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Abstract

Multiple studies have demonstrated that microorganisms in the gut play a key role in maintaining the normal function of the gas-
trointestinal tract. They are a diverse group of organisms which share an intricate relationship with the gut and one another, thereby 
helping to maintain a delicate physiological balance. Changes in the internal, cellular or external environment can disrupt this bal-
ance and result in pathological changes and disease. The last decade has witnessed important developments in the understanding of 
the role of gut microbiota in the genesis of gastrointestinal disease. The recent pandemic has underscored their significant function. 
Therefore, it is vital that research in this crucial area continues.
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Introduction

The gastrointestinal tract contains a diverse group of microor-
ganisms which are now believed to have a key role in maintaining 
health. Studies have demonstrated that the gut is home to 1000 
bacterial species and contains genes which are a 100 times greater 
in number than those in the human genome. These bacteria share 
a dynamic relationship with gut, which is constantly evolving and 
changing in response to internal (genetics, stress, aryl hydrocar-
bon receptor and increasing age) and external triggers (diet, pollu-
tion, antibiotic use, breast-feeding). They play a vital role in metab-
olism, nutrition, physiology and immune function. In the intestine, 
they restrict the growth of pathogens by modulating the develop-
ment of intestinal immune cells, such as Th17 cells, regulatory T 
cells and B cells. With regard to metabolic function, the gut bacte-
ria produces short chain fatty acids (SCFAs), such as butyrate, from 
dietary fibre, which augments the epithelial cell barrier and pro-
motes the multiplication of anti-inflammatory cells. Interestingly, 
with regard to bile acid metabolism in the intestine, metabolism by 
gut microbiota can have both positive and negative effects. For ex-

ample, the production of secondary bile acids such as deoxycholic 
acid (DCA) brings about destruction of the intestinal mucosa and 
DNA damage. However, paradoxically, there are some secondary 
bile acids that decrease the growth of virulent organisms.

Various studies indicate that disruption of the gut microbiota 
may be related to the development of gastrointestinal diseases 
such as inflammatory bowel disease, irritable bowel syndrome, 
coeliac disease, colorectal cancer, infectious colitis and functional 
dyspepsia [17,22]. This essay will discuss the pathogenic role of gut 
microbiota in gastrointestinal disease.

Objective of the Study

To evaluate the role of gastrointestinal microbiota in the patho-
genesis of disease.

Methods

Multiple studies were critically analysed. An in depth evaluation 
of each study was carried out in order to determine the function of 
gut microbiota.
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Inflammatory bowel disease

Studies indicate that the diversity of gut microbiota is signifi-
cantly reduced in IBD [5,14]. There is evidence to show that a dis-
ruption in NLRP (NOD like receptor family pyrin domain containing 
protein) signalling predisposes to disturbances in the functioning 
of intestinal microbiota. Nlrp6 deficient mice have a disproportion-
ately higher number of the phyla Prevotellaceae, which damages 
the barrier function of the intestinal mucosa [13,32]. Nlrp6 defi-
ciency stimulates CCL5, leading to inflammation of the intestine 
due to infiltration if immune cells. These bacteria also have a sig-
nificant presence in the intestines of patients with IBD.

Similarly, deficiency of the NOD 2 gene (which has a known as-
sociation with Crohn’s disease) in mice is associated with a disrup-
tion in the gut microbiota and a heightened predisposition to dex-
tran sulphate sodium (DSS) induced colitis [3].

Similar experiments with mice deficient in IL-10 or IL-2 genes 
have been used as models for colitis similar to IBD [26,28], showing 
that enteric bacteria are required for the development of spontane-
ous colitis in these mouse populations. These findings indicate that 
gut microbiota is a potent instigator of intestinal inflammation. 
Thus, there is an association between the genetic background of an 
individual and the functioning of gut microbiota.

There are several environmental triggers for IBD. Significant 
among these is the role of diet in inducing dysbiosis. For example, 
it has been shown that taurocholic acid from milk-derived fats 
stimulated the growth of a commensal bacterium, Bilophila wad-
sworthia, which produces hydrogen sulphate, a substance that trig-
gers inflammation [4]. Similarly, the number of bacteria such as 
Erysipelotrichaceae as well as Bacteroides fragilis were increased 
in diets high in fat and beef [8,33]. These bacteria are thought to 
be potential pathogens, with a possible role in the development 
of IBD. A high level of protein ingestion produces substances in 
the colon that promote the overgrowth of bacteria such as Desul-
fovibrio and Desulfuromonas, which are observed to have a more 
significant presence in the colon of IBD patients, as compared to 
healthy individuals [24].

Smoking is also believed to have an effect on gut bacteria. A study 

has shown that Anaerostipes, a type of bacteria that changes lactate 
to butyrate, was decreased in subjects with IBD who smoked as op-
posed to those who did not [16]. This chemical change is signifi-

cant as butyrate is responsible for strengthening intestinal epithe-
lial barrier function and expediting regulatory T cell development. 
Thus, smoking may result in reduced butyrate production by gut 
bacteria and enhance the propensity of the host to developing IBD.

Antibiotics have been demonstrated to have a major impact on 
the composition on the gut microbiota, which induces bacterial 
overgrowth. Among antibiotics, ciprofloxacin and metronidazole 
are notorious for disturbing the composition of commensal bac-
teria, especially reducing the number of Dorea, Butyricicoccus and 
Coriobacteriaceae in paediatric IBD patients [12]. The proliferation 
of pathogens such as Clostridium difficile is also triggered by the 
use of antibiotics. This is a notable point, as C. difficile induced coli-
tis is responsible for increased morbidity in hospitals on addition 
to being an exacerbating factor as well as a grave complication of 
patients with IBD. 

Colorectal cancer
Alteration in the in the composition and distribution of micro-

biota in the colon may be instrumental in the development and 
advancement of colon carcinoma. The Bacteroides fragilis toxin, in 
particular, produced by enterotoxigenic B. fragilis (ETBF), enhanc-
es the permeability of the colonic epithelial barrier and accelerates 
the Wnt and Beta-catenin signalling pathways, thereby leading to a 
proliferation of malignant cells in the colon. This is brought about 
by the cleavage of the E-cadherin a tumour suppressor protein as 
well as a change in the morphology of colon epithelial cells, both of 
which are effects of the toxin [23].

Studies have demonstrated that excessive quantities of an inva-
sive strain of the Fusobacterium nucleatum (an ordinarily commen-
sal bacteria in the oral cavity but having a pathogenic effect in the 
gut) triggers the formation of colonic tumours through the regula-
tion of E-cadherin and Beta catenin pathways, using an adhesion 
protein called FadA [25].

Coeliac disease

Research has shown that a disruption in the normal constitu-
tion of the gut microbiota may have a role in the genesis of coeliac 
disease. Studies have reported that bacteria such as Klebsiella oxy-
toca, Staphylococcus epidermidis and Staphylococcus pasteuri are 
found in abundance in the duodenum of individuals with ongoing 
coeliac disease as compared to healthy individuals. In comparison, 
bacteria such as Streptococcus anginosus and Streptococcus mutans 
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are found to be in lesser quantity in those with the disease as com-
pared to healthy subjects, irrespective of the inflammation status 
[27]. Genetic mutations, such as that of the FUT 2 gene (fucosyl-
transferase 2) have been associated with the pathogenesis of co-
eliac disease. In the context of the role gut microbiota in the devel-
opment of GI disease, this is relevant in that FUT 2 mutations have 
an adverse impact on the bacterial diversity in the gut. Specifically, 
this genetic mutation reduces the quantity of the Bifidobacterium 
species in the gut, a development which may lead to proliferation 
of the fungus Candida albicans and a subsequent imbalance of the 
gut flora. 

The pathogenic role of intestinal microbiota in coeliac disease 
was further underscored by a study by Galipeau and McCarville 
which demonstrated that gluten-sensitive NOD/DQ8 mice who 
underwent antibiotic treatment (with vancomycin), triggered 
gluten-induced pathology in the immune system. Interestingly, a 
subsequent reduction in faecal microbial diversity was also ob-
served. The study observed that a disturbance in the balance of the 
microbiota had taken place, with an increase in the abundance of 
Proteobacteria, such as Escherichia and Helicobacter species and a 
notable reduction of the Bacteroides and Parabacteroides species. 

Recent evidence has emerged suggesting that reduced quanti-
ties of the Bifidobacterium species may be associated with a higher 
risk of developing autoimmune diseases. This was indicated by a 
study that demonstrated that these bacteria are in reduced quan-
tity in the breast milk of mothers with coeliac disease, thereby im-
plying that infants born to mothers with coeliac disease may also 
have a decreased abundance of Bifidobacterium [21]. Thus, these 
infants may be predisposed to developing coeliac disease in the fu-
ture and breastfeeding may, therefore, have a protective role. The 
microbiota, therefore, have a prominent, protective role in coeliac 
disease and a disturbance of their natural diversity and composi-
tion may well have adverse effects on gut immunity.

Irritable bowel syndrome

There is growing evidence to prove that gut microbiota play a 
role in the pathogenesis of IBS, particularly in the area of intestinal 
permeability, gut motility malfunction and visceral pain responses 
[20]. Whether intestinal dysbiosis is a causative factor for IBS or 
simply a result of the disease, remains to be confirmed. However, 
a study has shown that IBS patients have higher numbers of Rumi-
nococcaceae and Clostridium cluster XIVa and reduced quantities of 
Bacteroides as compared to healthy subjects. 

Imbalance in gut microbiota may also compromise luminal met-
abolic function in IBS patients. Methane producing bacteria such 
as Methanobrevibacter smithii have been shown to be in greater 
quantities in the faeces of patients with constipation-dominant IBS 
[11]. This is a notable point, as methane has been shown to have an 
adverse impact on gastrointestinal motility.

Intestinal infections with disease producing bacteria such as 
Campylobacter, Salmonella and Shigella have been implicated in 
the development of IBS. There are multiple mechanisms through 
which these bacteria may cause IBS, two of which are a disturbance 
in GI motility and dysbiosis triggered by the infection itself [1].

Role of gastric microbiota in functional dyspepsia

Two Japanese studies have demonstrated that there exists an al-
teration in the microbiota of the gastric fluid of patients with func-
tional dyspepsia (FD). This was specified by the predominance of 
Bacteroidetes relative to Proteobacteria and the absence of Acido-
bacteria in the gastric fluid of FD patients. These changes in bacte-
rial composition were thought to be brought about by the reflux of 
small intestinal contents (along with bile acids and intestinal bac-
teria) into the stomach and are believed to be part of the reason for 
the pathophysiology in FD [9]. Another study showed an inverse 
relationship between the abundance of the bacteria Prevotella and 
the gravity of post-prandial distress-like symptoms in FD patients 
who were given yogurt containing a probiotic strain of Lactobacil-
lus gasseri. The study concluded that the dominance of the bacteria 
Prevotella in gastric fluid could be used as a biomarker to assess 
the efficacy of treatment in FD [19]. Such studies underscore the 
role of microbiota in the pathogenesis of functional dyspepsia.

Therapeutic implications of the role of gut microbiota in GI 
disease

A shift in the phenotype of commensal gut bacteria can result in 
the development of a spectrum of GI diseases by having an adverse 
impact on the gut immune response [2]. A practical application of 
this concept in therapeutics is the introduction of healthy faecal 
microbiota transplant in the treatment of IBD. A study showed that 
IBD patients experienced a relief of C. difficile associated symptoms 
following treatment with FMT [31]. Similarly, administration of the 
bacteria Lactobacillus johnsonii was shown to regulate immune 
pathways and reduce colonization by pathobionts in the gut of CRC 
patients [7]. A study [10] demonstrated that the bacteria Lactoba-
cillus casei prevented the re-growth of colorectal tumours in CRC 
patients, for a minimum of 4 years after treatment. 

20

The Role of Gut Microbiota in Gastrointestinal Disease

Citation: Riddhima Banerji. “The Role of Gut Microbiota in Gastrointestinal Disease". Acta Scientific Gastrointestinal Disorders 4.6 (2021): 18-22.



Conclusion

It can be concluded, therefore, that gut microbiota have a signifi-
cant role in the pathogenesis of gastrointestinal disease.
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