokines, but also alleviating intestinal inflammation and
normalizing gut mucosal dysfunction (68). So, probiotics can
re-establish the physiological bacterial flora, which in the
presence of diverticular disease may be altered by the reduced
colonic transit time and stasis of fecal material within the
diverticula. There are little data on the treatment of
uncomplicated DD with probiotics. First data about the use of
probiotics in DD come from a prospective observational trial on
the prevention of complications after acute diverticulitis. All
patients with a post-diverticular stenosis of the colon were
treated sequentially with rifaximin and lactobacilli for a period
of 12 months. This treatment proved to be effective in
preventing symptom recurrence and complications (69). The
effectiveness and safety of mesalazine, with or without
Lactobacillus casei, in preventing recurrence of symptomatic
diverticular disease of the colon was observed in a multicenter,
prospective, randomized, open-label study. The 88.2% of
patients were symptom free after the 12th month of treatment,
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so the administration of mesalazine, with or without
Lactobacillus casei, is effective in preventing recurrence of
symptomatic uncomplicated diverticular disease of the colon,
and their association is more promising in this field (70). In
other study the efficacy of probiotic treatment as a single
therapy for uncomplicated DD has been assessed comprising a
very small group of patients. A non-pathogenic E. coli strain
was given for a mean period of 5 weeks after a course of
treatment with an intestinal antimicrobial and absorbent,
resulting in a significantly prolonged remission period and
important improvement of all abdominal symptoms (71).
Prebiotics are dietary substances which stimulate the growth
and metabolic activity of beneficial enteric bacteria, especially
Lactobacillus and Bifidobacterium species (72). Inulin, fructose
oligosaccharides, lactulose, germinated barley extracts and
psyllium fibre have been shown to promote the growth of
luminal Lactobacillus and Bifidobacterium species and butyrate
production (73). Thus, the optimal treatment of uncomplicated
DD might be an initial course of antibiotics to normalize the gut
flora followed by a combination of a probiotic to prevent
relapse, and prebiotic to maintain growth of protective bacteria.
In a prospective, randomized, open-label study, Lamika et al.
evaluated the effectiveness and tolerability of a symbiotic
mixture preventing recurrence of symptomatic diverticular
disease of the colon and, in particular, in those patients
presenting a constipation-predominant pattern. So, forty-six
patients, were enrolled in a 6-month follow-up study. The
intake of Lactobacillus acidophilus 145 and Bifidobacterium
spp. 420 was regarded as “effective” or “very effective” in
more than 78% of the patients altogether (p<0.01 vs baseline
values) (74). In conclusion, several studies showed the
effectiveness of probiotics in preventing recurrence of
symptomatic uncomplicated diverticular disease of the colon.
However, further studies are needed.

Inflammatory bowel diseases

Bacterial flora has been suggested to play an important role
in human inflammatory bowel diseases (IBD) (75). Several
species of the microflora may invade the mucosa after
induction of colitis causing transmural inflammatory lesions
(76) (Table 2).

Table 2
Anti—inflammatory effects of probiotics

a) Compete with and displace pathogenic strains in small intestinal bacterial
overgrowth

b) Antibacterial effects mediated by bacteriocins

¢) Modify inflammatory pathways induced by bacteria involved in intestinal
bacterial overgrowth

d) Ameliorate intestinal barrier function

e) Enhance integrity of the intestinal epithelium

f) Stimulate release of immunoglobulin A

2) Inhibit production of proinflammatory mediators

h) Induce anti —inflammatory responses

Celiac disease

Celiac disease, also known as celiac sprue or gluten-
sensitive enteropathy, is a food hypersensitivity disorder caused
by an inflammatory response to wheat gluten and similar
proteins of barley and rye (77). Pathogenesis of celiac disease
involves interactions between genetic, immunological, and
environmental/technological factors. Human leukocyte antigen
(HLA) DQ2 (or DQS8) molecules of antigen-presenting cells
bind and submit gluten peptides to the lamina propria of CD4+
T cells. The latter trigger the T helper 1 (Thl)-based immune
response, with the consequent synthesis of gamma interferon
(IFN-v). Among the main dietary proteins, gluten is unique in
that it contains about 15% proline and 35% glutamine residues
(78). The high concentration of glutamine and, especially,
proline prevents the complete degradation by human gastric
and pancreatic enzymes and results in the build up of
oligopeptides in the small intestine that are resistant to further
proteolysis and toxic to genetically predisposed celiac disease
patients. Actually, analyses revealed the presence of more than
60 immunogenic oligopeptides from gluten of the Triticum
species (79). The length of these oligopeptides may vary from
7/9 to 91 amino acid residues, and the common feature is
represented by the high number of glutamine and proline
residues. The most important example of such oligopeptides is
the 33-mer epitope. The 33-mer epitope was identified as one
of the main stimulators of the inflammatory response to gluten.
This epitope was shown to be a potent inducer of gut-derived
human T-cell lines (80). A strict, lifelong gluten-free diet is the
only accepted treatment for celiac disease. Nevertheless,
complete exclusion of dietary gluten is difficult due to the
ubiquitous nature of this protein, cross-contamination of foods,
inadequate food labeling regulations, and social constraints.
Furthermore, gluten-free food provides inadequate supply of
fibers, minerals, and vitamins and excess calories in the diet
and exhibits poor sensory properties (81, 82). Alternative
therapeutic options included the proposed oral supplementation
with probiota (83). It was demonstrated that Lactobacillus casei
enhanced the CD4+ T cell-mediated, Thl-like intestinal
sensitivity to gliadin in a model of intestinal gliadin
hypersensitivity in DQ8 tg mice characterized by a Thl-like
phenotype (84) So, dendrites cells (DCs), that play an important
role in immunological responses, have been considered as main
target of the modulatory activity of probiotics. Along with
antigen uptake and processing, dendritic cells can promote the
development of unprimed, naive T cells toward Thl, Th2, or
unpolarized T cell responses (85, 86). Three Lactobacillus
species and B. lactis exposure altered the immature phenotype
of DCs and this finding was independent of which strain was
used (83). L. fermentum and L. plantarum were able to
stimulate the LPS-inducible IL-12 in mature bone-marrow
dentritic cells, a critical Th1-skewing cytokine that elicits IFN-c
production by T cells and by NK cells (87). Moreover, IL-10,
an anti-inflammatory cytokine that suppresses IL-12 production
was found low both in unstimulated and LPS-induced dentritic
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cells (88). Incubation of BMDCs with any examined probiotic
strains did not elicit its expression. On the other hand, all
strains were able to induce high levels of TNFa in immature (B.
lactis, L. plantarum, L. paracasei) or in mature (L. fermentum,
B. lactis) dendritic cells. The activity of lactobacilli is due to
the cytotoxic action of TNF-a and IL-1 produced by
macrophages (89,90). So, L. casei enhances the gliadin-specific
IFN-c expression both at the systemic and intestinal levels.
However, the effect was restricted to this strain (84). In
conclusion, data showed the potential of probiotic strains to
stimulate the immune system, by acting on cellular components
of the innate and/or the adaptive responses in a model of gluten
sensitivity. However, these activities are not appropriate for
therapeutic application in celiac disease, but only in conditions
that require enhancement of this specific immune response, as
in cancer therapy.

Crohn’s disease

Crohn’s disease (CD) is one of the two main types of IBD.
CD can affect any part of gut tract, mainly the lower small
intestine. It is characterized by patchy, transmural
inflammation. CD can be defined by location (terminal ileal,
colonic, ileocolic, upper gastrointestinal) or by pattern of
disease (inflammatory, fistulating or structuring). The efficacy
of probiotics in preventing recurrence of CD after surgery was
examined by randomized, double-blind, placebo controlled
studies. Two studies used Lactobacillus johnsonii LA1 (91, 92),
and one used the strain L. Rhamnosus GG (LGG) (93). In all
three studies, there was no significant difference in recurrence
rate between the treated group and placebo group (91-93),
although Marteau et al. described a lower but non-significant
recurrence rate in those treated with LA1 (91). Another study
tested Saccharomyces boulardii in addition to standard
treatment (mesalazine) in patients with CD who were in
remission. After 6 months of treatment, 6 of 16 patients
receiving mesalazine relapsed, whereas only 1 of 16 patients
also receiving S. Boulardii relapsed (94).

Ulcerative colitis

Ulcerative colitis (UC) is an inflammatory bowel disease
limited to the colon and it is characterized by diffuse mucosal
inflammation. UC can affect any part of the colon (95). In UC,
short-term treatment with an enteric-coated preparation of
broad — spectrum antibiotics reduced mucosal release of
cytokines and was effective in reduction of inflammatory
activity than were intravenous steroids (96). In two studies, the
efficacy of Escherichia coli Nissle (EcN) in maintaining
remission in patients with UC showed no difference when
compared to the gold standard treatment (mesalazine) (97, 98).
Another trial studied a combination of different probiotic
strains (Bifidobacterium breve strain Yakult, B. bifidum strain
Yakult and L. acidophilus) taken over a period of 12 weeks.
The clinical activity index (CAI) score of at least three points
(overall score maximum 21 = highest activity), was higher in
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the probiotic group (70%) compared to the placebo group
(33%), although statistical power is not achieved, probably due
to the small number of patients. The number of patients
achieving remission did not differ significantly between the
probiotics and placebo group (40% and 33%, respectively). The
average CAI score in the probiotics group is significantly lower
at week 12 compared to the placebo group (99). One small
unblended study showed that patients having daily fermented
milk containing B. breve Yakult, B. bifidum Yakult and L.
acidophilus YIT 0168 (1010 CFU/day) in addition to standard
treatment had a lower rate of exacerbation of UC compared to
those on standard treatment only (27% and 90%, respectively).
However, the study was small and exacerbation was measured
on the basis of self-reported clinical symptoms (100).

Pouchitis

Pouchitis is a complication in patients undergoing j-pouch
(ileal pouch-anal anastomosis) surgery for UC (101). Studies
demonstrated that the microflora in the pouchities plays a
fundamental role; in particulary, people with pouchitis have
fewer beneficial bacteria, like lactobacilli and bifidobacteria in
gut. So, intake of these beneficial bacteria can be effective in
maintaining remission in patients with pouchitis (95). Around
40-60% of patients who undergo ileal pouch surgery for UC
suffer from pouchitis that is the most common long-term
complication in patients undergoing surgery for UC (95, 101,
102). The causes of pouchitis are unclear, but it is possible that
the microflora in the pouch plays a role in the abnormal
mucosal immune response (101, 102). The efficacy of VSL#3
(1VSL#3 contains 300 billion viable lyophilized bacteria per
gram of four strains of Lactobacilli (L. casei, L. plantarum, L.
acidophilus, and L. delbrueckii ssp. bulgaricus), three strains of
Bifidobacteria (B. longum, B. breve, and B. infantis) and one
strain of St. salivarius ssp. Thermophilus) in the maintenance of
remission in patients suffering from chronic relapsing
pouchitis, and recurrent or refractory pouchitis, was valued in
two studies (103, 104). In the study by Gionchetti et al. all
patients receiving placebo (n = 20) relapsed within 4 months,
whereas 85% (17/20) of those receiving the probiotic mix were
still in remission after 9 months (P < 0.001). In the study of
Mimura et al. 17 out of 20 (85%) patients in the probiotics
group were still in remission after 12 months, whereas only one
of 16 (6.3%) in the placebo group remained in remission (P <
0.001). As a consequence quality of life significantly
deteriorated in the placebo group but showed a slight increase
in the VSL#3 group. In another study, Gionchetti et al.
examined the efficacy of VSL#3 compared with placebo in the
prevention of onset of pouchitis during the first year after
surgery. In this study, significantly fewer treated patients
developed pouchitis (2/20, 10%) compared with the placebo
group (8/20, 40%; P < 0.05). The median Pouchitis Disease
Activity Index score (PDAI; O lowest activity, 18 highest
activity) significantly increased in the placebo group but did not
significantly increase in the VSL#3 group (105). A randomized,
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double-blind, placebo-controlled trial showed no differences
between patients undergoing surgery for UC that intake
Lactobacillus thamnosus GG (LGG) and placebo group. After 3
months, no differences were found in the mean pre- or post-
treatment PDAI scores between LGG and placebo group. The
authors concluded that, as primary therapy, LGG was not
effective for the clinical improvement of pouchitis (106).

Prevention of colon cancer

Intestinal bacteria could play an important role in initiation
of colon cancer through production of carcinogens,
cocarcinogens or procarcinogenes. Probiotic bacteria can have
cancer-preventing properties. Probiotics have also been
associated with production of compounds that inhibit tumor
growth, neutralization of harmful substances in the gut and
inhibition of species that can produce promoters, mutagens and
carcinogens (56). Probiotic effects have been studied on the
colon carcinoma, the most frequent cancer of the
gastrointestinal tract in the Western industrial nations (107).
Several mechanisms have been studied as a cause of these
effects: inhibition of tumor-growth and proliferation of tumor
cells by glycopeptides and cytotoxic metabolites of lactobacilli;
decrease of (pro)carcinogenic, mutagenic, and genotoxic
substances (aflatoxines, nitrosamines) and cancer-promoting
enzymes (nitro-azoreductase, glucuronidase) in the bowel due
to changes of the gut flora, a reduction in pH, chemical
modification, and ad- and absorption by the bacteria;
antimutagenic properties of probiotics and probiotic milk
products; strengthening of the immune system and stimulation
of the production of the tumor-necrosis-factor (TNFa) by
macrophages (22). Use of probiotic bacteria with
oligosaccharides could promote bacterial growth in the colon
and increase great quantities of short chain fatty acids such as
butyrate, which has been shown to have antitumor effects at the
cell level (108) However, data are insufficient to evidence the
health benefits of probiotics, such as prevention of colon cancer
(109). Nevertheless, positive effects were also described for
other types of cancer. A large Japanese case control study
showed that the habitual intake of lactobacilli and especially L.
casei Shirota may reduce the risk for bladder cancer in the
Japanese population (110). However, only few epidemiological
investigations have been performed concerning other probiotic
strains and other types of cancer (111). A human study, that
compared the composition of the faecal flora of people with
different risks of colon cancer, shows highs risk of colon cancer
with presence of Bacteroides vulgatus and Bacteroides stercosis
and low risk with presence of Lactobacillus acidophilus,
Lactobacillus SO6 and Eubacterium aerofaciens (112).

Conclusion
In conclusion, age-related changes in the bowel increase

susceptibility to infection and gut function disorders. Probiotics
are dietary options that have the potential to improve beneficial

effects. There is good evidence that strains like LGG and S.
boulardii are effective in preventing AAD, but other strains and
mixtures of strains seem to be effective as well. There is also
good evidence of probiotic intake in C. difficile associated
diarrhea, although some studies have been too small. The
constant interaction between the host and its microbial guests
can infer important to the human host (113). These benefits
include: establishment of balanced intestinal microflora;
improving colonization resistance and or prevention of
diarrhea; reduction of fecal enzymes; reduction of serum
cholesterol; reduction of potential mutagens; metabolism of
lactose; improved calcium absorption; reduction of lactose
intolerance; synthesis of vitamins; predigestion of proteins (4,
25, 114). Evidence is particularly strong for some probiotics for
maintenance and improvement of bowel function (e.g.
constipation and IBS) (99). Investigations in people with IBD
showed probiotic strains to be effective in decreasing the
recurrence of UC and occurrence and recurrence of pouchitis,
whereas current evidence suggests that probiotics are
ineffective in treating patients with CD. Patients with IBS
showed an improvement in symptoms when consuming
selected probiotic strains; however, high placebo effects have
been reported as well. The duration of treatment with probiotics
in studies included in this review varied greatly depending on
the study outcome (115). General recommendations on how
long probiotics should be taken are therefore difficult to make
as based on treatment duration in intervention studies.
However, further studies are needed to better evaluate the
effects of a variety of probiotics supplements on immunity
including CRP levels on nutritional status and on colon cancer
prevention.

Key message
Probiotic influences
. Metabolic function
. Nutritional support
. Vitamin synthesis
. Competitive exclusion of pathogens
. Regulation of both innate and adaptive immune
. Stimulation of Proliferation
Angiogenesis
Epithelial restitution
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