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Interest to probiotics for the prevention and treatment of antibiotic-associated diarrhea is increasing gradually. The most promising seems to be Saccharomyces boulardii. Using a double-blind controlled study, we investigated the preventive effect of S. boulardii on the development of antibioticassociated diarrhea in patients under antibiotherapy but not requiring intensive care therapy.
All the patients were hospitalized at the Gulhane Military Medical Academy, Department of Infectious
Diseases and Clinical Microbiology. S. boulardii was given twice daily during the course of antibiot-ic
therapy and application was initiated in all patients as late as after 48 hours of antibiotic thera-py. A
total of 151 patients completed the study.
The antibiotic-associated diarrhea development ratio in placebo group was 9% (7/78) and in the
study group 1.4% (1/73) (p<0.05). Stool samples from the patients with antibiotic-associated diarrhea were stored at –70°C and Clostiridium difﬁ cile toxin A assay was performed using Enzyme
Immune Assay as late as in seven days. C. difﬁ cile toxin A assay yielded positive results in two (2/7)
stool samples from the patients with antibiotic-associated diarrhea in the placebo group and a negative result in the only patient who developed antibiotic-associated diarrhea in the study group.
The results implied that prophylactic use of Saccharomyces boulardii resulted in reduced, with no serious side effects, antibiotic-associated diarrhea in hospitalized patients.
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BACKGROUND
The use of antibiotics is commonly accompanied by diarrhea:
idiopathic diarrhea with benign progress and pseudomembranous colitis caused by Clostridium difﬁcile. C. difﬁcile colonizes the gastrointestinal tract and produces a toxin in
cases when the normal ﬂora is suppressed by antibiotics.
Pseudomembranous colitis most frequently appears after
application of clindamycin, lincomycin, ampicillin, cephalosporins, and other antibiotics. The diagnosis is conﬁrmed if
there is evidence of C. difﬁcile toxin in feces [1]. Probiotics are
living organisms which, when ingested, have a beneﬁcial therapeutic effect. Examples are bacteria, especially Lactobacillus
rhamnosus GG, and the yeast Saccharomyces boulardii [2]. S.
boulardii is non-pathogenic yeast ﬁrst isolated from lychee
fruit and was ﬁrst used for the treatment of the diarrhea in
the 1950s in France [3]. This kind of yeast has the unusual
optimal growth temperature of 37°C. In France, its lyophilized form was marketed in 1962 and this form is still widely
used and sold in Europe, Asia, Africa, and Central and South
America. Each dosage, consisting of 250 mg active ingredient, includes 5×109 S. boulardii cells [4]. S. boulardii is resistant to gastric acidity and proteolysis. In the gastrointestinal
tract it reaches high concentration level in a very short time
and persists in viable forms. It does not permanently colonize colonic mucosa and does not live except in the intestinal channel [5–7]. The aim of this study was to investigate
the preventive effect of S. boulardii on antibiotic-associated
diarrhea development in the patients under antibiotherapy
but not requiring intensive care therapy.
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Table 1. Distribution of patients with and without diarrhea into
groups.
Patients with
diarrhea
Placebo group

Patients without
diarrhea

7 (9.0%)

S. boulardii group

1 (1.4%), p<0.05

Mean age

30.9±10.7

Total

8 (5.3%)

71 (91.0%)
72 (98.6%)
23.5±6.7
143 (94.7%)

Table 2. Comparison of patients receiving and not receiving β lactam
antibiotics in terms of diarrhea (If the combination included
β lactam antibiotic, the patient was enrolled in β lactam
group).
Patients with
diarrhea

Patients
without
diarrhea

Total

Receiving β
lactam antibiotic

8 (6.4%),
p>0.05

117 (93.6%)

125 (100.0%)

Not receiving β
lactam antibiotic

0 (0.0%)

26 (100.0%)

26 (100.0%)

Total

8 (5.3%)

143 (94.7%)

151 (100.0%)

MATERIAL AND METHODS
This study was performed between November 2000 and
September 2002. One hundred and ﬁfty-one inpatients of
the Gulhane Military Medical Academy School of Military
Medicine, Department of Infectious Diseases and Clinical
Microbiology, were enrolled in the study. The patients had
to receive chemotherapy but did not require an intensive
care unit. All the subjects had to have the following features:
(a) 25–50 years of age and not pregnant or lactating, (b) no
chronic illness (such as heart failure, chronic renal failure,
chronic obstructive lung disease, hypertension, diabetes mellitus, chronic hepatitis B or C virus infection, Crohn’s Diseases,
colitis ulcerous, etc.), (c) not receiving antacids, H2 receptor
blockers, or proton pump inhibitors, (d) not immunodeﬁcient and with no oncological or hematological disease, (e)
no history of past intestinal parasitic disease, (f) not receiving
vancomycin, teicoplanin, or metronidazole antibiotherapy,
(g) not under immunosuppressive therapy, (h) no history of
gastrointestinal surgery, (i) no history of lactose intolerance
and having no diarrhea, (j) this his/her ﬁrst hospitalization
for therapeutic purposes, and (k) no known allergy to antibiotic drugs. Signed consent with detailed information was obtained from the volunteer patients suitable for the study.
The subjects enrolled in our study were randomly divided
into two groups before the initiation of the antibiotherapy. Seventy-eight patients (74 male and 4 female) were given “antibiotics + placebo” and 73 (65 male and 4 female)
patients were given “antibiotics + S. boulardii”. The patients
were also divided into groups in terms of antibiotics used.
If the therapy included b lactam antibiotic, the patient was
enrolled in the b lactam group. Placebo or S. boulardii were

Table 3. Distribution of CdTA (+) cases into groups.
CdTA (+) cases CdTA (–) cases
Placebo group

2

(2.6%),
p>0.05

Total

76 (97.4%)

78 (100.0%)

S. boulardii group

0

(0.0%)

73 (100.0%)

73 (100.0%)

Total

2

(1.3%)

149 (98.7%)

151 (100.0%)

applied to the patients 48 hours after antibiotherapy was
initiated. They were administered 2×1 per day and half an
hour before or two hours after meals. Each day the patients
were questioned if they had diarrhea. Microscopic and macroscopic stool examinations were performed for the patients
who developed diarrhea. The stool samples were stored at
–70°C. The patients were also questioned about antibioticassociated diarrhea (AAD) for 4 weeks after the cessation
of antibiotherapy. Clostiridium difﬁcile toxin A (CdTA) was
assayed by enzyme-linked immuno sorbent assay (ELISA)
(Bartels, Trinity, Biotec Company; Bray, Ireland).
Data obtained were analyzed with the Statistical Package
for the Social Sciences (SPSS) 9.05 for Windows. The chisquare test was used for comparisons of grouped variables
(such as sex). Fisher’s exact chi-square was used instead of
chi-square when the ratio of the expected values was over
25%. Student’s t-test was used for the comparison of measurement-dependent permanent variables.
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Table 4. Studies on eﬀectiveness of S. boulardii in the prevention of AAD.

Authors, year

Study type

Number of
cases

S. boulardii
duration of
therapy

AAD seen
p
S. boulardii group Placebo group

Adam et al. 1977

DBPC

388

7 days

4.5%

17.5%

<0.001

Surawichz et al. 1989

DBPC

180

28 days

9.5%

22.0%

<0.05

Mc Farland et al. 1995

DBPC

193

28 days

7.2%

14.6%

<0.05

PI

AAD – antibiotic-associated diarrhea; DBPC – double-blind placebo-controlled.

RESULTS
Seven (9.0%) of the patients in the placebo group developed diarrhea and only one (1.4%) patient in the S. boulardii
group had diarrhea (p<0.05). The mean age of the patients
with diarrhea was signiﬁcantly higher than the patients without diarrhea (p<0.05). The distribution of patients with and
without diarrhea into groups and their mean ages are given
in Table 1. There was no signiﬁcant difference between patients receiving b lactam and those not in terms of diarrhea
(p>0.05). Comparison of patients receiving and not receiving
b lactam antibiotics in terms of diarrhea is shown in Table 2.
Stool samples were positive for CdTA assay in only two of the
placebo group, and there was no signiﬁcant difference between the groups in terms of stool CdTA positivity (p>0.05).
The distribution of patients with AAD into groups in terms
of CdTa detection in stool is given in Table 3.

DISCUSSION
Antibiotic-associated diarrhea is a serious issue, and interest
in probiotics used for the prevention and treatment of AAD
is increasing gradually. The most promising one among the
probiotics used seems to be S. boulardii. As seen in Table 1,
the AAD ratio in the S. boulardii group was signiﬁcantly less
than in the placebo group (p<0.05). This ﬁnding shows that
S. boulardii is an effective agent in the prevention of AAD.
The contribution of S. boulardii to intestinal epithelium integrity, its inhibitory effect on pathogenic microbes, and
protective effect on intestinal ﬂoral equilibrium may have
caused the reduced AAD ratio in the S. boulardii group.
In a study by Adam et al, AAD development was 17.5% in
a placebo group and 4.5% in a S. boulardii group (p<0.001)
[8]. In another study by Surawicz et al. AAD was seen in
21.8% of placebo group as 9.5 in S. boulardii group (p<0,05)
[9]. Mc Farland et al. has detected AAD in 7.2% of an S.
boulardii group and in 14.6% of a placebo group (p<0.05)
[10]. Brief information about previous studies on the effectiveness of S. boulardii in the prevention of AAD is given in
Table 4. AAD in all our cases was less than in the previous
studies summarized in Table 4. The reason for this ﬁnding
may be the exclusion of cases with features such as old age,
surgical invention, and underlying serious disease.
It is claimed that AAD arises 8 to 10 weeks after antibiotherapy ends, but it usually begins 4 to 9 days after antibiotherapy is stopped [11]. In the placebo group of our study only
two of seven AAD patient developed AAD just after antibiotherapy stopped: two in ﬁve days and three in 5 to 10 days.

AAD in the S. boulardii group developed just in the second
day of antibiotherapy.
b lactam antibiotics are known to be among the group of
AAD-predisposing antibiotics [10,12–17]. In our cases there
was no signiﬁcant difference between patients receiving
b lactam antibiotics in terms of diarrhea, but the frequency of AAD in the b lactam group was insigniﬁcantly higher
than in the non-b lactam group (p<0.05).
Age is a signiﬁcant risk factor for AAD [13,14,18,19]. In
our study the mean age of the AAD group was signiﬁcantly
higher than the non-AAD group. This result corroborates
age being a risk factor.
In various studies, C. difﬁcile was found to be the causative agent
in 26% to 50% of AAD cases [9,10,20–22]. Elefherios et al. [23]
found C. difﬁcile responsible for 25% of AAD cases, Modi et al.
[24] 20%, and Mc Farland 10% to 33% [25], but Pituch et al.
[26] stated that C. perfringens is not a major primary cause of
antibiotic-associated diarrhea. In our study, CdTA was positive
in only two of eight AAD cases and the rate was 25%. All the
CdTA (+ve) cases were in the placebo group. The number of
CdTA (+ve) cases was too small to compare statistically.

CONCLUSIONS
Our study corroborates previous studies on the effectiveness
of S. boulardii preparation in the prevention of AAD. The
conclusion of the results of both previous studies and of ours
is that S. boulardii preparation seems to be an appropriate
choice and should be used in the prevention of AAD.

REFERENCES:
1. Canovic P, Todorovic Z, Gajovic O et al: Pseudomembranous
colitis during antibiotic therapy Med Pregl, 2003; 56(7–8): 381–83
2. Surawicz CM: Probiotics, antibiotic-associated diarrhoea and Clostridium difﬁcile. diarrhoea in humans. Best Pract Res Clin Gastroenterol,
2003; 17(5): 775–83
3. Mc Farland LV, Bernasconi P: Saccharomyces boulardii: A Review
of an Innovative Biotherapeutic Agent. Microbial Ecology Heath Dis,
1993; 6: 157–71
4. Saccharomyces boulardii. Edition Scientiﬁques des Laboratories
Biocodex
5. Berg R, Bernasconi P, Fowler D, Gautreaux M: Inhibition of
Candida albicans Translocation from the Gastrointestinal Tract of
Immunosuppressed Mice by Oral Treatment with Saccharomyces boulardii. J Infect Dis, 1993; 168: 1314–18
6. Blehaut H, Massot J, Elmer GW, Levy RH: Disposition Kinetics of
Saccharomyces boulardii in Man and Rat. Biophar Drug Dispos, 1989;
10: 353–64

PI21
Electronic PDF security powered by ISL-science.com

This copy is for personal use only - distrib
This copy is for personal use only - distribution prohibited.

7. Boddy AV, Elmer GW, McFarland LV, Levy RH: Influence of
Antibiotics on the Recovery and Kinetics of Saccharomyces boulardii
in Rats. Pharmac Research, 1991; 8: 796–800
8. Adam J, Barret A, Barret-Bellet C: Essais Cliniques Controles en
Double insu de L’ultra-levure Lyophilisee: Etude Multicentrique par 25
medecins e 388 cas. Gazzette Medicale Francaise, 1977; 84: 2072–78
9. Surawicz CM, Elmer GW, Speelman P et al: Prevention of Antibiotic
Associated Diarrhoea by Saccharomyces boulardii: A Prospective Study.
Gastroenterology, 1989; 96: 981–88
10. Mc Farland LV, Surawicz CM, Greenberg RN et al: Prevention of Beta
Lactam Associated Diarrhoea by Saccharomyces boulardii Compared
with Placebo. Am J Gastroenterol, 1995; 90: 439–48
11. George WL: Antimicrobial Agent-Associated Diarrhoea in Adult Humans.
Clostridium difﬁcile — Its Role In Intestinal Disease, (Eds) Rolfe RD,
Fiegold SM. London, Academic Press, 1988; 31–34
12. Arronson B, Molby R, Nord CE: Antimicrobial Agents and Clostridium
difﬁcile in Acute Enteric Disease: Epidemiological Data from Sweden.
J Infect Dis, 1985; 151: 476–81
13. Brown E, Talbot GH, Axelrod P et al: Risk Factors for Clostridium difﬁcile Toxin Associated Diarrhoea. Infect Control Hosp Epidemiol, 1990;
10: 283–90
14. Cartmill TDI, Panigrahi H, Worsley MA et al: Management and Control
of a Large Outbreak of Diarrhoea Due to Clostridium difﬁcile. J Hosp
Infect, 1994; 27: 1–15
15. Holst E, Helin I, Mardh PA: Recovery of Clostridium difﬁcile from
Children. Scand J Infect Dis, 1981; 13: 41–45
16. Nelson D, Auerbach SB, Baltch AL et al: Epidemic Clostridium difﬁcile Associated Diarrhoea: Role of Second And Third Generation
Cephelosporins. Infect Control Hosp Epidemiol, 1994; 15: 88–94

Med Sci Monit, 2006; 12(4): PI19-22
17. Surawicz CM, Mc Farland LV: Pseudomembranous Colitis: Causes and
Cures. Digestion, 1999; 60: 91–100
18. Mc Farland LV: Diarrhoea Acquired in Hospital. Gastroenterol Clin
North Am, 1993; 22: 563–67
19. Mc Farland LV: Epidemiology of Infectious and Iatrogenic Nosocomial
Diarrhoea in a Cohort of General Medicine Patients. Am J Infect Control,
1995; 23: 295–305
20. Barlett JG: Clostridium difﬁcile: History of Its Role as an Enteric Pathogen
and the Current State of Knowledge About the Organism. Clin Infect
Dis, 1994; 18(Suppl): 265–72
21. Knobel H, Salvado M, Plass E et al: Nosocomial Epidemic Outbreak of
diarrhoea from Clostridium difﬁcile: Comparative Study of Diarrhoea
Associated with the Use of Antibiotics (in Spanish). Med Clin (Barc),
1994; 102: 165–68
22. Soyletir G, Eskiturk A, Kilic G et al: Clostridium difﬁcile Acquisition
Rate and Its role in Nosocomial Diarrhoea at a University Hospital in
Turkey. Eur J Epidemiol, 1996; 12: 391–94
23. Eleftherios M, Edward TR, Stephen BC: Clostridium difﬁcile Associated
Diarrhoea. Arch Intern Med, 2001; 161: 525–33
24. Modi N, Wilcox MH: Evidence for Antibiotic Induced Clostridium perfringens Diarrhoea. J Clin Pathol, 2001; 54(10): 748–51
25. Mc Farland LV, Stamm WE: Rewiew of Clostridium difﬁcile Associated
Diseases. Am. J Infect Control, 1986; 14(3): 99–109
26. Pituch H, van den Braak N, van Belkum A et al: Characterization of
Clostridium perfringens strains isolated from Polish patients with
suspected antibiotic-associated diarrhea. Med Sci Monit, 2002; 8(3):
BR85–88

py is for personal use only - distribution prohibited.

This copy is for personal use only - distribution prohibited.

This copy is for personal use only - distribution prohibited.

Product Investigation

PI22
Electronic PDF security powered by ISL-science.com

Global Scientific Information Systems
for Scientists by Scientists

IndexCopernicus.com

SE

www.

R
SO
O N
N A
LY L
U

EVALUATION & BENCHMARKING
PROFILED INFORMATION

NETWORKING & COOPERATION
VIRTUAL RESEARCH GROUPS
GRANTS
PATENTS

CLINICAL TRIALS
JOBS

STRATEGIC & FINANCIAL DECISIONS

Index
Copernicus
integrates

PE

This copy is for personal use only - distrib
This copy is for personal use only - distribution prohibited.
This copy is for personal use only - distribution prohibited.
This copy is for personal use only - distribution prohibited.
py is for personal use only - distribution prohibited.

Index Copernicus

IC Scientists

IC Virtual Research Groups [VRG]

Effective search tool for
collaborators worldwide.
Provides easy global
networking for scientists.
C.V.'s and dossiers on selected
scientists available. Increase
your professional visibility.

Web-based complete research
environment which enables researchers
to work on one project from distant
locations. VRG provides:

IC Journal Master List

IC Patents

Scientific literature database,
including abstracts, full text,
and journal ranking.
Instructions for authors
available from selected journals.

Provides information on patent
registration process, patent offices
and other legal issues. Provides
links to companies that may want
to license or purchase a patent.
IC Grant Awareness

IC Conferences
Effective search tool for
worldwide medical conferences
and local meetings.

Need grant assistance?
Step-by-step information on
how to apply for a grant. Provides
a list of grant institutions and
their requirements.

customizable and individually
self-tailored electronic research
protocols and data capture tools,
statistical
analysis and report

creation tools,

profiled
information on literature,

publications, grants and patents
related to the research project,
administration
tools.


IC Lab & Clinical Trial Register
Provides list of on-going laboratory
or clinical trials, including
research summaries and calls for
co-investigators.

Electronic PDF security powered by ISL-science.com

