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SUMMARY

Background

Travellers’ diarrhoea (TD), a common problem worldwide with significant medical impact, is
generally treated with anti-diarrhoeal agents and fluid replacement. Systemic antibiotics are
also used in selected cases but these may be associated with adverse effects, bacterial
resistance and drug-drug interactions.

Aim

To review the clinical evidence supporting the efficacy and safety of the minimally absorbed
oral antibiotic rifaximin in TD.

Methods

PubMed and the Cochrane Register of Controlled Clinical Trials (to January 2010) and
International Society of Travel Medicine congress abstracts (2003—-2009) were searched to
identify relevant publications.

Results

A total of 10 publications were identified. When administered three times daily for 3 days,
rifaximin is superior to placebo or loperamide and at least as effective as ciprofloxacin in
reducing duration of iliness and restoring wellbeing in patients with TD, both with and without
identification of a pathogen, as well as in Escherichia coli infection causing diarrhoea.
Rifaximin demonstrates only minimal potential for development of bacterial resistance and
for cytochrome P450-mediated drug-drug interactions, and its tolerability profile is similar to
that of placebo.

Conclusions

When antibiotic therapy is warranted in uncomplicated TD, rifaximin may be considered as a

first-line treatment option due to its favourable efficacy, tolerability and safety profiles.

Key words: antibiotic, enteropathogen, minimal absorption, rifaximin, travellers’ diarrhoea
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BACKGROUND

Travellers’ diarrhoea (TD) is a clinical syndrome frequently encountered by individuals (e.g.
holidaymakers, business travellers, military personnel) visiting certain regions of the world,
particularly the Middle East, Southern Asia, South and Central America, and the developing
nations of Africa.” The incidence of TD varies between specific locations, ranging between
20% and 90% for these regions, and is calculated to affect 15-20 million travellers each year

worldwide.?™

TD is characterized by acute diarrhoea, often accompanied by nausea, vomiting, abdominal
cramps and fever, due to the translocation of fluid and salts from the vascular to the mucosal
side of the gut, where they are lost. The impact of TD involves not only significant morbidity,
but also interruption to plans and daily activities."™ > ® In the majority of cases, symptoms
last 3—4 days;?*® however, in some instances, affected individuals may experience persistent
diarrhoea lasting for more than 2 weeks.’ In addition, more than 10% of people experiencing
TD may go on to develop post-infectious irritable bowel syndrome (PI-IBS).% The primary
causative agents of TD are pathogenic enteric bacteria, most commonly enterotoxigenic
Escherichia coli (ETEC), enteroaggregative Escherichia coli (EAEC), Campylobacter jejuni,
Salmonella species and Shigella species.’'? However, prevalence of the bacteria causing
TD differs between geographical locations and up to 40% of TD cases are of unknown

aetiology, even after comprehensive microbiological evaluation.® '%

Following anti-diarrhoeal agents and fluid replacement, treatment of TD includes empiric
broad-spectrum oral antibiotic therapy. The goal of treatment is to achieve a rapid resolution
of diarrhoea, in order to minimize disruption to planned activities, with only a short course of
treatment, and to minimize person-to-person spread of TD.* ™ A systematic review of clinical
studies (completed up to the year 2000) has concluded that antibiotic therapy for TD is
associated with a reduction in frequency of unformed stools passed at 24-hour intervals (i.e.

severity) and a significantly increased likelihood (around six-fold) of achieving resolution of
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diarrhoea and other symptoms (clinical cure) within 72 hours of treatment initiation, versus
no treatment (placebo).’ However, there are differences in efficacy between antibiotic

agents."

In addition to broad-spectrum activity against a range of bacterial enteropathogens and
efficacy against the symptoms of TD, other factors should be considered when selecting an
appropriate antibacterial treatment. These include specific targeted activity at the infection
site/poor systemic absorption,'® plus a low potential for side effects,’® " drug interactions’

and development of antibacterial resistance.’

Many antibacterials, such as the fluoroquinolones, are well absorbed into the systemic
circulation after oral administration.'” '® This may be associated with an increased risk of
systemic adverse effects, most commonly dizziness and headache, and more rarely, hepatic
dysfunction or psychiatric adverse effects.'®?' In addition, resistance to fluoroquinolone
antibacterials among many of the pathogenic bacteria causing TD, such as ETEC, C. jejuni,
Shigella species and Salmonella species has been reported in many countries around the
world, thus limiting their utility.>*"%° Resistance of faecal E. coli and Shigella isolates from
subjects with TD to other (older) antibacterials, such as trimethoprim-sulfamethoxazole (co-
trimoxazole), tetracycline, chloramphenicol and ampicillin is well-documented and these
agents are no longer considered an appropriate treatment for TD."® 2 %-28 Notably, the
percentage of resistant enteric bacterial isolates has increased over time, including those

resistant to more than one class of antibacterial agent.” %

Antibacterials that are not absorbed into the systemic circulation have demonstrated efficacy
as antidiarrhoeal agents, and may be associated with a more favourable safety/tolerability
profile, due to their minimal systemic exposure.'® Rifaximin is a minimally absorbed oral
antibacterial available in several countries around the world for the treatment of acute
bacterial diarrhoea. The in vitro inhibitory potency of rifaximin against the majority of

bacterial pathogens responsible for TD (ETEC, EAEC, Shigella and Salmonella species, C.
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difficile) has been demonstrated in a number of studies.”® *>** Importantly, all the MICq
values for rifaximin against these bacteria are several times lower than the concentrations of
rifaximin excreted in the faeces and therefore achieved within the gut.*® * However, due to
its poor systemic absorption, rifaximin is unlikely to be effective against invasive bacterial

strains responsible for TD.

Bacterial resistance to rifaximin is low, and long-term monitoring of the faeces of study
participants has demonstrated that the small number of rifaximin-resistant bacterial strains
observed following treatment disappear from the gut rapidly (1-2 weeks) after treatment

discontinuation.>® Resistance of C. difficile strains to rifaximin is also uncommon.>®

Interest in the prevention of TD is increasing due to an increase in the number of individuals
visiting tropical and developing countries, the high rates of TD among such visitors and post-
diarrhoea complications such as PI-IBS. A recent systematic review of the literature states
that prevention consists of avoiding food and beverages that may potentially be
contaminated, plus chemoprophylaxis with bismuth salts, probiotics or selected antibiotics,
such as fluoroquinolones.®” Specific groups of travellers who should be considered as
candidates for chemoprophylaxis include those with underlying chronic medical ilinesses, a

known susceptibility to diarrhoea and previous TD.

In this paper we review the literature supporting the efficacy and safety of rifaximin in the

treatment and prevention of TD.
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METHODS

References for this review were identified by searches of PubMed and the Cochrane
Register of Controlled Clinical Trials to January 2010 using the terms ‘rifaximin’ and
‘diarrhoealdiarrhea’ (with no language restrictions). Reference lists from review articles were
also checked for additional papers. In addition, abstracts from the congresses of the
International Society of Travel Medicine (ISTM; 2003 to 2009) were also searched. All
articles containing clinical data concerning the efficacy and safety of rifaximin in TD were
reviewed by the authors (including randomized controlled trials, observational studies, case

reports and meta-analyses).

RESULTS
Studies identified

From the literature searches, a total of 122 articles were identified. Following review of the
abstracts by the authors, 10 were selected for further review.*" ****® From the ISTM
abstracts, 3 were selected, but on review the information contained in these had
subsequently been published in full. The articles discounted were primarily reviews
containing no new clinical data or studies examining the in vitro antimicrobial activity of

rifaximin.

Efficacy of rifaximin for the management of travellers’ diarrhoea

The clinical efficacy of rifaximin in the treatment of TD has been evaluated in a number of
clinical trials (Table 1). In an early study performed in Mexico, US students suffering from TD
were randomized to receive one of: rifaximin 200 mg, 400 mg or 600 mg (all TID), or co-

trimoxazole 160 mg/800 mg twice-daily (BID) for 5 days.*® Median time to last unformed
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stool (TLUS; i.e. time from start of treatment to resolution of diarrhoea) was similar for
rifaximin 400 mg TID, rifaximin 600 mg TID and co-trimoxazole. Improvement in diarrhoea at
24 hours after treatment initiation was achieved by slightly fewer patients receiving rifaximin,
compared with patients receiving co-trimoxazole. However, at 48 hours, these percentages
had increased in all groups but were higher for rifaximin 200 mg TID and 600 mg TID than
co-trimoxazole. In all patients receiving rifaximin, 20 were positive for pathogens (ETEC,
Shigella, Salmonella, Cryptosporidium or Campylobacter species were identified in pre-
treatment stool samples) and this was reduced by 80% after treatment, compared with
organism eradication for 100% of pathogens with co-trimoxazole. However, all

enteropathogens were eradicated with rifaximin 200 mg TID.
[Table 1 to be inserted near here]

In a separate randomized, double-blind, double-dummy study, US students visiting Mexico
or Jamaica received either rifaximin 400 mg BID or ciprofloxacin 500 mg BID, for 3 days.”"’
Median TLUS was comparable for rifaximin and ciprofloxacin. At 72 hours after treatment
initiation, similar high percentages of patients receiving rifaximin or ciprofloxacin had
achieved a clinical cure. No statistically significant differences between treatments were

observed.

In a multicentre study involving 380 individuals with TD in Guatemala, Mexico and Kenya,
rifaximin 200 mg TID and 400 mg TID were compared with placebo over a 3-day treatment
period.* Median TLUS was significantly lower in both rifaximin groups than in the placebo
group. Clinical cure (wellness; defined as 48 h with no unformed stools and no fever; or 24 h
without watery stools, maximum 2 soft stools and no clinical symptoms) was achieved at
Day 5 in similar proportions of patients receiving rifaximin 200 mg TID or rifaximin 400 mg
TID; both were significantly superior to placebo. Improvement in diarrhoea (defined as the
passage of <50% stools during a 24-hour period versus baseline) was achieved at 48 hours

by significantly more patients in the rifaximin 200 mg TID group than in the placebo group. At
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72 hours, these percentages had increased in both treatment arms but the difference
between rifaximin 200 mg TID and placebo remained significant. Although the percentages
of patients achieving improvement with rifaximin 400 mg TID were numerically higher than

those with placebo, the difference was not statistically significant.

A subsequent analysis from this study investigated the efficacy of rifaximin in TD caused by
EAEC in the subgroup of patients (n=43) who remained ill during the study (5 days after
initiation of therapy).*® For this population, median TLUS was significantly shorter for those
receiving rifaximin (22 h; 95% CI: 15-25 h) than those receiving placebo (72 h; 95% ClI:
20-72 h) (p=0.03). For those patients remaining ill during the study and for whom no
pathogenic cause of TD was identified, similar results were obtained. Median TLUS was
shorter for those receiving rifaximin (33 h; 95% CI: 19-47 h) than those receiving placebo

(52 h; 95% CI: 40-78 h), but this difference was not statistically significant.

In a separate randomized, double-blind, double-dummy study, 399 individuals with TD in
Mexico, Guatemala, India or Peru received 3 days of treatment with rifaximin 200 mg TID,
ciprofloxacin 500 mg BID, or placebo.”’ Median TLUS was significantly less for both rifaximin
and ciprofloxacin versus placebo, but there were no differences between the active
treatments. Median TLUS was also significantly reduced with rifaximin versus placebo in the
subgroups of patients with diarrhoeagenic E. coli but without invasive pathogens, and also in
those where a pathogen was not identified. There were no differences between active
treatments for achievement of clinical cure. Across all pathogens identified, eradication rates

were significantly higher for ciprofloxacin versus rifaximin and placebo.

A post-hoc analysis of pooled data from the previous two studies was performed in order to
assess the efficacy of rifaximin 200 mg TID versus placebo against TD with no pathogens
identifiable from stool samples. Median TLUS in this subgroup was 33 h with rifaximin versus
68 h with placebo (p=0.0015), and a significantly greater proportion of patients achieved

clinical cure with rifaximin than with placebo (77% versus 61%; p=0.01).*

Page 8 of 24
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The efficacy of rifaximin monotherapy (200 mg TID for 3 days) has been compared with that
of loperamide monotherapy (4 mg initially followed by 2 mg after each unformed stool) and
rifaximin + loperamide in TD, in more than 300 US students visiting Mexico.** Rifaximin
monotherapy and combination therapy significantly reduced median TLUS versus
loperamide monotherapy. Clinical cure, defined in this study as TLUS <120 h, was achieved
more frequently with rifaximin monotherapy or combination therapy than with loperamide
alone. At the end of Day 1, a greater number of patients receiving combination therapy
reported complete wellness compared with rifaximin monotherapy (odds ratio=2.51; 95% CI:

1.35-4.67) or loperamide monotherapy (odds ratio=1.71; 95% CI: 0.95-3.09).

Rifaximin in the prevention of travellers’ diarrhoea

Rifaximin has also been evaluated as a chemoprophylactic agent. In a placebo-controlled
study, 219 US adults received a 2-week course of rifaximin 200 mg/day, 200 mg BID or 200
mg TID on their arrival in Mexico.** Significantly more individuals receiving placebo than
rifaximin experienced TD during this time. Overall, a protection rate of 72% against TD with
rifaximin was observed (p<0.001). The incidence of ETEC-related TD was reduced by 83%

for rifaximin versus placebo.

A separate randomized, double-blind, placebo-controlled trial involving 210 travellers to
Mexico compared rifaximin 600 mg OD to placebo over a 14-day period. Those receiving
rifaximin were significantly less likely to develop TD compared with those receiving

placebo.*”
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Bacterial resistance to rifaximin in travellers’ diarrhoea

In the placebo-controlled trials evaluating the efficacy of rifaximin 200 mg TID and 400 mg
TID in individuals with TD, stool samples were collected and investigated for antibacterial
resistance.”® The number of rifaximin-resistant coliforms isolated was low at baseline (pre-
treatment) and did not increase significantly at Days 3 or 5. Pre-treatment MICgq, values for
rifaximin against enterococci in all groups were 8-64 ug/ml and these did not change at Day
3, indicating no significant development of resistance during this time period. In the study
comparing rifaximin with co-trimoxazole, 39% of ETEC isolates were resistant to TMP. The

median MIC for rifaximin against ETEC in this study was 12.5 pg/ml.*

Safety and tolerability of rifaximin in the management of travellers’ diarrhoea

In the 10 studies reviewed for this paper, no specific adverse events associated with
rifaximin therapy were highlighted.*" ****® When directly compared to ciprofloxacin in patients
with TD, rifaximin demonstrates a similar tolerability profile (Table 2). Adverse events were
reported for 24-27% of patients receiving each drug, and these were mild and non-specific
(headache, constipation, flatulence, vomiting and nausea).*" *' In placebo-controlled studies,
the tolerability profile of rifaximin was generally similar to that of placebo, in terms of

incidences of gastrointestinal adverse events and headache.® *'

When compared with loperamide monotherapy in individuals with TD, rifaximin monotherapy
was associated with a lower incidence of abdominal pain/cramps, tenesmus, nausea and
vomiting. The odds ratio of vomiting for loperamide versus rifaximin was 4.41 (95% CI:

1.28-15).%3

10
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1

2

2 DISCUSSION

5

? TD is a common problem in many countries and can have a significant negative impact on
g an individual’s wellbeing and activities. Oral antibacterials are conventional therapy for TD
10

11 (following antidiarrhoeal agents and fluid replacement), but these may be associated with
12

13 systemic adverse effects, the development of bacterial resistance and drug-drug

14

15 interactions.

16

17

18 Rifaximin is a virtually non-absorbed oral antibacterial that achieves high concentrations

19

3(1) within the intestine, i.e. the site of infection in TD, but is largely undetectable in the systemic
gg circulation.*" “"**® It has demonstrated good potency in vitro against the most common non-
24

o5 invasive pathogenic bacteria responsible for TD, ** **** and its efficacy is therefore

26

27 consistent across geographical locations. When administered TID for 3 days, rifaximin has
28

29 demonstrated significantly superior efficacy to placebo or loperamide and comparable

30

g; efficacy to a systemically absorbed antibacterial, such as ciprofloxacin, in reducing the

22 duration of illness, rapidly restoring wellness in the majority of patients and therefore

gg minimizing the interruption caused by TD. Efficacy is also consistent across subgroups of
37

38 individuals with diarrhoeagenic E. coli and in cases where no pathogen was identified. The
39

40 evidence available suggests that the potential for bacterial resistance to rifaximin is low. In
41

42 addition, rifaximin is well-tolerated by individuals with TD with a tolerability profile generally
43

jg comparable to those of placebo and ciprofloxacin and minimal systemic side effects and a
jg low potential for drug-drug interactions.*® *°

48

gg There appear to be a number of gaps in the literature for rifaximin in TD. Notably, the studies
51 . . T — .
52 conducted to date have focused primarily on individuals visiting Central and South America.
53

54 Further studies should therefore investigate the utility of rifaximin in TD in travellers to the
55

56 Middle East, Asia and Africa. In addition, no data are currently available to support the

57

58 efficacy and safety of rifaximin in individuals with TD who are aged <18 years. Furthermore,
59

60 although the results from a single study suggest favourable efficacy of rifaximin in preventing

11
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TD, this indication needs to be evaluated in larger and more diverse populations, in terms of
geographical travel destinations. Another consideration is that the majority of clinical trials
evaluating rifaximin completed to date have been performed by the same group of

researchers. The results of these therefore need to be confirmed by other researchers.

In conclusion, the published evidence suggests that rifaximin should be considered as an

effective and well-tolerated option for the treatment of uncomplicated TD.

12
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1

2

2 Table 1. Summary of clinical studies evaluating rifaximin in travellers’ diarrhoea

5

6 . e s

7 Study Number Study design Rifaximin Control Treatment Key results

8 of dose group length

9 patients/

10 countries

11 .

> visited

13

14 Treatment

15 .

16 DuPont et al (1998)*®*  72/Mexico  Randomized 200mg TID  co- 5 days Median TLUS:

17 controlled trial 400 mg TID  trimoxazole 26.3 h for rifaximin 200 mg
18 600 mg TID  160/800 mg 40.5 h for rifaximin 400 mg
19 BID 35.0 h for rifaximin 600 mg
20 35.0 h for all rifaximin groups (NS vs. co-trimoxazole)
g; 47.0 h for co-trimoxazole
gi Improvement in diarrhoea* at 24 hours
25 56% for rifaximin 200 mg
26 44% for rifaximin 400 mg
27 53% h for rifaximin 600 mg
28 65% for co-trimoxazole

29 At 48 hours

32 83% for rifaximin 200 mg
32 78% for rifaximin 400 mg
33 89% h for rifaximin 600 mg
34 76% for co-trimoxazole

35

36 Eradication rate of enteropathogens
37 100% for rifaximin 200 mg
38 60% for rifaximin 400 mg
39 50% for rifaximin 600 mg
22 80% for all rifaximin groups
42

43 19
44

45

46
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DuPont et al (2001)*'

Steffen et al (2003)39

187/Mexico
and
Jamaica

380/
Guatemala,
Mexico and

Kenya

Randomized
controlled trial

Randomized
controlled trial

400 mg BID  Ciprofloxacin
500 mg BID

200 mg TID Placebo TID
400 mg TID

3 days

3 days

100% for co-trimoxazole

Median TLUS:

25.7 h for rifaximin (95% CI: 20.9-38.0) (NS vs.
ciprofloxacin)

25.0 h for ciprofloxacin (95% CI: 18.5-35.2)

Clinical cure’
87% for rifaximin (NS vs. ciprofloxacin)
88% for ciprofloxacin

Eradication rate for all pathogens
74% for rifaximin (NS vs. ciprofloxacin)
88% for ciprofloxacin

Adverse events:
31 (33%) for rifaximin
34 (36%) for ciprofloxacin

Median TLUS:

32.0 h for rifaximin 200 mg (p=0.0001 vs. placebo)
32.9 h for rifaximin 400 mg (p=0.0001 vs. placebo)
60.0 h for placebo

Clinical cure’

79.2% for rifaximin 200 mg (p=0.001 vs. placebo)
81.0% for rifaximin 400 mg (p=0.001 vs. placebo)
60.5% for placebo

Improvement in diarrhoea* at 48 h*

87% for rifaximin 200 mg (p=0.007 vs. placebo)
72% for placebo

At72h

91% for rifaximin 200 mg (p=0.008 vs. placebo)
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Taylor et al (2006)"" 399/
Guatemala,
Mexico,
India and
Peru

Randomized
controlled trial

200 mg TID  Ciprofloxacin
500 mg BID;
Placebo

3 days

78% for placebo

Drug-related adverse events
74 (59.7%) for rifaximin 200 mg
88 (69.7%) for rifaximin 400 mg
90 (69.8%) for placebo group

Median TLUS:

32.5 h for rifaximin (p=0.001 vs. placebo; NS vs.
ciprofloxacin)

28.8 h for ciprofloxacin (p=0.0003 vs. placebo)

65.5 h for placebo

Risk ratio for rifaximin vs. placebo=1.63 (95% CI:
1.21-2.19)

Risk ratio for ciprofloxacin vs. placebo=1.89 (95% CI:
1.34-2.65)

Clinical cure’

76.6% for rifaximin (p=0.0002 vs. placebo; NS vs.
ciprofloxacin)

78.2% for ciprofloxacin (p<0.05 vs. placebo)
61.4% for placebo

Eradication rate for all pathogens:

61.6% for rifaximin (NS vs. placebo; p=0.001 vs.
ciprofloxacin)

80.7% for ciprofloxacin (p=0.001 vs. placebo)
51.7% for placebo

Adverse events:

53 (26.6%) for rifaximin

25 (25.0%) for ciprofloxacin
24 (24.0%) for placebo
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DuPont et al (2007)*

Prevention

DuPont et al (2005)*

311/Mexico

219/Mexico

Randomized
controlled trial

Randomized
controlled trial

200 mg TID

200 mg OD

200 mg BID

200 mg TID

Loperamide
4 mgq initially
and then 2
mg after
each
unformed
stool

3 days

Rifaximin
and
loperamide
combination
therapy

2-week
prophylaxis

Placebo

Page 22 of 24

Median TLUS:

32.5 h for rifaximin (p=0.0019 vs.loperamide)

27.3 h for rifaximin-loperamide (p=0.0019 vs. loperamide)
69.0 h for loperamide

Clinical cure:$

77% for rifaximin

75% for rifaximin-loperamide

58% for loperamide

Odds ratio for rifaximin and rifaximin vs. loperamide=1.76
(95% CI: 1.26-4.70)

Mean number of unformed stools passed during iliness:
6.23 for rifaximin (p=0.004 vs. rifaximin-loperamide)
3.99 for rifaximin-loperamide

6.72 for loperamide (p=0.002 vs. rifaximin-loperamide)

Eradication rate of all pathogens:

76% for rifaximin

68% for rifaximin-loperamide

67% for loperamide

Odds ratio for rifaximin vs. loperamide=1.56 (95% CI:
0.84-2.89)

Odds ratio for rifaximin vs. rifaximin-loperamide=1.49 (95%
Cl: 0.80-2.76)

Occurrence of TD

12.0% for rifaximin 200 mg OD (p<0.001 vs. placebo)
19.2% for rifaximin 200 mg BID (p<0.001 vs. placebo)
13.0% for rifaximin 200 mg TID (p<0.001 vs. placebo)
14.7% for all rifaximin groups (p<0.001 vs. placebo)
53.7% for placebo
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ETEC pathogens after treatment
7.1% for rifaximin groups
40.7% for placebo

DuPont et al (2006)*°  210/Mexico Randomized 600 mg OD  Placebo 2-week Occurrence of TD
controlled trial prophylaxis ~ 20.0% for rifaximin 600 mg OD (p<0.0001 vs. placebo)

10 48.0% for placebo

©CoO~NOUTA,WNPE

13 BID: twice daily; Cl: confidence interval; ETEC: enterotoxigenic Escherichia coli; NS: non-significant; OD: once daily; TD: travellers’ diarrhoea; TID, three times a day; TLUS:
14 time to last unformed stool

16 *defined as the passage of 50% or fewer stools during a 24-hour period versus baseline

18 Twellness; defined as 48 h with no unformed stools and no fever; or 24 h without watery stools, maximum 2 soft stools and no clinical symptoms
19 ipercentages for 400 mg rifaximin not provided
20 Sdefined as TLUS <120 h
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Table 2. Adverse events with rifaximin and ciprofloxacin a randomized, double-blind,
controlled trial in travellers’ diarrhoea*’
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Rifaximin 200 mg TID
(n=199) (%)

Ciprofloxacin 500
mg BID (n=100) (%)

Placebo BID
(n=100) (%)

Any adverse event 26.6 24.0 25.0
Headache 8.0 5.0 9.0
Constipation 4.0 8.0 5.0
Flatulence 2.0 2.0 3.0
Rectal tenesmus 20 1.0 1.0
Dizziness 1.0 20 20
Vomiting 1.0 2.0 1.0
Nausea 0.5 20 1.0

24



