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Abstract 

Invasive Escherichia coli strains of certain serotypes invade by the same mechanism as the Shigella sp. It has been 
proposed that invasion of epithelial cells by EPEC strains may also occur; this is a previously overlooked property. In the 
present study E. coli strains isolated from patients with diarrhoea or ulcerative colitis, lacking the inu plasmid mediating 
classical invasion, but hybridizing with probes for different adhesins, were analyzed for their ability to invade HeLa and 
Caco-2 cells. The majority of strains invaded Caco-2 cells to a higher extent than HeLa cells. Adhesion to Caco-2 cells was 
a prerequisite for subsequent invasion of the cells but EAF, eae, EAgg and other known virulence factors were not sufficient 
to mediate invasion. In 8/9 E. coli strains invasion was enhanced after growth under iron restriction. Growth during 
anaerobic conditions did not influence subsequent invasion by E. coli strains whereas 6/9 strains had their invasive ability 
significantly decreased a.fter growth in the presence of 1% glucose. The invasive process was inhibited by mannose but not 
by lactose, fucose or galactose. Our data indicate that strains of E. coli may invade Caco-2 cells by novel mechanisms 
which require adhesion to the cells but which differ from those of Salmonella sp., Yersinia sp., Shigella sp. and classical 
enteroinvasive E. coli. 
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1. Introduction 

Invasion of enteric epithelial cells by pathogenic 
bacteria is a well recognized phenomenon. Shigella 
sp. and enteroinvasive Escherichia coli (EIEC) in- 
vade through the basolateral pole of human intestinal 
cells, multiply intracellularly and spread horizon- 

* Corresponding author. Fax: +46 (46) 189117; E-mail: 
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tally, killing the colonic enterocytes [1,2] but rarely 
spread beyond the lamina propria. Salmonella sp. 
and Yersinia sp. preferentially invade ileal tissue, 
multiply within the cells to a lesser extent than 
Shigella sp., and commonly migrate to the underly- 
ing tissue [3,4]. Campylobacter jejuni was recently 
reported to be invasive 151. 

In E. coli isolated from intestinal infections sev- 
eral virulence determinants have been identified. 
These include the fimbrial adhesins and enterotoxins 
of enterotoxigenic E. coli (ETEC), different ad- 
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hesins, probably outer membrane proteins of en- 
teropathogenic E. coli (EPEC), and Shiga-like toxin 
and an outer membrane protein adhesin of entero- 
haemorrhagic E. coli (EHEC). The EPEC adhesins 
confer the ability to attach to intestinal cells in 

different ways including localized adherence (LA), 
diffuse adherence (DA), whilst the AAF/l fimbriae 
of enteroaggregative E. coZi (EAggEC) are responsi- 
ble for the aggregative pattern of adherence of 
EAggEC [6-91. EPEC strains adhering in a localized 
way harbour the EPEC Adherence Factor (EAF) 
plasmid of about 60 mDa. On this plasmid the bfpA 
gene has been identified, which encodes bundle-for- 
ming pili and is proposed to induce the localized 
adherence phenotype [ IO,1 l]. Certain EPEC strains 
attach to small intestinal epithelial cells, efface mi- 

crovilli and induce F-actin polymerization in the 
enterocyte. The eaeA gene (EPEC attachment and 
effacement) has been cloned from an EPEC strain 
[12]. Studies with deletion mutants of the eaeA gene 
have shown that eaeA mediates the close attachment 

to intestinal cells but not the actin polymerization 
[8,12]. Recently, a second gene, eaeB, also mediat- 
ing intimate attachment to intestinal cells, was identi- 
fied [13]. 

The invasive ability of Yersiniu sp. and S. ty- 
phimurium differs from that of Shigellu, and appears 
mainly to be mediated by chromosomal genes [14]. 
In Y. enterocoliticu and Y. pseudotuberculosis, both 

causative agents of terminal ileitis, the inu and ail 
genes have been cloned and shown to mediate inva- 
sion [IS]. Also the plasmid-encoded yudA product 
of Y. pseudotuberculosis promotes cellular intemal- 

ization [16]. Most interestingly, the inu gene of Y. 
enterocoliticu shows significant sequence homology 
with the eueA gene of EPEC and also with a re- 
cently cloned eae gene in an EHEC strain [17]. 

The expression of invasive ability of S. ty- 

phimurium is greatly influenced by environmental 
conditions like growth medium, expression of type I 
fimbriae, anaerobiosis and growth phase of the cells 
[ 181 whereas adhesion to the host cell, a prerequisite 

Table 1 

Characterization of Escherichia coli and other strains 

Organism Serotype Hybridizing with: a Caco-2 cells 

Adhesion b Invasion ’ 

2057-61 0lll:H - EAF, eaeA, SS27 LA 2.30 + 0.02 
2050-61 Olll:H- eaeA, SS27 NA 0.41 & 0.11 

E2348 0127:H6 EAF, eaeA LA 6.48 + 1.90 
CVD206 0127:H6 EAF, AeaeA LA 2.11 Zko.06 
JPNlS 0127:H6 eaeA DA 0.18 + 0.02 

D16700 06:H3 eaeA DA 7.31 * 0.91 
E224 05 1 :H49 eaeA 6.43 k 0.9 1 
CVD432 n/a ’ EAgg p;4Al e 8.06 f 1.98 
E31 030:H4 EAgg AA 5.82 f 0.10 

D6211 021:H2 EAgg, SS27 AA 6.59 f 1.84 
D6152 0l:KI:H - DA 7.33 + 0.69 

D15288 06:H - SS27 DA 9.82 + 1.06 

D14258 0l:Kl:H - DA 10.58 f 1.01 

E510 E. cloacae EAgg AA 5.74 f 0.54 
El 16 Y. pseudotub eae DA 6.31 + 0.36 

Yplll Y. pseudotub inv + , eae DA 6.47 f 0.72 

YplOO Y. pseudotub inv - , eae DA 2.01 + 0.16 
S.t.m. r 04:Hi:2 ND ND 3.42 + 0.68 

a Source of gene probes: EAF 161, eaeA [12], EAgg [7], SS27 [30], inv [l]. 
b Adhesion to Caco-2 cells determined as localized (LA), autoaggregative (AA), diffuse (DA), or no adhesion (NA). 

’ Invasion of Caco-2 cells + S.E. 

d ND = not detemined, n/a = Not applicable. 

e weak autoaggregative adherence. 

f S.t.m. = Salmonella typhimurium. 
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for invasion, is not [l!a]. In Yersinia strains invasin at - 80°C in TSB with 20% glycerol. The strains 

synthesis is optimal at 28°C but the aiZ gene product were cultured on colonization factor antigen (CFA) 

is best expressed at 37°C [20]. agar at 37°C for 18 h unless otherwise stated. 

Stimulated by the study by Donnenberg et al. [21] 
that epithelial cell invasion is an overlooked property 
among EPEC strains, and by the identification of a 

plasmid, pLV501, associated with EPEC invasivity 
122,231, as well as by the cloning of two genes 
mediating invasivity o-F ETEC strains [24] we under- 
took this study on expression of invasivity of intesti- 
nal cells by intestinal E. coli strains which lack the 
inu gene of EIEC but carry other identified virulence 
determinants. In addition, one Enterobacter cloacae 
strain hybridizing with EAgg and one Y. pseudotu- 
berculosis strain hybridizing with the eae probe 
were studied. 

2.2. Colony blot hybridization 

2. Materials and methods 

2.1. Bacterial strains 

All strains were inoculated on nylon membranes 
(Zeta-Probe, BioRad, Richmond, CA) after growth 

on blood agar (4% horse erythrocytes) for 6 h at 
37°C. After lysing the colonies, nonspecific binding 
was blocked with 1% skimmed milk as earlier de- 
scribed [28]. Synthetic oligonucleotides of E. coli 
LT, ST, SLTI and SLTII [29], kindly provided by 
Dr. Pr. Olsvik, CDC, Atlanta, GA, were labelled with 
digoxenin (Boehringer-Mannheim, Mannheim, Ger- 
many) according to the manufacturer’s instructions, 
and the oligonucleotide probe for the inv gene as 
well as EAF, eaeA, EAgg, and SS27 [1,6,7,12,30] 
with 32P using a random primed labelling kit (Boeh- 
ringer-Mannheim). Hybridisations were performed at 

high stringency conditions. 

The characteristics of the E. coli strains used are 
listed in Table 1. E. coli 2057-61 was isolated from 
a child with diarrhoea, and strain 2050-61 is a 
derivative, cured of the EAF plasmid, both obtained 

from Dr. K. Wachsmuth, CDC, Atlanta, GA. The 
type strain for EPEC adherence factor, E2348, and 
strains CVD 206 [25] and JPNlS mutated in the 

chromosomal eae locus or lacking the EAF plasmid, 
respectively, were obtained from Dr. J.B. Kaper, 
Baltimore, MD. Strain CVD 432 is E. coli DH5a, 
carrying the recombinant plasmid for enteroaggrega- 
tive adherence, pCVD 432, also obtained from Dr. 
J.B. Kaper [7]. E. coli 6211, 6152, 15288, 16700, 

and 14258 were isolated from rectal biopsies of 
patients with ulcerative colitis [26]. E31 and E224 
were isolated as dominating faecal isolates from 
Ethiopian children with sanguinolent diarrhoea, Ent. 
cloacae E510 was from a child with acute watery 
diarrhoea, and Y. pseudotuberculosis El16 from a 
child with persistent Idiarrhoea. Y. pseudotuberculo- 
sis YpIII and a non-invasive mutant, YplOO, were 
kindly obtained frorn Dr. H. Wolf-Watz, Ume%, 
Sweden. S. typhimurium was isolated from a Swedish 
patient with acute enteritis. E. coli HBlOl was used 
as negative control. Strains were typed to the species 
level according to Kelly et al. [27], and were stored 

2.3. Adhesion to Caco-2 cells 

Adhesion to human colonic carcinoma (Caco-2) 
cells was performed according to the method of 
Cravioto et al. [31]. Briefly, the cells were cultured 
in RPM1 1640 with 5 mM glutamine, 10% foetal calf 
serum and gentamicin (100 pug/ml) on circular glass 
coverslips at 37°C in a 5% CO, atmosphere to reach 
next to confluent monolayers. The bacterial strains 
were grown overnight at 37°C in Luria-Bertani (LB) 

broth. From this culture lo8 bacterial cells/ml were 
incubated for 5 min in 1 ml 0.07 M sodium phos- 
phate buffered saline, pH 7.2 (PBS) with 0.5% D- 

mannose, and then incubated with Caco-2 cells for 1 
h at 37°C in 5% CO,. The cells were washed 
extensively in PBS to remove non-adherent bacteria, 
fixed in 70% ethanol for 15-20 min, and stained 
with 20% Giemsa for 15 min. The pattern of adher- 
ence was studied on at least 500 cells per slide, and 
defined as localized (LA), aggregative (AA), diffuse 
(DA), or no adhesion (NA) as described previously 

[321. 

2.4. Invasion assay 

The standard invasion assay was performed fol- 
lowing the modification of Small et al. [14]. Briefly, 
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CFA-agar grown bacteria were transferred to LB 
broth and cultured for 2 h on a rotatory shaker at 
37°C. After thorough washing in PBS, the bacterial 
cells were resuspended in fresh RPM1 without antibi- 

otics. The cell density was adjusted to 10’ 
bacteria/ml. Caco-2 and HeLa cells were grown to 
next to confluent monolayers at concentrations of 
3 X lo6 in each well in 24-well tissue culture plates. 
The cells were washed three times in PBS and 
covered with 0.2 ml fresh prewarmed RPM1 1640. 

Log phase bacterial cells were added in a 10 ,ul 
aliquot to give a density ratio of 100 bacteria/tissue 
culture cell. The monolayers were centrifuged at 
800 X g for 10 min. After 2 h incubation in 5% CO, 

the monolayers were washed three times in PBS and 
incubated with fresh RPM1 1640 containing gentam- 
icin (100 pg/ml) for 1 h. The monolayers were then 

washed six times with PBS after which the cells 
were lysed with Triton X-100 (l%, 20 min). After 
adding 0.8 ml LB to each well, serial dilutions on 
MacConkey agar were done and incubated overnight 
at 37°C. The number of invaded bacteria was calcu- 
lated and expressed as percentage of inoculated bac- 
teria. Results are expressed as means of five experi- 
ments f SE. 

To study the influence of growth conditions of 
bacteria thirteen strains were grown in LB aerobi- 
cally at 37°C and 2O”C, and anaerobically at 37OC, in 
LB broth supplemented with 1% glucose, and in 
minimal medium (Volcani’s medium) [33]. To study 

the influence of iron, fourteen strains were grown in 
Volcani’s medium with Desferal (100 mg/ml). 

The influence of varying the bacteria/cell ratio 
was studied by inoculating bacterial cells of six E. 
coli strains at concentrations corresponding to lO:l, 
1OO:l and 1OOO:l bacteria to tissue culture cells. 

To establish the time of incubation necessary for 
subsequent invasion, bacteria were inoculated on 
Caco-2 cells for 5 min, 15 min, 30 min, 1 h, 1.5 h 
and 2 h after which the cells were washed and the 
standard invasion assay was proceeded. 

The requirement of calcium ions for tissue cell 
invasion was analyzed by adding 1% CaCl, to the 
RPM1 medium, and in a parallel experiment 1% 
EDTA. The influence of type I fimbriae on invasive- 

ness was studied in RPM1 supplemented with 1% 
D-mannose. Inhibitory effect of other sugars was 
studied in RPM1 with 1% D-lactose, D- and L-fucose, 

and D-galactose. 

2.5. Statistical analyses 

Analyses between groups was determined by the 
two-tailed paired Student’s t-test. 

2.6. Chemicals 

Gentamicin, penicillin, and EDTA were pur- 
chased from Sigma Chemical Co., St. Louis, MO. 

Agar bases were from Lab M, Salford, UK. RPM1 

Table 2 
Invasion a of Caco-2 and HeLa cells by Escherichia coli strains cultured under different growth conditions 

Strain 

2057-61 2.30 f 0.02 

E2348 6.48 + 1.90 

CVD206 2.11 f 1.03 

JPNl5 0.18 & 0.02 

CVD432 8.06 f 1.98 

E31 5.82 f 0.10 

D6211 6.59 + 1.84 

D6152 7.33 k 0.69 

S.t.m. b 3.42 + 0.68 

YpIII b 6.47 + 0.59 

Caco-2 cells 

37°C 

HeLa cells 

37°C 

0.43 f 0.0 

4.92 f 1.81 

1.22 f 0.63 ’ * 

1.23 f 0.58 

3.96 + 0.29 * 

6.19 + 0.91 

6.11 f 1.98 

4.11 + 0.58 * * 

2.49 + 0.30 

2.39 f 0.88 

Caco-2 cells 

20°C 

1.22 + 0.0 * * * 

1.14 k 0.21 * 

0.62 + 0.21 * 

0.49 f 0.41 

6.49 + 1.02 

0.62 + 0.04 * * * 
3.28 f 0.39 
0.59 * 0.11 * * * 

3.41 f 0.11 

6.49 k 0.61 

Caco-2 cells 

anaerobiosis 

2.73 + 0.41 

6.03 + 1.82 

2.04 + 0.31 

2.01 f 0.69 * 

7.61 + 1.69 

2.81 + 0.87 * * 

4.28 + 0.21 

0.89 + 0.51 
6.49 f 0.48 * * * 

8.32 f 1.41 

a Invasion expressed as percentage intracellular cells compared to initially incubated cells + SE. Statistical significance has been calculated 

in relation to invasion of Caco-2 cells by bacterial strains grown at 37°C in aerobic atmosphere. * * l P < 0.001, * * P < 0.01, * P < 0.05. 
b S.t.m. = Salmonella typhimurium, YpIII = Yersinia pseudotuberculosis. 
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1640 from IBN Biomed Inc., Costa Mesa, CA, and 
foetal calf serum from Flow Labs, Irvine, UK. D- 

Mannose, D- and L-fucose, D-glucose, D-lactose and 
o-galactose were from Merck AG, Darmstadt Ger- 
many. All buffers and salts were of analytical grade. 

3. Results 

3.1. Adhesion 

Expression of ability to adhere to the Caco-2 cells 
appeared to be a prere:quisite for invasion (Table 1). 
The strains which expressed localized or enteroag- 

gregative pattern of adhesion invariably hybridized 
with the EAF and E.Agg probes respectively. The 
strains expressing a diffuse type of adhesion hy- 
bridized to eaeA or did not hybridize with any of the 
probes employed. E. coli HBlOl did not adhere to 
Caco-2 cells. 

3.2. Influence of growth conditions on invasion 

Anaerobic growth enhanced invasivity for S. ry- 
phimurium whereas invasion of E. coli strains with 
different adhesins (EAF, EAgg) was generally not 
affected with the exception of JPN15 (Table 2). E. 
coli cells grown at 37°C generally invaded more 
efficiently than bacteria grown at 20°C (Table 2). 
Invasion by S. typhimurium and Y. pseudotuberculo- 
sis was similar at 37” and 20°C. Growth in LB broth 
with 1% glucose decreased invasion of Caco-2 cells 

by 7 E. coli strains studied and by Y. pseudotubercu- 
Zosis III but enhanced that of E. coli 2057-61 (EAF, 
eaeA) (Fig. 1). Growth in minimal medium de- 

creased invasiveness of strain E31 (EAgg), E2348, 
D6152 and E224 but enhanced invasive ability of 

CVD206, JPN15 and 2057-61 (Figs. 1 and 2). E. 
coli HBlOl did not invade Caco-2 cells or HeLa 

cells. 
For several E. coli strains, invasion of the intesti- 

Invasive E.coli strains 

:* 

i 
1 

Fig. 1. Influence of glucose in the culture medium on invasion of Caco-2 cells by E. coli strains with different virulence characteristics 

(Table 11. Strains were grown in LB broth (0) or LB broth with 1% glucose ( n l. S.t.m. = S. typhimurium, YpIII = Y. pseudotuberculosis. 

The number of surviving bacteria was calculated and expressed as percentage of inoculated bacteria 1141. Each bar represents the mean of 
five experiments f SE. * P < 0.05, * * P < 0.01, * * * P < = 0.001, as compared to strains grown in LB broth without glucose, Student’s 

t-test. 
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Fig. 2. Influence of iron in the culture medium on invasion of Caco-2 cells by E. coli strains with different virulence characteristics (Table 

1). The strains were cultured in minimal medium (Cl) and minimal medium with Desferal (100 mg/ml, n ). S.t.m. = S. ?yphimurium, 

YpIII = Y. pseudotuberculosis. Each bar represents the mean of five experiments &S.E. * P < 0.05, * * P < 0.01, * * * P < 0.001 as 

compared to strains grown in minimal broth without Desferal, Student’s t-test. 
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Invasive E. coli strains 

Fig. 3. Effect of calcium and mannose on invasion of Caco-2 cells by E. coli strains grown in minimal medium. The RPMI 1640 tissue 

culture medium was supplemented with 1% CaCl, (striped bars), 1% EDTA (dotted bars), 1% pmannose (solid bars), or no 

supplementation (white bars). Each bar represents the mean of five experiments + S.E. * P < 0.05, * * P < 0.01, * * * P < 0.001 as 

compared to invasion in unsupplemented RPM1 1640, Student’s t-test. 
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nal cells (Caco-2) was: more efficient than of HeLa 
cells which are of non-intestinal origin (Table 2). A 
ratio of 100 bacteria per tissue culture cells was 
optimal. The time of incubation (5 min to 2 h) 
influenced subsequent invasion of the cells. Invasion 
increased during incubation up to 1.5 h, and did not 
occur when cells were incubated less than 15 min 
(data not shown). In the standard assay, cells were 
incubated with bacteria for 2 h. 

3.3. Invasion in relation to adhesion 

E. coli strains E2348 and 2057-61 carrying EAF 
as well as the eaeA gene invaded at higher numbers 
than the strains carrying the eaeA but not EAF, 
although strain 2057-61 invaded poorly (Tables 1 
and 2). Strain CVD 206 which adheres in a localized 
way but has a deletion in eaeA invaded to a signifi- 

cantly lower extent than its parent strain (Table 1). 
Two strains hybridizing with the eaeA gene probe 
only, E224 and D16700, showed diffuse adhesion to 
Caco-2 cells but invaded the cells to the same extent 
as strain E2348. The enteroaggregative E. coli strains 
CVD 432 and E31, and Ent. cloacae E510 hybridiz- 
ing with the probe for EAgg and adhering in an 
autoaggregating way invaded both HeLa and Caco-2 
cells efficiently (Table 2). Strains D6211 (EAgg, 

SS27), D6152, D15288 (SS27) and D14258 adhered 
in an autoaggregative or diffuse way to the Caco-2 
cells and invaded both Caco-2 and HeLa cells to a 
similar extent as E. coli 2348 (Tables 1 and 2). 

3.4. Injluence of iron on invasion 

In 8/9 E. coli strains carrying different virulence 
factors and with S. typhimurium, significantly higher 
numbers of bacteria invaded after growth in iron-de- 
pleted medium (Fig. 2). For strain 2057-61 the sig- 
nificance was P < 0.105, and only strain E2348 was 
not significantly affected. 

Mannose inhibited invasion of strains carrying 
EAFand Eagg (Fig. 3). No effect was found with the 
other sugars tested, fucose, galactose and lactose. 

In the presence of calcium ions invasion was also 
decreased, but since the effect was not reverted in 
parallel experiments with 1% EDTA as a chelating 
agent our dam do not support a specific effect for 
calcium ions (Fig. 3). 

4. Discussion and conclusion 

While the invasive process of intestinal cells has 
been well elucidated for Shigella, Salmonella and 

Yersinia [l-4], and to some extent for C. jejuni [5] 
we know very little about how other putatively inva- 
sive bacterial species such as E. coli carrying differ- 
ent types of intestinal virulence factors invade in- 

testinal cells. 
The different methods of cell invasivity have 

several draw-backs. First, the tissue specificity of 
small and/or large intestinal cells may not be ex- 
pressed even on cells of intestinal origin. Technical 
procedures like centrifugation of the bacteria on the 
tissue culture cells may influence the results [34,35]. 
In this study, the cells were moderately distorted 

after centrifugation. 
The growth conditions of the bacterial strains may 

be important with some bacterial species. Growth 
during anaerobic conditions was e.g. shown to pro- 
mote invasion by Salmonella strains [18]. In the 
present study, we could confirm this with the S. 
typhimurium isolate but anaerobic conditions did not 
significantly enhance invasion by the different E. 
coli strains used (Table 2). Growth under iron re- 
striction is well known to affect the synthesis of 
outer membrane proteins [4,14,36,37]. In this study 
invasion of Caco-2 cells was enhanced in 8/9 E. 

coli and one S. typhimurium strain cultured without 
available iron (Fig. 2). Whether this is correlated to 
synthesis of different cell envelope proteins when 
strains are grown under iron-restricted conditions is 
presently under investigation. Furthermore, strictly 
human pathogens like Shigella require prior growth 
at 37°C whereas food-borne pathogens like Yersinia 
and Salmonella express invasive properties also after 
growth at room temperature. In the present study all 
strains were grown at 37°C which may be subopti- 
mal for expression of virulence genes of Yersinia sp. 
but may for example enhance fimbrial expression of 
E. coli [38,39]. The decreased invasion of strains 

after growth in the presence of 1% glucose is inter- 
esting since expression of CFA/II earlier was shown 
to be subject to catabolite repression, and hence not 
expressed during growth in glucose-rich medium 
[40]. The decreased invasion in our study (Fig. 1) 
could similarly be due to the inhibition of another 
surface structure required for the invasive process. 
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Although strains 2057-61 and E2348 invaded to a 
higher extent than their mutants which do not carry 
EAF our data do not support that EAF is involved in 
the invasive process since the derivative strain 
CVD206 which carries EAF but has a deletion in 
eaeA invaded to a much lower extent than the parent 
strain (E2348, Table l), and furthermore E. coli 
16700 and E224 hybridizing only with eaeA in- 
vaded to the same extent as the EAF-positive strains 
(Table 1). This supports earlier data that the eaeA 
gene mediates intimate attachment to epithelial cells 

and forms part of the invasive process [25], possibly 
by interference with mammalian cell (integrin) re- 
ceptors [42]. Jerse et al. showed that eaeA-mutants 
were not taken up by nonphagocytic cells [12]. Our 

data also support that adhesion to the tissue culture 
cells is a prerequisite for the invasive process [13]. 
E. coli strains, isolated from bovine septicaemia, 
which cause diarrhoea and penetrate the intestinal 
epithelium to the bloodstream commonly express the 
fimbrial adhesin CS3 1A. Using CS3 1 A-deficient mu- 
tant strains it was shown that this adhesin was 
neither required nor sufficient to mediate invasion of 
tissue culture cells [41]. Our data that mannose inhib- 
ited invasion by E. coli strains could indicate that a 
mannose-sensitive adhesin like type I fimbriae, bun- 
dle-forming pilus or the reported fimbrial adhesin of 
EAggEC could be involved in the invasive process. 
Interestingly, Yersiniu strains cured of the inu gene 
still express invasive ability mediated by the yadA 
product [ 16,431. 

Certain serogroups of E. coli like 0 124 are corre- 
lated with invasiveness [44]. None of the strains in 
this study belonged to classical invasive serotypes 
(Table 1). Several of the invading E. coli strains 
were immotile, and hence, potentially, more 
Shigellu-like. These strains may carry an additional 
invasive determinant, or alternatively are more easily 
adapted to, and survive better in the large intestinal 
environment, like ShigeZZu strains. On the other hand, 
with S. typhimurium and C. jejuni strains motility 
was shown to enhance subsequent invasion of epithe- 
lial cells [5,45]. 

Most of the tested strains invaded Caco-2 cells to 
significantly higher extent than HeLa cells which 
may reflect the tissue specificity for intestinal cells 
(Table 2). None of the tested E. coli strains hy- 
bridized with the inu probe for EIEC, emphasizing 

the presence of other invasive determinants in differ- 
ent strains of enteric E. coli, and that tests for 
invasivity utilizing rabbit keratoconjunctivitis or hy- 
bridization with the inu probe are not sufficient. 

The Y. pseudotuberculosis strain isolated from an 
Ethiopian child with persistent diarrhoea (El 16) hy- 
bridized with the eaeA probe. This confirms earlier 
reports on sequence homology between the invasive 
determinant of Y. pseudotuberculosis and E. coli 
eaeA. The eaeA gene or eae-like genes have been 
detected in strains of other species, like Citrobacter 
freundii and Hafnia alvei [46,47]. It is worth noting 
that one strain of Ent. cloacae hybridized with the 
probe for EAgg, and expressed invasive ability. Plas- 

mids carrying E. coli enterotoxins were earlier shown 
to spread among other members of Enterobacteri- 
aceae but were found to be less stable in non-E. coli 
strains than in E. coli strains. Spread of EAgg to 
non-E. coli has not been described earlier, and we 
are currently studying the stability of expression of 
EAgg in this strain. However, spread of virulence 
determinants among strains of different Enterobacte- 
rial species within the intestine may be an over- 

looked property. 
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