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Summary
Inflammatory bowel disease (IBD) is characterized by an aggressive immune response to 
luminal antigens including those of commensal microbiota, which are essential for intestinal 
homeostasis and appear to play a role in tolerance and immunity. Its disturbances can result 
in intestinal dysbiosis and the development of disease. The precise role of luminal bacteria in 
the pathogenesis of IBD has yet to be elucidated; however, considerable evidence implicates 
changes to bacterial communities associated with the gut mucosa in the disease state. It is 
also well known that beneficial microbes can confer a functional health benefit to the host. 
We analysed the effectiveness of probiotics to relieve symptoms in patients suffering from 
IBD. Using the Medline database and manually searching articles, we reviewed clinical trials 
performed with probiotics and lactic acid bacteria as supportive or alternative IBD treatments. 
The article summarizes  IBD microenvironment and the efficiency of probiotic preparations in 
attenuating the symptoms of Crohn’s disease, ulcerative colitis, and pouchitis. The safety of 
probiotic intake is also analyzed based on existing outcomes of clinical trials and case reports. 
Strong evidence exists that probiotics are effective as supportive therapy for IBD; however, only 
a few preparations have well documented efficiency and safety. Clinical studies demonstrated 
that probiotics were more effective in preventing recurrence of the disease symptoms than 
in the management of its active stage. Some products may increase the risk of complications 
in specific patient groups; therefore, the use of probiotics should be considered with caution 
in the case of severe active IBD, especially with disrupted mucosa.
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Introduction

Inflammatory bowel disease (IBD) comprises a group 
of gastrointestinal disorders that cause prolonged 
inflammation of the colon and small intestine. They are 
chronic, often intermittent, and primarily affect the 
young population. Many etiological theories for IBD have 
been proposed including infectious, allergic, extrinsic 
(i.e. environmental), psychological, and autoimmune 
derivations. However, no theory has held up under the 
scrutiny of multiple scientific studies, and thus a combi-
nation of factors is more likely to be the cause. Accord-
ing to current knowledge, the main cause of this disease 
is an immune reaction that the body has against its own 
intestinal tissue. It is also likely that intestinal bacteria 
are involved in the initiation and development of IBD. 
The dominant theory explaining the occurrence of IBD 
assumes that the adaptive immune system is hyper-re-
sponsive to the commensal gut microbiota in genetically 
predisposed individuals [119].

The normal microbiota of a healthy adult human is an 
extensive and diversified microbial community com-
posed of bacteria belonging to numerous phylogenetic 
clusters [23,114]. Despite this, these bacteria coexist in 
the healthy gut in a sustainable way, providing mutual 
benefits to both the microbes and their host. A well-bal-
anced microbiota in a healthy gut contributes to the 
host’s health and participates in metabolic, nutritional, 
physiological, and immunological processes. It prevents 
infections of the digestive tract by competing for nutri-
ents and producing substances that are antagonistic to 
pathogenic bacteria (e.g. lactic acid and bacteriocins). 
Gut inhabitants stimulate the production of natural 
antibodies that react with pathogens entering the body 
and compete for binding sites on epithelial cells. The 
ability to colonize mucous membranes and to adapt to 
the colonized niche is a distinguishing feature of micro-
bial inhabitants of the healthy gut. For this commensal 
relationship, minimal inflammation and autogenous res-
toration after microbial community disturbances (e.g. 
through antibiotic therapy) are of crucial importance. 

Microorganisms present in the gut are either resident 
members of the intestinal microbiota or transit bod-
ies introduced from the environment. Altogether, they 
form a source of countless antigens that continually 
stimulate the intestinal immune system (gut associated 
lymphoid tissue - GALT). An active interaction between 
commensal microorganisms and the host immune sys-
tem exists  to control the growth of microorganisms in 
the gut and to preserve intestinal homeostasis, resulting 
in differential host responses to commensal and patho-
genic bacteria [60,71]. The mechanisms that are in place 
to achieve such control are not yet understood. How-
ever, it is agreed that resident gut microbiota can con-
tribute to the induction and maintenance of immune 
tolerance, to the induction of control mechanisms 
against pathogens, and to autoaggressive and allergic 
reactions. It is the task of GALT to distinguish invasive 

pathogens from harmless saprophytic microbes that are 
indispensable for proper tissue functioning. In healthy 
conditions, the gut microbiota and GALT are in mutual 
equilibrium, in a state of intestinal homeostasis, with-
out the induction or inhibition of immune responses 
to saprophytic microbes. Concurrently, invasive patho-
gens are identified and eliminated through the stimula-
tion of an immune response. This process is regulated 
by many factors, the most important of which combines 
the proper structure and function of the intestinal epi-
thelium with the regulatory mechanisms of the immune 
system. There is no doubt that the commensal microbi-
ota has a decisive influence on the proper functioning 
of the intestine [23]. Unfortunately, poor dietary habits, 
stress, antibiotic therapies, unfavourable environmen-
tal factors, and genetic predispositions lead to disorders 
in the composition and function of the gut microbiota, 
resulting in the development of diseases. Imbalanced 
gut microbiota is increasingly listed among crucial fac-
tors involved in the etiopathogenesis of inflammatory 
diseases of the gut. 

Intestinal microenvironment in ibd - role of commensal 
microbiota 

There is no unequivocal evidence, but rather a range 
of factors that supports the idea that the gut flora par-
ticipates in the pathogenesis of inflammatory diseases 
in the gastrointestinal tract. Most often inflammatory 
changes occur in the final segment of the small intes-
tine and in the colon, regions with the highest concen-
tration of commensal microbes. Antibiotics, particularly 
those that are broad-spectrum, mitigate symptoms of 
chronic inflammation [52]. In experimental IBD, intes-
tinal inflammation does not occur in animals main-
tained in sterile conditions (germ-free animals) [92]. 
Furthermore, diversion of the faecal stream proximal to 
the inflamed area in patients who had undergone cura-
tive ileocolonic resection with ileocolonic anastomo-
sis and temporary protective proximal loop ileostomy 
was shown to decrease disease activity [17]. In animal 
studies, adoptive transfer of microbiota from mice with 
colitis to healthy recipients was sufficient to induce dis-
ease [29]. Mutations in genes encoding proteins that 
are either responsible for identification of bacterial 
antigens, such as NOD2/CARD15, or that regulate host 
responses to that antigens increase susceptibility to IBD 
development [74]. Advanced genome-wide associated 
studies have revealed many IBD-related loci associated 
with the interaction between gut microbiota and muco-
sal inflammation [49,89]. 

There are interlinked relationships between the host 
and microbes in the gut. Microbes reside in the human 
body in the early life and co-exist and co-evolve with 
the host throughout the life, finally having protective, 
metabolic, trophic and immunological functions. The 
collective being they (microbes and host) mutually form 
is composed of more than 90% microbial cells and 10 
million microbial genes [73]. The gastrointestinal tract 
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in uncontrolled inflammation and IBD development 
[26]. Abnormal intestinal permeability was detected 
in first-degree healthy relatives of patients with IBD, 
which indicates that probably other disorders are nec-
essary  for the disease development [96]. Recent studies 
showed that epithelial tight junctions (TJs), a branch-
ing network of sealing strands, are the key element of 
the intestinal barrier affecting intestinal permeability 
[105]. A decreased expression and redistribution of TJs 
and junctional adhesion molecules (JAM) combined with 
increased circulating endotoxins levels have been docu-
mented in IBD patients [2;43,118]. Furthermore, colonic 
biopsy samples from IBD patients revealed a correlation 
between disease activity and epithelial myosin light 
chain kinase (MLCK) expression and activity [16]. MLCK 
is as a key regulator of tight junction permeability. The 
intestinal bacteria and probiotics change the expression 
and distribution of TJ proteins and influence intestinal 
barrier function [105]. It results from many animal and 
in vitro studies that commensal bacteria and probiotics 
promote intestinal barrier integrity [104,117].

The composition of intestinal microbiota in patients 
with inflammatory bowel diseases has been inten-
sively studied over the last decade, and a large amount 
of research has revealed differences between micro-
bial populations of IBD patients and those of healthy 
individuals [64]. Differences in microbiota composi-
tion were observed between ulcerative colitis (UC) and 
Crohn’s disease (CD) patients, and also between active 
and non-active stages of the disease, as well as between 
inflamed and non-inflamed regions of the intestine 
[1,110]. Despite advanced studies, there are still no 
microbial constituents that are specific to UC or CD, 
because inter-individual variations are much larger 
than inter-diseases changes. However, most studies have 
shown increased total bacterial numbers and reduced 
diversity in the gut microbiota of IBD patients, and the 
most consistent fluctuations were a reduction in Fir-
micutes and an increase in Proteobacteria [62,64,100]. 
Among the Firmicutes, a decrease in the Clostridium lep-
tum groups, especially Faecalibacterium prausnitzii, has 
been repeatedly reported, particularly in CD patients 
[62,97]. This results in dysbiosis and disorders of the 
intestine, as F. prausnitzii has anti-inflammatory proper-
ties based on the large amounts of butyrate that it pro-
duces in the gut. Quite often increases in populations of 
pathogenic bacteria that have increased adhesiveness 
and virulence such as some Bacteroides and Enterobacte-
riaceae species, concurrently with decreases in popula-
tions of beneficial microbes, such as bifidobacteria and 
lactobacilli, are detected [91,114]. However, results indi-
cating changes in the abundance of Bacteroides, Bifidobac-
terium, Lactobacillus, or Enterobacteriaceae species are not 
consistent among studies. Willing et al. [114] reported 
an increase in Enterobacteriaceae, including Escherichia 
coli, and Ruminococcus gnavus numbers in ileal mucosal 
samples of patients with Crohn’s disease, whereas the 
population sizes of symbiotic Faecalibacterium and Rose-
buria populations were decreased. Ruminococcus gnavus 

is colonized by huge, complex and dynamic populations 
of microorganism; thus, it is also the major site where 
communication between microbes, and between micro-
biota and host takes place. Any microbial imbalance 
or maladaptation in the gut at early life, and possibly 
later in life, may result in serve immunodeficiency and 
risk of disease [9,49,89,114]. Although the aetiology of 
IBD is unknown, there is an assumption that inflamma-
tion might be triggered by the translocation of luminal 
components into the host. The intestinal tract has the 
large interface between the body and external environ-
ment. In the healthy gut, a complex intestinal barrier, 
newly defined as a functional entity separating the gut 
lumen from the inner host, and consisting of mechani-
cal elements (mucus, epithelial layer), humoral elements 
(defensins, IgA), immunological elements (lymphocytes, 
innate immune cells), and muscular and neurological 
elements, prevents the entry of pathogenic microorgan-
isms and toxic luminal substances into the body at the 
same time regulating the absorption of nutrients, elec-
trolytes and water from the lumen into the circulation 
[9]. Simultaneously, a continuous cross talk between 
the endogenous microbiota (symbionts) and the host 
mucosal innate immune system favours mutual growth, 
survival and inflammatory control of the intestinal 
ecosystem. Disruption of this symbiotic relationship 
between the host and microbiota can lead to immune 
pathologies. Perturbations and defects of the established 
defence mechanisms may weaken the protection against 
microbial adhesion and invasion. A defective mucus 
layer, alterations of patter-recognition receptors (PPRs), 
disturbed antimicrobial peptides production, increased 
epithelial barrier permeability or changes in the auto-
phagy process allow more bacteria to come in direct 
contact with the epithelium and immune system mech-
anisms [2]. One of the most critical risk factors for IBD 
development is that the mucus layer overlaying the epi-
thelium becomes more permeable to bacteria and bac-
terial products [48]. Significant evidence exist that IBD 
patients display intestinal epithelial barrier dysfunction 
and increased paracellular permeability [2,96]. Intesti-
nal permeability is determined by interactions among 
barrier components, and is defined as a functional fea-
ture of the intestinal barrier at given sites, measurable 
by analyzing flux rates across the intestinal wall as a 
whole or across wall components of defined molecules 
that are largely inert during the process and that can 
be adequately measured in these settings [9]. Among 
others, the detection of gut derived bacterial mark-
ers like circulating endotoxins is considered as defi-
nite evidence of increased intestinal permeability [26]. 
High incidence of systemic endotoxemia was reported 
in patients with UC and CD during clinical relapse [28]. 
The “leaky gut hypothesis” implies that the intestinal 
dysfunction includes chronic low-grade inflammation in 
various target organs owing to microbial products cross-
ing the intestine or other pro-inflammatory luminal fac-
tors that may activate inflammatory cascades [9,26]. The 
presence of increased intestinal permeability, immune 
dysregulation and altered gut microbiota may result 
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toms are chronic and intermittent, and in CD, lesions 
are most often situated in the lower part of the small 
intestine, although they can occur anywhere along the 
intestinal tract. In contrast, UC affects the colon alone. 
The inflammatory events in CD involve the entire thick-
ness of the bowel wall, whereas in UC they are confined 
to the mucosa. This is potentially why probiotic thera-
pies show the most promise in UC patients and in pou-
chitis. Pouchitis is the inflammation of the ileal pouch, 
an artificial rectum surgically created from ileal gut tis-
sue in patients who have undergone a proctocolectomy. 
It is formed for the management of UC in patients that 
do not respond to medical therapy. Acute or chronic 
inflammation of the ileal pouch, caused by, among other 
things, the spread of bacteria, is a common complication 
in UC patients. 

Colitis ulcerosa and pouchitis

Results of clinical trials reported in the Medline database 
testing the efficacy of probiotic preparations in reducing 
active disease or extending remission in patients with 
UC are shown in detail in table 1. Among18 preparations 
tested in 28 clinical studies, only one, Probio-Tec AB-25, 
had no effect on UC patients [113]. The other treatments 
ameliorated disease symptoms to some extent, depend-
ing on the experimental settings. Nevertheless, only 
three preparations, Escherichia coli strain Nissle 1917 
(EcN; known as Mutaflor, Ardeypharm, GmbH), VSL#3 
probiotic formulation (VSL Pharmaceuticals, Inc), and 
Bio-Three (TOA Pharmaceutical Co., Ltd.) were tested in 
at least two independent clinical trials. Profermin (Nor-
disk Rebalance) was tested twice, however in the same 
investigating group. Administration of the non-patho-
genic E. coli Nissle 1917 appeared to be effective in pre-
venting relapse of UC. Kruis et al. [55,56] demonstrated 
the efficiency of EcN (administered at an oral dose of 5 
x 1010 bacterial cells per day) in maintaining UC remis-
sion, which was comparable to results obtained using 
the standard mesalazine (1,500 mg a day). These results 
were based on two randomized, double-blind clini-
cal trials involving 327 and 120 UC patients in remis-
sion, as determined by clinical activity index (CAI ≤ 4), 
endoscopic index (EI ≤ 4), and histological examination. 
Similar results were achieved by Rembacken et al. [85]. 
However, the latter study reported that the addition of 
E. coli to standard medical therapy did not increase the 
chance of remission for active UC. Later, Petersen et al. 
[79] reported no benefit for the use of E. coli Nissle as an 
add-on treatment to conventional therapies for active 
UC. However, Matthes et al. [65] observed a dose-depen-
dent effect of a rectal EcN application in patients with 
active, mild-to-moderate distal UC. The researchers 
suggested EcN enemas as a well-tolerated alternative or 
supplementary treatment to aminosalicylates or gluco-
corticoids in patients with active, mild-to-moderate dis-
tal UC. In 2017, based on the foregoing studies, World 
Gastroenterology Organisation (WGO) officially recom-
mended Escherichia coli Nissle 1917 for maintenance of 
clinical remission of ulcerative colitis (in dose 5x1010 via-

has significant mucolytic activities, but Faecalibacterium 
and Roseburia exert a protective effect on the epithelium 
as they are prominent producers through the produc-
tion of short-chain fatty acids (SCFAs, especially butyr-
ate), which have important roles in improving barrier 
function and protecting intestinal integrity. SCFAs have 
anti-inflammatory properties, and are important energy 
sources for epithelial cells. A study of the largest paedi-
atric CD cohort of newly diagnosed, treatment-native CD 
patients revealed a general increase in the abundance of 
epithelium-associated bacteria including Enterobacteria-
ceae, Pasteurellaceae, Veillonellaceae, and Fusobacteriaceae, 
and decreased abundance of Erysipelotrichales, Bacte-
roidales, and Clostridiales [30]. 

Mucosal surfaces are in continuous contact with 
microbes, and consequently mucosa-associated lym-
phoid tissue functions to distinguish between beneficial 
and pathogenic microbes to control the latter. However, 
commensal microbiota provides continuous antigenic 
stimulation that has the potential to activate patho-
genic T cells and, subsequently, cause chronic intestinal 
injury [49]. The microbial community in the stools of 
patients with established IBD generally consists of less 
strict anaerobes that are necessary for the maintenance 
of intestinal homeostasis. Round et al. [87] demon-
strated that the strictly anaerobic prominent gut com-
mensal Bacteroides fragilis activates the TLR2 pathway 
on T lymphocytes to establish host-microbial symbio-
sis. The oxygen level in the intestinal lumen increases 
with intestinal inflammation, and thus the gut microbi-
ota probably initiates a shift toward more aerotolerant 
microorganisms in response to ensuing oxidative stress 
[30,68]. Crohn’s disease lesions are easily colonized by 
adherent and invasive E. coli via adhesion to CEACAM6 
expressed in inflamed tissue, which in turn induces the 
production of hypoxia inducible factor (HIF)-1α and 
activation of VEGF/VEGFR (vascular endothelial growth 
factor receptor) signalling [68]. These exemplary studies 
indicate that it might be not a single species or a group 
of bacteria that is responsible for the disease onset but 
rather imbalanced gut microbiota causing inappropriate 
activation of intestinal mucosal immunity in susceptible 
hosts. 

Effectiveness of probiotics for IBD prophylaxis and 
treatment

If disturbances to the normal intestinal microbiota play 
a role in the pathogenesis of IBD, it could also be con-
cluded that beneficial microbes should be effective for 
IBD prophylaxis and treatment. The promising results 
in animal studies in addition to some clinical obser-
vations have led to important research on probiotic 
preparations and their utilization in IBD treatment in 
humans. We reviewed the existing evidence for the effi-
ciency of probiotics and lactic acid bacteria in attenuat-
ing the symptoms of ulcerative colitis, Crohn’s disease 
and pouchitis. Ulcerative colitis and Crohn’s disease 
are the most common types of IBD. Their clinical symp-
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Table 1. Results of clinical trials testing probiotics in ulcerative colitis (UC) patients 

Probiotic factor/Dose
Study design/ 

 Time1
Patients 
number

Clinical effectiveness of probiotic factor References

A cocktail of L. rhamnosus, 
L. plantarum, L. casei, L. 

acidophilus and B. infantis 
strains/ 6.6×109 CFU/day

O/ 36 days N = 50
Administered as adjuvant to standard treatment; resulted in reduction of 

disease activity.
[80]

BIFICO (mixture of enterococci, 
bifidobacteria and lactobacilli)/ 

1.26 g/day
R, PC/ 8 weeks N = 30

Combined with standard treatment with sulfasalazine and glucocorticoid; was 
effective in maintaining remission and preventing the relapse of UC.

[15]

Bifidobacteria-fermented milk/ 
100 mL/day

R, PC/ 1 year N = 21
Introduced as dietary adjunct in the treatment of UC. It was successful in 

maintaining remission and had possible preventive effects on the relapse of 
UC.

[46]

B. breve Yakult and GOS/ 
3×109 CFU and 5.5 g/day

R/ 1 year N = 41
The clinical status of the UC patients assessed by colonoscopy was significantly 

improved.
[47]

B. infantis 35624/ 1×1010 
CFU/day

R, DB, PC/ 
8 weeks

N = 44
Combined with standard mesalazine treatment (5-ASA) resulted in reduction 

of systemic pro-inflammatory biomarkers.
[36]

B. longum with Synergy 1/ 
2×1011 cells and 6 g/ twice 

daily

R, DB, PC/ 
1 month

N = 18 Improvement of full clinical appearance of chronic inflammation. [27]

B. longum and Psyllium - alone 
or combined/ 2×109 CFU and/

or 8.0 g/day
R/ 4 weeks n=120

Only symbiotic, consisting of B. longum and psyllium; significantly improved 
total IBD questionnaire scores in patients with UC after a 4-week treatment 

regimen.
[24]

BFM/ 100 mL (10 billion 
bacteria)/daily2

R, PC/ 
12 weeks

N = 20
Combined with standard treatment; significantly reduced the clinical and 

endoscopic activity indexes in UC patients.
[50]

Bio-Three/ 9 tablets/day3 O/ 4 weeks N = 20 Improved the clinical symptoms and endoscopic findings in patients with UC. [101]

Bio-Three/ 9 tablets/day
R, PC/ 

12 months
N = 60

Effective in maintaining clinical remission in patients with quiescent UC. 
Treatment in addition to ongoing medications.

[116]

E. coli Nissle 1917/ 200 mg/day 
(day 1–4, 100 mg)4

R, DB, PC/  
12 weeks

N = 120
Had an equivalent effect to mesalazine (500 mg/day) in maintaining remission 

and preventing relapse of the disease.
[56]

E. coli Nissle 1917/ 100 mg/
twice daily

R, DB/ 
12 months

N = 116

Had an equivalent effect to mesalazine (800 mg/triple daily) in maintaining 
remission after acute attack of UC. At entry into the study, patients were given 
a 1-week course of oral gentamicin 80 mg/three times daily; next, during the 

first 12 weeks remission was induced with standard therapy.

[85]

E. coli Nissle 1917/ 200 mg/day 
(day 1-4, 100 mg/day)

R, DB/ 
12 months

N = 327
Efficacy and safety in maintaining remission equivalent to mesalazine (500 

mg/triple daily)
[55]

E. coli Nissle 1917/ 10, 20 or 40 
ml (108 CFU/mL)/ daily enemas

R, DB/ 
8 weeks

N = 90

The Jonckheere-Terpstra rank correlation for dose-dependent efficacy 
indicated a significant correlation of per-protocol responder rates (p = 0.0446, 

2-sided). Time to remission was shortest with EcN 40 ml, followed by EcN 20 
ml.

[65]

E. coli Nissle 1917/ 100 mg/
twice daily (day 1–4 once daily)

R, DB, PC/ 
8 weeks

N = 100
No benefit in the use of EcN. An add-on treatment, after one week 

administration of ciprofloxacin or placebo.
[79]

L. casei DG/ 8×108 CFU 
administered orally or rectally/

twice daily 
R/ 8 weeks N = 26

Combined with standard mesalazine treatment 2.4 g/day. Mesalazine alone or 
together with oral L. casei DG failed to affect colonic flora and TLR expression in 
a significant manner, but when coupled with rectally administered L. casei DG, 

it modified colonic microbiota by increasing Lactobacillus spp. and reducing 
Enterobacteriaceae. It also significantly reduced TLR-4 and interleukin IL-1β 

mRNA levels and significantly increased mucosal IL-10.

[18]

L. delbrueckii and L. fermentum/ 
10 billion CFU/day

R/ 8 weeks N = 30

Combined with sulfasalazine therapy (2400 mg/day); significantly ameliorated 
the inflammation by decreasing the colonic concentration of IL-6, expression 
of TNF-alpha, NF-κB p65, and leukocyte recruitment, as demonstrated by a 

decrease in colonic MPO activity, and the level of faecal calprotectin.

[42]
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allergic to 5-aminosalicylates. It was observed that 15 
out of 20 patients remained in remission, four relapsed, 
and one did not undergo a follow-up after 12 months of 
treatment. The researchers suggested that VSL#3 might 
be useful in maintaining remission in UC patients intol-
erant to standard therapy. Subsequently, Tursi et al. 
[102] suggested that the VSL#3 probiotic cocktail com-
bined with balsalazide therapy might be a good choice 
for the treatment of active, mild-to-moderate ulcer-
ative colitis, instead of balsalazide or mesalazine alone. 
Also, the research of Bibiloni et al. [8] showed that VSL#3 
might be helpful in controlling active colitis in patients 
with mild-to-moderate UC that are not responding to 
conventional therapy. Among the 34 patients who com-
pleted the 6-week VSL#3 treatment described by Bibi-
loni’s group, 18 achieved remission (53%) and eight 

ble bacteria twice daily) [37]. We did not find any infor-
mation regarding the efficiency of EcN in the prevention 
or treatment of pouchitis.

VSL#3 is a multispecies probiotic formulation contain-
ing a mixture of eight bacterial strains including Lacto-
bacillus acidophilus, Lactobacillus bulgaricus, Lactobacillus 
casei, Lactobacillus plantarum, Streptococcus thermophilus, 
Bifidobacterium breve, Bifidobacterium infantis, and Bifido-
bacterium longum. Similar to E. coli strain Nissle 1917, it 
has been widely tested in IBD management in indepen-
dent clinical trials, and has had success for both induc-
ing and maintaining remission in patients suffering 
from UC (table 1) and pouchitis (Table 2). At first, Ven-
turi et al. [108] applied the VSL#3 probiotic formulation 
to 20 UC patients in remission who were intolerant or 

Probiotic factor/Dose
Study design/ 

 Time1
Patients 
number

Clinical effectiveness of probiotic factor References

L. reuteri ATCC 55730/ 1010 CFU/
daily/rectal infusion

P, R, PC/ 
8 weeks

N = 40
Combined with oral mesalazine treatment; was effective in improving mucosal 

inflammation and changing cytokines involved in the IBD in children with 
active distal UC.

[76]

L. rhamnosus GG/ 18×109 
bacteria/day

R/ 12 months N = 187
Treatment with Lactobacillus GG was more effective than treatment with 
mesalazine 2400 mg/day in prolonging the relapse-free time (P < 0.05).

[120

Probio-Tec AB-25/ 1.5×1011 
CFU/day5

R, DB, PC/ 
52 weeks

N = 32
No significant clinical benefit in comparison with placebo for maintaining 

remission in patients with left-sided UC. Treatment combined with therapy 
with 5-ASA.

[113]

Profermin/ ca. 450 mL/day6 O/ 24 weeks N = 39 Effective in reducing symptoms and inducing remission of active UC. [53]

Profermin/ ca. 490 mL/day O/ 8 weeks N = 74 Twice more effective in reducing symptoms of UC than Fresubin. [54]

S. boulardi/ 250 mg three times 
a day

O/ 4 weeks N = 25
Administered during maintenance treatment with mesalazine; was effective in 

remission induction, confirmed endoscopically.
[39]

VSL#3/ 5×1011 cells/g, 2× 3 
g/day7 O/ 12 months N = 20

Effective in remission maintenance in UC patients intolerant or allergic to 
5-aminosalicylic acid (5-ASA).

[108]

VSL#3/ 300 billion CFU/g, 3g/
day

R/ 8 weeks N = 90
Combined with balsalazide (2.25 g/day); was more effective than balsalazide 

alone or mesalazine in inducing remission of UC.
[102]

VSL#3/ 2x1800 billion CFU/day O/ 6 weeks N = 34
Treatment of patients with mild-to-moderate UC, not responding to 

conventional therapy, with VSL#3 resulted in a combined induction of 
remission/response rate of 77% with no adverse events.

[8]

VSL#3/ 3.6×1012 CFU/twice 
daily

R, DB, PC/ 
12 weeks

N = 147
Effective in achieving clinical responses and remission in patients with mild-to-

moderately active UC.
[98]

VSL#3/ 450–1800 billion CFU/
day

P, PC, DB/ 1 year N = 29
The efficacy and safety in active UC and in maintenance of remission. Therapy 

was in conjunction with concomitant steroid induction and mesalamine 
maintenance treatment.

[67]

VSL#3/ 3600 billion CFU/day
R, DB, PC/ 
8 weeks

N = 144

Reduction of UC disease activity scores in patients affected by relapsing mild-
to-moderate UC who were under concomitant treatment with 5-ASA and/
or immunosuppressants. The VSL#3 improved rectal bleeding and probably 
re-induced remission in relapsing UC patients after 8 weeks of treatment, 

although these parameters did not reach statistical significance.

[103]

1 Clinical experiment and duration: R – randomized, PC – placebo-controlled, DB – double-blinded, P – prospective, O – open. 2Commercially produced fermented 
milk containing Bifidobacterium breve, Bifidobacterium bifidum, and Lactobacillus acidophilus (Yakult Co., Japan). 3Tablets containing a mixture of Enterococcus 
faecalis T-110 (2 mg), Clostridium butyricum TO-A (10 mg), and Bacillus mesentericus TO-A (10 mg). 4Mutaflor 100 mg contains 25 × 109 CFU (Mutaflor, Ardeypharm, 
GmbH). 5Containing Lactobacillus acidophilus La-5 and Bifidobacterium animalis subsp. lactis BB-12. 6Oat-based drink consisting of water, fermented oats, barley 
malt, lecithin, and Lactobacillus plantarum 299v (>108 CFU/mL). 7A mixture of Lactobacillus acidophilus, Lactobacillus plantarum, Lactobacillus paracasei, Lactobacillus 
bulgaricus, Bifidobacterium breve, B. longum, B. infantis and Streptococcus thermophilus. 
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therapy combined with placebo was only successful in 
36.4% of patients. Only 21.4% of patients treated with 
VSL#3 relapsed during a 12-month follow-up compared 
to 73.3% in the placebo group. Subsequent research by 
Tursi et al. [103] confirmed that VSL#3 supplementa-
tion is safe and could reduce UCDAI scores in patients 
affected by relapsing mild-to-moderate UC under treat-
ment with 5-ASA and/or immunosuppressants. Naidoo 
et al. [72] analysed the results of randomized controlled 
trials (RCTs) that compared probiotics against placebo or 
any other intervention for the maintenance of remission 
in ulcerative colitis. There was no statistically significant 
difference between probiotics and mesalazine; however, 
the authors stated that there is insufficient evidence to 
make general conclusion about the efficacy and benefit 

responded with a decrease in UCDAI (24%). Among the 
remaining patients, three did not respond, the condi-
tion of three patients became worse and two did not 
have the final endoscopic assessment. No biochemical 
or clinical adverse events related to VSL#3 were stated. 
These findings were confirmed in a multicentre, ran-
domised, double-blinded, placebo-controlled trial (147 
patients with mild-to-moderate active UC) by Sood et 
al. [98]. It appeared that VSL#3-administered patients 
had significantly greater decreases in UC disease activ-
ity index (UCDAI) scores and individual symptoms com-
pared to those of the placebo group. Miele et al. [67] 
determined remission to be 92.8% in children with 
newly diagnosed active UC when VSL#3 preparation was 
combined with the standard therapy; herein, standard 

Table 2. The results of clinical trials testing probiotics in UC patients with pouchitis

Probiotic Factor/Dose
Study Design/ 

Time1
Patients 
number

Clinical effectiveness of probiotic factor References

Fermented milk with lactobacilli (La-5) and 
bifidobacteria (Bb-12)/ 500 mL/day

O 
4 weeks

N = 51
Reduced disease symptoms and inflammatory changes based on 

histopathology.
[59]

Ecologic 825 / 7.5×109 CFU/ twice daily2 O 
T=8 weeks

N = 16
Restoration of mucosal barrier, a feasible factor in prevention of 
recurrence during maintenance treatment in UC patients, was 

stated. Probiotic was introduced after antibiotic treatment.
[78]

L. rhamnosus GG/ 0.5-1×1010 CFU/twice daily
P, R, DB, PC 
3 months

N = 20
Changed the pouch intestinal bacterial flora, but was ineffective as 

primary therapy for a clinical or endoscopic response.
[58]

L. rhamnosus GG/ 1×1010 bacteria/day
RS 

12 years
N = 117

Provided significant clinical benefit and delayed the first onset 
of pouchitis in UC patients who underwent an ileal pouch-anal 

anastomosis.
[35]

Trilac/ 2 capsules/three times and 1 capsule/ 
twice daily, during first month and next 

months, respectively3

R, PC/ 
9 months

N = 43
Applied in patients after restorative proctocolectomy; reduced 

DAI and pouchitis occurrence, and decreased pyruvate kinase and 
calprotectin.

[4]

VSL#3/ 30 × 1011 bacteria/day4 R DB, PC 
9 months

N = 40
Effective in maintaining remission and preventing flare-ups of 

chronic pouchitis.
[33]

VSL#3/ 900 billion CFU/day
R, DB, PC 

1 year
N = 40

Effective in the prevention of acute pouchitis onset and improved 
the quality of life in patients.

[31]

VSL#3/ 1800 billion CFU/day
R, PC 

1 year
N = 36

The probiotic was effective in maintaining antibiotic-induced 
remission for at least a year in patients with recurrent or refractory 

pouchitis.
[69]

VSL #3/ 6 g/day
O 

8 months
N = 31

Only a minority of patients with antibiotic-dependent pouchitis 
remained on probiotic therapy and in symptomatic remission after 

8 months. Probiotic was introduced after positive ciprofloxacin 
therapy (500 mg/day/2 weeks).

[93]

VSL#3/ 3600 billion CFU/day
O 

4 weeks
N = 23

Effective in the treatment of mild pouchitis, and induced 
remission.

[32]

VSL#3/ 1800 billion CFU/day
R 

12months
N = 31

Administration of the VSL#3 in patients with IPAA reduced the 
disease activity index and expanded the number of mucosal 

regulatory T cells.
[82]

1 Clinical experiment and duration: R – randomized, PC – placebo-controlled, DB – double-blinded, P – prospective, RS – retrospective, O – open. 2A mixture of Lac-
tobacillus acidophilus W22, Lactobacillus casei W56, Lactobacillus paracasei W20, Lactobacillus plantarum W62, Lactobacillus salivarius W24, Bifidobacterium bifidum 
W23, Bifidobacterium lactis W51, Bifidobacterium lactis W52, and Lactococcus lactis W19, FOS, inulin, enzymes and a mineral mix (Winclove Probiotics BV, Amster-
dam, the Netherlands). 3Each capsule contained 0.6×109 Lactobacillus acidophilus, 0.4×109 Lactobacillus delbrueckii subsp. bulgaricus, and 0.6×109 Bifidobacterium 
bifidum (Allergon AB, Angelholm, Sweden). 4A mixture of L. acidophilus, L. plantarum, L. paracasei, Lactobacillus bulgaricus, Bifidobacterium breve, Bifidobacterium 
longum, Bifidobacterium infantis and Streptococcus thermophilus.
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butyricum TO-A symbiotic strains was twice success-
fully applied in UC therapy. Tsuda et al. [101] evaluated 
the efficiency of Bio-Three therapy for mild-to-moder-
ate distal UC that was refractory to conventional thera-
pies. Among 20 tested patients, remission was observed 
in nine patients, response occurred in two patients, 
no response was observed in eight patients, and one 
patient experienced worsening symptoms. Recently, 
Yoshimatsu et al. [116] confirmed the effectiveness of 
Bio-Three therapy for suppressing relapse in patients 
with inactive UC. 

The Lactobacillus rhamnosus GG strain (Culturelle, 
i-Health, Inc.) has been well studied, including its abil-
ity to treat IBD. Just as previously discussed probiotics, 
the GG strain seems to be useful for UC and pouchitis 
treatment. Originally, Kuisma et al. [58] showed that 
although administration of the GG strain changed the 
pouch intestinal bacterial flora, it was ineffective as a 
primary therapy for the induction of a clinical or endo-
scopic response in patients with pouchitis. Also, Singh 
et al. [95] stated that there was no difference in clini-
cal improvement between Lactobacillus GG and placebo 
in this study. However, the subsequent results from ret-
rospective studies by Gosselink et al. [35] demonstrated 
that the GG strain delayed pouchitis. Similarly, in a ran-
domized, placebo-controlled trial, performed on a large 
scale (187 patients with quiescent UC) by Zocco et al. 
[120], the Lactobacillus GG strain appeared to be effec-
tive for maintaining remission in patients with UC. The 
authors concluded that the strain represents a good 
therapeutic option for preventing relapse in this group 
of patients.

There is evidence, albeit less documented, describing 
the anti-inflammatory activities in UC patients of other 
microorganisms and probiotic preparations, mainly 
those containing beneficial Lactobacillus and Bifidobacte-
rium strains (Table 1). When cocultured with inflamed 
tissues of active ulcerative colitis patients, B. longum 
could inhibit NF-kB activation in lamina propria mono-
nuclear cells and down-regulate the secretion of inflam-
matory cytokines [3]. According to pilot trials, strains of 
B. breve, B. infantis, B. longum, L. acidophilus, L. casei, Lacto-
bacillus delbrueckii, Lactobacillus fermentum, L. plantarum, 
Lactobacillus reuteri or L.  rhamnosus alone, in mixture, or 
in combination with prebiotics improved to some extent 
the clinical status and pro-inflammatory biomarkers of 
UC patients [4,18,24,27,36,42,47,76,78,80]. The thera-
peutic effect of bifidobacteria-fermented milk, admin-
istered as a dietary adjunct, for the treatment of UC 
was also demonstrated [46,50]. The Bifico, a mixture of 
non-pathogenic E. faecalis and beneficial B. longum, and 
L. acidophilus strains, combined with standard treatment, 
was effective for maintaining remission and preventing 
relapse in UC patients [15]. Krag et al. [53,54] determined 
that Profermin, oat-based drink fermented with L. plan-
tarum 299 v (Nordisk Rebalance, Denmark) is safe and 
well-tolerated and is able to reduce clinical colitis activ-
ity index scores at a statistically and clinically signifi-

of probiotics for maintenance of UC remission, due to 
the small number of patients and events (four trials) in 
the polled analysis and the high risk and unclear risk of 
bias in the included studies. 

The VSL#3 multispecies probiotic cocktail appeared to 
be effective in the prevention of pouchitis; it has greatly 
improved the quality of life of patients suffering from UC 
(Table 2). Gionchetti et al. [33] evaluated the efficiency of 
the VSL#3 preparation in maintaining the remission of 
chronic pouchitis by administering a dose of 3 × 1012 of 
viable lyophilized bacteria per day. Herein, the VSL#3 for-
mulation was effective in preventing flare-ups of chronic 
pouchitis. The same team showed that VSL#3 was able to 
prevent the onset of acute pouchitis after ileal pouch-anal 
anastomosis [31]. Mimura et al. [69] found that a single 
daily dose of 1800 billion bacteria of the VSL#3 cocktail 
was effective in maintaining antibiotic-induced remission 
for at least one year in patients with recurrent or refrac-
tory pouchitis. Nevertheless, Shen et al. [93] described an 
open-label uncontrolled trial, in which only a minority of 
patients with antibiotic-dependent pouchitis remained 
on the probiotic therapy and maintained symptomatic 
remission during 8 months of VSL#3 treatment. The 
majority of patients were not able to continue the long-
term probiotic therapy. Studies by the Gionchetti group 
[32] revealed that high doses of the VSL#3 probiotic were 
effective in the treatment of mild pouchitis, defined as a 
score between 7 and 12 on the pouchitis disease activity 
index (PDAI). Pronio et al. [82] conducted an open-label 
study and revealed that VSL#3 administration in patients 
with ileal-pouch-anal-anastomosis (IPAA) modulates the 
PDAI and expands the number of mucosal regulatory T 
cells. Therapy of pouchitis with VSL#3 increases the rich-
ness and diversity of the mucosa associated microbiota in 
the gut, especially anaerobic flora, which has the poten-
tial to activate T cells [57]. Singh et al. [95] assessed the 
quality of findings on the use of probiotics in pouchitis 
prevention and treatment using the Cochrane risk of bias 
tool and GRADE criteria [41,44]. Herein, both for mainte-
nance of remission in chronic pouchitis and for the pre-
vention of pouchitis, low quality evidence suggest that 
VSL#3 may be more effective than placebo. 

The VSL#3 probiotic cocktail earned recognition of WGO. 
The GWO experts stated that there is good evidence for 
the usefulness of VSL#3 probiotic cocktail in preventing 
an initial attack of pouchitis and in preventing a fur-
ther relapse of pouchitis after the induction of remis-
sion with antibiotics [37]. According to WGO, the VSL#3 
also appear safe and effective as conventional therapy in 
achieving higher response and remission rates in mild to 
moderately active ulcerative colitis. WGO recommends 
VSL#3 cocktail in dose of 900 billion CFU daily for treat-
ment of active pouchitis and in a dose of  1800 billion 
CFU  daily for inducing the remission of UC or for main-
taining clinical remission of pouchitis.

The probiotic Bio-Three containing Bacillus mesenteri-
cus TO-A, Enterococcus faecalis T-110, and Clostridium 
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boulardii were tested more than once by unrelated sci-
entific teams. Gupta et al. [38] first reported that the GG 
strain mitigated symptoms and positively affected intes-
tinal mucosal integrity in children suffering from CD. 
However, subsequent retrospective, placebo-controlled 
studies showed that the GG strain does not influence 
the severity of CD, and also does not contribute to the 
induction or maintenance of remission in CD patients 
[11,81,90]. Similarly, the studies on effectiveness of S. 
boulardii in CD management appeared to be not consis-
tent. According to Guslandi et al. [40] S. boulardii, when 
combined with baseline therapy, turned out to be effec-
tive in maintaining remission and preventing clinical 
relapses of CD. Subsequently, Vilela et al. [109] observed 
that S.  boulardii added to baseline therapy improved 
intestinal permeability. However, similar to the case 
of the GG strain, the most recent report performed on 
a large scale demonstrated no beneficial effects for 
S. boulardii in CD treatment. A prospective study of 165 
patients who achieved remission after treatment with 
steroids or salicylates, performed by Bourreille et al. 
[10], revealed that S. boulardii does not prevent relapse of 
CD. As regards the other preparation tested, Steed et al. 
[99] demonstrated that high doses of B. longum combined 
with Synergy 1 decreased the disease activity index and 
histological scores in patients with active CD. Similarly, 
Fujimori et al. [25] described the effectiveness of high-
dose probiotic (Lactobacillus and Bifidobacterium, 7.5 × 1010 

CFU daily) and prebiotic (psyllium, 9.9 g daily) co-ther-
apy for the treatment active CD. There is still insufficient 
evidence for the efficiency of probiotics for the induc-
tion or maintenance of remission in Crohn’s disease. 
Larger trials are required to determine whether they are 
of any benefit in CD [12,86].

Despite the existing evidence suggesting that antibi-
otics delay postoperative recurrence, none of the fore-
going clinical trials have provided supporting evidence 
encouraging the use of probiotics in the prevention of 
postoperative recurrence in Crohn’s disease patients 
[14,63,81,107]. Probiotics were not superior to placebo 
for any outcome measured [19].

Possible risk of probiotic administration in IBD

Although uncommon, cases of bacterial endocardi-
tis, bacteraemia, urinary tract infections, pneumonia, 
septic arthritis or meningitis have been described, in 
which strains commonly regarded as safe (with GRAS 
status, generally recognized as safe) were isolated from 
the infected tissue or blood [13,45]. Some of them have 
been considered to be closely related to probiotics 
intake [83,88]. None of the pre-cited trials proved bio-
chemical or clinical adverse events of probiotic intake 
in the IBD patients participating in the projects. How-
ever, some patients had to discontinue probiotic cure. 
Shen et al. [93] described a trial with patients with anti-
biotic-dependent pouchitis showing clinical symptoms 
and endoscopic inflammation that responded quickly 
to ciprofloxacin or metronidazole with recurrence of 

cant level in patients with mild-to-moderate UC with a 
flare-up. However, despite the promising results, further 
confirming studies are necessary to authorize its effec-
tiveness in the clinical management of IBD. Laakeet et al. 
[59] observed a clinical improvement of symptoms and a 
reduction in inflammation in patients with UC, who had 
underwent ileal-pouch-anal-anastomosis (IPAA), during 
four weeks of intervention with fermented milk contain-
ing live bifidobacteria and lactobacilli. Also, Saccharomy-
ces boulardii has the potential for UC management, but 
perhaps it has been insufficiently examined. In a small 
non-controlled pilot study by Guslandi et al. [39], this 
strain appeared to be effective in inducing UC remis-
sion; however, further studies are required to confirm 
its effectiveness and safety.

Crohn’s disease

There are no medications or surgical procedures that 
can effectively cure CD. Acute treatment involves the 
use of drugs such as antibiotics and aminosalicylates 
or corticosteroids to eliminate infections and reduce 
inflammation. Applying antibiotics poses the risk of 
overgrowth of refractory pathogens, whereas prolonged 
use of corticosteroids has significant side effects. As 
the aetiology of Crohn’s disease is unknown, its ther-
apy remains empiric or is used for the relief of specific 
symptoms. Finally, a trade-off is offered to the patients, 
i.e., an operation. However, despite advances in the sur-
gical treatment of CD, the overall reported postoperative 
recurrence rates remain high [115]. A large number of 
patients require subsequent, more complex operations, 
often associated with an increased risk of morbidity. 

Table 3 summarizes the results of 14 clinical trials, test-
ing eight probiotic formulations in the management of 
CD. Contrary to UC, most experimental probiotic treat-
ments appeared to be ineffective for Crohn’s disease 
treatment. Malchow [61] performed a small pilot pla-
cebo-controlled study that demonstrated the positive 
effect of E. coli Nissle in maintaining remission in patients 
with CD. According to this study, inclusion of EcN in the 
treatment decreased the risk of disease recurrence and 
the need to administer glucocorticoids. Unfortunately, 
the study was not continued, and more data is necessary 
to confirm the benefits of E. coli strain Nissle 1917 as a 
therapeutic agent to maintain remission of colonic CD. 
Similarly, despite the promising results observed for UC 
and pouchitis management, there is a lack of sufficient 
evidence on the effectiveness of the VSL#3 probiotic for-
mulation in CD treatment. Recently, Fedorak et al. [22] 
described a randomized, double-blind, placebo control 
study performed on 119 CD patients treated with ileoco-
lonic resection and re-anastomosis. Although there were 
no statistical differences in endoscopic recurrence rates 
between the VSL#3 and placebo groups, patients receiv-
ing VSL#3 had reduced mucosal inflammatory cytokine 
levels compared to those of the placebo group (P<0.05). 
Among the other trials demonstrating improved clinical 
symptoms of CD, only Lactobacillus GG or Saccharomyces 
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pation, bloating, bleeding, or worsening abdominal pain 
or diarrhoea persisting for more than 2 weeks. Concern-
ing other published IBD outcomes, we found three case 
reports describing infections related to probiotics or rel-
ative bacteria. Firstly, Farina et al. [21] described a case 
of L. casei subsp. rhamnosus repeatedly isolated in the 
blood culture of a 43-year-old woman with active ulcer-
ative colitis, but treated only with prednisone and cyc-

symptoms soon (within 2 weeks) after stopping the 
antibiotics. Patients received 2 weeks of ciprofloxacin 
500 mg b.d. followed by VSL#3 6 g/day for 8 months. At 
the 8-month follow-up, 25 of 31 patients participating 
in the study had to discontinue therapy due to either 
the recurrence of symptoms during treatment (patients 
were in remission when VSL#3 was started) or the devel-
opment of adverse effects, such as: intolerable consti-

Table 3. Results of clinical trials testing probiotics in Crohn’s disease (CD) patients 

Probiotic factor/Dose
Study design/

Time1
Patients
number

Clinical effectiveness of probiotic factor References

B. longum with Synergy 1/ 2 × 1011 cells 
and 6 g/ twice daily, respectively

R, DB, PC/ 
6 months

N = 35
Effect in improving clinical symptoms. Disease activity index and 
histological scores in patients with active CD were significantly 

decreased.
[99]

E. coli Nissle 1917/ 100 mg/day2 PC/ 12 weeks N = 28
Effective in maintenance of remission in patients administered 

probiotic with prednisolone.
[61]

L. johnsonii LA1/ 4 × 109 CFU/day
R, DB, PC/ 
6 months

N = 98
Lack of sufficient effect to prevent endoscopic recurrence of CD in 

patients after intestinal resection.
[63]

L. johnsonii LA1/ 1010 CFU/day R, PC/ 12 weeks N = 70
Lack of influence on early endoscopic recurrence after ileo-caecal 

resection.
[107]

L. rhamnosus GG/ 1 × 1010 CFU/twice 
daily

O/ 6 months
Significant improvement in clinical activity, disease activity index and 

intestinal permeability.
[38]

L. rhamnosus GG/ 12 billion CFU/day R, PC/ 1 year N = 45
Lack of influence on endoscopic recurrence and on severity of recurrent 

lesions in CD patients after surgery.
[81]

L. rhamnosus GG/ 2 × 109 CFU/day R, PC/ 6 months N = 11
Lack of visible benefit on inducing or maintaining remission. Combined 

with antibiotic and steroid treatment during the first 2 weeks and 3 
months, respectively.

[90]

L. rhamnosus GG with inulin/ 1010 CFU 
and 295 mg, respectively/ twice daily

R, PC/ 2 years N = 75
Lack of influence on time to relapse. Combined with standard therapy 
with aminosalicylates, 6-ercaptopurine, azathioprine, and low-dose 

alternate day corticosteroids.
[11]

Mix of YACULT BL, ISAGOL and psyllium/ 
60×109 CFU, 15×109 CFU and 9.9 g/day, 

respectively3

O/ 
13+4.5 months

N = 10

The applied probiotics (B. breve, L. casei, B. longum) and prebiotic 
(psyllium) co-therapy combined with standard treatment was effective 

for the treatment of active CD. Significantly reduced disease severity 
was observed.

[25]

S. boulardii/ 1 g/ day R/ 6 months N = 32
Added to baseline therapy with mesalamine (1 g/twice daily) was 

more effective than mesalamine alone in maintaining remission and 
preventing clinical relapses.

[40]

S. boulardii/ 1 g/ day R, PC/ 3 months N = 34

When added to baseline therapy improved intestinal permeability, 
even though complete normalization was not achieved. Baseline 

medications: mesalamine, azathioprine, prednisone, metronidazole 
and/or thalidomide.

[109]

S. boulardi / 1 g/ day P, PC/ 52 weeks N = 165
Lack of visible beneficial effect for patients with CD in remission after 

steroid or salicylate therapies.
[10]

Synbiotic 2000/ 4×1010 bacteria and 10 
g of fibre/day4

P, R, DB, PC/ 
24 months

N = 30 Synbiotic had no effect on postoperative recurrence of patients with CD. [14]

VSL#3/ 900 billion CFU/day5 R, DB, PC/ 
1 year

N = 119
Lack of influence, but lower mucosal levels of inflammatory cytokines 

and lower rate of recurrence was observed at day 90.
[22]

1 Clinical experiment and duration: R – randomized, PC – placebo-controlled, DB – double-blinded, P – prospective, O – open. 2 Mutaflor 100 mg contains 25×109 
CFU (Mutaflor, Ardeypharm, GmbH, Germany). 3YACULT BL contained B. breve and L. casei (Yakult Co., Japan), ISAGOL contained B. longum (Fibro Pharmaceutical Co., 
Japan), psyllium (Plantago ovata). 4A cocktail of Pediococcus pentosaceus, Lactobacillus raffinolactis, Lactobacillus paracasei subsp paracasei 19, and Lactobacillus plan-
tarum 2362, and a mixture of β-glucans, inulin, pectin, and resistant starch. 5A mixture of Lactobacillus acidophilus, Lactobacillus plantarum, Lactobacillus paracasei, 
Lactobacillus bulgaricus, Bifidobacterium breve, B. longum, B. infantis and Streptococcus thermophilus.
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bifidum and B. lactis, as compared to the control group 
receiving placebo [7]. However, there were no significant 
differences in the incidence of infectious complications 
between the groups, and no infections were confirmed 
to be caused by the administered probiotic strains. Some 
patients receiving probiotic (6%) developed bowel isch-
emia that did not occur in the control group, among 
them two serious adverse events leading to death were 
reported; both patients died.

According to published case reports, adverse events 
in patients receiving support with probiotics occurred 
mainly after the administration of probiotic bacte-
ria Lactobacillus rhamnosus GG or the yeast S.  boular-
dii, resulting in bacteraemia or fungemia, respectively 
[112]. Thus far, lactobacilli have been frequently associ-
ated with infective endocarditis, meningitis, pneumonia, 
and local suppurative conditions in the absence of pro-
biotic supplementation, although a few reports directly 
linked cases of Lactobacillus sepsis to probiotic intake, 
especially Lactobacillus rhamnosus GG [13,88]. Lactobacillus 
species are generally resistant to metronidazole, amino-
glycosides and ciprofloxacin. They belong to dominative 
microbiota in human gut. Gut microbiota imbalance and 
concurrent antibiotics may incalculably enhance their 
multiplicity in the imbalanced gut, and thus increase 
the risk of translocation of bacterial cells through the 
inflamed epithelium. Among the Lactobacillus strains 
most extensively used in a variety of commercial prod-
ucts, L. acidophilus is susceptible to penicillin and van-
comycin, whereas L. rhamnosus and L. casei are resistant 
to metronidazole and vancomycin [34]. This should be 
taken into account while arranging antibiotic therapy 
in high-risk patients.

S. cerevisiae is a common colonizer of mucosal surfaces 
and part of the normal flora of the human gut. Many 
clinical trials and experimental studies demonstrated 
that administration of S. boulardii may be effective way 
to prevent and treat gastrointestinal disorders [51]. 
Nevertheless, its overgrowth can cause a wide variety of 
clinical syndromes, such as pneumonia, empyema, liver 
abscess, peritonitis, vaginitis, esophagitis, urinary tract 
infection, cellulitis, unexplained fever, or septic shock 
[70,77]. The presence of S. cerevisiae in naturally sterile 
fluids has been frequently described in patients with 
ruptured local barriers or with very high fungal loads 
[70]. Antibodies against Saccharomyces cerevisiae (ASCAs) 
are detectable in the serum of patients with Crohn’s 
disease, and have been proposed as one of the serolog-
ical markers for CD diagnosis [6]. On the other hand, S. 
boulardii (subtype of S. cerevisiae) possess the potential 
to UC and even CD management, especially when com-
bined with baseline therapy (Table 1, 3) [39,40]. Vilela 
et al. [109] observed that S. boulardii, added to baseline 
therapy, improved intestinal permeability in patients 
with Crohn’s disease in remission. Nevertheless, the 
use of Saccharomyces in IBD patients is not without risk 
and caution should be taken in patients with risk fac-
tors for adverse events. Thus far, probiotic products con-

losporine, without probiotic supplementation. Later on, 
Vahabnezhad et al. [106] described a case of Lactobacillus 
bacteraemia in a 17-year-old boy with ulcerative colitis 
managed with systemic corticosteroids and infliximab, 
who presented with fever, flushing, and chills 1 week 
after starting Lactobacillus rhamnosus GG probiotic. 16S 
rRNA sequence analysis identified the organism from a 
patient’s blood culture and probiotic capsule as L. rham-
nosus with a 99.78% match for both the strain. Simi-
larly, Meini et al. [66] reported on a case of bacteraemia 
caused by L. rhamnosus GG in an adult patient (64 years) 
affected by severe active ulcerative colitis under treat-
ment with corticosteroids and mesalazine. Earlier, due 
to a persistently relapsing fever associated with nega-
tive blood cultures, the patient was empirically treated 
with different antibiotic regiments which in turn 
yielded Staphylococcus epidermidis and Candida albicans in 
the patient’s blood. Lactobacillus bacteraemia occurred 
while the patient was receiving a probiotic formulation 
(6x109cfu daily, to restore the gut microbiota), and was 
being constantly treated with intravenous vancomycin 
(because of candidemia), to which the Lactobacillus strain 
appeared to be resistant. Salminen et al. [88] have ana-
lysed risk factors and outcomes for 85 described cases 
of patients with different clinical disorders and Lactoba-
cillus bacteraemia; including L. rhamnosus, L. rhamnosus 
GG, and other Lactobacillus species. Species of L. casei and 
L. rhamnosus were the most common cause of infection, 
and the infective strains appeared to be most sensitive 
to erythromycin and clindamycin and most resistant to 
vancomycin.

Other detrimental effects of probiotic intake – most 
important incidents

A great many other trials were performed throughout 
the last two decades in which probiotics were given to 
thousands of patients with different diseases of vary-
ing severity and health consequences. Most frequently, 
the trials showed a lack of influence or a reduction in 
disease activity index scores, mortality, sepsis, or infec-
tions, and only very few found significant increases in 
negative clinical sequelae [7,84,112]. Patients after liver 
transplants who were receiving postoperative enteral 
nutrition with Synbiotic 2000 (Medipharm, Sweden) 
consisting of Pediococcus pentosaceus, Leuconostoc mes-
enteroides, L. paracasei, L. plantarum and four bioactive 
fibres (betaglucan, inulin, pectin and resistant starch) 
showed biliary tract stenosis, fistulas and lienalis steal 
syndrome, which did not occur in the group receiving 
bioactive fibres alone, and intensified abdominal hae-
morrhage and acute renal failure which were, however,  
observed in both groups [84]. All the same, the symbiotic 
effectively prevented post-operative bacterial infections 
in the high risk surgical subjects. In another trial, there 
was significantly higher surgical intervention, organ 
failure and mortality in the group of patients with severe 
acute pancreatitis who were receiving enteral nutrition 
with Ecologic 641 (Winclove Bio Industries, Netherlands) 
consisting of L. acidophilus, L. casei, L. salivarius, L. lactis, B. 
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stream infection, developed a potential probiotic-re-
lated bloodstream infection during the 8-year period 
(2000-2008). The first case was a 66-year-old female with 
history of diabetes mellitus and end-stage renal disease, 
who was receiving a probiotic L. acidophilus/L. bulgaricus 
for C. difficile infection and who presented with fever and 
a right lower extremity cellulitis. The second case was a 
73-year-old female with a history of diabetes mellitus, 
cholangiocarcinoma (status post chemotherapy), and 
hepaticojejunostomy. She presented with a 2-day his-
tory of fever, nausea, vomiting, and abdominal pain.

Conclusions

In conclusion, probiotics have the potential for IBD man-
agement, especially for UC and pouchitis. However, only 
some that have been well characterized are recognized for 
their beneficial activity, and they display no side effects 
during IBD treatment; for these, effectiveness has been 
proven in a small number of large-scale, randomized 
clinical studies from multicentre trials. E. coli Nissle 1917 
appeared to be safe and effective in preventing relapse of 
UC, whereas the VSL#3 bacterial cocktail, especially when 
combined with standard therapy, was successful for both 
the induction of remission and maintenance of UC and 
pouchitis. Bio-Three could be used for maintaining clini-
cal remission in UC patients, whereas L. rhamnosus GG was 
shown to delay the first onset of pouchitis. For other pro-
biotics, only pilot clinical studies have been performed, 
and are thus not definitive. These trials were insuffi-
ciently controlled, and although they were promising, 
they need to be confirmed on a larger scale in randomized 
double-blind placebo controlled clinical trials. 

To sum up, probiotic therapies seem to be more effec-
tive for preventing disease recurrence than for treat-
ment of active stage. It is well known that probiotics 
exert strain-specific beneficial effects on the host. Most 
probiotic-containing products are generally regarded as 
safe in healthy populations. However, the application of 
probiotic therapy in persons with compromised immune 
functions or a serious underlying disease should be 
restricted to the strains and indications with proven 
efficacy. It should also be remembered that, in acute IBD, 
where an extensive damage of intestinal mucus mem-
brane is present, there might be an increased risk of 
translocation causing bacteraemia; therefore, the use of 
probiotics should be considered with the greatest cau-
tion, especially that Lactobacillus and Saccharomyces spp. 
possess a potential to translocate from the intestinal 
lumen to the blood during the disruption of the physio-
logic architecture of the intestinal mucosa.

taining Saccharomyces strains have been directly linked 
to an increased risk of complications in special risk 
group patients, such as immunocompromized subjects 
and transplant patients [77]. According to Munoz et al. 
[70], S. cerevisiae should be also considered as a well-es-
tablished cause of nosocomially acquired yeast infec-
tion, particularly in patients receiving prophylaxis or 
treatment with the probiotic Ultralevura (Bristol-Myers 
Squibb), containing S. boulardii, which should be consid-
ered a risk factor for nosocomial bloodstream infection 
in patients with predisposing underlying conditions. 

Bifidobacterium preparations may pose a risk factor for 
infections in adults and infants. Ohishi et al. [75] pub-
lished a case report describing Bifidobacterium septicaemia 
caused by postoperative B. breve BBG-01 (Yakult Honsya 
Co Ltd, Tokyo, Japan) therapy in neonate with ompha-
locele. There are also reports describing cases of Bifido-
bacterium longum subspecies infantis bacteraemia in very 
preterm infant groups receiving probiotic Infloran (con-
taining L. acidophilus and B. infantis) [5,20]. By comparative 
genomics, it was confirmed that the strains isolated from 
infected infants originated from the probiotics. Bifidobac-
terium longum and Bifidobacterium dentium caused bacter-
aemia in adults. However, in adults, the role of probiotic 
administration is unknown, as there is lack information 
on use of probiotics in the adult cases [111]. 

Thus far, the complications associated with probiotic 
therapy appeared mainly in immunocompromized and 
critically ill subjects. The majority of these patients 
had received antibiotics, or had intravenous access via 
a central venous catheter or a peripheral venous cath-
eter, posing additional risk factors for probiotic infec-
tion. Thus, there is no clearly identified group hazardous 
to probiotic intake. The affected patients differed in 
age, had diagnoses of various major organ disorders, 
and were receiving enteral and/or parenteral nutri-
tion. Since microbes used as probiotics are non-patho-
genic inhabitants of the gut, it is also difficult to identify 
inherent strain properties that may be related to health 
risks, as well as to unequivocally distinguish probiotic 
strain from all these strains naturally occurring in the 
intestine. It should be also remembered that cases of 
infections due to probiotic intake are very rare regard-
ing their widespread usage. Simkins et al. [94] per-
formed a retrospective study at the large academic 
medical centre and determined the incidence of probi-
otic-related bloodstream infection due to Lactobacillus 
acidophilus/Lactobacillus bulgaricus. Only two out of 1,176 
(0.2%) patients, including the in-patients that could 
be considered at high risk for probiotic-related blood-
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