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EAEC, disease due to this group of pathogens occurs primarily in
developing countries.

PART 8
Infectious Diseases

ENTEROHEMORRHAGIC E. COLI/SHIGA TOXIN–PRODUCING ENTEROAGGREGATIVE
E. COLI  STEC/EHEC/STEAEC strains constitute an emerging group
of pathogens that can cause hemorrhagic colitis and the hemolyticuremic syndrome (HUS). Several large outbreaks resulting from the
consumption of fresh produce (e.g., lettuce, spinach, sprouts) and
of undercooked ground beef have received significant attention in
the media. An outbreak in central Europe in 2011 due to STEAEC
(O104:H4) that was probably transmitted by sprouts, with some subsequent human-to-human transmission, resulted in more than 800 cases
of HUS and 54 deaths. Within this group of organisms, O157:H7 is
the most prominent serotype, but many other serotypes have also been
associated with these syndromes, including O6, O26, O45, O55, O91,
O103, O111, O113, O121, O145, and OX3.
The ability of STEC/EHEC/STEAEC to produce Shiga toxin (Stx2
and/or Stx1) or related toxins is a critical factor in the occurrence of
clinical disease. Shigella dysenteriae strains that produce the closely
related Shiga toxin Stx can cause the same syndrome. Stx2 and its
Stx2C variant (which may be variably present in combination with
Stx2 and/or Stx1) appear to be more important than Stx1 in the
development of HUS. All Shiga toxins studied to date are multimers comprising one enzymatically active A subunit and five identical
B subunits that mediate binding to globosyl ceramides, which are
membrane-associated glycolipids expressed on certain host cells. As in
ricin, the A subunit cleaves an adenine from the host cell’s 28S rRNA,
thereby irreversibly inhibiting ribosomal function and potentially
leading to apoptosis. Stx2-mediated activation of complement may
also play a role in the development of HUS.
Additional properties, such as acid tolerance and epithelial cell
adherence, are necessary for full pathogenicity among STEC strains.
Most disease-causing isolates possess the chromosomal locus for
enterocyte effacement (LEE). This pathogenicity island was first
described in EPEC strains and contains genes that mediate adherence
to intestinal epithelial cells and a system that subverts host cells by the
translocation of bacterial proteins (type III secretion system). EHEC
strains make up the subgroup of STEC strains that possess stx1 and/
or stx2 as well as LEE. STEAEC (LEE-negative) evolved from EAEC
via the acquisition of a number of genes, including those that encode
Stx2, the Iha adhesin, tellurite resistance, a type VI secretion system,
and the CTX-M-15 ESBL.
Domesticated ruminant animals, particularly cattle and young
calves, serve as the major reservoir for STEC/EHEC. Ground beef—the
most common food source of STEC/EHEC strains—is often contaminated during processing. Furthermore, manure from cattle or other
animals (including that in the form of fertilizer) can contaminate produce (potatoes, lettuce, spinach, sprouts, fallen fruits, nuts, strawberries), and fecal runoff from this source can contaminate water systems.
Dairy products and petting zoos are additional sources of infection.
By contrast, humans appear to be the reservoir for STEAEC. It is estimated that <102 colony-forming units (CFU) of STEC/EHEC/STEAEC
can cause disease. Therefore, not only can low levels of food or environmental contamination (e.g., in water swallowed while swimming)
result in disease, but person-to-person transmission (e.g., at day-care
centers and in institutions) is an important route for secondary spread.
Laboratory-associated infections also occur. Illness due to this group of
pathogens occurs both as outbreaks and as sporadic cases, with a peak
incidence in the summer months.
In contrast to other intestinal pathotypes, STEC/EHEC/
STEAEC causes infections more frequently in industrialized
countries than in developing regions. O157:H7 strains are the
fourth most commonly reported cause of bacterial diarrhea in the
United States (after Campylobacter, Salmonella, and Shigella).
Colonization of the colon and perhaps the ileum results in symptoms
after an incubation period of 3 or 4 days. Colonic edema and an initial
nonbloody secretory diarrhea may develop into the STEC/EHEC/
STEAEC hallmark syndrome of grossly bloody diarrhea (identified by
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history or examination) in >90% of cases. Significant abdominal pain
and fecal leukocytes are common (70% of cases), whereas fever is not;
absence of fever can incorrectly lead to consideration of noninfectious
conditions (e.g., intussusception and inflammatory or ischemic bowel
disease). Occasionally, infections caused by C. difficile, K. oxytoca (see
“Klebsiella Infections,” below), Campylobacter, and Salmonella present
in a similar fashion. STEC/EHEC disease is usually self-limited, lasting
5–10 days. An uncommon but feared complication of this infection is
HUS, which occurs 2–14 days after diarrhea in 2–8% of cases, most
often affecting very young or elderly patients. Distinctive features of
STEAEC infection, as compared with classical STEC/EHEC disease,
include a higher incidence among adults, especially young women, and
a higher rate of HUS (~20%). It is estimated that >50% of all cases of
HUS in the United States and 90% of HUS cases in children are caused
by STEC/EHEC. This complication is mediated by the systemic translocation of Shiga toxins. Erythrocytes may serve as carriers of Stx to endothelial cells located in the small vessels of the kidney and brain. The
subsequent development of thrombotic microangiopathy (perhaps with
direct toxin-mediated effects on various nonendothelial cells) commonly produces some combination of fever, thrombocytopenia, renal
failure, and encephalopathy. Although the mortality rate with dialysis
support is <10%, residual renal and neurologic dysfunction may persist.
ENTEROTOXIGENIC E. COLI  In tropical or developing countries,
ETEC is a major cause of endemic diarrhea. After weaning,
children in these locales commonly experience several episodes of ETEC infection during the first 3 years of life. The incidence
of disease diminishes with age, a pattern that correlates with the development of mucosal immunity to colonization factors (i.e., adhesins).
In industrialized countries, infection usually follows travel to endemic
areas, although occasional food-borne outbreaks occur. ETEC is the
most common agent of traveler’s diarrhea, causing 25–75% of cases.
The incidence of infection may be decreased by prudent avoidance of
potentially contaminated fluids and foods, particularly items that are
poorly cooked, unpeeled, or unrefrigerated (Chap. 149). ETEC infection is uncommon in the United States, but outbreaks secondary to
consumption of food products imported from endemic areas have
occurred. A large inoculum (106–1010 CFU) is needed to produce disease, which usually develops after an incubation period of 12–72 h.
After adherence of ETEC via colonization factors (e.g., CFA/I,
CS1-6), disease is mediated primarily by a heat-labile toxin (LT-1) and/
or a heat-stable toxin (STa) that causes net fluid secretion via activation of adenylate cyclase (LT-1) and/or guanylate cyclase (STa) in the
jejunum and ileum. The result is watery diarrhea accompanied by
cramps. LT-1 consists of an A and a B subunit and is structurally and
functionally similar to cholera toxin. Strong binding of the B subunit
to the GM1 ganglioside on intestinal epithelial cells leads to the intracellular translocation of the A subunit, which functions as an ADPribosyltransferase. Mature STa is an 18- or 19-amino-acid secreted
peptide whose biologic activity is mediated by binding to the guanylate cyclase C found in the brush-border membrane of enterocytes
and results in increased intracellular concentrations of cyclic GMP.
Characteristically absent in ETEC-mediated disease are histopathologic
changes within the small bowel; mucus, blood, and inflammatory cells
in stool; and fever. The disease spectrum ranges from a mild illness
to a life-threatening cholera-like syndrome. Although symptoms are
usually self-limited (typically lasting for 3 days), infection may result
in significant morbidity and mortality (mostly from profound volume
depletion) when access to health care or suitable rehydration fluids is
limited and when small and/or undernourished children are affected.
ENTEROPATHOGENIC E. COLI  EPEC causes disease primarily in
young children, including neonates. The first E. coli pathotype
recognized as an agent of diarrheal disease, EPEC was responsible for outbreaks of infantile diarrhea (including some outbreaks in
hospital nurseries) in industrialized countries in the 1940s and 1950s. At
present, EPEC infection is an uncommon cause of diarrhea in developed
countries but is an important cause of diarrhea (both sporadic and
epidemic) among infants in developing countries. Breast-feeding diminishes the incidence of EPEC infection. Rapid person-to-person spread
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