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CLINICAL PRACTICE

Bacterial Diarrhea

Herbert L. DuPont, M.D.

This Journal feature begins with a case vignette highlighting a common clinical problem.
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,
when they exist. The article ends with the author’s clinical recommendations.

A 47-year-old man reports a 1-week history of diarrhea, with grossly bloody stools for
the past 5 days. He reports no history of travel, contacts with sick persons, or underly-
ing gastrointestinal disease. How should he be evaluated and treated for an infectious
cause of his illness?

THE CLINICAL PROBLEM

Foodborne bacterial diarrhea is an emerging health threat that is attributable to the
increased consumption of fresh vegetables and fruits, the challenges associated with
producing large quantities of inexpensive foods, the increasing importation of foods
from developing regions, and the growing pattern of consumption of foods in pub-
lic restaurants. Of the more than 5.2 million cases of bacterial diarrhea that occur
each year in the United States, 80% are a result of foodborne transmission.? Person-
to-person spread occurs if only a small amount of a pathogen is required for infec-
tion; these pathogens include shigella, Shiga toxin—producing Escherichia coli, and pro-
tozoal and viral agents.

Bacterial enteropathogens lead to an estimated 46,000 hospitalizations and 1500
deaths each year in the United States. The four most commonly reported bacterial
enteropathogens in the United States — campylobacter, nontyphoid salmonella, Shiga
toxin—producing E. coli, and shigella — are associated with an estimated cost of $7
billion annually.3 The first three of these organisms are spread to humans from
animal reservoirs and are currently threatening our food supply.! The highest in-
cidence of campylobacter and salmonella infection occurs among infants, presum-
ably because of cross-contamination in the household and the lower number of
organisms required to cause clinical infection in infants than in older children and
adults.

Table 1 lists the projected incidence of illness caused by bacterial enteropatho-
gens in the United States and the typical clinical manifestations of these illnesses.
In addition to these organisms, other bacterial enteropathogens cause variable num-
bers of cases of diarrhea. Aeromonas species occur worldwide but are particularly
important in tropical regions; they cause acute or persistent diarrhea or dysenteric
diarrhea (passage of grossly bloody stools). Plesiomonas shigelloides is a cause of acute
diarrhea associated with seafood consumption and international travel. Enterotoxi-
genic E. coli is a growing cause of foodborne diarrhea, and enteroaggregative E. coli
is an inadequately studied but potentially important cause of endemic diarrhea in
children in the United States. Although bacterial enteropathogens are of the great-
est importance for children living in the developing world, this article concentrates
on bacterial diarrhea in the United States, which is similar to that in other indus-
trialized regions. A previous review provides additional information about infec-
tious diarrhea.®
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CLINICAL PRACTICE

STRATEGIES AND EVIDENCE

EVALUATION

The clinician should consider specific bacterial en-
teropathogens on the basis of the disease setting
and clinical features of the illness. When bacterial
enteropathogens are suspected, a stool culture or
toxin assay will help to establish the diagnosis.
Most laboratories are set up to routinely look for
shigella, salmonella, and campylobacter when
stools are cultured. In the evaluation of bloody
diarrhea, the laboratory should further be instruct-
ed to look for Shiga toxin—producing E. coli. With
seafood-associated diarrhea or dehydrating chol-
era-like diarrhea, the laboratory should be instruct-
ed to look for choleraic and noncholeraic vibrios.
Indications for stool culture include the presence
of severe diarrhea (passage of six or more unformed
stools per day), diarrhea of any severity that per-
sists for longer than a week, fever, dysentery, and
multiple cases of illness that suggest an outbreak.
Stool cultures are not routinely recommended in
most cases of watery diarrhea or traveler’s diar-
rhea because of the low yield of bacterial patho-
gens. In most cases of infectious diarrhea, a single
stool sample efficiently collected and studied by
a competent laboratory is satisfactory for the work-
up. When multiple stool samples are obtained from
patients with diarrhea, the increased yield of bac-
terial pathogens is approximately 20% (one in five
additional samples is positive).” Pathogens asso-
ciated with specific clinical syndromes are de-
scribed below.

CONDITIONS ASSOCIATED WITH BACTERIAL
DIARRHEA

Acute Watery Diarrhea

Most bacterial and nonbacterial enteropathogens
produce acute watery diarrhea, so this condition
is clinically nonspecific. The rate of underreporting
of cases of acute watery diarrhea that are caused
by detectable enteric pathogens, including most
cases of diarrhea caused by salmonella and campy-
lobacter, is substantial®; it is estimated that the
cause is identified in fewer than 3% of cases in the
United States. Compounding the problem of low
rates of identification, many of the potentially im-
portant agents that cause watery diarrhea are not
detectable by means of routine diagnostic labora-
tory tests; these agents include enterotoxigenic
E. coli, enteroaggregative E. coli, enteroinvasive E. coli,
noncholeraic vibrios, and noroviruses.

The clinical manifestations of strains of diar-
rheogenic E. coli and diagnostic tests to detect them
are summarized in Table 2. Specific strains of
diarrheogenic E. coli are associated with character-
istic clinical and epidemiologic features and dis-
tinct detection requirements. Thus, it is inappro-
priate to refer to E. coli diarrhea without considering
the specific type. Molecular studies with the use
of genome microarray analysis have helped to de-
fine the pangenes of E. coli and offer insights into
phylogenetic relationships.'t

Dysentery

Passage of bloody stools suggests possible bacte-
rial colitis. The four major causes of bloody diar-
rhea in the United States, in descending order of
frequency of occurrence, are shigella, campy-
lobacter, nontyphoid salmonella, and Shiga toxin—
producing E. coli.*? Other organisms may also cause
dysentery, including aeromonas species, nonchol-
eraic vibrios, and Yersinia enterocolitica. It is estimat-
ed that only 5% of organisms that cause bloody
diarrhea in the United States and that are detect-
able by laboratory tests are identified.?

Shiga toxin—producing E. coli strains cause wa-
tery diarrhea that becomes bloody in 1 to 5 days
in 80% of patients; characteristic features of this
condition include severe abdominal pain and
cramps and passage of five or more unformed
stools per 24 hours in the absence of fever.!? In-
fection by Shiga toxin—producing E. coli is the main
cause of renal failure in childhood. In the hemo-
lytic—uremic syndrome, Shiga toxin released in
the gut enters the bloodstream and reaches the
renal endothelium. Two thirds of children with the
hemolytic—uremic syndrome require dialysis; the
associated mortality rate is 3 to 5%. Although
Shiga toxin—producing E. coli strains characteris-
tically cause hemorrhagic colitis, manifestations
of ischemic colitis may also occur.

Approximately 40% of Shiga toxin—producing
E. coli infections in the United States are non-O157
strains. Non-O157 Shiga toxin—producing E. coli
can cause the same spectrum of disease as 0157
strains. Unlike most O157:H7 strains, the non-
0157 strains are usually sorbitol-fermenting.
Strains of Shiga toxin—producing E. coli can be
examined for the presence of Shiga toxin—carry-
ing bacteriophages in their genome; these influ-
ence the spread of Shiga toxin genes.?s It appears
that Shiga toxin 2 is more important in the patho-
genesis of the hemolytic—uremic syndrome than
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CLINICAL PRACTICE

Organism identified in selective gram-negative media

Acute watery diarrhea, may cause fever and dysentery and

96,000*

Yersinia enterocolitica

such as MacConkey agar incubated at 25 to 28°C

a pseudo-appendicitis condition; seen most commonly
in northern countries (e.g., Scandinavia and Canada)
but is seen worldwide as a cause of acute diarrhea,
with animal reservoir including swine and cattle

Characteristic clinical manifestations; food may be cul-

185,0002 Foodborne outbreak of vomiting lasting <12 hr, with an

Staphylococcus aureus

tured for staphylococcus or enzyme immunoassay

may be performed for enterotoxin in food

incubation period of 2-7 hr

Confirmed in foodborne outbreaks by detecting =10°

Potentially very large foodborne outbreaks of watery diar-

250,000

C. perfringens

C. perfringens spores/g of feces in affected persons

or 210° organisms/g in food

rhea without fever or vomiting; incubation period of

8-14 hr

Confirmed in foodborne outbreaks by detecting >10°
organisms in food

resembling S. aureus with vomiting after 2-7 hr or
C. perfringens disease with watery diarrhea after 8-14 hr

Foodborne outbreaks of gastroenteritis; two syndromes

27,000%

Bacillus cereus

* ELISA denotes enzyme-linked immunosorbent assay, PCR polymerase chain reaction, and TCBS thiosulfate citrate bile sucrose agar.

N ENGLJ MED 361;16

Shiga toxin 1.1 Laboratory evaluation of bloody
stools should include assays for sorbitol-negative
E. coli, followed by serotyping for O157:H7 strains,
as well as examination of the stools for Shiga
toxins 1 and 2 by means of commercial enzyme
immunoassay.’” In cases in which fecal testing for
Shiga toxin is positive but testing for sorbitol-
fermenting E. coli O157 is negative, isolates can
be examined in a reference laboratory for a non-
0157 Shiga toxin—producing E. coli serotype.

Food Poisoning

Food poisoning is the term used when a preformed
toxin in food is ingested, resulting in an intoxi-
cation rather than an enteric infection.'® Staphy-
lococcus aureus causes vomiting within 2 to 7 hours
after the ingestion of improperly cooked or stored
food containing a heat-stable preformed toxin.
Clostridium perfringens causes watery diarrhea with-
out vomiting within 8 to 14 hours after the inges-
tion of contaminated meat, vegetables, or poultry.
Strains of Bacillus cereus from contaminated fried
rice, vegetable sprouts, or other food items pro-
duce one of two toxins that may result in disease
resembling that caused by S. aureus or C. perfringens,
depending on the toxin produced. Most cases of
food poisoning are of short duration, with recov-
ery occurring in 1 to 2 days. Although itis possible
to confirm the cause of food poisoning by micro-
biologic methods, these are rarely used, and the
diagnosis is made in nearly all cases clinically
without laboratory confirmation.

Traveler’s Diarrhea

Traveler’s diarrhea occurs when persons from in-
dustrialized regions venture into developing tropi-
cal and semitropical areas with reduced levels of
personal and food hygiene. Bacterial enteropatho-
gens cause up to 80% of cases.'® The diarrhea-
producing E. coli (enterotoxigenic E. coli, enteroag-
gregative E. coli, and possibly diffusely adherent
E. coli) account for more than half of cases occur-
ring in Latin America, Africa, and South Asia
(the Indian subcontinent).® Shigella, salmonella,
campylobacter, aeromonas species, noncholeraic
vibrios, and plesiomonas also cause this condition.
Although pathologic types of E. coli are important
in South Asia and Southeast Asia, the invasive
organisms (campylobacter, shigella, and salmonel-
la) are relatively more important causes of trav-
eler’s diarrhea in Asia than in the other high-risk
regions.
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CLINICAL PRACTICE

Patients with traveler’s diarrhea should be
treated empirically with antibiotics without stool
examination2® (Table 3). Antibiotics are also ef-
fective in prevention of the disease.?> When chemo-
prophylaxis is used, most authorities recommend
rifaximin at a dose of 200 mg once or twice a day
(with major meals) while the person is in an area
of risk?3; an alternative regimen is two tablets
(each tablet containing 262.5 mg) of bismuth sub-
salicylate with each meal and at bedtime (a total
of eight tablets, or 2.1 g). In placebo-controlled
trials involving U.S. students traveling in Mexico,
the risk reduction in the development of travel-
er’s diarrhea with the use of prophylactic rifaxi-
min treatment was approximately 70%, and with
bismuth subsalicylate, the risk reduction was
65%.2# Indications for the use of chemoprophy-
laxis include an important trip (the purpose of
which might be ruined by a short-term illness),
underlying illness that might be worsened by di-
arrhea (e.g., congestive heart failure) or might
make persons more susceptible to diarrhea (e.g.,
use of daily proton-pump inhibitor therapy), or
cases in which previous bouts of traveler’s diar-
rhea suggest increased susceptibility to illness.?

Nosocomial Diarrhea

Diarrhea commonly occurs in the hospital, where
patients (often with coexisting conditions) are re-
ceiving drugs and feedings and there is exposure
to C. difficile spores. Although C. difficile accounts
for a minority of antibiotic-associated and hospital-
associated diarrhea, it should be considered in pa-
tients with clinically significant diarrhea (passage
of three or more unformed stools per day), toxic
dilatation of the colon or otherwise unexplained
leukocytosis, or both. Patients with this infection
often pass watery diarrheal stools but may also
pass grossly bloody stools. C. difficile diarrhea is
increasing in frequency?°® and is associated with
an increasing mortality rate.?” Although C. difficile
diarrhea has been viewed as a nosocomial condi-
tion, it is increasingly being seen in the outpatient
setting. Risk factors for C. difficile diarrhea in the
inpatient or outpatient setting include advanced
age and coexisting conditions, alteration of in-
testinal flora by antimicrobial agents, and prob-
ably host genetics. The indigenous human intes-
tinal microbiota is important to colonization
resistance and recovery from antibiotic-associat-
ed and C. difficile diarrhea.?® C. difficile diarrhea
was recently reviewed in the Journal.2®

TREATMENT

For all cases of diarrhea, attention to fluid and
electrolyte replacement is fundamental. A diet of
easily digestible food (such as tomato soup, chick-
en noodle soup, crackers, mashed potatoes, and
boiled or baked vegetables and meats) or a “BRAT”
(bananas, rice, applesauce, and toast) diet is often
recommended for people with acute bacterial di-
arrhea, although randomized trials showing that
these diets expedite recovery are lacking. Avail-
able data in children with acute diarrhea do sup-
port the continuation of oral feeding during the
illness.3° Drugs to improve symptoms, particularly
antimotility drugs such as loperamide and diphen-
oxylate hydrochloride, can reduce the number of
stools passed and may be useful in controlling the
stool rate with watery diarrhea. They should not
be used without concomitant antibacterial therapy
in patients with fever or dysentery in whom the
drug may lead to increased contact time of the en-
teropathogen with the gut mucosa; as long as ap-
propriate antimicrobial therapy is given, there is no
good evidence that antimotility drugs are harm-
ful in bacterial diarrhea.

Therapy with antimicrobial agents is important
in most cases of diarrhea caused by invasive or
inflammatory bacterial pathogens and is useful
in other noninvasive forms of bacterial diarrhea.
Table 3 provides recommendations for antibiotic
therapy in each form of bacterial diarrhea.

Two bacterial organisms require special con-
sideration with regard to recommended therapy.
The first is acute diarrheal disease caused by non-
typhoid salmonellosis. Bacteremia complicates the
infection in approximately 8% of normal healthy
persons. Patients with bacteremia often present
with high fever and systemic toxic effects. Risk
factors in the host that are associated with a
higher than 8% risk of systemic salmonella infec-
tion during bouts of gastroenteritis include ex-
tremes of age (younger than 3 months and 65
years or older), corticosteroid use, inflammatory
bowel disease, immunosuppression, hemoglobin-
opathy including most cases of sickle cell dis-
ease, and hemodialysis. People with one of these
risk factors and nontyphoid salmonellosis should
be treated with antibacterial drugs. Antibiotics
should also be given to patients with intestinal
salmonellosis and a known abdominal aneurysm
or prosthetic heart valve to prevent establishment
of a focal salmonella infection.
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Table 3. Antimicrobial Therapy in Bacterial Diarrhea.*

Diarrheal Disease

Clostridium difficile diarrhea
or colitis

Shigellosis

Nontyphoid salmonellosis

Enteric, fever including typhoid
fever

Campylobacter jejuni diarrhea

Aeromonas species diarrhea
Plesiomonas shigelloides diarrhea

Cholera (due to Vibrio cholerae 01)

Diarrhea due to noncholeraic vibrios

Enterotoxigenic E. coli diarrhea, en-
teroaggregative E. coli diarrhea,
or traveler’s diarrhea

Shiga toxin—producing E. coli infec-
tion, including E. coli O157:H7
infection

Enteroinvasive E. coli infection

Treatment in Children

Metronidazole, 7.5 mg/kg of body
weight (maximum, 500 mg) thrice
daily; or vancomycin, 10 mg/kg
(maximum, 125 mg) four times a
day for 10-14 days

Azithromycin, 10 mg/kg/day in once-
daily dose for 3 days; or ceftriaxone,
50 mg/kg/day given once a day for
3 days

None or ceftriaxone, 100 mg/kg/day
in two equally divided daily doses
for 7-10 days; or azithromycin,

20 mg/kg/day once a day for 7 days

Ceftriaxone, 100 mg/kg/day in two
equally divided daily doses; or
azithromycin, 20 mg/kg/day once
a day for 7 days

Azithromycin, 10 mg/kg/day in a once-
daily dose for 3-5 days; or erythro-
mycin, 30 mg/kg/day in 2—4 divided
doses for 3-5 days

Treat as shigellosis
Treat as shigellosis

Erythromycin, 30 mg/kg/day given
thrice daily for 3 days; or azithromy-
cin, 10 mg/kg/day in a once-daily
dose for 3 days

None or treat as shigellosis

Azithromycin, 10 mg/kg/day in once-
daily dose for 3 days; or ceftriaxone,
50 mg/kg/day given once a day for
3 days

None

Treat as shigellosis

Treatment in Adults

Metronidazole, 500 mg thrice daily
for milder cases; vancomycin,
125 mg four times a day (for more
severe illness)?*; or rifaximin,
400 mg four times a day for 10-14
days (monitoring for in vitro sus-
ceptibility is recommended, since
the related drug, rifampin, may
induce resistance)®?

Ciprofloxacin, 750 mg once a day for
3 days; or azithromycin, 500 mg
once a day for 3 days

None or levofloxacin, 500 mg (or other
fluoroquinolone) once a day for
7-10 days; or azithromycin, 500 mg
once a day for 7 days; levofloxacin
or azithromycin should be given
to immunocompromised patients
for 14 days

Levofloxacin, 500 mg (or other fluoro-
quinolone) once a day for 7 days;
or azithromycin, 500 mg once a
day for 7 days

Azithromycin, 500 mg once a day for
3 days; or erythromycin, 500 mg
four times a day for 3 days

Treat as shigellosis
Treat as shigellosis

Doxycycline, 300 mg in a single dose;
or tetracycline, 500 mg four times
a day for 3 days; or macrolide
(erythromycin, 250 mg thrice daily;
or azithromycin, 500 mg once a
day) for 3 days

None or treat as shigellosis

One of the following: ciprofloxacin,
750 mg once a day for 1-3 days;
azithromycin, 1000 mg in a single
dose; or rifaximin, 200 mg thrice
daily for 3 days

None

Treat as shigellosis

* Multiple drugs are listed as alternatives for patients who may have an allergy to the primary drug. The doses given are
derived from clinical trials, and they may not reflect doses for currently approved indications. Other drugs (not listed)
may be appropriate for these conditions. Ceftriaxone is administered intravenously; the other listed drugs are given orally.

The second organism requiring special consid-
eration is Shiga toxin—producing E. coli. Some anti-
bacterial drugs, including fluoroquinolones and
trimethoprim—sulfamethoxazole, may increase the
induction of phage-mediated production of Shi-

ga toxin and theoretically could increase the risk
of development of the hemolytic—uremic syn-
drome. However, an association between the use
of these antibiotics and an increased risk of this
syndrome has not been established, and other
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Table 4. Selected Complications of Bacterial Enteric Infection.

Complication Important Bacterial Agents

Dehydration

Bacteremia Salmonella, Campylobacter fetus

Hemolytic—uremic
syndrome

Guillain-Barré syn-
drome

Campylobacter jejuni

Reactive arthritis and
iritis yersinia

bowel syndrome

the syndrome

Vibrio cholerae, any bacterial enteropathogen ~ Most important complication of all forms of

Shiga toxin—producing Escherichia coli

Campylobacter, salmonella, Shigella flexneri, ~ Occurs in 2.1/100,000 cases of campy-

Postinfectious irritable  Inflammatory bacterial pathogens (e.g.,
campylobacter) are most important, but
most bacterial pathogens can produce

Clinical Considerations

acute watery diarrhea; should prompt ag-
gressive fluid and electrolyte replacement,
usually in hospital

Organisms that deeply penetrate the intestinal
mucosa are prone to cause bacteremia;
certain high-risk conditions predispose to
systemic salmonella infection

Shiga toxin is absorbed, causing injury to endo-
thelial cells of the glomerular capillaries
with intravascular coagulation

Most cases occur as a result of molecular
mimicry, with antibodies directed to
campylobacter lipooligosaccharides and
peripheral-nerve gangliosides; probability
of development of Guillain-Barré syn-
drome within 2 mo after campylobacter
infection estimated at <2/10,000 cases*°

lobacter infection and 1.4/100,000 cases
of salmonella infection; affected persons
may be HLA-B27—positive or HLA-B27—
negative*

Enteric bacterial infection with intestinal in-
flammation in a susceptible host leads to
altered intestinal findings and postinfec-
tious irritable bowel syndrome****4; dura-
tion is 25 yr*#7

drugs, including fosfomycin, azithromycin, and
rifaximin, do not appear to increase production
of Shiga toxin.3"32 In a mouse model, azithromy-
cin inhibited a Shiga toxin—induced inflammatory
response and prevented death.3* Studies are need-
ed to determine the effects of azithromycin and
rifaximin on reducing diarrhea and decreasing the
risk of the hemolytic—uremic syndrome among
patients with Shiga toxin—producing E. coli dys-
entery. Pending such data, most authorities rec-
ommend supportive treatment only in patients
with Shiga toxin—producing E. coli infection.

AREAS OF UNCERTAINTY

Foodborne bacterial diarrhea continues to occur
at a high rate in the United States and other in-
dustrialized areas.3* A newly established U.S. Food
Safety Working Group has proposed increasing
the number of food inspectors, modernizing fed-
eral laboratories, and updating regulatory laws
controlling the food industry. In selected higher-
risk foods (e.g., poultry), there may be a role for

widespread food irradiation to reduce the risk of
infection. Since most outbreaks (and many indi-
vidual cases) are unrecognized, research is needed
to identify improved methods of diagnosis and
pathogen-reporting in patients with diarrheal
disease.

Improved understanding is needed of factors
that may influence susceptibility to bacterial diar-
rhea, including host genetics and the indigenous
intestinal microbiota and associated coloniza-
tion resistance. My colleagues and I have shown
that genes encoding for inflammatory products
are associated with susceptibility to a variety of
types of bacterial diarrhea, including interleukin-8
and susceptibility to diarrhea due to enteroaggre-
gative E. coli3> or C. difficile3®; lactoferrin3’ and os-
teoprotegerin (a cytokine belonging to a tumor
necrosis factor receptor superfamily)3® and suscep-
tibility to traveler’s diarrhea; and host interleu-
kin-10 and susceptibility to enterotoxigenic E. coli
diarrhea.?®

Factors influencing the risks of medium-term
and long-term complications of bacterial diarrhea
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are uncertain. Table 4 reviews some potential com-
plications, including the development of the Guil-
lain—Barré syndrome (which has been recognized
after campylobacter infection) and postinfectious
irritable bowel syndrome (see Fig. 1 in the Sup-
plementary Appendix, available with the full text
of this article at NEJM.org).

GUIDELINES

The American College of Gastroenterology*® and
the Infectious Diseases Society of America*® have
provided recommendations regarding therapy for
bacterial diarrhea. The current recommendations
differ from the guidelines for bacterial enteric
infection for which antimicrobial resistance has
become widespread (e.g., trimethoprim—sulfa-
methoxazole has been replaced by one of the
fluoroquinolones for many forms of bacterial
diarrhea in adults).

CONCLUSIONS AND
RECOMMENDATIONS

The differential diagnosis and evaluation for sus-
pected bacterial diarrhea depend on the setting in
which illness occurs and associated clinical fea-
tures. A stool culture should be obtained from all

patients with severe diarrhea when diarrhea is pro-
longed, when fever or dysentery complicate the ill-
ness, or when an outbreak has occurred. A single
examination of a diarrhea stool in a qualified lab-
oratory is sufficient for the diagnosis of most cases
of bacterial diarrhea. In patients with bloody di-
arrhea, such as the patient described in the vignette,
fecal toxin assay by means of a commercial enzyme
immunoassay is warranted in addition to stool cul-
ture. If testing for Shiga toxin is positive, the pa-
tient should receive supportive treatment but not
antibiotic therapy, given the potential for some
antibiotics to increase toxin production and the
risk of the hemolytic—uremic syndrome. Antibi-
otic therapy is indicated for febrile dysentery that is
not due to Shiga toxin—producing E. coli, moderate-
to-severe cases of traveler’s diarrhea, and in pa-
tients with culture-proven bacterial diarrhea.

Supported by discretionary funds from the Kelsey Research
Foundation and the University of Texas School of Public Health
and in part by a grant from the National Institutes of Health
(DK 56338) that funds the Texas Gulf Coast Digestive Diseases
Center.

Dr. DuPont reports receiving consulting fees, lecture fees,
and grant support from Salix Pharmaceuticals, consulting fees
and grant support from McNeil Consumer Products, and grant
support from Osel, Intercel, Optimer Pharmaceuticals, and Ro-
mark Laboratories, and serving as an expert witness for law
firms representing parties in suits related to foodborne infec-
tion. No other potential conflict of interest relevant to the article
was reported.

REFERENCES

1. DuPont HL. The growing threat of
foodborne bacterial enteropathogens of
animal origin. Clin Infect Dis 2007;45:
1353-61.

2. Mead PS, Slutsker L, Dietz V, et al.
Food-related illness and death in the
United States. Emerg Infect Dis 1999;5:
607-25.

3. Allos BM, Moore MR, Griffin PM,
Tauxe RV. Surveillance for sporadic food-
borne disease in the 21st century: the
FoodNet perspective. Clin Infect Dis 2004;
38:Suppl 3:5115-8120.

4. Zilberberg MD, Shorr AF, Kollef MH.
Increase in adult Clostridium difficile-
related hospitalizations and case-fatality
rate, United States, 2000-2005. Emerg In-
fect Dis 2008;14:929-31.

5. Ailes E, Demma L, Hurd S, et al. Con-
tinued decline in the incidence of Campy-
lobacter infections, FoodNet 1996-2006.
Foodborne Pathog Dis 2008;5:329-37.

6. Thielman NM, Guerrant RL. Acute in-
fectious diarrhea. N Engl ] Med 2004;
350:38-47.

7. Ethelberg S, Olsen KE, Gerner-Smidt
P, Molbak K. The significance of the num-
ber of submitted samples and patient-

N ENGLJ MED 361,16

related factors for faecal bacterial diag-
nostics. Clin Microbiol Infect 2007;13:
1095-9.

8. Voetsch AC, Van Gilder TJ, Angulo FJ,
et al. FoodNet estimate of the burden of
illness caused by nontyphoidal Salmonella
infections in the United States. Clin Infect
Dis 2004;38:Suppl 3:5127-S134.

9. Spano LC, Sadovsky AD, Segui PN, et
al. Age-specific prevalence of diffusely ad-
herent Escherichia coli in Brazilian chil-
dren with acute diarrhoea. ] Med Microbiol
2008;57:359-63.

10. Meraz IM, Jiang ZD, Ericsson CD, et
al. Enterotoxigenic Escherichia coli and
diffusely adherent E. coli as likely causes
of a proportion of pathogen-negative trav-
elers’ diarrhea — a PCR-based study.
J Travel Med 2008;15:412-8.

11. Willenbrock H, Hallin PF, Wassenaar
TM, Ussery DW. Characterization of pro-
biotic Escherichia coli isolates with a novel
pan-genome microarray. Genome Biol
2007;8:R267.

12. Talan D, Moran GJ, Newdow M, et al.
Etiology of bloody diarrhea among patients
presenting to United States emergency de-
partments: prevalence of Escherichia coli

0157:H7 and other enteropathogens. Clin
Infect Dis 2001;32:573-80.

13. Tarr PI. Shiga toxin-associated hemo-
Iytic uremic syndrome and thrombotic
thrombocytopenic purpura: distinct mech-
anisms of pathogenesis. Kidney Int Suppl
2009;112:529-832.

14, Kendrick JB, Risbano M, Groshong
SD, Frankel SK. A rare presentation of
ischemic pseudomembranous colitis due
to Escherichia coli O157:H7. Clin Infect
Dis 2007;45:217-9.

15. Garcia-Aljaro C, Muniesa M, Jofre J,
Blanch AR. Genotypic and phenotypic di-
versity among induced, stx2-carrying bac-
teriophages from environmental Esche-
richia coli strains. Appl Environ Microbiol
2009;75:329-36.

16. Brooks JT, Sowers EG, Wells JG, et al.
Non-0157 Shiga toxin-producing Esche-
richia coli infections in the United States,
1983-2002. J Infect Dis 2005;192:1422-9.
17. Appleman SS, Ascher D, Park C. Clin-
ical spectrum of Shiga toxin-producing
Escherichia coli (STEC) in adults and chil-
dren. Clin Pediatr (Phila) 2009;48:99-102.
18. Hedberg CW, Palazzi-Churas KL,
Radke VJ, Selman CA, Tauxe RV. The use

NEJM.ORG OCTOBER 15, 2009

Downloaded from www.nejm.org at HINARI BAND 1 on January 5, 2010 .
Copyright © 2009 Massachusetts Medical Society. All rights reserved.



of clinical profiles in the investigation of
foodborne outbreaks in restaurants: Unit-
ed States, 1982-1997. Epidemiol Infect 2008;
136:65-72.

19. Shah N, DuPont HL, Ramsey DJ.
Global etiology of travelers’ diarrhea: sys-
tematic review from 1973 to the present.
Am J Trop Med Hyg 2009;80:609-14.

20. DuPont HL, Ericsson CD, Farthing
M]J, et al. Expert review of the evidence
base for self-therapy of travelers’ diarrhea.
J Travel Med 2009;16:161-71.

21. Zar FA, Bakkanagari SR, Moorthi KM,
Davis MB. A comparison of vancomycin
and metronidazole for the treatment of
Clostridium difficile-associated diarrhea,
stratified by disease severity. Clin Infect
Dis 2007;45:302-7.

22. Curry SR, Marsh JW, Shutt KA, et al.
High frequency of rifampin resistance
identified in an epidemic Clostridium dif-
ficile clone from a large teaching hospi-
tal. Clin Infect Dis 2009;48:425-9.

23. DuPont HL, Jiang ZD, Okhuysen PC,
etal. A randomized, double-blind, placebo-
controlled trial of rifaximin to prevent
travelers’ diarrhea. Ann Intern Med 2005;
142:805-12. [Erratum, Ann Intern Med
2005;143:239.]

24. DuPont HL, Ericsson CD, Johnson PC,
Bitsura JA, DuPont MW, de la Cabada FJ.
Prevention of travelers’ diarrhea by the
tablet formulation of bismuth subsalicy-
late. JAMA 1987;257:1347-50.

25. DuPont HL, Ericsson CD, Farthing
M]J, et al. Expert review of the evidence
base for prevention of travelers’ diarrhea.
J Travel Med 2009;16:149-60.

26. McDonald LC, Owings M, Jernigan
DB. Clostridium difficile infection in pa-
tients discharged from US short-stay hos-
pitals, 1996-2003. Emerg Infect Dis 20006;
12:409-15.

27. Bishara J, Peled N, Pitlik S, Samra Z.
Mortality of patients with antibiotic-asso-
ciated diarrhoea: the impact of Clostrid-
ium difficile. J Hosp Infect 2008;68:
308-14.

28. ChangJY, Antonopoulos DA, Kalra A,
et al. Decreased diversity of the fecal mi-
crobiome in recurrent Clostridium dif-
ficile-associated diarrhea. J Infect Dis
2008;197:435-8.

29. Kelly CP, LaMont]T. Clostridium difficile

CLINICAL PRACTICE

— more difficult than ever. N Engl ] Med
2008;359:1932-40.

30. Brown KH, Gastafiaduy AS, Saavedra
JM, et al. Effect of continued oral feeding
on clinical and nutritional outcomes of
acute diarrhea in children. J Pediatr 1988;
112:191-200.

31. Ochoa TJ, Chen J, Walker CM, Gonza-
les E, Cleary TG. Rifaximin does not in-
duce toxin production or phage-mediated
lysis of Shiga toxin-producing Escherichia
coli. Antimicrob Agents Chemother 2007;
51:2837-41.

32. Zhang X, McDaniel AD, Wolf LE,
Keusch GT, Waldor MK, Acheson DW.
Quinolone antibiotics induce Shiga toxin-
encoding bacteriophages, toxin produc-
tion, and death in mice. J Infect Dis 2000;
181:664-70.

33. Ohara T, Kojio S, Taneike I, et al. Ef-
fects of azithromycin on shiga toxin pro-
duction by Escherichia coli and subsequent
host inflammatory response. Antimicrob
Agents Chemother 2002;46:3478-83.

34. Preliminary FoodNet data on the inci-
dence of infection with pathogens trans-
mitted commonly through food — 10
States, 2008. MMWR Morb Mortal Wkly
Rep 2009;58:333-7.

35. Jiang ZD, Okhuysen PC, Guo DC, et
al. Genetic susceptibility to enteroaggre-
gative Escherichia coli diarrhea: polymor-
phism in the interleukin-8 promotor re-
gion. J Infect Dis 2003;188:506-11.

36. Jiang ZD, DuPont HL, Garey K, et al.
A common polymorphism in the interleu-
kin 8 gene promoter is associated with
Clostridium difficile diarrhea. Am J Gas-
troenterol 2006;101:1112-6.

37. Mohamed JA, DuPont HL, Jiang ZD, et
al. A novel single-nucleotide polymor-
phism in the lactoferrin gene is associated
with susceptibility to diarrhea in North
American travelers to Mexico. Clin Infect
Dis 2007;44:945-52.

38. Mohamed JA, Dupont HL, Jiang ZD, et
al. A single-nucleotide polymorphism in
the gene encoding osteoprotegerin, an
anti-inflammatory protein produced in
response to infection with diarrheagenic
Escherichia coli, is associated with an in-
creased risk of nonsecretory bacterial di-
arrhea in North American travelers to
Mexico. J Infect Dis 2009;199:477-85.

39. Flores J, DuPont HL, Lee SA, et al.
Influence of host interleukin-10 polymor-
phisms on development of traveler’s diar-
rhea due to heat-labile enterotoxin-pro-
ducing Escherichia coli in travelers from
the United States who are visiting Mexico.
Clin Vaccine Immunol 2008;15:1194-8.
40. Tam CC, Rodrigues LC, Petersen I,
Islam A, Hayward A, O’Brien §J. Incidence
of Guillain-Barré syndrome among patients
with Campylobacter infection: a general
practice research database study. J Infect
Dis 2006;194:95-7.

41. Townes JM, Deodhar AA, Laine ES, et
al. Reactive arthritis following culture-
confirmed infections with bacterial en-
teric pathogens in Minnesota and Oregon:
a population-based study. Ann Rheum
Dis 2008;67:1689-96.

42. Okhuysen PC, Jiang ZD, Carlin L,
Forbes C, DuPont HL. Post-diarrhea chron-
ic intestinal symptoms and irritable bowel
syndrome in North American travelers
to Mexico. Am J Gastroenterol 2004;99:
1774-8.

43. Spiller RC. Role of infection in irrita-
ble bowel syndrome. ] Gastroenterol 2007;
42:Suppl 17:41-7.

44, Stermer E, Lubezky A, Potasman I,
Paster E, Lavy A. Is traveler’s diarrhea a
significant risk factor for the development
of irritable bowel syndrome? A prospective
study. Clin Infect Dis 2006;43:898-901.

45. Jung IS, Kim HS, Park H, Lee SI. The
clinical course of postinfectious irritable
bowel syndrome: a five-year follow-up
study. J Clin Gastroenterol 2009;43:534-40.
46. Neal KR, Barker L, Spiller RC. Prog-
nosis in post-infective irritable bowel syn-
drome: a six year follow up study. Gut
2002;51:410-3.

47. Tornblom H, Holmvall P, Svenungsson
B, Lindberg G. Gastrointestinal symptoms
after infectious diarrhea: a five-year fol-
low-up in a Swedish cohort of adults. Clin
Gastroenterol Hepatol 2007;5:461-4.

48. DuPont HL. Guidelines on acute in-
fectious diarrhea in adults. Am J Gastro-
enterol 1997;92:1962-75.

49. Guerrant RL, Van Gilder T, Steiner TS,
et al. Practice guidelines for the manage-
ment of infectious diarrhea. Clin Infect
Dis 2001;32:331-51.

Copyright © 2009 Massachusetts Medical Society.

COLLECTIONS OF ARTICLES ON THE JOURNAL’S WEB SITE
The Journal’s Web site (NEJM.org) sorts published articles into
more than 50 distinct clinical collections, which can be used as convenient
entry points to clinical content. In each collection, articles are cited in reverse
chronologic order, with the most recent first.

N ENGLJ MED 361;16

NEJM.ORG OCTOBER 15, 2009

Downloaded from www.nejm.org at HINARI BAND 1 on January 5, 2010 .
Copyright © 2009 Massachusetts Medical Society. All rights reserved.

1569



