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A b s t r ac t
Objective: Probiotics have been researched extensively over the past few years for the prevention and treatment of diarrhea in pediatric
populations. In the present study, the efficacy and safety of probiotic Bacillus subtilis HU58 and probiotic Bacillus coagulans SC208 in combination
were evaluated in children for the treatment of acute diarrhea.
Materials and Methods: In this randomized, double-blind, parallel, placebo-controlled trial, 64 children with average age of 4.18 ± 3.0 years
(mean ± standard deviation), out of which 32 children with antibiotic-associated diarrhea (AAD) and 32 children with acute infective diarrhea
randomly received either syrup containing B. subtilis HU58 and B. coagulans SC208 probiotics or placebo syrup daily for a period of 7 days. Stool
consistency, duration of diarrhea in days, and abdominal pain intensity during the treatment period, were assessed daily in all subjects for the
improvement in clinical signs and symptoms. Also, an assessment of adverse events was done from the screening visit to the end of study visit.
Result: A total of 32 subjects were screened and randomized in both cohort 1 and cohort 2. At the end of the study, that is, on day 7, B. subtilis
HU58 + B. coagulans SC208 syrup-treated subjects in both cohorts showed significant improvement in stool consistency and duration of diarrhea
over placebo syrup. No adverse events were observed in the study of both cohorts.
Conclusion: This study’s results conclude that B. subtilis HU58 and B. coagulans SC208 syrup improved the recovery and reduced the course of
acute infectious diarrhea and AAD in children, with no reported adverse effects.
Keywords: Acute infective diarrhea, Antibiotic-associated diarrhea, Bacillus coagulans SC208, Bacillus subtilis HU58, Bristol stool scale.
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Introduction

1

Diarrhea is defined as the passage of three or more loose or
liquid stools/day (or more frequent passage than is normal for
the individual).1 There is either an increase in the frequency or a
decrease in the consistency of the bowel movements. Diarrhea
affects people of all ages. Diarrhea is considered as a sign of an
infection in the intestines, which is caused by bacteria, viruses,
and parasites. In developing countries, diarrhea is considered
as the second leading cause of mortality and morbidity in
children. In a global scenario, it is estimated that in children
below 5 years of age, there are 2.5 billion episodes of diarrhea
and almost 1.5 million deaths annually due to diarrhea. 2 Viruses,
bacteria, and parasites are the most common infectious causes
of acute diarrhea. Medication adverse effects, acute abdominal
processes, gastroenterological disease, and endocrine disease
are all examples of noninfectious causes. 3 Diarrhea is one of
the most commonly reported adverse reactions to antibacterial
medications. 4 AAD is observed in almost 5–30% of patients
undergoing antibiotic therapy in the initial phase or even up to
2 months after the treatment is over.
In pediatric populations, probiotics have been thoroughly
researched in the past and are still continued to date for the
prevention and, to a greater extent, in the treatment of several
diarrheal diseases.6 Probiotics are known to be effective in the

prevention and treatment of gastroenteritis in several randomized
controlled trials and meta-analyses.7
There have been reports that regular consumption of products
containing probiotics will strengthen the body’s immune system,
produce an anti-allergy effect, reduces the risk for certain cancers,
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lowering of cholesterol levels in the body, prevention of digestive
problems, and reduce gastrointestinal (GI) system infections.8 There
was an improvement in stool consistency and frequency, abdominal
pain, bloating sensation, and flatulence with the intake of
the formulation containing B. subtilis HU58 and B. coagulans
SC208 probiotics in the adults suffering from AAD.9 Based on the
results of the study in adult population, the current study was
planned to evaluate the efficacy and safety of B. subtilis HU58 and
B. coagulans SC208 syrup in the treatment of acute diarrhea in
children.

M at e r ia l s

and

Methods

Trial Design
This randomized, double-blind placebo-controlled study was
approved by the ethics committee and registered prospectively
with the Clinical Trial Registry of India (CTRI/2021/10/037398,
dated 20th October 2021). The study was conducted at three
sites viz JMF’s ACPM Medical College & Hospital, Dhule, India;
Chiranjeevi Hospital, Thane, India; and Sant Dnyaneshwar Medical
Education and Research Center, Pune, India, between 24th June
2019 and 22nd February 2020 with prior informed consent from the
participants. The guidelines of New Drugs and Clinical Trials Rules,
2019, Schedule Y of Central Drugs Standard Control Organisation,
Ministry of Health and Family Welfare, Government of India, Ethical
Guidelines for Biomedical Research on Human Participants, Indian
Council of Medical Research (2017), International Conference for
Harmonization of Technical Requirements for Pharmaceuticals for
Human Use E6 (R2) “Guideline for Good Clinical Practice” 2016, and
Declaration of Helsinki were followed during the trial.

Participants
A total of 64 children aged between 1 and 12 years of age with AAD
and acute infective diarrhea who fulfilled the following inclusion
criteria were enrolled in the study. Inclusion criteria: male or female
subjects aged 1–12 years both inclusive; the parent(s)/ legally
acceptable representative(s) LAR(s) of the subject who is willing to
give informed consent and will abide by the study requirements
and have no history of major illnesses (past/present).

Cohort 1
•
•

Subjects undergoing treatment with antibiotics irrespective of
indication and the type of antibiotics.
A subject suffering from AAD defined as the passage of three
or more liquid or watery stools occurring in a 24-hour period.

Cohort 2
•

Subject with a clinical diagnosis of acute infective diarrhea
(bacterial or viral) (etiology defined as the passage of three or
more liquid or watery stools occurring in a 24-hour period and
lasting for <3 days).
Exclusion criteria: Any history of diarrhea which is pre-existing
during past 4 weeks; subjects requiring hospitalization; subjects
with severe dehydration requiring intravenous rehydration;
subjects suffering with purulent and/or bloody stools; subjects
with symptoms or suspicion of a digestive system organic
lesion, or unexplained stomach pain, rectal bleeding, or other
GI condition, particularly ulcerative colitis, Crohn’s disease, or a
history of carcinomas of the bowel, malabsorption syndrome,
intolerance to certain food types (lactose), functional diarrhea

and functional constipation; subjects with GI surgery; history of
severe chronic systemic diseases, critical/life-threatening illness
or immunodeficiency diseases; known hypersensitivity to any of
the ingredients in the probiotic product or the placebo; any usage
of proton-pump inhibitors, laxatives or antidiarrheal drugs, as
well as use of any probiotic 14 days before and during the study;
participation in another clinical study within 30 days before the
beginning or anytime during the duration of the current clinical
study; any other condition that prevents the child from participating
in the trial, in the investigator’s view.

Interventions
The vials (each containing 5 mL) of (1) Probiotic (B. subtilis HU58 and
B. coagulans SC208 syrup), batch no.: RD/SC/RE2140, (2) Placebo
(sugar syrup) batch no.: RD/SC/RE2141 were provided by Synergia
Life Sciences Pvt Ltd, Mumbai, India. Instructions were provided to
the subjects to take one vial (5 mL) daily as per the randomization
code assigned for up to 7 days. The dose was increased to twice daily
on day 3 as per the investigator’s discretion based on the clinical
condition of the subject in both cohorts. After the intervention
was allocated, the subjects were asked to visit the outpatient
department on day 3. The subjects were further instructed to return
used (empty vials) and unused vials to check their compliance.

Outcomes
Primary End Point
•

•

Stool consistency [as assessed by Bristol stool scale (BSS),
including seven types as follows: type I–II indicate constipation;
type III–V suggest normal stools, and type VI–VII mean liquid
stool]
Duration of diarrhea in days (time between the start of treatment
until last diarrheal/watery stool before recovery or end of study
treatment).

Secondary End Point
•

Abdominal pain intensity [as measured by visual analog
scale (VAS)].

Safety Measures
•

The frequency of adverse occurrences was used to determine
the level of risk.

Randomization
A total of 64 subjects were screened and randomized in the study
(32 subjects each in each cohort). Subjects fulfilling eligibility
criteria as per cohort 1 and cohort 2 were randomized on day 1.
The randomization list was provided by the statistician, and the
subject was assigned to the respective treatment arm by the block
randomization process. Each randomized subject received either a
test arm (B. subtilis HU58 and B. coagulans SC208 syrup group) or a
placebo arm (placebo syrup group) with the specific identification
number.

Statistical Parameters
Statistical analysis was done using SAS 9.1. Continuous variables
were statistically tested using a two-sample t-test or Wilcoxon
rank-sum test, and categorical variables were statistically tested
using Chi-squared test and Jonckheere–Terpstra test. Efficacy analysis
was done using a two-sample t-test or Wilcoxon rank-sum test,
and Jonckheere–Terpstra test. All safety parameters were analyzed
Pediatric Infectious Disease, Volume 4 Issue 3 (July–September 2022)
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Duration of Diarrhea
Cohort 1

using descriptive statistics. Firstly, we tested the normality using the
Shapiro–Wilk test. If normality was not guaranteed, nonparametric
tests such as the Wilcoxon rank-sum test were applied. If p-value was
<0.05, it was considered as a statistically significant result.

The mean duration of diarrhea was 3.2 days in test arm and 4.8 days in
placebo arm. At the end of the study, on day 7, there were statistically
significant results observed in the mean duration of diarrhea in the
test arm in comparison to placebo arm (p-value: <0.0001).

R e s u lts
In cohort 1, 32 subjects were screened and randomized, out of
which 15 were randomized in test arm, and 17 were randomized
in placebo arm. Data of 30 subjects were considered for efficacy
analysis, and data of two subjects were not considered due to
incorrect randomization. In cohort 2, 32 subjects were screened
and randomized, out of which 16 were randomized in test arm
and 16 in placebo arm. Data of all 32 subjects were considered for
efficacy analysis as well as for safety analysis.
The baseline demographics of participants in investigated groups
are given in Table 1. The mean age of the test arm was 5.0 ± 3.16 and
3.8 ± 2.67 in cohort 1 and cohort 2, respectively. The mean age of the
placebo arm was 4.5 ± 2.85 and 3.4 ± 3.14 in cohort 1 and cohort 2,
respectively. All participants were of Indian origin.

Cohort 2
The mean duration of diarrhea was 3.3 days in test arm and 4.4 days
in placebo arm. At the end of the study, on day 7, there were
statistically significant results observed in the duration of diarrhea
in test arm in comparison to placebo arm (p-value: 0.0285).
Figure 2 shows the comparison of the mean values of duration
of diarrhea from baseline to day 7 between the test arm and the
placebo arm in both cohorts.

Clinical Status Using BSS
According to BSS, the stool consistency, which was measured at
baseline, was similar for both cohorts (scale 6–7). In cohort 1, the stool
consistency was improved on 7th day. Fifteen (100.0%) subjects in the
treatment arm achieved 3–4 BSS on day 7, whereas only nine (40.00%)
subjects in the placebo arm achieved 3–4 BSS on day 7 (p-value:
0.0176). In cohort 2, the stool consistency was improved on 7th day.
Sixteen (100.0%) subjects in the treatment arm achieved 3–4 BSS
on day 7, whereas only eight (50.00%) subjects in the placebo arm
achieved 3–4 BSS on day 7 (p-value: 0.0070). Table 3 summarizes the
details of the clinical status of the subjects in each cohort.

Stool Consistency (BSS)
Cohort 1
In baseline visit, the mean of stool consistency (BSS) observed in
test arm and placebo arm was ranging from 6 to 7. At the end of the
study, on day 7, there was a statistically significant improvement
observed in stool consistency (BSS) in test arm in comparison to
placebo arm (p-value: 0.0346). The details are given in Table 2.

Abdominal Pain
Cohort 1

Cohort 2
In baseline visit, the mean of stool consistency (BSS) observed in
test arm, and placebo arm was ranging from 6 to 7. At the end of
the study, on day 7, there was a statistically significant improvement
observed in stool consistency (BSS) in test arm in comparison to
placebo arm (p-value: 0.0357). The details are given in Table 2 (Fig. 1).

In baseline visit, the average VAS score observed in test arm and
placebo arm was 2.9 ± 2.52 and 3.5 ± 2.80, respectively. On day 3,
the average VAS score in the treatment arm reduced to 1.8 ± 2.18,
while in the placebo arm, it reduced to 2.1 ± 2.42. At the end of

Table 1: Demographic data of the participating subjects
Cohort 1

Number of subjects
Gender

Male
Female

B. subtilis HU58 + B.
coagulans SC208 syrup
15
11

Cohort 2
Placebo syrup

B. subtilis HU58 + B.
coagulans SC208 syrup

Placebo syrup

17

16

16

13

12

10

04

04

04

06

Age (years)

5.0 ± 3.16

4.5 ± 2.85

3.8 ± 2.67

3.4 ± 3.14

Height (cm)

99.3 ± 21.65

97.5 ± 17.53

89.4 ± 20.88

87.9 ± 22.39

Weight (kg)

16.2 ± 5.70

15.8 ± 5.09

14.6 ± 6.22

15.9 ± 8.20

Values expressed in (mean ± SD); SD, standard deviation

Table 2: Mean stool consistency of the subjects in cohorts 1 and 2 from baseline to day 7 as measured on BSS
Cohort 1
B. subtilis HU58 + B.
coagulans SC208 syrup

Cohort 2
Placebo syrup

B. subtilis HU58 + B.
coagulans SC208 syrup

Placebo syrup

Baseline

6.5 ± 0.52

6.7 ± 0.49

6.4 ± 0.51

6.6 ± 0.50

Day 3

5.5 ± 0.74

5.8 ± 0.41

5.3 ± 1.06

5.7 ± 0.70

Day 7

3.3 ± 0.49*

4.1 ± 0.88

3.3 ± 0.45

4.1 ± 0.96*

Values expressed in (mean ± SD); *Indicates statistically significant; SD, standard deviation
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Fig. 1: Mean of stool consistency as measured from BSS from baseline
to end of study

Fig. 2: Comparison of mean duration of diarrhea in both the cohorts
between the treatment arm and the placebo arm

Table 3: Summary of number of subjects showing a change in clinical status using the BSS
Cohort 1
BSS scale
Baseline (no. of
subjects)

Type VI

Cohort 2

B. subtilis HU58 + B.
coagulans SC208 syrup

Placebo syrup

B. subtilis HU58 + B. coagulans
SC208 syrup

Placebo syrup

7

5

9

6

Type VII

8

10

7

10

Day 7 (no. of subjects) Type III

10

5

12

6

Type IV

5

4

4

2

Type V

0

6

0

8

the study, on day 7, the average VAS score in the treatment arm
reduced significantly to 0.4 ± 0.51, while in the placebo arm also it
reduced to 0.7 ± 0.90.

Cohort 2
In baseline visit, the average VAS score observed in test arm and
placebo arm was 2.9 ± 2.24 and 2.9 ± 2.22, respectively. On day 3,
the average VAS score in the treatment arm reduced to 1.3 ± 1.91,
while in the placebo arm, it reduced to 1.5 ± 1.63. At the end of the
study on day 7, the average VAS score in the treatment arm reduced
significantly to 0.6 ± 1.15, while in the placebo arm also it reduced
to 0.6 ± 0.89. There was a significant decrease in the abdominal pain
intensity in the treatment arms of both cohorts from baseline to day 7.

Adverse Events
There were no adverse events or serious adverse events observed
in the study in both cohorts, and all vital parameters were normal
during the course of the study (data not shown). The study drug
was well tolerated.

Discussion
In the current multicentric, double -blind, randomized,
placebo-controlled study conducted in children, the results
obtained showed the safety and efficacy of B. subtilis HU58 + B.
coagulans SC208 in the treatment of acute diarrhea in comparison
to placebo.
Diarrheal disease is considered as one of the second leading
causes of death in children below the age of 5 years and is responsible

for almost 525,000 deaths in children every year.1 It is a global health
problem with high morbidity and mortality. In India, there are
about 10% of deaths in infants and almost 14% of deaths in children
age group 0–4 years, due to diarrhea. In developing countries, acute
diarrhea is most commonly caused by infectious pathogens. However,
one of the frequent and most common side effects of antibiotic
therapy, especially broad-spectrum antibiotics such as vancomycin,
amikacin, and gentamicin along with the third generation β-lactams,
is also diarrhea which can range from mild to watery stools.10
Gut microbiota has a very significant role to play in maintaining
human health. The gut microbiota prevents the colonization of
pathogens, improves the immune system, and produces certain
GI hormones and also various neuroactive substances. The
nondigestible carbohydrates are fermented in the colon by these
gut microbiota. During this process, various short-chain fatty acids
are produced, which provide numerous benefits to human health.11
The gut microbiome imbalance or dysbiosis is caused due to
disruptions to a healthy gut microbiome. Dysbiosis is associated
with various disorders, which include inflammatory bowel disease,
irritable bowel syndrome, and certain metabolic diseases such as
obesity.12 Oral intake of antibiotics also causes dysbiosis of the gut
microbiome.13 This imbalance of gut microbiome can induce certain
intestinal inflammatory responses, which later on may become
pathological.14 Intake of antibiotics also causes changes in the
functioning of the gut barrier.14,15 This leads to the translocation
of gut bacteria across the colonic epithelium, which results in
increased inflammation.14
Oral intake of probiotics can shorten the duration of diarrhea
in children. Probiotics are “live microorganisms which when
Pediatric Infectious Disease, Volume 4 Issue 3 (July–September 2022)
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administered in adequate amounts confer a health benefit on
the host” (Food and Agriculture Organization/World Health
Organization, 2002).16 Probiotics have been shown effective in
reducing the duration of diarrhea and also in reducing stool
frequency in children. Probiotics are frequently prescribed in
the hopes of correcting dysbiosis and recolonizing the gut,
hence reducing AAD.17 Oral administration of probiotics helps in
improving the microbial imbalance of the human body. Probiotics
possess the ability to fight against infections on mucosal surface
of gut.18
Sazawal et al. conducted a meta-analysis study which
demonstrated that probiotic strain and the age of subjects are the
key determinants of the antidiarrheal effects of probiotics.19 Bekkali
et al. conducted a study on 20 children with age groups ranging
from 16 years who received probiotics for 4 weeks. The results of
the study revealed that there was an increase in the frequency of
bowel movements, and a significant decrease was observed in fecal
incontinence and abdominal pain.20
The fact that probiotics can be administered as a functional
food supplement and has the ability to prevent AAD caused by
antibiotics and diarrhea caused by Clostridium difficile infection has
been highlighted in a study published by El Hage et al.11 Another
randomized, double-blind, placebo-controlled study by Ruszczynski
et al. in 240 children receiving oral antibiotic therapy plus probiotic
(n = 120) or oral antibiotic therapy plus placebo (n = 120) showed
that out of the 120 children in the probiotic group, AAD occurred
in only nine (7.5%) children as compared to 20 (17%) children in the
placebo group.21
A meta-analysis of 63 probiotic trials including more
than 8,000 participants, mainly children from a variety of
geographical and social circumstances, was published in the
Cochrane database of systematic reviews in 2010.22 The conclusions
of this meta-analysis suggested that the probiotics reduce the
duration of diarrhea within 24 hours [95% confidence interval (CI)
16–33 hours] and for a mean difference of 0.8 in stool frequency on
day 2 (95% CI 0.4–1.1), with a relative risk of 0.4 of continuing diarrhea
on day 4 (95% CI 0.3–0.5). In these studies, the oral administration
of the probiotic was not associated with any adverse effects. These
results were published in the Cochrane database of systematic
reviews in 2010.22
For at least 50 years, Bacillus species have been employed as
probiotics. Probiotic strains of B. subtilis and B. coagulans are two of
the most extensively studied species. The team at Royal Holloway,
University of London, headed by Professor Simon Cutting, have
extensively studied the B. subtilis strain HU58. B. coagulans is one
of the major lactic acid-producing bacteria which shares features
of both Bacillus and Lactobacillus. Both B. subtilis and B. coagulans
strains have been extensively studied at physiological and genetic
levels.23 B. subtilis and B. coagulans remain stable in the acidic pH of
stomach. They can grow and sporulate with high efficiency even
in anaerobic conditions of the GI tract. They have the property of
forming biofilms which enhances the colonization of the gut and
produces various surfactants that enhances gut adhesion.24,25 These
two probiotics can be taken orally to give a valuable supply of
bacteria which are beneficial for gut health, provide nourishment,
and also stimulates the immune system.
Marzorati et al. conducted an in vitro inflammatory bowel
disease-like Caco-2/THP1 coculture system representing the gut
mucosal barrier under conditions of antibiotic-induced dysbiosis
in the M-SHIME® system. In this study the probiotic formulation
containing B. subtilis HU58 and B. coagulans SC208 in the form of
90
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suspensions form significantly reduced the gut membrane barrier
damage and significantly decreased tumor necrosis factor-α
(TNF-α), monocyte chemoattractant protein-1, and interleukin
6 (IL-6) compared with control (no probiotic treatment).26
In a prospective, double-blind, placebo-controlled study,
Chandra, in view of investigating the effect of B. coagulans on the
severity of acute rotavirus diarrhea, administered B. coagulans to
infants. There was a decrease in the episodes of rotavirus diarrhea
and also reduced the duration of each episode with a decrease in
the number of days of illness/year. 27 In another study by Wang
and Jin, 34 patients suffering from diarrhea due to an imbalance
in the intestinal flora which were treated with B. subtilis (Medilac-S)
showed marked improvement in stool consistency, pain and
distention of the abdomen, and fever. 28 In a systemic review with
meta-analysis, Miller et al. showed that B. subtilis reduces the
incidence of chronic diarrhea in 92% of people in comparison to
the control group. 29
Dound et al. conducted an open-labeled study on 18 healthy
volunteers who were administered B. subtilis HU58 capsules orally
once a day for 8 weeks. At the end of 8 weeks, there was a reduction
in serum IL-6 by 45% and serum TNF-α by 55%. 30 In another
open-labeled study conducted by Mehta et al. in 60 patients
suffering from AAD, B. subtilis HU58 capsules administered orally
daily for 7 days showed a statistically significant reduced incidence
of AAD in comparison with placebo.31
In the current study, B. subtilis HU58 and B. coagulans SC208 in
combination when supplemented to children showed statistically
significant improvement in the stool consistency in acute infectious
diarrhea along with symptoms of abdominal pain. This study has
also demonstrated that treatment with the combination of B. subtilis
HU58 and B. coagulans SC208 significantly decreases the incidence
of AAD and adverse effects related to intake of oral antibiotics,
including pain in abdomen.

C o n c lu s i o n
The results of this study suggest that a combination of B. subtilis
HU58 and B. coagulans SC208 probiotics improved the recovery and
shortened the course of acute infectious diarrhea in children, with
improvement in symptoms like abdominal pain and improved stool
consistency along with reduction of the side effects of antibiotics
leading to AAD. Thus, the use of B. subtilis HU58 and B. coagulans
SC208 in combination is recommended for the treatment of acute
infective diarrhea and AAD in children.
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