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Background: Probiotics are microorganisms that are ingested either in combination or as a
single organism in an effort to normalize intestinal microbiota and potentially improve intestinal
barrier function. Recent evidence has suggested that inflammatory bowel disease (IBD) may
result from an inappropriate immunologic response to intestinal bacteria and a disruption in
the balance of the gastrointestinal microbiota in genetically susceptible individuals. Prebiotics,
synbiotics, and probiotics have all been studied with growing interest as adjuncts to standard
therapies for IBD. In general, probiotics have been shown to be well-tolerated with few side
effects, making them a potential attractive treatment option in the management of IBD.
Aim: To perform a systematic review of randomized controlled trials on the use of probiotics,
prebiotics, and synbiotics in IBD.
Results: In our systematic review we found 14 studies in patients with Crohn’s disease (CD),
21 studies in patients with ulcerative colitis (UC), and five studies in patients with pouchitis.
These were randomized controlled trials using probiotics, prebiotics, and/or synbiotics. In
patients with CD, multiple studies comparing probiotics and placebo showed no significant
difference in clinical outcomes. Adding a probiotic to conventional treatment improved the
overall induction of remission rates among patients with UC. There was also a similar benefit
in maintaining remission in UC. Probiotics have also shown some efficacy in the treatment of
pouchitis after antibiotic-induced remission.
Conclusions: To date, there is insufficient data to recommend probiotics for use in CD. There
is evidence to support the use of probiotics for induction and maintenance of remission in UC
and pouchitis. Future quality studies are needed to confirm whether probiotics, prebiotics,
and synbiotics have a definite role in induction or maintenance of remission in CD, UC, and
pouchitis. Similar to probiotics, fecal microbiota transplantation provides an alternate modality
of therapy to treat IBD by influencing the intestinal flora.
Keywords: inflammatory bowel disease, Crohn’s disease, ulcerative colitis, pouchitis,
probiotics, prebiotics, synbiotics
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Inflammatory bowel disease (IBD) is a chronic relapsing inflammatory disorder of
the gastrointestinal tract, comprising ulcerative colitis (UC) and Crohn’s disease
(CD). IBD affects more than 1 million people in the United States and 2.5–3 million
people in Europe.1,2 The standard treatment approach for patients with CD and UC
has traditionally been with the use of anti-inflammatory agents, like mesalamine,
corticosteroids, immunomodulators such as azathioprine, and biologic agents such
as infliximab. Although the exact pathophysiology of IBD is unknown, the current
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paradigm is multifactorial and involves an abnormal intestinal
immune response to the gut microbiota in a genetically
susceptible host.3
Interest in microbiota-based therapy has grown markedly,
due in large part to an improved safety profile with fewer side
effects when compared to traditional therapy. It is important
to note, however, that there are only a limited number of
large, well-designed prospective trials that could evaluate for
potential rare side effects in IBD patients, many of whom are
immunocompromised. Collectively, the gut microbiota contains a total of 1013 to 1014 microorganisms, with the majority
(1012 microorganisms) hosted within the colon.4 Firmicutes and
Bacteroidetes are the main bacterial phyla in the gut, comprising about 90% of the microbiota, followed to a lesser proportion by Actinobacteria, Proteobacteria, V
 errucomicrobia,
Fusobacteria, and Cyanobacteria.5 Furthermore, mucosaassociated bacterial communities in the colon are significantly
different in composition from those in feces.6
Studies in human and mouse models over the past several
years have investigated the relationship between dysbiosis
of the gut microbiota and intestinal diseases. Mouse models
have further advanced our understanding of the pathophysiology of IBD, showing that bacteria play a fundamental
role in the initiation and development of chronic intestinal
disease. A pivotal study showed that germfree interleukin
(IL)-10–deﬁcient mice did not develop colitis compared to
IL-10 deﬁcient mice with normal enteric bacteria.7 Other
studies have shown that germfree mice given dextran sodium
sulfate, which induces colitis, developed more severe disease than did non-germfree mice, suggesting a protective
effect of the microbiota.8 In human model analysis using
16S ribosomal (r)RNA sequencing, the microbiota of IBD
patients differed from that of healthy individuals. In IBD, the
diversity and bacterial load of Bacteroidetes and Firmicutes
are decreased, especially in regions of active inflammation.
These groups of bacteria are particularly important as they
produce short-chain fatty-acid metabolites. The short-chain
fatty-acid substrates have potent anti-inflammatory properties, are important sources of energy for colonic epithelial
cells, and may enhance epithelial barrier integrity. Finally,
microbiota changes in IBD have a higher proportion of Actinobacteria and Enterobacteria, phyla which contain many
of the known gut pathogens.9
Because of this association between the intestinal
microflora and IBD, multiple studies have investigated
the use of probiotics, prebiotics, and synbiotics to modify
the gut microbiota in order to replace or augment conventional IBD therapies. Probiotics have been defined as live
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 icroorganisms that confer a health benefit to the host
m
when ingested. Prebiotics are nondigestible substances acting
as a nutritive substrate to stimulate the growth and metabolism of protective endogenous enteric bacteria. Synbiotics are
a combination of both probiotics and prebiotics.10 Probiotics
are believed to contribute to the normal functioning of the
intestinal commensal microbiota. They also displace pathogenic microbes, improve host mucosal barrier function,
and modulate the innate host immune function.11 Finally,
recent data suggest that a new approach to altering the gut
microbiota by fecal microbiota transplantation has gained
popularity in the treatment of Clostridium difficile infection
and may be a promising option in treating IBD, as well.12 For
that reason it also will be discussed in this review.
Multiple studies have been done recently on the use of
probiotic, prebiotic, and synbiotic agents as an adjuvant
therapy in the treatment of CD and UC. Treatment approaches
for these conditions can be divided into treatment during an
acute flare (induction therapy) and treatment for long-term
control of symptoms (maintenance therapy). Pouchitis is a
clinical diagnosis for nonspecific, idiopathic inflammation of
the ileal reservoir created by an ileal pouch–anal anastomosis,
which is a commonly employed procedure following total
proctocolectomy for patients with UC.13 Previous studies have
shown clinical benefit of some probiotics in pouchitis and UC,
but less clearly in CD.14–17 The aim of the present article is to
provide an overview of randomized controlled trials (RCTs) in
human studies of CD, UC, and pouchitis and to draw practical
clinical conclusions about the efficacy of probiotics, prebiotics,
and synbiotics in treating patients with these conditions.

Methods
We performed a literature search in Medline, PubMed,
Cochrane database, Science Direct, Ovid, and Scopus. The
results were limited to full-text articles published in English.
The search terms used were “inflammatory bowel disease”,
“IBD”, “inflammation”, “ulcerative colitis”, “Crohn’s disease”,
and “pouchitis”. These terms were cross-referenced with the
terms “probiotic”, “prebiotic”, and “synbiotic” in all possible
combinations. Only RCTs performed among human subjects
were selected for this review. Studies both in pediatric and adult
populations were included. The initial search yielded 4,440
results: the search terms “inflammation” or “inflammatory
bowel disease” and “prebiotic”, “probiotic”, or “synbiotic”
yielded 3,188 results; the remaining 1,252 results were
obtained by searching the individual types of inflammatory
bowel disease with “probiotic”, “prebiotic”, or “synbiotic”.
Several of these results provided redundant articles.
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The authors reviewed the titles and/or abstracts to exclude
studies that were not RCTs performed with IBD patients
using probiotics, prebiotics, or synbiotics. We excluded any
animal studies or human cell or tissue culture studies. Those
trials that did not define clear randomization of the control
and the study group were excluded. After applying the exclusion criteria, we selected 82 studies for further review. Fulltext versions of these articles were reviewed in detail by the
authors. Finally, 40 RCTs were selected for inclusion in our
systematic review, including 14 CD studies, 21 UC studies,
and five pouchitis studies. The excluded articles consisted
of nine CD studies, 26 UC studies, and seven pouchitis studies. A description of the article selection process is shown
in Figure 1.

Results
Crohn’s disease
In our literature search we found 14 RCTs that aimed to
determine the outcome following probiotic, prebiotic,
or synbiotic treatment for the management of CD18–31
(described in Table 1). One study was performed among
CD and UC patients.30 Ten studies included only probiotics
in the intervention group.19–25,27,31 Of these, five used Lactobacillus.21–25 The species Lactobacillus GG (LGG) was
used in three trials and Lactobacillus johnsonii was used in
two trials.21–23 The primary end point in three studies was
endoscopic recurrence rate and in two studies was clinical
relapse rate. The Crohn’s Disease Activity Index for adults
Total search results (n=4,440)

Abstracts and titles reviewed
4,344 articles excluded

Studies further
reviewed
(n=82)

Selection criteria
applied

Randomized controlled trials selected
(n=39)
Crohn’s disease
(n=14)

Ulcerative colitis
(n=21)

Pouchitis
(n=5)

Figure 1 Flowchart showing randomized controlled study selection criteria for
inclusion in the systematic review.
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(CDAI, which measures the clinical severity of CD and
helps in determining if there is active disease, relapse and
severity of relapse)32 was used in eight studies conducted
in the adult population.20,22,24,25,27–29,31 A study by Bousvaros
et al23 performed in a pediatric population used the Pediatric
Crohn’s Disease Activity Index score33 to evaluate the severity of clinical symptoms; this study was stopped prematurely
at 42 months because an interim data analysis showed no
efficacy with use of the probiotics and because enrolling
the pediatric population was becoming more challenging
for the long duration of the study. In essence, none of the
Lactobacillus-containing probiotics used in the CD study
populations showed any meaningful effect on endoscopic
remission or on the CDAI. Among the other five probioticonly trials, Saccharomyces boulardii was used in four
studies.18,20,27,31 One study by Malchow19 conducted in 1997
among CD patients used Escherichia coli strain Nissle 1917.
This was a double-blinded placebo-controlled pilot study
conducted over 1 year in 28 patients who were in remission
from CD. The remission rates among the probiotic and placebo groups were not statistically different. The study also
showed that E. coli strain Nissle 1917 produced no clinical
harm among the study population.
Plein and Hotz18 performed a pilot study in 1997 using
S. boulardii. This was a double-blinded placebo-controlled
trial conducted among 17 patients with CD. The study
showed clinical benefit in decreasing the frequency of stools
and improving CDAI scores.32 In 2000, a study published by
Guslandi et al20 showed clinical benefit with use of S. boulardii
as determined by a decrease in the rate of clinical relapse,
which was measured by the CDAI; however, the study contained only 16 patients in each of the control and intervention
groups. In 2013, Bourreille et al31 published a study comparing the use of S. boulardii in 84 patients with 81 controls.
This larger trial did not show any clinical benefit in relapse
rate as determined by the CDAI score at the end of 40 weeks
of follow-up. The study was well designed and included a
total of 165 individuals. The final study from Garcia Vilela’s
group27 in 2008 examined 14 and 17 CD patients in remission (defined by CDAI) who were treated with S. boulardii or
placebo, respectively. They measured intestinal permeability
with a lactulose:mannitol ratio, which has been shown to be
associated with increased disease activity. While this study
showed a reduction in the lactulose:mannitol ratio in the probiotic group, the data were difficult to interpret or apply given
the wide variability of intestinal permeability in CD patients
and lack of correlation with CDAI or endoscopic remission.
These three studies described above showed benefit in using
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Plein18
Malchow19

Guslandi20
Prantera21
Schultz22
Bousvaros23
Marteau24
Van Gossum25
Chermesh26

Garcia Vilela27

Steed28

Benjamin29
Hafer30
Bourreille31

1993, Germany
1997, Germany

2000, Italy
2002, Italy
2004, Germany
2005, USA
2006, France
2007, Belgium
2007, Israel

2008, Brazil

2010, UK

2011, UK
2007, Germany
2013, France

Prebiotic
Prebiotic
Probiotic

Synbiotic

Probiotic

Probiotic
Probiotic
Probiotic
Probiotic
Probiotic
Probiotic
Synbiotic

Probiotic
Probiotic

Type of
intervention
17
28
32
45
11
75
98
70
30
31
24

Saccharomyces boulardii
Escherichia coli strain
Nissle 1917
Saccharomyces boulardii
Lactobacillus GG
Lactobacillus GG
Lactobacillus GG
Lactobacillus johnsonii
Lactobacillus johnsonii
Synbiotic 2000
Saccharomyces boulardii
Bifidobacterium longum
and Synergy 1
Fructo-oligosaccharides
Lactulose
Saccharomyces boulardii
103
31*
165

N

Agent used

49
9
81

11

17

16
22
6
36
50
36
10

7
12

Control
group

54
8
84

13

14

16
23
5
39
48
34
20

10
16

Intervention
group

Clinical response
Clinical response (CDAI and SAI)
Clinical relapse rate

Clinical relapse rate
Endoscopic recurrence rate
Mean time to clinical relapse
Clinical relapse rate
Endoscopic recurrence rate
Endoscopic recurrence rate
Endoscopic, clinical and
laboratory parameters
Intestinal permeability
(lactulose:mannitol ratio)
Clinical response

Clinical remission
Clinical relapse rate

Primary end point

No (0.067)
No (.0.1 and 0.097)
No (0.5)

Yes (0.02)

Yes (0.0005)

Yes (,0.01)
No (n too small to
calculate P-value)
Yes (0.04)
No (0.297)
No (0.5)
No (0.18)
No (0.15)
No (0.32)
No (not significant)

Statistical
benefit
(P-value)

Benefit
Harm
None

Benefit

Not applicable

Benefit
Harm
Benefit
Harm
Benefit
Benefit
None

Benefit
Benefit

Trend toward
clinical benefit
or harm

Notes: Randomized controlled trials that have studied the use of various probiotic/prebiotic/synbiotic agents in Crohn’s disease with primary end points, number of patients involved in the study, and outcomes as shown. *Study by Hafer
et al30 comprised a total of 31 study subjects, of whom 17 had Crohn’s disease and 14 had ulcerative colitis.
Abbreviations: CDAI, Crohn’s Disease Activity Index; N, total number of patients enrolled at the beginning of the study; n, number; SAI, Severity and Activity Index.

First
author

Publication
(year,
country)

Table 1 Probiotics, prebiotics and synbiotics in Crohn’s disease
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S. boulardii, but their major limitation was the small size of
the study populations.
Studies using prebiotics and synbiotics in CD are further
described. Two studies were found using only prebiotics for
therapy in CD.29,30 In 2011, Benjamin et al29 performed a
study with 103 subjects (49 in the control group and 54 in the
intervention group) using fructo-oligosaccharides. Clinical
response was measured using CDAI score; however, there was
no clinical benefit at the end of 4 weeks of therapy. Another trial
using lactulose as a prebiotic was performed in 2007 by Hafer’s
group among patients with UC and CD.30 There was no clinical
benefit in treatment among the CD patients but improvement
in quality of life was seen in those with UC. Hafer et al30 used
the CDAI and Severity and Activity Index34 scoring systems to
determine clinical severity of the disease. Both studies showed
no improvement in the scores in the prebiotic group; in fact,
placebo groups showed a better response.
Two studies evaluated the use of a synbiotic preparation
among patients with CD.26,28 One study, published in 2010 by
Steed et al,28 consisted of eleven patients in the placebo group
in comparison to 14 in the synbiotic group. The synbiotic preparation consisted of Bifidobacterium longum and Synergy 1,
a preferential growth substrate consisting of an inulin/oligofructose mix. At the end of 3 months and 6 months of therapy, there
was significant improvement in CDAI scores in the synbiotic
group in comparison to the placebo group. A major limitation
of the study was that the baseline CDAI scores were higher
in the placebo group. A second synbiotic study conducted by
Chermesh et al26 used Synbiotic 2000, a combination of four
probiotic and four prebiotic agents. It consisted of four lactic
acid-producing bacteria: Pediacoccus pentoseceus, Lactobacillus affinolactis, Lactobacillus paracasei susp paracasei
19 and Lactobacillus plantarum 2362. It also consisted of
four fermentable fibers: β-glucans, inulin, pectin, and resistant starch. The study included ten patients in the placebo
group and 20 in the intervention group. Clinical, laboratory,
and endoscopic parameters were used to compare the two
groups for 24 months. At completion of the study, there was
no statistically significant benefit among the intervention
group in terms of improvement in clinical symptoms (CDAI
score), endoscopic features (Rutgeerts’ scoring system)35 or
laboratory measurements. Given the findings above, there
are no clinical benefits found with prebiotics and synbiotics
in patients with CD.

Ulcerative colitis
Probiotics, prebiotics, and synbiotics have all been studied as
therapeutic adjuncts in the management of ulcerative colitis.
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A total of 21 RCT studies were identified that evaluated
the use of various probiotics, prebiotics, and/or synbiotics
used as induction therapy, maintenance of remission, and/
or combination of both in patients with UC.

Ulcerative colitis – induction
Our literature search found nine studies using various types of
probiotics, prebiotics, and synbiotics for induction therapy in
UC30,36–43 (described in Table 2). The majority of these studies
enrolled UC patients with mild to moderate disease activity,
with the largest trials using VSL#3. VSL#3 is a multibacterial culture for oral use, consisting of the following species:
Bifidobacterium breve, B. longum, Bifidobacterium infantis,
Lactobacillus acidophilus, L. plantarum, L. paracasei,
Lactobacillus bulgaricus, and Streptococcus thermophilus.44
Tursi et al36 in 2004 evaluated 30 patients receiving VSL#3 at
a dose of 900 billion bacteria daily with low-dose balsalazide,
30 UC patients with medium-dose balsalazide alone, and
another 30 UC patients with mesalamine alone. The rate
of clinical remission was comparable between low-dose
balsalazide with VSL#3 and medium-dose balsalazide, but
statistical analysis showed that a daily dose of VSL#3 with
balsalazide was significantly superior to mesalamine in
achieving symptomatic remission. This dose of VSL#3 was
lower than the dose used in the largest of the UC induction
of remission studies done by Sood et al39 in 2009 and Tursi
et al40 in 2010. These two studies used VSL#3 at a dose of
3600 billion bacteria daily. These two studies enrolled 147
and 144 patients, respectively, with mild to moderate UC and
concomitant use of aminosalicylates or thiopurines. Both
studies showed a decrease in the Ulcerative Colitis Disease
Activity Index45 by 50% or more in the treatment arm. At
12 weeks, Sood et al39 observed that 42.9% of the VSL#3
treated patients had achieved remission compared with 15.7%
of patients with placebo (P0.001). Tursi et al40 observed
that 47.7% of patients treated with VSL#3 were in remission
compared to 32.4% in the placebo group; however this did
not reach statistical significance. Limitations of this study
include a high placebo response rate and relatively short
duration of study.
On a cellular level, VSL#3 affected dendritic cells,
which shape bacterial recognition and T-cell responses,
in patients with acute UC in a study by Ng et al.41 There
was an increase in anti-inflammatory IL-10 production
and decrease in proinflammatory IL-12p40 production by
colonic dendritic cells following VSL#3 treatment. These
data suggest an association between a change toward beneficial dendritic cell cytokine profiles and clinical efficacy.
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Prebiotic
Probiotic
Hafer30
Li43
2007, Germany
2012, People’s
Republic of China

Probiotic
Probiotic
Probiotic
Probiotic
Sood39
Tursi40
Ng41
Matthes42
2009, India
2010, Italy
2010, UK
2010, Germany
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Notes: Randomized controlled trials showing probiotics/prebiotics/synbiotics used for induction therapy in ulcerative colitis. *Study by Hafer et al30 comprised a total of 31 study subjects, of whom 17 had Crohn’s disease and 14 had
ulcerative colitis.
Abbreviations: CAI, Clinical Activity Index.

Benefit
Benefit
No (0.092)
Yes (,0.01)
7
41
31*
82

147
144
28
90

70
73
14
20

77
71
14
24, 23, 23
(different doses)
7
41

Clinical and endoscopic response
Clinical and mucosal inflammation

Benefit
Benefit
Benefit
Benefit

Benefit
Benefit
Benefit

Yes (,0.02)
Yes (0.05)
No (0.06) and
yes (,0.05)
Yes (0.001)
Yes (0.01)
Yes (,0.05)
Yes (0.0446)
Rate of clinical remission
Clinical remission: improved CAI
Sigmoidoscopy score and
inflammatory markers
Improvement in clinical activity
Improvement in clinical activity
Effect on dendritic cell cytokines
Dose-dependent clinical remission
30
10
9
60
10
9
90
20
18

VSL#3
Bifidobacteria-fermented milk
Bifidobacterium longum
and Synergy 1
VSL#3
VSL#3
VSL#3
Escherichia coli Nissle
1917 enemas
Lactulose
Bifid Triple Viable
Tursi36
Kato37
Furrie38
2004, Italy
2004, Japan
2005, UK

Probiotic
Probiotic
Synbiotic

Statistical
benefit
(P-value)
Primary end point
Intervention
group
Control
group
First
author

Type of
intervention

Agent used

N

478

Publication
(year,
country)

Table 2 Probiotics and ulcerative colitis induction
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Similar increased IL-10 production was seen in patients
treated with steroids.
Three other trials evaluated other probiotic regimens
and one trial evaluated a synbiotic regimen in remission of
UC. Bifidobacteria-fermented milk (BFM), which contains
Bifidobactrium strains and L. acidophilus, was studied by
Kato et al37 in a small study of 20 patients. They achieved
their primary end point of a decrease in the Clinical Activity Index (CAI) score46 of at least 3 points by 12 weeks. The
BFM-treated group’s CAI score was significantly lower than
the placebo score at 12 weeks (P0.05) along with improved
Endoscopic Activity Index47 and histological scores. Li et al43
evaluated the use of Bifid Triple Viable, which is a combination of Bacillus acidophilus, Bifidobacterium bifidum, and
fecal streptococci, combined with 5-aminosalicylic acid
compared to patients taking 5-aminosalicylic acid alone.
Clinical symptoms based on the Mayo Score48 and colonic
mucosal inflammation improved more in the treatment group.
Matthes et al42 evaluated the efficacy of E. coli strain Nissle
1917 in patients with proctitis and proctosigmoiditis. This
was the only study that evaluated delivery of a probiotic via
an enema for the treatment of acute UC. Their study examined
several different doses of the probiotic, which resulted in
small subgroups. Per protocol analysis indicated a statistically
significant difference in dose-dependent efficacy (P=0.0446);
however, they failed to show statistical significance in the
intent-to-treat analysis.
A small study done by Furrie et al38 used a novel synbiotic
consisting of B. longum and a combination of a prebiotic
(Synergy 1) for the probiotic strain for 4 weeks. Much of
their focus was on the effects of the treatment with respect
to inflammatory markers and the presence of the bacteria
in mucosal biopsies. There was a statistically significant
reduction in the inflammatory markers among the synbiotic
group when compared to the placebo group. Clinically they
observed a trend toward improved sigmoidoscopy scores
(without statistical significance) and no significant difference in CAI scores. However the data were limited by both
a small study population (n=18) and a high dropout rate. As
mentioned previously, Hafer et al,30 published a study in 2007
which showed no clinical or endoscopic benefit in the use of
lactulose as a prebiotic among 17 CD and 14 UC patients.
However, UC patients showed an improvement in the quality of life. Use of the prebiotic in CD and UC showed no
benefit in terms of clinical activity index, endoscopic score,
or immunohistochemical parameters; however, UC patients
showed an improvement in the quality of life. The study was
limited by the size of the population and lack of placebo use in
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Ulcerative colitis – maintenance
Nine studies have been published examining the use of probiotics in the maintenance of UC, and three studies evaluated
both combined induction and maintenance of remission in
UC. These 12 studies49–60 are described in Table 3.
A study by Kruis et al49 in 1997 using E. coli Nissle
1917 in comparison with mesalamine in a population of
103 patients showed no benefit in the probiotic group in
comparison with the mesalamine group. Another study by
Kruis et al52 in 2004 randomized 327 patients to receive either
E. coli Nissle 1917 (n=162) or mesalamine (n=165). The
E. coli group had a relapse rate of 56.4% compared to 33.9%
in the placebo group over a 12 month period (P=0.003). The
CAI trended towards a greater increase in the E. coli group;
however, there were no statistically significant differences in
quality of life score, endoscopy scores, and histology scores.
In 2011, Wildt et al57 enrolled 32 patients with left-sided
UC in remission to take either placebo (n=12) or a probiotic consisting of L. acidophilus La-5 and Bifidobacterium
animalis subspecies lactis BB-12. Although no statistically
significant benefit was seen in the primary end point of
maintaining remission, there was a trend toward increased
remission in the probiotic group. In 2004, Cui et al53 studied 30 patients with UC initially treated with sulfasalazine
and glucocorticoids and then randomly administered either
Bifid Triple Viable capsule or an identical placebo (starch).
Fecal analysis and histological analysis were performed after
8 weeks or in cases of relapse. The study showed that high
concentration of luminal gram-positive bacteria were seen in
the probiotics group (n=15), which could prolong the time to
relapse of ulcerative colitis. Also, proinflammatory cytokines
were inhibited by probiotics, and messengerRNA expression
of anti-inflammatory cytokine IL-10 was elevated by the
effect of probiotics. In 2010, Hegazy and El-Bedewy58 used
a probiotic preparation containing Lactobacillus delbruekii
and Lactobacillus fermentum for 8 weeks in newly diagnosed
UC patients (n=15) who were being treated with sulfasalazine compared to those taking sulfasalazine and placebo.
Histological improvement of inflammation was significantly
improved in the probiotic group compared to the sulfasalazine
group and was associated with decreased fecal calprotectin
and mucosal inflammatory cytokines.
There were two open-label prospective RCTs, one evaluating the use of probiotics and the other evaluating the use of
synbiotics for maintenance therapy in UC. Ishikawa et al51 in
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2003 enlisted 21 patients in an open-label RCT using BFM
(B. breve, B. bifidum, and L. acidophilus) combined with
standard therapy in eleven patients. There were significantly
fewer episodes of symptomatic exacerbations in the probiotic
group observed over a period of one year when compared
to standard therapy (27% versus 90%, P=0.0075). In 2006,
Zocco et al54 studied a sample size of 187 patients in an openlabel RCT using LGG as the probiotic with three treatment
groups: LGG alone, LGG combined with mesalamine, and
mesalamine alone. The primary end point was the number of
relapses over 12 months. There was no significant difference
in the relapse rates among the three groups, and the authors
concluded that they established equivalent efficacy. Fujimori
et al,55 in 2009, also conducted a large (n=120) prospective
open-label RCT using a synbiotic in patients with UC who
were either in remission or had mildly active disease. The
patients were randomly assigned into one of the three groups:
probiotic (B. Longum) group, prebiotic (psyllium) group and
synbiotic (a combination of the aforementioned prebiotic
and probiotic) group. We arbitrarily have labeled these three
groups as group a, b, and c in Table 3. The primary end point
was scores on the Inflammatory Bowel Disease Questionnaire,61 which assesses health-related quality of life in IBD,
at 4 weeks. Results showed a statistically significant improvement in scores for the synbiotic group at the end of the study.
This improvement was not seen in the probiotic or prebiotic
groups. The limitations of this study included a high dropout
rate, no endoscopic or histological examinations, and short
duration. In 2012, Oliva et al60 performed a double-blinded
RCT among a pediatric population with UC in remission.
Fifteen controls received placebo and mesalamine and 16
patients received a probiotic, Lactobacillus reuteri ATCC
55730 with mesalamine. The results of the study showed
improvement in clinical and endoscopic findings (Mayo
score) and decrease in severity of inflammation/inflammatory
markers in the probiotic group.

Ulcerative colitis – induction and maintenance
The persistent effect of both induction and maintenance of
remission in UC was evaluated in three double-blind RCTs.
In 1999, Rembacken et al50 studied 116 patients with active
UC over a period of 12 months. Patients received pretreatment
with oral gentamicin followed by a nonpathogenic strain of
E.coli Nissle 1917 serotype O6:K5:H1 and were compared to
patients receiving pretreatment with gentamicin and standard
treatment with mesalamine with respect to induction of remission and prevention of relapse. Thirty-nine of 57 patients
(68%) in the E. coli group achieved remission compared to
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Wildt57

2009, Denmark

Probiotic

Synbiotic

Probiotic

Probiotic

Probiotic,
prebiotic,
synbiotic
Probiotic

Probiotic

Probiotic

32

Lactobacillus acidophilus
La-5 and Bifidobacterium
animalis subsp. Lactis BB-12
Lactobacillus
delbruekii and Lactobacillus
fermentum
Bifidobacterium breve Yakult
and galacto-oligosaccharide
Lactobacillus reuteri ATCC
55730
31

41

30

29

120

187

VSL#3

LGG
LGG + mesalazine
Bifidobacterium longum,
psyllium, combined

327
30

21

116

103

Escherichia coli Nissle 1917
Nonpathogenic strain of
Escherichia coli (serotype
O6:K5:H1) Nissle 1917
Bifidobacteria-fermented
milk
Escherichia coli Nissle 1917
Bifid Triple Viable capsule

N

Agent used

15

20

15

12

15

0

62

165
15

10

59

53

Control
group

16

21

15

20

14

40,a 40,b 40c

65,* 60**

162
15

11

57

50

Intervention
group

Endoscopic score:
Matt’s Classification
Clinical and endoscopic
remission: Mayo Score
and inflammatory markers

Decrease in colonic
inflammation

Maintenance of remission
and relapse rate
Maintenance of clinical
remission

Clinical relapse and
duration of remission
Rate of relapse
Rate of relapse and
fecal/mucosal response
Maintenance of clinical
remission
Improvement in quality
of life: IBDQ score

Remission and relapse
rate
Remission and relapse
rate

Primary end point

Yes (,0.01)

Yes (,0.05)

Yes (,0.05)

Yes (,0.01
and 0.014)
No (0.37)

Yes (0.03)

Yes (0.0059
and 0.0174)
Yes (0.003)
Yes (,0.01
and ,0.05)
No (.0.05)

No (.0.05)
and yes (0.0059)

No (.0.05)

Statistical
benefit
(P-value)

Benefit

Benefit

Not applicable

Benefit

Benefit

Benefit

Benefit

Benefit
Benefit

Benefit

Benefit

None

Trend toward
clinical benefit
or harm

Notes: Randomized controlled trials that have studied the use of various probiotic/prebiotic/synbiotic agents in the treatment of either induction, maintenance, or induction + maintenance of ulcerative colitis with primary end points,
number of patients involved in the study, and outcomes as shown. *LGG agent used. **LGG + mesalazine agent used. aProbiotic type of intervention. bPrebiotic type of intervention. cSynbiotic type of intervention.
Abbreviations: ATCC, American Type Culture Collection; IBDQ, Inflammatory Bowel Disease Questionnaire; LGG, Lactobacillus GG; N, total number of patients enrolled in the study at the beginning of the study.

Oliva60

Miele56

2009, Italy

2012, Italy

Fujimori55

2009, Japan

Ishikawa59

Zocco54

2011, Japan

Kruis52
Cui53

2004, Germany
2004, People’s
Republic of China
2006, Italy

Hegazy58

Probiotic

Ishikawa51

2003, Japan

2010, Egypt

Probiotic
Probiotic

Rembacken50

1999, UK

Probiotic

Kruis49

1997, Germany

Type of
intervention

First
author

Publication
(year,
country)

Table 3 Probiotics in ulcerative colitis maintenance and induction + maintenance
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Benefit
Benefit
Benefit

Clinical and Experimental Gastroenterology 2014:7

20
20
18
20
16
13
40
36
31
VSL#3
VSL#3
VSL#3
Probiotic
Probiotic
Probiotic
2003, Italy
2004, UK
2008, Italy
3
4
5

Gionchetti65
Mimura66
Pronio67

40
20
VSL#3
Lactobacillus GG
Probiotic
Probiotic
2000, Italy
2003, Finland
1
2

Gionchetti63
Kuisma64

Agent used
Type of
intervention
First
author
Publication
(year, country)
SL
no

Data regarding the effectiveness of probiotics for induction
and maintenance therapy in pouchitis is very limited. There
were no RCTs evaluating the use of prebiotics and synbiotics for management of pouchitis. A total of five RCTs using
probiotics in pouchitis were found63–67 (listed in Table 4). In
all the studies, disease activity was measured by the Pouchitis
Disease Activity Index (PDAI), which is an 18-point scale
consisting of three categories: symptoms, endoscopic findings, and histological findings.68 Four of the trials used VSL#3
as the probiotic agent63,65–67 and one trial used only LGG.64
Four of the five RCTs found probiotics to be effective in the
maintenance of remission in pouchitis.63,65–67 One trial found
that there was no such effect.64 The doses of culture selected
for use were not uniform between these studies.
In 2000, Gionchetti et al63 published a double-blinded,
placebo-controlled trial that used probiotic VSL#3 as a maintenance treatment in patients with chronic relapsing pouchitis, defined as 3 relapses per year. This study involved
40 patients who were in clinical and endoscopic remission
after 1 month of antibiotic treatment with ciprofloxacin and
rifaximin. Patients were randomized to receive 6 g daily of
VSL#3 (1,800 billion bacteria/daily dose) or an identical
placebo for 9 months. The patients were assessed clinically
every month and endoscopically and histologically every

N

Pouchitis

Note: Randomized controlled trials that have studied the use of probiotic agents in pouchitis, with primary end points, number of patients involved in the study, and outcomes as shown.
Abbreviations: N, total number of patients enrolled in the study at the beginning of the study; SL no, serial number.

Yes (0.05)
Yes (,0.0001)
Yes (0.006)

Yes (,0.01)
No (0.97)

Clinical relapse rate
Clinical response,
change in microbial flora
Clinical relapse rate
Remission maintenance rate
Remission maintenance rate
and inflammatory markers
20
10
20
10

Control
group

Study
group

Primary end point

Benefit
(P-value)

Harm

44 (75%) in the mesalamine group, which was not statistically
significant (P0.05). Thirty-two patients (73%) in the
mesalamine group relapsed within 1 year compared with 26
(67%) in the E. coli group, which was borderline statistically
significant (P=0.059). The study showed that E. coli Nissle
1917 is equivalent to mesalamine in maintaining remission. A smaller study of 29 patients in 2009 by Miele et al56
evaluated the use of VSL#3 in children with UC for both the
induction and maintenance of remission over a 1-year period
in conjunction with standard therapy. They observed higher
remission rates in the group treated with VSL#3 compared to
placebo (92.8% versus 36.4%, P0.001), although the mean
duration for achieving induction with standard steroid therapy
was not significantly different between the two groups. In
2011, Ishikawa et al59 studied 41 patients, of whom 21 took
a synbiotic preparation containing a B. breve strain (Yakult)
as its probiotic component and galacto-oligosaccharide as
the prebiotic component. The patients were followed for 1
year and evaluated for endoscopic improvement. The study
reported improvement of endoscopic grading (Matt’s Classification)62 in the synbiotic group when compared to the
standard therapy group.

Benefit
None

Probiotics, prebiotics, and synbiotics in inflammatory bowel disease

Table 4 Probiotics in pouchitis
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2 months or in the event of a relapse. Relapse was defined as
an increase of 2 points in the clinical category of PDAI and
was confirmed by endoscopic and histological findings. At
the end of 9 months, 15% of the treatment group experienced
a relapse while 100% in the placebo group experienced a
relapse (P0.01). A subsequent double-blinded RCT in 2003
by Gionchetti et al65 evaluated 40 patients for 1 year who were
randomized to VSL#3 or placebo for disease maintenance
in pouchitis. These patients underwent clinical, endoscopic,
and histological assessment at 1 month, 3 months, 6 months,
9 months, and 12 months. Development of pouchitis occurred
in 10% of those in the treatment group compared to 40% of
those treated with placebo (P0.05). Additionally, the treatment group demonstrated significant improvement in quality
of life, lower stool frequency, and increased concentrations
of “protective bacteria”.
Pronio et al67 conducted an open-labeled RCT involving
31 UC patients who had undergone protocolectomy with ileal
pouch–anal anastomosis who had no signs or symptoms of
pouchitis. These patients were randomized to receive either
VSL#3 daily (450 billion bacteria/packet) or no treatment.
They were evaluated clinically and endoscopically at baseline
and after 3 months, 6 months, and 12 months. Patients with a
total PDAI score 7 were defined as having acute pouchitis.
Patients treated with VSL#3 showed a small but statistically
significant reduction in PDAI score at 3 months (P=0.014)
and maintained these scores at 6 months and 12 months,
compared to no change in PDAI score in the placebo group. In
addition, the study found that VSL#3 administration led to an
expansion of mucosal regulatory T-cells that was speculated
to have a role in controlling mucosal inflammation.
Mimura et al66 conducted a double-blinded RCT involving
36 patients who had experienced pouchitis at least twice in 1
year or who required continuous antibiotics. Initially, remission was induced with oral antibiotic therapy consisting of
metronidazole and ciprofloxacin for 4 weeks. The patients
were randomized to receive either VSL#3 daily (300 billion
bacteria/g) or placebo for 1 year or until relapse. Their PDAI
score was evaluated before randomization, at 2 months,
and at 12 months or until experiencing relapse. Remission
was maintained in 85% of the treatment group compared to
only 1% in the control group (P0.0001). Kuisma et al64
conducted a double-blinded RCT that used LGG. In this
study, 20 patients with a history of pouchitis were randomized to receive either two capsules of LGG twice daily (n=10;
[0.5–1.0] ×1010 colony-forming units/capsule) or a placebo
(n=10) for 3 months. The effect was measured by fecal samples and mucosal biopsies taken for bacteriological analysis
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and fecal bile acid composition before and after treatment.
LGG was associated with altered pouch flora; however, no
significant difference in PDAI scores was seen between the
treatment and control group. There was no difference in
clinical, endoscopic, or histological findings in the patients
who were given the probiotic.

Discussion
Crohn’s disease
There have been several studies evaluating the effect of probiotics in CD. Different probiotics have shown variable results
with respect to clinical response when compared to a placebo
or standard treatment. In a meta-analysis by Rahimi et al,69
eight placebo-controlled RCTs were selected, of which six
using Lactobacillus showed no superior benefit in maintaining remission and preventing clinical or endoscopic relapses.
Interestingly, two studies that showed some clinical benefit did
not use Lactobacillus; one used Saccharomyces and the other
used E. coli. This clearly suggests that use of Lactobacillus
as a single probiotic agent is of no benefit in CD. In our
systematic review of the literature we have found a similar
effect. After surgical resection, probiotics have been used
to maintain remission among CD patients. A meta-analysis
of seven studies by Doherty et al70 in 2010 showed similar
results as described above. Recently, Shen et al71 published
a systematic review with meta-analysis of RCTs that evaluated the effect of probiotics in IBD patients. They selected a
total of 23 trials and performed a meta-analysis that showed
therapeutic benefit with the use of probiotics among UC and
pouchitis patients, but no such effect was noted in CD.
In our review there were a total of 14 RCTs that studied
the use of probiotics, prebiotics, and/or synbiotics in CD.18–31
Of these, four showed a benefit in outcome with use of intervention.18,20,27,28 Three of the four used a probiotic18,20,27 and
one used a synbiotic in the study arm.28 Three studies using
S. boulardii showed a benefit with treatment; however these
were limited by small study populations ranging from 17 to
31 patients per study (average 26.6).18,20,27 A 2013 study using
S. boulardii was performed in 165 patients by Bourreille
et al.31 This was a well-designed RCT that showed no statistically significant difference between use of placebo and the
probiotic. Of the 14 RCTs, two additional studies showed
no trend toward clinical benefit or harm.26,31 There is a need
for subsequent large, well-designed RCTs to evaluate the
efficacy of other probiotic agents in CD.
The majority of the listed studies had significant limitations, including small study populations, high dropout rates,
and lack of dose-response analyses. There was also a lack of
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consistency with the probiotic agent, dose, and concomitant
use of other medications that may affect outcomes, including
antidiarrheals, aminosalicylates, immunomodulators, and
corticosteroids. These studies also did not correlate CDAI
scores with endoscopic remission. Therefore, most of these
studies provide inconclusive evidence of a beneficial role
of probiotics in the induction or maintenance of remission
in CD. Well-designed RCTs are needed to determine if
there is any benefit with the use of probiotics, prebiotics, or
synbiotics in the treatment of CD.

Ulcerative colitis
We reviewed 21 RCTs evaluating the use of various probiotics, prebiotics, and synbiotics in the management of UC.
Overall, a myriad of different agents with varying doses
makes drawing a conclusion regarding efficacy in achieving
and/or maintaining remission in UC difficult. The limited size
of the populations studied, differences in methodology, and
duration of therapy limit the quality of some of the studies.
The majority of studies (19/21) evaluating different agents
for either induction and/or remission in mild to moderate UC
showed at least a trend toward clinical benefit,30,36–43,50–57,59,60
with 16 of the 19 studies showing statistically significant
benefit.36–43,50–53,55,56,59,60 A Cochrane review in 2007 evaluated the use of probiotics for the induction of remission in
UC.72 Four studies met criteria and the review concluded
that probiotics combined with conventional therapy do not
improve overall remission rates; however they may provide
modest benefits in terms of reduction of disease activity in
mild to moderate UC. The two largest studies in our review
conducted after 2008 by Sood et al39 and Tursi et al40 support
the use of VSL#3 in the induction of remission. The caveat
is that VSL#3 was used as an adjunct to standard therapy,
with greater than 90% of patients in the Tursi et al40 trial on
mesalamine and none of the patients receiving VSL#3 alone.
In the Sood et al39 trial, 96% of patients were on mesalamine,
whether alone or in combination with other UC medications,
with only 2.6% of patients receiving VSL#3 monotherapy.
Currently there seems to be insufficient data to recommend
for or against the use of other probiotics for the induction
of remission in UC.
A Cochrane review by Naidoo et al73 in 2011 evaluated
the efficacy and safety of probiotics for the maintenance
of remission in UC. Four studies met inclusion criteria and
tested the effect of probiotics among 587 patients with UC
in remission. The studies were either small or had methodological flaws. There was no clear benefit for probiotic
treatment compared to either placebo or mesalamine. While
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Kruis et al52 and Zocco et al54 were among the four studies
included in the Cochrane review, they do provide the best
evidence that there is a role for probiotics in maintenance of
remission in UC. E. Coli Nissle 1917 and LGG, which were
the two probiotics used in these studies, have been studied
in other types of IBD, as noted elsewhere in this review, and
according to these studies they appear safe. The findings of
these studies need to be replicated in larger double-blinded
RCTs. At this stage it is difficult to argue superiority of a
specific probiotic. Both of these authors acknowledge the
efficacy of various probiotic regimens. Zocco et al54 state
that the same probiotic should not be assumed to be “equally
suitable for all individuals and the heterogeneity of clinical
disorders such as UC suggests that strain-specific properties
may be required for different patient categories”.
There are limited studies evaluating the use of prebiotics
in UC. Our review included one study by Hafer’s group30 that
showed no statistical benefit with use of prebiotic lactulose
but did showed a trend toward clinical benefit. Fujimori’s
group55 conducted a head-to-head trial comparing the
efficacy of probiotic, prebiotic, and synbiotic in UC. This
study showed a superior benefit with the use of synbiotic
compared to probiotic or prebiotic alone. In conclusion,
larger well-designed RCTs are needed to further determine
whether probiotics, type of probiotics, and/or synbiotics are
of clear benefit for both the induction and/or the maintenance
of remission in UC.

Pouchitis
Since pouchitis has a similar pathogenic mechanism as UC,
we expected a similar clinic benefit as seen in UC. Our review
included five RCTs that evaluated the effect of probiotics
in pouchitis (Table 4). In 2008, Elahi et al74 published a
systematic review and a meta-analysis of five placebocontrolled RCTs that showed clinical benefit, determined by
PDAI, with the use of probiotics VSL#3 and LGG. Of the five
trials selected in our review, four showed benefit in clinical
outcome63,65–67 and one showed no outcome benefit in terms of
clinical and endoscopic findings.64 This study used LGG culture as the probiotic agent. Among the four trials that showed
benefit, the observed treatment effects were statistically significant, with some trials demonstrating an 85% remission
rate in the VSL#3-treated groups.63,65–67 The most significant
limitation in all five studies was small sample sizes, with
the largest being composed of 40 patients and the smallest
consisting of 15 patients. Additional limitations include the
short duration of the trials, with one being 3 months, another
being 9 months, and the rest being 12 months. This warrants
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subsequent larger double-blinded RCTs with a much longer
duration of follow-up.
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Future directions: fecal microbiota
transplantation
Fecal microbiota transplantation (FMT) is the infusion
of a fecal suspension from a healthy individual into the
gastrointestinal tract of another person in an attempt to treat
an illness. The process has been described for decades, with
the first reported case in humans performed by Eiseman
and colleagues75 in 1958 for pseudomembranous colitis.
FMT has primarily been used to treat C. difficile infection, with cure rates of up to 95% in published studies.76
This novel technique began to be employed because of a
continual rise in C. difficile infections since the year 2000,
especially in patients with recurrent infections that failed
standard antibiotics therapy, in theory because of bowel
flora deficiencies. Given the reduced diversity of luminal
microbiota in IBD and specific deficiencies in Bacteroidetes
and Firmicutes in IBD patients, FMT offers an attractive
solution to replenish those species.9 While probiotics may
alter the metabolic or immunologic activity of residing native
gut microbiota with a cultured single or a few strains, FMT
seems to result in durable, long-term implantation of donor
flora.77 Borody et al78 found marked success with FMT in
six UC patients, causing reversal of inflammation in those
cases. These cases required multiple infusions rather than
the single episode of FMT that is typically done for C.
difficile infection. A systematic review by Anderson et al79
in 2012 found no RCTs, but reviewed 17 case reports or
case series for a total of 26 patients receiving FMT for
management of their IBD. Of those, 27 patients had UC,
12 had CD, and two were unclassified. Unfortunately, there
was variability and incomplete data for the preparation and
administration of FMT. No article reported complete data
enabling protocol replication.79 Variability was seen with
the number of follow-up enemas – from 2 days to 59 weeks.
There was also no standardization for reporting disease
activity in most series. Twenty five patients had follow-up
information and 19 of these reported complete resolution
of their symptoms. Disease activity was reported only in 24
patients and 15 patients were in remission (15/24). Due to
lack of standardized studies, clearly more rigorous studies
are needed. More recently in 2013 Kunde et al80 performed
a single-center uncontrolled study of FMT in 10 children
with UC, showing safety, tolerability, and clinical response.
They used a standardized Pediatric Ulcerative Colitis Activity Index81 to document clinical response and remission; the
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first study of its kind. Adverse events were similar to other
studies and were reported as bloating, flatulence, abdominal
pain, cramping, diarrhea, fatigue, fever, and bloody stools.
One subject had disabling hematochezia in the third week
after FMT, but it was thought to be due to a UC flare rather
than temporally relating to the FMT.
Given the findings above, the evidence for use of
FMT is limited and weak overall, with most data based on
case reports. Although limited, this evidence shows promise
that FMT may be an effective and safe alternative treatment
for IBD patients. Certainly, FMT holds enormous potential
for a wide range of diseases. Future directions should include
fecal and mucosal microbial community profiling, as this
would help determine whether FMT’s mechanism of action in
IBD is similar to that in C. difficile infection. Standardization
of FMT preparation, donor selection, route of administration,
and duration of therapy with FMT are all needed and should
be established through double-blinded RCTs.

Conclusions
All of the Crohn’s disease studies had significant limitations.
The size of the study population in the majority of the studies was small. These studies were plagued by high dropout
rates and lack of dose-response analyses. There was also
lack of consistency with respect to concomitant use of other
medications, including antidiarrheals, aminosalicylates,
immunomodulators, and corticosteroids, which could have
affected outcomes. None of these studies provide conclusive
evidence of a beneficial role of probiotics in induction or
maintenance of remission in CD. Larger RCTs are needed
to show any benefit for the use of probiotics, prebiotics, or
synbiotics for treatment of CD.
In the ulcerative colitis studies, various agents showed a
trend toward improved rates in both induction of remission
and maintenance in UC. The effect was noted both clinically
and objectively on a macroscopic and molecular level, in
conjunction with standard treatment. For pouchitis, the evidence appears to support a role for VSL#3 as a maintenance
therapeutic option when pouchitis is in remission. However,
the limited data available do not support the use of probiotics
as primary therapy for pouchitis.
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