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The human gut microbiome represents the collective genomes of a vast range of microorganisms, also referred to as the

microbiota, which include bacteria, virus, archaea and protozoa, that together form an extremely complex ecosystem

capable of communicating with the immune system and determining an individual’s predisposition to develop disease

states. Manipulating the gut microbiome through dietary interventions, prebiotic and probiotic compounds and faecal

microbiota transplantation may expand the therapeutic landscape in ulcerative colitis (UC). Specific diets, such as the

Mediterranean diet or diet rich in omega-3 fatty acids, may reduce intestinal inflammation or potentially reduce the risk of

incident UC.
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1. Background

Gut microbiota are responsible for a range of metabolic processes for the host including digesting food specifically

through the breakdown of complex carbohydrates and proteins, regulation of the immune function, protecting against

pathogens and production of micronutrients . The gut microbiome composition is determined by a number of host and

environmental factors including mode of delivery, type of feeding at birth, use of antibiotics, pathogen exposure, diet,

smoking, pollutants as well as many unknown factors . Specific bacterial phyla, such as Firmicutes and Bacteroides,

represent approximately 90% of the human gut microbiota, alongside smaller proportions of Proteobacteria,

Actinobacteria and Verrucomicrobia . Dysbiosis is most commonly defined as perturbations in the composition of

commensal communities relatively to those found in healthy individuals. For example, an increased

Firmicutes/Bacteroidetes ratio may be associated with disease states, such as obesity, type 2 diabetes and metabolic

syndrome . Reduced Firmicutes diversity, especially reduced levels of F. prausnitzii, was observed in the gut microbiota

of patients with inflammatory bowel disease (IBD) .

Inflammatory bowel disease represents a group of chronic intestinal disorders, subdivided into Crohn’s disease (CD) and

ulcerative colitis (UC). Bowel inflammation, responsible for symptoms of abdominal pain and bloody diarrhoea in UC, may

be partly mediated by changes in the composition of the gut microbiota. UC currently affects 10 per 100,000 people

annually, with a prevalence of 243 per 100,000, thus amounting to approximately 146,000 patients diagnosed with UC in

the UK . Similarly to other autoimmune diseases, the precise aetiology of UC has not been determined and is likely

multifactorial, involving complex interactions between the genome and epigenome, the environment and the microbiome

. Patients with moderate-to-severe UC can be treated with biological agents, whose immunosuppressive effects strive to

achieve the endpoint of mucosal healing of the bowel. However, pooled rates of mucosal healing in UC (33–45%) were

relatively modest, combined with non-negligible rates of adverse events, as observed in a network meta-analysis of

clinical trials . Therapies involving manipulation of the microbiota may thus expand the therapeutic arsenal of UC.

When trying to understand the role of the gut microbiome on the aetiology of UC, longitudinal data are lacking. A particular

challenge remains that we still are unable to predict those that will develop UC and therefore we lack the ability to map the

microbiome prior to the disease onset. In an attempt to circumnavigate this issue, a model for UC may provide us unique

insights into the role of the gut microbiome in IBD. In such a model, the key will be to explore microbiome changes from a

period of health to one of disease state, mapping the microbiome changes. Ideally, these changes need to occur over a

period where longitudinal data is possible, minimising loss to follow-up.

A potential model for understanding dysbiosis within different UC phenotypes is the ileal pouch-anal anastomosis (IPAA),

which is a surgically constructed intestinal reservoir connecting the most distal part of the small bowel to the anal canal.

Total proctocolectomy may be indicated in patients who remain refractory to medical therapy or those at high risk of

colorectal malignancy; in order to restore intestinal continuity and avoid a permanent ileostomy, an IPAA can be formed.

Inflammation of the IPAA, also called pouchitis, is a relatively frequent complication, as shown by a cumulative risk of one

or more episodes ranging from 15–53% . Incidence of pouchitis seems highest within the first year of pouch formation,
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allowing longitudinal data in a short timeframe. Observed predictors of pouchitis include prior smoker status, associated

extra-intestinal manifestations, primary sclerosing cholangitis and a genetic marker called interleukin-1 receptor

antagonist gene allele 2 . The mainstay of treatment for pouchitis is antibiotics and many studies have implicated the

importance of the microbiome in both aetiology and treatment.

1.1. Interactions between the Gut Microbiome and the Intestinal Lining in the Context of Intestinal
Inflammation

The gut microbiome seems an integral part in maintaining the tight junction integrity . Evidence has suggested that

perturbations in the gut microbiome can lead to an increase in gut permeability, a decrease in the thickness of the

protective mucus layer which culminates in pathogen invasion . The goblet cells, found in the intestinal lining, produce

a thick mucus layer which acts as a mechanical barrier, as well as chemical, in that it supports the presence of

antibacterial proteins, such as secretory IgA and lactoferrin . Therefore, a loss of goblet cells, as found in chronic

bowel inflammation, leads to a loss in mucosal integrity and impaired barrier function. This culminates to an increase in

bacterial translocation altering the T-cell profile and pro-inflammatory cytokines leading to tissue damage, a destabilised

microbiome and further tissue damage. Short-chain fatty acids (SCFA), mainly butyrate, are produced via selective

bacterial fermentation of resistant carbohydrates. SCFA play an important role in the maintenance of the epithelial barrier

and regulation of the immune system, through increased intestinal IgA production, induction of tolerogenic dendritic cells

and higher regulatory T-cell percentages . Indeed, bowel inflammation has been associated with increased rates of

intestinal regulatory T lymphocytes, however it remains unclear which subsets of regulatory T cell exert proinflammatory

effects in UC .

From an immune perspective, the gut microbiome is in constant communication with the immune system to help with

immune tolerance and disease pathogenesis . Breakdown of the epithelial innate immune function may also lead to the

invasion of the intestinal lining by pathogenic bacteria. Indeed, defective autophagy impairs lysosomal digestion and

clearance of pathogenic bacterial strains. Activation of different signalling cascades, mediated by the Toll-like receptors

(TLR) located on the surface of intestinal epithelial cells and the downstream nuclear factor-κB (NF-κB) pathway, leads to

the production of cytokines and recruitment of the adaptive immune system, thus enhancing bacterial clearance. Thus,

genetic polymorphisms of TLR, inhibition of the NF-kB pathway and decreased release α-defensin seen in variants of the

caspase recruitment domain/nucleotide-binding oligomerisation domain (CARD/NOD family) all contribute to increased

intestinal permeability and subsequent bowel inflammation, as seen in UC .

Through advancing next generation sequencing technologies, we have been able to understand both the composition of

the gut microbiota and also its functionality .  Figure 1  summarises the critical roles of the microbiome in drug

metabolism, absorptive and secretory capacities of the intestinal lining. Although data remain heterogenous, consistent

findings of perturbations in the gut microbiota in patients with UC compared with healthy controls persist. In an inception

cohort, Schirmer et al. evaluated the microbial taxonomic changes of 405 paediatric new-onset, treatment-naïve UC

patients, who received either corticosteroids or 5-aminosalicylic acid drugs. Interestingly, after 52 weeks of follow-up, poor

response to therapy correlated with an increased resemblance to the bacterial taxa of the oral cavity, such as higher

levels of  H. parainfluenzae, likely explained by intestinal inflammation and strain-specific adaptation . However, it

remains unclear whether such microbial changes may be the cause or the consequence of active bowel inflammation.
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Figure 1. The role of the gut microbiome.

Interestingly, microbial signatures may differ between UC and CD despite their similar clinical and epidemiologic profiles.

In a Spanish cohort of 34 patients with CD and 33 with UC, those afflicted with CD showed, in faecal samples, higher

rates of unstable microbial communities compared to patients with UC, as well as increasingly altered microbiota

composition, such as a lower relative abundance of  Faecalibacterium  and a higher relative abundance

of Fusobacterium and Escherichia. The composite microbial biomarkers were validated as a diagnostic tool in Spanish

and Belgian cohorts, demonstrating a sensitivity of 80% and a specificity of 90.9% in distinguishing CD from UC .

1.2. Influences of the Gut Microbiota on the Development of Pouchitis

The microbiota of a patient with pouchitis differs from a patient without pouchitis. Specific patterns have found persistence

of Fusobacter and Enterobacters associated with the disease state and the absence of specific bacteria such

as  Streptococcus  species in the inflamed pouch . Clinically, pouchitis can be treated with antibiotics and hence

provides plausibility that the microbiome may influence the course of pouchitis. Of interest, mucosal inflammation in the

pouch is concentrated in areas where bacterial concentration is highest . From an immune perspective, it has been

noted that pouchitis-derived bacterial sonicates from metronidazole-sensitive bacterial species stimulate healthy patients’

mononuclear cells significantly more than corresponding sonicates from non-pouchitis patients .

Potentially, the closest direct link to the microbiome having an influence on pouchitis came from a study which highlighted

that baseline microbiome prior to colectomy could predict those that developed pouchitis and those that did not and hence

provides suggestions that altering the gut microbiota may influence the pouch functionality .

2. Selective Therapies Aiming at Microbiota Manipulation in Ulcerative
Colitis

The gut microbiota can be manipulated through the use of prebiotics, probiotics, antibiotics and faecal microbiota

transplantation and diet (Figure 2).
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Figure 2. Methods of manipulating the gut microbiota.

2.1. Prebiotic Studies in Ulcerative Colitis

Dietary prebiotics are defined as ‘a substrate that is selectively utilised by host micro-organisms conferring a health

benefit’ . It is hypothesised that prebiotics may improve gut inflammation by selective stimulation of protective members

of gut microbiota, improvement of the intestinal permeability and increased production of SCFA .

Hafer et al. studied the effect of lactulose at a daily dose of 10 g added to standard therapy in 7 patients with active UC,

compared to 7 UC patients receiving standard therapy without the use of a placebo. They noted that the Inflammatory

Bowel Disease Questionnaire (IBDQ) score improved from 123 ± 20 to 171 ± 18 (p = 0.026) in the lactulose group .

Two clinical trials evaluated the effects of an oligofructose-enriched inulin compound (Beneo™ Synergy 1) in UC patients

with mild to moderate disease, receiving concomitant mesalazine therapy. Casellas et al. noted that, at day 14, levels of

faecal calprotectin improved in five of seven patients (70%) who received the prebiotic, compared to two of eight patients

(25%) in the placebo arm .

Valcheva et al. assessed the alterations of the gut microbiota composition and activity in 25 patients with mild to moderate

UC treated with different doses of oligofructose-enriched inulin over a nine-week period. The primary outcome was clinical

response and/or remission. The primary outcome was achieved in 77% of patients receiving the high-dose prebiotic

product (15 g per day) compared to 33% in the low-dose group (7.5 g per day). High-fructan dose was associated

with Bifidobacteriaceae and Lachnospiraceae abundance, however such microbiota modifications did not correlate with

improved disease scores. Interestingly, the trial showed that a prebiotic course resulted in higher butyrate levels, with

strong negative correlations between butyrate levels and clinical symptoms . Existing trials assessing the use of

prebiotics in the treatment of UC lack sufficient power to change clinical practice, however data regarding its potential

efficacy and safety profile are encouraging.

2.2. Probiotic Studies in Ulcerative Colitis

Probiotics are ‘live microorganisms which confer a health benefit on the host when administered in adequate amounts’ .

Probiotics are traditionally composed of one or more bacterial strains.

Derwa et al. performed a meta-analysis of eight trials targeting induction of remission in active UC as a primary outcome

(n = 651), as well as six trials assessing prevention of relapse in quiescent UC (n = 677) . Types of probiotics varied

between E. coli Nissle 1917 (5 studies), Bifidobacterium longum 356 (1 study), Lactobacillus rhamnosus GG (1 study), a

multistrain probiotic containing a combination of lactic acid bacteria, streptococci and bifidobacterial (3 studies) and other

combined formulations (4 studies). In the single trial comparing probiotics with 5-ASAs for induction of remission in 116

patients, no difference was seen in the primary outcome of failure to achieve remission (RR = 1.24; 95% CI = 0.70–2.22),

similar to the pooled 7 randomised placebo-controlled trials (RR = 0.86; 95% CI = 0.68–1.08). Rates of adverse events

were comparable in both analyses. Interestingly, in a subgroup analysis of the multistrain probiotic containing a

combination of lactic acid bacteria, streptococci and bifidobacteria studies, 56.2% of 162 patients randomised to the

probiotic failed to achieve remission, compared with 75.2% of 157 patients who received placebo (RR = 0.74; 95% CI =

0.63–0.87). The authors measured a number needed to treat of 5 to prevent one patient with active UC failing to achieve

remission, without significant heterogeneity between studies (I  = 0%, p = 0.52). In a pooled group of 140 patients, the E.
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coli Nissle 1917 compound did not demonstrate a statistically different benefit compared to placebo (RR = 1.56; 95% CI =

0.44–5.53). In a randomised, double-blind trial, seven weeks of E. coli Nissle 1917 or placebo was added to conventional

therapy in patients with active UC and initially treated with one week of ciprofloxacin or placebo (25 patients in each of the

four groups). Surprisingly, rates of clinical remission and treatment persistence with the study drug were significantly lower

in patients treated with E. coli Nissle 1917 and without a previous antibiotic cure, despite similar adverse events in all

groups . In regard to maintenance of remission, use of probiotics in 342 patients was not shown to decrease rates of

UC relapse compared with the use of 5-ASAs (RR = 1.02; 95% CI = 0.85–1.23) in 278 patients and placebo (RR = 0.62;

95% CI = 0.33–1.16) in 57 patients.

Astó et al. conducted a meta-analysis of randomised controlled trials (RCTs) examining the effects of probiotics, prebiotics

and synbiotics on human UC . Rates of remission in 602 patients with active UC were unchanged between the

probiotics and placebo groups. In trials defining UC remission, the beneficial effects of probiotics were estimated to be

statistically significant compared to placebo (RR = 1.55, 95% CI = 1.13–2.15) with decreased heterogeneity between trials

(I   = 29%). On further subgroup analysis (n = 424), patients with active UC who received  Bifidobacterium-containing

probiotics were more likely to be in remission compared to those on placebo (RR = 1.73; 95% CI = 1.23–2.43, p = 0.002).

In comparison, no difference in UC remission was seen between probiotics without Bifidobacterium  strains and control

groups (n = 168). In trials assessing the multistrain probiotic containing a combination of lactic acid bacteria, streptococci

and bifidobacteria in combination with standard therapy (n = 348), significantly higher rates of UC remission were seen in

the probiotic group compared to the control group (RR = 1.99; 95% CI = 1.25–3.15, p = 0.003).

The faecal concentrations of SCFA were measured in two trials and were significantly increased in one pilot study with

active UC patients after supplementation of Bifidobacterium-fermented milk (n = 20) . In a trial assessing 46 inactive

UC patients, SCFA concentrations did not differ significantly between probiotic (Streptococcus faecalis T-110, Clostridium
butyricum TO-A and Bacillus mesentericus TO-A) and placebo groups at any time over the six months, however a higher

butyrate/acetate ratio was observed throughout the follow-up period in patients who relapsed compared to those who

remained in remission . Decreased Bifidobacterium species was observed in 195 inactive UC patients prior to relapse

in one study assessing the effects of  Bifidobacterium breve  fermented milk . Furrie et al. explored the effects of a

synbiotic formulation containing  B. longum  and oligofructose-enriched inulin; improved endoscopic scores and

significantly higher levels of bifidobacterial rRNA on mucosal biopsies were observed in 9 patients receiving this synbiotic

compared to 9 patients on placebo .

2.3. Antibiotics in Ulcerative Colitis

Antibiotics are seldom used in clinical practice for the management of UC. A few initial studies suggested a potential

clinical benefit of adding antibiotics, such as ciprofloxacin or tobramycin, to conventional therapy in patients with active UC

of all severities . Khan et al. performed a meta-analysis of nine RCTs assessing the efficacy of antibiotics in adult

patients with active UC . Efficacy outcomes were mostly clinical with limited reporting of biochemical and endoscopic

outcomes. Overall, the authors noted a statistically significant benefit favouring antibiotics over placebo (RR 0.64; 95% CI

= 0.43–0.96, p = 0.03), however antibiotic regimens were significantly heterogeneous between trials. Two RCTs assessed

the use of antibiotics in acute severe UC, a condition perceived at high risk of bacterial translocation, and showed no

short-term clinical benefit of adding metronidazole (trial of 39 patients) or metronidazole and tobramycin (trial of 39

patients) compared to placebo . Internationally recognised guidelines either do not recommend their use or do not

mention them as a potential therapeutic option in the management of adult patients with UC .

2.4. Faecal Microbiota Transplantation in Ulcerative Colitis

Since 2015, four placebo-controlled RCTs  and multiple cohort studies have been published , with

meta-analyses suggesting a positive impact of faecal microbiota transplantation (FMT) in the induction of remission in UC

patients with mild-moderate disease .

Costello et al. conducted a meta-analysis of the four placebo-controlled RCTs, totalling 277 patients. Clinical remission

was achieved in 28% of pooled donor FMT groups compared with 9% of patients in placebo groups (OR = 3.67; 95% CI =

1.82–7.39) . A Danish open-label pilot study has examined the efficacy of oral FMT capsules in patients with active UC;

over a 50-day course of oral FMT capsules, all of the seven patients achieved clinical response at weeks 4 and 8, as well

as significant improvements in quality of life and faecal calprotectin levels .

Paramsothy et al. performed gastrointestinal microbial community profiling in 81 UC patients treated with colonoscopy

delivered FMT versus placebo. Bacterial diversity in samples before and after FMT administration was higher in recipients

who achieved remission compared with those who did not. Remission after FMT was associated with a relative microbial

abundance of  Eubacterium hallii  and  Roseburia inulivorans, compared with higher levels of  Fusobacterium

[32]

[33]

2

[34]

[35]

[36]

[37]

[38][39]

[40]

[41][42]

[43][44]

[45][46][47][48] [49][50][51]

[52]

[53]

[49]



gonidiaformans, Sutterella wadsworthensis and Escherichia species in patients not determined to be in remission post-

FMT. The former patient group exhibited increased production of SCFA and secondary bile acids, while the latter group

showed higher levels of heme and lipopolysaccharide biosynthesis. A relative abundance of Bacteroides species in donor

FMT stools was associated with higher rates of remission in recipients, likely explained by antagonist interactions

between Bacteroides and Prevotella species .

The beneficial effects of FMT in UC may also be mediated by other members of the intestinal microbiota, such as viruses

and fungi. In a small cohort of nine UC patients, a numerical trend towards reduction in eukaryotic viral richness was

observed in FMT responders compared with non-responders (p  = 0.056) . The pro-inflammatory role of Candida

species was highlighted in a prospective trial of 39 patients. A relative abundance of Candida species pre-FMT was

associated with increased bacterial diversity, which likely implies a microbiota more amenable to FMT engraftment. A

reduction of Candida species post-FMT administration correlated with improved clinical and endoscopic outcomes; such

an impact was not reproduced in patients receiving placebo . A better understanding of the FMT-induced modifications

of bacterial taxonomy, as well as trans-kingdom interactions, will hopefully improve the selection process of FMT donors

and recipients, thus improving the overall efficacy of FMT in the management of active UC.

2.5. Dietary Studies in UC

An increasing number of studies have highlighted the importance of macronutrients in the aetiology of IBD ,

however data is limited regarding their impact on the gut microbiota. In one study that explored the role of animal-based

diets, it was found that the increase in the abundance and activity of Bilophila wadsworthia on the animal-based diet group

supports a link between dietary fat and the overgrowth of microbes able to prompt the host to IBD . Table 1 highlights

the published studies assessing the impact of diet in the incidence and treatment of UC.

Table 1. Summary of published dietary studies regarding incidence and treatment of ulcerative colitis.

Authors and Date
of Publication Country Studied Diets Number of

UC Patients Study Design Types of Outcomes

Li et al. 2015 Worldwide Vegetable protein 896 Prospective Incidence of UC

Dong et al. 2020 Worldwide Animal protein 418 Prospective Incidence of UC

Prince et al. 2016 United
Kingdom Low FODMAP diet 38 Prospective Clinical response of UC

Cox et al. 2019 United
Kingdom Low FODMAP diet 26 Randomised,

controlled trial

Clinical response of UC and
microbiota composition

changes

Obih et al. 2016 United States
of America

Specific
carbohydrate diet 6 Retrospective Clinical response of UC

Olendzki et al.
2014

United States
of America

Anti-inflammatory
diet 3 Retrospective Clinical response of UC

Chicco et al. 2021 Italy Mediterranean
diet 84 Prospective Clinical response of UC

Herfarth et al.
2014

United States
of America Gluten-free diet 615 Cross-sectional,

longitudinal Clinical response of UC

John et al. 2010 United
Kingdom

Omega-3 fatty
acids 22 Prospective Incidence of UC

Lu et al. 2017 Worldwide Curcumin 244 Prospective Incidence of UC

UC for ulcerative colitis, FODMAP for fermentable oligosaccharides, disaccharides, monosaccharides and polyols.

2.5.1. Low-FOPMAP Diet

A diet low in FODMAP (fermentable oligosaccharides, disaccharides, monosaccharides and polyols) may likely improve

the quality of life of patients with irritable bowel syndrome (IBS) . Data are scant regarding the effects of a diet low in

FODMAPs in the clinical improvement of patients with IBD. An RCT was performed to investigate the effects of a low

FODMAP diet on persistent gut symptoms, microbiome diversity and markers of inflammation in patients with quiescent

IBD . Patients following a low FODMAP diet (14/27, 52%) reported improved gut symptoms 4 weeks after following the

dietary regime, compared to control diet (4/25, 16%, p = 0.007). Targeted stool samples analysis identified that patients
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following a low FODMAP diet had a significantly lower abundance of  Bifidobacterium adolescentis,  Bifidobacterium
longum  and  Faecalibacterium prausnitzii  than patients on control diet with no differences in relation to microbiome

diversity and markers of inflammation .

2.5.2. Specific Carbohydrate Diet

Specific carbohydrate diet (SCD) is a nutrition strategy that limits the consumption of certain carbohydrates. A

retrospective paediatric study aimed to evaluate the potential effects of the SCD in 6 patients with active UC. The mean

PUCAI for patients with active UC decreased from a baseline of 28.3 ± 10.3 to 20.0 ± 17.3 at 4 ± 2 week, to 18.3 ± 31.7 at

6 mo. Evidence shows that the SCD may be effective in decreasing disease activity and deserves further investigation

and possible integration in the community but mechanisms involving the gut microbiome are lacking .

2.5.3. Anti-Inflammatory Diet

The anti-inflammatory diet (IBD-AID) is a potential dietary therapy for IBD patients, restricting the ingestion of certain

carbohydrates aiming to reduce symptoms and gut healing. A study recruiting forty patients with IBD were consecutively

offered the IBD-AID to help treat their disease and were retrospectively reviewed. Of those forty adult patients, eleven

were included in the final analysis and underwent further medical record review. After following the IBD-AID for at least

four weeks, all patients were able to discontinue at least one of their prior IBD medications, and all patients had

improvement of their symptoms, including reduced bowel frequency suggesting a potentially beneficial effect of this

dietary strategy in clinical outcomes . Objective measures of inflammation, such as faecal calprotectin or endoscopy,

were not assessed. The impact of this diet on the gut microbiome is still not fully elucidated.

2.5.4. High-Fibre Diet

Fibre ingestion can shape the structure of the gut microbiome and can contribute to colonic homeostasis, intestinal

integrity, thus leading to a lower disease risk . Resistant starch and pectin increase the relative abundance of butyrate-

producing bacteria while reduction of dietary fibre consumptions is associated with a decrease in butyrate-producing

bacteria such as  Faecalibacterium, as well as an increase in mucus-eroding microbiota such as  Akkermansia
muciniphila  and  Bacteroides caccae.  Dietary fibre is fermented in the colon and provide energy substrates for the

colonocytes. Importantly, healthy subjects supplemented with fructooligosaccharides and galactooligosaccharides exhibit

an increased abundance of Bifidobacteria and Lactobacilli .

2.5.5. Mediterranean Diet

The Mediterranean diet (Md) is largely known by its inflammatory characteristics and cardiovascular benefits. A

prospective study aimed to identify the impact of Md on the nutritional state, liver steatosis and clinical disease. The study

reported a significant reduction of malnutrition-related parameters and improvement of liver steatosis was observed in 84

UC patients after short-term dietary intervention . Specifically, they noticed that, after 6 months of a Mediterranean diet,

fewer patients with UC had active disease (14 of 59 [23.7%] at the start of trial vs. 4 of 59 [6.8%] at 6 months following

diet, p = 0.004) and furthermore, this study highlighted that a Md was associated with an increase in quality of life ,

thought to be related to reduced disease activity and lower body mass index. A trial from Henriquez Sanchez et al. also

shows that adherence to a Md seems to correlate with higher physical and mental quality of life scores .

Increased intestinal permeability in IBD is thought to induce translocation of bacterial lipopolysaccharides into the portal

system and cause low-grade liver inflammation, thus potentiating the risk of non-alcoholic fatty liver disease (NAFLD) .

Liver dysfunction from NAFLD progression may induce modifications of bile acid composition, thus further perpetuating

intestinal dysbiosis and inflammation . It has been suggested that a Mediterranean diet might be associated with

modulation of the gut microbiome by increasing SCFA production and lowering the production of secondary bile acids, p

cresols, ethanol and carbon dioxide . This was shown to be associated with a reduction in fragility but, as of yet,

mechanisms in ulcerative colitis are yet to be elucidated .

2.5.6. Gluten-Free Diet

Gluten consists of proteins that are partially resistant to proteolytic digestion, being a major dietary component in wheat,

rye and barley. Non-celiac gluten sensitivity and the associated use of a gluten-free diet (GFD) have been used as a

dietary strategy to better control IBS symptoms and recently as a possible comprehensive tool to manage inflammatory

bowel disease (IBD). In a study trying to analyse the effect of a GFD on gut inflammation, 65.6% of patients described an

improvement of their gastrointestinal symptoms and 38.3% reported fewer or less severe IBD flares. As of yet, it is unclear

how a GFD affects the gut microbiome and therefore further prospective studies into mechanisms of gluten sensitivity in

IBD are warranted .
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2.5.7. Omega-3

Clinical studies show that omega-3 fatty acids may have a possible role in the treatment of IBD. Deficiency in essential

fatty acids is commonly seen in IBD patients, and omega-3 fatty acids supplements may benefit patients through the

inhibition of natural cytotoxicity (by changing arachidonic acid metabolites) and/or improving oxidative stress . In a

cohort of heathy middle-aged and elderly women, both total omega-3 and DHA serum levels were significantly correlated

with microbiome alpha-diversity after adjusting for confounders. Some of the associations with gut bacterial operational

taxonomic unit appear to be mediated by the abundance of the faecal metabolite N-carbamylglutamate. These data

suggest a link between omega-3 circulating levels/intake and microbiome composition independent of dietary fibre intake,

particularly with bacteria of the  Lachnospiraceae  family . A prospective cohort study of 25.639 patients aged 45 or

above required participants to complete a validated seven-day food diary, of which food items were electronically

converted into nutrients . These patients were subsequently monitored for the development of UC: 22 incident cases

were diagnosed over a median time from recruitment to diagnosis of 4.2 years. In these newly diagnosed cases, a higher

dietary intake of docosahexanoic acid (DHA) was associated with a decreased risk of developing UC (OR = 0.47, 95% CI

= 0.25–0.89, p = 0.02) despite adjusting for cigarette smoking, total energy intake and other fatty acids, which can alter

the metabolism of DHA. A numerical trend of borderline statistical significance showed lower incident cases of UC in

patients with increased dietary intake of total n-3 polyunsaturated fatty acids (PUFA) and eicosapentaenoic acid (EPA).

EPA and n-3 PUFA may exert anti-inflammatory effects through selective metabolism to leukotriene B , thought to be less

potent as a leucocyte chemotactic agent compared to leukotriene B , which is derived from n-6 PUFA . These omega-3

fatty acids are also believed to promote the release of phospholipases D and inhibit protein kinase C, thereby hampering

different inflammatory pathways   . More studies assessing the effect of omega-3 supplementation on the microbiota of

IBD patients are required.

2.5.8. Curcumin

Polyphenols, which constitute the active substances found in many plants, seem to have positive effects in the

management of IBD via down-regulation of inflammatory cytokines and enzymes, enhancing antioxidant defence and

suppressing inflammatory pathways and the cellular signalling mechanisms . Their specific role in the microbiome and

ulcerative colitis remains unclear.

3. Therapies Involving Microbial Manipulation in Pouchitis

3.1. Prebiotic Studies in Pouchitis

Welters et al. evaluated the effects of enteral inulin on ileo-anal pouch functioning by studying epithelial gene expression,

cell turnover and mucosal morphology. Twenty patients were given 24 g of inulin daily for three weeks, then a four-week

wash-out period, and a placebo for three weeks. Inulin supplementation did not significantly alter pouch mucosal

functioning because neither epithelial homeostasis nor epithelial gene expression was significantly altered; however, the

author concluded that enteric supplementation with 24 g/day of inulin led to a decrease of inflammation-associated

factors, with an increase in butyrate production, decrease of secondary bile acids and significant decrease in the

endoscopic and histologic pouch disease activity index score . This is yet to be linked to the role in the microbiome but

could provide some interesting mechanistics as to the importance of prebiotics in pouch integrity.

3.2. Probiotic Studies in Pouchitis

In a meta-analysis of the four RCTs, it was shown that probiotics have no effect on the maintenance of remission in

pouchitis. However, when exploring individual studies, it has been demonstrated that 6 g/day of a multistrain probiotic

containing a combination of lactic acid bacteria, streptococci and bifidobacteria can help maintain remission  and

prevent acute pouchitis . There is a single small trial suggestive that probiotics may be effective for acute pouchitis

 but this was not replicated in a RCT  and hence its position in acute pouchitis remains uncertain.

When exploring some of the microbial mechanisms that changed during probiotic treatment of the pouch, Gionchetti et al.

noted that faecal concentration of lactobacilli, bifidobacteria and  S. thermophilus  increased significantly from baseline

levels only in the group receiving the multistrain probiotic containing a combination of lactic acid bacteria, streptococci and

bifidobacteria (p  < 0.01) . The same group in a follow-up study found that the patients that benefited from the

multistrain probiotic were associated with faecal colonization with probiotics . In the other probiotic study reporting on

changes in the gut microbiome, Kuisima et al. highlighted that a trial of Lactobacillus GG supplementation (10 LGG, 10

placebo) for 3 months changed the pouch microbiota, but was ineffective as primary therapy for a clinical or endoscopic

response .
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3.3. Antibiotic Studies in Pouchitis

Antibiotics remain the mainstay treatment for both acute and chronic pouchitis. In a meta-analysis it was highlighted that

antibiotics could achieve remission in nearly three-quarters of cases . However, these are based on a number of small

randomised controlled trials and observational studies. When exploring the microbial changes that occur following

antibiotics, the evidence is very heterogenous, meaning consistent signals are not yet found. Furthermore, the

mechanisms that underpin the microbial changes that are responsible for the beneficial effect remain poorly understood.

In one of the few mechanistic studies exploring the role of antibiotics and pouchitis, it was highlighted that antibiotics lead

to an antibiotic-resistant microbiome to include abundance of facultative anaerobic bacteria genera to include Escherichia,
Enterococcus and Streptococcus. This was associated with low virulence which helps to maintain remission . This

therefore suggests that antibiotics may be decreasing the virulence of the bacteria contributing to pouchitis.

3.4. FMT in Pouchitis

There have been a number of small studies that have explored the potential of faecal microbiota transplantation for

chronic pouchitis. Overall, a meta-analysis highlighted that as yet there was a lack of evidence for its effectiveness in the

treatment of chronic pouchitis . The problem with many of these studies is the heterogeneity in study design, the

methodology of delivering the faecal transplant, the relatively small number of patients and the variability of diagnosis of

pouchitis. Interpretation of these studies remains challenging, especially understanding mechanisms that may underpin

therapeutic success.

3.5. Future Directions in Pouchitis Management

Due to the small number of studies related to pouchitis, larger studies are needed to guide our understanding of future

therapies to treat pouchitis. It is likely that a multicentre approach with mechanistic work that aims to understand the

pathophysiology of pouchitis will help guide our treatment strategies and begin to personalise them.

4. Interventional Dietary Studies in Pouchitis

A longitudinal cohort study followed 172 patients within the first year after IPAA surgery investigating who developed

pouchitis. There was a greater risk of pouchitis at 1 year in 13 patients with low fruit intake (30.8% for <1.45 servings fruit

per day) compared with 26 patients with higher fruit intake (3.8% for >1.45 servings fruit per day). Additionally, higher fruit

consumption correlated with increased microbial diversity and with higher abundance of various bacterial genera

including Lachnospira, Lactobacillus, Faecalibacterium and Ruminococcus  .

McLaughlin et al. studied the impact of exclusive elemental diet on the gastrointestinal microbiota and symptoms in

patients with chronic pouchitis. In their case series, 7 patients with pouchitis following IPAA for UC were treated with

exclusive elemental diet therapy for 4 weeks. The median stool frequency significantly decreased from 12 to 6 per day.

However, there was no significant difference in quality-of-life scores or pouch disease activity index before and after

treatment. There were no significant changes in the concentration of bacteria after treatment. There was a trend towards

an increase in the concentration of Clostridium coccoides and Eubacterium rectale. The authors concluded that elemental

diet therapy appeared to improve the symptoms of pouchitis in some patients but is not an effective strategy for inducing

remission .

References

1. Vieira-Silva, S.; Falony, G.; Darzi, Y.; Lima-Mendez, G.; Garcia Yunta, R.; Okuda, S.; Vandeputte, D.; Valles-Colomer,
M.; Hildebrand, F.; Chaffron, S.; et al. Species–Function Relationships Shape Ecological Properties of the Human Gut
Microbiome. Nat. Microbiol. 2016, 1, 16088.

2. De Souza, H.S.P.; Fiocchi, C.; Iliopoulos, D. The IBD Interactome: An Integrated View of Aetiology, Pathogenesis and T
herapy. Nat. Rev. Gastroenterol. Hepatol. 2017, 14, 739–749.

3. Petersen, C.; Round, J.L. Defining Dysbiosis and Its Influence on Host Immunity and Disease. Cell. Microbiol. 2014, 1
6, 1024–1033.

4. Huttenhower, C.; Gevers, D.; Knight, R.; Abubucker, S.; Badger, J.H.; Chinwalla, A.T.; Creasy, H.H.; Earl, A.M.; FitzGer
ald, M.G.; Fulton, R.S.; et al. Structure, Function and Diversity of the Healthy Human Microbiome. Nature 2012, 486, 20
7–214.

[86]

[87]

[88]

[89]

[90]



5. Louis, S.; Tappu, R.-M.; Damms-Machado, A.; Huson, D.H.; Bischoff, S.C. Characterization of the Gut Microbial Comm
unity of Obese Patients Following a Weight-Loss Intervention Using Whole Metagenome Shotgun Sequencing. PLoS O
NE 2016, 11, e0149564.

6. Peterson, D.A.; Frank, D.N.; Pace, N.R.; Gordon, J.I. Metagenomic Approaches for Defining the Pathogenesis of Inflam
matory Bowel Diseases. Cell Host Microbe 2008, 3, 417–427.

7. Pasvol, T.J.; Horsfall, L.; Bloom, S.; Segal, A.W.; Sabin, C.; Field, N.; Rait, G. Incidence and Prevalence of Inflammator
y Bowel Disease in UK Primary Care: A Population-Based Cohort Study. BMJ Open 2020, 10, e036584.

8. Cholapranee, A.; Hazlewood, G.S.; Kaplan, G.G.; Peyrin-Biroulet, L.; Ananthakrishnan, A.N. Systematic Review with M
eta-Analysis: Comparative Efficacy of Biologics for Induction and Maintenance of Mucosal Healing in Crohn’s Disease
and Ulcerative Colitis Controlled Trials. Aliment. Pharmacol. Ther. 2017, 45, 1291–1302.

9. Ryoo, S.-B.; Oh, H.-K.; Han, E.C.; Ha, H.-K.; Moon, S.H.; Choe, E.K.; Park, K.J. Complications after Ileal Pouch-Anal A
nastomosis in Korean Patients with Ulcerative Colitis. World J. Gastroenterol. 2014, 20, 7488–7496.

10. Heuschen, U.A.; Autschbach, F.; Allemeyer, E.H.; Zöllinger, A.M.; Heuschen, G.; Uehlein, T.; Herfarth, C.; Stern, J. Lon
g-Term Follow-up after Ileoanal Pouch Procedure: Algorithm for Diagnosis, Classification, and Management of Pouchiti
s. Dis. Colon Rectum 2001, 44, 487–499.

11. Paone, P.; Cani, P.D. Mucus Barrier, Mucins and Gut Microbiota: The Expected Slimy Partners? Gut 2020, 69, 2232–22
43.

12. Chakaroun, R.M.; Massier, L.; Kovacs, P. Gut Microbiome, Intestinal Permeability, and Tissue Bacteria in Metabolic Dis
ease: Perpetrators or Bystanders? Nutrients 2020, 12, 1082.

13. Brandtzaeg, P. Molecular and Cellular Aspects of the Secretory Immunoglobulin System. APMIS 1995, 103, 1–19.

14. Weinberg, E.D. Human Lactoferrin: A Novel Therapeutic with Broad Spectrum Potential. J. Pharm. Pharmacol. 2001, 5
3, 1303–1310.

15. Goverse, G.; Molenaar, R.; Macia, L.; Tan, J.; Erkelens, M.N.; Konijn, T.; Knippenberg, M.; Cook, E.C.L.; Hanekamp,
D.; Veldhoen, M.; et al. Diet-Derived Short Chain Fatty Acids Stimulate Intestinal Epithelial Cells to Induce Mucosal Tole
rogenic Dendritic Cells. J. Immunol. 2017, 198, 2172–2181.

16. Sznurkowska, K.; Luty, J.; Bryl, E.; Witkowski, J.M.; Hermann-Okoniewska, B.; Landowski, P.; Kosek, M.; Szlagatys-Sid
orkiewicz, A. Enhancement of Circulating and Intestinal T Regulatory Cells and Their Expression of Helios and Neuropil
in-1 in Children with Inflammatory Bowel Disease. J. Inflamm. Res. 2020, 13, 995–1005.

17. Wu, H.J.; Wu, E. The Role of Gut Microbiota in Immune Homeostasis and Autoimmunity. Gut Microbes. 2012, 4.

18. Pastorelli, L.; De Salvo, C.; Mercado, J.R.; Vecchi, M.; Pizarro, T.T. Central Role of the Gut Epithelial Barrier in the Path
ogenesis of Chronic Intestinal Inflammation: Lessons Learned from Animal Models and Human Genetics. Front. Immun
ol. 2013, 4, 280.

19. Segal, J.P.; Mullish, B.H.; Quraishi, M.N.; Acharjee, A.; Williams, H.R.T.; Iqbal, T.; Hart, A.L.; Marchesi, J.R. The Applica
tion of Omics Techniques to Understand the Role of the Gut Microbiota in Inflammatory Bowel Disease. Therap. Adv. G
astroenterol. 2019, 12.

20. Schirmer, M.; Denson, L.; Vlamakis, H.; Franzosa, E.A.; Thomas, S.; Gotman, N.M.; Rufo, P.; Baker, S.S.; Sauer, C.; M
arkowitz, J.; et al. Compositional and Temporal Changes in the Gut Microbiome of Pediatric Ulcerative Colitis Patients
Are Linked to Disease Course. Cell Host Microbe 2018, 24, 600–610.e4.

21. Pascal, V.; Pozuelo, M.; Borruel, N.; Casellas, F.; Campos, D.; Santiago, A.; Martinez, X.; Varela, E.; Sarrabayrouse,
G.; Machiels, K.; et al. A Microbial Signature for Crohn’s Disease. Gut 2017, 66, 813–822.

22. Segal, J.P.; Oke, S.; Hold, G.L.; Clark, S.K.; Faiz, O.D.; Hart, A.L. Systematic Review: Ileoanal Pouch Microbiota in Hea
lth and Disease. Aliment. Pharmacol. Ther. 2018, 47.

23. Komanduri, S.; Gillevet, P.M.; Sikaroodi, M.; Mutlu, E.; Keshavarzian, A. Dysbiosis in Pouchitis: Evidence of Unique Mic
rofloral Patterns in Pouch Inflammation. Clin. Gastroenterol. Hepatol. 2007, 5, 352–360.

24. Bell, A.J.G.; Nicholls, R.J.; Forbes, A.; Ellis, H.J.; Ciclitira, P.J. Human Lymphocyte Stimulation with Pouchitis Flora Is G
reater than with Flora from a Healthy Pouch but Is Suppressed by Metronidazole. Gut 2004, 53, 1801–1805.

25. Machiels, K.; Sabino, J.J.; Vandermosten, L.; Joossens, M.; Arijs, I.; de Bruyn, M.; Eeckhaut, V.; Van Assche, G.; Ferra
nte, M.; Verhaegen, J.; et al. Specific Members of the Predominant Gut Microbiota Predict Pouchitis Following Colecto
my and IPAA in UC. Gut 2017, 66, 79–88.

26. Gibson, G.R.; Hutkins, R.; Sanders, M.E.; Prescott, S.L.; Reimer, R.A.; Salminen, S.J.; Scott, K.; Stanton, C.; Swanson,
K.S.; Cani, P.D.; et al. Expert Consensus Document: The International Scientific Association for Probiotics and Prebioti



cs (ISAPP) Consensus Statement on the Definition and Scope of Prebiotics. Nat. Rev. Gastroenterol. Hepatol. 2017, 1
4, 491–502.

27. Camuesco, D.; Peran, L.; Comalada, M.; Nieto, A.; Di Stasi, L.C.; Rodriguez-Cabezas, E.M.; Concha, A.; Zarzuelo, A.;
Galvez, J. Preventative Effects of Lactulose in the Trinitrobenzenesulphonic Acid Model of Rat Colitis. Inflamm. Bowel
Dis. 2005, 11, 265–271.

28. Hafer, A.; Krämer, S.; Duncker, S.; Krüger, M.; Manns, M.P.; Bischoff, S.C. Effect of Oral Lactulose on Clinical and Imm
unohistochemical Parameters in Patients with Inflammatory Bowel Disease: A Pilot Study. BMC Gastroenterol. 2007, 7,
36.

29. CASELLAS, F.; BORRUEL, N.; TORREJÓN, A.; VARELA, E.; ANTOLIN, M.; GUARNER, F.; MALAGELADA, J.-R. Oral
Oligofructose-Enriched Inulin Supplementation in Acute Ulcerative Colitis Is Well Tolerated and Associated with Lowere
d Faecal Calprotectin. Aliment. Pharmacol. Ther. 2007, 25, 1061–1067.

30. Valcheva, R.; Koleva, P.; Martínez, I.; Walter, J.; Gänzle, M.G.; Dieleman, L.A. Inulin-Type Fructans Improve Active Ulc
erative Colitis Associated with Microbiota Changes and Increased Short-Chain Fatty Acids Levels. Gut Microbes 2019,
10, 334–357.

31. Derwa, Y.; Gracie, D.J.; Hamlin, P.J.; Ford, A.C. Systematic Review with Meta-Analysis: The Efficacy of Probiotics in Inf
lammatory Bowel Disease. Aliment. Pharmacol. Ther. 2017, 46, 389–400.

32. Petersen, A.M.; Mirsepasi, H.; Halkjær, S.I.; Mortensen, E.M.; Nordgaard-Lassen, I.; Krogfelt, K.A. Ciprofloxacin and Pr
obiotic Escherichia Coli Nissle Add-on Treatment in Active Ulcerative Colitis: A Double-Blind Randomized Placebo Cont
rolled Clinical Trial. J. Crohns. Colitis 2014, 8, 1498–1505.

33. Astó, E.; Méndez, I.; Audivert, S.; Farran-Codina, A.; Espadaler, J. The Efficacy of Probiotics, Prebiotic Inulin-Type Fruc
tans, and Synbiotics in Human Ulcerative Colitis: A Systematic Review and Meta-Analysis. Nutrients 2019, 11, 293.

34. Kato, K.; Mizuno, S.; Umesaki, Y.; Ishii, Y.; Sugitani, M.; Imaoka, A.; Otsuka, M.; Hasunuma, O.; Kurihara, R.; Iwasaki,
A.; et al. Randomized Placebo-Controlled Trial Assessing the Effect of Bifidobacteria-Fermented Milk on Active Ulcerati
ve Colitis. Aliment. Pharmacol. Ther. 2004, 20, 1133–1141.

35. Yoshimatsu, Y.; Yamada, A.; Furukawa, R.; Sono, K.; Osamura, A.; Nakamura, K.; Aoki, H.; Tsuda, Y.; Hosoe, N.; Takad
a, N.; et al. Effectiveness of Probiotic Therapy for the Prevention of Relapse in Patients with Inactive Ulcerative Colitis.
World J. Gastroenterol. 2015, 21, 5985.

36. Matsuoka, K.; Uemura, Y.; Kanai, T.; Kunisaki, R.; Suzuki, Y.; Yokoyama, K.; Yoshimura, N.; Hibi, T. Efficacy of Bifidoba
cterium Breve Fermented Milk in Maintaining Remission of Ulcerative Colitis. Dig. Dis. Sci. 2018, 63, 1910.

37. Furrie, E.; Macfarlane, S.; Kennedy, A.; Cummings, J.H.; Walsh, S.V.; O’Neil, D.A.; Macfarlane, G.T. Synbiotic Therapy
(Bifidobacterium Longum/Synergy 1) Initiates Resolution of Inflammation in Patients with Active Ulcerative Colitis: A Ra
ndomised Controlled Pilot Trial. Gut 2005, 54, 242.

38. Turunen, U.M.; Färkkilä, M.A.; Hakala, K.; Seppälä, K.; Sivonen, A.; Ogren, M.; Vuoristo, M.; Valtonen, V.V.; Miettinen,
T.A. Long-Term Treatment of Ulcerative Colitis with Ciprofloxacin: A Prospective, Double-Blind, Placebo-Controlled Stu
dy. Gastroenterology 1998, 115, 1072–1078.

39. Burke, D.A.; Axon, A.T.; Clayden, S.A.; Dixon, M.F.; Johnston, D.; Lacey, R.W. The Efficacy of Tobramycin in the Treatm
ent of Ulcerative Colitis. Aliment. Pharmacol. Ther. 1990, 4, 123–129.

40. Khan, K.J.; Ullman, T.A.; Ford, A.C.; Abreu, M.T.; Abadir, A.; Marshall, J.K.; Talley, N.J.; Moayyedi, P. Antibiotic Therapy
in Inflammatory Bowel Disease: A Systematic Review and Meta-Analysis. Am. J. Gastroenterol. 2011, 106, 661–673.

41. Chapman, R.W.; Selby, W.S.; Jewell, D.P. Controlled Trial of Intravenous Metronidazole as an Adjunct to Corticosteroid
s in Severe Ulcerative Colitis. Gut 1986, 27, 1210–1212.

42. Mantzaris, G.J.; Hatzis, A.; Kontogiannis, P.; Triadaphyllou, G. Intravenous Tobramycin and Metronidazole as an Adjunc
t to Corticosteroids in Acute, Severe Ulcerative Colitis. Am. J. Gastroenterol. 1994, 89, 43–46.

43. Singh, S.; Allegretti, J.R.; Siddique, S.M.; Terdiman, J.P. American Gastroenterological Association Technical Review on
the Management of Moderate to Severe Ulcerative Colitis. Gastroenterology 2020, 158, 1465.

44. Kennedy, N.A.; Jones, G.-R.; Lamb, C.A.; Appleby, R.; Arnott, I.; Beattie, R.M.; Bloom, S.; Brooks, A.J.; Cooney, R.; Dar
t, R.J.; et al. British Society of Gastroenterology Guidance for Management of Inflammatory Bowel Disease during the
COVID-19 Pandemic. Gut 2020.

45. Moayyedi, P.; Surette, M.G.; Kim, P.T.; Libertucci, J.; Wolfe, M.; Onischi, C.; Armstrong, D.; Marshall, J.K.; Kassam, Z.;
Reinisch, W.; et al. Fecal Microbiota Transplantation Induces Remission in Patients With Active Ulcerative Colitis in a R
andomized Controlled Trial. Gastroenterology 2015, 149, 102–109.



46. Rossen, N.G.; Fuentes, S.; van der Spek, M.J.; Tijssen, J.G.; Hartman, J.H.A.; Duflou, A.; Löwenberg, M.; van den Brin
k, G.R.; Mathus-Vliegen, E.M.H.; de Vos, W.M.; et al. Findings from a Randomized Controlled Trial of Fecal Transplant
ation for Patients With Ulcerative Colitis. Gastroenterology 2015, 149, 110–118.e4.

47. Paramsothy, S.; Kamm, M.A.; Kaakoush, N.O.; Walsh, A.J.; van den Bogaerde, J.; Samuel, D.; Leong, R.W.L.; Connor,
S.; Ng, W.; Paramsothy, R.; et al. Multidonor Intensive Faecal Microbiota Transplantation for Active Ulcerative Colitis: A
Randomised Placebo-Controlled Trial. Lancet 2017, 389, 1218–1228.

48. Costello, S.P.; Hughes, P.A.; Waters, O.; Bryant, R.V.; Vincent, A.D.; Blatchford, P.; Katsikeros, R.; Makanyanga, J.; Ca
mpaniello, M.A.; Mavrangelos, C.; et al. Effect of Fecal Microbiota Transplantation on 8-Week Remission in Patients wit
h Ulcerative Colitis. JAMA 2019, 321, 156.

49. Cold, F.; Browne, P.D.; Günther, S.; Halkjaer, S.I.; Petersen, A.M.; Al-Gibouri, Z.; Hansen, L.H.; Christensen, A.H. Multid
onor FMT Capsules Improve Symptoms and Decrease Fecal Calprotectin in Ulcerative Colitis Patients While Treated -
an Open-Label Pilot Study. Scand. J. Gastroenterol. 2019, 54, 289–296.

50. Mańkowska-Wierzbicka, D.; Stelmach-Mardas, M.; Gabryel, M.; Tomczak, H.; Skrzypczak-Zielińska, M.; Zakerska-Ban
aszak, O.; Sowińska, A.; Mahadea, D.; Baturo, A.; Wolko, Ł.; et al. The Effectiveness of Multi-Session FMT Treatment i
n Active Ulcerative Colitis Patients: A Pilot Study. Biomedicines 2020, 8, 268.

51. Sood, A.; Mahajan, R.; Singh, A.; Midha, V.; Mehta, V.; Narang, V.; Singh, T.; Singh Pannu, A. Role of Faecal Microbiota
Transplantation for Maintenance of Remission in Patients with Ulcerative Colitis: A Pilot Study. J. Crohn’s Colitis 2019.

52. Quraishi, M.N.N.; Yalchin, M.; Blackwell, C.; Segal, J.; Sharma, N.; Hawkey, P.; McCune, V.; Hart, A.L.; Gaya, D.; Ives,
N.J.; et al. STOP-Colitis Pilot Trial Protocol: A Prospective, Open-Label, Randomised Pilot Study to Assess Two Possibl
e Routes of Faecal Microbiota Transplant Delivery in Patients with Ulcerative Colitis. BMJ Open 2019, 9, e030659.

53. Costello, S.P.; Soo, W.; Bryant, R.V.; Jairath, V.; Hart, A.L.; Andrews, J.M. Systematic Review with Meta-Analysis: Faec
al Microbiota Transplantation for the Induction of Remission for Active Ulcerative Colitis. Aliment. Pharmacol. Ther. 201
7, 46, 213–224.

54. Paramsothy, S.; Nielsen, S.; Kamm, M.A.; Deshpande, N.P.; Faith, J.J.; Clemente, J.C.; Paramsothy, R.; Walsh, A.J.; v
an den Bogaerde, J.; Samuel, D.; et al. Specific Bacteria and Metabolites Associated With Response to Fecal Microbiot
a Transplantation in Patients With Ulcerative Colitis. Gastroenterology 2019, 156, 1440–1454.e2.

55. Conceição-Neto, N.; Deboutte, W.; Dierckx, T.; Machiels, K.; Wang, J.; Yinda, C.; Maes, P.; Van Ranst, M.; Joossens,
M.; Raes, J.; et al. DOP080 Low Viral Richness at Baseline in Ulcerative Ulcerative Colitis Associated with Faecal Micr
obiota Transplantation Success. J. Crohn’s Colitis 2017, 11, S73–S74.

56. Leonardi, I.; Paramsothy, S.; Doron, I.; Semon, A.; Kaakoush, N.O.; Clemente, J.C.; Faith, J.J.; Borody, T.J.; Mitchell,
H.M.; Colombel, J.-F.; et al. Fungal Trans-Kingdom Dynamics Linked to Responsiveness to Fecal Microbiota Transplant
ation (FMT) Therapy in Ulcerative Colitis. Cell Host Microbe 2020, 27, 823–829.e3.

57. Dong, C.; Mahamat-Saleh, Y.; Racine, A.; Jantchou, P.; Chan, S.; Hart, A.; Carbonnel, F.; Boutron-Ruault, M.C. OP17 P
rotein Intakes and Risk of Inflammatory Bowel Disease in the European Prospective Investigation into Cancer and Nutri
tion Cohort (EPIC-IBD). J. Crohn’s Colitis 2020, 14, S015.

58. Li, F.; Liu, X.; Wang, W.; Zhang, D. Consumption of Vegetables and Fruit and the Risk of Inflammatory Bowel Disease.
Eur. J. Gastroenterol. Hepatol. 2015, 27, 623–630.

59. Ananthakrishnan, A.N.; Khalili, H.; Konijeti, G.G.; Higuchi, L.M.; de Silva, P.; Fuchs, C.S.; Willett, W.C.; Richter, J.M.; C
han, A.T. Long-Term Intake of Dietary Fat and Risk of Ulcerative Colitis and Crohn’s Disease. Gut 2014, 63, 776–784.

60. Devkota, S.; Wang, Y.; Musch, M.W.; Leone, V.; Fehlner-Peach, H.; Nadimpalli, A.; Antonopoulos, D.A.; Jabri, B.; Chan
g, E.B. Dietary-Fat-Induced Taurocholic Acid Promotes Pathobiont Expansion and Colitis in Il10−/− Mice. Nature 2012,
487, 104–108.

61. Staudacher, H.M.; Irving, P.M.; Lomer, M.C.E.; Whelan, K. Mechanisms and Efficacy of Dietary FODMAP Restriction in
IBS. Nat. Rev. Gastroenterol. Hepatol. 2014, 11, 256–266.

62. Cox, S.R.; Lindsay, J.O.; Fromentin, S.; Stagg, A.J.; McCarthy, N.E.; Galleron, N.; Ibraim, S.B.; Roume, H.; Levenez,
F.; Pons, N.; et al. Effects of Low FODMAP Diet on Symptoms, Fecal Microbiome, and Markers of Inflammation in Patie
nts With Quiescent Inflammatory Bowel Disease in a Randomized Trial. Gastroenterology 2020, 158, 176–188.e7.

63. Prince, A.C.; Myers, C.E.; Joyce, T.; Irving, P.; Lomer, M.; Whelan, K. Fermentable Carbohydrate Restriction (Low FOD
MAP Diet) in Clinical Practice Improves Functional Gastrointestinal Symptoms in Patients with Inflammatory Bowel Dis
ease. Inflamm. Bowel Dis. 2016, 22, 1129–1136.

64. Obih, C.; Wahbeh, G.; Lee, D.; Braly, K.; Giefer, M.; Shaffer, M.L.; Nielson, H.; Suskind, D.L. Specific Carbohydrate Die
t for Pediatric Inflammatory Bowel Disease in Clinical Practice within an Academic IBD Center. Nutrition 2016, 32, 418–
425.



65. Olendzki, B.C.; Silverstein, T.D.; Persuitte, G.M.; Ma, Y.; Baldwin, K.R.; Cave, D. An Anti-Inflammatory Diet as Treatme
nt for Inflammatory Bowel Disease: A Case Series Report. Nutr. J. 2014, 13, 5.

66. Flint, H.J.; Scott, K.P.; Louis, P.; Duncan, S.H. The Role of the Gut Microbiota in Nutrition and Health. Nat. Rev. Gastroe
nterol. Hepatol. 2012, 9, 577–589.

67. So, D.; Whelan, K.; Rossi, M.; Morrison, M.; Holtmann, G.; Kelly, J.T.; Shanahan, E.R.; Staudacher, H.M.; Campbell, K.
L. Dietary Fiber Intervention on Gut Microbiota Composition in Healthy Adults: A Systematic Review and Meta-Analysis.
Am. J. Clin. Nutr. 2018, 107, 965–983.

68. Chicco, F.; Magrì, S.; Cingolani, A.; Paduano, D.; Pesenti, M.; Zara, F.; Tumbarello, F.; Urru, E.; Melis, A.; Casula, L.; et
al. Multidimensional Impact of Mediterranean Diet on IBD Patients. Inflamm. Bowel Dis. 2021, 27, 1–9.

69. Henríquez Sánchez, P.; Ruano, C.; de Irala, J.; Ruiz-Canela, M.; Martínez-González, M.A.; Sánchez-Villegas, A. Adher
ence to the Mediterranean Diet and Quality of Life in the SUN Project. Eur. J. Clin. Nutr. 2012, 66, 360–368.

70. Kolodziejczyk, A.A.; Zheng, D.; Shibolet, O.; Elinav, E. The Role of the Microbiome in NAFLD and NASH. EMBO Mol.
Med. 2019, 11.

71. Wang, C.; Zhu, C.; Shao, L.; Ye, J.; Shen, Y.; Ren, Y. Role of Bile Acids in Dysbiosis and Treatment of Nonalcoholic Fatt
y Liver Disease. Mediat. Inflamm. 2019, 2019, 7659509.

72. Ghosh, T.S.; Rampelli, S.; Jeffery, I.B.; Santoro, A.; Neto, M.; Capri, M.; Giampieri, E.; Jennings, A.; Candela, M.; Turro
ni, S.; et al. Mediterranean Diet Intervention Alters the Gut Microbiome in Older People Reducing Frailty and Improving
Health Status: The NU-AGE 1-Year Dietary Intervention across Five European Countries. Gut 2020, 69, 1218–1228.

73. Herfarth, H.H.; Martin, C.F.; Sandler, R.S.; Kappelman, M.D.; Long, M.D. Prevalence of a Gluten Free Diet and Improve
ment of Clinical Symptoms in Patients with Inflammatory Bowel Diseases. Inflamm. Bowel Dis. 2014, 20, 1194.

74. Barbalho, S.M.; de Alvares Goulart, R.; Quesada, K.; Bechara, M.D.; Alves de Carvalho, A.d.C. Inflammatory Bowel Dis
ease: Can Omega-3 Fatty Acids Really Help? Ann. Gastroenterol. Q. Publ. Hell. Soc. Gastroenterol. 2016, 29, 37.

75. Menni, C.; Zierer, J.; Pallister, T.; Jackson, M.A.; Long, T.; Mohney, R.P.; Steves, C.J.; Spector, T.D.; Valdes, A.M. Omeg
a-3 Fatty Acids Correlate with Gut Microbiome Diversity and Production of N-Carbamylglutamate in Middle Aged and El
derly Women. Sci. Rep. 2017, 7, 11079.

76. John, S.; Luben, R.; Shrestha, S.S.; Welch, A.; Khaw, K.-T.; Hart, A.R. Dietary N-3 Polyunsaturated Fatty Acids and the
Aetiology of Ulcerative Colitis: A UK Prospective Cohort Study. Eur. J. Gastroenterol. Hepatol. 2010, 22, 602–606.

77. Calder, P.C. Omega-3 Fatty Acids and Inflammatory Processes. Nutrients 2010, 2, 355–374.

78. Lu, Y.; Zamora-Ros, R.; Chan, S.; Cross, A.J.; Ward, H.; Jakszyn, P.; Luben, R.; Opstelten, J.L.; Oldenburg, B.; Hallma
ns, G.; et al. Dietary Polyphenols in the Aetiology of Crohnʼs Disease and Ulcerative Colitis—A Multicenter European P
rospective Cohort Study (EPIC). Inflamm. Bowel Dis. 2017, 23, 2072–2082.

79. Welters, C.F.M.; Heineman, E.; Thunnissen, F.B.J.M.; van den Bogaard, A.E.J.M.; Soeters, P.B.; Baeten, C.G.M.I. Effec
t of Dietary Inulin Supplementation on Inflammation of Pouch Mucosa in Patients with an Ileal Pouch-Anal Anastomosi
s. Dis. Colon Rectum 2002, 45, 621–627.

80. Mimura, T.; Rizzello, F.; Helwig, U.; Poggioli, G.; Schreiber, S.; Talbot, I.C.; Nicholls, R.J.; Gionchetti, P.; Campieri, M.; K
amm, M.A. Once Daily High Dose Probiotic Therapy (VSL#3) for Maintaining Remission in Recurrent or Refractory Pou
chitis. Gut 2004, 53, 108.

81. Gionchetti, P.; Rizzello, F.; Helwig, U.; Venturi, A.; Lammers, K.M.; Brigidi, P.; Vitali, B.; Poggioli, G.; Miglioli, M.; Campie
ri, M. Prophylaxis of Pouchitis Onset with Probiotic Therapy: A Double-Blind, Placebo-Controlled Trial. Gastroenterolog
y 2003, 124, 1202–1209.

82. Gionchetti, P.; Rizzello, F.; Venturi, A.; Brigidi, P.; Matteuzzi, D.; Bazzocchi, G.; Poggioli, G.; Miglioli, M.; Campieri, M. O
ral Bacteriotherapy as Maintenance Treatment in Patients with Chronic Pouchitis: A Double-Blind, Placebo-Controlled T
rial. Gastroenterology 2000, 119, 305–309.

83. Gionchetti, P.; Rizzello, F.; Morselli, C.; Poggioli, G.; Tambasco, R.; Calabrese, C.; Brigidi, P.; Vitali, B.; Straforini, G.; C
ampieri, M. High-Dose Probiotics for the Treatment of Active Pouchitis. Dis. Colon Rectum 2007, 50, 2075–2084.

84. Bengtsson, J.; Adlerberth, I.; Östblom, A.; Saksena, P.; Öresland, T.; Börjesson, L. Effect of Probiotics (Lactobacillus Pl
antarum 299 plus Bifidobacterium Cure21) in Patients with Poor Ileal Pouch Function: A Randomised Controlled Trial. S
cand. J. Gastroenterol. 2016, 51, 1087–1092.

85. Kuisma, J.; Mentula, S.; Jarvinen, H.; Kahri, A.; Saxelin, M.; Farkkila, M. Effect of Lactobacillus Rhamnosus GG on Ileal
Pouch Inflammation and Microbial Flora. Aliment. Pharmacol. Ther. 2003, 17, 509–515.

86. Segal, J.P.; Ding, N.S.; Worley, G.; Mclaughlin, S.; Preston, S.; Faiz, O.D.; Clark, S.K.; Hart, A.L. Systematic Review wit
h Meta-Analysis: The Management of Chronic Refractory Pouchitis with an Evidence-Based Treatment Algorithm. Alim



ent. Pharmacol. Ther. 2017, 45.

87. Dubinsky, V.; Reshef, L.; Bar, N.; Keizer, D.; Golan, N.; Rabinowitz, K.; Godny, L.; Yadgar, K.; Zonensain, K.; Tulchinsk
y, H.; et al. Predominantly Antibiotic-Resistant Intestinal Microbiome Persists in Patients With Pouchitis Who Respond t
o Antibiotic Therapy. Gastroenterology 2020, 158, 610–624.e13.

88. Kayal, M.; Lambin, T.; Pinotti, R.; Dubinsky, M.C.; Grinspan, A. A Systematic Review of Fecal Microbiota Transplant for
the Management of Pouchitis. Crohn’s Colitis 360 2020, 2.

89. Godny, L.; Maharshak, N.; Reshef, L.; Goren, I.; Yahav, L.; Fliss-Isakov, N.; Gophna, U.; Tulchinsky, H.; Dotan, I. Fruit
Consumption Is Associated with Alterations in Microbial Composition and Lower Rates of Pouchitis. J. Crohn’s Colitis 2
019, 13, 1265–1272.

90. McLaughlin, S.D.; Culkin, A.; Cole, J.; Clark, S.K.; Tekkis, P.P.; Ciclitira, P.J.; Nicholls, R.J.; Whelan, K. Exclusive Eleme
ntal Diet Impacts on the Gastrointestinal Microbiota and Improves Symptoms in Patients with Chronic Pouchitis. J. Cro
hn’s Colitis 2013, 7, 460–466.

Retrieved from https://encyclopedia.pub/entry/history/show/24180


