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ABSTRACT

One of the most frequent causes of doctor visits worldwide is gastroenteritis.
Acute gastrointestinal disorders are a major medical and financial concern.
Such conditions need to be managed more skillfully. There is still much to
learn about how to lower the risk of intestinal infections through diet.
Antibiotics can effectively inhibit infections, but they cannot be used
prophylactically and should not be provided in the absence of sickness.
Probiotics, or beneficial bacteria found in the gut, have been shown to have a
variety of inhibitory effects on pathogens. Probiotics are currently gaining
popularity due to the growing antibiotic resistance of pathogenic bacteria,
especially in hospitals, as well as clinical data demonstrating the effectiveness
of some probiotic bacteria. One probiotic that is good for human health is
Bacillus clausii. One of its primary traits is the capacity to proliferate; the
ensuing resistance to heat, acid, and salt guarantees an accessible route via the
human digestive system without cellular loss. The advantageous qualities of
other probiotics, like Lactobacillus and Bifidobacterium species, are more
commonly known throught the literature, despite the fact that B. clausii has
been utilized extensively for many years.
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INTRODUCTION
The individual's intestinal microbes is made up of trillions of bacteria that reside in the
human gastrointestinal (GI) tract naturally (Erkmen, 2021). This intricacy and variation in
microorganisms reflect a complex microbial community (Guseva et al., 2022). The human
health and disease are inextricably linked to the gut microbiota because it plays roles in
neural, nutritious, defensive, fundamental, and digestive processes (Chaudhry et al., 2023).
Many different intestinal and extraintestinal disorders are linked to disruptions in the natural
equilibrium of the gut microbiota, commonly referred to as gut dysbiosis (Borrego-Ruiz &
Borrego, 2024). Acute gastrointestinal infections rank second in the world's epidemiology of
infectious illnesses after respiratory tract infections, and they are one of the main causes of
illness and death in young children (Mafokwane et al., 2023). Numerous microorganisms
found in food, drink, and hospital environments can lead to intestinal infections by inflaming
various parts of the gastrointestinal tract (Rossi et al., 2024). Many factors, including age
(children, adults), nation (developing or developed), nosocomial or community acquisition,
patients' foreign travel history, and immunological state, influence the incidence of diverse
bacteria that cause gastroenteritis. Gastroenteritis can have quite different clinical
manifestations, ranging from minor to fatal (Acevedo-Román et al., 2024). Reactions can
include nausea, vomiting, cramping in the abdomen, and/or diarrhea, depending on what's
causing it (Lim & Rezaie, 2023). A diverse and dynamic microbial community that serves
numerous important purposes is present in the intestine (Aggarwal et al., 2023). These
include metabolic processes, interactions with the host's immune system, and trophic effects
on the intestinal epithelium (Kim et al., 2021). In addition, the indigenous microbiota serves
as a barrier to stop the colonization of pathogenic and opportunistic microbes (Chen et al.,
2024). Consuming food that contains probiotics has been linked to a growing number of
health advantages (Das et al., 2022). A committee of experts has reformulated probiotics as
"live microorganisms that, when given in sufficient amounts, confer a health benefit on the
host" (Sharifi-Rad et al., 2020). The expert panel also determined that gastrointestinal
infections and specific bowel diseases are among the health benefits that can be treated with
probiotics (Compare et al., 2022; Jakubczyk et al., 2020). The Lactobacilli and bifidobacteria,
which produce lactic acid, are the microorganisms most frequently employed as probiotics
(Ayivi et al., 2020). Both bacterial species belong to the typical microflora, and some of the
strains generate lactose along with other antimicrobial compounds including hydrogen
peroxide and bacteriocins (Ayivi et al., 2020). It is asserted that probiotics alter the host's
immune response by competing with pathogens for microbial adhesion sites. However, it's
still unknown exactly how they affect the immune system (Raheem et al., 2021; Zhao et al.,
2021). Strains of Bacillus, Saccharomyces, Escherichia coli, and Streptococcus are additional
less frequently utilized probiotic bacteria (Pereira et al., 2022). The Bacillus genus, which
includes gram-positive, rod-shaped, aerobic or facultative anaerobic species like B. coagulans,
B. subtilis, B. licheniformis, B. indicus, and B. clausii, is closely linked to the Lactobacillus
genus (Payne et al., 2024). While B. clausii and Bacillus licheniformis are not typically
thought of as natural inhabitants of the human GI tract, there is evidence that they has the
ability to invade the epithelium of the intestinal, obfuscating the line within the transitory
microflora and gut inhabitants (Chelliah et al., 2024). These bacteria have been inaccessible
from adult, normal human excrement, demonstrating their abilities to endure transit via the
GI tract. The spore forming bacteria are part of the genus Bacillus can be found in food, soil,
water, air, and human digestive tracts. Spore forming bacteria go through a difficult
developmental process in severe environments (Gauvry et al., 2017). During this process, a
bacterial cell develops into a spore, which can withstand extremes in temperature, pH, light,
water, and toxic chemicals for an indefinite period of time. The spores become vegetative
cells that can proliferate and multiply when the right environmental circumstances are once
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again present. In the manufacturing and preservation of probiotic compositions derived from
food or medicine, Bacillus spores are more stable than vegetative bacteria because they are
metabolically inert, can withstand bile salts, and can withstand the corrosive environment of
the GI tract. Probiotics that are able to be spontaneously extracted from the human gut are
probably capable of making it through the digestive system (Markowiak & Ślizewska, 2017).
The B. clausii strains have been utilized in conjunction with antibiotics to lessen the intestinal
adverse consequences of using antibiotics because of their innate resistance to antibiotics and
the superior constitution of certain probiotic formulations.
Mechanism of action of B. clausii
Antimicrobial substances that are secreted, inhibit the number of microorganisms or the
metabolic of contaminants, the immune-modulatory effect on the lymphatic tissue affiliated
with the intestines, and competitive adhesion to the gut wall, which excludes GI microbes are
some of the possible the ways in which bacterial species harbor a probiotic effect (Vitetta et
al., 2018).
Antimicrobial activity
The genera Bacillus, Listeria, and Staphylococcus are members of the order Bacillales of
Gram-positive bacteria (Zhao & Kuipers, 2016). The Bacillus are expected to be a rich source
of new antimicrobials, according to genome mining. These antimicrobials consist of five
hundred and eighty pairs of bactericide proteins from fifty-seven species, which belong to
three types of bacteriocins (Gabrielsen et al., 2014). Among the many antimicrobial
compounds produced by Bacillus bacteria are lentibiotics, which are peptides that have
undergone post-translational modification (Gabrielsen et al., 2014). One important way that
probiotics stop harmful bacteria from growing in the gastrointestinal system is by producing
antimicrobials like the lantibiotic clausin; this is important from a clinical standpoint when
probiotics are used in conjunction with antibiotic therapy (Cesa-Luna et al., 2021). The
vegetative cells of B. clausii are cultivated in whey and yield antibacterial peptides that
suppress the growth of Enterococcus faecalis, Salmonella typhimurium, Escherichia coli,
Shigella flexneri, Staphylococcus aureus, and Listeria monocytogenes (Ghelardi et al., 2022).
Immunomodulatory activity
Probiotics have direct impacts on other microbes in the gut due to their antimicrobial activity,
and they also have immunomodulatory properties that help the host's immune system
rebalance and promote long-term health (Acosta-Rodríguez-Bueno et al., 2022). The
subsequent research indicates the powerful immunomodulatory pathways through which
probiotics containing B. clausii work. Intestinal inflammation is lessened by B. clausii by
inducing the synthesis of anti-inflammatory cytokines (Lopetuso et al., 2016).
Inhibition of Enteropathogens
Enteropathogenic infections may be avoided by B. clausii. Spores of B. clausii strains
diminish abrasions, lymphoid infiltration, as well as intestinal wastes while increasing
secretion of goblet cells during pretreatment (Plomer et al., 2020). In the lymphatic vessels of
the duodenum or spleen, the resulting greater mucosal integrity and elevated level of mucin
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have an immune-modulatory and therapeutic impact, as shown in Figure 1 (De Castro et al.,
2019).

Figure 1: Potential mode of action of B. clausii

Gut immune function of B. clausii
In preclinical research employing cell lines, B. clausii has been demonstrated to improve the
intestinal barrier in addition to in-vitro investigations of its functional characteristics which
encourages the functioning of the intestinal barriers (Wong-Chew et al., 2024). A recent
investigation showed the several ways in which B. clausii strains defend the stomach against
rotavirus infection. The growth-promoting cells of B. clausii (O/C, N/R, SIN, and T) strains
increase the production of the antibiotic peptides cathelicidin and humans beta defensive -2 in
a human juvenile enterocyte-based rotavirus infectious model (Lippolis et al., 2013).
Additionally, the strains restore cell growth that the rotavirus infection had slowed down. In
addition to reducing the percentage of necrotic or apoptotic enterocytes, dealing with B.
clausii strains as well as their residual stimulates enclosed junction protein production and
mucin, strengthening the gut barrier's resilience (Kocot et al., 2022).
Clinical applications of B. clausii in gastrointestinal infections
Recent years have seen a strong endorsement of the use of preparation of B. clausii in the
management or avoidance of impairments in gut physiology, which has fueled these
preparations' therapeutic applications. Practical uses and conjectures on potential
relationships between B. clausii, the intestinal wall, and the immune system, as well as the
effects of these relationships on alterations in human health (Marzorati et al., 2021).
Acute diarrhea
Acute diarrhea continues to be a major global health concern and a common cause of
mortality, particularly in developing nations. The standard treatment for this is to use oral
rehydration solution, intravenous fluid when necessary, and zinc supplementation in
accordance with WHO guidelines (Ugboko et al., 2020). Instead of stopping the disease's
course, this treatment aims to reduce the complications that lead to diarrheal deaths. Studies
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are currently being conducted in both developed and developing nations to assess the
potential benefits of utilizing probiotics as an adjuvant therapy in conjunction with current
anti-diarrheal medications. This concept has been around for decades. Currently, B. clausii is
recommended for the therapy of changes in intestinal bacterial flora in both adults and
children. The B. clausii has been demonstrated to lower stool frequency and
rotavirus/adenovirus excretion in children with acute diarrhea (Kesavelu & Jog, 2023).
Irritable Bowel Syndrome
A lower quality of life, stress, worry, sadness, and emotional issues are associated with
irritable bowel syndrome, which also causes absenteeism. IBS is therefore regarded as a
social and health burden. Probiotics such as B. clausii have been shown to be advantageous in
the management of several gastrointestinal infections, and the effectiveness of current
medications for irritable bowel syndrome (IBS) is limited (Vázquez-Frias et al., 2023).
Small Intestinal Bacterial Overgrowth
An increase in the small intestine's bacterial content over normal levels is known as small
intestinal bacterial overgrowth, or SIBO (Takakura & Pimentel, 2020). This causes bloating,
pain in the umbilical region, and excessive gas generation in the small intestine. It can also
cause malnutrition, osmotic diarrhea, and malabsorption. Even after receiving continuous
antibiotic therapy, B. clausii can colonize the gut (Acosta-Rodríguez-Bueno et al., 2022). The
probiotics of B. clausii have been used safely and effectively in individuals throughout a few
decades, as indicated by Table 1, besides preliminary research that suggest a range of routes
of action.
Table 1. Clinical benefits of B. clausii treatment
Diseases Efficacy References

Acute pediatric diarrhea Reduced duration of diarrhea (Chelliah et al.,
2024)

Rotavirus infection Reduction in weakness, swelling,
abdominal pain, and fever

(Paparo et al., 2020)

Upper respiratory infection Fewer and shorter duration of
infection

(Amaral et al., 2017)

Allergic rhinitis Reduced pro-inflammatory cytokines (May & Dolen,
2017)

Endotoxemia Reduced serum endotoxin and pro-
inflammatory cytokines

(Jatzlauk et al., 2017)

Compositional quality and safety assessment of B. clausii as a probiotic
Probiotics have become incredibly popular in recent times, but with their growing use comes
controversy over how best to regulate them and whether they belong in the category of
medical foods, drugs, or supplements. Probiotics are live bacteria that give the host health
benefits when given in sufficient doses. The majority of bacterial spore formers in the genus
Bacillus make up a significant probiotic product used today (El Hage et al., 2017). For them
to be classified as probiotics, they must meet the necessary criteria for content, stability, and
health benefits. Since bacteria are so common, they regularly enter healthy people's
gastrointestinal and respiratory systems through food, water, and the air. The capacity to be
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kept forever in a desiccated state without negatively affecting viability is one benefit that
Bacillus strains have over the more popular Lactobacillus products. Furthermore, they are
able to withstand the stomach barrier's low pH. Through immunomodulation, or the
activation of cytokines, competitive exclusion of gastrointestinal pathogens through
competition for adhesion sites, and secretion of antimicrobial substances, Bacillus species
achieve their therapeutic effects. Probiotics are being produced and used more often than ever
before (Berninger et al., 2018). To establish safety, toxicology tests must be conducted
because probiotics are strain-specific. Despite being generally recognized as safe (GRAS),
probiotics safety should not be taken for granted, and each product should be assessed
individually. In order to establish safety, each possible strain must have its acute and repeated
dose toxicity assessed. A Chinese study on a Bacillus cereus strain found that probiotics can
cause food poisoning and other food-borne infectious diseases if proper safety evaluation isn't
done. It is imperative to carefully adhere to the standards established by the FAO/WHO
report when using a product as a probiotic or novel supplement (Gauvry et al., 2017).
Comparison of B. clausii with other probiotics
Though the specific type of probiotic to use is unknown, it has been suggested as a
supplement to the usual course of treatment for acute diarrhea and gastrointestinal infections.
The comparison of B. clausii with other probiotics are given in Table 2.
Table 2. comparison of B. clausii with other probiotics

Characteristics B. clausii Lactobacillus Bifidobacterium Saccharomyces References

Spore forming
ability

Yes No No Yes (Cai et al.,
2018)

Resistance to
heat

High Moderate Moderate Low (Kapse et al.,
2018)

Antibiotic
tolerance

High Low-moderate Moderate High (Cai et al.,
2018)

Gastric acid
resistance

High Low Low High (Kapse et al.,
2018)

Survivability in
bile salt

High Low-moderate Low-moderate Low (Cai et al.,
2018)

Biochemical and physiological properties of B. clausii
Probiotics are utilized in animal feeds to avoid gastrointestinal illnesses and are being
produced commercially as novel meals or dietary supplements for human usage. The
product's economic viability is indicated by the market demand. The Bacillus spores are
capable of germination and vegetative proliferation in the gastrointestinal tract of humans.
Research has demonstrated that a spore mixture of B. clausii, which consists of four strains
(O/C, SIN, N/R, and T), is resistant to a broad spectrum of antibiotics and is sold as an over-
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the-counter (OTC) therapeutic supplement (Pereira et al., 2022). Specific levels of resistance
to tetracycline, streptomycin, chloramphenicol, and rifampicin set these strains apart
phenotypically. They were recently characterized at the bioenergetic and proteomic levels.
Commercially accessible probiotics are widely utilized in clinical practice to minimize
intestinal microbial imbalance during antibiotic therapy since the microorganisms in them
have been proven to frequently carry some antibiotic resistance. However, the apparent
advantage is at odds with the safety standards, which stipulate that bacteria intended for
human consumption should not harbor any genes that facilitate the transfer of antibiotic
resistance in order to reduce the worry about this resistance spreading from probiotics to
pathogens in the gastrointestinal tract (Zhang et al., 2023). The goods formed from spores can
be stored at room temperature without compromising their vitality because they are heat-
stable and able to withstand low pH. The spore-bearing Bacillus species are a diverse group
of microorganisms that are currently being studied to get further insight into the biochemistry,
physiology, and, most importantly, molecular genetics that underlie bacterial behavior
(Rajashekhar et al., 2017).
Limitations of research of B. clausii
Probiotics have been shown to have a number of positive effects on health, including vitamin
synthesis, preventing the colonization of pathogenic bacteria, secreting bacteriocins and other
antibacterial substances to sabotage other bacteria, stimulating the production of secretory
IgA antibodies that sabotage other pathogens, and more. These advantages make them a
viable treatment option for patients undergoing surgery, colitis linked to antibiotics, and
diarrhea in both adults and children. Even while probiotics have many positive effects, the
risks and disadvantages associated with them are frequently overlooked (Sánchez et al., 2017).
Many probiotic bacteria, including B. clausii, have been linked to sepsis caused by B. clausii
in both immunocompromised people and newborns, according to reports that have arisen in
recent months. Thus, it is possible for beneficial bacteria to become pathogenic, for them to
possess genes that make them resistant to drugs, or for them to resist treatment and need
intensive antibiotic therapy (Swartwout & Luo, 2018). Probiotics contain bacterial strains that
have the potential to develop into pathogens by becoming pathogenic. In-depth study on the
subject is necessary because the mechanism behind virulence is still unclear, particularly in
healthy individuals. Probiotics like B. clausii might be harmless, but it is highly dubious to
use them in people who are immunocompromised or chronically sick. Its potential to
transmigrate from the stomach into the bloodstream is the cause of this therapeutic
conundrum. This case report should serve as a reminder to utilize this probiotic sparingly,
especially in healthy individuals (Happel et al., 2018). We conclude by saying that while
probiotics containing B. clausii spores might sometimes be regarded useful, their usage
should be approached cautiously when dealing with severely ill patients.
Future perspective
Numerous studies have been conducted as a result of the realization that the intricate
communities of microorganisms that live in the human body are vital to the host's health. The
metabolic tasks that this community performs are one of the main roles that have been
assigned to the gut microbiota. Probiotics are commonly used to prevent and cure GI
disorders, but there are still a lot of problems that need to be worked out. Immune system
correlation and microbiota regulation produced by B. clausii. The B. clausii may interact
directly or indirectly, maybe by influencing companion microbes, to alter the body's response
to infection (Elshaghabee et al., 2017). Comprehending these distinct immunological
characteristics may expand its therapeutic uses, permitting its application in particular
pathological circumstances based on the illness stage and the host's immune status. By
employing this tactic, B. clausii demonstrated in a human experimental setting a definite
capacity to regulate the immune system while treating acute diarrhea. Future research will be
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required to better determine each strain's mechanisms of action, the best dosage, the best
length of treatment, the best combination of strains that are now available, and ultimately the
safety and stability of each strain. Immune system correlation and microbiota modification
induced by B. clausii (Compare et al., 2022).
Conclusion
The immune system, vascular and lymphatic routes, GI propria lamina, duodenal mucous
membrane, gut microbiota, or collagen, neuroenteric and enteroendocrine systems, and
immune system make up the complex system known as the intestinal barrier, which is in
charge of maintaining the health of the host. Damage to the gut barrier is linked to numerous
GI and extra-GI illnesses. Assuming these conditions are met, an ideal probiotic should be
able to modulate intestinal permeability, enhance mucus production in terms of both quantity
and composition, restore biodiversity within the microbiota, and facilitate equally anti-
inflammatory as well as anti-fibrotic effects. Spores of B. clausii can withstand the
gastrointestinal microenvironment as well as make it to the intestine, in which they could
sprout and become vegetative. The effectiveness of probiotics in lowering the length and
intensity of acute diarrhea in children, as well as the safety and effectiveness of B. clausii in
reducing the frequency and duration of acute diarrhea, are consolidated in these
recommendations. In order to understand its modes of action and explore any potential
function in the extraintestinal and gastrointestinal disorders (e.g., Th-1 inducer), upcoming,
organized clinical studies as well as linguistic research are required, ultimately leading to the
optimization of its clinical use.
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