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ABSTRACT

Background: Acute watery diarrhea (AWD) remains a leading cause of death in children. Probiotics, when used alongside
standard therapy, can improve clinical outcomes.

Objective: To compare the effectiveness of Bacillus clausii versus Saccharomyces boulardii, each combined with zinc and
oral rehydration solution (ORS), in the management of AWD in children.

Method: This randomized controlled trial was conducted in the Department of Pediatric Medicine, Children’s Hospital
Lahore, from April to September 2023. Sixty children aged 3 months to 5 years with AWD and mild to moderate dehydration
were randomly assigned to Group A (Bacillus clausii + Zinc + ORS) or Group B (Saccharomyces boulardii + Zinc + ORS).
Primary outcomes were stool frequency and consistency; secondary outcome was hospital stay duration.

Results: In a total of 60 children, 30 each group, 28 (46.7%) were male. Both groups showed decreased stool frequency
from day 1 to day 5. Group A reduced from 4.43 + 1.72 to 1.56 + 0.57 stools per day, while Group B decreased from 4.96
+ 1.56 to 1.76 + 0.63 stools per day. Group A had a higher efficacy rate (96.7%) compared to Group B (90%) and faster
symptom improvement (2.48 + 0.74 days vs. 3.14 + 1.06 days, p = 0.007). Group A had a shorter mean hospital stay (34.86
hours vs. 48.40 hours, p=0.014).

Conclusion: Bacillus clausii in comparison to Saccharomyces boulardii is more effective in reducing the duration as well
as frequency of diarrhea in children.
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INTRODUCTION: In children, acute diarrhea ranks as the second most common illness after respiratory
tract infections [1] . Diarrhea is marked by more frequent bowel movements (=3 loose stools in 24 hours) and
changes in stool consistency, often accompanied by symptoms such as fever, vomiting, and imbalances in
electrolytes and pH levels [2]. The condition typically lasts less than two weeks and can be caused by various
factors and pathogens.! Acute watery diarrhea (AWD) is a major health issue for children under five years old
globally, affecting around 1.7 billion cases and more than 0.5 million deaths every year. About 90% of these
deaths occur in South Asia and sub-Saharan African regions [2]. If not promptly and effectively treated, AWD
in children may progresss to severe dehydration and serious life-threatening complications [3].

Despite significant advancements in diarrhea management, such as early use of “oral rehydration solutions
(ORS)”, continued feeding, oral zinc, and antibiotics (in case of bacterial diarrhea) [4] . In the recent decades,
probiotics have emerged as popular choice for the prevention and treatment of various health conditions
including AWD, though the concept being over a century old. According to WHO, probiotics are living
microorganisms which confer health benefits when given in sufficient amount, “International Life Science
Institute (ILSI)” and “European Food and Feed Cultures Association (EFFCA)” also endorse this definition [4].
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In infectious diarrhea, probiotics combat pathogenic bacteria, producing various antimicrobial substances,
acidifying the gut contents, and improving both specific and non-specific immune response [5,6].

Although, ORS is the primary choice of treatment in diarrhea, it does not stop the advancement of diarrhea,
correct micro flora imbalance, clear pathogens, or address environmental enteric dysfunction. These issues
may be managed by probiotics. Some experts have shown that probiotics could provide effective alleviation in
the treatment of diarrhea when given in combination with the standard treatment [6,7]. The optimal probiotic for
treating acute diarrhea in children remains debatable . Even the traditional pairwise, meta-analyses have
typically focused on a single probiotic and have not identified the most effective one [8] . Choosing the
appropriate probiotic for treating acute watery diarrhea is complex and depends on several factors, including
the strain's ability to restore disrupted gut flora, the availability of high-quality probiotic products locally, and
consensus on their efficacy and safety [9]. Recent literature highlights three effective probiotic strains—
Saccharomyces boulardii (S. boulardii), Bacillus clausii (B. clausii), and Lactobacillus reuteri, for diarrheal
diseases [10] .

B. clausii is a resilient, spore-forming, Gram-positive bacterium known for its ability to survive stomach acidity
and colonize the intestines effectively. It has been recommended for treating intestinal bacterial flora
disturbances in both children and adults [11]. Research, including systematic reviews and clinical studies,
demonstrates that B. clausii can reduce the duration of acute watery diarrhea, lower the frequency of stools,
and decrease hospitalization compared to standard treatments like ORT alone or ORT with zinc
supplementation [12] . These findings underscore B. clausii efficacy in managing acute diarrhea, making it a
valuable option in clinical practice. S. boulardii, derived from the Saccharomyces cerevisiae species, is a yeast
probiotic known for its anti-inflammatory and antibacterial properties [13] . Given the varying results and the
importance of effective treatment for AWD in pediatric patients, this study aims to directly compare the
effectiveness of zinc supplementation with ORS and B. clausii versus zinc with ORS and S. boulardii. The study
will provide valuable insights into the optimal probiotic treatment for acute watery diarrhea, considering factors
such as improvement in frequency, consistency of stool and total duration of stay at hospital diarrhea duration.
This comparison is critical for establishing evidence-based guidelines and improving clinical outcomes for
children with acute diarrhea.

METHOD: This randomized controlled trial was performed at “The Department of Pediatric Medicine,
Children's Hospital, Lahore”, Pakistan from April 2023 to September 2023. The sample size of 60 (30 in each
group) patients was estimated with 95% confidence level, 5% absolute precision (margin of error) taking mean
duration of hospital stay' in group-A (B. clausii + zinc+ ORS) as 3.66+1.31and that in group-B (S. boulardii
+zinc+ ORS) as 1.0810.80. The consecutive sampling method of patient fulfilling inclusion and exclusion criteria
was used followed by randomization. Inclusion criteria included patients aged 3 months to 5 years with AWD of
fewer than 14 days, confirmed by gross stool examination, and presenting with mild to moderate dehydration.
Exclusion criteria encompassed a history of blood or pus in stools, recent antibiotic or probiotic treatment,
immunodeficiency conditions, acute systemic illnesses, chronic diarrhea, and hypersensitivity to B. clausii or S.
boulardii. After ethical approval from Institutional review board of Children’s Hospital Lahore, parents or
guardians of eligible patients were counseled and provided with written informed consent. Using the lottery
method, patients were randomly assigned to either Group A or Group B . Treatment was administered
according to group assignment, and patients were monitored for 120 hours, with primary outcomes being
improvements in stool frequency and consistency, and secondary outcomes being the total duration of hospital
stay. After discharge, patients were followed up for an additional five days. Data on demographics and detailed
history were collected, and outcome variables were recorded on a specially designed proforma. The duration
of diarrhea was determined by measuring the time, in hours, from the first instance of an abnormal (loose or
liquid) stool to the last one, before the return to a normal stool consistency. Efficacy was determined by
considering patients recovered if they met any of the following criteria: no watery stool, < two stools per day for
two consecutive days, or two consecutive formed stools. Stool consistency was graded on a five-point scale:
firm, soft, thick liquid, opaque watery, and watery. Data was analyzed using IBM-SPSS Statistics, version 26.
Numerical variables were presented by mean +SD. Categorical variables were presented as frequency and
percentage. The chi-square test was applied to compare categorical data whereas independent sample or
paired sample t-test were applied for comparing numeric data taking p <0.05 as statistically significant. Approval
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from “Institutional Ethical Committee” was obtained (Letter number: 521/CH/UCHS, dated 10-03-22). This
randomized clinical trial was registered at ClinicalTrials.gov with ID NCT06540209 .

RESULTS:  Out of total of 60 children, 28 (46.7%) were male. The gender (p=0.268), and age distribution
(p=0.696) did not show any significant differences among children of both study groups (table 1).
Table 1: Comparison of gender and age in study groups (n=60)

Variables Group-A Group-B P-value
(Bacillus clausii) (Saccharomyces
n=30 boulardii) n=30
Gender Male 13 (43.3%) 15 (50.0%) *0.268
Female 17 (56.7%) 15 (50.0%)
Age, years (Mean * SD) 18.63+13.29 20.06+14.95 **0.696

*Chi-square test, ** Independent sample t test

Both groups experienced a decrease in stool frequency from day-1 to day-5. In Group A, mean number of stools
per day were reduced from 4.43+1.72 on day-1 to 1.56+0.57 on day-5 (p<0.001). In Group B, the number of
stools per day decreased from 4.96+1.56 on day 1 to 1.76+0.63 on day-5 (p<0.001). Comparison of daily
frequency of stools among study groups did not reveal any significant differences (p>0.05), as shown in figure-
l.

Group A: Bacillus clausii
6 Group B: Saccharomyces boulardii

Mean number of stools per day

2 p=0.216
1 p=0.372 l
p=0.073 p=0.101 p=0.202
0
Day-1 Day-2 Day-3 Day-4 Day-5

=== Group-A =@ Group-B

Figure-lI: Mean frequency of stools per day during the study period in both study groups

Overall, effectiveness was noted in 56 (93.3%) children. Both groups showed effectiveness in treating watery
diarrhea, with efficacy rates of 96.7% in Group-A and 90.0% in Group-B (p=0.301). Patients in Group A (2.48 £
0.74 days) experienced symptom improvement sooner than those in Group B (3.14 £ 1.06 days, 0.007). The
mean duration of hospitalization was significantly shorter for Group A as B. clausii significantly reduced the
mean hospital stay by 14.04 hours (p=0.014) (table 2).

Table-2: Comparison of outcomes (N=60)

Outcomes Group-A Group-B P-value
(Bacillus clausii) (Saccharomyces
boulardii)
Effectiveness Yes 29 (96.7%) 27 (90.0%) *0.301
No 1(3.3%) 3 (10.0%)
Effectiveness in term of days to 2.48+0.74 3.14+1.06 **0.007
resolve diarrhea (Mean + SD)
Duration of hospitalization in 34.86+16.55 48.40+24.12 **0.014

hours (Mean + SD)
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*Chi-square test, **Independent sample t-test
DISCUSSION

The selection of a suitable probiotic is complex due to variations in the availability, affordability, and
effectiveness. International guidelines, including those in Pakistan, recommend the use of various probiotics
[14]. In our study both probiotics were effective in treating watery diarrhea, however the B. clausii group
(96.7%) was more effective compared to the S. boulardii group (90%). Morever, B. clausii group experienced
symptom improvement sooner than those in S. boulardii group (p= 0.007) and had shorter hospital stay
(P=0.014). Mahyar et al indicated that the S. Boulardii compared to placebo imparted significant decrease in
the duration (p=0.03) and frequency (p=0.04) of diarrhea, but extent of hospitalization did not differ significantly.
These findings support the use of S. Boulardii as a beneficial treatment for acute diarrhea in pediatric patients
[13] . Fatima et al. [14]. showed that B. clausii with standard treatment was more efficacious. Conversely, a
randomized trial in Argentina found that S. boulardii significantly reduced the mean duration of diarrhea when
compared to B, clausii [15]. A randomized trial in Argentina showed that S. boulardii significantly reduced the
mean duration of diarrhea when compared to B clausii, (64.6 hours vs. 78.0 hours, p = 0.04). Though in that
study both probiotics had similar secondary outcome improved the frequency and severity of loose stools,
increased the number of children without diarrhea by Day 6, and were well-tolerated [15] compared to our study
in which where B. clausii group had faster resolution of symptoms. Another study conducted in India showed
that S. boulardii group reflected significantly shorter duration of diarrhea in comparison to B. clausii group by
25.2 hours (p<0.001). Contrary to our study, Asmat et al. found that a higher percentage of children successfully
treated with S. boulardii were 45% compared to 26% with B. clausii [16].

The male-to-female ratio in this study population was 1:1.14, consistent with previous studies indicating almost
equal susceptibility to acute watery diarrhea across genders [17]. Group A had a mean age of 18.63 £ 13.30
months, while in Group B, it was 20.07 + 14.95 months (p = 0.696), which is comparable to findings from other
studies [18]. This research directly compared 2 common probiotics, providing valuable insights. Both probiotics
are easily available in Pakistan, and the detailed outcome measures and comparable baseline characteristics
between groups ensure that the observed differences are due to treatment effects, making the findings clinically
relevant for guiding future treatment protocols.

This study had several limitations, including a small sample size, data from a single facility, and the exclusion
of factors such as personal hygiene, and access to clean water. Overall evaluation period was short. We did
not identify causal pathogens or consider vaccination status and feeding practices.

Conclusion:

Bacillus clausii in comparison to Saccharomyces boulardii is more effective in reducing the duration as well as
frequency of diarrhea in children. Further large-scale studies are recommended to validate these results and
refine treatment protocols.
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