Send Orders for Reprints to reprints@benthamscience.net

Recent Patents on Inflammation & Allergy Drug Discovery 2019, 13, 38-48

REVIEW ARTICLE

Inflammation
& Allergy
Drug Discovery

Travelers’ Diarrhea: A Clinical Review

Alexander K.C. Leung"’, Amy A.M. Leung’, Alex H.C. Wong® and Kam L. Hon"

"Department of Pediatrics, The University of Calgary, Alberta Children’s Hospital, Calgary, Alberta, Canada;
’Department of Family Medicine, The University of Alberta, Edmonton, Alberta, Canada; *Department of Family Medi-
cine, The University of Calgary, Calgary, Alberta, Canada; *Department of Paediatrics, The Chinese University of
Hong Kong, Shatin, Hong Kong

Abstract: Background: Travelers’ diarrhea is the most common travel-related malady. It affects mil-
lions of international travelers to developing countries annually and can significantly disrupt travel
plans.

Objective: To provide an update on the evaluation, diagnosis, treatment, and prevention of traveler’s
diarrhea.

Methods: A PubMed search was completed in Clinical Queries using the key term “traveler’s diarrhea”.
The search strategy included meta-analyses, randomized controlled trials, clinical trials, observational
studies, and reviews. The search was restricted to English literature. Patents were searched using the
key term “traveler’s diarrhea” from www.freepatentsonline.com.

Results: Between 10% and 40% of travelers develop diarrhea. The attack rate is highest for travelers
ARTICLE HISTORY  from a developed country who visit a developing country. Children are at particular risk. Travelers’

diarrhea is usually acquired through ingestion of food and water contaminated by feces. Most cases are
Received: November 22,2018 due to a bacterial pathogen, commonly, Escherichia coli, and occur within the first few days after arri-
iz‘c';ct‘:f&':yﬂod’zf(;?g val in a foreign country. Dehydration is the most common complication. Pretravel education on hygiene
ol and on the safe selection of food items is important in minimizing episodes. For mild travelers’ diar-
10.2174/1872213x1366619051410505«  Thea, the use of antibiotic is not recommended. The use of bismuth subsalicylate or loperamide may be
considered. For moderate travelers’ diarrhea, antibiotics such as fluoroquinolones, azithromycin, and
@ CrossMark rifaximin may be used. Loperamide may be considered as monotherapy or adjunctive therapy. For se-
vere travelers’ diarrhea, antibiotics such as azithromycin, fluoroquinolones, and rifaximin should be
used. Azithromycin can be used even for the treatment of dysentery whereas fluoroquinolones and ri-
faximin cannot be used for such purpose. Recent patents related to the management of travelers’ diar-
rhea are discussed.

Conclusion: Although travelers’ diarrhea is usually self-limited, many travelers prefer expedient relief
of diarrhea, especially when they are traveling for extended periods by air or ground. Judicious use of
an antimotility agent and antimicrobial therapy reduces the duration and severity of diarrhea.
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1. INTRODUCTION travelers’ diarrhea is defined as a > 2-fold increase in the
frequency of unformed stools rather than> 3 unformed
stools per 24 hours, with other aforementioned conditions
applied [1, 4]. Travelers’ diarrhea is the most common
travel-related malady. It affects millions of individuals trav-
eling to developing countries annually and can disrupt travel
plans, ruining a holiday not only for the patient but for the
entire family. During prolonged ground or air transportation,
diarrhea may incapacitate the traveler [5]. Anticipatory guid-

Travelers’ diarrhea is generally defined as the passage of
> 3 unformed stools per 24 hours plus at least one additional
symptom (such as nausea, vomiting, abdominal cramps, fe-
ver, blood/mucus in the stools, or fecal urgency) that develop
while abroad or within 10 days of returning from any re-
source-limited destinations [1-3]. In the pediatric age group,
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incidence and severity of travelers’ diarrhea. Due to the
popularity of international travels, the incidence of travelers’
diarrhea is increasing [1]. Clinicians have to be knowledge-
able in the recognition and management of this condition.
This paper provides an update on the epidemiology, etiology,
clinical manifestations, complications, diagnosis, manage-
ment, and prevention of travelers’ diarrhea. Recent patents
related to the management of travelers’ diarrhea are also dis-
cussed.

2. METHODS

A PubMed search was completed in Clinical Queries
using the key term “traveler’s diarrhea”. The search strategy
included meta-analyses, randomized controlled trials, clinical
trials, observational studies, and reviews. The search was
restricted to English literature. Patents were searched using
the key term “traveler’s diarrhea” from
www.freepatentsonline.com.

3. DEFINITIONS

The expert panel of the International Society of Travel
Medicine uses the following functional impact to define the
severity of travelers’ diarrhea [6].

Mild (acute) diarrhea is tolerable, not distressing, and
does not interfere with planned activities. Moderate (acute)
diarrhea is distressing or interferes with planned activities.
Severe (acute) diarrhea is incapacitating or completely pre-
vents planned activities. All dysentery (passage of grossly
bloody stools) is considered severe.

The expert panel defines persistent diarrhea as diarrhea that
lasts for > 14 days [6]. Conventionally, chronic diarrhea is
defined as diarrhea that lasts for > 1 month [4].

4. EPIDEMIOLOGY

Overall, travelers’ diarrhea affects 10 to 40% of travelers
[1, 2, 7, 8]. The incidence varies according to the traveler’s
destination of travel and country of origin, the duration of
exposure, and the season of travel [1, 2, 7, 8]. The sex ratio
is approximately equal [9, 10]. There is a genetic predisposi-
tion to the development of travelers’ diarrhea [11]. More
than one episode of diarrhea might develop within a single
trip.

The incidence is highest in destinations where hygienic
practices and sanitation are poor, particularly in those re-
gions with warmer climates [2, 9]. High-risk destinations
(incidence rate of travelers’ diarrhea > 20%) include Africa
(with the exception of South Africa), South and Central
America, South and Southeast Asia, Mexico, Haiti, and the
Dominican Republic [2, 12]. Intermediate-risk destinations
(incidence rate of travelers’ diarrhea 8 to < 20%) include
Southern and Eastern Europe, Central and East Asia (includ-
ing China and Russia), the Middle East (including Israel),
South Africa, and Caribbean Islands [2]. Low-risk destina-
tions (incidence rate of travelers’ diarrhea < 8%) include
North America, Northern and Western Europe, Australia,
New Zealand, Singapore, and Japan. The risk of acquiring
travelers’ diarrhea is highest for travelers from a developed
country who visit a developing country [2, 4, 5, 13]. In con-
trast, the risk is lower for travelers from a developing coun-
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try who visit another developing country, possibly because
of previous exposure and subsequent immunity to the of-
fending pathogens [4]. The incidence is lower in winter
months and higher in summer months in the same tourist
destinations [2, 3, 9, 14].

Travelers’ diarrhea is usually acquired by the fecal-oral
transmission of the causative pathogen, typically through
ingestion of food or water contaminated by feces. Occasion-
ally, travelers’ diarrhea may be acquired by handling con-
taminated objects or from accidental swallowing of contami-
nated water from swimming pools and other recreational
water sources [5]. Insects particularly flies are important
vectors for some foodborne enteric pathogens.

Children, especially the young ones, are at higher risk
because of their natural curiosity and propensity to indis-
criminately touch multiple objects and to put objects into
their mouths. Furthermore, they are less selective in the type
and source of food they consume, less likely to receive
pretravel medical advice, and less likely to constantly adhere
to the recommended hygiene measures [1, 4, 7].

Other risk factors include gastric hypochlorhydria, use of
antacids (especially proton pump inhibitors), pre-existing
medical conditions (e.g., inflammatory bowel disease, diabe-
tes mellitus, chronic renal failure, immunodeficiency) and
adventurous eating habits [3-5, 9, 15]. Generally, campers
and backpackers are also at higher risk than those who stay
in hotels, possibly reflecting different standards of hygiene
[3,9].

5. ETIOLOGY

Generally, pathogens can be identified in approximately
85% of cases [4]. Bacteria account for up to 90% of identi-
fied pathogens for travelers’ diarrhea [16]. Escherichia coli,
especially Enterotoxigenic E. coli (ETEC), is the most com-
mon pathogen worldwide. ETEC is responsible for 30 to
60% of all cases of travelers’ diarrhea and is a significant
cause of childhood morbidity and mortality in the developing
world, especially in Africa and Lain America [1]. Other bac-
terial pathogens include Enteroaggregative E. coli (EAEC),
Enteroinvasive E. coli (EIEC), Diffusely Adherent E. coli
(DAEC), Salmonella spp, Shigella spp, Campylobacter spp,
and Yersinia enterocolitica [2, 4, 17-19]. Less common bac-
terial pathogens include Plesiomonas shigelloides, Aero-
monas hydrophilia, Bacteroides fragilis, Arcobacter spp,
Clostridium difficile, Vibrio cholerae, and Vibrio para-
haemolyticus [7, 20-22]. Travelers taking medications for
prophylaxis of malaria or antibiotics might develop diarrhea
due to Clostridium difficile [2]. Infection with Vibrio species
is often associated with ingestion of partially cooked or raw
seafood [4].

Viral pathogens such as norovirus, rotavirus, astrovirus,
and enteric adenovirus may be responsible for up to 10% of
cases of travelers’diarrhea [17, 21, 23, 24].

Protozoal parasites such as Giardia lamblia (also known
as Giardia intestinalis), Entamoeba histolytica, Cyclospora
cayetanensis, Dientamoeba fragilis, Cystoisospora belli
(also known as Isospora belli), Cryptosporidium parvum,
and Microsporidium spp are less common causes; however,
they are increasing in importance when the diarrhea lasts for
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> two weeks [2, 4, 7, 25, 26]. Recently, Yoshikawa et al.
identified Ancylostoma ceylanicum as a novel etiological
agent for travelers’ diarrhea [27]. The authors reported four
Japanese patients who visited Southeast Asia and Papua
Guinea and developed travelers’ diarrhea secondary to Ancy-
lostoma ceylanicum infection.

6. PATHOPHYSIOLOGY

Travelers’ diarrhea may be caused by increased secretion
and/or decreased absorption of fluid and electrolytes across
the intestinal epithelium. Pathogens that can lead to secretory
diarrhea include, ETEC, Vibrio cholera and rotavirus [9, 23,
28]. Infection by these pathogens leads to the secretion of
neurotransmitters (e.g., 5-hydroxytryptamine) from en-
teroendocrine cells and activation of afferent neurons that
stimulate submucosal secretomotor neurons resulting in an
outpouring of electrolytes and fluid into the intestinal lumen
[8]. Activation of adenylate cyclase and elevation of intracel-
lular cAMP in the enterocytes mediated by the bacterial tox-
ins may account for the pathogenesis of secretory diarrhea
[29]. The majority of cholera is caused by the cholera toxin-
producing V. cholerae strains of 01 and 0139 serogroups [29,
30]. ETEC can produce a heat-labile enterotoxin (LT), a
heat-stable enterotoxin (ST), or both enterotoxins (LT/ST)
[21, 31]. Approximately two-thirds of ETEC produce LT,
which is functionally and structurally similar to cholera
toxin. The enterotoxins produced by ETEC are responsible
for ETEC’s virulence [31]. Other virulence factors include
adhesion properties and colonization factors [31].

Impaired absorption of fluid and electrolytes with resul-
tant diarrhea may result from the direct invasion of the intes-
tinal mucosa or the destruction of enterocytes by the cyto-
lytic toxins released by the pathogens [15]. Examples of
these pathogens include Sal/monella spp, Shigella spp, Cam-
pylobacter spp, Yersinia enterocolitica, and ETEC [32, 33].

7. CLINICAL MANIFESTATIONS

The majority of the diarrheal episodes develop during the
first few days of exposure after arrival in a foreign country,
with > 90% of the diarrheal episodes developing within the
first two weeks of exposure [25]. The majority of bacterial
and viral causative pathogens have an incubation period of
< 24 hours. The incubation period for Campylobacter jejuni
is longer at 3 to 10 days [4]. On the other hand, the incuba-
tion periods of Giardia lamblia and Entamoeba histolytica
are 3 to 25 days and 2 to 4 weeks, respectively [4].

The diarrhea is watery in approximately 86% of cases;
however, it can also be loose, mucousy or bloody [1, 34].
Approximately 3% of patients have > 10 unformed stools per
24 hours [7, 34]. Most patients have 3 to 5 unformed stools
per 24 hours [34]. Other symptoms include fecal urgency in
90 to 100%, tenesmus in 71 to 80%, colicky abdominal
pain/abdominal discomfort in 40 to 77%, nausea in 10 to
70%, malaise in 50 to 58%, fever in 10 to 30%, vomiting in
5 to 20%, mucoid stools in 3 to 10%, and bloody stools in 2
to 10% of cases [4, 34]. Symptoms vary according to the
causative pathogen. Characteristically, ETEC present mainly
with watery diarrhea without bloody stools or fever [4].
Yersinia enterocolitica, C. jejuni, and Shigella dysenteriae,
on the other hand, often cause dysentery-like diarrhea, with
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bloody stools, fever, fecal urgency, and abdominal cramps
[4, 25]. Vomiting is characteristic of Norwalk virus and Ro-
tavirus infection [23]. Profuse watery diarrhea is characteris-
tically seen in Vibrio cholerae, Cyclospora cayetanensis, and
Cryptosporidium parvum infection [34]. Upper gastrointesti-
nal symptoms such as nausea, bloating, belching, vomiting,
and abdominal pain are typically seen in patients with giardi-
asis [25, 34].

8. DIAGNOSIS AND LABORATORY INVESTIGA-
TIONS

The diagnosis is mainly clinical based on the history of
passage of > 3 unformed stools per 24 hours, plus at least
one additional symptom (such as nausea, vomiting, abdomi-
nal cramps, fever, blood/mucus in the stools, or fecal ur-
gency) that develops while abroad or within 10 days of re-
turning from travel to a resource-limited setting [1, 3, 34].
Laboratory evaluation is generally unnecessary unless the
patient appears toxic, has a high fever, is hospitalized, devel-
ops bloody, mucoid, or cholera-like diarrhea has severe ab-
dominal cramps, is immunocompromised, has a significant
underlying medical condition, or has persistent diarrhea not
responding to empiric therapy [6, 7, 15]. If that is the case, a
fresh stool sample should be sent for culture. Freshly passed
stool samples should be collected on three different days and
sent for microscopic examination for ova, cysts, and para-
sites. The likelihood that protozoal pathogens such as
Giardia lamblia, Entamoeba histolytica, or Cryptosporidium
parvum rather than a bacterium will be isolated from a stool
specimen increases with the duration of diarrhea [6]. An as-
say for C. difficile toxin should be ordered if the patient has a
history of antimicrobial therapy within the month preceding
the onset of diarrhea. A real-time multiplex Polymerase
Chain Reaction (PCR) has been developed for rapid identifi-
cation of a broad array of pathogens in a single assay to de-
fine the cause of travelers’ diarrhea with high sensitivity and
specificity [7, 21, 35, 36]. However, multiplex PCR testing is
expensive and not widely available. In addition, multiplex
PCR testing cannot distinguish between viable and non-
viable pathogens, may detect microorganisms that may not
be the cause of diarrhea, and does not provide antibacterial
susceptibility [36-38]. As such, good clinical judgement
must be exercised. The use of multiplex PCR should be con-
sidered for patients hospitalized with travelers’ diarrhea
when rapid results are desirable and those with persistent
diarrhea when non-molecular tests have failed to establish a
diagnosis [6, 21].

9. COMPLICATIONS

Dehydration with or without electrolyte imbalance is the
most common complication, particularly in children. Inap-
propriate rehydration solutions (excessively high glucose
content or excessively low electrolyte content) might com-
pound the problem [39, 40]. Other less common complica-
tions include sepsis, hemolytic-uremic syndrome, postinfec-
tious irritable bowel syndrome, C. difficile colitis (after anti-
biotic use), Guillain-Barré syndrome (after infection with C.
Jjejuni), reactive arthritis (often associated with HLA-B27),
acute myocarditis (rarely after infection with C. jejuni), and
permanent short-term memory loss (after shellfish poison-
ing) [41-48]. Travelers’ diarrhea can disrupt business trips
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and holidays. The financial loss and economic burden asso-
ciated with travelers’ diarrhea can be considerable.

10. MANAGEMENT

The goals of management are to maintain optimal hydra-
tion, minimize the severity and duration of diarrheal illness,
prevent cancellation of planned activities, restore functional
status, and eradicate the offending pathogen. Individuals at
the extremes of age are particularly susceptible to and less
tolerant of fluid and electrolyte loss. For most cases of trav-
elers’ diarrhea, correction of water and electrolyte loss is the
mainstay of treatment and this can be accomplished prefera-
bly with properly designed oral rehydration solutions that
can facilitate glucose and sodium cotransport across the in-
testinal membrane [5, 39, 49, 50]. Prepackaged oral rehydra-
tion salt should be mixed with clean, boiled, bottled, or fil-
tered water [39]. Breastfeeding should be encouraged in in-
fants who are breastfed [51]. These infants should be sup-
plemented with an oral rehydration solution if necessary
[51].

Although antisecretory/antimotility agents do not eradi-
cate the pathogen, they can shorten the duration and reduce
the severity of diarrhea. Antisecretory/antimotility agents
should be considered for travelers who prefer expedient re-
lief of diarrhea. This is especially so when they have to
travel for extended periods by air or ground. The short-term
use of loperamide (Imodium) has been approved for the
treatment of individuals > 2 years of age with travelers’ diar-
rhea [52]. Loperamide is an opioid-like agent that is taken
orally [53]. The medication is relatively nonabsorbable;
hence only insignificant amounts reaches the systemic circu-
lation. It has a potent antisecretory effect in addition to its
antimotility activity [53]. The drug has a rapid onset of ac-
tion [54]. It is particularly useful in the management of mild
and moderate travelers’ diarrhea [53]. The recommended
loading dose for individuals > 12 years is 4mg, followed by
2mg per episode of diarrhea (maximum 16mg per day) [53].
For children 6 to 11 years, the recommended loading dose is
2mg, followed by 1mg per episode of diarrhea (maximum
6mg per day) and that for children 2 to 5 years old, the rec-
ommended loading dose is 1mg, followed by 1mg per epi-
sode of diarrhea (maximum 3mg per day). Loperamide has a
favorable safety profile but should be avoided if the patient
has a high fever, severe abdominal cramps, or dysentery be-
cause of the risk of toxic megacolon and intestinal perfora-
tion [1, 25]. The medication should not be given to children
< 2 years of age because of the potential risk of central nerv-
ous system depression [1, 7]. Two systematic reviews in-
cluding 28 studies concluded that adding loperamide to anti-
biotic therapy may hasten resolution of travelers’ diarrhea
with no or minimal side effects compared to antibiotic ther-
apy alone [55]. Diphenoxylate (Lomotil), an antimotility
agent, is also effective for the treatment of travelers’ diarrhea
by reducing the rate of stool frequency [34]. It is a centrally
active opioid drug of the phenylpiperidine series that is used
in combination with a subtherapeutic dose of atropine for the
treatment of diarrhea. The recommended dose for individuals
> 13 years is S5Smg of diphenoxylate/0.5mg of atropine every
6 hours for a maximum of 48 hours. The safety and effec-
tiveness of diphenoxylate have not been established in chil-
dren < 12 years of age. Bismuth subsalicylate (Pepto Bismol)
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is also effective for the treatment of travelers’ diarrhea [56].
The medication possesses antisecretory properties and is
capable of neutralizing the toxins of ETEC [11]. The rec-
ommended dose for individuals > 12 years is four tablets
(262mg/tablet) or 60ml (regular strength) every 30 to 60
minutes until diarrhea subsides or eight doses have been
taken [34]. The recommended dose for children 10 to 11
years, 6 to 9 years, and 3 to 5 years is 1 tablet or 15ml, 2/3
tablet or 10ml, and 1/3 tablet or 5ml, respectively. The medi-
cation, however, is less effective than loperamide [25, 56].
Other disadvantages include the large and frequent doses of
the liquid preparation of medication needed and the potential
for adverse events such as blackening of the tongue, black
stools, salicylate toxicity, Reye’s syndrome, and tinnitus.
This drug is not recommended for pregnant women and chil-
dren [56]. For those patients with coexisting severe nausea
and vomiting, ondansetron (Zofran) may be given [49, 57-
59].

Antimicrobial therapy is effective in reducing the dura-
tion and severity of traveler’s diarrhea [52, 60]. For travelers
going to moderate and high-risk areas, it might be appropri-
ate to provide them with a short course of a suitable antibi-
otic with the advice to start antimicrobial treatment should
they develop moderate or severe diarrhea [25]. The choice of
the antibiotic should be guided by resistance surveillance
data as well as careful assessment of the benefits and risks
associated with its use to both the patient and society [61].
Differences in effectiveness of antimicrobials between re-
gions are likely due to the local pattern of antimicrobial re-
sistance [56]. Fluoroquinolones, such as ciprofloxacin
(Cipro), levofloxacin (Levaquin, Leva-Pak, Quixin), and
ofloxacin (Floxin), are efficacious against a broad spectrum
of bacterial enteric pathogens. The recommended dose of
ciprofloxacin for adults is 750mg as a single dose (children,
20 to 30mg/kg/day in 1 or 2 divided doses) or 500mg daily
for 3 days, that of levofloxacin is 500mg as a single dose
(children, 10 to 20mg/kg/day in 1 or 2 divided doses) or for 3
days, and that of ofloxacin is 400mg as a single dose or for 3
days [6]. The safety and efficacy of ofloxacin have not been
established in children < 12 years of age. Fluoroquinolones
are drugs of choice for most destinations [7]. Resistance to
fluoroquinolones is increasing, particularly in Southeast Asia
where Campylobacter jejuni is a common cause of travelers’
diarrhea. Fluoroquinolones are contraindicated in pregnant
women and are not recommended for children under 8 years
of age [18]. Azithromycin (Zithromax, Azithrocin) and
fluoroquinolones have similar efficacy [18]. The recom-
mended dose of azithromycin is 500mg (children,
10mg/kg/day, maximum 500mg) daily for three days or
1000mg as a single dose. The single dose regimen may have
to be repeated if symptoms persist for up to three days [1, 6,
18, 34]. Azithromycin is highly effective against most
pathogens that cause travelers’ diarrhea and is effective in
the treatment of patients with Campylobacter infection that
is resistant to fluoroquinolones. It is the drug of choice for
treatment of severe or febrile travelers’ diarrhea, dysentery,
and moderate to severe travelers’ diarrhea among travelers to
Southeast Asia where fluoroquinolone-resistant pathogens
are prevalent [6, 7, 18, 34]. The medication is safe to use in
pregnant women and children. Rifaximin (Xifaxan, Xifax-
ante, Normix) is a nonabsorbable (< 0.4% absorbed), locally
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active antimicrobial that can achieve high concentrations in
the intestines [62, 63]. The medication binds to the beta
subunit of the bacterial RNA polymerase and inhibits bacte-
rial RNA synthesis. Rifaximin has a broad spectrum of activ-
ity and has been approved for the treatment of individuals >
12 years of age who present with uncomplicated travelers’
diarrhea [4, 64]. The recommended dose of rifaximin is
200mg three times a day for three days [6, 34]. The medica-
tion is poorly absorbed from the gastrointestinal tract,
thereby achieving high concentration in the intestines [48].
The medication has minimal side effects [63]. Rifaximin is
less effective for the treatment of invasive pathogens and
should not be used for the treatment of dysentery [6].

The expert panel of the International Society of Travel
Medicine has made the following recommendations for the
treatment of travelers’ diarrhea depending on its severity in
addition to the conservative treatment such as fluid and elec-
trolyte replenishment [6]:

For mild travelers’ diarrhea, the use of antibiotic is not
recommended (strong recommendation, moderate level of
evidence). The use of bismuth subsalicylate or loperamide
may be considered (strong recommendation, moderate level
of evidence) [6].

For moderate travelers’ diarrhea, antibiotics such as
fluoroquinolones (strong recommendation, moderate level of
evidence), azithromycin (strong recommendation, high level
of evidence), and rifaximin (weak recommendation, moder-
ate level of evidence) may be used [6]. Loperamide may be
considered as monotherapy (strong recommendation, high
level of evidence) for the treatment of moderate travelers’
diarrhea and adjunctive therapy (strong recommendation,
high level of evidence) for the treatment of moderate to se-
vere travelers’ diarrhea [6].

For severe travelers’ diarrhea, antibiotics such as
azithromycin (strong recommendation, moderate level of
evidence), fluoroquinolones (weak recommendation, moder-
ate level of evidence), and rifaximin (weak recommendation,
moderate level of evidence) should be used [6]. In this re-
gard, azithromycin can be used even for the treatment of
dysentery whereas fluoroquinolones and rifaximin cannot be
used for such purpose [6].

The majority of cases of travelers’ diarrhea are mild and
self-limited. Most cases do not require treatment with antibi-
otics or antimotility/antisecretory agents. Medical attention
should be sought if there are symptoms/signs of dehydration,
bloody diarrhea, intractable vomiting, severe abdominal
pain, and high fever, especially in those who did not improve
with empiric antibiotic therapy within 36 hours [5, 34].

11. ADJUNCTIVE THERAPIES

Probiotics such as Lactobacillus rhamnosus GG, Lacto-
bacillus acidophilus, and Saccharomyces boulardii have
been used in the treatment as well as the prevention of trav-
elers’ diarrhea because of their beneficial effects on intesti-
nal flora and resultant suppression of pathogenic bacteria
[65, 66]. A 2018 meta-analysis of 12 randomized clinical
trials with a total of 16 intervention arms (n = 3,736) showed
a significant reduction in travellers’ diarrhea with S. bou-
lardii prophylaxis (risk ratio: 0.79; 95% confidence interval:
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0.72 to 0.87; p < 0.001) [67]. There was a trend of reduction
in travelers’ diarrhea with L. rhamnosus GG prophylaxis (p
= 0.008) while there was no reduction in travelers’ diarrhea
with L. acidophilus prophylaxis. It has been suggested that
the second generation of  bifidobacterial-galacto-
oligosaccharides prebiotic has the potential in the prevention
of travelers’ diarrhea [68]. The prebiotic, however, has not
been subjected to rigorous clinical trials [69]. Further studies
will be needed to determine if prebiotics and probiotics could
be used in the prevention of travelers’ diarrhea.

12. PROPHYLAXIS

The majority of diarrheal diseases can be prevented by
implementing Water, Sanitation, and Hygiene (WASH) pro-
grams aiming at interrupting fecal-oral route of transmission
[70]. Travelers to high-risk areas should be counseled on
self-diagnosis and treatment of travelers’ diarrhea. They
should also be counseled on personal hygiene and on prudent
food and beverages selection and preparation. Frequent
handwashing with soap/alcohol-based detergents/hand sani-
tizer and with the cleanest water available, especially after
defecation and urination and before preparing or eating food,
is of utmost importance. The rule “cook it, boil it, peel it, or
forget it” is logical but is difficult to closely follow [9].
High-risk products that can be easily contaminated should be
avoided. These items include cream-filled desserts, cold
sauces and dressings, salads, raw and leafy vegetables that
are difficult to clean, fruits that are difficult to peel, under-
cooked/raw meat and seafood, cooked food that has been left
at room temperature for several hours, food brought from
street vendors, unpasteurized dairy products, ice cubes and
tap water [5]. Buffet foods and reheated prepared foods are
associated with a higher risk of contamination. Fresh and
thoroughly cooked meats and vegetables that are still hot,
fruit juice or carbonated soft drinks with intact seals, fruits
that are peeled by the traveler just prior to eating, pasteurized
dairy products, bottled or canned water, hot tea, and hot cof-
fee are usually safe. Food should be well cooked with the
interior of the cooked food measuring > 70°C to kill the
pathogens [9]. Travelers should be advised to avoid shellfish
from water that is contaminated as marine toxins cannot be
killed by cooking. Boiled beverages should be served at
> 60°C [7]. Contact with potentially contaminated recrea-
tional waters should be avoided [5].

Chemoprophylaxis should not be routinely used because
of the potential of the alteration of gut flora, development of
adverse events, development of antimicrobial resistance,
possible drug interactions, the expense of the medication, a
false sense of security, and confusion as to how to treat those
with diarrhea in spite of chemoprophylaxis [2]. Antimicro-
bial prophylaxis should be considered for individuals who
cannot afford to become sick, such as politicians or elite ath-
letes. It should also be considered for those individuals who
have greater susceptibility to travelers’ diarrhea and who are
at high risk of severe complications, such as those who are
very old, are immunocompromised, are prone to complica-
tions (e.g., dehydration) from diarrhea, or have a chronic
illness (e.g., inflammatory bowel disease, short bowel syn-
drome, gastric hypochlorhydria, congestive heart failure,
diabetes mellitus, chronic renal failure) [6, 25]. Chemopro-
phylaxis, if necessary, should be short-term. It should not
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exceed 14 days [71]. Rifaximin is effective and safe. It is the
drug of choice for the prevention of travelers’ diarrhea [2, 6,
48, 71]. A meta-analysis of five randomized controlled trials
(n = 879) comparing rifaximin with placebo found signifi-
cant reduction in risk of travelers’ diarrhea with rifaximin
(pooled risk ratio: 0.478; 95% confidence interval: 0.375 to
0.610; p < 0.001), especially in individuals who are at risk
for travelers’ diarrhea [72]. If rifaximin is used for prophy-
laxis, azithromycin should be used to treat break-through
travelers’ diarrhea. Since azithromycin is effective in the
treatment of travelers’ diarrhea, including invasive forms of
travelers’ diarrhea, it is recommended that azithromycin
should not be used for prophylaxis [62]. The use of fluoro-
quinolones for prophylaxis of travelers’ diarrhea is not rec-
ommended either because of increasing bacterial resistance
and adverse effects associated with prolonged use of fluoro-
quinolones [6].

Bismuth subsalicylate may also be considered for the
prevention of travelers’ diarrhea [6]. The medication pro-
vides a protective rate of 60 to 65% against travelers’ diar-
rhea [6]. The dosing schedule (2.1 to 4.2 g per day divided
into 4 divided doses to be given with meals and at bedtime)
is inconvenient for the traveler because of the large quanti-
ties of medication that have to be taken four times a day [2,
71]. Also, bismuth subsalicylate has an unpleasant taste,
turns the tongue and stool black, and has the potential for
salicylate toxicity and encephalopathy [2, 52]. The medica-
tion is not recommended for children or for individuals with
aspirin allergy, renal insufficiency, or gout, or for those who
are taking anticoagulants, probenecid, or methotrexate.

WC-rBSCT (Dukoral) vaccine is an oral, killed whole-
cell cholera vaccine that consists of V. cholerae 01 organ-
isms and the nontoxic, B subunit of cholera toxin [73]. The
vaccine has overall efficacy of 85% against challenge with
V. cholerae O1 but not effective against 0139 serogroups [4,
73]. The antigenic similarity between nontoxic, B subunit of
cholera toxin and LT of ETEC allows protection against di-
arrhea caused by LT-ETEC and LT/ST-ETEC [2, 4]. The
vaccine, primarily designed for the prevention of cholera,
has been recommended by some investigators for the preven-
tion of travelers’ diarrhea in people visiting endemic areas
[74, 75]. The vaccine has been proven to be safe and well
tolerated [73]. Two doses of the Dukoral vaccine are rec-
ommended and they should be given at least seven days
apart on an empty stomach. Based on randomized controlled
trials, a Cochrane review, however, found that there is no
significant difference in efficacy between Dukoral vaccine
and placebo in the prevention of travelers’ diarrhea [74].
Although there is insufficient evidence to support the routine
use of Dukoral vaccine for the prevention of travelers’ diar-
rhea caused by ETEC [52], some investigators suggest that
Dukoral vaccine should be considered for travelers > 2 years
of age who will be visiting areas where there are high risk of
contracting travelers’ diarrhea caused by ETEC. The vaccine
may also benefit those individuals who are at high risk of
severe complications, such as those who are immunocom-
promised, are prone to complications from diarrhea, or have
a chronic illness [52, 76].

Vaxchora, a live attenuated, single dose, oral cholera
vaccine, is the only vaccine approved by the Food and Drug
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Administration (FDA) for the prevention of cholera [70, 77].
Cholera is caused by V. cholerae serogroup 01, which is re-
sponsible for the majority of outbreaks (> 99% of global
cases) [70, 77]. The vaccine is recommended for adults 18 to
64 years of age traveling to areas where cholera is epidemic
or endemic and should be considered for those who are at
high risk of exposure [2, 77, 78]. Vaxchora is well tolerated
with no significant adverse events [79]. The vaccine, how-
ever, has not been shown to be effective against serogroup
0139 or other non-01 serogroups [78]. Shanchol is an oral
vaccine containing killed V. cholerae 01 and 0139 organisms
[80]. The vaccine has been found to be immunogenic, effec-
tive, and safe [81]. Two doses of the Shanchol vaccine are
recommended and they should be given at least 14 days apart
[80]. The vaccine was subjected to a large-scale field trial in
Kolkata in India where cholera was endemic [82]. It was
found that 69 of 31,932 vaccine recipients and 219 of 34,968
controls developed cholera during a 5-year follow-up. The
cumulative protective efficacy of the Shanchol vaccine at 5
years was 65% (95% confidence interval: 52 to 74; p <
0.0001) [82]. Euvichol is another oral vaccine containing
killed V. cholerae 01 and 0139 organisms [83]. The vaccine
still has an efficacy of 65% after 5 years for those children >
5 years of age [83].

Typhoid fever is caused by Salmonella enterica serotype
Typhi [84]. Typhoid vaccine is recommended for travelers to
areas with poor sanitation and hygiene. Two typhoid vac-
cines are globally available, namely, a parenteral inactivated
Vi Capsular Polysaccharide vaccine (ViCPS) and an oral
live-attenuated vaccine, Ty21a [84]. Only a single dose of
the inactivated vaccine (ViCPS) given intramuscularly is
required and should be administered > 2 weeks prior to
travel [10]. On the other hand, 4 doses of the oral vaccine
(Ty21a) are required and should be administered two days
apart, with the last dose given > 1 week prior to travel [10].
The oral vaccine has to be refrigerated and taken on an
empty stomach with a glass of cool water [10]. Both vac-
cines provide approximately 75% protection that lasts for 2
to 3 years [84]. The ViCPS vaccine is licensed for use for
individuals > 2 years whereas the Ty21a for individuals > 5
years [10, 84]. Antibiotics and antimalarials, if taken concur-
rently, may inhibit the oral typhoid vaccine because these
agents may prevent a sufficient immune response from the
oral vaccine [10]. The WHO recommends that oral typhoid
vaccine should be given at least one week before or after the
ingestion of antibiotics and antimalarials. The newly avail-
able Tybar-TCV is a typhoid conjugate vaccine which con-
tains Vi capsular polysaccharide of Salmonella enterica se-
rovar typhi Ty2 conjugated to a tetanus toxoid carrier pro-
tein. One single dose of Tybar-TCV injected intramuscularly
is necessary and should be administered > 2 weeks prior to
travel. The vaccine has been proven to be safe, well toler-
ated, and efficacious. Recently, the WHO has recommended
Tybar-TCV as the preferred vaccine for the prevention of
typhoid fever [85].

Rotavirus is the most common cause of gastroenteritis in
children [23]. Clinical trials showed that three doses of a live
pentavalent (G1, G2, G3, G4, and P1), human-bovine reas-
sortant vaccine, (RotaTeq™) and two doses of a monovalent
human-attenuated rotavirus vaccine R1X4414 (Rotarix®) are
highly effective in the prevention of severe rotavirus diarrhea
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and its associated mortality and morbidity [86, 87]. More
recently, an oral human-bovine natural reassortant vaccine
(116E) (Rotavac) produced in India has also been shown to
be effective [88]. Bhandari et al. randomly assigned 4532
and 2267 children < 2 years of age to receive three doses of
Rotavac vaccine and placebo, respectively [88]. The authors
found that the efficacy of Rotavac vaccine against severe
gastroenteritis in these children was 55.1% (95% confidence
interval: 39.9 to 66.4; p < 0.001). Co-infections may lead to
an approximately 11% decrease in vaccine efficacy [89].

13. PROGNOSIS

Travelers’ diarrhea is usually self-limited. If left un-
treated, approximately 50% of the patients are spontaneously
cured in 48 hours and, in the majority of patients, the average
duration diarrhea is 4 to 5 days [7, 90]. Approximately 5%
and 1% of affected individuals have diarrhea that persists for
longer than 14 days and 1 month, respectively [16, 25, 91].
Approximately 13% of patients are confined to bed for 1 to 2
days, and about 0.4% of patients require hospital admission
while abroad or after returning home [7]. The clinical course
tends to be more severe and prolonged in children, especially
those younger than 2 years of age.

CONCLUSION

Travelers’ diarrhea is the most common cause of disabil-
ity among international travelers to developing countries.
Travelers to the high-risk region should receive pretravel
counseling on personal hygiene and anticipatory guidance on
food safety and pretravel vaccination with enteric vaccines.
They should exercise caution by careful selection of safer
food. Judicious use of antimicrobial and antimotility agents
can reduce the severity of travelers’ diarrhea. Nevertheless,
reduction in the incidence of travelers’ diarrhea depends
more on the level of sanitation at the destination site rather
than the precautions and intervention implemented by the
traveler [7].

CURRENT & FUTURE DEVELOPMENTS

Currently, there are no vaccines licensed for the preven-
tion of ETEC infection which is the principal cause of trav-
elers’ diarrhea [92, 93]. Research is urgently needed for the
development of ETEC vaccines [93]. Colonization Factors
(CF) and LT enterotoxin are antigens in the development of
major ETEC candidate vaccines [31]. LT entertoxin exerts
its toxic effect by binding to ganglioside 1 (GM,) at the api-
cal surface of intestinal cells [31]. GM,-binding LT is a
strong immunogen and adjuvant and can serve as a carrier or
platform for multivalent vaccine development against ETEC
and other pathogens [94]. Huang ef al. identified LT epitopes
and demonstrated that substitution of LT epitopes eliminated
LT enterotoxicity without altering GM;-binding [94]. ETEC
vaccine development has been hindered by a lack of suitable
animal models [95]. Travelers could serve as ideal candi-
dates for clinical trials for the development of future vac-
cines.

Borde et al. developed a novel multivalent oral vaccine
which contains killed ETEC over-expressing the main ETEC
colonization factors and a recombinant enterotoxin B subunit
protein given together with a recently developed intestinal-
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mucosal adjuvant double mutated LT [96]. The authors pro-
duced a dry-powder formulation by freeze-drying the vac-
cine using insulin as a stabilizer. Oral-intragastric immuniza-
tion of mice with the vaccine elicited strong intestinal mu-
cosal and serum antibody responses against all vaccine anti-
gens.

It has been shown that CFaE, a subunit of the Coloniza-
tion Factor Antigen 1 (CFA/1), is required for the adhesion
of ETEC to intestinal cells of the host [92]. As such, human
antibodies against CFaE by blocking colonization of ETEC
may serve as immunoprophylactic agents for the prevention
of ETEC-related diarrhea. Recently, Giuntini et al. identified
a panel of anti-CFaE human monoclonal antibodies that are
active against ETEC with high potency [92]. Oral admini-
stration of anti-CFaE human monoclonal antibodies in either
IgG or secretary IgA form inhibited intestinal colonization in
mice challenged with ETEC [92]. In the absence of an effec-
tive vaccine against ETEC infection, these anti-CFaE human
monoclonal antibodies have the potential to be oral immuno-
prophylactic agents against ETEC infection.

Very recently, a live, heat-stable, oral Bovine Rotavirus
Pentavalent Vaccine (BRV-PV) has been developed in India.
A Phase III randomized controlled trial of the vaccine in
3508 infants in Niger showed an efficacy of 66.7% (95%
confidence interval: 49.9 to 77.9) against severe rotavirus
gastroenteritis [97].

Current typhoid vaccine cannot be used in children < 2
years of age due to poor immunogenicity [98]. Mitra et al.
prepared a novel Vi-TT conjugate typhoid vaccine
(PedaTyph™) by binding Vi to tetanus toxoid [98]. Two
doses of the vaccine are required and should be given 6
weeks apart. Of the 1765 children aged 6 months to 12 years
recruited into the study, 905 children received the vaccine
intramuscularly and 860 children served as the control. The
authors found that the vaccine was highly immunogenic and
efficacious with minimal adverse events. GelSite-OAC™ is
a novel synthetic typhoid vaccine that is currently being de-
veloped [84]. The vaccine is based on the fact that O-
acetylated high molecular weight polygalacturonic acid
shares the same backbone as Vi polysaccharide of S. typhi
[84]. Preliminary data showed that the vaccine is safe, highly
immunogenic, and effective even in individuals under 2
years of age.

Racecadotril is an anti-secretory agent effective in the
treatment of diarrhea. The drug, however, has not been stud-
ied in travelers who have diarrhea.

It has been shown that the ST produced by ETEC is
poorly immunogenic and potently toxic [99]. Thus, ST itself
cannot induce anti-ST immunity, nor could it be a safe anti-
gen even if it were immunogenic. Therefore, there is an un-
met need to produce a vaccine which can elicit an immune
response and can also induce protective immunity to multi-
ple CFA antigens, as well as anti-LT and anti-ST immunity
that would be broadly protective against ETEC. Sack and
Zhang disclosed polypeptides comprising up to 9 antigenic
elements of ETEC virulence determinants: 7 CFA adhesins
[CFA/, CFA/II (CS1, CS2, CS3), CFA/IV (CS4, CS5, CS6)]
and 2 enterotoxins (LT, ST) that were genetically fused to-
gether [99]. These polypeptides can be used in the develop-
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ment of vaccines effective in the prevention of travelers' di-
arrhea caused by ETEC.

Savkovic and Roy disclosed an invention for the preven-
tion and/or treatment of enteropathogenic bacterial infection
in the gastrointestinal tract by concurrently administering to
the subject a low molecular weight polyethylene glycol in
combination with other antibiotic and antidiarrheal agents
[100]. According to the authors, the low molecular weight
polyethylene glycol has a molecular weight between about
100 daltons and 5000 daltons. The authors claimed that the
invention is effective in the prevention and/or treatment of
enteropathogenic bacterial pathogens, such as ETEC, EIEC,
Salmonella, and Shigella which are important causes of trav-
elers' diarrhea.

Savarino disclosed a method for the induction of immu-
nity and prevention of diarrhea resulting from Escherichia
coli [101]. The method provides for the induction of B-cell
mediated immunity and for the induction of antibody capable
of inhibiting the adherence and colonization of Escherichia
coli, to intestinal cells of the host, thereby travelers' diarrhea
can be prevented. An immune response can be induced by
administrating a priming dose of an immunogen comprising
whole or an antigenic polypeptide fragment of Escherichia
coli fimbriae or whole or antigenic polypeptide fragment of
Escherichia coli fibrillae with unit dose ranging from 50ug
to 1 mg of the immunogen in a buffered aqueous solution.
Booster doses should be administered at least 1 week after
priming dose with a unit dose ranging from 50pg to lmg of
the immunogen in a buffered aqueous solution.

It is a well-known fact that different polymorphic forms
of the same drug may have substantial differences in certain
pharmaceutically important properties. Because amorphous
solids do not have lattice energy, they usually dissolve in a
solvent more rapidly and consequently may provide en-
hanced bioavailability characteristics such as a higher rate
and extent of absorption of the compound from the gastroin-
testinal tract. Also, amorphous forms of a drug may offer
significant advantages over crystalline forms of the same
drug in the manufacturing process of solid dosage form such
as compressibility. Consequently, it would be a significant
contribution to the art to provide an amorphous form of ri-
faximin having increased solubility. Rao et al. disclosed an
invention which can provide amorphous rifaximin in bulk
form [102]. The amorphous rifaximin is substantially pure
with polymorphic purity of 99% or more.

As rifaximin is sparingly soluble in water, a formulation
chemist often finds it difficult to prepare a consistent formu-
lation using the known polymorphic forms. Hence, there is a
need to prepare rifaximin in a form which is suitable for
formulation and has increased solubility and stability. Gha-
gare et al. disclosed a complex comprising rifaximin and a
complexing agent, wherein the complexing agent is a poly-
vinyl pyrrolidone or a cyclodextrin [103]. The complex of
this invention exhibits enhanced solubility and stability of
rifaximin.

Driessen disclosed dietary supplements for the preven-
tion or treatment of traveler's diarrhea [104]. The supple-
ments comprise of approximately 1000mg green tea extract
with at least 90% catechins, 4g partially hydrolyzed guar
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gum, 100mg L-theanine, and 5g non-sugar sweetener not
containing a polyol.

Cheng disclosed an invention pertaining to the use of the
calcium-sensing receptor-activating nutrients for the preven-
tion and/or treatment of diarrheal diseases [105]. The anti-
diarrheal composition consists of an aqueous solution of cal-
cium, potassium, magnesium, zinc, sodium, chloride, bicar-
bonate, tryptophan; and, optionally, one or more ingredients
selected from vitamins; preservatives; flavorings; buffers;
carbohydrates; and the conjugate acid and conjugate base of
butyrate and acetic acid, respectively. The invention is for-
mulated for oral administration. The author claimed that the
invention is effective in the treatment of diarrhea caused by
E. coli, Vibrio cholerae, Vibrio parahaemolyticus, Clostrid-
ium perfringens, Clostridium difficile, Staphylococcus
aureus, Salmonella spp., parvovirus, rotavirus, adenovirus,
calicivirus, astrovirus, Cryptosporidia, Giardia lamblia, and
Entamoeba histolytica.

Lefevre et al disclosed an invention comprising lyophyl-
ized Saccharomyces boulardii as an active ingredient and as
sole probiotic, optionally in association with a pharmaceuti-
cally acceptable vehicle, wherein the composition is in a
closed vial. The first airtight compartment comprising ly-
ophilized S. boulardii powder and a second compartment
comprising a solution, can be brought in airtight communica-
tion with one another to yield a suspension of S. boulardii to
be administered to an individual upon opening of the vial
[106]. According to the authors, the invention is effective in
the prevention or treatment of travelers' diarrhea.
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