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Introduction

Helicobacter pylori (H. pylori) infection is considered as the main cause of chronic 
gastritis,1 peptic ulcer2 and a risk factor for gastric malignancies.3 According to several in-
ternational guidelines, treatment consisting of two antibiotics and a proton pump inhibitor 
is regarded as a treatment of choice to eradicate H. pylori. However despite high efficacy of 
this regimen, some limits have been reported such as high cost, side effects and antibiotic 
resistance. For this reason triple therapy is not recommended in most infected subjects 
such as “healthy” asymptomatic carriers and dyspeptic patients without ulcers.4

Probiotics defined as live micro-organisms that when ingested in adequate amounts 
exert health benefits on the host have been used in the management of various medi-
cal disorders and particularly gastrointestinal pathologies. At present the most studied 
probiotics are lactic acid-producing bacteria particularly Lactobacillus species.5 The most 
well documented effects of probiotics on gut diseases coming from clinical trials as well 
as from experimental studies concern acute infectious diarrhoea or pouchitis.6 However, 
their use has been proposed and is still investigated against H. pylori infection. The clinical 
outcome of H. pylori infection is determined by several factors including the type of H. 
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pylori strain, the extent of inflammation and the density of H. pylori colonization.7 Further, 
the risk of peptic ulcer disease development and gastric cancer increases according to 
increasing level of infection.8 Therefore, permanent or long-term suppression of H. pylori 
could decrease the risk of H. pylori-related diseases development. Consequently, there 
is increasing interest in developing low-cost large-scale alternative solutions to prevent 
or decrease H. pylori colonization. In this respect probiotics may close the therapeutic 
gap. 

Mechanisms of action

The rationale of probiotic use, in a general way, is related to two general concepts 
concerning their mechanism of action. First probiotics are able to protect against abnormal 
growth of pathogenic intestinal micro-organisms and second they are able to enhance 
intestinal barrier function. We will develop paradigms related to these two concepts. 

Antimicrobial activity

Probiotics may inhibit H. pylori growth by secreting antibacterial substances. This 
class of substances include compounds related to the bacteriocin family secreted by certain 
lactobacilli,9 or other known substances as the endproducts of lactic acid fermentation, 
such as lactic and acetic acids and hydrogen peroxide.10 Lactic acid in addition to its 
antimicrobial effect resulting from the lowering of pH could also inhibit H. pylori urease. 
It is important to note differences in the inhibitory effect on H. pylori between different 
lactobacilli strains. For example, L johnsonii La10 does not inhibit H. pylori although it 
produces similar lactic acid amount as L johnsonii La1.11 On the other hand other strains, 
such as L acidophilus, L casei and L lactis exert an inhibitory effect on H. pylori by a lactic 
acid and pH-independent pathway.12-14 The involvement of proteinaceous compounds in 
this inhibitory effect has been reported in the literature,11-15 but their exact nature remains 
to be determined. In the case of L subtilis the antimicrobial substances secreted have been 
found similar to aminocumacins belonging to the isocoumarin group of antibiotics.16 

The adhesion of H. pylori to epithelial cells is important in determining the outcome 
of H. pylori-associated diseases. In vitro studies report that L johnsonii La1, L salivarius and 
L acidophilus inhibit the attachment of H. pylori to intestinal HT-29 or to MKN 45 gastric 
lines.11,14,17,18 There are several possible mechanisms by which probiotics can inhibit the 
adhesion of H. pylori. Certain lactobacilli (L johnsonii La1, L acidophilus…) can exert their 
antiadhesion activity by secreting antimicrobial substances11,14 and others (L reuteri, W 
confuse…) can inhibit H. pylori growth by competing with adhesion sites.17,19 For exam-
ple, L reuteri inhibits the binding of H. pylori to specific glycolipid receptors asialo-GMI 
and sulfatide.19 However, a non-specific rather than specific blockage of receptor sites 
is involved since lactobacilli can inhibit adhesion of large varieties of pathogens. In vivo 
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studies have shown that previous colonization by probiotics prevented or reduced H. 
pylori infection in germ-free mice.18,20 Consequently, probiotics could prevent H. pylori 
colonization of the gastric mucosa by inhibiting its adhesion to epithelial cells.

Mucosal barrier enhancement

Gastric barrier including a physical (mucus, permeability…) and a functional (mucosal 
immunity) component represents the first line of defence against pathogens. 

Reduced mucus secretion is frequently observed in H. pylori-associated gastritis. 
Further H. pylori suppresses MUC1 and MUC5A gene expression in human gastric cell 
line.21 Strains such as L rhamnosus and L plantarum increase the expression of MUC2 
and MUC3 genes expression22 and the subsequent extracellular mucin secretion by colon 
cell cultures.23 Trough this pathway these strains can restore the mucosal permeability of 
gastric mucosa or inhibit the adhesion of pathogenic bacteria including H. pylori.

The inflammatory response to gastric H. pylori infection is characterized by the re-
lease of proinflammatory mediators including chemokines and cytokines. The cytokine 
response is initially expressed by the release of interleukin 8 (IL-8) which results to neu-
trophils and monocytes migration to the inflamed mucosa. Probiotics could modify the 
immunologic response of the host by interacting with epithelial cells and modulating the 
secretion of anti-inflammatory cytokines which may result in reduction of gastric activity 
and inflammation.24 In vitro L salivarius has been shown to inhibit the H. pylori-stimulated 
secretion of IL-8 by epithelial cells.18 In vivo studies report that probiotic treatments can 
regulate the balance of pro-inflammatory and anti-inflammatory cytokines resulting in a 
reduction of gastric inflammation.25,26 Further, a decrease in specific IgG antibodies to H. 
pylori infection following probiotic intake parallel to a reduction in gastric inflammation 
has been observed in animal studies.27,18 Finally, probiotics have been shown to enhance 
the mucosal barrier by stimulating local IgA responses, leading to a mucosa-stabilizing 
effect.28

Clinical trials

Based on the resistance of certain lactobacilli to the low gastric pH, suggesting pos-
sible adhesion and transient residence in the human stomach, clinical trials have been 
undertaken in order to determine the effect of probiotic treatments on H. pylori gastritis. 
Nine fully published trials investigated this effect.11,13,29-35 The most frequently used strain 
was L johnsonii La1, either in a fermented milk formula or as a free cell culture superna-
tant. Other probiotics used were L casei, L brevis and L gasseri. Two studies used yogurts 
containing mixtures of live probiotics. Seven of the nine studies showed a statistically 
significant effect of probiotic treatment on H. pylori gastritis. No study reported the 
eradication of H. pylori infection by probiotics.
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Conclusions

In conclusion, animal and human studies show that probiotic intake improves H. 
pylori gastritis and reduces H. pylori density. This effect although statistically significant 
remains weak. On the other hand, no H. pylori eradication has been reported by probiotic 
treatment neither in human nor in animal studies. The putative mechanisms of beneficial 
effect of probiotics against H. pylori-associated gastric inflammation emerging from the 
literature depend on strain used and on host’s immune status. They can be summarized 
as follows: (i) inhibitory effect of certain probiotics related to lactic acid and/or to other 
antimicrobial substances yet to be identified (ii) inhibition of the H. pylori adherence 
to epithelial cells preventing H. pylori colonization (iii) enhancement of gastric mucosa 
barrier by promotion of mucin secretion, and subsequent reduction of gastric mucosal 
permeability, as well as modulation of the immune response. Finally, long-term intake 
of probiotics may have a favourable effect on H. pylori infection in humans, particularly 
by reducing the risk of developing disorders associated with high levels of gastric inflam-
mation.

REFERENCES

	1 .	 Dooley CP, Cohen H, Fitzgibbons PL, et al. Prevalence of Helicobacter pylori infection and 
histologic gastritis in asymptomatic persons. N Engl J Med 1989;321:1562-1566.

	 2.	 Kashiwagi H. Ulcers and gastritis. Endoscopy 2003;35:9-14.
	3 .	 Plummer M, Franceschi S, Munoz N. Epidemiology of gastric cancer. IARC Sci Publ, 2004;157:311-

326.
	4 .	 Malfertheiner P, Megraud F, O’Morain C, et al. Current concepts in the management of 

Helicobacter pylori infection--the Maastricht 2-2000 Consensus Report. Aliment pharmacol 
Ther 2002;16:167-180.

	5 .	 Rolfe RD. The role of probiotic cultures in the control of gastrointestinal health. J Nutr 
2000;130;396S-402S.

	6 .	 Gill HS, Guarner F. Probiotics and human health: a clinical perspective. Postgrad Med J 
2004;80:516-526.

	 7.	 Ernst PB, Gold BD. The disease spectrum of Helicobacter pylori: the immunopathogenesis of 
gastroduodenal ulcer and gastric cancer. Annu Rev Microbiol 2000;54:615-640.

	8 .	 Yamaoka Y, Kodama T, Kita M, et al. Relation between clinical presentation, Helicobacter pylori 
density, interleukin 1beta and 8 production, and cagA status. Gut 1999;45:804-811.

	 9.	 Jack RW, Tagg JR, Ray B. Bacteriocins of gram-positive bacteria. Microbiol Rev 1995;59:171-
200.

	10.	 Vandenbergh PA. Lactic acid bacteria, their metabolic products and interference with microbial 
growth. FEMS Microbiol Rev 1993;12:221-238.



61

Probiotics in Helicobacter pylori gastric infection treatment: Μechanisms of action

	11.	 Michetti P, Dorta G, Wiesel PH, et al. Effect of whey-based culture supernatant of Lactobacillus 
acidophilus (johnsonii) La1 on Helicobacter pylori infection in humans. Digestion 1999;60:203-
209.

	12.	 Bernet-Camard MF, Lievin V, Brassart D, et al. The human Lactobacillus acidophilus strain LA1 
secretes a nonbacteriocin antibacterial substance(s) active in vitro and in vivo. Appl Environ 
Microbiol 1997;63:2747-2753.

	13.	 Cats A, Kuipers EJ, Bosschaert MA, et al. Effect of frequent consumption of a Lactobacillus 
casei-containing milk drink in Helicobacter pylori-colonized subjects. Aliment Pharmacol Ther 
2003;17:429-435.

	14.	 Coconnier MH, Lievin V, Hemery E, et al. Antagonistic activity against Helicobacter infection 
in vitro and in vivo by the human Lactobacillus acidophilus strain LB. Appl Environ Microbiol 
1998;64:4573-4580.

	15.	 Lorca GL, Wadstrom T, Valdez GF, et al. Lactobacillus acidophilus autolysins inhibit Helicobacter 
pylori in vitro. Curr Microbiol 2001;42:39-44.

	16.	 Pinchuk IV, Bressollier P, Verneuil B, et al. In vitro anti-Helicobacter pylori activity of the 
probiotic strain Bacillus subtilis 3 is due to secretion of antibiotics. Antimicrob Agents Chemother 
2001;45:3156-3161.

	17.	 Nam H, Ha M, Bae O, Lee Y. Effect of Weissella confusa strain PL9001 on the adherence and 
growth of Helicobacter pylori. Appl Environ Microbiol 2002;68:4642-4645.

	18.	 Kabir AM, Aiba Y, Takagi A, et al. Prevention of Helicobacter pylori infection by lactobacilli in 
a gnotobiotic murine model. Gut, 1997;41:49-55.

	19.	 Mukai T, Asasaka T, Sato E, et al. Inhibition of binding of Helicobacter pylori to the glycolipid 
receptors by probiotic Lactobacillus reuteri. FEMS Immunol Med Microbiol 2002;32:105-
110.

	20.	 Johnson-Henry KC, Mitchell DJ, Avitzur Y, et al. Probiotics reduce bacterial colonization and 
gastric inflammation in H. pylori-infected mice. Dig Dis Sci 2004;49:1095-1102.

	21.	 Byrd JC, Yunker CK, Xu QS, et al. Inhibition of gastric mucin synthesis by Helicobacter pylori. 
Gastroenterology 2000;118:1072-1079.

	22.	 Mack DR, Michail S, Wei S, et al. Probiotics inhibit enteropathogenic E. coli adherence in vitro 
by inducing intestinal mucin gene expression. Am J Physiol 1999;276:G941-G950.

	23.	 Mack DR, Ahrne S, Hyde L, et al. Extracellular MUC3 mucin secretion follows adherence of 
Lactobacillus strains to intestinal epithelial cells in vitro. Gut 2003;52:827-833.

	24.	 Gill HS. Probiotics to enhance anti-infective defences in the gastrointestinal tract. Best Pract 
Res Clin Gastroenterol 2003;17:755-773.

	25.	 Murosaki S, Muroyama K, Yamamoto Y, et al. Antitumor effect of heat-killed Lactobacillus 
plantarum L-137 through restoration of impaired interleukin-12 production in tumor-bearing 
mice. Cancer Immunol Immunother 2000;49:157-164.

	26.	 von Der Weid T, Bulliard C, Schiffrin EJ. Induction by a lactic acid bacterium of a population of 
CD4(+) T cells with low proliferative capacity that produce transforming growth factor beta 
and interleukin-10. Clin Diagn Lab Immunol 2001;8:695-701.

	27.	 Sgouras D, Maragkoudakis P, Petraki K, et al. In vitro and in vivo inhibition of Helicobacter 
pylori by Lactobacillus casei strain Shirota. Appl Environ Microbiol 2004;70:518-526.



ΔΙΑΛΕΞΗ ΠΡΟΣΚΕΚΛΗΜΕΝΟΥ ΟΜΙΛΗΤΗ

62

	28.	 Vitini E, Alvarez S, Medina M, et al. Gut mucosal immunostimulation by lactic acid bacteria. 
Biocell 2000;24:223-232.

	29.	 Felley CP, Corthesy-Theulaz I, Rivero JL, et al. Favourable effect of an acidified milk (LC-1) on 
Helicobacter pylori gastritis in man. Eur J Gastroenterol Hepatol 2001;13:25-29.

	30.	 Pantoflickova D, Corthesy-Theulaz I, Dorta G, et al. Favourable effect of regular intake of 
fermented milk containing Lactobacillus johnsonii on Helicobacter pylori associated gastritis. 
Aliment Pharmacol Ther 2003;18:805-813.

	31.	 Gotteland M, Cruchet S. Suppressive effect of frequent ingestion of Lactobacillus johnsonii 
La1 on Helicobacter pylori colonization in asymptomatic volunteers. J Antimicrob Chemother 
2003;51:1317-1319.

	32.	 Linsalata M, Russo F, Berloco P, et al. The influence of Lactobacillus brevis on ornithine 
decarboxylase activity and polyamine profiles in Helicobacter pylori-infected gastric mucosa. 
Helicobacter 2004;9:165-172.

	33.	 Wang KY, Li SN, Liu CS, et al. Effects of ingesting Lactobacillus- and Bifidobacterium-containing 
yogurt in subjects with colonized Helicobacter pylori. Am J Clin Nutr 2004;80:737-741.

	34.	 Sakamoto I, Igarashi M, Kimura K, et al. Suppressive effect of Lactobacillus gasseri OLL 2716 
(LG21) on Helicobacter pylori infection in humans. J Antimicrob Chemother 2001;47:709-
710.

	35.	 Wendakoon CN, Thomson AB, Ozimek L. Lack of therapeutic effect of a specially designed 
yogurt for the eradication of Helicobacter pylori infection. Digestion 2002;65:16-20.


