
Beneficial Microbes (2026) DOI:10 . 1 163/ 18762891 -bja001 13

brill.com/bm

Research article

Effects of a Bacillus subtilisHU58 andHeyndrickxia faecalis SC208
spore-forming probiotic formula on gastrointestinal health: results of
a randomised, double-blind, placebo-controlled pilot study

K. Sorensen1* , S. Khanna2, A. Porwal3 , B.L. Dharmendra4 , P. Soni5 , D. Siddavaram6 ,
C. Holz7 and S. Jadhav8

1Clinical Development, Novozymes A/S, Krogshøjvej 36, 2880 Bagsvaerd, Denmark; 2Department of
Gastroenterology, Dr. Sanjeev Khanna Clinic, E2, Vishal Apartments, Behind VishalHall,M.V. Road,
Andheri East,Mumbai-400 069, Mumbai,Maharashtra, India; 3Department of Proctology, Healing Hands
Clinic, Fourth Floor,Millenium Star Extension, Adjacent to Ruby Hall, Dhole Patil Road, Pune-411001,
Maharashtra, India; 4Department of Surgical Gastroenterology, Mysore Medical College & Research
Institute and Associated Hospitals, K.R. Hospital, Irwin Road,Mysore-570001, Karnataka, India;
5Department of Medicine, Second Floor, PCMC’s Post Graduate Institute, YCMHospital, Sant Tukaram
Nagar, Pimpri, Pune-411018, Maharashtra, India; 6Clinical Research Department, Saideep Healthcare &
Research Pvt. Ltd., Seventh Floor, Viraj Estate, Behind Yashwant Colony, Near DSP Chowk, Ahilyanagar
[formerly Ahmednagar]-414003,Maharashtra, India; 7Clinical Development, Novozymes Berlin GmbH,
Kronenstraße 63, 10117 Berlin, Germany; 8Clinical Development, Synergia Life Sciences Pvt. Ltd, Gut No./S.
No. 65, H. No. 2 Paiki, Village-Gatesh Budruk, Saja Kone, Wada, Thane, Wada, 421303, Maharashtra, India;
*kass@novonesis.com

Received 31 October 2025 | Accepted 1 February 2026 | Published online 17 February 2026

Abstract

Irritable bowel syndrome (IBS) is a chronic functional disorder characterised by abdominal pain and altered bowel
habits. Themost prevalent subtype is diarrhoea-predominant IBS (IBS-D). The combination of Bacillus subtilisHU58
and Heyndrickxia faecalis (formerly Bacillus coagulans) SC208 has previously exerted positive effects in people
with antibiotic-associated diarrhoea and infective diarrhoea. The present multicentre study conducted in India
aimed to evaluate the effectiveness and safety of the dual-strain probiotic in adults (18-65 years) with IBS-D. In this
randomised, double-blind, placebo-controlled pilot study, 61 participants were recruited and assessed for changes
in abdominal pain intensity (Numeric Rating Scale, NRS) and stool consistency (Bristol Stool FormScale, BSFS) over
a 4-week intervention period, with secondary outcomes including responder rates for IBS Global Assessment of
Improvement (IBS-GAI) and perceived stress (Perceived Stress Scale, PSS). The probiotic group showed significantly
higher overall responder rates for both abdominal pain and stool consistency (P = 0.003) compared to the placebo
group. Significant improvements were observed in abdominal pain (P = 0.003) and stool consistency (P = 0.035)
scores in the probiotic versus placebo group from baseline to end of intervention. IBS-GAI responder rates were
significantly higher among the probiotic versus placebo group (P = 0.017) whilst perceived stress scores did not
differ significantly between groups. In conclusion, supplementation with B. subtilis HU58 and H. faecalis SC208
for 4 weeks was safe and effective in improving stool consistency and abdominal pain in individuals with IBS-D,
supporting its potential for symptommanagement in IBS-D.
The trial is registered at https://ctri.nic.in/Clinicaltrials (CTRI/2022/07/044154).
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1 Introduction

The human gut microbiota is a community of trillions
of microorganisms –mostly viruses, bacteriophages and
bacteria, fungi and protozoa – which reside in the
human gastrointestinal (GI) tract (Valdes et al., 2018).
These organisms and their metabolites are key compo-
nents of the intestinal ecosystem, influencing human
health through modulation of immune, metabolic, neu-
robehavioral and digestive processes (Fusco et al., 2023).
Throughout the lifespan, several factors including diet,
lifestyle, mental state, environmental exposures and
infection may impact the composition and diversity of
the gut microbiota, leading to the symptomatic dysreg-
ulation of GI functions and development of functional
GI disorders (FGID) (Wei et al., 2021). The burden of
functionalGI symptoms iswell documented, correlating
to medical comorbidities, increased global healthcare
costs and impaired quality of life (Dawoodi et al., 2022;
Sperber et al., 2021; Tielemans et al., 2013).

Irritable bowel syndrome (IBS) is a common FGID,
characterised by recurrent abdominal pain and associ-
ated changes in stool consistency and frequency, with
diarrhoea-predominant IBS (IBS-D) being the most
prevalent subtype accounting for 31.5% of cases glob-
ally (Oka et al., 2020). The predominance of diarrhoea
in individuals with IBS presents a significant burden,
correlating to worse quality of life and greater interfer-
ence in daily activities (Singh et al., 2015).

In addition to dietary, lifestyle and pharmaceuti-
cal interventions, probiotics are commonly used for
the management of IBS symptoms with documented
positive outcomes. Probiotics are known to influence
mucosal immune pathways through their interaction
with commensal and pathogenic microbes, the pro-
duction of metabolites, such as short chain fatty acids
(SCFA), and communication with host cells via bio-
chemical signalling, leading to improvements in func-
tional GI symptoms with the reduction of diarrhoea
being one of the most widely recognised (Guarner,
2023).

Such probiotic effects are known to be strain-specific
and may be compromised by issues relating to their
viability during manufacturing, storage and shelf life,
yet whilst spore-forming strains offer a potential advan-
tage due to their superior resistance to harsh environ-

mental conditions, their efficacy is less widely docu-
mented than non-spore-forming probiotics (Guarner,
2023). Among the most widely studied spore-formers
are those belonging to the Bacillus genus. In previous
clinical trials, B. coagulans MTCC 5856 was found to
decrease diarrhoea, abdominal pain and bloating in
adults with IBS-D (Majeed et al., 2016) while B. cereus
A05 was shown to be more effective at reducing diar-
rhoea than dietary fibre supplementation in individuals
receiving enteral nutrition (deCastro Soares et al., 2017).

In particular, strains belonging to B. subtilis andHeyn-
drickxia faecalis (formerly B. coagulans, later reclassified
as Weizmannia coagulans) have long been recognised
for their probiotic potential, being known to survive
the digestive tract and germinate in the gut where they
exert their positive health effects (Casula and Cutting,
2002; Cutting, 2011; Hong et al., 2005). Consequently,
they have been used as probiotic ingredients in dietary
supplements and foods for human and animal health for
several years and listed as probiotics by the Food Safety
and Standards Authority of India (2022). As such these
organisms are of ongoing interest to researchers.

Recent studies have demonstrated beneficial effects
of the combination of B. subtilis (HU58™) and Heyn-
drickxia faecalis (SC208™) in individuals with diarrhoea
(Dhongade, 2022, Mehta, 2020a). The B. subtilis HU58
strain was first isolated from a faecal sample from a
healthy individual (Hong et al., 2009a). It is a Gram-
positive, rod-shaped, spore-forming, aerobic/facultative
anaerobic bacterium that is resistant to gastric fluids,
undergoes rapid sporulation, and can form biofilms
(Permpoonpattana et al., 2012). It has been reported to
increase levels of short chain fatty acids (SCFAs), the
relative abundance of beneficial microbial families, and
themicrobial diversity in an in vitromodel of the human
GI tract (Marzorati et al., 2020). H. faecalis SC208 is a
spore-forming probiotic strain isolated from soil, known
to produce SCFAs and digestive enzymes (Hong et al.,
2009a, Hong et al., 2009b). The most recent reclassifi-
cation of strain SC208 to H. faecaliswas based onwhole
genome pairwise average nucleotide identity (ANI) with
type strain H. faecalis Marseille-P8953T (Narsing Rao et
al., 2023).H. faecalis andW. coagulans are closely related
species and their high genetic similarity have resulted
in the reclassification of strains previously assigned to
W. coagulans into H. faecalis. Due to this reclassifica-
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tion the species share a common history of use. The
safety profiles of both strains have been confirmed by
genome sequencing and in several clinical trials (Dhon-
gade, 2022; Dound et al., 2017;Mehta, 2020a,b).

In combination, the beneficial effects of B. subtilis
HU58 and H. faecalis SC208 on intestinal permeability
and immune markers have been demonstrated using an
in vitro gut model, the mucosal simulator of the human
intestinal microbial ecosystem (M-SHIME®), and an in
vitro inflammatory bowel disease-like Caco-2/THP1 co-
culture model in both healthy and antibiotic-induced
dysbiosis conditions (Marzorati et al., 2020). This com-
bination of probiotic strains has also been found to
normalise stool consistency and frequency and allevi-
ate abdominal pain in adults with antibiotic-associated
diarrhoea (Mehta, 2020a) and children with infective
diarrhoea (Dhongade, 2022), suggesting their potential
positive effects on symptoms of diarrhoea from other
causes. However, the effects of these spore-forming pro-
biotics in individuals with IBS-D have not previously
been reported, warranting separate investigation.

Thiswas the first randomised, double-blind, placebo-
controlled pilot study conducted in India that aimed to
investigate the effects of a spore-based probiotic sup-
plement containing the HU58 and SC208 strains on
diarrhoea, abdominal pain, gutmicrobiota diversity and
SCFA production, in an IBS-D population.

2 Materials andmethods

Study design
This randomised, double-blind, placebo-controlled, pa-
rallel-group, multicentre pilot study investigating the
efficacy and safety of a 4-week intervention of the
HU58 and SC208 strains in a population of adults
with IBS-D (as defined by Rome IV criteria) was con-
ducted from August 2022 to January 2023 at five clin-
ical sites in India: Dr Sanjeev Khanna Clinic, Mum-
bai; Healing Hands Clinic, Pune; Mysore Medical Col-
lege & Research Institute and associated hospitals,
Mysore; Pimpri Chinchwad Municipal Corporation’s
Post Graduate Institute (PCMCs PGI) Yashwantrao Cha-
van Memorial Hospital, Pune; and Saideep Healthcare
& Research Centre, Ahmendnagar. Written favourable
opinion for the conduct of the study was provided
by V Care Independent Ethics Committee (7th July
2022, Reg. No ECR/334/Indt/MH/2020) for Dr. San-
jeev Khanna Clinic, and by the respective institu-
tional ethics committees for Healing Hands Clinic
(30th July 2022, Reg. No ECR/238/Indt/MH/2017/RR-

21), Mysore Medical College & Research Institute (18th
September 2022, Reg. No. ECR/134/Inst/KA/2013/RR-
19), PCMCs PGIYashwantraoChavanMemorialHospital
(8th July 2022, ECR/1236/Inst/MH/2019) and Saideep
Healthcare & Research Centre (19th July 2022, Reg.
No. ECR/1644/Inst/MH/2022). The study was conducted
in accordance with the Declaration of Helsinki, the
International Conference for Harmonization guide-
line for Good Clinical Practice (GCP), and relevant
health-related research guidelines of the Indian Min-
istry of Health and Family Welfare and the Indian
Council of Medical Research. The study was prospec-
tively registered in the Clinical Trial Registry of India
(CTRI/2022/07/044154) and the resultswere reported in
accordance with the Consolidated Standards of Report-
ing Trials (CONSORT) guidelines.

The study included six clinical visits: Visit 1 screen-
ing visit (day −7 to day 1), visit 2 randomisation/baseline
(day 1), visit 3 follow-up (day 8 ± 1, week 1), visit 4 follow-
up (day 15 ± 1, week 2), visit 5 follow-up (day 22 ± 1,
week 3) and visit 6 follow-up (day 29 ± 1, week 4).

Study participants
Adultswere eligible for inclusion if they were aged from
18 to 65 years, diagnosed with IBS-D (of any sever-
ity) as per ROME IV criteria (Drossman, 2016) with
at least one Bristol Stool Form Scale (BSFS) type 6 or
7 stool on at least 2 days per week, with an average
worst daily abdominal pain intensity (within the past
24 hours) of at least 3 points on a 0-10 point Numeri-
cal Rating Scale (NRS), and willing to participate in the
study and provide informed consent. Exclusion crite-
ria included constipation-predominant IBS, diarrhoea
other than that associated with IBS and/or requiring
antibiotic treatment, acute GI tract infection, other GI
diseases, type 1 diabetes mellitus, uncontrolled type 2
diabetes mellitus, clinically significant and/or severe
or unstable illnesses of the cardiovascular, pulmonary,
neurological, psychiatric, endocrine, immune, respira-
tory, hepato-biliary, renal, urinary, haematological, mus-
culoskeletal system and/or any inflammatory disorder,
and known hypersensitivity to any of the ingredients
in the study products that would preclude the safe
administration of the study product; history of food
allergies, lactose intolerance, celiac disease, inflamma-
tory bowel disease, bowel cancer, bariatric surgery or
surgical resection of the stomach, small intestine, or
large intestine, unexplained weight loss, rectal bleeding,
human immunodeficiency virus, hepatitis B, hepatitis
C, or alcohol or drug abuse within three months prior
to screening; use of antidepressant agents, unless used
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at a stable dose for at least two weeks prior to screen-
ing; intake of any probiotic, prebiotic or synbiotic for-
mulations, antibiotics, bile acid sequestrants, serotonin
type 3 receptor antagonists ormedications for the treat-
ment of IBS-D (e.g. eluxadoline) within two weeks prior
to screening; females who were pregnant, lactating, or
not willing to use contraceptives during the course of
the study; and unwillingness or inability to comply with
the study protocol and provide informed consent.

Participation in the study was voluntary and, prior
to screening, written informed consent was obtained
from all participants, after being fully informed about
all study procedures and that they could withdraw from
the study at any time.

Study intervention and blinding
Eligible participants were randomised into the test
group (probiotic) or control group (placebo). The test
group received a total daily dose of 4 × 109 cfu B. sub-
tilis HU58 and 2 × 109 cfu H. faecalis SC208, to be taken
in two divided doses with meals (2 × 109 cfu B. subtilis
HU58 and 1 × 109 cfu H. faecalis SC208 per capsule)
for 28 days. The control group received a placebo cap-
sule which contained only the excipients present in the
probiotic product (both manufactured and provided by
Synergia Life Sciences [formerly known as Riata Life Sci-
ences] Pvt Ltd, Vadodara, India) to be taken twice per
day with a meal, for 28 days. Computer generated per-
muted block randomisationwith a block size of fourwas
used to randomise eligible participants into two groups
with a 1:1 ratio. Group allocation was concealed from
the participants, investigators and clinical staff by cen-
tralised preparation of probiotic and placebo capsules
with a similar appearance, taste and smell, which were
packed in identical high-density polyethylene bottles,
labelled with a unique identification code according to
the randomisation list, and dispensed sequentially by
the blinded clinical staff. Group allocations remained
concealed until the final databasewas locked.

Assessments and endpoints
The primary endpoint of the study was the percentage
of overall responders for both abdominal pain and stool
consistency at week 4 in each study group (USDHHS-
FDA, 2012). A responder for abdominal painwas defined
as a participant with a decrease in their weekly average
abdominal pain NRS score of at least 30% from base-
line to week 4. A responder for stool consistency was
defined as a participant who experienced a decrease of
at least 50% in the average number of days per week
with at least one BSFS type 6 or 7 stool, from baseline

to week 4. An overall responder was defined as a par-
ticipant who met both these criteria, showing both a
decrease of at least 30% in theirweekly average abdom-
inal pain NRS score and a decrease of at least 50% in
the average number of days per week with at least one
BSFS type 6 or 7 stool, from baseline to week 4. Clin-
ical evaluation was performed during the study visits
by the clinician. At baseline, participants were provided
with a daily diary card to record study product intake,
stool consistency (Bristol Stool Form Scale [BSFS], type
1-2 constipation; type 3-5 normal; type 6-7 loose stool
or diarrhoea) (Lewis and Heaton, 1997) and abdominal
pain intensity (worst abdominal pain within the last 24
hours) assessed using a 11-point Numerical Rating Scale
[NRS] where 0 is no pain and 10 is the worst pain imag-
inable (McCaffery and Beebe, 1989), fromwhich average
weekly scores were calculated. During the study visits
at week 1 to week 4, the investigator reviewed and ver-
ified the participants’ diary cards and documented the
number of days per week with at least one BSFS type 6
or 7 stool, and the occurrence of adverse events (AEs).
Participant stress levels were assessed by the investiga-
tor at baseline and week 4 using the Perceived Stress
Scale (PSS) (Cohen et al., 1983). Overall improvement
in IBS symptoms was assessed by the investigator with
the IBS Global Assessment of Improvement Scale (IBS-
GAI) at week 4. Secondary study endpoints included
the percentage of responders for stool consistency, the
percentage of responders for abdominal pain, and the
percentage of responders for IBS-GAI, defined as having
either moderately or substantially improved symptoms
(Passos et al., 2009), and themean change from baseline
in stool consistency (BSFS), abdominal pain intensity
(NRS), and perceived stress (PSS) at weeks 1, 2, 3 and
4. Stool samples were collected at baseline and week
4, using the Zymo Feces catcher (Zymo Research Corp.,
Tustin, CA, USA) and placed in a sterile 50 ml collec-
tion tube. Assessment of gut microbiota composition
and total faecal SCFA levelswere planned as exploratory
endpoints. However, due to insufficient stool sample
collection and quality, reliable analyses of the gutmicro-
biome and SCFA levels could not be performed.

Safety assessment
Safety assessments included evaluation and grading of
adverse events, monitoring of vital signs (temperature,
pulse, systolic and diastolic blood pressure) and physi-
cal examination throughout the study period (visit 1 to
visit 6).
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Figure 1 CONSORT flow diagram of study.

Statistical analysis
Due to the exploratory nature of the study, the sample
size was not based on a formal statistical power cal-
culation. Statistical analysis was performed using SAS
9.1 (Cary, NC, USA) on the per protocol (PP) popula-
tion, including all randomised participants who met all
inclusion/exclusion criteria, consumed the study prod-
uct every day, and completed the study up to week 4
without any major protocol deviation that might affect
the results. Linear mixed models were fitted for the
change from baseline inNRS score and stool consistency
BSFS score, where treatment group, visit and the inter-
action between treatment group and visit were used
as fixed terms, the corresponding baseline score as a
covariate, and participant as the random term. The dif-
ferences between the treatment groups over the vis-
its and within each visit were estimated from the fit-
ted models using least-square means (LSMs). In addi-
tion, within-group changes at each visitwere calculated.
The PSS score was analysed with analysis of covariance
(ANCOVA)models, where the treatment groupwas used
as the fixed term and the corresponding baseline value
as a covariate. Chi-square and Fisher’s exact tests (for
low (<5) cell counts) were used, respectively, for cate-
gorical data relating to gender, stool consistency (BSFS)
categories and the proportion of responders. A P-value
of <0.05 was considered statistically significant. Data

are presented asmean (standard deviation) and propor-
tion (n, %) of participants, unless otherwise stated.

3 Results

Participants
The number of participants who were included in each
stage of the study is presented in a CONSORT flow dia-
gram (Figure 1).

Participant characteristics
At baseline, there were no significant differences in par-
ticipant characteristics between the two study groups
(Table 1). Throughout the study, few concomitant med-
ications were reported, of which most were vitamin
and mineral supplements and paracetamol, and none
related to the management of IBS-D, with no significant
differences between groups.

Response to probiotic
Overall responders for abdominal pain (NRS) and stool
consistency (BSFS)
At week 4, there were significantly more overall respon-
ders for both abdominal pain and stool consistency in
the probiotic group (n = 24, 82.8%) than the placebo
group (n = 13, 44.8%) (P = 0.003).
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Table 1 Summary of participant characteristics at baseline.1

Probiotic group
(n = 29)

Placebo group
(n = 29)

P-value

Age (years), mean (SD) 39.2 (10.0) 39.0 (13.4) 0.947
Males, n (%) 13 (44.8%) 14 (48.3%) 0.966
Females, n (%) 16 (55.2%) 15 (51.7%)
Abdominal pain score (NRS), mean (SD) 4.80 (1. 8) 4.60 (1. 7) 0.682
Stool consistency score (BSFS), mean (SD) 5.90 (0.6) 5.80 (0.8) 0.503

1 SD: standard deviation; NRS: Numerical Rating Scale; BSFS: Bristol Stool Form Scale.

Figure 2 Change from baseline in abdominal pain intensity
assessed by Numerical Rating Scale (NRS) at each
timepoint in the probiotic versus placebo group.
Values are presented as mean and standard error of
mean (SEM) error bars * P < 0.05 ** P < 0.01.

Abdominal pain (NRS)
At baseline, there were no statistically significant differ-
ences in mean NRS scores for abdominal pain inten-
sity between groups (Table 1). NRS scores significantly
decreased at all timepoints within each group (P <
0.0001). At weeks 1 and 2, the decreases in NRS scores
were similar between groups, with a change of −1.00
[standard deviation (SD) 1.13] in the probiotic group
versus −0.90 [SD 1.08] in the placebo group (P =
0.872) at Week 1 and −1.60 [SD 1.51] versus −1.60 [SD
1.33] (P = 0.823) at Week 2. There were significantly
greater decreases from baseline seen among the probi-
otic group compared to the placebo group at week 3
(−2.60 [SD 1.14] versus −1.80 [SD 1.36], P = 0.018) and
week 4 (−3.00 [SD 1.21] versus −1.90 [SD 1.49], P =
0.003) (Figure 2).

The proportion of responders for abdominal pain in
each group are presented in Table 2. Throughout the
study, the proportion of responders for abdominal pain
increased at each timepoint in the probiotic group, with
the majority of participants in this group being respon-
ders at week 4. Conversely, in the placebo group, the

proportion of responders increased slightly from week 1
to week 3, followed by a reduction to less than half of
participants by week 4. Consequently, whilst there were
no significant differences between groups atweek 1 or 2,
there were significantly more responders for abdominal
pain in the probiotic group compared to the placebo
group at week 3 (86.2% versus 55.2%, P = 0.009) and
week 4 (93.1% versus 44.8%, P < 0.001).

Stool consistency (BSFS)
At baseline, there were no significant differences in
mean BSFS scores between groups (Table 1). During the
study, there were statistically significant decreases in
BSFS scores at all timepoints within each group (P <
0.01). During the first two weeks, the decreases in BSFS
scores were similar between groups (week 1: −0.40 [SD
0.84] in the probiotic group versus −0.40 [SD 0.72] in
the placebo group, P = 0.822; week 2: −0.90 [SD 0.78]
in the probiotic group versus −0.70 [SD 0.92] in the
placebo group, P = 0.512). There were significantly
greater decreases from baseline in the probiotic group
compared to the placebo group at week 3 (−1.40 [SD
0.99] versus −0.90 [SD 0.88], P = 0.041) and at week
4 (−1.50 [SD 1.03] versus −0.90 [SD 0.99], P = 0.035)
(Figure 3).

Whilst the proportion of responders for stool consis-
tency increased throughout the study in both groups,
therewere significantlymore responderswithin the pro-
biotic group compared to the placebo group by week 3
(96.6% versus 48.3%, P < 0.001), and week 4 (93.1%
versus 48.3%, P < 0.001) (Table 2).

IBS global improvement (IBS-GAI)
At week 4, there were significantly more responders for
the IBS-GAI scale in the probiotic group compared to
the placebo group (72.4% versus 41.4%, P = 0.017).
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Table 2 Proportion of participants (n [%]) whowere responders for abdominal pain and stool consistency, respectively1

Abdominal pain (NRS) Stool consistency (BSFS)
Probiotic group
(n = 29)

Placebo group
(n = 29)

P-value Probiotic group
(n = 29)

Placebo group
(n = 29)

P-value

Week 1 7 (24.1%) 8 (27.6%) 0.764 7 (24.14%) 8 (27.6%) 0.764
Week 2 16 (55.2%) 14 (48.3%) 0.599 15 (51.72%) 11 (37.9%) 0.291
Week 3 25 (86.2%) 16 (55.2%) 0.009 28 (96.55%) 14 (48.3%) <0.001
Week 4 27 (93.1%) 13 (44.8%) <0.001 27 (93.10%) 14 (48.3%) <0.001

1 NRS: Numerical Rating Scale; BSFS: Bristol Stool Form Scale. A responder for abdominal pain was defined as a participant with a decrease
of at least 30% in their weekly average abdominal pain NRS score from baseline to week 4. A responder for stool consistency was defined
as a participant who experienced a decrease of at least 50% in the average number of days per week with at least one BSFS type 6 or 7
stool from baseline to week 4.

Figure 3 Change from baseline in stool consistency assessed by
Bristol Stool Form Scale (BSFS) at each timepoint in
the probiotic versus placebo group. Values are
presented asmean and standard error of mean (SEM)
error bars. * P < 0.05.

Perceived stress scale (PSS)
At baseline, mean PSS scores were similar, with no sig-
nificant differences between the probiotic and placebo
groups (19.7 [SD 4.08] versus 21.0 [SD 3.95], P = 0.232).
These significantly decreased in both the probiotic
(−2.40 [SD 4.26], P < 0.0001) and placebo (−2.20 [SD
4.52], P = 0.006) groups at week 4, with no statistically
significant difference in the change over time between
groups (P = 0.165).

Gutmicrobiota diversity and faecal short-chain fatty
acid (SCFA) levels
Gut microbiota and faecal SCFA analysis could not be
completed due to an insufficient number of analysable
stool samples (56 samples from 29 participants), pre-
cluding reliable statistical interpretation.

Safety (adverse events, AEs)
During the study, two AEs (fever and constipation) were
recorded in one participant from the placebo group.
Both were categorised as mild severity and unlikely to
be related to the use of study product.

4 Discussion

This randomised, double-blind, placebo-controlled pilot
trial was the first to demonstrate that 4 weeks of sup-
plementation with the dual-strain combination of B.
subtilis (HU58) and H. faecalis (SC208) led to significant
improvements in abdominal pain, diarrhoea, and global
symptoms of IBS-D in adults, adding to the growing
evidence base for the safety and efficacy of this spore-
forming probiotic combination in individualswith diar-
rhoea, compared to placebo.

Placebo responses are well documented in IBS trials,
particularly for subjective outcomes such as abdominal
pain and global symptom scores, but have also been
observed for bowel habit–related endpoints, including
stool frequency and consistency. In disorders of gut–
brain interaction (DGBI), placebo effects may extend
beyond symptom perception and involve physiologi-
cal modulation of gastrointestinal motility and secre-
tion through gut–brain axis pathways influenced by
expectancy and stress-related mechanisms (Drossman,
2016; Enck et al., 2013; Enck and Klosterhalfen, 2005).
Despite this, in the present study the improvements
observed in the probiotic group were greater than those
in the placebo group, supporting a specific beneficial
effect of B. subtilis HU58 and H. faecalis SC208 on GI
symptoms.

Previous studies have shown similar positive effects
of this probiotic combination on the duration and sever-
ity of diarrhoea and the intensity of associated abdomi-
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nal pain, in adult and paediatric populations with AAD
and acute infective diarrhoea, respectively (Dhongade,
2022, Mehta, 2020a). Whilst the present study demon-
strated benefits by week 3, resolution of acute diarrheal
symptomswas reportedwithin seven days of the admin-
istration of B. subtilis HU58 and H. faecalis SC208 in
the previous studies, reflecting perhaps a greater base-
line symptom severity and potentially different mecha-
nisms by which these strains may have exerted positive
effects on the respective study cohorts, each with a dif-
ferent aetiology of diarrheal symptoms. For example,
in an antibiotic-induced dysbiosis in vitro inflammatory
bowel disease model, B. subtilis HU58 and H. faecalis
SC208 were shown to increase gut barrier integrity and
reduce proinflammatory cytokines including tumour-
necrosis factor-α, monocyte chemoattractant protein-1
and interleukin-6 levels within two weeks (Marzorati
et al., 2020), whilst their specific mode of action in
IBS-D has not yet been clarified. Furthermore, studies of
other probiotic strains conducted in IBS-D populations
have reported improved symptoms around four to eight
weeks after the administration of probiotics, which is
later than the three weeks of the present study, and
which may indicate the typical timeframe required for
probiotic effects to be seen in this population (Dolin,
2009;Majeed et al., 2016; Sun et al., 2018).

In contrast to the improvements in GI symptoms,
whilst there was a statistically significant decrease in
perceived stress levels in the probiotic group, this was
also observed in the placebo group, resulting in a non-
significant difference between groups in the present
study. Previous trials have demonstrated strong placebo
effects on stress-related outcomes, possibly due to the
routine of preparing and taking the intervention and
the associated hope of improvement having a posi-
tive effect on mood (Merkouris et al., 2024). Never-
theless, as a DGBI (Drossman, 2016), the association
between stress and IBS iswell documented with concur-
rent improvements in stress levels and IBS symptoms
having been observed (Horn et al., 2023). In particu-
lar, probiotics may exert positive effects on GI symp-
toms in part through the mediation of the gut-brain
axis through SCFA production, which in turn influences
the release of serotonin and other neurotransmitters
known to contribute to the regulation of mood and
stress response pathways (Cheng et al., 2022, Silva et
al., 2020). Unfortunately, in the present study it was
not possible to assess whether the improvements in
diarrhoea, abdominal pain and global symptoms were
accompanied by changes in SCFA production, due to
insufficient analysable stool samples. In fact, studies

have shown contradictory findings relating to SCFA lev-
els in IBS-D populations, with some reporting higher
faecal concentrations of acetate, propionate, and total
SCFA compared to healthy individuals, related perhaps
to an increased colonic fermentation in IBS-D (Sun et
al., 2019). Future research should involve a larger cohort,
placebo lead-in period, and longer intervention period
to support the detection of changes in perceived stress
and total and specific SCFA concentrations, such as pro-
pionate and butyrate following probiotic supplementa-
tion, and to enable exploration of possible correlations
between these endpoints and the gutmicrobiota.

Indeed, an additional exploratory endpoint of the
present study was the effect of the B. subtilis HU58 and
H. faecalis SC208 spores on gut biodiversity, which was
precluded by the insufficient samples amenable to sta-
tistical analysis. To date, relatively few studies investi-
gating probiotic supplementation in IBS-D populations
have explored changes to intestinal microbiota, pos-
sibly due to the logistical challenges associated with
collecting and sequencing commensurate samples. In
one study, synbiotic supplementation over a four-month
period was not associated with increases in alpha diver-
sity, but did increase the relative abundance of the
supplemented probiotic species including B. coagulans
(Phan et al., 2021). By contrast, studieswhich have inves-
tigated the effects of probiotics on the gut microbiota
over four to eight weeks have failed to demonstrate sig-
nificant changes, perhaps indicating the strain-specific
nature of probiotic interactionswith the commensal gut
microbes, and the need for a longer intervention period
than that found in the present study (Ng et al., 2023). In
general, probiotic supplementation is thought to exert
only transient changes to the gut microbiota compo-
sition over the duration of intake, with few microbes
demonstrating the ability to permanently colonise the
GI tract (Zmora et al., 2018).The present study had
some limitations that should be considered for future
research. As a pilot study, the small study population,
short intervention period and lack of placebo lead-in
were insufficient to power a reliable statistical analysis
of the effects of these probiotic spores on the secondary
and exploratory endpoints relating to perceived stress,
gut microbiota and SCFA levels. It was not possible
to report on gut microbiota and SCFA changes as ini-
tially planned, due to inadequate sample collection and
sequencing, which precluded investigation of whether
B. subtilis HU58 and H. faecalis SC208 may modulate
or colonise the intestinal ecosystem and exploration of
their potential mechanisms of action. In general, anal-
ysis of the per protocol population may overestimate
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the probiotic effect size compared to intention to treat
(ITT) analysis. However, as there were no major proto-
col deviations detected during the study and only three
early drop-outs (4.9% of the total cohort) were excluded
from the per protocol population, the intention to treat
analyses would have yielded identical results to the per
protocol population for the primary endpoint at week
4, and were therefore omitted. Notwithstanding these
limitations, potential confounding variables were con-
trolled for with use of randomisation, placebo, blinding
of participants and research personnel, and inclusion
of baseline NRS and stool BSFS scores as covariates in
the statistical methods, which increased the reliability
of the results.

Overall, the findings of this randomised, double-
blind, placebo-controlled pilot study provide evidence
to suggest that the combination of B. subtilis HU58 and
H. faecalis SC208 is effective in improving GI symptoms
in an IBS-D population. Collectively the body of evi-
dence from this and previously published studies of B.
subtilis HU58 and H. faecalis SC208 (Dhongade, 2022,
Mehta, 2020a) may support the effectiveness of these
spore-forming probiotic strains on diarrheal symptoms
in general, irrespective of aetiology. It is possible that
similar positive outcomes may be seen in individuals
with symptoms of diarrhoea from other causes, and fur-
ther research investigating the effects of these strains
among a broader study population is warranted to con-
firm this. While some beneficial effects may reflect gen-
eral properties of Bacillus spore-formers, the observed
improvements in this study may also be strain-specific,
highlighting the need for future mechanistic studies
to determine whether B. subtilis HU58 and H. faecalis
SC208 exert unique effects compared to other spore-
forming strains.

5 Conclusions

The findings of this randomised, double-blind, placebo-
controlled pilot study suggest that the combination of
B. subtilis HU58 and H. faecalis SC208 is safe and effec-
tive in improving stool consistency and abdominal pain
in individualswith IBS-D. The consistency of these find-
ings with those of previous clinical trials of individuals
with AAD and acute infective diarrhoea may indicate a
broad applicability of these strains in the management
of diarrheal symptoms. Further clinical studies with a
larger study population, longer intervention period and
robust faecal microbiota and SCFA sampling, sequenc-
ing techniques and metabolomic analysis are required

to better understand the effect of these spore-forming
bacterial strains on the gut microbial community and
the potential mechanisms by which they exert positive
effects.
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