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Shiga-toxigenic Escherichia coli O157:H7 (STEC O157:H7) is associated with potentially
fatal human disease, and a persistent reservoir of the organism is present in some farm
animal species, especially cattle and sheep. The mechanisms of persistent colonisation of
the ruminant intestine by STEC O157:H7 are poorly understood but may be associated
with intimate adherence to eukaryotic cells. Intimate adherence, as evidenced by
induction of attaching-effacing (AE) lesions by STEC O157, has been observed in 6-day-
old conventional lambs after deliberate oral infection but not in older animals. Thus, the
present study used a ligated intestinal loop technique to investigate whether STEC
O157:H7 and other attaching-effacing E. coli may adhere intimately to the sheep large
intestinal mucosa. To do this, four STEC O157:H7 strains, one STEC 026:K60:H11 and
one Shiga toxin-negative E. coli O157:H7 strain, suspended in either phosphate-buffered
saline or Dulbecco’s modified Eagle’s medium, were inoculated into ligated spiral colon
loops of each of two lambs. The loops were removed 6 h after inoculation, fixed and
examined by light and electron microscopy. AE lesions on the intestinal mucosa were
produced by all the inoculated strains. However, the lesions were sparse and small,
typically comprising bacterial cells intimately adhered to a single enterocyte, or a few
adjacent enterocytes. There was little correlation between the extent of intimate
adherence in this model and the bacterial cell density, pre-inoculation growth conditions

of the bacteria or the strain tested.

Introduction

Shiga-toxigenic Escherichia coli (STEC) O157:H7 is
found world-wide and is a leading cause of human
disease [1—3]. The release of Shiga toxin in the human
bowel following ingestion is believed to be central to
the pathogenesis of the associated diseases. Locally,
haemorrhagic colitis is induced [4], and damage to the
systemic vasculature, especially in the kidney, may lead
to the haemolytic-uraemic syndrome [5], which can be
fatal. Moreover, STEC O157:H7 can form an intimate
association, termed the attaching-effacing (AE) lesion,
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which has been observed in vitro on HEp-2 and other
eukaryotic cell lines [6, 7], on the mucosa of bovine
and human intestine in organ culture [8,9], and
experimentally in vivo on the intestinal mucosa in
various animal species [10—12] including cattle [13]
and sheep [14]. However, mucosal associations, inclu-
ding AE lesions, have not been reported in naturally
persistently colonised, ruminating cattle or sheep, and
the role of adherence in natural colonisation of animals
by STEC O157:H7 is unknown. The AE capability is
encoded on a chromosomal pathogenicity island termed
the locus for enterocyte effacement (LEE) [15]. The
role of the AE lesion in human disease is undeter-
mined. Several other attributes which may be asso-
ciated with virulence such as the haemolysin, secreted
serine protease, the bifunctional catalase-peroxidase
KatP and the EHEC type II secretion system, are
encoded by a large (60 MDa) plasmid by most STEC
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O157:H7 [16], although, its role remains to be fully
elucidated [7].

In contrast to man, natural exposure of farm animals to
STEC O157:H7 has not been reported to be associated
with disease, but prolonged carriage may be observed
in ruminants [17-20]. The carriage of STEC O157:H7
by ruminants, especially cattle and sheep, is important
because these appear to be a primary source of
contamination of human foodstuffs [21,22]. Early
studies suggested that the organism was widespread
[23], a finding confirmed in a number of prevalence
studies that employed serological [24] and improved
bacteriological methods [25, 26, and G. Paiba, personal
communication]. Some longitudinal studies suggest
that excretion of the organism by individual animals
on infected premises is typically transient and may be
intermittent, but that a herd’s positive status, as
determined by faecal screening, tends to be maintained
over time [17, 18, 27, 28]. In sheep, the natural carriage
and excretion of STEC O157:H7 on-farm has been
documented [20, 29].

In experimental studies, adult cattle inoculated orally
with STEC O157:H7 excreted the inoculated strain for
up to 14 weeks [30,31] and adult sheep for up to
2 months [32, 33]. The susceptibility to STEC O157:
H7-induced AE lesions has been demonstrated in 6-
day-old conventional lambs [14] and colostrum-de-
prived neonatal calves [13, 34] given 10° cfu orally in
both studies, and in weaned calves of up to 4 months
of age after starvation for 48 h and inoculation with
100 cfu by stomach tube [35]. Dean-Nystrom et al.
[34, 35] have suggested that AE lesions may not be
detected below a threshold concentration (10°°—
10° cfu/g) of STEC O157:H7 in the intestine.

The ligated intestinal loop technique has been estab-
lished as a method for observing the effects of a locally
administered agent on a particular region of the
intestine in a number of species [36] and was first
utilised for attaching-effacing E. coli (AEEC) by Moon
et al. [37]. The possibility of creating multiple loops in
a single animal permits comparison of different agents
within the same animal, and minimises the number of
experimental animals required. These qualities make
the technique attractive for observing the effects of
various STEC OI157:H7 strains in the ruminant
intestine, and in particular to search for AE lesions
in a well-defined area which has been subjected to a
high density bacterial inoculum. Stevens et al. [38]
demonstrated the enteropathogenicity of STEC
0103:H2 and O157:H7 in ligated mid-ileal loops in
7-day-old gnotobiotic and 25-30-day-old conventional
calves, a species already shown to be susceptible to AE
lesion formation induced by STEC after deliberate
inoculation [9, 13, 34, 35]. We have shown previously
that STEC O157:H7 induces sparse AE lesions that are
small, typically seen to cover 3 or 4 but occasionally
up to 15 adjacent enterocytes in a section, after oral

inoculation of 6-day-old conventional lambs but not
older animals. Thus, the purpose of this study was to
use the ligated colon loop of 6-month-old sheep to
investigate whether they may be susceptible to AE
lesion formation induced by four STEC O157:H7
strains, one non-toxigenic O157:H7 strain and an
026:K60:H11 strain.

Materials and methods
Bacterial strains and inocula

Four STEC O157:H7 strains and one Shiga toxin-
negative E. coli O157:H7 strain were used. Strains 218
and 222 were isolated during field surveys in cattle,
and strains EC157 and 140065 from human sources
were supplied by the Public Health Laboratory Service,
Colindale, London. PCR was used, as described
previously [14], to detect virulence genes. Strains 218
and EC157 possessed both stx/ and stx2, and strains
222 and 140065 possessed stx2 only. These four strains
and strain NCTC12900, a Shiga toxin-negative E. coli
O157:H7 obtained from the National Collection of
Type Cultures (Colindale, London), all possessed the
locus for enterocyte effacement (LEE) and plasmid,
pO157, typical of the serotype.

There are currently no characterised naturally occurring
strains known to form AE lesions in sheep. In an effort
to validate the technique in respect of the formation of
AE lesions, an STEC 026:K60:H11 strain (EC 1537)
was used as a comparative inoculum. This strain had an
established spontaneous AE capability in natural
disease in cattle, having been isolated from the faeces
of a dysenteric heifer in which O26-associated AE
lesions were detected [39]. This organism possessed
genes encoding stx/ and 2, the locus for enterocyte
effacement (LEE), the enterohaemolysin and a serine
protease [39].

Bacterial strains were grown in Luria-Bertani broth
overnight in a shaking incubator at 37°C, harvested by
centrifugation and resuspended in phosphate-buffered
saline (PBS, pH 7.2) to give a viable count of c.
2.5 X 108 cfu/ml. An alternative preparation was used to
stimulate expression of LEE-encoded proteins before
inoculation. For this, 200 ul of an overnight culture
grown as above were inoculated into 20 ml prewarmed
Dulbecco’s modified Eagle’s medium (DMEM) and
incubated aerobically for 6 h at 37°C in air with CO,
5%. The viable count of bacteria in each strain
preparation was determined by standard methods (Table

1).

HEp-2 cell adherence and fluorescent actin
staining (FAS)

Adherence assays of O157:H7 strains to HEp-2 cells
were performed by the methods of Dibb-Fuller et al.
[40]. FAS reactions on HEp-2 monolayers were
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Table 1. Details of occurrence of AE lesions in histological sections of ligated spiral colon loops of two lambs

inoculated with E. coli O157:H7 and 026:H11

Number of AE

lesions (number of Maximum

Inoculum sections examined) lesions Total Total

Lamb dose per positive AE
no. Serotype Strain Loop (X108 cfu) H&E Ipx section sections lesions

1 026:H11 EC 1537 A 5.0 8 (18) 11 (13) 7 10 19

O157:H7 218 B 8.3 6 (21) 20 (14) 7 13 26

222 C 4.5 0 (18) 0 (12) 0 0 0

140065 D 4.6 1 (21) 0 (10) 1 1 1

EC 157 E 6.3 0 (16) 3 (12) 2 2 3

NCTC 12900 F 5.7 0 (22) 0 (12) 0 0 0

2 026:H11 EC 1537 G 12.3 0 (16) 2 (14) 1 2 2

O157:H7 218 H 12.7 4 (18) 5 (18) 2 8 9

222 I 14.7 0 (15) 5 (14) 5 1 5

140065 J 10.6 3 (21 4 (20) 1 7 7

EC 157 K 10.3 0 (16) 2 (14) 2 1 2

NCTC 12900 L 9.3 3 (18) 5 (16) 2 5 8

H&E, haematoxylin and eosin stain; Ipx, immmunoperoxidase stain.

observed following the methods of Knutton et al. [41]
as described by Dibb-Fuller et al. [40].

Animal procedures

Two 6-month-old cross-bred lambs were used. Freedom
from detectable E. coli O157 excretion was demon-
strated by examining faeces from each lamb on three
separate occasions before surgery. The faeces were then
cultured selectively for E. coli O157:H7 on CHROM-
agar (CHROMagar Microbiology, France) after pre-
enrichment and immunomagnetic separation, as de-
scribed previously [14]. After shearing the ventral
abdomen and overnight feed withdrawal, sedation and
anaesthesia were induced by methods described pre-
viously [42]. Briefly, each lamb was premedicated with
xylazine (Rompun 2%, Bayer) 0.2 mg/kg given by
deep intramuscular injection, and then anaesthetised
with a combination of diazepam (Valium, Roche) and
ketamine (Ketaset, Fort Dodge) given intravenously.
After intubation, anaesthesia was maintained by in-
halation with isofluorane in oxygen via a circle circuit.
During anaesthesia, lactated Ringer’s solution was
infused intravenously. Anaesthetic monitoring included
measurement of rectal temperature, arterial blood
pressure, pO,, pCO, and an electrocardiograph. A
ventral midline laparotomy was performed by an
aseptic surgical technique and the spiral colon was
exteriorised. Twelve ligated intestinal loops, each c.
10 cm long and separated by a short intervening
segment, were created by tying pairs of encircling
braided nylon ligatures around the spiral colon, and
preserving the mesenteric blood supply to each
segment. A 2-ml volume of inoculum containing either
a single bacterial strain in PBS (c.5 X 10® cfu) or
DMEM (c. 1.2X 10° cfu), or the carrier medium alone,
was then introduced into each loop by transmural
injection with a 25-gauge needle. The injection site was
sealed on the serosal surface by thermocautery.
Alternate loops were inoculated with bacteria, and the

intervening loops served as controls without introduced
bacteria. In lamb 1, the carrier medium was PBS and in
lamb 2 it was DMEM. The relative position of each
inoculum from proximal to distal colon followed the
alphabetical sequence given in Table 1, and was the
same for each lamb.

After inoculation, the intestine was replaced in the
abdomen and the laparotomy incision was closed with
sutures. The animal was maintained under anaesthesia
in dorsolateral recumbency, with venting of ruminal
gas via a paracostal rumenostomy. The ligated intes-
tinal segments were re-exteriorised 6 h after inoculation
and excised for fixation. The animal was then killed
with pentobarbitone.

All procedures complied with Animals (Scientific
Procedures) Act 1986 and were performed under Home
Office Licence 70/4987.

Histological studies

After removal from the animal, the intestinal loops
were opened and placed immediately in neutral
buffered formalin 10% and fixed for at least 24 h.
Representative pieces were processed routinely to
paraffin wax, and three-to-five tissue blocks were
prepared from each loop. Multiple 4-um sections,
comprising several levels from each block, were stained
with haematoxylin and eosin (H&E). Selected sections
from lamb 2 were also stained by the Warthin-Starry
technique.

Immunohistochemistry

Indirect immunoperoxidase staining was done on
multiple sections from all inoculated loops. Briefly,
wax-embedded 4-um sections were incubated with
normal goat serum 20% and then labelled with primary
polyclonal ‘O’ antisera raised in rabbits. Two antisera
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that were used specifically labelled O157 and 026
organisms respectively. Control sections of agar-em-
bedded E. coli O157 and 026, plus a control normal
rabbit serum, were used to verify specificity. For light
microscopy, a goat anti-rabbit bridge antibody (Sigma-
Aldrich), rabbit peroxidase-antiperoxidase (PAP) com-
plex (Dako) and diaminobenzidine (Sigma-Aldrich)
were then applied sequentially. The sections were
counterstained with Mayer’s haematoxylin.

Electron microscopic studies

Small tissue pieces were excised from the paraffin wax
blocks at sites likely to contain AE lesions, as
identified by light microscopic examination. The
excised tissue was dewaxed, rehydrated, post-fixed in
osmium tetroxide and embedded in epoxy resin. Thin
sections were stained with lead citrate and uranyl
acetate and examined in a Philips 201 transmission
electron microscope.

Results
Adherence properties of bacterial strains

The wild-type STEC O157:H7 and 026 strains and the
Shiga toxin-negative O157:H7 strain adhered in similar
numbers and generated actin re-arrangements charac-
teristic of the AE lesion on HEp-2 monolayers, as
evaluated by quantitative culture and the 6-h FAS test,
respectively (data not shown).

Macroscopic findings

After removal from the animal, the ligated intestinal
loops were hyperaemic and often mildly oedematous on
the serosal aspect. The luminal contents were mucoid
and frequently bloodstained. Loops were of normal
external diameter and no differences in respect of
intestinal wall colour, thickness and oedema, and of the
appearance of intestinal contents were seen between
control and test loops.

Histological studies

When measured macroscopically, the light microscope
sections ranged in length from 11 mm to 59 mm.
Preservation of the mucosa was generally good, with
only one loop (L) exhibiting detachment of short
sections of the epithelium. A total of 82 AE lesions
was found in H&E sections in 10 of the 12 loops
inoculated with bacteria (Table 1). Forty-five of the
lesions were observed in loops A and B that were
inoculated with PBS-prepared inocula of the 026:
K60:H11 strain and STEC OI157:H7 strain 218,
respectively, whereas 11 lesions were observed in loops
G and H that were inoculated with DMEM-prepared
inocula of these two strains, respectively. Fewer AE
lesions were observed in loops inoculated with
0157:H7 strains 222, 140065, EC157 and NCTC12900

prepared in PBS than in DMEM (Table 1). No lesions
were observed in control loops. Typically, the lesions
were small in that they covered one enterocyte or a few
adjacent enterocytes (Fig. 1), with individual bacteria
clearly distinguishable. Some lesions were found on
detaching enterocytes (Fig. 2), although only in loop D
was this exclusively the case.

The epithelial morphology appeared abnormal in 4 of
12 loops in lamb 1 and 11 of 12 loops in lamb 2. The
mucosal surface in affected loops showed a ragged
profile in a multifocal pattern. In lamb 2, this was often
accompanied by rounding up and detachment of

=

Fig. 1. Loop A, E. coli O26:H11. Attaching-effacing lesion
(arrow). Bacteria are closely adherent to the apical membrane
of an enterocyte, which protrudes above the intestinal surface.
H&E, bar = 8§ um.

Fig.2.Loop H, E. coli O157:H7. Attaching and effacing
bacteria (arrow) are present on two adjacent, degenerating
enterocytes. There is also possible invasion of one of the

enterocytes by a bacterium (b). Electron micrograph,
bar = 750 nm. Inset: Degenerating and detaching enterocytes
are colonised by bacteria (arrow). Toluidine blue-stained resin-
embedded section. Light micrograph, bar = 10 ym.
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enterocytes singly and in small clusters. There was no
histological evidence that the thermocautery procedure
damaged the mucosa. In lamb 2, small foci of
epithelial necrosis were present in two control loops.
A number of other histological features, including focal
mucosal haemorrhage, neutrophilic serositis, and apop-
tosis in mucosa-associated lymphoid tissue, were seen
commonly in both inoculated and control loops. In
loops L, K and J in lamb 2, localised colonisation of
the subepithelial lamina propria by bacteria was evident
in some areas of epithelial erosion. In loop E, a modest
increase in the number of neutrophils in the lamina
propria and several foci of neutrophil migration across
the luminal epithelium were seen. In lamb 2, both
inoculated and control loops contained moderate to
large numbers of slender organisms of spirochaetal or
Campylobacter-like morphology, occupying crypts and
the intestinal lumen. Loose aggregations of such
organisms were frequently present on the mucosal
surface (Fig. 3), but there was no evidence that these
organisms were attached to or invading the host
intestinal wall, and there was no specific association
with areas of epithelial abnormality. These bacteria
stained positively with a Warthin-Starry silver stain.

Immunohistochemistry

The PAP stain proved sensitive and specific when the
primary antisera for O157 and 026 were used on
control sections of O157 and 026 organisms. AE
lesions were found in five of the six loops in which
lesions were detected in H&E sections. Furthermore,
AE lesions were found in four loops in which such
lesions had not been detected in H&E sections (Table

1

Fig. 3. Loop J, E. coli O157:H7. Attaching-effacing lesion
(arrow). The mucosa shows a depression lined with closely
adherent bacteria. An aggregation of spirochaetes, stained with
Mayer’s haematoxylin, is present in the lumen (arrowhead).
0157 immunoperoxidase, bar = 8 um.

1). The adherent bacteria were shown to be antigeni-
cally O157 (Fig. 3) or 026, as appropriate to the
inoculum. In a number of loops, single positively
staining bacteria were seen lying on the mucosal
surface. The nature of the attachment, if any, of these
single organisms to the host cells was uncertain. Thus,
the recording of an AE lesion required the identifica-
tion of a cluster of two or more positively staining
bacteria in close apposition to the mucosa, i.e.,
evidence of multiple attached organisms in a single
focus.

Many bacteria that expressed the O157 antigen were
detected in the subepithelial lamina propria of the three
loops (L, K, J) in which lamina proprial colonisation
had been detected in H&E sections, and also in loop I.

Electron microscopic studies

Nine pieces of tissue were processed, seven from
loops demonstrating light microscopic evidence of AE
lesions and two from an area of lamina proprial
colonisation. Three specimens yielded sections contain-
ing attaching-effacing bacteria. These were: two from
loop A, containing E. coli 026 (Fig. 4) and one from
loop H containing E. coli O157:H7 (Fig. 2). Both the
preparations from areas showing lamina proprial
colonisation contained bacteria, which in one area
included curved or spiral forms (Fig. 5). In one
preparation, organisms were present in areas of
haemorrhage, and around and within the basal portions
of crypt cells. In the other, bacteria were seen within a
goblet secretory cell and in a vacuole within a
polymorphonuclear neutrophil, the latter indicating
active phagocytosis of bacteria within the tissues.

Discussion

The primary aim of this study was to assess whether
STEC 0O157:H7 could induce AE lesions in the older

Fig. 4. Loop A, E. coli O26:H11. Attaching-effacing lesion.
Microvilli (m) are effaced around a pedestal (p) to which a
bacterium (b) is intimately attached. Electron micrograph,
bar = 500 nm.



Fig. 5. Loop K, E. coli O157:H7. Intestinal crypt. Bacteria are present beneath (long arrows) and apparently within (arrowheads)
crypt epithelial cells (C). Structures resembling spirochaetes or Campylobacter (short arrows) are also present in the lamina

propria. L, crypt lumen. Electron micrograph, bar = 4 um.

(6-month-old) animal. Oral inoculation of 6-month-old
conventional lambs with STEC O157:H7 was not
associated with the induction of AE lesions attributable
to these organisms [43]. However, minute and sparse
AE lesions were induced by STEC O157:H7 given
orally to 6-day-old conventional lambs [14] which
suggested that sheep are a susceptible species for AE-
mediated adhesion by STEC O157:H7 and possibly
other AE organisms, as has been shown in cattle [44].
This study has demonstrated unequivocally that AE
lesions were induced within 6 h when O157:H7 and
026:K20:H11 organisms were introduced to ligated
colon loops of 6-month-old sheep. The spiral colon was
used because STEC O157:H7 has formed lesions in the
colon of calves [13, 35] and lambs [14], and because it
is the most readily manipulated and ligated part of the
colon, by virtue of its mesenteric attachments and
calibre. Furthermore its length, in comparison with
other sections of the large intestine, allows the number
of loops that can be created per animal to be
maximised. The 6-h incubation time was chosen to
give the inoculated organisms adequate time to form
AE lesions, based upon the confirmatory FAS staining
performed in vitro with these strains [41]. Preservation
of the mucosa was adequate for 6 h, but changes that
may have been caused by circulatory compromise
include the morphological alterations to the mucosa,
observed in both control and test loops, and the limited
mucosal haemorrhage.

Induction of the LEE locus by pre-growth of the STEC
O157:H7 inocula in DMEM has been established for
EPEC [45] and for EHEC [46]. Also, Dean-Nystrom
et al. [34, 35] postulated that a critical bacterial cell
density was required for lesion detection. However, in
this study there seemed to be little positive correlation
between LEE induction or increased bacterial cell

density (albeit only over a four-fold range) and the
numbers of lesions formed. For three strains (0O26:
K60:H11 strain EC1537 and STEC O157:H7 strains
218 and EC157), more lesions were detected when the
inoculum used was at the lower density and was not
induced for LEE. Thus, from the present data it seems
likely that innate properties of the strains themselves
and the local environment within the ligated gut loop
may be more influential in the outcome of the
bacterium—host interaction. For example, although both
sheep were shown to be excreting no detectable strain
0157 before the experiment, no account has been taken
of the immune status of either animal used. Whereas
the variation in bacterial numbers in the inoculum
might have contributed to differences in the incidence
of lesions, there was no clear correlation between the
two.

A further factor confounding the detailed comparison
of lesion numbers was the occurrence of clusters of
lesions. These may have substantially, and perhaps
artificially, elevated the number of lesions counted for a
particular loop, against a lower background incidence.
The incidence of sections showing multiple lesions was
higher than might be expected if the lesion distribution
was random, but the clusters of lesions seen in some
loops were not associated with any visible predisposing
features, such as mucosal damage. These clusters may
reflect a locally increased density of luminal organisms,
or possibly some host factor. Whether the bacteria grew
within the ligated loop during the course of the
experiment was not tested, and whether STEC O157:
H7 ever reaches the luminal density used in this study
during natural exposure is questionable.

There was no evidence of a loop-dilating effect of any
inoculum, or of morphological alterations specifically
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associated with an STEC inoculum. The effect of Shiga
toxin upon the bowel has been shown to vary between
species [47, 48], and this includes changes observed in
ligated loops [49, 50]. It is consistent with the observed
lack of clinical disease in naturally [20,29] and
experimentally [32, 33,43, 51] STEC-colonised sheep
that the ovine colon appeared to be resistant to Shiga
toxin-induced changes for the 6-h exposure used in the
present study. Recent evidence indicates that Shiga
toxins bind Gb3 receptors of the bovine intestinal
epithelium and this may trigger host signal transduction
responses that may modulate colonisation in this host
[52]. Although in a short-term study, a Shiga toxin-
negative E. coli O157:H7 strain was shown to colonise
the bovine large intestine in lower numbers than a
toxigenic O157:H7 strain [35], there is no evidence in
the literature or from the present study that Shiga
toxins are directly involved in the formation of AE
lesions. In the present study, the elaboration of the
Shiga toxins was not assessed and the potential effects
on the host, that may be time-related, were not
observed within the 6-h incubation period.

The sensitivity of H&E and immunoperoxidase staining
techniques for the detection of AE lesions in the
present study appeared to be broadly similar. However,
other workers [13] have found immunostaining to
be the more sensitive method for detecting STEC
O157:H7 AE lesions in bovine intestine. The advan-
tages of immunostaining include the relatively easy
detection of lesions, and the highlighting and identifi-
cation of organisms of a specific serogroup or species
elsewhere in the tissue, perhaps in unexpected
locations. Electron microscopy, although hampered by
the size and scarcity of the lesions, confirmed the
nature of the characteristic AE-type light microscope
lesions for both O157 and 026 organisms.

The identity of the numerous slender, spiral organisms
seen in crypts and at the mucosal surface in lamb 2 is
unknown, but Campylobacter-like organisms have been
seen on the mucosa of sheep naturally infected with C.
fetus [53]. Although there was no evidence for
associated pathological change, these organisms remain
a potential confounding factor when comparing data
from the two lambs, and further studies comparing
inoculation regimens within the same animal would be
required to address this aspect. The present data are
insufficient to speculate about a possible role of these
organisms in colonisation by E. coli O157:H7 and other
AE bacteria.

The bacterial colonisation of the lamina propria in
lamb 2 did not correlate specifically with the presence
of AE lesions but was associated with the inoculated
strain O157 organisms, of both toxigenic and non-
toxigenic strains. Colonisation of the lamina propria in
animals inoculated experimentally with STEC O157:
H7 has been reported in the caeca of chicks at 14 and
28 days post-inoculation (p.i.) [10] and of gnotobiotic

piglets at 5 days p.i. [54]. In immunostained sections
the concentration of O157 organisms in the lamina
propria (dense colonies of uncountable bacteria) was
striking when compared with their number amongst
bacteria in the associated luminal contents, where
typically sparsely scattered or no bacteria were seen.
This suggested that the O157 bacteria were colonising
the tissue more avidly than other bacteria present in the
lumen, although spiral bacteria were also seen in the
tissue in EM preparations. The lamina proprial lesion
was seen only in lamb 2, in which the occurrence of
observed epithelial abnormalities was higher, and in
which the Campylobacter-like organisms were seen.
Furthermore, pre-incubation in DMEM may have
promoted expression of bacterial factors in the second
lamb that were necessary for colonisation.

The role of AE lesions in persistent colonisation of
ruminants by STEC O157:H7 remains undetermined.
Any such lesions associated with persistence and a
low level of excretion may be small, sparse, localised
and possibly transient. The demonstration of STEC
O157:H7-associated AE lesions in ruminating sheep
establishes in principle the susceptibility to such
adherence in the age group in which excretion is likely
to be most significant from a public health perspective.
In the present experiments, STEC O157:H7 induced
small and sparse AE lesions when a small, well-defined
area of the ovine bowel was subjected to a high
bacterial concentration. The small size and paucity of
the lesions found in the ligated loops resembles the
situation in experimentally inoculated neonatal lambs
[14, 55]. Therefore, it is possible that current tech-
niques are inadequate for detection of AE lesions when
the search area extends throughout the large intestine
of a naturally or deliberately infected and persistently
colonised individual.

Other work with antibiotic resistance-labelled deriva-
tives of these strains [55] indicates that strain 140065
may be more persistent in sheep following oral
inoculation than the other three O157:H7 STEC used
in the present study. It is interesting that the former
strain proved capable of generating lesions in the
colon loops of both animals used. Conversely, the
formation of colon loop lesions by the other STEC
strains, whose derivatives are relatively non-persistent
in the young sheep model, indicates that AE
capability, even if necessary for persistence, is not
in itself sufficient. Consideration of the immune status
of the animals was not given in this study. Li e al.
[56] showed strong serological responses in man
affected with STEC O157:H7 and it follows, there-
fore, that the immune status of the sheep may have
played a role in limiting intimate adherence. Although
the sheep were derived from STEC OI157:H7-free
stock, it remains possible that heterologous AEEC
may induce cross-protective immunity. The ligated
loop model may be an appropriate tool with which to
test this hypothesis.
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