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Is there any place for alimentary probiotics,
prebiotics or synbiotics, for patients with
inflammatory bowel disease?
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The pathogenesis of inflammatory bowel disease (IBD) involves an interaction between genetically
determined host susceptibility, dysregulated immune response, and the enteric microbiota. Ecological
treatments including probiotics, prebiotics, and synbiotics are actively studied in Crohn's disease
(CD), ulcerative colitis (UC) and pouchitis. We review herein the literature on the rational use of pro-
biotics in IBD considering efficacy (as evaluated in randomized controlled trials), mechanisms of
action and safety issues. A probiotic effect is strictly restricted to one defined strain and cannot be
generalized from one to another. There is evidence of efficacy of some probiotic drugs in pouchitis
(VSL#3), and in the prevention of recurrence of UC (Escherichia coli Nissle 1917). However, the
evidence for efficacy of probiotic drugs in CD is still low as well as that of dietary ecological treat-
ments. Despite an ecological (hopefully nutritional) treatment of IBD is promising, many questions
remain unanswered and further clinical and fundamental studies are needed.
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1 Introduction

Inflammatory bowel diseases (IBD), which include Crohn's
disease (CD) and ulcerative colitis (UC), are chronic relaps-
ing disorders of unknown cause characterized by inflamma-
tion of the gastrointestinal tract. Whereas UC is mostly lim-
ited to the colon, CD can spread from the mouth to the anus.
Both conditions may require extensive surgery, for either
life-threatening or neoplasic complications. The pathogen-
esis of IBD involves an interaction between genetically
determined host susceptibility, dysregulated immune
response and the enteric microbiota. Host susceptibility is
sometimes favoured by polymorphism in intestinal antimi-
crobial defences (e.g. defensin deficiency) or in perception

of microbial signals in the enterocytes, immune cells or
Paneth cells (e.g. NOD2-CARD15 and TLR4 polymor-
phisms) [1]. The deleterious role of some intestinal micro-
organisms has been established in murine models and is
strongly suspected in humans [2]. However, other microor-
ganisms seem to be protective [3]. This prompted the idea
of trying ecological treatments including probiotics, prebi-
otics and synbiotics in models and patients with IBD. Probi-
otics are defined as living nonpathogenic microorganisms
which, when ingested, exert a positive influence on host
health or physiology [4]. They may not only be used as
drugs (either as single strain, combination of various strains
or genetically modified probiotics) but also in food (mainly
fermented dairy products) or food supplements. Probiotics
have been used in numerous digestive and some extradiges-
tive inflammatory diseases [5], but still their multiple
mechanisms of actions remain to be determined and clinical
evidence for efficacy need to be demonstrated.

Prebiotics, described as ,nondigestible food ingredients
that beneficially affect the host by selectively stimulating
the growth and/or activity of one, or a limited number of
bacteria in the colon, thus improving host health’ [6]. Syn-
biotics (combinations of both probiotics and prebiotics)
have also been considered in the treatment of IBD [7].
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The best evidence for the efficacy of ecological treat-
ments relies on double-blind randomized controlled trials
(RCTs). Meta-analysis of trials using different probiotic
products should be interpreted very cautiously as their
active components may differ [8]. There is now evidence of
efficacy of some probiotic drugs in pouchitis, and in the
prevention of recurrence of UC. However, the evidence for
efficacy of probiotic drugs in CD is still low as well as that
of dietary ecological treatments.

We review herein the literature on the rational use of
probiotics in IBD considering efficacy (as evaluated in
RCT), elements of pharmacokinetics, mechanisms of
action and safety issues. A review on the potential use of
prebiotics and synbiotics in the treatment of IBD is given in
this issue of the journal (Steed et al., DOI: 10.1002/mnfr.
200700139).

2 Probiotics for pouchitis

When proctocolectomy is considered in the treatment of
IBD (mainly in UC), ileo pouch-anal anastomosis is pre-
ferred to ileostomy to preserve faecal continence. Pouchitis,
defined as a nonspecific inflammation of intestinal mucosa
of the ileal reservoir, may occur in a subset of patients with
ileo pouch-anal anastomosis. Pouchitis is associated with
an imbalance of the microbiota [9], and nitronidazole and
quinolone antibiotics are very effective in treating acute
episodes. Two double-blind placebo-controlled trials
showed that the probiotic product VSL#3 prevented recur-
rence of chronic relapsing pouchitis [10, 11] (Table 1).
VSL#3 (CSL, Milan, Italy) is commercialized in various
countries as sachets containing a mixture of four strains of
lactobacilli (Lactobacillus casei, L. plantarum, L. acidophi-
lus, L. delbrueckii subsp. bulgaricus), three strains of bifi-
dobacteria (Bifidobacterium longum, B. breve, B. infantis)
and one strain of Streptococcus salivarius subsp. thermo-
philus. In their first RCT, Gionchetti et al. [10] treated 40
patients with chronic relapsing pouchitis with VSL#3 (3 g
daily) or a placebo for 9 months. They observed a relapse of
pouchitis in 15% of the subjects in the probiotic group ver-
sus 100% of those receiving the placebo (p a 0.001). In the
second RCT, Mimura et al. [11] treated 36 subjects with
VSL#3 (6 g daily) or a placebo for 12 months, and observed
a relapse in 15% of the patients receiving the probiotic ver-
sus 94% of those treated with the placebo (p a 0.0001). In a
third RCT, Gionchetti et al. [12] showed that VSL#3 pre-
vented the first episode of pouchitis in 40 patients who just
had ileo-pouch anal anastomosis for UC. Patients were
treated for 12 months, and pouchitis occurred in 10% of
those receiving the probiotic (6 g daily) versus 40% of those
receiving the placebo (p a 0.01).

Despite VSL#3 promising efficacy according to these
three RCT, its evaluation in clinical practice is not so enthu-
siastic. Shen et al. [13] reported on the clinical use of

VSL#3 in 31 UC patients with antibiotic-dependant pouchi-
tis. After remission was achieved with a 2- wk course of
ciprofloxacine, VSL#3 was given (6 g/day) for 8 months,
with clinical and endoscopic evaluation at the end of the
treatment period. Twenty-five out of the 31 treated patients
had discontinued VSL#3 therapy (in a mean period of
1.2 months) due to relapsing symptoms (n = 23) and
adverse events (n = 2). In the six remaining patients with
clinical remission, the endoscopic activity score (PDAI)
was not statistically different from that at baseline (1.8 vs.
2.8, p = 0.27).

Other probiotics were tried to prevent onset or recurrence
of pouchitis, but the evidence of their efficacy is low as the
methodology of these trials was suboptimal. In an open
trial, including 127 patients, Gosselink suggested that daily
administration of L. rhamnosus GG (which is commercially
available in fermented dairy products and as over-the-coun-
ter supplement all over the world) decreased the risk of pou-
chitis (occurrence of pouchitis at 3 years was 7 vs. 29% in
historical controls, p = 0.01) [14].

3 Ulcerative colitis

UC is a type of IBD that is characterized by a continuous
mucosal inflammation from the rectum up the colon. It
rarely involves the upper digestive tract and small bowel but
may be associated with extraintestinal inflammatory sites.
Colonic dysplasia and adenocarcinoma is a complication of
longstanding UC. Anti-inflammatory and immunomodula-
tor drugs are the main medical treatments used in this affec-
tion. Proctocolectomy is proposed as a curative therapy in
patients with severe manifestations of UC and as a preven-
tion of colonic adenocarcinoma.

Escherichia coli Nissle 1917 (ECN), a nonpathogenic
Gram-negative strain isolated in 1917 and commercialized
in Germany (Mutaflorm, Ardeypharm, Herdecke, Ger-
many), has been proposed for the maintenance therapy of
UC. Three double-blind RCT compared the efficacy of
ECN to that of mesalazine to prevent relapse of UC [15–
17] (Table 1). No trial compared this probiotic to placebo
and the evidence for its efficacy relies thus on the demon-
stration of statistical equivalence with mesalazine (i. e. an
effective treatment). In the first double-blind RCT, Kruis et
al. [16] included 120 patients with quiescent UC and treated
them for 12 wks with either 561010 colony forming units
(cfu)/day of ECN (200 mg/day of Mutaflor) or 1.5 g/day of
mesalazine. After 12 wk, 16% of the subjects in the ECN
group had relapse of UC versus 11.3% in the mesalazine
group. The statistical power of this trial was low and equiv-
alence could therefore not be unequivocally demonstrated.
Rembacken et al. [17] published a second RCT comparing
again ECN (Mutaflor, 400 mg/day) to mesalazine (at the
low dose of 1.2 g/day) in 116 patients with UC treated for
1 year [17]. Relapse occurred in 67% in the ECN group ver-
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sus 73% of the patients in the mesalazine group. The per-
centage of relapse in both groups was surprisingly high.
The third RCT used appropriate number of patients and fol-
low-up period and therefore allowed to properly search for
equivalence between the two treatments [15]. Three hun-
dred and twenty-seven patients with quiescent UC received
either the ECN (Mutaflor, 200 mg/day) or mesalazine
(1.5 g/day) for 1 year. The relapse rate was 36% in the pro-
biotic group versus 34% in the mesalazine group and statis-
tical tests showed equivalence of the two drugs.

The evidence for efficacy of other probiotics in UC is
lower (Table 1). Ishikawa et al. [18] conducted an RCT to
determine whether exacerbations of UC could be prevented
by altering the intestinal flora through supplementation
with fermented milk containing probiotic strains as a diet-
ary adjunct in combination with the usual medication.
These authors gave 100 mL/day of fermented milk for
1 year to 21 subjects with UC. The milk contained B. bifi-
dum YIT 4007, B. breve YIT 4065 and L. acidophilus YIT
0168 in 11 cases, and no probiotics in the remaining 10
cases. There were 27% relapses in the probiotic group ver-
sus 90% in the control group. It was observed a significant
reduction in the relative proportion of Bacteroides vulgatus
and butyrate concentration in faeces in the probiotic group.
Authors hypothesized that these effects could be involved
in the beneficial action of the product and called for further
investigations in a larger trial before any firm conclusion
could be drawn. In a randomized open-label trial, Zocco et
al. [19] observed no difference in relapse rate at 6 and
12 months among 187 patients with quiescent UC who
received Lactobacillus GG (186109 viable bacteria/day) or
mesalazine 2400 mg/day or Lactobacillus GG + mesala-
zine. However, the treatment with Lactobacillus GG alone
was more effective than mesalazine (whether or not with
probiotics) in prolonging the relapse-free time [19].

A recent randomized double-blind pilot trial suggested
that a combination of B. longum with fructo-oligosacchar-
ides (a synbiotic combination) could have therapeutic effects
in patients with acute UC [20]. A significant decrease in the
inflammatory lesions in the colon was observed only in the
synbiotic group and several markers of inflammation in the
mucosa (TNF-a, IL 1-a and the human-b-defensins 2, 3 and
4) were ameliorated. However, this study should be consid-
ered as preliminary as it included only 18 subjects who also
used medical treatments.

4 Crohn's disease

CD is characterized by transmural inflammation and skip
lesions that can spread all along the gastrointestinal tract.
Typical features are granuloma, strictures and fistula. Intes-
tinal (mainly colorectal and small-bowel adenocarcinoma)
and extraintestinal cancers may be associated with CD.
Medical therapy includes smoking discontinuation, artifi-

cial nutrition, anti-inflammatory drugs (aminosalycilates
and steroids), immunomodulators, and biotherapy. Unlike
in UC, surgery is not a curative treatment in CD. However,
it may be considered in patients with severe complications.

The evidence for efficacy of probiotics to prevent recur-
rence of CD is presently low (Table 1). We performed a
double-blind, RCT in 98 patients who had just been oper-
ated for CD and who received for 6 months either L. johnso-
nii LA1 (46109 cfu/day) or a placebo. At 6 months, endo-
scopic recurrence was observed in 49% of patients in the
probiotic group, and 64% of patients in the placebo group
(no statistically significant difference). There were four
clinical recurrences in the LA1 group and three in the pla-
cebo group [21]. Van Gossum et al. [22] studied the same
strain but at the higher dose of 1010 cfu/day in 70 patients
who had surgery for CD. In this second RCT as well, LA1
was not effective to prevent recurrence. Indeed, the percent-
age of patients with recurrence of severe endoscopic lesions
was 21 and 15% in the LA1 and placebo groups, respec-
tively (p = 0.33) and the percentage of patients with clinical
relapse was 15 and 13%, respectively (p = 0.79).

Initial data from open series suggested efficacy of
L. rhamnosus GG [23] but a properly statistically powered
RCT showed that it was ineffective as an add-on therapy to
standard treatment to prevent relapse of CD in 75 children
followed-up for 2 years [24]. Prantera et al. [25] compared
in a double-blind RCT L. rhamnosus GG to placebo in 45
adult patients [25], and reported that at 1 year, the percen-
tages of endoscopic or clinical relapse did not differ
between the two groups. The statistical power of this RCT
was low but there was no trend for efficacy of the probiotic
as the endoscopic relapse was higher in the patients who
received it (60%) than in those who received the placebo
(35%, no statistically significant difference).

The other studies published until now suffer from meth-
odological limitations and are therefore less convincing.
Malchow tested ECN [26] in a pilot double-blind RCT (28
patients only). At 1 year, there was a nonsignificant trend of
lower relapse rate in the probiotic group (30 vs. 64% in the
placebo group, no statistically significant difference). This
study has not been reproduced. Guslandi et al. [27] exam-
ined the effect of the probiotic drug Saccharomyces boular-
dii in an open label RCT. Thirty-two patients with CD
received either 1 g/day of S. boulardii plus 2 g/day of mesa-
lazine or 3 g/day of mesalazine. Relapse of CD occurred
within 6 months in 6% of the subjects in the probiotic group
versus 37% in the control group (p = 0.04). Confirmation
of this positive result in a larger and double-blind RCT is
required. Campieri et al. [28] carried out a single-blind
study to evaluate the efficacy of VSL#3 (two packets/day
for 9 months) versus mesalazine (4 g/day for 12 months)
[28]. Forty patients were randomized after induction of
remission by rifaximin and the authors reported a lower rate
of severe endoscopic recurrence at 3 and 12 months in
patients of the antibiotic–probiotic group (10 and 20% vs.
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40 and 40%, respectively, p a 0.01). This study was only
presented as an abstract in 2000 [28], and the results have
not yet been published in a full paper.

A recently published RCT assessed the potential effect of
a symbiotic mixture (four lactic acid bacteria: 1010 Pedio-
coccus pentoseceus, 1010 L. raffinolactis, 1010 L. paracasei
susp paracasei 19, and 1010 L. plantarum 2362; together
with four fermentable fibres: 2.5 g b-glucans, 2.5 g inulin,
2.5 g pectin and 2.5 g resistant starch) in the prevention of
postoperative recurrence of CD. This study failed to demon-
strate any significant difference in clinical or endoscopic
relapse in patients receiving the symbiotic mixture or the
placebo but its statistical power was low (30 patients
enrolled) [7].

5 Mechanisms of action

Cellular and molecular effects of pro-, pre- and synbiotics
are actively studied, especially probiotics. A probiotic
effect is strictly restricted to one defined strain and cannot
be generalized from one to another [3].

5.1 Effect on the luminal compounds

Some probiotic strains can survive after ingestion within
the digestive tract and be found alive in the stools. Probiot-
ics can influence luminal compounds such as pH and com-
position and biodiversity of the microbiota. Space occupa-
tion, competitive exclusion for bacterial substrates and

increase in the secreted IgA are the main mechanisms
described to explain these modifications [29–33]. Restric-
tion in the biodiversity observed in IBD can be restored
using probiotics [34]. Certain probiotic strains can induce
the secretion of antimicrobial peptides by intestinal cells.
Antimicrobial peptides can be secreted either by bacteria
(bacteriocins) or specialized epithelial Paneth cells (defen-
sins) and can regulate the bacterial load to the mucosa [35].
Recent studies have shown that CD is associated with a
defect in defensins [36], and probiotics, which could
enhance these peptides, thus appear as attractive candi-
dates.

5.2 Barrier effect and mucosa integrity

The gut microbiota, mucus and intestinal permeability are
major protective factors of the intestinal mucosa. An
increase in intestinal permeability is suspected as a major
factor in the pathogenesis of IBD [37]. Some probiotics can
reinforce integrity of this barrier. VSL#3 is able to normal-
ize intestinal permeability and some lactobacillus can
inhibit pathogen adhesion inducing expression of mucins
[31, 38, 39].

5.3 Immune effects

Microbial associated molecular patterns (MAMPS) in the
intestine are detected by pattern recognition receptors
(PRRs), especially the toll-like receptors (TLRs) and the
NOD receptors expressed on immune and epithelial cells.
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Table 1. RCTs testing probiotics in IBD

Situation Probiotic Control n Duration
(months)

Relapse in the
probiotic groupa)

Relapse in the
control groupa)

P Reference

UC – prevention of relapse E. coli Nissle 1917 5-ASA 1.2 g/day 120 4 16% 11.3% NS [16]
UC – prevention of relapse E. coli Nissle 1917 5-ASA 1.2 g/day 120 12 67% 73% NS [17]
UC – prevention of relapse E. coli Nissle 1917 5-ASA 1.5 g/day 327 12 36.4% 33.9% NSc) [15]
UC – prevention of relapse S. boulardii + 5-ASA 5-ASA alone 31 12 30% 35% NS [49]
UC B. breve, B. bifidum,

L.acidophillus YIT 0168
Placebo 20 3 Failure 6/10 Failure 6/0 NS [50]

UC B. breve, B. bifidum,
L. acidophillus YIT 0168

21 12 3/11 9/10 * [18]

Refractory pouchitis VSL #3 Placebo 40 9 15% 100% * [10]
Refractory pouchitis VSL #3 Placebo 36 12 15% 94% * [11]
Pouchitis – prevention VSL #3 Placebo 40 12 10% 40% * [12]
CD – prevention of POR L. rhamnosus GG Placebo 45 12 16.6% 10.5% NS [25]
CD – prevention of POR L. johnsonii LA1 Placebo 98 6 49%b) 64%b) NS [21]
CD – prevention of POR L. johnsonii LA1 Placebo 70 3 27.9% 33%b) NS [22]
CD – prevention of POR VSL #3 5-ASA 28 12 20%b) 40%b) * [28]d)

CD E. coli Nissle 1917 Placebo 28 12 30% 70% * [26]
CD S. boulardii + 5-ASA 5-ASA alone 28 6 6.3% 37.5% * [27]
CD L. rhamnosus GG Placebo 75 24 31% 17% NS [24]

UC, ulcerative colitis; CD, Crohn's disease; POR, postoperative recurrence; 5-ASA, 5-aminosalicylic acid (active treatment).
a) Clinical relapse unless stated otherwise.
b) Relapse of endoscopic lesions.
c) Statistical equivalence p = 0.03.
d) Published only as an abstract.
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MAMPS include for example LPS, peptidoglycan (PG),
demethyleted bacterial DNA (CpG DNA), lipotechoic acid
(LTA) and flagelin. They are specifically recognized by
PRRs. For example, TLR4 recognizes LPS, TLR5 recog-
nizes flagelin, TLR9 recognizes CpG DNA, and NOD2 rec-
ognizes PG. The contact between MAMPS and PRRs can
stimulate innate immunity and induce protective response
and/or proinflammatory response. Some probiotics sharing
MAMPS can stimulate innate immunity and educate adap-
tive immunity towards Th1, Th2 or Th3 (tolerance)
responses. The CpG DNA of VSL#3 exhibits anti-inflam-
matory involving TLR9 recognition [40]. E. coli Nissle
1917 needs TLR2 and TLR4 recognition to exert a probiotic
beneficial effect on murine colitis [41]. Prebiotics increase
specific groups of bacteria, especially bifidobacteria and/or
lactobacilli which could in turn be responsible for biologi-
cal effects.

6 Safety

Safety concerns mainly regards probiotics, as they theoreti-
cally may be responsible for systemic infections, metabolic
adverse effects, immune reactions and gene transfer (with a
special attention to genetically modified probiotics). There
is now a widespread use of probiotics worldwide in func-
tional food and over-the-counter supplements and recom-
mendations to manufacturers for safe development and
evaluation of probiotics have been proposed [42].

Currently used products are safe. The strains are not
selected among pathogens, and the theoretical risk of infec-
tions is thus very low. The risk for immunosuppressed
patients is not established. A few cases of infections have
been traced back to S. boulardii and L. rhamnosus GG but
this was never observed in a patient with IBD [43–47].
Noticeably, the majority of the cases occurred in hospital-
ized patients who had a central venous catheter [43–45].
Translocation of a probiotic from the patient intestine has
not been observed until now, even in patients with intestinal
ulceration, but one case of endocarditis has been reported in
a man with mitral valve regurgitation who had chewed
L. rhamnosus after dental extraction [46].

7 Conclusions

The rational for trying ecological treatments in IBD is
strong. RCTs have demonstrated the efficacy of some pro-
biotic drugs to treat or prevent specific situations of IBD,
especially pouchitis and UC. Probiotics differ greatly from
one another even at the strain level and therefore results
obtained with one strain cannot be extrapolated to another
one. Many questions remain unanswered and offer basic
and translational research perspectives in that field. Dose-
responses studies are too few to establish the dose needed

or the optimal number of administrations per day. Whether
probiotics have to survive in the gastrointestinal tract in
order to be efficient is also not established. Hypothesis such
as ,probiotic mixtures should be preferred to single strains‘,
,probiotics should only used in prevention’ or ,probiotics
should always be used in combination with antibiotics or
with prebiotics’ are presently unproven. Fermented food
(mainly dairy products) and food supplements are a good
mode of consumption, but the effective amount of viable
bacteria in dietary products containing probiotics needs to
be controlled and the efficacy of these kind of probiotics in
situation of IBD has not been established.

Further and rational development of probiotics could fol-
low three strategies: specific microbial strains could be
selected for particular properties, active microbial compo-
nents could be tested alone, one should try to counterbal-
ance the dysbiosis [48].
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