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SUMMARY

Some strains of Escherichia coli belonging to serogroups 026, 055, 0111 or 0128
produce Vero cytotoxin (VT). These serogroups are included in the range of
enteropathogenic E. coli (EPEC) serogroups for which commercial antisera are
available. In an attempt to obtain information on VT-producing strains other
than those of serogroup 0157, 122 strains belonging to these four serogroups and
isolated in 1991 from patients with diarrhoea in the United Kingdom were tested
for hybridization with VT probes. Only 18 of the 122 strains were VT-positive and
these were 026 or 0128. However 90 strains hybridized with the E. coli attaching
and effacing (eae) probe (including 14 VT-positive strains) and 17 with the
enteroaggregative E. coli (EAggEC) probe. For 78 eae-positive and 9 EAggEC-
positive strains, tissue culture tests correlated with the probe results as the strains
gave, respectively, either localized adhesion and a positive fluorescent-actin
staining test or a characteristic aggregative attachment. A total of 111 of the 122
strains belonging to serogroups 026, 055, 0111 or 0128 possessed properties that
may be associated with the ability to cause human diarrhoeal disease, and similar
studies are needed on strains from the other classical EPEC serogroups.

INTRODUCTION

Strains of Escherichia coli producing Vero cytotoxin (VTEC) are now recognized
as a cause of disease in man ranging from mild diarrhoea to haemorrhagic colitis
(HC) and the haemolytic uraemic syndrome (HUS) [1, 2]. In particular VTEC of
serogroup 0157 have been isolated from many outbreaks and sporadic cases of HC
in North America and the United Kingdom [3, 4]. 0157 VTEC differ in several
biochemical properties from most E. coli strains; for example they usually fail to
ferment sorbitol promptly and they lack /?-glucuronidase activity. These
differences have been utilized in the development of media, such as sorbitol
MacConkey agar, that can be used to assist in the isolation of 0157 VTEC.
However, VTEC belonging to many other 0 groups have been isolated from cases
of diarrhoea or HUS, and as yet these have not been shown to possess any
discriminatory characteristic other than VT production. To recognize the presence
of such VTEC in faecal samples, colonies have to be tested directly for VT
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production or for hybridization with VT gene probes. These techniques are not
available in most routine laboratories and so the incidence of VTEC belonging to
serogroups other than 0157 has been poorly studied.

The serogroups to which VTEC may belong include 026, 055, 0111 and 0128
[5—11]. These are included in the range of 0 groups of enteropathogenic E. coli
(EPEC) and antisera are available commercially for their identification. Such
antisera remain in use in many clinical laboratories and so in January 1991 the
Laboratory of Enteric Pathogens requested recent isolates of E. coli that belonged
to these four serogroups from cases of diarrhoea, haemorrhagic colitis or
haemolytic uraemic syndrome (HUS). The strains received have been tested for
hybridization with DNA probes for the VT1 and VT2 genes. They were also tested
for hybridization with several virulence-related DNA probes, including the eae
probe that encodes sequences necessary for the ability to cause attaching and
effacing lesions in the intestine. In addition they were examined for adhesion to
HEp-2 cells; this can be characterized as localized, aggregative or diffuse and has
been used to define the enteroaggregative E. coli (EAggEC) or diffusely-adherent
E. coli (DAEC).

METHODS AND MATERIALS

Bacterial strains

The 122 E. coli strains included in the study were received from 27 laboratories
in many different areas of the United Kingdom. They had been isolated from the
faeces of patients with diarrhoea during 1991. There were no cases of HUS. Except
for one small family outbreak the strains were from sporadic cases. Information
was requested, but not always given, on whether the diarrhoea had been bloody
and about the duration of the diarrhoea. The strains were serotyped using
standard agglutination methods [12].

DNA hybridization

Strains were tested by colony hybridization. The VT1 probe was a 0-75 kb
Hinc II fragment derived from strain H19 (E. coli O26:H11) and the VT2 probe
was a 0-85 kb Ava I-Pst I fragment derived from E32511 (E. coli 0157 : H - ) [13].
The VT probes were labelled with digoxigenin and used as described previously
[14]. The CVD419 probe was a 3-4 kb Hind III fragment derived from a plasmid
in strain 933 (E. coli 0157 :H7) [15]. The eae (E. coli attaching and effacing) [16]
and EAF (enteropathogenic E. coli adherence factor) [17] probes were derived
respectively from chromosomal and plasmid genes of E2348/69 (E. coli 0127: H6).
The EAggEC probe was that described by Baudry and coworkers [18] and the
DAEC probe was a 370 bp Pst I fragment within the daaC gene of strain C1845
[19]. Probes were labelled with deoxyadenosine-5'-a-thio[35S]-triphosphate [13].
Hybridization and washing were under stringent conditions [20] except for the
EAggEC probe that was used as described by Moseley and colleagues [21].

Cell culture adhesion tests

Adhesion to HEp-2 cells was tested in the presence of D-mannose (1 % w/v) as
described previously [22]. Adhesion was assessed as localized, diffuse or
aggregative at the end of a 6 h test during which the monolayer was washed after
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an initial 3 h attachment period. The fluorescence actin staining (FAS) test, which
demonstrates the presence of filamentous actin beneath attached bacteria, was
that of Knutton and colleagues [23]. At least two tests were performed before a
strain was recorded as not giving attachment.

Tests for enterohaemolysin and a-haemolysin
Strains were tested on blood agar plates as described previously [10]. They were

considered positive for enterohaemolysin (E-Hly) when they lysed washed sheep
erythrocytes but not unwashed horse erythrocytes. Strains producing a-
haemolysin (a-Hly) were lytic on both media and were confirmed as a-haemolytic
by a colony immunoblot assay [24] using a specific antiserum kindly supplied by
Dr T. J. Baldwin.

RESULTS
One hundred and twenty-two strains belonging to 0 groups 26, 55, 111 or 128

were tested for hybridization with probes for VT1 or VT2 (Table 1-4). Only 18
strains were positive and these were either 026 or 0128. Fourteen 026 VTEC were
all of H type 11 and four 0128 VTEC were H2 or non-motile. The VT type of the
strains is given in the tables. However, 93 of the 104 VT-negative strains were
positive in other tests and details of these investigations are given below for each
serogroup.

Strains of E. coli 026
Thirty-nine strains of E. coli 026 were examined. The properties of these strains

are summarized in Table 1. All 37 026 strains that were of H type 11 (including
the VT-positive strains) or non-motile hybridized with the eae probe. They also
gave localized adhesion to HEp-2 cells accompanied by a positive FAS test. The
percentage of cells with clusters of bacteria characteristic of localized adhesion was
in the range 0-1-33. In a previous study [10], some VT-positive or VT-negative
026:HI 1 strains produced E-Hly and hybridized with the CVD419 probe, so all
026 strains were examined for these properties. A proportion of both H l l (14/18)
and non-motile (11/19) strains produced E-Hly. They also hybridized with the
CVD419 probe, whereas the E-Hly-negative strains did not. Five strains, none of
which was VT-positive, produced a-Hly. Two O26:H32 strains were negative in
all tests.

Thirty-eight of the 026 strains had been isolated from children aged under 4
years and one from an adult. For only one patient was the diarrhoea known to be
associated with blood (and mucus); the 026 strain from this patient was H l l , VT-
positive and E-Hly-negative. The adult patient had persistent non-bloody
diarrhoea of more than 3 weeks duration; the strain from this patient was non-
motile and produced E-Hly but not VT. Eight children had diarrhoea known to
have lasted longer than 1 week; for five the information was given that this
diarrhoea was non-bloody. Strains isolated from four of these patients were of H
type 11 and they produced VT1 and E-Hly. Strains from the other four patients
were non-motile and VT-negative; three produced E-Hly and one a-Hly.
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Table 1. Properties of 39 E. coli 026 strains

H type
no. of
strains
Hll

10
3
1
3
1

Non-motile
11
4
4

H32
2

Hybridization with probes
for

A

CVD
VTl VT2 eae 419

1 
1

 1

1 
1

 1

+ 
+

 +

1 
1

 +

Production of*
A

E-Hly a-Hly

+ :

Hep-2
cell

adhesion

LA
LA
LA
LA
LA

LA
LA
LA

FASt
test

The strains did not hybridize with the EAF probe.
* E-Hly, enterohaemolysin; a-Hly, a-haemolysin. ?E-Hly could not be demonstrated in the

presence of a-Hly.
t The FAS test could not be performed in the absence of adhesion.

Table 2. Properties of 29 E. coli 0-55 strains

H type
HI
H7

H10
H24
H27
H32
H34
H45
Non-motile

No. of
strains

1
9
2
1
1
1
2
3
1
3
2
2
1

Hybridization with
probe for

A

;ae EAF EAggEC

HEp-2
cell

adhesion

LA

Agg

LA

LA

LA
DAt

FAS*
test

The strains did not hybridize with the VTl or VT2 probes.
* The FAS test could not be performed in the absence of adhesion.
t This strain hybridized with the DAEC probe.

Strains of E. coli 055

Twenty-nine strains belonging to serogroup 055 were examined. The H types
and other properties are shown in Table 2. Strains belonging to H types 7 (11/11).
34 (3/3) or that were non-motile (8/8) hybridized with the eae probe. Seventeen
of these 22 eae-positive strains gave localized adhesion to HEp-2 cells and a

https://doi.org/10.1017/S0950268800057150 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268800057150


EPEC virulence properties 433

Table 3. Properties of 24 E. coli 0111 strains

H type
H7
H12

H25

Non-motile

No. of
strains

4
1
1
i

6
7
3
2

Hybridization with
probe for

A
f N

eae EAggEC

+ -

: +

HEp-2
cell

adhesion

Agg
Agg

LA

Agg

FAS
test

-

+

-

The strains did not hybridize with the VT1, VT2 or EAF probes.
* The FAS test could not be performed in the absence of adhesion.

positive FAS test. Two of the non-motile strains adhered to 100% of the HEp-2
cells and were the only 055 strains that hybridized with the EAF probe. The
remaining 15 strains attached to between 0-5 and 10% of the cells. For four eae-
positive strains no attachment was seen. One non-motile strain, E73107/1, that
hybridized with the eae probe gave excellent diffuse adhesion and hybridized with
the DA probe; no actin accumulation was seen beneath adhering bacteria in the
FAS test. Two 055 strains, that did not hybridize with the eae probe, hybridized
with the EAggEC probe; of these only E75021 (055: H27) attached to HEp-2 cells
and gave the characteristic aggregative pattern of attachment.

Twenty-six of the 055 strains had been isolated from children aged under 4
years and three from patients aged 7, 9 and 24 years. There were no reports of
bloody diarrhoea. Three children had diarrhoea that persisted longer than 1 week.
The 055 strains isolated from two of these patients were eae-positive, EAF-
negative. The aggregative strain, E75021, was isolated from the third child who
had suffered diarrhoea up to five times daily for a period of 10 days.

Strains of E. coli 0111
Twenty-four strains of 0111 were examined. The H types and properties of

these strains are shown in Table 3. All were of the subgroup Oil lab; the strains
were VT-negative and we have previously noted that VT-producing 0111 strains
were of subgroup ac [11]. All 13 strains of H type 25 hybridized with the eae but
not the EAF probe. Six of these strains adhered in a localized pattern to about 1 %
of HEp-2 cells and gave a positive FAS test; no attachment was seen for seven
strains. Six strains belonging to H types 7 or 12, and three of five non-motile
strains hybridized with the EAggEC probe. All but one of these nine strains gave
the aggregative pattern of attachment to cells.

Nineteen 0111 strains had been isolated from children aged under 4 years and
one from an adult aged 29 years. In addition, four strains were from a family
outbreak in which the patients were aged 13 months, 6, 8 and 31 years. Entero-
aggregative E. coli of H type 7 were isolated from all four members of the family.
The baby had suffered non-bloody diarrhoea up to four times daily for at least 3
weeks; oocysts of cryptosporidia were also present in the faeces. The other family
members were stated to have had diarrhoea but excretion of oocysts was not seen.
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Table 4. Properties of 30 E. coli 0128* strains

Hybridization with probe for HEp-2
No. of ^ A > cell FAS

H type strains VT1 VT2 eae EAggEC adhesion testt
H2 17 - - + - LA +

3 + +
^

H8 1 - - + LA +
H12 1 - - - -
H35 6 - - - +
Non-motile 1 + — — — —

The strains did not hybridize with the EAF probe.
* The 0128 strains belonged to subgroup ab, with the exception of one of the 17 eae-positive

H2 strains and the single strain of H type 12 which were both subgroup ad.
t The FAS test could not be performed in the absence of adhesion.

EAggEC of H type 12 were isolated from the other adult, who was the only patient
for which bloody diarrhoea was noted. Four other children were stated to have had
diarrhoea for longer than 7 days. The strains isolated from them were 0111 :H25
eae+ LA+, 0111 :H25 eae+ LA", 0111 : H - EAgg+ and a non-motile 0111 strain
that was negative for all properties.

Strains o/E. coli 0128
Thirty strains were examined. The H types and other properties are shown in

Table 4. Eighteen strains that were of H types 2 or 8 hybridized with the eae probe.
These did not include any of the VT-producing strains. The eae-positive strains
gave localized attachment to between O5 and 92 % of HEp-2 cells and a positive
FAS test but did not hybridize with the EAF probe. Six strains of H type 35
hybridized with the EAggEC probe but showed no attachment to HEp-2 cells.

All 30 0128 strains had been isolated from children aged under 7 years. There
were no reports of bloody diarrhoea. Two children were stated to have suffered
from persistent diarrhoea. An 0128 :H35 EAggEC-positive strain was isolated
from one child with diarrhoea of 7 weeks duration but for this case there was also
evidence of giardia infection. The other case of persistent diarrhoea had lasted for
over 2 years and the child exhibited poor weight gain. The 0128 :H12 strain was
isolated from this patient but 0128 strains had not been isolated from previous
faecal specimens.

DISCUSSION

The initial aim of this study was to obtain information on VTEC belonging to
serogroups 026, 055, 0111 or 0128 from cases of diarrhoea in the United
Kingdom in 1991. Of the 122 isolates examined only 14 of 39 026 strains and 4 of
30 0128 strains were VTEC. We have previously reported the isolation of VT-
positive 055 and 0111 strains from cases of HUS in the United Kingdom [11] but
the results of the present study are similar to that undertaken more than 10 years
ago in which, within strains belonging to the classical EPEC serogroups, only
strains of 026 and 0128 were shown to be VT-positive [9]. Nevertheless the
present study did show that the majority of the strains belonging to the four
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serogroups under investigation possessed other putative virulence factors. Only 11
of the 104 VT-negative strains examined were negative in all other tests. Seventy-
six strains hybridized with the eae probe and 17 with the EAggEC probe. Fourteen
of the 18 VTEC also hybridized with the eae-probe.

VT1, rather than VT2, was produced by all except one of the VT-positive
026: HI 1 strains in agreement with previous studies [10, 25, 26]. Non-motile 026
strains in this study did not produce VT but resembled 026: HI 1 strains in
possessing the ability to cause AE lesions and to hybridize with the eae probe.
These properties, and not VT production, appear to be characteristic of the 026
serogroup. Some non-motile 026 strains also resembled VT-positive strains in
producing E-Hly and hybridizing with the CVD419 probe. In a survey of VTEC
of many different serogroups a similar association between the production of E-
Hly and the presence of the plasmid encoding the CVD419 sequence was shown
[11]. Other workers have associated E-Hly production with the presence of a
bacteriophage [27] and further work on the relationship between plasmid and
phage genes is needed. Several 026 strains produced a-Hly and for technical
reasons it was not possible to determine if they also produced E-Hly. It was noted
that none of these strains hybridized with the CVD419 probe. The association of
E-Hly production and hybridization with the CVD419 probe contrasts with the
lack of association between VT-production and hybridization with the CVD419
probe that we have noted in this and other studies [10, 11].

Only two non-motile 055 strains hybridized with the EAF probe (in addition to
the eae probe) and so resembled EPEC strains isolated from outbreaks [22, 28, 29].
The ability of some strains belonging to classic EPEC serogroups to cause
characteristic AE lesions in the intestine has been shown for humans and in animal
models [30-32]. Both plasmid and chromosomal genes are necessary for full
virulence and these include the eae and EAF genes. An earlier study [33] showed
that EAF-positive strains were uncommon amongst EPEC isolated from sporadic
cases of diarrhoea in the United Kingdom during 1985—7. We have since shown
that many of these EAF-negative strains gave LA and a positive FAS test [10, 34,
35] and that they hybridize with the eae probe (unpublished results). Similarly for
all four serogroups (026, 055, 0111 and 0128) in the present study, with only two
exceptions, the eae-positive strains were EAF-negative. For most of the 88 eae-
positive EAF-negative strains it was confirmed that they gave LA and a positive
FAS test but 11 strains gave no attachment and so a FAS test result was not
possible. The eae-positive EAF-negative strains may not be a homogeneous group
as some give consistently good LA in tissue culture tests whilst others do not. For
some [34] it is known that they carry plasmid encoded genes that are important
for attachment and in this resemble EAF-positive strains; for most, this
information is not available. Knutton and coworkers [36] observed that FAS-
positive EAF-negative strains that attached poorly to HEp-2 cells nevertheless
adhered well to human small intestinal mucosa. Volunteer studies, similar to those
performed for EAF-positive organisms [37], are needed to confirm that the various
groups of eae-positive EAF-negative E. coli are diarrhoeagenic and to compare the
severity of any infections.

Nine strains belonging to serogroups 055 and 0111 were identified as belonging
to the aggregative class of E. coli; they gave characteristic adhesion to HEp-2 cells
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and hybridized with the EAggEC probe. We earlier reported that strains
belonging to EPEC serotypes 044: H18, 0111: H21 and 0126: H27 and isolated in
the United Kingdom may also be EAggEC [35]. Epidemiological studies in other
countries have shown a statistically significant association of EAggEC with cases
of persistent diarrhoea [38, 39]. Similar studies are needed in the UK but several
patients with persistent diarrhoea in this study did excrete these organisms. Eight
strains, including all six 0128 :H35 strains, also hybridized with the EAggEC
probe but no adhesion to HEp-2 cells could be demonstrated. This difference
between the two tests is being investigated further.

In this study only one strain, E73107/1 (serotype O55:H —), was identified as
diffusely adherent. Unlike most DAEC (unpublished observations) E73107/1 was
unusual in hybridizing with the eae probe. Cantey and Moseley [40] observed that
the introduction of genes encoding DA into poorly adhering eae-positive E. coli
strains resulted in good DA accompanied by a positive FAS test. Although the
actin aggregation was considered to be more widely distributed than that seen
beneath an EPEC control, the results supported the hypothesis that an adhesin
such as that resulting in DA, and not only that associated with the EAF plasmid.
could bring the bacterium into close proximity to the cell and allow the expression
of the eae gene. The negative FAS test with E73107/1 contrasts with these results
and it is possible that this strain lacks other genes required for actin accumulation.

Historically EPEC were defined as strains belonging to certain serogroups that,
generally, had been associated with outbreaks of infantile gastroenteritis. However
since 1970 such outbreaks have virtually disappeared in developed countries.
Nevertheless use of the EPEC antisera has continued for the investigation of
sporadic cases of diarrhoea and recently their validity to detect pathogenic strains
has been questioned [41]. Our results show that strains selected by the use of 026,
055, 0111 and 0128 antisera contain a high proportion of strains (111 of 122) with
putative virulence factors, some of which have only recently been described. There
is a need to obtain similar information on strains belonging to the other classical
EPEC serogroups. Finally it is necessary to confirm whether the strains possessing
the putative virulence factors can cause diarrhoea and this might be done by
challenge experiments or epidemiological studies.
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