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Abstract. Inflammatory bowel disease (IBD) is a set of multifactorial gut inflammatory conditions. The 

most common types of IBD are ulcerative colitis (UC) and Crohn's disease (CD), which are attributed to a 

deregulated immune response to an imbalance in the gut microbiome. The occurrence of IBD is 

increasing worldwide, with over one million people in the USA and 2.5 million in Europe estimated to 

have one form of the disease. Furthermore, an increase in IBD has recently been reported in industrialized 

countries in Asia, South America, Africa and the Middle East, which suggests that it has developed into a 

global disease with rising prevalence in each continent that may incur substantial healthcare costs in the 

future. Studying the gut microbiome of patients with IBD can provide a deeper understanding of the role 

that gut microbiota plays in the development of disease. This will further help in therapeutic microbiome 

manipulation of patients with IBD. 
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Introduction 

Bacteria, viruses, fungi, protozoa, and many other microorganisms can live together 

as a community, but can also live in close association with humans, plants, and other 

complex organisms. This is possible through relationships of parasitism, 

commensalism, and mutualism between microorganisms and their hosts (Lederberg and 

McCray, 2001). The interacting community of microorganisms within or in proximity to 

multicellular organisms is referred to as a microbiome. The microbiome forms an 

ecological community of pathogenic, commensal, and symbiotic microorganisms in a 

biological environment, such as the human body. There is a strong mutual relationship 

between microbes and humans as the human body can benefit from microbe's ability to 

support the conditions necessary for human healthy life, while microbes benefit from 
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obtaining needed resources of the human body. The nasal, skin, oral, urogenital, and 

gastrointestinal linings of an individual comprise unique and varying microbial 

communities. The human microbiome is a significant contributor to balanced 

immunogenicity through symbiosis. Alteration of the microbiome can result in the 

emergence of diseases. Thus, the condition of microbiomes is an essential effector on 

human health. Understanding the microbial compositions of healthy individuals is key 

to determining the influence of the microbiome on the occurrence of human disease. 

Inflammatory bowel disease (IBD) and a number of other diseases have exhibited 

differences in the function and structure of gut microbiota. This can be observed in 

healthy humans, where changes in gut microbiota can result in a disturbance of the 

immune system. Over one million Americans and two million Europeans have been 

reported to suffer from relapsing-remitting forms of IBD (Kaplan, 2015). The data 

suggests an increase in IBD globally, but with the highest incidence and prevalence 

reported in Western countries. Nonetheless, the newly industrializing countries of Asia, 

South America, Africa, and the Middle East, have reported a rapid increase in IBD 

(Kaplan, 2015). 

Lozupone et al. (2012) have characterized the pathophysiology of IBD as a 

reluctance to regulate immune response to imbalance in the gut microbiome. Therefore, 

compared to healthy individuals, patients with IBD have lower numbers of bacteria with 

anti-inflammatory capability and an increased number of bacteria with pro-

inflammatory capability. Dysbiosis is currently considered the most appealing target for 

scientific research on IBD as it gives the opportunity for clinicians to intervene and alter 

the natural course of the disease. Given the large variation in gut microbiota across 

populations, the complex task of mapping the microbiota of healthy populations must be 

carried out. The microbiota of the diseased population was recently mapped though the 

Human Microbiome Project (HMP) run by NIH. 

The Human Gut Microbiome 

There are about a hundred trillion microbial organisms that comprise the human gut 

microbiota (Lozupone et al., 2012). These diverse organisms include viruses, protozoa, 

fungi and bacteria, which comprise more than 1000 different types of bacterial species 

(Honda and Littman, 2012) (Fig. 1). These bacterial species are made up of more than 

three million non-redundant microbial genes (Qin et al., 2010). A number of factors, 

including diet (Collado et al., 2010; Goldsmith and Sartor, 2014), age (Hopkins et al., 

2001), gender, genetic composition (Khachatryan et al., 2008), geographic location 

(Sonnenburg et al., 2004), and health or disease status (Collado et al., 2010) of the 

individual influence the gut microbiota after birth. Four phyla (e.g., Bacteroidetes, 

Actinobacteria, Proteobacteria, Firmicutes) were found to dominate over 99% of human 

intestinal bacteria (Ley et al., 2008), of which two phyla (Firmicutes and Bacteroidetes) 

are most common in the intestinal bacteriome of healthy adults (Andoh, 2016). These 

microbes are densely populated in the colon and the distal ileum (Eckburg et al., 2005). 

The human gut hosts a large microbial community whose genetic content is described as 

a metagenome. The colonizers consist of a metagenome made up of 100 times the 

population of genes in the human genome. Dominguez-Bello et al. (2010) indicated that 

this metagenome is usually investigated by targeted sequencing of marker genes, 

including 16S ribosomal RNA. 
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Figure 1. Microorganisms of the human gut microbiome 

 

 

Development Process of the Human Microbiota 

As a person ages, the microbiota varies in stability and diversity. Interactions 

between the gut microbiome and the host begin from birth and continue throughout life. 

In the early years of an individual, the density and stability of the microbiome are 

usually low (Claesson et al., 2011). By early adulthood, the microbiome begins to 

demonstrate significant diversity and stability (Lozupone et al., 2012), while the 

microbiome reaches maximum complexity and remains relatively stable throughout 

most of an adult’s life. However, in later years and in the elderly, Biagi et al. (2010) 

note that the stability and diversity of the microbiome decreases. 

The mode of birth highly determines the microbiota of an infant. In the case of 

vaginal birth, the microbiota of the infant takes after that of the mother. In a Caesarian 

birth, as Dominguez-Bello et al. (2010) pointed out that the microbiota in the skin of the 

newborn takes the characteristics of the mother. Feeding methods also affect the 

establishment of the microbiome; the microbiota of formula- and breast-fed newborns 

differ both in diversity and structure (Guaraldi and Salvatori, 2012). While the 

microbiota of breast-fed babies basically comprises Bifidobacteria, Penders et al. (2006) 

noted that microbiota of bottle-fed with formula babies basically consists of Clostridium 

difficile, lactobacilli predominate, Bacteroides fragilis, and Escherichia coli. At the age 

of three, a child's microbiome resembles that of an adult, and stabilizes with time. At 

this age, the number of species approximates 100, although this continues to increase 

and may exceed 1000 in adulthood. The ecological system of the gut also stabilizes and 

becomes more complex in adult life owing to the predominant composition of 

Firmicutes and Bacteroidetes (Fig. 2). However, old age causes a reduction in the 

stability of the ecosystem. Notably, the dominating phyla at this stage shifts from 

Firmicutes to Bacteroides, and the number of Bifidobacteria reduces while that of 

Proteobacteria rises. As an individual reaches old age, the microbiota shifts towards a 

Clostridium- dominated community, and the population of Bacteroidetes rises. This 

explains the significant difference between the microbiota of a young adult and that of 

an older person (Penders et al., 2006). Pregnancy enhances the development of 

Proteobacteria and Actinobacteria, as well as enhancing diversity. However, the gut 

microbiota gradually regains its original formulation after delivery. 
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Figure 2. The structure of the human intestinal microbiota across the life cycle. Modified from 

Kostic et al. (2013) 

 

 

Effects of Geology on Gut Microbial Assorted Variety and Stability 

A geographical region can be associated with various ways of life that correspond 

with a variety of dietary practices (including such factors as country, city, countryside, 

religion, etc.). In the microbiota creation in volunteers from Venezuela, Malawi, and the 

US (0-70 years old), it was found that regardless of age, the microbiota structure could 

be categorized by country (Yatsunenko et al., 2012). The least microbially diverse 

group in that investigation was grown-up Americans of which the bacteria Prevotella, in 

particular, was underrepresented in this group. When comparing African and European 

children, De Filippo et al. (2010) discovered a greater number of Prevotella in African 

children. The fecal microbiota of African children is rich in Actinobacteria and 

Bacteroidetes, but has lower quantities of Firmicutes; European children have 

microbiota that are rich in Proteobacteria and over double the normal quantity of 

Firmicutes compared to Bacteroidetes. Moreover, Ou et al. (2013) noted a greater 

quantity of Prevotella in Africans in contrast to African Americans. A comparative 

study was carried out between the Tanzanian Hadza hunter-gatherers, and Italians 

(Schnorr et al., 2014). In a few African populaces in this examination, high levels of 

Succinivibrio and Treponema exist. These two microscopic organisms have a high 

fiber-debasing potential. This high potential may be predictable owing to a vigorously 

plant-based diet. Additionally, the Hadza gut microbial environment has relatively low 

levels of Bifidobacterium. This is thought to be the effect of the absence of dairy foods 

in the diet and lack of contact with domesticated animals. 

Inflammatory Bowel Disease (IBD) 

IBD is defined as a chronic intestinal inflammatory condition caused by host-

microbe interactions in genetically susceptible individuals. The most common types of 

IBD are ulcerative colitis (UC) and Crohn’s disease (CD), and the basic distinctions 

between them are location and severity. CD can affect any part of the digestive tract, but 
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UC develops only in the colon and rectum. Patients with IBD often suffer from ongoing 

symptoms of abdominal pain, diarrhea, gastrointestinal bleeding, and malnutrition. 

Persistent disease activity has been linked to repeated hospitalizations and development 

of complications, such as the need for bowel resection, colorectal cancer, and mortality 

(Fakhoury et al., 2014). Both exogenous factors (abnormal microbiota) and host factors 

(intestinal epithelial cell barrier function, and innate and adaptive immune function) 

cause a chronic state of dysregulated mucosal immunity. 

Global Incidence and Prevalence of Inflammatory Bowel Disease 

The occurrence of IBD is increasing worldwide in the 21st Century. The prevalence 

of IBD varies with geographical region. The highest reported prevalence rates of the 

IBD are in Europe (UC, 505 per 1,000,000 persons/year; CD, 322 per 1,000,000 

persons/year) (Ng et al., 2017). Regions with the highest annual incidence of IBD 

burden are Europe (UC, 24.3 per 100,000 persons/year; CD, 12.7 per 100,000 

persons/year) and North America (UC, 19.2 per 100,000 persons/year; CD, 20.2 per 

100,000 persons/year). The regions with the lowest reported IBD incidence are Asia and 

the Middle East (UC, 6.3 per 100,000 persons/year; CD, 5.0 per 100,000 persons/year) 

(Ng et al., 2017). 

Urban areas may show a higher prevalence of CD than rural areas, and CD may also 

be higher in areas of higher socio-economic classes (Soon et al., 2012). The incidence 

of the disease begins to increase mostly among economically stable individuals. 

However, the ailment becomes more complex with time. An individual who initially 

belongs to low-incidence populations and migrates to a developed country before 

adolescence may show an increased prevalence of IBD. This is often the case with the 

first generation setting in a nation with increased IBD prevalence. 

The "hygiene hypothesis" aims to explain the variation in incidence levels between 

developing and developed countries. According to this theory, an individual less 

exposed to childhood infections loses potentially beneficial organisms that enhance the 

development of a regulatory T cell. Additionally, such a person may not develop a 

strong immune repertoire because he or she has not encountered the noxious organisms 

(Pugazhendhi et al., 2011; Sood et al., 2014). Thus, such an individual might be more 

likely to develop IBD and other chronic immune diseases. It is often surmised that the 

emergence of IBD in Third World nations is a result of adoption of a Western lifestyle, 

including diet and the reliance on Western approaches to vaccination and medication. 

The significance of such developments in early life may be of particular significance. 

Though UC has been documented to have emerged before CD, the prevalence of CD in 

developed nations has overtaken that of UC in the past 20 years. However, developing 

nations have recorded an increasing incidence level of UC. India, for example, has 

recorded a drop in UC/CD ratio from 10:1 to 8:1. One notable trend is that the 

prevalence of CD rises once the disease has been present in a population for some time. 

Hong Kong has observed a UC/CD ratio that has declined to 1:1 from 8:1 (Ng et al., 

2015). In general, the incidence of CD reaches its optimum in early adulthood, and the 

incidence rate declines in the elderly. The incidence of UC remains stable from early 

adulthood to retirement age. 

East Asia and other parts of Asia have reported a trend of rising prevalence and 

incidence of IBD. Despite this trend being more acute in developing nations, some 

developed countries, such as Japan, have been shown to be affected. Also, the CD 

incidence rate has been more pronounced in female adults over male adults, although 



Al-Amrah et al.: Alteration of the gut microbiome for patients with inflammatory bowel disease 

- 7384 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(5):7379-7392. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1805_73797392 

© 2020, ALÖKI Kft., Budapest, Hungary 

the past decade has recorded a higher incidence of CD in boys than in girls in 

developing countries. Over time, it may transpire that an equal CD prevalence for both 

sexes is reached. For example, studies from East Asia are suggesting a male 

predominance of CD and an equal sex ratio of UC (Ng et al., 2016). 

Alterations in Intestinal Microbiota Implicated in the Development of IBD 

The gut microbiota is believed to play a central role in the pathogenesis of IBD. 

Many studies give corroborated evidence for gut microbiota dysbiosis in IBD patients 

compared to healthy individuals. The gut microbiota of healthy people is made 

principally of microorganisms from the phyla Bacteroidetes (for the most part 

Bacteroides or Prevotella species), which are gram-negative, or Firmicutes (for the 

most part Clostridium and Lactobacillus species), which are gram-positive. 

Actinobacteria (that incorporate Bifidobacterium sp.), Proteobacteria (including 

Escherichia coli), and Verrucomicrobia (including Akkermansia mucinophila) are 

commonly present in small numbers in the gut microbiota of healthy individuals. The 

creation of gut microbiota varies in people with respect to age and advancement of 

disease (Huttenhower et al., 2012) (Table 1). 

 
Table 1. Composition of intestinal microbiota in healthy humans 

Reference Sample Microbial signature 

(King et al., 

2019) 

50 healthy samples 

sequenced at GWU and 49 

healthy samples taken from 

The Human Microbiome 

Project 

• 155 bacterial species were identified, Bacteroidetes (31 

phylotypes), Actinobacteria (32 phylotypes) and Firmicutes (63 

phylotypes) had the highest abundance. 

• More than half of Firmicutes sequences were members of the 

Clostridia (20%) class, which was the highest abundant class, followed 

by Bacteroidia (18.5%), Bifidobacteriales (16.6%), Enterobacterales 

(14%), and Lactobacillales (14%). 

• Clostridiales and Bacteroidales orders had the highest 

abundance. 

• There were 26 members of the Bifidobacteriaceae family, 

belonging to Bifidobacterium longum, which were the most abundant 

species. 

(Gill et al., 

2006) 
2 healthy adult subjects 

• 133 bacterial phylotypes were identified; Actinobacteria (10 

phylotypes) and Firmicutes (62 phylotypes) had the highest abundance. 

• 60% of the Firmicute sequences were members of Clostridia 

class (including Clostridia cluster XIV and Faecalibacteria.). 

(Eckburg et al., 

2005) 
3 healthy adult subjects 

• 395 bacterial phylotypes were identified, Bacteroidetes (65 

phylotypes) and Firmicutes (301 phylotypes) had the greatest quantities. 

• Most (95%) of the Firmicutes sequences were members of the 

Clostridia class. 

• Low abundance of Proteobacteria sequences (including 

Escherichia coli), Actinobacteria, Fusobacteria, and Verrucomicrobia 

phyla. 

• Bacteroides thetaiotaomicron were detected in each subject. 

GWU = George Washington University 

 

 

A change in microflora synthesis, as in IBD, can contribute to intestinal damage. A 

few examinations have exhibited the Firmicutes phylum were less well represented in 

BD patients compared to healthy controls (Huttenhower et al., 2012; Rajilić-Stojanović 

et al., 2013), whereas members of Gammaproteobacteria were relatively light (Rajilić-

Stojanović et al., 2013; Sokol et al., 2017) (Table 2). In CD patients, the Clostridia 

cluster IV group, in particular Faecalibacterium sp., has been shown to relatively low 
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(Gill et al., 2006). Members of the Clostridia group XIVa, belonging to the Roseburia 

genus, also seem to be low in IBD patients (Rajilić-Stojanović et al., 2013). Data on 

Bacteroidetes report a general decrease in biodiversity in IBD patients (Mar et al., 2016; 

Sokol et al., 2017), also, significantly lower levels of putative beneficial OTUs; 

including Prevotella copri and the butyrate-producing bacterium Faecalibacterium 

prauznitzii (Willing et al., 2010). 

 
Table 2. Changes in gut bacteriome composition in IBD patients 

Reference Sample 
Microbial signature 

Phylum Class Family Genus & Species 

Sokol et al. 

(2017) 

Adult (235 

patients with 

IBD, 38 

control) fecal 

sample. 

↓Bacteroidetes Bacteroidia 
↓Bacteroidaceae ------- 

↓Prevotellaceae ------- 

↓Firmicutes 

Bacilli 
↑Streptococcaceae ------- 

↑Erysipelotrichaceae ------- 

Clostridia 
↓Lachnospiraceae ------- 

↓Ruminococcaceae ------- 

Negativicutes ↓Veillonellaceae ------- 

↑Proteobacteria 
Gamma 

proteobacteria 

↑Pseudomonadaceae ------- 

↑Enterobacteriaceae ------- 

↑Fusobacteria Fusobacteria ↑Fusobacteriaceae ------- 

Eun et al. 

(2016) 

Adult (15 

CD, 15 

control), 

fecal sample 

↓Bacteroidetes 

Bacteroidia 
↓ Bacteroidaceae ------- 

↓ Prevotellaceae ------- 

Clostridia 
↓Lachnospiraceae ------- 

↓Ruminococcaceae ------- 

Negativicutes ↓Veillonellaceae ------- 

↑Proteobacteria 
Gamma 

proteobacteria 

Pseudomonadaceae ↑Pseudomonas sp. 

Enterobacteriaceae 
↑Escherichia sp. 

↑Shigella sp. 

↑Fusobacteria Fusobacteria Fusobacteriaceae ↑Fusobacterium sp. 

Mar et al. 

(2016) 

Adult (30 

UC, 13 

control), 

fecal sample 

↓Bacteroidetes Bacteroidia 
Prevotellaceae ↓ Prevotella sp. 

Bacteroidaceae ↓Bacteroides sp. 

↓Firmicutes 

Clostridia 
Lachnospiraceae ↓ A number of 

unclassified species Ruminococcaceae 

Bacilli 
Streptococcaceae ↑Streptococcus sp. 

Enterococcaceae ↑Enterococcus sp. 

↑Actinobacteria Actinobacteria Bifidobacteriaceae ↑Bifidobacterium sp. 

Quince et al. 

(2015) 

23 CD,21 

control), 

fecal sample 

Firmicutes 
Clostridia 

Ruminococcaceae 
↓Subdoligranulum sp. 

↓Feacalibacterium sp 

Peptostreptococcaceae 
↑Peptostreptococcus 

sp. 

↓Lachnospiraceae ------- 

Bacilli ↑Enterococcaceae ------- 

Actinobacteria Actinobacteria Coriobacteriaceae ↑Atopobium sp. 

Rajilić-

Stojanović et 

al. (2013) 

Adult (15 

UC, 15 

control), 

fecal sample 

Firmicutes Clostridia 

Ruminoccaceae ↓Ruminococcus bromii 

Eubacteriaceae ↓Eubacterium rectale 

lachnospiraceae ↓Roseburia sp. 

Peptostreptococcaceae 
↑Peptostreptococcus 

↑Clostridium difficile 

Verrucomicrobia Verrucomicrobiae Verrucomicrobiaceae ↓Akkermansia sp. 

Fusobacteria Fusobacteria Fusobacteriaceae ↑Fusobacterium sp. 

Proteobacteria 
Epsilonproteobac-

teria 

Helicobacteraceae ↑Helibacter sp. 

Campylbacteraceae ↑ Campylobacter sp. 

IBD, Inflammatory bowel disease; CD, Crohn’s disease; UC, Ulcerative colitis; ↑, Increased; ↓, 

Decrease 
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The Physiological Functions of the Gut Microbiota 

The physiological benefits that gut microbiota have on the host are: 1) to supply of 

nutrients and energy (sustenance), 2) improvement of the immune system, and 3) 

functioning as host gatekeeper (Fig. 3) (Nishida et al., 2018). Details of these benefits 

are the following. 

 

Figure 3. Physiological functions of gut microbiota. Modified from Nishida et al. (2018) 

 

 

Supply of Nutrients and Energy 

The gut microbiota supply energy and nutrients to the host (O'Hara and Shanahan, 

2006). Commensal microorganisms in humans, for instance Bifidobacterium, can 

coordinate and provide supplements including water-dissolvable B vitamins and vitamin 

K (LeBlanc et al., 2011). In addition, intestinal bacteria provide short-chain fatty acids 

(SCFAs; C2-C6) by fermenting resistant starch or indigestible carbohydrates (dietary 

fiber). The Bacteroidetes and Firmicutes produce SCFAs from indigestible 

carbohydrates via participation together with species that have some ability to ferment 

oligosaccharide (e.g., Bifidobacterial). Anions in the colon are SCFAs, overwhelmingly, 

acetate, butyrate, and propionate (Marchesi et al., 2016). The latter are vital for a 

number of aspects of the host’s physiology. For example, they are important for 

supplementing procurement, immune capacity, cell signaling, expansion control, and 

pathogen protection. SCFA levels are important for their anti-inflammatory effects and 

imperative for the upkeep of the mucosal barrier; for example, butyrate positively 

affects cell multiplication, separation, and development after epithelial damage 

(Lopetuso et al., 2016). The levels of SCFAs are significantly decreased in IBD, which 

may be a key factor in the degeneration of intestinal and immune homeostasis. The 

SCFA-producing bacteria are decreased in IBD patients, which include 

Faecalibacterium (Frank et al., 2007), Odoribacter, Leuconostocaceae, 

Phascolarctobacterium, and Roseburia (Ahuja, 2015). 
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Immune System Improvement 

Microbiota that live in the intestinal tract play a vital role in the improvement of the 

host immune system. The host immune system, in turn, shapes the structure and 

function of gut microbiota (Kamada and Núñez, 2014). Germ-free (GF) mice 

(insufficient in the gut microbiota) show impaired immune development, which is 

distinguished by immature lymphoid tissues (Bouskra et al., 2008), reduced amounts of 

intestinal lymphocytes, and diminished elements of antimicrobial peptides (Cash et al., 

2006) and immunoglobulin A (IgA) (Hapfelmeier et al., 2010). Reconstitution of the gut 

microbiota of mice is sufficient to restore these abnormalities of the immune system 

(Umesaki et al., 1995). One of these microorganisms is Candidatus Arthromitis, known 

as a segmented filamentous bacteria (SFB). The colonization of SFB alone advances the 

improvement of the mucosal immune system (Ivanov et al., 2009). The improvement of 

the host immune system is dependent on host-unequivocal microbiota, as the immune 

system becomes underdeveloped in GF mice colonized with human microbiota. The gut 

microbiota, furthermore, regulates T-cell repertoires and controls the T helper (Th) cell 

profile (Shanahan, 2002). Authoritative white platelets (in like manner called Tregs) are 

CD4+ lymphocytes, which coordinate or smother distinctive cells in the immune system 

(Littman and Rudensky, 2010). It has been shown that SCFA-producing strain in 

Clostridium clusters IV, XIVa, and XVIII from a sound human fecal precedent started 

the partition and improvement of colonic Tregs through butyrate production (Atarashi et 

al., 2013). This result supports part of the clinical data. The degree of Clostridium 

bunches XIVa and IV in the fecal models is lower in IBD patients compared to healthy 

individuals (Frank et al., 2007). The low number of Faecalibacterium prausnitzii, which 

belong to Clostridium cluster IV, is related to a high risk of recurrence of CD after 

surgery (Walker et al., 2011). The headway of Th17 cells, which are a subpopulation of 

effector T cells, is defined by their production of interleukin (IL)-17A, IL-17F, IL-21, 

and IL-22 (Littman and Rudensky, 2010), that are modulated by the gut microbiota. In 

GF or antibiotic-treated mice, the abundance of Th17 cells in the intestinal mucosa is 

decreased. One study has shown that the gut microbiota plays a part in the improvement 

of Th17 cells (Wu et al., 2016). A past report has demonstrated that microbes with 

adhesive properties to intestinal epithelial cells, for instance, Citrobacter rodentium and 

Escherichia coli (EHEC) O157, advance the enrollment of Th17 cells (Atarashi et al., 

2015). 

Host Gatekeeper 

The gut microbiota also combats pathogens. Animals in GF condition are powerless 

to sullying by intestinal pathogens. An anomaly in the mucosal immune system may 

add to this lack of protection. Another instrument against pathogens that deform the 

physical and dietary of the gastrointestinal tract is the colonization of commensal 

microbiota, which neutralizes the colonization of pathogens (O'Hara and Shanahan, 

2006; Sekirov et al., 2010). This framework that actively hinders the interruption of 

pathogens by commensal microorganisms is called a 'colonization obstacle' (Buffie and 

Pamer, 2013). The gut microbiota improves colonization assurance from intestinal 

pathogens by direct and indirect mechanisms of action. Some commensal 

microorganisms truly stifle intestinal pathogens by competing for nutrients or by 

starting the production of inhibitory substances. Bacteroides thetaiotaomicron, which is 

an abundant colonic anaerobe, utilizes starch used by Citrobacter rodentium, which 
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adds to the dismissal of pathogens from the intestinal lumen (Kamada et al., 2012). 

B. thuringiensis secretes bacteriocins that target spore-molding Bacilli and Clostridia, 

for instance, Clostridium difficile (Huang et al., 2016). 

Commensal microbiota and microbial products protect against pathogens indirectly 

by activating immune responses. For instance, lipopolysaccharides and flagellin derived 

from the gut microbiota enhance the expression of antimicrobial peptide and RegIIIγ, 

from epithelial cells by stimulating Toll-like receptor 4+ stromal cells and 

TLR5+CD103+ dendritic cells (Brandl et al., 2008; Kinnebrew et al., 2010). Segmented 

filamentous bacteria (SFB) promote the secretion of IgA from B cells, the production of 

antimicrobial peptides, and the development of Th17 cells in the intestinal mucosa 

(Talham et al., 1999; Ivanov et al., 2009). The gut microbiota plays a central role in the 

pathogenesis of IBD. A number of studies provide varied evidence for gut microbiota 

dysbiosis in IBD patients diverging from healthy controls (Sartor and Wu, 2017; 

Nishino et al., 2018). 

Conclusion 

The population of useful bacteria is reduced in IBD, while the population of 

pathogenetic bacteria appear to grow. While microbiota differ at the phylogenetic level, 

the presence of inflammation is considered the major engine for microbiome changes in 

such diseases. Studies provide the platform for investigating microbiome diversity 

perturbations in diseases with varying etiology as well as plan for therapeutic 

microbiome manipulation, in populations which are unique, displaying a variable 

number of enteric infections and gut autoimmune diseases. 
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