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Mechanism of action and therapeutic benefit
of rifaximin in patients with irritable bowel
syndrome: a narrative review

William D. Chey

, Eric D. Shah and Herbert L. DuPont

Abstract: Irritable bowel syndrome (IBS] is a common functional gastrointestinal disorder
with a multifactorial pathophysiology. The gut microbiota differs between patients with IBS
and healthy individuals. After a bout of acute gastroenteritis, postinfection IBS may result in
up to approximately 10% of those affected. Small intestinal bacterial overgrowth (SIBO) is
more common in patients with IBS than in healthy individuals, and eradication of SIBO with
systemic antibiotics has decreased symptoms of IBS in some patients with IBS and SIBO.

The nonsystemic (i.e. low oral bioavailability) antibiotic rifaximin is indicated in the United
States and Canada for the treatment of adults with IBS with diarrhea (IBS-D). The efficacy

and safety of 2-week single and repeat courses of rifaximin have been demonstrated in
randomized, placebo-controlled studies of adults with IBS. Rifaximin is widely thought to exert
its beneficial clinical effects in IBS-D through manipulation of the gut microbiota. However,
current studies indicate that rifaximin induces only modest effects on the gut microbiota of
patients with IBS-D, suggesting that the efficacy of rifaximin may involve other mechanisms.
Indeed, preclinical data reveal a potential role for rifaximin in the modulation of inflammatory
cytokines and intestinal permeability, but these two findings have not yet been examined in the
context of clinical studies. The mechanism of action of rifaximin in IBS is likely multifactorial,

and further study is needed.
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Introduction

Irritable bowel syndrome (IBS) is a disorder of
gut—brain interactions characterized by recurrent
bouts of abdominal pain and altered bowel hab-
its; patients also often experience bloating.! IBS
is further characterized by the predominant stool
form observed: IBS with constipation (IBS-C),
IBS with diarrhea (IBS-D), and IBS with a mix-
ture of constipation and diarrhea (IBS-M).! IBS
is one of the most common gastrointestinal (GI)
conditions, with a pooled worldwide prevalence
ranging from 8.8% to 11.2%.%2 A three-country
survey using ROMEIV IBS diagnostic criteria
reported estimated prevalence rates overall, and

specifically for females, at 5.5% and 7.5%,
respectively (United Kingdom), 5.7% and 7.8%
(Canada), and 6.1% and 7.1% (United States).*
The pathophysiology of IBS is multifactorial in
nature, and it is thought to include contributions
from factors such as gut microbiota dysbiosis,
altered intestinal and colonic permeability, GI
immune cell activation, visceral hypersensitivity,
and abnormal gut—brain interactions.!> The goal
of this narrative review is to provide an overview of
the factors proposed to be involved in IBS patho-
physiology, and to discuss the role rifaximin may
play in modulating these pathophysiologic factors
and improving symptoms in patients with IBS.
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Methods

A PubMed search of all available English-language
articles to date was conducted on 6 May 2019,
using the following search terms: ‘irritable bowel
syndrome,” ‘pathophysiology,” ‘pathogenesis,’
‘rifaximin,” ‘mechanism of action,” ‘pharmacol-
ogy,” ‘pharmacokinetics,” ‘microbiota,” ‘bacteria,’
‘inflammation,” ‘immunology,’ ‘cytokines,” ‘hyper-
sensitivity,” ‘permeability,” ‘small intestinal bacte-
rial overgrowth,” and ‘motility.’ Reference lists
from review articles were used to identify addi-
tional publications for inclusion.

Pathophysiology of IBS

Role of gut microbiota in IBS

Alterations in the gut microbiota are thought to be
involved in the pathophysiology of IBS. Indeed,
the gut microbiota is altered in patients with IBS
compared with healthy individuals, as was demon-
strated by a 2019 systematic review of 24 studies.®
In that publication, patients with IBS had
increased levels of potentially harmful bacteria
from the Enterobacteriaceae family (z=4 studies)
and Bacteroides species (n=4 studies), compared
with healthy individuals.b Levels of the bacteria
from the Clostridiales order and Faecalibacterium
genus were decreased in patients with IBS wersus
healthy individuals (3 studies each).®

Emerging data suggest that specific subgroups of
patients with IBS might be characterized by a dis-
tinct gut microbiota profile.’® In one study, the
intensity of IBS symptoms was associated with a
specific fecal-microbiota profile in patients with
IBS (#=110); the abundance of bacteria of the
Prevotella genus decreased with increasing symp-
tom intensity (p <0.05).8 In a prospective study of
women with IBS (2=76), both fecal microbiota
composition and lower diversity were associated
with an increase in extraintestinal pain symptoms
(composite assessment) and reduced quality of life
(p<0.05 for both); however, the composition and
diversity of fecal microbiota were not associated
with daily abdominal pain, bloating, flatulence,
or psychologic distress.® An increased ratio of
Firmicutes:Bacteroidetes was associated with
looser stool forms, with the mean ratio higher in
patients with IBS-D and IBS-M compared with
IBS-C (21.0 and 19.0 wersus 9.9; p=0.02).° A
meta-analysis of 13 studies comparing GI bacte-
rial gene expression profiles in tissue and fecal
samples found significantly lower concentrations

of some bacterial strains in patients with IBS
(n=360) compared with healthy individuals
(n=268): Lactobacillus genus [standardized mean
difference (SMD), —0.8; p<<0.001], Bifidobacte-
rium genus (SMD, —1.2; p<<0.001), and Faecali-
bacterium prausnitzii (SMD, —1.0; p<<0.001).7 In
subgroup analyses (z=4 studies), patients with
IBS-D had significantly lower concentrations of
Lactobacillus and Bifidobacterium compared with
healthy individuals (Lactobacillus: SMD, —1.8;
p<<0.001; Bifidobacterium: SMD, —1.4; p<<0.001),
while patients with IBS-C did not.”

A study comparing the fecal- and mucosa-associ-
ated microbiota between patients with IBS-D
(n=23 for both samples) and healthy individuals
(n=19 and n=24, respectively) reported a
decrease in fecal microbial richness in patients
with IBS-D compared with healthy individuals
(p<0.05).1° Further, while bacteria of the
Faecalibacterium genus were present in all fecal
samples, the proportion of Faecalibacterium was
lower in patients with IBS-D (0.04) compared
with healthy individuals (0.05; p=0.02), and the
proportion of Enterobacteriaceae was greater in
patients with IBS-D (0.003) wersus healthy indi-
viduals (0.0006; p=0.03). In that study, mucosal
bacterial richness did not differ between the two
groups.

Antibacterial gene expression was altered in
patients with IBS (#=31) compared with
healthy individuals (z=16), with 15 antibacte-
rial genes downregulated (most associated with
the interferon regulatory factor 7 pathway) and
1 upregulated (suppressor of G2 allele of SKP1
homolog gene).!! In addition, antibacterial gene
expression differed between patients with IBS
considered to have an overall immune activity
profile similar to healthy individuals and those
with IBS with an increased overall immune
activity profile.!! In healthy women (n=53),
stool consistency was associated with fecal
microbial richness; fecal microbial richness
decreased in individuals reporting more solid
stool form or slower GI transit (r=-0.4;
$»=0.0007).12 Further, solid stool forms were
associated with the presence of specific micro-
bial populations (i.e. genera Methanobrevibacter,
Akkermansia), whereas loose stool forms were
associated with the presence of Bacteroides.'?2 Of
note, data regarding the role of the viruses
(microvirome) and fungi (mycobiome) in the
pathogenesis of IBS are currently lacking.
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Mechanisms of postinfection IBS. Postinfection
IBS (PI-IBS) is a diagnosis that may be estab-
lished in patients who meet Rome criteria for IBS
soon after they experience an episode of acute
gastroenteritis (positive stool culture test result in
symptomatic patient, or presence of at least two of
the three symptoms of fever, vomiting, or diar-
rhea); notably, IBS symptoms were not present
before the occurrence of gastroenteritis.!? A sys-
tematic review of 45 studies (z=21,421 patients)
estimated a 10.1% prevalence rate of PI-IBS for
individuals within 12 months after a case of gas-
troenteritis.'# The analysis also indicated that the
1-year relative risk (RR) for PI-IBS was signifi-
cantly higher for patients who had gastroenteritis
versus those who did not in studies conducted in
Asia or Europe, versus those conducted in North
America. Based on data from 23 of the studies,
individuals with gastroenteritis were at a 4.2-fold
greater risk of developing IBS compared with
unaffected individuals.'* Another systematic
review of six studies reported that patients with
travelers’ diarrhea were at a 3.4-fold greater risk
of developing PI-IBS compared with healthy indi-
viduals.!> Further, a prospective cohort study
identified an increased risk of developing PI-IBS
in patients who had Salmonella exposure in child-
hood compared with individuals without known
Salmonella exposure [odds ratio (OR) 1.9; 95%
confidence interval (CI), 1.2-3.0].16 Survey data
suggested that individuals who experienced acute
gastroenteritis attributed mostly to Campylobacter,
Salmonella, or Shigella, with diarrhea lasting
>2weeks, were at an increased risk of developing
PI-IBS compared with patients with diarrhea last-
ing <lweek [RR 6.5 (95% CI, 1.3-34) for diar-
rhea duration 15-21days; RR 11.4 (95% CI,
2.2-58) for duration =22days].1” A prospective
study reported that 16.5% of 345 patients with
acute gastroenteritis and 2.6% of 345 age- and
sex-matched controls developed PI-IBS after
12months [p<0.001; RR, 6.4 (95% CI, 3.2—
12.7)].18 In addition to the role of bacteria in
development of PI-IBS, norovirus was signifi-
cantly associated with development of PI-IBS in
individuals affected during a waterborne gastro-
enteritis outbreak in Italy in 2009 compared with
unaffected individuals (OR, 11.4; 95% CI, 3.4—
37.8; p<0.0001).1° As well, a prospective study
found that a food-borne norovirus illness was
associated with a higher risk of PI-IBS at 3 months
after the illness compared with individuals who
did not contract norovirus during a Canadian
outbreak in 2002 (OR, 6.9; 95% CI, 1.0-48.7).20

Parasitic infection has been associated with devel-
opment of PI-IBS, although this may be limited to
specific parasites and is not fully understood.?1-23
In the literature, 13.9% of 72 patients with a con-
firmed infection of Trichinella britovi during an out-
break in Turkey developed PI-IBS after 6 months.?!
While results of a population-based, case-control
study conducted in Denmark showed that a sig-
nificant percentage of fecal samples collected over
3 months from 124 patients with IBS had evidence
of the parasites Dientamoeba fragilis, Blastocystis, or
both, compared with samples from 204 individuals
without GI symptoms (D. fragilis: 23.4% wversus
34.8%, respectively; p=0.03; Blastocystis: 14.5%
versus 22.1%, p=0.09; both: 4.8% versus 11.8%,
p»=0.04),%22 a subsequent study of the same cohort
indicated that the greatest percentage of parasitic
colonization was in asymptomatic individuals
(52.2% of 186) compared with patients with IBS
(38.7% of 119).23 Similarly, more asymptomatic
individuals than patients with IBS were positive for
D. fragilis (38.2% wversus 24.4%, respectively) and
Blastocystis (27.4% versus 17.6%). Thus, results of
these studies indicate that colonization of the GI
tract by specific parasites appears to be associated
with a healthy gut microbiome, whereas there is
less parasitic colonization in patients with IBS.23
Additional studies are warranted to fully under-
stand the association between parasites and bacte-
ria in the human GI tract and development of
PI-IBS.

Susceptibility to GI infection resulting in the
development of PI-IBS may, in part, depend on
an individual’s gut microbiota composition.
Indeed, susceptibility to Campylobacter infection
was associated with increased GI microbial levels
of Bacteroides and Escherichia species.?* Further,
individuals who developed Campylobacter or
Salmonella infection while traveling had lower
baseline fecal microbiota diversity than those who
remained infection-free.?> Patients with PI-IBS
have GI microbial profiles that can be distin-
guished from those of healthy individuals, with a
12-fold increase in Bacteroidetes and a 35-fold
decrease in Clostridiales in PI-IBS.26 Interestingly,
in one study, travel from the United States to
Central America or India was associated with gut
microbiota dysbiosis in both individuals who
developed travelers’ diarrhea (#=99) and travel-
ers who remained diarrhea-free (z=12); how-
ever, healthy travelers had a significantly lower
percentage of Bacteroidetes (0.5%) compared
with individuals developing pathogen-associated
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travelers’ diarrhea (15%; p=0.0002) or travelers’
diarrhea with no identified pathogen (23%;
p»=0.01).27 Gut microbiota dysbiosis observed in
healthy travelers may be related to the travel itself
disrupting GI homeostasis or related to consump-
tion of food and water at the travel destination.
Due to a lack of follow-up data in the study, it is
also unknown whether healthy travelers eventu-
ally developed diarrhea.?”

Interestingly, there are data to suggest that the
risk of IBS may not be limited to enteric infec-
tions alone. A population-based study reported
that a greater percentage of patients with IBS had
a history of non-enteric infections compared with
individuals without IBS (76.3% wersus 66.4%,
respectively; OR, 1.7;95% CI, 1.1-2.7;p=0.01).28
In another study, a greater percentage of individu-
als with non-enteric infections developed IBS
within 3 months compared with individuals with-
out enteric infections (14.8% wversus 1.9%, respec-
tively; OR, 6.1; 95% CI, 1.3-29.1).?°

Development of small intestinal bacterial over-
growth in patients with IBS. Cytolethal distending
toxin B (CdtB) is a bacterial toxin that is detected
after the onset of acute gastroenteritis.3%3! Based
on an animal model of Campylobacter jejuni gas-
troenteritis, effects of Cdt after clearance of
infection included development of altered stool
form and inflammation, but not long-term histo-
logic changes in the GI epithelium.3!32 Further,
this animal model of C. jejuni showed that acute
gastroenteritis can lead to the development of
bacterial overgrowth.33:3¢ Circulating levels of
anti-CdtB antibodies were elevated in rats
infected with C. jejuni, a finding that correlated
with development of small intestinal bacterial
overgrowth (SIBO).35 Further, anti-CdtB anti-
bodies bind to the host cell adhesion protein vin-
culin, which plays a role in smooth muscle
contraction. Reduced vinculin levels, which could
reduce GI motility, were associated with develop-
ment of SIBO in this model.?>

The healthy human gut is inhabited by an esti-
mated 3.8 X 10!3 bacteria.>® Bacterial concentra-
tions increase from the duodenum and jejunum
(103 to 10%/ml) to the ileum (108/ml) to the colon
(10!1/ml).3% Patients with SIBO have an overabun-
dance of bacteria in the small intestine, potentially
due to GI dysmotility, immune activation, or
increased GI permeability.3” The odds of SIBO
developing in patients with IBS is significantly

greater than those for healthy individuals (OR,
4.7; 95% CI, 3.1-7.2).38 The prevalence of SIBO
in patients with IBS has varied widely in the lit-
erature, ranging from 4% to 84%,373® with an
estimated pooled prevalence rate of 38% (=50
studies).?® The wide range in prevalence rates is
thought to be the result of variation in study pop-
ulations, criteria for establishing a diagnosis of
IBS, and methods used to diagnose SIBO.37:38
Demographic and disease characteristics associ-
ated with SIBO in patients with IBS include being
female (OR, 1.5; 95% CI, 1.0-2.1), older in age
(SMD, 3.1years; 95% CI, 0.9-5.4years), and
having IBS-D (OR, 1.7; 95% CI, 1.3-2.3).38

The recommended method for diagnosing SIBO is
breath testing.?® Individuals undergo breath test-
ing in the fasted state, consuming a carbohydrate
substrate (e.g. lactulose 10g, glucose 75 g) that can
be metabolized to hydrogen and methane by intes-
tinal microbes; these gases are detectable during
exhalation.?® It remains unclear what effects, if
any, demographic characteristics (e.g. age, ethnic-
ity, sex) have on breath testing; further, the effects
of prebiotics, probiotics, and antibiotics are also
unknown.?® Small bowel culture is another diag-
nostic tool for SIBO, provided a threshold of >103
colony forming units/mL is achieved from a duo-
denal aspirate.?® However, small bowel culture is
limited by its invasive nature, a lack of practical
techniques allowing for acquisition of aspirates
under sterile conditions, and difficulties in access-
ing the mid and distal small intestinal segments.3°

Antibiotic use and its paradoxical association with
IBS. Antibiotic use within the previous year has
been associated with an increased risk of develop-
ment of IBS (RR, 1.9; 95% CI, 1.1-3.1).4% For
development of PI-IBS, the odds increased if there
was antibiotic use at the time of gastroenteritis,
based on a meta-analysis of seven studies (OR,
1.7;95% CI, 1.2-2.4).1% In addition, findings of a
population-based study reported that treatment of
nonenteric infections with antibiotics was signifi-
cantly associated with development of IBS at a
later date (OR, 2.3;95% CI, 1.2-4.3; p=0.01).28

Paradoxically, treatment of IBS may include antibi-
otic therapy.#1:42 Indeed, eradication of SIBO by
antibiotics (e.g. ciprofloxacin, doxycycline, metro-
nidazole, neomycin, rifaximin) has been shown to
improve IBS symptoms in a subset of patients.41-43
In one study, eradication of SIBO (i.e. based on
lactulose hydrogen breath test results no longer
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showing two peaks, no hydrogen production
<90min after lactulose consumption, and an abso-
lute change in hydrogen concentration <20ppm)
in patients with IBS was associated with a signifi-
cant decrease from baseline in abdominal pain
(»p<0.001) and diarrhea (p<<0.05).41 Moreover,
almost half of the patients who achieved eradica-
tion of SIBO in that study no longer met Rome cri-
teria for IBS. In a randomized, double-blind,
placebo-controlled study, a greater percentage of
patients with IBS and comorbid SIBO (duodenal
aspirate of =103 cfu/ml; n=_8) receiving norfloxacin
400mg twice daily for 10days achieved global
symptom relief compared with patients with IBS
without SIBO at 1 month post-treatment (<103 cfu/
ml; n=21; 87.5% wersus 14.3%, respectively;
$»=0.001).42 Further, norfloxacin was more effica-
cious than placebo for providing global symptom
relief each month for up to 6 months.*? In addition,
a meta-analysis of 26 randomized, controlled stud-
ies of adults with a diagnosis of SIBO (z=1141)
reported a high rate of SIBO eradication (based on
glucose or lactulose breath testing) with rifaximin
(pooled rate, 70.8%; 95% CI, 61.4-78.2).43 In the
six SIBO studies that included patients with IBS
(n=311), the pooled SIBO eradication rate with
rifaximin was similar, at 71.6% (95% CI, 56.7—
84.4). Thus, while antibiotics as a broad class are
associated with development of IBS, potentially
through the enabling of gut microbiota dysbio-
sis,1428:40 gntibiotics may also improve GI symp-
toms in a subset of patients with IBS. This symptom
improvement certainly could be a consequence of
eradicating comorbid SIBO, but it might also result
from other mechanisms (e.g. modifying the intesti-
nal or colonic gut microbiota composition in favor
of beneficial bacteria, altering expression of viru-
lence factors of pathogenic bacteria).*1-45

Evidence of Gl mucosal inflammation in IBS

A meta-analysis of 16 studies reported that low-
grade mucosal inflammation may play a role in
the pathogenesis of IBS, and is associated with
IBS symptoms.#® Gastrointestinal immune acti-
vation is one factor that may be involved in the
pathophysiology of IBS,!> and may be linked to
visceral hypersensitivity, given that activated
immune cells are localized near enteric nerves.4’
Visceral hypersensitivity (i.e. altered pain percep-
tion to normal physiologic stimulation) is
increased in patients with IBS compared with
healthy individuals, and approximately half of
patients with IBS exhibit hypersensitivity to

rectal distension.*¥-3% Further, 18% of patients
with IBS (z=50) included in a prospective study
had visceral hypersensitivity.?! Preclinical data
indicated that rats subjected to chronic and
repeated stress had increased visceral hypersensi-
tivity compared with control animals, which was
significantly decreased by treatment with the
antibiotic rifaximin (p <0.05)2; however, clini-
cal studies are warranted to confirm these effects
in patients with IBS.

Mast cell counts were significantly increased in
mucosal biopsies from the proximal descending
colon of patients with IBS (z=44) compared with
healthy individuals (z=22; p<<0.001); the num-
ber of degranulating mast cells, indicative of mast
cell activation, was increased 150% in patients
with IBS compared with healthy individuals
(»p=0.03).47 Patients with IBS had 223% more
mast cells located <5um from colonic nerves
compared with healthy individuals, a finding that
correlated positively with the rate of mast cell
degranulation (r=0.7; p=0.002).47 The proxim-
ity of mast cells to nerves positively correlated
with both the intensity and frequency of abdomi-
nal pain in patients with IBS (r=0.8, p=0.001
and r=0.7, p=0.003, respectively).4” Mast cell
counts from cecal biopsies were significantly
greater in patients with IBS (z=34) than in
healthy individuals (z=15; p=0.001); patients
with IBS-D and IBS-M had the greatest differ-
ence versus healthy individuals (p=0.001, for
both comparisons).5® In patients with IBS, the
mast cell count correlated significantly with para-
cellular permeability (r=0.4; p=0.03) and dis-
ease intensity (r=0.6; p=0.0001).53

Toll-like receptors (TLR) are membrane-bound
receptors that recognize and bind microbial com-
ponents in the GI mucosa, leading to an inflam-
matory response.’* Women with IBS had a
significantly greater expression of TLR-4 and
TLR-5 genes in the mucosa of the sigmoid colon
and rectum compared with healthy women
(p<0.0001 and p=0.001, respectively); further,
TLR-4 gene expression was significantly greater
in women with IBS wversus healthy women
(p<0.01).55 Expression levels of the TLR-4 and
TLR-5 genes in biopsy samples from the sigmoid
colon of patients with IBS (z=47) were 1.2- and
6-fold greater, respectively, compared with those
of healthy individuals (=25; p=0.01 and
p<0.001, respectively); further, for patients with
IBS-D (#=20), TLR-4, and TLR-5 gene
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expression levels were increased 1.3- and 8-fold,
respectively, compared with healthy individuals
(p<0.02 for both).5¢ As well, TLR-4 and TLR-5
protein levels in colonic crypts and the luminal
surface were 4.2- and 6.6-fold greater, respec-
tively, in patients with IBS-D compared with
healthy individuals, and TLR-4 gene expression
levels correlated with stool frequency in patients
with IBS.5¢

Although the data are inconsistent, increased
serum levels of proinflammatory cytokines have
been reported in patients with IBS compared with
healthy individuals.?’->8 In one study, patients
with IBS (z=74) had significantly greater serum
levels of interleukin (IL)-6, IL.-8, and tumor
necrosis factor (TNF)-a compared with healthy
individuals (z=75; p<0.001 for IL-6 and IL-8;
p=0.04 for TNF-0).>” This finding was also
shown in a subgroup of patients with IBS-D, as
serum levels of IL-6, IL-8, and TNF-a were sig-
nificantly greater in patients with IBS-D com-
pared with healthy individuals (p<<0.001 for all
comparisons).’” In another study, patients with
IBS-D (z=60) had significantly higher median
serum cytokine concentrations compared with
healthy individuals (z=32) for IL-18 (»=0.004),
IL-6 (p<<0.001), IL-8 (»p<<0.001), macrophage
inflammatory protein-loc (MIP-1a; p»<<0.001),
and TNF-a (p<0.001).5® A meta-analysis of four
studies reported that serum IL.-6 concentrations
were increased in patients with IBS compared
with healthy controls (SMD, 2.4; 95% CI, 0.5—
4.3; p=0.01).>° A meta-analysis of six studies
showed that serum levels of the anti-inflamma-
tory cytokine IL-10 did not differ between
patients with IBS (#=317) and healthy individu-
als (n=319; SMD, —-0.2; 95% CI, -0.4 to 0.1;
p=0.3); however, a meta-analysis of three studies
of patients with IBS (not including PI-IBS)
showed that colonic IL.-10 mRNA expression was
increased in healthy individuals (z=80) com-
pared with patients with IBS (z=82; SMD, —-0.3;
95% CI, —0.6 to 0.01; p=0.05).0 Conversely,
results of a meta-analysis (=6 studies) indicated
there was no difference in serum concentrations
of the proinflammatory cytokine TNF-a between
patients with IBS and healthy individuals (SMD,
0.5; 95% CI, -0.1 to 1.1; p=0.09).°° Apparent
differences in the data regarding cytokine profiles
in patients with IBS could be attributed not only
to the multifactorial nature of IBS pathophysiol-
ogy, but also variation in patient populations and
research methods across studies.>%-¢0

Evidence of Gl permeability in IBS

Intestinal permeability is increased in patients
with IBS compared with healthy individuals.®!
In one study, patients with IBS-D (z=40) had
significantly increased small intestinal permea-
bility, but not colonic permeability, compared
with healthy volunteers (z=10; p=0.01).62
Patients with IBS have increased proteolytic
activity in the colon, which is associated with
increased membrane permeability and visceral
hypersensitivity.%3 Trypsin-3 has been associ-
ated with increased epithelial permeability,
increased signaling to submucosal neurons in
colonic biopsies, and induced visceral hypersen-
sitivity iz vivo in patients with IBS.%3 Trypsin-3
protein expression in the colonic epithelium was
greater in patients with IBS than in healthy
individuals.®3

Increased intestinal membrane permeability in
patients with IBS was associated with greater
translocation of bacteria across the GI epithe-
lium compared with healthy individuals.®4
Movement of commensal (e.g. Escherichia coli)
and pathogenic (e.g. Salmonella typhimurium)
bacteria across the colonic mucosa and epithe-
lium of 37 women with IBS was significantly
greater compared with 20 healthy, age-matched
women [2-fold (E. coli) and 2.8-fold (S. typhimu-
rium); p<<0.0005, for both comparisons]. These
findings suggest a role for bacteria or bacterial
metabolites in the modulation of transepithelial
and submucosal targets in patients with IBS.6%
However, it is unclear how epithelial permeabil-
ity might impact clinical symptom development
in patients with IBS.64

Rifaximin

Multiple randomized, placebo-controlled trials
have found rifaximin to improve overall symp-
toms in a subset of patients with IBS-D.%5-%7 On
the strength of the available data, rifaximin is cur-
rently approved for the treatment of adults with
IBS-D in the United States and Canada. Though
the efficacy of rifaximin has been clearly demon-
strated, the mechanisms responsible for the clini-
cal benefits of rifaximin in patients with IBS-D
have not been firmly established. With this in
mind, we have reviewed current knowledge
regarding the pharmacology, clinical impact,
impact on the microbiota, inflammatory activity
in the GI tract, and intestinal permeability of
rifaximin in patients with IBS-D.
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Pharmacology

Rifaximin is a nonsystemic antibiotic with low
oral bioavailability; generally <0.01% of a single
orally administered 400 mg dose is detected in the
plasma and urine of healthy volunteers 48 h after
administration.®® The presence of bile acids
increases the solubility of rifaximin 70- to 120-
fold, which may increase the availability of rifaxi-
min to exert antimicrobial and other effects in the
small intestine.®® The detection of unchanged
drug in stool samples following oral administra-
tion indicates that rifaximin has high availability
in the GI tract, considered to be a factor in the
minimum inhibitory concentrations observed
against human GI bacteria (Table 1).68:70-73

Improvement in IBS symptoms

In two identically designed, phase III, double-
blind, placebo-controlled studies [Targeted,
Nonsystemic Antibiotic Rifaximin Gut-Selective
Evaluation of Treatment for IBS-D (TARGET)
1 and TARGET 2; Figure 1],65:¢ a significantly
greater percentage of patients with IBS-D ran-
domly assigned to receive a 2-week course of
rifaximin 550 mg three times daily achieved ade-
quate relief of global IBS symptoms for =2 of
the first 4weeks post-treatment (primary effi-
cacy endpoint) compared with placebo (pooled
data; 40.7% wersus 31.7%, respectively;
$<<0.001).%5 The safety profile of rifaximin was
generally comparable with that of placebo; the
most common adverse events (AEs) reported in
patients receiving rifaximin wersus placebo
included headache (6.1% wversus 6.6%, respec-
tively), upper respiratory tract infection (5.6%
versus 6.2%), and abdominal pain (4.6% versus
5.5%)9%; serious AEs occurred in 1.6% and
2.4% of patients receiving rifaximin and pla-
cebo, respectively; no patients in either study
developed Clostridium difficile-associated colitis
or ischemic colitis.5>

In a randomized, double-blind, placebo-controlled
phaseIll repeat treatment study (TARGET 3),
patients received open-label rifaximin 550mg
three times daily for 2weeks; patients who
responded to treatment and relapsed during a
subsequent observation phase (<18weeks) were
randomly assigned to receive up to two 2-week
double-blind repeat courses of rifaximin or pla-
cebo.% The percentage of patients with response
(i.e. simultaneously achieving a =30% decrease
from baseline in the mean weekly abdominal pain

score and =50% decrease from baseline in the
number of days/week with Bristol Stool Scale
type 6 or 7 stool for =2 of the first 4 weeks post-
treatment) to repeat rifaximin treatment was sig-
nificantly greater compared with placebo (first
repeat treatment: 38.1% wersus 31.5%, respec-
tively; p=0.03; Figure 1).9% AEs were reported by
similar percentages of patients receiving rifaximin
or placebo during the double-blind phase (follow-
ing open-label rifaximin; up to two treatment
courses), with nausea (3.7% versus 2.3%, respec-
tively), upper respiratory tract infection (3.7%
versus 2.6%), urinary tract infection (3.4% wversus
4.9%), and nasopharyngitis (3.0% wversus 2.9%)
reported in =3.0% of patients in the double-blind
rifaximin group.%® Serious AEs occurred in 1.2%
(n=4) and 1.3% (n=4) of patients receiving
rifaximin or placebo, respectively, in the double-
blind phase; no serious AEs were considered
related to treatment.%® C. difficile colitis infection
developed in one patient after 37 days of rifaximin
repeat treatment; the patient had a medical his-
tory of C. difficile infection and had completed a
10-day course of cefdinir just prior to C. difficile
infection development.5%

In addition to these three phaseIll studies in IBS-
D, there have also been published randomized,
double-blind, placebo-controlled studies of rifaxi-
min at unapproved dosing regimens, in combina-
tion with systemic antibiotics, and/or in patients
with IBS-C.67:74 Patients with IBS receiving rifaxi-
min 400mg three times daily for 10days experi-
enced significant global improvement in symptoms
compared with those receiving placebo 10weeks
after treatment (mean improvement: 36.4% versus
21.0%, respectively; p=0.02).%7 Further, improve-
ment in bloating during the 10 weeks of post-treat-
ment follow up achieved significance with rifaximin
versus placebo (p=0.01).%7 In that study, the most
common AEs with rifaximin were abdominal pain
and a bad taste in the mouth, although these AEs
were rare and there were no differences in inci-
dence of these, or any, AEs between rifaximin and
placebo.%7 In a study of patients with IBS-C receiv-
ing rifaximin 550 mg three times daily plus neomy-
cin 500mg twice daily for 14days, combination
therapy resulted in significantly greater improve-
ment of constipation severity compared with neo-
mycin alone 1week post-treatment (visual analog
scale score: 28.6 wersus 61.2, respectively;
$»=0.002).7* During the 2-week treatment period,
nausea, bloating/distension, and abdominal pain
were the most common AEs occurring with either
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Table 1. /n vitro activity of rifaximin against anaerobic bacteria found in the human Gl tract.”

Anaerobe (number of strains tested)

MICs, (pg/ml)

MICy, (pg/ml)

Range (pg/ml)

Bacteroides fragilis (20)

Bacteroides ovatus (11)

Bacteroides thetaiotaomicron (10)

Bacteroides vulgatus (11)

Parabacteroides distasonis/merdae/goldsteinii (17)
Other Bacteroides species (18)

All Bacteroides species (87)
Bilophila wadsworthia (13)
Desulfovibrio species (17)
Fusobacterium nucleatum (10}
Other Fusobacterium species (24)
All Fusobacterium species (34)
Porphyromonas species (16)
Prevotella species (31)

All gram-negative species (198)
Clostridium clostridioforme (11)
Clostridium difficile (10)
Clostridium hathewayi (10)
Clostridium innocuum (10)
Clostridium orbiscindens (10)
Clostridium perfringens (12)

Other Clostridium species (106)

All Clostridium species (169)
Gram-positive nonspore-forming rods (107)
Anaerobic gram-positive cocci (62)
All gram-positive strains (338)

All strains (536)

0.25
1

1

0.25
0.25
0.25
0.25

32
16

16

0.25
0.25
0.5
0.25
0.25
0.25
>1024
>1024
0.25
0.25
0.25
0.5
0.25
0.25

0.25

>1024
1

>1024 0.25to >1024
0.5 0.25to 4

1 0.25to0 1

0.5 0.25t0 0.5

1 0.25to >1024
64 32to 64

32 0.25to 64

8 0.5t08
>1024 0.25to >1024
>1024 0.25to >1024
0.5 0.25t0 1

0.5 0.25t0 1

64 0.25to >1024
0.25 0.25t00.25
0.25 0.25t00.25
0.25 0.25t00.25
>1024 >1024 to >1024
>1024 1024 to >1024
0.25 0.25t00.25
>1024 0.25to >1024
>1024 0.25to >1024
>1024 0.25to >1024
4 0.25t0 16
>1024 0.25to >1024
256 0.25to >1024

0.25 to >1024
0.25 to >1024

Gl, gastrointestinal; MIC, minimum inhibitory concentration.

Table adapted with permission from Finegold and colleagues.”

rifaximin plus neomycin, or neomycin alone,
although there were no significant differences in
incidence of AEs between groups.’

In summary, a meta-analysis of five studies
demonstrated that rifaximin was significantly

associated with improvement of global IBS
symptoms compared with placebo [42.2% ver-
sus 32.4%, respectively; OR, 1.6 (95% CI, 1.2—
2.0); p<0.001]; data from four studies showed
rifaximin was significantly associated with
improvement in bloating oversus placebo
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Day 1 End of Study
2-wk DB treatment phase 10-wk treatment-free follow-up
TARGET 1 « Rifaximin 550 mg TID (n = 624) |
TARGET2 | . pjacebo (n = 634)
Primary efficacy responders (ri in versus placebo)
40.7% vs 31.7% (pooled); p < 0.001
End of OL Phase
OL Phase
2-wk OL treatment phase (n = 2579) 4-wk treatment-free follow-up* Up to 18-wk treatment-free observation phase
« Rifaximin 550 mg TID * Nonresponders withdrawn OL responders' (1074 of 2438 evaluable pts; 44.1%)
SsC SC 692 pts (64.4%) relapsed
* 636 pts entered DB phase
382 pts (35.6%) without relapse — withdrawn End of Study
DB Phase
First repeat treatment 10-wk treatment-free follow-up Second repeat treatment 4-wk 4-wk follow-up
2-wk DB treatment phase 2-wk DB treatment phase* | treatment-free
TARGET3 | . Rifaximin 550 mg TID (n = 328) « Rifaximin 550 mg TID | follow-up
« Placebo (n = 308) * Placebo
sC SC [Primary efficacy (rifaximin versus placebo) sc

38.1% vs 31.5% (pooled); p =

0.03

Figure 1. Study design and summary of findings from phase Il studies of rifaximin (TARGET 1-3).65¢6
DB, double-blind; OL, open-label; SC, stool collection; TARGET, Targeted, Nonsystemic Antibiotic Rifaximin Gut-Selective

Evaluation of Treatment for IBS-D; TID, three times daily.

*Primary efficacy end point defined as adequate relief of global IBS symptoms for =2 of the first 4weeks post-treatment.
*Response defined as simultaneously achieving both a =30% decrease from baseline in the mean weekly abdominal pain score
and =50% decrease from baseline in the number of days/week with Bristol Stool Scale type 6 or 7 stool for =2 of the first
4weeks posttreatment. The primary efficacy evaluation period occurred after the first double-blind repeat treatment phase.
¥The second repeat treatment course was included in the study to evaluate the safety of repeat rifaximin treatment.

10-14 days after treatment [41.6% versus 31.7%;
OR, 1.6 (95% CI, 1.2-2.0); p<<0.001].”> The
number needed to treat for rifaximin has been
reported as 8 (n=7 studies) to 11 (n=4-6 stud-
ies).7677 Qverall, the number needed to stop for
rifaximin (based on discontinuation due to an
AE) was 8971, with an estimated 846 patients
benefiting from rifaximin before an AE resulting
in treatment discontinuation would be observed.”®

Modulation of the gut microbiota in IBS

Recent studies have provided insight into the
impact of rifaximin on the colonic luminal micro-
biota. In one study, Bacteroidetes (64.6%),
Firmicutes (26.1%), Fusobacteria (5.2%), and
Proteobacteria (3.7%) were the most common
bacterial phyla detected in fecal samples from
patients with IBS-D (z=27); levels of Firmicutes
and Bacteroidetes were significantly decreased and
increased, respectively, in patients with IBS-D
compared with healthy individuals (#=13;
p»=0.046 and p=0.02, respectively).”® Analysis of
fecal samples randomly selected from patients with
IBS-D receiving a 2-week course of rifaximin
400mg twice daily (z=15) showed a significant
increase from baseline in the phyla Chloroflexi
(p=0.008), Deinococcus-Thermus (p=0.04), and
Acidobacteria (p=0.04).78 In another study, more
than half of patients with IBS-C (z=11), IBS-D

(n=31), or IBS-M (n=30) receiving rifaximin
1200mg/day for approximately 10days achieved
adequate relief of symptoms and improvement in
symptom intensity for 10—12 weeks post-treatment
(64%, 68%, and 53% for each IBS subtype,
respectively).”® In that study, rifaximin did not
affect the Bacteroidetes/Firmicutes ratio.” Species
richness (i.e. total number of species/sample) was
significantly greater in fecal samples from patients
with IBS compared with healthy individuals
(p=0.01), and was significantly decreased from
baseline after rifaximin treatment (p=0.0003).7° It
is important to note that these studies are observa-
tional and do not prove cause and effect. Thus, it
is not possible to know whether differences in the
gut microbiota observed after treatment with rifax-
imin are indeed linked to improvement in clinical
symptoms in patients with IBS.

In the TARGET 3 study, the gut microbiota of
patients with IBS-D who received up to three
2-week courses of rifaximin 550 mg three times
daily (=103 patients; n=675 fecal samples) was
stable.8¢ However, a small, transient decrease in
the relative abundance of specific taxa was
observed at the end of the first course (2-week
open-label rifaximin) compared with baseline
(Figure 2).89-82 For 33 patients who received
three rifaximin courses, Clostridiaceae.1 was the
only taxon that was significantly decreased from
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Open-label treatment (n = 103)
Enterobacteriaceae
Enterococcaceae
Eubacteriaceae
Pasteurellaceae
Peptostreptococcaceae
Synergistaceae
Verrucomicrobiaceae

Open-label treatment (n = 103)
Double-blind treatment (n = 73)
« Rifaximin (n = 37)
« Placebo (n = 36)

Double-blind treatment (n = 31)
« Rifaximin (n = 19)
* Placebo (n=12)

Open-label and 2 repeat treatments (n = 33)
‘Clostrideaceaeﬂ
(p<0.05)

1429 stool isolates had no clinically
significant resistance to:
« Rifaximin

« Rifampin

« Ceftazidime

« Ceftriaxone

«+ Ciprofloxacin

« Fidaxomicin

* Imipenem

* Meropenem

« Metronidazole

+ Piperacillin-tazobactam
+ Vancomycin

1381 Staphy skin isol
no clinically significant

« Rifaximin

« Rifampin

« Ceftazidime

« Ceftriaxone

« Cephalothin

« Ciprofloxacin

+ Imipenem

* Meropenem

+ Piperacillin-tazobactam
+ Trimethoprim-sulfamethoxazole
+ Vancomycin

had
to:

Figure 2. Summary of gut microbiota alterations and antibiotic sensitivity in adults with IBS-D (TARGET 3).80-82
IBS-D, irritable bowel syndrome with diarrhea; TARGET, Targeted, Nonsystemic Antibiotic Rifaximin Gut-Selective Evaluation

of Treatment for IBS-D; TID, 3 times daily.

baseline following the first and second courses of
treatment (p <0.05, for both courses; Figure 2).80
One putative mechanism of action for rifaximin
may be modulation of the observed taxa that tran-
siently decreased in this study, although additional
research is needed to confirm this hypothesis.80
Data analyzing the effects of rifaximin on altera-
tions in gut microbiota in patients with IBS and
psychologic comorbidities are not currently avail-
able. Overall, although it is apparent that rifaxi-
min has some modest effect on the gut microbiota
in patients with IBS, the efficacy of rifaximin in
IBS likely involves several factors.

Impact on Gl mucosal inflammation and

visceral hypersensitivity

Preclinical findings suggest that rifaximin has anti-
inflammatory effects in the GI tract. In chronically
stressed rats, rifaximin improved GI mucosal
inflammation (i.e. decreased levels of IL-6, IL.-17,
and TNF-a genes) and normalized visceral hyper-
sensitivity following a decrease in concentrations
of ileal bacteria.’? Rifaximin is a GI-specific
human pregnane-X-receptor (PXR) ligand?®3; acti-
vation of PXR by rifaximin regulates the innate
immune response.?* Normal human colonic epi-
thelial cells with decreased PXR expression (using
anti-PXR small interfering RNA) had a 50%
reduction in concentrations of transforming
growth factor- and an 18% reduction in inter-
feron gamma-induced protein 10 kDa concentra-
tions compared with control cells (p<<0.05 for

both); expression levels of TNF-a, IL-8, MIP-3a,
and IL-6 genes were increased compared with con-
trol cells (p<<0.05 for all).®* In human colonic epi-
thelial cells, the increased production of chemokines
and cytokines following activation of TLR-4 by
lipopolysaccharide (LLPS) stimulation was abro-
gated by rifaximin treatment.8* Further, ex vivo
exposure of human colonic tissue to rifaximin
decreased the expression of IL-8, MIP-3q,
RANTES, and TNF-a genes following LPS-
stimulated induction.8* A preclinical study of intes-
tinal epithelial cells showed that rifaximin decreased
production of TLR-4 in a dose-dependent man-
ner, downregulating the nuclear factor-«B path-
way through a PXR-related mechanism, which is
associated with inflammation.8> However, it is
currently unclear whether these preclinical find-
ings can be translated to patients with IBS.

Prevention of intestinal permeability

Data are limited on the effects of rifaximin on
intestinal permeability. Chronically stressed rats
have increased GI permeability compared with
control rats, indicative of impaired barrier func-
tion, and treatment with rifaximin prevented
development of increased GI permeability in the
chronically stressed model.>2 However, a 2-week
course of rifaximin 550mg three times daily in a
randomized, double-blind, placebo-controlled
study of patients with nonconstipation IBS (z=24)
did not significantly impact colonic mucosal per-
meability compared with placebo.86
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Conclusion

The pathophysiology of IBS is multifactorial in
nature, with interplay among several factors. For
example, the gut microbiota plays a role in visceral
hypersensitivity and immune activation. The gut
microbiota of patients with IBS is altered com-
pared with that of healthy individuals. Acute gas-
troenteritis is one etiologic factor involved in the
development of IBS (i.e. PI-IBS), and CdtB levels
may be increased following acute gastroenteritis;
this rise in CdtB levels has been associated with
the development of SIBO in an animal model.
SIBO is more prevalent in patients with IBS versus
healthy individuals, and was associated with spe-
cific demographic and disease characteristics (e.g.
female sex, older age, IBS-D).

Systemic antibiotic use is associated with devel-
opment of IBS. However, treatment for IBS (e.g.
IBS-D) includes nonsystemic antibiotic therapy.

Short (2-week) courses of the nonsystemic
(poorly absorbed) antibiotic rifaximin are effica-
cious and well tolerated for improving symptoms
of IBS in adults with IBS-D. While the mecha-
nisms of action of rifaximin have not been fully
elucidated, indirect evidence suggests the drug
has beneficial effects on SIBO, mucosal inflam-
mation, and microbiota stabilization. Based on
available data, it is apparent that the mechanism
of action of rifaximin extends beyond its role as a
Gl-targeted antibiotic. Additional research is
needed to address the outstanding knowledge
gaps related to the role rifaximin plays in IBS
(Table 2). Preclinical and clinical studies suggest
that rifaximin may also function to normalize vis-
ceral hypersensitivity, reduce mucosal inflamma-
tion, alter expression of immune modulators,
and inhibit GI permeability. Clinical studies that
include surrogate markers are warranted to fully
elucidate the role of rifaximin in modulating

Table 2. Outstanding research questions regarding the role of rifaximin in patients with IBS.

Number Research question

Clinical benefit

1 Where is the optimal location of drug delivery as it pertains to clinical benefits for IBS?

2 What is the comparative effectiveness of rifaximin versus other treatments for IBS-D?

3 Does rifaximin offer clinical benefits to other IBS subgroups [i.e. IBS-C or IBS-M]?

4 What strategies can be employed to increase the durability of clinical benefit of rifaximin in patients with IBS?

5 What is the optimal approach to management of IBS with rifaximin, including dose, duration, and recurrent treatment to

control symptoms long-term?

6 What, if any, is the role of breath testing or other biomarker measurements (e.g. fecal, serum) in identifying patients with IBS
who would maximally benefit from rifaximin treatment?

Mechanism of action

7 What changes and to what degree do the gut microbiota play in the clinical benefits observed with rifaximin?

8 In addition to its Gl-specific effects, does rifaximin affect the gut-microbiota-brain axis?

9 Do characteristics of the gut microbiota or metabolome help identify patients who are more or less likely to experience

symptom improvement with rifaximin?

10 What are the long-term consequences to the gut microbiota when taking repeated courses of rifaximin for IBS?

11 What are the important changes in the gut microbiota or metabolome in rifaximin responders versus nonresponders?

12 Does rifaximin exert effects on mucosal permeability or immune activation in patients with IBS, and, if so, do these changes

predict clinical response?

Gl, gastrointestinal; IBS, irritable bowel syndrome; IBS-C, irritable bowel syndrome with constipation; IBS-D, irritable bowel syndrome with

diarrhea; IBS-M, mixed form irritable bowel syndrome.
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these etiologic factors thought to be involved in
the pathophysiology of IBS.
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