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Rifaximin is associated with modest, transient decreases in multiple taxa in the gut
microbiota of patients with diarrhoea-predominant irritable bowel syndrome
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ABSTRACT
Rifaximin, a non-systemic antibiotic, is efficacious for the treatment of diarrhoea-predominant
irritable bowel syndrome (IBS-D). Given the emerging association between the gut microbiota and
IBS, this study examined potential effects of rifaximin on the gastrointestinal microbial community
in patients with IBS-D. TARGET 3 was a randomised, double-blind, placebo-controlled, phase 3
study. Patients with IBS-D initially received open-label rifaximin 550 mg 3 times daily (TID) for
2 weeks. Patients who responded to the initial treatment and then relapsed were randomised to
receive 2 repeat courses of rifaximin 550 mg TID or placebo for 2 weeks, with each course separated
by 10 weeks. Stool samples were collected at the beginning and end of open-label treatment, at the
beginning and end of the first double-blind treatment, and at the end of the study. As a secondary
analysis to the TARGET 3 trial, the composition and diversity of the gut microbiota were assessed,
from a random subset of patients, using high throughput sequencing of the variable 4
hypervariable region of the 16S rRNA gene. Samples from 103 patients were included. After open-
label rifaximin treatment for 2 weeks, 7 taxa (e.g. Peptostreptococcaceae, Verrucomicrobiaceae,
Enterobacteriaceae) had significantly lower relative abundance at a 10% false discovery rate
threshold. The effects of rifaximin were generally short-term, as there was little evidence of
significantly different changes in taxa relative abundance at the end of the study (up to 46 weeks)
versus baseline. The results suggest that rifaximin has a modest, largely transient effect across a
broad range of stool microbes. Future research may determine whether the taxa affected by
rifaximin are causally linked to IBS-D.

ClinicalTrials.gov identifier number: NCT01543178.
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Introduction

Irritable bowel syndrome (IBS) is a functional bowel
disorder characterised by recurrent abdominal pain
associated with defecation and alterations in bowel
habit.1 Patients with IBS have recurrent abdominal
pain for � 1 day per week during the previous
3 months, on average, and the pain is associated with
at least 2 of the following: defecation, changes in stool
frequency, changes in stool appearance. Symptoms of
IBS may be chronic or episodic.2

The pathophysiology of IBS is not entirely clear, but
is thought to include various factors: gut-brain

interactions, gastrointestinal (GI) sensorimotor dys-
function (e.g. motility, visceral hypersensitivity), alter-
ations in GI permeability, genetics (e.g.
polymorphisms, risk loci), immune activity alterations
(e.g. cytokine imbalance, increased inflammation),
and psychosocial components (e.g. psychiatric condi-
tions).3-12 The role of the GI microbial community
(gut microbiota) cannot be overlooked, given evidence
supporting an association between enteric infections
and post-infectious IBS development,13,14 alterations
in the gut microbiota in patients with IBS versus
healthy individuals,15-18 and gut microbiota
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modulation by antibiotics and probiotics improving
symptoms of IBS in some patients.19-21

Rifaximin, an oral non-systemic GI-targeted antibi-
otic, has in vitro activity against a variety of gram-neg-
ative and gram-positive bacteria.22-24 Binding of
rifaximin to the b subunit of bacterial DNA-depen-
dent RNA polymerase inhibits transcription and bac-
terial RNA synthesis.22,25 However, the mechanism of
action of rifaximin may extend beyond its antimicro-
bial activity. In 1 study, rifaximin not only increased
Lactobacillus spp. in the ileum, but also decreased
stress-induced mucosal inflammation and normalised
visceral hypersensitivity in animal studies.26 Further,
rifaximin altered bacterial adhesion to epithelial cells
in vitro, thus affecting the ability of some bacterial
species to colonise the GI tract. The efficacy and safety
of rifaximin, approved for the treatment of adults with
diarrhoea-predominant IBS (IBS-D), have been dem-
onstrated in various clinical studies.27-32 In 2 identi-
cally designed, double-blind, phase 3 studies
(Targeted, non-systemic Antibiotic Rifaximin Gut-
selective Evaluation of Treatment for IBS-D [TAR-
GET] 1 and TARGET 2), a significantly greater per-
centage of patients randomised to 2-week treatment
with rifaximin 550 mg 3 times daily (TID) achieved
adequate relief of global IBS symptoms for � 2 of the
first 4 weeks post-treatment versus patients rando-
mised to placebo (pooled data, 40.7% vs 31.7%,
respectively; p < 0.001).27 The TARGET 3 study
examined the efficacy and safety of repeat treatment
with rifaximin among patients who initially responded
(defined as � 30% decrease from baseline in mean
weekly pain score and � 50% decrease from baseline
in number of days per week with Bristol Stool Scale
type 6 or 7 stool for � 2 of the first 4 weeks post-treat-
ment) to 2-week open-label rifaximin 550 mg TID
treatment, but relapsed during an 18-week follow-up
phase. These patients were randomised to receive 2
repeat courses of treatment with rifaximin 550 mg
TID or placebo for 2 weeks. A significantly greater
percentage of patients responded to repeat rifaximin
treatment versus placebo (38.1% vs 31.5%, respec-
tively; p D 0.03).32

Antibiotic resistance develops over a lifetime of
antibiotic exposure, but most studies of the gut
microbial community have focused on a single expo-
sure to antibiotics with small patient populations. A
study that included 21 hospitalised patients receiving
b-lactams or fluoroquinolones found a decrease from

baseline in the number of microbial taxa of approxi-
mately 25% in faecal samples after 7 days, suggesting
that composition and structure of the GI microbial
community are greatly affected by short-term antibi-
otic exposure.33 Faecal samples from 4 hospitalised
patients receiving b-lactams, fluoroquinolones, or
lincosamides showed that the composition and diver-
sity of the GI bacterial community fluctuated follow-
ing antibiotic therapy.34 Previous studies35,36

reported modest effects of rifaximin treatment on
IBS but did not track patients over multiple doses.
The current study examined the effects of repeat
rifaximin treatment on faecal microbial composition
in a large IBS-D population. The goal of this study
was to examine the response of the faecal microbial
community, as measured by 16S ribosomal RNA
(rRNA) gene sequencing, in a randomly selected sub-
set of patients with IBS-D participating in the TAR-
GET 3 study.

Patients and methods

Study design and patients

The patient population and clinical trial study design
have been reported previously.32 Briefly, TARGET 3
was a randomised, double-blind, placebo-controlled
phase 3 study (ClinicalTrials.gov identifier
NCT01543178) of patients aged �18 years with a
diagnosis of IBS-D (Rome III criteria) whose global
IBS symptoms and bloating persisted during a placebo
screening phase. Patients were excluded if they were
taking probiotics or taking rifaximin or any other anti-
biotic within 14 days of giving written informed con-
sent. Patients received open-label rifaximin 550 mg
TID for 2 weeks, followed by a 4-week treatment-free
follow-up to assess response (i.e. improvement in
abdominal pain [� 30% decrease from baseline in
mean weekly pain score] and stool consistency [�
50% decrease from baseline in number of days per
week with Bristol Stool Scale type 6 or 7 stool] during
� 2 of the first 4 weeks post-treatment). Responders
continued in the study and were monitored during a
treatment-free observation phase to determine IBS
symptom recurrence (i.e. loss of treatment response
for either weekly abdominal pain or stool consistency
for � 3 weeks of a consecutive, rolling 4-week period
during the 18-week observation phase). Patients with
recurrence were randomised (1:1) in a double-blind
manner to 2 repeat treatments of rifaximin 550 mg
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TID or placebo for 2 weeks, with each course sepa-
rated by 10 weeks. The protocol conforms to the ethi-
cal guidelines of the 1975 Declaration of Helsinki. The
protocol was approved by institutional review boards
and ethics committees at participating sites, and all
patients provided written informed consent. All
authors had access to study data and reviewed and
approved the final manuscript.

Sample collection

All patients participating in TARGET 3 consented to
provide stool samples. Patients (responders and non-
responders) were randomly selected for inclusion in
the substudy using a random number generator. No
formal power calculations were conducted to deter-
mine sample size. During the planning stages of the
current study, there was not a sufficient number of
published 16S sequencing studies on antibiotics avail-
able to estimate effect size for a formal power analy-
sis. Therefore, the sample size was based on
practicality of sequencing costs at the time the study
was initiated. Fresh stool samples were collected pro-
spectively from patients at clinic visits (V) before
(open-label baseline; V3) and after open-label treat-
ment with rifaximin (open-label week 2; V4),
before (double-blind baseline; V6) and after the first
double-blind treatment with rifaximin or placebo
(double-blind week 2; V7), and at the end of the

study (V11; Fig. 1).32 Non-responders to open-label
rifaximin were withdrawn from the study after V4.
Patients unable to provide a stool sample at clinic visits
were offered a stool collection kit for home, with
instructions to refrigerate and return the sample to the
clinic as soon as possible. Stool samples were separated
into 2-mL aliquots in polypropylene cryovials and
stored at � ¡20�C at the clinic site. Samples were
shipped on dry ice for long-term storage at � ¡70�C.

16S rRNA gene sequencing

Frozen stool samples from study participants were
shipped to Covance Genomics (Seattle, WA) for geno-
mic sequencing. Samples were thawed at the time of
testing and DNA extracted using the QIAamp� DNA
Stool Mini Kit (Qiagen, Germantown, MD). Sequenc-
ing of the variable 4 hypervariable region of the 16S
rRNA gene was performed using the HiSeq 2500 Sys-
tem (Illumina, Inc., San Diego, CA). The sequencing
strategy utilised a polymerase chain reaction (PCR)
amplicon of 286 base pairs (bp) generated using for-
ward primer F515 (50-GTGCCAGCMGCCGCGG-
TAA-30) and reverse primer R806 (50-
GGACTACHVGGGTWTCTAAT-30). The sequence
length on each read was approximately 120 bp from
both directions, producing reads that generally did
not overlap. Moreover, the strategy utilised an initial
PCR reaction followed by ligation of the Illumina
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Figure 1. Study design. Adapted with permission from Lembo, et al.32 EOS, end of study; TID: 3 times daily, V: clinic visit.
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primers. Therefore, the 50- orientation of the DNA
sequences in the forward and reverse reads are mixed
in the dataset.

The full dataset consisted of 675 faecal samples
(n D 103 patients), which generated 2,309,172,633
paired-end 16S rRNA sequence reads following high-
throughput sequencing. A total of 1,868,592,999 reads
(» 81% of all sequenced paired ends) were called with
version 2.6 of the Ribosomal Database Project (RDP)
algorithm to family at the 50% confidence level, with
an identical call on both non-overlapping paired ends,
and were included for downstream analysis. A total of
666 stool samples representing 440 unique combina-
tions of patient and time point were included in the
analysis (Table 1). In the case of duplicate samples for
the same combination of patient and time point, the
sample with the highest total number of sequences
was used (Supplementary Table S1). All sequences are
available under the Sequence Read Archive BioProject
ID PRJNA391915 (http://www.ncbi.nlm.nih.gov/bio
project/391915). Please also see online supplementary
materials for additional information and analyses
(Supplementary Tables S1-S7 and Figures S1-S4).

Data analysis

The analysis pipeline used the RDP algorithm applied
to each paired read with a threshold of 50%.37 RDP
calls were used at the family level because at these read
lengths, the RDP algorithm is not generally reliable
down to genus level. Sequences were included for anal-
ysis when the RDP algorithm yielded an identical call
on both non-overlapping paired end reads. The analysis
strategy had several advantages: (1) it guarded against

low sequence quality, chimeras, and non-microbial con-
tamination because if there was a high rate of error
from these sources, one would not expect the RDP
algorithm to consistently agree for both non-overlap-
ping paired ends; (2) it included only taxa on which a
consistent call is generated from the RDP algorithm for
both paired-end sequences despite 16S rRNA gene
reads that generally do not overlap; the results, there-
fore, would be robust and not dependent on sequencing
a particular sub-region of the variable 4 region;
(3) it was computationally attractive despite the large
number of sequences generated because the RDP algo-
rithm is both fast and easy to make parallel; and (4) it
was insensitive to the fact that orientations in both
directions were present in the sequences.

The non-overlapping reads generated by the
pipeline meant that there were not long continuous
stretches of the 16S rRNA gene available. In gen-
eral, algorithms have not been developed to per-
form detailed phylogenetic analyses on non-
continuous 16S rRNA gene sequences in both ori-
entations. Therefore, the analysis was restricted to
reads in which both the forward and backward
reads agreed. No other quality score filtering was
performed. Because quality score filtering can be
described as a “compromise between quantitative
accuracy and error rates,”38 and the taxa impacted
by rifaximin were generally low in relative abun-
dance, the existence of similar classification on
non-overlapping reads was deemed to be a suffi-
cient guard against sequencing error. Below the
family level, agreement between the 2 reads
decreased: there were » 18% fewer assignments in
which the 2 reads agreed at the genus level when
compared with the family level. Therefore, analyses
are reported in this manuscript at the family level,
although an analysis at the genus level yielded sub-
stantially similar results, with 25 taxa different
between the V3 and V4 time points at a 10% false
discovery rate (FDR; Supplementary Table S2). An
alternative analysis path with different normalisa-
tion schemes and utilising DADA 2 to generate de
novo clusters is described in the Supplementary
Material.

Data included in the diversity index were composed
of measures of richness (number of families in each
sample corrected for different samples having different
numbers of sequences), evenness (calculated by Shan-
non’s equitability, with values ranging from 0 to 1

Table 1. Number of samples sequenced from stool samples sub-
mitted at each visit.

Visit
Samples, na Mean § SD number of sequences

called to family level

Open-label baseline
(V3)

101 3,465,091 § 2,469,103

Open-label week 2
(V4)

102b 3,511,837 § 2,496,318

Double-blind baseline
(V6)

69 3,177,231 § 2,158,671

Double-blind week 2
(V7)

72 4,199,975 § 3,653,364

End of study
(V11)

96 4,095,411 § 2,361,115

aA total of 103 patients with IBS-D were included in the study, but no patients
had samples evaluated at all time points.
bIndividual patients could have had � 1 sample evaluated at a given time
point.
IBS-D: diarrhoea-predominant irritable bowel syndrome; SD: standard devia-
tion; V: clinic visit.
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[complete evenness]), and Shannon diversity (measure
of overall community complexity).

The equation used for Shannon diversity was:

HD ¡
PiD 1

S

Pi £lnPi

where H D Shannon diversity index; Pi D fraction of
the entire population composed of species i (propor-
tion of a species i relative to the total number of spe-
cies present, not encountered); and S D the number of
species encountered.

The equation used for Shannon evenness or equita-
bility was:

EH D H
Hmax

D H
lnS

where EH D Shannon equitability or evenness.
For richness, each sample was rarified (sampled

without replacement) to 3839 sequences (number of
sequences from the sample with the fewest matched
paired ends to family), and the number of distinct
families seen in each rarified sample was calculated.
Richness is reported as the average of 20 such rarefac-
tion calculations.

Statistical analysis

The RDP counts to family level were log-normalised
as described previously.39 Count tables were normal-
ised as follows:

This equation minimises differences in the impact of
adding the pseudo-count of 1 to each sample. Data were
log-transformed with this formula prior to all multidi-
mensional scaling (MDS) ordination and statistical tests,
except for the Wilcoxon tests shown in Supplementary
Table S3 and the rarified DADA 2 pipeline shown in
Supplementary Table S4 and Figure S3. Operational tax-
onomic units (OTUs) present in less than 10% of the
samples were discarded.

Taxa relative abundances represent the log10
sequenced count for each sample, normalised so that
the total number of sequence counts is identical for all
samples. To preserve power in corrections for multiple

hypothesis testing, we built statistical models only for
taxa that were present in � 10% of samples. Correc-
tion for multiple hypothesis testing was performed
with the Benjamini–Hochberg procedure using the p.
adjust function in R. MDS ordination was performed
using the capscale function in the Vegan package in R
(Oksanen et al, The R Foundation, Vienna, Austria)
with Bray-Curtis distance. Mixed linear models,
described in the Supplementary Materials, were cre-
ated using the gls method in R.

Including the 96 stool samples from the pilot study,
440 unique combinations of patients and time points
were sequenced (Table 1). Some stool samples were
selected for multiple sequencing reactions at a specific
visit (e.g. resequencing for insufficient sequence depth,
technical replicates); in these cases, the sequencing
data with the greatest sequencing depth were taken.

Reproducibility and batch effects

Reproducibility may affect the use of microbial sequence
data in a clinical setting. Reproducibility was demon-
strated within a batch across extraction, PCR, and
sequencing reactions for all but the most rare taxa (Sup-
plementary text, Supplementary Figure S2). Due to the
high concordance between these initial sequencing runs,
these runs are considered to represent a single batch
(hereafter referred to as batch 1). The entire dataset was
generated over 4 distinct batches (run at the sequencer at
different times) and did show evidence of a batch effect
with an MDS ordination, based on family showing simi-

larity between the first 2 batches of sequencing runs in
comparison to the last 2 batches of sequencing runs
(Fig. 2).

Results

Effects of open-label rifaximin treatment on gut
microbiota

A total of 103 patients were randomly selected from
the larger TARGET 3 cohort for inclusion in the stool
microbiota analysis, of which 37 and 36 patients
received double-blind rifaximin and placebo, respec-
tively; 30 patients received open-label rifaximin only.

log10
Bacteria count for sample i

Number of sequences in sample i
� Average #of sequences per sampleC 1

� �
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Most of the 103 patients were white (82.5%) and
female (73.8%), with a median age of 48.0 years
(range, 19–85 years). Demographic characteristics
were comparable between double-blind groups.

Overall, the microbial community was stable fol-
lowing rifaximin treatment (Fig. 2A). Fig. 3A com-
pares the average relative abundance for 74 non-
rare taxa (observed in � 10% of all samples) at the
family level at V3 (x-axis) and V4 (y-axis) across
patients sampled for V3 and V4 during the open-
label phase. While the relative abundance of each
family was similar before and after open-label rifax-
imin treatment, many of the taxa were slightly
below the identity line, indicating some depression

of relative abundance associated with rifaximin
treatment. In addition to examining each taxon
individually, summary statistics for each sample
that reflect overall microbial community complexity
(diversity) and the number of taxa in each sample
(richness) were examined. A slight decrease in
Shannon diversity and richness associated with
rifaximin treatment were observed (Supplementary
Figure S1; Supplementary Table S3), suggesting
that rifaximin treatment made the microbial com-
munity slightly less complex. By contrast, in com-
paring time points V3 with V11 (Fig. 3B), there
was no evidence of systematic depression associated
with rifaximin treatment, indicating the effects of
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rifaximin treatment on the microbial community
were largely reversed at the end of the study.

A non-parametric paired Wilcoxon test was con-
ducted to compare V3 and V4 time points (Supple-
mentary Table S4). At a 10% FDR cutoff, 7 taxa plus
Shannon diversity and richness differed significantly
between V3 and V4 (marked symbols in Fig. 3A; p
values online in Supplementary Table S4). All signifi-
cant taxa were lower following rifaximin treatment,
consistent with rifaximin having a small effect on
depressing multiple microbial taxa. However, the
effects of rifaximin were highly modest; none of the
significantly different taxa changed by more than 2.5-
fold between V3 and V4 time points (Supplementary
Table S4), and no effect size of the association with
rifaximin treatment was greater than 4% (Supplemen-
tary Table S4). An alternative analysis path, based on
DADA 2 clustering on rarefied data (Figure S3; meth-
ods described in the Supplementary Material), failed to
find any significant sequence variants between the V3
and V4 time points, perhaps reflecting the possible
loss of power that is common when rarefaction has
been utilised.40 Moreover, the choice of log-transform-
ing the data prior to performing the paired Wilcoxon
test also modestly impacts the data; performing the
paired test on log-transformed data yields 7 signifi-
cantly different taxa between V3 and V4 (Fig. 3A;
Supplementary Table S4), while performing the test on
non-log transformed data yields an additional 4 signif-
icant taxa (Supplementary Table S3). These results
demonstrate that the findings of an association
between rifaximin and the microbial community are
small enough that their statistical significance is depen-
dent on the exact analysis path chosen. These findings
of the dependence of statistical significance on details
of the analysis path emphasise the modest effect that
rifaximin treatment has on the microbial community
when compared with the stronger tendency of the
microbial community to be stable over time within
individuals. No significant changes were seen by the
paired Wilcoxon test between the V3 and V11 (end of
study) timepoints, indicating that the effects of rifaxi-
min were transient (Supplemental Table S5).

In this study, samples were sequenced in 4 batches;
MDS ordination shows some evidence of a batch effect
(Fig. 2B). However, a similar pattern of taxa depressed
by rifaximin was shown in the 51 patients whose V3
and V4 samples were sequenced in the first 2 batches
when compared with the distinct set of 41 patients

whose samples were sequenced in batches 3 and 4
(Supplementary Figure S4). Our results, therefore,
cannot easily be explained only by differences caused
by different batches of sequences.

The sample size (» 100 patients) is unusually large
for a study of antibiotic effects on the microbial com-
munity. Simulations were conducted in which differ-
ent numbers of patients were subsampled (without
replacement) and compared at V3 and V4. In these
simulations, to maximise the power with small sample
sizes, a paired t-test instead of the paired Wilcoxon
test was used. At each sample size, the paired t-test
was repeated 50 times to determine the number of
taxa depressed (Fig. 4A, black) or enhanced (Fig. 4A,
red) with rifaximin treatment. These simulations
revealed the likelihood that no differences between V3
and V4 would be observed with a sample size < 20
patients. Even with » 40 patients, some of the 50 per-
mutations revealed no significant differences. The
number of taxa that are depressed in association with
rifaximin treatment appeared to saturate at » 85
patients. There were, however, apparent plateaus
between 60 and 65 patients and between 70 and 80
patients, but additional taxa were still found at the
larger sample size. One cannot, therefore, be certain
that if substantially more patients were included, some
of the taxa that trended downward (Fig. 3A) might
not have been found significant at a 10% FDR thresh-
old. By contrast, there appeared to be, on average, »1
taxon that was significantly increased at the end of the
study across permutations, although nearly the entire
cohort of » 90 to 95 patients was needed to reliably
observe at least one significantly changed taxon, indi-
cating that the effect size associated with this enhance-
ment was modest.

Effects of double-blind rifaximin treatment on gut
microbiota

In the double-blind phase, responders to open-label
rifaximin treatment were randomised to receive either
rifaximin or placebo. Paired stool samples were
obtained at V6 and V7 from patients receiving rifaxi-
min and placebo (34 patients each). Given our power
estimates (Fig. 4), the expectation might be that this
sample size may not have significant differences
between rifaximin and placebo; indeed, no significant
differences were observed between V6 and V7 time
points for rifaximin at a 10% FDR (Supplementary
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Table S6). However, at a simple uncorrected threshold
value of p < 0.05, 7 taxa differed significantly between
V6 and V7, including Peptostreptococcaceae and
Clostridiaceae. If an analysis is generated that is con-
strained to only the 33 patients who received 2 dou-
ble-blind rifaximin treatments and for which we have
sequences for both V3–V4 and V6–V7 time points
(Fig. 5A), it is noted that the p values are not substan-
tially smaller for the second rifaximin treatment and

there is 1 taxa (Clostridiaceae.1), that is significant
at < 0.05 for both
time points. As may be expected, there is very
little agreement between changes in the V3–V4
rifaximin phase and the V6–V7 placebo phase in a
similar analysis performed on the 30 patients in the
placebo group, for which there are sequences for the
V3, V4, V6, and V7 time points (Fig. 5B). While lim-
ited by the small sample size in the double-blind
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Figure 4. The number of taxa observed as different from V3 to V4 (A) and to V11 (B) using smaller sample sizes. At each sample size, the
number of patients indicated on the x-axis was subsampled 50 times (without replacement). The mean and SD of the number of taxa
that were detected at a 10% FDR by the paired t-test are shown for taxa with relative abundances that were depressed (black) or
enhanced (red) in association with rifaximin treatment. FDR: false discovery rate; SD: standard deviation; V: clinic visit.
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phase, these results are consistent with a model in
which there is not a large increase in effect size during
repeat rifaximin treatment in the double-blind phase.

Discussion

The findings of this study suggest that retreatment with
rifaximin has a modest, transient effect on the faecal
microbial community, an observation consistent with
previous studies that found modest changes in commu-
nity composition in response to rifaximin.35,36 This
study is unique in that it is one of the largest to demon-
strate reproducibility within a single pipeline, crucial for
the clinical use of enteric microbial data. The power sim-
ulations suggest that some changes observed in bacterial
taxa in response to rifaximin over time with a large
patient population would be missed with a smaller sam-
ple size or less sequencing depth. Based on the power
simulation, there would be little value in measuring the
microbial community for rifaximin in clinical trials with
» 70 patients or fewer. This study is the first to measure
the response of the microbial community to rifaximin
over multiple treatments. Data were consistent across
the 2 study phases, with rifaximin open-label treatment
and double-blind retreatment demonstrating approxi-
mately the samemagnitude of effect on the faecal micro-
bial community, suggesting that multiple treatments
may not enhance the modest effect of rifaximin on the
microbial community, although the sample size for V6
and V7 may limit the power to detect changes during
the retreatment phase. Finally, results indicate that time
alone had no apparent effect on the faecal microbial
community as comparisons of V3 versus V11 and V6
versus V7 time points were mostly negative.

Findings of this comprehensive study indicate
little evidence of sustained changes to faecal micro-
biota following short-term rifaximin retreatment.
The finding that no taxa remained significantly
depressed at V11 is consistent with the concept
that rifaximin modulates multiple microbial taxa,
albeit transiently.41 The changes observed with
rifaximin treatment were modest, and the statistical
significance of these changes was dependent on the
analysis path chosen.

One potential limitation of this study is the use of
stool samples, which are composed of layers of distinct
microbial communities.42 In contrast, mucosal biop-
sies are representative of a single microbial commu-
nity.43 Further, stool samples from patients with

IBS-D have an altered faecal structure (e.g. increased
mucus, which forms mucus septa or striae) versus
healthy individuals with firmer stools.42 Also,
sequencing of the 16S rRNA gene provides informa-
tion regarding the specific bacteria that comprise the
faecal microbial community.44 However, other DNA
sequencing-based metagenomic approaches, such as
whole-genome shotgun sequencing, are not dependent
on sequencing of specific DNA regions, but randomly
sequence all fragmented DNA from the sample.
Future studies that utilize this method will allow for
functional assignments of gene families in the gut
microbial community, as well as the potential for
strain-level taxonomic resolution.45 Lastly, the find-
ings of this study were limited to rifaximin use in
patients with IBS-D, and lack of a non-IBS control
group limits the ability to determine which members
of the microbial community are associated with IBS
symptoms. Future studies that mechanistically link
individual taxa directly to IBS may allow for evalua-
tion of the hypothesis that the taxa that change in
response to rifaximin treatment are the cause of rifaxi-
min’s beneficial effects.

Conclusions

In conclusion, rifaximin retreatment has only a mod-
est, transient effect on the faecal microbial commu-
nity. However, the impact on a few select taxa
suggests that modulation of these taxa may be part of
the mechanism of action of rifaximin. Future studies
in animal models are needed to examine this hypothe-
sis. Furthermore, future studies are warranted to
explore the ability of the gut microbiome composition
to predict response to rifaximin treatment.
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