in the intestinal mucosa; cytotoxins, which cause destruction of mucosal cells and associated inflammatory diarrhea; and neurotoxins, which
act directly on the central or peripheral nervous system.
The prototypical enterotoxin is cholera toxin, a heterodimeric protein composed of one A and five B subunits. The A subunit contains
the enzymatic activity of the toxin, while the B subunit pentamer
binds holotoxin to the enterocyte surface receptor, the ganglioside
GM1. After the binding of holotoxin, a fragment of the A subunit is
translocated across the eukaryotic cell membrane into the cytoplasm,
where it catalyzes the adenosine diphosphate ribosylation of a guanosine triphosphate–binding protein and causes persistent activation
of adenylate cyclase. The end result is an increase of cyclic adenosine
monophosphate in the intestinal mucosa, which increases Cl– secretion and decreases Na+ absorption, leading to a loss of fluid and the
production of diarrhea.
Enterotoxigenic strains of E. coli may produce a protein called heatlabile enterotoxin (LT) that is similar to cholera toxin and causes secretory diarrhea by the same mechanism. Alternatively, enterotoxigenic
strains of E. coli may produce heat-stable enterotoxin (ST), one form of
which causes diarrhea by activation of guanylate cyclase and elevation
of intracellular cyclic guanosine monophosphate. Some enterotoxigenic strains of E. coli produce both LT and ST.
Bacterial cytotoxins, in contrast, destroy intestinal mucosal cells
and produce the syndrome of dysentery, with bloody stools containing inflammatory cells. Enteric pathogens that produce such cytotoxins include Shigella dysenteriae type 1, Vibrio parahaemolyticus, and
Clostridium difficile. S. dysenteriae type 1 and Shiga toxin–producing
strains of E. coli produce potent cytotoxins and have been associated with outbreaks of hemorrhagic colitis and hemolytic-uremic
syndrome.
Neurotoxins are usually produced by bacteria outside the host and
therefore cause symptoms soon after ingestion. Included are the staphylococcal and Bacillus cereus toxins, which act on the central nervous
system to produce vomiting.

GASTRIC ACID
853
The acidic pH of the stomach is an important barrier to enteric pathogens, and an increased frequency of infections due to Salmonella, G.
lamblia, and a variety of helminths has been reported among patients
who have undergone gastric surgery or are achlorhydric for some other
reason. Neutralization of gastric acid with antacids, proton pump inhibitors, or H2 blockers—a common practice in the management of hospitalized patients—similarly increases the risk of enteric colonization. In
addition, some microorganisms can survive the extreme acidity of the
gastric environment; rotavirus, for example, is highly stable to acidity.

INVASION
Dysentery may result not only from the production of cytotoxins but
also from bacterial invasion and destruction of intestinal mucosal cells.
Infections due to Shigella and enteroinvasive E. coli are characterized
by the organisms’ invasion of mucosal epithelial cells, intraepithelial
multiplication, and subsequent spread to adjacent cells. Salmonella
causes inflammatory diarrhea by invasion of the bowel mucosa but
generally is not associated with the destruction of enterocytes or the
full clinical syndrome of dysentery. Salmonella typhi and Yersinia
enterocolitica can penetrate intact intestinal mucosa, multiply intracellularly in Peyer’s patches and intestinal lymph nodes, and then disseminate through the bloodstream to cause enteric fever, a syndrome
characterized by fever, headache, relative bradycardia, abdominal pain,
splenomegaly, and leukopenia.

GENETIC DETERMINANTS
Host genetic variation influences susceptibility to diarrheal diseases. People with blood group O show increased susceptibility to
disease due to V. cholerae, Shigella, E. coli O157, and norovirus.
Polymorphisms in genes encoding inflammatory mediators have been
associated with the outcome of infection with enteroaggregative E. coli,
enterotoxin-producing E. coli, Salmonella, C. difficile, and V. cholerae.

Given the enormous number of microorganisms ingested with every
meal, the normal host must combat a constant influx of potential
enteric pathogens. Studies of infections in patients with alterations in
defense mechanisms have led to a greater understanding of the variety
of ways in which the normal host can protect itself against disease.
INTESTINAL MICROBIOTA
The large numbers of bacteria that normally inhabit the intestine (the
intestinal microbiota) act as an important host defense mechanism, preventing colonization by potential enteric pathogens. Persons with fewer
intestinal bacteria, such as infants who have not yet developed normal
enteric colonization or patients receiving antibiotics, are at significantly
greater risk of developing infections with enteric pathogens. The composition of the intestinal microbiota is as important as the number of
organisms present. More than 99% of the normal colonic microbiota is
made up of anaerobic bacteria, and the acidic pH and volatile fatty acids
produced by these organisms appear to be critical elements in resistance
to colonization.
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IMMUNITY
Both cellular immune responses and antibody production play important roles in protection from enteric infections. Humoral immunity to
enteric pathogens consists of systemic IgG and IgM as well as secretory IgA. The mucosal immune system may be the first line of defense
against many gastrointestinal pathogens. The binding of bacterial antigens to the luminal surface of M cells in the distal small bowel and the
subsequent presentation of antigens to subepithelial lymphoid tissue
lead to the proliferation of sensitized lymphocytes. These lymphocytes
circulate and populate all of the mucosal tissues of the body as IgAsecreting plasma cells.

APPROACH TO THE PATIENT:
Infectious Diarrhea or Bacterial Food Poisoning
The approach to the patient with possible infectious diarrhea or
bacterial food poisoning is shown in Fig. 160-1.
HISTORY
The answers to questions with high discriminating value can
quickly narrow the range of potential causes of diarrhea and help
determine whether treatment is needed. Important elements of the
narrative history are detailed in Fig. 160-1.
PHYSICAL EXAMINATION
The examination of patients for signs of dehydration provides
essential information about the severity of the diarrheal illness and
the need for rapid therapy. Mild dehydration is indicated by thirst,
dry mouth, decreased axillary sweat, decreased urine output, and
slight weight loss. Signs of moderate dehydration include an orthostatic fall in blood pressure, skin tenting, and sunken eyes (or, in
infants, a sunken fontanelle). Signs of severe dehydration include
lethargy, obtundation, feeble pulse, hypotension, and frank shock.
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HOST DEFENSES

INTESTINAL MOTILITY
Normal peristalsis is the major mechanism for clearance of bacteria
from the proximal small intestine. When intestinal motility is impaired
(e.g., by treatment with opiates or other antimotility drugs, anatomic
abnormalities, or hypomotility states), the frequency of bacterial
overgrowth and infection of the small bowel with enteric pathogens
is increased. Some patients whose treatment for Shigella infection
consists of diphenoxylate hydrochloride with atropine (Lomotil)
experience prolonged fever and shedding of organisms, while patients
treated with opiates for mild Salmonella gastroenteritis have a higher
frequency of bacteremia than those not treated with opiates.

DIAGNOSTIC APPROACH
After the severity of illness is assessed, the clinician must distinguish
between inflammatory and noninflammatory disease. Using the history and epidemiologic features of the case as guides, the clinician
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