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At the beginning of the last century, the Russian immuno-
logist Elie Metchnikoff argued that life-long intake of yoghurt
containing lactic acid-producing microorganisms could ex-
plain the differences in length of life between ethnic groups.
The idea was that the bacteria in the fermented products com-
peted with microorganisms that are injurious to health.1

Today it is known that the normal human microflora is import-
ant as a barrier against colonization by exogenous pathogenic
microorganisms and potentially pathogenic bacteria already
present in small numbers in the microflora.2 The normal
microflora influence several biochemical, physiological and
immunological features of the host, particularly the gastro-
intestinal flora, which consists of the most dense and diverse
collection of bacteria.3 Disturbances in the normal microflora
can be caused by several things, one being the administration
of antimicrobial agents.4 Probiotic microorganisms are
thought to counteract disturbances and thereby reduce the risk
of colonization by pathogenic bacteria.5 Studies on strains of
microorganisms used in probiotic dietary supplements have
demonstrated that several strains produce antimicrobial sub-
stances such as organic acids, bacteriocins and peptides. In
vitro and animal studies have further shown inhibitory effects
of probiotic bacteria to be mediated by their interference with
the adhesion of gastrointestinal pathogens or with toxins pro-
duced by the pathogenic microorganisms. Adjuvant-like
effects on intestinal and systemic immunity have also been
demonstrated for some strains.6 However, it is important to
remember that even closely related strains have hetero-
geneous qualities.

A number of clinical studies have been performed on the
ability of probiotic strains to prevent or treat gastrointestinal
infections. The most common strains belong to the two genera
Lactobacillus and Bifidobacterium, but other microorgan-
isms including Enterococcus, Streptococcus, Escherichia
coli and Saccharomyces species have also been used. The
results from well-performed, double-blind, placebo-controlled

studies suggest that Lactobacillus strain GG and Saccharo-
myces boulardii are the two most promising species in the
prevention of diarrhoea. Lactobacillus GG has been effective
in reducing the frequency and duration of rotavirus-induced
diarrhoea in children. Recently, it was shown that in children
admitted to hospital the risk of acquiring nosocomial diar-
rhoea was reduced from 33% to 7% in the group receiving
prophylactic therapy with Lactobacillus GG.7 However, the
same strain was used in the prevention of diarrhoea in under-
nourished children with inconsistent results. Only for non-
breast-fed children in one of three age groups was the
probiotic strain of any advantage.8 Lactobacillus GG has
further been shown to have a preventive effect on antibiotic-
associated diarrhoea (AAD) in children.9,10 This is in contrast
to the results from a study in adult patients receiving anti-
microbial agents.11 No differences in the incidence of diar-
rhoea were observed between patients treated with placebo or
active probiotic. S. boulardii has been evaluated for preven-
tion of AAD, also with inconsistent outcomes. In two double-
blind, placebo-controlled studies the incidence of diarrhoea
was reduced,12,13 but no preventive effect was observed in a
study of elderly subjects.14 Combinations of standard treat-
ment for Clostridium difficile infection combined with S.
boulardii have been shown to reduce the risk of recurrence in
patients experiencing renewed infection.15 In a follow-up
study, however, the preventive effect was limited to treatment
with a combination of a high dose of vancomycin (2 g/day)
and S. boulardii.16 No beneficial effects were observed when
S. boulardii was combined with a lower dose of vancomycin
or with metronidazole.

The effects of probiotic strains in the prevention of diar-
rhoea caused by enterotoxinogenic microorganisms have
been studied in subjects travelling to a number of destinations.
Generally, the pathogens have not been identified and even
though statistically significant differences between groups of
individuals receiving active substance and placebo products
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have been achieved, the clinical effects have been moderate.17

Furthermore, the same probiotic strain had variable effects
depending on the travel destination of the subject.

Probiotic strains have further been tested for their clinical
effect on Helicobacter pylori infection. In two studies a
reduction of urea breath test values was demonstrated after
treatment with Lactobacillus gasseri OLL 2716 (LG21) and
Lactobacillus acidophilus (johnsonii) La1.18,19 Strain LG21
reduced the gastric inflammation measured by means of
serum pepsinogens, but in none of the studies could the eradi-
cation of H. pylori be confirmed in gastric biopsies. This is in
contrast to the results of two earlier studies on L. acidophilus,
where an improved eradication rate was observed.20,21

Furthermore, the benefits of probiotic microorganisms
have been evaluated in double-blind, placebo-controlled
studies in patients suffering from inflammatory bowel dis-
eases. E. coli (Nissle 1917), S. boulardii, and a formula con-
sisting of species of Bifidobacterium, Lactobacillus and
Streptococcus salivarius subsp. thermophilus (VSL#3) have
been reported as being as effective as standard treatment in
preventing relapses in ulcerative colitis, chronic pouchitis or
in Crohn’s disease.22–25

Several Lactobacillus species have been used in the pre-
vention and treatment of urinary tract infections, with mixed
results.26 Lactobacillus species have also been reported as
effective in the treatment of bacterial vaginosis.27 An import-
ant characteristic of bacteria that are beneficial for urogenital
health is the production of lactic acid and H2O2. Recently, sev-
eral other metabolic traits of probiotic strains have been identi-
fied in vitro, but in vivo studies on expressed properties are
still lacking.26,27

The majority of clinical studies on probiotics have been
performed with regard to the prevention or treatment of dis-
turbances in the normal gastrointestinal microflora. However,
increased awareness of the importance of the indigenous
microflora has resulted in the assessment of potential bene-
fits of probiotics in new areas, such as the prevention of
recurrences of acute and secretory otitis media, and strepto-
coccal pharyngotonsillitis in children. Sprays containing α-
haemolytic streptococci isolated from healthy children have
been tested in placebo-controlled studies. α-Haemolytic
streptococci had previously been tested for their ability to in-
hibit growth of pathogens. Spray application following treat-
ment with antimicrobial agents was found to reduce the
incidence of recurrence and thereby the need for further
treatment with antimicrobial agents.28,29 The microflora of the
nasopharynx and the nasal cavity has been shown to differ
between sinusitis-prone children and children not prone to
sinusitis.30 The microflora of non-sinusitis-prone children
contains more of both aerobic and anaerobic microorganisms
with the capability of interference, and lower numbers of
potential pathogens. Interfering microorganisms play an

important role in preventing recurrence of diseases in the
upper respiratory tract.31

The probiotic concept has been regarded as attractive also
in the prevention of dental caries. Dairy microorganisms have
been tested in vitro for their ability to become a part of the
supragingival dental biofilm and for their ability to compete
with cariogenic microorganisms, and promising results have
been obtained for some strains.32 In addition, milk fermented
with Lactobacillus GG was recently shown to reduce the
adherence of Streptococcus mutans to saliva-coated hydroxy-
apatite beads.33 The preventive effect of Lactobacillus GG in
milk has been evaluated in a clinical study of caries involving
nearly 600 pre-school children over a period of 7 months.34

Statistically significant differences were found in the develop-
ment of caries between children treated with the probiotic
strain compared with those given a placebo milk product.
However, children in the active group developed caries in 13
new teeth and six new initial carious lesions, while the corre-
sponding figures in the placebo group were 16 and eight. Clin-
ically, the effect must be considered to be minimal, and the
use of fluoride has probably been more cost-effective.

The use of probiotics to maintain health must be considered
promising, although much remains to be elucidated. The uni-
versal use of dairy strains seems less reasonable from an eco-
logical point of view than selection of strains from their
natural habitat where they are adapted to the ecological niche.
In addition, the pharmacokinetic and the pharmacodynamic
properties, the safety and the risks of acquisition of resistance
to antimicrobial agents should be considered. Double-blind,
placebo-controlled clinical trials are needed.

References

1. Metchnikoff, E. (1907). The prolongation of life. In Optimistic
Studies (Heinemann W., Ed.), pp. 1–100. G. P. Putnam & Sons,
London, UK.

2. Vollaard, E. J. & Clasener, H. A. L. (1994). Colonization resist-
ance. Antimicrobial Agents and Chemotherapy 38, 409–14.

3. Tannock, G. W. (1999). The normal microflora: an introduction.
In Medical Importance of Normal Microflora (Tannock, G. W., Ed.),
pp. 1–23. Kluwer Academic Publishers, London, UK.

4. Sullivan, Å., Edlund, C. & Nord, C. E. (2001). Effect of anti-
microbial agents on the ecological balance of human microflora.
Lancet Infectious Diseases 1, 101–14.

5. Tannock, G. W. (1999). Modification of the normal microflora.
In Medical Importance of Normal Microflora (Tannock, G. W., Ed.),
pp. 487–506. Kluwer Academic Publishers, London, UK.

6. Alvarez-Olmos, M. I. & Oberhelman, R. A. (2001). Probiotic
agents and infectious diseases: a modern perspective on a tradi-
tional therapy. Clinical Infectious Diseases 32, 1567–76.

7. Szajewska, H., Kotowska, M., Mrukowicz, J. Z., Armanska, M.
& Mikotajczyk, W. (2001). Efficacy of Lactobacillus GG in prevention
of nosocomial diarrhea in infants. Journal of Pediatrics 138, 361–5.



Leading article

627

8. Oberhelman, R. A., Gilman, R. H., Sheen, P., Taylor, D. N.,
Black, R. E., Cabrera, L. et al. (1999). A placebo-controlled trial of
Lactobacillus GG to prevent diarrhea in undernourished Peruvian
children. Journal of Pediatrics 134, 15–20.

9. Arvola, T., Laiho, K., Torkkeli, S., Mykkänen, H., Salminen, S.,
Maunula, L. et al. (1999). Prophylactic Lactobacillus GG reduces
antibiotic-associated diarrhea in children with respiratory infections:
a randomized study. Pediatrics 104, 64.

10. Vanderhoof, J. A., Whitney, D. B., Antonsson, D. L., Hanner,
T. L., Lupo, J. V. & Young, R. J. (1999). Lactobacillus GG in the
prevention of antibiotic-associated diarrhea in children. Journal of
Pediatrics 135, 564–8.

11. Thomas, R. M., Litin, S. C., Osmon, D. R., Corr, A. P., Weaver,
A. L. & Lohse, C. M. (2001). Lack of effect of Lactobacillus GG on
antibiotic-associated diarrhea: a randomized, placebo-controlled
trial. Mayo Clinic Proceedings 76, 883–9.

12. Surawics, C. M., Elmer, G. W., Speelman, P., McFarland, L. V.,
Chinn, J. & van Belle, G. (1989). Prevention of antibiotic-associated
diarrhea by Saccharomyces boulardii: a prospective study. Gastro-
enterology 96, 981–8.

13. McFarland, L. V., Surawics, C. M., Greenberg, R. N., Elmer, G.
W., Moyer, K. A., Melcher, S. A. et al. (1995). Prevention of β-
lactam-associated diarrhea by Saccharomyces boulardii compared
with placebo. American Journal of Gastroenterology 90, 439–48.

14. Lewis, S. J., Potts, L. F. & Barry, R. E. (1998). The lack of effect
of Saccharomyces boulardii in the prevention of antibiotic-related
diarrhoea in elderly patients. Journal of Infection 36, 171–4.

15. McFarland, L. V., Surawicz, C. M., Greenberg, R. N., Fekety,
R., Elmer, G. W., Moyer, K. A. et al. (1994). A randomized placebo-
controlled trial of Saccharomyces boulardii in combination with
standard antibiotics for Clostridium difficile disease. Journal of the
American Medical Association 271, 1913–8.

16. Surawicz, C. M., McFarland, L. V., Greenberg, R. N., Rubin, M.,
Fekety, R., Mulligan, M. E. et al. (2000). The search for a better
treatment for recurrent Clostridium difficile disease: use of high-
dose vancomycin combined with Saccharomyces boulardii. Clinical
Infectious Diseases 31, 1012–7.

17. Rolfe, R. D. (2000). The role of probiotic cultures in the control
of gastrointestinal health. Journal of Nutrition 130, Suppl. 2S, 396S–
402S.

18. Sakamoto, I., Igarashi, M., Kimura, K., Takagi, A., Miwa, T. &
Koga, Y. (2001). Suppressive effect of Lactobacillus gasseri OLL
2716 (LG21) on Helicobacter pylori infection in humans. Journal of
Antimicrobial Chemotherapy 47, 709–10.

19. Michetti, P., Dorta, G., Wiesel, P. H., Brassart, D., Vedu, E.,
Herranz, M. et al. (1999). Effect of whey-based culture supernatant
of Lactobacillus acidophilus (johnsonii) La1 on Helicobacter pylori
infection in humans. Digestion 60, 203–9.

20. Canducci, F., Armuzzi, A., Cremonini, F., Cammarota, G.,
Bartolozzi, F., Pola, P. et al. (2000). A lyophilized and inactivated
culture of Lactobacillus acidophilus increases Helicobacter pylori
eradication rates. Pharmacological Therapy 14, 1625–9.

21. Mrda, Z., Zivanovic, M., Rasic, J., Gajin, S., Somer, L.,
Trbojevic, S. et al. (1998). Therapy of Helicobacter pylori infection
using Lactobacillus acidophilus. Meditsinski Pregled 51, 343–5.

22. Rembecken, B. J., Snelling, A. M., Hawkey, P. M., Chalmers, D.
M. & Axon, A. T. R. (1999). Non-pathogenic Escherichia coli versus
mesalazine for the treatment of ulcerative colitis: a randomised trial.
Lancet 354, 635–9.

23. Kruis, W., Schutz, E., Fric, P., Fixa, B., Judmaiier, G. & Stolte,
M. (1997). Double-blind comparison of an oral Escherichia coli pre-
paration and mesalazine in maintaining remission of ulcerative coli-
tis. Alimentary Pharmacology and Therapeutics 11, 853–8.

24. Guslandi, M., Mezzi, G., Sorghi, M. & Testoni, P. A. (2000).
Saccharomyces boulardii in maintenance treatment of Crohn’s
disease. Digestive Diseases and Sciences 45, 1462–4.

25. Gionchetti, P., Rizzello, F., Venturi, A., Brigidi, P., Matteuzzi, D.,
Bazzocchi, G. et al. (2000). Oral bacteriotherapy as maintenance
treatment in patients with chronic pouchitis: a double-blind, placebo-
controlled trial. Gastroenterology 119, 305–9.

26. Reid, G. (2001), Probiotic agents to protect the urogenital tract
against infection. American Journal of Clinical Nutrition 73, Suppl.,
437–43.

27. Famularo, G., Pieluigi, M., Coccia, R., Mastroiacovo, P. & De
Simone, C. (2001). Microecology, bacterial vaginosis and pro-
biotics: perspectives for bacteriotherapy. Medical Hypotheses 56,
421–30.

28. Roos, K., Grahn Håkansson, E. & Holm, S. (2001). Effect of
recolonisation with ‘interfering’ α streptococci on recurrences of
acute and secretory otitis media in children: randomised placebo
controlled trial. British Medical Journal 322, 1–4.

29. Roos, K., Holm, S. E., Grahn-Håkansson, E. & Lagergren, L.
(1996). Recolonisation with selected α-streptococci for prophylaxis
of recurrent streptococcal pharyngotonsillitis – a randomised
placebo-controlled multicentre study. Scandinavian Journal of
Infectious Diseases 28, 459–62.

30. Brook, I. & Gober A. E. (1999). Bacterial interference in the
nasopharynx and nasal cavity of sinusitis prone and non-sinusitis
prone children. Acta Otolaryngologica (Stockholm) 119, 832–6.

31. Roos, K. & Holm, S. (2002). The use of probiotics in head and
neck infections. Current Infectious Disease Reports 4, 211–6.

32. Wei, H., Loimaranta, V., Tenovuo, J., Rokka, S., Syväoja, E. L.,
Korhonen, H. et al. (2002). Stability and activity of specific anti-
bodies against Streptococcus mutans and Streptococcus sobrinus
in bovine milk fermented with Lactobacillus rhamnosus strain GG or
treated at ultra-high temperature. Oral Microbiology and Immunol-
ogy 17, 9–15.

33. Comelli, E. M., Guggenheim, B., Stingele, F. & Neeser, J. R.
(2002). Selection of dairy bacterial strains as probiotics for oral
health. European Journal of Oral Sciences 110, 218–24.

34. Näse, L., Hatakka, K., Savilahti, E., Saxelin, M., Pönkä, A.,
Poussa, T. et al. (2001). Effect of long-term consumption of pro-
biotic bacterium, Lactobacillus rhamnosus GG, in milk on dental
caries and caries risk in children. Caries Research 35, 412–20.




