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Abstract
Background: Multiple lines of evidence now support the no-
tion that gut microbiota can contribute to digestive and ex-
tra-digestive diseases. The emergence of these observations 
enabled to postulate a bacteria-centric paradigm to rethink 
the treatment of many diseases. The goal of therapy should 
not be to eradicate the flora but to modify it in a way that 
leads to symptomatic improvement; thus, the interest in the 
use of probiotics to modulate microbiota composition has 
increased worldwide in both community and healthcare set-
tings. Summary: The results of published studies are con-
flicting for most probiotic strains and formulations, and clini-
cians and consumers need a better understanding of probi-
otic risks and benefits. Currently, clear guidelines on when to 
use probiotics and the most effective probiotic for different 
gastrointestinal conditions are still lacking. Here, we re-
viewed the studies on the use of probiotics in some diseases 
of relevant interest to gastroenterologists, such as Helico-
bacter pylori infection, irritable bowel syndrome, and inflam-
matory bowel disease. Key Message: Although the evidence 
is relevant and promising for probiotics in general, and for 
specific strains and combinations of strains, it is not yet suf-
ficient to draw unequivocal conclusions and clear recom-
mendations. © 2021 S. Karger AG, Basel

Introduction

Probiotics, which translates from Greek as “for life,” 
are defined by the Food and Agricultural Organization 
and the World Health Organization as “live microorgan-
isms which, when administered in adequate amounts, 
confer a health benefit on the host” [1]. A considerable 
amount of data based on human observational studies 
and animal model systems suggests a pathogenetic impli-
cation of the gut microbiota in a broad range of chronic 
human conditions, including cancer and diseases with in-
flammatory, metabolic, cardiovascular, autoimmune, 
neurologic, and psychiatric components [2–4]. However, 
since the gastrointestinal tract harbours most of the mi-
crobes in the human body, housing several trillion micro-
bial cells, gut flora changes have emerged as a leading 
mechanism in some gastrointestinal diseases [5, 6].

As the research field developed, it has enabled to pos-
tulate a bacteria-centric paradigm to rethink the treat-
ment of gastrointestinal diseases [7]. However, therapy 
goal should not be to eradicating the flora but modifying 
it in a way that leads to symptomatic improvement; thus, 
probiotics look like a fascinating approach. Probiotic mi-
croorganisms act through various mechanisms, includ-
ing modulation of immune function, production of or-
ganic acids and antimicrobial compounds, interaction 
with resident microbiota, interfacing with the host, im-
proving gut barrier integrity, and enzyme formation [8, 
9].
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All these effects would be mediated through direct inter-
action with commensal microbiota or be non-microbiota-
mediated and likely differ by species. Some probiotics may 
trigger natural killer cell activity and antibody secretion, 
and others increase the release of anti-inflammatory cyto-
kines or the production of organic acids that lower luminal 
pH and inhibit the growth of pathogen bacteria [10]. Fur-
thermore, probiotic effectiveness can be species-, dose-, and 
disease-specific, and the duration of therapy depends on the 
clinical indication [11]. Therefore, to obtain a specific re-
sponse, a particular strain, dose, and duration must be used.

A Cochrane review found that a dosage of 5 billion 
colony-forming units or greater per day was significantly 
more effective than a lower dosage [8]. Currently, clear 

guidelines on when to use probiotics and the most effec-
tive probiotic for different gastrointestinal conditions are 
lacking. The objective of this article is to review the evi-
dence for the use of probiotics in some diseases of rele-
vant interest to gastroenterologists, such as Helicobac - 
ter pylori (H. pylori) infection, irritable bowel syndrome 
(IBS), and inflammatory bowel disease (IBD).

Helicobacter Pylori Infection

Although the epidemiology of H. pylori has been 
changing over the last decades, with a decline of the prev-
alence of the infection in most countries, more than half 
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Fig. 1. Antimicrobial and immunomodulatory mechanisms 
through which probiotics may contribute to fighting H. pylori  
infection. The antimicrobial activity is carried out by secreting  
antibacterial products (1), inhibiting the activity of the urease en-
zyme (2), increasing mucus production (3), reducing H. pylori 
ability to adhere to gastric epithelial cells (4), and strengthening 

the mucosal barrier (5). The modulation of the immune and in-
flammatory responses of the host is carried out by inhibiting IL-8 
production (6), increasing IgA production (7), stimulating anti-
inflammatory T reg response (8), and inhibiting pro-inflammato-
ry Th 1 and Th 17 response (9, 10).
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the world’s population is infected [12]. H. pylori is the 
leading cause of chronic gastritis and peptic ulcer disease 
and plays a pathogenic role in the development of gastric 
adenocarcinoma and gastric mucosa-associated lym-
phoid tissue lymphoma [13]. Moreover, this bacterium 
has been associated with some extra-gastric diseases, in-
cluding iron- or vitamin B12-deficient anaemia or pri-
mary idiopathic thrombocytopenia [13].Many of these 
diseases (such as ulcer disease and mucosal-associated 
lymphoid tissue lymphoma) have become curable, and 
others (gastric cancer) might be preventable by eradicat-
ing H. pylori infection [13]. Thus, international medical 
guidelines strongly recommend eradication of H. pylori 
with multiantibiotic therapy [14–17].

Nevertheless, owing to its wide use and the increasing 
use of antibiotics in general, H. pylori treatment regimens 
are burdened by a high failure rate. While increasing the 
dose and course of antibiotics can improve the eradica-
tion rates, the increased antibiotics-related side effects 
can impair therapy adherence and further hamper the 
eradication success rate [18]. These challenges have raised 
the need for new alternative approaches to treating H. py
lori infections, among which probiotics represent the 
most promising option.

It is well known that most probiotics can colonise the 
human gut; however, certain species, such as Lactobacil
lus, Bifidobacterium, and Saccharomyces spp., can also 
colonise the human stomach, where directly or indirectly 
they can antagonise H. pylori [19–21]. The mechanisms 
through which probiotics can antagonise H. pylori in-
clude inhibition of H. pylori growth by secreting antibac-
terial substances or by hindering the activity of urease en-
zyme and reduction of H. pylori infectivity by reducing its 
ability to adhere to gastric epithelial cells, by strengthen-
ing mucosal barrier, and by regulating immune and in-
flammatory responses of the host (Fig. 1) [22–25].

It has been reported that the administration of probi-
otics alone can reduce the gastric bacterial load of H. py
lori, whereas using probiotics in combination with anti-
biotics can improve the eradication rate [26, 27]. More-
over, because the eradication of H. pylori is associated 
with widespread changes in gut microbial ecology and 
structure, probiotic supplementation, by modulating gut 
microbiota and host immune responses, could relieve an-
tibiotic-related gastrointestinal symptoms, thus contrib-
uting to ameliorate adherence and eradication rates [23].

A few studies addressed a direct role of probiotic alone 
in eradicating H. pylori. A meta-analysis including eleven 
studies with a total of 517 patients published in 2018 in-
vestigated the effects of probiotic monotherapy on H. py

lori eradication. The authors found that probiotics erad-
icated H. pylori in 14% of cases with an OR of 7.91 in  
favour of probiotics (95% confidence interval (CI) 2.97–
21.05, p < 0.001). Lactobacilli, Saccharomyces boulardii, 
and multistrain combinations eradicated the bacterium 
with a rate of 16, 12, and 14%, respectively. Although with 
an unsatisfactory rate, probiotics were significantly more 
effective than placebo, without significant difference in 
adverse events compared to placebo, thus representing an 
alternative strategy in selected cases [28]. Nevertheless, 
most studies aimed to evaluate the efficacy of probiotic 
supplementation during standard antibiotic therapy on 
H. pylori infection eradication rate.

A meta-analysis of 13 randomised controlled trials in-
volving a total of 2,306 patients showed that the pooled 
relative risk (RR) of eradication was significantly higher 
in the probiotic supplementation group than in the con-
trol group (RR 1.15, 95% CI: 1.10 ± 1.20, p < 0.00001). The 
incidence of total antibiotic-related side effects was lower 
in the probiotic supplementation group than in the con-
trol group, and the pooled RR was 0.71 (95% CI: 0.54 ± 
0.94, p = 0.02). Subgroup analysis showed that eradica-
tion rates were significantly improved in both adults and 
children, that no regional differences between Europe 
and Asia were present, and that therapy regimens and 
treatment durations did not affect the eradication rates. 
The incidence of antibiotic-related side effects was sig-
nificantly reduced in all groups, except for the quadruple 
therapy subgroup. Supplementation with Lactobacillus 
alone or multistrain probiotics was effective in improving 
H. pylori eradication rates. However, supplementation 
with Lactobacillus alone did not significantly decrease the 
overall incidence of side effects [29].

Regarding the Lactobacillus strains, a further meta-
analysis showed that the pooled RR was 1.33 (95% CI 
1.10–1.62) in the Lactobacillus casei group, 1.18 (95% CI 
1.03–1.34) in the Lactobacillus reuteri group, and 1.02 
(95% CI 0.87–1.21) in the Lactobacillus GG group. As  
for the total side effects, Lactobacillus supplementation 
significantly reduced the incidence of taste disturbance 
(RR = 0.36, 95% CI 0.17–0.74, p = 0.005) [30].

More recently, a meta-analysis of forty studies, includ-
ing 5,792 patients, confirmed these data. Notably, probi-
otic supplementation improved the eradication rate by 
approximately 10% relative to the control group (OR, 
1.94, 95% CI: 1.70–2.22, p < 0.00001). The incidence of 
total side effects (OR, 0.56, 95% CI: 0.45–0.70, p < 0.00001) 
and individual symptoms (e.g., diarrhoea, vomiting and 
nausea, constipation, epigastric pain, and taste distur-
bance) also decreased significantly with probiotic supple-
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mentation. No other differences in side effects were ob-
served between the experimental and control groups. 
Moreover, a longer duration (>10 days) of probiotic treat-
ment had positive effects on both the H. pylori eradication 
rate and incidence of overall side effects [31].

Overall, although the available studies showed some 
efficacy of probiotics in combination with antibiotics on 
the H. pylori eradication rate, the heterogeneity of these 
studies in terms of probiotics used (bacterial or fungal 
species, dose, and duration), type (amoxicillin, clarithro-
mycin, metronidazole, etc.) and duration (7, 10, or 14 
days) of antibiotics, and treatment regimen used (triple, 
sequential, hybrid, bismuth-, and non-bismuth-based 
quadruple therapy) makes it challenging to interpret the 
results and reach a common conclusion. Thus far, current 
guidelines do not yet provide recommendations on the 
routinely use of probiotics in H. pylori eradication treat-
ment regimens in clinical practice, but at most they sug-
gest them as a promising future strategy or even discour-
age their routine administration to reduce side effects and 
improve the efficacy (Table 1) [16–19].

Irritable Bowel Syndrome
IBS is the most common functional gastrointestinal 

disorder, particularly in females and younger individuals 
(<50 year), with a worldwide prevalence ranging from 7 
to 21% [32]. IBS is characterised by abdominal pain re-
lated to defecation and change in bowel frequency and 
stool consistency in the absence of structural and bio-
chemical abnormalities. According to Rome IV criteria 
and the predominant disorder in bowel habits, IBS has 

been classified into 4 main subtypes [33]. Treatment 
should be based on the symptom type and severity and is 
generally centred on lifestyle modification (physical exer-
cise and stress reduction), dietary adjustment (soluble fi-
bre supplementation or low-FODMAP diet), and medical 
therapies (laxatives, antidiarrhoeals, and spasmolytics) 
[34].

The pathophysiology of IBS is complex and not fully 
understood. Likely, several factors, including altered 
brain-gut interactions, changes of the microbiome, vis-
ceral or central hypersensitivity, abnormal gastrointesti-
nal motility, and psychosocial factors, are involved in dis-
ease expression [35]. Until now, no validated treatment 
algorithm exists; thus, treating IBS patients is still a chal-
lenge. The concept that alterations in the gut microbiota 
might be relevant in the pathogenesis of IBS arose from 
the observation that up to 31% of patients develop IBS 
after an infection (postinfectious IBS) [36]. Besides, many 
studies have demonstrated the efficacy and durable im-
provement of IBS symptoms after treatment with antibi-
otics, especially the non-absorbable antibiotic rifaximin 
[37–39].

Probiotics, by modulating the composition of gut mi-
crobiota, stimulating the immune system, and enhancing 
intestinal permeability have been proposed as a therapeu-
tic approach for IBS [40]. The most widely used probi-
otic bacteria strains are Bifidobacterium, Enterococcus, 
Lactobacillus, Saccharomyces boulardii, and Escherichia 
coli Nissle 1917 [41].

The first published randomised controlled trial ex-
ploring the possible beneficial use of probiotics in IBS was 

Table 1. Guidelines on the role of probiotics in H. pylori infection

Source Year Recommendations Strength of 
recommendation

Quality of 
evidence

The Toronto Consensus for the 
treatment of H. pylori infection in 
adults [16]

2016 In patients with H. pylori infection, we recommend against routinely 
adding probiotics to eradication therapy for the purpose of reducing 
adverse events

Strong Very low

Management of H. pylori  
infection – the Maastricht V/
Florence Consensus Report [14]

2017 Only certain probiotics have been shown to be effective in reducing 
gastrointestinal side effects caused by H. pylori eradication therapies. 
Specific strains should be chosen only upon the basis of a demonstrated 
clinical efficacy

Strong Moderate

Certain probiotics may have a beneficial effect on H. pylori eradication Weak Very low

ACG clinical guideline: Treatment 
of Helicobacter pylori infection [15]

2017 Although probiotic therapy for H. pylori infection seems promising, 
many important questions remain, including the optimal dose, the time 
of dosing (before, during, or after eradication therapy), and the duration 
of therapy

N/A N/A

ACG, American College of Gastroenterology.
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conducted in France in 1983. Patients who received Sac
charomyces boulardii experienced significant improve-
ment in stool consistency and the daily number of stools 
compared to placebo (p < 0.05) [42]. Since then, a consid-
erable amount of data on the use of probiotics for IBS 
treatment has been produced. However, the significant 
heterogeneity in study design (size of the study, duration 
of the treatment, outcome analysed, and type, dose, and 
strains of probiotics used), resulted in controversial con-
clusions. One of the first attempts to systematically review 
the RCTs evaluating the efficacy, safety, and tolerability 
of probiotics in IBS treatment was made by Brenner et al. 
[43] in 2009. The authors found that only Bifidobacterium 
infantis (35,624) was efficacious in improving IBS symp-
toms scores compared with placebo (p < 0.05). More re-
cently, Ford et al. [44], by analysing 53 RCTs involving 
5,545 patients, demonstrated that when using a dichoto-
mous outcome (persistence of symptoms), probiotics 
were statistically superior to placebo (RR of IBS, not im-
proving = 0.81; 95% CI 0.74–0.88). These findings were 
confirmed by a subsequent meta-analysis of 35 RCTs in-
volving 3,452 patients performed by Niu et al. [45]. Lac
tobacillaceae and Bifidobacteriaceae were the most fre-
quent families of probiotics analysed in the included 
studies. Patients using probiotics had a lower incidence 
of the persistence of symptoms (RR 0.79, 95% CI 0.70–
0.89, p < 0.0001) and positive effects on symptomatic 
scores. However, a higher incidence of any adverse event 
(RR 1.21; 95% CI 1.02–1.44) was noted. Overall, probiot-
ics were deemed superior to placebo regarding global 
symptoms, albeit with a weak recommendation and low 
strength of evidence [45]. In 2020, a technical review per-
formed by the American Gastroenterology Association 
(AGA) has compiled evidence from 76 well-conducted 
randomised placebo-controlled clinical trials that used 44 
different probiotic strains or combinations of strains to 
determine whether the use of probiotics is justified in IBS 
patients [46]. Only 2 formulations (Saccharomyces bou
lardii and an 8-strain combination of Lactobacillus para
casei) had >1 trial measure the same outcome, thus fa-
cilitating combined case analyses. The 3 studies testing 
Saccharomyces boulardii in 232 patients did not evidence 
significant difference in the abdominal pain score with 
respect to placebo (standardised MD, 0.26; 95% CI, −0.09 
to 0.61). Two trials assessing an 8-strain combination of 
Lactobacillus paracasei in 73 patients with IBS demon-
strated a decrease in the abdominal pain score using the 
Visual Analogue Scale (mean decrease, −3.78; 95% CI, 
−4.93 to −2.62). On the contrary, the 6-strain combina-
tion of Bifidobacterium longum subsp longum, Bifidobac

terium bifidum, Bifidobacterium animalis subsp lactis, 
Lactobacillus acidophilus, Lactobacillus rhamnosus, and 
Saccharomyces salivarius subsp thermophilus was found 
to be inferior to placebo for global relief of symptoms in 
adults with IBS. Globally, the overall quality of evidence 
was very low and did not allow to draw definitive conclu-
sions about the efficacy of probiotics in IBS management.

The large number of published RCTs on probiotics 
underlines the continuing interest in manipulating the 
gut microbiota as a potential therapy for IBS. Some of the 
latest RCTs that had investigated the role of probiotics in 
IBS are given below. A randomised, placebo-controlled 
clinical trial by Andresen et al. [47] has assessed the effi-
cacy of non-viable (heat-inactivated) Bifidobacterium bi
fidum HIMIMBb75 in a real-life setting of IBS patients. 
Compared with placebo, Bifidobacterium bifidum HI
MIMBb75 was associated with significant improvement 
in health-related quality of life, IBS symptom scores, and 
global symptom relief. Non-viable bacteria might have 
advantages over some living probiotics because their use 
is associated with better standardisation, greater stability, 
and improved safety [48]. Martoni et al [49] in a unique 
3-arm placebo-controlled trial simultaneously investigat-
ed the clinical efficacy of 2 probiotic strains (Lactobacillus 
acidophilus DDS-1 and Bifidobacterium lactis UABla-12) 
on abdominal pain severity and other symptoms in 330 
IBS patients. Participants in both probiotic groups showed 
a significant improvement in abdominal pain, symptom 
severity scores, and a corresponding normalisation of 
bowel habits compared to placebo [49]. Gayathri et al. 
[50] demonstrated that the addition of oral administra-
tion Saccharomyces cerevisiae CNCM I-3856 to standard 
therapy in patients with IBS was associated with a signif-
icant improvement in abdominal pain and stool consis-
tency due to its analgesic and anti-inflammatory activity 
compared to placebo [50]. Madempudi et al. [51] investi-
gated the efficacy of Bifidobacterium coagulans Unique 
IS2 in the management of IBS symptoms in 136 patients. 
There was a significant reduction of abdominal discom-
fort/pain intensity and an increase in complete spontane-
ous bowel movements in the probiotic group [51].

Interpreting the existing literature is problematic be-
cause of small studies, the multiple types and strains of 
probiotics, the inconsistent benefits on individual symp-
toms, and the lack of rigorous trials based on definite end-
points. Thus, although numerous randomised controlled 
trials explored the role of probiotics in the management 
of IBS, with some trials showing positive results, recom-
mendations on which combination, species, or strain is 
effective are still lacking.
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Currently, AGA guidelines recommend the use of pro-
biotics in IBS only in the context of a clinical trial [52], 
while the American College of Gastroenterology guide-
lines on management of IBS suggest against probiotics for 
the treatment of global IBS. Symptoms are presented in 
Table 2 [53]. Probiotics seem to be a promising treatment 
modality due to their diverse modes of action, which 
might be used to target the multifactorial aetiology of IBS, 
but more well-powered randomised controlled trials are 
warranted.

Inflammatory Bowel Disease
IBD, including Crohn’s disease (CD) and ulcerative 

colitis (UC), has emerged as global disease, that affects 
over 2 million individuals in North America, 3.2 million 
in Europe, and millions more worldwide [54]. Collective-
ly, these conditions can lead to a significant disability with 
a high impact on patients’ quality of life. Accordingly, this 
recent global burden of IBD will require research to better 
detect early stages of IBD from preclinical symptoms and 
offer possibilities for disease prevention in high-risk indi-
viduals and prevent complications [55].

Multiple factors such as diet, gut barrier, microbiome, 
and activation of the innate and adaptive mucosal im-
mune systems in genetically predisposed individuals are 
involved in the pathogenesis of IBD [56]. Microbiome 
imbalance seems to play a crucial role since significant 
changes in bacterial, viral, protist, and fungal populations 
have been observed in the gut microbiota of affected in-
dividuals [57].

In this context, probiotics become an attractive new 
option for treating IBD patients by reducing inflamma-
tion through the modulation of microbiota composition, 
improving and restoring epithelial and mucosal barrier 
function, and promoting an immunomodulatory effect 

[58]. However, there is still limited evidence supporting 
their use in daily clinical practice to manage IBD.

Most studies had several limitations, including a wide 
variability in the composition and dosing of the probiotic 
preparation, small sizes of the study population, and con-
founding factors such as concomitant medications and 
diet. Since the IBD subtype, localisation, extension, and 
microbiota can differ between patients, it is not surprising 
that responses to probiotics should also vary.

Several trials evaluated the effect of probiotics in in-
ducing and maintaining remission in CD and UC. Of 
note, many microorganisms, nonpathogenic bacteria and 
fungi, or combinations of them have been tested; how-
ever, consistent results have been obtained only with 
some of them, including Escherichia coli Nissle 1917, 
VSL#3, Saccharomyces boulardii, Lactobacillus, and Bifi
dobacterium [59–63]. To date, the most robust evidence 
supporting the use of probiotics concerned the VSL#3 
that contains 8 strains of lactic acid-producing bacteria 
(Lactobacillus plantarum, Lactobacillus delbrueckii sub-
sp. bulgaricus, Lactobacillus casei, Lactobacillus acidophi
lus, Bifidobacterium breve, Bifidobacterium longum, Bifi
dobacterium infantis, and Streptococcus salivarius subsp. 
thermophilus) [61].

A double-blind placebo-controlled trial, including 40 
UC patients in remission showed that VSL#3 effectively 
prevented clinical relapses compared to placebo. Indeed 
only 15% of the patients who received the probiotics re-
lapsed within 9 months versus 100% of the placebo group 
[64].

Furthermore, VSL#3 was effective in both primary 
prevention of pouchitis after ileal pouch anal anastomosis 
and maintenance of remission in UC patients (RR = 1.67, 
95% CI: 1.06–2.63, p = 0.03) and in avoiding UC relapses 
(RR = 0.29, 95% CI: 0.10–0.83, p = 0.02) when compared 

Table 2. Guidelines on the role of probiotics in IBS

Source Year Recommendations Strength of 
recommendation

Quality of 
evidence

ACG monograph on management of IBS [34] 2018 We suggest probiotics taken as a group to improve global 
symptoms, as well as bloating and flatulence in IBS patients

Weak Low

AGA clinical practice guidelines on the 
role of probiotics in the management of 
gastrointestinal disorders [52]

2020 In symptomatic children and adults with IBS, we 
recommend the use of probiotics only in the context of a 
clinical trial

No 
recommendations

Knowledge 
gap

ACG clinical guideline: Management of IBS 
[53]

2021 We suggest against probiotics for the treatment of global 
IBS symptoms

Conditional Very low

IBS, irritable bowel syndrome; ACG, American College of Gastroenterology; AGA, American Gastroenterology Association.
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to placebo [65]. Encouraging results came from a double-
blind trial that evaluated the efficacy of the Escherichia 
coli Nissle 1917 in maintaining UC remission. This study 
showed equivalence between this probiotic and mesala-
zine in preventing disease relapses, whose rates were 
11.3% in the mesalazine group and 16.0% in the probiot-
ics group, with a relapse-free time of 103 ± 4 days versus 
106 ± 5 days, respectively [60].

Subsequently, a meta-analysis confirmed these results 
and concluded that Escherichia coli Nissle 1917 induced 
remission in 61.6% of patients, while that rate was 69.5% 
with mesalazine [66]. Notably, the current European 
Crohn’s and Colitis Organisation (ECCO) guidelines 
considered Escherichia coli Nissle 1917 as effective in in-
ducing and maintaining remission in UC (Table 3) [67].

Recently, several probiotics formulations are being 
tested. Interestingly, a double-blind study found that Bifi
dobacterium breve strain Yakult fermented milk did not 
affect maintaining of remission in UC patients [62]. Con-
versely, a randomised, placebo-controlled, double-blind-
ed trial showed that Bifidobacterium longum 536 strain 
promoted a reduction in UC Disease Activity Index (UC-
DAI) after 8 weeks of treatment (3.8 ± 0.4 at baseline vs. 
2.6 ± 0.4 at week 8, p < 0.01), while no significant improve-
ment in the UCDAI was observed among patients who 
received placebo (4.5 ± 0.5 at baseline vs. 3.2 ± 0.6 at week 
8, p = 0.88) [68]. A combination of Lactobacillus acidoph
ilus La5 and Bifidobacterium BB12 impacts on intestinal 
parameters of affected individuals by increasing the prev-
alence of probiotic bacteria in the intestine and colon [69].

The fungus Saccharomyces boulardii, a yeast with anti-
inflammatory activity, has also been evaluated to prevent 

relapses in CD patients and remission of UC [59, 70, 71]. 
A randomised nonblinded study including 32 CD pa-
tients showed that the clinical relapse rates within 6 
months were found in the Saccharomyces boulardii plus 
mesalazine group (6.25%) were lower than those ob-
served in patients who used mesalazine alone (37.5%) [72, 
73].

However, there is still little evidence on the effective-
ness of probiotics in CD. A recent meta-analysis on the 
efficacy of probiotics for the induction of remission in CD 
showed an RR of failure to achieve a remission of 0.90 
(95% CI = 0.77–1.06) in the probiotics group versus the 
placebo group [74]. Similarly, according to Shen et al. 
[75], probiotics did not significantly benefit the subgroup 
of CD patients (p = 0.35, RR = 0.89).

Fedorak et al. [63] found significant effects of using 
probiotics for the remission of CD disease only when 
treatment exceeded 90 days compared to placebo at day 
90 (p < 0.05). However, they did not find any significant 
differences in the rates of endoscopic recurrence [63].

In conclusion, the role of probiotics in the manage-
ment of IBD is still being explored. To date, VSL#3 might 
be recommended for the treatment of pouchitis, while 
Escherichia coli Nissle 1917 is used for inducing and 
maintaining remission in UC (Table 3) [67]. However, 
there is no solid evidence supporting the efficacy of pro-
biotics in the treatment of active CD, and data regarding 
their benefit in maintenance of remission are limited. 
Currently, the AGA guidelines recommend the use of 
probiotics in IBD only in the context of clinical trials or 
in treatment of pouchitis (Table 3) [52].

Table 3. Guidelines on the role of probiotics in IBD

Source Year Recommendations Strength of 
recommendation

Quality of 
evidence

Third European evidence-
based consensus on diagnosis 
and management of UC [67]

2017 E. coli Nissle 1917 is effective in inducing and maintaining remission in UC N/A N/A

AGA clinical practice 
guidelines on the role of 
probiotics in the management 
of gastrointestinal disorders 
[52]

2020 In adults and children with CD, we recommend the use of probiotics only in 
the context of a clinical trial

No 
recommendations

Knowledge 
gap

In adults and children with UC, we recommend the use of probiotics only in 
the context of a clinical trial

No 
recommendations

Knowledge 
gap

In adults and children with pouchitis, we suggest the 8-strain combination of 
L. paracasei subsp paracasei, L. plantarum, L. acidophilus, L. delbrueckii subsp 
bulgaricus, B longum subsp longum, B. breve, B. longum subsp infantis, and  
S. salivarius subsp thermophilus over no or other probiotics

Conditional Very low

IBD, inflammatory bowel disease; UC, ulcerative colitis; CD, Crohn’s disease; AGA, American Gastroenterology Association.
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Conclusions and Perspectives

Over the years, it has become apparent that the gut mi-
crobiota is not a bystander in the complex biological 
events regulating intestinal homoeostasis, but it can con-
tribute to digestive and extra-digestive diseases. With the 
emergence of these observations, interest in probiotics to 
modulate microbiota composition has increased world-
wide in both community and healthcare settings. As a 
consequence, the probiotic market has grown rapidly and 
is predicted to expand exponentially. However, despite 
their widespread use, there are still many criticisms that 
deserve further discussion.

First of all, much of our knowledge on probiotic mech-
anisms is based on research using in vitro, animal, cell 
culture, or ex vivo human models, findings of which do 
not prove their clinical efficacy in vivo and cannot be eas-
ily translated to humans. Nevertheless, even when proven 
in clinical studies, the effectiveness of a probiotic strain 
can be generalised to other strains or other medical con-
ditions.

Moreover, the results of published studies are conflict-
ing for most probiotic strains and formulations, and even 
meta-analyses that are a comprehensive summary of 
studies addressing the same topic can just provide a gen-
eral trend. Indeed, the heterogeneity of the included stud-
ies, mainly in terms of probiotic strain, formulation, dose 
and duration, and measured outcomes, may lead to over- 
or misinterpretation of data. Additionally, although this 
does not necessarily compromise their reliability, many 
probiotic studies are funded by the same industries that 
produce probiotics.

Finally, most probiotics have been marketed as dietary 
supplements, rather than pharmaceutical products, elud-
ing clinical use approval from medical regulatory agen-
cies. Thus, the current regulation of probiotics is mostly 
inadequate to safeguard consumers and doctors, especial-
ly when dealing with the management of severe condi-
tions. Although probiotics are generally regarded as safe, 
there are significant health concerns in specific popula-
tions such as young infants and neonates with very low 
birth weight, critically ill patients in intensive care units, 
and immunocompromised patients, in whom probiotics 
may be responsible for bacteraemia and fungaemia. On 
the other hand, most published clinical trials of probiotics 
do not provide enough information on the safety profile 
of probiotics.

Based on these premises, it is not surprising that the 
recently published “AGA Clinical Practice Guidelines on 
the Role of Probiotics in the Management of Gastrointes-

tinal Disorders” failed to provide strong recommenda-
tions for the majority of the analysed indications [52]. 
Likewise, the evidence we reviewed here regarding the use 
of probiotics in H. pylori infection, IBS, and IBD is rele-
vant and promising for probiotics in general, and for spe-
cific strains and combinations of strains, but not yet suf-
ficient to draw unequivocal conclusions. Future rigorous-
ly designed, large-scale, randomised and blinded clinical 
trials tailoring probiotics to conditions and individuals 
with objectively assessed endpoints and aimed at defining 
the safety profile, preferentially devoid of commercial in-
terests, together with more specific and stringent regula-
tory rules for probiotics, will allow filling the gap in the 
evidence needed to recommend probiotics in clinical 
practice. As the famous Spanish painter Pablo Picasso, 
one of the greatest artists of the 20th century, used to say 
“Do not judge wrong what you don’t know, seize the op-
portunity to understand.”
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