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adding to deployment-related costs.  Given that the estimated daily cost of keeping a troop 4

member in a deployed setting is over $2,000, a cost-effective strategy for effective early 

treatment could significantly mitigate the impact of TD on military operations.  5

Current Management of Travelers’ Diarrhea
TD continues to be a major health concern in deploying troops and combat settings. To address 

these issues, evidence-based guidelines were published in 2017 for the treatment of TD.  5,6

These guidelines took a more functional approach to the grading of diarrhea severity and 
deviated from the traditional number of unformed stools passed in a 24-hour period. For 
example, an individual may have debilitating diarrhea due to symptoms such as fever and 
abdominal cramping but with few stools; however, on the other hand an individual may have 
frequent watery stools without many systemic or debilitating symptoms. By assessing the 
functional impact, diarrhea is more appropriately characterized as “mild (acute)” when the 
diarrhea is tolerable and not distressing and does not interfere with planned activities, “moderate 
(acute)” when the diarrhea is distressing or interferes with planned activities, “severe (acute)” 
when the diarrhea is incapacitating or completely prevents planned activities, or “persistent” 
when the diarrhea has lasted longer than 2 weeks. Under these definitions, recommendations for 
the treatment of diarrhea were based on the current literature and expert opinion and are the 
current, mainstream practice in the community. The updated TD clinical practice guidelines 
(CPGs) also emphasize the importance of antibiotic stewardship. Prior to this trial, there have 
been no civilian or military TD randomized controlled trials (RCTs) that have utilized restricted 
eligibility with all prior trials allowing for milder TD cases to be included. The experience that will 
be gained through the systematic application of the CPG recommendations will, in addition to the 
primary efficacy objective, provide critical information on implementation of the guidelines.

Based on the current guidelines, mild diarrhea that is tolerable and not distressing is usually 
treated symptomatically and without the use of antibiotics. Given that most diarrhea is self-
limiting, it is felt that if the symptoms are mild that good hydration and the occasional use of 
loperamide or bismuth subsalicyclates to control the symptoms should be sufficient and will avoid 
any potential adverse effects secondary to the use of antibiotics such as the development of 
resistant bacteria,  infection, or other more drug-specific side effects. Clostridium difficile
However, antibiotics are recommended for moderate or severe diarrhea where there is functional 
limitation on the individual's activities. Current DoD Deployment Health Guidelines-recommended 
treatments for acute watery diarrhea are azithromycin 500 mg orally as a single dose with 
loperamide as the , with levofloxacin 500 mg orally as a single dose with first-line agent

loperamide as an alternative agent (except in regions of the world where there is resistance).  5

Further support for single-dosed regimens with loperamide were published as the “Trial 
Evaluating Ambulatory Therapy of Travelers’ Diarrhea (TrEAT TD)” study. This trial looked at the 
treatment of acute watery diarrhea in the deployed setting with either single-dose azithromycin 

at 500 mg, levofloxacin 500 mg, or rifaximin 1650 mg, all paired with loperamide.  Rifaximin is a 7

rifamycin derivative that is mostly a gut luminal agent with very little systemic absorption and is 
currently FDA approved for the treatment of hepatic encephalopathy, irritable bowel syndrome 
without constipation, and TD. Given that 96.6% of the drug is excreted unchanged in the feces, 
it has very little systemic interaction with other drugs and has a very low side effect profile when 
used to treat travelers’ diarrhea. In addition, significant fecal concentrations of 8000µg/g are 
achieved in the stool after a three-day course of 800 mg per day, which may be prolonged with 

use of gut anti-motility agents.  Clinical cure measured by resolution of diarrhea and return to 14

daily activities at 24 hours was similar between the three arms and was achieved by 81.4%, 
78.3%, and 74.8% of participants receiving levofloxacin, azithromycin, and rifaximin, 
respectfully. Treatment failures were uncommon and were only 3.8%, 4.4%, and 1.9% for 
participants receiving levofloxacin, azithromycin, and rifaximin, respectfully. Although 
azithromycin was found non-inferior to levofloxacin, non-inferiority could not be shown for 
rifaximin at 24 hours but was equivalent at 48 and 72 hours with cure rates of 90.8% at 48 
hours and 96.0% at 72 hours. The use of high dose rifaximin as a single dose therapy was a 
proof of concept but was not intended to be the final dose regimen given the high cost. The 
TrEAT TD findings continue to support single-dose antibiotic therapy with loperamide. Given that 
this trial will limit eligibility to patients with functional impairment at time of initial clinic 
presentation, it is important to evaluate 24-hour cure rates (used as the primary outcome in the 
TrEAT TD study) in the subset with some limitation on activities due to diarrhea severity. There 
were approximately 25% of TrEAT TD participants who reported no impact on activity level
/function. Focusing on the two regimens being compared in the upcoming trial, azithromycin 24-
hour cure rate was 75.6% and rifaximin was similar at 72.4% in participants with functional 
impairment. As the eligibility criteria becomes more stringent with more severe TD cases the 
expectation for clinical recovery cannot reasonably be expected to be as short as 24-hours in a 
substantial proportion of participants. The primary endpoint to assess the non-inferiority of 
rifaximin compared against azithromycin will assess the time required to reach the last unformed 
stool that meets the diarrhea definition. Secondary outcomes will evaluate the resolution of non-
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our inability to adequately monitor levels in the field, participants who are currently taking any of 
these 3 medicines will be excluded from the study.

Interventional Groups & Study Drug Administration
Participants will be randomized to receive one of 2 regimens:

75 participants – single-dose rifaximin (550 mg) plus loperamide (4 mg); or

75 participants – single-dose azithromycin (500 mg) plus loperamide (4 mg) 

In addition to the study drugs detailed above, participants will be instructed to take 2 mg (1 
capsule/tablet) of loperamide after each loose stool (not to exceed 16 mg/day for 2 days). 
Participants will be provided 6 additional 2 mg capsules/tablets of loperamide at enrollment and 
directed to take them as described. Eight additional 2 mg capsules/tablets of loperamide will be 
provided to participants during the 24 hour follow up visit as needed.

Randomization & Blinding Procedures
Study drugs will be procured by a contract research organization for opaque packaging and 
labeling so the specific drugs cannot be ascertained to assure blinded treatment assignment. The 
following is the CRO Pharmacy product preparation (done similarly for azithromycin and 
rifaximin):

Preparation of Study Drugs per 4 capsules

A batch number will be assigned, batch labels will be prepared.
One Study Drug tablet (rifaximin 550 mg or azithromycin 500 mg) tablet and four empty 
capsule shells will be counted.
Empty DB capsules will be placed into ProFill capsule filling system to separate caps from 
the bodies of the capsules.
Each Study Drug tablet will be cut in approximately half using a tablet cutter. Each half 
tablet will be cut to approximately a quarter of a tablet using a tablet cutter.
Each ¼ of a tablet will be placed into an empty body of a capsule while it is in a Profill 
capsule filling system. Microcrystalline cellulose will be added to the body of the capsule 
containing ¼ of Study Drug tablet using spatula. 
Filled capsules will be taken out of the machine and cap will be placed on the body of a 
filled capsule by hand.
Caps and bodies will be locked together and the capsules will be cleaned.
Four capsules plus two 2 mg tablets of loperamide will be heat-sealed in a mylar bag and 
labeled with a study label including batch number, Study Number and Treatment Number 
as per the randomization schedule provided.
Steps 2-8 will be repeated for each Study Drug dose.
Production information will be documented on the Compound Form.

Allocation of treatment will be based on a blocked randomization by site. The individually 
packaged treatment packs will be labeled with the study identification number and Treatment 
Number as per the randomization schedule.

The randomization schedule and codes for both study arms will be provided by the IDCRP 
biostatistician for each treatment assignment. In the event of a medical emergency (such as 
serious medication-related allergic and/or adverse reaction or disenrollment due to hospitalizing 
participant due to disease progression) it may be necessary to break the double-blind code for 
that individual.

Each of the medicines is heat stable and can be maintained at room temperature during the 
study. Unused doses of the medication will be destroyed at the completion of the study.

Participants meeting the inclusion criteria will be assigned a sequential "Treatment Number" 
linked to a randomized treatment based on a block randomization. The study physician will 
dispense the study medication (labeled with the appropriate "Treatment Number") to the 
participant. A cup of water will be made available to the study participant to swallow the 
assigned study drugs. The participant will be observed for a 30-minute period to monitor for 
immediate adverse reactions.

Study Definitions

The primary endpoint is . Time to Last Unformed Stool (TLUS)
Time to Last Unformed Stool (TLUS) = calculated as the time from taking the first dose of study 
medication until passage of the last unformed stool that continues to meet the diarrhea definition 



(stated below). The TLUS requires a full ascertainment of the diarrhea episode in order to 
determine the last diarrheal stool that fell within a 24h block when the participant continued to 
meet the TD definition. 

TD definition – a participant meets the definition by either having 3 or more grade 3-5 stool in a 
24h period OR 2 grade 3-5 stools in 24 hours plus diarrhea-associated symptoms (listed below) 
in the same 24-hour block. To be clear, meeting the TD definition during follow-up is NOT the 
same as the eligibility criteria which also requires the participant to meet a level of severity 
limiting activities. TD definition in follow-up is used to determine the TLUS as the participant is 
clinically improving.
                                           
The stool characteristics are based on the following:
                             Grade 1: Fully formed (normal)      Grade 4: Opaque watery (diarrheal)
                             Grade 2: Soft (normal)                     Grade 5: Rice-water (diarrheal)
                             Grade 3: Thick liquid (diarrheal)     
Fever = oral temperature >100.4º F (38.1º C)
Dysentery = visualized gross blood in diarrheal stool (grade 3-5) confirmed by (+) hemoccult 
test 
Diarrhea-associated signs/symptoms = abdominal pain or cramps, nausea, vomiting, fever, 
tenesmus, and gross blood in stools temporally related to the diarrheal episode
Figure 1. Study flow diagram 
 

Enrollment
See sections on Recruitment and Consenting for specific details regarding those 
activities. Information about the participant’s past medical history, details of the current illness, 
and risk factors for diarrhea will be collected using a standardized questionnaire followed by 
having a standard physical exam performed. A stool specimen (if not already provided) and a 10 
mL sample of blood will be collected. Female participants will also be required to submit a urine 
sample for pregnancy testing. A portion of the collected stool sample will be smeared onto a 
Whatman® FTA® Elute Micro Card and put in a OMNIgene GUT tube by study staff at the clinical 
sites. If a site does not have the capacity to process and store stool and/or serum, the remaining 
stool will be discarded, and the serum will not be collected.

Participants will be randomized to a treatment and will be provided the single-dose antibiotic and 
initial dose of loperamide. Participants will be observed for 30-minute following antibiotic dose to 
assess for treatment related adverse reactions. Participants will be instructed on the use of 
additional loperamide for continued loose stool. The research staff will provide the participant 
with the study diary and will provide instruction for completion. Participants will also be directed 
by the research staff to return to clinic and/or contact the study investigator on site if illness is 
becoming more severe.

Clinical Monitoring
Participants will be asked to follow-up at 24 hours (+/- 6 hours), 72 hours (+/- 12 hours), and 7 
days (+/- 2 days) after enrollment to perform a clinical assessment (and may include an 
interview regarding symptoms associated with illness, a physical exam, collection of vital signs, 
and repeated pregnancy testing for females of childbearing potential where the principal 
investigator or designee is uncertain of the pregnancy status). Participants will be given diaries 
to complete daily. Information to be included on the diary includes time of loperamide usage, the 
number and form of all stools passed as well as the presence of enteric symptoms, disability, and 
global wellness assessments. The diary cards, which will act as memory aids, will be reviewed by 
the investigator with the participant during each follow-up clinic visit until wellness is achieved, 
for a minimum of 3 days. Additional follow-up at 21 days (- 7/+14 days) will be conducted to 
monitor changes in bowel flora. Use of concomitant medications and occurrence of adverse 
events will be assessed at all follow-up visits. Safety will be assessed at each clinic visit. The 
primary focus of safety assessment is in the first 3 days. In addition to the priority time period to 
monitor safety during the 3 days after antibiotic dose, safety assessments will also be done at 
the Day 7 and 21 study visits to assess for illness recurrence as well as capture any unsolicited 
new onset symptoms as well as concomitant prescription medications.

Virtual follow-up visits with self-collected sampling may be utilized if an in-person follow-up visit 
is not feasible within the study windows for the Day 7 or Day 21 visits. Participants with virtual 
follow-up for the Day 21 visit will be contacted by study staff for safety assessment and to 
capture any changes in concomitant medications.

Stopping Criteria



1.  

2.  

The following guidelines will be used to stop the study and trigger interim safety analysis, 
although any participant already administered study product will continue to be followed per 
protocol. The following stopping rules apply to events associated with treatment, when attributed 
to administration of antibiotics and/or loperamide by the investigators/safety review group.

The development of toxic megacolon or any serious adverse event which is considered a 
related outcome to the use of the antibiotic or combination treatments for TD
Participant develops a SUSAR which is considered a related or suspected to be related 
outcome to the use of the antibiotic or combination treatments for TD

24- and 72-hour follow-ups
The follow-up evaluations at 24 and 72 hours are designed to measure both disease progression
/resolution and potential drug toxicity. The clinical assessment at 24 hours will include a general 
medical assessment and a determination as to whether further therapy other than loperamide is 
necessary. If symptoms have improved or have not significantly worsened, participants will be 
advised to continue loperamide as prescribed, but no changes to the antibiotic treatment 
regimen will be made. If the patient’s symptoms have significantly worsened (e.g., development 
of fever, bloody stools, dehydration requiring intravenous repletion, change in clinical condition 
requiring hospital admission, or any other situation in which the study physician feels additional 
treatment modalities are needed), the participant may be put on a rescue therapy and/or 
treatment code may be broken, and the participant will be treated according to the clinician’s 
judgment. Participants will be asked to give an overall assessment of how well they are feeling 
from the diarrheal illness at the 24- and 72-hour follow-up visits. At the 24-hour follow-up visit, 
a standardized questionnaire will be completed by participants to assess existence of functional 
bowel disorders in the previous 3 months.

Participants’ daily diaries will be evaluated and collected after the 72-hour and Day 7 (if 
necessary) follow-ups.

It is anticipated that a minority of participants will fail treatment during the 72-hour clinical 
monitoring period when the primary endpoint for efficacy is being evaluated. In the event this 
occurs, the study physicians will first determine if the participant’s illness continues to require 
antibiotic treatment. Traveler’s diarrhea is a self-limited illness and, as emphasized in the 
eligibility determination, it is important to determine if antibiotics are still required. Oftentimes, 
the illness may not have resolved fully but additional antibiotics are not warranted because the 
illness now falls into the mild severity category and is not impacting the participant’s functional 
status. In contrast, if the participant’s illness is worsening or continues to impact functional 
capacity (as described in the eligibility determination) than antibiotic treatment is warranted. In 
these cases, the participant’s treatment assignment needs to be known (unblinding for only this 
specific participant) so the study physician can appropriately prescribe rescue therapy with a 
different antibiotic. These clinical failures are expected to occur and are not a basis for halting 
the study.

7-day follow-up
The Day 7 follow-up visit may be conducted as an in-person or virtual follow-up visit.

At an in-person 7-day follow-up visit, participants will be asked to provide a second stool 
specimen and a second 10 mL blood specimen. A portion of the collected stool sample will be 
smeared onto a Whatman® FTA® Elute Micro Card and placed in an OMNIgene GUT tube by 
study staff at the clinical sites. If a site does not have the capacity to process and store stool and
/or serum, the remaining stool will be discarded, and the serum will not be collected. Participants 
have a clinical assessment similar to those at the 24- and 72-hour follow-ups. Should a UK 
enrollee be returning to the UK after the 72-hour visit but prior to the Day 7 visit, he/she may be 
seen for the Day 7 follow-up in the UK.

For a virtual Day 7 visit, participants will self-collect a stool sample using the OMNIgene kit and a 
stool card as well as self-collect a 40 μL blood sample via finger prick using the Neoteryx Mitra® 
microsampling kit. The Mitra sample dries on the collection tip. Information regarding the Mitra 
collection kits is available at URL: https://www.neoteryx.com/home-blood-blood-

(last accessed: 26 May 2023). collection-kits-dried-capillary-blood 

21-day follow-up
The Day 21 follow-up visit may be conducted as an in-person or virtual follow-up visit.

For an in-person Day 21 visit, participants will return on Day 21 (up to day 35) to provide a stool 
specimen and a 10 mL blood specimen. A portion of the collected stool sample will be smeared 
onto a Whatman® FTA® Elute Micro Card and placed in a OMNIgene GUT tube by study staff at 
the clinical sites. If a site does not have the capacity to process and store stool and/or serum, 



the remaining stool will be discarded, and the serum will not be collected. If a US or UK enrollee 
returns to their home country prior to 21 days and can be followed up by study staff, a stool and 
blood specimen may be collected. 

For a virtual Day 21 visit, participants will self-collect a stool sample using the OMNIgene kit and 
a stool card as well as self-collect a 40 μL blood sample via finger prick using the Neoteryx 
Mitra® microsampling kit.

Efforts should be made to perform a virtual Day 21 visit if an in-person visit is not feasible. This 
visit is not required to be considered for the primary outcome determination but is important for 
the study’s secondary outcomes. If this visit is missed this will not constitute a protocol deviation.

Long-Term Follow-Up for Post-Infectious Functional Bowel Disorders
Participants will complete a baseline questionnaire regarding functional bowel disorders at the 24-
hour visit and will be contacted via email or text message to complete a follow-up questionnaire 
at 3 months post-enrollment. If a participant does not complete the questionnaire after the first 
contact attempt, 4 subsequent attempts will be made, 1 attempt every 2 weeks for up to two 
months. The questionnaire will assess for several types of functional bowel disorders using 
standardized questions and definitions.

Additionally, for US participants, the Military Health System Data Repository (MDR) will be 
queried to identify diagnoses of functional bowel disorders and joint-related conditions that may 
represent post-infectious sequelae up to one year after study enrollment. The UK military 
investigators will review the UK National Health System (NHS) electronic medical records for the 
UK MOD enrolled participants to assess for similar post-infection diagnoses as done for US 
military participants. 

Collection of the Human Biological Specimens
This study will prospectively collect blood and stool on Days 0, 7, and 21. Stool samples will be 
used for microbiological analysis to assess etiology of diarrhea as well as bacterial isolate 
antibiotic susceptibility. Serology will be utilized to attempt to determine seroconversion status 
for pathogens not identified during stool analysis. Specimens will be sent to the research labs for 
batched testing and are not used for clinical management. Allowance for analysis of exploratory 
laboratory objectives is included in a participant’s consent into the study. Residual samples and 
isolates will be preserved for future analysis (also included in the participant informed consent).

Fecal Sample Collection & Processing
All stool specimens (Days 0, 7, and 21) will be either collected in stool cups or using a toilet 
accessory (self-collected samples for virtual visits). Study staff will be trained for specimen 
collection and storage. Refrigeration equipment and specimen transportation logistics from 
clinical study site to the site-associated sample processing lab will be in place. Details on 
frequency and method of transport of specimens from clinical study site to processing lab will be 
detailed in the Laboratory Manual of Procedures (LMOP). The collection of all stool samples will 
be documented by one of the study staff. All specimens will be labeled with their unique 
participant ID number and specimen number. 

For in-person visits, one single stool sample will be collected in a plastic container. Portions of 
the specimen will be transferred into modified Cary-Blair transport medium or liquid (for bacterial 
determination) and the remainder of the stool sample in the initial plastic container will be 
divided into additional aliquots. Aliquots from residual stool specimens will be frozen at -70°C for 
real time PCR analysis for future testing. Required equipment at the clinical study site include a 
4°C refrigerator, -70°C freezer, surge protectors, and power backup modules to store stools 
samples while awaiting transportation to the site-associated clinical laboratory.

Whatman® FTA® Elute cards collected using Day 0 (Enrollment Visit), Day 7, and Day 21 stool 
samples will be temporarily stored and shipped to the Naval Medical Center Portsmouth (NMCP) 
for testing using PCR (using the TACC enteropathogen TD panel as well as screening panel for 
AMR genes as detailed below). 

OMNIgene GUT tubes collected using Day 0 (Enrollment Visit), Day 7, and Day 21 stool samples 
will be temporarily stored and shipped to the NMCP for long-term storage. Shipment for 
microbiome testing will be to the collaborators at Lawrence Livermore National Lan (LLNL). 
Additional storage and transportation details will be described in the LMOP.

Blood Specimen Collection
A 10 mL sample of blood will be collected for in-person visits on Days 0, 7 and 21. The samples 
will be collected in a red top tube and allowed to clot for 1 hour at room temperature. Samples 



will then be centrifuged at 1500 RPM for 15 minutes, the serum decanted, placed in freezer 
tubes and stored at –70°C until transported to an IDCRP specimen repository pending shipment 
to a lab for serologic and/or immune proteomic testing. 

For virtual visits (Day 7 and Day 21), a 40 μL self-collected blood sample will be collected using 
the Neoteryx Mitra® microsampling kit. The collected Mitra sample will either be returned to the 
site study staff for batch shipping to NMCP or shipped by the participant using a pre-paid mailer.

Pathogen Identification
The BioFire® FilmArray® Gastrointestinal (GI) Panel (Biomerieux) will be used as the initial 
diagnostic panel at clinical sites for bacterial, parasitic and viral enteropathogens. The BioFire® 
GI Panel is a FDA-cleared diagnostic that tests for 22 of the most common enteropathogens via 
real time PCR to include , , ,  the diarrheagenic , Salmonella Shigella Campylobacter Vibrio E.coli
norovirus, , , and .Giardia lamblia Entamoeba histolytica Cryptosporidium

All stool samples will be plated that test positive for a bacterial pathogen from stool sample 
collected on Day 0 on selective and differential media for enteric bacterial pathogen isolations. 
Single colonies exhibiting the proper characteristics on the various media will be further 
processed using an automated bacterial identification platform for biochemical identification and 
antibiotic susceptibility testing based on the LMOP. Five (5)  (non-O157:H7) isolates E. coli
identified will be evaluated for key virulence factors that are often associated with 
enterotoxigenic 5 (ETEC) and enteroaggregative 5 (EAEC) by multiplex PCR. 

Isolates that are identified as , ,  or  spp. will be further Salmonella Shigella Campylobacter Vibrio
characterized using monoclonal antibody-based enzyme immunoassays and/or by multiplex PCR. 
Antimicrobial testing will be performed on selected isolates. All identified bacterial isolates will be 
stored at -70°C in Tryptic Soy Broth (TSB) and 15% glycerol.

ESBL-producing Enterobacteriaceae will be detected using standard microbiological laboratory 
techniques. Both selective chromogenic agar and cefpodoxime disc diffusion testing will be used 
for faecal screening for detection of ESBL-producers. Any isolates identified by chromogenic agar 
and/or as being resistant to cefpodoxime will be subjected to ESBL confirmatory testing.

All suspected ESBL isolates will be stored at -70°C in TSB and 15% glycerol. Confirmatory testing 
will either be performed locally by rapid molecular testing or stored isolates will be analysed in 
the UK using combination disc testing or PCR.

Stool PCR Cards
The stool samples obtained from participants on Day 0, Day 7, and Day 21 will be smeared onto 
a Whatman® FTA® Elute Micro Card by study staff at the clinical sites for in-person visits or by 
the participant for virtual visits. Each stool card will be placed in a separate multi-barrier pouch 
and stored at room temperature. The stool cards will be mailed to the research laboratory at 
NMCP in batches or directly from participants using pre-paid mailers. 

The stool PCR assay was developed at the University of Virginia and NMCP, as part of the 
TRAVMIL (IDCRP-037) and TrEAT TD studies. Testing for the following pathogens will be 
conducted using the multiplex PCR assay on stool cards: astrovirus, adenovirus, rotavirus, 
norovirus, sapovirus, spp., spp., , Aeromonas Campylobacter Campylobacter jejuni Campylobacter

, , Yersinia enterocolitica, , coli Clostridium difficile Bacteroides fragilis Salmonella enterica (S 
, , spp., enteritidis, S paratyphi, S typhi and S typhimurium) Vibrio parahaemolyticus Shigella 

enteroinvasive (EIEC) shiga-toxin producing STEC) including Escherichia coli  Escherichia coli (
0157:H7, enteroaggregative (EAEC), enteropathogenic (EPEC), Escherichia Coli Escherichia coli 
ETEC (heat-labile toxin [LT], heat-stable toxin[ST], and colonization factors), Plesiomonas 

, , Cryptosporidium, , , shigelloides E. histolytica Cyclospora cayetanensis Cystoisospora belli Enceph
,  and . alitozoon intestinalis Enterocytozoon bieneusi Giardia lamblia

An additional stool PCR assay developed by the University of Virginia and modified by NMCP will 
test for acquisition of antimicrobial resistance genes (AMR). This TAC contains over 70 genes or 
mutations associated with antimicrobial resistance (i.e. genes for β-lactamase production, 
fluoroquinolone, macrolide, aminoglycoside, tetracycline, TMP/SMX resistance). The AMR TAC 
tests for the following AMR classes: carbepenemase (NDM, VIM, KPC, LAT, IMP,  SME, NMC, 
SPM), beta-lactamase (CTX-M, SHV, TEM, SFO, PER, VEB, OXA), ampC and other beta-
lactamases (ACT, CMY, ADC, DHA, LEN, MAL, PAO, OKP, OXY), aminoglycoside resistance (aac, 
aadA, aadB, aph, strA,strB, armA, ant(6),rmt), fluoroquinolone resistance (gyrA, parC) and 
macrolides (ere,erm, mph, msr, 23S2075G). Samples smeared on the Whatman® FTA® Elute 
Micro Card at Day 0 and Day 21 will be tested for AMR genes.

Proposed Methodology for Exploratory Objectives (contingent on future funding); 
specific details of testing methods may vary from what is described below



OMNIgene®•GUT 
OMNIgene®•GUT is an all-in-one system for easy self-collection and stabilization of microbial 
DNA from feces for gut microbiome profiling. It rapidly homogenizes and stabilizes at the point-
of-collection and has the ability to store stabilized DNA at ambient temperature for 60 days.

16s rRNA and/or Other Sequencing for Microbiome Evaluation (performed at LLNL)
For exploratory analysis, participants may have microbiome evaluation completed on available 
frozen stools or OMNIgene®•GUT samples from Day 0, 7 and 21 with stool samples separated 
into 5 mL aliquots in cryovials and stored at -80°C. Frozen stool aliquots from the selected 
participants will undergo DNA extraction using a Qiagen QIAmp DNA Stool minikit according to 
manufacturer’s instructions. Next-generation sequencing technology (Illumina HiSeq2500) will be 
used to sequence the V4 region of the 16S ribosomal RNA. In order to do this, a 286-base pair 
(bp) region will be amplified using F515 (Forward): GTGCCAGCMGCCGCGGTAA and R806 
(Reverse): GGACTACHVGGGTWTCTAAT primers. The primers are tagged at their 5’ end by 
unique 8 base pairs. PCRs will be conducted to amplify genomic material. The reactions will 
contain 5-100 ng DNA template, 0.5 μL KAPA DNA Polymerase (KAPA Biosystems), and 2 pmol of 
each primer. The reaction conditions will consist of an initial 95°C for 5 min followed by 30 cycles 
of 98°C for 20 sec, 65°C for 15 sec, and 72°C for 25 sec, and a final extension of 72°C for 5 min. 
Amplicons will be analyzed by gel electrophoresis and pooled prior to purification using the 
Qiagen kits according to manufacturers’ instructions. Sequencing libraries will be prepared by 
Illumina TruSeq DNA library prep kits per manufacturers’ instructions. Sequencing libraries will 
be quantified using qPCR using KAPA reagents (KAPA Biosystems) and sequencing data of 151 
bp paired ends (PE) will be generated on Illumina’s HiSeq 2500 instrument.

The human gut microbiome is comprised of a vast array of microbes including bacteria, fungi, 
archaea and viruses.  The composition and stability of the microbiome community has been 
associated with human health and disease, both chronic GI conditions such as IBD, as well as 
acute susceptibility to infectious diarrhoea.  The virome includes eukaryotic viruses and 
bacteriophage viruses, both emerging as influencers upon host health.  Identification of these 
viruses is still underway, we intend to test stool samples for both eukaryotic and bacteriophage 
viruses with the intention of advancing knowledge of these microbes, specifically in the 
geographical locations of military deployments.  By understanding the host virome on Operations 
we may be better prepared to preserve GI health and enhance Operational capability.

Upon collection fresh stool will be frozen, stored and shipped at -80 degrees.  Virus like particles 
(VLP) will undergo enrichment and the filtrates treated to degrade any unfiltered bacterial and 
host cell membranes. The VLPs will then be lysed and nucleic acid extracted.  VLP DNA will 
undergo amplification then sequencing on an Illumina MiSeq instrument.  They will then be 
assigned a taxonomy. Virome analysis will be coordinated and completed through the UK MOD 
collaboration.

Microbiome testing and antimicrobial resistance gene testing for exploratory endpoints
Metagenome shotgun sequencing may be performed on pre- and post-treatment stool specimens 
and stool cards, for bacterial taxonomic classification and to allow quantification of the 
abundance of antimicrobial resistance genes in pre- and post-treatment samples and assess 
quantitative changes in the relative abundance of antibiotic-resistant bacteria (resistome) over 
time. Taxonomic and functional profiling of gut microbial communities will be performed using 
bioinformatics. Comparisons of the resistome by nutraceutical arm, region of travel and incident 
diarrhea will be performed. We will also evaluate microbiome features in participants with and 
without TD and resistance gene acquisition to identify predictors of resistance against these 
endpoints.

Proteomic Profiling on Paired Sera and Enteropathogen Serology
Proteomic profiling of TD cases (using pre- and post-treatment sera) will facilitate identifying 
biomarkers associated with TD and Functional Bowel Disorder (FBD). Selected biomarkers will be 
chosen based upon evidence of their association with chronic sequelae of gastrointestinal 
infection or as a discriminatory marker for symptomatically similar disorders (i.e., celiac disease 
and inflammatory bowel disease). The biomarkers to be examined may include Anti-Tissue 
Transglutaminase (tTG), outer-membrane porin C marker (Omp-C), Cbir1 flagellin (CBir), E. coli 
Peri-nuclear Anti-Neutrophil Cytoplasmic Antibodies (pANCA), Anti-  Saccharomyces cerevisiae
antibody (ASCA), C-reactive protein (CRP), thyroid stimulating hormone (TSH), Interleukin 8 (IL-
8), Interleukin 10 (IL-10), and Interleukin 12. Time and resources permitting, additional 
markers, including immune and inflammatory markers (TNF-alpha, IL-1, IL-2, IL-6, IL-17, IL-18, 
IL-4, IL-5, IL-13, IL-33, CDT, and IFN-gamma), may be evaluated for their potential in 
distinguishing between the study subgroups. All biomarker concentrations will be determined by 
regression analysis using a standard curve. Wilcoxon sign rank will be utilized compare each 
treatment arm of cytokine and microbiome-directed antibody levels between pre and post sera, 
and a post-hoc Tukey’s test for pairwise comparison for each treatment arm.



























Camp Lemonnier is a US Navy Expeditionary Base located in Djibouti, on the Horn of Africa. The base 
has a population of 3,200 both active duty and contractors. Camp Lemonnier serves as AFRICOM’s 
only fixed military base. Naval Medical Research Unit-EURAFCENT (NAMRU-EURAFCENT) has 
provided support for Camp Lemonnier by providing diarrheal surveillance. The Expeditionary Medical 
Facility (EMF) clinic is fully staffed by US Navy military personnel and is always open for sick call 
and emergencies for US forces. For study purposes, a container working unit (CWU) was built initially 
in support of the Treat TD trial and is still in use by NAMRU-EURAFCENT staff. The CWU resides 
next to the EMF. The CWU will be staffed by a rotation of credentialed providers. 

Exercise Balikatan is the largest annual bilateral training exercise conducted between the U.S. and the 
Philippines. The three-week exercise is held at locations throughout the Philippines and consists of 
approximately 10,000 U.S. service members. A team of active-duty study credentialed providers will be 
deployed to staff and recruit at the Fort Magsaysay Role 2E medical facility which has a catchment area of 
approximately 2,000 U.S. service member during Exercise Balikatan.

Patients at all sites will be assessed by a study clinician to assure that they are hemodynamically stable, 
in no distress, and meet the definition of diarrhea. Through clinical interview with the patient, the 
clinician will utilize the flow diagram below to determine whether the patient’s illness impacts their 
activity/ability to function, thereby meeting the guidelines regarding use of antibiotics for treatment.

Figure. Recruitment Decision Tree



 

If the patient’s illness meets one of the “Recruit for trial” categories, the study clinician will introduce 
the study to the patient. If the patient is interested in the study, the study clinician or clinical trial 
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the target disease of interest, acute watery diarrhea, for which the trial is assessing treatment except 

for incidents of nausea or vomiting that occur during the 30-minute observation period following 

antibiotic administration.

Adverse Reaction (AR)

An adverse event that is caused by an investigational agent (drug or biologic).

Suspected Adverse Reaction (SAR)

An adverse event for which there is a reasonable possibility that the investigational agent caused the 

adverse event. ‘Reasonable possibility’ means that there is evidence to suggest a causal relationship 

between the drug and the adverse event. A suspected adverse reaction implies a lesser degree of 

certainty about causality than adverse reaction which implies a high degree of certainty.

Serious Adverse Event (SAE)

A Serious Adverse Event is an AE that results in one or more of the following outcomes:

death
a life threatening (i.e., an immediate threat to life) event
an inpatient hospitalization or prolongation of an existing hospitalization
a persistent or significant incapacity or substantial disruption of the ability to conduct normal 
life functions
a congenital anomaly/birth defect
a medically important event*

* Medical and scientific judgment should be exercised in deciding whether expedited reporting is 

appropriate in other situations, such as important medical events that may not be immediately life 

threatening or result in death or hospitalization but they may jeopardize the participant or may require 

intervention to prevent one of the other outcomes listed above.

Unexpected Adverse Event

An AE is unexpected if it is not listed in the Investigator’s Brochure or Package Insert (for marketed 

products) or is not listed at the specificity or severity that has been observed. It is the responsibility of 

the investigator to make this determination.

Serious Unexpected Suspected Adverse Reaction (SUSAR)

A SUSAR is a Suspected Adverse Reaction that is both Serious and Unexpected. The PI must report 

all SUSAR, regardless of expectedness, that are related to the research to the IRB within 48 hours of 

awareness.

Unanticipated Problem (UP)

An Unanticipated Problem is any event, incident, experience, or outcome that is

unexpected in terms of nature, severity, or frequency in relation to
the research risks that are described in the IRB-approved research protocol and 
informed consent document or other study documents; and
the characteristics of the participant population being studied; and

possibly, probably, or definitely related to participation in the research; and
places participants or others at a greater risk of harm (including physical, psychological, 
economic, or social harm) than was previously known or recognized.                 

Unanticipated problem that is not an Adverse Event (UP non-AE)

A UP that does not fit the definition of an AE, but which may, in the opinion of the investigator, involve 

risk to the participant, affect others in the research study, or significantly impact the integrity of 

research data. Examples include occurrences of breaches of confidentiality, accidental destruction of 

study records, and unaccounted-for study drug.

Adverse event grading (Severity): All AEs will be assigned severity by the Investigator at the time of 

evaluation according to the scale as follows:



1.  
2.  
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– Normal; No adverse event
– Mild; Easily tolerated and does not interfere with normal daily activities 
– Moderate; Causes some interference with normal daily activities
– Severe; Prevents normal daily activities

Relationship (Causality): All AEs will be assigned a relationship to the study investigational product by 

the Investigator at the time of AE assessment according to the following criteria:

 meaning either:Unrelated

Not Related

Does not follow a reasonable temporal sequence from administration of the treatment 
medications
Does not follow a known response pattern to the antibiotic or loperamide
Can be explained by the known characteristics of the participant’s clinical state or other modes 
of therapy administered to the participant

Unlikely Related

May or may not follow a reasonable temporal sequence from administration of the treatment 
medications
Does not follow a known response pattern to the antibiotic or loperamide
Can be explained by the known characteristics of the participant’s clinical state or other modes 
of therapy administered to the participant

 meaning either:Related

Possibly Related

Follows a reasonable temporal sequence from administration of the treatment product
May follow a known response pattern to the treatment product
May also be reasonably explained by the participant’s clinical state or other modes of therapy 
administered to the participant 

Probably Related

Follows a reasonable temporal sequence from administration of the treatment product
May follow a known response pattern to the treatment product
Could not be reasonably explained by the known characteristics of the participant’s clinical 
state or other modes of therapy administered to the participant, if applicable

Definitely Related

Follows a reasonable temporal sequence from administration of the treatment product
Follows a known response pattern to the treatment product
Could not be reasonably explained by the known characteristics of the participant’s clinical 
state or other modes of therapy administered to the participant, if applicable

The following common symptoms associated directly with diarrheal illness and not with participating in 

the study, will not be considered or reported as adverse events: abdominal cramping, nausea, fever, 

vomiting, excessive gas, urgency to empty bowel, and malaise/fatigue. Participants will be able to 

indicate severity for these symptoms experienced in their diary according to the scale above. This 

participant-assessed severity will be discussed and confirmed by the Investigator at the next diary 

review (clinic visit).

Documentation and Reporting
Investigators will solicit and record AEs that are at least possibly related to the study medication with 

moderate or greater severity.

















CBir Cbir1 flagellin

CLDJ

CMT

Camp Lemonnier, Djibouti

Combat Medical Technician

CPG TD clinical practice guidelines

CRADA Cooperative Research and Development Agreement

CRC Clinical Research Coordinator

CRF Case Report Form

CRP C-reactive Protein

CWU container working unit

DCC Data Coordination Center 

DHA Defense Health Agency

DoD Department of Defense

DSA Data Sharing Agreement

DSMB Data Safety Monitoring Board

EAEC enteroaggregative Escherichia Coli

EIEC enteroinvasive Escherichia coli

ELISA Enzyme-linked Immunosorbent Assay

EMF Expeditionary Medical Facility

EPEC enteropathogenic Escherichia coli

ESBL Extended-spectrum beta-lactamase

ESBL-PE Extended-spectrum beta-lactamase-producing Enterobacteriaceae 

ETEC Enterotoxigenic Escherichia Coli

FBD Functional Bowel Disorder

FDA Food and Drug Administration

FGID Functional Gastrointestinal Disorders

GI gastrointestinal

HE Hepatic encephalopathy

HIPAA Health Insurance Portability and Accountability Act

HRPO Human Research Protections Official

IBS Irritable bowel syndrome

ID Identification Number

IDCRP Infectious Disease Clinical Research Program 

IL Interleukin

INR international normalized ratio

IRB Institutional Review Board

LLNL Lawrence Livermore National Laboratory

LMOP Laboratory Manual of Procedures

LT heat-labile toxin

MDR Military Health System Data Repository

MODREC Ministry of Defence Research Ethics Committee

NAMRU Naval Medical Research Unit

NHS UK National Health System

NMCP Naval Medical Center Portsmouth

NMRC Naval Medical Research Center

Omp-C E. coli outer-membrane porin C marker

pANCA Peri-nuclear Anti-Neutrophil Cytoplasmic Antibodies

PCR Polymerase Chain Reaction



PE Paired Ends

PI Principal Investigator

PP Per-Protocol Analysis

QA Quality Assurance

QC Quality Control

RCT randomized controlled trial

REDCap Research Electronic Data Capture

SAE Serious Adverse Event

SAP Statistical Analysis Plan

SAR Suspected Adverse Reaction

SIBO small intestinal bowel overgrowth

SOMAmers Slow Off-rate Modified Aptamers

SOP Standard Operating Procedure

ST heat-stable toxin

STEC shiga-toxin producing Escherichia coli

SUSAR Serious Unexpected Suspected Adverse Reaction

TAC TaqMan Array Card

TD Travelers’ diarrhea

TID times daily

TLUS Time to Last Unformed Stool

TrEAT TD Trial Evaluating Ambulatory Therapy of Travelers’ Diarrhea

TSH Thyroid Stimulating Hormone

tTg Anti-Tissue Transglutaminase

UK United Kingdom

UP Unanticipated Problem

UP non-AE Unanticipated problem that is not an Adverse Event

US United States

USC United States Code

USU Uniformed Services University of the Health Sciences


