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Abstract
The human microbiota comprises several microbial communities, which play key roles in maintaining 
host health, especially through enhancing immunity. Therefore, we aimed to examine the influence 
of the microbiota on immune function, particularly the mechanisms through which these microbes 
modify immune responses and provide protection against disease. We found that commensal bacteria 
maintain mucosal barrier integrity, control mucosal immune responses, and produce antimicrobial 
peptides. This helps protect the bloodstream and digestive tract from dangerous bacteria and antigens. 
Notably, the majority of human microflora are located in the gut. Research has shown that using 
synbiotics, which contain both probiotics and prebiotics, increases the effectiveness of microbiota-based 
treatments in altering immune responses and reducing immunological disorders because they result 
in synergistic benefits that increase the persistence and activity of microbes in the digestive system. 
Prebiotics typically consist of indigestible plant cells that promote the development and activity of 
healthy bacteria in the large intestine. They help strengthen the immune system by facilitating the 
proliferation of advantageous microorganisms such as bifidobacteria and lactobacilli. Additionally, 
prebiotics provide fermentation substrates for the production of short-chain fatty acids (SCFAs), which 
have anti-inflammatory properties, regulate immune cell activity, and maintain intestinal homeostasis. 
Microbiota-based supplements provide new possibilities for therapeutic intervention through the 
prevention and management of immune-related diseases. Insights into the intricate connection between 
the immune system and the microbiota have substantial implications for human health and highlight 
new opportunities for enhancing immunity and preventing disease.
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INTRODUCTION

	 The human microbiome includes all 
the naturally occurring viruses, bacteria, fungi, 
and other microorganisms on and inside human 
bodies.1 Although microbes are so small that 
they must be observed under a microscope, 
they have profound effects on human health and 
well-being. Specific microbes help to develop 
our immune system, protect us from infection, 
and allow us to digest food and produce energy.1 
The various microorganisms present in and 
on all multicellular animals and plants, known 
as the microbiota, can exhibit mutualistic, 
commensal, or pathogenic relationships with 
their host.2 These microorganisms, which include 
bacteria, archaea, protists, fungi, and viruses, 
play essential roles in maintaining host hormonal, 
metabolic, and immune homeostasis.3 The term 
microbiome refers to the genetic material of 
bacteria and their surrounding environments 
or the collective genomes of microorganisms 
occupying an ecological niche.4 It also includes all 
molecules produced by microbes, such as their 
metabolites, toxins, signaling molecules, and 
organic and inorganic compounds, in addition to 
chemicals that are produced by coexisting hosts 
and shaped by the environment in which they 
live.5 The complex network of innate and adaptive 
components that constitute the immune system 
is capable of responding to a variety of stimuli.6 
This cellular network acts as a potent regulator 
of host homeostasis in response to microbial and 
environmental interactions, thereby allowing 
tissue function to be maintained or restored.7 The 
mechanisms of host-microorganism interactions 
likely evolved to maintain symbiotic relationships 
with these diverse microbial communities through 
the emergence of complex microbiota and the 
evolution of distinct immune system functions, 
responses and components, especially those 
related to adaptive immunity.8 The microbiota 
supports and regulates all aspects of the immune 
system. The first line of defense in the immune 
system is provided by physical barriers such as 
the skin and mucous membranes and chemical 
barriers such as stomach acid, tears, and sweat.1 
These structural components serve as fundamental 
barriers between the outer environment and 

internal body structures. Tight junctions serve 
as barriers that block pathogens from entering 
the skin, while proteolytic cleavage activates 
the production of antimicrobial peptides, such 
as cathelicidins and b-defensins, which combat 
infections through multiple mechanisms.9

Location of the human microbiota
	 The human body contains a wide variety 
of microorganisms, including bacteria, viruses, 
eukaryotes, and archaea. The complex ecological 
community comprised of these microorganisms 
affects human health and disease.4 Communities 
of bacteria that live on the skin or in the oral 
cavity, respiratory system, gastrointestinal 
tract, urinary tract, and reproductive tract 
comprise the human microbiota. Billions of 
microorganisms reside in or on the human 
body. In particular, intestinal microflora have 
a considerable influence on the physiology of 
their host.4 Firmicutes and Bacteroidetes are 
the most prevalent bacterial phyla in the small 
intestine, accounting for approximately 90% 
of the gut microbiota. Other microorganisms 
present in the gut include lactic acid-producing 
bacteria, protozoa, and fusobacteria.4 They 
play essential roles in host physiology, including 
supporting metabolic processes, defending 
against infection, and providing nutrients and 
energy. However, some microbes in the human 
microbiome may be pathogenic.10 Twelve bacterial 
strains comprise the oral microbiota: bacteroids, 
actinobacteria, fusobacteria, saccharibacteria, 
gracilibacteria, chlamydia, chloroflexi, spirochetes, 
SR1, synergists, fusobacteria, and bacteroidetes.11 
Other microorganisms found in the oral cavity 
include viruses, fungi, and protozoa. Together, 
these microorganisms protect the oral cavity, 
help maintain oral homeostasis, and delay the 
onset of disease. When the natural balance of 
microorganisms in the mouth is disrupted, several 
types of bacterial infections can occur.12 Diverse 
microorganisms also inhabit the human urinary 
system and genitalia. The most common type 
of bacteria found in the vagina are lactobacilli. 
However, identifying the exact species and 
number of bacteria present in the vaginal canal is 
challenging. The vaginal microflora play essential 
roles in maintaining vaginal health and preventing 
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disease.13 Approximately 90% of human cells 
are connected to microbiota. Figure 1 shows the 
locations of the human microbiota.
	 The genetic profile and number of 
different microbial cells present in the gut is 
regulated by the local climate and anatomy of the 
body site.4 At birth, babies acquire a substantial 
amount of microflora from their mothers. 
However, the composition of this flora is extremely 
dynamic and constantly changes during the first 
three years of life, as well as during adolescence, 
middle age, and old age.14

Types of microorganisms in the microbiota
	 Microbiota consist of different types of 
microorganisms, including bacteria, fungi, viruses, 
archaea, and protists.15 These microorganisms 
play important roles in supporting immunological, 
hormonal, and metabolic processes in host 
organisms,  including humans.  They are 
indispensable for maintaining the overall health 
and homeostasis of their hosts.16 As bacteria 
are the most common microorganisms in the 
human gut, they have been the subject of much 
research and are linked to both the development 
of pathology and maintenance of homeostasis.17  
Some bacteria are useful and serve vital purposes 
in the human body. For example, they protect 
the body from dangerous bacteria, increase 

the absorption of nutrients from food, and help 
to break down cellular debris.18 Commensal 
bacteria break down various polysaccharides and 
proteins that the stomach cannot metabolize 
to produce short-chain fatty acids (SCFAs), 
vitamins, and vital amino acids.19 In addition, they 
support the structural, mechanical, and barrier 
functions of the intestinal mucosa and protect 
the intestines.20 Commensal bacteria in the gut 
support a healthy immune system by aiding 
intestinal immune cells and maintaining a balanced 
microflora composition. They play an important 
role in regulating specific immunological functions 
and ensuring immune system homeostasis.20 
Meanwhile, fungi constitute approximately 0.1% 
of microorganisms in the human gut.21 Through 
toll-like receptors (TLR2 and TLR4), Dectin-1 
(CLEC7A), the scavenger receptor family, and 
other mechanisms, fungi interact with the host 
immune system (CD5, CD36, and SCARF1), and 
fungal cell wall components, such as beta-glucans, 
chitin, and mannans, are activated by glycoprotein 
components of the complement system.22 
Similarly, this interaction results in immunological 
signaling through molecules including IL9, IL17, 
IL22, NF-κB, NFAT, and ITAM-containing receptors. 
Notably, viruses can only multiply within live cells 
and are smaller than bacteria and fungi.23 A wide 
variety of viruses, including bacteriophages and 

Figure 1. Locations of microbiota on and within the human body
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eukaryotic viruses, reside in the human body and 
have an immediate impact on health.24 A species 
persists when the immune response against one 
type of antigen does not affect another, and 
mutations are another means of immune escape.25 

Role of the microbiota in strengthening the 
immune system
	 The two types of immune systems 
are partially trained and developed by the gut 
microbiota. Research conducted on germ-free 
animals has demonstrated that the growth and 
functionality of the immune system are hampered 
by the absence of intestinal microflora.26 Microbiota 
signals are essential for the proper development 
and control of immune cells in both animals and 
humans.27 A coordinated antibody response is 
supported by the intestinal microflora to prevent 
excessive inflammation or autoimmune reactions. 
This cellular network functions as a powerful 
regulator of host homeostasis in response to 
pathogenic and external factors, allowing tissue 
function to be maintained or restored. The 
mechanisms of microbiome-immune system 
interactions likely evolved to maintain symbiotic 
associations between hosts and diverse bacteria, 
as evidenced by the mechanisms associated with 
resistant immunity. The microbiome supports and 
regulates every element of the body’s defense 
system.28

Regulation of immune response
	 Some beneficial bacteria can stimulate 
the growth of regulatory cells that suppress 
overactive immunological responses. In addition, 
certain gut microflora stimulate the production 
of secretory IgA and antimicrobial proteins, 
supporting intestinal barrier maintenance and 
preventing pathogen invasion.26 The development 
of autoimmune and inflammatory diseases is 
associated with disruption of the gut microbiome 
(i.e., dysbiosis). Changes in the diversity and 
composition of gut bacteria can lead to immune 
dysregulation and a loss of tolerance to self-
antigens.2 Notably, modulating the microbiota 
through the intake of probiotics, prebiotics, and 
postbiotics can enhance the body’s defenses.28 
Interventions can help restore a healthy and 
balanced microbiome and immune response.29 
Intestinal epithelial cells (IECs), which form the 

mucosal barrier, are tightly packed and coated 
with a gel layer moistened with mucus containing 
several antiseptic compounds, such as secretory 
IgA and peptides, which fight bacteria. Most 
intestinal bacteria cannot penetrate the mucosal 
barrier.30

	 As fundamental components of the 
innate immune system, IECs use both passive and 
active mechanisms to identify SCFAs that affect the 
intestinal environment.30 Among SCFAs, butyrate is 
mainly metabolized by IECs, propionate is mainly 
absorbed by the liver, and acetate primarily enters 
the bloodstream. Butyrate produced by commensal 
bacteria induces the production of transforming 
growth factor β (TGF-β) in IECs through its HDAC 
inhibitory activity and transcription factor-specific 
protein binding to the core promoter. This in turn 
drives the expression of TGF-β1 in IECs and the 
subsequent convergence of regulatory T cells in 
the gut.26 Different gut microbial communities 
are found between several intestinal mucous 
layers and across the length and breadth of the 
gastrointestinal tract. Compared with that of 
the ileum and colon, the duodenum exhibits 
significantly lower immunological activity.31 
A more permeable gut allows the passage of 
macromolecules and antigens, which can lead 
to immune-mediated diseases or disorders in 
which gut microbes colonize the small intestine.32 
Notably, IgA is a major antibody in the gut that is 
essential for maintaining mucosal homeostasis, 
and its production by gut-associated lymphoid 
tissues is a distinct response of the host immune 
system to microbial colonization of the gut.33

Production of antimicrobial substances
	 Microbiota also stimulate the production 
of secretory IgA, an important antibody that 
ensures the immune exclusion of pathogens 
on mucosal surfaces. This helps strengthen 
the intestinal barrier and prevent microbial 
translocation.34 Microbiota produce metabolites, 
such as SCFAs, which can stimulate epithelial cells 
to produce mucus and antibacterial peptides. 
These antimicrobials create an inhospitable 
environment for pathogens.35 Disruption of the 
gut microbiome is associated with weakened 
antimicrobial defenses and an increased 
susceptibility to infections.36 Supplementation 
with probiotics and prebiotics can restore a 
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balanced microbiome, enhancing antimicrobial 
defenses and supporting the immune system.37 The 
absorption of iron and other vital nutrients may be 
inhibited during intestinal infections. “Nutritional 
immunity” refers to the host’s attempt to starve 
the infection by sequestering iron.38 It is believed 
that human nutrition, metabolism, epithelial 
growth, immunological modulation, control 
of fat storage, and defense against infections 
are greatly influenced by the gut microbiota.39 
Indeed, alterations in the gut ecosystem have 
been associated with a number of diseases, 
such as cancer, inflammatory immunological 
diseases, and obesity.40 Probiotic therapies can 
positively influence the gut microbial ecology, 
gut homeostasis, metabolism, and, ultimately, 
the general well-being of the host.41 Many of 
these interactions within the gastrointestinal tract 
may be mediated by strain-specific, microbial 
produced bioactive compounds, sometimes 
known as pharmbiotics.42 These molecules can be 
living or dead microorganisms as well as bacterial 
components and metabolites. The synthesis of 
antimicrobial peptides, such as bacteriocins, 
can positively modify gut ecology by selectively 
inhibiting infections.43

Competition with pathogens for nutrients
	 Nutrient availability strongly influences 
the type and abundance of microorganisms that 
colonize the gut.2 Pathogens can more easily 
penetrate the gut when there is a limited diversity 
of gut microbiota that utilize limited amount of 
resources (e.g., after antibiotic therapy), and 
they must compete with gut commensals for 
resources to colonize the gut.2 Bacteria in the 
intestine compete with each other for carbon 
and nitrogen sources essential for their growth. 
They can also compete with pathogens for 
nutrients required to thrive, such as iron and 
zinc.44 However, some commensal gut flora, such 
as Bacteroides thetaiotaomicron, have the ability 
to release proteins that bind to iron-binding 
compounds such as XusB. As a result, the pathogen 
has access to iron while it is protected from host 
sequestration.45 Pathogens are unable to access 
nutrients, such as iron, as efficiently as commensal 
microorganisms.1 The struggle for resources 
among the host, pathogen, and commensal 
microbiota is complicated by the fact that other 

Bacteroidetes species encode proteins capable of 
binding to iron-binding compounds.46 Microbes 
have an innate ability to feed and reproduce even 
in nutrient-rich environments. Notably, a key 
component of the host’s innate defense against 
bacterial infection is the limitation of essential 
resources, such as through iron sequestration or 
tryptophan degradation.47 Thus, nutrient uptake is 
one of the most important elements of bacterial 
pathogenesis.48 While immune-educational and 
immunosuppressive processes allow the pathogen 
to maintain access to the host’s nutritional 
stores, colonization provides the organism with 
continuous access to nutrient sources.2

Factors affecting microbiota balance and its 
impact on immunity
Role of diet, lifestyle, and probiotics  
	 The body obtains nutrients and energy 
from food, and nutrient absorption and energy 
production are influenced by intestinal conditions, 
which in turn affect the homeostasis of the host’s 
immune system. Billions of bacteria reside in 
the gut and are vital for several physiological 
functions, including those of the immune, 
neurological, endocrine, and metabolic systems.49 
Notably, food has a considerable impact on the 
gut microbiota, which in turn influences the 
health of the host. Owing to the close connection 
between gut microflora, nutrition, and overall 
health, much research has been conducted to 
determine the underlying processes.50 Many 
noncommunicable diseases and disorders, 
including obesity, inflammatory bowel, allergies, 
dementia, and memory loss, have become serious 
health problems, especially in developed and 
developing countries. This highlights the need 
to understand how to address these issues, with 
dietary interventions appearing to be the most 
palatable and effective strategy.51 From birth, 
dietary practices have a significant influence on 
the gut microbiota. Microbes begin to colonize the 
gut immediately after birth, and certain substances 
in breast milk are thought to play a key role in 
the early establishment of the gut microbiome.14 
During the fetal and postnatal periods, a variety 
of host and external factors influence the 
development of immunity. However, few are 
as important as interactions with commensal 
microorganisms, which pose a challenge for host 
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evolution, in addition to being the most direct 
environmental exposure.7 Figure 2 illustrates 
the diet and lifestyle factors that influence the 
microbiome. Diet and lifestyle have a fundamental 
influence on the intestinal microflora balance 
and its influence on immunity.52 Diet has a major 
impact on the gut microbiome. For example, 
breastfeeding promotes the growth of beneficial 
bacteria, such as Escherichia and Bacilli, which 
support the development of the immune system.53 
In contrast, formula feeding can lead to an increase 
in potentially harmful bacteria such as Clostridia 
and Salmonellae, which can weaken the immune 
system.54

Antibiotic use
	 The intestinal microbiota affects the 
wellness of the host and is affected by several 
factors such as antibiotic use.55 Host health can be 
negatively affected by antibiotic-induced changes 
in the microbial composition.56 These include 
modification of the core features of the microbiota, 
a decrease in microbial diversity, and the 
development and selection of antibiotic-resistant 
strains, thereby increasing the host’s susceptibility 

to infections by pathogens such as Clostridium 
difficile.5 There is a global epidemic of antibiotic 
resistance, and as antibiotic use has increased over 
time, additional research is required to ascertain 
how this affects human microbiota and health.57 
The composition of the fecal microbiota can be 
disrupted by lifestyle factors that affect immune 
function, such as antibiotic use and a sedentary 
lifestyle. Medicines can reduce the diversity and 
abundance of microflora, which in turn reduces 
the efficiency of antibody synthesis.55 To support 
the maintenance of a healthy microbiome during 
antibiotic therapy, high-dose probiotics should be 
prescribed in addition to antibiotics.56 Recurrent 
Clostridium difficile infection and antibiotic-
associated diarrhea are two conditions that can 
result from changes in the gut flora.58 In addition, 
antibiotic exposure during early childhood may 
be associated with immune, neurological, and 
gastrointestinal disorders.59 Antibiotics significantly 
alter the intestinal microbiota, reducing species 
diversity, modifying metabolic processes, and 
selecting for antibiotic-resistant microorganisms.60 
Disruption of the microbiome by antibiotics 
can compromise immune function by inhibiting 

Figure 2. Environmental and lifestyle factors affecting the microbiome
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the activation of mast cells in the intestinal 
mucosa, reducing dietary lipid absorption, 
hyperactivating intestinal macrophages, and 
increasing the number of pro-inflammatory T 
cells.55 Antibiotic exposure in early childhood is 
associated with several alimentary, immunological, 
and neuropsychological disorders.61 Diet has a 
major impact on microbiome composition. For 
example, beneficial bacteria are promoted by 
breastfeeding, whereas detrimental bacteria are 
associated with poor nutrition.62

Environmental factors
	 The microbiota balance can be affected by 
many environmental factors, and this in turn affects 
the immune system.1 Maintaining a strong immune 
response depends on a balanced microbiota, as 
this offers a variety of beneficial bacteria that 
can boost immunity and stop the proliferation 
of harmful pathogens.8 Allergies, autoimmune 
diseases, and chronic inflammation are immune-
related conditions that can result from dysbiosis or 
microbiota imbalance.63 Environmental exposure 
to pathogens toxins, and pollutants can affect 
the microbiota balance, which in turn affects the 
immune system. Environmental pollutants can 
directly or indirectly alter microbial populations by 
inducing oxidative stress and inflammation, which 
can affect immunological responses.64 However, 
exposure to diverse microbial communities in 
the natural environment can strengthen the 
immune system and increase disease resistance.64 
A complex network of interactions between 
different exposures, affecting different structures 
and activities of the microbiome, constitutes the 
way in which the environment affects people’s 
health.65 Environmental exposures directly affect 
the human microbiome and are associated with 
several disorders and diseases in humans such 
as oropharyngeal malignancies, neurological 
disorders, diabetes, and obesity.66 Both the 
macroenvironment, which includes architectural, 
social, toxicological, and chemical environments, 
and the microenvironment, which includes factors 
such as alcohol, smoking, and diet, influence and 
are associated with environmental exposures.66 
Even after accounting for external environmental 
influences, individual factors such as age, sex, and 
genes interact to ultimately determine exposure, 
dose, and subsequent response and function.67 

For example, many toxic substances found in 
cigarette smoke come into direct contact with 
bacteria in the mouth and upper respiratory tract. 
These agents can disrupt the microbial ecology 
through the action of antibiotics, lack of oxygen, 
and other possible processes.68 The established 
association between cigarettes and the onset and 
development of microbe-dependent periodontitis 
offers strong evidence that the disappearance of 
beneficial oral agents can lead to the spread of 
infectious agents and the eventual development 
of disease.69 Alcohol can have different effects 
on the human oral microflora. Oral bacteria and 
fungi can produce carcinogenic nitrosamines, 
interact with cigarette smoke condensates, 
convert alcohol and dietary carbohydrates into 
carcinogenic acetaldehyde, and thereby promote 
oral carcinogenesis.70 The oral microflora of a 
smoker is typically robust in its ability to produce 
acetic acid from ethanol, both across assays and 
across species. Animal and in vitro studies have 
suggested possible mechanisms through which 
oral microbiota may influence the development 
of oral cancer.70 These processes include the 
initiation of expanding cells, establishment 
of chronic inflammation, stimulation of cell 
invasion, prevention of apoptosis, and cooperation 
between bacteria and fungi in multilayered oral 
communities.69

CONCLUSION

	 The microbiota enables the immune 
system to distinguish beneficial microorganisms 
from dangerous pathogens and further aids 
the immune system. The immune reaction 
is regulated by the microbiota, which helps 
balance the immunologic response. By ensuring 
that the microbiota maintains an equilibrium, 
individuals can be protected from illnesses 
including infections, immune diseases, and 
inflammation. Metabolites, such as vitamins 
and SCFAs, are substances produced by the 
microbiota that indirectly affect the activity of 
the immune system. For example, SCFAs have 
anti-inflammatory properties and stimulate the 
growth of regulatory T cells. Therefore, probiotics 
targeting the immune system are used to combat 
bacterial and viral infections. Certain bacterial 
strains suppress the growth of pathogens or 
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compete with them, thereby inhibiting infection. 
Furthermore, probiotics regulate immunological 
processes and maintain the normal microflora, 
supporting immunity. The ingestion of prebiotic, 
probiotic and synbiotic, is a viable option for 
modifying the gut flora composition and enhancing 
immune function. This treatment plan acts 
cohesively to reinforce the barrier to infection and 
aids in the proliferation of beneficial microbes. 
Additionally, understanding the subtle interplay 
of microbial equilibrium and immune function 
with other important variables such as nutrition, 
antibiotic usage, and environmental factors is 
essential for creating programs to improve health 
and defend against disease. Probiotic supplements 
also aid in maintaining a healthy mix of gut flora, 
contributing to enhanced immunity and general 
well-being. Intestinal microflora, when combined 
with probiotic supplements, play a vital role 
in boosting the inflammatory response. Thus, 
probiotics are recommended to help maintain a 
beneficial mixture of gut flora, which can enhance 
immunity and boost overall health.
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