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Abstract

The Human Gut Microbiome: The gastro-intestinal tract, skin and genitals, and various other body organs, harbour large and 
diverse communities of bacteria, viruses, and other microscopic life. In the human gut, a nutrient-rich environment, reside 
~ 100 trillion microbes, the vast majority of which is present in the colon. There inhabit microbial members as residents 
(autochthonous), while others (allochthonous) are from ingested food, water, and other components of the environment. 
The adult human gut microbiota is dominated by mainly two bacteria, the Bacteroidetes and Firmicutes, and an archea, 
Metanobrevibacter smithii. The microbial ecosystems throughout the body interact with the molecular processes, which have 
been linked to various aspects of human physiology. The understanding about microbiota is evolving and presents as an 
important research avenue.
The Gut Biosphere and Ecosystem: In general, the gut microbial communities depend on their specific enzymes and molecules 
to utilize available nutrients, cell-surface molecular appendages to attach on to their right habitat, to evade bacteriophages, 
with ability to deal with immune system and avoid washout and genetic mutability to stay well-adapted. The microbiota 
influences various biological processes and organ physiology, including gastrointestinal processes, energy metabolism and 
insulin resistance, and thus influence weight gain, development of diabetes, and aging. The intestinal epithelium actively 
senses various bacteria and plays an essential role in maintaining host-microbial homeostasis at the mucosal interface. On 
the other hand, the host factors, such as dietary factors influence the host-microbial and microbial-microbial relationships.
Microbiota, Health and Disease States: The evidence from clinical studies and animal models shows a link between the 
gut microbiome and human health. There exists a bidirectional microbiota–gut–brain communication which modulates 
brain function and behaviours. The research in mice and humans is beginning to establish a link between the composition 
of microbes in the gut and immune response to tumor cells. Certain metabolites or antigens presented by members of that 
microbiome may help uplift the sensitivity of immune system to tumour cells, whereas dysbiosis may lead to the loss of 
antitumor immunity. On the other hand, the gut microbes harbour enzymes and secrete molecules that can influence drug 
activation, efficacy, and metabolism.
Dietary Constituents and Microbiome: The dietary components influence the gut microbiota. It has been documented that 
a change in diet can alter the degradative activity of the colonic microbiota in vivo and in a physiologically relevant setting 
influence the expression of various microbial genes. The complex plant polysaccharides in diet are not digested and enter the 
colon as a potential food source for the gut microorganisms, which harbour a multitude of genes involved in catabolism of 
carbohydrates. The reduced availability of dietary polysaccharides and fibre can trigger dysbiosis and degradation of intestinal 
mucin layer and affect intestinal health. The microbial production of short chain fatty acids and other metabolites has been 
shown to influence immune system.
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Conclusion: There is a causal relationship between altered microbial communities and disease states. In fact, the imbalances 
in the composition of the bacterial microbiota, known as dysbiosis, appear to be a major factor in various disease states 
including inflammatory bowel disease. In addition, there are extra-intestinal disorders associated with gut microbiota including 
abnormal metabolic states, neuropsychiatric disorders, autoimmune diseases, allergic disorders, and tumours. The dynamic 
effect of altering host diet on the microbiota in the gut and other organs, has potential implications for disease modification 
and treatment depending on inference from gut microbial diagnostics. The correction of microbial dysbiosis appears to be an 
evolving therapeutic tool for treating ailments like obesity, diabetes, various degenerative disorders including neurological, 
and hold immense research and clinical interest.
   
Keywords: Gut Microbiome; Host-microbial Homeostasis; Microbial Dysbiosis; Microbial Drug Metabolism; Microbiota–
gut–brain Axis; Oligo- and Polysaccharides; Symbiotic Existence; Microbiota Aberrations; Gut Dysbiosis; Microbial Drug 
Metabolism; Prebiotics and Probiotics; Fecal Microbial Transplantation

He Human Gut Microbiosphere

The gastro-intestinal tract and various other organs 
including skin, respiratory tract and lungs, and genitals 
harbor large and diverse communities of bacteria, viruses, 
and other microscopic life [1]. In the human gut, a nutrient-
rich environment, reside over 100 trillion microbes, the vast 
majority of which are present in the colon. There inhabit 
microbial members as residents (autochthonous), while 
others (allochthonous) are from ingested food, water, and 
other components of the environment. The microbial species 
present within the human gut appear to have evolved through 
ecological adaptations and the adult human gut microbiota 
is dominated by mainly two bacteria, the Bacteroidetes 
and Firmicutes, and archaea, Metanobrevibacter smithii 
[2]. In general, the gut microbial composition is variable, 
multidimensional, and highly individual. The ‘healthy’ 
microbial landscape is, thus, difficult to define. as microbial 
signatures are highly individualized, multi-dimensional, 
and variable [3]. The gut microbiome holds a complex 
ecosystem with attendant multiple intricate interactions. 
The interactions include intra-microbe interactions, inter-
microbe interactions, and host-microbe interactions. 
Further, the gut microbiome is not a static community. It 
displays temporal dynamics, shifting diurnally, seasonally, 
and in a constant flux. Further, the healthy individuals 
typically display microbial characteristics like one another, 
while those who suffer with various diseases, microbiota are 
aberrant and dissimilar in their characteristics [4].

Microbiota and the Gut Ecosystem 

The gut microbial communities depend on the host 
cell-surface molecular appendages to attach to their habitat 
and their specific enzymes to utilize the available nutrients. 
In addition, there is need to evade bacteriophages, ably 
deal with immune system, and avoid washout and genetic 

mutability to stay well-adapted. On one hand, the intestinal 
epithelium actively senses various bacteria and plays an 
essential role in maintaining host-microbial homeostasis at 
the mucosal interface; on the other, the microbial ecosystem 
through molecular processes influences various biological 
processes, and in turn organ physiology and have a bearing 
on energy metabolism, insulin sensitivity and resistance, and 
weight gain, development of diabetes, and ageing process [5]. 
In addition, there exists a bidirectional microbiota–gut–brain 
communication modulating physiological processes and the 
microbiota–gut–brain axis, in turn, modulates brain function 
and behaviours through influencing neurotransmitters.

The composition of the gut microbiota tends to remain 
relatively stable barring transient fluctuations. The diet with 
variable contents of nutrients is a major factor influencing 
the composition of the gut microbiota. Albeit diet factors 
inducing a variation in the gut microbiota are often temporary. 
In general, gut microbiota composition is variable between 
individuals, though some key bacterial species are typically 
present in most [6]. The dietary patterns correspond with 
microbial composition and long-term dietary patterns 
and habits play a role in shaping each individual’s stable 
microbiota profile [7]. Besides diet, several extrinsic (e.g., 
lifestyle and medication) and intrinsic (e.g., host genetics, 
immune and metabolic regulations) factors modify and 
modulate gut microbiota.

The gut microbiota is a complex ecosystem and 
contributes to both health and disease states including 
immune, metabolic, and neuro-behavioural disorders. 
But permanent rather than transient changes in the core 
gut microbiota are related to long-term impact on health 
outcomes. While habitual diet thought to play an integral 
role in shaping the gut microbial environment, diet–microbe 
interventions must consider sustainable dietary changes [8]. 
The permanent or long-term dietary alterations may induce 
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new species and proliferate others and increase the diversity 
and richness of certain microbial taxa. Thus, a new state 
of ecological homeostasis of the gut microbiota mediated 
by diet with beneficial implications for host health may be 
achieved.

Dietary Diversity and Interactions

The largely variable human dietary patterns, thus, 
influence the complexity of the human gut microbiome. The 
complexity of the human gut microbiome is largely mirrored 
by that of diet, which influences not only the microbial 
composition, but also regulates the activity of the microbial 
ecosystem and its effects on the host [9]. The dietary 
variables influence not only the microbial composition and 
ecosystem, but also regulate the microbial effects on the 
host, with or without noticeable microbial compositional 
alterations. The diet patterns contribute and impact the 
intertwined mechanisms between the microbiota and host 

brought about by the dietary nutrients bypassing the host 
absorption and intestinal secretions that support the activity 
of gut microbiome [10]. While occurrence of microbial phyla 
and taxa are widespread within the population, species tend 
to be more subject-specific with, on average, two unrelated 
individuals sharing approximately 43% of species. Further, 
the gut microbiome is not a static community and microbial 
species observed within the modern gut have evolved 
through ecological adaptations of host-microbe interactions 
to ensure microbial stability in response to periods of limited 
nutritional availability. In addition, the microbial ecosystems 
have temporal dynamics, shifting diurnally, seasonally, and 
in constant flux. The interactions between microbes, the 
microbiome, and the host both locally and systemically 
to influence the composition as well as its effects on 
physiological processes [11]. The interactions have been 
characterised as intra-microbe interactions, inter-microbe 
interactions, and local host-microbe interactions (Figure 1).

Altered Abnormal Microbial States 

Figure 1: Microbial dysbiosis and metabolic and endocrinological Fallouts.

There is a causal relationship between altered microbial 
communities, that is, dysbiosis and disease states. In turn, 
the host factors like unhealthy diet, environmental factors, 
and use of medications, especially antibiotics, have impact on 
the gut microbiota composition and function and contribute 
to gut dysbiosis. The gut microbes produce various enzymes 
and molecules that can influence drug activation, efficacy, 
and metabolism. Further, certain metabolites produced by 
them can potentially alter the immune system’s sensitivity 
to tumor cells, whereas dysbiosis may lead to the loss of 
antitumor immunity. There is a causal relationship between 
altered microbial communities, that is, dysbiosis and disease 
states [12]. The associated extra-intestinal disorders include 
metabolic diseases, allergic disorders, neuropsychiatric 
disorders, autoimmune diseases, and neoplasia. On the 
other hand, the host factors like unhealthy diet and use of 
medications, especially antibiotics, have impact on the gut 
microbiota composition and function and contribute to gut 

dysbiosis.

There is an involvement of the microbiome in several 
diseases and there exists a clear link between loss of key 
taxa that drive microbiome structure and function and 
various disease states. Thus, a disease state can be both 
association as well as causation of microbial dysbiosis. The 
understanding of these links between microbiota and the 
host, both locally and systemically, may enable microbial 
manipulation to improve human health. The physical 
structure and chemical composition of microbiota are 
important variables influencing health. For example, various 
butyrate-producing gut bacteria, such as F. prausnitzii, S. 
variable and Roseburia, are auxotrophic for B vitamins and 
rely on exogenous sources, highlighting the link between 
increased requirement and consumption of B vitamins and 
over-growth of these taxa.
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The Nutritional Links for Dysbiosis

The core microbial taxa are resilient to most temporary 
outside influences. In addition, the gut microbes, which are 
regularly challenged and purged, have the ability to replenish. 
The microbiota fluctuations are due to nutrient availability 
and inherent host-derived autoantibodies and peptides, both 
of which are associated with diurnal and seasonal rhythm 
oscillations [13,14]. The microbiome appears to program 
these synchronised circadian oscillations by rhythmic 
histone acetylation through epithelial histone deacetylase 
3 (HDAC3), which integrates microbial and circadian cues 
including nutrient intake and metabolic interactions and 
gene expression. The excess lipid uptake, oxidants in the diet, 
and disrupters such as jetlag, abnormal sleep patterns and 

eating disturbances promote an inflammatory response and 
metabolic stress and can lead to microbial alterations [15].

There is evidence that the feeding regimens including 
time and duration of consumption and frequency influence 
the gut microbial composition. In animal studies Thaiss, 
et al. showed that rhythmic food intake leads to increased 
commensal microbial abundance [16]. The impact of meal 
timing in humans on the gut microbiotas in a study by 
Collado, et al. showed that the meal timing affects the diurnal 
rhythms of the salivary microbial profile, which in turn 
affects body weight, cortisol rhythm, basal metabolic rate, 
glucose tolerance and body temperature [17].

Figure 2: Microbial dysbiosis and metabolic and endocrinal fallouts and activation of pro-aging pathways.

In a mouse study, a number of bacteria taxa and 
metabolites have been shown to influence hunger and 
satiety [8]. Though the effect of fasting or time-restricted 
feeding on the gut microbiota are not established, it has 
been recognized that gut microbiota is able to adapt to an 
altered state when faced with a continuous perturbation 
[18]. The gut microbiota can also rapidly respond to altered 
macronutrient levels and novel food components. However, 
the transient effects of these diet-induced microbial 
alterations are amended shortly after cessation of a dietary 
challenge, suggesting that the short-term interventions are 
of too limited value [19]. Thus, the long-term changes in the 
habitual diet are needed for sustainable alterations in gut 
microbial composition.
 

Conclusion: Modulation of Microbiome

There are studies to suggest that therapeutic modulation 
of the gut microbiota can be achieved through dietary 
manipulations [20]. The diet influences the composition 

of gut microbial communities through availability of 
substrates for the metabolic requirements of individual or 
subsets of microbial taxa, in addition to modulating host gut 
microbiota crosstalk. The diet selectively alters the complex 
gut microbial ecosystem [21]. The modulation of the gut 
microbiota can be achieved through dietary manipulations. 
In fact, the diet influences in evolution and shaping the gut 
microbial community since infancy. Through the provision 
of substrates for the metabolic requirements of individual or 
subsets of microbial taxa, the diet provides one of the most 
promising means of selectively altering the microbiome 
[22]. In addition, the dietary pattern modulates host-gut 
microbiota crosstalk. Apart from metabolic and endocrinal 
functions, the gut microbiome appears to play a significant 
role in age-associated functional decline and physical frailty. 
The physiological health and healthy aging as a composite 
encompass not only on genetics, lifestyle choices and a 
positive attitude, but also the status of gut microbiome 
as an important variable [23]. In fact, the disturbed and 
disbalanced microbiome has been related to various 
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degenerative disease states and accelerated aging. The 
understanding of dietary influences on microbial physiology 
and ecosystem provides the background on which measures 
to improve host metabolism and health can be planned [24].

The evidence is accumulating that there are long lasting 
effects of dietary contents and patterns on gut microbiome. 
Despite a tendency for microbial stability in adulthood, 
dietary constituents, nutrient quality, and quantity are a 
major driver of gut microbiota alterations. The regular 
dietary habits and patterns create an environment that can 
consistently modify the microbial ecosystem [25]. Apart 
from dietary diversity, the human diet tends to display a 
cyclical seasonal pattern due to seasonal availability and 
dietary preferences, and other seasonal variants, including 
sun exposure, temperature, relative time outdoors, leading 
to considerable cyclical shift in gut microbiota composition 
[26]. Among specific nutrients, fibre is an important nutrient 
to exert a beneficial effect on microbiota composition [27]. 
Other dietary components such as polyphenols, a group of 
antioxidants, found in fruits, vegetables, cereals, coffee, tea, 
and wine exert a dual effect on the gut microbiota as they 
can inhibit the growth of specific taxa, while enhancing 
the growth of others where they can be metabolised into 
bioavailable substrates for the host [28]. They are associated 
with a range of health promoting activities with a reduced 
risk of chronic diseases.

In contrary, the exclusion of essential nutrients through 
dietary choices or inappropriate long use of therapeutic 
dietary strategies such as the low-FODMAP diet and a 
gluten free diet, and excessive reduction of nutrients such as 
fermentable fibre produces may reduce microbial diversity 
[29]. With gluten-free diet over the course of 30 days, the 
beneficial bacteria decrease in parallel with an increase of 
E. coli and total Enterobacteriaceae, typically associated 
with poor health due to reduced intake of polysaccharides. 
Similarly, the Westernised diet is characterised by limited 
dietary diversity and low fibre intake is linked with an altered 
gut microbiota composition, metabolic syndrome, and obesity 
thought to be as a result of increased levels of endotoxin-
producing bacteria leading to metabolic endotoxemia 
[30,31]. Methodically, it may be possible, thus, to overcome 
dysbiosis and reset and restore normal microbiome through 
dietary and lifestyle modifications, probiotics and prebiotics, 
logical antibiotic therapy and bariatric physiological surgery, 
and fecal microbial transplantation [32,33]. Whereas 
individualized dietary modulation for the gut microbiota 
may be key to disease management.
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