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Abstract — Human and environmental health both face complex challenges, despite living in an era of highly ad-
vanced technology. The human microbiota is a master key to maintaining health by performing functions ranging from
breaking down and digesting complex compounds, synthesizing essential vitamins, metabolizing xenobiotics, matur-
ing the immune system, and fighting pathogens. Disturbances in the diversity of the human body’s microbiota, often
triggered by various factors, can lead to serious health issues. This review emphasizes the relationship among abrupt
environmental changes, declining balanced microbiota composition in humans, the severity of human health problems,
and a polluted surrounding environment. This review also addresses the importance and role of the human microbi-
ome, the reasons for microbiota disturbance or reduction, and the resulting complex human health issues, especially
gut, mental, psychological, and behavioral problems across all age groups, from children to adults. Possible solutions
to this alarming issue include various practices: a balanced diet, an active lifestyle, an unpolluted environment, and
positive social interactions, including awareness in society at the individual and community levels, from general to
scientific and research fields, for maintenance of normal microorganism levels in the human body for better survival.
This review also highlights a strong relationship between a healthy human microbiome and a healthy environment and
raises questions about variations and uniqueness in the normal microbiome of human communities in different regions
of the world. Are advanced technology and high living standards enough for a healthy and sustainable environment?
Further research addressing human health, medical aspects, changes in the normal microbiota of modern humans, and
environmental health may be necessary to develop more effective strategies.
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INTRODUCTION

The human microbiome plays a fundamental role in maintaining normal physiological functions.
Disruption of the microbiome (dysbiosis) can impair multiple physiological processes and adverse-
ly affect overall health. Therefore, protecting and maintaining a healthy human microbiota is an
urgent need. The relationship between microbiota (omnipresent) and humans (omnivores) cannot
be ignored at any cost. Therefore, concerns about the normal human microbiome warrant careful
consideration, especially given current unsustainable environmental conditions. The human pop-
ulation lives in various environments in community form, affecting the microbiota of other popula-
tions through abiotic and biotic interactions within each environment. Abrupt environmental chang-
es, due to rapid industrialization, the medical and electronic revolutions, poverty, overpopulation,
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climatic conditions, extreme weather, global warming, melting of glaciers, floods, earthquakes,
disease outbreaks, etc., affect microbial populations within different habitats both positively and
negatively and ultimately influence the human population at high cost'™.

In such uncertain environmental conditions, the main concern is whether the human body is ready
to face, or can accept, abrupt environmental changes as quickly as microbiota do. Therefore, it is not an
easy task for the human body to maintain a standard composition of the microbiome while facing com-
plex genetics, organs (external, like skin, and internal organ systems), and enzymatic potential to quickly
maintain itself and tackle sudden changes and perform normal functions, due to disturbance and reduc-
tion in diversity of normal microbiota of the body®®. This is a very serious concern, and it should be ad-
dressed by considering how the human body’s normal microbiome can be maintained to support overall
health and better survival of the human population on this planet in such a situation. Humans should be
concerned about this issue, as they are concerned about environmental and climatic issues these days,
because it is directly relevant to human health and ultimately survival. The interaction between microbes
and humans is important because interconnected microbiomes shape human health and well-being
and, in turn, planetary health. Maybe this interaction can enrich microbial diversity within the human body
and provide the potential to face abrupt environmental changes and increase the chances of survival®™".
As decomposers, microbes have naturally developed the ability to degrade and withstand harsh, abrupt
environmental changes through structural, functional, or metabolic adaptations, including enzymatic po-
tential, enabling their survival in environments such as the human body®*.

ROLE OF MICROBIOME IN NORMAL FUNCTIONING OF HUMAN BODY

The indigenous microbiota is a collection of microscopic native organisms and consistently inhab-
its the bodies of healthy humans. Basically, this is a community of microorganisms (bacteria, fungi,
viruses, etc.) living on and within the human body, with varying compositions of microbiota from
site to site. Microbiota can be classified as resident if it is stable and regularly found in a specific
location, or transient, present temporarily in that area'®. Table 1 shows the distribution and diversity
of normal flora in different locations of the human body, including Staphylococcus epidermidis,

TABLE 1. DISTRIBUTION OF NORMAL MICROBIOTA IN VARIOUS HUMAN BODY PARTS
(SHOWING MICROBIOTA AS NORMAL, OPTIONAL, SOMETIMES PRESENT).

Skin, Nail Acinetobacter spp, Aspergillus, Bacillus spp, Candida spp, Corynebacterium spp,
Cladosporium, Diphtheroids, Micrococcus, Mycobacterium, Malassezia, Mucor,
Propionibacterium, Peptostreptococcus, Pseudomonas aeruginosa, Staphylococcus
epidermidis, Streptococcus spp Staphylococcus aureus, etc.,

Nose Haemophilus, Neisseria, Staphylococcus aureus, Streptococcus neumoniae,
Viridans streptococci, etc.
Ear Diphtheroids, Enterobacteriaceae, Pseudomonas, Staphylococci etc.
Mouth and Actinomyces, Branhamella catarrhalis, Candida spp, Diphtheroids, Eikenella corrodens,
Oropharynx Fusobacterium, Haemophilus, Neisseria, Porphyromonas, Prevotella, Staphylococci,

Staphylococcus aureus, Streptococcus pneumoniae, Treponema, Viridans streptococci,
Veillanella, etc.

Conjunctiva Diphtheroids, Haemophilus, Moraxella, Staphylococci, Staphylococcus aureus,
Staphylococcus epidermidis, Streptococcus spp etc.

Stomach Helicobacter, Lactobaccilus, Peptostreptococcus, Staphylococcus, Streptococcus

Small Intense Bacteroides, Clostridium, Entericocci, Enterobacteriaceae, Firmicutes, Lactobaccilus,
Mycobacterium

Large Intense Acinetobacter, Actinomyces, Bifidobacteria, Bacteroides, Clostridium, Entericocci,
Escherichia coli, Firmicutes, Fusobacterium, Klebsiella, Lactobaccilus, Mycobacterium,
Proteus, Proteobacteria, Peptostreptococcus, Pseudomonas, Streptococcus,
Staphylococcus aureus, Staphylococci, Verrucomicrobiota

Urethra Bacteroides, Diphtheroids, Fusobacterium, Mycobacterium, Staphylococci, Streptococcus,
Peptostreptococcus spp
Vagina Bacteroides, Candida, Clostridium, Diphtheroids, Gardnerella vaginalis, Lactobaccilus,

Listeria, Mobiluncus, Peptostreptococcus, Prevotella, Streptococcus, Ureaplasma
urealyticum, etc.
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Micrococcus, and Diphtheroid, which are common skin inhabitants. Streptococcus, Prevotella, and
Fusobacterium species are frequently found in the mouth. Bacteroides, Bifidobacterium, and Lac-
tobacillus species are abundant in the large intestine. Lactobacillus species are dominant in the
vagina, while other bacteria can be found in the urogenital tract. These microorganisms vary by
body site, primarily on the skin, in the oral cavity, respiratory tract, gastrointestinal tract, urogenital
tract, and mucous membranes®'.

These indigenous microorganisms are typically harmless and help the host by supporting
digestion, nutrient absorption, and immune system development. The microbial communities
are in symbiosis with the host, contributing to and regulating normal body function®'3'*. The
relationship between the normal microflora and humans cannot be considered purely commen-
sal, as each partner markedly influences the other. The specific composition of normal flora
varies significantly between individuals and can be influenced by factors like diet, hygiene, and
antibiotic use. The human body is estimated to contain microbiota in the trillions'. Ninety-nine
percent of the unique genes in our body are bacterial, while only 1 percent is human. More re-
cent calculations, however, result in a ratio closer to 1:1, with an estimated 10" human cells and
103 — 10" bacterial cells'1¢-8,

Microbiomes are generally considered beneficial to the host because, from childbirth, they de-
velop a complex, stable interaction unit that adapts to environmental changes within the human
body. Resident microorganisms in humans are well adapted to specific habitats, niches, and the
immune system through natural interactions over time. These interactions are important for main-
taining overall health. Through their biological activities, they help break down and digest complex
carbohydrates and other food components that the human body cannot process on its own. They
can synthesize certain vitamins, such as vitamin B12 and vitamin K, metabolize xenobiotics, and
perform other tasks important for human health. Normal flora helps train and mature the immune
system, making it more effective at fighting off pathogens. They compete with pathogenic mi-
croorganisms for nutrients and attachment sites, preventing harmful bacteria from colonizing and
causing infection through a natural exclusion process'®-?*. These microorganisms are considered
integral to the body, causing many changes from the initial stage to death?+¢. In healthy conditions,
microbiota exhibits stability, resilience, and symbiotic interaction with the human body, contributing
to the regulation of physiological functions. A healthy microbiota community often demonstrates
high taxonomic diversity, high microbial gene richness, and a stable core microbiota. The distinc-
tive variety of the human microbiota is responsible for different metabolic roles within all sites.
Therefore, understanding the composition and role of the human microbiome is important, as it
contributes to health and disease®?".

DISTURBANCE OF NORMAL HUMAN MICROBIOTA

The composition of the human microbiota changes over the lifespan, affecting physiology in
healthy and diseased states by modulating metabolic and immune functions; therefore, bacterial
diversity varies with a person’s state of health®'6. When microbiomes are disturbed under various
conditions, they affect numerous vital human activities. Alterations, particularly in skin, gut, and
intestinal microbes, contribute to major human health issues and pathogenesis. This dysbiosis, or
imbalance, results from lifestyle and the presence of disease, making individuals more susceptible
to infections, depending on the anatomical site?.

A variety of factors can disrupt microbial biodiversity, including diet, exposure to different
environments, illness, indiscriminate antibiotic use, self-medication, pregnancy, age, and even
microbial movement to another part of the body, which can cause opportunistic infections.
Excessive antibiotic use has been reported to disturb normal gastrointestinal flora. Disruption
of normal microbiota can cause diarrhea, constipation, and even cancer in the gastrointestinal
tract®7192328 A reduction in microbiota diversity leads to many diseases, including various skin
problems, inflammatory bowel disease, metabolic syndrome, autoimmune diseases (such as
type | diabetes), rheumatism, muscular dystrophy, blood coagulation disorders (lack of vitamin
K), and disturbances in the transfer of nerve cells (lack of V-B12). It is also involved in many
other problems, including cancer, cardiovascular and respiratory diseases, psychological and
neurodegenerative disorders (memory disorders, depression, stress, autism, and Alzheimer’s
disease)82930,
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Microbial imbalance contributes to low production of beneficial metabolites like short-chain fatty
acids and high levels of pro-inflammatory compounds, such as lipopolysaccharides, and disrupts
gut barrier integrity and homeostasis®'. Overweight or obesity, diabetes, disturbed microbiota, and
dietary patterns significantly shape microbiota diversity and functionality®>33. Gut bacteria largely
regulate metabolism, have a strong connection with the brain*, and overall affect behavior. Bacterial
species have been observed to be either abnormally abundant or reduced in certain diseases' .

Variation in the microbiota can also result from exposure to environmental factors, such as air
pollutants, which may disrupt human microbiota composition; in many cases, environmental skin
cancers reduce immunity and the human microbiome. Currently, 99% of the world’s population
breathes polluted air, which can affect the human microbiota. Therefore, it is a more alarming
situation when our own body’s normal microbiota becomes unfriendly and disease-causing rather
than protecting us':24%. Furthermore, in the modern age, many people are not properly healthy
because of other prominent factors, including lifestyle. In recent times, the COVID-19 pandemic
also changed and modified microbiota diversity profiles?3-3°. Many other factors related to human
health challenges are very important (antimicrobial resistance, wars, terrorism, and humanitarian
crises)*. Furthermore, nearly 71% of all deaths globally were attributed to lifestyle diseases*'.

MAINTENANCE OF NORMAL MICROBIOTA

For every healthy human being, a balanced microbiota composition is essential for proper bodily
function. To achieve this level of health, it is essential to restore and maintain the normal human
body microbiome by following key practices. Research findings have shown that a balanced diet,
varied dietary patterns, and the consumption of probiotic-based foods and probiotics can reduce
the risk of certain diseases; a rich diet with animal- and plant-based proteins can positively influ-
ence and modulate gut microbiota functions and composition“2. Food components provide not only
necessary nutrients but also substrates for the mutualistic microbiota in the gastrointestinal tract.
What we eat shapes the structure, composition, and function of the gut microbiome, which interacts
with the gut epithelium and mucosal immune system and maintains health from the external skin
to the internal level42,

Disturbance in the gut microbiome causes many diseases, such as inflammatory bowel dis-
ease. Human gut microbiota plays a critical role in maintaining overall health and influences various
physiological processes'®. Among human microbiota, studies have mostly focused on gut microbes
because the human body contains 100 trillion bacteria, 80% of which are found in the gastroin-
testinal tract*. Therefore, what we eat is very important, but requirements by age and gender may
differ depending on living conditions, routine, behaviors, body biochemistry, climate, geographic
location, and existing microbiota. Furthermore, every child is different; maternal and child health,
family health, genetic history, and economic status are critical factors in individual microbiome
diversity'®21.

The role of prebiotics and probiotics in human health has been highlighted in recent years
through various studies**. Prebiotics, particularly fermented ingredients, lead to defined changes in
intestinal microbiota composition and activity, ultimately benefiting human health®. Probiotics are
living microbes, beneficial, nonpathogenic, can provide health benefits to host like humans, ad-
ministered in adequate amounts and physical activities?*4546. Key microbes include Akkermansia
muciniphila, Barnesiella, Christensenella minuta, Oxalobacter formigenes, Bifidobacterium, Fae-
calibacterium prausnitzii, Lactobacillus, Adlercreutzia equolifaciens, Roseburia spp., and yeasts
such as Saccharomyces, among others, which contribute to health benefits such as improved gut
function, glucose metabolism, reduced inflammation, weight management, and kidney stone pre-
vention3047,

Furthermore, microbiota interactions with dietary elements, fibers, polyphenols, and omega-3
fatty acids influence health outcomes by regulating inflammation, metabolic, and immune signal-
ing'®48. Studies on the gut microbiome, prebiotics, diabetes, and healthy diet patterns have been
conducted and reported for healthy living*>0. Many other factors besides diet also matter, including
exercise, exposure to exogenous microbes, sensible antibiotic use, genetics, and personal life-
styles, and they play an important role in microbiota composition and diversity. Lifestyle and public
health are particularly relevant because lifestyle accounts for about 60% of health potential. It has
been reported that exercise can enhance the diversity of beneficial microorganisms in humans and
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improve health status’#®®*'. Maintaining microbiota diversity in humans, especially in the gut and
intestinal microbiota, through intake of a balanced diet and moderate exercise plays a major role.
Research studies emphasized the important role of physical exercise as an environmental factor
that can also influence and regulate changes in microbiota types, providing health benefits by reg-
ulating psychological behavior, depression, anxiety-like emotions, improving human cognition and
emotion, and passively ensuring gut-brain health?3%.

CONCLUSIONS

This review highlights the disturbance in human body’ hormal microbiota is a matter of momentous
concern due to abrupt climatic and over all harsh changes in and our surrounding environments.
For the healthy and successful survival of human beings on this planet, the role of the human
microbiome cannot be ignored and must be addressed seriously at different levels. There is need
to aware at individual and community level particularly common citizen, because human behavior
matters a lot towards any issue and furthermore what practices need to develop or we can do or
adapt, especially maintenance of clean or less contaminated surrounding environment is relevant
to healthy life by having proper microbiota inside body?52431,

Research into the human microbiome is ongoing, and our understanding of the complex interac-
tions between humans and their microbiota communities is constantly evolving. This review sum-
marizes the relationship among microbiota, human health, diseases, and environmental factors.
Understanding how factors such as diet, physical activity, and others influence the gut microbiome
and its interaction with the host immune system will help develop nutritional strategies to maintain
gut health by restoring the microbiome.

This highlighted issue will drag researchers’ attention to open window to address different as-
pects of research specially in terms of human microbiome complex relationship are needed to in-
vestigate deeply to understand various and unique dimensions of normal human microbiome within
human body as well as including its health, medical, drug designing, psychological, evolutionary,
genetics, industrial and environmental impacts and comparison among past and future composi-
tion and modification of human microbiome under continuous changes. If the biosphere’s condi-
tions remain under sudden and abrupt changes in the future, then it may be a great challenge to
measure abrupt microbiota changes and ultimate effects and their maintenance in the human body.
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