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Background/Aims: Ciprofloxacin has been widely pre-
scribed for acute infectious diarrhea. However, the re-
sistance to this drug is increasing. Rifaximin is a nov-
el but poorly absorbed rifamycin derivative. This study
evaluated and compared the efficacies of rifaximin and
ciprofloxacin for the treatment of acute infectious diarrhea.
Methods: We performed a randomized controlled mul-
ticenter study in Korea. Patients with acute diarrhea
were enrolled and randomized to receive rifaximin or
ciprofloxacin for 3 days. The primary efficacy endpoint
was the time to last unformed stool (TLUS). Secondary
endpoints were enteric wellness (reduction of at least
50% in the number of unformed stools during 24-hour
postenroliment intervals), general wellness (subjective
feeling of improvement), and proportion of patients
with treatment failure. Results: Intent-to-treat analysis
(n=143) showed no significant difference between the
rifaximin and ciprofloxacin groups in the mean TLUS
(36.1 hours vs 43.6 hours, p=0.163), enteric well-
ness (49% vs 57%, p=0.428), general wellness (67%
vs 78%, p=0.189), or treatment failure rate (9% vs
12%, p=0.841). The adverse events did not differ sig-
nificantly between the two groups. Conclusions: These
results suggest that rifaximin is as safe and effective
as ciprofloxacin in the treatment of acute infectious
diarrhea. (Gut Liver 2010;4:357-362)
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INTRODUCTION

Ciprofloxacin is commonly prescribed for the treatment
of moderate to severe acute infectious diarrhea including
traveler’s diarrhea. But, the dramatic increases in the rate
of fluoroquinolones resistance have emerged since 90's in
concordance with the widespread use of fluoroquinolones
and now limit the usefulness of these agents in Campylo-
bacter infections."” Pathogenic Escherichia coli is known to
be the most frequently identified pathogen in acute in-
fectious diarrhea including traveler’s diarrhea,® and has
become so pervasive as to account for 58% of all fecal
isolates from the community acquired acute diarrheal pa-
tients during the year 2006 compared to 34% during the
year 2004 in Korea.* Moreover, nationwide surveillance of
antimicrobial resistance revealed that the prevalence of
fluoroquinolones-resistant E. coli increased steadily up to
34% of clinical isolates from the hospitals in Korea,® and
15% of fecal isolates from the public health institutes
which were in charge of primary care in part all over the
country.*

Rifaximin is a novel, poorly absorbed rifamycin de-
rivative for the treatment of uncomplicated traveler’s diar-
rhea,” especially caused by non-invasive pathogens,'® and
was first approved in Korea in 2006. The aim of this
study was to evaluate the efficacy of rifaximin compared
with the ciprofloxacin for the treatment of acute in-
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fectious diarrhea.

MATERIALS AND METHODS
1. Patients

We performed a double-blind randomized controlled
multicenter study in Korea from May 2008 to October
2009. The inclusion criteria were as follows: age of 19-75
years, both male and female, the presence of acute diar-
rhea defined as three or more unformed stools during the
24 hours preceding enrollment, accompanied by at least
one of the following signs and symptoms: abdominal
pain, excessive flatulence, nausea, vomiting, fecal urgency,
mucus in the stool, or tenesmus. The exclusion criteria
were as follows: duration of diarrhea more than 7 days,
moderate or severe dehydration, fever more than 38.0°C,
blood in the stool, clinically significant disease other than
diarrheal illness, pregnant or breast feeding female, any
medications active against diarrheal pathogens including
antibiotics and probiotics within the 7 days before ran-
domization, more than two doses of a symptomatic anti-
diarrheal agents including antimotility, absorbant, or anti-
secretory agents within 24 hours before randomization,
and any antidiarrheal agents or non-steroidal anti-in-
flammatory drugs or fever-reducing agents within 2 hours
before randomization. This study was approved by the
Institutional Review Board (IRB) of all hospitals joined
the present study. All participants provided written in-
formed consent that had been approved by the IRB. The
study protocol conforms to the ethical guidelines of the
1975 Declaration of Helsinki (6th revision, 2008) as re-
flected in a priori approval by the IRB.

2. Procedures

Among acute diarrheal patients who consulted gastro-
enterology clinic in hospitals, consenting patients under-
went screening procedures, which included the recording
of medical history, a physical examination, and clinical
blood studies in some cases. We accepted the double
dummy method to adhere to the strict double-blind design.
Eligible subjects, i.e., participants, were randomized to re-
ceive rifaximin 400 mg plus ciprofloxacin placebo or ci-
profloxacin 500 mg plus rifaximin placebo twice a day for
3 days (day 1-3). Both placebos looked identical to the
corresponding active compounds. All participants were re-
quired to complete the daily questionnaire about the time
and consistency of each stool, subjective feeling of im-
provement, and adverse events for 5 days (day 1-5) since
the administration of the study medications. Subjective
feeling was recorded according to three categories: “im-
proved”, “no change or persistent”, and “worsened”. We

communicated with participants over the telephone at day
3 to assure medication compliance and clinical response.
All participants were required to revisit the clinic with
the daily questionnaire filled up between day 5 and day 7.

3. Efficacy endpoints

Primary efficacy endpoint was the time to last un-
formed stool (TLUS). Both watery and loose stool which
took the shape of a container were considered as un-
formed stool. Secondary efficacy endpoints were the en-
teric wellness (defined as reduction of at least 50% in the
number of unformed stools during 24-hour post-enroll-
ment intervals compared with the 24 hours immediately
preceding enrollment), the general wellness (defined as
subjective feeling of improvement in symptoms during
24-hour post-enrollment intervals), and the proportion of
patients who failed treatment (defined as persistence or
worsening of clinical symptoms during at least 48 hours
since the administration of the study medication).

4. Randomization and sample size calculation

We accepted blocked randomization method and gen-
erated permutationswith block size 4 or 6 at random by
using the SPSS for Windows 12.0.1 (SPSS Inc., Chicago,
IL, USA). Allocation number was matched to a random-
ization code successively by a clinical trial pharmacist of
each hospital. Till completion of the study, the inves-
tigators kept the randomization table sealed off.

The sample size was based on comparison of the both
treatment groups with TLUS. The null hypothesis was
that rifaximin was inferior to ciprofloxacin. The non-in-
feriority margin was determined as 3 hours according to
the expert’s opinions. The assumptions for sample size
calculation were as follows: standard deviation of TLUS 7
hours, alpha error 0.05, statistical power 0.8, drop-out
rate 0.15, and unpaired one-sided t-test. The sample size
was estimated as 77 per group in consideration for drop-
out.

5. Statistical analyses

All statistical analyses were based on the intent-to-treat
(ITT) principle, and the ITT population was defined as
any randomized participants who took the study medi-
cations once or more. For TLUS analyses which was the
primary efficacy endpoint in this study, data from patients
for whom TLUS could not be calculated because of pre-
mature withdrawal caused by treatment failure or com-
pletion of the study without becoming well were censored
as having a TLUS of 120 hours. Data from patients who
terminated early for reasons other than treatment failure
were censored at the time of the last available in-
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formation on unformed stool. Normality of data was con-
firmed by the 1 sample Kolmogorov-Smirnov test. Then,
unpaired one-sided (non-inferiority) and two-sided (equality)
t-test was performed. The non-inferiority of rifaximin to
ciprofloxacin would be tested according to the lower mar-
gin of 95% confidence interval of difference of the mean
TLUS (mean TLUS in rifaximin group - mean TLUS in ci-
profloxacin group) between both treatment groups. If the
lower limit of confidence interval was less than 3 hours
which had been determined as non-inferiority margin, ri-
faximin would be regarded to be non-inferior to the
ciprofloxacin. If the statistical power was lowered due to
censored data, Cox proportional hazard models with a
two-sided test and a significance level of 0.05 would be
used to compare TLUS between the rifaximin and
ciprofloxacin. As secondary efficacy endpoints including
enteric wellness, general wellness, and treatment failure
rate were all proportions, x> test was used. Fisher’s ex-
act test would be used if cell size was smaller than 5. To
adjust differences among the hospitals, Cochran-Mantel-
Haenszel test was also used.

RESULTS
1. Clinical characteristics of patients

A total of 154 patients were enrolled and randomized
to receive rifaximin or ciprofloxacin. Demographics and
clinical characteristics were similar between both treat-
ment groups. The pretreatment unformed stools were
more frequent in the ciprofloxacin group (6.8 in the ci-
profloxacin group vs 5.7 in the rifaximin group), but the
difference was statistically insignificant (p=0.057) (Table
1). Twenty-three participants in both treatment groups
(13 in the rifaximin group, 10 in the ciprofloxacin group)

were on medications including H2 receptor antagonist
and/or proton pump inhibitor for non-ulcer dyspepsia,
gastro-esophageal reflux disease (Table 1). Eleven partic-
ipants who were withdrawn from the study or lost to fol-
low-up were excluded from the efficacy analysis, and all

Table 1. Baseline Characteristics of the Patients

Rifaximin  Ciprofloxacin

(n=75) (n=68)

Age, yr

Mean (SD*) 37.5 (14.4) 38.5 (14.6)

Range 21-75 19-71
Sex, M/F 43/32 36/32
Pretreatment unformed stools

Mean' (SD) 59 (34) 6.2 (4.0)

Median 5.0 5.0

Interquartile range 3 5
Initial symptoms, n (%)

Abdominal pain 59 (79) 63 (93)

Bloating 32 (43) 16 (24)

Nausea/Vomiting 26 (35) 29 (43)

Urgency 35 (47) 31 (46)

Mucous stool 10 (13) 6 (9)

Tenesmus 11 (15) 15 (22)
Travel history§, n (%) 13 (17) 8 (12)
Co-morbidity, n (%)

Gastrointestinal diseases' 13 (17) 10 (15)

Diabetes mellitus 3 4) 2 (3)

Cardiovascular diseases’ 4 (5) 4 (6)

*SD, standard deviation; "It means the counts of unformed
stools in the 24-hour period before randomization; TIt was
statistically insignificant (p=0.132); ‘Includes both domestic
and overseas travel; "Includes non-ulcer dyspepsia, peptic
ulcers, and gastroesophageal reflux disease; “Includes hyperten-
sion, dyslipidemia, and angina.

170 patients screened

all from the gastroenterology clinic

16 ineligible
11 did not meet selection criteria
5 refused to participate

A 4

| 154 patients enrolled and randomized |

v

v

79 assigned to rifaximin

75 assigned to ciprofloxacin

4 withdrawals
2 lost to follow-up -

1 refused to continue
1 adverse events

A 4 \4

7 withdrawals
5 lost to follow-up
2 refused to continue

75 analyzed in ITT population

68 analyzed in ITT population

Fig. 1. Schematic flow of the study.
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the others could complete the study. The percentages of
participants completing the study were similar between
both groups (rifaximin, 95% in the rifaximin group vs
91% in the ciprofloxacin group) (Fig. 1).

Compliance with both medications was good. More than
95% of participants in both groups took the prescribed
number of tablets for day 1 and 2, and more than 90%
took them for day 3, as determined by daily ques-
tionnaire.

2. Efficacy of the treatment

Non-inferiority analysis showed the non-inferiority of
rifaximin to ciprofloxacin because the lower margin of
95% confidence interval of the difference between the
TLUS of both treatment groups was —16.2 hours (unpaired
one-sided 95% confidence interval, —16.2 to 1.3 hours).
The mean TLUS which was the primary efficacy endpoint
in this study was shorter in the rifaximin group (36.1
hours) compared with the ciprofloxacin group (43.6 hours),
but the difference was not statistically significant (p=
0.163). The median TLUS was similar between both treat-
ment groups. Although the ciprofloxacin group revealed
better response rates during the first 24-hour period of
treatment than the rifaximin in the counts of unformed
stools (enteric wellness; 57% vs 49% respectively, p=0.428)
and subjective symptoms (general wellness; 78% vs 67%
respectively, p=0.189), the difference was not statistically
significant. There was no significant difference in the pro-
portions of patients who failed in the treatment between

Table 2. Efficacy of the Treatment

Rifaximin Ciprofloxacin

(n=75) (n=68) p-value

TLUS*

Mean (SD') 36.1 (31.3) 43.6 (32.2) 0.163"

Median 34.0 35.0

Interquartile range 56 47
Enteric wellness®

24 hr 37 (49%) 39 (57%)  0.428'(0.252)°

-48 hr 62 (83%) 55 (81%)  0.953 (0.799)
General wellness’

24 hr 50 (67%) 53 (78%)  0.189 (0.140)

-48 hr 65 (87%) 57 (84%)  0.808 (0.619)

Treatment failure** 7 (9%) 8 (12%) 0.841 (0.618)

*TLUS, the time to last unformed stool; TSD, standard devia-
tion; "Determined by unpaired two-sided t-test; *Reduction of
at least 50% in the number of unformed stools; 'Determined
by 2 test; ‘Determined by Cochran-Mantel-Haenszel test by
hospital strata; #Subjective feeling of improvement in symp-
toms; **Persistence or worsening of clinical symptoms during
at least 48 hours since the administration of the study
medication.

both treatment groups (p=0.841). Because all of 15 par-
ticipants who failed treatment could be followed up and
became well within 5-day period of the study, there were
no need of data censoring as having a TLUS of 120
hours. Consequently, the primary and secondary efficacy
endpoints were all similar between both rifaximin and ci-
profloxacin groups (Table 2).

3. Adverse events of the treatment

The incidence of adverse events was similar between
both rifaximin and ciprofloxacin groups. One participant
who had underlying diabetes mellitus in the rifaximin
group withdrew prematurely from the study because of
serious adverse events (hypoglycemia after the ingestion
of oral anti-diabetic agent during fasting) that were con-
sidered by the investigator to be not drug-related (Table
3). No participant in both rifaximin and ciprofloxacin
group withdrew prematurely because of drug-related ad-
verse events, i.e., adverse drug reaction.

DISCUSSION

Infectious or noninfectious causes may be responsible
for acute diarrhea. Noninfectious causes of diarrhea in-
clude drugs, food allergies, inflammatory bowel disease,
and other states such as thyrotoxicosis and the carcinoid
syndrome, which become more common as the course of
the diarrhea persists and becomes chronic. Because we
excluded patients whose duration of diarrhea was more
than 7 days and all participants including 15 participants
who failed treatment became well within 5-day period of
the study, the participants of this study could be regarded
to catch acute infectious diarrhea.

In this study, rifaximin showed comparable -efficacy
with ciprofloxacin in patients with acute infectious diar-

Table 3. Adverse Events of the Treatment

Rifaximin Ciprofloxacin

(n=79) (n=75)

Adverse events 5 (5% 9 (7%
Headache 1 3
Nausea 1 2
Febrile sense 1 1
Abdominal pain 1 3
Serious AEs 1T 0

*Numberof the participants who reported any adverse event;

Any adverse events that result in death, life-threatening, pro-
longed hospitalization, or irreversible disability; THypogly-
cemic event in a DM patient who ingested oral anti-diabetic
agents during fasting.
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rhea without fever or bloody stool. However, in contrary
to the previous studies which reported same or better
overall efficacy of the ciprofloxacin,®' the rifaximin group
revealed shorter mean TLUS than that in the cipro-
floxacin group in this study although the differences were
statistically insignificant. Moreover, although we applied
more strict criteria to determine “treatment failure” com-
pared with the previous studies in which the presence of
residual symptoms after at least 24 hours of therapy was
regarded as failed treatment,*'® more patients up to 12%
of all participants who were randomized into the cipro-
floxacin group were determined as “treatment failure” in
this study compared with 6-7% in the previous studies.®'
This result may be caused by the increased ciprofloxacin
resistance of E. coli which is known as the dominant
pathogen in adult patients with acute infectious diarrhea.
Quinolone-resistant E. coli (QREC) strains have been be-
ing isolated with increasing frequency from the commun-
ity and hospital since 90s,"""* and up to 38.6% of clinical
isolates collected from January 2008 until December 2008
was found as QREC in Seoul National University Hospital
in Korea."” It is important to note that the isolates of
QREC revealed little evidence of clonal spread and might
have emerged in direct response to the selective pressure
exerted by prior fluoroquinolones use through the analy-
sis on genetic diversity of clinical isolates from one teach-
ing hospital in Korea."* Moreover, through a case-control
study it was reported that recent fluoroquinolones use,
residence in a long-term care facility, recent aminoglyco-
side use, and older age were all noted to be independent
risk factors for fluoroquinolones resistance among pa-
tients with nosocomial E. coli infections through a case-
control study.” In contrary to the two previous studies
for which only travelers visited at least one developing
country had been enrolled, we recruited all the partic-
ipants from gastroenterology clinics of 9 hospitals and
some of the participants had co-morbidities including gas-
tro-esophageal reflux disease, diabetes mellitus and hyper-
tension etc, although all these were mild and well-con-
trolled (Table 1). As expected, the mean age of partic-
ipants in this study was 38 years, which was 5-12 years
higher than those in the previous studies.*'°
seems reasonable that the increased prevalence of QREC
resulted in the decreased efficacy of ciprofloxacin for the
treatment of acute infectious diarrhea in this study.
Rifaximin has a broad spectrum of antimicrobial action,

Therefore, it

covering Gram-positive and Gram-negative, both aerobes
and anaerobes.'® It was first approved in Italy in 1987,
was approved by the US Food and Drug Administration
in 2004 for the treatment of uncomplicated traveler’s
diarrhea."” Rifaximin’s additional pyridoimidazole ring

makes it virtually nonabsorbable,' enabling it to achieve
the extremely high concentration up to the range of
4,000-8,000 r£g/g stool in the gastrointestinal tract and
to be active against enteric infection."” One concern with
a broad spectrum antibiotics is the risk of depleting nor-
mal gut flora. However, there was only a minor change in
bacterial counts which reverted back to pre-treatment val-
ues during the washout period despite the high dose (i.e.,
1,800 mg daily) of rifaximin.*® Another concern, actually
with all antimicrobial agents, is the potential to induce
antibacterial resistance. Reportedly, rifaximin resistance
occurred in the gut flora of healthy volunteers who re-
ceived treatment with rifaximin at dose of 800 mg/day
for 5 days, but the resistance rates decreased to less than
20% of the intestinal flora within 2 weeks after the end
of rifaximin treatment.”' Further studies are warranted to
investigate the precise mechanism and clinical significance
of such a phenomenon, which must be preceded to de-
termine its possibility of a potential substitute for cipro-
floxacin.

Even if the absence of microbiologic analysis for in-
fectious organism was the weak point in this study, we
performed the multicenter study to evaluate the efficacy
of rifaximin and ciprofloxacin in acute diarrheal patients
under the situation of highly prevalent QREC, especially
in referral hospitals in Korea. As a result, comparable ef-
ficacy of both treatments was shown, and the decreased
efficacy of the ciprofloxacin was observed apparently com-
pared with those from the previous studies.*'® According
to the Infectious Diseases Society of America guidelines
for the management of acute infectious diarrhea, two sit-
uations in which empirical antibiotics are commonly rec-
ommended without obtaining a fecal specimen are the
moderate to severe cases of traveler’s diarrhea and febrile
dysenteric illness, especially those believed to have mod-
erate to severe invasive disease, and fluoroquinolones are
recommended as first choice in adults patients.”” Never-
theless, it is frequently inevitable in daily practice to pre-
scribe empirical antibiotics for the treatment of acute di-
arrheal patients who are not obviously categorized into
the two situations, especially to prevent dehydration in
elderly patients with co-morbidities.

In conclusion, rifaximin is as safe and effective as the
ciprofloxacin in the patients with acute infectious diar-
rhea, and further studies are needed to update the current
recommendation of antibiotic regimen against moderate
to severe acute infectious diarrhea.
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