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ABSTRACT

Children beginning preschool typically have an increased prevalence of gastrointestinal and respiratory infections. 
This study aimed to evaluate safety and efficacy of the probiotic Bacillus subtilis DE111® in gastrointestinal health 
and respiratory infections in preschool children. In a randomised, parallel, double-blind placebo-controlled study 
102 day-care attending children aged 2-6 years received B. subtilis DE111® (1 × 109 CFU) or placebo once a day 
for 8 weeks. Participant diaries were completed by parents and evaluated by investigators to follow the incidence 
and duration of indicators of gastrointestinal health and respiratory infections as well as any adverse events. Saliva 
samples were collected at baseline and completion of the intervention to measure sIgA levels. A significant reduction 
in duration of vomiting (2 days vs. 14 days, p=0.045), duration of hard stools (0 days vs 15 days, p=0.044), and 
duration of overall gastrointestinal discomfort (18 days vs. 48 days, p=0.0499) was seen. No difference in incidence of 
respiratory infection was observed (41.3% probiotic vs 36.2% placebo, p=0.60). A statistically significant increase of 
sIgA levels was observed in the placebo group (1.37-fold, p<0.01), but not in the probiotic group (1.05-fold, p=0.61). 
Overall, data suggests intake of the probiotic B. subtilis DE111® is safe for use in children and supports a healthy 
gastrointestinal tract with a reduced duration of vomiting, hard stools and overall gastrointestinal discomfort.

Keywords: Probiotics; Children; Bacillus subtilis; Gastrointestinal support; Clinical research

INTRODUCTION
The number of children who attend day-care in Europe is 
approximately 30% for 0-2-year olds and 90% for 3-5-year olds. 
It has been shown that children attending day-care centres 
typically have an increased risk of developing gastrointestinal or 
respiratory infections compared to children cared for at home, 
particularly during the winter season, often leading to antibiotic 
use [1-3]. Incidences of such infections warranting a medical visit 
have been shown to be twice as prevalent compared to the general 
population of the same age, with the most frequent infections 
being gastroenteritis (diarrhoea and vomiting) and flu-like illnesses 
[1]. There is a push globally to minimise the use of antibiotics in 
the population, therefore ways to support the health of children 
attending day-care are of great interest.

Defined as “live microorganisms which when administered in 
adequate amounts confer a health benefit on the host”, probiotics 
have the potential to support the maintenance of health in the 

population [4]. A number of studies have been carried out in 
paediatric populations investigating the effects of various strains 
of probiotics, primarily from genera Lactobacillus, Bifidobacterium 
and Saccharomyces, on incidence and duration of Gastrointestinal 
Infections (GII) and upper respiratory infections [5-8]. These 
studies report mixed results with regards to these types of infections 
and it is generally acknowledged that the effects of probiotics in the 
maintenance of health and prevention of infections is strain and 
dose dependent [9,10].

While the predominant strains of probiotics on the market today 
are Lactobacillus, Bifidobacterium and Saccharomyces strains, there 
exists increasing interest and evidence in the use of Bacillus species 
as safe and effective probiotics. As spore-forming bacteria, Bacillus 
confer advantages over other probiotics in that they are able to 
resist the harsh digestive environment, reaching and colonising the 
gastrointestinal tract, thus supporting a healthy Gastrointestinal 
(GI) tract. They are ubiquitous in nature and have been found in 
the normal microbiota of the gut in healthy adults and children 
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[11,12].

Several Bacillus species have been reported to show probiotic 
potential. These include B. subtilis, B. coagulans, B. lichenoformis 
and B. clausii [13-15]. Bacillus subtilis DE111® is a strain of Bacillus 
probiotic that has been shown to support healthy gastrointestinal 
function and promote digestive health [15-18]. The aim of this 
study was to assess safety and efficacy of the probiotic strain B. 
subtilis DE111® in reducing the incidence and/or duration of 
gastrointestinal and respiratory infections as well as overall GI 
health in day-care attending children aged 2-6 years old.

MATERIALS AND METHODS
Subjects and study design

This randomised, parallel, double-blind, placebo-controlled study 
was carried out between April and July 2019 in five paediatric 
centres in Slovenia. The protocol was approved by the National 
Medical Ethics Committee (Ministry of Health, Slovenia, 0120-
569/2018/4) in Slovenia and registered on clinicaltrials.gov 
(NCT04077034). Each parent or legal guardian signed an Informed 
Consent Form prior to enrolment in the study. The study was 
conducted following the principles of the WMA Declaration of 
Helsinki (DoH) and ICH-Good Clinical Practice (GCP) guidelines.

Preschool children aged 2-6 years and attending day-care centres 
were screened by their paediatricians. Children (102) were recruited 
based on inclusion (generally healthy, attending day-care) and 

exclusion (regular medication, immunodeficiency or severe chronic 
illness, low birth body weight (<2500 g), low gestational age (<37 
weeks)) criteria.

Following a 4-week run in period for antibiotic, probiotic and/or 
immunostimulants wash-out, children were randomly assigned to 
either the probiotic (N=51) or placebo (N=51) group (Figure 1). A 
sample of saliva to determine the level of sIgA was taken at baseline 
and again at the end of the intervention period and analysed using 
the IgA saliva ELISA test (IBL International GMBH, Germany). 
Parents of the children recorded the occurrence and duration of 
symptoms of Respiratory Infections (RI) and GI symptoms through 
use of a participant diary during an 8-week intervention period and 
again during a 4-week follow-up period. Any additional Adverse 
Events (AE) were recorded during the entire 12 weeks of the study 
to evaluate and confirm the safety of the product. Diaries were 
assessed by the investigators and reviewed for evaluation of the 
described symptoms. Product consumption adherence was also 
recorded in the participant diary. Nine children were excluded due 
to either study requirements or loss-to-follow-up. The remaining 
93 children completed the study and their data were included 
for statistical analysis (Figure 1) as the Intention to Treat (ITT) 
population. An additional four children were excluded for not 
completing the wash-out period for antibiotics and eight children 
were excluded for long-term use (8-12 weeks) of immunostimulants 
prior to recruitment. In total, 81 children were included in the Per 
Protocol (PP) analysis (Figure 1).

Figure 1: Flowchart of the study profile.
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Study product

The intervention consisted of daily consumption of a 1.4 g quick 
melt stick pack containing either the commercial probiotic strain 
B. subtilis DE111® (1 × 109 CFU/dose) or tapioca maltodextrin 
(placebo) for 8 weeks.

Safety analysis

Analysis of reported AEs throughout the 12-week study period (8-
week intervention and 4-week follow-up), was performed on all 93 
participants who completed the study. Adverse events were defined 
as events not related to, or evaluated in, the objectives of the study 
under GII, GI health or RI symptoms.

Study outcomes

Outcomes were presented as incidence and duration of GII, RI, 
individual GI symptoms (diarrhoea, hard stool, constipation, 
bloating, vomiting) and combined GI symptoms (“gastroenteritis 
symptoms”: which included diarrhoea and vomiting; and “GI 
discomfort”, which included diarrhoea, hard stool, constipation 
and bloating). Gastrointestinal infections were defined as diarrhoea 
(the occurrence of three loose stools as defined by Bristol stool 
chart 6 or 7 within 24 hours) lasting ≥ 2 days, occurring with other 
symptoms of vomiting and/or fever. Respiratory infections were 
defined as 2 respiratory symptoms lasting ≥ 2 days; 1 symptom 
lasting ≥ 3 days; 2 symptoms lasting ≥ 1 day accompanied with fever 
(≥ 37.5°C) or prescription of antibiotics for RI. Levels of salivary 
IgA (sIgA) from baseline to end of intervention were evaluated.

Statistical analysis

Data were analysed in IBM SPSS Statistics v 26.0 (IBM Corp). Data 
analysis was carried out both on the ITT and PP populations. Data 
are presented for two time periods: intervention period (8 weeks) 
and follow-up period (4 weeks).

The incidence data were reported as frequency and proportion 
of children with an episode. The difference between placebo and 
probiotic group for these variables was assessed using Chi-square 
test with correction for a 2 × 2 contingency table. Additionally, 
when the sum of occurrences in both study arms was 10 or lower, 
Fisher's exact test was applied.

Data expressing duration of symptoms (in days) were reported and 
treated as numerical variables and an assumption of normality 
distribution was tested. A nonparametric Mann-Whitney's test was 
used to assess the difference between probiotic and placebo group. 
Duration was reported as total number of days with infection/
symptoms and maximum number of days with infection/symptoms 
per child for each group.

The measurement data for sIgA concentrations were presented 
as median for baseline and end of intervention for each group. 
For the end of intervention, saliva samples collected outside the 
stipulated collection timeframe (day 54 to day 58) were excluded 
from the analysis. A nonparametric Mann-Whitney's test was used 
to assess the difference between probiotic and placebo group.

RESULTS
Baseline characteristics

A total of 102 children were randomised to the placebo or 
probiotic group with 93 completing the study (ITT population) 
(Figure 1). There were no statistical differences in sex, age, height, 
weight, heart rate, respiratory rate, body temperature or in “time of 
attending day-care” characteristics between groups (Table 1).

Table 1: Baseline characteristics of children.

Characteristics
DE111® Placebo

(N=46) (N=47)

Gender

Female 22 (47.8%) 28 (59.6%)

Male 24 (52.2%) 19 (40.4%)

Age (months) 54.3 (13.2) 53.7 (13.1)

Height (cm) 108.3 (8.9) 107.3 (8.7)

Weight (kg) 19.5 (3.8) 18.5 (3.6)

Heart rate (beats/
min)

97.8 (13.4) 99.2 (12.0)

Respiratory rate 
(breaths/min)

25.6 (7.1) 26.6 (6.9)

Body temperature 
(°C)

36.7 (0.3) 36.6 (0.3)

Day care 
attendance<24 
months

13 (28%) 9 (19%)

Note: Data are presented as mean (± standard deviation) or 
absolute number (percentage).

Safety of B. subtilis DE111®

In total, AEs were reported for 44 children: 25 children (54.3%) 
from probiotic and 19 (40.4%) from placebo group. The incidence 
of individual AEs was up to 6 cases per specific event and did not 
differ between the groups or from generally occurring health events 
in preschool children. All AEs were assessed and deemed unrelated 
to the product or study.

Effects of B. subtilis DE111® on GII and GI symptoms

Analysis of the ITT population showed a trend of reduction in both 
the incidence of GII (8.7% probiotic vs 19.1% placebo, p=0.23; 
Table 2) and the duration of GII (11 days vs 30 days, p=0.14, Table 
3) of more than 50% in the probiotic group.

The incidence (Table 2) and duration (Table 3) of several individual 
GI symptoms were also followed during the study. A significant 
reduction in the duration (2 days probiotic vs 14 days placebo, 
p=0.045) of vomiting and of hard stools (0 days probiotic vs 15 days 
placebo, p=0.044) was observed. The incidence of vomiting (4.3% 
probiotic vs 17% placebo, p=0.091) and hard stool (0 probiotic vs 
8.5% placebo, p=0.12) showed a trend of reduction, but without 
statistical significance. Additionally, intake of the probiotic showed 
a trend of reduction in the incidence and duration of symptoms 
of gastroenteritis (13% probiotic vs 27.7% placebo, p=0.12 and 14 
days probiotic vs 36 days placebo, p=0.082; respectively), although 
not statistically significant. Intake of the probiotic also statistically 
significantly reduced the duration (18 days probiotic vs 48 days 
placebo, p=0.0499) of overall GI discomfort. The incidence GI 
discomfort showed no statistically significant difference between 
the probiotic group and the placebo group.

The PP analysis revealed similar results to the ITT population 
(Tables 2 and 3). A statistically significant lowering of the incidence 
(4.8% probiotic vs. 20.5% placebo, p=0.043) as well as duration 
(2 days probiotic vs 14 days placebo, p=0.029) of vomiting was 
observed. Probiotic intake showed a trend of lowering the incidence 
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(7.1% probiotic vs 20.5% placebo, p=0.11) and duration (8 days 
probiotic vs 28 days placebo, p=0.070) of GII as well as reducing 
the duration of symptoms of gastroenteritis (12 days vs. 34 days, 
p=0.057), although the difference was not statistically significant.

Table 2: Incidence of Respiratory Infections (RI) and 
Gastrointestinal Infections (GII) and symptoms during the 8-week 
intervention period.

Outcome
ITT population PP population

DE111® Placebo DE111® Placebo

RI 20 (43.5%) 17 (36.2%) 18 (42.9%) 16 (41.0%)

GII 4 (8.7%) 9 (19.1%) 3 (7.1%) 8 (20.5%)

Diarrhoea 
(Bristol 
6-7)

5 (10.9%) 8 (17%) 4 (9.5%) 6 (15.4%)

Hard stool 
(Bristol 
1-2)

0 (0%) 4 (8.5%) 0 (0%) 2 (5.1%)

Constipa-
tion

1 (2.2%) 1 (2.1%) 1 (2.4%) 1 (2.6%)

Bloating 2 (4.3%) 3 (6.4%) 2 (4.8%) 3 (7.7%)

Vomiting 2 (4.3%) 8 (17.0%) 2 (4.8%)* 8 (20.5%)

Diarrhoea 
and 
vomiting

6 (13.0%) 13 (27.7%) 5 (11.9%) 11 (28.2%)

GI 
discomfort

7 (15.2%) 15 (31.9%) 6 (14.3%) 11 (28.2%)

Note: ITT population: DE111 N=46, placebo N=47. PP 
population: DE111 N=42, placebo N=39. Data are presented as 
absolute number (%).*p<0.05.

Table 3: Duration of Respiratory Infections (RI) and 
Gastrointestinal Infections (GII) and symptoms during the 8-week 
intervention period.

Outcome
ITT population PP population

DE111® Placebo DE111® Placebo

RI 250 (46) 105 (17) 230 (46) 102 (17)

GII 11 (3) 30 (5) 8 (3) 28 (5)

Diarrhoea (Bristol 
6-7)

12 (3) 22 (5) 9 (3) 20 (5)

Hard stool 
(Bristol 1-2)

0 (0)* 15 (5) 0 (0) 8 (5)

Constipation 2 (2) 1 (1) 2 (2) 1 (1)

Bloating 4 (3) 10 (5) 4 (3) 10 (5)

Vomiting 2 (1)* 14 (5) 2 (1)* 14 (5)

Diarrhoea and 
vomiting

14 (4) 36 (6) 11 (4) 34 (6)

GI discomfort 18 (6)* 48 (8) 15 (6) 39 (8)

Note: ITT population: DE111 N=46, placebo N=47. PP 
population: DE111 N=42, placebo N=39. Data are presented as 
total number of days (maximal duration). *p<0.05.

RI analysis

Analysis of the ITT population revealed no difference in the 
incidence (43.5% probiotic vs 36.2% placebo, p=0.61; Table 2) nor 
duration (250 days probiotic vs 105 days placebo, p=0.19; Table 3) 
of RI between the groups. The PP analysis showed similar results 
to the ITT population with no difference in the incidence of RI or 
the duration of RI between the two groups.

sIgA analysis

No differences were observed in sIgA levels at baseline between the 
probiotic and placebo groups (22.7 mg/L probiotic vs 24.0 mg/L 
placebo, p=0.90; Figure 2). No change was seen from baseline to 
end of intervention in the probiotic group (median relative change 
1.05-fold, p=0.61). However, a statistically significant increase was 
observed in the placebo group from baseline to end of intervention 
(median relative change 1.37-fold, p<0.01).

Figure 2: Boxplot of salivary IgA values at baseline (white) and 
after 8 weeks of intervention (dotted). Braces denote statistically 
significant difference. O Circles represent data outliers.

Analysis of study follow-up period

No statistically significant differences were seen between probiotic 
and placebo groups among any of the parameters measured in the 
4-week follow-up period, in both ITT and PP analyses (Table 4). No 
difference in the incidence of RI was observed (28.3% probiotic 
vs 17% placebo, p=0.30). The incidence of GII was low in general 
throughout the 4-week follow-up (4.3% probiotic vs 0% placebo, 
p=0.24), with the duration of GII in the probiotic group totalling 
5 days.
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DISCUSSION
Several studies have examined the role of probiotics in the 
prevention of GII and management of gastroenteritis with mixed 
results. Gastroenteritis (causing nausea, vomiting and diarrhoea) 
develops in millions of children every year, and treatment with 
probiotics may reduce the duration and intensity of symptoms 
[19-21]. Although the protective effects of some specific probiotic 
strains have been shown there is limited data to support the use 
of Bacillus-based probiotics in this specific population [22,23]. 
Additionally, while numerous individual symptoms have been used 
as outcomes, evaluations that incorporate both the duration and 
incidence of both diarrhoea and vomiting are lacking [24].

In this current study, the effect of the probiotic B. subtilis DE111® 
on the incidence as well as duration of GII and gastroenteritis 
symptoms were evaluated. While a trend of reduction in the 
incidence and duration of GII following probiotic intake was 
observed, an important drawback to note is the timing of the 
intervention. The peak time for GII typically falls between January 
and April [25]. As this study was conducted from April to July, 
the peak season for infections was missed, potentially impacting 
the incidence of GII and GI symptoms and thus limiting the 
evaluation of significance of probiotic intake effect. Regardless, 
despite low incidences of GII, the data strongly suggest a clear 
trend of protection and maintenance of gut health through the 
intake of B. subtilis DE111®.

In addition to support against GII, probiotics have been shown 
to support GI comfort. Individual indicators of GI comfort were 
monitored in this trial. A statistically significant decrease in the 
incidence of hard stools and a decrease of diarrhoea with probiotic 
intake was seen. When combining symptoms of GI discomfort 
(diarrhoea, hard stool, constipation and bloating), a statistically 
significant reduction of 62% in the duration of symptoms was 
observed in the probiotic group. Probiotics have been proposed 
to promote gut health through regulating gut motility and stool 
consistency [26]. Indeed, B. subtilis itself has been shown to have a 

protective effect on constipation and diarrhoea in adults [15]. The 
results of this current study further support the role of B. subtilis to 
protect against GI discomfort in preschool aged children.

Taken together, there is an obvious trend where B. subtilis 
DE111® may have a protective role in the GI tract, supporting the 
maintenance of overall gut health and preventing the onset of GI 
disturbances in children.

The impact of probiotics against common RI in both adult and 
children populations has also been reviewed and evaluated in 
many studies with varying results on incidence and duration of RI 
[21,27,28]. No significant difference in the incidence or duration 
of RI between probiotic and placebo groups was seen in this study, 
however, greater than 50% reduced duration of RI was observed 
in the placebo group. A review of the data from this trial revealed 
two extreme outliers where a RI was reported for almost the entire 
duration of the study (46 and 36 days compared to 8 days average 
duration for all other children). Both outlier children were in the 
probiotic group, thereby impacting the overall data with respect to 
duration of RI. Moreover, further investigation revealed a higher 
number of children with recurrent RI in the preceding months in 
the probiotic group. This suggests a possible increased susceptibility 
for contracting RI in the probiotic population. While the results 
of this study did not indicate a protective effect of probiotic use 
against RI, the clear outliers in the probiotic group highlight an 
inherent challenge in trials conducted with healthy individuals.

The mechanisms by which probiotics modulate the immune 
response are not fully understood. It has been suggested that 
probiotics can influence both innate and adaptive immune 
responses by producing exopolysaccharides, causing an increase 
in different leukocyte populations and affecting the expression 
of certain interleukins such as IL-10, IL-6, and IL-8, which can 
contribute to an increase in sIgA [29,30]. Indeed, increases in 
sIgA in response to novel antigens, higher antigenic burden and 
following acute respiratory infections have been reported [31-33]. 
Interestingly, there are also reports showing the maintenance of 

Table 4: Incidence and duration of Respiratory Infections (RI) and Gastrointestinal Infections (GII) and symptoms during the 4-week 

follow-up period.

Outcome

Incidence Incidence Duration Duration

ITT population PP population ITT population PP population

DE111® Placebo DE111® Placebo DE111® Placebo DE111® Placebo

RI 13 (28.3%) 8 (17.0%) 12 (28.6%) 7 (17.9%) 130 (20) 47 (10) 119 (20) 41 (10)

GII 2 (4.3%) 0 (0%) 2 (4.8%) 0 (0%) 5 (3) 0 (0) 5 (3) 0 (0)

Diarrhoea 
(Bristol 6-7)

3 (6.5%) 1 (2.1%) 3 (7.1%) 0 (0%) 6 (3) 1 (1) 6 (3) 0 (0)

Hard stool 
(Bristol 1-2)

0 (0%) 2 (4.3%) 0 (0%) 0 (0%) 0 (0) 5 (3) 0 (0) 0 (0)

Constipa-
tion

0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0) 0 (0) 0 (0) 0 (0)

Bloating 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0) 0 (0) 0 (0) 0 (0)

Vomiting 1 (2.2%) 2 (4.3%) 1 (2.4%) 2 (5.1%) 1 (1) 4 (3) 1 (1) 4 (3)

Diarrhoea 
and 
vomiting

4 (8.7%) 3 (6.4%) 4 (9.5%) 2 (5.1%) 7 (3) 5 (3) 7 (3) 4 (3)

GI 
discomfort

3 (6.5%) 2 (4.3%) 3 (7.1%) 0 (0%) 6 (3) 6 (3) 6 (3) 0 (0)

14 (5) 14 (5) 14 (5) 14 (5) 14 (5) 14 (5) 14 (5) 14 (5) 14 (5)
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sIgA levels alongside improved innate immunity with probiotic 
intake [34,35]. In the current study, levels of sIgA from baseline to 
end of intervention were maintained in the probiotic group, while 
levels significantly increased in the placebo group by the end of 
the intervention. A deeper insight into sIgA oscillations during the 
treatment and follow-up periods would be needed to understand 
whether probiotic intake could support the innate immunity 
response.

Probiotics are generally acknowledged to act transiently in the gut, 
with longer term colonisation or effect typically not expected [36]. 
This is further supported in this study, where no significant or 
clinically relevant difference in GII or RI was seen between the 
probiotic and placebo groups in the 4-week follow up period.

CONCLUSION
In conclusion, this study suggests the probiotic B. subtilis DE111® 
has a beneficial effect in preventing GII and promoting GI health 
and comfort in young children attending day-care. Additionally, it 
shows the probiotic is well tolerated and safe to use in children 2-6 
years old. Future studies would benefit from interventions, during 
peak infection season.
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