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Enterotoxigenic Escherichia coli — An Overview
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Enterotoxigeni&scherichia colis an important cause of traveler’s diarrhea and diarrheal illnesses
in children in the developing world. In this presentation we will focus on the main virulence attributes of
this pathogenic category dE. coli,and discuss the evolution of studies conducted in our laboratory.
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Diarrheagenid&Escherichia colbelongs to dif- LT, which is closely related to choletaxin
ferent categories that are classified based on thé€T), is an oligomeric protein of 85 kDa composed
virulence mechanisms, epidemiology and serdy five identical B subunits, arranged in a ring and
types. Currently, six distinct categories ofin one A subunit. The B subunits bind strongly to
diarrheageni&. coliare recognized: enteropatho-the intestinal receptor GM1, while the A subunitis
genic E. coli (EPEC), enterotoxigeni&. coli responsible for the enzymatic activity of the toxin,
(ETEC), enteroinvasiv&. coli (EIEC), entero- and is proteolitically cleaved to yield,Aand
hemorrhagi&. coli(EHEC), enteroaggregati#e  peptides joined by a disulfide bond. After binding
coli (EAEC) and diffusely adhereBt coli(DAEC) to the host cell membranes, LT enters into the cell
(Nataro & Kaper 1998). through an endocytic process and thep@ptide

The importance of ETEC as a major cause dADP-ribosylates the alpha subunit of the GTP-
diarrhea was recognized in the late 60’s. Since thelinding protein Gs, leading to activation of adeny-
a large body of information on the epidemiologylate cyclase in the enterocyte and accumulation of
and pathogenesis of this group of bacteria has beeyclic AMP. The intracellular accumulation of
accumulated. cAMP elicits secretion by crypt cells and decrease

ETEC strains are a worldwide cause of acutabsorption by villus tip cells. In this family of tox-
diarrheal disease in both human and animals, rags two distinct classes were described LT-I and
sponsible for a high rate of infantile mortality inLT-II, that although very similar present some dif-
the developing countries. They are also an impoferences specially in the B subunit.
tant agent of diarrhea among travelers from indus- In contrast to LTs, the STs are small, mono-
trialized countries visiting tropical or subtropicalmeric toxins of approximately 5 kDa, and two dif-
areas of the world. ferent classes were also distinguished based on bio-

Two virulence attributes that characterizdogical and chemical properties: ST-I and ST-II.
ETEC are the colonization of the small intestin&ST-1 is methanol soluble and active in the infant
surface and the production of enterotoxins that irtnouse model, and differences in the aminoacid
duce a net secretion of electrolytes and water ingequence of the toxin led to the identification of
the gut lumen. two genetic variants ST-lh and ST-Ip, described

The enterotoxins produced by these organisnisitially in association with strains isolated from
belong to two major classes of heat-labile and hedtumans and pigs, respectively. However, subse-
stable toxins (LT and ST, respectively), that dif-quent studies showed that both variants can be
fered in regard to structure, antigenicity angroduced by human ETEC strains, although ST-lh
mechanisms of action, usually related to cycliseems to prevailed. ST-II, which is methanol in-
nucleotides (Acheson 1992, Spangler 1992, Seassluble and causes a positive response on pig and
& Kaper 1996). rat intestinal loops, is associated primarily with

diarrheal disease in pigs, but some human ETEC
strains expressing ST-II have also been reported.
It is well known that in ETEC strains the colo-
nization of intestinal mucosa is related to the ex-
pression of several different proteinaceous sur-
Fax: +55-11-571.6504. E-mail: becguth@ecb.epm.br 2C€ Structures, called colonization factors (CFs),
Received 7 August 2000 which recognize specific receptors on the intesti-
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96 Enterotoxigenic E. coli * Beatriz Ernestina Cabilio Guth

been described in ETEC strains from human ori- Inthe 90’s, a larger range of CFs has been iden-
gin, which can present fimbrial, nonfimbrial ortified in Sdo Paulo by the use of monoclonal anti-
fibrillar structures. Most of CFs are fimbrial pro-bodies in several immunological assays (Giraldi
teins and consist of a single antigen as CFA/I, whil& Guth 1993, Guth et al. 1994, Nunes 2000). The
others such as CFA/Il and CFA/IV are formed byability of ETEC strains expressing CFs to adhere
a complex of different antigens, named coli surto different cell lines has been described (Darfeulle-
face antigens (CS). The terminology of CFs idichaud et al. 1990, Guth et al. 1994, Viboud et
rather confusing since no uniform system exists tal. 1996), and among the several lines assayed
classify these antigens. Terms such as coloniz&aco-2 seems to be the most suitable. A high fre-
tion factor antigens (CFAs), coli surface antigenguency of adherence to Caco-2 and/or HelLa cells
(CS), and putative colonization factors (PCFs) ar@as detected in a recent study conducted in S&o
used to describe these adhesins. Recently, a n@aulo, and adherence to Caco-2 cells was prefer-
designation of ETEC CFs was proposed by MMentially observed. Although almost 50% of the
McConell, considering the order in which the CFadherent strains carried a known CF, there are still
were identified over time, i.e., CFA/l and CS1 toa great number of strains, especially among the ST
CS22 (Gaastra & Svennerholm 1996, Pichel et ahnd LT ones, where no CF was identified (Nunes
2000). CF genes are usually encoded on high-m8000). However, studies are been carried out in
lecular-weight plasmids, which also encode therder to identify the structures involved in the ad-
enterotoxins ST and/or LT. Moreover, surveys oiherence ability of these ETEC strains.
ETEC strains have shown that most CFs are asso- Studies on the electrophoretic profiles of outer
ciated with a limited number of serotypes and emmembrane proteins (OMP) and lipopolysaccha-
terotoxin type (Wolf 1997). rides (LPS) of ETEC strains suggested that these
After this brief introduction, the evolution of characteristics can represent important tools in the
ETEC studies that have been conducted at ttobonal analysis of these group of bacteria. More-
Escola Paulista de Medicina, Universidade Fedver, the observed homogeneity of OMP and LPS
eral de Sao Paulo will be presented. profiles among ETEC strains of the same serotype
In the late 70’s, the studies to determine thbut isolated at different periods of time in Sao
prevalence of ETEC strains among children witPaulo, suggested that only few clones were dis-
diarrheal disease in Sdo Paulo were based on theminated in our population (Nishimura et al.
identification of LT and ST expression by usingl996). The use of random amplification of poly-
Y1 culture cells and the infant mouse assays, reorphic DNA (RAPD) confirmed these observa-
spectively. CFs detection was performed by agions, and also revealed intraserotype-specific
glutination assays using human and bovine erytlhariations, undetectable by the combination of
rocytes, and confirmation with specific CFA/I andseveral phenotypic typing methods (Pacheco et al.
CFA/Il polivalent antisera (Reis et al. 1982). Thel997). Moreover, studies on the characterization
usefulness of polivalent antisera in detecting ETEGf OMP profiles and Enterobacterial Repetitive
serogroups was evaluated, but due to the great dlitergenic Consensus (ERIC) sequence polymor-
versity of serotypes observed, specially among Lphism of 0128ac ETEC strains isolated worldwide,
strains, was not effective for ETEC diagnosis (GutBhowed the occurrence of O128ac characteristic
& Trabulsi 1985). In the 80’s, the search for geelones, disseminated in different geographic re-
netic sequences related to LT and ST toxins usirgjons (Nishimura et al. 1999). Recently, using the
hybridization assays (Gomes et al. 1991) was esiolecular and phenotypic methods, it was possible
tablished in the laboratory, and the association &6 demonstrate the relevance of ETEC as an etio-
biological and hybridization assays led to the ddegic agent of acute diarrhea in children and adults
tection and characterization of LT-1l enterotoxinin Brazilian Amazon, showing the importance of a
in E. coli strains, isolated from food and humansroad bacteriological investigation of diarrhea in
with diarrhea (Guth et al. 1986a, b). However, sulthis region (Vicente et al. 2000).
sequent studies showed that this toxin seems not Because the CFs play a key role in the patho-
to be frequent amonkg. coli strains isolated from genesis of ETEC, and the prevalence of these CFs
different origins (Sato 1987, Cerqueira et al. 1994)aries according to the geographical region, a de-
The characterization d&. coli strains belonging tailed description of distribution of ETEC carry-
to serogroups 0128 and 029 showed that the subg the various CFs in different parts of the world
group, H antigen and the biochemical behavious essential for the development of vaccines against
were useful markers for distinguishing amongliarrheal diseases in children in developing coun-
enterotoxigenic and other pathogenic categories tifies. Indeed, numerous approaches have already
E. coli (Guth et al. 1985, 1989). been explored for the construction of CF-based
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ETEC vaccines. Thus, the perspectives on ETEC genic determinants among type Il heat-labile entero-
future researchs will certainly focus on the identi- toxins (LT-II) of Escherichia coli Infect Inmun 54
fication of new virulence markers, such as adhesins 529-536.

and the desian and development of effective ciRataro JP, Kaper JB 1998. Diarrheagdscherichia
B i 9 P coli. Clin Microbiol Rev11: 142-301.
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