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Abstract: Probiotics offer a potential new therapeutic approach for irritable bowel syndrome (IBS),
but current results are still controversial. The aim of this study was to assess the efficacy and safety of
single-strain probiotic formulations in adult IBS patients and to compare the effects of Bifidobacterium
lactis NORDBIOTIC™ BI040 (DSM 33812/34614) and Bacillus coagulans NORDBIOTIC™ BC300
(DSM 33836) in a prospective three-arm interventional randomized double-blind placebo-controlled
clinical trial. The study included 123 IBS subjects diagnosed according to the Rome IV criteria.
The primary outcomes were changes in symptom severity and symptom improvement as assessed
using the IBS Severity Scoring System (IBS-SSS) after 4, 8, and 12 weeks of intervention and after
4 weeks of follow-up. Secondary outcomes included the assessment of individual IBS symptoms
and the occurrence of adverse events. During the 12-week intervention, IBS-SSS scores significantly
decreased (p-values < 0.001) in the study groups but differences between the interventional and
placebo groups did not reach statistical significance. However, at the 16th week of follow-up, a
significant improvement in the total IBS-SSS score in comparison to the placebo group (20.5%) was
found in 43.8% and 52.9% of the Bifidobacterium lactis (p = 0.038, OR 3.0, [95% CI 1.1-8.6]) and the
Bacillus coagulans (p = 0.005, OR 4.6 [95% CI 1.5-12.2]) groups, respectively. Bifidobacterium lactis had
a beneficial effect on the intensity and frequency of pain, whereas Bacillus coagulans decreased the
bowel dissatisfaction. Both strains increased the percentage of patients with normal stool consistency,
but only Bifidobacterium lactis induced a decrease in the number of patients with constipation after
6 weeks of supplementation. Both probiotic strains were well tolerated, without differences in the
occurrence of adverse events between groups. In conclusion, single-strain supplementation was
safe and efficient in IBS patients but showed a different range of effects. Bifidobacterium lactis BI040
primarily reduced the frequency and intensity of pain, while Bacillus coagulans BC300 increased bowel
satisfaction [ClinicalTrials.gov NCT05064930].

Keywords: irritable bowel syndrome; probiotics; Bifidobacterium lactis; Bacillus coagulans; IBS-SSS

1. Introduction

Irritable bowel syndrome (IBS) is one of the most commonly diagnosed functional
gastrointestinal disorders and is characterized by recurrent abdominal pain and discomfort
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associated with changes in bowel frequency and/or stool consistency in the absence of an
organic disease [1]. The global prevalence of IBS ranges from <5% up to 20%, depending
on the country or region and the criteria used [2,3]. IBS is classified on the basis of the stool
pattern as diarrhea-predominant (IBS-D), constipation-predominant (IBS-C), mixed bowel
habits (IBS-M), and un-classified (IBS-U). IBS mostly starts in early adulthood and is more
common among women than men [1].

IBS pathogenesis is multifactorial with a spectrum of abnormalities, including mucosal
inflammation, increased intestinal permeability, altered gut motility, visceral hypersensitiv-
ity, small-bowel bacterial overgrowth (SIBO), compromised gut microbiome compromised
gut microbiome, and impaired neuroendocrinal communications [4-8]. It is currently
supposed that gut microbiota dysbiosis may be a potential trigger for IBS, inducing most
of the pathological conditions [7,8]. Indeed, analyses of stool samples of IBS patients in
comparison with healthy controls showed decreased proportions of the genera Bifidobac-
terium and Lactobacillus and increased ratios of the phylum Firmicutes: Bacteroidetes in most
studies [9-11]. Thus, the modulation of dysbiotic intestinal microbiota by biologically active
biotics including probiotics, prebiotics, and, when combined, as synbiotics, is a promising
treatment approach in IBS. Probiotics are defined as live microorganisms that, when admin-
istrated at the proper dose, have beneficial effects on host health [12]. Prebiotics (most often
oligosaccharides such as fructo-oligosaccharides (FOS) or galacto-oligosaccharides) are sub-
strates that are selectively utilized by host microorganisms and probiotic strains conferring
a health benefit [13]. Clinical trials indicate that probiotic or synbiotic administration is
beneficial for IBS patients, but the efficacy of such therapies depends on probiotic strain
selection [14-16]. Our research team evaluated a multi-strain probiotic formulation and a
multi-strain synbiotic (a combination of probiotic strains with short-chain prebiotic FOS)
formulation in two randomized double-blind placebo-controlled (RDBPC) clinical trials in
patients with IBS-D [17,18]. The results indicated a beneficial effect of both formulations
on the clinical course of IBS, assessed using the international IBS symptom severity scale
(IBS-SSS), but with each of the study formulations exhibiting effectiveness in different fields.
The formulation composed of a mixture of Bifidobacterium, Lactobacillus, and Streptococcus
thermophilus strains significantly reduced pain severity and improved the quality of pa-
tients” life [17], whereas the synbiotic formulation effectively improved bloating and had a
beneficial effect on the general condition of the intestines [18]. A systematic review and
meta-analysis published in 2020 showed that single-strain formulations, particularly those
containing Bifidobacterium or Lactobacillus strains, may be more effective in IBS patients [14].
Other reports demonstrated high efficacy of a new-generation probiotic—the lactic acid-
producing Bacillus coagulans [19]. Therefore, the main objective of the current study is to
assess the efficacy and safety of the single-strain probiotic formulation in patients with IBS.
We would like to compare the effects of two different probiotic strains, i.e., Bifidobacterium
lactis NORDBIOTIC™ BI040 and Bacillus coagulans NORDBIOTIC™ BC300 in a prospective
three-arm interventional RDBPC clinical trial.

2. Materials and Methods
2.1. Study Design

This was a prospective interventional RDBPC trial. The participants consisted of
patients attending gastroenterology outpatient clinics between September 2021 and July
2022. The study was conducted in accordance with the ethical principles set out in the
Declaration of Helsinki Guideline on Good Clinical Practice. The trial was approved
by the Bioethics Committee at the Regional Medical Chamber in Lublin and was given
decision number 173/2021/KB/VIIL The participants were informed of the purposes and
conditions of the study and signed the relevant informed consent form. The patients were
also informed of the option to refuse and withdraw their consent at any time, without
stating the reason or suffering any consequences, and without losing the right to receive
further care at the outpatient clinics or at the Department of Gastroenterology, Medical
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—| Randomization of patients (n=123) }—

University of Lublin. The study was registered at ClinicalTrials.gov and received the trial
number NCT05064930.

The study schedule included six visits: the screening visit, whose purpose was to
qualify patients to be enrolled in the study; the baseline visit after up to 14 days following
the screening visit, at which participants were randomized to the intervention groups; three
follow-up visits after a 1-week run-in observation, held at weeks 4, 8, and 12 + 3 days after
starting the intervention; and the final follow-up visit after finishing the intervention at
week 16. The last follow-up visit was a phone visit by the researchers; the other visits were
at the clinics. The scheme of the study protocol is presented in Figure 1. After enrollment
into the study, participants received a diary to fill out on a daily basis. Participants were
also monitored weekly by interviewers by phone throughout the study.

Number of patients with IBS after screening (n=179)

| N Not meeting all inclusion criteria (n=35)
No consent to participate in the study (n=21)

v

| Allocation to the placebo group (n=43) | ‘ Allocation to the Bacillus coagulans group (n=40) ] | Allocation to the Bifidobacterium lactis group (n=40) |

Exclusion:
antibiotics (n=1) “

| Exclusion: ‘ Exclusion:
—| withdrowal (n=1) * | antibiotics (n=2)
v antibiotics (n=1) i1 hospital stay (n=1

I Visit after 4 weeks of intervention (n=42) | | Visit after 4 weeks of intervention (n=38) | | Visit after 4 weeks of intervention (n=37) ‘
Exclusion: | Exclusion: | Exclusion:
withdrowal (n=2) - »| antibiotics (n=1) * | COVID-19 infection (n=1)
v lack of contact (n=2 withdrowal (n=2)
| Visit after 8 weeks of intervention (n=40) | | Visit after 8 weeks of intervention (n=35) | | Visit after 8 weeks of intervention (n=34) ‘
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-

antibiotics (n=1)

’ Exclusion: Exclusion:
T . »
| antibiotics (n=1) lack of contact (n=1)

L 2
| Visit after 12 weeks of intervention (n=39) I | Visit after 12 weeks of intervention (n=34) | | Visit after 12 weeks of intervention (n=33) ‘

v

l

Phone visit after 4 weeks from the end of the intervention

Figure 1. The flowchart of study protocol.

2.1.1. Patient Inclusion and Exclusion Criteria

The study included female and male patients aged 18-70 years who were diagnosed
with IBS according to the Rome IV criteria, i.e., patients with recurrent abdominal pain on
average at least one day a week in the last three months, associated with two or more of the
following: (1) related to defecation (either increasing or improving pain), (2) associated with
a change in stool frequency, (3) associated with a change in stool form (appearance) [20].
Stool consistency was assessed with the Bristol Stool Form (BSF) scale [21]. Patients with
the following IBS types were included: IBS-D (more than 25% of BSF type 6 and 7 stools
and less than 25% of type 1 and 2 stools); IBS-C (more than 25% of BSF type 1 and 2 stools,
with less than 25% of type 6 and 7 stools); IBS-M (more than 25% of BSF type 6 and 7 stools
and also more than 25% of type 1 and 2 stools). IBS severity was assessed by the use of the
IBS-SSS score [22]. Patients with at least a moderate type of IBS (IBS-SSS score > 175 points)
were enrolled into the study.

The exclusion criteria were subjects aged <18 and >70 years; unclassified IBS; gastroin-
testinal conditions other than IBS, such as inflammatory bowel diseases, celiac disease,
gastroenteritis, gastric and duodenal ulcers; constipation; parasitic or bacterial intestinal
infestation/infections; diagnosed lactose intolerance; hypersensitivity to food allergens;
coexisting severe diseases such as malignancies, uncontrolled hypertension (blood pressure
> 170/100 mmHg), uncontrolled diabetes mellitus (fasting blood glucose > 11 mmol/L), se-
rious neurological disorders, psychosis, respiratory disorders (asthma, chronic obstructive
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pulmonary disease), hyper- or hypothyroidism, and hepatic, renal or cardiac dysfunctions;
pregnancy or breastfeeding; being on gluten-free and low FODMAP (Fermentable Oligosac-
charides, Disaccharides, Monosaccharides, And Polyols) diets; antibiotic therapy during
the 1 month preceding the study; the current use of dietary supplements or drugs targeting
the gut microbiota, such as probiotics, prebiotics, synbiotics, and short chain fatty acids,
and refusal to undergo a 1-month washout period. Other exclusion criteria included the use
of motility medications or dietary fiber supplements within 2 weeks before the study start,
taking anti-coagulant drugs, plans to have surgery during the time of the study, a history
of alcohol or drug abuse, and participation in another clinical trial during the 3 months
prior the study entry. Patients who were treated with antibiotics during the study were
also excluded. Patients were allowed to take spasmolytic drugs on an ad hoc basis and /or
the low-dose antidepressants amitriptyline, nortriptyline or selective serotonin inhibitor at
up to 25 mg per day.

Withdrawal criteria after enrollment into the study included compliance with probiotic
or placebo supplementation of below 80%, non-attendance at the study visits, non-contact
with the telephone interviewer, exclusion criteria found after enrollment, and any serious
adverse event during the intervention period.

2.1.2. Intervention

Patients received capsules with a probiotic formulation containing Bifidobacterium lactis
NORDBIOTIC™ BI040 ((DSM 33812/DSM 34614) or Bacillus coagulans NORDBIOTIC™ BC300
(DSM 33836) or placebo. The placebo contained maltodextrin (starch hydrolysate), i.e., com-
pounds present in probiotic products. All capsules were identical in size, color, texture, and
taste and marked as product A, B, or C. The packaging of the products looked identical and
had an inscription containing the title of the study, the approval number of the Bioethical
Committee, and the expiry date. The probiotics or placebo were administered orally at
5 % 10° Bifidobacterium lactis BI040 cells/day or 2 x 10° Bacillus coagulans BC300 cells/day
over a period of 12 weeks. Preparation of the probiotics and placebo, blinding of samples,
and their delivery were performed by Nordic Biotic Sp z 0.0., Poland. One batch of each
product was produced and had a 2-year shelf life. The products were stored below 6 °C
until they were delivered to researchers, where they were stored at room temperature. The
products were refrigerated for no longer than 8 months and were issued to researchers
every 2-3 months as needed.

2.1.3. The Study Protocol

During screening visits, the patients underwent physical examination to establish the
presence of clinical inclusion criteria. Out of 223 patients with IBS, 196 met the inclusion
criteria for age and IBS severity (IBS-SSS score > 175), with 45 of them not meeting some
of the other inclusion criteria and a further 31 not agreeing to participate in the study
(Figure 1). Finally, 120 patients meeting all inclusion criteria signed the informed consent
form and were enrolled into the trial. All participants were instructed on how to assess the
symptoms about which they would be asked by telephone interviewers and were trained
not to consume foods and dietary supplements containing probiotics/synbiotics or other
active agents influencing the gut microbiota according to the exclusion criteria. During the
first baseline visit, patients were allocated to groups A, B, or C according to a computer-
generated randomization list with the use of the web page https:/ /www.random.org/lists
“URL (accessed on 20 August 2021)”. The randomization was blinded to both patients
and researchers. At the baseline visit, the researchers informed participants not to take
the product for the first week (7 days run-in observation) and to complete a diary daily
(containing information about the number and type of stool and the severity of specific IBS
symptoms); on the 7th day, a telephone interviewer informed the participant to start taking
the product from the next day onwards. Patients were asked to take orally one capsule
a day over a 12-week period. Patients reported to a researcher every 4 weeks in order
to receive the probiotic preparation or placebo for the next 4 weeks and to be clinically
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assessed. The telephone interviewers called patients once a week and reminded patients to
fill out diaries daily, and they also collected information on the IBS symptoms, drugs taken,
and the occurrence of any adverse events. The telephone interviewers were recruited from
among the research staff of the Department of Pathomorphology, the Children’s Memorial
Health Institute in Warsaw.

2.1.4. Outcome Definitions

The primary outcomes included an assessment of IBS severity with the use of the IBS-
SSS score and any improvement of clinical symptoms. IBS-SSS is a 5-question survey about
the severity of abdominal pain (IBS-SSS1), the number of days with abdominal pain over
the last 10 days (IBS-S552), the severity of abdominal distension (IBS-SSS3), dissatisfaction
with bowel habit (IBS-5554), and interference with the quality of life over the past 10 days
(IBS-SSS5) [22]. The number of days with pain was multiplied by 10. Each of the five
questions generate a maximum score of 100 points, and total scores ranged from 0-500,
with higher scores indicating severe symptoms. A drop of at least 2 scoring categories
(at least 50%) compared with the baseline was assumed to be associated with a clinically
meaningful improvement. In the case of the number of days with pain, a decrease below at
least 2 standard deviations was considered an improvement.

Secondary outcomes included changes in stool consistency evaluated using the BSF
scale, the number of bowel movements per day, the severity of pain and flatulence, fecal
urgency, the feeling of incomplete stool evacuation, and the effect of intervention on the
occurrence of adverse events. The data were collected from patients’ diaries and telephone
interviewers. IBS symptoms, except for the sensation of incomplete bowel movements,
were assessed using a patient-defined 5-point Likert’s scale as was described in our previous
paper [18]. Briefly, a score of 0 indicated no symptoms, and scores of 1-4 were based on the
severity of symptoms; the higher the score, the more severe the symptoms. A feeling of
incomplete bowel movement was assessed using a 2-point scale: 0 = no such feeling and
1 = there is an incomplete bowel movement. Adverse events and the taking of drugs were
evaluated as either 0 =no or 1 = yes.

2.2. Statistics

The Stata Program version 16.0 was used for statistical analysis. Differences between
the groups in nominal variables (e.g., sex, the number of patients with an improvement,
adverse events, the absence or presence of specific symptoms) were evaluated with the use
of Fisher’s exact test. In the case of continuous variables (e.g., age, physical development
parameters, IBS-SSS scores, the duration of adverse events), ANOVA and Repeated Mea-
sures ANOVA (RM-ANOVA) were used if the normality of residuals assumption held. The
normality of distribution of residuals was analyzed by the Shapiro-Wilk test. When the
assumption of the normal distribution of residuals did not hold, the Kruskal-Wallis multi-
ple comparison test and the Scheirer-Ray—Hare test were used. In the follow-up analysis
of the pairwise comparisons, the Wilcoxon rank-sum test was applied. The threshold of
significance for all analyses was set to o« = 0.05. In the follow-up analysis of the pairwise
comparisons, the p-values were adjusted with the use of the Bonferroni or Benjamini—
Hochberg methods.

To reduce the dimension of the dataset from the patients’ diary (day) level, the data
were transformed to weekly level observations. For all variables, except for a feeling of
incomplete bowel movement and adverse events, the mean (average) value for each week
was calculated. For a feeling of incomplete bowel movement, coded as a dummy variable
taking values 0 or 1, the most common value was calculated for each week (mode). For
side effects, two measures were calculated: (1) a variable for the presence of the adverse
events at a week level (no matter how many days), and (2) the duration of side effects
expressed as the number of days the side effect was observed during each week. In
the second step, the scales used in diaries were transformed as follows: type of stools
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(1 =normal, 0 = constipation, or 2 = diarrhea), intensity of pain, flatulence, or fecal urgency
(0 = no symptoms, 1 = moderate, or 2 = severe).

3. Results
3.1. Patients

A total of 123 patients were randomized to receive the probiotic preparation or the
placebo (Figure 1). After the 12-week intervention period, 7 patients from the Bifidobacterium
lactis-supplemented group dropped out of the study due to antibiotics use (n = 2), hospital
stay (n = 1), COVID-19 infection (n = 1), lack of contact with the interviewer (n = 1), and
resignation due to no improvement (n = 2), while 6 patients dropped out of the Bacillus
coagulans-supplemented group due to antibiotics use (n = 3), lack of contact with the
interviewer (n = 2), and resignation due to no improvement (n = 1). Four patients from
the placebo group dropped out due to antibiotics use (n = 2) and resignation due to no
improvement (n = 2).

A final total of 106 patients (86.7% of enrolled patients) finished the study. Character-
istics of the patients are shown in Table 1. Females were predominant in all groups. The
mean age of the patients ranged from 39.5 £ 13.8 years in the placebo group to 40.8 &= 13.2
in the Bifidobacterium lactis group and 39.0 £ 17.0 years in the Bacillus coagulans group. Most
often, patients were diagnosed with IBS-M and IBS-D. The IBS-D type was most commonly
observed in the Bacillus coagulans group (50.0%), while the IBS-M type was most common
in the Bifidobacterium lactis and placebo groups, comprising 42.4% and 58.9% of the patients,
respectively. Patients with severe IBS (with IBS-SSS score > 300 points) predominated in
all groups, accounting for 76.9% in the placebo group, 69.7% in the Bifidobacterium lactis
group, and 76.5% in the Bacillus coagulans group. Statistical analysis showed no statistically
significant differences between the study groups in terms of patient sex, age, physical
development, type of IBS, or IBS severity.

Table 1. Patients’ characteristics.

Control G Bifidobacterium lactis Bacillus coagulans
"“(1’1”_ 391;0“1’ NORDBIOTIC™ BI040 Group NORDBIOTIC™ BC300 Group
N (%) or 1\_/Iean + SD (n = 33) (n = 34)
n (%) or Mean + SD n (%) or Mean + SD
Gender
Female 33 (84.6%) 21 (63.6%) 23 (67.4%)
Male 6 (15.4%) 11 (33.3%) 11 (32.6%)
Age in years 39.5£13.8 40.8 £13.2 39.0£17.0
Height (m) 1.68 £ 0.08 1.70 £ 0.13 1.69 £ 0.1
Body weight (kg) 67.0 £15.6 74.0 £ 16.9 70.8 =139
BMI 23.5+4.2 257 £5.5 246 £4.5
IBS type
IBS-D 12 (30.8%) 12 (36.4%) 17 (50.0%)
IBS-C 4 (10.3%) 7 (21.2%) 4 (11.7%)
IBS-M 23 (58.9%) 14 (42.4%) 12 (35.3%)
IBS severity *
Moderate 9 (23.1%) 10 (30.3%) 8 (23.5%)
Severe 30 (76.9%) 23 (69.7%) 26 (76.5%)
Total IBS-SSS score 349.7 £ 58.0 3444 £ 639 335.8 £ 65.1

* IBS severity was assessed based on the IBS-SSS scale. There were no significant statistical differences between
patients receiving probiotic preparations and the placebo control group. BMI = Body Mass Index. Severe IBS is
when the IBS-SSS score is >300, moderate IBS is when IBS-SSS score is >175 and <300. SD = standard deviation.

3.2. The Effect of Probiotic Supplementation on the IBS-SSS Score

The primary outcomes included changes in IBS symptom severity as evaluated with
the use of the IBS-SSS score. The mean values of the total IBS-SSS score before the in-
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tervention were similar in all the study groups, being 349.7 & 58.0, 344.4 £ 63.9 and
335.8 & 65.1 in the placebo, Bifidobacterium lactis and Bacillus coagulans groups, respectively
(Table 2). During the 12-week intervention, IBS-SSS scores steadily and significantly de-
creased (p-values < 0.001) in both the probiotic-supplemented groups (to 167.8 £ 85.8 and
184.2 + 97.4 in the Bifidobacterium lactis and the Bacillus coagulans groups, respectively)
and in the placebo group (180.5 £ 81.9). The observed strong placebo effect resulted in
no statistically significant differences between the groups with the probiotic intervention
and the control group, except for a statistically significant reduction in pain frequency
after 4 weeks of intervention in the Bifidobacterium lactis group compared with the placebo
group (p-value = 0.013). The average number of days with pain during last 10 days in the
Bifidobacterium lactis-supplemented group decreased from 6.8 before the intervention to
3.7, while in the placebo group, it was 7.0 and 5.5, respectively. This decrease was main-
tained throughout the intervention period (12 weeks) and after its completion. At week
16 (4 weeks after the end of the intervention), the Bifidobacterium lactis group had a mean
number of pain days of 2.6, which was significantly (p-value = 0.008) lower compared with
the placebo group, where pain was reported for an average of 4.6 days. Interestingly, the
number of days with pain in the Bifidobacterium lactis group at the 16-week follow-up obser-
vation was statistically significantly fewer even compared with the group supplemented
with the Bacillus coagulans strain, in which the average number of pain-free days was 3.9
(p-value = 0.042). Bifidobacterium lactis BI040 supplementation also had a significant effect
on pain intensity. In the 16th week of follow-up observation, the IBS-SS52 pain intensity
score was significantly lower in the Bifidobacterium lactis group compared with the placebo
group (p-value = 0.026) and amounted to 25.0 = 19.4 and 37.8 &£ 19.8 points, respectively.

In the 16th week of the trial, i.e., 4 weeks after the end of the intervention, a decrease
in the IBS-SSS scores compared with the baseline was observed in all study groups, but at
the same time, an increase in the scoring, indicating a worsening of the clinical condition
compared with week 12, i.e., the end of the intervention, was found. However, this
increase in scores was primarily seen in the placebo group. Compared with the end of
the intervention, the average total IBS-SSS score in the follow-up observation increased
by 55.8 points in the placebo group, while it increased by 28.6 points in the Bifidobacterium
lactis group and only by 8.6 points in the Bacillus coagulans group. The beneficial effect
of probiotic supplementation after the end of intervention during the follow-up period
was observed mainly in terms of the intensity and frequency of pain in the Bifidobacterium
lactis group described above, and of the dissatisfaction with the bowel habit in the Bacillus
coagulans group. Four weeks after the end of the intervention, bowel dissatisfaction was
rated at an average of 47.0 points in the Bacillus coagulans-supplemented group, while in
the placebo group, it was as high as 59.4 points (p-value = 0.044).
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Table 2. The effect of probiotic intervention on the severity of IBS symptoms assessed with the use of IBS-SSS scores.

Follow-up after the End of

Baseline 4 Weeks of Intervention 8 Weeks of Intervention 12 Weeks of Intervention .
Intervention (16 Weeks)
Groups p-Value p Value p-Value Value between
Mean + SD Mean + SD between Mean + SD between Mean + SD between Mean + SD p
Groups
Groups Groups Groups
IBS-SSS total score
Placebo (P) 349.7 + 58.0 277.6 + 722 Blvs. P: NS 2047 + 777 Bl vs. P: NS 180.5 + 81.9 Bl vs. P: NS 2363 + 974 Bl vs. P: NS
B Uﬁdogﬁ?&% lactis 3444 1 639 241.1 + 69.2 BC vs. P: NS 214.5 + 80.2 BC vs. P: NS 167.8 + 85.8 BC vs. P: NS 196.4 + 89.6 BC vs. P: NS
B”C];lgéfog"?gg)‘ms 335.8 + 65.1 248.1 + 89.8 Bl vs. BC: NS 212.7 +90.2 Bl vs. BC: NS 184.2 4+ 97.4 Bl vs. BC: NS 192.8 + 88.1 Bl vs. BC: NS
IBS-SSS1 score (the intensity of pain)
Placebo (P) 55.1 4+ 19.2 39.1 4 18.0 Bl vs. P: NS 3144179 Bl vs. P: NS 2444167 Bl vs. P: NS 37.8+19.8 * Bl vs. P: 0.026
Bifidobacterium lactis
BI040 (BI) 47.7 £17.0 29.6 +13.2 BC vs. P: NS 265 + 14.0 BC vs. P: NS 2.7 +17.0 BC vs. P: NS 25.0 + 19.4 BC vs. P: NS
B”C];lgéfog"?gél)‘ms 493 +226 353 + 214 Bl vs. BC: NS 32.4 + 200 Bl vs. BC: NS 25.7 +19.9 Bl vs. BC: NS 29.6 +22.9 Bl vs. BC: NS
IBS-SSS2 score (the frequency of pain)
Placebo (P) 70.0 & 25.1 55.4 4 24.9 *Blvs. P:0.013 441+ 323 Bl vs. P: NS 333 4289 Bl vs. P: NS 46.1 + 30.1 * Bl vs. P: 0.008
Bifidobacterium lactis
BI040 (B1) 685+ 27.3 37.6 + 279 BC vs. P: NS 33.9 4+ 26.0 BC vs. P: NS 239 4+ 24.6 BC vs. P: NS 26.1 4+ 18.9 BC vs. P: NS
B"C];lgéfog"?gél)””s 66.8 + 26.7 49.1 +£29.7 Bl vs. BC: NS 4214267 Bl vs. BC: NS 33.5 +26.8 Bl vs. BC: NS 39.1 +24.3 * Bl vs. BC: 0.042
IBS-SSS3 score (the severity of flatulance)
Placebo 69.9 + 28.2 50.0 + 27.5 Bl vs. P: NS 417 4193 Bl vs. P: NS 314+ 196 Bl vs. P: NS 37.8+228 Bl vs. P: NS
B WO@%TSQ‘]‘S”I@ lactis 7044 261 477 £ 245 BC vs. P: NS 43.9 £ 25.0 BC vs. P: NS 311 +£17.7 BC vs. P: NS 38.7 +24.0 BC vs. P: NS
B"C];l(lj‘gsog"?gél)””s 67.6 +22.6 471 +£ 267 BI vs. BC: NS 353 +23.1 Bl vs. BC: NS 31.6 +24.8 Bl vs. BC: NS 31.1+17.7 Bl vs. BC: NS
IBS-SSS4 score (dissatisfaction with bowel habit)
Placebo (P) 79.9 + 16.9 68.7 +19.5 Bl vs. P: NS 525 4+ 18.2 Bl vs. P: NS 46.6 +22.4 Bl vs. P: NS 59.4 + 24.4 Bl vs. P: NS
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Table 2. Cont.

Baseline 4 Weeks of Intervention 8 Weeks of Intervention 12 Weeks of Intervention Follow-up .after the End of
Intervention (16 Weeks)
Groups p-Value p Value p-Value Value between
Mean + SD Mean + SD between Mean + SD between Mean + SD between Mean + SD p
Groups
Groups Groups Groups
B‘f‘dog‘llgfglg% lactis g1 4 1172 62.1 +18.2 BC vs. P: NS 56.1 + 19.5 BC vs. P: NS 46.0 4 20.1 BC vs. P: NS 51.2 + 26.8 *BC vs. P: 0.044
B“Céléfogofgél)””s 80.0 + 18.9 60.3 + 20.9 Bl vs. BC: NS 54.4 + 23.0 Bl vs. BC: NS 47.6 + 26.1 Bl vs. BC: NS 47.0 + 185 Bl vs. P: NS
IBS-SSS5 score (quality of life)
Placebo (P) 74.7 4+ 15.0 64.4 4+ 152 Bl vs. P: NS 55.0 4+ 20.6 Blvs. P: NS 44.9 +24.6 Bl vs. P: NS 55.1 4 26.8 Blvs. P: NS
Bifidobacterium lactis . . . .
BI040 (BI) 76.3 & 17.9 64.1 4+ 18.6 BC vs. P: NS 54.1 + 24.6 BC vs. P: NS 44.0 +27.0 BC vs. P: NS 55.4 +19.9 BC vs. P: NS
B“Célg‘;ogo‘(lgél)””s 721 +17.6 56.4 -+ 23.9 Bl vs. BC: NS 48.6 + 27.3 Bl vs. BC: NS 45.7 + 28.3 Bl vs. BC: NS 46.1 + 24.8 Bl vs. BC: NS

IBS symptoms were evaluated with the use of the IBS-SSS scores at baseline, 4th, 8th, and 12th week of the intervention, and at 4 weeks after the end of the intervention (16th week of the

study). The table shows mean values of the IBS-SSS scores =+ standard deviations (SD). A score reduction corresponded to symptom amelioration. * Statistically significant p-values
(p < 0.05). NS = not significant.
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3.3. The Effect of Probiotic Intervention on Clinical Improvement

An improvement in clinical symptoms, defined as a drop in IBS-SSS scores by at least
two scoring categories (at least by 50%) or a decrease the number of days without pain by
2 standard deviations compared with the baseline observation, was a primary endpoint
of the current study. The effect of intervention on clinical improvement is presented in
Figure 2, and detailed statistical analysis for significant results involving odds ratio (OR)
and 95% confidence interval (CI) is shown in Table 3.
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Figure 2. The effect of probiotic intervention on clinical improvement assessed by IBS-SSS scores (a—f).
* indicates a statistically significant improvement (p < 0.05) between both the groups given probiotic
intervention and the placebo group in the total IBS-SSS score (a), and between the Bifidobacterium
lactis BI040 group and the placebo group in the IBS-SSS2 score assessing the frequency of pain (c);
# p-value = 0.054 between the Bacillus coagulans BC300 group and the placebo group (c).
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Table 3. The effect of probiotic intervention on the improvement of IBS symptoms assessed by the total IBS-SSS score and IBS-SSS2 score.

4 Weeks of Intervention 8 Weeks of Intervention 12 Weeks of Intervention Follow-Up (16 Weeks)

Groups p-Value OR (95% CI) p-Value OR (95% CI) p-Value OR (95% CI) p-Value OR (95% CI)
An improvement in clinical symptoms assessed by total IBS-SSS score
Bifidobacterium
lactis BI040 vs. NS 2.4 (0.5-10.9) NS 1.1 (0.4-3.2) NS 1.2 (04-3.0) *0.038 3.0 (1.1-8.6)
placebo
Bacillus coagulans
BC300 NS 2.7 (0.6-12.1) NS 1.2 (0.4-3.4) NS 0.8 (0.3-2.1) *0.005 4.6 (1.5-12.2)
vs. placebo
An improvement in pain frequency assessed by IBS-SSS2 score
Bifidobacterium
lactis BI040 vs. *0.020 12.7 (1.5-107.7) NS 1.8 (0.6-5.5) *0.038 3.0 (1.1-8.6) *0.010 4.3 (1.4-13.0)
placebo
Bacillus coagulans
BC300 NS 5.1 (05-47.7) NS 0.8 (0.2-2.7) NS 1.8 (0.6-5.3) 0.054 3.0 (0.98-9.2)
vs. placebo

The table shows the exact statistical analysis including p-value, odds ratio (OR) and 95% confidence interval (CI) of the clinical improvement (a decrease in IBS-SSS scores by at least 50%
compared with baseline) between the groups with probiotic intervention and the placebo group. Only the analysis of parameters that showed statistically significant differences, i.e.,
total IBS-SSS score and the IBS-SSS2 score evaluating the frequency of pain. Clinical assessment using the IBS-SSS1, IBS-55S3, IBS-5554, and IBS-SSS5 scores did not show any statistical

differences between the study groups. * Statistically significant p-values (p < 0.05). NS = not significant.
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Statistically significant differences between study groups in an improvement was
found for the total IBS-SSS score and the IBS-5552 score evaluating the frequency of pain
(Table 3). A significant improvement in global clinical symptoms assessed with the total
IBS-SSS score in comparison with the placebo group was observed in both probiotic-
supplemented groups after the end of the intervention at the 16th week of the trial. At
this follow-up visit, 52.9% and 43.8% of the Bacillus coagulans-supplemented (p = 0.005,
OR 4.6 [95% CI 1.5-12.2]) and Bifidobacterium lactis-supplemented (p = 0.038, OR 3.0 [95%
CI 1.1-8.6]) groups, respectively, reported clinical improvement compared with 20.5%
in the placebo group. A significant improvement in the number of days with pain was
observed after 4 weeks (p = 0.02, OR 12.7 [95% CI 1.5-107.7]) and 12 weeks (p = 0.038, OR
3.0 [95% CI 1.1-8.6]) of intervention only in the Bifidobacterium lactis group compared with
the placebo group. This positive effect was maintained for a further 4 weeks after the end
of the intervention (p = 0.01, OR 4.3 [95% CI 1.4-13.0]). Patients from the Bacillus coagulans
group also reported an improvement in the frequency of pain during the follow-up visit at
the 16th week of the trial, reaching a p-value of 0.054 (OR 3.0 [95% CI 0.98-9.2]) compared
with the placebo group.

3.4. The Effect of Intervention on Secondary Outcomes

Secondary outcomes included daily data reported by the patients in their diaries.
Patients assessed the frequency and consistency of their stool, the severity of pain and
flatulence, fecal urgency, and the feeling of incomplete evacuation of stool. In addition,
telephone interviewers checked the completion of the diaries once a week. The percentage
of returned diaries was as follows: in the placebo group, 84.6%; in the group supplemented
with Bifidobacterium lactis, 69.7%; and in the group supplemented with Bacillus coagulans,
82.4%. The results confirmed the beneficial effect of Bifidobacterium lactis on the pain feeling
(Figure 3 and Table 4). At the baseline week (week 0), all patients but one in the Bacil-
lus coagulans group reported the presence of pain. During the intervention, only in the
Bifidobacterium lactis group did the percentage of patients with no pain increase, reach-
ing a statistically significant difference in comparison with the placebo group at week 9
(p =0.047, OR 19.92 [95% CI 1.04-380.67]). At the 5th and 16th weeks of follow-up observa-
tion, the p-value between the groups was 0.07 (OR 15.46 [95% CI 0.79-302.78]) and 0.051
(OR 4.37 [95% CI 0.99-19.26]), respectively (Table 4). In contrast, such a beneficial effect
on the pain feeling was not observed in the group supplemented with Bacillus coagulans.
There were no significant differences in the intensity of pain (severe or moderate) between
the study groups.
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Figure 3. The effect of probiotic intervention on the intensity of pain, assessed using Likert’s scales (a—c), and the stool consistency, assessed with the Bristol Stool

Formation scale (d—f). Data were reported daily in the patients’ diaries.
placebo group. # p-value < 0.08 and >0.05 between the probiotic groups and the placebo group. The black arrows show the duration of the intervention.

* indicates statistically significant (p < 0.05) differences between the probiotic groups and the
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Table 4. The effect of probiotic intervention on secondary outcomes, presenting statistical differences
in comparison with the placebo.

Bifidobacterium lactis Bacillus coagulans OR [95% CI]
Symptoms NORDBIOTIC™ BI040 NORDBIOTIC™  Placebo Group (P) p-Value
Group (BD) BC300 Group (BC) n=33
n=23 n=27 Blvs. P BCvs. P
The pain intensity at 5th week of intervention
15.46
No pain 4 (17.4%) 2 (7.4%) 0 [0.79-302.78] NS
p=0.07
Severe 0 5 (18.5%) 0 NS NS
Moderate 19 (82.6%) 20 (74.1%) 33 (100%) NS NS
The pain intensity at 9th week of intervention
19.92
No pain 5 (21.7%) 3 (11.1%) 0 [1.04-380.67] NS
p=0.047
Severe 1 (4.3%) 2 (7.4%) 2 (6.1%) NS NS
Moderate 17 (74.0%) 22 (81.5%) 31 (93.9%) NS NS
The pain intensity at 16th week of the trial (4 weeks after the end of the intervention)
4.37
No pain 7 (30.4%) 2 (7.4%) 3(9.1%) [0.99-19.26] NS
p=0.051
Severe 1 (4.3%) 5 (18.5%) 2 (6.1%) NS NS
Moderate 15 (65.2%) 20 (74.1%) 28 (84.8%) NS NS
Type of stool at 6th week of intervention
791 4.98
Normal 12 (52.2%) 11 (40.7%) 4 (12.1%) [2.10-29.83] [1.36-18.23]
p =0.002 p=0.015
0.24
Constipation 7 (30.4%) 11 (40.7%) 20 (60.6%) [0.08-0.73] NS
p=0.01
Diarrhea 4 (17.4%) 5 (18.5%) 9 (27.3%) NS NS

The table shows the number and the percentage (in brackets) of patients reporting symptoms (the intensity of
pain and the stool consistency) that showed statistical significant differences between groups supplemented with
probiotics and the placebo group, the odds ratio (OR) and the 95% confidence interval [CI]. Data were reported
daily in patients’ diaries. The intensity of pain was assessed using Likert’s scales and the stool consistency with
the Bristol Stool Formation scale. Other symptoms assessed as secondary outcomes (the intensity of flatulence,
fecal urgency, and the feeling of incomplete evacuation of stool) did not show statistical significantly differences
between the study groups during the 16 weeks of observations and are not presented. NS = not significant.

Probiotic intervention resulted also in a significant improvement of stool consistency
as assessed with the use of the BSF scale, which was observed at the 6th week of interven-
tion (Figure 3, Table 4). The percentage of patients who reported normal stool consistency
significantly increased in both supplemented groups compared with the placebo group
at week 6 and was 52.2% in the Bifidobacterium lactis group (p = 0.002, OR 7.91 [95% CI
2.10-29.83]), 40.7% in the Bacillus coagulans group (p = 0.015, OR 4.98 [95% CI 1.36-18.23]),
and only 12.1% in the placebo group. In addition, probiotic intervention with Bifidobac-
terium lactis significantly decreased the number of patients with constipation at the 6th
week of intervention compared with the placebo (p = 0.01, OR 0.24 [95% CI 0.08-0.73]).
Probiotic intervention did not affect the occurrence of diarrhea at that period of interven-
tion. Other secondary outcomes (the number of stools per day, the intensity of flatulence,
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fecal urgency, and the feeling of incomplete evacuation of stool) were not affected by the
probiotic interventions.

3.5. Safety and Adverse Events

Adverse events were reported in the patient’s diaries, and the data were collected
by the telephone interviewers. The data obtained from both sources were converged and
showed that both the Bifidobacterium lactis BI040 and Bacillus coagulans BC300 probiotics
were safe and well tolerated. There were no statistically significant differences in the
percentage of patients reporting adverse events between the study groups (Figure 4).
Interestingly, patients supplemented with Bifidobacterium lactis reported a shorter duration
of adverse events in comparison with the placebo group (p = 0.05) as well as with the
Bacillus coagulans group (p = 0.042). The mean number of days with adverse events in the
Bifidobacterium lactis group was 2.5 £ 1.9, whereas in the placebo group, it was 3.7 =+ 2.0,
and in the Bacillus coagulans group, it was 3.8 £ 2.4 (Figure 4).
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Figure 4. The percentage of patients reporting adverse events (a) and the mean number of days with
adverse events (b) during an intervention period.

4. Discussion

Probiotics are potentially a promising approach in the treatment of functional bowel
disorders, including IBS; however, discussions about their efficacy, dose, and composition
are ongoing. The efficacy and safety of the use of probiotic products for IBS are supported
by an increasing number of RDBPC studies. However, meta-analyses of these clinical trials
do not give a clear answer as to which probiotics can be recommended in the treatment of
IBS [14-16,19]. A meta-analysis of 37 RDBPC trials with 4403 patients published by Ford
et al. in 2018 presented evidence for the use of combinations of probiotics as a group for im-
proving global IBS symptoms and abdominal pain [15]. They also presented a trend toward
a beneficial effect of Bifidobacterium strains. In terms of single-strain probiotics, Lactobacillus
plantarum DSM 9843, Escherichia coli DSM1752, and Streptococcus faecium appeared to be
beneficial, but the authors emphasized that the latter two were only used in one RDBPC
trial. Xie et al. tried to evaluate the most effective combinations and components among
different probiotics through a network meta-analysis of 65 clinical trials [23]. Standard
network meta-analyses showed that Lactobacillus and Bifidobacterium strains were the most
effective for the relief of global IBS symptoms and an improvement in abdominal pain.
Component network meta-analyses showed that Bacillus and Lactobacillus were among
the most effective components. A recently published network meta-analysis by Zhang
et al. of 43 RDPC trials with 5531 IBS patients comparing different species showed that
Bacillus coagulans exhibited the highest probability of being the optimal probiotic species
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for improving the IBS symptom relief rate as well as global symptoms, abdominal pain,
bloating, and straining scores [19]. In addition, Bacillus coagulans had also significant
efficacy compared with different types of probiotic combinations. Although different
species and combinations of probiotics used in clinical trials were evaluated in the network
meta-analyses, there are exceptions where studies compared the effectiveness of different
species/strains during the one clinical trial [24]. That is why we decided to compare the
effectiveness of two single-strain probiotic preparations in a three-arm interventional study
involving adult IBS patients. We analyzed the effect of Bacillus coagulans NORDBIOTIC™
BC300, which was presented as the species with the highest efficacy in IBS patients [19], and
Bifidobacterium lactis NORDBIOTIC™ BI040, the species which, when used in probiotic com-
binations in our earlier study in IBS-D patients, was demonstrated to improve the intensity
of abdominal pain and the quality of the patients’ lives [17]. The current study has shown
that both the Bifidobacterium lactis BI040 and Bacillus coagulans BC300 strains beneficially
affect clinical symptoms in IBS patients but in a different range. Both strains improved the
total IBS-SSS score, but Bifidobacterium lactis BI040 significantly reduced the frequency and
intensity of pain, whereas Bacillus coagulans BC300 mainly ameliorated satisfaction from
the bowel. Both strains beneficially affected the stool consistency, increasing the percentage
of patients with normal stools as assessed with the BSF scale, but only Bifidobacterium lactis
BI040 supplementation significantly decreased the number of patients with constipation in
comparison with the placebo.

The obtained results, especially regarding the effect of Bacillus coagulans BC300 supple-
mentation on IBS symptoms, are not fully consistent with the results of other researchers.
Madempudi et al. showed that Bacillus coagulans Unique IS2 was efficacious in reducing ab-
dominal pain and other IBS associated symptoms such as bloating, incomplete evacuation,
urgency, bowel habit satisfaction, and stool consistency in adult IBS patients diagnosed
according to the Rome III criteria (in our study, IBS patients were diagnosed according to
the more restrictive Rome IV criteria) [25]. Gupta and Moity showed that Bacillus coagulans
LBS improved most IBS symptoms, including the abdominal pain in an intervention group
compared with the placebo group [26]. Similar results were obtained when IBS-D patients
were supplemented with Bacillus coagulans MTCC 5856 [27]. Contrary to these results,
our research showed that supplementation of IBS patients with Bacillus coagulans BC300
resulted in a statistically significant improvement in the global IBS symptoms as assessed
by the total IBS-SSS score, but the improvement in the frequency of pain (the IBS-5552 score)
showed only a statistically significant trend in comparison with the placebo group. The
observed differences in results may be due to different ways of assessing IBS symptoms. In
our study, we also used the IBS-SSS score in relation to individual symptoms. It should
be emphasized that in our analysis, we assumed that an improvement occurs when there
is a change in the IBS-SSS score by at least two point categories, i.e., by at least 50% com-
pared with the baseline score. Gupta and Moity assessed the frequency of IBS symptoms
with the use of the Digestive Symptom Frequency Questionnaire on a 5-point Likert scale
(0 = never, 1 = <1 episode/week; 2 = <3 episodes/week; 3 = >3 episodes/week;
4 = daily episodes) [26], whereas Madenpudi et al. measured pain intensity on an
11-point numerical rating scale [25], and Maajed et al. used a 10 cm visual analog scale [27].
It should be emphasized that when stool consistency was assessed using the same BSF
scale, the results did not differ. Similarly to other authors, we observed a beneficial effect
of Bacillus coagulans BC300 supplementation on the normalization of stool consistency
compared with the placebo group.

The current trial shows that supplementation with Bifidobacterium lactis BI040 results
in a significant improvement in the clinical condition of IBS patients compared with
the placebo group, mainly due to a reduction in the frequency and intensity of pain
and the normalization of stool consistency. As in our study, Martoni et al. showed that
Bifidobacterium lactis UABla-12 significantly reduced abdominal pain severity in IBS patients
comparing with the placebo [24]. It is interesting that our earlier study of the effectiveness of
combinations of probiotics containing Bifidobacterium lactis BI040 in IBS-D patients showed
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that the administration of this multi-strain probiotic, like the single strain in the current
study, has a beneficial effect on pain perception [17]. Such an effect was not observed in our
other study conducted according to the same protocol, in which a different combination
of probiotic strains, without Bifidobacterium lactis Bl040, was used [18]. In this study, we
observed a beneficial effect mainly on flatulence.

We showed that Bifidobacterium lactis BI040, like Bacillus coagulans BC300, significantly
increased the percentage of IBS patients with normal stool consistency when compared with
the placebo, but only supplementation with the Bifidobacterium lactis BI040 strain decreased
the number of patients with constipation, suggesting that only Bifidobacterium lactis BI040
has a beneficial effect on constipation in IBS patients. This result is in line with a recently
published meta-analysis evaluating the efficacy of probiotics in patients with chronic
constipation [28]. The authors demonstrated that probiotics increased stool frequency, with
Bifidobacterium lactis having a significant effect, but not combinations of probiotics or single
strains, such as Bacillus coagulans Unique 1S2 and Lactobacillus casei Shirota.

In the current study, we have observed a strong placebo effect. Patients in the placebo
group reported significant improvement of IBS symptoms as assessed by the IBS score. This
effect can be explained primarily by the influence of the weekly telephone contacts, during
which patients were asked in great detail about their symptoms and the effects of treatment.
This is also confirmed by the observation that the beneficial effect of treatment only in the
placebo group changed trend after the end of therapy. It was only after a month of follow-
up observation that we observed most of the statistically significant differences between
the intervention groups and the placebo group. On the other hand, telephone contact made
it possible to control the regularity of taking the product, the weekly assessment of product
tolerance, and side effects. However, we cannot rule out that the maltodextrin used as a
placebo in the present study could have had a beneficial effect on patients in the placebo
group. Almutairi et al., in a meta-analysis of randomized RDBPC trials, showed that orally
consumed maltodextrin often (in 61.8% of analyzed trials) induced alterations in the gut
microbiome, including changes in the Firmicutes and /or Bacteroidetes phyla and Lactobacillus
and/or Bifidobacterium species [29]. As we assume that the intestinal microbiota plays a key
role in the pathogenesis of IBS, the strong placebo effect observed in our study may be due
to the direct positive effect of maltodextrin.

Strengths and Limitations of the Study

The strength of our study is that it was an RDBPC trial conducted by a team of
researchers with extensive experience in this field (the researchers had conducted two other
RDBPC trials evaluating the effectiveness of multi-strain probiotics in patients diagnosed
with IBS-D, the results of which have been published) [17,18]. The efficiency of probiotics
was assessed using IBS-SSS scores, the BSF scale, and Likert’s scales, and the safety of the
probiotics was monitored during the 12-week intervention. The current study is unique
in that it is one of the few studies that simultaneously evaluates the effect of two different
single-strain probiotics in a three-arm intervention study, which allows for comparing
effects in the same population of subjects.

Despite the numerous strengths of the study, the authors are aware of the presence of
certain limitations, which include the lack of assessment of the intervention on the compo-
sition of the intestinal microbiome, which could explain the impact of both probiotic strains
and maltodextrin on the gut microbiota of IBS patients. One limitation is undoubtedly the
lack of assessment of the impact of the intervention on the degree of stress and anxiety
associated with treatment, which could explain the strong placebo effect.

5. Conclusions

The current three-arm RDBPC interventional trial shows that both Bifidobacterium
lactis NORDBIOTIC™ B1040 and Bacillus coagulans NORDBIOTIC™ BC300 are safe and
well tolerated by IBS patients and effectively improve global IBS symptoms as assessed
by the IBS-SSS score, but that they have a different range of effects. Supplementation
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with Bifidobacterium lactis BI040 significantly reduced the frequency and intensity of pain
compared with the placebo group, while Bacillus coagulans BC300 ameliorated the satis-
faction from the bowel. Both strains had a positive effect on stool consistency. The results
show species/strain-specific effectiveness in IBS patients and underline the role of proper
selection of probiotics for the best approach according to patients’ specific needs.

Author Contributions: Conceptualization, B.C.; methodology, B.C. and B.S.-R.; software, ].B.B. and
S.A.; validation, B.C., B.S.-R,, B.P-K,, H.C.-L,, ].B.B. and S.A.; formal analysis, B.C., B.S.-R. and
J.B.B.; investigation, B.S.-R., B.P.-K., H.C.-L., A.K.-M. and K.L.; data curation, ].B.B., S.A. and EM.;
writing—original draft preparation, B.S.-R. and B.C.; writing—review and editing, B.C., B.S.-R.
and ].B.B.; visualization, B.C. and ].B.B.; supervision, B.C.; project administration, B.C.; funding
acquisition, B.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research was financed by Nordic Biotic Sp z 0.0., Poland (grant number CT/NB/120/2020/PR-SS).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Bioethics Committee at the Regional Medical Chamber in Lublin
(decision number 173/2021/KB/ VIII).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The description of the protocol study is available at https:/ /clinicaltrials.gov
“URL (accessed on 21 July 2023)” under the number NCT05064930. The data presented in this study
are available on request from the corresponding author. The data are not publicly available due to
privacy protection.

Conflicts of Interest: B.S.-R. has served as a speaker for Polpharma, Krka, Takeda, Bayer, Promed
and Alfasigma. B.C. has conducted research financed by Danone, Biomed S.A., and has conducted
lectures sponsored by Nutricia, Danone, Mead Johnson, Bayer, Aurovitas, Polpharma, and Biomed
S.A., B.S-R. and B.P-K. are members of the scientific committee of Nordic Biotic Sp. z 0.0., and B.C. is
a scientific chief. Other authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of the data; in the writing of the manuscript;
or in the decision to publish the results.

References

1. Ford, A.C; Lacy, B.E,; Talley, N.J. Irritable bowel syndrome. N. Engl. . Med. 2017, 376, 2566-2578. [CrossRef] [PubMed]

2. Canavan, C.; West, J.; Card, T. The epidemiology of irritable bowel syndrome. Clin. Epidemiol. 2014, 6, 71-80. [PubMed]

3. Sperber, A.D.; Bangdiwala, S.I; Drossman, D.A.; Ghoshal, U.C.; Imren, M.; Tack, ].; Whitehead, W.E.; Dumitrascu, D.L.; Fang, X,;
Fukudo, S.; et al. Worldwide prevalence and burden of functional gastrointestinal disorders, results of Rome Foundation global
study. Gastroenterology 2020, 160, 99-114. [CrossRef] [PubMed]

4. Vivinus-Nébot, M.; Frin-Mathy, G.; Bzioueche, H.; Dainese, R.; Bernard, G.; Anty, R.; Filippi, J.; Saint-Paul, M.C.; Tulic, M.K.;
Verhasselt, V.; et al. Functional bowel symptoms in quiescent inflammatory bowel diseases: Role of epithelial barrier disruption
and low-grade inflammation. Gut 2014, 63, 744-752. [CrossRef] [PubMed]

5. Moloney, R.D.; Johnson, A.C.; O'Mahony, S.M.; Dinan, T.G.; Greenwood-Van Meerveld, B.; Cryan, ].F. Stress and the microbiota-
gut-brain axis in visceral pain: Relevance to irritable bowel syndrome. CNS Neurosci. Ther. 2016, 22, 102-117. [CrossRef]

6.  Skrzydfo-Radomariska, B.; Cukrowska, B. How to recognize and treat small intestinal bacterial overgrowth? J. Clin. Med. 2022, 11, 6017.
[CrossRef] [PubMed]

7.  Shrestha, B.; Patel, D.; Shah, H.; Hanna, K.S.; Kaur, H.; Alazzeh, M.S.; Thandavaram, A.; Channar, A.; Purohit, A.; Venugopal, S.
The Role of gut-microbiota in the pathophysiology and therapy of irritable bowel syndrome: A systematic review. Cureus 2022,
14, €28064. [CrossRef]

8. Mari, A.; Baker, FA.; Mahamid, M.; Sbeit, W.; Khoury, T. The evolving role of gut microbiota in the management of irritable bowel
syndrome: An overview of the current knowledge. J. Clin. Med. 2020, 9, 685. [CrossRef]

9. Carroll, I.M.; Ringel-Kulka, T.; Siddle, J.P.; Ringel, Y. Alterations in composition and diversity of the intestinal microbiota in
patients with diarrhea-predominant irritable bowel syndrome. Neurogastroenterol. Motil. 2012, 24, 521-530. [CrossRef]

10. Kerckhoffs, A.P; Samsom, M.; van der Rest, M.E.; de Vogel, J.; Knol, ].; Ben-Amor, K.; Akkermans, L.M.A. Lower bifidobacteria
counts in both duodenal mucosa-associated and fecal microbiota in irritable bowel syndrome patients. World . Gastroenterol.
2009, 15, 2887-2892. [CrossRef]

11.  Liu, H.N.; Wu, H,; Chen, Y.C; Chen, Y.J.; Shen, X.Z,; Liu, T. Altered molecular signature of intestinal microbiota in irritable bowel

syndrome patients compared with healthy controls: A systematic review and meta-analysis. Dig. Liver Dis. 2017, 49, 331-337.
[CrossRef]


https://clinicaltrials.gov
https://doi.org/10.1056/NEJMra1607547
https://www.ncbi.nlm.nih.gov/pubmed/28657875
https://www.ncbi.nlm.nih.gov/pubmed/24523597
https://doi.org/10.1053/j.gastro.2020.04.014
https://www.ncbi.nlm.nih.gov/pubmed/32294476
https://doi.org/10.1136/gutjnl-2012-304066
https://www.ncbi.nlm.nih.gov/pubmed/23878165
https://doi.org/10.1111/cns.12490
https://doi.org/10.3390/jcm11206017
https://www.ncbi.nlm.nih.gov/pubmed/36294338
https://doi.org/10.7759/cureus.28064
https://doi.org/10.3390/jcm9030685
https://doi.org/10.1111/j.1365-2982.2012.01891.x
https://doi.org/10.3748/wjg.15.2887
https://doi.org/10.1016/j.dld.2017.01.142

J. Clin. Med. 2023, 12, 4838 19 of 19

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Hill, C.; Guarner, E; Reid, G.; Gibson, G.R.; Merenstein, D.J.; Pot, B.; Morelli, L.; Canani, R.B.; Flint, H.J.; Salminen, S.; et al. Expert
consensus document. The International Scientific Association for Probiotics and Prebiotics consensus statement on the scope and
appropriate use of the term probiotic. Nat. Rev. Gastroenterol. Hepatol. 2014, 11, 506-514. [CrossRef]

Gibson, G.R.; Hutkins, R.; Sanders, M.E.; Prescott, S.L.; Reimer, R.A.; Salminen, S.J.; Scott, K.; Stanton, C.; Swanson, K.S.; Cani,
PD.; et al. Expert consensus document: The International Scientific Association for Probiotics and Prebiotics (ISAPP) consensus
statement on the definition and scope of prebiotics. Nat. Rev. Gastroenterol. Hepatol. 2017, 14, 491-502. [CrossRef]

Li, B.; Liang, L.; Deng, H.; Guo, J.; Shu, H.; Zhang, L. Efficacy and safety of probiotics in irritable bowel syndrome: A systematic
review and meta-analysis. Front. Pharmacol. 2020, 11, 332. [CrossRef] [PubMed]

Ford, A.C; Harris, L.A.; Lacy, B.E.; Quigley, EM.M.; Moayyedi, P. Systematic review with meta-analysis: The efficacy of prebiotics,
probiotics, synbiotics and antibiotics in irritable bowel syndrome. Aliment. Pharmacol. Ther. 2018, 48, 1044-1060. [CrossRef]
Asha, M.Z; Khalil, S.EH. Efficacy and safety of probiotics, prebiotics and synbiotics in the treatment of irritable bowel syndrome:
A systematic review and meta-analysis. Sultan Qaboos Univ. Med. |. 2020, 20, e13—e24. [CrossRef] [PubMed]
Skrzydio-Radomanska, B.; Prozorow-Krdl, B.; Cichoz-Lach, H.; Majsiak, E.; Bierla, ].B.; Kanarek, E.; Sowiriska, A.; Cukrowska, B.
The effectiveness and safety of multi-strain probiotic preparation in patients with diarrhea-predominant irritable bowel syndrome:
A randomized controlled study. Nutrients 2021, 13, 756. [CrossRef] [PubMed]

Skrzydto-Radomariska, B.; Prozorow-Krdl, B.; Cichoz-Lach, H.; Majsiak, E.; Bierla, J.B.; Kosikowski, W.; Szczerbiriski, M.; Gantzel,
J.; Cukrowska, B. The effectiveness of synbiotic preparation containing Lactobacillus and Bifidobacterium probiotic strains and
short chain fructooligosaccharides in patients with diarrhea predominant irritable bowel syndrome-a randomized double-blind,
placebo-controlled study. Nutrients 2020, 12, 1999.

Zhang, T.; Zhang, C.; Zhang, J.; Sun, F; Duan, L. Efficacy of Probiotics for Irritable Bowel Syndrome: A Systematic Review and
Network Meta-Analysis. Front. Cell Infect. Microbiol. 2022, 1, 859967. [CrossRef]

Mearin, F; Lacy, B.E.; Chang, L.; Chey, W.D.; Lembo, A.].; Simren, M.; Spiller, R. Bowel disorders. Gastroenterology 2016, 150,
1393-1407.

Riegler, G.; Esposito, I. Bristol scale stool form: A still valid help in medical practice and clinical research. Tech. Coloproctol. 2001,
5,163-164. [CrossRef]

Francis, C.Y.; Morris, J.; Whorwell, PJ. The irritable bowel severity scoring system: A simple method of monitoring irritable
bowel syndrome and its progress. Aliment. Pharmacol. Ther. 1997, 11, 395—402. [CrossRef]

Xie, C.R.; Tang, B.; Shi, Y.Z.; Peng, W.Y.; Ye, K.; Tao, Q.F; Yu, S.G.; Zheng, H.; Chen, M. Low FODMAP diet and probiotics in
irritable bowel syndrome: A systematic review with network meta-analysis. Front. Pharmacol. 2022, 9, 853011. [CrossRef]
Martoni, C.J.; Srivastava, S.; Leyer, G.J. Lactobacillus acidophilus DDS-1 and Bifidobacterium lactis UABla-12 improve abdominal
pain severity and symptomology in irritable bowel syndrome: Randomized controlled trial. Nutrients 2020, 12, 363. [CrossRef]
Madempudi, R.S.; Ahire, J.J.; Neelamraju, J.; Tripathi, A.; Nanal, S. Randomized clinical trial: The effect of probiotic Bacillus
coagulans Unique IS2 vs. placebo on the symptoms management of irritable bowel syndrome in adults. Sci. Rep. 2019, 9, 12210.
[CrossRef] [PubMed]

Gupta, A.K.; Maity, C. Efficacy and safety of Bacillus coagulans LBSC in irritable bowel syndrome: A prospective, interventional,
randomized, double-blind, placebo-controlled clinical study [CONSORT Compliant]. Medicine 2021, 100, e23641. [CrossRef]
[PubMed]

Majeed, M.; Nagabhushanam, K.; Arumugam, S.; Majeed, S.; Ali, E. Bacillus coagulans MTCC 5856 for the management of major
depression with irritable bowel syndrome: A randomised, double-blind, placebo controlled, multi-centre, pilot clinical study.
Food Nutr. Res. 2018, 4, 62. [CrossRef]

van der Schoot, A.; Helander, C.; Whelan, K.; Dimidi, E. Probiotics and synbiotics in chronic constipation in adults: A systematic
review and meta-analysis of randomized controlled trials. Clin. Nutr. 2022, 41, 2759-2777. [CrossRef]

Almutairi, R.; Basson, A.R.; Wearsh, P.; Cominelli, F.; Rodriguez-Palacios, A. Validity of food additive maltodextrin as placebo
and effects on human gut physiology: Systematic review of placebo-controlled clinical trials. Eur. J. Nutr. 2022, 61, 2853, Erratum
in Eur. J. Nutr. 2023, 62, 2345. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1038/nrgastro.2014.66
https://doi.org/10.1038/nrgastro.2017.75
https://doi.org/10.3389/fphar.2020.00332
https://www.ncbi.nlm.nih.gov/pubmed/32317962
https://doi.org/10.1111/apt.15001
https://doi.org/10.18295/squmj.2020.20.01.003
https://www.ncbi.nlm.nih.gov/pubmed/32190365
https://doi.org/10.3390/nu13030756
https://www.ncbi.nlm.nih.gov/pubmed/33652763
https://doi.org/10.3389/fcimb.2022.859967
https://doi.org/10.1007/s101510100019
https://doi.org/10.1046/j.1365-2036.1997.142318000.x
https://doi.org/10.3389/fphar.2022.853011
https://doi.org/10.3390/nu12020363
https://doi.org/10.1038/s41598-019-48554-x
https://www.ncbi.nlm.nih.gov/pubmed/31434935
https://doi.org/10.1097/MD.0000000000023641
https://www.ncbi.nlm.nih.gov/pubmed/33545934
https://doi.org/10.29219/fnr.v62.1218
https://doi.org/10.1016/j.clnu.2022.10.015
https://doi.org/10.1007/s00394-023-03190-0
https://www.ncbi.nlm.nih.gov/pubmed/37358572

	Introduction 
	Materials and Methods 
	Study Design 
	Patient Inclusion and Exclusion Criteria 
	Intervention 
	The Study Protocol 
	Outcome Definitions 

	Statistics 

	Results 
	Patients 
	The Effect of Probiotic Supplementation on the IBS-SSS Score 
	The Effect of Probiotic Intervention on Clinical Improvement 
	The Effect of Intervention on Secondary Outcomes 
	Safety and Adverse Events 

	Discussion 
	Conclusions 
	References

