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Abstract In recent years there has been a significant advancement in the role of gut

microbiota in regulating gastrointestinal motility. The bidirectional cross talk

between the host and gut microbiota has been implicated in the regulation of both

physiological and pathophysiological conditions. Intestinal dysbiosis or alteration

in the composition of intestinal microbiota can result in impaired host intestinal

permeability, immune response, and metabolism, leading to a proinflammatory

state. In this review, we focus on the role of the gut microbiome in regulating

gastrointestinal motility and shaping the enteric nervous system. We highlight the

mechanisms of microbial metabolites in regulating intestinal motility. Several host

factors such as diet and genetic predisposition can influence the gut microbial

diversity and ultimately contribute to dysbiosis. Intestinal dysbiosis can contribute

to the pathophysiology of disorders such as irritable bowel syndrome and chronic

intestinal pseudo-obstruction. Manipulation of the gut microbiome is a promising

therapeutic target for the treatment of motility disorders. Modification of gut

microbiota through diet, antibiotics, probiotics, prebiotics, and fecal microbiota

transplantation are all promising strategies for the treatment of gastrointestinal

motility disorders that are currently under investigation.
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6.1 Introduction

There is evolving evidence that interplay exists between the gut microbiota and the

enteric nervous system (ENS), resulting in altered gastrointestinal motility. The

conventional wisdom was that motor patterns influence the size, location, and

diversity of the microbiota (Quigley 2011). Recent literature and studies have

challenged this view, and several studies have demonstrated that the gut microbiota

may exert significant control over the enteral nervous system of the host. The

bidirectional cross talk between the gut microbiota and the host has been

established; yet, the exact dynamics of the relationship remain an active field of

investigation.

Several gastrointestinal disorders have been linked to alterations in gut

microbiota, including irritable bowel syndrome (IBS), acute diarrhea, inflammatory

bowel disease (IBD), and small intestinal bacterial overgrowth syndrome (SIBO)

(Aziz et al. 2013). Alterations in gastrointestinal flora with the use of antibiotics can

lead to Clostridium difficile-infected diarrhea (Kelly and LaMont 2008). Alterations

in intestinal bacteria, and the subsequent production of carcinogens may contribute

to the pathogenesis of colon cancer (Rowland 2009).

In a newborn, the gastrointestinal tract is sterile at birth. It is colonized within the

first few days to weeks after birth by the microbiota. This microbiota is essential for

survival as it confers a symbiotic and commensal advantage to the host. Antibiotics

use in the early stages of life can predispose to gastrointestinal disorders later in life.

The human microbiome contains nearly 100 trillion cells, about tenfold the number

of human cells, and encodes about 150 times more genes than human cells (Ley

et al. 2006). Metagenomic sequencing of fecal samples of 124 Europeans found that

99% of the genes in the human intestinal microbiome are bacterial. There are

1000–1150 prevalent bacterial species and each individual has at least 160 such

species, which are largely shared (Qin et al. 2010). Most of the bacteria found in the

human GI tract belong to the Bacteroidetes, Firmicutes, Actinobacteria, and

Proteobacteria phyla (Gill et al. 2006). The gut microbiota performs three broad

functions, which are well described and include metabolic, immunological, and

trophic functions. The metabolic function of bacteria is to extract calories from

complex oligosaccharides and promote the absorptive capacity of the intestinal

epithelium (Sekirov et al. 2010). The concentration of bacteria varies with age and

location in the gastrointestinal tract. The distal colon has the maximum concentra-

tion of bacteria, approaching almost 1011 bacteria per gram. The colon is populated

mainly by anaerobic bacteria owing to the low oxygen concentration in the colon,

including Bacteroides, Bifidobacterium, Clostridium, Lactobacillus, and

Porphyromonas. The stomach and proximal intestine have relatively small numbers

of bacteria because of the acidic environment. Gram-negative and anaerobic bac-

teria populate the terminal ileum (Mackie et al. 1999). In this chapter, we first

describe the influence of microbiota in shaping the ENS. Next, we discuss how

microbial metabolites can regulate intestinal motility. Host factors can affect gut
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microbial diversity, and we demonstrate how dysbiosis can lead to motility disor-

ders such as IBS and chronic intestinal pseudo-obstruction (CIPO).

6.2 Microbiota Effects on the Enteric Nervous System

6.2.1 Early Development of the ENS

The effects of the microbiota on the development of the ENS are best illustrated in

studies performed by colonizing germ-free animals with microbiota. Structural and

functional differences have been found in the jejunal and ileal myenteric plexus of

postnatal germ-free mice compared with specific pathogen-free mice. Postnatal

germ-free mice also have decreased nerve density, decreased neurons per ganglion,

and an increased ratio of nitrergic neurons compared with specific pathogen-free

mice. In addition, decreased jejunal and ileal contractility has been observed in

postnatal germ-free mice compared with specific pathogen-free mice (Collins et al.

2014). A recent animal experiment performed by McVey Neufeld et al. (2013)

showed that the microbiome is essential for normal gut intrinsic afferent neuron

excitability in the mouse. The investigators examined the electrophysiological

properties of myenteric plexus neurons in germ-free mice, specific pathogen-free

mice, and germ-free mice conventionalized with intestinal bacteria. Significant

findings from this study included decreased neuronal excitability in the myenteric

afterhyperpolarization neurons and prolonged post-action potential slow

afterhyperpolarization in germ-free mice compared with the other two groups of

mice. Another animal study examined small bowel myoelectrical activity in germ-

free rats colonized with specific bacterial strains. Interestingly, colonization with

anaerobic strains including Clostridium tabificum alone, and Lactobacillus aci-
dophilus and Bifidobacterium bifidum in combination stimulated small intestinal

transit by stimulating phase III of the migrating motor complex (MMC) sooner,

whereas aerobic strains such asMicrococcus luteus and Escherichia coli suppressed
or had no significant effect on the initiation of phase III of the MMC respectively

(Husebye et al. 2001). The mechanism by which the microbiota modulates the

MMC is unclear; however, the results of this study suggest that changes that arise in

the local environment as a result of anaerobic metabolism may influence small

intestinal motility. These landmark animal experiments provide evidence that the

microbiota are necessary for the normal development and physiological function of

the ENS.

6.2.2 Neurohormones

Serotonin (5-HT) functions as both a neurotransmitter and a local hormone, which

is present in the gastrointestinal tract and in the central nervous system. It plays
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diverse roles in digestion, including initiation of intestinal secretion and peristalsis.

Serotonin activates both intrinsic excitatory and inhibitory enteric motor neurons. It

can stimulate cholinergic neurons to release acetylcholine, which results in smooth

muscle contraction, or it can stimulate inhibitory nitrergic neurons to release nitric

oxide, which results in smooth muscle relaxation (Sikander et al. 2009). Several

small studies suggest that gut microbiota might modulate the biosynthesis and

release of 5-HT in the gastrointestinal tract. The gut microbiota produces short

chain fatty acids (SCFAs) via fermentation of carbohydrates, and SCFAs modulate

the release of 5-HT from enterochromaffin cells in vivo (Fukumoto et al. 2003). The

presence of the cholera toxin induces release of 5-HT in the rat jejunum (Bearcroft

et al. 1996). In-vitro studies suggest that infection with enteropathogenic

Escherichia colimight decrease the activity of the serotonin transporter in intestinal

epithelial cells, resulting in decreased concentrations and uptake of 5-HT (Esmaili

et al. 2009).

6.2.3 Microbial Metabolism

Short chain fatty acids such as butyrate, propionate, and acetate are produced as

by-products of enteric bacterial fermentation of resistant starches. The proportions

of each SCFA produced vary based on the presence of a particular microbiota and

dietary fiber intake. Gram-positive anaerobic bacteria from the Firmicutes phylum,

such as Faecalibacterium prausnitzii and Eubacterium rectale/Roseburia spp., are

significant producers of SCFAs. The most widely studied SCFA is butyrate, which

is essential for enterocyte function. Butyrate provides a source of energy for

enterocytes, mediates intestinal epithelial cell turnover, modulates production of

inflammatory cytokines, and alters gastrointestinal motility (Canani et al. 2011).

The motor effects of SCFAs differ based on chain length. In-vitro and in-vivo rat

studies have shown that butyrate increases the proportion of ascending excitatory

cholinergic neurons and increases colonic contractile activity; however, these

findings were not demonstrated for propionate or acetate (Soret et al. 2010). In a

study performed on guinea pigs, butyrate increased the frequency of full-length

propagations in the proximal colon and increased the velocity of propagation in the

distal colon. In contrast, propionate blocked full and short propagations and had a

biphasic effect on nonpropagating contractions, and acetate decreased short and

total propagations (Hurst et al. 2014). The presence of SCFAs may also increase the

proportion of ascending excitatory cholinergic neurons and colonic contractile

activity (Soret et al. 2010). The mechanisms by which SCFAs affect gastrointesti-

nal motility are an active area of study.

Low-grade inflammation has been observed in patients with IBS. Immunohis-

tochemical studies of intestinal biopsy specimens from IBS patients have shown

increased lymphocyte and mast cell infiltration in addition to myenteric

neurodegeneration in patients with IBS compared with controls (Chadwick et al.

2002; Tornblom et al. 2002; Barbara et al. 2004). Increased cytokines such as IL-1β,
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IL-6, IL-8, LPS-induced IL-6, and TNF-α have also been observed in IBS patients

(Liebregts et al. 2007). The etiology of the inflammation is thought to be multifac-

torial, and disruption of the intestinal epithelial barrier resulting in increased

permeability has been proposed as a possible mechanism. Lipopolysaccharide

(LPS), a component of cell walls of Gram-negative bacteria, does not permeate

the intestinal epithelial barrier under normal conditions. However, LPS crosses the

epithelial barrier in settings of increased permeability, such as inflammation and

infection, and activates toll-like receptors (TLRs) found on macrophages and

dendritic cells. Activation of TLRs serves as protection against further injury.

The mechanism by which specific TLRs distinguish between virulent and com-

mensal bacteria is under study (Rakoff-Nahoum et al. 2004).

The host innate immune system is also able to detect the presence of microbial

metabolites through pattern recognition receptors and immune-sensing complexes

known as inflammasomes. Specifically, the NLRP-6 inflammasome plays a role in

colonic homeostasis and can be influenced by microbiota-associated metabolites,

including taurine, histamine, and spermine in a mouse model. These metabolites

alter the secretion of IL-8 from colonic epithelial cells, which subsequently affects

the downstream production of antimicrobial peptides. Disruption of the NLRP-6/

IL-8/anti-microbial peptide axis results in increased susceptibility to inflammation

in the host (Levy et al. 2015, 2017).

Bile acids serve many functions in the gastrointestinal tract. They are best known

for their role in facilitating the absorption of lipids and fat-soluble vitamins;

however, they also have antimicrobial properties, increase mucosal permeability,

enhance intestinal secretion of water and electrolytes, and participate in signaling

pathways in the ENS that modulate motility and sensation. The gut microbiota

metabolically alters bile acids through the process of deconjugation. Bile acid

malabsorption results in diarrhea, and is commonly seen in patients with ileal

resection, Crohn’s disease, and diarrhea-predominant IBS. Several causative mech-

anisms for bile acid malabsorption have been suggested, including a deficiency of

fibroblast growth factor 19 and genetic alterations of receptors involved in bile acid

synthesis and transport. Established modalities for treating bile acid diarrhea

include bile acid sequestrants such as cholestyramine, colestipol, and colesevelam.

Bile acid receptor agonists that bind Farnesoid X receptor, such as obeticholic acid,

are under development (Camilleri 2015).

Gut bacteria ferment carbohydrates and produce various gaseous by-products,

such as carbon dioxide, hydrogen, methane, and hydrogen sulfide. The microbes

generate energy via this process. Interestingly, there is an association between

excessive gas production and clinical disorders. Excess hydrogen production has

been implicated in SIBO and IBS. SIBO is defined by the presence of excessive

bacteria in the small intestine and can be diagnosed using a glucose or lactulose

hydrogen breath test or by culturing small intestinal aspirate. During a lactulose

hydrogen breath test, lactulose is ingested, which is subsequently digested by the

gut bacteria. Excess production of hydrogen is observed as a result of poor transit

and the resulting overgrowth of bacteria in the gut (Pimentel et al. 2013).
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Methane has been linked to constipation, constipation-predominant IBS, and

obesity. Methane gas is a common by-product of fermentation produced by intes-

tinal bacteria and results in slowed small intestinal transit. In animal models,

infusion of methane has resulted in 59% slowing of small intestinal transit

(Pimentel et al. 2006). Hydrogen sulfide is a toxic, pungent gas that is produced

by both microbes and mammalian tissues, and studies have shown that it may play a

role in gastrointestinal motility by indirectly mediating secretion, nociception, and

smooth muscle relaxation. It has been linked to ulcerative colitis, although the

mechanism of action remains unclear (Medani et al. 2011).

6.2.4 Host Factors

The effect of diet and genetics on shaping the gut microbiota has been demonstrated

by a comparative study in children from Europe and rural Africa. This study

compared the fecal microbiota of European children with the that of African

children from a village in Burkina Faso. The African diet was high-fiber, low-fat,

low-protein, and vegetarian, whereas the European diet consisted of mostly animal

protein, sugars, starch, and low-fiber foods. Analysis of microbiota from the

African children showed increased predominance of Bacteroidetes and decreased

concentrations of Firmicutes. Specifically, Bacteroidetes such as Prevotella- and
Xylanibacter-containing bacterial genes for cellulose and xylan digestion were

found in the microbiota of the African children, but not in European children. In

contrast, European children were found to have higher concentrations of Firmicutes

and Enterobacteriaceae than African children. The concentration of fecal SCFAs

also differed between the two groups, with the African cohort having higher

concentrations of SCFAs noted in their stool samples. The findings of this study

suggest that exposure to diets high in polysaccharides may influence the evolution

of the gut microbiota that can best utilize this diet to produce energy (De Filippo

et al. 2010).

Obesity has significantly increased in the last few decades, especially in the

USA. The gut microbiota has been shown to be different in obese individuals; a

decreased concentration of Bacteroidetes has been noted. The pathophysiology is

poorly understood, but it is hypothesized that changes in gut flora might lead to

altered proinflammatory molecules and changes in host–gene expression, which

affect the gut epithelial and endocrine function and have an impact on insulin

resistance and adiposity (Ley 2010).
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6.3 Microbiota in Neurological Diseases

The bidirectional interaction between the nervous system and gastrointestinal tract

is further illustrated by the role of the gut microbiota in the pathogenesis of

neurological conditions, particularly Parkinson’s disease (PD) and amyotrophic

lateral sclerosis (ALS). Altered microbial composition has also been observed in

multiple sclerosis, autism spectrum disorder, and Alzheimer’s disease (Scheperjans
et al. 2015; Zhang et al. 2017; Chen et al. 2016; Luna et al. 2017; Shen et al. 2017).

6.3.1 Parkinson’s Disease

Parkinson’s disease is a neurodegenerative condition resulting from the accumula-

tion of a specific amyloid protein, α-synuclein (ASO), within neurons. Motor

deficits seen clinically in PD arise from the deposition of ASO in the dopaminergic

neurons of the substantia nigra pars compacta in the midbrain. Gastrointestinal

symptoms such as constipation may precede neurological symptoms by many years

and arise from ASO deposition in enteric neurons.

Intestinal inflammation is present in patients with PD. Increased serum markers

of endotoxins such as LPS binding protein, increased intestinal permeability, and

increased mucosal staining of Gram-negative bacteria, ASO, and oxidative stress

markers such as nitrotyrosine have been observed in a small human study (Forsyth

et al. 2011). Differences in fecal microbiota composition have been identified in PD

patients compared with healthy controls. A relative increase in Enterobacteriaceae

and a decrease in Prevotellaceae have been observed in PD (Scheperjans et al. 2015;

Unger et al. 2016). Decreased concentrations of stool SCFAs have been observed in

PD patients compared with healthy controls, and may contribute to the development

of gastrointestinal dysmotility (Unger et al. 2016).

Gene–environment interactions are thought to play a role in the pathogenesis of

PD. An elegant experiment performed by Sampson et al. (2016) demonstrated that

germ-free transgenic mice overexpressing ASO have reduced motor deficits,

reduced microglial activation, and fewer ASO inclusions compared with ASO

mice colonized with complex microbiota. These findings suggest that the presence

of a microbiota might be required for the development of PD. Further experiments

by this group have shown that treating germ-free ASO mice with SFCAs induces

motor deficits, suggesting a possible mechanism by which microbiota modulate

microglia. Colonization of germ-free ASO mice with microbiota obtained from

patients with PD also induces clinical symptoms when compared with colonization

with healthy donors. Therefore, it is plausible that the microbiota might influence

the development of PD in genetically predisposed hosts.
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6.3.2 Amyotrophic Lateral Sclerosis

Dysbiosis has been implicated in the development of ALS. ALS is a rapidly

progressive, fatal neuromuscular condition affecting motor neurons associated

with mutations in the Cu/Zn superoxide dismutase gene (SOD1). The G93A

transgenic mouse model, which contains the human SOD1 gene, has been devel-

oped to study ALS.

Analysis of the fecal microbiota composition of G93A mice has shown

decreased concentrations of butyrate-producing bacteria such as Butyrivibrio
fibrisolvens, Escherichia coli, and Fermicus compared with wild-type mice. A

loss of integrity of tight junctions and increased permeability of the intestinal

epithelium has been observed in G93A mice, suggesting that a disruption of

intestinal homeostasis might be involved in the pathogenesis of ALS (Wu et al.

2015). A recent landmark study from Zhang et al. demonstrated that oral butyrate

treatment delayed progression of ALS symptoms, and significantly prolonged life

span in the G93A mouse. Interestingly, treatment with butyrate also increased the

proportion of butyrate-producing bacteria. Improvements in the structural integrity

of the murine gut with restoration of tight junction proteins, decreased intestinal

permeability, and decreased aggregation of SOD1 mutant proteins were also

observed following butyrate treatment. Manipulation of the microbiome and its

metabolites may emerge as a new therapeutic target for ALS (Zhang et al. 2017).

6.4 Dysbiosis in Motility Disorders

6.4.1 Small Intestinal Bacterial Overgrowth

Small intestinal bacterial overgrowth is defined by the presence of greater than 105

colony-forming units per ml of bacteria in jejunal aspirate. Clinical manifestations

of SIBO include bloating, distention, diarrhea, abdominal pain, and weight loss.

Host mechanisms to prevent SIBO include secretion of gastric acid, bile acid and

pancreatic fluids, normal gastrointestinal motility, a competent ileocecal valve, and

IgA production on the mucosal surface of the intestines (Miazga et al. 2015). The

acidity of the stomach prevents bacterial growth in the small intestine. Reduced

gastric acid production may occur as a result of increased aging or from exposure to

Helicobacter pylori and may lead to SIBO (Dukowicz et al. 2007). The use of

proton pump inhibitors has been considered a risk factor for SIBO; however,

previous studies have yielded inconsistent results. A large study from the Mayo

Clinic including 1,191 patients showed that the results of glucose hydrogen breath

testing did not differ between PPI users and non-users. This study also showed that

risk factors for a positive breath test included older age and the presence of diarrhea

(Ratuapli et al. 2012).
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Dysmotility likely plays a role in the pathogenesis of bacterial overgrowth. A

small study by Vantrappen et al. (1977) compared the motor complexes seen on

manometry tracings from normal subjects and those with SIBO, as defined by a

positive bile acid breath test and found that the patients with SIBO had absent or

disordered motor complexes. The function of the intestinal motor complexes is

thought to be clearance of secretions, desquamated cells and nutrients. Impairment

of this mechanism creates an environment that promotes bacterial overgrowth.

Another study performed by Stotzer et al. (1996) also showed differences in

antroduodenojejunal pressure tracings in healthy subjects compared with patients

with SIBO, confirmed by duodenal aspirate and glucose hydrogen breath testing.

The most significant finding in this study was the loss of phase III activity in the

antrum and small intestine of SIBO patients compared with healthy subjects.

Physiologically, phase III of the motor complex functions to clear stomach and

intestinal contents during the fasting state. A recent Norwegian study examined

intestinal motor patterns in patients with late radiation enteropathy by analyzing

small intestinal manometry tracings, gastric pH, and bacterial counts. Interestingly,

abnormalities in the MMC were found to be predictors of increased gram-negative

bacilli concentrations in patients with late radiation enteropathy (Husebye et al.

1995).

Delayed small intestinal transit time has been demonstrated in patients with

SIBO. A recent retrospective study examined 72 patients who underwent wireless

motility capsule testing and lactulose hydrogen breath testing. Subjects with pos-

itive lactulose hydrogen breath tests were found to have longer small bowel and

whole gut transit times than those with normal lactulose hydrogen breath tests.

Based on these results, the authors concluded that delayed small intestinal transit

contributes to the pathogenesis of SIBO (Roland et al. 2015).

6.4.2 Chronic Intestinal Pseudo-Obstruction

Chronic intestinal pseudo-obstruction clinically presents with the symptoms of

obstruction in the absence of a mechanical blockage. CIPO is challenging to

identify, and unfortunately many patients may experience recurrent episodes before

diagnosis. In CIPO, the intestinal smooth muscle does not effectively contract and

propagate luminal contents (De Giorgio et al. 2011).

The pathogenesis of CIPO is not very well understood. Inflammatory and

neurodegenerative processes can damage the myenteric ganglia and the interstitial

cells of Cajal. Viruses that have been implicated in CIPO include Herpesviridae and

John Cunningham virus. Secondary causes of CIPO include neurological disorders

such as PD, collagen vascular disease, and endocrine diseases. Chronic alcohol

abuse has also been linked to CIPO. Ongoing studies are being performed to

identify genetic causes of CIPO. Derangements in gut microbiota occur as a result

of altered intestinal motility, and this population frequently presents with symptoms

of bacterial overgrowth (Gabbard and Lacy 2013).
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6.4.3 Irritable Bowel Syndrome

Dysbiosis has been observed in patients with functional bowel disorders. Functional

bowel disorders include IBS, functional diarrhea, chronic idiopathic constipation,

and functional bloating. IBS is the most common functional bowel disorder with an

estimated 10–20% prevalence in the Western world (Saito et al. 2002). Diagnosis is

symptom-based as described by the Rome Criteria. The pathogenesis of functional

bowel disorders is multifactorial, with both biological and psychosocial circum-

stances influencing the course of the disease. Physiological studies suggest that the

fecal microbiota might alter the brain–gut axis in functional bowel disorders, which

results in aberrant sensorimotor and enteroendocrine function, loss of integrity of

the intestinal epithelial barrier, and increased intestinal inflammation (Ringel

2017).

The composition of the fecal microbiota in patients with IBS differs from

healthy controls and may also vary by IBS subtype. In a study conducted Rajilic-

Stojanovic et al. (2011), phylogenetic microarray analysis of fecal samples show

that Bacteroidetes are decreased and Firmicutes are increased in patients with IBS

compared with healthy controls. Interestingly, Faecalibacterium species were the

only Firmicutes found in lower concentrations in IBS patients compared with

healthy controls; Faecalibacterium prausnitzii is known to have anti-inflammatory

properties based on previous studies performed in animal models of colitis. Path-

ogenic species in the Firmicutes phylum including Streptococcus species were

found in higher concentrations in IBS patients.

It has been argued that the development of post-infectious IBS (PI-IBS) provides

compelling evidence that the microbiota is involved in the pathogenesis of IBS.

PI-IBS is a condition presenting with classic symptoms of IBS following acute

gastrointestinal infection. The odds ratios of developing PI-IBS after acute gastro-

enteritis are six- to sevenfold based on previous studies (Thabane et al. 2007;

Halvorson et al. 2006). Risk factors for PI-IBS include younger age, female gender,

co-existing psychiatric comorbidities such as anxiety and depression, and

prolonged infection and fever. Jalanka-Tuovinen et al. (2014) performed phyloge-

netic microarray analysis of fecal samples from patients with IBS-D, PI-IBS, and

healthy subjects and found that the composition of the microbiota of patients with

IBS-D and PI-IBS was similar, and that both differed from healthy controls.

However, it should be noted that this study performed by Jalanka-Tuovinen et al.

(2014) found increased Bacteroidetes and decreased Firmicutes in the IBS groups,

which conflicts with the study discussed earlier by Rajilic-Stojanovic et al. (2011).

The lack of consistency between studies suggests that although dysbiosis is

observed in IBS, the specific microbiota involved in the pathogenesis is still

unclear.
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6.5 Conclusion

Manipulation of the gut microbiome has emerged as a therapeutic target for the

treatment of motility disorders. Modification of the gut microbiota through diet,

antibiotics, probiotics, prebiotics, and fecal microbiota transplantation (FMT) is

currently under investigation. Recently, the efficacy of the low fermentable oligo-,

di-, monosaccharides, and polyols (FODMAP) diet has been demonstrated in the

treatment of IBS. FODMAPs are osmotically active, poorly absorbed carbohydrates

that are highly susceptible to bacterial fermentation. A recent meta-analysis shows

that IBS symptom severity is reduced on a low-FODMAP diet (Marsh et al. 2016).

Although the low-FODMAP diet appears promising, its long-term safety has not

been assessed.

Studies examining the use of prebiotics and probiotics are currently underway.

Prebiotics are foods ingested by the host that cannot be digested in the small

intestine and are subsequently fermented in the colon. Prebiotics selectively pro-

mote the growth and proliferation of species of commensal bacteria such as

Lactobacillus and Bifidobacterium with known health benefits. Studies addressing

the efficacy of prebiotics are limited, but there are data to suggest that ingestion of

inulin-type fructans might be beneficial (Quigley and Quera 2006). In contrast to

prebiotics, probiotics are live microorganisms ingested by the host. There are many

varieties of probiotics available commercially, and clinical efficacy appears to be

strain-specific (Whelan 2011). A systematic review of 16 randomized controlled

trials demonstrates improvement in IBS symptoms after treatment with

Bifidobacterium infantis 35624 (Brenner et al. 2009).

Non-absorbable antibiotics such as rifaximin are the mainstay of treatment for

SIBO, and have been recently approved for the treatment of diarrhea-predominant

IBS (Pimentel et al. 2011). Early antibiotics exposure, specifically to macrolides

and tetracyclines, has been linked to the subsequent development of functional

bowel disorders, and treatment with antibiotics such as clindamycin and cephalo-

sporins has been connected to the development of C. difficile infection (Villarreal

et al. 2012). These seemingly conflicting findings of antibiotics being both causa-

tive and therapeutic suggests that the microbiome might be selectively targeted by

antibiotics that may be beneficial or harmful to commensal bacteria.

Fecal microbiota transplantation is a process in which stool from healthy donors

is transplanted to patients with the hope of curing an underlying gastrointestinal

disorder. Restoration of a healthy gut microbiome to a diseased host underlines the

importance of the microbiota in modulating normal gastrointestinal function. The

efficacy of FMT has been established for recurrent C. difficile infection, and is

currently FDA-approved for this indication (Rossen et al. 2015). Ongoing studies of

FMT in the treatment of IBD and motility disorders are limited but promising. A

preliminary Chinese study examining 9 patients with CIPO demonstrated an

improvement in symptoms of bloating and abdominal pain in addition to the ability

to tolerate enteral feeds following FMT via a nasojejunal tube (Gu et al. 2017). A

randomized controlled trial examining the efficacy of FMT compared with laxative
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therapy in patients with slow-transit constipation showed 30% improvement in

patients with FMT, although the rate of treatment-related adverse events was higher

in the FMT group (Tian et al. 2017). A recently published open label study on FMT

in 10 Japanese patients with IBS (8 with IBS-D, 1 with IBS-C, and 1 with IBS-M)

demonstrated clinical improvement in symptoms in 6 patients at 4 weeks after

FMT. Analysis of stool microbiota composition showed increased diversity follow-

ing FMT. Higher concentrations of Bifidobacterium species were noted in donor

stools from the patients who responded to FMT (Mizuno et al. 2017). Although

these early studies are encouraging, FMT for the treatment of motility disorders

remains experimental.
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