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Abstract The aim of this research was to determine the
potential probiotic activity of Lactobacillus acidophilus
ATCC 4356 against several human Campylobacter jejuni
isolates. The ability to inhibit the pathogen’s growth was
evaluated by co-culture experiments as well as by antimi-
crobial assays with cell-free culture supernatant (CFCS),
while interference with adhesion/invasion to intestinal
Caco-2 cells was studied by exclusion, competition, and
displacement tests. In the co-culture experiments L. aci-
dophilus ATCC 4356 strain reduced the growth of C. jejuni
with variable percentages of inhibition related to the con-
tact time. The CFCS showed inhibitory activity against
C. jejuni strains, stability to low pH, and thermal treatment
and sensitivity to proteinase K and trypsin. L. acidophilus
ATCC 4356 was able to reduce the adhesion and invasion
to Caco-2 cells by most of the human C. jejuni strains.
Displacement and exclusion mechanisms seem to be the
preferred modalities, which caused a significant reduction
of adhesion/invasion of pathogens to intestinal cells. The
observed inhibitory properties of L. acidophilus ATCC
4356 on growth ability and on cells adhesion/invasion of
C. jejuni may offer potential use of this strain for the
management of Campylobacter infections.

Introduction

Campylobacter jejuni is well identified as a leading cause
of bacterial-induced enterocolitis in humans in most
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countries across the globe [3, 31]. Typically, acute diarrhea
develops ranging from watery stools to dysentery [37].
Some serious post-infectious sequelae, such as reactive
arthritis, irritable bowel syndrome [16, 25], and the para-
lytic neuropathy Guillain—-Barre syndrome [36, 38], also
have been associated with antecedent C. jejuni infections.
Normally, Campylobacter infections are self-limiting and
treatment with antibiotics is needed only in individuals
with invasive or very severe disease. In these cases, therapy
may be complicated by the fact that antimicrobial resis-
tance in Campylobacter isolates from human infections has
become increasingly common [4, 23, 33]. Thus, there is a
need for alternative strategies that would complement
currently employed methods aimed at reducing C. jejuni-
induced disease burden in humans.

Lactobacilli are recently gaining increased attention due to
their probiotic properties. In fact, when lactobacilli are
administered in adequate quantities [12, 34], they should be
an attractive alternative strategy to interrupt C. jejuni infec-
tion cycle and/or treatment of active Campylobacter-related
disease, both in poultry and humans. The roles of probiotic
bacteria include aid in lactose digestion, resistance to enteric
pathogens, anticolon cancer effect, small bowel bacterial
overgrowth, allergy and immune stimulation [18]. The pro-
posed mechanisms of action of probiotics comprise com-
petitive exclusion, alteration of the intestinal microbial
communities, enhancement of host barrier defenses, and
modification of host signaling [28, 30]. Many criteria have
been suggested for the selection of probiotic strains, such as
safety, tolerance to gastrointestinal conditions, ability to
adhere to intestinal mucosa, and competition with pathogens
[5, 8, 22]. In particular, the adhesion to the intestinal epi-
thelium would allow the colonisation by probiotic microor-
ganisms of the human intestinal tract [29] and this property
has been related to immune system modulation [10, 15].
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The objective of our research was to the examine the
antimicrobial effect of L. acidophilus ATCC 4356, a
human isolate employed as dietary adjuncts in various
cultured dairy products, on the growth of several human C.
jejuni isolates and its interference with their adhesion/
invasion to an intestinal cell line.

Materials and Methods
Bacterial Strains and Culture Conditions

Lactobacillus acidophilus ATCC 4356, a reference strain,
which has shown competitive properties against some
intestinal pathogens [7], was routinely grown on de Man—
Rogosa—Sharpe (MRS) agar (Oxoid; Milan, Italy) at 37°C
under microaerophilic condition (5% O,; 10% CO,; 85%
N,) and kept at —80°C in nutrient broth n° 2 (Oxoid)
containing 15% glycerol. L. acidophilus ATCC 4356 was
previously examined for adhesion to Caco-2 cells, survival
at pH 2.5, and resistance to 0.3% bile salts conditions; the
strain demonstrated remarkable ability to adhere to intes-
tinal cells, as well as to survive to the intestinal artificial
conditions (data not shown).

Nine C. jejuni strains (Hom 107, ISS 9, ISS 3, Hom 13,
241, ISS 1, Hom 88, Hom 14, Hom 7), previously isolated
in the Pesaro-Urbino area (Central Italy) from human
clinical samples, were used in this study. The strains were
identified on the basis of their biochemical characteristics
and biomolecular profiles [4]. The adhesion properties of
all the C. jejuni strains were first determined on Caco-2 cell
monolayers (data not shown). C. jejuni ATCC 33291 was
also included in the study. All the strains were grown on
Columbia agar base (Oxoid) supplemented with 5% of
Laked Horse Blood (Oxoid) and Preston Campylobacter
Selective Supplement (Oxoid) for 48 h at 42°C under
microaerophilic conditions.

Antagonistic Activity in Co-culture

Co-culture inhibitory effect of L. acidophilus ATCC 4356
on each human C. jejuni isolate was performed as descri-
bed by Chaveerach et al. [6] with several modifications.
Mueller-Hinton broth (MH, Oxoid) was prepared and dis-
tributed (34 ml) into three bottles (each 100 ml) succes-
sively sterilized at 121°C for 15 min. These bottles were
kept at 4°C until their use in co-culture experiments;
briefly, 500 pl (10° cfu m1™") of each overnight culture of
C. jejuni in MH broth (Oxoid) was aseptically transferred
into Bottle 1; then 500 pl (10% cfu ml™") of the overnight
culture of L. acidophilus ATCC 4356 grown in MRS broth
(Oxoid) was transferred to the same Bottle 1. The controls
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of each strains of C. jejuni (500 pl) and L. acidophilus
ATCC 4356 (500 pl) were separately transferred into
Bottle 2 (MH broth) and Bottle 3 (MRS broth), respec-
tively. The inoculated bottles were then incubated at 37°C.
One-milliliter aliquots were taken aseptically at 0, 6, 12,
24, 30, 36, and 48 h, serially diluted and spread onto
Columbia agar base (Oxoid) for Campylobacter cultiva-
bility and on MRS agar (Oxoid) plates for Lactobacillus
cultivability. All the plates were incubated at 37°C under
microaerophilic conditions for 24-48 h; at the end of
incubation, the colonies were counted and expressed as
colony forming units per milliliter (cfu ml~').The data
reported represent mean values of three independent
experiments; each experiment was performed in duplicate.

Agar Well Diffusion Method (AWDM)

AWDM was carried out according to Santini et al. [26]
with several modifications. Previously, cells of L. aci-
dophilus ATCC 4356 from an overnight culture were pel-
leted at 17,000x g for 15 min at 4°C and the supernatants
(cell-free culture supernatant, CFCS), adjusted to pH 6.5
and 5.5 with 10 N NaOH, were collected and filtered
(0.22 pm pore size) to remove any remaining bacteria. The
aliquots of CFCSs were then kept at —20°C until use.

Four to six colonies were drawn from each plate of
C. jejuni isolates to prepare bacterial suspensions in 30 ml
of Brucella broth (Difco Laboratories, Detroit, MI, USA)
and incubated by gentle shaking (150 rpm) at 42°C for
24 h under microaerophilic conditions. At this point,
500 pl of a Campylobacter culture at the concentration of
107 cfu ml~! was added to 20 ml of Nutrient agar (Oxoid)
maintained at 50°C, poured into petri dishes, and allowed
to solidify for 20 min. Wells of 5 mm in diameter were
made on the agar with sterile stainless steel cylinders and
50 pl of the CFCS were finally dropped into the holes.
After 48 h incubation under microaerophilic conditions at
42°C, the diameter of the zone of inhibition around each
hole was measured and the antimicrobial activity was
expressed as the mean of inhibition diameters produced by
CFECS.

To characterize the nature of any possible inhibitory
effect generated by L. acidophilus ATCC 4356 and secre-
ted to CFCSs, the AWDM was repeated by adding to dif-
ferent aliquots of CFCS the enzymes trypsin and proteinase
K (2 mg ml™") (Sigma, Milan, Italy). To evaluate the
thermal stability of the antimicrobial compounds, aliquots
of CFCS were incubated at 80°C for 15, 20, and 60 min,
and at 100°C for 10 min and then used in the AWDM as
described above. The data reported represent mean values
of three independent experiments; each experiment was
performed in duplicate.
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Cell Culture

Caco-2 (human colon adenocarcinoma) cells were rou-
tinely cultured in Dulbecco’s Modified Eagle’s Medium
(DMEM) (Sigma) supplemented with 15% fetal bovine
serum (FBS, Pbi, Milan, Italy), 1% non-essential amino-
acids (Sigma), and 1% antibiotics solution (5,000 U of
streptomycin—penicillin; Sigma) at 37°C in a 5% CO,
humidified atmosphere.

For the experimental assays Caco-2 cells, cultured for
14 days at 37°C in an atmosphere of 5% CO, to develop
the characteristics of mature enterocytes, were seeded at
2 x 10* cells well™! in 6-well plastic plates (IWAKI
brand, Science Product Dept., Ashai glass Co., LTD,
Japan) and grown until semi-confluence. Before the assays,
the cell monolayers were washed twice with phosphate-
buffered saline (PBS) pH 7.2.

Interference Studies

Interference studies were carried out based on the methods
of Forestier et al. [13] with several modifications, in order
to differentiate exclusion, competition, or displacement of
C. jejuni strains from Caco-2 cell monolayers by L. aci-
dophilus ATCC 4356. In brief, the bacteria were harvested
by centrifugation (1,145xg for 15 min) from 37°C over-
night incubation in MRS broth (Oxoid) for L. acidophilus
ATCC 4356 and 42°C overnight incubation in MHB
(Oxoid) for C. jejuni strains under microaerophilic condi-
tions. After centrifugation, the pellets were resuspended in
DMEM (Sigma) containing 1% FBS (Pbi) and adjusted
spectrophotometrically to approximately 10° cfu ml™'.
These bacterial suspensions were finally utilized for the
adhesion inhibition assays.

For the exclusion test, Caco-2 cell monolayers were
incubated with 1 ml of L. acidophilus ATCC 4356 sus-
pension (10° cfu ml™") for 1 h at 37°C in 5% CO..
Afterward, non-adhering bacteria were removed by three
washings with 1 ml of PBS, and 1 ml of C. jejuni sus-
pensions (10% cfu ml™") was added to wells and incubated
for another 4 h at 37°C in 5% CO,. Then, unbound bacteria
were removed by three washings with 1 ml of PBS and
Caco-2 cells were lysed by the addition of 1 ml of a 0.05%
Triton-X 100 solution. The adherent bacteria, representing
the total bacteria associated with intestinal cells (both
extracellular and intracellular pathogens), were enumerated
by plating serial dilutions of the lysates on Columbia agar
base (Oxoid) with 5% of Laked Horse Blood (Oxoid) and
on MRS agar (Oxoid). Resultant colonies (cfu ml™) after
2448 h of 42°C incubation under microaerophilic condi-
tions were finally counted.

For the competition test, a 1-ml suspension of 50%
L. acidophilus ATCC 4356 and 50% C. jejuni cells

(10% cfu ml™!, respectively) was added to Caco-2 cell
monolayers and incubated for 4 h at 37°C in 5% CO,. The
infected cells were then washed with PBS and the experi-
mental scheme described above for bacterial enumeration
was carried out.

For the displacement test, C. jejuni suspensions
(10% cfu ml™") were added to Caco-2 cell monolayers and
incubated for 4 h at 37°C in 5% CO,. Afterward, the
unbound pathogens were removed by PBS washings and
I ml of L. acidophilus ATCC 4356 suspension
(10® cfu ml~!) was added and incubated for 1 h at 37°C in
5% CO,. Then, the wells were washed again and the bound
bacteria were released and counted as described above.

Invasion inhibition assay was performed as described by
Wine et al. [35] with slight modifications. In brief, the
above described interference tests (exclusion, competition
and displacement) were carried out adding in each well
1 ml of antibiotic-free culture media containing gentamicin
(150 pg ml™") and incubating for another 2 h at 37°C.
After this period, the cells were washed by PBS and lysed
by addition of a 0.05% Triton-X 100 solution. The inter-
nalized bacteria were enumerated by plating serial dilutions
of the lysates on Columbia agar base (Oxoid) with 5% of
Laked Horse Blood (Oxoid) and on MRS agar (Oxoid);
resultant colonies (cfu ml™') after 24-48 h of 42°C incu-
bation under microaerophilic conditions were finally
counted.

The data reported represent mean values of three inde-
pendent experiments; each experiment of adhesion and
invasion were performed in duplicate. For each interfer-
ence assay a set of Caco-2 cells, infected only with
C. jejuni strains, was included as control. The adhesion or
invasion inhibition was calculated as the difference
between the percentage of pathogen adhesion/invasion in
absence and presence of the probiotic strain.

Statistical Analysis

Statistical analysis was performed using Prism version 5.0
(GraphPad Software, Inc., La Jolla, USA). The assumptions
for parametric tests were checked prior to carry out the
analyses. Since results of the interference assays did not
follow the Gaussian distribution, Kruskal-Wallis non-para-
metric test and Dunn’s multiple comparison test were uti-
lized. In all the cases, significance was noted at P < 0.05.

Results
Inhibitory Activity in Co-Culture

In the co-culture experiments, L. acidophilus ATCC 4356
was able to inhibit the growth of C. jejuni isolates with
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Table 1 Percentage growth inhibition of ten human C. jejuni strains in co-culture experiments with L. acidophilus ATCC 4356

C. jejuni strains Percentage of growth inhibition

3h 6h 9h 24 h 30 h 36 h 48 h
Hom 107 20.86 22.85 15.45 8.37 8.36 7.92 7.81
ISS 9 17.91 17.36 13.74 26.94 12.11 12.09 12.08
ATCC 33291 10.87 13.32 19.34 16.84 22.45 19.99 20.07
ISS 3 0.56 16.05 25.10 10.60 3.35 2.26 0.49
Hom 13 3.50 27.31 11.30 2.70 1.50 0.19 0.11
241 3.29 15.74 9.71 12.73 2.79 1.32 0.71
ISS 1 1.54 3.52 9.65 10.59 0.00 0.00 0.00
Hom 88 0.00 0.00 9.12 6.36 0.00 0.00 0.00
Hom 14 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hom 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00

The data reported represent mean values of three independent experiments; each experiment was performed in duplicate

The growth of pathogens in the absence of probiotic strain was assigned as 100%

The percentage of growth inhibition was expressed by the formula: [(cfu ml~' in the control) — (cfu mI~' in co-culture)/cfu ml~' in the

control] x 100

percentages of inhibition variable and related to the contact
time between probiotic and pathogen strains. The per-
centages of growth inhibition, defined as reduction in
percentage of recovered cfu ml™" after co-culture incuba-
tion, are reported in Table 1. As shown, in most cases, the
growth reduction of C. jejuni strains was obtained by 6, 9,
and 24 h of co-culture, with the highest values of growth
inhibition of 27.31, 25.10, and 26.94% for C. jejuni Hom
13, C. jejuni 1SS 3, and C. jejuni ISS 9, respectively. C.
jejuni ATCC 33291 strain exhibited a remarkable growth
inhibition at all times of incubation, with an increased rate
from 3 to 48 h of co-culture.

Antimicrobial Activity

The CFCS of L. acidophilus ATCC 4356 at pH 6.5 showed
inhibitory activity against eight of the human C. jejuni
strains (Table 2). The nature of the antimicrobial com-
pound was determined by testing the effects of common
proteolytic molecules (trypsin and proteinase K) on the
inhibitory activity of CFCS against the pathogen strains, as
well as the pH influence and the thermal stability. The
exposure of CFCS adjusted to pH 5.5 demonstrated that the
inhibitory compounds were stable to pH acid, in fact no
diminution in inhibition diameters was observed. More-
over, CFCS was thermo-stable showing no relevant dif-
ferences in the inhibitory activity of CFCS after treatment
at 80°C for 15, 20, and 60 min and at 100°C for 20 min.
On the other hand, the treatments by trypsin and proteinase
K diminished the antimicrobial activity of CFCS at the
enzymatic concentrations assayed. These findings let us
consider that the inhibitory action can be due to a pro-
teinaceous molecule.
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Adhesion and Invasion Inhibition

Since the ability of C. jejuni strains to invade epithelial
cells is cell type dependent [35], we determined the
capacity of L. acidophilus ATCC 4356 to inhibit C. jejuni
adhesion and invasion in human colon cells using exclu-
sion, competition, and displacement tests. The results,
reported in Table 3, indicated that L. acidophilus ATCC
4356 was able to reduce the adhesion and invasion of most
human C. jejuni strains to Caco-2 cells. As shown, the total
association of C. jejuni strains with Caco-2 cells decreased
in the interference tests with L. acidophilus ATCC 4356,
and this effect was more evident in the displacement test,
where a decrease of adherent bacteria between 10.88 and
52.66% (P < 0.05) was observed.

In regard to the invasion inhibition ability of L. aci-
dophilus ATCC 4356 toward C. jejuni human strains, the
measure of invasiveness, representing the internalized
bacteria, was obtained after gentamicin killing of extra-
cellular C. jejuni. The displacement test showed the most
pronounced effect, with a detectable decrease of cfu ml™!
values between 11.25 and 52.34% (P < 0.05), less evident
with the other two interference tests (Table 3).

Discussion

The initial screening of strains using in vitro methods
remains a useful preliminary step in the detection of pro-
biotic candidates, despite the difficulties encountered to
characterize reliable probiotic strains in this way.
Lactobacillus acidophilus ATCC 4356, a strain of
human origin, as many species of the genus Lactobacillus,
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Table 2 Antimicrobial activity of L. acidophilus ATCC 4356 cell-free supernatants (CFCSs) toward C. jejuni human strains performed by agar

well diffusion method

C. jejuni strains

Antimicrobial activity of L. acidophilus 453 CFCS*

pH Enzymes Heat treatments

6.5 5.5 Trypsin  Proteinase K 80°C for 15 min  80°C for 20 min ~ 80°C for 60 min ~ 100°C for 20 min
Hom 107 ++ ++ = =+ ++ + + +
ISS 9 ++ ++ + + ++ ++ ++ ++
ATCC 33291 ++ ++ + + + + + +
ISS 3 ++ ++ + + ++ ++ ++ ++
Hom 13 + + + + + + + +
241 ++ + + + + + + +
ISS 1 + + =+ =+ + + + +
Hom 88 ++ ++ + + ++ ++ ++ ++
Hom 14 — ND ND ND ND ND ND ND
Hom 7 - ND ND ND ND ND ND ND

Antimicrobial activity was detected as zone of inhibition with widths of (=), no inhibition; (£), <8 mm; (4), 8-10 mm; (++) >10 mm

ND not determined because no inhibition zone was observed by CFCS at pH 6.5

* The CFCSs were utilized at pH 6.5 and 5.5, with the addition of enzymes (trypsin and proteinase K) and after heat treatments

possesses an S-layer, which functions include it being a
protective sheath against hostile environmental agents and
having an important role in the establishment of L. aci-
dophilus in the gastrointestinal tract [2, 9, 20]. Moreover,
in previous studies, a new enzymatic functionality for the
surface layer (S-layer) of L. acidophilus ATCC 4356 was
described to control bacterial growth in Gram-negative
bacteria [7]. As with other lactobacilli, this strain can
produce H,O,, which can inhibits or kills other microbes
and pathogens, particularly those that lack or have low
levels of H,0,-scavenging enzymes [11]. In our study,
L. acidophilus ATCC 4356 demonstrated some probiotic
characteristics, such as survival under low pH conditions
and tolerance to bile acids under in vitro conditions.

To better understand the probiotic profile of L. acidoph-
ilus ATCC 4356, its effect on the growth of several human
C. jejuni isolates and interference with adhesion/invasion
characteristics of these pathogens were determined.

Several mechanisms for pathogen inhibition have been
suggested; for example, some metabolic products from
lactobacilli, such as lactic acid and/or bacteriocins, may
inhibit the growth of pathogenic bacteria [28], while some
other products may enhance the systematic immune
response, activating macrophages activity. Since the anti-
microbial activity of lactic acid strains is known to be
multifactorial [28], the possibility that mechanisms
underlying L. acidophilus activity against Campylobacter
strains involve both lactic acid-producing strains and
secreted non-lactic acid molecules acting synergistically
cannot be excluded. In this report, the ability of the
L. acidophilus ATCC 4356 strain to inhibit the in vitro

growth of human C. jejuni strains was evaluated in co-
culture experiments and by AWDM with CFCS. These
experiments showed the antagonistic activity of L. aci-
dophilus ATCC 4356 toward C. jejuni strains. In the
co-culture studies, a decrease of the inhibitory effect on
growth for all the pathogens, but C. jejuni ATCC 33291,
over time was observed. Since in the literature few data are
reported on co-culture experiments using Lactobacillus
spp. and C. jejuni, our results could be compared only with
those of Chaveerach et al. [6]. These authors investigated
the inhibitory effect of Lactobacillus P93 and Enterococ-
cus P67 on a mixture of ten C. jejuni strains and Lacto-
bacillus P93 and Lactobacillus P104 just on one strain
(C. jejuni C2150); in opposition to us, they pointed out a
steady growth inhibition, with a dramatic decline below the
detection limit after 48 h incubation. On the other hand, in
contrast to other authors [6], we observed that the inhibi-
tory effect of Lactobacillus ATCC 4356 on the growth of
the pathogens by AWDM was not enhanced at low pH
level. The bactericidal effect against Campylobacter
probably results from the production of organic acids, as
already evidenced by Chaveerach et al. [6]. In our case, the
CFCSs inhibitory activity may not depend on medium
acidification, since in our experiments a pH 6.5 CFCS was
used; the observed effect might be due to the production of
a proteinaceous molecule, as confirmed by the loss of
CFCSs activity after protease treatment. Moreover,
because of catalase activity of our C. jejuni strains, the
inhibitory activity of Lactobacillus ATCC 4356 is not
mainly caused by hydrogen peroxide, but by a combination
of organic acids and probably antimicrobial peptide
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production as reported for Lactobacillus P93 by Chavee-
rach et al. [6].

Epithelial cell adhesion and invasion by C. jejuni play
important roles in the pathogenesis of the disease and are
associated with other well-defined disease traits, including
induction of cell death [17] and disruption of mucosal
barrier function [35]. As shown for other intestinal patho-
gens, interfering with the ability of bacteria to adhere and
invade epithelial cells can prevent intestinal injury and
improve clinical outcomes [27]. Adhesion and colonisation
of probiotic bacteria in the gastrointestinal tract of the host
is believed to be one of the essential features required for
the delivery of their health benefits [19]. It is known that
good adhesion of a probiotic microorganism to the intes-
tinal cells is related to many beneficial effects. In fact,
adhesion is a prerequisite for colonisation [1], stimulation
of the immune system [10], and for antagonistic activity
against enteropathogens [5]. Adherent strains are, however,
preferred, since their establishment in the intestines is
fundamental to the expression of probiotic effects. In our
experience, L. acidophilus ATCC 4356 showed marked
adhesion to intestinal cells, probably related to its ability to
produce the S-layer, and for this reason was utilized for the
interference studies with human pathogens.

The proposed mechanisms by which Lactobacillus affects
adhesion to cells are displacement, exclusion, and compe-
tition. Our investigations, carried out on Caco-2 cells, a cell
line widely used as an in vitro model for intestinal epithe-
lium [35], showed that L. acidophilus ATCC 4356 strain
interfered with the adhesion/invasion of all C. jejuni strains;
the displacement and the exclusion seemed to be the pre-
ferred modalities, which caused a significant reduction of
adhesion and invasion of the pathogen to the intestinal cells.
A wide bibliography shows that the displacement activity
exerted by probiotic bacteria toward enteropathogens is
related to mechanisms other than mere competition for
common adhesion sites. Lievin et al. [24] demonstrated that
Bifidobacterium strains isolated from infants was able to
produce antibacterial lipophilic factor(s) effective in inhib-
iting Salmonella enterica serovar Typhimurium invasion of
Caco-2 cells and in killing intracellular enteropathogenic
bacteria. Moreover, Fujiwara et al. [14] reported a protein-
aceous factor which inhibited in vitro adhesion of an
enterotoxigenic E. coli strain to gangliotetraosylceramide
molecules [32]. Probably, inhibition could be related to
specific receptors and adhesins that probiotics and pathogens
are competing for, as shown for other microorganisms [21].
Although the in vitro model used does not completely mimic
the in vivo setting, it provides a valuable opportunity to
study the host epithelial cells interaction between an enteric
pathogen and a probiotic strain.

This study adds to the understanding of the mechanisms
developed by L. acidophilus ATCC 4356 against pathogenic

microorganisms by showing evidence of the implication of
antimicrobial peptides. The observed inhibitory properties on
growth ability and on epithelial cells adhesion/invasion of
human C. jejuni strains, may turn the attention on the possible
use of L. acidophilus ATCC 4356 as new potential antimi-
crobial agent for the management of Campylobacter infec-
tions. However, deep studies are necessary to better understand
the mechanism involved in the competition between L. aci-
dophilus ATCC 4356 and C. jejuni in order to obtain more
information on the human benefit due to probiotics.
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