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A B S T R A C T

The use of probiotics in gastrointestinal ailments has shown therapeutic effects. The imbalance of the microbiota
caused by antibiotic treatment or others has been shown to be restored to normal with probiotic treatment. In this
study, a genomically and phenotypically safe probiotic Alkalihalobacillus clausii 088AE has been evaluated for
ameliorating antibiotic-associated diarrhea (AAD) in pediatrics (PE, n ¼ 60, 2–10 years), adolescent and adults
(AA, n ¼ 60, 11–65 years) through a randomized controlled clinical trial. A. clausii 088AE was administered for
seven days (PE, 4 and AA, 6 billion/day) and primary and secondary endpoints were evaluated on different visits.
Compared to the respective placebo arms, A. clausii 088AE improved the diarrheal (time to last unformed stool and
diarrheal frequency) conditions in children, adolescents and adults. A. clausii 088AE treatment decreased AAD-
severity score on visit 5 in both pediatric (0.12 � 0.33, 12.39 folds), adult and adolescent (0.54 � 0.36, 2.34
folds) groups compared to those respective placebo arm (p < 0.05). A. clausii 088AE was well tolerated, did not
cause significant changes in vital and clinical safety parameters and subjects reported no adverse effects or serious
adverse reactions. A. clausii 088AE is safe and therapeutically effective against AAD, reducing onset of diarrhea
and related severity symptoms including abdominal discomfort and pain, bloating and flatulence. A. clausii 088AE
may be recommended as a live bio-therapeutic agent for improving clinical pathophysiology of gastrointestinal
ailments, in particular antibiotic-associated diarrhea and related symptoms.
1. Introduction

Treatment with common and new antibiotics is becoming progres-
sively ineffective and complicated due to rapid emergence of antimi-
crobial resistance. Antibiotic therapy has most prevalent adverse
reactions such as antibiotic-associated diarrhea and other gastrointes-
tinal, physiological and psychological illnesses [1, 2]. Commonly asso-
ciated symptoms of antibiotic-associated diarrhea are dehydration, fever,
nausea, vomiting, abdominal cramps, watery diarrhea, bloody and
foul-smelling diarrhea range from mild and self-limiting to severe.
Clinically significant antibiotic-associated diarrhea may appear mushy
(loose) or watery stools at least three episodes a day right after few hours
up to two months of antibiotics intake [3].

The use of antibiotics systematically inducts a multimodal distur-
bances of the microbial ecology through the longitudinal decrease in the
distribution, diversity and richness of autochthonous microorganisms in
the gastrointestinal tract [4, 5]. The aminoglycoside streptomycin can
perturb the balance of microbiota and increases the abundance of phyla
Bacteroidetes and Firmicutes [6]. Ampicillin and ciprofloxacin augmented
(C. Maity).

6 July 2021; Accepted 10 Septem
evier Ltd. This is an open access a
genus Acinetobacter and Lactobacillus, respectively [7]. Certain antibiotics
can cause the proliferation of Fusobacteria, Clostridia and Eubacteriawhile
demolishing beneficial groups like Bacteroides and Bifidobacteria [8].
Such imbalance (dysbiosis) affects the microbial synergisms by depriving
microbial network, nutrients, metabolites of microbial and host origin,
promotes the horizontal transfer of antibiotic resistant genes (ARGs) and
mobile genetic elements (MGEs) to sensitive microorganisms. The
collapsed resident microbiota often fails to resist the overgrowth of
endogenous opportunistic microorganisms and inhibit the pathogenic
invasion. Re-establishment of normal gut microbiota happens over time
after cessation of antibiotic therapy [9]. The microbiota recovered after
antibiotic treatment can be unstable and therefore patients can be sus-
ceptible to secondary infections and other diseases. Therefore,
antibiotic-associated diarrhea can lead to prolonged hospitalization with
persistent illness and increased cost of medical care [10].

Therefore, the restoration of normal gut microbiota is a fundamental
therapeutic treatment paradigm, in which probiotics can provide prom-
ising healthcare solutions for antibiotic-associated diarrhea [11]. Pro-
biotics are potential live bio-therapeutics, which maintain intestinal
ber 2021
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microecology during or after antibiotic treatment through competition
for epithelial receptors and nutrients, inhibition of epithelial andmucosal
adhesion of pathogens, producing short chain fatty acids (SCFAs),
balancing non-favorable intestinal pH (low), regulating immunity and
synthesizing antimicrobial peptides and metabolites. With these mech-
anisms, probiotics provide a promising route to treat many gastrointes-
tinal ailments including antibiotic-associated diarrhea without a risk of
spreading antibiotic resistance among other microorganisms [12, 13].

The therapeutic effects of probiotics in the treatment of infectious and
antibiotic-associated diarrhea have been evaluated through randomized
controlled trials (RCTs) and meta-analysis [14]. The probiotics inter-
vention adopts either a monoculture or mixed culture formula and con-
sists of a variety of microbial species, including Lactobacillus rhamnosus,
Lactobacillus casei, Lactobacillus plantarum, Lactobacillus acidophilus, Ba-
cillus coagulans, Bacillus clausii (current nomenclature Alkalihalobacillus
clausii or A. clausii) and Saccharomyces boulardii [15]. Among them,
probiotic Alkalihalobacillus clausii (basionym Bacillus clausii) has been
studied for variety of acute and infectious diarrheal diseases, such as
acute and chronic diarrhea, acute community-acquired diarrhea (ACAD),
antibiotic associated diarrhea (AAD), Clostridium difficile-induced diar-
rhea (CDID) across different geographical locations. The adjunctive
treatment with A. clausii strains has been reported safe among children,
adult and elderly population [16]. It is currently available as an over the
counter (OTC) medical product and used as a complementary treatment
[17].

A. clausii (average genome size 4197324–4598557 bp and
42.8–44.75% GC content), a sporogenous probiotic bacteria belongs to
genus Alkalihalobacillus and is widely studied for the production of high
alkaline proteases, antimicrobials like type-A lantibiotic clausin (Mw
2107.94–5,158.11 Da) and other lantibiotics [18, 19]. A. clausii main-
tains gut health by improving digestive microenvironment, reprogram-
ming intestinal microbiota and regulating host's immunity [20, 21, 22].
The naturally encapsulated coating of bacterial spores provides protec-
tion against various drought conditions such as high temperature,
desiccation, osmotic pressure, etc. This highly resilient allochthonous
probiotic can survive and proliferate in harsh gastrointestinal conditions
comprising gastric acid, pepsin, pancreatin, ions, digestive enzymes, biles
and mucins [23]. The efficacy of probiotic A. clausii varies among strains;
differs as per dosages used in the finished formulations and severity of
clinical conditions in order to exhibit the intended health benefits [12,
20, 24].

A. clausii strains have long been consumed safely by the general
human population [24]. A. clausii is considered as the Qualified Pre-
sumption of Safety (QPS) listed bacteria by the European Food Safety
Authority (EFSA) [25]. A. clausii strains show resistance to one or mul-
tiple antibiotics; however, the relevant genes are intrinsically present in
chromosomal DNA rendering them highly stable, nontransferable and
nonfunctional [26, 27]. In addition, the absence of extrachromosomal
genome makes A. clausii a risk-free and safe probiotic for human and
animal applications [28]. The intrinsic antibiotic(s) resistance in pro-
biotics can be advantageous as these probiotics can be used in combi-
nation with antibiotics to restore microbiota in various gastrointestinal
ailments including antibiotic-associated diarrhea [24, 29].

The comparative evaluation on A. clausii strains showed heteroge-
neity and variable clinical benefit in different diarrheal conditions. Such
effects happen primarily due to differential ability of the strain to survive
and germinate under harsh gastrointestinal conditions, the adhesion and
colonization on epithelial cells, the modulation immune system, varying
compatibility to complex treatment conditions and host adaptability
[30]. A. clausii strain with fulfillment of these attributes can provide a
consistent therapeutic outcome in gastrointestinal illnesses, thus this
study is originated. The current study evaluated the clinical efficacy and
safety of the probiotic A. clausii 088AE [MCC 0538] in improving
antibiotic-associated diarrhea and related symptoms in pediatric,
adolescent and adult population. A. clausii 088AE (genome size 4598557
bp, GC content 44.74%, NCBI Reference Sequence No. CP031128 &
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MH532550), a genomically stable and phenotypically safe probiotic
bacterium is used in this clinical trial. The frequency of diarrhea, severity
of related symptoms and stool consistency in the intervened group and
control group were assessed as outcome variables.

2. Methods

2.1. Investigational product (IP) and method of analysis

The investigational product (IP), spore preparation of A. clausii 088AE
(2 billion colony-forming unit per gram, CFU/g) with excipient (malto-
dextrin) was used in powder form (one g per sachet). The placebo con-
tained only excipient, maltodextrin (1.00 g). Both test and placebo
products were supplied by Advanced Enzyme Technologies Ltd., Thane,
India and complied with the standard specifications (Method of Analysis;
Supplement File__088AE-AAD_2021). Physical appearance and sensory
profile, packaging and labelling were same and only the coded batch
numbers could differentiate two products.
2.2. Ethics and informed consent

The trial was prospectively registered in the Clinical Trial Registry,
India [CTRI/2020/03/023936 (13/03/2020)] before patient enrollment
began. The written ethical approval obtained from Rajalakshmi Hospital,
Karnataka (India) and Sai hospital, Maharashtra (India). Approved study
protocol was in accordance with the Declaration of Helsinki [31], the
ICH-harmonized tripartite guideline for good clinical practice [32] and
the Indian Council of Medical Research Guidelines for Biomedical
Research on Human subjects [33]; and the same was followed with no
further changes or amendments during trial [WHO Format Research
Protocol_088AE-AAD(v01) and CONSORT(2010)_Checklist__088AE-A
AD_2021]. Written and oral information was provided to all patients in
understandable language. Every subject had given written informed
consent to investigator after understating the objective of this trial,
including possible risks and benefits.
2.3. Trial design and selection of subjects

The prospective interventional trial was randomized, double-blinded,
parallel, placebo controlled and had a total of 5 scheduled visits to the
clinical site by the study subjects. Subject selection was based on the
defined inclusion and exclusion criteria.

2.3.1. Inclusion criteria
Male and female subjects (2–65 years) were included on following

criteria such as – acute infectious diarrhea (three or more loose stools in
last 24 h) and treated with physician's prescribed broad spectrum anti-
biotics (e.g., β-lactam, lincomycin, cephalosporin and macrolide class)
for last five days; a positive stool microbial culture test and clinical
evaluation by the principal investigator; and willing to participate with
written informed consent/assent following applicable guideline.

2.3.2. Exclusion criteria
Patients excluded from study - with bloody or purulent stool, with pus

or mucus and severe dehydration needing hospitalization. Subjects with
symptoms of septicemia, faster heart rate and breathing, shortness of
breath, sweaty or clammy skin were excluded. Subjects were excluded if
they were on other bacteriotherapy prior to this study or during study
other than interventional product. Subjects with history of gastric and
duodenal ulcer, upper gastrointestinal bleeding, autoimmunegastritis and
gastroesophageal reflux disease (GERD) were excluded (Details of Exclu-
sion Criteria; Supplement File__088AE-AAD_2021). In addition, subjects
having adverse effects or serious adverse effects, pregnancies, disease
emergencies and study protocol violation are removed from the trial
(Details of Withdrawal Criteria; Supplement File__088AE-AAD_2021).
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2.4. Randomization and treatment procedures

A total of 120 subjects comprising sixty paediatric subjects (PS, 2–10
years) and sixty from adolescent and adults (AA, 11–65 years) were
enrolled. Each age group was allocated with 30 randomized subjects in
each of the test and the placebo group. Both the test groups, i.e., paedi-
atric (Test-PS, n ¼ 30) and adolescent and adults (Test-AA, n ¼ 30) were
on A. clausii 088AEwith two billion colony forming unit activity (Method
of Analysis; Supplement File__088AE-AAD_2021) powder (carrier
maltodextrin) respectively for twice (bid) and thrice (tid) a day. A similar
dosing schedule (on maltodextrin) were given to the respective control
[Placebo-PS (n¼ 30) and Placebo-AA (n¼ 30)] groups. All subjects were
on the prescribed concomitant (ongoing antibiotic therapy) therapy
along with IP treatment during the treatment duration. Total study and
treatment duration were 17 and 7 days, respectively. The subject
randomization (followed by SAS random number generation method),
treatment allocation and procedures are represented in a schematic di-
agram (Figure 1). Study investigators remained blind until the comple-
tion of the study whereas un-blinding was done only at the end of clinical
phase completion. Supportive treatments were recommended to the
subjects along with IP, if required, but without changing concomitant
(antibiotics) treatment as deemed necessary by the investigator. No
changes or amendments were made to the approved protocol after the
trial commenced and no interim data analysis was done during the study
period.

2.5. Endpoints analysis: efficacy and safety variables

Primary and secondary endpoints evaluated different efficacy and
safety variables of A. clausii 088AE used for treating antibiotic-associated
diarrhea (AAD). This study was conducted on two population groups, i.e.,
3

pediatric group and adolescent adult group. Different endpoint results of
test arm were compared with the respective placebo arm within specific
population group. In primary endpoints, the efficacy of A. clausii 088AE
was evaluated from time to last unformed stool (TTLUS), total number of
unformed stools, time to complete resolution of functional gastrointes-
tinal discomforts and percentage (%) of responders with complete
remission of diarrhea at different treatment durations (24–168 h).

Secondary endpoints evaluated changes of severity of AAD related
symptoms, visual analog scale (VAS) and tolerance to investigational
product at baseline to EOT. Severity of AAD was assessed by physician's
investigation for bloating, distension, flatulence, odorous flatulence,
difficult gas evacuation, stomach rumbling, belching, bad breath,
abdominal movement and excessive gas evacuation. The mean severity
score was calculated from a four-point scale on symptoms (0 ¼ none, 1¼
mild, 2 ¼ moderate and 3 ¼ Severe). AAD-associated symptoms like
abdominal pain, bloating and flatulence, vomiting and nausea, percep-
tion of mental wellbeing and influence on daily life were assessed
through visual analogue scale (VAS, 0–10). Safety of A. clausii 088AEwas
assessed by examining general physical health, systemic biomarkers and
adverse effect reports. The clinical safety was assessed through systemic
biomarkers like hematological (complete blood count), hepatic [aspar-
tate aminotransferase (SGOT) and alanine aminotransferase (SGPT)],
renal function test (serum concentration of creatinine, albumin, sodium,
potassium and blood urea nitrogen), random blood sugar (RBS) and total
cholesterol at baseline and EOT. Biomarkers analysis were performed
following the standard medical test protocols. The adverse effect (AE) is
defined as any medically untoward event detected in a clinical study
subject after use of the study agents, whether or not caused by the use of
the agents. Whereas, serious adverse event (SAE) is defined as any un-
toward medical incidence which is life-threatening and results into death
or hospitalization, disability or incapacity and congenital anomaly.
Figure 1. Schematic diagram of the clinical study on
evaluation of the efficacy and safety of Alka-
lihalobacillus clausii 088AE in the treatment of
antibiotic-associated diarrhea. The study enrolled total
120 intension to treat (ITT) subjects (each 60 subjects in
pediatric group and adolescent and adult group)
through the inclusion and exclusion criteria screening.
Each age group was allocated with 60 subjects (each 30
subjects in test and placebo arm) following the SAS
random number generation method. With no adverse
effects (AEs) or serious adverse events (SAEs) report
and no discontinuation of subjects, completed 120 per
protocol (PP) subjects were considered for endpoints
evaluation. Data comparison between test and placebo,
and statistical analysis were performed within age
group. Study compliance was checked at every follow
up visits by a team of physician-investigator and
officers.



Table 1. The demographic details of pediatric (PS) and adolescent and adult (AA) subjects of four treatment arms (Test-PS and Placebo-PS; Test-AA and Placebo-AA)
participated in the current clinical trial and their descriptive statistics.

Parameters Pediatric group (PS) P value [95% CI] (p
< 0.05)

Adolescent and adult group (AA) P value [95% CI] (p
< 0.05)

Test-PS Placebo-PS Test-AA Placebo-AA

Subjects number (n) 30 30 30 30

Gender [n (%)]

Male 12 (40.00%) 8 (26.67%) 23 (76.67%) 22 (73.33%)

Female 18 (60.00%) 22 (73.33%) 7 (23.33%) 8 (26.67%)

Age (years) [min/max] 4.89 � 1.65 [2.10/
7.30]

5.28 � 1.08 [3.00/
7.50]

0.283 [-0.331,
1.111]

26.67 � 16.03 [12.00/
62.00]

27.07 � 17.41 [12.00/
62.00]

0.926 [-8.249,
9.049]

Height (cm) [min/max] 99.95 � 12.87
[63.50/121.00]

106.48 � 14.97
[80.00/125.00]

0.075 [-0.689,
3.745]

159.53 � 11.23
[139.00/176.00]

159.10 � 11.10
[136.00/174.00]

0.882 [-6.201,
5.341]

Weight (kg) [min/max] 18.54 � 5.31 [10.70/
29.80]

19.25 � 3.98 [11.00/
27.20]

0.560 [-1.715,
3.135]

61.43 � 15.24 [32.00/
86.00]

60.80 � 17.38 [34.00/
97.00]

0.882 [-9.078,
7.818]

Body Mass Index (kg m�2)
[min/max]

18.61 � 4.47 [10.70/
27.50]

17.02 � 3.22 [12.00/
24.90]

0.119 [-3.603,
0.423]

23.53 � 3.13 [14.60/
28.07]

23.21 � 3.87 [15.40/
32.00]

0.726 [-2.139,
1.499]

Values expressed as mean � SD and the difference between two mean is reported with 95% Confidence Interval (CI).
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2.6. Sample power and statistical analysis

Following the maximum sample size among primary endpoints, each
group with sixty subjects conferred 90% sample power (α ¼ 0.050 when
MD ¼ 1.00). Randomization was done using SAS® software, version
9.1.3. Safety and efficacy analysis was performed on per-protocol (PP)
population within group. Separate analyses were performed for primary
and secondary endpoints. The entire statistical analysis was performed as
per the statistical analysis plan (SAP). Significance of treatment effects
were determined either by the null-hypothesis (H0 ¼ μs-μe � d) or the
alternative hypothesis (H1¼ μs� μe� d). Where, μe is the mean change in
the test arm and μs is mean change in the placebo arm. Results were
analyzed with 5% significance level (confidence interval 95%) and the
differences within the groups were assessed using t-test. Differences be-
tween two groups were measured using Kruskal-Wallis one-way ANOVA
test.
Table 2. Schematic schedule of the clinical trial to evaluate the safety and efficacy of

Visits Visit 01 (Day 1)a Visit 02 (Day 2)b Visit

Informed consent/assent √

Demography √

Medical/surgical history √

Inclusion/exclusion criteria √

IP Dispensing √ √ √

Issue diary card √ √ √

Physical examination √ √ √

Vital signs √ √ √

Investigator assessments for severity of
diarrhea

√ √ √

Laboratory tests √

Compliance check √ √

Primary endpoints √ √

Secondary endpoints √ √

Concomitant medications √ √

AE/SAE assessment √ √

a Visit 01 was for screening, randomization and initiation of treatment (baseline).
b Visit 02 was second day of treatment.
c Visit 03 was third day of treatment.
d Visit 04 was fifth day of treatment.
e Visit 05 was eighth day of treatment, i.e., end of treatment (EOT).
f Visit 06 was on 17 � 3 day and for telephonic follow up.
g Visit 07 was unscheduled visit.
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3. Results

From March 2020 to October 2020, a total of 60 pediatric and 60
adolescent and adult patients with antibiotic-associated diarrhea (AAD)
were enrolled with no exclusion to the study in two hospitals in India. All
intention to treat (ITT) patients completed the study without dropout,
hence, per protocol’ (PP) population. Pediatric (PS) group enrolled pa-
tients within age range of 2–10 years, whereas, adolescent and adults
(AA) group enrolled patients within 10–65 years of age. Each age group
had two arms with 30 patients per arm and received two different
treatments. The test arm of pediatric (Test-PS) and adolescent and adult
(Test-AA) groups received Alkalihalobacillus clausii 088AE (2 billion per
sachet) respectively two and three times in a day. The control arms
[pediatric (Placebo-PS) and adolescent and adult (Placebo-AA)] of both
groups received maltodextrin with corresponding dosing schedule. Out
of 60 patients in pediatric group, Test-PS had total 12 male (M, 40.00%)
Alkalihalobacillus clausii 088AE on antibiotic-associated diarrhea (AAD) patients.

03 (Day 3)c Visit 04 (Day 5)d Visit 05 (Day 8)e Visit 06 (Day 17� 3)f Visit 07g

√

√

√ √

√ √ √

√ √

√

√ √

√ √

√ √

√ √ √ √

√ √ √ √
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and 18 females (F, 60.00%) and Placebo-PS had 8M (26.67%):22F
(73.33%). In adolescent and adult group, Test-AA had 23M (76.67%) and
7F (23.33%), and Placebo-AA had 22M (73.33%) and 8F (26.67%). De-
mographic parameters (age, height, body weight and bodymass index) of
all treatment arms compared within age group were not significantly
different (Table 1). Principal investigator and clinical trial team assessed
study regulations at each visit along with all the safety and efficacy assays
as per the schedule of events (Table 2). Subjects reported an acute or
persistent mild to severe form of antibiotic-associated diarrhea mainly
due β-lactam, lincomycin, cephalosporin and macrolide class antibiotics
before enrollment began. Enrolled patients were treated with A. clausii
088AE along with ongoing concomitant antibiotics. IP treatment was
started on visit 1 (baseline, day 1) and end of treatment was on visit 5
(EOT, day 8). All patients completed the study, reported no drop out, and
missed dosage or discontinuation of investigational product. The safety
and efficacy analyses were evaluated on PP population, i.e., full analysis
set (FAS, n ¼ 60) within the age group. The clinical trial was concluded
after the telephonic follow up [on visit 06 (day 17 � 3)] of the last
enrolled patient and completion of target sample size according to the
study protocol.
3.1. Primary endpoint: efficacy evaluation

3.1.1. Total number of unformed stools
Treatment of AAD with Alkalihalobacillus clausii 088AE decreased the

total number of unformed stools in pediatrics as well as in adolescent and
adult groups. In pediatric group, treatment of A. clausii 088AE reduced
16.91% of total number of unformed stools by 24 h compared to placebo
where no reduction was recorded from the baseline (average total 103.5
diarrheal episodes at baseline for both arms). Importantly, A. clausii
088AE (Test-PS) improved diarrheal condition in pediatric group by
99.03% at the end of treatment (EOT, 168 h), whereas, 28.50% in pla-
cebo (Placebo-PS) arm (p < 0.0001) (Figure 2). A 57.74% drop in total
number of unformed stools was recorded after 24 h of A. clausii 088AE
treatment in adolescent and adult groups compared to placebo (11.03%).
After 96 h of treatment, A. clausii 088AE (Test-AA) arm reported a few
(1.41%) incidence of unformed stools compared to placebo (Placebo-AA,
71.72%) (Figure 2).

3.1.2. Time to last unformed stool (TTLUS)
Efficacy of Alkalihalobacillus clausii 088AE in improving antibiotic-

associated diarrhea was determined from frequency of subjects
Figure 2. Total number of unformed stools (induced by antibiotic-associated diarrh
(Placebo-AA and Test-AA) groups from the baseline and first day of Alkalihalobacillu

5

reporting time to last unformed stools following Bristol stool form scale.
Incidence of ‘normal’ Bristol stool (type 3 or 4) for the first time was
captured by subjects frequency to express TTLUS. In pediatric group,
A. clausii 088AE improved the diarrheal conditions by reporting higher
frequency normal stools [n2 at 72 h (6.67%), n16 at 96 h (53.33%) and
n12 at 168 h (40.00%)] within shorter duration compared to placebo
group [n1 at 96 h (3.33%). Similarly, diarrheal condition was improved
by A. clausii 088AE in adolescent and adult groups by higher TTLUS [n4
at 48 (26.67%), n17 at 72 h (56.67%) and n1 at 96 h (3.33%)] compared
to placebo group [n3 at 48 h (10%) and n7 at 72 h (23.33%)] (Figure 3).

3.1.3. Complete remission of diarrhea [by Bristol stool scale]
Based on Bristol Stool Form Scale (BSFC) questionnaire, percentage

responders as defined by the number of patients who reported the
‘normal’ stool form [type 3 (like a sausage but with cracks on its surface)
or type 4 (like a sausage or snake, smooth and soft] at different visits were
considered to calculate the complete remission of diarrhea. The Alka-
lihalobacillus clausii 088AE-mediated improvement was reflected by
percentage responders with complete remission of diarrhea at different
visits both in pediatric and adult and adolescents compared placebo. In
pediatric group, normal stool appearance was reported by 30 patients at
different time points (16 patients in 96 h, 2 patients in 72 h and 12 pa-
tients in 168 h) in A. clausii 088AE treatment arm (Test-PS) compared to
Placebo-PS (1 patient in 48 h) [p < 0.0001; RR ¼ 0.03 (95%CI,
0.01–0.23); ARR ¼ 0.97 (95%CI, 0.79–0.99)]. In adolescent and adult
group, total 22 patients (04 patients in 48 h, 17 patients in 72 h and 1
patient in 96 h) reported complete remission of diarrhea from A. clausii
088AE treatment arm (Test-AA), whereas, 10 patients reported from
Placebo-AA arm (3 patients in 48 h and 7 patients in 72 h) [p < 0.0001;
RR ¼ 2.20 (95%CI, 1.27–3.81); ARR ¼ -0.40 (95%CI, -0.58–0.15); OR ¼
5.50 (95%CI, 1.81–16.68)] (Figure 4).
3.2. Secondary endpoints: safety evaluation

3.2.1. Change in severity of AAD related symptoms
Severity of AAD was determined on a four-point scale for symptoms

like bloating, distension, flatulence, odorous flatulence, difficult gas
evacuation, stomach rumbling, belching, bad breath, abdominal move-
ment and excessive gas evacuation. In current study, treatment with
A. clausii 088AE (test arms) significantly reduced the severity score of
AAD in pediatric, adolescent and adult groups compared to respective
placebo arms. At baseline, severity scores were not significantly different
ea) recorded in pediatric# (Placebo-PS and Test-PS) and adolescent and adult*
s clausii 088AE administration to the end of treatment (EOT) (#/*p < 0.0001).



Figure 3. The complete remission of diarrhea and relative percentage (%) of responders on time to last unformed stool (TTLUS) at different time points from both
pediatric (Placebo-PS and Test-PS) and adolescent and adult (Placebo-AA and Test-AA) groups after the administration of Alkalihalobacillus clausii 088AE to the end of
treatment (EOT).

Figure 4. Total frequency of complete remission from antibiotic-associated
diarrhea (AAD) treated with Alkalihalobacillus clausii 088AE compared to
respective placebo arms in two treatment groups, i.e., pediatric, adolescent and
adult groups.

Figure 5. Changes in investigators assessed severity score of AAD related
symptoms at different time points both in pediatric [Placebo-PS (◆) and Test-PS
(◊)] and adolescent and adult [Placebo-AA (■;) and Test-AA (□)] groups.
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between test and placebo arm in pediatric group [p ¼ 0.1231 (95%CI,
-0.05–0.45)] and adolescent and adult group [p ¼ 0.9554 (95%CI,
-0.15–0.14)]. In pediatric group, A. clausii 088AE reduced the severity of
6

AAD gradually on each visit, eventually 12.39 folds reduction on EOT
compared to placebo arm [mean difference (MD) ¼ 1.36; p < 0.0001
(95%CI, 1.20–1.52)]. The placebo arm did not show any improvement in
AAD severity (Figure 5). In adolescent and adult group, A. clausii 088AE
reduced AAD severity over time and 2.34 folds on EOT than its baseline,
and was significantly different compared to placebo arm [MD¼ 0.20; p¼
0.0237 (95%CI, 0.03–0.37)] (Figure 5).

3.2.2. VAS assessment of AAD symptoms
Alkalihalobacillus clausii 088AE treatment reduced other associated

symptoms like abdominal pain, bloating and flatulence, vomiting and
nausea in both pediatric, adult and adolescent groups compared to
placebo (p < 0.0001). These were assessed through visual analogue
scale (VAS, 0–10) assessment. Trial data showed that pediatric subjects
from Test-PS arm (A. clausii 088AE) were relived from abdominal pain
[MD -6.67 � 0.19; 95%CI, -7.06-6.28] than Placebo-PS [MD -0.60 �
0.26; 95%CI, -1.12–0.09]. In adolescent and adult group, Test-AA arm
reported reduced abdominal pain [MD -3.40 � 0.31; 95%CI,-4.02-
2.77] compared to Placebo-AA [MD -2.20 � 0.26; 95%CI, -2.73–1.67]
(Table 3). The bowel movement (diarrhea) was improved remarkably
both in pediatric, adolescent and adult group (p < 0.0001). In pedi-
atric group, the mean VAS score difference for bowel movement
(diarrhea) was -6.20 � 0.23 (95%CI, -6.66–5.73) in A. clausii 088AE
treated (Test-PS) arm compared to an insignificant mean difference in
Placebo-PS [MD -0.60 � 0.29; 95%CI, -1.18–0.01]. The adolescent and
adult group reported a reduced bowel movement (diarrhea) after
A. clausii 088AE treatment [Test-AA, MD 5.04 � 0.49 (95%CI, -6.02-
4.05)] than its Placebo-AA arm [MD -3.56 � 0.43; 95%CI, -4.43–2.68]
(Table 3).

Similarly, pediatric group showed a remarkable improvement in
bloating and flatulence symptoms after A. clausii 088AE treatment [Test-
PS, MD -6.10 � 0.16 (95%CI, -6.42–5.77)] compared to Placebo-PS arm
[MD 0.60� 0.25; 95%CI, -1.10–0.09] (p< 0.0001). The mean difference
between Test-AA and Placebo-AA arm was however small in adolescent
and adult group [MD -0.33 � 0.06; 95%CI, -0.46,-0.19] (p < 0.0001).
Simultaneously, Test-PS arm of pediatric group reported a sharp reduc-
tion of nausea and vomiting symptoms after A. clausii 088AE treatment
[MD -6.27� 0.12; 95%CI, -6.51–6.02] than Placebo-PS arm [MD -0.76�
0.30; 95%CI, -1.36–0.15] (p < 0.0001). Whereas, adolescent and adult
group reported a marginal improvement in nausea and vomiting in Test-
AA arm [MD -1.93 � 0.31; 95%CI, -2.56–1.29] than Placebo-AA [MD
-1.40 � 0.29; 95%CI, -1.99–0.80] (p < 0.0001) (Table 3).

The perception of mental wellbeing and influence on daily life were
improved in subjects receiving Alkalihalobacillus clausii 088AE. The
perception of mental wellbeing of pediatric group was ‘severe’ to ‘very
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sever’ in both Test-PS and Placebo-PS at baseline [p ¼ 0.1534 (95%CI,
-0.21–1.28)]. However, the mental wellbeing was improved over time
after A. clausii 088AE intervention (Test-PS) and significantly normalized
at EOT [MD -6.54 � 0.35; 95%CI, -7.23–5.84] (p < 0.0001). In com-
parison to Test-PS, mental wellbeing was not improved from baseline to
EOT in Placebo-PS [MD -0.73 � 0.28; 95%CI, -1.29–0.16]. The percep-
tion of mental wellbeing was ‘mild’ to ‘moderate’ in adolescent and adult
group and it was improved from baseline to EOT in Test-AA arm
compared to Placebo-AA arm [MD -0.50 � 0.06; 95%CI, -0.63–0.36]
(Table 3). Similarly, intervention of A. clausii 088AE improved influence
Table 3. Comparative visual analogue scale (VAS) scores evaluated in antibiotic-asso
and adolescent and adult group (Test-AA and Placebo-AA) (�SD). In both groups,
abdominal pain, diarrhea, bloating and flatulence, nausea and vomiting, perception of
intergroup mean differences [in pediatric (MD ¼ Placebo-PS – Test-PS) and adolesc
analyzed through ANOVA and 95% confidence interval (CI) estimation at EOT and m

Parameters Arms Baseline

Abdominal pain Placebo-PS 6.53 � 0.51

Test-PS 7.40 � 0.67

Between groups (Placebo-
PS – Test-PS)

Placebo-AA 4.50 � 1.33

Test-AA 4.67 � 1.62

Between groups (Placebo-
AA – Test-AA)

Diarrhea (bowel movement) Placebo-PS 6.40 � 0.62

Test-PS 6.96 � 0.72

Between groups (Placebo-
PS – Test-PS)

Placebo-AA 6.76 � 0.93

Test-AA 6.80 � 1.49

Between groups (Placebo-
AA – Test-AA)

Bloating and flatulence Placebo-PS 6.23 � 0.62

Test-PS 6.50 � 0.63

Between groups (Placebo-
PS – Test-PS)

Placebo-AA 3.23 � 1.16

Test-AA 3.03 � 0.92

Between groups (Placebo-
AA – Test-AA)

Nausea and vomiting Placebo-PS 6.16 � 0.64

Test-PS 6.30 � 0.65

Between groups (Placebo-
PS – Test-PS)

Placebo-AA 2.56 � 1.30

Test-AA 2.56 � 1.50

Between groups (Placebo-
AA – Test-AA)

Perception of mental well-being Placebo-PS 6.06 � 0.78

Test-PS 6.60 � 1.89

Between groups (Placebo-
PS – Test-PS)

Placebo-AA 3.20 � 0.92

Test-AA 3.10 � 1.06

Between groups (Placebo-
AA – Test-AA)

Influence daily life Placebo-PS 6.30 � 0.87

Test-PS 6.67 � 0.92

Between groups (Placebo-
PS – Test-PS)

Placebo-AA 5.50 � 1.16

Test-AA 5.56 � 1.30

Between groups (Placebo-
AA – Test-AA)
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on daily life was found improved both in pediatric [Test-PS, MD -5.20 �
0.06 (95%CI, -5.32–5.07)] and adolescent and adult [Test-AA, MD -1.49
� 0.12 (95%CI, -1.74–1.23)] group compared to their respective placebo
arms (p < 0.0001) (Table 3).

3.2.3. Assessment of IP tolerance, adverse events (AEs) and serious adverse
effects (SAEs) and systematic biomarkers

The investigational product (IP), A. clausii 088AE was tolerated well
by the study participants. They reported no adverse events (AEs), serious
ciated diarrhea (AAD) at baseline and EOT in pediatric (Test-PS and Placebo-PS)
test arms received Alkalihalobacillus clausii 088AE. Symptoms considered were
mental well-being and influence daily life. Intragroup [MD ¼ baseline-EOT] and
ent and adult group (MD ¼ Placebo-AA – Test-AA)] for all the symptoms was
ean.

EOT Mean change p (<0.05) 95% CI

5.93 � 1.31 -0.60 � 0.26 <0.0001 -1.12,-0.09

0.73 � 0.83 -6.67 � 0.19 -7.06,-6.28

-6.07 � 0.05 -5.76,-4.63 (at EOT) 5.95,
6.18 (at mean)

2.30 � 0.58 -2.20 � 0.26 <0.0001 -2.73,-1.67

1.27 � 0.51 -3.40 � 0.31 -4.02,-2.77

-1.20 � 0.07 -1.31, -0.75 (at EOT)
-1.34,-1.05 (at mean)

5.80 � 1.49 -0.60 � 0.29 <0.0001 -1.18,-0.01

0.76 � 1.04 -6.20 � 0.23 -6.66,-5.73

-5.60 � 0.06 -5.70,-4.37 (at EOT) 5.46,
5.73 (at mean)

3.20 � 2.21 -3.56 � 0.43 <0.0001 -4.43,-2.68

1.76 � 2.25 -5.04 � 0.49 -6.02,-4.05

-1.48 � 0.12 -2.59,-0.28 (at EOT)
1.24,1.72 (at mean)

5.63 � 1.24 -0.60 � 0.25 <0.0001 -1.10,-0.09

0.40 � 0.62 -6.10 � 0.16 -6.42,-5.77

-5.50 � 0.05 -5.73,-4.72 (at EOT)
-5.61,-5.39 (at mean)

1.43 � 1.04 -1.80 � 0.28 <0.0001 -2.36,-1.23

0.90 � 0.80 -2.13 � 0.22 -2.57,-1.68

-0.33 � 0.06 -1.01,-0.05 (at EOT)
-0.46,-0.19 (at mean)

5.40 � 1.54 -0.76 � 0.30 <0.0001 -1.36,-0.15

0.03 � 0.18 -6.27 � 0.12 -6.51,-6.02

-5.51 � 0.05 -5.93,-4.80 (at EOT)
-5.63,-5.39 (at mean)

1.16 � 0.98 -1.40 � 0.29 <0.0001 -1.99,-0.80

0.63 � 0.89 -1.93 � 0.31 -2.56,-1.29

-0.53 � 0.07 -1.01,-0.04 (at EOT)
-0.68,-0.37 (at mean)

5.33 � 1.34 -0.73 � 0.28 <0.0001 -1.29,-0.16

0.06 � 0.25 -6.54 � 0.35 -7.23,-5.84

-5.81 � 0.08 -5.76,-4.77 (at EOT)
-5.97,-5.64 (at mean)

1.43 � 1.16 -1.77 � 0.27 <0.0001 -2.31,-1.22

0.83 � 0.95 -2.27 � 0.26 -2.79,-1.74

-0.50 � 0.06 -1.14,-0.05 (at EOT)
-0.63,-0.36 (at mean)

5.13 � 1.27 -1.17 � 0.28 <0.0001 -1.73,-0.60

0.30 � 0.46 -6.37 � 0.18 -6.74,-5.99

-5.20 � 0.06 -5.32,-4.33 (at EOT)
-5.32,-5.07 (at mean)

3.53 � 2.40 -1.97 � 0.48 <0.0001 -2.94,-0.99

2.10 � 2.38 -3.46 � 0.49 -4.45,-2.46

-1.49 � 0.12 -2.66,-0.19 (at EOT)
-1.74,-1.23 (at mean)
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adverse effects (SAEs) or adverse drug reactions (ADRs) during study
period.

All vital signs like pulse, respiratory rate, systolic blood pressure,
diastolic blood pressure and body temperature were assessed for
adolescent and adult group at each visit (Table S1). All vital parameters,
except, systolic and diastolic blood pressure were measured in pediatric
subjects at each visit (Table S2). No significant differences (p < 0.05)
were observed in vital parameters in Test-AA [pmin ¼ 0.075 and pmax ¼
0.916] and Test-PS [pmin ¼ 0.143 and pmax ¼ 0.917] compared to their
respective Placebo arms among all visits and results remained within the
normal range.

The complete blood count (hemoglobin, total RBC and leukocyte
count, neutrophils, lymphocytes, eosinophils, monocytes, basophils, he-
matocrit, platelet counts, erythrocyte sedimentation rate) in hematology,
liver [serum glutamic-oxaloacetic transaminase (SGOT), serum glutamic
pyruvic transaminase (SGPT)] and renal (creatinine, blood urea nitrogen,
albumin, serum sodium and potassium level) function test and serum
biochemistry (total cholesterol and random blood sugar) produced no
statistically significant difference (p < 0.05) between baseline (visit 1)
and EOT (visit 5) in adolescent and adult [Test-AA and Placebo-AA; pmin

¼ 0.063 (95%CI, -0.987–0.027) and pmax ¼ 0.945 (95% CI,
-1.411–1.510)] (Table S3) and pediatric [Test-PS and Placebo-PS; pmin ¼
0.068 (95% CI, -3.304–0.124) and pmax¼ 1.000 (95% CI, -0.189–0.189)]
(Table S4) groups. These clinical safety parameter results were within
standard range of reference values.

4. Discussion

Gut microbial dysbiosis is a known cause for many gastrointestinal
ailments including antibiotic-associated diarrhea (AAD) [34, 35, 36].
Probiotics offer therapeutic solution to such disorders within gut
microbiota. Probiotic strains of Alkalihalobacillus clausii lessen
AAD-related clinical symptoms by reprogramming the microbial balance
of gut; restore healthy and complex host-microbiota interactions. How-
ever, heterogeneous study designs often demonstrated variable probiotic
efficacies in various gastrointestinal ailments including AAD. These are
majorly due to the variability in host-specific clinical circumstances and
strain-specific probiotic attributes.

In this CONSORT-compliant randomized placebo-controlled trial
(RCT), A. clausii 088AE is evaluated for its therapeutic effectiveness in
antibiotic-associated diarrhea (AAD) and related symptoms in pediatric,
adolescent and adult population [CONSORT(2010)_Checklist__088AE-
AAD_2021]. A. clausii 088AE, MCC 0538 (genome size 4598557 bp, GC
content 44.74%, NCBI Reference Sequence No. CP031128&MH532550)
is a genomically stable and phenotypically safe probiotic bacterium.

The intervention ofA. clausii 088AE unveiled significant improvement
in total number of unformed stools and time to last unformed stool
(TTLUS) in pediatrics (Test-PS) as well as in adolescent and adult (Test-
AA) compared to their respective placebo groups (Placebo-PS and
Placebo-AA). Children are extremely vulnerable to many diarrheal con-
ditions like, acute, infectious, viral and antibiotic-associated diarrhea
[16]. In this study, pediatric group (children below 10 years of age) re-
ported a significant reduction of total number of unformed stools by
16.91% after 24 h and 99.03% after 168 h (EOT) of A. clausii 088AE (4
billion CFU per day) intervention compared to placebo arm (p < 0.0001)
(Figure 2). Several other reports mentioned about A. clausii-intervened
decrease in number and frequencyof stools in children suffered fromacute
diarrhea. Maugo [37] reported a significant decrease in mean number of
diarrhoealmotionson third and fourthdayofA. clausii treatment (4billion
CFU per day) in children (<5 y, n¼ 136) with acute diarrhea with severe
dehydration. In another study, a same strength and dosage of A. clausii
reduced the frequency and duration of diarrhea in children (<12 y, n ¼
131) after 24 and 60 h of treatment [38]. A. clausii 088AE (Test-PS) re-
ported maximum frequency of cessation of diarrhea and complete recov-
ery to normal stools (100%) within average shorter duration of 5.04 day.
The shorter duration of therapeutic effect was observed within 48 h of
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A. clausii 088AE treatment. In contrary, 96.7% pediatric patients reported
no cessation of diarrhea from Placebo-PS arm even after EOT (168 h). The
mean frequency of loose stools (diarrhea) in Test-PS and Placebo-PS was
3.43�0.07and3.47�0.11at baseline [p¼0.0983 (95%CI, -0.01–0.09)];
which was changed to 0.03 � 0.01 and 2.47 � 0.04 at EOT [p < 0.0001
(95%CI, 2.42–2.45)], respectively. These significant results clearly indi-
cated that A. clausii 088AE was effective against AAD by decreasing
diarrheal frequency and duration and improving consistency of stools
among children. Sudha et al. [39] reported about drop of stools frequency
and increase in stool consistency amongchildren (<5y, n¼119) receiving
B. clausii suspension after 96 h of treatment (4th day). In an open-label
study reported by De Castro et al. [40], B. clausii (2–4 billion CFU per
day) resolved diarrhea (52.6%)with reduced stools frequencywithinfirst
3 days of treatment in Filipino children (<6 y, n ¼ 3178) suffered with
acute community-acquired diarrhea of viral origin or antibiotic adminis-
tration. However, the IP, compounded with four different strains of
B. clausii, e.g., O/C, SIN, N/R, and T observed low rate of adverse events
among study subjects. Shah et al. [41], in an interesting study (n ¼ 225),
determined the comparative therapeutic efficacy between B. clausii and
Lactic Acid Bacillus (LAB) in children (<5 y). The study showed that a 4
billion CFU/day of B. clausii along with ORS þ Zinc supplement showed
better efficacy than LAB in terms of faster recovery and achieving normal
stool frequency. In fact, other spore-forming Bacillus like B. subtilis,
B. coagulans, B. licheniformis, Clostridium butyricum and Lactobacillus spp.,
Pediococcus spp.,Saccharomyces boulardiihave clinically evaluated to exert
therapeutic efficacies against various pediatric diarrhea including
antibiotic-associated diarrhea [2, 13, 42].

Similar to improvement in diarrheal conditions in children, A. clausii
088AE (6 billion CFU per day) treatment reduced total number of un-
formed stool in adolescent and adult group by 57.74% after 24 h
compared to placebo arm (p < 0.0001) (Figure 2). At baseline, both
Placebo-AA and Test-AA had mean diarrheal frequency of 4.83 � 0.29
and 4.73 � 0.17 [p ¼ 0.1087 (95%CI, -0.22–0.02)]; which was changed
to 3.47 � 0.12 and 0.00 � 0.00 [p < 0.0001 (95%CI, -3.51–3.42)],
respectively. Treatment with A. clausii 088AE reported higher time to
last unformed stools, viz., 26.67, 56.67 and 3.33% respectively after 48,
72 and 96h (Figure 3). Results of clinical effectiveness of A. clausii
088AE are in agreement with other strains reported [43]. Earlier, Sudha
et al. [43] reported on B. clausii strain UBBC07 which reduced the mean
duration and frequency of acute diarrhoea, with improvement in stool
consistency in a second phase clinical trial (n ¼ 27). In another study,
Plomer et al. [44] reported about therapeutic effectiveness of a
commercially available medicinal product Enterogermina®, contains
four different strains of poly-antibiotic resistant B. clausii (O/C, SIN,
N/R and T) that decreased the incidence (39%) and duration of diarrhea
in patients (n ¼ 130) receiving H. pylori eradication therapy. Several
other pathogens like C. perfringens, S. aureus, K. oxytoca, Candida spp.,
Pseudomonas spp. and Salmonella spp. infrequently distort the intestinal
microbial ecology. β-lactam, lincomycin, cephalosporin and macrolide
class of antibiotics are routinely applied to control such pathogenic
overgrowth that often induce adverse effects like infectious or
antibiotic-associated diarrhea [45]. Certainly, the compatibility of
A. clausii 088AE with antibiotics is a key attribute behind its therapeutic
effectiveness against gastrointestinal ailments including antibiotic
induced infectious diarrhea.

The antibiotic-associated diarrheal severity is associated with
symptoms like bloating, fever, distension, flatulence, odorous flatu-
lence, difficult gas evacuation, stomach rumbling, belching, bad breath,
abdominal movement and excessive gas evacuation. In this study,
A. clausii 088AE showed significant reduction in severity scores on EOT
in pediatric [p < 0.0001 (95%CI, -1.52–1.21)] as well as adolescent
and adult [p ¼ 0.0237 (95%CI, 0.03–0.37)] groups compared to their
respective placebo arms. Few other studies also evaluated severity
parameters during AAD. With a triple-therapy RCT study [rabeprazole
20 mg-bid, clarithromycin 500 mg-bid, amoxicillin 1 g-bid and
B. clausii 2 billion CFU-tid (n ¼ 130)] on H. pylori-positive patients,
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Plomer et al. [44] reported that B. clauii reduced (29%) incidence of
diarrhea in first week and remained lower in second week. In sec-
ondary efficacy outcomes, B. clausii with triple-therapy reduced the
patient-reported frequency/intensity of associated symptoms like
vomiting, taste disturbance, loss of appetite, nausea, epigastric pain,
flatulence, constipation, or skin rash from first to second week. In a
similar triple-therapy, Nista et al. [46] reported on lower incidence of
nausea, diarrhea and epigastric pain in Helicobacter pylori-positive pa-
tients (n ¼ 120) after 14 days of B. clausii treatment. On a similar note,
this study evaluated AAD-associated symptoms on patients receiving
broad-spectrum antibiotics treatment and recorded the degree of
improvement using VAS assessment scale. Results indicated that
A. clausii 088AE was efficacious in reducing symptoms like abdominal
pain, bloating and flatulence, vomiting and nausea, perception of
mental wellbeing and influence on daily life in both pediatric, adult
and adolescent groups compared to placebo (p < 0.05). The
improvement [change between two arm means (Test vs. Placebo) on
EOT and mean change between baseline to EOT means of two arms]
was time-dependent and measured statistically significant on EOT (p <

0.0001) compared to respective placebo. Interestingly, a comparative
analysis implied on A. clausii 088AE that might exert better clinical
efficacies than other commercially available poly-antibiotic resistant
A. clausii strains. This can be due to distinguished gastrointestinal
stability characteristics, antipathogenic and immunomodulatory profile
of the current strain A. clausii 088AE. Urdaci et al. [47] particularly
demonstrated the inhibitory activity of B. clausii OC against S. aureus
CIP35053156, E. faecium LMBA27323 and Clostridium difficile 514.
A. clausii supports the restoration of intestinal microbiota, aids in
improving digestion and absorption of nutrients, antibiotic-induced
vitamin deficiency and may facilitate systematic detoxification of re-
sidual antibiotics [48, 49]. Diarrheal severity varies on grade of
inflammation of mucosal lining. A. clausii may modulate various
inflammasome markers like nuclear factor κβ (NF-kβ),
mitogen-activated protein kinases (MAPK), nitric oxide synthase (NOS),
γ-interferon (IFN-γ) and tumor necrosis factor (TNF) [47, 50].
Increasing evidences support that A. clausii can modulate epithelial
barrier and resume gastrointestinal homeostasis with the differential
expression of genes related to immune response and inflammation
(IL-8, IL-1β and IL-1 receptor ligands, CD79β, FCGR2β, β-defensin,
IFN-β), apoptosis and cell growth (caspase 5, BCL2-antagonist), cell
differentiation (IL-13), cell-cell signaling (IL6R), cell adhesion (proto-
cadherin 12, vitronectin, type 2-cadherin 6), signal transcription and
transduction (MAX dimerization protein 1, NF-κβ binding protein),
tight junction proteins (mucin 5AC, occludin and zonula occludens-1)
[51, 52, 53].

Safety risk assessment unveiled that the investigational spore
preparation of A. clausii 088AE (2 billion CFU) was well tolerated by
pediatric (bid) and adolescent and adult (tid) group when administered
with antibiotics. A. clausii 088AE was safe in both pediatric (Test-PS
and Placebo-PS) and adolescent and adult (Test-AA and Placebo-AA)
groups as no statistically significant difference was estimated be-
tween baseline (visit 1) and EOT (visit 5) for vital signs, hematology,
liver and renal function test and serum biochemistry parameters (p <

0.05). Each safety parameter result was within standard range of
reference values. Simultaneously, no study drug related adverse events
(AEs), serious adverse effects (SAEs) or adverse drug reactions (ADRs)
were noted during the trial, which conclude that investigational
product is safe to use. In contrary to the safety of A. clausii 088AE,
other strains of A. clausii have been reported for adverse effects of mild
to moderate severity in a very small group of study participants [24,
44]. In many clinical studies, spore preparation of A. clausii is admin-
istered orally with a dosage of 1–4 � 109 CFU/day to neonates, infants
and children and 2–8�109 CFU/day to adults [16, 24, 38, 43, 50, 53,
54, 55].

In summary, 2 � 109 CFU of probiotic Alkalihalobacillus clausii
088AE (basionym Bacillus clausii 088AE) was widely accepted by
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children (bid) and adolescents and adults (tid) with no treatment-
related adverse reactions. Co-administration of A. clausii 088AE with
antibiotics can significantly reduce diarrhea and alleviate the symp-
toms of diarrhea induced by antibiotics, such as abdominal pain,
diarrhea (defecation), bloating and flatulence, nausea and vomiting,
perception of mental well-being and influence daily life, compared to
those placebo arms. Treatment with A. clausii 088AE significantly
reduced stool frequency and shortened the duration of unformed stools
with "normal" stool consistency, reducing the severity of AAD. No
serious adverse reactions further confirmed the treatment safety and
therapeutic effects of A. clausii 088AE. A. clausii 088AE can be used as
an effective adjunct bacterial therapy for the pathophysiology of diar-
rhea, especially AAD and acute infectious diarrhea in children, ado-
lescents, and adults.
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