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Abstract: Probiotics demonstrated to be effective in the treatment of inflammatory bowel disease
(IBD). However, the safety profile of probiotics is insufficiently explored. In the present systematic
review and meta-analysis, we examined the occurrence of side effects related to probiotic/synbiotic
use in randomized controlled trials (RCTs) of IBD patients as compared with placebo. Eligible RCTs
in adult patients with IBD were identified by accessing the Medline database via PubMed, EMBASE,
CENTRAL and the Cochrane central register of controlled trials up to December 2018. Occurrence
of side effects was retrieved and recorded. Data were pooled and the relative risks (RRs) with their
95% confidence intervals (CIs) were calculated. The low-moderate study heterogeneity, assessed by
the I2 statistic, allowed to use of a fixed-effects modelling for meta-analysis. Nine RCTs among 2337,
including 826 patients (442 treated with probiotics/symbiotic and 384 with placebo) were analyzed.
Eight were double-blind RCTs, and six enrolled ulcerative colitis (UC) patients. Although the risk for
the overall side effects (RR 1.35, 95%CI 0.93–1.94; I2 = 25%) and for gastrointestinal symptoms (RR
1.78, 95%CI 0.99–3.20; I2 = 20%) was higher in IBD patients taking probiotics than in those exposed
to placebo, statistical significance was achieved only for abdominal pain (RR 2.59, 95%CI 1.28–5.22;
I2 = 40%). In conclusion, despite the small number of RCTs and the variety of probiotic used and
schedule across studies, these findings highlight the level of research effort still required to identify
the most appropriate use of probiotics in IBD.
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1. Introduction
Inflammatory bowel disease (IBD) includes two major disorders: Crohn’s disease (CD) and
ulcerative colitis (UC). With respect to the pathogenesis of IBD, the scientific literature suggests a
fundamental role of the microbiota residing in the intestinal lumen and an inappropriate immune
response to microbial factors [1,2]. The intestinal microbiota is acquired at birth—primarily influenced
by delivery mode, changing rapidly during the first year of life according to nutritional factors such as
breast feeding or artificial nutrition [3,4]. It is unique for each individual, although environmental
factors including diet, drugs—especially anesthetics and antibiotics—stress and diseases may cause
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significant fluctuations [5]. Modifications of the quality and quantity of microbial communities may in
turn contribute to intestinal inflammation, promoting IBD in genetically predisposed individuals [6].
On the other hand, intestinal microbiota can be modulated using probiotics, with attenuation of
intestinal mucosal inflammation [7,8]. For example, in patients with UC, Escherichia coli 1917 Nissle
was as effective as 5-acetyl salicylic acid in preventing relapse, and Lactobacillus GG was even more
effective than mesalamine in prolonging relapse-free time [9,10]. The probiotic combination of VSL#3
was able to induce and maintain remission and reduce UC activity [11,12]. Moreover, Lactobacillus
reuteri ATCC 55,730 showed to reduce clinical and endoscopic disease activity in children with UC [13].
In contrast, based on randomized controlled trials (RCTs) the efficacy of probiotics in CD is limited [14],
although the addition of a prebiotic to Bifidobacterium longum showed a modest benefit in a small
study [15]. Moreover, Kazemi et al. in patients with IBD detected a large decrease in C reactive protein
and TNF-alpha cytokine following a treatment with probiotics [16]. In a recent study, we observed
a reduction in the occurrence of major adverse outcomes related to IBD—requirement of treatment
with systemic steroids, hospitalization, and surgery—in patients exposed to probiotic supplementation
for 25–74% of the disease duration [17]. Although the US Food and Drug Administration recognized
as safe some probiotics when added to food [18], the World Health Organization and the Food and
Agriculture Organization of the United Nations in 2002 [19], reported that, theoretically, probiotics may
be responsible for: Systemic infections, deleterious metabolic activities, excessive immune stimulation
in susceptible individuals, gene transfer and minor gastrointestinal symptoms [20]. Hempel et al.
reviewed 622 probiotics intervention studies in human for adverse effects; among them, 387 studies
reported the presence or absence of specific adverse events including fungemia and bacteremia
potentially associated with probiotic exposure [21]. Overall, in RCTs, the relative risk (RR) for
gastrointestinal infections or other adverse events, was not significantly increased (RR 1.06; 95%CI:
0.97–1.16; p = 0.201) in patients exposed to probiotic compared with controls [21]. The authors conclude
that “[ . . . ] despite the substantial number of publications, the current literature is not well equipped
to answer questions on the safety of probiotic interventions with confidence”. For example, several
studies and meta-analyses have assessed the efficacy of probiotics in IBDs. However, although data
regarding side effects caused by probiotic have been reported by some authors [14], those related to
meta-analyses are absent.
In the present systematic review and meta-analysis of placebo-controlled RTs, we evaluated the
occurrence of side effects related to probiotic exposure in patients with IBD.
2. Materials and Methods
The protocol of this systematic review has been registered on the PROSPERO website [22]
(PROSPERO registration number = CRD42019130389). We performed a systematic review and
meta-analysis in accordance with the guidelines of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) [23]. Patients with IBD (Population) treated with probiotics
(Intervention) or placebo (Comparator) in RCTs were analyzed, in order to evaluate the number of side
effects (Outcome) in patients exposed to probiotics (PICO questions).
2.1. Search Strategy and Study Selection
A comprehensive search was conducted in the medical literature to identify all RCTs in adult
patients with IBD by accessing the Medline database via PubMed, EMBASE, CENTRAL, and the
Cochrane central register of placebo-controlled RTs up to December 2018. Studies were identified using
the single terms “inflammatory bowel disease”, “Crohn disease”, “ulcerative colitis”, “pouchitis”,
“colitis”, “ileitis”, “regional enteritis”, “probiotic”, “prebiotic”, “synbiotic”, “placebo”, “side effects”,
and “adverse events” or a combination thereof using the boolean operators “AND” and “OR”.
The search was restricted to trials published in English as full peer-reviewed manuscripts.
Systematic reviews on IBD and probiotics published before December 2018 were also manually
screened for references of interest. The process was independently conducted by two reviewers (S.B.
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and G.F.), and identified studies were evaluated for analysis suitability. All RCTs considered eligible
for the purpose of the present study were retrieved for further analysis. Eligible criteria defined a
priori were: Peer-reviewed articles published in English, participants aged >16 years, randomized
placebo-controlled trials, diagnosis of IBD based on endoscopy, histology or radiology, laboratory tests
and clinician’s judgment, compared probiotics/synbiotics with placebo and dichotomous assessment
of side effects occurrence. In addition, the references in each RCT were screened to double check for
any missing study. Side effects were defined as symptoms and signs (including abnormal laboratory
tests) judged by the authors as not directly related to IBD and for which a causal relationship with the
study intervention was not ruled out. Risk of bias (RoB) was assessed according to the recommended
categories in the Cochrane Handbook for Systematic Reviews of Interventions using the Risk of Bias
2.0 tool which assesses the effect of assignment to intervention [24].
2.2. Outcome Assessment
The assessed outcome was the number of patients with IBD exposed to probiotics who experienced
the occurrence of any side effect, as compared with placebo.
2.3. Data Extraction
Information was extracted from each trial, independently and blinded, by S.B. and G.F., and
potential discrepancies were discussed by all authors and resolved through consensus. Data included:
First author’s name, year of publication, country of origin, study design, aim of the study, sample size,
mean age and gender of trial participants, probiotic strain with or without prebiotic, dosage in colony
forming unit (CFU), and schedule of probiotics. In addition, clinical data regarding IBD type, disease
activity, and recorded side effects were collected.
2.4. Data Synthesis and Statistical Analysis
The meta-analysis was performed using Review Manager (RevMan) 5.3 software (Cochrane
Collaboration) [25]. Side effects were expressed as a dichotomous variable (absence/presence) and
compared between probiotic/synbiotic and placebo arms. Reported symptoms were categorized
into subgroups, namely (i) gastrointestinal symptoms (nausea, abdominal pain, flatulence, bloating,
unpleasant taste in the mouth, changes in stool, incontinence); (ii) abdominal pain; and (iii) others
symptoms (cough, flu-like or coryza-like syndrome, arthralgia, fatigue, headache, stress, and depression
among others).
The pooled effect of probiotics as predictor of side effects was calculated as RR with 95% confidence
intervals (CIs). Heterogeneity was tested using the I2 statistic, a quantitative measure of inconsistency
across studies. According to the Cochrane Handbook [26], moderate or no heterogeneity was considered
when I2 was <50%, whereas substantial heterogeneity for I2 ≥ 50%. A P < 0.05 defined a significant
degree of heterogeneity. In the absence of substantial heterogeneity (I2 < 50%), a fixed-effects model
was used.
3. Results
3.1. Study Selection and Characteristics
The search strategy generated a total of 2337 articles, among which 2302 were evaluated as not
pertinent to the study purpose (Figure 1). Of the remaining 35 studies, 14 articles published in the
English language between 2002 and 2018 reporting side effects were considered relevant by both
reviewers. Table 1 lists the characteristics of the selected studies. Five RCTs were further excluded
because side effects occurrence was the same or absent in both arms, making RR not estimable [27–31].
Nine remaining studies [12,15,32–38], with a total of 826 patients, were pooled into the meta-analysis.
Figure 2 shows the RoB assessment for each study according to specific domains. Risk of bias was
low for all studies regarding the first and second domain as a result of blinding of participants and
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Table 1. List of controlled clinical trials on adverse effects of probiotics versus placebo in inflammatory bowel disease.
Author, Year and Country

IBD Type

No. of Patients

Dose and Duration

Side Effects

Study Design

Lactobacillus GG

45

12 billion CFU/day
for 52 weeks

Not described

DB, RCT

UC

Bifidobacteria-fermented milk (B. breve,
and B. bifidum, and L. acidophilus YIT
0168 Yakult)

21

at least 10 billion per
100 mL bottle
for 1 year

Coryza,
Abdominal pain

RCT

Kato et al., 2004
Japan [27]

UC

B. bifidum + B. breve Yakult + L.
acidophillus

20

10 billion per 100 mL/day
for 12 weeks

No side effects in both
arms

RCT

Furrie et al., 2005 UK [28]

UC

B. longum + Synergy

18

2 × 1011 CFU twice daily
+ 6 g fructo-oligosaccharide/inulin
for 4 weeks.

No side effects in both
arms

DB, RCT

Marteau et al., 2006
France [34]

CD

L. johnsonii LA1

98

2 × 109 CFU 2packets/day
for 6 months

Digestive disorders

DB, RCT

Sood et al., 2009 North India [35]

UC

VSL#3

147

3600 billion CFU/day
for 12 weeks

Abdominal pain,
Unpleasant taste

MC, DB, RCT

Prantera et al., 2002
Italy [32]

CD

Ishikawa et al., 2003
Japan [33]

Intervention

108

Matthes et al., 2010
Germany [36]

UC

E. coli Nissle 1917

90

viable EcN/mL
in 40, or 20 or 10 mL enemas/day
for at least 2 weeks

Gastrointestinal disorders,
Flatulence

Explorative, MC, DB,
RCT

Steed et al., 2010 UK [15]

CD

B. longum + Synergy

35

2 × 1011 CFU twice daily
+ 6 g fructo-oligosaccharide/inulin
for 6 months

Not better specified
(2 patients unable
to tolerate synbiotic)

DB, RCT

Tursi et al., 2010
Italy [12]

UC

VSL#3(L. paracasei, L. plantarum, L.
acidophilus, and L. delbrueckii subsp
bulgaricus B. longum, B. breve, and B.
infantis, Streptococcus thermophilus)

144

3600 billion CFU/day
for 8 weeks

Abdominal bloating and discomfort,
Unpleasant taste,
Dizziness,
Flu-like symptoms

MC *, DB # , RCT †

Wildt et al., 2011 Denmark [30]

UC

L. acidophilus LA-5 + B. animalis subsp.
lactis BB-12

32

1.5 × 1011 CFU/day
for 52 weeks

Gastrointestinal symptoms equally
reported in both
arms

DB, RCT

Ishikawa et al., 2011 Japan [29]

UC

B. breve Yakult + GOS

41

109 CFU/g three times daily +
5.5 g of galacto-oligosaccharide
once a day
for 1 year

diarrhea or abdominal
pain. (without given
number)

RCT

Yoshimatsu et al., 2015 Japan [31]

UC

1 tablet = Streptococcus faecalis T-110 (2
mg) + Clostridium butyricum TO-A (10
mg) + Bacillus mesentericus TO-A (10 mg)

60

9 tablets daily
for 1 year

No side effects in both
arms

DB, RCT

Tamaki et al., 2016 Japan [37]

UC

B. longum 536

56

2.3 × 1011 three times daily
for 8 weeks

Dry cough

MC, DB, RCT

Matsuoka et al., 2018 Japan [38]

UC

B. breve Yakult (10 × 109 ) + L. acidophilus
(109 )

195

11 billion/day
for 48 weeks

Body odor,
Abdominal bloating,
Stress

MC, DB, RCT

* multicenter trial; # double-blind trial; † randomized placebo-controlled trial; IBD: inflammatory bowel disease; CD: Crohn’s disease; UC: ulcerative colitis; CFU: colony forming unit.
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Among these studies, there were 442 patients allocated to the probiotic/synbiotic arm and 384
to the placebo arm. The mean age of patients was 41.53 ± 5.81 years old in the probiotics group and
41.12 ± 7.13 years old in the control group. The proportion of women was similar in both arms (43.8%
versus 43.5%, respectively). The most used probiotic was a mixture of L. paracasei, L. plantarum, L.
acidophilus, and L. delbrueckii subsp bulgaricus, plus B. longum, B. breve, and B. infantis, plus one strain
of S. thermophilus known as VSL#3. Bifidobacterium longum, or B. breve or L. acidophilus, or L. johnsonii or
E. coli Nissle 1917, L. GG, B. bifidum and the Synergy synbiotic were also used (Table 1). All studies,
except one, were double-blinded. Six studies included patients with UC and the remaining three
included CD patients (Table 1).
3.2. Total Side Effects
Total side effects included the three categories of (i) gastrointestinal symptoms; (ii) abdominal
pain; and (iii) other symptoms. The pooled results showed an increased risk, albeit not significant,
of total side effects in patients treated with probiotics/synbiotic as compared with those treated with
placebo (72/442, 16.3% versus 32/384, 8.3% (RR 1.35, 95%CI 0.93–1.94), with low heterogeneity across
studies (I2 = 25%; p = 0.22) (Figure 3).
A further analysis was restricted to double-blind RCTs to avoid the potential influence of
experimenters on study participants. From the eight double-blind RCTs selected, there was a total of
805 patients involved (431 treated and 374 controls). Total side effects were reported by 71 patients
treated with probiotics and 32 patients treated with placebo (Figure 3). Pooled results still showed an
increased risk of side effects in treated patients (RR 1.33, 95%CI 0.92–1.91) with a moderate heterogeneity
across studies (I2 = 32%; p = 0.17).
3.3. Side Effects According to IBD Type
Six studies including 648 UC patients were pooled to evaluate side effects following probiotics
administration. A significant increase in RR was observed in patients exposed to probiotics, with a
moderate heterogeneity (38%, p = 0.16) across studies. The absolute risk (AR) was calculated and was
equal to 0.176.
There were three eligible trials including patients with CD showing no difference of developing
side effects in patients exposed to probiotics/symbiotic as compared with those exposed to placebo (RR
1.07, 95%CI 0.52–2.19) (Figure 3).
3.4. Gastrointestinal Symptoms
There were seven RCTs with a total of 735 patients reporting symptoms related to the digestive
system (Figure 3). Overall, patients exposed to probiotics had an increased risk of complaining of
gastrointestinal symptoms (RR 1.78, 95%CI 0.99–3.20). The calculated I2 (20%, p = 0.28) was not
indicative of significant heterogeneity. More interestingly, when the analysis was further narrowed to
the abdominal pain alone, the risk associated with probiotic use was even greater (RR 2.59, 95%CI
1.28–5.22), with a related heterogeneity of 40% and an AR of 0.085.
3.5. Fever and Respiratory Side Effects
Two RCTs in which probiotics were administered, reported fever and/or respiratory side effects in
three patients, suggesting the absence of relationship between probiotic exposure and these side effects
(Figure 3).
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3.6. Excluded Studies
Five studies were not included in the meta-analysis because the RR was not estimable. More
specifically, Kato et al. [27], Furrie et al. [28], and Yoshimatsu et al. [31], reported that the intervention
was well tolerated and no one patients complained side effects. In the study conducted by Wildt et al.
gastrointestinal symptoms were equally reported in both treatment groups, and a relation between
intervention and side effects could not be established [30]. Ishikawa et al. despite observing side effects
such as diarrhea or abdominal pain in patients exposed to synbiotics, did not report numbers, making
the results unusable for the analysis [29].
4. Discussion
The results of our meta-analysis of RCTs show that patients with IBD exposed to probiotics
experience side effects more frequently than those exposed to placebo.
There exists a robust body of literature on probiotics in patients with IBD; however, the majority
of available studies are clinical trials designed to evaluate the efficacy of probiotics and prebiotics
versus placebo, or other conventional therapies, for the achievement or maintenance of remission in
patients with CD or UC [39]. In spite of that, the safety profile of probiotics and prebiotics in patients
with IBD remains less explored, probably because they have been consumed as food for hundreds of
years, especially in dairy products such as yogurt (the most famous are the Sardinian one: gioddu, the
Caucasian: chefir; the Russian: kumis and the Egyptian: leben and for this reason perceived as safe.
Described since ancient time in the Bible as a precious food, the acid milk regained popularity with
the Nobel prize I.I. Mechnikov, who suggested its consumption against senility, up to nowadays with
several probiotic strains, alone or combined, commercially available in hundreds of different products.
Although the widespread use of probiotics, prebiotics and synbiotics, studies usually miss to report
adequately adverse events related to their use, despite in some subgroups of patients their use was
associated with severe side effects [20,21].
Our meta-analysis attempted, for the first time, to investigate the occurrence of side-effects in IBD
patients undergoing treatment with probiotic/synbiotics and contrary to expectations, in a total of nine
randomized placebo-controlled trials, we found that the risk of total side effects was higher in patients
exposed to probiotics (RR 1.35) and the effect persisted (RR 1.33) when the analysis was restricted to
double-blind RCTs. Interestingly, we observed a rising trend in the risk when the analysis focused on
gastrointestinal symptoms (RR 1.78), or more specifically on abdominal pain (RR 2.59). These results
are consistent with a previous meta-analysis addressing the benefit of probiotic in patients with UC
and CD. Derwa et al. reported as a secondary endpoint of their meta-analysis a RR of 1.21 (95% CI =
0.64-2.27) to develop adverse events from six controlled RCTs in UC patients exposed to probiotics
compared with placebo. The occurrence of adverse events reported by only one RCT did not reach
a significant difference between CD patients treated with probiotics or placebo [14]. Similarly, in a
systematic review and meta-analysis on the efficacy of probiotics, prebiotics, synbiotics and antibiotics
in irritable bowel syndrome (IBS)among 36 trials with a total of 4183 patients Ford et al. found that
patients treated with probiotics experienced adverse events more often as compared with those treated
with placebo (19.4% versus 17.0%) although the RR was not significantly higher. Moreover, the authors
detected significant heterogeneity among studies [40].
These findings are difficult to explain, since they are in contrast with the intrinsic meaning of
probiotic “pro bios” in favor of life. For example, in a recent study conducted in a series of 200
IBD patients including both CD and UC, we observed a 93% reduction in the need for systemic
steroids, hospitalization, and surgery related to the disease in CD patients, and a 100% reduction
in UC patients taking probiotics for more than 75% of disease duration [17]. Similarly, in a study
including 170 IBD patients exposed to probiotics use, we noticed a reduction in the occurrence of
skin lesions [41]; however, this reduction was dependent on the amount of probiotics taken [17,41].
Probably, the duration of treatment with probiotics may influence outcomes. In the two previous
studies probiotics were taken for years, whereas in the RCTs included in our meta-analysis they
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were taken for a maximum of one year [32,33]. In general, it is an increasingly accepted concept
that probiotic benefits may be dose-dependent, only manifesting themselves upon achievement of
a threshold dosage [42]. Probiotic amounts in currently used formulations show a wide variability,
ranging from 107 to 1011 CFU/g, which likely implies a high variability in the number of viable cells
included in the products. It has been ascertained that the percentage of live cells capable of driving
an effective change in fecal microbiota can vary from 1% to 92% [42]. We can assume that only
formulations with a high bacterial load may exert a positive effect, while those with a low bacterial
content have no effect or are even contrary to expectation. For example, daily doses of Lactobacilli
equal to or greater than 1010 CFU induced a significant reduction in the duration of diarrhea in children.
For lower doses of probiotics, an increase in the duration of diarrhea was paradoxically observed [43].
In addition to the duration and dose, the probiotic strain may play a central role in health and
disease. For instance, in a double-blind placebo-controlled trial, Mangalat et al. observed a prominent
proinflammatory triggering following the administration of L. reuteri in healthy adults as revealed
by increased fecal calprotectin [44]. Moreover, some individuals taking probiotic may temporarily
experience an increase in gas production and swelling, in addition to constipation, which in most
cases disappears in a few weeks [45,46]. Several lactic bacteria produce bioactive substances such as
histamine, tyramine, and phenylethylamine, which may induce headaches and other complaints [47].
These bioactive molecules are normally inactivated by mono-amino oxidases (MAO) in the intestinal
wall and liver [48]. Minderhoud reported an alteration in neuroendocrine cells in IBD patients with
IBS-like symptoms associated with lower MAO activity and an increase in biogenic amines [49]. A
number of additional biogenic amines have also been isolated from bacterial strains commonly used in
probiotic preparations [50]. These observations may provide a partial explanation for the occurrence of
gastrointestinal side effects in patients exposed to probiotics including abdominal cramping, nausea,
soft stools, flatulence, and taste disturbance, occurring in subjects receiving probiotics [20]. The gut
microbiota resides almost completely in the colon and, to a lesser extent, in the small bowel. For this
reason, it is plausible that probiotics affects especially colon microorganism communities. For the
same reason treatment of IBD patients with probiotics is more effective in UC than in CD. In a review
addressing the quantitative risk–benefit analysis of probiotic use in IBS and IBD, Bennet reported
gastrointestinal symptoms as the most frequent side effects [51], although it is difficult to find a clear
cut between gastrointestinal symptoms generated by the natural course of IBD and those generated by
probiotic exposure. Another critical point is that in RCTs comparing probiotics with placebo in IBD
patients, the conventional treatment was not similar in both arms, and in some series, the difference
was statistically significant [15,33,35,37]. Lack of uniformity in the concomitant medications in each
of these studies may be one limitation of this systematic review and meta-analysis. In addition,
the majority of RCTs lacked standardized methods for the assessment of side effects (for instance, a
validated questionnaire), or their graduation. Moreover, the strain, amount, schedule, and duration of
probiotics/synbiotic treatment used in RCTs were extremely variable. Finally, but no less important,
we were unable to relate a specific strain to side effect occurrence, due to the paucity of data.
5. Conclusions
In conclusion, at present, the small number of RCTs, the heterogeneity of the design and probiotic
schedule across studies do not allow a satisfactory explanation of the apparent negative effect of
probiotics in causing side effects in IBD patients. Future studies are required to identify the most
appropriate species, strains or mixture thereof, and amounts of probiotics that are effective for IBD,
while limiting potential side effects. To achieve this goal is fundamental that researchers measure and
carefully report safety profile of probiotic/prebiotic/synbiotic in order to provide physicians guidelines
to manage their patients with this treatment.

Nutrients 2019, 11, 2913

10 of 12

Author Contributions: Conceptualization, M.P.D. and G.M.P.; methodology, M.P.D.; G.M.P. and G.B.; software,
G.M.P.; validation, M.P.D.; G.M.P. and G.B.; formal analysis, M.P.D. and G.M.P.; investigation, M.P.D.; S.B. and
G.F.; resources, M.P.D.; data curation, S.B.; writing—original draft preparation, M.P.D.; writing—review and
editing, M.P.D.; G.M.P. and G.B.; visualization, S.B.; supervision, M.P.D.; project administration, M.P.D.; funding
acquisition, M.P.D. All authors contributed to the interpretation of the findings.
Funding: This research received no external funding.
Conflicts of Interest: The authors declare that the research was conducted in the absence of any commercial or
financial relationships that could be construed as a potential conflict of interest.

References
1.
2.
3.
4.
5.
6.

7.
8.

9.

10.
11.

12.

13.

14.
15.

16.

17.

Podolsky, D.K. Inflammatory bowel disease. N. Engl. J. Med. 2002, 208, 417–429. [CrossRef] [PubMed]
Cho, J.H. The genetics and immunopathogenesis of inflammatory bowel disease. Nat. Rev. Immunol. 2008, 8,
458–466. [CrossRef] [PubMed]
Stark, P.L.; Lee, A. The microbial ecology of the large bowel of breast-fed and formula-fed infants during the
first year of life. J. Med. Microbiol. 1982, 15, 189–203. [CrossRef] [PubMed]
Kau, A.L.; Ahern, P.P.; Griffin, N.W.; Goodman, A.L.; Gordon, J.I. Human nutrition, the gut microbiome, and
immune system: Envisioning the future. Nature 2011, 474, 327–336. [CrossRef] [PubMed]
Lozupone, C.A.; Stombaugh, J.I.; Gordon, J.I.; Jansson, J.K.; Knight, R. Diversity, stability and resilience of
the human gut microbiota. Nature 2012, 489, 220–230. [CrossRef] [PubMed]
Jostins, L.; Ripke, S.; Weersma, R.K.; Duerr, R.H.; McGovern, D.P.; Hui, K.Y. Host-microbe interactions
have shaped the genetic architecture of inflammatory bowel disease. Nature 2012, 491, 119–124. [CrossRef]
[PubMed]
Atarashi, K.; Tanoue, T.; Oshima, K.; Suda, W.; Nagano, Y.; Nishikawa, H. Treg induction by a rationally
selected mixture of Clostridia strains from the human microbiota. Nature 2013, 500, 232–236. [CrossRef]
Yan, F.; Cao, H.; Cover, T.L.; Washington, M.K.; Shi, Y.; Liu, L. Colon-specific delivery of a probiotic-derived
soluble protein ameliorates intestinal inflammation in mice through an EGFR-dependent mechanism. J. Clin.
Investig. 2011, 121, 2242–2253. [CrossRef]
Rembacken, B.J.; Snelling, A.M.; Hawkey, P.M.; Chalmers, D.M.; Axon, A.T. Non-pathogenic Escherichia
coli versus mesalazine for the treatment of ulcerative colitis: A randomised trial. Lancet 1999, 354, 635–639.
[CrossRef]
Zocco, M.A.; dal Verme, L.Z.; Cremonini, F.; Piscaglia, A.C.; Nista, E.C.; Candelli, M. Efficacy of Lactobacillus
GG in maintaining remission of ulcerative colitis. Aliment. Pharmacol. Ther. 2006, 23, 1567–1574. [CrossRef]
Miele, E.; Pascarella, F.; Giannetti, E.; Quaglietta, L.; Baldassano, R.N.; Staiano, A. Effect of a probiotic
preparation (VSL#3) on induction and maintenance of remission in children with ulcerative colitis. Am. J.
Gastroenterol. 2009, 104, 437–443. [CrossRef] [PubMed]
Tursi, A.; Brandimarte, G.; Papa, A.; Giglio, A.; Elisei, W.; Giorgetti, G.M. Treatment of relapsing mild to
moderate ulcerative colitis with the probiotic VSL#3 as adjunctive to a standard pharmaceutical treatment: A
double-blind, randomized, placebo-controlled study. Am. J. Gastroenterol. 2010, 105, 2218–2227. [CrossRef]
[PubMed]
Oliva, S.; Di Nardo, G.; Ferrari, F.; Mallardo, S.; Rossi, P.; Patrizi, G. Randomised clinical trial: The effectiveness
of Lactobacillus reuteri ATCC 55730 rectal enema in children with active distal ulcerative colitis. Aliment.
Pharmacol. Ther. 2012, 35, 327–334. [CrossRef] [PubMed]
Derwa, Y.; Gracie, D.J.; Hamlin, P.J.; Ford, A.C. Systematic review with meta-analysis: The efficacy of
probiotics in inflammatory bowel disease. Aliment. Pharmacol. Ther. 2017, 46, 389–400. [CrossRef] [PubMed]
Steed, H.; Macfarlane, G.T.; Blackett, K.L.; Bahrami, B.; Reynolds, N.; Walsh, S.V. Clinical trial: The
microbiological and immunological effects of synbiotic consumption—A randomized double-blind placebo
controlled study in active Crohn’s disease. Aliment. Pharmacol. Ther. 2010, 32, 872–883. [CrossRef]
Kazemi, A.; Soltani, S.; Ghorabi, S.; Keshtkar, A.; Daneshzad, E.; Nasri, F.; Mazloomi, S.M. Effect of probiotic
and synbiotic supplementation on inflammatory markers in health and disease status: A systematic review
and meta-analysis of clinical trials. Clin. Nutr. 2019. [CrossRef]
Dore, M.P.; Rocchi, C.; Longo, N.P.; Scanu, A.M.; Vidili, G.; Padedda, F. Effect of probiotic use on adverse
events in adult patients with inflammatory bowel disease: A retrospective cohort study. Probiotics Antimicrob.
Proteins 2019. [CrossRef]

Nutrients 2019, 11, 2913

18.
19.
20.
21.
22.
23.

24.

25.
26.
27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

11 of 12

Generally
Recognized
as
Safe
(GRAS).
Available
online:
http://www.fda.gov/food/
IngredientspackagingLabeling/GRAS/ (accessed on 15 September 2019).
U.S. Food and Drug Administration. Available online: http://www.fda.gov/ohrms/dockets/dockets/95s0316/
95s-0316-rpt0282-tab-03-ref-19-joint-faowho-vol219.pdf (accessed on 15 September 2019).
Doron, S.; Snydman, D.R. Risk and safety of probiotics. Clin. Infect. Dis. 2015, 60, S129–S134. [CrossRef]
Hempel, S.; Newberry, S.; Ruelaz, A.; Wang, Z.; Miles, J.N.; Suttorp, M.J. Safety of probiotics used to reduce
risk and prevent or treat disease. Evid. Rep. Technol. Assess. 2011, 200, 1–645.
International Prospective Register of Systematic Reviews. Available online: https://www.crd.york.ac.uk/
PROSPERO (accessed on 15 September 2019).
Liberati, A.; Altman, D.G.; Tetzlaff, J.; Mulrow, C.; Gøtzsche, P.C.; Ioannidis, J.P. The PRISMA statement for
reporting systematic reviews and meta-analyses of studies that evaluate healthcare interventions: Explanation
and elaboration. BMJ 2009, 339, b2700. [CrossRef]
RoB 2: A Revised Cochrane Risk-of-Bias Tool for Randomized Trials. Available online: https:
//methods.cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-tool-randomized-trials (accessed
on 15 September 2019).
Bax, L.; Yu, L.M.; Ikeda, N.; Moons, K.G. A systematic comparison of software dedicated to meta-analysis of
causal studies. BMC Med. Res. Methodol. 2007, 7, 40. [CrossRef] [PubMed]
Higgins, J.P.T.; Green, S. Cochrane Handbook for Systematic Reviews of Interventions: Version 5.1.0. 2011.
Available online: http://handbook.cochrane.org/ (accessed on 15 September 2019).
Kato, K.; Mizuno, S.; Umesaki, Y.; Ishii, Y.; Sugitani, M.; Imaoka, A. Randomized placebo-controlled trial
assessing the effect of bifidobacteria-fermented milk on active ulcerative colitis. Aliment. Pharmacol. Ther.
2004, 20, 1133–1141. [CrossRef] [PubMed]
Furrie, E.; Macfarlane, S.; Kennedy, A.; Cummings, J.H.; Walsh, S.V.; O’neil, D.A. Synbiotic therapy
(Bifidobacterium longum/Synergy 1) initiates resolution of inflammation in patients with active ulcerative
colitis: A randomised controlled pilot trial. Gut 2005, 54, 242–249. [CrossRef] [PubMed]
Ishikawa, H.; Matsumoto, S.; Ohashi, Y.; Imaoka, A.; Setoyama, H.; Umesaki, Y. Beneficial effects of probiotic
Bifidobacterium and galacto-oligosaccharide in patients with ulcerative colitis: A randomized controlled
study. Digestion 2011, 84, 128–133. [CrossRef]
Wildt, S.; Nordgaard, I.; Hansen, U.; Brockmann, E.; Rumessen, J.J. A randomized double blind
placebo-controlled trial with Lactobacillus acidophilus La-5 and Bifidobacterium animalis subsp. lactis BB-12
for maintenance of remission in ulcerative colitis. J. Crohns. Colitis. 2001, 5, 115–121. [CrossRef]
Yoshimatsu, Y.; Yamada, A.; Furukawa, R.; Sono, K.; Osamura, A.; Nakamura, K. Effectiveness of probiotic
therapy for the prevention of relapse in patients with inactive ulcerative colitis. World J. Gastroenterol. 2015,
21, 5985–5994. [CrossRef]
Prantera, C.; Scribano, M.L.; Falasco, G.; Andreoli, A.; Luzi, C. Ineffectiveness of probiotics in preventing
recurrence after curative resection for Crohn’s disease: A randomised controlled trial with Lactobacillus GG.
Gut 2002, 51, 405–409. [CrossRef]
Ishikawa, H.; Akedo, I.; Umesaki, Y.; Tanaka, R.; Imaoka, A.; Otani, T. Randomized controlled trial of the
effect of Bifidobacteria-fermented milk on ulcerative colitis. J. Am. Coll. Nutr. 2003, 22, 56–63. [CrossRef]
Marteau, P.; Lémann, M.; Seksik, P.; Laharie, D.; Colombel, J.F.; Bouhnik, Y. Ineffectiveness of Lactobacillus
johnsonii LA1 for prophylaxis of postoperative recurrence in Crohn’s disease: A randomised, double blind,
placebo controlled GETAID trial. Gut 2006, 55, 842–847. [CrossRef]
Sood, A.; Midha, V.; Makharia, G.K.; Ahuja, V.; Singal, D.; Goswami, P. The probiotic preparation, VSL#3
induces remission in patients with mild-to-moderately active ulcerative colitis. Clin. Gastroenterol. Hepatol.
2009, 7, 1202–1209. [CrossRef]
Matthes, H.; Krummenerl, T.; Giensch, M.; Wolff, C.; Schulze, J. Clinical trial: Probiotic treatment of acute
distal ulcerative colitis with rectally administered Escherichia coli Nissle 1917 (EcN). BMC Complement.
Altern. Med. 2010, 10, 13. [CrossRef] [PubMed]
Tamaki, H.; Nakase, H.; Inoue, S.; Kawanami, C.; Itani, T.; Ohana, M. Efficacy of probiotic treatment
with Bifidobacterium longum 536 for induction of remission in active ulcerative colitis: A randomized,
double-blinded, placebo-controlled multicenter trial. Dig. Endosc. 2016, 28, 67–74. [CrossRef] [PubMed]

Nutrients 2019, 11, 2913

38.

39.
40.

41.
42.

43.
44.

45.
46.
47.
48.

49.

50.

51.

12 of 12

Matsuoka, K.; Uemura, Y.; Kanai, T.; Kunisaki, R.; Suzuki, Y.; Yokoyama, K. Efficacy of Bifidobacterium breve
fermented milk in maintaining remission of ulcerative colitis. Dig. Dis. Sci. 2018, 63, 1910–1919. [CrossRef]
[PubMed]
Hooper, L.V.; Wong, M.H.; Thelin, A.; Hansson, L.; Falk, P.G.; Gordon, J.I. Molecular analysis of commensal
host-microbial relationships in the intestine. Science 2001, 291, 881–884. [CrossRef]
Ford, A.C.; Harris, L.A.; Lacy, B.E.; Quigley, E.M.M.; Moayyedi, P. Systematic review with meta-analysis: The
efficacy of prebiotics, probiotics, synbiotics and antibiotics in irritable bowel syndrome. Aliment. Pharmacol.
Ther. 2018, 48, 1044–1060. [CrossRef]
Satta, R.; Pes, G.M.; Rocchi, C.; Pes, M.C.; Dore, M.P. Is probiotic use beneficial for skin lesions in patients
with inflammatory bowel disease? J. Dermatolog. Treat. 2019, 30, 612–616. [CrossRef]
Patton, T.J.; Guandalini, S. Are probiotic effects dose-related. In World Review of Nutrition and Dietetics,
Probiotic Bacteria and Their Effect on Human Health and Wellbeing; Guarino, A., Quigley, E.M.M., Walker, W.A.,
Eds.; Karger: Basel, Switzerland, 2013; Volume 107, pp. 151–160.
Van Niel, C.W.; Feudtner, C.; Garrison, M.M.; Christakis, D.A. Lactobacillus therapy for acute infectious
diarrhea in children: A meta-analysis. Pediatrics 2002, 109, 678–684. [CrossRef]
Mangalat, N.; Liu, Y.; Fatheree, N.Y.; Ferris, M.J.; Van Arsdall, M.R.; Chen, Z. Safety and tolerability of
Lactobacillus reuteri DSM 17938 and effects on biomarkers in healthy adults: Results from a randomized
masked trial. PLoS ONE 2012, 7, e43910. [CrossRef]
Williams, N.T. Probiotics. Am. J. Health Syst. Pharm. 2010, 67, 449–458. [CrossRef]
Karpa, K.D. Probiotics for Clostridium difficile diarrhea: Putting it into perspective. Ann. Pharmacother. 2007,
41, 1284–1287. [CrossRef]
Pessione, E.; Cirrincione, S. Bioactive molecules released in food by lactic acid bacteria: Encrypted peptides
and biogenic amines. Front. Microbiol. 2016, 7, 876. [CrossRef] [PubMed]
Squires, R.F. Multiple forms of monoamine oxidase in intact mitochondria as characterized by selective
inhibitors and thermal stability: A comparison of eight mammalian species. Adv. Biochem. Psychopharmacol.
1972, 5, 355–370. [PubMed]
Minderhoud, I.M.; Oldenburg, B.; Schipper, M.E.; ter Linde, J.J.; Samsom, M. Serotonin synthesis and uptake
in symptomatic patients with Crohn’s disease in remission. Clin. Gastroenterol. Hepatol. 2007, 5, 714–720.
[CrossRef] [PubMed]
Pugin, B.; Barcik, W.; Westermann, P.; Heider, A.; Wawrzyniak, M.; Hellings, P. A wide diversity of bacteria
from the human gut produces and degrades biogenic amines. Microb. Ecol. Health. Dis. 2017, 28, 1353881.
[CrossRef]
Bennett, W.E., Jr. Quantitative risk-benefit analysis of probiotic use for irritable bowel syndrome and
inflammatory bowel disease. Drug Saf. 2016, 39, 295–305. [CrossRef]
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

