
DTECTA P
rob

iot
ics

www.dt
ec

ta.
co

.uk

 

Saccharomyces boulardii Publications Copyright J. Pediatr. Gastroenterol. Nutr. – 1/6 

Journal of Pediatric Gastroenterology and Nutrition  
16:419 -425 © 1993 Raven Press, Ltd., New York  
 

Saccharomyces boulardii for Clostridium  
difficile-Associated Enteropathies in Infants 

 

Jean-Paul Buts, |Gérard Corthier, and *Michel Delmee 
 

Laboratory of Paediatric Gastroenterology and Nutrition and *Laboratory of Microbiology, Catholic University of 
Louvain, Brussels, Belgium; and |Unit of Intestinal Bacterial Function, INRA, Jouy-en-Josas, France 

 
 

 
Summary: Based on experimental evidence in animals showing that the oral administration of Saccharomyces 
boulardii is effective in reducing morbidity and mortality due to Clostridium difficile-induced pseudomembranous 
colitis, we conducted an open trial to examine the effects of the living yeast, given as primary therapy, in a selected 
group of infants and children with persistent intestinal symptoms related to toxinogenic C. difficile overgrowth. Over 
a period of 10 consecutive months, we studied 19 eligible patients (median age 8 months) who presented with enteral 
symptoms lasting for > 15 days and who had solely C. difficile in stools with positive cytotoxin B assay. Serotyping 
of the strains and determination in vitro of production of toxins A and B were performed subsequently. The patients 
presented with persistent or protracted diarrhea, malabsorption, and failure to grow (n = 8), or with repeated attacks 
of colics, emesis, and hypermeteorism without diarrhea (n = 4), or with both entities (n = 7). Patients with chronic 
protracted diarrhea (n = 3) had depressed jejunal disaccharidase activities and ultrastructural changes of enterocytes, 
including sparce and shortened microvilli. None had evidence of colitis. 
All the strains of C. difficile tested (n = 17) belonged to pathogenic serotypes (A 1, A8, C, F, G, H, and K) and 
produced in vitro  high levels of toxins A (n = 16) and B (n = 17). S. boulardii was given orally in a lyophilized form 
over 15 days (250 mg two to four times per day according to age). Within 1 week of treatment, enteral symptoms and 
physical findings resolved in 18 patients (95%) with marked decreases (p < 0.001) in the number of stools, frequency 
of colic episodes, and total duration of colics per day. Clearing of toxin B was observed within 15 days of therapy in 
16 cases (85%), whereas eradication of C. difficile from stools was complete after 1 month in 14 (73%). Also, the 
ultrastructural changes observed in patients with chronic protracted diarrhea (n = 3) had disappeared after 1 month. 
A clinical and bacteriological relapse occurred in two patients (11%), which resolved rapidly with a second 15-day 
course of S. boulardii. These findings suggest that some toxinogenic strains of C. difficile may cause chronic 
enteropathies without colitis that may be improved by oral administration of S. boulardii. 
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In adults, Clostridium difficile is now recognized as the principal etiological agent of pseudomembranous colitis and 
of antibiotic-associated  diarrhea (1). In neonates and infants, however, its role in intestinal diseases has been 
questioned (2,3). Asymptomatic carriage of nontoxinogenic as well as toxinogenic isolates is frequent until the age of 
2 years (4), and only a few cases of pseudomemb ranous  colitis related to  C. difficile have been reported in infants 
(5,6). Although the association of toxinogenic strains of C. difficile with chronic diarrhea, Hirschsprung's disease, 
necrotizing enterocolitis, and relapses of inflammatory bowel disease has been described in children (7-9), systematic 
antibiotic therapy for children with diarrhea and fecal C. difficile  toxin remains controversial because of the absence 
of objective criteria of pathogenicity. The observation that C. difficile colonization is mostly the consequence of 
antibiotic therapy or occurs; commonly in neonates whose intestinal flora is not yet constituted emphasizes the 
crucial importance of the microflora as a barrier to colonization. In humans, experimental rectal infusion of 
homologous feces as well as the ingestion of mixed bacterial flora have been reported to be efficient in preventing 
relapses of intestinal symptoms related to C. difficile (10,11). 

Moreover, the colonization of hamsters with non-toxinogenic C. difficile  strains before exposure to toxinogenic 
strains increases survival rate up to 93% as opposed to a 21% survival rate recorded in the control group (12). 

Recently, the oral administration of a lyophilized preparation of Saccharomyces boulardii, a non-pathogenic 
yeast, has also been shown to be efficient in preventing mortality due to experimental cecitis in hamsters (13) and to 
C. difficile-induced pseudomembranous colitis in gnotobiotic mice (14). A preliminary study conducted in adults has 
shown that the oral administration of S. boulardii reduced significantly the recurrence rate of postantibiotic 
C. difficile colitis (15). These observations prompted us to conduct an open trial with S. boulardii  given orally as 
primary therapy in a selected group of infants and children who presented with persistent intestinal symptoms related 
to toxinogenic C. difficile colonization. 

 
 

METHODS 
 
Patients  

 
The study was conducted over 10 consecutive months in 19 eligible patients who all were referred to the 

Cliniques St-Luc, University Hospital, Brussels. Infants and children were excluded from the trial for the following 
reasons: clinical or endoscopic evidence of pseudomembranous colitis, immune-compromised status, antibiotic 
therapy for <3 days before enrollment, and discovery in stools of another pathogen. Informed consent was obtained 
from the parents of all infants, and the study protocol was approved by the University Hospital Ethical Committee.  
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Patients who were monitored for <2 weeks also were considered to have insufficient follow-up and were excluded 
from the study. Eligible patients had solely positive C. difficile stool cultures and also were positive for cytotoxin B 
assay. Serotyping of the strains and determination in vitro of toxin A and B production were performed 
subsequently. At enrollment, a full medical history was recorded from the parents, including details on diet, stool 
habits, antibiotic usage, and growth curves. S. boulardii (ATCC 74012 Laboratoires Biocodex, Montrouge, France)  
was  given in a  lyophilized form (batches of 250 mg) at the following doses: 250 mg two times per day for infants < 1 
year of age, three times per day for children 1-4 years of age, and four times per day for those >4 years of age. 
Administration of the drug was continued for 2 weeks. While the infants were hospitalized, the nursing staff kept a 
daily record of dietary intakes, episodes of crying, colic attacks, and stool frequency and consistency. For 
outpatients, the same data were recorded by the parents. 

The protocol called for collection of fresh stool samples for C. difficile culture on entry into the study and at days 
7, 15, and 30. Chronic persistent diarrhea was defined as abnormally frequent (more than three per day) and liquid 
stools lasting for 14 days or more, and chronic protracted diarrhea as chronic diarrhea lasting for 14 days or more, 
associated with malabsorption, failure to thrive, and unresponsiveness to conventional therapy. Patients in whom the 
enteral disease resolved with treatment entered a follow-up period. The parents were asked to report whenever 
diarrhea or other symptoms recurred. Infants were routinely reviewed at monthly intervals. Microbiologic studies on 
feces were repeated at day 30 or whenever symptoms recurred. Symptomatic relapse was defined as recurrence of 
diarrhea and/or enteral symptoms with evidence of C. difficile  and toxin B in the stools, provided that symptoms had 
resolved with initial therapy. 

 
 

Microbiological Methods 
 
Feces were inoculated into the medium described by George et al. (16), which had been modified to include the 

selective agents cycloserine (350 µg/ml) and cefotaxime (4 µg/ml), and incubated at 37°C for 48 h. C. difficile was 
identified on the basis of fermentation product analysis by gas liquid chromatography. Fecal filtrates were examined 
for C. difficile  cytotoxin B using confluent monolayers of HeLa cells with specific neutralization by C. difficile 
antitoxin. The serogroup of each C. difficile  strain was determined by a slide agglutination technique using 10 rabbit 
antisera designated by letters A, B, C, D, F, G, H, I, K, and X (17, 18). Strains belonging to serogroup A were further 
characterized for subclasses (A1 to A12) by sodium dodecyl sulfate-polyacrylamide gel electrophoresis as previously 
described (19). The strains of C. difficile isolated from the patients were coded and sent to one of us (G.C.) for in 
vitro analysis of toxin A and B production. 
 
The assays were performed by persons uninformed of the identity of the strains using an enzyme -linked 
immunosorbent assay for toxin A and a cytotoxicity assay for toxin B (20,21).  
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Statistical Analysis  
 

Differences between means of the clinical parameters were tested for statistical significance by non-parametric 
methods (Mann-Whitney U test) (22).  
 
 
RESULTS 
 

Historical data of the patients are summarized in Table 1. Of the 19 infants and children studied, 13 had received 
during the months or weeks preceding admission one or more courses of antibiotic therapy for acute infections, 
including tonsillitis, otitis, bronchitis, enteritis, or malaria. Nine infants had been treated with antibiotics for an acute 
episode of enteritis related to the presence of a pathogen in their stools. 

Disappearance of these pathogens from stools was repeatedly demonstrated before enrollment into the study. 
The antibiotics incriminated for the induction of C. difficile infection were trimethoprim sulfamethoxazole (n = 13), 
amoxicillin (n = 2), erythromycin (n = 1), cloxacillin (n = 1), colimycin (n = 1), fungizone (n = 1), and chloroquine (n = 1).  

 
TABLE 1. Patients and mode of presentation 

 
Number 19 
Boys 7 
Girls 12 
Age 
 Median 8 mo  
 Range 2 mo to 11 yr 
Patients who had received antibiotic 
therapies before onset  13 
Patients who had acute enteritis  
 before onset  9 
Pathogens 
 Rotavirus 3 
 Y. enterolilica 3 
 C. jejuni 1 
 S. enteritidis  1 
 C. albicans  1 
Mode of presentation of C. difficile 
 overgrowth 
Chronic diarrhea 8 
Colics with emesis and hypermeteorism 4 
 Mixed 7 
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TABLE 2. Symptoms and clinical findings at enrollment 
 

General 
 Weight loss, failure to thrive 6 
 Poor appetite 5 
 Malnutrition 3 
Digestive 
 Chronic persistent diarrhea 12 
 Chronic protracted diarrhea 3 
 Recurrent episodes of colics 11 
 Hypermeteorism 13 
 Abdominal distention 8 
 Repeated emesis 7 

 
One patient had received oral vancomycin for protracted diarrhea with weight loss related to the presence of a 
toxinogenic strain of C. difficile  in stools. After clinical and bacteriological relapse was confirmed,  he was enrolled in 
the study. The patients presented on admission with persistent or protracted diarrhea (n = 8), with a syndrome of 
repeated attacks of colic, emesis, and hypermeteorism without diarrhea (n = 4), or with both digestive syndromes (n = 
7). 

Symptoms and physical findings at admission are listed in Table 2. Among the 15 patients who presented with 
chronic diarrhea, three exhibited clinical and biological evidence of malnutrition with failure to grow and poor 
appetite. Histological examination of jejunal biopsy samples (n = 3) showed either normal mucosal morphology (n = 2) 
or partial villous atrophy with increased number of mucoid cells (n = 1). In two patients, the specific activity of jejunal 
disaccharidases was depressed to values 20-50% of the control values. Electron microscopy of jejunal enterocytes (n 
= 3) (Fig. 1) showed sparse and shortened microvilli covered by abundant mucoid material containing cellular debris. 
At rectosigmoidoscopy, however, there was no macroscopic or microscopic evidence of colitis. The patients with 
chronic protracted diarrhea were placed on supportive parenteral nutrition. Before therapy was initiated, all patients 
had C. difficile with positive cytotoxin B in their stools without any other pathogen detectable. Subsequent 
bacteriological analysis of 17 isolates from 15 patients confirmed that 16 of the 17 strains tested, produced in vitro  
high levels of both toxins A and B, one strain producing toxin B only (Table 3). Strains belonged to the following 
serotypes: A1 (n = 2), A8 (n = 1), C (n = 1), F (n = 1), G (n = 4), H (n = 5), and K (n = 3). The patients received a mean 
course of 15 ± 5 days of oral S. boulardii . 

In 18 patients, symptoms and clinical findings resolved within 1 week of treatment. Compared with initial values 
recorded by the parents and the nursing staff on day 0, the number of stools, frequency  of colic episodes, and total 
duration  of colics  per  day  were  decreased  significantly (p < 0.001) on day 7 (Fig. 2).  
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FIG. 1. Electron microscopy of jejunal enterocytes from 
a 6-month-old girl with protracted diarrh ea, malnutrition, 
and failure to thrive. A strain type H+ of enterotoxigenic 
C. difficile was discovered in stools. Note shortened 
and sparce microvilli covered by abundant mucoid 
material containing cellular debris. Original 
magnification x29,412; reduced 50% for reproduction. 

 
Clearing of cytotoxin B from stools occurred after 15 days in 16 patients (85%) and after 1 month in two others, 
whereas eradication of C. difficile from stools was complete after 1 month in 14 patients (73%) (Table 4). The 
ultrastructural changes of jejunal epithelial cells observed in patients with protracted diarrhea, including sparse and 
shortened microvilli, had disappeared on the control biopsy sample taken 1 month later. 
 

 
 
 
FIG. 2. Frequency of stools, frequency of colics, and duration 
of colic episodes per day recorded by the parents and nursing 
staff on day 0 (D0) and after 7 days (D7) of treatment with 
S. boulardii. The number of patients with diarrhea is 15 and 
those with colic episodes is 11. Values are mean ± SD; 
*p  < 0.001 versus data of D0. 



DTECTA P
rob

iot
ics

www.dt
ec

ta.
co

.uk

 

Saccharomyces boulardii Publications Copyright J. Pediatr. Gastroenterol. Nutr. – 7/6 

 



DTECTA P
rob

iot
ics

www.dt
ec

ta.
co

.uk

 

Saccharomyces boulardii Publications Copyright J. Pediatr. Gastroenterol. Nutr. – 8/6 

TABLE 3. Bacteriological data: serotype of C. difficile 
and in vitro production of toxins A and B 

 
   Toxin A a Toxin Ba 

Patients Age Serotype (ng/ml) (pg/ml) 
1.  D. K 5 mo A8 1.2 3.1 
2.  D.C. 2 mo H 1.1 3.5 
3.  B.M.L. 10 mo H 2.7 2.6 
4.  K.L. 

 1st 4 mo G 2.3 3.1 
 2nd 6 mo G 2.1 3.7 

5.  L.P. 
 1st 11 yr G 2.3 4.2 
 2nd 11 yr G 2.7 3.5 

6.  A.C. 7 mo K 2.3 3.6 
7.  B.T. 32 mo H 2.6 3.1 
8.  W.X. 6 mo H 3.1 3.1 
9.  N.N. 9 mo C 0.8 4.5 
10.  B.S. 6 mo A1 2.5 2.6 
11.  P.S. 3 mo K 0.5 1.3 
12.  D.M. 22 mo K 1.0 2.7 
13.  D.E. 2 mo A1 0.8 1.6 
14.  C.O. 13 mo H 0.9 3.1 
15.  E.M. 4 mo F 0.0 2.8 

 

a Results are expressed as log10. 












