Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 99(6): 545-552, October 2004 545

Diarrheagenic Escherichia coli Categories among the Traditional
Enteropathogenic E. coli O Serogroups - A Review
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The socalled enteropathogenic Escherichia coli (EPEC) O serogroups include typical and atypical EPEC, en-
terohaemorrragic E. coli, enterotoxigenic E. coli, and enteroaggregative E. coli. Theaimof thisarticleistoreview the
composition of each O serogroup and the major serotypes, clones, and additional virulence characteristics of each
of these diarrheagenic categories. Their adherence patterns and genetic relationships are also presented. The
review is based on the study of 805 strains of serogroups 026, O55, 086, 0111, 0114, 0119, 0125, 0126, 01127,
0128, and 0142 most of which isolated in SAo Paulo from children with diarrhea between 1970 and 1990. Since
some O serogroups include more than one diarrheagenic category O serogrouping only should be abandoned as
a diagnostic method. However serotyping is a reliable method for those serotypes that correspond to clones.
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The species Escherichia coli is serologically divided
in serogroups and serotypes on the basis of its antigenic
composition (somatic or O antigens for serogroups and
flagelar or H antigens for serotypes). Many strains ex-
press a third class of antigens (capsular or K antigens)
that although important in pathogenesis only occasion-
ally are used in serotyping.

The species comprise intestinal and extraintestinal
pathogens. The intestinal pathogens are also known as
diarrheagenic E. coli (DEC) of which six categories have
been characterized: enteropathogenic E. coli (EPEC),
enterohaemorrhagic E. coli (EHEC), enterotoxigenic E.
coli (ETEC), enteroinvasiveE. coli (EIEC), enteroaggreg-
ativeE. coli (EAEC), and diffusely adhering E. coli (DAEC)
(Nataro & Kaper 1998). Recently EPEC hasbeen divided
in typical EPEC (t-EPEC) and atypical EPEC (a-EPEC)
(Trabulsi et al. 2002). Thereare many differences between
these categories but in routine they are defined by a few
virulencemarkers (Tablel). The extraintestinal pathogens
(EXPEC) more frequent includes the strains associated
with urinary tract infections (UPEC), neonatal meningitis
(MAEC), and bacteremia. For an excellent review on DEC
see Nataro and Kaper (1998) and on E. coli in genera
Gyles (1994). E. coli is aso avery important veterinary
pathogen (Gyles 1994).

Theterm EPEC was coined by Neter et a. (1955) ahalf
century ago to indicate the E. coli O serogroups associ-
ated with diarrhea and during many years these organ-
ismswereidentified in routine by their O serogroups. As
after sometime there was no consensus any more about
these EPEC O serogroupsthe World Health Organization
convened ameeting in 1987 to settle the subject. Accord-
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ing to this meeting the following E. coli O serogroups
should be considered EPEC O serogroups: 026, O55,
086, 0111, 0114, 0119, 0125, 0126, 0127, 0128, 0142,
and 0158 (WHO 1987). At this time already there were
studies showing that at least some of these serogroups
contained different diarrheagenic serotypes but their
pathogenic diversity only latter becamereadlly clear (Nataro
& Kaper 1998).

During the last 10 years we have studied most of the
EPEC O serogroups in regard to DEC categories, sero-
types, clones, and genetic relationships. The purpose of
this article is to review these characteristics. It is based
on the study of 805 strains of serogroups 026, 055, 086,
0111, 0114, 0119, 0125, 0126, 0127, 0128, and 0142
most of which were isolated in S&o Paulo from children
with diarrheabetween 1970 and 1990. All strainswere stud-
ied in regard to adhesion patterns, virulence genesimpli-
cated in the definition of the DEC category, and sero-
types. The strains of serogropus 055, 0111, and 0119
were also studied by ML EE and a representative number
of strains of serogroups 086, 0127, 0128, and 0142 were
studied by ribotyping. Serogroup 026 was studied by
RAPD. Potential virulencefactorswere studied in arepre-
sentative number of strains of the DEC categories de-
tected (Camposet al. 1994, Rodrigueset al. 1996, Valle et
al. 1997, Goncalveset a. 1997, Monteiro-Neto et al. 1997,
Dias 1998, Valle 1998, 2001, Ghilardi et al. 2003). Other
studies performed will be mentioned during thereview.

DEC CATEGORIES IN THE EPEC O SEROGROUPS

The DEC categories and the number of strains of each
category aswell the number of avirulent strainsare shown
inTablell. Typica EPEC wasthe most frequent category
followed by EAEC, atypical EPEC, ETEC, and EHEC.
EIEC and DAEC were not found among the strainstested.
A number of strains showed the diffuse adherence (DA)
pattern but they proved to belong to the ETEC, EAEC,
and atypical EPEC categories. The number of avirulent
strainswas relatively high but thiswas serogroup depen-
dent (see next item).
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The absence of the EIEC category among the EPEC O
serogroups was expected because these organisms usu-
ally belong to a few other O serogroups which are not
related to the EPEC O serogroups (Nataro & Kaper 1998).
DAEC strains could be expected but thismarker wasfound
only in association with other well established catego-
ries. More studies are necessary to characterize DAEC as
a DEC category. At present it is not possible to exclude
that DA isonly an unspecific marker associated with some
E. coli pathotypes, including UPEC.

TABLE

Virulence characteristics generally used to define the
diarrheagenic Escherichia coli (DEC) categoriesin laboratory
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DEC CATEGORIES IN EACH EPEC O SEROGROUP

The DEC categories in each EPEC O serogroup are
shown in Tablelll. It can be seen that the number of cat-
egories per serogroup was variable and that only
serogroups 026, 0126, and 0142 included only one cat-
egory. Theremaining O serogroupsincluded two or more
categories. Serogroup 0111 was the only serogroup to
includefour categories(typical and atypical EPEC, EAEC,
and EHEC). It isinteresting that EHEC occurred only in
serogroup O111 and ETEC only in serogroup O128.

The number of strains not belonging to any of the
categories detected (avirulent strains in Table I11) was
relatively highin serogroups 0126, 0127, and 0128. While
the frequency of these strains was 24% in the three
serogroups it was less than 2% in the remaining

routine serogroups. We have some reasons to believe that most
DEC of these avirulent st_rai ns were virulent on i_solation and
categories®  Virulence characteristics that they became avirulent during storage. First we have
- observed that the older the strains the higher the number
t-EPEC Presence of the EAE geneand of theEAFregion  of ayjrulent ones and second during our studies we have
aEPEC  Presenceof the EAE gene, absence of the stx also observed that several virulent strains were no more
EHEC gre;:nceof the EAE and the stx genes virulent when the tests were repeated. This was particu-
EAEC Presence of the EAEC gene larly frequent among the_ strains pri mganly classified as
DAEC Presence of the DAEC gene EAEC and ETEC. Interestingly enoughintwo EPEC sero-
ETEC Presence of the LT or ST gene or productionof ~ types of serogroups 0127 and 0128 there occurred sev-
1 or the 2 toxins eral EAE negative strains, amarker that only exception-
EIEC Presence of theipa gene. Sereny test ally was absent from EPEC strains from other serogroups
a seetext (Dias 1998, Ghilardi et a. 2003). The occurrence of alarger
number of avirulet strainsin serogroups 0126, 0127, and
0128 was also observed by Scotland et al. (1996) who
TABLE Il examined asimilar collection of O serogroups strainsiso-
Diarrheagenic Escherichia coli categoriesinthe lated in United Kingdom. Taken together these dqﬁa Sug-
enteropathogenic E. coli serogroups gest that these serogroups are unable to keep their viru-
- lence markers as stably as other O serogroupsfor reasons
Categories® N® % that arestill unknown.
t-EPEC 360 44.7  DEC CATEGORIES AND O SUBGROUPS
EAEC 161 20
a-EPEC 139 17.2 The O antigens of E. coli may be composed of anti-
ETEC 13 1.6  genicfactorsthat permit to divide the O serogroupsin O
EHEC 7 0.9  subgroups. The common factors of these subgroups are
None 125 155  designated “a’ and the non-common “b” and “c”. For
Total 805 100 example serogroup O111 is divided in the subgroups
Ol1laband O11lac.
a seetext
TABLE Il
Diarrheagenic Escherichia coli (DEC) categoriesin theindividual enteropathogenic E. coli O serogroups
Serogroups Nr strains DEC categories2 (no. strains)
026 59 a-EPEC (54), av (5)
055 71 t—EPEC (45), a-EPEC (25) av (1)
086 94 t-EPEC (82), a-EPEC (1), EPEC (9), av (2)
0111 149 t—EPEC (108), a-EPEC (13), EHEC (7), EHEC (21)
0114 2 t-EPEC (2)
0125 76 a-EPEC (7), EAEC (69)
0126 66 EAEC (33), av (33)
0127 74 t—-EPEC (22), EAEC (2), av (50)
0128 103 a-EPEC (20), EAEC (37), ETEC (13), av (33)
0142 22 t-EPEC (22)
Total 805

a: seetext; av: avirulent strains
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In our studies we managed to identify the ab and ac TABLEV
subgroupsin serogroups 0111, 0125, and O128. There- Diarrheagenic Escherichia coli (DEC) categoriesmajor
lationship between these O subgroups, serotypes and serotypes
DEC category are shown in Table IV. It is worth to note a
. DEC categor Serotypes
that the ac subgroups in the 3 serogroups were the sub- egory yp
groups of EHEC, atypical EPEC and ETEC respectively. =EPEC 055:H6
Most of the studies on the EPEC O subgroups were done o???é%-gljz
by Ewing et al. (1963) who showed the epidemiological o
. P 0O119:H6
importance of thisdivision. For examplethey showed that O127-H6
all 0111 strainsisolated from humanswere of the ab sub- 0127:H40
group while those strainsisol ated from monkeys were of 0142:H6
the ac subgroup. Now we are showing that thereisalso a 0142:H34
cqrrel ation between su_bgroup_s and DEC category and A EPEC 026:[H11]
this could be used for diagnostic an epidemiological pur- 055:[H7]
poses. O111ac:H9
O119;H2
TABLEIV 0125ac:H6
Relationship of the ab/ac O subgroups with the diarrheagenic 0128ab:H2
Escherichia coli (DEC) category EHEC Oll1ac[HS]
DEC category @ O subgroup Serotypes EAEC 086:H2
t—-EPEC, EAEC Olllab H2, H10 O11lah:H12
EHEC, aEPEC Olllac H8, H9 0125ab:H9
EAEC 0125ab H9, H21 0125ah:H21
a—EPEC 0O125ac H6 0126:H27
a—EPEC, EAEC 0128ab H2, H35 0128ab:H35
ETEC 0128ac HI2, H7  ree 0128ac:H7
a: seetext 0128ac:H8
0128ac:H21
0128ac:H27

MAJOR DEC SEROTYPES

Each DEC category included avariable number of se-
rotypes but only 25 were considered major serotypes on
the basis of their importance or frequency (Table V). It
should be noted that each category has a set of specific
serotypes and that among the typical EPEC serotypes
only three H antigenswerefound: H2, H6, and H34. How-
ever the H2 and H6 antigens were common to typical and
atypical EPEC. When the H antigens were identified by
the restriction pattern of the fliC gene the H2 antigens of
all serotypes showed a pattern identical to the H35 anti-
gen of O subgroup 128ab (Botelho et al. 2003). Thisfind-
ing precludes the use of this method to identify the
0128ab:H2 and 0128:H35 serotypes. Under the pratical
point of view this does not represent a serious identifica-
tion obstacle because the two serotypes differ in several
other characteristicsincluding the adherence pattern and
utilization of the phenil-propionic acid (Monteiro-Neto &
Trabulsi 1999). The number of serotypes by serogroup
waslarger in serogroups 0126, 0127, and O128. Some of
these serotypes could be originally avirulent and so they
have contributed to the larger number of avirulent strains
in these serogroups.

CLONALITY OF THE MAJOR DEC SEROTYPES

In general two groups of serotypes were detected:
one was represented by serotypes that corresponded to
single clones or to a cluster of closely related clones and
the other by serotypes composed of two clones. Belonged
to the first group most of the typical and atypical EPEC
serotypes, the EHEC serotype, and some of the EAEC

a: seetext; [ ] denote the frequent occurrence of nonmotile
strains

and ETEC serotypes. Belonged to the second group sero-
types026:H11, 0127:H6, and O128:H2. Serotype O26:H11
showed several clones as already observed by others but
the most significant aspect was the finding that Stx posi-
tive and Stx negative strains belonged to different clones
(Fig. 1) (Peixoto et a. 2001). Serotype O127:H6 was com-
posed of two quite distinct ribotypes, one with the typi-
cal EPEC markers (eae/EAF) and the other withthe EAEC
marker (Fig. 2) (Ghilardi et al. 2003). Serotype O128:H2
also presented two ribotypes one corresponding to atypi-
cal EPEC and the other to typical EPEC (Fig. 2) (Dias1998).
Theatypical EPEC strainswereisolated in Brazil and the
typical onein England (Ciglerisstrain). We have al so ob-
served that some clones could be composed of different
sero and pathotypes but the most impressive one was
ET5 (serogroup O55) that included typical EPEC, atypical
EPEC, and agroup of strainswith acombination of mark-
ers(Fig. 3) (Rodrigueset a. 1996).

The study of serotypes by other methods may be help-
ful to understand the evolution and the epidemiology of
these organisms.

POTENTIAL VIRULENCE FACTORS

Inadditionto thevirulencefactorsthat definethe DEC
category many others may be found among the O
serogroup strains. So far arolefor thesefactorsin patho-
genesis has not been established.
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Fig. 1. dendrogram of O26 strains studied by RAPD. It shows that the Stx+ and Stx- strains of serotype O26:H11 form two distinct but
closely related clusters. Salmonella typhimurium was used as an outgroup.

In our studies the most frequent of these factors were
Hly (enterohemolysin) inthe EHEC strains (Camposet al.
1994), EAST 1 (enteroaggregative heat-stable enterotoxin
1) in EHEC and atypical EPEC (Trabulsi et al. 2002) and
CDT (cytolethal distending toxin) in all O86:H34 strains
(Ghilardi et al. 2001). In adition the EAEC strains showed
thefactorsincludedin Table VI (Eliaset al. 2002).

ADHERENCE PATTERNS

Most typical EPEC strains showed the localized ad-
herence (LA) pattern (Fig. 4a) and this pattern was asso-
ciated with the expression of bundle-forming pilus (BFP)
in all strains tested (Gismero-Ordonez et al. 2002). This
pattern could be used to define t-EPEC sinceit wasregu-
_— larly expressed and specific. Only exceptionally it was not

b expressed by the eae/EAF positive strainsin the 3 h test.
Thelocalized-like adherence (LAL) pattern (Fig. 5a) was

Fig. 2: ribotypes of serotypes O127:H6 and O128:H2 correspond- L . .
ing to different DEC categories. (1) O127:H6 -EPEC, (2) O127:H6  Characteristic of the EHEC and atypical EPEC strainsbut
EAEC, (3) 0128:H2 t-EPEC (Cigleris), (4) 0128:H2 a-EPEC. it wasfully expressed only after 6 h of incubation. Inthe 3
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Fig. 3: dendrogram of genetic relationship of 7 ETs of Escherichia coli O55 strains. Genetic distance is estimated in terms of electro-
phoretically detectable codon differences per enzyme locus. Serotypes and the presence of characteristic virulence determinants are
indicated on the right. Numbers of strains are indicated in parentheses for ETs with multiple strains.
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h test most strains exhibited an undefined pattern (Fig.
5b). The LAL pattern was partially mediated by intimin
(Pelayo et al. 1999). The EAEC category was defined by
the aggregative adherence (AA) pattern (Fig. 6a) since a
relatively large proportion of strainsdid not react with the
EAEC probe. Although defining EAEC, the AA pattern
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was expressed by all O125ac:H6 strains which we have
classified asatypical EPEC (Valleetal. 1997, Trabuls et al.
2002). In many strains the AA pattern is expressed only
after 6 hours of incubation (Fig. 6a). Assaid before strains
of the DAEC category was not identified in this study but
the DA pattern was expressed by a few atypical EPEC,

TABLE VI
Potential virulence markers of enteropathogenic Escherichia coli (EAEC) strains
Nr of

Serotype strains (%) EAEC aggA aafA aggR aap shf pet astA pic irp2
086:H2 4 4 4 3 3 3 3
O111:H4 1 1
0O111:H10 2 1 1 1 1 2 2 2
O111:H12 8 4 8 7 7
0O111:H21 4 4 4 4 1 4 3 3
0O125:H16 1 1 1 1 1
0125:H21 1 1 1 1 1 1 1 1
0126:H27 2 2 1 1 1 1 1 1 1 2
0128:H12 1 1
0128:H35 8 7 7 5
Total 34(100) 14(43.8) 0(0.0) 2(6.3) 12(37.5) 11(34.4) 19(59.4) 1(3.1) 22(68.8) 17(53.1) 24 (75.0)

EAEC: EAEC probe sequence; aggA: aggregative adherence fimbrial (AAF/1) subunit A; aafA: aggregative adherence fimbriall
(AAF/I1) subunit A; aggR: transcriptional activator of AAF/I and AAF/11; aap (originally designated aspU): anti-aggregation protein
or dispersin; shf: cryptic ORF; pet: plasmid encoded toxin; astA: EAEC heat-stable enterotoxin 1 (EAST1); pic: proteininvolvedin

colonization; irp2: Yersiniabactin biosynthesis gene.

Fig. 4A: localized adherence (LA) pattern; B: diffuse adherence
(DA) pattern expressed by a typical enteropathogenic Escherichia
coli (EPEC) and a DAEC strain (respectively) in the 3 h test.

F

i

Fig. 5A: localized-like adherence (LAL) pattern expressed by an
atypical enteropathogenic Escherichia coli (EPEC) strain in 6 h;
B: undefined pattern expressed by the same strain in 3 h.



550

ETEC and EAEC strains. Inthe atypical EPEC strainsthe
DA pattern (Fig. 4b) was mediated by the AfaE protein
(Kellereta. 2002).

GENETIC RELATIONSHIPS
The dendrogramin Fig. 7 illustrates the genetic simi-
larity and degree of divergence between t-EPEC, a-EPEC,

EHEC, EAEC, and their serotypes. The more accentuated
divergence occurred between the typical EPEC with H6/

Fig. 6A: aggregative adherence (AA) pattern expressed by an EAEC
strain in the 6 h test; B: undefined pattern expressed by the same
strain in 3 h.

0.0 0.25 0.50 0.75 1.00

DEC Categories among EPEC Serogroups = Leila C Campos et al.

H34 antigens (cluster A) and the a-EPEC of serotypes
026:H11, 055:H7, 0111:H9, and O125ac:H6 (cluster C).
The other categories and respective serotypes occupied
an intermediary position (cluster B) where two sub-clus-
ters (B1 and B2) are proeminent. B1 includes a t-EPEC
serotype (0127:H40) and all EAEC, and EHEC strainsand
B2 all typical and atypical EPEC strainswith the H2 anti-
gen. Insubcluster B1 typical EPEC, EAEC and EHEC can
be clearly differentiated and the same is true for the
0111:H2 and the other H2 serotypes in cluster B2. The
dendrogram suggests that the similarity and the diver-
gence seen is dictated both by the DEC category and by
the serotype.

The genetic relationships of the EPEC O serogroups
have been studied by several authors, with special em-
phasisby Wittham & McGraw (1996). These authorshave
shown that the EPEC serotypes can be divided in two
clonal groups named EPEC1 and EPEC2 and that thefirst
group express the H6 and the H34 antigens and the sec-
ond the H2 antigens. Essentially these results are identi-
cal to the ones reported here. They also have shown that
the EHEC strains of serogroups O26 and O111 clusters
together and are genetically different from serotype
O55:H7. Intheir studies EAEC strainswere not included
but it is demonstrated here that they are different but
closely related to the EHEC strains

It isnot known why some O serogroups are more effi-
cient to receive or maintain determined virulence factors
and so far as we know no studies have been made to
clarify this.

COMMENTS

The occurrence of the DEC categoriesinthe EPEC O
serogroups has been investigated by several authors
(Blanco et a. 1993, Giammanco et a. 1996, Paciorek 2002).
One of the most complete study was performed by Scot-
land et al. (1996) in United Kingdom. These authors exam-
ined around 800 E. coli strains belonging to the same O
serogroups examined by us in regard to serotypes and
the genes that define the DEC categories with exception
of thegenesfor ETEC. Theresultsobtained are similar to
ours in the sense that they have detected the same DEC
categories (with exception of ETEC, of course) and most
of the serotypes identified in our studies. The most sig-

EPEC H6/H34

EPEC 0124:H40

EAEC

EHEC 026:H11, 0111:H', O111:H8

EPEC/EPEC atipica H2 (O119:H2, 0128:H2, O114:H2)
EPEC (O111:H2, O111:H ")

EPEC atipica (055:H7, O111:H9, 0125:H26, 026:H11)

Fig. 7: simplified dendrogram of 71 strains of enteropathogenic Escherichia coli (EPEC) O serogroup. The tree was constructed with

UPGMA using Jaccard similarity coefficient.
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nificant differences were in respect to the frequency of
the categories and the kind of serotypes. For example, the
most frequent categories in their studies were a-EPEC,
EAEC, and EHEC whilein our studies the most frequent
onesweret-EPEC and EAEC. Regarding serotypes, it was
surprising the total absencein UK of the most frequent t-
EPEC serotypes in our studies, namely 0111:H2 and
O55:H6. In the past these two serotypes were very fre-
quent in UK as a cause of diarrhea outbreaks and spo-
radic cases of infantile diarrhea. Comparison of the fre-
guency of EPEC and EHEC along the yearsin UK (and
others devel oped countries) and in Brazil offerssomein-
teresting aspects. In the past the EPEC was extremely fre-
quentin UK (Smith et al. 1996) and others devel oped coun-
tries and EHEC was practically inexistent. At present t-
EPEC arevery rareand the atypical EPEC and EHEC are
frequents. In Brazil (S&o Paulo) we need to consider two
periods. Until the end of the 1980s, t-EPEC was the pre-
dominant agent of diarrheaand EHEC extremely rare (To-
ledoetal. 1983, Gomeset a. 1989, 1991). Infact at that time
we had isolated only three O111ac:H- strains (Stx+) and a
very few strains of others serotypes (Camposet al. 1994).
At present this situation has changed substantially. It
seens that we are approaching the present situation in
devel oped countries which was started in the 1960s for t-
EPEC and the 1980s for EHEC. Accordingly most of our
EPEC isolates lack EAF and we have started to isolate
0157:H7 and 026:H11 Stx+ strains. Thereasonsfor this
kind of events have not been established but they are not
exclusive of thispathogen. They are similar to the events
that have occurred with Salmonella serotypes: adramatic
fall inthefrequency of S Typhi and avast increaseinthe
frequency of S Typhimurium and similar serotypes. S
Typhi astypical EPEC is specific human pathogensand S.
Typhimurium as EHEC and atypical EPEC are pathogens
associated with humans and animals. The reductions of
thetypical EPEC frequency in Brazil (S&o Paulo) may be
related to theimprovement of the living conditionsin re-
cent years.

Others studies on DEC categories in the EPEC O
serogroupswere performed by Beutin et a. (1990) in Ger-
many and Yamet al. (1994) inAustralia. Beutin et al. (1990)
studied alarge number of O114 strainsin regard to sero-
types, electrophoretic types, and virulence factors. They
have detected t-EPEC, ETEC and probably UPEC. There
was strong correlation between serotypes, clones and
pathogens categories. Yam et al. (1994) studied agroup of
0126 strains and detected ETEC, and EAEC and found a
good correlation between serotypes, clonesand virulence
characteristics. There are many others studies on Stx pro-
ducing strains of serotypes 026:H11 and O111ac:H-.

From the practical point of view it is evident that
serogrouping (identification of the O antigen only) is not
a reliable approach to identify EPEC as it still donein
certain laboratories. However serotyping is entirely reli-
able but only for those serotypes that correspond to
clones.

ACKNOWLEDGMENTS

To SilviaBando for constructing the dendrogramsin Figs 1
and 7.

551

REFERENCES

Blanco J, Blanco JE, Blanco M, Gonzalez EA, Garabal Jl,
Alonso MP 1993. Toxic and adhesive properties of Es-
cherichia coli strainsbelonging to classic enteropathogenic
serogroups. Acta Microbiol Hung 40: 335-341.

Beutin L, Orskov I, Orskov F, Zimmermann S, Prada J,
Gelderblom H, Stephan R, Whittam TS 1990. Clonal diver-
sity and virulence factors in strains of Escherichia coli of
the classic enteropathogenic serogroup O114. J Infect Dis
162: 1329-1334.

Botelho BA, Bando SY, Trabulsi LR, Moreira-Filho CA 2003.
Identification of EPEC and non-EPEC serotypesinthe EPEC
O serogroups by PCR-RFLP analysis of the fliC gene. J
Microbiol Meth 54: 87-93.

Campos LC, Whittam TS, Gomes TA, Andrade JR, Trabulsi
LR 1994. Escherichia coli serogroup O111 includes several
clonesof diarrheagenic strainswith different virulence prop-
erties. Infect Immun 62: 3282-3288.

DiasAMG 1998. Caracteristicasde Viruléncia e Andlise Clonal
de Amostras de Escherichia coli do Sorogrupo 0128, The-
sis, Instituto de Ciéncias Biomédicas, Universidade de S&o
Paulo, 96 pp.

Elias WP, Barros SF, Moreira CG, Trabulsi LR, Gomes TAT
2002. Enteroaggregative Escherichia coli strainsamong clas-
sical enteropathogenic Escherichia coli O serogroups. J
Clin Microbiol 40: 3540-3541.

Ewing W, Davis D, Montague T 1963. Sudies on the Occur-
rence of Escherichia coli Serotypes Associated with Diar-
rheal Disease, US Department of Health, Education and
Welfare, Public Health Service, Communicable Disease Cen-
ter, Atlanta, p. 1-38.

Ghilardi ACR, Gomes TAT, EliasWP, Trabulsi LR 2003. Viru-
lence factors of Escherichia coli strains belonging to
serogroups 0127 and O142. Epidemiol Infect 131: 815-821.

Ghilardi ACR, Gomes TAT, Trabulsi LR 2001. Production of
cytolethal distending toxin and other virulence characteris-
tics of Escherichia coli strains of serogroups O86. Mem
Inst Oswaldo Cruz 96: 703-708.

GiammancoA, Maggio M, Giammanco G, Morelli R, Minelli F,
Scheutz F, Caprioli A 1996. Characteristics of Escherichia
coli strains belonging to enteropathogenic E. coli serogroups
isolated in Italy from children with diarrhea. J Clin Microbiol
34: 689-694.

Gismero-Ordonez J, Dall’Agnol M, Trabulsi LR, Giron JA
2002. Expression of the bundle-forming pilus by entero-
pathogenic Escherichia coli strains of heterologous sero-
types. J Clin Microbiol 40: 2291-2296.

Girdo DM, Bando SY, Girao VBC, Moreira-Filho CA,
Fracalanzza SEL, Trabulsi LR, Monteiro-Neto V 1999.
Characterization of typical and atypical enteropathogenic
Escherichia coli (EPEC) strains of the classical O55
serogroup by RAPD analysis. Rev Micraobiol 30: 365-368.

Gomes TAT, Rassi V, MacDonald KL, Ramos SRT, Trabulsi
LR, VieiraMAM, Guth BEC, Candeias JAN, lvey C, To-
ledo MRF, Blake PA 1991. Enteropathogens associated with
acutediarrheal diseasein urban infantsin Sdo Paulo, Brazil.
J Infect Dis 164: 331-337.

Gomes TAT, Vieira MA, Wachsmuth K, Blake PA, Trabulsi
LR 1989. Serotypes-specific prevalence of Escherichia coli
strains with EPEC adherence factor genes in infants with
and without diarrheain Sdo Paulo, Brazil. J Infect Dis 160:
131-135.

GongavesAG, CamposL C, GomesTAT, Rodrigues J, Sperandio
V, Whittam TS, Trabulsi LR 1997. Virulence propertiesand
clonal structures of strains of Escherichia coli 0119 sero-
types. Infect Immun 65: 2034-2040.



552

Gyles C 1994. Escherichia coli in Domestic Animals, CAB In-
ternational, Wallinggford, UK, 666 pp.

Keller R, Ordonez JG, De OliveiraRR, Trabulsi LR, Baldwin
TJ, Knutton S2002. Afa, adiffuse adherencefibrillar adhesin
associated with enteropathogenic Escherichia coli. Infect
Immun 70: 2681-2689.

Monteiro-Neto V, Trabulsi LR 1999. Phenylpropionic acid me-
tabolism: a marker for enteropathogenic Escherichia coli
clonal group 2 strains. J Clin Microbiol 37: 221.

Monteiro-Neto V, Campos LC, Ferreira AJP, Gomes TAT,
Trabulsi LR 1997. Virulence properties of Escherichia coli
0111:H12 strains. FEMSMicrobiol Lett 146: 123-128.

Nataro JP, Kaper JB 1998. Diarrheagenic Escherichiacali. Clin
Microbiol Rev 11: 142-201.

Neter E, Westphal O, Luderitz O, Gino RM, Gorzynsky EA
1955. Demonstration of antibodies against enteropathogenic
Escherichia coli in seraof children of various ages. Pediat-
rics 16: 801-808.

Paciorek J2002. Virulence properties of Escherichia coli faecal
strainsisolated in Poland from healthy children and strains
belonging to serogroups 018, 026, 044, 086, 0126, and
0127 isolated from children with diarrhoea. J Med Microbiol
51: 548-556.

Peixoto J, Blanco S, Ordofiez J, Botelho B, Trabulsi LR, Moreira-
Filho C 2001. Genetic differencesbetween Escherichia coli
026 strainsisolated in Brazil and in other countries. FEMS
Microbiol Lett 196: 239-244.

Pelayo JS, Scaletsky |C, Pedroso MZ, Sperandio V, Giron JA,
Frankel G, Trabulsi LR 1999. Virulence propertiesof atypi-
cal EPEC strains. J Med Microbiol 48: 41-49.

Rodrigues J, Scaletsky I1C, Campos LC, Gomes TA, Whittam
TS, Trabulsi LR 1996. Clonal structure and virulence fac-
torsin strains of Escherichia coli of the classic serogroup
O55. Infect Immun 64: 2680-2686.

Scotland SM, Smith HR, Cheasty T, Said B, Willshaw GA,
Stokes N, Rowe B 1996. Use of gene probes and adhesion

DEC Categories among EPEC Serogroups = Leila C Campos et al.

tests to characterise Escherichia coli belonging to entero-
pathogenic serogroups isolated in the United Kingdom.
JMed Microbiol 44: 438-443.

Smith H, Scotland S, Cheasty T, Willshaw G, Rowe B 1996.
Enteropathogenic Escherichia coli infectionsin the United
Kingdom. Rev Micraobiol 27: 45-49.

Toledo MR, Alvariza MCB, Murahovschi J, Ramos SRTS,
Trabulsi LR 1983. Enteropathogenic Escherichia coli se-
rotypes and endemic diarrheain infants. Infect Immun 39:
586-589.

Trabulsi LR, CamposLC, Whittam TS, Gomes TAT, Rodrigues
J, GongalvesAG 1996. Traditional and non-traditional en-
teropathogenic Escherichia coli serogroups. Rev Microbiol
27:1-6.

Trabulsi LR, Keller R, Gomes TAT 2002. Typical and atypical
enteropathogenic Escherichiacoli. Emerg Infect Dis 8: 508-
513.

Valle GRF 1998. Propriedades de Viruléncia de Escherichia
coli dos Sorogrupos 0125 e 0126, Thesis, Instituto de
Ciéncias Biomédicas, Universidade de Sao Paulo, Sao
Paulo, 100 pp.

Valle GR, Gomes TAT, Irino K, Trabulsi LR 1997. The tradi-
tional enteropathogenic Escherichia coli (EPEC) serogroup
0125 comprises serotypes which are mainly associated
with the category of enteroaggregative E. coli. FEMS
Microbiol Lett 152: 95-100.

Whittam TS, McGraw EA 1996. Clonal analysis of EPEC
serogroups. Rev Microbiol 27: 7-16.

WHO-World Health Organization 1987. Program for Control
of Diarrheal Diseases (CDD/83.3 Rev 1). Manual for Labo-
ratory Investigations of Acute Enteric Infections, World
Health Organization, Geneva, 27 pp.

Yam WC, Robins-Browne RM, Lung ML 1994. Genetic rela-
tionship and virulencefactorsamong classical enteropatho-
genic Escherichia coli serogroup 0126 strains. J Med
Microbiol 40: 229-235.



