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Trial Evaluating Ambulatory Therapy of Travelers’
Diarrhea (TrEAT TD) Study: A Randomized Controlled
Trial Comparing 3 Single-Dose Antibiotic Regimens With
Loperamide
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Background. Recommended treatment for travelers’ diarrhea includes the combination of an antibiotic, usually a fluoroquinolone or
azithromycin, and loperamide for rapid resolution of symptoms. However, adverse events, postdose nausea with high-dose azithromycin,
effectiveness of single-dose rifaximin, and emerging resistance to front-line agents are evidence gaps underlying current recommendations.

Methods. A randomized, double-blind trial was conducted in 4 countries (Afghanistan, Djibouti, Kenya, and Honduras)
between September 2012 and July 2015. US and UK service members with acute watery diarrhea were randomized and received
single-dose azithromycin (500 mg; 106 persons), levofloxacin (500 mg; 111 persons), or rifaximin (1650 mg; 107 persons), in com-
bination with loperamide (labeled dosing). The efficacy outcomes included clinical cure at 24 hours and time to last unformed stool.

Results.  Clinical cure at 24 hours occurred in 81.4%, 78.3%, and 74.8% of the levofloxacin, azithromycin, and rifaximin arms,
respectively. Compared with levofloxacin, azithromycin was not inferior (P = .01). Noninferiority could not be shown with rifaximin
(P =.07). At 48 and 72 hours, efficacy among regimens was equivalent (approximately 91% at 48 and 96% at 72 hours). The median
time to last unformed stool did not differ between treatment arms (azithromycin, 3.8 hours; levofloxacin, 6.4 hours; rifaximin, 5.6
hours). Treatment failures were uncommon (3.8%, 4.4%, and 1.9% in azithromycin, levofloxacin, and rifaximin arms, respectively)

(P = .55). There were no differences between treatment arms with postdose nausea, vomiting, or other adverse events.

Conclusions.
watery diarrhea.
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Single-dose azithromycin, levofloxacin, and rifaximin with loperamide were comparable for treatment of acute
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Travelers' diarrhea (TD) affects anywhere from 10% to 40% of
short-term international travelers, resulting in 12%-46% having to
change their itinerary [1]. To minimize the impact of TD, empiric
treatment regimens are generally recommended, consisting of
an oral antibiotic plus the antimotility agent loperamide, [2-4].
Fluoroquinolones have been considered a first-line antibiotic
therapy; however, owing to increasing concerns associated
with this drug class [5, 6], other antibiotics are now being used.
Rifaximin is approved for use with Escherichia coli-associated,
noninvasive TD and is recommended for travel to enterotoxigenic
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E. coli (ETEC)-predominant areas [7, 8]; however, it has lower
efficacy in invasive bacterial infections [9, 10] and has never been
evaluated in a single-dose regimen. Although azithromycin is also
effective, there is concern about postdose nausea and vomiting
associated with high doses [11, 12].

There is also concern about antibiotic treatment in combination
with loperamide and increased rates of extended-spectrum p-lacta-
mase-producing E. coli (ESBL-PE) [13, 14]. Colonization is typ-
ically transient and nonpathogenic in healthy travelers; however,
potential spread of antimicrobial resistance warrants consideration
[15, 16]. We conducted a study among military travelers to bolster
the evidence of relative efficacy and safety of 3 available single-dose
loperamide-adjuncted regimens for acute watery diarrhea (AWD).

METHODS

Trial Design
The study was a multisite, randomized, double-blind, con-
trolled clinical trial among deployed US and UK military
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personnel. Patients presenting for care with suspected TD were
clinically assessed for AWD. After treatment randomization
and directly observed dosing, clinical follow-up assessments
were performed at 1, 3, and 7 days. Subjects were given diaries
to daily record data on timing of loperamide usage, the number
and form of all stools passed, and the presence of symptoms
and disability.

Participants

Eligible individuals included active-duty military personnel
(or beneficiaries), deployed to Afghanistan, Djibouti, Kenya, or
Honduras, aged >18 years, who presented with AWD and were
ambulatory. Subjects had to meet the definition of TD (=3 loose
stools in 24 hours or 22 loose stools in 24 hours with associ-
ated symptoms, such as nausea, vomiting, abdominal cramps,
or tenesmus) of <96 hours duration, be able to comply with
follow-up procedures, and remain in country or be eligible for
follow-up for =5 days after treatment. Stools were graded on a
5-point scale consistent with similar trials and defined as diar-
rheal (loose or liquid stool) if they took the shape of the con-
tainer [11, 12]. Subjects were excluded if they reported an allergy
to study drugs, took antibiotic therapy within 72 hours before
presentation (excluding malaria prophylaxis), were taking con-
comitant medications with known drug-drug interactions with
study drugs, reported a history of seizures, had a positive preg-
nancy test at presentation, used >4 mg loperamide (total) or any
amount of loperamide for >24 hours before enrollment, or had
dysentery or documented fever.

Randomization and Interventions

Randomly permuted block randomization (block size, 3-12
subjects) by site was performed to allocate treatment assign-
ments across study interventions. Individually packaged treat-
ment packs were labeled with random nonsequential treatment
numbers following the randomization schedule. Antibiotics
were overcapsuled into 6 individual pills to mask allocation.
The 3 single-dose treatment assignments were rifaximin (1650
mg), azithromycin (500 mg), or levofloxacin (500 mg). In all
arms, 4 mg of loperamide was given initially, followed by 2 mg
after each unformed stool, not to exceed 16 mg/d for 2 days and
self-administered by study subjects.

Outcomes

The primary efficacy end point was the proportion of patients
in whom clinical cure was achieved 24 hours after the first
treatment dose. Subjects met the end point if (1) they had no
reported diarrheal stools >24 hours after initiation of therapy,
(2) any diarrhea-associated symptoms present at 24 hours were
no greater than mild in severity, and (3) the diarrhea had no
impact on their activity, and they showed was no evidence of
treatment failure. Treatment failure was defined as recurrence
of diarrheal illness meeting TD case definition occurring within

72 hours after clinical cure, worsening of clinical symptoms (or
failure to improve) after 24 hours of therapy, or illness con-
tinuing after 72 hours. A secondary outcome of time to last
unformed stool (TLUS) was calculated as the time from the first
dose of study medication until passage of the last loose or lig-
uid stool that met diarrhea definition occurring in a 24-hour
period.

The following symptoms were solicited at each clinic visit:
abdominal cramping, fever, excessive gas, urgency to empty
bowel, and malaise/fatigue, along with open-ended questions
to capture other adverse events. If nausea or vomiting was not
present before treatment but developed after treatment adminis-
tration, it was considered to be associated with the intervention.
Subjects indicated severity of symptoms in their diary based on
functional impact on their duty performance (no impact, <50%
impact, >50% impact, or inability to function). Constipation was
assessed through daily diaries and during follow-up and defined
as a change in baseline bowel movements characterized by a
stool form that is mostly hard or lumpy and difficult to pass.

Laboratory Methods

Microbiological methods included detection of common bac-
terial, viral, and parasitic etiological agents and ESBL-PE char-
acterization from stool samples collected on days 0 (baseline)
and 21. Specimen portions were either immediately plated on
selective and differential media or transferred into modified
Cary-Blair bacterial transport medium for later plating. Up to 5
E. coli isolates from Maconkey agar plates were picked and eval-
uated with multiplex polymerase chain reaction (PCR) for key
virulence factors often associated with ETEC, enteroaggregative
E. coli (EAEC), enteroinvasive E. coli, enteropathogenic E. coli,
and enterohemorrhagic E. coli [17-19]. Single colonies exhibiting
proper characteristics on various media were identified on stand-
ard automated platforms via biochemical algorithms. Additional
aliquots of stool were fixed by 10% formalin in buffered saline
for stool parasite microscopy, as well as aliquots kept frozen at
—70°C for real-time PCR of enteric viruses. All nonpathogenic
E. coli isolates identified from days 0 and 21 stool samples were
screened for ESBL phenotype by means of disk diffusion [20].

Sample Size

Sample size calculations were based on comparing treatment
arms with respect to the difference in proportion of subjects
experiencing 24-hour clinical cure between less-studied lop-
eramide-adjuncted single-dose regimens (azithromycin, rifax-
imin) and that of levofloxacin. From a comparable TD trial
in active-duty populations [12], the cumulative probability of
passing last diarrheal stool in a levofloxacin (500 mg) plus lop-
eramide arm by the end of the first 24 hours was 0.79 (95%
confidence interval, .70-.87), compared with 0.65 (.55-.74)
for azithromycin (albeit at 1000 mg) combined with loper-
amide. A sample size of 120 subjects per arm (assuming a 25%
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drop-out rate) was estimated based on noninferiority with a
margin of 0.15, using a large-sample approximation statistic for
the 1-sided test conducted at a significance level of .025 [21].

Statistical Analysis

A modified intent-to-treat analysis was performed to include
randomized subjects with primary outcome data available.
For the primary end point, azithromycin and rifaximin arms
were independently compared with the levofloxacin arm
(“active control”) within a stepwise noninferiority/superior-
ity testing framework involving 2 distinct sets of hypotheses.
Two coprimary hypotheses involved the loperamide-adjunc-
ted single-dose active control antibiotic, levofloxacin, versus
the rifaximin and azithromycin arms. For the secondary end
point, TLUS, differences in recovery times were evaluated using
Kaplan-Meier survival analyses. Safety outcomes, microbio-
logical identification, and ESBL-PE frequencies were evaluated

for differences between treatment arms and tested for signifi-
cance using X2 tests, or exact counterparts as appropriate.

Human Research Protections

The study protocol was approved by the Uniformed Services
University’s Infectious Disease Institutional Review Board, the
UK Ministry of Defence Research Ethics Committee, and the
Kenyan Medical Research Institute’s Institutional Review Board.
The study is registered at ClinicalTrials.gov (NCT01618591).

RESULTS

Study Population

Among 844 patients assessed for eligibility, 339 were deter-
mined to have AWD and randomized to 1 of 3 interventions
(Figure 1). Primary reasons for noneligibility included inability
to provide a diarrheal stool sample (n = 111), illness for >96

[ Enroliment ]

Assessed for eligibility (n=844)

Excluded (n=503)
- Not meeting inclusion criteria (n=331)

- Declined to participate (n=93)
- Dysentery/Febrile Diarrhea (n =46)
- Other reasons (n=33)

Enrolled (n=341)

Excluded after enrollment (n=2)
- inability to provide stool sample (n=1)

- randomization number not recorded
properly (n=1)

Allocated to AZM: (n=111)
- Unable to swallow pill (n=1)

Randomized
AWD (n=339)
f Allocation 1
L J
Allocated to LEV- (n =117) Allocated to RIF: (n=111)

- Withdrawn after enroliment (n=1)

[ Follow-Up ]

v

Loss to follow-up (n=3)

Loss to follow-up (n=3)

Loss to follow-up (n=3)

|
[ Analysis ]

\:

Analyzed in AZM arm: (n=106)
- Treatment time missing (n=1)

Analyzed in LEV arm: (n=113)

Analyzed in RIF arm: (n=107)
- Treatment time missing (n=1)

Figure 1.
LEV, levofloxacin; RIF, rifaximin.

Flow chart for the Trial Evaluating Ambulatory Therapy of Travelers’ Diarrhea (TrEAT TD) study. Abbreviations: AWD, acute watery diarrhea; AZM, azithromycin;
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hours (n = 80), leaving country in <5 days (n = 66), and already
taking antibiotics or loperamide at screening (n = 36). Among
those randomized, 106, 111, and 107 subjects in the azithro-
mycin, levofloxacin, and rifaximin arms, respectively, were able
to take the full treatment dose and had outcome data avail-
able for evaluation. Subject enrollment was distributed from
Kenya (n = 130; 40%), Djibouti (n = 104; 32%), Afghanistan
(n=50; 15%), and Honduras (n = 42; 13%). The mean duration
of deployment to country of illness was 84.7 days (median,
49.5 days; interquartile range, 27-112 days) and differed
between sites (median for Kenya, 31 days; Honduras, 134 days;
Djibouti, 101.5 days; Afghanistan, 68 days).

Subjects presented for care with a mean duration of diarrhea
of 26.8 hours (standard deviation, 21.0 hours). A minority of
participants presented with diarrhea between 48 and 72 hours
(12.6%) or between 72 and 96 hours (4.7%), and these propor-
tions did not differ between treatment arms. Among those with
224 hours of diarrheal illness, the maximum number of loose

or liquid stools in a 24-hour period was 6.9 and did not differ
between treatment arms (Table 1). Cramping was the most fre-
quent associated symptom, reported in 74.3%. Vomiting, fecal
incontinence, and fever were reported in 18.0%, 12.7%, and
9.6%, respectively. Overall, 76.5% of subjects reported some
impact of illness on their ability to function, with 30% signifi-
cantly or completely disabled.

During the study, a freezer failure occurred at the Djibouti
site, preventing etiological work-up on stool samples from 50
subjects. Among the remaining subjects (n = 274) from whom
specimens were collected, 21 cause for TD was found in 57.7%
(Tables 2 and 3). Multipathogen (mixed) infections were com-
mon, occurring in 16.1% of all cases. Among individuals with
an identified pathogen, EAEC was most common, followed
by ETEC and enteropathogenic E. coli. Norovirus was identi-
fied in 19 cases (6.9% among all samples tested, 16.7% among
those with a solo pathogen, and 20.5% in mixed infections).
Differences in pathogen recovery and etiological proportions

Table 1.

Demographic and Baseline Clinical Characteristics of Subjects Analyzed in the Modified Intent-to-Treat Analysis

Azithromycin (500 mg;

Levofloxacin (500 mg; Rifaximin (1650 mg)

Characteristic n = 106) n=13) (n=107) Total (n = 326)
Age, median (IQR), y 27 (23-33) 28 (23-33) 28 (23-34) 27 (23-34)
Male, No. (%) 100 (94.3) 103 (91.2) 97 (90.7) 300 (92.0)
Enlisted rank, No. (%) 86 (81.1) 91 (80.5) 83 (77.6) 260 (77.6)
Race, No. (%)
White 89 (84.0) 87 (77.0) 93 (86.9) 269 (82.5)
Black 10 (9.4) 16 (14.2) 6 (5.6) 32(9.8)
Other 7 (6.6) 10 (8.8) 8 (7.5) 25 (77)
Service, No. (%)
Army 78 (73.6) 73 (64.6) 79 (73.8) 230 (73.8)
Navy 13 (12.3) 18 (15.9) 15 (14.0) 46 (14.1)
Marines 2(1.9) 2 (1.8) 3(2.8) 7(2.2)
Air Force 9(8.5) 17 (15.0) 7 (6.5) 33 (10.0)
Other 4(3.8) 3(2.7) 3(2.8) 10 (3.1)
Baseline clinical characteristics®
Maximum LLS in 24 hours (all cases), mean 6.3 (3.5) 6.3 (4.2) 6.3 (3.5) 6.3 (3.7)
(SD), No. of stools
Subjects with >24 hours of diarrhea pretreat- 46 (43.8) 53 (47.3) 48 (45.3) 147 (45.5)
ment, No. (%)
Maximum LLS in 24 hours (limited), mean 6.8 (3.9) 75 (5.0) 6.5 (3.4) 6.9 (4.2)
(SD), No. of stools®
Diarrhea duration, mean (SD), h 27 (22) 27 (21) 26 (19) 27 (21)
Vomiting, No. (%) 17 (16.2) 20 (17.9) 21 (19.8) 58 (18.0)
Fever, No. (%) 8 (7.6) 11 (9.8) 12 (11.3) 31(9.6)
Abdominal cramps, No. (%) 76 (72.4) 84 (75.0) 80 (75.5) 240 (74.3)
Fecal incontinence, No. (%) 14 (13.3) 13 (11.6) 14 (13.2) 41 (12.7)
Impact of illness on activity level/ability to
function in primary duty assignment, No. (%)
Normal 28 (26.7) 28 (25.0) 20 (18.9) 76 (23.5)
Decreased <50% 51 (48.6) 46 (41.1) 52 (49.1) 149 (46.1)
Decreased >50% 24 (22.9) 28 (25.0) 30 (28.3) 82 (25.4)
Complete inability to function 2 (1.9 10 (8.9) 4(3.8) 16 (5.0)

Abbreviations; IQR, interquartile range; LLS, loose or liquid stools; SD, standard deviation.
?Data missing for 3 subjects (1 from each treatment group).
PAnalysis limited to subjects with >24 hours of illness before presentation for treatment.
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Table 2. Number of Pathogens by Treatment Arm

Samples, No. (%)

No. of

Pathogens Azithromycin Levofloxacin Rifaximin All

0 43 (50.0) 33(33.7) 40 (44.0) 116 (42.3)
1 33 (38.4) 43 (44.3) 38 (42.2) 114 (41.6)
2 9(10.5) 20 (20.4) 10 (11.1) 39 (14.2)
3 1(1.2) 1(1.0) 2(2.2) 4 (1.5)
4 0 1(1.0) 0 1(0.4)

across enrollment sites were noted, with higher rates of iden-
tification in Djibouti (76.3%) and Honduras (61.9%) than in
Kenya (51.2%) or Afghanistan (47.7%) (data not shown).

Outcomes
For the primary outcome of clinical cure at 24 hours, the referent
levofloxacin arm was 81.4%, with comparator cure rates of 78.3%
and 74.8% in the azithromycin and rifaximin arms, respectively.
Azithromycin was found to be noninferior (P =.01) and nonsupe-
rior (P =>.99). Noninferiority to levofloxacin could not be shown
for rifaximin (P = .07). At 48 and 72 hours, azithromycin (both
P < .001) and rifaximin (both P = .003) were noninferior to lev-
ofloxacin (clinical cure rate, 90.8% at 48 and 96.0% at 72 hours).
Clinical failures were infrequent, occurring in 3 subjects (2.8%) for
azithromycin, 1 (0.9%) for levofloxacin, and 1 for (0.9%) rifaximin
(P = .46). Four (3.6%) subjects in the levofloxacin arm and 1 each
(0.9%) in the azithromycin and rifaximin arms had disease lasting
>72 hours (P = .36). For the median TLUS outcome (Figure 2),
there were no differences among treatment arms (azithromycin,
3.8 [interquartile range, 0-21.5] hours; levofloxacin, 6.4 [0-20.0]
hours; rifaximin, 5.6 [0-23.2] hours; P = .96).

There were no statistically significant differences between
treatment arms with respect to clinical outcomes when subjects

were stratified by baseline severity. However, 24-hour clinical
cure rates were lower and TLUS periods longer among those with
more severe baseline disease (Table 4). When the analysis was
limited to solo pathogen infections, rifaximin was significantly
less efficacious than azithromycin and levofloxacin against any
diarrheagenic E. coli infection, with clinical cure attained in 59.3%
of subjects at 24 hours, compared with 84.6% for azithromycin (P
=.04) and 86.7% for levofloxacin (P = .02) (Table 5). Treatment
effects were consistent for both ETEC and EAEC infections, and
TLUS outcomes were similar. When we evaluated differences in
efficacy by etiological agent inclusive of copathogen infections,
differences between treatment arms for diarrheagenic E. coli were
no longer apparent for primary or secondary clinical outcomes.
There were no observed differences in efficacy outcomes based
on the number of pathogens identified (data not shown).

Extended-Spectrum {3-Lactamase Carriage

Evaluation of baseline and posttreatment ESBL-PE identifica-
tion was limited to individuals from whom nonenteropatho-
genic E. coli isolates were isolated (Table 6). Data are reported
for all individuals with isolates collected before treatment and on
day 21. Baseline rates of ESBL-PE recovery were 5.1%, with rates
higher in the azithromycin (8.5%) arm and lower in the rifaxi-
min arm (1.4%). Among all individuals with isolates character-
ized at day 21, the overall rate of recovery was 9.7%, with similar
rates across each treatment arm. For subjects with paired sam-
ples, pretreatment rates were similar (2.5%-5.4%) and increased
at day 21 for all drug arms (7.5%-13.5%). Across all treatments,
recovery rates increased from 3.5% to 9.7% (P = .11), with no
differences between regimens. There were notable differences
in overall day 0 ESBL-PE rates, with Afghanistan having higher
rates than other enrollment sites. When analyses were limited to
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Figure 2. Comparative effectiveness of azithromycin (AZM), levofloxacin (LEV), and rifaximin (RIF) for treatment of travelers’ diarrhea (proportion remaining with diarrhea
after initiation of therapy). Abbreviations: IQR, interquartile range; SD, standard deviation; TLUS, time to last unformed stool.

2012 « CID 2017:65 (15 December) « Riddle et al



Table 3. Pathogen Types by Treatment Arm

Samples, No. (%)

Azithromycin

Levofloxacin

Rifaximin All

Solo Pathogen Multipathogen®  Solo Pathogen  Multipathogen®  Solo Pathogen  Multipathogen®  Solo Pathogen  Multipathogen?

Pathogen Type (n=33) (n=10) (n=43) (n=22) (n=38) (n=12) (n=114) (n = 44)
Campylobacter spp. 0 0 0 0 0 1(8.3) 0 1(2.3)

C. jejuni 0 0 0 1(4.6) 0 0 0 1(2.3)
Vibrio spp. 0 0 0 0 0 0 0 0
Shigella spp. 0 0 0 0 0 0 0 0

S. flexneri 0 0 0 0 0 0 0 0

S. sonnei 0 0 0 1(4.6) 0 0 0 1(2.3)

S. boydii 0 0 0 0 0 0 0 0

S. dysenteriae 0 0 0 0 0 0 0 0
Salmonella spp. 0 0 1(2.3) 0 0 0 1(0.9) 0
ETEC 7 (21.2) 8(80.0) 8(18.6) 10 (45.5) 13 (34.2) 6 (50.0) 28 (24.6) 24 (54.6)
EAEC 19 (57.6) 7 (70.0) 15 (34.9) 14 (63.6) 10 (26.3) 9(75.0) 44 (38.6) 30 (68.2)
EHEC 0 1(10.0) 0 3(13.6) 1(2.6) 2(16.7) 1(0.9) 6 (13.6)
EPEC 0 2 (20.0) 6 (14.0) 6 (27.3) 2 (56.3) 3(25.0) 8 (7.0) 11 (25.0)
EIEC 0 0 1(2.3) 2(9.1) 1(2.6) 1(8.3) 2(1.8) 3(6.8)
Cryptospordium 2(6.1) 0 0 0 2 (5.3) 1(8.3) 4 (3.5) 1(2.3)

parvum
Giardia lamblia 0 0 0 0 2 (5.3) 0 2(1.8) 0
Norovirus strain Gl 2(6.1) 1(10.0) 2(4.7) 3(13.6) 1(2.6) 0 5 (4.4) 4(9.1)
Norovirus strain Gll 1(3.0) 0 7 (16.3) 3(13.6) 5(13.2) 2(16.7) 13 (11.4) 5 (11.4)
Norovirus non-Gl/GlI 0 0 1(2.3) 0 0 0 1(0.9) 0

strains
Rotavirus 2 (6.1) 2(20.0) 2(4.7) 4(18.2) 1(2.6) 1(8.3) 5 (4.4) 7 (15.9)

Abbreviations: EAEC, enteroaggregative Escherichia coli; EHEC, enterohemorrhagic E. coli;

“Because fecal samples have >1 pathogen, the numbers add up to more than the total.

EIEC, enteroinvasive E. coli; EPEC, enteropathogenic E. coli; ETEC, enterotoxigenic E. coli.

individuals with paired stool samples and recovery of nonpatho-
genic E. coli, rates were found to increase across all arms for each
country. No differences were noted when treatment arms were
stratified by country (data not shown).

Safety and Tolerance

All treatment regimens were equivalently well tolerated, and no
serious adverse events occurred. Postdose nausea was reported
in 3.1% of subjects, without differences across treatment arm (P
= .44), and vomiting occurred in 2 subjects in the azithromy-
cin arm and 1 each in the levofloxacin and rifaximin arms (P =
.70). Self-reported rebound constipation symptoms occurred in
12.6% of subjects, with 4.3% reporting symptoms associated with
a formed stool without differences by treatment arm (Table 4).
Constipation most often happened within 24 hours of treatment
and was nontreatment emergent, self-resolved, and not associ-
ated in frequency or severity with the total number of loperamide
doses taken (data not shown). The blinding was broken in 2 sub-
jects involving cases of transient mild diplopia and nonanaphy-
lactic urticaria, both of whom had received levofloxacin.

DISCUSSION

Our findings complement existing studies demonstrating
effectiveness in rapid cure of single-dose, loperamide-adjuncted

antibiotic regimens [22]. Rapid resolution of symptoms and
clinical cure with combined therapy significantly reduces lost
time whether one is traveling for business, pleasure, or mili-
tary deployment. Although no placebo arm was included, the
median TLUS for each regimen (4-6 hours) compares favor-
ably to TLUS measures in historical placebo-controlled studies
(approximately 60 hours) and a single loperamide-only trial
(approximately 33 hours if failures with antibiotic rescue ther-
apy are included) [23-25]. Along with optimizing an individu-
al’s return to health, such rapid cure should also contribute to a
decreased risk of dehydration through cessation of fluid losses.
Reducing the need for multiple doses simplifies treatment
recommendations and should result in fewer negative conse-
quences associated with antibiotic use, including resistance
acquisition and dysbiosis.

Although prior studies have shown the effectiveness of sin-
gle-dose fluoroquinolone and azithromycin regimens, this
study represents the first demonstration of efficacy for sin-
gle-dose rifaximin as therapy for TD. Although noninferiority
relative to levofloxacin was not demonstrated, when the entirety
of the clinical results are examined, the findings suggest that
single-dose rifaximin (1650 mg) is a comparable alternative to
other first-line agents. Although caution should be taken with
comparing results across trials from different periods, countries,
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Table 4. Primary, Secondary, and Safety Outcomes

Outcome Azithromycin (n = 106) Levofloxacin (n = 113) Rifaximin (n = 107) Total (n = 326)
Overall clinical cure, No. (%)

24 h 83 (78.3) 92 (81.4) 80 (74.8) 255 (78.2)

48 h 96 (90.6) 101 (89.4) 99 (92.5) 296 (90.8)

72 h 100 (94.3) 108 (95.6) 105 (98.1) 313 (96.0)
No more LLS after treatment 28 (26.4) 36 (32.4) 32 (29.9) 96 (29.5)
Clinical cure at 24 h by tertile of LLS in past 8 h at pre-

sentation, No./total (%)

0-2 32/38 (84.2) 29/34 (85.3) 31/39 (79.5) 92/111 (79.5)

3-4 31/41 (75.6) 48/60 (80.0) 28/38 (73.7) 107/139 (77.0)

>5 20/27 (74.1) 15/19 (79.0) 21/30 (70.0) 56/76 (73.7)
Clinical cure at 24 h by self-reported function at presen-

tation, No./total (%)

No impact 24/28 (85.7) 24/28 (85.7) 17/20 (85.0) 65/76 (85.5)

<50% impact 41/51 (80.4) 39/46 (84.8) 43/562 (82.7) 123/149 (82.6)

>50% impact 17/24 (70.8) 24/28 (85.7) 17/30 (56.7) 58/82 (70.7)

Inability to function 0/2 5/10 (50.0) 2/4 (50.0) 7/16 (43.8)
TLUS by self-reported function at presentation, median

(IQR). h

No impact 3.5(0.1-10.7) 6.1 (0.0-20.1) 0.0 (0.0-9.2) 3.1 (0.0-12.0)

<50% impact 2.7 (0.0-20.5) 2.7 (0.0-15.0) 3.8 (0.0-15.9) 2.8 (0.0-176)

>50% impact 13.0 (2.6-23.8) 7.2 (0.0-18.9) 17.3 (4.3-276) 10.9 (1.3-24.1)

Inability to function 30.3 (26.8-33.8) 26.6 (11.0-49.3) 175 (3.9-38.1) 28.3 (8.2-45.0)
Postdose nausea or vomiting, No. (%)

Nausea 3(2.9) 2 (1.8) 5 (4.7) 10 (3.1)

Vomiting 2 (1.9 1(0.9 1(0.9) 4(1.2)

Nausea or vomiting 4(3.8) 2(1.8) 5(4.7) 11 (3.4)
Treatment failure 4(3.8) 5 (4.4) 2 (1.9) 11 (3.4)

Worsening or failure to improve® 3(2.8) 1(0.9) 1(0.9) 5(1.5)

Disease >72 h 1(0.9) 4(3.6) 1(0.9) 6(1.9)

Relapses after cure 0 0 0 0
Rebound constipation, No. (%)

Symptoms only 12 (11.3) 14 (12.3) 15 (14.0) 41 (12.6)

Symptoms concurrent with formed stool 5 (4.7) 2(1.8) 7 (6.5) 14 (4.3)
Adjunctive loperamide use after initial dose

Mean (SD) 1.5 (1.9) 1.7 (2.6) 1.9 (3.0 1.7 (2.5)

Median (IQR) 1(0-2) 1(0-2) 0 (0-3) 1(0-2)

Abbreviations: IQR, interquartile range; LLS, loose or liquid stools; SD, standard deviation; TLUS, time to last unformed stool.

“One subject in each group was missing self-reported function at presentation.
®Rescue therapy was initiated.

and populations, it seems that high-dose rifaximin combined
with loperamide has superior efficacy compared with multiday
dosing regimen (TLUS, approximately 27 hours for multiday
dosing regimen in an analysis of US students in Mexico [26]
vs 6 hours in the current study). A possible explanation may
involve increased luminal concentration and drug contact time
effects in high-dose regimens with loperamide.

Antibiotic treatment of TD and associated increased rates
of ESBL-PE has garnered concern about potential adverse
consequences for treating what is often considered a nonse-
rious, self-limited illness [13, 14]. Relative to previously pub-
lished studies, we found a lower post-TD recovery of ESBL-PE.
Similar to other observational studies, we found that antibiotic
treatment increases recovery of ESBL-PE 21 days after treat-
ment compared with baseline at a 2-3-fold rate. Furthermore,

the rates of ESBL-PE recovery (at acute illness) were lower than
one might anticipate for a population that had been living in
a developing world country for an average of 3 months before
their enrollment. A number of features of the current study dif-
fer from those in the published literature and could explain the
differences in results. First, the food and water on a US or UK
military base meets the standards of quality in the country of
origin. Service members who get an acute diarrheal illness are
usually exposed in similar means as the average traveler, through
eating a contaminated meal off base or other fecal-oral expo-
sures. One might therefore expect a baseline rate of ESBL-PE
analogous to that seen in the host country. Furthermore, ours
is the only study to report ESBL-PE recovery during acute
TD, which may have decreased the recovery of nonpathogenic
Enterobacteriaceae owing to competitive colonization by the
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Table 5. Primary and Secondary Clinical Outcomes by Pathogen and Treatment Arm

Cure at 24 h, No./Total (%)

TLUS, Median (IQR), h

Pathogen Azithromycin Levofloxacin Rifaximin Azithromycin Levofloxacin Rifaximin
No pathogens identified 35/43 (81.4) 26/33 (78.8) 33/40 (82.5) 3.8 (0.8-20.1) 6.6 (0.0-20.0) 2.3 (0.0-19.9)
Limited to solo pathogens
Any bacteria 22/26 (84.6) 27/31 (87.1) 16/27 (59.3) 2.8 (0.0-8.7) 6.8 (0.0-19.6) 11.1 (2.5-38.1)
Diarrheagenic Escherichia 22/26 (84.6) 26/30 (86.7) 16/27 (59.3) 2.8 (0.0-8.7) 5.8 (0.0-19.5) 11.1 (2.5-38.1)
coli
ETEC 6/7 (85.7) 7/8 (87.5) 8/13 (61.5) 2.9 (0.0-11.7) 3.4 (0.0-13.9) 9.0 (0.0-41.2)
EAEC 16/19 (84.2) 12/15 (80.0) 6/10 (60.0) 1.4 (0.0-8.7) 75 (0.0-20.7) 18.6 (5.3-31.5)
EHEC 0/0 0/0 0/1 29.7°
EPEC 0/0 6/6 (100) 1/2 (50.0) 3.4 (0.0-19.5) 24.9 (0.0-49.8)
EIEC 0/0 1/1 (100) 1/1 (100) 0* 3.0°
Campylobacter 0/0 0/0 0/0
Shigella 0/0 0/0 0/0 .
Salmonella 0/0 1/1 (100) 0/0 19.6°
Any parasite 2/2 (100) 0/0 2/4 (50.0) 0.9 (0.0-1.8) 29.0 (11.8-36.6)
Cryptosporidium parvum 2/2 (100) 0/0 0/2 0.9 (0.0-1.8) 36.6 (36.4-36.8)
Giardia lamblia 0/0 0/0 2/2 (100) 11.8 (1.9-21.7)
Any virus 3/5 (60.0) 9/12 (75.0) 6/7 (85.7) 23.8(0.9-275) 8.1 (1.3-28.5) 4.4 (0.0-7.3)
Norovirus 1/3 (33.3) 7/10 (70.0) 5/6 (83.3) 275 (23.8-59.5) 8.1 (1.3-34.8) 5.7 (0.0-7.3)
Rotavirus 2/2 (100) 2/2 (100) 1/1 (100) 0.5 (0.0-0.9) 11.8 (1.4-22.2) 0°
Including coinfections
Any bacteria 28/36 (77.8) 46/53 (86.8) 27/39 (69.2) 3.4 (0.0-21.3) 5.6 (0.0-19.5) 8.0 (0.0-29.7)
Diarrheagenic E. coli 28/36 (77.8) 45/52 (86.5) 27/39 (69.2) 3.4 (0.0-21.3) 5.1 (0.0-18.6) 8.0 (0.0-29.7)
ETEC 10/15 (66.7) 17/18 (94.4) 13/19 (68.4) 5.8 (0.2-275) 5.1 (0.0-9.9) 9.0 (0.0-41.2)
EAEC 20/26 (76.9) 25/29 (86.2) 14/19 (73.7) 2.8 (0.0-11.9) 7.2 (0.0-17.8) 11.9 (0.7-24.1)
EHEC 0/1 2/3 (66.7) 2/3 (66.7) 275% 3.6 (0.0-68.7) 18.9(0.0-29.7)
EPEC 1/2 (50.0) 11/12 (91.7) 4/5 (80.0) 35.0 (21.6-48.3) 5.2 (0.0-13.5) 0.0 (0.0-14.9)
EIEC 0/0 3/3 (100) 2/2 (100) 1.5 (0.0-22.5) 1.5(0.0-3.0)
Campylobacter 0/0 0/1 1/1 (100) 28.7° 07°
Shigella 0/0 1/1 (100) 0/0 157
Salmonella 0/0 1/1 (100) 0/0 19.6°
Any parasite 2/2 (100) 0/0 2/5 (40.0) 0.9 (0.0-1.8) 36.4 (21.7-36.8)
C. parvum 2/2 (100) 0/0 0/3 0.9 (0.0-1.8) 36.8 (36.4-82.5)
G. lamblia 0/0 0/0 2/2 (100) 11.8 (1.9-21.7)
Any virus 6/8 (75.0) 17/22 (77.3) 9/10 (90.0) 15.5 (0.5-25.7) 4.7 (0.0-22.5) 2.2 (0.0-70)
Norovirus 2/4 (50.0) 11/16 (68.8) 7/8 (87.5) 25.7 (22.7-43.5) 8.1 (0.6-42.0) 5.5 (0.0-7.2)
Rotavirus 4/4 (100) 6/6 (100) 2/2 (100) 0.5(0.0-5.2) 0.7 (0.0-2.6) 0?

Abbreviations: EAEC, enteroaggregative E. coli; EHEC, enterohemorrhagic E. coli; EIEC, enteroinvasive E. coli; EPEC, enteropathogenic E. coli; ETEC, enterotoxigenic E. coli; IQR, interquar
tile range; TLUS, time to last unformed stool.

°IQR not determinable owing to small sample size.

infectious pathogen overgrowth. The observed lower postinfec-
tive diarrhea rates need to be put in context with findings from
observational studies [14, 16].

In a study of in Finnish travelers to multiple geographic
regions, the incident colonization rate was 21% among those
without treatment, 20% for those who took only loperamide, 40%
among those who took only antibiotics, and 71% who took both
[14]. The overall rates of ESBL-PE colonization in the trial were
relatively low compared with those reported in a recent review
of observational studies, which found incident colonization rates
among returning travelers ranging between 21% and 51% [27].
Differences in collection and processing methods could account
for lower rates of ESBL-PE recovery in our study and preclude a

direct comparison. It is also possible that single-dose antibiotics
had a reduced effect on enhancing colonization with resistant
organisms compared with multidose regimens, which are still
commonly used [28]. Nevertheless, the attributable fraction of
single-dose antibiotic treatment for TD in contribution to multi-
drug-resistance acquisition needs to be put into appropriate per-
spective and balanced against the clear benefit of antibiotics for
use as empiric TD therapy, and it requires further study.
Postdose nausea and vomiting have been a concern with
high-dose azithromycin [11, 12]. In our study, there were 4
vomiting episodes (2 in the azithromycin arm). Although the
trend is toward azithromycin having increased gastrointestinal
intolerance at a 500-mg dose, these results should be interpreted
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Table 6. Extended-Spectrum 3-Lactamase-Producing Escherichia coli at
Presentation and 21 days After Therapy

Subjects Positive for ESBL-Producing E. coliTotal No.
(%)

Subjects and Timing  Azithromycin  Levofloxacin  Rifaximin Overall
All subjects
Day 0 6/71 (8.5) 4/74 (5.4)  1/72 (1.4)  11/217 (5.1)
Day 21 5/57 (8.8) 5/54 (9.3)  5/44 (11.4) 15/155 (9.7)
Subjects with
paired samples®
Day 0 1/40 (2.5) 2/37 (6.4)  1/37 (2.7) 4/114 (3.5)
Day 21 3/40 (7.5) 3/37 (8.1)  5/37(13.5) 11/114(9.6)

Abbreviation: ESBL, extended-spectrum f-lactamase.

“For analysis of subjects with paired samples, day 21 data represent incident cases only
(eg, excluding subjects who were positive for ESLB-producing E. coli on both day 0 and
day 21).

with caution given the high pill burden (6 large capsules) used
in this trial. Self-reported posttreatment constipation was iden-
tified, although it was transient, self-limited, and not associated
with a dose response, and it most often represented absence of
stooling after a treated bout of TD. Proper education on traveler
self-administration of loperamide and expectations of changes
in stool frequency remain important.

The lack of loperamide-only and standard rifaximin regimen
arms is a stated limitation and does not allow us to determine
whether alternatives might have been equivalently effective in this
trial. However, our study was specifically designed to assess sin-
gle-dose antibiotic therapy, given the potential importance of its
use in an operational military environment. In a study of students
in Mexico presenting with acute TD, rifaximin and loperamide
alone and in combination were compared [29]. Before treatment,
the mean duration of illness was approximately 25 hours, and the
median number of unformed stools was approximately 5 across
all arms. In comparison, our subjects had a mean illness duration
of 26.7 hours and a median of 7 unformed stools. The Mexico
study reported comparable clinical outcomes as a mean TLUS of
32.5 hours for rifaximin alone, 27.3 hours for rifaximin plus lop-
eramide, and 69.0 hours for the loperamide-only group. These
data suggest that our population tended to have more severe dis-
ease, yet clinical outcomes were better with high-dose rifaximin
combined with loperamide (mean TLUS, 14.9 hours overall and
12.5 hours in Honduras). It is possible that higher loading dose of
rifaximin improved clinical outcomes related to antibacterial and
nonbactericidal effects [30-33].

The generalizability of these results to nonmilitary travelers
is worth consideration. Military travelers differ from others in
that they are predominantly male, younger, and healthier; being
healthier could conceivably result in a more rapid response to a
given effective therapy. Nevertheless, travelers, whether military
or civilian, do share many commonalities, including exposure to
similar etiologic agents [34, 35] and exposures to contaminated
food and beverages that result in acute illness. Consistent with

the results of this trial, prior studies of combined loperamide
adjunctive therapies in nonmilitary travelers with single-dose
azithromycin and fluoroquinolones have demonstrated equiva-
lently rapid clinical cures [36, 37]. Finally, consistent with find-
ings of other trials and epidemiological studies, a substantial
proportion of etiological agents could not be identified using
our culture-based bacterial methods and PCR for viruses, and
these probably represent bacterial agents based on the response
to therapy. Future studies ought to consider implementation
of culture-independent testing methods to improve diagnostic
sensitivity, although issues in copathogen detection will con-
found attribution [38], and isolates for culture and sensitivity
remain important in cases of treatment failure.

Overall, our findings provide strong evidence that loper-
amide-adjuncted, single-dose antibiotic therapy for AWD
among travelers is safe and highly effective. Furthermore, these
results highlight rapid clinically relevant improvement of illness
and diarrheal symptoms associated with combination therapy.
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