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Abstract
Four human Lactobacillus acidophilus strains
were tested for their ability to adhere onto
human enterocyte like Caco-2 cells in culture.
The LA 1 strain exhibited a high calcium
independent adhesive property. This adhesion
onto Caco-2 cells required a proteinaceous
adhesion promoting factor, which was present
in the spent bacterial broth culture supernatant. LA 1 strain also strongly bound to the
mucus secreted by the homogeneous cultured
human goblet cell line HT29-MTX. The inhibitory effect of LA 1 organisms against Caco-2
cell adhesion and cell invasion by a large
variety of diarrhoeagenic bacteria was investigated. As a result, the following dose dependent inhibitions were obtained: (a) against the
cell association of enterotoxigenic, diffusely
adhering and enteropathogenic Escherichia
coli, and Salmonella typhimurium; (b) against
the cell invasion by enteropathogenic
Eschericha coli, Yersinia pseudotuberculosis,
and Salmonella typhimurium. Incubations of
L acidophilus LA 1 before and together with
enterovirulent E coli were more effective than
incubation after infection by E coli.
(Gut 1994; 35: 483-489)
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Lactobacilli have been largely introduced into
several fermented dairy products. As recently
underlined by Klaenhammer,' lactobacilli
strains with well defined properties should be
scientifically selected and characterised for
specific use in commercial preparations. One of
these properties should be the ability to adhere to
mucosal surfaces, which could confer a competitive advantage, important for bacterial maintenance in the human gastrointestinal tract.
Recent reports show that selected strains, such as
Lactobacillus casei GG,2 Lactobacillus acidophilus
BG2FO4,`' and LB6 express adhesive factors,
which permit interactions with human enterocyte like cells. Another desirable effect is a
positive role of exogenous lactobacilli in prevention and treatment of gastrointestinal disorders.
There is numerous evidence showing such nutritional and therapeutic benefits of lactobacilli.78
To explain this effect, several authors suggested
that exogenous lactobacilli could exert a 'barrier
effect' against pathogens as does the indigenous
microflora.78
The aim of this study was to examine the
adhesion of lactobacilli of human origin to
human intestinal cells. For this purpose we used
the enterocyte like Caco-2 cell line,9"' which

displays typical features of enterocytic intestinal
cells. " 2 Bacterial attachment to the intestinal cell
surface was characterised by electron microscopic examination and by quantitative determination. The mechanism through which an
adherent L acidophilus strain interacts with
Caco-2 cells was investigated. Moreover, it is well
known that the polarised Caco-2 cell line can
mimic the conditions in vivo where infection
occurs, after cell association of enterotoxigenic
bacteria'3'6 and cell invasion by enterovirulent
bacteria'7 20 and rotavirus.2' Consequently, we
examined the inhibition of cell association and
cell invasion of pathogens participating in infant22
and travellers' diarrhoea23 by adhering L
acidophilus.
Methods
BACTERIALSTRAINS,GROWTHCONDITIONS,AND
RADIOLABELLING

Lactobacillus acidophilus LA 1, LA 3, LA 10, and
LA 18 strains (Nestec collection, Lausanne,
Switzerland) were grown in anaerobic conditions
(Gaspack H2+CO2) in De Man, Rogosa, Sharpe
(MRS) broth (Biokar, Pantin, France) 2 x 24
hours at 37°C before adhesion assay.
The enterovirulent Escherichia coli strains used
in this study were the enterotoxigenic E coli
(ETEC) H10407 expressing the CFA/I adhesive
factor,24 the enteropathogenic E coli (EPEC)
JPN15 [pMAR7] (EAF+eae+) (Professor J B
Kaper, Center for Vaccine Development, University of Maryland, USA),'8 the diffusely adhering E coli (DAEC) C-1845, which belongs to the
uropathogenic family (Dr S Bilge, Washington
University, Seattle, USA),2526 Yersinia pseudotuberculosis YPIII [pYV-] (inv+) (Dr M Simonet,
Faculte' Necker-Enfants Malades, Paris,
France),27 and Salmonella typhimurium SL 1344
(Professor B A D Stocker, Stanford, California). '7
Before adherence assays, ETEC, and DAEC
strains were grown on CFA-agar containing 1%
casamino acids (Difco Laboratories, Detroit,
USA), 0d15% yeast extract, 0-005% magnesium
sulphate, and 0 0005% manganese chloride in
2% agar for 18 hours at 37°C. EPEC bacteria were
cultured at 37°C for 24 hours in luria broth with
200 ,ug/ml ampicillin. S typhimurium was
cultured at 37°C for 18 hours in luria broth.
Y pseudotuberculosis was cultured 18 hours at
28°C in luria broth.
For radiolabelling, ETEC, DAEC, and EPEC
bacteria were subcultured twice at 37°C for 24
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hours in luria broth. They were metabolically on a glass coverslip, the number of adherent
labelled by the addition of '4C-acetic acid bacteria was evaluated in 20 random microscopic
(Amersham, UK (94 mCi/mmol); 100IuCi/1O ml areas. Adhesion were evaluated by two different
tube). Before radiolabelling, S typhimurium was technicians to eliminate bias.
cultured for four hours in luria broth and
Y pseudotuberculosis was cultured for 18 hours in
trypticase soja broth; and for radiolabelling the PHYSICAL AND CHEMICAL TREATMENTS OF
bacteria were subcultured at 37°C for 45 minutes BACTERIA AND SPENT CULTURE SUPERNATANT
in methionine medium (Difco) with 35S-meth- To characterise the bacterial determinants parionine (Amersham, 1000 Ci/mmol, 20,uCi/ml). ticipating in L acidophilus adhesion, bacteria with
spent broth culture supernatant or spent broth
culture supernatant alone were subjected to
CELL CULTURE
different treatments, as previously described.56
Enterocyte like Caco-2 cells9 were obtained from All enzymes and chemicals were obtained from
Dr Jorgen Fogh (Sloan Kettering Memorial Sigma Chemical Co (St Louis, USA). Bacterial
Cancer Center, Rye, NY, USA). The homo- cells and spent culture supernatant were sepageneous mucus secreting subpopulation of rated by centrifugation (20 000 g, 1 h at 4°C).
HT29-MTX cells28 was obtained from Dr A Bacterial cells and spent broth culture superZweibaum (Unite 178, Institut National de la natant or spent broth culture supernatant alone
Sante et de la Recherche Medicale, Villejuif, were incubated with trypsin (2'5 mg ml-') for 60
minutes at 37°C; trypsin was inactivated by
France).
Cells were routinely grown in Dulbecco mod- adding inactivated (30 min, 56°C) fetal bovine
ified Eagle's minimal essential medium (25 mM serum (Boehringer, Mannheim, Germany). To
glucose) (Eurobio, Paris, France), supplemented determine the influence of calcium on adherence
with 10% (HT29-MTX) or 20% (Caco-2) inacti- of L acidophilus,3 the monolayers were washed
vated (30 min; 56°C) fetal calf serum five times with the calcium chelating agent
(Boehringer, Mannheim, Germany), and 1% [ethylene-bis-(oxyethylenenitrilo)] tetraacetic acid
non-essential amino acids (Caco-2). For adhesion (EGTA 20 mM) in phosphate buffered saline
assay, monolayers of Caco-2 cells and HT29- after the incubation period with bacteria.
MTX cells were prepared on glass coverslips,
which were placed in six well Corning tissue
culture plates (Coming Glass Works, Corning, SCANNING ELECTRON MICROSCOPY
NY, USA). For inhibition of cell association and For scanning electron microscopy, the tissue
cell invasion of pathogens, monolayers of Caco-2 culture cells were grown on glass coverslips.
cells were prepared in 20 four well tissue culture After the bacterial adhesion assay, cells were
plates (Corning Glass Works). Cells were seeded fixed with 2-5% glutaraldehyde in 0-1 M phosat a concentration of 2 x 104 (HT29-MTX) and phate buffer (pH 7-4) for one hour at room
1-4x 104 (Caco-2) cells/cm2. Maintenance of the
After two washes with phosphate
cells and all experiments were carried out at 37°C temperature.
were postfixed for 30 minutes with
cells
buffer,
in a 10% CO190% air atmosphere. The culture 2% OsO4 in the same buffer, washed three times
medium was changed daily. Mucus secreting with
buffer, dehydrated in a graded
HT29-MTX and Caco-2 cells were used between seriesphosphate
70%, 80%, 90%, 100%) of
50%,
(30%,
20-40 and 60-90 cell passages, respectively. ethanol, and passaged through in a graded series
Cells were used for adherence assays at late post- (50%, 70%, 90%, 100%) of amyl acetate. Cells
confluence - that is, after 15 days (Caco-2) and 20 were dried in a critical point dryer (Balzers
days (HT29-MTX) in culture.
CPDO30), and coated with gold. The specimens
were then examined with a Jeol JSM 25S scanning electron microscope.
ADHERENCE ASSAY
The adherence of L acidophilus strains to Caco-2
and HT29-MTX cells was examined as described
previously for the L acidophilus strain LB and the ADHESION AND INVASION INHIBITION ASSAY
L acidophilus strain BG2FO4 adhesion assay.56 Before the adhesion and invasion inhibition
Briefly, the, Caco-2 and HT-29 monolayers, assays, the Caco-2 monolayers were washed twice
prepared on glass coverslips, which were placed with phosphate buffered saline.
To determine Caco-2 cell associated bacteria
in six well Corning tissue culture plates (Corning
Glass Works), were washed twice with phosphate (adhering and invading bacteria) radiolabelled
buffered saline. L acidophilus (1 ml, 4x 108 bacteria were used. Bacteria were suspended in
bacteria/ml) in spent culture supernatant, treated the culture medium and 1 ml (108 CFU cells/ml)
supernatant or fresh MRS broth were added to 1 of this suspension was added to each well of the
ml of the cell line culture medium. This suspen- tissue culture plates. For ETEC, DAEC, and
sion (2 ml) was added to each well of the tissue EPEC, incubations were conducted in the presculture plate and the plate incubated at 370C in ence of 1% D-mannose that inhibits adhesion
10% CO]90% air. After one hour of incubation, mediated by type 1 pili. The plates were incuthe monolayers were washed five times with bated at 370C in 10% CO2/90% air, 60 minutes
sterile phosphate buffered saline, fixed with for ETEC, DAEC, and Salmonella, 180 minutes
methanol, stained with Gram stain, and exam- for EPEC. The monolayers were then washed
ined microscopically. Each adherence assay was three times with sterile phosphate buffered
conducted in triplicate over three successive saline. Cell associated bacteria and intestinal cells
passages of intestinal cells. For each monolayer were dissolved in a 0-2 N NaOH solution. The
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TABLE I Adhesion of Lactobacillus acidophilus strains
onto human intestinal epithelial Caco-2 cells in culture.
Determination ofcalcium dependent and independent
bindings
Adhesion*
WithoutEGTA

With 20 mM EGTA

L acidophilus LA 1
L acidophilus LA 3
L acidophilus LA 10
L acidophilus LA 18

155 (26)
66 (21)
18 (3)
23 (7)

63 (5)
18 (9)
4(2)
5 (3)

*Adhesion of lactobacilli strains onto monolayers of differentiated
Caco-2 cells is expressed as a mean number (SEM) of lactobacilli
adhering to the cell monolayer/100 Caco-2 cells. Twenty
randomised microscopic fields/cover slip were counted. Each
adherence assay was conducted in triplicate with three successive
Caco-2 cell passages. EGTA=(Ethylene-bis-(oxyethylenenitrilo))
tetraacetic acid.

rate of bacterial adhesion was evaluated by liquid
scintillation counting.
Bacterial internalisation was assessed by quantitative determination of bacteria located within
the Caco-2 cells using unlabelled bacteria and an
aminoglycoside antibiotic. Bacteria were suspended in the culture medium and 2 ml (10k

well of the tissue culture plate. The plates were
incubated at 37°C in 10% COI90% air, 180
minutes for EPEC, 90 minutes for Yersinia, and
60 minutes for Salmonella. For Yersinia, contact
with Caco-2 cells was increased by centrifugation
for 10 minutes at 123 g. After incubation the
plates were washed five times with sterile phosphate buffered saline and then incubated for 120
minutes in a medium containing 20-100 ,ug of
gentamicin/ml. As gentamicin does not diffuse
across apical domain ofCaco-2 cells, bacteria that
adhere to the Caco-2 brush border were rapidly
killed, whereas those located within Caco-2 cells
were not. The monolayer was washed with
phosphate buffered saline and lysed with sterilised water. Appropriate dilutions were plated to
determine the number of viable intracellular
bacteria.
Inhibition of adhesion or invasion of pathogens
by lactobacilli were evaluated as previously
described.' Briefly, 1 ml of radiolabelled pathogenic bacteria (adhesion and invasion) or
unlabelled bacteria (invasion) (10k CFU/ml) and
1 ml of L acidophilus with spent culture supernatant (109 to 107 CFU/ml as indicated) were
added together to each well of the tissue culture
plate and incubated as previously described.
Each assay was conducted in triplicate with three
successive passages of Caco-2 cells.

Results
ADHESION OF L ACIDOPHIL US STRAINS TO HUMAN
CULTURED INTESTINAL CELL LINES AND
CHARACTERISTICS OF ADHESION

Four human Lactobacillus acidophilus strains
were examined for their ability to adhere to
cultured enterocyte like Caco-2 cells (Table I).
L acidophilus LA 1 and LA 3 possessed a high

Figure 1: Examination by scanning electron microscopy of adherence of Lactobacillus
acidophilus strain 1 onto the differentiated human intestinal epithelial cells Caco-2. (A) Low
magnification of Caco-2 monolayer covered by L acidophilus I bacteria; (B) High
magnification of L acidophilus 1 whole cells.

calcium independent capacity of adhesion,
whereas low capacities were expressed by
L acidophilus LA 10 and LA 18 strains. This
result agrees with a previous finding showing that
adhesive properties vary considerably between
lactobacilli strains.6 As seen by scanning electron
microscopy, the LA 1 strain showed diffuse
adhesion to Caco-2 cells (Fig 1), as do other
adhering L acidophilus strains.56 Because, in the
human intestine, two main cell phenotypes - that
is, enterocytes and goblets cells - are represented,
we examined the binding of LA 1 strain to human
mucus secreting intestinal cells in culture.
L acidophilus LA 1 strongly bound in a diffuse
pattern to the mucus secreted by the homogeneous subpopulation of HT29-MTX cells (Fig
2). The rate of adhesion of LA 1 whole cells to
mucus secreting cells and to the mucus layer
seemed higher than adhesion to enterocyte like
Caco-2 cells.
As recently seen, adhering lactobacilli strains
secrete extracellular adhesions to attach to
human56 and murine3m intestinal cells. In an
attempt to identify the components participating
in adhesion of L acidophilus LA 1 to human
intestinal cells in culture, we subjected the LA 1
culture to several treatments (Table II). When
the spent culture supernatant was discarded and
replaced by a fresh culture medium, a dramatic
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TABLE II Characteristics of adhesion of Lactobacillus
acidophilus LA 1 strain
Adhesion score
Adhesions:

124 (13)
9 (3)

0-6

Adhesion is expressed as a mean number (SEM) of lactobacilli
adhering to the cell monolayer/100 Caco-2 cells, determined in
20 randomised microscopic fields/cover slip. Each adherence
assay was conducted in triplicate with three successive Caco-2 cell
passages. *To determine the presence of adhesive factors secreted
by the bacteria in the spent culture supernatant, it was replaced
by a fresh culture medium before adhesion assay; tTo further
characterise the bacterial determinants participating in
L acidophilus LA 1 adhesion, bacteria with spent broth culture
supernatant was subjected to trypsin treatment (2-5 mg/ml) for
60 miin at 37C, then trypsin was inhibited by adding inactivated
(30 min, 56°C) fetal bovine serum.

and cell entry of several enterovirulent bacteria
byL acidophilus LA 1 (Tables III and IV, and Fig
3). By using radiolabelled bacteria (108 CFU/ml),
we evaluated the cell association (adhering and
invading bacteria) of enterotoxigenic (ETEC
CFA/I), diffusely adhering (DAEC C-1845), and

enteropathogenic (EPEC JPN15 [pMAR7])
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Figure 2: Adhesion of Lactobacillus acidophilus strain 1 to
mucus secreting HT29-MTX monolayer seen by low and
high magnification scanning electron microscopy. (A) and (B)
Low and high magnification of HT-29 cell monolayer.
Notice that brush border ofthe HT29-MTX cells is not
visible because it is entirely covered by the dense mucus gel;
(C) Observation of high level of adhesion with L
acidophilus strain 1.

E coli, and S typhimurium (SL 1344) strains with
Caco-2 cells. The bacterial entry of these EPEC,
S typhimurium, and Y pseudotuberculosis (YPIII
[pYV-1) strains into Caco-2 cells was measured
using unlabelled bacteria (108 CFU/ml) and
gentamicine, which selectively kills the noninternalised bacteria.
L acidophilus LA 1 strain efficiently inhibited
cell association of these ETEC, DAEC, EPEC,
and S typhimurium strains with Caco-2 cells in a
dose dependent fashion (Fig 3). For all pathogens, 50% inhibition of cell association was
obtained with 101 lactobacillml. We examined
different conditions of bacterial incubation to
further characterise the inhibitory action of
L acidophilus LA 1 (Table III). When LA 1
organisms were incubated with Caco-2 cells
before the infection with ETEC or together with
ETEC, an identical inhibition of E coli cell
association was seen. By contrast, a significant
decrease of efficacy was seen when the pathogens
were incubated with Caco-2 cells before adding
the L acidophilus LA 1 bacteria (Table III,

p<OOl).
loss of adhesion occurred. Trypsin treatment of
the spent culture supernatant totally abolished
the adhesive capacity of L acidophilus LA 1.
These results show that an extracellular proteinaceous component secreted in the bacterial
spent culture supernatant participates in the
adhesion of LA 1 to intestinal cells.

Invasion of Caco-2 cells by selected
Y pseudotuberculosis, S typhimurium, and EPEC
strains was inhibited in a dose dependent way by
L acidophilus LA 1 (Table IV). This strain at 108
CFU/ml inhibited more efficiently Caco-2 cells
invasion by EPEC and Y pseudotuberculosis, than
that by S typhimurium.

Discussion
As previously reported, the polarised human
intestinal epithelial cells Caco-2 could be used to
promote the selection of Lactobacillus strains.2 5 6
Diarrhoeagenic Escherichia coli 1416 18 31 and This stable and reproducible model permits
Salmonella typhimurium ` interact with the brush evaluation of the comparative adherence capaciborder of differentiated cultured human intes- ties of these strains in the human intestine, a
tinal cell lines. By contrast, Yersinia pseudotuber- property that is thought to be essential for
culosis interacts only with cell periphery of intestinal maintenance or colonisation. Moreundifferentiated Caco-2 cells (A Servin et al, over, this model provides an excellent system to
unpublished data), as does Listeria mono- characterise the manner by which lactobacilli
interact with a well defined enterocytic brush
cytogenes.19
We examined the inhibition of cell association border.56 Among the four human L acidophilus
INHIBITION OF PATHOGENS CELL ASSOCIATION
AND CELL INVASION WITH AND WITHIN CACo-2
CELLS BY L ACIDOPHIL US LA 1
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TABLE III Competitive inhibition of attachment ofdiarrhoeagenic Escherichia coli to
Caco-2 cells by preincubation or postincubation of the cell monolayers with L acidophilus
LAI]
ETEC CFAII
(% of inhibition)

DAEC C-F1845
(% of inhibition)

Incubation together with L acidophilus LA 1*
Preincubation of L acidophilus LA It
Postincubation of L acidophilus LA If

80 (9)
77 (7)
22 (3)§

85 (8)
81(3)
45 (5)§

*Caco-2 cell monolayers were incubated with labelled E coli (108 CFU/ml) together with L
acidophilus LA 1 (5 x 1O0 CFU/ml, 37'C in 10% CO/90% air, 60 min). tCaco-2 cell monolayers were
first incubated for 30 minutes with L acidophilus LA 1 (108 CFU/ml, 37'C in 10% CO, 90% air), and
then infected with labelled E coli (108 CFU/ml, 60 min). tCaco-2 cell monolayers were first infected
with labelled E coli (37'C in 10% CO,/90% air, 30 min), and then incubated with L acidophilus LA 1
(5 x 108 CFU/ml, 60 min). Each experiment was conducted in triplicate. The data represent mean
values (SEM) of experiments from three successive passages of Caco-2 cells. §Significant difference
(p<0-01). ETEC=enterotoxigenic E coli; DAEC=diffusing adhering E coli.

TABLE IV Inhibition of cell invasion by enterovirulent bacteria within Caco-2 cells, with
adherent L acidophilus LA I
EPEC

JPN15 [pMAR7]
Cell invasion
(% of incubated bacteria)
Inhibition of cell invasion
(% of inhibition)
lO CFU/ml
10' CFU/ml

1-5 (0-4)

95 (2)
31 (9)

Ypseudotuberculosis

YPIII [pYV ]

8-5 (0-9)

64 (19)
15 (7)

S typhimurium
SL 1344
8-0 (3 0)

37 (4)
9 (3)

Invaded bacteria within Caco-2 cells were measured after incubating unlabelled bacteria at 37'C in
10% CO}90% air, 60 minutes for S typhimurium, 90 minutes for Y pseudotuberculosis, and 180
minutes for EPEC. The monolayer was then washed three times with sterile phosphate buffered
saline and incubated 120 minutes in a medium containing 20-100 ,ug of gentamicin/ml to kill
extracellular bacteria, all at lO CFU/mI. Invasion was measured using undifferentiated Caco-2 cells
(2 days in culture) for Ypseudotuberculosis, and differentiated Caco-2 cells (15 days in culture) for
EPEC and S typhimurium. Each experiment was conducted in triplicate. The data represent mean
values (SEM) of experiments from three successive passages of Caco-2 cells. EPEC=

enteropathogenic E coli.

strains we tested here, one shows adhesive properties. This result agrees well with our previous
reports" and those of others,2" showing that
adhesive properties are not a universal feature of
Lactobacillus. It is interesting to note, however,
that L acidophilus LA 1, as all adhering lactobacilli, interacts with intestinal cells probably by
a secretory proteinaceous component, which
serves as a bridge between the bacteria and
eucaryotic cell receptors."3 Additional experiments are needed to determine the precise nature
and the localisation of the adhesion. Altogether,
our results show that the adhesion was secreted
by the lactobacilli in the spent culture supernatant. It was noticed that the secreted adhesion of
adhering lactobacilli significantly improved the
adhesion of the L casei GG strain, which adheres
moderately to the Caco-2 cells compared with
BG2F045 and LB6 strains. It was possible,
however, that the extracellular adhesion of lactobacilli is in fact a labile surface associated protein
mediating bacterial attachment to intestinal cells.
It remains to be determined, however, how an
extracellular adhesion could mediate in vivo
bacterial cell association.
Adherence of bacteria to the epithelial intestinal cells is an important prerequisite for colonisation by microorganisms and virulence manifestations.32 Especially, pathogenic bacteria form
a close association with the intestinal mucosa,
which is the first step of bacterial infection and
initiation of infectious diseases. For example,
close association of invading bacteria with the
brush border promotes brush border lesions,
permits cell entry and after bacterial proliferation
promotes cell death and exfoliation. Inhibiting
the attachment of pathogenic bacteria to their
brush border binding sites could decrease the
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Figure 3: Competitive exclusion ofdiarrhoeagenic bacteria
from human enterocyte like Caco-2 cells in culture by
increasing concentrations of Lactobacillus acidophilus
strain LA I (log CFUlml). (A) Enterotoxigenic H10407
(B) diffusely adhering C-1845, (C) enteropathogenicJ7PNl5
[pMAR7] Escherichia coli, and (D) S typhimurium SL
1344 strains (10s CFUlml each). Each experiment was
conducted in triplicate. The data represent mean values of
experiments from three successive passages of Caco-2 cells.
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Condition

intestinal colonisation and in consequence
modify the process of pathogenicity. Inhibition
of cell association of enterotoxigenic E coli by
adheringL acidophilus LB,29 and inhibition ofcell
association with and cell invasion within Caco-2
cells of enterovirulent pathogens obtained with
LA 1 strain seems in terms of efficacy comparable
with inhibitions obtained with lectins,3' carbohydrate complexes,33 34 and other biological
compounds.35 In the normal mucosa, the endogeneous microflora protects the mucosa against
attachment of pathogens by a 'barrier effect'.
Lactobacilli inhibit adhesion of pathogens in
animal36 and in non-intestinal in vitro 37 models.
Reid et al explain the inhibitory effect of lactobacilli by a non-specific steric hindrance of the
receptors for pathogens. ' The mechanism of
competitive exclusion of pathogens by
L acidophilus LA 1 seems to be a result of a nonspecific steric hindrance rather than to a specific
blockage of receptors sites, as LA 1 can protect
intestinal cells against attachment and invasion of
a large variety of enterovirulent bacteria. By
contrast, each pathogen has a specific intestinal
receptor, and enteroinvasive bacteria have developed very different pathways for entry into the
cells.32
Adherent Lactobacillus seems to be crucial in
the preparations of intestinal probiotics or
dietary adjuncts. Use of inhabitants of normal
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human microflora, such as lactobacilli and
bifidobacteria, in fermented milk products could
aid in preventing intestinal infections. Although
controversial,78 the protective role of lactobacilli
against intestinal colonisation by pathogenic bacteria has recently gained more credibility. Consistent findings using well characterised
intestinal cell models2"29 have brought insights
on the action oflactobacilli. Indeed, reports show
that adhering lactobacilli survive in the human
stomach38 and that the adherent L casei GG strain2
used in fermented milk products is maintained in
the human intestine after oral administration.39
Moreover, recent controlled clinical studies have
produced convincing evidence concerning the
beneficial effects of adherent lactobacilli.' In this
report, we found that in vitro incubation of
L acidophilus before infection with pathogens
provided an important inhibition of pathogen
attachment, similar to that obtained by incubation ofpathogens together with L acidophilus. By
contrast, when the infection of the intestinal
Caco-2 cell monolayers by pathogens came
before the incubation of L acidophilus, a decrease
of efficacy occurs. This result strongly suggests a
preventive role of lactobacilli against intestinal
infections.
In conclusion, the results presented here
clearly show that L acidophilus LA 1 inhibits the
cell association and the cell entry of some enteropathogens present in diarrhoea. The precise
mechanism, however, for the inhibitory effect of
the Lactobacillus has not been fully clarified. It
could result from (a) the non-specific steric
hindrance of the apical enterocytic receptors of
pathogens by the Lactobacillus whole cells, (b)
the antimicrobial action of a Lactobacillus
secreted molecule with a large spectre of action
(bacteriocin like activity), (c) the stimulation of
secretion by intestinal cells of an antimicrobial
substance (defensin like activity), after Lactobacillus cell binding. Further experiments are
required to elucidate the nature of the mechanism(s) of this event.
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