
The prologue of Robin Cook’s novel “Toxin” contains the
following: “Within the pen an obviously sick cow was lying in
its own diarrhea.” What follows is an intriguing detective story
of suspense and devastation caused by society’s failure to con-
trol a tiny microbe called
Escherichia coli. 

Fiction is hardly stranger
than fact. A recent outbreak of
E. coli in Indiana has sickened
at least 10 people including 7
school children suffering renal
failure requiring dialysis. As a
result of an E. coli outbreak
that has infected at least 30
people in eight states, Topps
Meat Co. has just recalled 21.7
million pounds of frozen ham-
burgers because of possible E.
coli contamination traced to its
Elizabeth, New Jersey plant. 

The challenge of diarrhea is that although it is often a self-
limited condition, the clinician needs to be wary of potentially
life-threatening etiologies. This issue provides a broad and prac-
tical overview of the burden of diarrhea diseases, their etiolo-

gies, appropriate diagnostic work-up, and empiric and definitive
treatment courses.

—The Editor

This article was originally
published in the October 1,
2007 issue of Emergency
Medicine Reports.

Introduction
Diarrhea has plagued

mankind since prehistoric
times. While nearly a universal
experience, it can range from a
mild inconvenience to a rapidly
fatal demise. Its significance as
a public health threat didn’t
grow until the Paleolithic
hunter-gatherer communities

converted to Neolithic farming communities.1 Urbanization
brought larger groups of people together in communities to live
and share resources. In modern times, improvements in sanita-
tion and recognition of sanitary practices have lessened the
impact of infectious diarrhea on close-knit communities. Despite
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this trend, there are still areas of the world where the community
infrastructure is underdeveloped, overloaded, or broken, and
infectious diarrhea remains a leading cause of death in the world
today. Nearly every human being will be affected by this condi-
tion in their lifetime. In developed countries where sanitation is
better, individuals have been shown to average two bouts of diar-
rhea annually. Diarrhea cases are due to locally endemic inocu-
lums; whereas periodically outbreaks and epidemics of various
organisms occur when sanitation processes break down. Under-
developed countries are hit the hardest due to poorly developed
sanitation, overcrowding, and lack of medical care, financial, and
other resources.

Acute diarrhea is a frequent complaint among patients and
can be divided into infectious (85%) and non-infectious causes
(15%). Various estimates exist but infectious causes occur with
the following relative frequencies: viral 50-70%, bacterial 15-
20%, parasitic 10-15%, and 5-10% from unknown causes.2

A systematic approach to the diagnosis and management of
infectious diarrhea can lead to quicker resolution and avoidance
of adverse outcomes. With the ease of world travel today and the
ability to fly from one side of the globe to the other in a day,
physicians must keep an open mind to the many infectious eti-
ologies. Fluid management and supportive care are the mainstays
of therapy, yet antibiotics have a clearly beneficial role in proper-
ly selected patient populations.

Epidemiology
Few infectious diseases have caused more morbidity and

mortality throughout history than those that infect the gastroin-

testinal tract. Wars have been lost, cities devastated, and country
borders decided by epidemics of infectious diarrhea. In some
wars, morbidity and mortality due to diarrhea outpaced injuries
from fighting.1

Infectious diarrhea is the second most common cause of
death worldwide with nearly 5 million deaths annually.3 It
remains one of the leading causes of death in children.2,4,5 Diar-
rhea is estimated to cause the deaths of up to 10,000 children
(younger than age 5) daily in underdeveloped countries.6 This
statistic is in stark contrast to the 300 children younger than age
5 who die in the United States annually and illustrates the role
of sanitation in curbing infectious diarrhea. Surveys of the U.S.
population have demonstrated in excess of 135 million cases per
year of non-food-borne gastroenteritis vs. 76 million cases of
food-borne gastroenteritis.7 These episodes account for more
than 6000 deaths and 900,000 hospitalizations annually.5

Detailed and accurate data do not exist on the full economic
impact of these illnesses, but the cost is estimated to be in bil-
lions of dollars when taking into account lost work productivity,
and direct and indirect health care costs. Diarrhea is second only
to the common cold in number of work days lost.6

Diarrhea is the most common illness affecting those that trav-
el internationally.8 It is more common in developing countries,
but with the ease of global travel, seeing patients in the United
States who have acquired an infection elsewhere is common.
Thus, it is imperative to maintain a broad differential diagnosis
and take a thorough history.  

Many cases of infectious diarrhea occur in outbreaks or epi-
demics and can often be traced to a single source (water or food).
In other settings infections are acquired from pathogens endemic
to an area (e.g., enterotoxigenic E. coli in Mexico) 

Perhaps the most concerning issue is the emerging strains of
bacterial pathogens resistant to commonly used antibiotics.
Quinolone usage in the animal food industry during the 1990s in
both the United States and abroad has been strongly associated
with the rise in antibiotic resistant Campylobacter strains.9

Quinolone usage in the poultry and dairy food industry has since
been banned in the United States. Human usage of antibiotics is
a known contributing factor to growing antibiotic resistance in
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Table 1. Four Major Types of Diarrhea

SECRETORY

Vibrio cholerae, viral gastroenteritis

OSMOTIC

Lactose intolerance, congenital metabolic disease, drugs, or 
supplements

INFLAMMATORY

Bacterial dysentery (EHEC, Shigella), chemotherapy, radiation, 
inflammatory bowel disease

MOTILITY

Hypermotility, diagnosis of exclusion



general but felt to be a lesser cause of rising Campylobacter
resistance to quinolones and macrolides.9 In countries such as
Thailand, emerging resistance to all commonly used antibiotics
(trimethoprim-sulfamethoxazole, ciprofloxacin, azithromycin)
for diarrheal illness has been documented.10

Pathophysiology
Stool is mostly water (60-90%), with normal daily volumes

100-300 mL. This amount varies depending on diet, particularly
unabsorbable fiber. Diarrhea is defined as an increase in the vol-
ume, frequency, and fluidity of stool. Various criteria exist in the
literature with greater than 3 loose stools in a 12-hour period
being the most common. Acute diarrhea is defined as diarrhea
lasting less than 14 days.

Diarrhea is the result of excess water in the stool. Normally
the colon is able to regulate stool composition. Diarrhea occurs
when the colon is unable to perform this function. This may be
the result of increased transit time, increased osmotic load, or
infection. Most of the morbidity and mortality of diarrhea is due
to volume loss leading to dehydration, electrolyte depletion (Na,
K, Cl, Mg), and in some cases systemic illness, sepsis, and death.  

There are 4 major types of diarrhea based on pathophysiolo-
gy: secretory, inflammatory, osmotic, and abnormal motility.
Most acute infections fall under the inflammatory or secretory
mechanisms. (See Table 1.)

Inflammatory diarrhea occurs when there is cellular damage
to the intestinal mucosa, resulting in loss of proteins, blood,
water, and electrolytes. When inflammatory diarrhea is caused by
infection, the invading organism must adhere to the intestinal lin-
ing. This is commonly referred to as dysentery, which classically
manifests as loose stools with blood and mucous. Fecal leuko-

cytes and erythrocytes are often present and can be detected for
diagnostic purposes.  

In contrast, secretory diarrhea involves the secretion of water
and electrolytes (mostly chloride) into the lumen due to
increased cellular permeability. This increased cellular perme-
ability is a result of the direct action of secretagogues or pre-
formed toxins (cholera toxin, Clostridium difficile toxin) or a
direct action of enteropathogenic viruses (rotavirus). Most cases
of acute infectious diarrhea fall into this category. Blood may be
present to a small degree but the stools are mostly non-bloody
and do not contain large amounts of mucous. Electrolyte distur-
bances may be severe resulting in weakness, paresthesias, car-
diac conduction abnormalities, and even cardiovascular collapse.

Diagnosis
A thorough history and physical examination frequently pro-

vides most of the diagnostic workup. The history should focus
on: recent travel, work and vocational exposure, sexual history
(anal intercourse), recent antibiotic usage, contact exposure,
vomiting, and the presence of other symptoms. Dietary history is
often provided by helpful patients but is rarely beneficial in
determining the cause or treatment. Patients’ memories may be
inaccurate, and reports are often biased by restaurant visits, most
recent meals, and dietary variation. The types of high-risk foods
that should be sought during history taking are: undercooked
meat (rare, medium rare) or fish, unpasteurized dairy products,
improperly refrigerated foods, or foods with a prolonged stay in
the refrigerator. The differential diagnosis of acute infectious
diarrhea also includes non-infectious etiologies such as ischemic
colitis, ulcerative colitis, Crohn’s disease, and radiation colitis
among others.

A thorough history of stool patterns including frequency, con-
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Table 2. Invasive vs. Noninvasive Organisms

INVASIVE: HEME + (DYSENTERY)

Shigella
Enterohemorrhagic E. coli (EHEC)
Campylobacter
Yersinia enterocolitica
Clostridium difficile
Salmonella
Norwalk virus
Entamoeba histolytica

NON-INVASIVE: HEME - (WATERY STOOLS)

Enterotoxigenic E. coli (ETEC)
Enteropathogenic E. coli (EPEC)  
Vibrio cholerae
Vibrio parahaemolyticus
Clostridium perfringens
Bacillus cereus
Giardia lamblia
Rotavirus
Parvovirus
Cryptosporidium

Table 3. Causes of False Positive and False
Negative Results in Testing

FALSE POSITIVES FALSE NEGATIVES

• Dietary red meat • Vitamin C
• Iron supplements (50%) • Antacids
• Peroxidase-rich foods (see Table 4)

Table 4. Peroxidase-rich Foods

• Turnips
• Radishes
• Artichokes
• Mushrooms
• Broccoli
• Bean sprouts
• Cauliflower
• Oranges
• Bananas
• Cantaloupes
• Grapes



sistency, presence of blood or mucous, or foul odor are impor-
tant. Patients with infectious diarrhea may have a variety of other
symptoms other than loose stools. Common symptoms include
abdominal pain, bloating, cramping, tenesmus, fever, nausea, and
vomiting. The history should also focus on determining the
patient’s volume status. Decreased urination, dark urine, weak-
ness, fatigue, and thirst all suggest dehydration.

The physical examination should focus on identifying those
patients with signs of toxicity or moderate to severe dehydration.
The vital signs may show signs of severe volume depletion with
the presence of tachycardia, hypotension, or orthostasis. Fever
supports the diagnosis of infectious diarrhea. Other findings on
physical examination involved in the assessment of volume sta-
tus are jugular venous pressure, skin turgor, mucosal membranes,
and capillary refill. A careful abdominal exam is crucial to detect
the presence of surgical emergencies or peritonitis and may sug-
gest a more severe invasive enteric pathogen. A rectal examina-
tion should be performed in all patients presenting with acute
infectious diarrhea.

The most useful diagnostic step in the workup of diarrhea is
determining whether it is an invasive or non-invasive organism.
(See Table 2.) This differentiation can help guide the clinician in
deciding whether further workup is necessary (stool cultures,
blood work). Two major methods exist for this: Hemoccult test-
ing of stool for hemoglobin and microscopic evaluation of stool
for leukocytes. Hemoccult testing is the quickest and can be per-
formed in seconds at the bedside. Testing stool for blood helps to
categorize likely infectious agents and to identify infections more
likely to require antibiotic treatment. Most of the infectious
agents amenable to treatment with antibiotics fall under the inva-
sive category and are heme positive.  

The simplest test to direct therapy is testing stool for heme.
This is done most simply by obtaining a stool sample from digi-
tal rectal exam and using a Hemoccult developer card with devel-
oper. These tests are capable of detecting as little as 6 mg of
hemoglobin in 1 gram of feces. The clinician must be aware of
false positives and false negatives that can occur with occult
blood testing. (See Table 3.) Diets heavy in red meat as well as
peroxidase-rich vegetables can cause false positive tests for
occult blood. Many drugs such as aspirin, steroids, colchicines,
and NSAIDs can cause microscopic blood loss at therapeutic
doses, which can affect interpretation of positive results. 

Sending stool samples for fecal leukocytes evaluation can
help, but is more time consuming and expensive.11 The pres-
ence of fecal leukocytes has been shown to be a predictor of
positive stool culture.12 It is most useful when a rectal examina-
tion reveals no stool for testing, results of occult blood testing
are in question (false positives), or a rectal examination cannot
be performed. It is important to note that stool specimens posi-
tive for fecal leukocytes do not accurately predict the presence
of C. difficile.13

The history and physical examination dictate the need for fur-
ther workup, which can include: metabolic panel, CBC, U/A,
stool for fecal leukocytes, stool C & S, stool for O & P, C. diffi-
cile assay. Indiscriminate laboratory testing in the setting of
uncomplicated diarrhea rarely changes management. Focused
testing is most helpful in patients who are sick, febrile, or have a
prolonged course of illness.

Patients who have been treated with antibiotics in the last
2 months or who have a recent past history of C. difficile
colitis (even if fully treated) warrant stool studies to detect
the presence of C. difficile toxin. This is often done with a
rapid ELISA on stool samples to detect C. difficile toxins A
and B. Recovery of C. difficile in the stool in itself does not
indicate a cause for diarrhea unless the stool is positive for
toxin production.

The CBC helps assess whether the patient complaining of
bloody diarrhea has lost a significant amount of blood. In most
cases blood loss is minimal in dysentery. The hemoglobin and
hematocrit are also frequently elevated in dehydration, offering
clues to volume status. The clinician must interpret this with
caution, however, as many other factors can elevate hematocrit
such as living at higher elevations, smoking, and hematologic
disease. The white blood cell count (WBC) can be useful in
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Table 5. Empiric Antibiotics

ARGUMENTS AGAINST:

• Low incidence of treatable pathogens
• Cost of antibiotics
• Development of bacterial resistance
• Prolonged excretion of salmonella
• Possible increased toxin production: Enterohemorrhagic E. coli

(EHEC)
• Worsening of diarrhea
• Hemolytic-uremic syndrome

Table 6. High Risk Patients

• Elderly
• Neonates
• Patients with diabetes
• Patients with liver cirrhosis
• HIV patients
• Immunocompromised patients (chemotherapy, transplants, 

immunotherapy)
• Connective tissue disease
• Cancer patients
• Patients with cardiac valvular disease
• Patients with vascular grafts
• Patients with artificial joints 

Table 7. Special Populations

• Workers in food industry
• Health care workers
• Child care workers



evaluating the invasiveness of infection. Although the degree of
elevation may not help reveal which organism is responsible for
infection, it may suggest a more invasive illness. The band count
has traditionally been used to assess severity of infection but has
never been shown in the literature to be a good measure of ill-
ness severity.14

Measurement of electrolytes is important, especially in secre-
tory (watery) diarrhea illness and/or if signs of significant vol-
ume depletion are present. Blood urea nitrogen (BUN) and crea-
tinine (Cr) are vital to rule out renal insufficiency and may sug-
gest volume depletion with an elevated BUN/Cr ratio.

Stool cultures are the gold standard for diagnosis of dysentery.
Not all patients presenting to the clinician with acute infectious
diarrhea require cultures.15 Overuse of cultures is not cost effec-
tive and should be avoided. Stool cultures should be considered
in the following circumstances: fever, bloody diarrhea, toxic
appearing patient, patient with significant abdominal pain, possi-
ble acute flare of inflammatory bowel disease, recent antibiotic
usage, immunosuppressed patients, employees in the food han-
dling industry, day care workers, travel to an endemic area, histo-
ry of anal intercourse.  

The ordering of routine stool cultures in most hospitals will
automatically initiate testing for salmonella, shigella, and
Campylobacter. Be aware of the testing your laboratory rou-
tinely performs. Specific requests may need to be made if
Yersinia, Vibrio, or E. coli strains are suspected. It is optimal
practice to indicate sought-after pathogens on the laboratory
request.

Stool samples can be sent to the laboratory for ova and para-
site evaluation if the clinical suspicion is high for parasites (for-
eign travel, recurrent disease). Flexible sigmoidoscopy and/or
colonoscopy with biopsy are indicated in some cases of severe
diarrhea when the etiology cannot be ascertained with normal
testing and the clinician needs to distinguish between infection,
ischemia, and inflammatory bowel disease.

Clinical Management
The most important aspect of managing the patient with an

acute diarrheal illness is assessing and replacing fluid volume.
Laboratory studies can also assist with evaluation of the BUN/Cr
ratio. The BUN is often elevated in cases of moderate to severe
dehydration. If severe enough, an elevated Cr may also suggest
early renal failure. The CBC can also be suggestive of volume
contraction if the hemoglobin and hematocrit are elevated. An
elevated urine specific gravity suggests the kidney is conserving
body water due to dehydration. A dilute urine or low specific
gravity suggests a more euvolemic state.

Rehydration can be done orally or intravenously depending
on the clinical situation. Oral rehydration can be effective if the
patient is able to hold down liquids and the proper replace-
ments are chosen.16 It is the preferred method for mild to mod-
erate fluid losses. It is important that not only body water but
also electrolytes are replaced. There are many different strate-
gies to accomplish this. Various sports drinks on the market
have sodium and potassium replacement but usually contain
simple sugars that may worsen diarrhea osmotically. Other
products such as HEED or Pedialyte provide electrolytes with-
out the sucrose and fructose. Pedialyte comes in many forms
including popsicles for children. Salt tablets also can be of use.
One to two tablets with 8-12 ounces of water can help replace
lost sodium. Diluted fruit juices, non-caffeinated soft drinks,
clear soups, broths, and crackers can all provide fluid and sodi-
um replacement. Dairy products should be avoided as many
infectious agents induce a transient lactase deficiency, which
causes symptomatic lactose intolerance and thus may worsen
symptoms. Food is encouraged along with liquids; however,
dairy, sugar containing foods, and high fat foods may worsen
symptoms. The BRAT diet (bananas, rice, apples, toast) has
been well described and considered safe despite lack of proven
efficacy.6

Intravenous rehydration may be indicated in those patients
who are unstable or unable to drink. Isotonic fluids such as
lactated ringers or normal saline should be used alone or in
combination with oral rehydration in select instances. In chil-
dren a 20 cc/kg bolus is initiated whereas in adults boluses of
250 cc to 1000 cc are indicated initially, depending on the
patient’s age, underlying cardiac status (history of CHF, ejec-
tion fraction), and renal status. The endpoint should be the
improvement of the patient’s hydration as evidenced by the
patient making clear urine, improvement of symptoms, and
resolution of laboratory abnormalities.

Electrolyte replacement can occur either intravenously or
orally as well. Check for magnesium depletion in patients with
hypokalemia. In the setting of severe magnesium deficiency, it is
difficult to correct hypokalemia without also correcting magne-
sium levels. 

Antibiotics or No Antibiotics?
There are few things in patient care that are as controversial as

use of antibiotics in the patient with diarrhea. Although most
physicians recognize the benefit of treating positive cultures,
antibiotic therapy has been found to be most effective if institut-
ed early, thus precluding culture-guided decision. In most cases
of infectious diarrhea, a specific pathogen cannot be identified on
that visit. Empiric antibiotics for bacterial diarrhea have been
shown to be superior over placebo in select circumstances, how-
ever there are a number of downsides. (See Table 5.) First of all,
most cases of enteritis resolve without intervention regardless of
whether the source is bacterial or viral. Traditional teaching has
been to avoid antibiotic therapy if Salmonella is suspected due to
the risk of prolonged shedding of the organism. However, studies
looking at this topic have revealed conflicting evidence, and the
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Table 8. Empiric Antibiotics

• Ciprofloxacin 500 mg Bid x 3-7 days
• Macrolides (erythromycin or azithromycin) pediatric patients
• Metronidazole 500 mg Tid x 10 days if suspicion of C.difficile or 

amebic dysentery 



clinical significance of prolonged excretion is not clear.
Evolving bacterial resistance to common antibiotics is a seri-

ous problem worldwide. In the United States, fluoroquinolones
have been used in food-producing animals, which has been asso-
ciated with a rising incidence of antibiotic resistance to Campy-
lobacter that is isolated from a large percentage of chickens and
beef.17 The highest rates of antibiotic resistance to Campylobac-
ter have been found in Spain and Thailand, and these rates con-
tinue to rise.18

The preferred empiric antibiotic depends on the clinical situa-
tion. In most instances treatment with a fluoroquinolone such as
ciprofloxacin is the best choice. It has been shown to be superior
to trimethoprim-sulfamethoxazole and is given as 500 mg twice
daily for 3-7 days.19 It should not be used in pregnant patients or
children. If, however, the clinical suspicion exists for C. difficile
infection (due to recent antibiotic use) or amebic dysentery, then
metronidazole is a superior choice. Macrolides such as erythro-
mycin and azithromycin have been tested and found effective for
bacterial dysentery. Due to the high incidence of Campylobacter
resistance to quinolones (as high as 85%) in Thailand, travelers
to this country may respond better to macrolides. Azithromycin
can be dosed in a 3-day course or single-dose therapy, and is also
the preferred choice for pediatric patients since quinolones are
contraindicated.20

Use of anti-diarrheal agents is controversial; however, most
preparations are over-the-counter and patients have access to
them regardless of physician recommendations. Loperamide is
the most commonly used over-the-counter agent by patients.21 A
variety of different preparations exist to help decrease the fre-
quency of diarrhea. Most of the agents are effective at reducing
symptoms and are often combined with empiric antibiotics for
traveler’s diarrhea with good results in selected patient popula-
tions. It is imperative to warn those patients who might be at risk
for adverse outcomes from such treatment.22,23 Prolonged fever,
toxic megacolon (C. difficile colitis), and hemolytic-uremic syn-
drome (E. coli 0157:H7) have all been observed in the setting of
anti-motility usage. Fulminant amoebic colitis has even been
observed with loperamide usage.24 Anti-diarrheal drugs can be

divided into 2 major groups: anti-motility agents and bulk form-
ing/toxin binders. Opium products and loperamide (Imodium)
impair peristalsis, thus very effectively reducing the number of
stools. In patients with toxic and/or invasive infections, anti-
motility agents may increase the risk of worsening infection,
toxic megacolon, and sepsis. These drugs are not recommended
in pediatric patients or those with antibiotic-associated colitis,
inflammatory bowel disease, or toxic dysentery. Bulk
forming/toxin binding drugs such as kaolin/pectin (Kaopectate)
or bismuth subsalicylate (Pepto-Bismol) do not impair peristalsis
and are considered safer therapies.

Disposition
The majority of patients with acute diarrhea can be managed

as outpatients with supportive care. Exceptions to this are those
with severe dehydration that cannot be reversed quickly such as
in the elderly, those with poor ejection fractions, hemodynamic
instability, children, acute renal insufficiency or renal failure,
poor social support, mental impairment, and those failing out-
patient therapy. Also, patients demonstrating systemic toxicity
or immunosuppression due to chemotherapy, autoimmune dis-
ease, or organ transplants should be considered for admission
to the hospital.  

Special Populations
U.S. Military Personnel. As of January 2003, there were 1.4

million active-duty men and women in the U.S. armed services.
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Table 9. Anti-diarrheal Drugs (Over-the-Counter)

DRUG DOSAGE EFFECT

Loperamide (Imodium) 4 mg initial dose, Anti-motility agent
then 2 mg after each
stool (max 8-16 mg/day)

Diphenoxylate with 4 mg QID < 2 days Anti-motility agent
atropine (Lomotil)

Koalin/pectin (Kaopectate) 60-120 mL after each Bulk forming, toxin binder
loose stool

Bismuth subsalicylate 30 mL or 2 tablets q 30 min Toxin binder
(Pepto-Bismol) (max 8 doses)

Table 10. Middle East Pathogens

• ETEC
• EAEC
• Salmonella
• Shigella
• Norovirus
• Giardia
• Cryptosporidia



Since 2001, hundreds of thousands of American service men and
women have deployed to either Afghanistan or Iraq. Given the
large numbers of personnel involved and the broad geographical
range from which they originate, physicians should be familiar
with this aspect of travel medicine. Physicians may provide care
to military personnel while they are home on leave, or after they
have finished their deployment.  

Although injuries predominate health care concerns in
returning soldiers, infections of various sorts are common.
Diarrhea is a common ailment and presenting complaint of
overseas military personnel.25 They are especially vulnerable
due to the lack of ability to secure “safe food.” Attack rates are
directly related to consumption of locally procured foods like
raw vegetables, fruit, undercooked meat products, water, and
ice. A 1979 study of U.S. army soldiers noted a nearly 50%
incidence of diarrhea upon arrival to South Korea, most of
which was from ETEC.26 Of the troops deployed to Thailand in
1993, 28% experienced diarrheal illness attributed to Campy-
lobacter (25%), E. coli (13%), nontyphoidal salmonella (8%)
and rotavirus (4%).27 More recently U.S. and British troops
deployed to Afghanistan and Iraq have reported outbreaks of
Shigella and norovirus.28 Aside from these outbreaks, surveil-
lance cultures in these troops have revealed a 60% incidence of
diarrhea with 50% of troops having multiple episodes. Aside
from outbreaks, the most common offending pathogen again
was found to be ETEC.28-30

Adequate hydration in soldiers during active duty can be diffi-
cult. Soldiers wearing full gear in hot climates already have the
tendency toward dehydration prior to the onset of diarrhea.
Aggressive hydration should occur in this otherwise usually
healthy population.

Traveler’s Diarrhea. Acute infectious diarrhea affects up to
55% of travelers.31 The number of people involved is in excess of
250,000 million annually. Illness can occur while traveling and
after returning home. The exact incidence and etiologies vary
depending on the geographic location traveled.  

Most cases of traveler’s diarrhea occur within the first 2
weeks of travel and usually last around 4 days without
treatment.32,33 Most cases are non-life threatening but may
involve severe symptoms and days lost from work.

Destination has the strongest association with occurrence of
traveler’s diarrhea with the highest risk areas being: Latin Ameri-
ca, Africa, South Asia, and the Middle East. This is in contrast

with the lowest risk destinations: northern and central Europe,
United States, Canada, Japan, and Australia.31,34,35

Regardless of the destination, some patients are at higher risk
when traveling such as those on acid reduction therapy (proton
pump inhibitors, H2 blockers), and immunosuppressed patients.
In contrast to developed countries where viral illness predomi-
nates, traveler’s diarrhea obtained in developing countries is usu-
ally bacterial. Bacterial pathogens are spread through poor sani-
tation and mishandling of food and water.

When traveling, there are certain dietary sources that have
demonstrated the highest risk such as salads, raw or poorly
cooked meats and seafood, unpasteurized dairy products, tap
water, and unpeeled fruits. Thus, eating in restaurants increases
one’s chance of contracting diarrhea, especially if consuming
cold sauces or salsas.

The most common offender is enterotoxigenic E. coli
(ETEC) with other common pathogens close behind such as:
Campylobacter, Shigella, other E. coli species, Salmonella,
Aeromonas, and Vibrio. Parasitic infections are not uncommon
and include Giardia lamblia, Entamoeba histolytica, Cyclospo-
ra, and Cryptosporidium. Enteropathogenic viruses like
rotavirus and norovirus occur with increased frequency in devel-
oping countries.

Recent outbreaks of infectious diarrhea on cruise ships have
revealed norovirus as the culprit. This poses unique diagnostic
challenges to the physician on cruise ships due to limited diag-
nostic capabilities and may involve the need to send cultures to
nearby port towns for evaluation. Empiric antibiotics are not
likely to be helpful in this setting unless the physician can con-
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Table 11. Destinations and Risk

LOWEST (5%) INTERMEDIATE (15-20%) HIGHEST (20-60%)

Central Europe Southern Europe Middle East
Northern Europe Eastern Europe South America
United States Russia Central America
Canada China Southeast Asia
Japan Israel Africa
Australia Caribbean Islands

South Africa

Table 12. Opportunistic Enteric Infections

• Cytomegalovirus (CMV) colitis
• Cryptosporidium
• Microsporidium
• Mycobacterium avium complex (MAC)
• HIV enteropathy
• Isospora
• Herpes simplex virus (HSV)
• Histoplasma
• Cryptococcus
• Mycobacterium tuberculosis



firm the presence of a bacterial pathogen.
Treatment. At this time, the Centers for Disease Control and

Prevention (CDC) does not recommend prophylactic antibiotics.
Despite this, it may be considered for immunosuppressed patients
or other high-risk patients traveling to high-risk destinations. (See
Table 11.) If antibiotic prophylaxis is given, fluoroquinolones are
the treatment of choice with up to 90% effectiveness.32,33,36

Rifampin may be another option but further testing is needed.31

Prevention. Prophylaxis in the form of probiotics (Lactobacil-
lus) and bismuth subsalicylate (Pepto-Bismol) has been shown to
have protection rates of up to 47% and 60% respectively but can
be cumbersome due to frequent dosing.32,33 Bismuth preparations
should not be used in patients taking anticoagulants, other salicy-
lates, or in patients taking doxycycline for malaria prophylaxis.  

Medical counseling of travelers and non-antibiotic prophylaxis
do not eliminate the risk of traveler’s diarrhea. Access to good
quality medical care may be limited, therefore it is considered

acceptable practice to provide reliable travelers with means for
empiric self-treatment, which can significantly reduce morbidity.31

Immunosuppressed Patients. Organ Transplants. In the
United States there are up to 27,000 organs transplanted annu-
ally. Diarrhea is a common complication of organ transplanta-
tion, which can result in significant morbidity and mortality.37

The differential diagnosis includes infection, medication effect
(immunosuppressive agents, antibiotics, laxatives), and the
surgical procedure itself. Bone marrow transplant patients may
develop graft-versus-host disease, which manifests as diarrhea
and can present as an acute infection. Traditionally, in the first
6 months after transplantation, opportunistic and viral infec-
tions are the rule.37 The most common opportunistic organisms
causing diarrhea in the transplant patient are cytomegalovirus
(CMV), microsporidium, cryptosporidium, Isospora belli,
cyclospora, and Giardia lamblia. One study reviewed post
transplanted kidney and liver patients and found Giardia,
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Figure. Approach to Empiric Antibiotic Treatment

Recent antibiotic usage?

No

Yes
Send C. difficile assay
Consider treatment with
empiric metronidazole
500 mg tid x 7 days

Hemoccult (+) or (-)

(-) (+)

Travel outside U.S. Send stool cultures

High volume 
watery stools

Consider Rx if:
–severe symptoms
ciprofloxacin 500 mg
bid x 7 days (adults)
azithromycin (children)

Signs of toxicity
(fever, abdominal pain)No Yes

Rx:
–ciprofloxacin 500 mg bid x 7
days
Alternates:
–trimethoprim-sulfamethoxazole
–azithromycin (children)

** Consider Rx if:
–high risk patient
–severe symptoms
ciprofloxacin 500 mg
bid x 7 days

No Yes

No Yes

–Fluid management
–Antimotility agents

Consider cholera Rx
Adults: ciprofloxacin 1 g x 1 dose
Children: doxycycline 7 mg/kg x
1 PO not to exceed 300 mg

* Travelers to Mexico have high incidence of Enterotoxigenic E. coli, which responds to treatment
** See table for high-risk patient criteria



Cryptosporidia, and CMV the most commonly identified
pathogens.38 Cryptosporidia is sometimes difficult to detect
and intestinal biopsy may be needed to make the diagnosis. It
is also very difficult to eradicate and may require reduction of
immunosuppression. The nematode Strongyloides stercoralis
has been shown to re-activate in the post-transplant patient as
well.

After 6 months if the transplanted organ takes well, normal
community-acquired organisms predominate. Bacteria most
commonly isolated from transplant patients with diarrhea
include: Clostridium difficile, Yersinia enterocolitica, Campy-
lobacter jejuni, Salmonella, and Listeria monocytogenes.39 Up to
50% of transplant patients receiving a therapeutic course of
antibiotics develop C. difficile-associated diarrhea.39 These
patients with enteritis may present with simple diarrhea, febrile
enterocolitis, and toxic megacolon. Thus x-rays are indicated in
the transplant patient with diarrhea and abdominal pain.

Opportunistic organisms are again found in high incidence
during times of rejection and other periods of aggressive
immunosuppression. CMV infection is the most common viral
infection causing clinical symptoms after transplantation. The
CMV virus after initial infection produces a life-long latent
infection. Intestinal transplants are associated with the highest
risk of latent virus reactivation. Other viruses commonly isolated
from stool of post-transplant patients include adenovirus, cali-
civirus, and herpes virus.39

Transplant patients with diarrhea must be screened carefully
for any signs of toxicity. Fluid status must be monitored carefully
and a low threshold maintained for hospital admission. It is
imperative that the physician communicate directly with the
transplant service that manages the patient. Anti-motility agents
should be used with great caution and are best avoided. 

HIV Infected and AIDS Patients. Diarrhea, both acute and
chronic, is a common problem affecting HIV-infected patients.
Diarrhea has been shown to be an independent predictor of a
lesser quality of life.40 It is most commonly caused by infec-
tion, drug therapy (nelfinavir, ritonavir), and HIV-associated
enteropathy.41 Diarrhea can often be the presenting symptom
that leads to the diagnosis of HIV infection, especially in
underdeveloped countries. In one study up to 40% of HIV-
infected adults reported at least one episode of diarrhea in the
preceding month.42,43 It is important to realize that diarrhea may
be due to infiltrative diseases such as lymphoma and Kaposi’s
sarcoma as well. 

The clinical picture varies depending on many factors such as
sexual habits and immune status. Patients who are HIV positive
but who have low viral loads and higher CD4 counts generally
experience the same community-acquired infections as the rest
of the population. However, once the cellular immunity drops
(CD4 < 100), a number of opportunistic pathogens enter the dif-
ferential diagnosis. Opportunistic pathogens such as cyto-
megalovirus, cryptosporidium, and microsporidium infect nor-
mal hosts but usually cause self-limited disease. In HIV-infected
patients with lower immunity, the infection persists and becomes
a chronic debilitating illness.

In some cases the etiology of infectious diarrhea can be
inferred by the type and location of symptoms.41 For exam-
ple, upper-mid abdominal cramping, bloating, and nausea
suggest upper GI involvement, which favors MAC, Cryp-
tosporidium, Giardia, or Isosporabelli infection. Patients with
lower abdominal cramps, tenesmus, and hematochezia usual-
ly have colonic involvement with such pathogens as CMV,
HSV, or bacterial pathogens such as Salmonella, Shigella,
Yersinia, or Campylobacter.44

HIV patients also have a high incidence of C. difficile colitis.
One retrospective review identified C. difficile as the most com-
mon pathogen, composing 54% of all bacterial pathogens.45

Males involved in anal intercourse may experience what has
been referred to as Gay Bowel Syndrome. Along with the normal
enteric pathogens, sexually acquired infections such as Chlamy-
dia, Gonorrhea, LGV, condyloma accuminatum, syphilitic chan-
cres, and Herpes simplex occur in patients who engage in anal
intercourse. Many of these patients have concurrent infections
with more than one pathogen.46

Many cases of acute infectious diarrhea in HIV-infected
patients become chronic and are difficult to eradicate. Many of
the opportunistic enteric pathogens in the AIDS patient can lead
to malabsorption (MAC, microsporidia). This can be severe and
may warrant hospital admission for nutritional support and
aggressive GI workup.47

Care should focus on obtaining specimens for testing after
hydration status has been addressed. In more than 50% of diar-
rhea illness in HIV-infected individuals, no identifiable pathogen
can be found.48 Consultation with an infectious disease specialist
may be indicated.  

Summary
Acute infectious diarrhea is one of the most common clini-

cal problems. A thorough history and physical examination
suggests the diagnosis and treatment in most cases. It also
avoids the unnecessary use of diagnostic testing. Although the
majority of patients who present will have self-limited and mild
disease, many will have conditions that warrant use of empiric
antibiotics and anti-motility agents. Judicious use of antibiotics
limits the spread of resistant bacteria and has been shown to be
effective in treating patients’ symptoms in select cases. The top
priority in management of the diarrhea patient is to evaluate
and manage dehydration. This can be done safely by oral
administration of fluids and electrolytes in most patients. Intra-
venous fluids are reserved for those patients who are unable to
drink, have severe dehydration, or have hemodynamic instabili-
ty. The majority of patients can be managed and sent home;
however, a low threshold for admission of immunosuppressed
patients is important. 
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Physician CME Questions

31. All of the following pathogens usually cause an inflammatory 

diarrhea except:

A. Salmonella.

B. Campylobacter.

C. Vibrio cholera.

D. Amebiasis.

E. Shigella.

32. The preferred empiric antibiotic in the adult patient with traveler’s

diarrhea is:

A. Bactrim.

B. ciprofloxacin.

C. doxycycline.

D. Augmentin.

E. vancomycin.

33. All of the following travel destinations are associated with a high risk

of diarrheal illness except:

A. South America.

B. Southeast Asia.

C. Japan.

D. Middle East.

E. Africa.

34. Which of the following statements is true?

A. Diets high in red meat can cause false positive occult blood 

testing of stool.

B. Stool cultures should be sent in all patients with diarrhea.

C. The diagnosis of C. difficile colitis is by stool culture.

D. The band count is the most helpful test in assessing whether a

pathogen is invasive.

35. Which of the following statements regarding treatment is true?

A. Anti-motility agents are contraindicated in all heme positive

diarrhea.

B. Loperamide acts by binding toxin and increasing stool bulk.

C. Bismuth subsalicylate should never be used in acute diarrhea.

D. Loperamide has been associated with toxic megacolon in 

ulcerative colitis patients.

36. Empiric antibiotic therapy is indicated in all of the following patients

with dysentery except:

A. kidney transplant patients.

B. patients undergoing chemotherapy.

C. elderly.

D. high school teachers.

E. diabetics.

37. All of the following are opportunistic pathogens that cause diarrhea in

AIDS immunosuppressed patients except:

A. enterotoxigenic E. coli (ETEC).

B. Cryptosporidia.

C. cytomegalovirus (CMV).

D. Mycobacterium avium complex (MAC).

E. Isospora.

38. Which of the following is the most common pathogen causing 

traveler’s diarrhea in patients returning from Mexico?

A. Salmonella

B. Campylobacter

C. Enterotoxigenic E. coli (ETEC)
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D. Shigella

E. Giardia lamblia

39. All of the following are valid arguments against the routine use of

empiric antibiotics in diarrhea except:

A. it promotes bacterial resistance to antibiotics.

B. it may worsen diarrhea.

C. cost.

D. low incidence of treatable pathogens.

E. hepatotoxicity.

40. Which of the following statements is true?

A. Stool should be tested for occult blood in all patients presenting

with acute infectious diarrhea.

B. Stool cultures should be sent in all patients with diarrhea. 

C. Intravenous rehydration is the only effective way to treat the

patient with dehydration.

D. Vibrio cholerae is a classic example of a pathogen causing

inflammatory diarrhea.

E. Dysentery caused by Shigella rarely requires antibiotic 

treatment.
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In this issue: Are thiazolidinediones safe? New study
shows Zometa reduces risk of hip fractures and improves sur-
vival; Merck HIV vaccine proven ineffective in clinical trials;
no causal association found between exposure to mercury
from thimerosal; and FDA approvals.

There’s no hotter topic in medicine right now than
the safety of the thiazolidinediones (TZDs) rosigli-
tazone (Avandia) and pioglitazone (Actos).

Several meta-analysis have pooled data from multiple
clinical trials and come to different conclusions regarding
the safety of the drugs. The September 12 issue of JAMA
contained two papers, both meta-analysis, the of first
which suggests that pioglitazone is associated with a sig-
nificantly lower risk of death, myocardial infarction, or
stroke among a diverse population of patients with dia-
betes. An increase in heart failure was noted, although
no increase in mortality (JAMA 2007; 298:1180-1188). 

The second paper looked at rosiglitazone and noted
that in patients with impaired glucose tolerance or type
2 diabetes, use of rosiglitazone for at least 12 months
was associated with a significantly increased risk of
myocardial infarction and heart failure, again without a
significant increase risk of cardiovascular mortality
(JAMA 2007; 298:1189-1195). This followed on conflict-
ing meta-analysis regarding the risk of rosiglitazone
published in the New England Journal of Medicine in June
and July, the first of which suggested the rosiglitazone
was associated with an increase risk of myocardial
infarction and increased risk of death from cardiovascu-
lar causes (NEJM 2007; 356:2457-2471), while the second
showed an increased risk of heart failure but no
increased risk of myocardial infarction or death from
cardiovascular causes (NEJM 2007;357:28-38). The stud-
ies led to congressional hearings, multiple editorials in
medical journals and eventually led the FDA to recom-
mend black box warnings regarding the risk of heart

failure for both drugs in July. But despite cries from con-
sumer groups suggesting that this was the Cox-2 deba-
cle redux, the FDA stopped short of taking rosiglitazone
off the market. The most recent entry into the fray is a
new meta-analysis from the Lahey Clinic in Boston. This
review analyzed over 3000 studies of which 7 were used
for the analysis—all randomized double-blind clinical
trials of drug-related congestive heart failure in predia-
betic or diabetic patients given either rosiglitazone or
pioglitazone. In over 20,000 patients, 360 had congestive
heart failure, 214 on TZDs and 146 on comparators. As
with other studies there was an increase risk of heart
failure associated with both drugs (relative risk 1.72,
95% CI 1.21-2.24, P= 0.002), but again no increase in car-
diovascular death was noted with either drug (RR 0.93).
The authors suggest that TZDs cause worsening heart
failure, but are not associated with progressive systolic
or diastolic dysfunction of the left ventricle that leads to
death. They also suggest that more studies are needed
(Lancet 2007;370:1129-1136). The take home message
from all the studies is to use caution in TZDs in patients
with diabetes and heart failure (NYHA I and II), and to
carefully monitor patients for worsening signs and
symptoms including weight gain and edema. Initiation
of these drugs in patients with established NYHA Class
III or IV heart failure is contraindicated.
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Zometa and hip fractures
A single 5 mg infusion of zoledronic acid (Zometa)

within 90 days of a hip fracture reduced the risk of
new fractures and improved survival according to
new study. Zoledronic acid is a long acting bisphos-
phonate that is approved for once yearly treatment of
postmenopausal osteoporosis. The drug is effective at
reducing vertebral, hip, and non-vertebral fractures in
women with osteoporosis. In this current study, 1065
men and women with hip fractures were assigned to
receive yearly intravenous zoledronic acid 5 mg IV or
placebo, the infusions were administered within 90
days of surgical repair of a hip fracture. All patients
received vitamin D and calcium.  Mean age was 74.5
years, with approximately 75% women. The rate of
new clinical fracture was 8.6% in the zoledronic acid
group and 13.9% in the placebo group (35% risk
reduction, P = 0.001).  The respective rates of new
clinical vertebral fractures were 1.7% vs 3.8% (P = 0
.02) and for non-vertebral fractures 7.6% vs 10.7% (P =
0.03). The death rate was 28% less in the zoledronic
acid group (101 of 1054 [9.6%] vs 141 of 1057 [13.3%],
P= 0.01). No cases of osteonecrosis of the jaw were
reported and no adverse effects of healing fractures
were noted. The authors conclude that an annual
infusion of zoledronic acid within 90 days of a low
trauma hip fracture was associated with reduced rate
of new fractures and improved survival (published
early at www.NEJM.org  September 17, 2007).

Merck HIV Vaccine Ineffective in Clinical Trial
After years of development and clinical trials Merck

has announced that their HIV vaccine is ineffective in a
large clinical trial, and the company has halted further
test vaccinations. Other HIV vaccines have also failed but
many had hoped that the Merck vaccine, which worked
by stimulating T cells, might be more effective. The trial,
which was begun in 2004 vaccinated 3000 uninfected
volunteers in the US and Latin America. Among 741
patients who received a least one dose of the vaccine, 24
new HIV infections were identified, compared to 21
infections in 762 patients who received placebo. Work
continues on other HIV vaccines, currently 30 worldwide
are in clinical trials, but the failure of the Merck vaccine is
seen is a major setback for HIV researchers.

Thimerosal and Mercury Exposure
Thimerosal has been the subject of intense scrutiny

for years regarding its potential link to various neu-
ropsychological deficits in children. Thimerosal has
been used as a preservative in vaccines and gamma
globulin for decades, although it is rarely used now
because it is metabolized to mercury and thiosalicylate,
potentially leading to high mercury levels in children.

In a new study from the CDC and several large HMOs,
1047 children between ages of seven and 10 years were
enrolled and tested for 42 neuropsychological out-
comes, then the medical records were examined for
history of exposure to mercury from thimerosal.
Prenatal mercury exposure from thimerosal was asso-
ciated with better performance on one measure of lan-
guage and poor performance on one measure of
attention and executive functioning. Exposure in
infancy up to seven months old was associated with
better performance in one measure, fine motor coordi-
nation, and on one measure of attention and executive
functioning. Increasing mercury exposure from birth to
28 days was associated with poorer performance on
one measure of speech articulation and better perform-
ance on one measure of fine motor coordination. The
authors conclude that they could not find a causal
association between early exposure to mercury from
thimerosal and deficits in neuropsychological function-
ing at age 7 to 10 years (NEJM 2007; 357: 1281-1292).

FDA Actions
Eli Lilly has received approval from the FDA to mar-

ket raloxifene (Evista) for the indication of reducing the
risk of breast cancer in postmenopausal women with
osteoporosis and postmenopausal women who are at
high risk for invasive breast cancer. Raloxifene is a selec-
tive estrogen receptor modulator (SERM) that is already
approved for prevention and treatment of osteoporosis
in postmenopausal women. The drug was recently
required to add labeling regarding an increased risk of
fatal strokes in women taking the drug. It also carries a
black box warning regarding risk of thromboembolism
in women who are at high risk (those with an active or
past history or thromboembolism).

Just in time for the winter flu season, the FDA has
approved nasal influenza vaccine (FluMist) for use
in children between the ages of 2 and 5. Previously
the vaccine was only approved for children 5 years
old and older and adults up to age 49. The CDC is
recommending all children between the ages of 6
months to 59 months receive a flu vaccine. Children
ages 2-8 who have never received a flu vaccine will
initially require two doses of fluMist at least one
month apart.

The FDA has approved a new oral granules form
of terbinafine for the treatment of tinea capitis (ring-
worm) in children. The preparation may be sprinkled
on food, allowing easier administration to children
who may not otherwise take medicine over the two
weeks required to treat tinea. Terbinafine granules are
indicated for the treatment of tinea capitis in children
age 4 years and older. It is marketed by Novartis AG
as Lamisil Oral Granules.   ■
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