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Abstract
Travelers' diarrhea is the most common illness in persons traveling from resource-rich to re-
source-poor regions of the world. The fear of developing diarrhea while traveling is common
among travelers to any part of the developing world. This concern is realistic; 40 to 60% of
travelers to these countries may develop diarrhea. Diarrheal diseases represent one of the five
leading causes of death worldwide. Morbidity and mortality are significant even in the United
States where diarrhea is more often than not a "nuisance disease" in the normally healthy indi-

vidual.
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Review and Discussion

Episodes of travelers' diarrhea (TD) are
nearly always benign and self-limited, but
the dehydration that can complicate an epi-
sode may be severe and pose a greater health
hazard than the illness itself. Nevertheless, it
is possible to educate a traveler to manage a
diarrheal episode without compromising ei-
ther their trip or their health (Hill et al,
20006).

The following definitions were suggested
according to the duration of diarrhea: acute-
< 14 days in duration, persistent diarrhea-
more than 14 days in duration and chronic-
more than 30 days in duration. Cases of
acute diarrhea are due to infections with vi-
ruses and bacteria and are self-limited. Non-
infectious etiologies become more common
as the course of the diarrhea persists and be-
comes chronic. The evaluation of patients
for a noninfectious etiology should be con-
sidered in those patients in whom evaluation
fails to identify a pathogen (e.g., bacterial,
viral, or protozoan) and the diarrhea worsens
or becomes chronic (Musher and Musher,
2004).

Travelers' diarrhea (TD) is frequently cat-
egorized into three forms: classic, moderate,
and mild. For epidemiologic studies, the
three types can be grouped together to esti-
mate a total number of cases of TD. These
forms of TD are defined as follows: Classic-
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passage of three or more unformed stools in
a 24 hour period plus at least one of these
other symptoms are nausea, vomiting, ab-
dominal pain or cramps, fever, blood in
stools Moderate-passage of one or two un-
formed stools in 24 hours plus at least one of
the above symptoms or more than two un-
formed stools in 24 hours without other
symptoms Mild- passage of one or two un-
formed stools in 24 hours without other
symptoms (von Sonnenburg et al, 2000)
These definitions allow some uniformity
in studies of the epidemiology and etiologies
of TD. TD should also be in the differential
diagnosis when diarrhea develops within 10
days after the individual returns home.
Epidemiology: Diarrheal disease in travel-
ers may be caused by a variety of bacterial,
viral, and parasitic organisms, which are
most often transmitted by food and water
(Steffen, 1986). More than 90% of illnesses
in most geographic areas are caused by bac-
teria; the most common organisms are Sal-
monella, Campylobacter, Shigella, Esche-
richia coli 0157:H7 & Clostridium difficile
(DuPont and Capsuto, 1996). In one series
of 30,369 travelers to Jamaica, the attack
rate for TD was 24%; 12% of these cases
were the classic form. Departing travelers
surveyed at the airport reported incapacity
for a mean of 11.6 hours from the illness;
fewer than three percent stated that they had



attempted to avoid potentially high-risk
foods or drinks (Mattila et al, 1992).

The epidemiology of TD does vary from
location to location and with the season of
the year. Spices in food and changes in cli-
mate do not cause TD, although variations in
diet, temperature, or even time zones can
alter the way a traveler feels and the stresses
of travel may exacerbate diarrheal symptoms
(Steffen et al, 1999).

The world can be divided into three re-
gions by risk for the development of TD:
Low risk (<10%) - Northern Europe, Aus-
tralia and New Zealand, the United States,
Canada, Singapore, Japan Moderate risk (10
to 20 %) - Caribbean Islands, South Africa,
and countries bordering the Mediterranean
Ocean including Israel High risk (>30%) -
Asia (with the exception of Singapore), Af-
rica (outside of South Africa), South and
Central America, and Mexico

Travelers should be aware that food items
on aircraft will often be obtained at the city
of departure (CDC, 1971)

Risk factors: The development of diarrhea
is related to the number of ingested organ-
isms that reach the intestine alive. Thus, any
factor which enhances the ability of bacteria
to survive ingestion and transit to the intes-
tine will increase the risk for the develop-
ment of diarrheal disease. As an example, an
individual who is taking histamine blockers
for ulcer disease will be at increased risk for
developing diarrhea since the reduction of
gastric acid will allow ingested pathogens
prior to their entry into the small bowel.
Similarly, an individual who has altered up-
per gastrointestinal (GI) anatomy (eg, after
ulcer surgery, or with a blind loop syn-
drome) or motility may be at increased risk
for the development of diarrheal disease
while traveling in more contaminated envi-
ronments. However, it is not clear what fac-
tors beyond exposure may influence the ac-
quisition of parasites or viruses (Soave and
Ma, 1985).

Ingestion of parasites that cause diarrhea
requires a more contaminated environment
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than is usually frequented by the average
traveler. Thus, parasitic pathogens rarely
cause TD. However, there are a few loca-
tions where travelers are more likely to ac-
quire parasites, including Nepal (where both
Giardia lamblia and Cyclospora cayetanen-
sis are common) and St. Petersburg (where
G. lamblia remain hyperendemic). The mou-
ntainous regions of the West and Northeast
United States are also highly endemic for G.
lamblia, but travelers to these locations rare-
ly request advice prior to travel. In these sit-
uations, it may be that environmental factors
such as the juxtaposition of the water supply
with the habitat of a certain animal species
predispose the area to a hyper-infestation
with the parasite (Jokipii et al, 1985).

1- Bacteria: Bacterial pathogens predomi-
nate as the cause of TD. In the series of 322
patients cited above, ETEC accounted for 12
percent of cases due to bacteria followed by
Salmonella spp., Campylobacter jejuni, and
Shigella spp. at 8, 6, and 0.3%, respectively.
In another study of 636 travelers to Guadala-
jara Mexico, Coho Rios Jamaica, and Goa
India, the more newly described enter ag-
gregative E. coli (EAEC) were responsible
for 26% of cases, second only to ETEC with
30%. The identification of EAEC in these
stool specimens reduced the number of cases
with an undiagnosed etiology from 51 to
37%.

Other organisms (Salmonella spp, Shigella
spp, C. jejuni, Vibrio spp., Aeromonas hyd-
rophila, Plesiomonas shigelloides as well as
rotavirus and the parasites Entamoeba histo-
Wtica, Cryptosporidium parvum, and G. la-
mblia) accounted for 7% of cases. Twenty
percent also had infection with more than
one enteric organism (Adachi et al, 2001).

Patients taking malaria prophylaxis or oth-
er antibiotics may also occasionally develop
antibiotic-associated diarrhea due to Clos-
tridium difficile, but not a common cause of
TD (Golledge and Riley, 1995).

2- Viruses: Viruses can also cause TD as
Calciviruses (Norovirus and related viruses),
Rotavirus, Adenovirus types 40 and 41 &



Astrovirus. Rotaviruses are the most com-
mon among the viral pathogens, accounting
for 9% of cases in the series from Jamaica. It
is not always clear that the individual ac-
quires the virus while traveling rather than
incubating the infection prior to departure,
with symptoms developing during the trip.

3- Parasites: Although parasitic travelers'
diarrhea may be rare, Cryptosporidium par-
vum, Microsporidia, and Isospora belli, in
addition to Giardia lamblia and Cyclospora
cayetanensis, may contribute to diarrhea in
travelers. Entameba histolytica can produce
intestinal infection. Other parasites, such as
Ascaris lumbricoides or Strongyloides ster-
coralis, are not usually associated with diar-
rheal symptoms (el-Karamany et a/, 2005).

Clinical Manifestations: A diagnostically
important finding is fever, which suggests
infection with invasive bacteria e.g., Salmo-
nella, Shigella, or Campylobacter (Burchard
et al, 2013), enteric viruses, or a cytotoxic
organism such as Clostridium difficile (Koo
and DuPont, 2010) or Entamoeba histolytica
even caused hepatopulmonary amoebiasis
with infectious phlebitis (Patricio et al,
2014). Blastocystis hominis was associated
with travelers’ diarrhea and responded to
iodoquinol or metronidazole (Markell
and Udkow, 1986).
Endoscopy — Endoscopy is uncommonly
needed in the diagnosis of acute diarrhea. It
may be helpful in the following settings:
Distinguishing inflammatory bowel disease
from infectious diarrhea. Distinction be-
tween Crohn's disease of the colon-rectum
and ulcerative colitis or inflammatory bowel
disease (IBD) type unclassified can be of
pivotal importance for a tailored clinical
management, as each entity often involves
specific therapeutic strategies and prognosis.
Novel advanced endoscopic imaging tech-
niques and biomarkers can shed new light
for the differential diagnosis of IBD, better
reflecting diverse disease behaviors based on
specific pathogenic pathways. (Tontini et al,
2015). Clostridium difficile infection has
increased in incidence and severity over the
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past quarter century, and now considered a
major cause of healthcare-associated infec-
tions. Diagnosing C. difficile infection and
looking for pseudo-membranes in the pa-
tients who are toxic while results of tissue
culture assays are pending. The widespread
adoption of ELISA for C. difficile toxins A
and B has reduced the time for C. difficile
results to become available and thus de-
creased the need for endoscopy in these pa-
tients (To and Napolitano, 2014). In immun-
ocompromised patients who are at risk for
opportunistic infections with agents such as
cytomegalovirus. In patients in whom is-
chemic colitis is suspected but the diagnosis
remains unclear after clinical and radiologic
assessment. Chronic constipation, enteric-
coated aspirin intake and splanchnic athero-
sclerosis are risk factors related to ulcer in
ischemic colitis (IC) patients. Also, the ab-
domen tenderness, high WBC and low Hb
strongly indicate possible IC with ulcer (Liu
et al, 2014). Wang and Xu (2012) investi-
gated the clinical manifestations, pathologi-
cal features by endoscopy and possible risk
factors ofischemic colitis (IC).IC symptoms
are not typical, it requires early colonoscopy
to clarify diagnosis. Hypertension, diabetes,
hyperlipidemia, and atrial fibrillation are
risk factors for IC. Moreover, the gastroin-
testinal aspergillosis is an unusual presenta-
tion of invasive Aspergillus associated with
a high mortality rate. Characteristic features
of gastrointestinal aspergillosis include inva-
sion of the mesenteric arteries, intravascular
thrombosis and subsequent tissue ischemia.
Clinical manifestations of invasive Aspergil-
lus of the gastrointestinal tract can include
fever, abdominal pain, ileus, peritonitis,
bloody diarrhea or hematochezia. In an au-
topsy series of patients with invasive Asper-
gillus, 37 of 107 patients had Aspergillus
involvement of the gastrointestinal system;
the commonest pathological findings includ-
ed ulcers and abscesses. Although rare, in-
vasive aspergillosis may present with gastro-
intestinal bleeding associated with necrotic



ulcers on endoscopic examination (Bizet ef
al, 2014).

Most clinicians consider a foodborne ill-
ness when a patient presents with gastroin-
testinal symptoms including nausea, vomit-
ing, abdominal pain, diarrhea and fever.
However, other manifestations of foodborne
illness can occur, such as neurologic symp-
toms (e.g., headaches, paralysis or tingling),
hepatitis, and renal failure. Some foodborne
agents, such as C. botulinum, L. monocyto-
genes, or V. vulnificus, can be rapidly life-
threatening and speedy therapy may be life-
saving. Maintaining an open mind in relation
to the plethora of presentations of foodborne
disease and remembering to ask about food
exposures are both key elements in the diag-
nosis of foodborne diseases. A food history
may also provide clues to a diagnosis. Con-
sumption of unpasteurized dairy products,
raw or undercooked meat or fish, or organic
vitamin preparations may suggest certain
pathogens. In addition, the timing of symp-
toms with regard to exposure to suspected
offending food can be important clues to the
diagnosis. Women who are pregnant have a
20-fold increased risk of developing listerio-
sis from meat products or unpasteurized
dairy products such as the soft cheeses or
raw fish (El-Bahnasawy et al, 2014). There
are no simple algorithms to diagnose food-
borne illness. However, there are some key
factors that will point the physician in the
right diagnostic direction. Three key ques-
tions reviewed here: What are the probable
microbial causes of foodborne disease? How
do time course and types of symptoms serve
as clues? How can a food history help to
narrow the diagnosis? In order to make a
diagnosis of foodborne disease, one first has
to consider the spectrum of clinical manifes-
tations (Helms et al, 2006). A foodborne
disease will typically manifest as a mixture
of nausea, vomiting, fever, abdominal pain
and diarrhea. However, some foodborne dis-
eases may not have gastrointestinal symp-
toms. As examples, botulism and some types
of shellfish poisoning can present with pa-
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ralysis, ciguatera fish poisoning or scom-
broid with headaches and tingling, amnesic
shellfish poisoning with amnesia, hepatitis A
or E with hepatitis and Listeria monocyto-
genes with meningitis or spontaneous abor-
tion (Alonso et al, 2015).

Besides, there are three important elements
of the food history that the physician should
consider while trying to determine the dif-
ferential diagnosis of foodborne diseases: a-
presenting symptoms, b- exposure to a par-
ticular type of food associated with food-
borne disease and c- time interval between
exposure to the suspect food and the onset of
symptoms (Varma et al, 2012)

The symptoms that begin within six hours
suggested the ingestion of a preformed toxin
of Staphylococcus aureus or Bacillus cereus,
symptoms that begin at 8 to 16 hours sug-
gest infection with Clostridium perfringens,
and symptoms that begin at more than 16
hours can result from viral or bacterial infec-
tion (e.g., contamination of food with en-
terotoxigenic or enterohemorrhagic E. coli).
Syndromes that may begin with diarrhea but
progress to fever and more systemic com-
plaints such as head ache, muscle aches, stiff
neck may suggest infection with Listeria
monocytogenes, particularly in pregnant
woman. Most episodes of TD occur between
4 and 14 days after arrival, but can occur
within a much shorter time frame if the con-
centration of bacteria ingested is sufficiently
high. The illness is generally self-limited
with symptoms lasting for approximately
one to five days. However, 8 to 15% of pa-
tients experience symptoms for more than
one week and as many as two percent for
more than one month. While it is common to
be unable to proceed with planned activities,
only approximately 20% of patients report
requiring bed-rest for one to two days.

The symptoms of TD depend upon the mi-
crobial etiology. The classic "turista" due to
ETEC generally produces malaise, anorexia,
and abdominal cramps followed by the sud-
den onset of watery diarrhea. Nausea and
vomiting also may occur. Typically there are



no symptoms of colitis such as blood or pus
in the stool. Patients may develop a low
grade fever (Rendi-Wagner and Kollaritsch,
2002).

Even when other bacterial agents such as
C. jejuni and Shigella spp. are implicated,
the symptoms initially experienced by the
traveler may be similar to those seen with
ETEC. However, infections with these or-
ganisms may progress to include symptoms
of colitis, such as tenesmus, urgency, cramp-
ing and bloody diarrhea.

Belching and other upper intestinal symp-
toms are typical of giardiasis, while profuse
watery diarrhea is characteristic of cryptos-
poridiosis and C. cayetanensis infection. The
symptoms of microsporidiosis may be more
subtle with bloating and intermittent diar-
rhea.

Diagnosis: Indications for diagnostic eval-
uation in patients with relatively severe ill-
ness, as suggested by one or more of the fol-
lowing: 1-Profuse watery diarrhea with signs
of hypovolemia 2- Passage of many small
volume stools containing blood and mucus.
3- Bloody diarrhea. 4-Temperature >38.5°C
(=101.3°F). 5- Passage of >6 unformed
stools per 24 hours or a duration of illness
>48 hours. 6- Severe abdominal pain 7- Re-
cent use of antibiotics or hospitalized pa-
tients. 8- Diarrhea in elderly (=70 years of
age) or immunocompromised. & 9- System-
ic illness with diarrhea, especially in preg-
nant women, which case listeriosis should be
suspected (Thielman and Guerrant, 2004)

Since TD is generally self-limited, treat-
ment is often symptomatic and initiated
without documenting an etiologic agent.
However, if symptoms are severe and asso-
ciated with toxicity or if they persist beyond
48 to 72 hours, intervention may be neces-
sary. Routine stool cultures are rarely war-
ranted routine since ETEC and EAEC can-
not be distinguished from nonpathogenic E.
coli on stool culture and viral agents would
not be identified with stool cultures. A stool
culture should be sent in a patient with fever
and colitis symptoms. In patients with pre-
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dominantly upper GI symptoms (e.g., bloat-
ing, gas, nausea), stool examination for G.
lamblia and Cyclospora should be undertak-
en. The itinerary of the traveler should be
considered when deciding which patients to
culture or obtain special stains for parasites.
Examination for C. parvum, Microsporidi-
um, or other less common organisms should
only be initiated when diarrhea has persisted
for more than 10 to 14 days.

Treatment: The treatment of TD may in-
clude three different modalities: Fluid re-
placement, antibiotics and anti-motility
agents

Fluid replacement: Fluid replacement is
essential; antibiotics and anti-motility agents
may be required depending upon the cir-
cumstances. Most cases are self-limited and
resolve on their own within three to five
days of treatment with fluid replacement on-
ly. Antimicrobial therapy shortens the dis-
ease duration to about one day and anti- mo-
tility agents may limit symptoms to a period
of hours.

The primary and most important treatment
of travelers' (or any other) diarrhea is fluid
replacement since the most significant risk is
volume depletion. Patients with mild diar-
rhea may combine alternating sips of fluids
with both salt and sugar to replete and main-
tain hydration. Broth, fruit juice, or similar
fluids may be used. Pedialyte is frequently
useful in children.

Severe diarrhea should be treated with oral
rehydration solution; this replaces needed
electrolytes in the appropriate concentra-
tions. These solutions were developed fol-
lowing the realization that intestinal glucose
linked sodium absorption remains intact in
most small bowel diarrheal illnesses. Thus,
in diarrheal disease caused by any organism
that activates small bowel secretory process-
es (eg, cholera toxin turning on cAMP), the
intestine remains able to absorb water if glu-
cose and salt are also present to assist in the
transport of water from the intestinal lumen
(Avery and Snyder, 1990).



Packets of oral rehydration solution are
available in the pharmacies of most coun-
tries and can be mixed with clean drinking
water. Alternatively, a similar solution can
be made by adding 1/2 teaspoon of salt, 1/2
teaspoon of baking soda, and 4 tablespoons
of sugar to one liter of water. The electrolyte
concentrations of fluids used for sweat re-
placement (eg, Gatorade) are not equivalent.
If available, racecadotril, an enkephalinase
inhibitor, may be an effective adjunct to oral
rehydration solutions.

For mild diarrhea, the use of fluids is the
critical factor; the fluid need not be oral re-
hydration solution. One study showed no
difference in outcome between treatment
with the oral rehydration solution plus the
loperamide versus generic fluids and the
loperamide (Salazar-Lindo et al/, 2000).

Diet: The optimal dietary intake has not
been resolved. Controversy exists about
such issues as partial fasting, the composi-
tion of the diet, and the time at which solid
food intake should be resumed. A restricted
diet (e.g., beginning with only clear liquids
to match diarrheal losses during the acute
phase of diarrhea) is often recommended.

A pilot randomized trial compared the ef-
fects of this restricted diet to an unrestricted
diet in which the only specific recommenda-
tion was to match fluid intake to diarrheal
losses. The study subjects were healthy
American college students being treated
with an antimicrobial agent in Mexico. The
mean duration of diarrhea (37 versus 33
hours) and the course of clinical symptoms
were similar in the two groups (Huang et al,
2004).

The general applicability of these observa-
tions is uncertain. Furthermore, diet other
than hydration is not likely to be important
since disease duration is only about one to
two days with antibiotic therapy.

Antibiotics: Antibiotics are warranted to
treat diarrhea in those who develop moder-
ate to severe diarrhea as characterized by
more than four unformed stools daily, fever,
blood, pus, or mucus in the stool. In addi-
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tion, some travelers desire antibiotic treat-
ment for milder disease if the illness is a
large burden on a business trip or vacation.
Travelers may be given a prescription for
antibiotics that can be taken if diarrhea de-
velops rather than as prophylaxis.

Travelers generally should medicate them-
selves rather than seek medical advice while
traveling. However, medical help may be
needed in patients who develop high fever,
abdominal pain, bloody diarrhea, or vomit-
ing and empiric antibiotics have not been of
benefit. For most patients while traveling or
after returning home, medical consultation is
not needed unless symptoms persist for 10 to
14 days.

Quinolones: When antibiotics are indicat-
ed, therapy with a quinolone antibiotic can
be initiated after the diarrhea begins. Most
commonly, ciprofloxacin (500 mg twice dai-
ly) is given for one or two days, although
any of the newer, once a day quinolones
should be effective. Quinolones are not ap-
proved for the pregnant women or children.

The quinolones will lead to resolution of
diarrheal symptoms in the majority of trav-
elers within one day (Taylor ef al/, 1991). In
two randomized trials, for example, ciprof-
loxacin (500 mg twice daily) resulted in a
mean duration of diarrhea of 1.5 days com-
pared to 2.9 days with placebo and norfloxa-
cin (400 mg twice daily for three days) re-
sulted in a mean duration of diarrhea of 1.2
days compared to 3.3 days with placebo
Although two to three days should be suffi-
cient for the majority of episodes of TD, a
single dose of ciprofloxacin or norfloxacin
may also be effective (Salam ez a/, 1994).

All of the quinolones can be expected to
have similar activity against the organisms
that cause TD; the most readily available,
easiest to tolerate, and most inexpensive
quinolone should be prescribed. When
ciprofloxacin is used by an individual who
drinks caffeine containing beverages, the
drug may increase caffeine levels and cause
jitteriness. The newer once daily quinolones
(e.g., levofloxacin and moxifloxacin) would



be expected to be active but have not been
approved for use in infectious diarrhea.

The quinolones are active against the ma-
jority of ETEC strains and also have activity
against less common but potential pathogens
such as Campylobacter spp, Salmonella spp,
V. parahaemolyticus, and, although rarely a
cause of TD, Vibrio cholerae (CDC, 1992).
One concern is the increasingly frequent re-
sistance to quinolones among diarrheal
pathogens worldwide, particularly Campyl-
obacter jejuni isolates in Southeast Asia. For
this reason, azithromycin is an increasingly
common alternative to a quinolone, particu-
larly in travelers to Asia (Smith ez a/, 1999).

Azithromycin: Azithromycin is an effec-
tive drug for the treatment of TD and evi-
dence of efficacy has been provided by stud-
ies from Mexico, Turkey, and Thailand
(Hakanen et al, 2003). In randomized con-
trolled trials of American adults with TD in
Mexico and Turkey, a single 1000 mg oral
dose of azithromycin was as effective as a
single 500 mg dose of levofloxacin. In the
trial from Turkey, azithromycin was associ-
ated with a greater likelihood of nausea than
levofloxacin in the first 30 minutes after
dosing, 8 versus 1% (Adachi et al, 2003).

Azithromycin may have a particular role in
the treatment of travelers' diarrhea in South-
east Asia where, as noted in the previous
section, quinolone-resistant Campylobacter
jejuni is a common cause. A randomized
trial performed in Thailand compared
azithromycin, given as a single 1 g dose or
500 mg/day for three days, with levofloxacin
(500 mg/day for 3 days) in 156 United
States military personnel. C. jejuni was re-
sponsible for 64 percent of cases and was
quinolone-resistant in 50% (Sanders et al,
2007).

Azithromycin administered as a single 1-g
dose had a higher cure rate than a 3-day reg-
imen of either azithromycin (500 mg daily)
or levofloxacin (500 mg daily); cure rates
were 96, 85 and 71%, respectively. Microbi-
ologic eradication was much higher with
azithromycin (96 to 100% versus 38% with
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levofloxacin), but this difference correlated
poorly with outcome.

Rifaximin: Rifaximin (200 mg three times
daily for three days) is a nonabsorbed ri-
famycin that has been demonstrated to be
effective in the treatment of TD caused by
noninvasive strains of E. coli. It is attracting
increasing interest because of concerns
about quinolone resistance (Steffen et al,
2003).

In controlled trials, rifaximin was associat-
ed with more rapid cessation of diarrhea
than placebo and had equal efficacy to
ciprofloxacin. Rifaximin combined with
loperamide may provide more rapid symp-
tomatic improvement than either agent alone
(Dupont et al, 2007).

Resistance: Widespread antibiotic re-
sistance to drugs (such as ampicillin and
trimethoprim-sulfamethoxazole) has made
these agents less useful for the treatment of
TD in much of the world. Resistance has
developed among many routine enteric
pathogens. In addition, organisms such as
Campylobacter spp or any of the vibrios
would not be expected to be sensitive to the-
se agents (Murray, 1986).

Treatment approach: The patient should be
given enough medication for three days of
therapy (except for azithromycin which is
1000 mg as a single dose). The treatment
may be discontinued after 24 hours if symp-
toms have improved (Murray et al, 1990).

Other agents: Bismuth subsalicylate can
also be used to treat diarrhea although large
doses are required. Sixty mL (or four tab-
lets) should be taken every one-half hour
until the diarrhea resolves or eight doses
have been taken. The two major disad-
vantages of this type of treatment are the
potential for salicylate toxicity (especially in
those who take aspirin for any reason, preg-
nant women, and children) and the need to
carry large quantities of bismuth subsalicy-
late.

An antisecretory agent derived from plants
(SP-303 [Provir]) was tested in a double-
blind placebo-controlled study of TD in 184



travelers from the United States to Jamaica
or Mexico. The duration of TD was reduced
by 21% among those taking SP-303, and the
incidence of treatment failure was signifi-
cantly decreased compared to placebo. This
may be another promising approach (DiC-
esare et al, 2002).

Anti-motility agents: Anti-motility agents
such as loperamide (Imodium) or diphenox-
ylate (Lomotil) are frequently used by trav-
elers in combination with antibiotics to re-
duce the rate of stooling; they do not treat
the cause of diarrhea. The symptomatic im-
provement associated with their use in this
setting has been somewhat limited but con-
sidered to be of benefit. A 2008 meta-
analysis of 12 studies suggested that the
loperamide combined with antibiotic therapy
is beneficial to the traveler with diarrhea
(Petruccelli et al, 1992).

In one study, for example, 104 patients
with TD were treated with ciprofloxacin 500
mg twice daily for three days. They were
randomly assigned to receive loperamide (4
mg first dose and 2 mg for every loose stool
up to 16 mg/day) or placebo, in addition to
the ciprofloxacin. After 24 hours, symptoms
had improved or fully recovered in 82% of
the loperamide group compared with 67 %
of those receiving placebo. After 48 hours,
the symptoms of 90% of both groups had
improved or fully recovered (Riddle et al,
2008).

There continues to be some concern that
anti-motility agents can prolong some types
of dysenteric illnesses as, Shigella. While
some studies suggest that anti-motility drugs
can be safely used in dysenteric illnesses as
long as they are combined with antibiotic
therapy, the studies included in the 2008 me-
ta-analysis all excluded patients with bloody
diarrhea or symptoms suggestive of dysen-
tery. Thus, caution should be exercised in
using these agents in travelers with bloody
diarrhea (DuPont and Hornick, 2003).

Travelers often elect to take anti-motility
agents in certain circumstances (eg, a pro-
longed bus or car trip). Particular vigilance
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about hydration is important in these pa-
tients since the anti-motility drugs do not kill
the pathogen causing the diarrhea or stop the
secretory process in the intestine. Patients
may be unaware of how much fluid they are
losing into their intestine since they are no
longer having frequent bowel movements.

Recommendation: Cautious is a must in
use of anti-motility agents in the setting of
TD. They should be administered only in
conjunction with empiric antibiotic treat-
ment of the offending diarrheal pathogen,
and travelers should be educated about the
need to avoid usage in dysentery. Antimo-
tility agents should be stopped if abdominal
pain or other symptoms worsen or if the di-
arrhea continues to be intractable after two
days.

Prevention: There are several means by
which travelers can reduce their risk of de-
veloping a diarrheal illness, including the
following: Improving food and drink selec-
tion water purification prophylactic medicat-
ions

Food and drink selection: Educated choic-
es in selecting food and drinks can result in a
lower incidence of diarrheal disease. Travel-
ers should be aware of the following obser-
vations regarding transmission of diarrhea-
causing organisms: Freezing does not kill
the organisms that cause diarrheal disease.
Thus, ice in drinks is not safe unless made
from adequately boiled or filtered water. Al-
cohol does not sterilize water or ice; mixed
drinks may still be contaminated. Outbreaks
of diarrheal disease have been associated
with bottled water (including carbonated wa-
ter with insufficient carbonation) on rare oc-
casions (Ericsson et al, 1980). However, the
presence of carbonation when a bottle is
opened (eg, carbonated water or soft drinks)
can reassure the traveler that the drink was
processed in a proper fashion and is usually
safe. Fruit salads, lettuce, or chicken salads
are examples of unwise food choices; the
ingredients may have been improperly
washed and/or may have been sitting for
some time without proper refrigeration.



Condiments on the table can frequently be-
come contaminated. One study of Mexican
sauces in restaurants in Guadalajara and
Houston found E. coli in more sauces in
Mexico than in Houston (66 versus 40 % );
it is important to note that significant levels
of contamination was not limited to Mexico
(Adachi et al, 2002). Guacamole was the
most frequently contaminated and was se-
cond only to pico de gallo for the highest
colony count of bacteria. Steam table buffets
that offer the traveler a variety of foods from
the local region are risky since the tempera-
ture of the food can promote the growth of
bacteria.

Hot tea and coffee are usually safe alterna-
tives to boiled water. Bottled drinks should
be requested without ice and should be
drunk from the bottle with a straw rather
than from a glass. Fruits that can be peeled
are safe as long as they are peeled just prior
to eating (DuPont et al, 2005).

Water purification: It is usually safe to
assume that the traveler will be able to find
bottled water or soft drinks unless travel is
to a rather remote area. Travelers who are
going to be living in rustic circumstances
overseas will need to make arrangements for
a safe water supply depending upon their
circumstances. Water can be purified in one
of several ways: Boiling for 3 minutes fol-
lowed by cooling to room temperature (do
not add ice) to kill bacteria, parasites, and
viruses Adding two drops of 5 percent sodi-
um hypochlorite (bleach) to a quart of water
will kill most bacteria in 30 minutes Adding
five drops of tincture of iodine to a quart of
water will kill bacteria within 30 minutes
Compact water filters in which the filters are
impregnated with iodine remove parasitic
pathogens and kill viral and bacterial patho-
gens; they provide a reasonable alternative
for those who expect to be traveling under
rustic circumstances. These are available
commercially at camping or wilderness sup-
ply stores (Hilton et al, 1997).

The boiling water is usually the most pala-
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table solution to water purification if sani-
tary storage is feasible. The addition of io-
dine or chlorine to water can impart an un-
pleasant taste. Groh er al. (1996) reported
that for travelers or campers, water being
safe to drink if heated to boiling, but heating
water until it was "too hot to touch" was in-
adequate for safe drinking purposes.

Prophylaxis: Both antibiotics and certain
other drugs have been evaluated for the pre-
vention of TD.

Antibiotics: Prophylactic antibiotics pre-
vent the majority of diarrheal disease in
travelers, but cannot be recommended unless
the complications of diarrhea or an underly-
ing medical condition make the consequence
of dehydration so severe that the benefits of
using antibiotic prophylaxis outweigh the
risks. Daily antibiotics are expensive and
have potential side effects that may exact a
medical cost that is unacceptable. The side
effects include sun sensitivity, allergic reac-
tions, altered GI flora with colonization by
resistant bacteria, yeast infections such as
candidal vaginitis, and the risk of C. difficile
colitis.

Some situations in which it might be rea-
sonable to consider prophylactic antibiotics
include: known severe inflammatory bowel
disease which could be exacerbated by an
episode of infectious diarrhea; severe vascu-
lar, cardiac, or renal disease that would be
seriously compromised by dehydration; or
severe immunocompromise such as ad-
vanced HIV disease or after a complicated
organ transplant such as a liver or cardiac
transplant. Studies with prophylactic antibi-
otics were predominantly performed with
older agents such as TMP-SMX or doxycy-
cline. However, these drugs are generally
not used since susceptibility among the bac-
teria causing TD has changed.

Most travelers requiring prophylaxis are
given a quinolone antibiotic at the same dos-
es used for treatment. A number of studies,
particularly with norfloxacin, showed that
quinolones had a protective efficacy of 80 to
100%. However, emerging resistance among



pathogens, particularly Campylobacter spp.
to the quinolones, especially in Southeast
Asia, raise questions about how long
prophylaxis with these drugs continues to be
effective.

Concerns regarding the development of
fluoroquinolone resistance have led to in-
creased interest in the use of rifaximin,
which is not absorbed. In a randomized,
double-blind placebo-controlled trial in
Mexico, 210 American adults received ei-
ther rifaximin (doses included 200 mg daily,
200 mg twice daily, or 200 mg three times
daily) or placebo for two weeks. The follow-
ing findings were noted: There was a signif-
icant reduction in TD with rifaximin therapy
(15 versus 54% with placebo). Protection
from illness was similar at all rifaximin dos-
es. The rates of adverse events were compa-
rable in all treatment and placebo arms.
Rifaximin therapy was associated with min-
imal changes in intestinal flora (Briand et a/,
2006).

Oral agents for self-treatment of travelers'
diarrhea (Hill et al, 2006): 1- Norfloxacin
400 mg twice daily for up to three days, but
not recommended. 2- Ciprofloxacin 500mg
twice daily for up to three days 20 to 30
mg/kg per day in two divided doses for up to
three days; maximum dose 500mg. 3- Oflo-
xacin 200mg twice daily for up to three days
7.5mg/kg every 12 hours for up to three
days; maximum dose 200mg. 4- Levofloxa-
cin 500 mg once daily for up to three days
10mg/kg once daily for up to three days;
maximum dose 500mg, 5- Azithromycin§
1000 mg single dose 10mg/kg once daily
(single dose); maximum dose 1000mg. 6-
Rifaxamin 200mg three times daily for up to
three days 12 years: 200mg three times daily
for up to three days. Nevertheless, the self-
treatment of travelers' diarrhea in children is
controversial (Christenson, 2008).

Other agents: Non-antibiotic preventive as
Bismuth subsalicylate (30 mL or two tablets
four times daily with meals) can prevent a
significant number of cases of TD. Howev-
er, the doses required are inconvenient for
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the traveler, and the same cautions about
salicylate toxicity apply when used for pre-
vention as well as therapy.

Probiotics such as Lactobacillus GG have
been shown to decrease the incidence of di-
arrhea in travelers in randomized controlled
trials. However, another lactobacillus prepa-
ration, nonviable Lactobacillus acidophilus
(LA) showed no beneficial effect compared
to placebo in a randomized, double-blind,
controlled trial in 174 travelers (Clemens et
al, 1988). The authors speculate that the lack
of benefit compared to that seen with Lacto-
bacillus GG may be due to either the strain
selected for the trial or the fact that the bac-
teria were nonviable. These studies indicate
that there are probably important differences
in efficacy between probiotics. It is neces-
sary to think of individual probiotics (like
individual antibiotics) rather than to general-
ize results to the whole class of agents.

Saccharomyces boulardii also had some
protective effect in travelers to North Africa
and Turkey. Prevention of TD without using
systemic antibiotics is highly appealing; fur-
ther work on probiotics is needed. It must be
recognized that all probiotics are not identi-
cal and results of studies done with a partic-
ular agent should not be generalized to indi-
cate that any probiotic agent would be suc-
cessful in the same clinical situation (Peltola
etal, 1991).

The 2006 guidelines on travel medicine
from the Infectious Diseases Society of
America recommended the following oral
agents for prophylaxis against travelers' di-
arrhea, even though no antibiotic has been
approved for such use by the Food and Drug
Administration in the United States: Nor-
floxacin-400mg once daily Ciprofloxacin-
500mg once daily Rifaximin- 200mg once
or twice daily Bismuth subsalicylate-two
tablets chewed four times daily

The guidelines noted that other fluoro-
quinolones are likely to be effective but have
not been studied for prophylaxis and that
there is no antibiotic with proven efficacy
for prophylaxis against Campylobacter spe-



cies, which are a more common cause of
travelers' diarrhea in south and Southeast
Asia.

With respect to bismuth subsalicylate, the
doses required are inconvenient for the trav-
eler, and salicylate toxicity is a potential
complication.

Vaccination: Administration of a cholera
vaccine is not routinely recommended for
travelers. However, a number of trials sug-
gest that the oral, killed whole-cell vaccine
given with the nontoxic B subunit of cholera
toxin (Dukoral) provides protection for trav-
elers against enterotoxigenic E. coli (ETEC)
infection. The rationale for such protection
is that the B subunit of cholera is antigeni-
cally similar to the heat-labile enterotoxin of
ETEC. In France, a total of 129 imported
cases of cholera were notified between 1973
and 2005 (3.9 cases/y on average). The geo-
graphical sources of infection have changed
with time: in the 1980s, 94% of the patients
were infected in Maghreb (Morocco and Al-
geria) but none were in 2000. On the other
hand, Asia and West Africa progressively
emerged and now predominate. In spite of
certain poorly informed data and possible
underdetection, the number of cases of im-
portation appears to be low and falling (Ta-
rantola et al, 2007). The Dukoral vaccine
was approved in the United States in late
2006 for use as a travelers' diarrhea vaccine.
A conservative estimate that took into ac-
count the incidence of ETEC infection
throughout the world and the efficacy of the
vaccine suggested that it may prevent < 7%
of travelers' diarrhea cases. The 2006 guide-
lines on travel medicine from the Infectious
Diseases Society of America concluded that
the decision to use the vaccine to prevent
travelers' diarrhea must balance its cost, ad-
verse effects, and limited utility against the
known effectiveness and costs of self-
treatment (Doron and Gorbach, 2006).

Kabir (2014) reported that cholera vacci-
nes, Shanchol and Dukoral are two-spaced-
dose oral vaccines comprising large numbers
of killed cholera bacteria. The former con-
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tains Vibrio cholerae O1 and O139 cells,
and the latter contains V. cholerae O1 cells
with the recombinant B subunit of cholera
toxin. In a field trial in Kolkata (India),
Shanchol, the preferred vaccine, protected
45% of the test subjects in all of the age
groups and only 17% of the children under 5
years of age during the first year of surveil-
lance. In a field trial in Peru, two spaced
doses of Dukoral offered negative protection
in children under 5 years of age and little
protection (15%) in vaccines over 6 years of
age during the first year of surveillance. Lit-
tle is known about Dukoral's long-term pro-
tective efficacy. Both of these vaccines have
questionable compositions, using V. chol-
erae O1 strains isolated in 1947 that have
been inactivated by heat and formalin treat-
ments that may denature protein. Immuno-
logical studies revealed Dukoral's reduced
and short-lived efficacy, as measured by
several immunological endpoints.

A strategy for vaccination with heat-labile
enterotoxin (LT) from enterotoxigenic Esch-
erichia coli (ETEC) via a skin patch may be
an effective measure for protection against
moderate to severe travelers' diarrhea. This
was illustrated in a phase II trial including
201 participants; protection against moder-
ate to severe diarrhea was observed among
those randomized to receive LT patches;
protective efficacy 75% (Campbell and
Green, 2006). Alam ef al. (2014) stated that
multiple infections with diverse enterotoxi-
genic E. coli (ETEC) strains lead to broad
spectrum protection against ETEC diarrhea.
They investigated the heat labile toxin B
subunit (LTB) and colonization factor anti-
gens (CFA/I and CS6) specific IgA and IgG
memory B cell responses in adult patients
and concluded that natural infection with
ETEC induces memory B cells and high
avidity antibodies to LTB and colonization
factor CFA/I and CS6 antigens that could
mediate anamnestic responses on re-expo-
sure to ETEC and may help in understanding
the requirements to design the effective vac-
cination strategies.



Zaidi and Wine (2015) stated that the trav-
elers' diarrhea, affecting millions of travelers
every year globally, continues to be a lead-
ing cause of morbidity despite advances in
vaccination, prevention, and treatment. It
will continue to challenge patients and phy-
sicians despite the use of sanitation advice,
prophylactic vaccines, and treatment with
antibiotics. Effects may extend beyond the
time of travel, such as post-infectious com-
plications and exacerbation of preexist-
ing disease. Future research should focus on
novel strategies for reducing exposure to
pathogens, vaccine development, early de-
tection, and targeted treatments.

Conclusion and Recommendations

The travelers' diarrhea is a common entity
caused by a variety of bacteria, viruses, and
parasites. It is uncommon to have to make an
etiologic diagnosis. Stool cultures or stool
examination for ova and parasites should
generally be reserved for cases that last be-
yond 10 to 14 days, except for patients with
fever and colitis, those with upper intestinal
symptoms in whom giardiasis is more likely,
or immunocompromised patients. The main-
stay of therapy for travelers' diarrhea is fluid
replacement. Attention to fluids including
those with sugar and salt is sufficient for
mild diarrhea but severe diarrhea should be
treated with oral rehydration solution. Pack-
ets, which can be reconstituted in clean
drinking water, are available for sale in most
countries. Travelers should be given a pre-
scription for antibiotics to fill and take with
them in case diarrhea develops. Antibiotics
should be taken by the traveler if unformed
stools occur more than four times a day or
for fever, or blood, pus or mucous in stools.
Medical care should be sought if fevers per-
sist beyond 10 to 14 days or if fevers be-
come higher or abdominal pain, bloody diar-
rhea, or vomiting ensue. Anti-motility agents
are usually not necessary for mild to moder-
ate diarrhea and should not be used in severe
diarrhea except in association with antibiotic
therapy. These agents should be discontin-
ued promptly if abdominal pain develops,
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other symptoms worsen, or diarrhea persists.
Attention to choices of food and drink, water
purification, and antibiotic prophylaxis are
all means of attempting to prevent travelers'
diarrhea. Antibiotic prophylaxis is usually
reserved for patients in whom dehydration
would put them at severe risk.

It should be in mind that the prophylaxis
and treatment of populations at risk, child-
ren, chronically ill patients, and those on
immunosuppressive medications, remain the
challenging and require a tailored approach.
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