The Role of Probiotics As an Adjuvant Therapy for Sepsis Against Multidrug-Resistant Bacteria
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ABSTRACT

The impact of probiotics on sepsis, particularly when induced by multidrug-resistant (MDR)
bacteria, is mediated through complex biochemical pathways. Probiotics demonstrate a capacity
to effectively combat infections and reduce mortality rates in sepsis cases. A significant
contributor to this efficacy is attributed to the short-chain fatty acids (SCFAs) produced by these
probiotics. SCFAs play a critical role in modulating the immune system, primarily by influencing
the production of inflammatory cytokines, fortifying the integrity of intestinal epithelium,
preventing cellular apoptosis, and maintaining the balance of gut microbiota. Moreover,
probiotics are instrumental in counteracting the detrimental impacts of excessive antibiotic use,
which is a major contributing factor to the emergence of MDR bacterial strains. The integration
of probiotics with conventional therapeutic approaches offers a viable and potentially effective
strategy in the management of sepsis caused by MDR bacteria, suggesting a promising direction
for future clinical interventions.

https://doi.org/10.32539/BJ1.v9i3.170

Introduction

Sepsis is a life-threatening medical condition
caused by an excessive or uncontrolled immune
response to bacterial infection, which can lead to
organ dysfunction and death. The increasing
prevalence of MDR bacteria exacerbates this
challenge, with limited antibiotic choices and an
increased risk of poor clinical outcomes.! Probiotics,
as immunomodulators, offer an innovative approach
through mechanisms that have the potential to
restore microbiota balance and strengthen immune
response.23

Recent research in the past few years has shown
that probiotics have the potential to reduce mortality
and improve clinical outcomes in sepsis patients,
including cases involving multidrug-resistant
bacteria. Probiotic administration is known to reduce
death through immunomodulation mechanisms and
increase immunoglobulin A (IgA) concentration,
which plays an important role in maintaining
homeostasis and mucosal barrier function against
pathogens.3#4 Probiotics also serve as
immunonutrition to support the immune response of
critically ill sepsis patients, although the mechanisms

still need further study.? In addition, the use of
probiotics has been associated with increased
hemoglobin  concentrations under  systemic
inflammation, indicating another role of probiotics in
modulating the inflammatory response.>

In the context of antibiotic use, inappropriate
administration has increased mortality and the
growth rate of resistant bacteria.b It shows the
potential of probiotics as an adjunct to conventional
antibiotic therapy, paving the way for a more effective
and comprehensive management strategy for sepsis.

. Metabolites Produced by Probiotics

Probiotics are defined as live microorganisms
that, when administered in adequate amounts, confer
a health benefit on the host. This definition was issued
by the Food and Agriculture Organization of the
United Nations (FAO) and the World Health
Organization (WHO) emphasizing the importance of
probiotics for human body health.”

Probiotics also have a role in the nutrient
absorption process in the gut. Their metabolites can
transform complex nutrients into simpler compounds
that are easy for the body to absorb. One of the
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beneficial metabolic products of fermentation is
short-chain fatty acids (SCFAs) such as butyric acid,
propionic acid, and acetic acid. SCFAs are short-chain
organic acids produced from the fermentation of Non-
digestible Carbohydrates (NDCs) by gut bacteria. In
addition to SCFAs, gut bacteria can produce other
organic acids, such as lactic acid. The organic acids
formed can vary depending on the type of
microorganism species and the available fiber and
NDC supply in the gut.8

. Probiotics Mechanisms of Action

Probiotics, often referred to as "good" or
beneficial microorganisms, play an important role in
maintaining human health. The mechanisms of action
of probiotics in the human body are multifactorial and
complex, involving interactions between probiotics,
gut microbiota, and the host immune system.

Modulation of the Immune System. Probiotics
interact with Toll-like receptors (TLRs) of immune
cells in the gut, such as dendritic cells, lymphocytes,
and macrophages. This interaction activates an
immune response that helps fight infection and
reduce inflammation.’-11 Acetate, propionate, and
butyrate SCFAs have been proven to have modulatory
effects on the host immune system, including
regulating the activity of immune cells and
stimulating the production of anti-inflammatory
cytokines. In addition, SCFAs can also influence the
differentiation and function of immune cells, as well
as affect the Th1/Th2 balance and Treg cell activity.
This indicates that SCFAs produced by probiotics can
play an important role as immunomodulators in
maintaining the balance of the host immune system.?

Maintenance of Intestinal Epithelial Barrier
Function. Probiotics strengthen intestinal epithelial
integrity by reinforcing tight junctions between
epithelial cells. This prevents the translocation of
pathogenic  bacteria and toxins into the
bloodstream.1? Probiotics can also enhance gut
immune function by stimulating B cells to produce
IgA through increased IL-6 production in a TLR2-
dependent manner. In addition, probiotics can also
trigger the release of serotonin in the gut by
enterochromaffin (EC) cells that play a role in
controlling gut motility and nerve signal transmission
in the digestive tract. Gut serotonin can also affect
mood balance, so it is often referred to as the
"happiness hormone".13

Production of Antimicrobial Compounds. Probiotics
produce antimicrobial compounds that can inhibit the
growth of pathogenic bacteria in the gut.® Probiotics
produce various antimicrobial substances, including
bacteriocins, organic acids, and hydrogen peroxide.
These play an important role in protecting the body
from pathogenic hazards and maintaining gut
microbiota balance.!!

Nutrient Competition and Adhesion. Probiotics
compete with pathogens for nutrients and adhesion
sites on the gut wall, preventing colonization and

growth of harmful bacteria. Probiotics also have co-
aggregation ability where bacterial cells can adhere to
cells of different bacterial species, thus protecting the
host from pathogens by binding them.10

Influence on Host Metabolism. Probiotics influence
host metabolism by interacting with gut microbiota,
affecting nutrient absorption, and potentially
modulating lipid and glucose metabolism.® Probiotics
produce specific metabolites, so the effects are
different. In the gut, probiotics can influence
metabolism through the supply of additional enzymes
and changes in the composition of the resident gut
microbiota.#

. Probiotics as an Adjunctive Therapy Approach for

Sepsis

Sepsis is a life-threatening condition that requires
intensive  and  effective = management. The
inflammation triggered by the infectious process can
cause tissue damage and even multiple organ failure.
The wuse of antibiotics as therapy sometimes
exacerbates the condition due to gut dysbiosis. This
change causes pathogenic bacteria to dominate and
trigger damage to the digestive tract, increasing the
risk of death.15

Sepsis can trigger apoptosis of gut epithelial cells
due to excess pro-inflammatory cytokines and
inflammatory mediators released, causing tissue
damage and multiple organ failure. Cytokines such as
TNF-a and IL-1f are known to induce apoptosis in
various cells, including enterocytes. In addition,
sepsis also disrupts microvascular blood flow to the
gut, which can cause hypoxia and oxidative stress,
both of which are apoptosis triggers. Hypoxia can
activate transcription factors such as hypoxia-
inducible factor (HIF)-la, which plays a role in
regulating the expression of genes related to
apoptosis.1516

Damage to the gut epithelium due to enterocyte
apoptosis can cause bacterial and endotoxin
translocation from the gut lumen into the systemic
circulation, further exacerbating the inflammatory
response and causing more damage to the epithelial
barrier. 1117 Probiotic supplementation by Angurana
et al. reported beneficial decreases in
proinflammatory cytokine levels such as interleukin-
6 (IL-6), interleukin-12p70 (IL-12p70), interleukin-
17 (IL-17), and tumor necrosis factor-alpha (TNF-a),
as well as increased levels of anti-inflammatory
cytokines such as interleukin-10 (IL-10) and
transforming growth factor-beta 1 (TGF-$1) on day 7
of administration in critically ill children with severe
sepsis.16

Short Chain Fatty Acids (SCFAs) produced by
probiotics can reduce inflammatory effects and
enhance the survival rate of sepsis patients through
inhibition of the NF-kB activation pathway in
macrophages. This process occurs by reducing the
activation of IkB kinase (IKK), necessary for the
phosphorylation and degradation of the NF-xB
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inhibitor (IkB). When IkB is not degraded, NF-«B
remains bound and cannot translocate to the nucleus
to activate target inflammatory genes, thus
preventing the release of pro-inflammatory cytokines
and reducing inflammation.13.1819

Yilmaz, et al, in their study on the protective
effects of Lactobacillus rhamnosus gg in sepsis-
induced rats, also observed a decrease in C-reactive
protein (CRP) and oxidative stress markers following
probiotic administration.2? CRP is a protein produced
by the liver in response to acute inflammation, so its
reduction may reflect an overall decrease in
inflammatory activity, possibly involving modulation
of inflammatory cytokines.20.21

Probiotics can also help repair damage in specific
tissues caused by sepsis, such as the liver, lungs,
kidneys, brain, and intestines. SCFA metabolites
produced by probiotics have protective effects on
cells by improving energy metabolism and cellular
function. Probiotics can also reduce oxidative stress
by increasing the activity of antioxidant enzymes,
crucial in protecting tissues from damage caused by
free radicals generated during sepsis.1518

. The Role of Probiotics in Combating Antibiotic
Resistance

Bacteria can become resistant to antibiotics
through various mechanisms, such as genetic
mutations in genes coding for antibiotic targets.
Activation of efflux pumps in bacterial cell walls can
lead to the expulsion of antibiotics, making bacteria
less sensitive or even resistant. Additionally, bacteria
can produce enzymes that deactivate antibiotics, such
as beta-lactamase, which breaks down the beta-
lactam ring in beta-lactam antibiotics. This resistance
mechanism becomes particularly concerning when
these genes are located on transferable genetic
elements like plasmids or transposons, allowing for
the transfer of resistance genes to pathogenic
bacteria, potentially making infections difficult to
treat.22

The use of antibiotics, especially broad-spectrum
ones, can also trigger gut dysbiosis, where beneficial
bacteria are killed, and MDR pathogenic bacteria
dominate. The administration of probiotics holds
significant potential in combating infections caused
by MDR bacteria. Probiotics can restore the balance of
gut microbiota disrupted during antibiotic therapy,
often triggering the growth of MDR pathogens.23
Probiotics and their bioproducts serve as a promising
approach, with the potential to prevent or reduce the
severity of infections by antibiotic-resistant
bacteria.?* Additionally, a study showed that
probiotic administration during antibiotic treatment
can prevent negative side effects and complications
like secondary infections resistant to antibiotics.25

Bacteriocins, one of the bioproducts produced by
probiotics, have excellent potential in combating
MDR pathogenic bacteria by acting as antimicrobial
peptides that can directly damage the integrity of

pathogenic bacterial cells. Bacteriocins, like nisin,
work by forming pores in the target cell membrane,
causing cell leakage. Certain bacteriocins can also
bind to cell wall precursors and inhibit enzymes
involved in cell wall formation. In addition, other
bacteriocin abilities include inhibiting protein
synthesis by interacting with ribosomes and
inhibiting  essential = enzymes for cellular
metabolism.26:27

Bacteriocins can also inhibit biofilm formation by
acting as signaling peptides that disrupt intercellular
communication known as quorum sensing. Generally,
peptide-based quorum sensing in Gram-positive
bacteria involves a two-component signal
transduction system consisting of a histidine protein
kinase (HPK) located on the cell membrane and a
response regulator (RR) within the cell. This system
is responsible for detecting signal peptides and
inducing the appropriate cellular response.26.27

Bacteriocin activity against resistant bacteria can
vary depending on the type of bacteriocin and the
bacteria's resistance mechanisms. Bacteriocins have
potential as an alternative to antibiotics, particularly
in combating bacteria resistant to conventional
antibiotics. However, some studies show pathogenic
bacteria's resistance to Dbacteriocins through
mechanisms such as modifying target receptors,
producing proteases that degrade bacteriocins, or
efflux pump mechanisms to expel bacteriocins from
the cell. Some studies suggest that using bacteriocins
in combination with antibiotics or other bacteriocins
can increase effectiveness against resistant bacteria,
as such combinations can overcome various
resistance mechanisms and reduce the likelihood of
bacteria developing further resistance. Overall,
bacteriocins are still considered promising
antimicrobial agents in the fight against antibiotic
resistance, but further research is needed to fully
understand their potential and limitations in clinical
use.28

. Conclusion

Probiotics demonstrate significant promise as a
supplementary treatment in managing sepsis caused
by multidrug-resistant (MDR) bacteria. They play a
crucial role in modulating the equilibrium between
proinflammatory and anti-inflammatory cytokines,
potentially influencing the clinical management of
sepsis. To ascertain the effectiveness of probiotics as
adjunctive therapy in sepsis due to MDR bacteria,
additional clinical research is essential.
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