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Abstract 
Crohn’s disease (CD) is a chronic inflammatory disease whose pathogenesis 
involves disturbances of the gastrointestinal microbiota. As the prevalence of 
CD increases, the need for a more effective and safe treatment is integral. 
Probiotics have been reported to be beneficial for numerous gastrointestinal 
diseases, providing health benefits and considering the microbial characteris-
tics of CD’s pathogenesis. However, our knowledge of the efficacy of probiot-
ic therapy in preventing relapse in CD is limited. How gastroenterologists 
have incorporated probiotics into their practice or probiotics observed impli-
cations for patients with CD has not been assessed. A quantitative survey was 
distributed to determine how gastroenterologists perceive and use probiot-
ic-based therapies in CD practice. The second objective was to conduct a me-
ta-analysis of the efficacy of probiotics for maintaining remission and pre-
venting clinical and endoscopic relapse in CD. Performing a meta-analysis 
and survey will examine the role of probiotics in CD treatment. Surveyed 
gastroenterologists cited that probiotics have an adjunctive role and have 
been observed to alleviate common CD symptoms. Probiotics seem effective 
in reducing the relapse rate, specifically those of the multi-strain variety are 
more likely to be effective in maintaining CD remission. Further research 
with larger trials is required to replicate and solidify this efficacy. The me-
ta-analysis only assessed the efficacy of probiotics as a maintenance treatment 
as measured by the risk of relapse; thus, no evidence supports probiotics’ 
ability to induce remission. The results of the meta-analysis and survey indi-
cate that probiotics cannot treat CD without accompanying conventional 
drug therapies; nevertheless, independent of treatment capacities, probiotics 
still yield health benefits for CD patients. 
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Endoscopic Replase 

 

1. Literature Review 

Chronic inflammatory bowel disease (IBD) is an umbrella term to describe 
Crohn’s disease (CD) and ulcerative colitis (UC), two disorders characterized by 
inflammation in the gastrointestinal tract. Population-based evidence estimates 
that the global prevalence of IBD has increased by 31% from 1990 to 2017 [1]. A 
rising incidence rate of IBD burdens countless people with healthcare costs, 
possible impediments to life aspirations, and impaired quality of life. IBD’s gen-
eral classification warrants further specification for conducting narrowed re-
search to a subset of IBD, CD. Unlike UC where superficial inflammation occurs 
in the colon, CD inflammation is transmural and segmented along the entirety 
of the gastrointestinal tract. This disparity among diseases might explain why 
treatment methods effective in UC do not have the same capacity for CD pa-
tients. While idiopathic, CD appears to be caused by a combination of genetic, 
immunological, and environmental factors that trigger an overly aggressive im-
mune response to commensal bacteria disturbing intestinal epithelial integrity 
[2]. The complex interplay among these factors is a key mechanism to under-
standing CD’s pathogenesis and pathways to its treatment. 

CD is classified as a relapsing-remitting disease; therefore, patients experience 
inflammatory flare-ups with intervening phrases of symptom-free remission. 
Symptoms and extraintestinal complications include but are not limited to di-
arrhea, abdominal pain, malnutrition, fistulas, anemia, and aphthous ulcerations 
[3]. More than 70% of CD patients undergo operations in their lives. New le-
sions can recur during clinical relapse and possibly necessitate additional pro-
cedures. The median time to surgical recurrence is 10 - 20 years, clinical recur-
rence is 3 - 5 years, and endoscopic recurrence is 6 months [4]. Maintenance and 
treatment of CD require physicians’ involvement indefinitely, so its impact on 
the healthcare system will continue to rise exponentially. 

Current therapies aim to alleviate symptoms and prevent relapse; conse-
quently, in most cases, drug treatments become a permanent part of individuals’ 
medical regimens. Drug treatments include traditional anti-inflammatory agents 
(corticosteroids), immunosuppressants, and biologic therapies that, if successful, 
will slow the progression of the disease. The most widely accepted treatment ap-
proach is a combination of immunosuppressants, where approximately 56% of 
patients enter corticosteroid-free clinical remission [5]. Long-term, frequent use 
of many treatment drugs is associated with toxicity and adverse events; thus, 
there remains a significant outstanding need for safer, effective alternatives to 
prevent, alter the behavior of, and ultimately cure CD and its accompanying 
symptoms.  

Recently more research has provided a better understanding of the symbiotic 
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relationship between the gut microbiome and the immune system and its re-
sponsibility in human health. The gut’s predisposed function to maintain the 
composition of resident microbiota among the microbiome likely influenced the 
origin of human immune system homeostasis and subsequent fluctuations [6]. 
70% of immune cells reside in the gut, cross-talking between microbes and the 
immune system to facilitate metabolic and nutritional functions [7]. The ga-
strointestinal tract provides residency to high concentrations of diverse species 
of commensal bacteria that normally maintain a symbiotic relationship with the 
host. The interdependence of the immune system and bacteria warrants the hy-
pothesis that altering the gut flora could rectify malfunctioning immune cells in 
CD; hence, probiotics have emerged as a potential biotherapeutic. 

Probiotics offer an affordable and less invasive alternative to primary methods 
of treatment. Probiotics are derived from cultured foods to resemble commensal 
gut bacteria. The live microorganisms potentially yield health benefits for con-
sumers [8]. While the Lactobacillus and Bifidobacterium genus are the most 
common, numerous single and multi-strain probiotic products exist. The incor-
poration of probiotics into the therapeutic agenda for CD is based on the theory 
of dysbiosis, which suggests that intestinal inflammation occurs as a result of an 
imbalance between commensal and pathogenic bacteria. [9]. High-throughput 
sequencing instruments have offered insight into the microbial makeup of pa-
tients with CD: harmful microbial species (Bacteroides, adherent/invasive Escheri-
chia coli (E. coli.), Enterococci, Pasteurellaceae) are in abundance, and beneficial 
species (Bifidobacterium, Lactobacillus, Erysipelotrichales, Bacteroidales, and 
Clostridiales) are depleted [10]. Probiotic products could therefore offer instru-
mental mechanisms in CD therapy: probiotics compete with microbial patho-
gens for receptors on epithelium surface; immune system function to stimulate 
and/or modulate gut-associated tissue cells; suppression of pathogen growth and 
activity of antimicrobial factors; enhancement of mucosal barrier function intes-
tinal integrity; and induction of T-cell death [11]. Studies of probiotics in animal 
models with induced colitis have supported these mechanisms of therapy [12] 
[13] [14]. While animal models administered probiotics have experienced in-
flammation resolution, limited efficacy has been demonstrated in ulcerative coli-
tis [15] [16] and pouchitis [17], and no experimental research in CD. 

The microbiome possesses tremendous variability; therefore, probiotic thera-
py cannot be uniform. Probiotic selection and dosage may require adjustment 
for each patient to be effective. It is also plausible that the health benefits of pro-
biotics position the intervention to adopt a supplementary role to conventional 
treatments. There is a sound conceptual basis for probiotic intervention to treat 
CD; however, quality randomized clinical trials (RCT) investigating probiotics’ 
clinical capacity for reducing relapse and inducing remission are extremely 
scarce. RCTs must offer insight into the dose, duration of treatment, strains (or 
combination) used, and timing of intervention during the progression of the 
disease is necessary.  
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Currently, no study has yielded evidence to support the use of probiotics for 
the maintenance treatment of CD, so when linking commercially available pro-
biotics to capacity to treat GI diseases, organizations’ recommendations fail to 
report on probiotics’ role in CD therapy [7]. Additionally, the majority of CD 
and probiotic studies identify in the conclusion a demand for quality, large-scale 
research to adequately reveal probiotics’ efficacy if this beneficial relationship is 
present [18]. This meta-analysis intends to fill this gap in the literature by ga-
thering a larger quantity of data regarding probiotics’ efficacy in maintaining 
remission and preventing clinical and endoscopic relapse in CD. Pooling inter-
vention studies, if homogeneity exists, may provide a large sample with suffi-
cient power to demonstrate that this approach to treatment is effective; thus, this 
investigation could provide clarity into the assertion of the American Gastroen-
terological Association (AGA) that this was an area lacking in research evidence 
[19]. Furthermore, while studies have inquired about gastroenterologists’ per-
ceptions on probiotics treatment for all GI diseases, no study has successfully 
interpreted gastroenterologists’ perceptions and implementation of probiotics in 
specifically CD treatment [20]. This information can aid the AGA in developing 
universal probiotic practice guidelines for CD thus providing clarity for the gas-
troenterology society.  

This research aims to provide insight into probiotics’ clinical efficacy and the-
rapeutic role in CD treatment. The interpretation of probiotics’ ongoing relev-
ance in GI practice settings and the pooling of existing research will answer the 
research question “What is the role of probiotics in the treatment of Crohn’s 
disease, and are they efficacious in preventing relapse in patients?” 

2. Method 
2.1. Survey 

Online survey tools have historically provided modalities for researchers to as-
sess physician perceptions and practice patterns; thus, a quantitative survey was 
a logical approach to determine gastroenterologists’ opinions of probiotics for 
CD [20]. Probiotics are not a standardized treatment for CD; therefore, directly 
addressing gastroenterologists and inquiring if they have observed any benefits 
for CD patients is the only way to assess probiotics’ clinical implications.  

To address the proposed question, a 15-question survey (Appendix 1) de-
signed to take approximately 3 minutes was distributed through the online plat-
form SurveyMonkey. Survey participation was offered through email to practic-
ing community and academic-based gastroenterologists affiliated with the Crohn’s 
and Colitis Foundation, Children’s Hospital of Wisconsin, Advocate Aurora 
Health, GI Associates, Ascension Wisconsin, University of Wisconsin Division 
of Gastroenterology, and Freoedtert and the Medical College of Wisconsin. The 
survey was limited to Wisconsin gastroenterologists to focus on a specific geo-
graphical area, and within the three week period that the survey was accessible 
86 gastroenterologists were reached. The online method provided an organized 
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platform to store response data and maximized accessibility for respondents, in-
creasing convenience and the response rate. Anonymity was maintained to re-
duce bias and yield responses that accurately reflected participants’ ideologies. 

Question design allowed for simple categorization of participants’ responses, 
12 questions were multiple choice, two were sliders, and one was an optional text 
box for providing personal contact information to receive research results. Only 
close-ended questions were included, although questions allowed respondents to 
add additional comments regarding their responses to each question. The survey 
was reviewed independently by an expert in probiotics on the content and for-
mat of the questionnaire.  

Many of the questions were adapted from a study addressing probiotics as 
therapy in gastroenterology conducted by a team of researchers in the Division 
of Gastroenterology at Washington University in St. Louis School of Medicine in 
St. Louis, Missouri [20]. The first three questions determined gastroenterologist 
experience, clinical setting, and years of experience. The remaining questions 
accessed respondents’ perspectives and experiences about probiotics and CD. 
Physicians were questioned on their familiarity with popular commercially 
available probiotics as defined by the journal of Microbial Biotechnology: Flora-
jen Products (a blend of Lactobacillus and Bifidobacterium), Align (Bifidobacte-
rium Infantis 35264), Culturelle (Lactobacillus GG), Mutaflor (E. coli Nissle 
1917), Fortified Yogurt (DanActive/Yakult/Lifeway/etc.), Florastor (Saccharo-
myces boulardii lyo), Flora-Q (a blend of 4 species), and VSL#3 (a blend of 8 
species) [21]. After gastroenterologists identified the number of patients taking 
probiotics for CD, they were asked about observed symptom reductions in said 
patients. Symptoms were modeled off the Crohn’s disease Activity Index [22]. 

Descriptive statistics were generated as proportions of respondents and ana-
lyzed in a simple analytical method through tables and charts. A minimum sam-
ple size calculation procedure was applied and determined to be any sample be-
low a 10% response rate. 

2.2. Meta-Analysis 

The second component of the study is a meta-analysis of the efficacy of probio-
tics for the maintenance of remission and prevention of clinical and endoscopic 
relapse in CD: a potential additional role for probiotics. The proposed question 
is a medical inquiry whose purpose is to determine a treatment effect; therefore, 
a rational method to answer this question is apparent in other studies who in-
vestigate the treatment effect of an intervention for CD patients. A study deter-
mining the efficacy of antibiotics on prevention of relapse utilized a me-
ta-analysis justifying a meta-analysis as the adequate method to determine pro-
biotics’ treatment effect [23]. Experimentation was considered, but a lack of lab 
resources and qualifications eliminated the methodology. A content review or 
systematic review could have been conducted; however, this methodology for-
goes statistical analysis of outcomes which is necessary to produce an original 
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conclusion concerning the role of probiotics in CD treatment that answers the 
research question.  

The most logical method is a meta-analysis to synthesize outcomes, as there is 
a limited body of quantitative studies assessing probiotics impact on CD relapse. 
Currently, no studies individually demonstrate a benefit to probiotic therapy for 
CD; therefore, this gap justifies pooling results in a single meta-analysis to gen-
erate a larger sample size to adequately evaluate if this efficacy exists. This me-
ta-analysis was designed to emulate standard quality meta-analysis protocol as 
defined by the QUOROM statement checklist: comprehensive set of 21 guide-
lines published to address standards for improving the quality of reporting of 
meta-analyses of clinical RCTs and minimizing their susceptibility to bias [24]. 
Other probiotic efficacy meta-analyses that adhere to QUOROM reporting prin-
ciples have been published [25] [26]. 

2.3. Selection Criteria and Search Method 

The inclusion criteria for this review were defined a priori and outlined in Table 
1. 

Electronic databases and journals were utilized to search for appropriate ab-
stracts or fully published RCTs: National Library of Medicine Pubmed 
(2000-present), the Cochrane Controlled Trials Register (CENTRAL) 
(2001-present), Frontiers in Medicine, UpToDate, EMBASE, World Health Or-
ganization (WHO) International Clinical Trials Registry, Clinicaltrials.gov, Clin-
ical Gastroenterology, and Hepatology AGA, and Gastrojournal.org to identify 
comparative studies of probiotics and CD. A text search was conducted using the 
following keywords: “Crohn’s”, “IBD”, “Probiotic”, “Relapse”, “CDAI”, “Recur-
rence”, “Lactobacillus”, “Bifidobacterium”, “Saccharomyces”, “Escherichia coli”, 
and “VSL#3”. Secondary and hand searches were performed on references listed 
in relevant studies and review articles to identify additional citations not recog-
nized in the initial search. The risk of publication bias was minimized by con-
tacting two experts in the field to determine if they were aware of any additional  
 
Table 1. Inclusion criteria. 

Inclusion Criteria 

Randomized controlled trials 

Population, allocation, study design, and outcomes identified 

Adult patients of >16 years with diagnosed CD 

Compared placebo to anti-inflammatory agent 5-aminosalicylic acid (5-ASA,  
Mesalazine, or mesalamine) or placebo 

Assessed relapse of disease activity in quiescent CD (surgically or medically induced) at 
last time point of assessment in the trial, endoscopic relapse, clinical relapse rate (CDAI), 
endoscopic assessment, severe endoscopic recurrence (Rutgeerts scoring system), clinical 
recurrence, and withdrawals due to relapse 

Adverse events related to probiotics are considered as secondary outcomes. 
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or unpublished studies. Finally, the details of identified studies were scanned ac-
cording to inclusion criteria established a priori. 

2.4. Validity Assessment  

The Cochrane risk bias tool and Jadad quality score were utilized to assess the 
methodological quality of identified studies. Bias is determined based on ran-
dom sequence generation, allocation concealment, blinding of participants and 
personnel, blinding of outcome assessment, incomplete outcome data, selective 
outcome reporting, and other sources of bias. This assessment was then relayed 
in a risk of bias summary table outlining each domain as judged at low, unclear, 
or high risk of bias. Jadad quality scores, constructed through assessment of 
randomization, blinding, and dropouts, were also reported for all RCTs: a score 
of 0 - 2 indicates a low-quality report and 3 - 5 indicates a high-quality report. 

2.5. Data Extraction 

An expert in the field conducted a final content review of RCTs identified for in-
clusion. Information on study design, population, intervention, control, and 
outcomes were extracted independently from each RCT using a standardized 
extraction table.  

2.6. Analysis 

Review Manager (RevMan5.4.1) software on an intention-to-treat basis. Metho-
dological diversity was evident among individual studies; therefore, dichotom-
ous outcome data were pooled using a random effects model to give a more 
conservative estimate of the effect of probiotics in CD and accounting for hete-
rogeneity between studies. The Mantel-Haenszel method calculated the overall, 
unconfounded impact of probiotics, compared with a control, as expressed as a 
relative risk (RR) of relapse of disease activity with 95% confidence intervals 
(CIs). The respective p-values were assessed at a significance level of 0.05. The 
objective to differentiate the risk of relapse justifies calculating RRs over odds ra-
tios; further, a RR value of one indicates that there is no difference in risk of re-
lapse between the compared groups. An RR > 1.0 indicates an increase in risk 
among the exposed (probiotic intervention) compared to the unexposed (con-
trol), whereas an RR < 1.0 indicates a decreased risk for the exposed group. Re-
view Manager (RevMan5.4.1) software was utilized to analyze data on an inten-
tion-to-treat basis, generate forest plots of pooled RRs, and interpret funnel plots 
for publication bias. 

Calculations of heterogeneity characterize inconsistency within a single me-
ta-analysis, assessing whether the variation across trials is due to true hetero-
geneity, or chance. Heterogeneity was quantified using the Chi2 test (a P-value of 
0.10 was considered statistically significant) and the I2 statistic. An I2 statistic 
greater than 75% indicated high heterogeneity among studies and if less than 
25%, studies demonstrated low heterogeneity [27]. If studies were uniform, the 
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fixed-effect model would have relevance. 
Planned subgroup analyses were performed to investigate additional characte-

ristics and factors of heterogeneity potentially relevant to the efficacy of probio-
tics: endoscopic relapse versus clinical relapse, single-species probiotics versus 
multi-strain probiotic blends, and probiotic versus placebo as compared to pro-
biotic versus maintenance treatment.  

3. Results 
3.1. Survey 

Of the 86 surveys distributed to Wisconsin gastroenterologists, 32 responded 
with a response rate of 37%. A notable respondent characteristic was the equal 
distribution among academic-based gastroenterologists (n = 16) and communi-
ty-based (private and group practice setting) gastroenterologists (n = 16).  

90.6% of respondents cited that probiotics are safe. Figure 1 highlights res-
pondents’ familiarity with commercially available probiotic products. A majority 
of respondents not only recognized commercial formulations of Florajen, Align, 
fortified yogurt, and Florastor but also recognized the compounds VSL #3 and 
Culturelle mostly used in the clinical trial setting. Few respondents were aware 
of Flora-Q, a discontented probiotic, and Mutaflor, a nonpathogenic E. coli cul-
ture more widely recognized in Europe. 

 

 
Figure 1. Gastroenterologists’ familiarity with commercially available probiotic prepara-
tions.  
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As demonstrated in Figure 2, 30 respondents felt probiotics could rarely or 
sometimes be a treatment for CD, and when asked if they foresaw a potential 
role of probiotics in CD treatment, 37.5% cited yes. Gastroenterologists identi-
fied the roles, if any, they believe probiotics could facilitate. Figure 3 denotes 
64% believe probiotics function as a supplement to conventional therapies, and 
68% recognize probiotics as a modality to alleviate common CD symptoms. 4 
respondents skipped the question indicating that the answer selections didn’t 
align with their ideologies. 

The average percentage of gastroenterologists’ patients consuming probiotics 
is 26%. Figure 4 illustrates the relationship between respondents’ patients with 
CD taking probiotics and their observed symptom resolutions. Diarrhea, abdo-
minal pain, and general well-being are the symptoms most influenced by the 
probiotic intervention. Florajen and VSL #3, both multi-strain blends, were the 
highest-reported probiotics to demonstrate favorable outcomes. The two pro-
biotics respondents were least familiar with, Mutaflor and Flora-Q, had minimal  
 

 
Figure 2. Gastroenterologists’ perspective on if probiotics are effective in treating CD or 
its symptoms. 
 

 
Figure 3. Gastroenterologists’ belief of beneficial mechanisms of probiotics.  
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Figure 4. Observed outcomes of gastroenterologists’ patients taking probiotics (observa-
tions derived from 26% of patients on average that each gastroenterologist oversees the 
care of).  
 
beneficial observations. Fortified yogurt, Culturelle, and Florastor had the lowest 
frequency of reported beneficial outcomes when unfamiliar probiotics were dis-
regarded. 12 respondents skipped this question implying that gastroenterologists 
don’t have patients on probiotics or they observed no impact.  

65.5% do not recommend probiotics for the treatment of CD or symptom 
complexes because there is not enough evidence to support routine use, and 48% 
believe treatment is inferior to/does not provide additional benefit over standard 
therapeutics. 3 gastroenterologists commented on question 14 that probiotics are 
an effective adjunctive treatment and 3 others linked AGA probiotic guidelines 
in the comments.  

3.2. Meta-Analysis 

Description of Studies 
The literature search yielded 653 records and screened 255 reports. Figure 5 

summarizes the study’s flow of inclusion and exclusion. The characteristics of 13 
excluded studies are outlined in Table 2. 12 studies remained for analysis and 
were suitable for inclusion (Appendix 2: included study characteristics). 

One study examined the effects of E. coli Nissle [28]. Three studies examined 
Lactobacillus rhamnosus strain GG (LGG) [29] [30] [31]. Two studies investi-
gated Saccharomyces boulardii, a probiotic yeast [32] [33]. Three additional stu-
dies investigated stains of the lactobacillus genus: L. johnsonii (LA1) and L. casei 
[34] [35] [36]. Finally, three studies evaluated the use of probiotic cocktails con-
taining several bacterial strains: one implements “Synbiotic 2000” (four probio-
tics and four prebiotics) and two observe VSL#3 (eight probiotics) [37] [38] [39]. 
Campieri (2000) was the only trial whose intervention group included a period 
of antibiotics before examining probiotic and control groups’ relapse; while  
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Figure 5. PRISMA study flow diagram of search results. 

 
Table 2. Characteristics of excluded studies. 

Study Reason For Exclusion 

Biancone 2003 No control group 

Bjarnason 2005 Lacks appropriate outcome measure for CD 

Bousvarous 2005 Population investigated is children 

Bruyn 2021 Intervention not classified as probiotic 

Chermesh 2007 Outcome not reported for treatment group 

Garcia Vilela 2008 Lacks appropriate outcome measure for CD 

Gupta 2000 No control group/not randomized 

Madsen 2008 Duplicate publication of Fredorak 2015 

Manship 2015 Not clinical trial 

Mercado 2009 Population mice 

Plein 1993 Assesses diarrhea as a single clinical outcome 

Sisson 2015 Lacks appropriate outcome measure for CD 

Yılmaz 2019 No control group 
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treatment remained separate, antibiotic dosage may have altered the effects of 
probiotics thereafter. All studies measured relapse in quiescent CD and com-
pared probiotic and control group outcomes. The similar characteristics allowed 
for the pooling of studies in a single meta-analysis of the effects of probiotics as a 
class and methodological differences as treated as mediators to be analyzed in 
subgroup simulations.  

Bias 
Figure 6 assesses the risk of bias among included studies. Cochrane Collabo-

ration’s risk of bias tool judged all studies as low or unclear bias. In a funnel plot 
larger, more precise studies with lower standard errors are expected to have risk 
ratios closer to the pooled estimate of the treatment effect (vertical line through 
the tip of the funnel), whereas the risk ratios of smaller, less precise studies with 
higher standard errors are expected to be more widely distributed around the 
pooled estimate, thus forming an inverted funnel shape [40]. The symmetrical 
shape of Figure 7 suggests no publication bias.  

3.3. Effects of Intervention 

Maintenance of Remission/Relapse 
Overall, 80 (23.3%) of 344 patients assigned to probiotics experienced a re-

lapse of disease activity, compared with 106 (29.6%) of 358 allocated to the con-
trol group. The RR of relapse in patients with quiescent CD differed in probio-
tics and control groups by 0.78 at a 95% CI = 0.62 - 0.98 (Figure 8), with no he-
terogeneity detected between studies (I2 = 0%, P = 0.65). The I2 statistic deli-
neated that some 0% of the variance in observed effects reflects variation in true 
effect rather than sampling error. None of the CTR independently reported a 
significant effect of probiotic use on relapse; however, when a larger sample size 
was obtained by pooling the effects through a meta-analysis, probiotics as a class 
 

 
Figure 6. Risk of bias summary: review author’s judgements concerning risk of bias criteria for included studies.  
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Figure 7. Funnel plot of the log risk ratios. 

 

 
Figure 8. Forest plot of randomized controlled trials reporting the efficacy of probiotics versus control group in inducing in pre-
venting relapse in quiescent CD. The results of tests for heterogeneity (Mantel Haenszel with Chi-squared statistic with repre-
sentative P-value) and shown in addition to Z statistic to respective P-value to analyze the strength of the observed effect. 

 
suggested that probiotics have significant efficacy (p = 0.04) in preventing re-
lapse of CD compared with the control. The risk of withdrawal and serious ad-
verse events was consistently low among probiotics and control groups; howev-
er, a more consistent approach to reporting adverse events is needed to draw 
firm conclusions. Sensitivity analysis performed by comparing analysis methods 
(fixed vs. random effects, odds ratio vs. relative risk) and study risk of bias (high 
vs. low) did not impact meta-analysis results. Sensitivity was also appraised by 
computing a “remove-one” analysis where additional meta-analyses disregard-
ing one study could gauge the impact of each study on the combined effect. 
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While Bourreille 2013, a large study, was identified as a potential outlier due to 
its significant assigned weight in the meta-analysis. The meta-analysis without 
Bourreille 2013 supplied similar results (Figure 9); thus, this study’s inclusion in 
the meta-analysis is justified, regardless of its significant weight.  

Overall, 44 (16.2%) of 260 patients assigned to probiotics experienced a re-
lapse of disease activity, compared with 64 (23.1%) of 277 allocated to the con-
trol group. The RR of relapse in patients with CD with probiotics versus control 
groups was 0.69 at a 95% CI = 0.49 - 0.97, with no heterogeneity detected be-
tween studies (I2 = 0%, P = 0.66). The meta-analysis identified statistical signi-
ficance that probiotics are efficacious in reducing relapse in patients with quies-
cent CD.  

3.4. Subgroup Analysis 

Endoscopic Relapse versus Clinical Relapse Analysis 
When 12 RCTs were categorized into types of relapse outcome measures, two 

groups materialized: endoscopic relapse, as defined by a Rutgeerts score of i3 or 
i4 (severe endoscopic recurrence indicative of relapse), and clinical relapse, as 
defined by a CDAI score above 150 (Figure 10). Neither subgroup was statisti-
cally significant, and no heterogeneity existed in either subgroup between stu-
dies or when comparing subgroup differences (I2 = 0%). The endoscopic relapse 
outcome was slightly superior in decreasing the relapse risk in the probiotic 
group (RR = 0.54; CI = (0.25 - 1.16)) over clinical relapse (RR = 0.81; CI = (0.64 
- 1.03)); however, it is integral to note that clinical relapses had significantly 
more total event data.  

Placebo Control versus Maintenance Treatment (Mesalazine) Analysis 
12 RCTs were assembled based on the defined control group: placebo or Me-

salazine, an Aminosalicylate drug prescribed to treat CD (Figure 11). Neither  
 

 
Figure 9. Forest plot of randomized controlled trials reporting the efficacy of probiotics versus control group in inducing in pre-
venting relapse in quiescent CD. Boureille 2013 was assigned 0 weight. The results of tests for heterogeneity (Mantel Haenszel with 
Chi-squared statistic with representative P-value) and shown in addition to Z statistic to respective P-value to analyze the strength 
of the observed effect.  
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Figure 10. Forest plot of RTCs with random effects model reporting the efficacy of probiotics versus control group for 
endoscopic relapse (Rutgeerts score i3 or i4) (1.1.1) and clinical relapse (CDAI) (1.1.2). For each comparison, the re-
sults of tests for heterogeneity (Mantel Haenszel with Chi-squared statistic with representative P-value) and shown in 
addition to Z statistic to respective P-value to analyze the strength of the observed effect. 

 

 
Figure 11. Forest plot of RTCs with random effects model reporting the efficacy of probiotics versus placebo control 
group (1.1.1) or maintenance treatment control group (1.1.2). For each comparison, the results of tests for hetero-
geneity (Mantel Haenszel with Chi-squared statistic with representative P-value) and shown in addition to Z statistic 
to respective P-value to analyze the strength of the observed effect. 
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subgroup was statistically significant and detected no heterogeneity between stu-
dies in subgroups (I2 = 0%). The risk of relapse decreased more in the probiotic 
group as opposed to Mesalazine (RR = 0.46; CI = (0.21 - 1.02)). Relapse risk was 
reduced less for the probiotic group against placebo (RR = 0.82; CI = (0.64 - 
1.04)); however, it is integral to note that the placebo subgroup had significantly 
more total event data.  

Single versus Multi-Strain Probiotics 
10 RCT were arranged based on the probiotic product: single species (strains 

belonging to lactobacillus genus and E. coli Nissle 1917) or multi-strain probio-
tics (VSL #3 and Bifidobacterium longum/Synergy 1) (Figure 12). Bourreille 
(2013) and Guslandi (2000) were not included in the subgroup analysis because 
trials utilized a yeast probiotic, Saccharomyces boulardii, which does not apply 
to either subgroup. Multi-strain probiotic intervention was statistically signifi-
cant. No heterogeneity was detected between studies among each subgroup (I2 = 
0%); however, heterogeneity tested between subgroups was moderate (I2 = 
52.7%). The risk of relapse decreased more in the probiotic group as opposed to 
the control when a multi-strain product was utilized (RR = 0.57; CI = (0.33 - 
0.99)). The RR value for single species intervention was close to one indicating a 
little-to-no difference in risk between control and placebo (RR = 0.98; CI = (0.61 
- 1.58)). 

 

 
Figure 12. Forest plot of RTCs with random effects model reporting the efficacy of single strand probiotic (1.1.1) and mul-
ti-strain probiotic (1.1.2). For each comparison, the results of tests for heterogeneity (Mantel Haenszel with Chi-squared 
statistic with representative P-value) and shown in addition to Z statistic to respective P-value to analyze the strength of the 
observed effect. 
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4. Discussion 

The popularity of probiotics has increased up to 3-fold in recent years; moreo-
ver, 1 in 5 people report use for gastrointestinal and general health resources 
[41]. This increase in frequency fortifies the theory that a symbiotic relationship 
exists between the gut microbiome and the immune system, ultimately influen-
cing human health. Gastroenterologists have access to a new therapeutic: pa-
tients can use probiotics to restore order to diseased or overly symptomatic di-
gestive tract and maintain general health and gastrointestinal homeostasis. Pre-
vious research has shown probiotics as an effective treatment modality for 
common gastrointestinal disorders like C. diff and IBS, subsets of IBD including 
ponchis and UC, and CD in animal models where probiotics demonstrate colitis 
reduction properties; however, while no study has proven efficacy for probiotics 
in CD, the treatment has great promise. 

This meta-analysis supplies an important advancement to the literature sur-
rounding probiotic efficacy for CD. The results suggest that probiotics are effi-
cacious in reducing relapse of CD patients in surgically or medically induced 
remission. The p-value of 0.04 analyzed against the significance level of 0.05 in-
dicates sufficient evidence to claim that probiotic treatment can facilitate the 
maintenance of remission. This review is the first CD study to demonstrate pro-
biotics’ efficacy fueling the need for additional large sample studies with enough 
power to replicate and solidify this study’s findings. One potential justification 
for the novel success is the extensive literature search method performed. Plat-
forms search were not limited to well-published, reputable electronic databases; 
however, comprehensive hand-searches of various journals, reference lists, and 
“gray” literature (unpublished theses, reports, etc.) maximized the likelihood 
that all eligible trials to be identified. RCTs potentially missed in previous me-
ta-analyses were included in the study pool and offered new insight into the 
most current review of probiotic intervention efficacy. Two more recent studies 
of 185 additional patients [33] [38] were not apparent in existing meta-analyses 
[25] [26]. This meta-analysis included 12 studies with 186 participants and 
demonstrated statistical significance, fortifying the conclusions made by pre-
vious meta-analyses that identified a need for larger-scale studies to determine 
the true effect of probiotics on CD. Additionally, RCTs included in previous re-
views that examined the effects of probiotics in children were excluded from this 
meta-analysis in an attempt to institute a more homologous patient population. 
The total RR for this study was 0.78, indicating that probiotics decrease the risk 
of relapse by 22%. In addition, the success of this study contributes to closing the 
knowledge gap that the AGA identified, offers insight to establish standardized 
guidelines on probiotics and CD, and provides clarity for gastroenterologists on 
the implementation of probiotics in their practices. 

The results are subject to type I error, although the chances of this are 5% due 
to the selected significance level. It is necessary to consider that the report’s 
findings are limited to the notable paucity of data on the intervention of probio-
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tics to maintain remission in quiescent CD, putting reliability into question. A 
further limitation is that substantial methodological heterogeneity exists among 
studies. The defined control group and methods used to assess relapse, while in-
dependently validated and appropriate in their own right, were not uniform 
throughout the included studies; consequently, inconsistencies might have in-
troduced biases not accounted for. Other factors that may have impacted the ef-
ficacy of probiotic treatments include whether participants had received antibio-
tics before the trial; the possibility that the severity of patients’ disease activity 
differed between the included studies; and the opportunity for variability be-
tween medically and surgically induced remission. Additional design hetero-
geneity resides in the probiotic product; thus, when only one or two studies are 
analyzed, no power exists prohibiting the assessment of the effect of individual 
bacterial strains on CD treatment. Finally, the quality of RCTs is inadequate, as 
the risk of biases in studies is unclear. 

The meta-analysis only defined efficacy for maintenance treatment as meas-
ured by the risk of relapse; therefore, the results do not indicate that probiotics 
can treat CD. While effective in the quiescent period of CD, probiotics are defec-
tive in the active phase. 63% of gastroenterologists reinforced probiotics’ inabili-
ty to treat CD; rather, 64% reported that probiotics have an adjunctive role in 
CD treatment. Probiotics render health benefits independent of recurrence, pro-
viding a useful adjunctive to conventional medical therapy. Numerous trials on 
probiotics in patients with irritable bowel syndrome (IBS) prove strains have 
improved patients’ quality of life [42]. Given that 46% of patients in remission 
with clinically quiescent CD still report IBS-type symptoms, probiotics could be 
a novel asset to patients in this difficult-to-treat cohort [43]. While probiotics 
cannot treat CD without accompanying conventional drug therapies, probiotics 
still yield health benefits for CD patients. If probiotics can contribute to an as-
pect of CD treatment, smaller doses of treatment drugs will be required to sus-
tain remission. The reduction of drugs inevitably reduces accompanying side ef-
fects like toxicity and adverse effects benefiting patients in the long run as they 
attempt to treat this chronic illness. Similar conclusions derived from the me-
ta-analysis and survey indicate a linkage between gastroenterologist behavior 
and clinical research; the alignment of gastroenterologists’ ideology with clinical 
data suggests their affinity to modify treatment regimes if new research arises.  

Limitations of this survey are those inherent to any survey study; sampling bi-
as may have affected the data if gastroenterologists with limited familiarity with 
probiotics failed to respond. The response rate was 37%, which, while higher 
than often encountered in anonymous voluntary questionnaire studies, does not 
eliminate the chance of bias. The survey was not distributed to gastroenterolo-
gists nationwide but rather an assessment of Wisconsin gastroenterologists; thus, 
one should be cognizant about generalizing the findings to the gastroenterologist 
population.  

The meta-analysis performs three subgroup analyses to determine the effect of 
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mediator variables. A small number of patients enrolled in subgroup analyses 
means these studies are at risk of lacking adequate power, preventing the possi-
ble detection of significant differences. When studies were categorized based on 
the relapse and control definition, no subgroup analysis illustrated a significant 
efficacy of a probiotic intervention in relapse reduction; therefore, mediator va-
riables could have contributed enough heterogeneity to impact the efficacious 
results of the original meta-analysis. Previous meta-analyses have not conducted 
a subgroup analysis comparing the efficiency of multi-strain probiotic interven-
tion against single-species products, so the results of this paper add to the litera-
ture by providing support for not only the use of probiotics but specifically those 
of the multi-strain variation. The multi-strain subgroup illustrated statistical 
significance; however, while the RR favored multi-stain over single, subgroup 
differences demonstrated no statistical significance. Gastroenterologists’ obser-
vations of probiotics in their practices augment the conclusion that probiotic 
blends have additional efficacy. Florajen and VSL #3, both probiotic blends, 
possessed the highest reported reduction in abdominal pain and diarrhea and 
the highest ability to increase general well-being for CD patients. No RCTs in-
vestigating the probiotic Florajen for the treatment of CD exist; nonetheless, 
gastroenterologists in the survey identified Florajen as provoking the most sig-
nificant symptom resolution. This observed effect identifies a possible facet for 
researchers to explore and, if proven efficacious in the clinical setting, could 
present a safer, more affordable alternative to maintaining remission in CD pa-
tients. 

This innovative research facilitates opportunities to replicate and advance 
probiotic findings. Next-generation probiotics are manipulated microorganisms 
that function as delivery vehicles facilitating treatment in situ, diagnostic tools 
detecting inflammation biomarkers, or biotherapeutics altering one’s microbi-
ota. Engineered probiotics programmed to destroy harmful bacteria and reple-
nish healthy ones could resolve CD patients’ dysbiosis: an imbalance of commen-
sal and pathogenic bacteria. Their ability to restore a patient’s microbial ho-
meostasis not only amplifies effectiveness in curbing common complications of 
current therapies but also is a promising cure. Though early in the preclinical 
phase, engineered probiotics have successfully suppressed intestinal inflammation, 
reduced fibrosis, and restored a balanced gut microbiome in mouse models of 
DSS-induced colitis [44]. Nevertheless, more research is needed to assess the safety 
and efficacy of engineered probiotics in humans. To be effective, RCTs should 
measure indicators of microbiome restoration: reduction in pro-inflammatory cy-
tokine expression or increases in fecal short-chain fatty acids. Engineered pro-
biotics could offer the same symptom and recurrence benefits as the probiotics 
analysis in this review but also induce remission by improving intestinal epithe-
lium integrity.  
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Appendix 
Appendix 1. Probiotic and Crohn’s Survey Supplement 

Probiotic Usage and Recommendations for Crohn’s Disease: A Survey Study 
of Gastroenterologists and Practitioners Treating Crohn’s Disease 

Relevant Definitions: 
Probiotics: live microorganisms able to survive gastric acid and bile to reach 

small intestine and the colon where they potentially yield health benefits and 
therapeutic activities for the consumer. 
● Originally derived from cultured foods, especially milk products, these pro-

tective bacteria and yeast include the lactic acid bacteria, Lactobacillus and 
Bifidobacterium, a nonpathogenic E. coli strain (E. coli Nissle 1917), Saccha-
romyces boulardii, Clostridium butyricum, and Streptococcus salivarius 
subspecies thermophilus 

For the purposes of this survey, think about your patients and your pre-
scribing or practice recommendations over the last one year. 

1) Select the category that best defines your practice: 
☐ General Gastroenterology  
☐ Gastrointestinal Surgery  
☐ Gastroenterology with specialty in IBD  
☐ Family Practice/Internal Medicine  
☐ Advanced Practice Provider 
☐ Other (please specify) 
________________________________________________________________ 
2) Describe your practice setting: 
☐ Academic Medicine  
☐ Private Practice  
☐ Group/Hospital 
☐ Other (please specify) 
________________________________________________________________ 
3) How long have you been practicing? 
☐ <5 years 
☐ 5 - 10 years 
☐ 10 - 20 years 
☐ >20 years 
4) Please select the commercially available probiotics you are aware of: 
☐ Florajen Products: blend of Lactobacillus acidophilus, Lactobacillus rham-

nosus, and Bifidobacterium  
☐ Align: Bifidobacterium Infantis 35264 
☐ VSL#3: blend of 8 probiotic bacteria  
☐ Culturelle: Lactobacillus GG  
☐ Mutaflor: E. coli Nissle 1917 
☐ Fortified Yogurt: DanActive/Yakult/Lifeway/etc  
☐ Florastor: Saccharomyces boulardii lyo 
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☐ Flora-Q: blend of 4 probiotic bacteria 
☐ Other (please specify) 
________________________________________________________________ 
5) How familiar are you with the current literature surrounding the efficacy of 

probiotic therapy to treat Crohn’s Disease and its symptoms? 
☐ Extremely familiar   ☐ Fairly familiar 
☐ Somewhat familiar   ☐ Not at all familiar 
6) Do you believe probiotics are safe? 
☐ Yes 
☐ No 
☐ I don’t know 
7) Do you believe that probiotics are efficacious in treating Crohn’s Disease or 

its symptoms? 
☐ Always      ☐ Usually 
☐ Sometimes   ☐ Rarely 
☐ Never 
8) Do you believe that probiotics have a role in treating Crohn’s or alleviating 

certain symptoms of Crohn’s? 
☐ Yes 
☐ No 
9) Please select the roles that you believe could be beneficial mechanics of 

probiotics? 
☐ Lower concentration of pro-inflammatory cytokines in the intestinal mu-

cosa  
☐ Lower relapse rate 
☐ Supplement conventional therapies  
☐ Stabilize intestinal integrity 
☐ Improvement in symptoms (diarrhea and abdominal pain)  
☐ Improve malnutrition associated with Crohn’s Disease 
10) What percent of your patients are taking probiotics? 

 

11) Of your patients taking probiotics, what percent are doing so based on 
your recommendation? 

 

12) Have you ever recommended probiotics for treatment of Crohn’s Disease? 
☐ Yes 
☐ No 
13) Please select the symptoms that your patients taking probiotics for 

Crohn’s have seen reduction in? 

0 % 100 %

0 % 100 %
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*Complications include but are not limited to Arthralgias/arthritis, Iri-
tis/uveitis, erythema nodosum, pyoderma gangrenosum, aphthous ulcerations, 
anal fissure, anal fistula, or anal abscess, other fistula, fever/temperature > 
100˚F/37.8˚C past week, intestinal obstruction 

14) If you do NOT recommend probiotics for the treatment of Crohn’s Dis-
ease or symptom complexes please choose a reason from among the following 
choices: 

☐ Current lack of familiarity with the literature on probiotics 
☐ Feel there is not enough evidence to support their routine use in clinical 

practice 
☐ Believe the efficacy of probiotics to treat gastrointestinal symptoms is infe-

rior to, or does not provide additional benefit over, standard therapeutics 
☐ Other (please specify) 
________________________________________________________________ 
15) If you would like the results of the study emailed to you after responses are 

analyzed, please provide your email below. Thank you for taking the time to 
complete the survey! 

________________________________________________________________ 
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Appendix 2. Characteristics of Included Studies 

Trial Participants Method 
Probiotic  

Administration 
Control Group Outcome Definitions 

Jadad  
Quality Test 

Malchow 1997 

N = 28. Adults with active CD 
(CDAI > 150) on a steroid- 
tapering regimen until remission 
achieved (CDAI ≤ 150) 

Single Center 
RCT; double 
blind; Placebo- 
controlled 

Maintenance of  
remission: E. coli 
(mutaflor; 200 mg 
daily) 

Maintenance 
of remission: 
placebo 

Proportion of patients 
clinical relapsing 
(CDAI > 150). Decrease 
in steroid requirements. 
Adverse events. 

3 

Prantera 2002 

N = 32 Adults (22 - 71 years)  
with confirmed remission after 
surgery. No antibiotics > 10 days 
post-surgery or steroids 30 days 
post-surgery. 

Single Center 
RCT; double 
blind; Placebo- 
controlled 

Maintenance of  
remission:  
Lactobacillus  
rhamnosus strain  
GG (12 billion c.f.u.  
in 4.92 g/day) 

Maintenance 
of remission: 
placebo 

Clinical relapse (CDAI 
>150) confirmed by  
endoscopic recurrence 
(Rutgeerts scoring  
system of grade 2 or 
higher). Adverse events. 

5 

Schultz 2004 

N = 11 Adult patients with  
moderate to active CD (CDAI > 
150) on a steroid-tapering  
regimen. Maintenance of  
remission evaluated, with relapse 
defined as an increase in CDAI  
of >100 points. 

Single Center 
RCT; double 
blind; Placebo- 
controlled 

Maintenance of  
remission:  
Lactobacillus  
rhamnosus strain GG 
(20 billion c.f.u./day) 

Maintenance 
of remission: 
placebo 

Clinical relapse defined 
as an increase of >100 
points in CDAI score. 

3 

Van Gossum 
2007 

N = 70 Patients with CD were 
enrolled prior to elective  
ileocaecal resection and  
randomly assigned after  
surgery to daily treatment 

Multicenter 
RCT; double 
blind; Placebo- 
controlled 

Maintenance of  
remission: lactobacillus 
johnsonii, LA1  
(1010 c.f.u/day) 

Maintenance 
of remission: 
placebo 

Clinical relapse defined 
as Crohn’s disease  
activity index > 150 with 
an increase of ≥70 over 
baseline 

5 

Steed 2010 
N = 24 Adults with CD (CDAI 
150‐450) 

Single Center 
RCT; double 
blind; Placebo- 
controlled 

Maintenance of  
remission: 2 × 1011 
freeze-dried  
Bifidobacterium  
longum and 6 g  
Synergy I (Orafti,  
Tienen, Belgium) bid 

Maintenance 
of remission: 
placebo 

Clinical relapse (increase 
in CDAI ≥ 100, CDAI 
score > 450, steroid  
prescription,  
hospitalization, surgery) 

5 

Guslandi 2000 

N = 32 Patients with Crohn’s 
disease in clinical remission 
(CDAI < 150) for at least 3 
months. No immunosuppressives 
or steroids 3 months prior to 
entry. 

Single Center 
RCT; investigator 
blind 

Maintenance of  
remission: Reduced 
mesalazine (Pentasa 2 
g/day) plus the yeast 
Saccharomyces  
boulardii (1 g/day). 

Maintenance 
of remission: 
mesalazine 
(Pentasa, 3 
g/day) 

Clinical relapse (CDAI 
>150) with an increase of 
100 points above the 
baseline for >2 weeks. 
Adverse events. 

2 

Bourreille 2013 

N = 165 Adults in the acute phase 
of the disease. Patients were 
treated with corticosteroids or 
budesonide and/or  
aminosalicylates according to the 
preference of each investigator 
and then randomized 4 weeks 
later after a remission had been 
obtained. Remission was defined 
by a CDAI < 150. 

Multicenter 
RCT; double 
blind; Placebo- 
controlled 

Maintenance of  
remission: Oral S  
boulardii 1 g/day 

Maintenance 
of remission: 
placebo 

Relapses were defined by 
a CDAI higher than 220 
points, by a CDAI  
between 150 and 220 
with an increase of at 
least 70 points over the 
baseline value, or by the 
need for a surgical  
procedure or the need to 
begin a medical treatment 
specifically for CD 

5 

Marteau 2006 

N = 98 Patients were eligible if 
they had CD and undergone 
surgical resection of <1 m,  
removing all macroscopic lesions 
within the past 21 days. 

Multicenter 
RCT; double 
blind; Placebo- 
controlled 

Maintenance of  
remission:  
Lactobacillus johnsonii 
LA1 (2 × 109 c.f.u/day) 

Maintenance 
of remission: 
placebo 

Clinical relapse defined 
as Crohn’s disease  
activity index ≥ 200 

5 
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Continued 

Desreumaux 
2010 

N = 85 CD patients in remission 
after curative ileocolonic  
resection 

RCT; double 
blind; Placebo- 
controlled 

Maintenance of  
remission:  
Lactobacillus casei  
(6 × 10 E10 cfu/day) 

Maintenance 
of remission: 
placebo 

Clinical recurrence  
defined as Crohn’s  
disease activity index  
> 150 

3 

Zocco 2003 
N = 23 Adults with CD in  
remission as defined by  
CDAI < 150 

RCT; unblinded; 
Maintenance- 
controlled 

Maintenance of  
remission: Lactobacillus 
rhamnosus strain GG 
(18 billion viable  
bacteria/day) and  
mesalazine (2.4 g/day) 

Maintenance 
of remission: 
mesalazine 
(2.4 g/day) 

Clinical relapse defined 
as Crohn’s disease  
activity index > 150 

2 

Campieri 2000 
N = 40 Adults with CD in  
remission after surgery 

Single Center 
RCT; physician 
blind 

Maintenance of  
remission: Rifaximin 
(1.8 g/day for 3 months) 
followed by VSL#3 (6 
g/day of 300 billion 
bacteria for 9 months) 

Maintenance 
of remission: 
mesalazine 4 
g/day for 12 
months. 

Severe endoscopic  
recurrence as measured 
by Rutgeerts scoring 
system of grade 3 or 
higher. Adverse events. 

1 

Fedorak 2015 

N = 120 Participants were 16 
years of age or older with a  
radiologic, endoscopic, or  
surgical diagnosis of Crohn’s 
disease of at least 3-month  
duration and had recently  
undergone ileocolonic surgical 
resection with a small-intestine- 
to-colon anastomosis. 

Multicenter 
RCT; double 
blind; Placebo- 
controlled 

Maintenance of  
remission: VSL#3  
(900 billion viable 
lyophilized bacteria) 
sachet 2/day 

Maintenance 
of remission: 
placebo 

Severe endoscopic  
recurrence as measured 
by Rutgeerts scoring 
system of grade 3 or 
higher. 

5 
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