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Role of gut microbiome in health & disease

Abstract

There has been a great deal of research going on in the subject 
of gut microbiome. The human gut microbiome harbors more than 
100 trillion of different kinds of microbes which are essential for the 
normal functioning of the day-to-day metabolism and physiological 
functions. The disruption in the population and balance of gut micro-
biome can lead to various types of gastrointestinal conditions. The 
major pathological conditions caused are irritable bowel syndrome, 
obesity, metabolic syndrome, non-alcoholic fatty liver disease, and 
non-alcoholic steatohepatitis. The gut microbiome community also 
plays an important role in maintaining the immunological stability 
of the human body. Several circumstantial reviews have continued 
to evidence the association of composition of human intestinal mi-
crobiota with the ever-increasing range of diseases, syndromes, and 
aberrations. This review summarizes the associations that have gar-
nered the focused attention: the opportunity of a hyperlink between 
the intestinal microbiota and continual gastrointestinal illnesses such 
as IBS and IBD, and systemic metabolic diseases, such as type-II dia-
betes and obesity.
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Introduction

The intestinal microbiota is the community of microorgan-
isms including bacteria, archaea and eukaryote majorly com-
prised of strict anaerobes that outnumber facultative anaer-
obes and aerobes by a factor of up to 100 [1]. Till date although 
more than 50 bacterial phyla have been detected in the human 
intestine [2], the microbiota are dominated by means of solely 
two phyla: the Bacteroidetes and the Firmicutes. As expected, 
owing to the complex interplay of genetic, environmental, so-
cial factors, estimates of the number of bacterial species pres-
ent in a human intestine reported by several studies is largely 
divergent. However, it is typically usual that people harbor 
more than a thousand microbial, species-level phylotypes [3-5].

Development and composition

One of the postulates is that the evolution of microbial colo-
nization of the human intestine begins at birth [1]. Although 
there is conflicting hypothesis with few studies detecting the 
presence of microbes in the womb and placental tissues [2,3], 
the prevailing view is that Gastrointestinal Tract (GIT) is rapidly 
colonized immediately after birth [4]. As a neonate passes via 
the start canal, he or she is exposed to the microbial populace 
of the mother’s vagina. This influences the microbial coloniza-
tion of an infant’s intestine with similarities to the vaginal mi-
crobiota composition of the mother.

The mode of delivery at childbirth is an influential factor de-
termining the microbial population of intestine during the first 
month following birth [5,6]. However, the difference becomes 
undiscernible by sixth month. In general, the inter-individual 
variation in the composition of the intestinal microbiota is easy 
to note during the first year of life [7-9] specifically, the intes-
tines of infants delivered by vaginal mode are dominated by 
Bifidobacterium sp [10,11]. In the case of babies delivered by C-
section, there is relatively lower colonization of Bacteroides and 
Bifidobacterium and there is increased prevalence of hospital 
acquired opportunistic pathogens of Enterococcus, Enterobac-
ter, and Klebsiella species [12]. 

Preliminary intestinee colonization is instrumental in shap-
ing the composition of the adult’s intestine microbiota. Despite 
the relative similarities of the intestine microbiota in moms 
and their offspring, microbial succession in the GIT is addition-
ally influenced via complex interplay of several environmental 
and internal, host-related factors. In addition to the maternal 
microbiota, external elements such as the type of meals, feed-
ing habits, environmental factors including exposure to other 
individuals or siblings or furry pets influence the variations [11]. 
The infant’s intestine microbiota endure a succession of adjust-
ments that are correlated with a shift in feeding mode from 
breast- or formula-feeding to weaning and the introduction of 
stable food [10]. Brest feeding mode was the significant influ-
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encing factor in the microbiome composition during the devel-
opmental phase [11]. Additionally, type of diet, temperature 
and other stress factors can impact the succession of microbes. 
Some of the iinternal factors include intestinal pH; microbial in-
teractions; physiological factors, like peristalsis; bile acids; host 
secretions and immune responses; drug therapy; and bacterial 
mucosal receptors [10].

Metabolism

With increasing realization of several unique roles of micro-
bial metabolites in processes, there is a profound interest and 
gathering of evidence towards their mechanistic role in human 
metabolism, immune system and ageing. As the intestine mi-
crobiota encode a substantively large range of genes than its 
human host, it follows that they are independently able to un-
dertake a wide range of metabolic features those human beings 
are unable to process or are solely capable of executing meta-
bolic processes in a restrained capacity. Although gold standard 
of human gut microbiota could not be established, the general 
consensus is their role in the metabolic disorders [13]. 

The intestine microbiota plays a significant role in the bio-
availability of micronutrients [14,15]. They can produce a range 
of vitamins, synthesize all vital and nonessential amino acids, 
facilitate increased absorption of minerals and elevate out bio-
transformation of bile [14-17]. Additionally, the microbiome can 
regulate and execute the fundamental biochemical pathways for 
the metabolism of non-digestible carbohydrates including giant 
polysaccharides, such as resistant starches, cellulose, hemicel-
lulose, pectin, and gums; some oligosaccharides that get away 
with digestion; unabsorbed sugars and alcohols from the diet 
[13]; and host-derived mucins [14]. As a consequence, there is 
a recuperation of electricity and availability of absorbable sub-
strates for the host. This also serves as a self- provider of power 
and vitamins required for bacterial boom and proliferation [15]. 
Metabolism of carbohydrates remains the fundamental player 
in the supply of strength in the colon.

Gut microbiota in disease

Several anecdotal reviews and massive cohort studies have 
continued to evidence the association of composition of hu-
man intestinal microbiota with the ever-increasing range of 
diseases, syndromes, and aberrations. The subsequent section 
summarizes the associations that have garnered the focused at-
tention: the opportunity of a hyperlink between the intestinal 
microbiota and [1] continual gastrointestinal illnesses such as 
IBS and IBD, and [2] systemic metabolic diseases, such as type-II 
diabetes and obesity.

Irritable Bowel Syndrome (IBS)

IBS is described as a crew of functional bowel problems re-
sulting in belly soreness or pain due to disordered defecation or 
changes to bowel habits. In addition to the classification accord-
ing to the Rome three standards, medical practitioners [18], 
have proposed further classification based on the groundwork 
of a patient’s stool traits (Table 1).

Table 1: Etiological classification of symptoms of IBS.

IBS Subtype Abbreviation Characteristics

IBS with diarrhea IBS-D

• Loose stools >25% of the time 
and hard stools <25% of the time

• Up to one-third of cases
• More common in men

IBS with constipation IBS-C

• Hard stools >25% of the time and 
loose stools <25% of the time

• Up to one-third of cases
• More common in women

Mixed or cycling IBS –M
• Both hard and soft stools >25% of 

the time One-third to one-half of 
cases

Unsubtyped IBS
• Insufficient abnormality of stool 

consistency to meet criteria

IBS is prevalent in about 10% to 20% of adults and young-
sters worldwide [18,19]. IBS includes Crohn’s Ailment (CD) and 
Ulcerative Colitis (UC). CD is characterized via a cobblestone-
like sample of irritation (i.e., affected areas interrupted through 
wholesome tissue), that could be alongside the size of the GIT. 
Typically, ulcerations spanning the entire intestinal wall could 
result in fissures. The ensuing perforations of the intestinal wall 
may also have an impact on different organs such as the kid-
ney or uterus [24]. UC generally manifests as contiguous irrita-
tion involving solely the floor layers of the intestinal wall. It is 
especially localized in the colon and normally originates at the 
rectum [25].

IBS is a multifactorial disease, and its progression is influ-
enced by genetic factors, motor dysfunction of the GIT, visceral 
hypersensitivity, infection, and immunity, psychopathological 
elements [19]. Alterations in the microbiome composition of 
the intestine and low-grade intestinal infections are also associ-
ated with IBS [19]. Disturbed colonic fermentation in IBS suf-
ferers might also play a necessary function in worsening of IBS 
symptoms [20]. There has been a significant, 2-fold extend in 
the ratio of Firmicutes to Bacteroidetes observed in the IBS pa-
tients [23]. There is an increased risk of IBS following acute gas-
troenteritis [20]. In a healthy gut, the intestinal microbiota may 
impart beneficial effects directly via bbactericidal action or can 
inhibit the adherence of pathogenic microorganism to the wall 
of the GIT (21) On the other hand,  the prevailing hypothesis is 
that dysbiosis, especially fungal [21] due to microbial imbalance 
in the gut may lead to the adhesion of enteric pathogens that 
may also be associated with IBS symptoms [22,23].

Microbial species have a full-size role in immunomodulation. 
Factors including infestations by pathogens, environmental 
factors, inflammation, may breach the epithelial confinement 
of the intestinal microbiota causing aberrations of the intes-
tine microbiome. The function of the intestine microbiota in 
IBD pathogenesis has been tested via research displaying that 
antibiotic use can minimize or forestall inflammation, each in 
murine fashions of disorder and in patients [24,26]. A recent 
study demonstrates that a specific diet that acts as a prebiotic 
favoring growth of intestinal microbes or transplantation of fe-
cal microbiota could restore the levels of gut endocrine cells 
comparable to those of normal healthy population [25]. In UC 
sufferers inoculated with stool accumulated from wholesome 
donors, there was an indication of disorder remission within 
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one week of receiving their fecal transfer, with a complete heal-
ing reported after four months [27].

Obesity, metabolic syndrome, non-alcoholic fatty liver dis-
ease, and non-alcoholic steatohepatitis

Several mechanisms involving the microbiota in the patho-
genesis of Nonalcoholic Fatty Liver Disorder (NAFLD) and Non-
alcoholic Steatohepatitis (NASH) have been identified. In par-
ticular, there is increasing interest pertaining to the function 
of microbiota in the pathogenesis of weight related problems 
[28,29]. Pertinent findings include the ability of gram-negative 
anaerobes, such as Bacteriodes thetaiotamicron, to break most 
of the glycosidic linkages and help metabolize plant polysac-
charides. This provides the host with 10% to 15% of its calo-
rific requirement [28-31]. The microbiota of overweight indi-
viduals, as properly as the fecal microbiota of ob/ob mice, is 
greater environment friendly at the extraction of strength from 
the eating regimen and in the manufacturing of SCFAs [30,32]. 
Furthermore, the microbiota suppresses the Lipoprotein Lipase 
(LPL) inhibitor fasting-induced adipose element (also regarded 
as angiopoietin-like 4) activity has been proven to stimulate 
the production of hepatic triglyceride manufacturing, This fa-
cilitates the persisted expression of LPL, a key regulator of fatty 
acid launch from triglycerides in the liver [33]. The intestine 
microbiota can modulate systemic lipid metabolism through 
change of bile acid metabolic patterns, impacting at once emul-
sification and absorption of bile acids and, while, not directly 
acting on the storage of fatty acids in the liver [33]. Abnormality 
in metabolic syndrome that affects electricity balance, glucose 
metabolism, and causes low-grade inflammatory response has 
been related to weight changes and metabolic disorders. Its 
position in choline metabolism [34,36], inactivation of pro-in-
flammatory cytokines (such as TNF-α), seems applicable to the 
improvement of NAFLD and development to NASH. Any leak of 
metabolites of the gut microbiota into systemic circulation can 
cause heightened immune response in the liver to the circulat-
ing microbial antigens [26]. In response to this, the toll-like re-
ceptors of the liver activate an inflammatory immune cascade 
of responses that may trigger the development of NAFLD/NASH 
[27,28,37]. Small Intestinal Bacterial Overgrowth (SIBO) lead-
ing to enhanced release of proinflammatory cytokines and fatal 
steatohepatitis has been implicated in several liver disorders in-
cluding NAFLD [38,39]. 

Systemic metabolic diseases

 Systemic metabolic ailments encompass weight problems 
and type-II diabetes. In extra current human studies, the re-
searchers observed that the composition of the intestine mi-
crobiota modified in response to host’s physical weight and re-
mains significantly altered in overweight individuals compared 
to normal healthy weight balanced individuals [40]. Subsequent 
research has failed, however, to reveal a regular relationship 
between weight problems and the ratio of Firmicutes to Bac-
teroidetes. A comprehensive literature of the pertinent studies 
has been reviewed by Tagliabue and Elli [41]. 

Type-II diabetes is a complicated multifactorial disorder in-
fluenced by genetic and environmental elements. This has been 
the frequently discussed public fitness subject [42]. Several 
genome-wide studies have tried to evaluate the genetic asso-
ciation of type -II diabetes Research investigating the underly-
ing genetic contributors or genetic elements to type-II diabetes 
[43]. Such studies have identified changes in the composition 
of microbial biota as a significant risk factor that impedes the 

improvement of metabolic outcomes of type-II diabetes. There 
has been an associated decline in butyrate-producing micro-or-
ganism [44]. This commentary suggests that the notion of pur-
poseful dysbiosis, as an alternative to any particular microbial 
species, may have a direct implication on the pathophysiology 
of type-II diabetes. Increasing presence of opportunistic patho-
genic microorganisms is detected, albeit with inter-individual 
variability in the classes of organisms present [44].  

Cardiovascular disease

There exists a hyperlink between gut dysbiosis and cardio-
vascular disease [29,30]. Recently, surmounting evidence from 
direct experimental observations is suggesting a causal link of 
gut microbiota in CVD [30]. Impaired gut barrier function and 
bowel oedema has been observed in heart failure patients 
[31,32]. Primarily the association is based on the facts display-
ing the role of microbial metabolism of dietary phosphatidyl-
choline on the pro-atherosclerotic metabolite Trimethylamine-
N-Oxide (TMAO) [45]. TMAO titers have been related with a 
higher risk of cardiovascular problems in prone individuals [46] 
Studies indicate that administration of antibiotics could sup-
press the dietary phosphatidyl choline induced plasma titres 
of TAMO.  Additionally vegan diet devoid of L-carnithine that is 
majorly present in meat components did no longer exhibit el-
evated plasma TMAO ranges after dietary phosphatidylcholine 
challenge. This trait used to be attributed to status of fecal mi-
crobiota composition [47]. Hence, this microbiota-dependent 
pathway might provide a diagnostic tool and have therapeutic 
value for cardiovascular disease management. 

Host-microbe interactions on the immune system

From an evolutionary and ecological perspective, there is a 
complex interplay of mutual interactions between the micro-
biota and the host immune gadget. There is a strict balance 
between immune tolerance towards commensals and immune 
reactions against potential pathogens. The experience with 
commensal microbiota is therefore vital to teaching and train-
ing the immune machine to adapt, recognize and develop im-
mune tolerance. A sequence of experiments confirmed that 
collections of nonpathogenic species of Clostridia from clusters 
IV, XIVa and XVIII, could induce colonic Treg response. One of 
the mechanisms could be the manufacturing of butyrate that 
influences epigenetic manage of the Foxp3 promoter that con-
trols Treg improvement [49,50,51-54]. Antibiotic usage induced 
disturbances to microbiota could lead to overstimulation of 
immune cells including macrophages, mast cells, expansion of 
pro-inflammatory T helper cells [33].  

Atopic eczema and other allergic disease

Atopic eczema a complex chronic inflammatory skin condi-
tion is triggered by several environmental factors. Genetically, 
a loss of function mutation in the gene encoding filaggrin, in-
volved in epidermal barrier, predisposes the infants to this con-
dition. Additionally, the mode of delivery of baby (i.e., vaginal vs. 
cesarean) and a mutation in a unique human gene is concerned 
with skin-barrier feature [55]. Characterization of the intestine 
microbiota of victims of atopic eczema confirmed that infants 
in the age of about one month with atopic eczema had a drasti-
cally decreased bacterial diversity, especially with regard to the 
Bacteroidetes phylum [56]. Also, at 12-month of age, there was 
a lowered variety of Bacteroidetes in the atopic-eczema group, 
suggesting that victims might also keep a decreased stage of 
bacterial variety when in contrast with healthy population. In 
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addition, a decrease variety of Proteobacteria, with unique li-
popolysaccharide molecules, was once determined in toddlers 
imparting with atopic eczema. Lipopolysaccharides have the ca-
pability to elicit a host’s immune response, and low exposure to 
lipopolysaccharides in infancy is linked with a greater danger of 
atopic eczema [57].

As a clarification for the marked extend in allergic disease, 
the notion of decreased quantitative and qualitative publicity to 
the microbial world at some point of the neonatal duration has 
been termed the hygiene speculation and is primarily based on 
the commentary of improved atopy in smaller, and specifically 
urbanized, households [58]. This underexposure to microbial 
antigens results in an aberrant effect to allergen processing of 
immunological response than an immunological tolerance [59]. 

Conclusions and perspective

The evolution of intestine microbiota in people all through 
existence seems to play a pivotal role in fitness and disease. In 
a healthy state, the intestine microbiota has myriad fine func-
tions, such as power recuperation from metabolism of non-di-
gestible elements of foods, defensive action against pathogenic 
invasion, and modulation of the immune system. Dysbiosis or 
disrupted state of the intestine microbiota has several negative 
implications on health.  Identified as an environmental element 
the intestinal microbiota interacts with host’s metabolism and 
has a function in pathological conditions. There seems to be 
an association with each systemic disorder including obesity, 
diabetes, and atopy-and gut-related IBS and IBD, although the 
precise interplay of the intestine microbiota to the prevailing 
host conditions in these illnesses remains unclear. The hetero-
geneous etiology of metabolic and gastrointestinal ailments has 
been related with one-of-a-kind microbes, even though little 
facts exist about the causal course of the association.
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