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Abstract
The cause of many gastrointestinal diseases, such as irritable bowel syndrome, chronic inflammatory bowel disease: 
inflammatory and necrotizing enterocolitis or diarrhea: infectious, traveler’s diarrhea, and diarrhea caused by anti-
biotic treatment is an imbalance of intestinal microflora. Probiotics are live microorganisms, which administered in 
sufficient quantities, have beneficial health effects. The phenomenon of eating probiotic products started 100 years 
ago, when the first reports showed beneficial effects of probiotic bacteria on human health. Since then, probiotic 
preparations have become an essential element in the prevention and treatment of certain diseases. Currently, 
probiotics are of the utmost importance in supporting the treatment of gastrointestinal diseases and autoimmune 
disorders. Probiotic microorganisms are primarily lactic acid-producing bacteria of the general Lactobacillus, 
Bifidobacterium. Many studies have confirmed the beneficial effects of probiotics, particularly in the treatment of 
acute diarrhea. This applies in particular to diarrhea of viral etiology, especially in infants and young children (Adv 
Clin Exp Med 2013, 22, 5, 759–766).
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Streszczenie
Przyczyną wielu chorób przewodu pokarmowego, takich jak np.: zespół jelita nadwrażliwego, przewlekłe choro-
by zapalne jelit – nieswoiste i martwicze zapalenie jelit, biegunki – infekcyjna, podróżnych, poantybiotykowa, są 
zaburzenia równowagi mikroflory jelitowej. Probiotyki to żywe drobnoustroje, które podawane w odpowiednich 
ilościach wywierają korzystny efekt zdrowotny. Zjawisko probiozy zaczęto wykorzystywać już 100 lat temu, gdy 
pojawiły się pierwsze doniesienia o korzystnym wpływie bakterii probiotycznych na zdrowie człowieka. Od tamte-
go czasu preparaty probiotyczne stały się istotnym elementem w profilaktyce i leczeniu niektórych chorób. Obecnie 
probiotyki mają największe znaczenie we wspomaganiu leczenia chorób układu pokarmowego oraz zaburzeń auto-
immunologicznych. Do drobnoustrojów o działaniu probiotycznym należą przede wszystkim bakterie produkujące 
kwas mlekowy z rodzaju: Lactobacillus, Bifidobacterium. Wiele badań potwierdziło korzystne działanie probioty-
ków, przede wszystkim w leczeniu ostrej biegunki. Dotyczy to przede wszystkim biegunek o etiologii wirusowej, 
zwłaszcza u niemowląt i małych dzieci (Adv Clin Exp Med 2013, 22, 5, 759–766).
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The word “probiotic” is derived from Greek pro 
bios meaning “for life”. Already in ancient times peo-
ple were aware of the positive effects of fermented 
foods on human health. Although they did not know 

the mechanism of action of this type of products, fer-
mented dairy products were recognized as an excel-
lent medication for ailments such as gastrointestinal, 
liver diseases, and even atherosclerosis [1].
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In 1857, Louis Pasteur proved the existence of 
microorganisms responsible for the fermentation 
of lactic acid, and 20 years later, Lister identified 
the first pure culture of lactic acid bacteria. Break-
throughs in probiotics were made by Russian No-
bel Prize laureate Elie Metchnikoff, who showed in 
his research that some groups of bacteria inhibit 
the growth of Vibrio cholerae [2]. In 1917, during 
an outbreak of salmonellosis, a strain of probiotic 
bacteria not belonging to the group of lactic acid 
bacteria (LAB) was first isolated – Escherichia coli 
Nissle 1917 (E. coli Nissle) [3]. Other strains of mi-
croorganisms with confirmed health benefits were: 
Lactobacillus casei Shirota, isolated by Japanese sci-
entist Minoru Shirota and Bifidobacterium: Bacil-
lus bifidus communis which were first described by 
Henry Tissier from the Pasteur Institute [4].

The term “probiotics” appeared in medical ter-
minology in 1954 because of Ferdinand Vergina, 
who in a paper “Anti- und Probiotika” described the 
adverse effects of antibiotics and other antimicrobi-
al preparations on the intestinal microflora as com-
pared with bacteria showing a positive effect referred 
to as “probiotika” [5]. A number of studies conduct-
ed on probiotics in the second half of the twentieth 
century affected modifications of their definition; fi-
nally scientists accepted that probiotics are “live mi-
croorganisms, which have beneficial health effects 
when administered in appropriate amounts (FAO/ 
/WHO)” [6]. In recent years, however, there are re-
ports which undermine this definition, and indicate 
that dead probiotic microorganisms, or even bacte-
rial DNA also show beneficial health effects [7, 8].

The purpose of this paper is to analyze the cur-
rent literature on the health benefits of probiotics 
with special attention to their participation in the 
prevention and treatment of diseases of the gastro-
intestinal tract.

Taxonomy of Probiotic 
Microorganisms
Most probiotic microorganisms belong to 

a group of LAB (lactic acid-producing bacte-
ria). They include Gram-positive cocci and rods of 
the genera Lactobacillus, Lactococcus, Bifidobac-
terium, Streptococcus, Leuconostoc, Oenococcus, 
Pediococcus, Carnobacterium, Tetragenococcus, 
Vagococcus, Weisella [9, 10]. A common feature of 
these bacteria is the ability of anaerobic digestion 
of saccharides and production of lactic acid. These 
microorganisms are characterized by a resistance 
to low pH and tolerance to a wide range of temper-
atures. The natural ecosystem of the LAB is the di-
gestive tract, mucous membrane of the mouth and 
genital tract of humans and animals. Probiotic mi-
croorganisms include Saccharomyces cerevisiae ssp 

boulardii (S. boulardii) yeast and several species 
of bacteria of the genera Escherichia and Bacillus. 
The source of probiotics may be pharmaceutical 
formulations, dietary supplements or fermented 
products, in which mainly LAB are present [11].

Lactobacillus bacteria are a major component 
of the microflora of fermented food. Sauerkraut, 
pickled cucumbers, acidified milk, yogurt and oth-
er milk products are abundant in these bacteria. 
Bifidobacteria form primarily gastrointestinal bio-
cenosis in humans and animals.

Mechanism of Action  
of Probiotics
So far, the exact mechanism of action of pro-

biotics has not been explained, but a number of 
aspects of the way it affects the human body was 
found, including [12, 13]:
– beneficial effect on the intestinal microflora,
– prevention of intestinal infections,
– increased tolerance to lactose,
– improving the immune system,
– anti-allergic effects,
– prevention of cardiovascular disease,
– prevention of cancer.

Probiotics:
– compete for receptors or adhesion to endothe-

lial cells, thus preventing access of pathogens 
to the intestinal epithelium [14],

– produce antimicrobial compounds [15],
– run competition with other microorganisms 

for nutrients [16],
– cause acidification of the intestinal contents, 

which inhibits the growth of some pathogenic 
bacteria [17],

– affect the enzymatic modification of the recep-
tors for bacterial toxins [18],

– show modifying effect on cellular immune and 
humoral response – via lymphocyte activa-
tion, stimulation of phagocytosis, stimulation 
of IgA and sIgA antibody synthesis and INF 
cytokines production [19].
The dose of probiotics is usually given as the 

number of colony forming units (CFU). The opti-
mal dosage has not been established, but the results 
of clinical studies show that the minimum daily 
therapeutic dose should be 106–109 CFU [20].

The Role of Probiotics in the 
Prevention and Treatment  
of Gastrointestinal Diseases
Phenomenon of eating probiotic products 

started to be used 100 years ago, when the first 
reports showed beneficial effects of probiotic 
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bacteria on human health. Since then, the probiot-
ic preparations have become an essential element 
in the prevention and treatment of certain diseas-
es. Currently, probiotics are of utmost importance 
in supporting the treatment of gastrointestinal dis-
eases and autoimmune disorders. Despite the ev-
idence for the efficacy, in many cases, still there 
have been no studies explicitly stating their ther-
apeutic properties [21]. Concerns about the safety 
of widespread use of probiotics are associated with 
the risk of bacterial translocation, sepsis and the 
development of antibiotic resistance [22].

Acute Infectious Diarrhea
Acute diarrhea is defined as more often than 

usual bowel movements lasting 10–14 days. The 
main causes of this ailment are viral infections (ro-
tavirus, adenovirus, etc.), bacteria (Salmonella spp, 
some pathogenic strains of Escherichia coli, Yer-
sinia enterocolitica, Clostridium difficile and other) 
and parasitic infections (Giardia lamblia, Crypto-
sporidium parvum) [23, 24].

Research on the beneficial effects of probiotics 
in various diseases, particularly diarrheal infections 
are carried out in many countries of the world. 
According to ESPGAN (European Society for Pae-
diatric Gastroenterology, Hepatology and Nu-
trition)/ESPID (European Society for Paediat-
ric Infectious Diseases) current guidelines for the 
treatment of acute diarrhea in children, probiotics 
of proven efficacy such as Lactobacillus casei ssp. 
rhamnosus (Lactobacillus GG) and Saccharomy-
ces boulardi can be administered and one should 
be warned against possible antibiotic resistance, or 
transfer of this trait to other bacteria when given 
any probiotics [24, 25]. Carried out in France and 
Lebanon in 2010, a multicenter study of the impact 
of milk supplementation with the probiotic S. bou-
lardi administered to children with acute diarrhea 
showed a significant reduction in the duration of 
diarrhea and body weight gain after body weight 
loss faster than the standard milk feeding [26].

An analysis of other studies involving a total 
of 1,917 patients showed that probiotics reduce the 
risk and average duration of diarrhea [27].

Authors of a study conducted in Brazil on 
186 children aged 6 to 48 months, hospitalized for 
acute diarrhea, demonstrated in a double-blind 
trial, that the administration of the probiotic yeast  
S. boulardii to patients results in shortening of the 
duration of symptoms compared with the placebo 
group. But it is important to provide a formulation 
containing probiotics within 72 hours of onset of 
symptoms [28].

The results of clinical trials involving a group of 
more than 500 children, aged 3 months to 3 years 

indicate that, among a number of probiotic strains, 
the use of Lactobacillus GG only showed signifi-
cant effect of shortening of diarrhea duration in 
comparison with the control group [29].

Many authors’ results were also positive in 
terms of the efficacy of probiotics [30]. The ad-
vantages of probiotic preparation administration 
for acute diarrhea involve mainly shorter duration 
of symptoms compared to placebo as well as a re-
duced number of stools per day. The other author’s 
point out, however, that the routine use of probi-
otics is not recommended due to the lack of clear 
information about the activity of a probiotic strain 
and dosage [31].

Taking into account the results of recent me-
ta-analysis, it is considered that administration of 
probiotics in the case of infectious diarrhea offers 
modest benefits compared with the control group, 
including shortening of diarrhea duration on aver-
age by 17–30 hours. This effect depends on the type 
of probiotic strain administered. Documented ac-
tivity is shown by Lactobacillus GG and S. boular-
dii. The effect of probiotics on the course of acute 
diarrhea was considered to be clinically relevant in 
the case of diarrhea of viral etiology and the best 
results were achieved through the use of supple-
ments in the initial stage of the onset of symptoms. 
Previous observations indicate that more concen-
trated dose of probiotics, more than 109–1011 CFU, 
gives better therapeutic results. In Poland, probiot-
ics are involved in preparations: Dicoflor 30, Dico-
flor 60 and Ido-Form Kid [24, 32–34].

The results obtained by other authors have 
shown that the addition of Bifdobacterium lactis 
in an amount of 1.9 × 108 CFU per 1 g of powder 
milk for children and Streptococcus thermophilus 
in amount of 0.14 × 108 CFU per 1 g of the powder 
milk leads to a reduction in the frequency of noso-
comial diarrhea and reduces the risk of rotavirus 
infection [35].

In 2009–2010 in Spain, an analysis of the im-
pact of Lactobacillus salivarius as a milk supple-
ment in 6-month-old infants demonstrated safety 
and tolerability of probiotics [36]. 

Traveler’s Diarrhea
Traveler’s diarrhea are symptoms manifested 

in an acute infection of the gastrointestinal tract, 
characterized by the excretion of a minimum of 
three unformed stools per day, associated with the 
change of residence, such as foreign travel.

In more than 80% of cases the cause of travel-
er’s diarrhea is a bacterial infection, the most com-
mon with E. coli enterotoxic ETEC strain, rarely 
Campylobacter, Shigella and Salmonella [37]. This 
type of diarrhea occurs in 20–40% of the tourists 



J. Sarowska et al.762

visiting Central America and South America, South 
Asia and Africa, and in 10–15% of tourists visiting 
the Middle East, China, Russia and southern Eu-
rope [38]. Currently, scientists looking for alterna-
tives to antibiotics, which are not recommended in 
the prevention and treatment of traveler’s diarrhea, 
drew their attention to the possibility of exploiting 
the potential of probiotic microorganisms.

McFarland [39] conducted a study on the use 
of probiotics in the prevention of traveler’s diar-
rhea. Observations carried out by this author using 
S. boulardii probiotic yeast showed that 29–34%  
of the patients receiving 5 × 109–1 × 1010 CFU of 
probiotic for three weeks had symptoms of travel-
er’s diarrhea, whereas patients in the placebo group 
suffering from traveler’s diarrhea ranged 39–43%. 
In each of the four experiments, the beneficial ef-
fect of S. boulardii was statistically significant.

Other probiotic strains used in such studies 
involve L. acidophilus, L. bulgaricus and Strepto-
coccus thermophilus. A mixture of bacteria taken 
for two weeks demonstrated efficacy in 57% of pa-
tients, while in the control group, no diarrhea was 
observed only in 29% of patients. 

Prophylactic application of the preparation 
containing the Lactobacillus GG strain in a dose 
of 2 × 109 CFU for 2 weeks also proved its ef-
fectiveness in reducing the symptoms of travel-
er’s diarrhea in 59% of patients in comparison 
with the control group, which reached a value of 
53% [39].

However, not all probiotic strains are effective 
in preventing traveler’s diarrhea. The use of both 
L. acidophilus and L. fermentum in very large dos-
es of the order of 2 × 1011 CFU did not bring the 
expected results, because the effectiveness of these 
preparations was comparable to, or slightly lower 
than that in the control group [39].

Antibiotic-Associated Diarrhea
The side effects of antibiotics often include di-

arrhea. They occur in 11–40% of children and in 
5–39% of adults treated with antibiotics such as am-
picillin, amoxicillin, cephalosporins and clindamy-
cin. These drugs cause changes in the composition 
of intestinal microflora, leading to a proliferation 
of bacterial strains resistant to the above formu-
lations, such as C. difficile, C. perfringens type A,  
S. aureus, K. oxytoca, Salmonella spp, Candida spp. 
Other causes of antibiotic-associated diarrhea are: 
an impairment in fermentation processes carried 
out by intestinal microorganisms and dysfunction 
in the utilization of free fatty acids [40, 41].

The efficacy of some probiotic bacteria in 
the prevention of antibiotic-associated diarrhea 
(L. rhamnosus, S. boulardi) has been confirmed, 

which justifies the position of the Polish Group of 
Experts on the recommendations for prevention of 
this type of diarrhea [40].

In a study by Hickson et al. [42] patients un-
dergoing antibiotic therapy, and 7 days after ad-
ministering 100 g of Actimel yogurt twice a day. 
The results showed a lower risk of antibiotic-asso-
ciated diarrhea and diarrhea caused by C. difficile 
infection compared with the control group, as con-
firmed by the experts on the justified use of probi-
otic supplementation in antibiotic therapy.

McFarland [43] investigated the possibility of 
preventing antibiotic-associated diarrhea (in par-
ticular due to C. difficile) through the use of pro-
biotics. Meta-analysis covered more than 3000 pa-
tients. It has been found that probiotics significantly 
reduce the risk of antibiotic-associated diarrhea 
and prevent diarrhea caused by C. difficile infec-
tion. The most effective strains were S. boulardii, 
Lactobacillus GG, and probiotic mixtures.

Many studies of other authors have confirmed 
the effectiveness of Lactobacillus GG in the pre-
vention of antibiotic-associated diarrhea [44, 45].

Necrotizing Enterocolitis
Necrotizing enterocolitis (NEC) is one of the 

complications occurring in premature infants. 
Among the reasons for this are the following: hy-
poxia, ischemia, or infection of the fetus. Undevel-
oped immune system increases the adverse effects 
caused by the factors mentioned above [46].

Based on an analysis of 11 randomized con-
trolled trials performed in the past 15 years, Desh-
pande et al. [47] found that in the group receiv-
ing probiotics (depending on the study: B. bifidus, 
B. lactis, B. infantis, L. acidophilus, Lactobacillus 
GG, B. breve, S. boulardii, S. thermophilus, L. ca-
sei, B. longum) the risk of NEC decreased, the inci-
dence of sepsis remained unchanged, mortality for 
whatever reason was reduced, but mortality from 
NEC remained at the same level as in the control 
group.

The justification of the use of probiotics in 
NEC is not entirely clear, because the study in-
volved the use of different strains of probiotic bac-
teria, and as it is known, different strains vary in 
effectiveness measures. Currently the use of pro-
biotics with well-documented efficacy is allowed if 
there is a large probability of NEC [47].

In 2007, a review of studies on the use of pro-
biotics in the prevention of NEC in premature in-
fants born before 33 weeks and body weight un-
der 1500 g was published [48]. Statistical analysis 
of clinical trials on prophylactic effects of probiot-
ics in premature infants showed a significant re-
duction in the risk of NEC in the group of children 
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receiving probiotics, as well as a reduction in to-
tal mortality by 64% compared with the con-
trol group. These results were confirmed in other 
meta-analyses [49].

Inflammatory Bowel Disease
Inflammatory bowel diseases are a group of 

diseases involving specific lesions in different parts 
of the gastrointestinal tract. Their etiology has not 
been clarified, but the likely pathomechanism in-
cludes autoimmune process in people genetically 
predisposed. The second suggested reason is the 
impaired immune response to the indigenous in-
testinal microflora. The most common diseases 
known as inflammatory bowel diseases are ulcer-
ative colitis and Crohn’s disease. These disorders 
are more common in young people, and in recent 
years there has been a significant increase in the 
number of cases.

Ulcerative Colitis
According to the definition [50], it is a chron-

ic inflammatory disease of the mucous membrane 
of the rectum or the rectum and the colon of un-
known etiology, leading in some cases to necro-
sis, ulceration, and perforation of the intestine as 
a result. It mostly affects young people between 20 
and 40 years of age. This disease is more common 
in the developed countries of North America and 
Europe.

A VSL#3 preparation consisting of 8 probiot-
ic microorganisms – four strains of Lactobacillus: 
L. acidophilus, L. casei, L. delrueckii subs. bulgari-
cus, L. plantarum, three Bifidobacterium strains: B. 
breve, B. longum, B. infantis, and Streptococcus sal-
ivarius subs. thermophilus was tested. In a study 
in children aged 2–16 after a year of treatment 
(dose dependent on weight) in the probiotic-treat-
ed group, recurrence of symptoms was observed 
in 21% of patients, while in the placebo group, the 
rate was at 73%. As a result of VSL#3 administra-
tion to adult patients in the amount of 3.6 × 1012 
CFU twice daily, an improvement was reported in 
43% of patients after 12 weeks of treatment. In the 
control group, only 16% of patients had remission 
of the disease [51].

In children with ulcerative colitis, administra-
tion of VSL#3 resulted in the induction and main-
tenance of remission of the disease (92.8%), com-
pared with the results of the placebo group [52].

Another microorganism, whose activity in the 
treatment of ulcerative colitis was demonstrated 
in clinical trials, is E. coli Nissle 1917. The effica-
cy of this strain was compared with the standard 
anti-inflammatory drug used in the treatment of 

this disease – mesalazine. The results after a year 
of treatment showed that the percentage of pa-
tients taking the probiotic, who had improved 
health status was similar to that in patients treat-
ed with mesalazine and amounted to 64% and 
66% [53].

Crohn’s Disease
Crohn’s disease (CD) is another inflammato-

ry bowel disease and is characterized by a chron-
ic inflammatory process that is present in the gas-
trointestinal wall. The most common site affected 
is the terminal part of the ileum. Although the CD 
pathogenesis has not yet been explained, but there 
are suggestions that the development of inflam-
mation determine three factors: abnormal intesti-
nal microflora, impaired immune system response 
and genetic predisposition [54]. The incidence of 
CD in Europe is estimated at 1–11.4 per 100,000 
per year.

Lactobacillus GG in the dose of 1.2 × 1010 CFU 
was used in clinical trials to determine the efficacy 
of the probiotic in CD. The tested formulation was 
administered to patients for one year after surgery. 
Recurrence of symptoms occurred in 16% of pa-
tients treated with the probiotic versus 10% on pla-
cebo. Controversy about the effectiveness of probi-
otics in CD is associated with endoscopy, in which 
60% of patients in remission had recurrent path-
ological changes in the intestine, whereas in the 
control group they were found in 35%. These re-
sults may indicate a failure of probiotic therapy in 
CD [55].

Observations of the influence of probiotics on 
CD remission time were also conducted in chil-
dren after pharmacological treatment. A tested 
probiotic strain was Lactobacillus GG which was 
administered to patients at a dose of 1 × 1011 CFU 
for a period of two years. The results showed that 
in patients treated with the probiotic average re-
mission time was 9.8 months, and the relapse was 
observed in 31% of subjects and the recurrence of 
symptoms occurred in 17% of patients in the pla-
cebo group after an average of 11 months after the 
end of drug therapy [56].

Another probiotic strain tested in clini-
cal trials in patients treated surgically for CD 
was L. johnsonii, given in a dose of 4 × 109 CFU 
for a period of 6 months after surgery. In this 
case, a beneficial effect of a probiotic on main-
tenance of CD remission was confirmed in 
51% of patients in comparison with the place-
bo group, in which the percentage was 36% [56]. 
Presented data suggests that the beneficial effect of 
probiotics for the treatment and prevention of re-
lapse of CD is debatable.
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Irritable Bowel Syndrome

Irritable bowel syndrome (IBS) is a function-
al bowel disorder that is manifested by abdomi-
nal pain and discomfort associated with defeca-
tion or a change in bowel habits [57]. The disease is 
chronic and is one of the most common disorders 
of the digestive system. IBS occurs in over 20% of 
the adult population, and the women are predom-
inant group of patients affected by IBS.

It is understood that one of the causes of this 
disease are impaired intestinal microflora, result-
ing in malabsorption of bile acids in the colon and 
increased fluid and mucus secretion through the 
mucosa, which results in diarrhea. Bacteria of the 
genus Lactobacillus and Bifidobacterium are in-
volved in the conjugation of bile acids in the in-
testine so that lower amount of acids reach the 
large bowel, and this in turn reduces the severi-
ty of diarrhea and reduces the discomfort of the 
patient [57].

In recent clinical trials, the efficacy of probiot-
ics in alleviating the gastrointestinal symptoms has 
been confirmed. Treatment with a probiotic con-
taining L. plantarum 299 v (Lp 299 v) significant-
ly reduced the main symptoms of IBS, such as ab-
dominal pain, discomfort and bloating. Sawant et 
al. [58], on the basis of research conducted among 
214 patients with irritable bowel syndrome, have 
demonstrated the efficacy and clinical utility of Lp 
299 v probiotic strain administered once daily for 
four weeks.

A study by Kruis et al. [59] involved the appli-
cation of the E. coli Nissle 1917 probiotic strain in 
patients with irritable bowel syndrome. The study 
showed that long-term supplementation with the 

probiotic caused a 20% improvement compared to 
the placebo group.

Results of many clinical trials which involved 
various probiotic strains allow to conclude that 
these preparations support the treatment of symp-
toms associated with IBS [60], and specific ther-
apeutic effect is conditioned by a kind of applied 
strain. It has been found that formulations con-
taining L. plantarum help reduce flatulence. Sim-
ilar results were obtained for VSL#3, while Lac-
tobacillus GG may potentially reduce the risk of 
diarrhea. The clinical effects of a B. infantis 35,624 
strain have confirmed as beneficial. The prep-
aration administered to patients at a dose of 108 
CFU showed at least 20% decrease in all major IBS 
symptoms compared with placebo.

Conclusions
Probiotics have GRAS status (Generally Rec-

ognized As Safe) granted by the FDA (Food and 
Drug Administration). It is believed that the risk 
of infection with probiotic bacteria is negligible; 
however, caution is advised in their use in pre-
term infants, immunocompromised patients, crit-
ically ill in intensive care. The use of probiotics as 
a treatment is justified only in relation to specif-
ic probiotic strains and the appropriate dose [20]. 
Probiotics are likely to find wide application in the 
treatment of gastrointestinal diseases [4]. So far, 
the best-documented treatment seems to be the 
prevention of acute infectious diarrhea. Also the 
treatment of some diseases of the gastrointestinal 
tract function is promising, but this requires fur-
ther studies to confirm the initial results.

References
 [1] Neish AS: Microbes in gastrointestinal health and disease. Rev Bas Clin Gastroenterol 2009, 136, 65–80. 
 [2] Metchnikoff E: The prolongation of life. New York: G.P. Putnom & Sons 1907.
 [3] Nissle A: Die antagonistische Behandlung chronischer Darmstorungen mit Colibakterien. Med Klin 1918, 2, 

29–33.
 [4] Vasiljevic T, Shah NP: Probiotics – from Metchnikoff to bioactives. Int Dairy J 2008, 18, 714–728.
 [5] Vergin F: Anti- und Probiotika. Hippokrates 1954, 25, 16–119.
 [6] Joint FAO/WHO Working Group Report on Drafting Guidelines for the Evaluation of Probiotics in Food. 

London, Ontario, Canada, April 30 and May 1, 2002.
 [7] Madsen K, Jijon H, Yeung H: DNA from probiotic bacteria exerts anti-inflammatory actions on epithelial cells by 

inhibition of NFκB. Gastroenterol 2002, 122, Abstract 546.
 [8] Rachmilewitz D, Karmeli F, Takabayashi K: Amelioration of experimental colitis by probiotics is due to the 

immunostimulatory effect of its DNA. Gastroenterol 2002, 122, Abstract T1004.
 [9] Naidu AS, Bidlack WR, Clemens RA: Probiotic spectra of lactic acid bacteria (LAB). Crit Rev Food Sci Nutr 1999, 

39, 13–126.
[10] Moneta J, Libudzisz Z: Suitability of Lactobacillus strains as components of probiotics. [In:] Food Biotechnology. 

Vol. 17 Progress in Biotechnology, Elsevier Science B.V., Amsterdam, The Netherlandes 2000, 257–264.
[11] Schrezenmeir J, de Vrese M: Probiotics, prebiotics, and synbiotics – approaching a definition. Am J Clin Nutr 

2001, 73, 361–364.
[12] Madaliński K, Szajewska H: Probiotics: mechanism of action, immunomodulation and potential use in gastroin-

testinal diseases. Zakażenia 2004, 5, 42–48.



The Therapeutic Effect of Probiotic Bacteria 765

[13] Czerwionka-Szaflarska M, Romańczuk B: Probiotics – which, whom, when? Przew Lek 2008, 1, 214–221. 
[14] Servin AL: Antagonistic activities of lactobacilli and bifidobacteria against microbial pathogens. FEMS Microbiol 

Rev 2004, 28, 405–40.
[15] Elmer GW: Probiotics: “living drugs”. Am J Health Syst Pharm 2001, 58, 1101–1109.
[16] Ruszczyński M, Radzikowski A, Szajewska H: Clinical trial: effectiveness of Lactobacillus rhamnosus (strains E/N, 

Oxy and Pen) in the prevention of antibiotic-associated diarrhoea in children. Alimentary Pharmacol Therap 2008, 
28, 154–161. 

[17] Alakomi HL, Skytta E, Saarela M, Mattila-Sandholm T, Latva-Kala K, Helander IM: Lactic acid permeabilizes 
gram-negative bacteria by disrupting the outer membrane. Appl Environ Microbiol 2000, 66, 2001–2005.

[18] Chen X, Kokkotou EG, Mustafa N, Bhaskar KR, Sougioultzis S: Saccharomyces boulardii inhibits ERK1/2 mito-
gen-activated protein kinase activation both in vitro and in vivo and protects against Clostridium difficile toxin 
A-induced enteritis. J Biol Chem 2006, 281, 24449–24454.

[19] Wold AE: Immune effects of probiotics. Scand J Nutr 2001, 45, 76–85.
[20] PharmacoEconomics & Outcomes News: Recommendations for the use of probiotics have been released follow-

ing the Advances in Clinical Use of Probiotics Workshop. 9 August 2008, Volume, Issue 559, 5, Guideline.
[21] Vandenplas Y, De Hert SG: Randomised clinical trial: the synbiotic food supplement probiotical vs. placebo for 

acute gastroenteritis in children. Aliment Pharmacol Ther 2011, 34, 862–867.
[22] Boyle RJ, Robins-Browne RM, Tang ML: Probiotic use in clinical practice: what are the risks? Am J Clin Nutr 2006, 

83, 1256–1264.
[23] Casburn-Jones AC, Farthing MJ: Management of infectious diarrhoea. Gut 2004, 53, 296–305.
[24] Guarino A, Albano F, Ashkenazi S, Gendrel D, Hoekstra JH, Shamir R, Szajewska H: European Society for 

Paediatric Gastroenterology, Hepatology, and Nutrition/European Society for Paediatric Infectious Diseases 
evidence-based guidelines for the management of acute gastroenteritis in children in Europe: executive summa-
ry. J Pediatr Gastroenterol Nutr 2008, 46, 619–621.

[25] Guandalini S: Probiotics for prevention and treatment of diarrhea. J Clin Gastroenterol 2011, 149–153.
[26] Le Luyer B, Makhoul G, Duhamel JF: Étude multicentrique, contrôlée en double insu d’une formule adaptée 

enrichie en Saccharomyces boulardii dans le traitement des diarhées aiguës du nourisson. Archiv Pediatrie 2010, 
17, 459–465.

[27] Allen SJ, Okoko B, Martinez E, Gregorio G, Dans LF: Probiotics for treating infectious diarrhoea. Cochrane 
Database Syst Rev 2004, CD003048.

[28] Corrêa N, Penna F, Lima F, Nicoli J, Péret Filho L: Treatment of acute diarrhea with Saccharomyces boulardii in 
infants: a double-blind, randomized, placebo controlled trial. J Clin Gastroenterol 2011, 149–153.

[29] Canani RB, Cirillo P, Terrin G, Cesarano L, Spagnuolo MI, De VA, Albano F, Passariello A, De MG, et al.: 
Probiotics for treatment of acute diarrhoea in children: randomised clinical trial of five different preparations. BMJ 
2007, 335, 340–345.

[30] Sazawal S, Hiremath G, Dhingra U, Malik P, Deb S, Black RE: Efficacy of probiotics in prevention of acute diar-
rhoea: a meta-analysis of masked, randomised, placebo-controlled trials. Lancet Infect Dis 2006, 6, 374–382.

[31] Szajewska H, Hoekstra JH, Sandhu B: Management of acute gastroenteritis in Europe and the impact of the 
new recommendations: a multicenter study. The Working Group on acute Diarrhoea of the European Society for 
Paediatric Gastroenterology, Hepatology, and Nutrition. J Pediatr Gastroenterol Nutr 2000, 30, 522–527.

[32] Szajewska H, Mrukowicz JZ: Probiotics in the treatment and prevention of acute infectious diarrhea in infants 
and children: a systematic review of published randomized, double-blind, placebo-controlled trials. J Pediatr 
Gastroenterol Nutr 2001, 33, 17–25.

[33] Szajewska H, Skorka A, Dylag M: Meta-analysis: Saccharomyces boulardii for treating acute diarrhoea in chil-
dren. Aliment Pharmacol Ther 2007, 25, 257–264.

[34] Szajewska H, Skorka A, Ruszczynski M, Gieruszczak-Bialek D: Meta-analysis: Lactobacillus GG for treating 
acute diarrhoea in children. Aliment Pharmacol Ther 2007, 25, 871–881.

[35] Aggett PJ, Agostoni C, Axelsson I, Braegger C, Goulet O, Koletzko B, Michaelsen KF, Rigo J, Shamir R, 
Szajewska H, Turck D, Weaver LT: Probiotic bacteria in dietetic products for infants: A Commentary by the 
ESPGHAN Committee on Nutrition. J Pediatr Gastroenterol Nutr 2004, 38, 4, 365–374.

[36] Maldonaldo J, Lara-Villoslada F, Sierra S, Sempere L, Gomez M, Rodriguez JM, Boza J, Xaus J, Olivares M: 
Safety and tolerance of the human milk probiotic strain Lactobacillus salivarius CECT5713 in 6-month-old chil-
dren. Nutrition 2010, 26, 1082–1087.

[37] Gascón J: Epidemiology, etiology and pathophysiology of traveler’s diarrhea. Digestion 2006, 73, 1, 102–108.
[38] Al-Abri SS, Beeching NJ, Nye FJ: Traveller’s diarrhoea. Lancet Infect Dis 2005, 5, 349–360.
[39] McFarland LV: Meta-analysis of probiotics for the prevention of traveler’s diarrhea. Travel Med Infect Dis 2007, 

5, 97–105.
[40] Szajewska H, Ruszczynski M, Radzikowski A: Probiotics in the prevention of antibiotic-associated diarrhea in 

children: a meta-analysis of randomized controlled trials. J Pediatr 2006, 149, 367–372.
[41] Ruszczynski M, Radzikowski A, Szajewska H: Clinical trial: effectiveness of Lactobacillus rhamnosus (strains E/N, 

Oxy and Pen) in the prevention of antibiotic-associated diarrhoea in children. Alimentary Pharmacol Therap 2008, 
28, 154–161.

[42] Hickson M, D’Souza AL, Muthu N: Use of probiotic Lactobacillus preparation to prevent diarrhoea associated 
with antibiotics: randomised double blind placebo controlled trial. BMJ 2007, 335, 80.



J. Sarowska et al.766

[43] McFarland LV: Meta-analysis of probiotics for the prevention of antibiotic associated diarrhea and the treatment 
of Clostridium difficile disease. Am J Gastroenterol 2006, 101, 812–822.

[44] Hickson M, D’Souza AL, Muthu N, Rogers TR, Want S, Rajkumar C, Bulpitt CJ: Use of probiotic Lactobacillus 
preparation to prevent diarrhoea associated with antibiotics: randomized double blind placebo controlled trial. 
BMJ 2007, 335, 80.

[45] Rohde CL, Bartolini V, Jones N: The use of probiotics in the prevention and treatment of antibiotic-associated 
diarrhea with special interest in Clostridium difficile-associated diarrhea. Nutr Clin Pract 2009, 24, 33–40.

[46] Lin HC, Su BH, Chen AC: Probiotics may reduce risk of necrotizing enterocolitis in very low birth weight infants. 
Pediatrics 2005, 115, 1–4.

[47] Deshpande G, Rao S, Patole S, Bulsara M: Updated meta-analysis of probiotics for preventing necrotizing entero-
colitis in preterm neonates. Pediatrics 2010, 125, 5, 921–930.

[48] Deshpande G, Rao S, Patole S: Probiotics for prevention of necrotising enterocolitis in preterm neonates with very 
low birth weight: a systemic review of randomized controlled trials. Lancet 2007, 369, 1614–1620.

[49] Mihatsch WA, Braegger CP, Decsi T: Critical systematic review of the level of evidence for routine use of probi-
otics for reduction of mortality and prevention of necrotizing enterocolitis and sepsis in preterm infants. Clinical 
Nutri 2012, 31, 1, 6–15.

[50] Fedorak RN: Probiotics in the management of ulcerative colitis. Gastroenterol Hepatol (NY) 2010, Nov, 6, 11, 
688–690.

[51] Floch MH: Probiotic therapy for ulcerative colitis. J Clin Gastroenterol 2010, Apr, 44, 4, 237–238.
[52] Miele E, Pascarella F, Giannetti E, Quaglietta L, Baldassano RN, Staiano A: Effect of aprobiotic preparation 

(VSL#3) on induction and maintenance of remission in children with ulcerative colitis. Am J Gastroenterol 2009, 
104, 437–443.

[53] Kruis W, Fric P, Pokrotnieks J: Maintaining remission of ulcerative colitis with the probiotic Escherichia coli 
Nissle 1917 is as effective as with standard mesalazine. Gut 2004, 53, 1617–1623.

[54] Shanahan F: Crohn’s disease. Lancet 2002, 359, 62–69.
[55] Prantera C: Probiotics for Crohn’s disease: what have we learned? Gut 2006, 55, 6, 757–759. 
[56] Hedin C, Whelan K, Lindsay JO: Evidence for the use of probiotics and prebiotics in inflammatory bowel disease: 

a review of clinical trials. Proc Nutr Soc 2007, 66, 307–315.
[57] McFarland LV, Dublin S: Meta-analysis of probiotics for the treatment of irritable bowel syndrome. World 

J Gastroenterol 2008, May, 7, 14, 17, 2650–2661.
[58] Sawant PD, Venkatramant J, Ducrotte P: Evaluation of Lactobacillus plantarum 299v Efficacy in IBS: Results of 

a Randomized Placebo-Controlled Trial in 200 Patients. Gastroenterol 2010, DDW.
[59] Kruis W, Chrubasik S, Boehm S: A double-blind placebocontrolled trial to study therapeutic effects of probiotic 

Escherichia coli Nissle 1917 in subgroups of patients with irritable bowel syndrome. Int J Colorectal Dis 2012, 27, 
467–474.

[60] Rogers NJ, Mousa SA: The shortcomings of clinical trials assessing the efficacy of probiotics in irritable bowel 
syndrome. J Altern Complement Med 2012, Feb, 18, 2, 112–119.

Address for correspondence:
Jolanta Sarowska 
Department of Basic Sciences
Wroclaw Medical University
Chałubińskego 4
50-368 Wrocław
Tel.: +48 71 784 13 07
E-mail: jolanta.sarowska@umed.wroc.pl

Conflict of interest: None declared

Received: 6.12.2012
Revised: 4.02.2013
Accepted: 3.10.2013


	Title page / Strona tytułowa

