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ABSTRACT 

The investigation into autoimmune conditions, particularly the intricate interplay between the gut 

microbiome and the immune response, has emerged as a critical domain of scholarly scrutiny. This review 

article provides a comprehensive analysis of prevailing views on the role of the gut microbiota in immune 

regulation and the development of autoimmune diseases. We begin this study by explaining the basic 

interactions of gut microorganisms and their relationship with the immune system. We then discuss 

dysbacteriosis and its implications for immune dysfunction, thus understanding the initiation of autoimmune 

reactions. 

Next, we delve into a section examining and reviewing clinical research findings identifying associations 

between differences in gut microbial compositions and various autoimmune diseases such as inflammatory 

bowel disease, rheumatoid arthritis, type 1 diabetes.  

In conclusion, this review addresses the methodological challenges that currently impede progress in this 

field and suggests approaches and plans for future research that may advance our understanding of the 

critical role played by the gut microbiota in the prevention, diagnosis, and treatment of autoimmune 

diseases. The article emphasizes the need to combine strategies to improve patient prognosis in cases of 

autoimmune diseases. 
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INTRODUCTION 

The gastrointestinal (GI) tract has one of the largest interfaces (250–400 m2) in the indivigual body between 

the host, environmental factors, and antigens. During the course of an individual's lifespan, the 

gastrointestinal (GI) tract undertakes the remarkable task of processing a staggering amount of food, 

totaling over 60 tons, while simultaneously contending with a multitude of environmental microbes that 

pose a significant risk to gut integrity. Referred to as the "gut microbiota," this intricate assemblage 

comprises a diverse range of microorganisms, including bacteria, archaea, and eukarya, which have mutually 

evolved with the host over millennia, establishing a highly intricate and mutually beneficial symbiotic 

association. An estimated 10 times as many bacterial cells as human cells and over 100 times the quantity of 

genetic material (microbiome) as the human genome are found in the GI tract, where there are over 1014 

microorganisms. A recently updated study suggests that the ratio of human to bacterial cells may really be 

closer to 1:1. The large number of bacterial cells in the host's body has led to the term "superorganism" being 

used to describe both the microbes and the host itself. The microbiota provides the host with various 

benefits through a range of physiological functions, such as enhancing intestinal integrity or the growth of 

the intestinal epithelium, energy harvesting, defense against infections, and host immunity modulation. 

Disruption of these mechanisms is possible, though, as dysbiosis—a state characterized by altered microbial 

composition—increases the probability. The importance of microbes in a wide range of intestinal and extra-

intestinal disorders has become more evident with the advent of more complicated techniques to detect 

and describe complex ecosystems. The complex network of innate and adaptive components that make up 

the immune system is remarkably capable of reacting to a variety of stimuli. In the presence of microbial and 

environmental interactions, this intricate cellular network collaboratively operates as a powerful controller 

of host balance, facilitating the maintenance and restoration of tissue functionality. The establishment of a 

sophisticated microbiota and the maturation of various branches of the immune system, notably those 

associated with adaptive immunity, provide compelling evidence that a substantial component of this 

system has developed to maintain mutually beneficial relationships with these incredibly varied microbial 

communities. All facets of the immune system are subsequently supported and adjusted by the microbiota 

(1-3). 

In the context of this comprehensive review, we want to provide a deep dive into the present 

comprehension of the relationships between the immune system and gut microbiota, as well as the 

http://www.ijmsdh.org/


Page No. 47-61 International Journal of Medical Science and Dental Health 

WWW.IJMSDH.ORG 49 

  
 

 
 

consequences for autoimmune disorders. We will discuss potential therapeutic treatments and clarify the 

processes by which the gut microbiota influences immunomodulation through an examination of preclinical 

and clinical research findings. The difficulties in studying the gut microbiota will also be covered in this 

review, along with suggestions for future lines of inquiry to further this area of study. 

 Microbiota and Immune System During Development: Insights and Mechanisms 

The relationship that exists throughout the formative stage between the immune system and the microbiota 

In physiological conditions, it is widely accepted that the embryonic gastrointestinal tract remains devoid of 

microbial presence, with the birth canal serving as the initial encounter between commensal 

microorganisms and the immune system. As time progresses, these initial interactions are believed to shape 

both the mucosal and systemic immune systems. It is postulated that certain reactions to commensal 

microbes during this early period may be influenced by constituents present in breast milk; however, the 

precise mechanisms underlying the adaptation of neonatal tissues to the profound stress of microbial 

colonization remain incompletely elucidated. In actuality, colostrum and breast milk contain live bacteria, 

metabolites, IgA, immune cells, and cytokines. Together, these factors influence the microbiota of breastfed 

infants and the host's reaction to these microorganisms. Maternal IgA, for example, binds nutritional and 

microbial antigens to limit immune activation and microbial attachment. Moreover, metabolites, such as 

oligosaccharides, in the mother's milk facilitate the growth of certain microbiota members, such as 

Bifidobacterium. Pregnancy and breastfeeding increase the number of bacteria that translocate from the 

mouse gut, and it has been suggested that bacterium-loaded dendritic cells in breast milk affect the type of 

immunological response that newborns have to commensal antigens, which in turn contributes to immune 

imprinting (3-7).  

The recognition and identification of MAMPs, or conserved microbial associated molecular patterns, 

represent a crucial mechanism by which the host and microbiota establish communication. During neonatal 

development, the innate immune system incorporates these signals in a unique manner to support optimal 

microbial colonization. Notably, neonatal innate cells exhibit distinct responses to microbial ligands 

compared to adult cells, characterized by the differential expression of Toll Like Receptors (TLR) ligands. 

They exhibit increased synthesis of IL-10 and other regulating cytokines, while displaying a remarkable 

reduction in the synthesis of mediators of inflammation such as oxygen radicals. This distinctive behavior is 

partially attributed to the influence of the microbiota itself. Particularly, during early encounters with 
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microbial ligands such as lipopolysaccharide (LPS), The outer membrane of gram-negative bacteria contains 

an endotoxin, gut epithelial cells undergo conditioning that renders them less susceptible to Toll Like 

Receptor (TLR) activation in subsequent interactions. Despite lingering uncertainties regarding the 

integration of microbial signals by the innate immune system, emerging evidence suggests that the 

regulation of commensal-dependent intestinal homeostasis may rely on the expression of specific enzymes 

by epithelial cells, thereby inducing epigenetic modifications (8, 9). 

 

Role of the microbiota in chronic diseases 

According to the concept of the ideal microbiota-host interaction, immunity may grow without jeopardizing 

the host's ability to remain resistant to harmless antigens if stimulatory and regulatory signals were 

balanced. But in westernized countries, antibiotic overuse, dietary changes, and the elimination of chronic 

parasitic infections—like whipworm, hookworm, or roundworm infections— might have chosen a 

microbiome lacking in the resilience required to create a balanced immune response. For example, as late 

as 1940, up to 70% of children in certain rural parts of the United States had helminthic worm infection. 

Additionally, the use of antibiotics and dietary modifications have led to the long-term and occasionally 

severe loss of potentially important human microbiota components. Significant alterations in the microbiota 

and, therefore, the immune system are thought to be a factor in the sharp rise in autoimmune and chronic 

inflammatory diseases observed in affluent nations. In fact, a common theme throughout inflammatory 

disorders appears to be the substantial changes in the resident microbiota from a "healthy" to a 

"pathogenic" state. Each inflammatory disease is linked to distinct genetic and biological pathways. A 

compelling theory suggests that the partly penetrant character of genetic variants linked to several complex 

illnesses stems from the microbiota's requirement for alterations before sickness manifests. This idea has 

the concerning side effect of suggesting that the random acquisition of particular commensal microbes may 

contribute to a person's vulnerability to certain illnesses. It's interesting to see that comparable 

"opportunists" are linked to several illness states. Thus, the cause of autoimmune and inflammatory diseases 

may represent and be significantly influenced by the latest appearance of a specific group of inflammatory 

clades of bacteria. Consequently, certain bacteria may be particularly skilled at living in and contributing to 

inflammation. We'll talk about a variety of illnesses and how the microbiome is related to them below (2, 8, 10). 
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The microbiota's role in autoimmune diseases like IBD 

Gastrointestinal (GI) tract, housing the biggest microbial the population of every pathogen sites in the 

individual body, also serves as a distinctive milieu for a specialized array of immunoregulatory mechanisms. 

These processes function to stop the immune system from being unnecessarily activated against harmless 

antigens, such as those that the microbiota presents. The term "inflammatory bowel disease" (IBD) 

encompasses a spectrum of chronic inflammatory disorders that arise from dysfunctions within these 

interwoven regulatory pathways. The intricate connection between mucosal immune dysfunction and 

inflammatory bowel disease (IBD) is exemplified by the identification of common genetic factors involved 

in preserving epithelial barrier integrity and regulating immune responses. This underscores the complexity 

of understanding this relationship (2, 11-13). Several research investigations have demonstrated the detrimental 

impact of smoking on human health, as well as its role as a risk factor for the onset of several pathological 

states and diseases including autoimmune disorders (14). 

The development of inflammatory bowel disease (IBD) has been consistently linked to major disruptions in 

the makeup of the gut microbiota, underscoring the critical role that the microbiota plays in the 

pathophysiology of disease. Remarkably, a number of investigations have offered strong proof that Crohn's 

disease (CD) and ulcerative colitis (UC) are related to long-lasting changes in the microbial consortiums, 

marked by a move toward a dysbiotic condition and a decrease in the intricacy of the commensal microbiota. 

For instance, both CD and UC exhibit an overgrowth of the phylum Proteobacteria, particularly within the 

Enterobacteriaceae family, mirroring patterns observed during acute mucosal infections. Notably, 

commensals that blur the boundary between commensal and pathogen and are inherently inflammatory 

have been linked to Crohn's disease. For instance, Yersinia, Clostridium difficile, and adherent-invasive E. coli 

are significantly more prevalent in Crohn's disease patients than in healthy persons, and they have been 

demonstrated in some animal models to be important contributors to the illness (15, 16). Known commensals 

like Bacteroides or Helicobacter hepaticus are sufficient to produce colitis. The susceptibility of mice lacking 

IL-10 or IL-10 in combination with TGF-β to the illness is noteworthy. These mice can activate both innate and 

adaptive immune responses upon exposure to harmless food antigens and commensal organisms, thus 

suggesting a theoretical mechanism for their vulnerability, these commensal bacteria have heightened 

inflammatory potential and cause illness. People with Crohn's disease does, in fact, share increased blood 

antibody responses to microbiome-derived antigens. It is simple to see why certain commensal organisms 
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can "bloom" during inflammation given their close relationship to obligatory pathogens; these organisms 

have survival modules that enable them to withstand the extreme conditions of immune activation. In fact, 

commensal E. coli may have a significant growth advantage by employing the immune response's produced 

inflammatory nitric oxides as a source of energy (17, 18). Commensal E. coli is benign under homeostatic 

settings by leveraging food induced bile acids to take over the gut, other organisms like Bilophila Wadsworth 

can cause illness in mice strains that are prone to colitis, offering an insight into how diet can cause IBD due 

to its significant influence on the microbiota. The innate immune system's lack of T-bet causes dendritic cells 

to produce more tumor necrosis factor alpha (TNF-α), which when combined with Treg deficiency results in 

a chronic inflammatory state that alters the microflora's makeup and ultimately causes colorectal cancer. 

It's interesting to note that colitis is also transferred when the microbiota from TRUC mice is given to 

recipients who are wild-type (19, 20). Certain commensal organisms, such Helicobacter typhlonius, Klebsiella 

pneumoniae, and Proteus mirabilis, are more frequently detected in TRUC mice and have the ability to infect 

wild-type mice. Further proof that colitis might become "contagious," at least in lab settings, was 

demonstrated in numerous animal models where aberrant reactions to commensals were brought on by 

innate immune deficits in IL-22 or inflammasome components. Colonic cells devoid of the NLRP6 

inflammasome component show decreased levels of IL-18 and a changed microbiota composition with more 

Bacteroidetes (especially the Prevotellaceae family) and TM7. These mice develop intestinal hyperplasia 

spontaneously following microbial change, making them more vulnerable to chemically induced colitis and 

colon cancer. (8, 21-23). It is worth mentioning that TRUC mice exhibit less severe colitis. However, the colitic 

phenotype can be transferred from TRUC mice to adult or neonatal wild-type mice without innate immune 

deficits through the microbiota. Understanding how viral and dysbiotic microbiota impact human illnesses 

is still an ongoing area of research, but it is of utmost importance in order to gain insights into the recent 

rise in the prevalence of IBD. 

Role of the microbiota in cancer 

The finding that a present of single type of bacterium, Helicobacter pylori, was the cause of stomach ulcers 

and subsequent stomach cancer may have been the first clue that the commensal microbiota might cause 

cancer. The host's reaction to Helicobacter pylori colonization determines the occurrence of chronic 

inflammation and carcinogenesis. This phenomenon extends to other host-microbe interactions and the 

development of malignancies at barrier surfaces like the colon. However, H. pylori is linked to resistance to 

different forms of cancer, emphasizing the functional contextuality of commensal even further. The etiology 
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of intestinal cancer is closely associated with GI tract inflammation, and commensal-driven immune 

activation plays a significant role in this relationship. Notably, there is a correlation between the onset of 

colon cancer and IBD, specifically Crohn's disease. The microbiota has also been connected to liver cancer 

through the production of certain bile acids that harm the DNA in the liver. Numerous investigations have 

endeavored to establish a connection between the disease in mice models of colorectal cancer and signaling 

through innate immune receptors in the GI tract; nevertheless, the outcomes have been inconsistent, 

possibly because of the confounding influence of the microbiota. Microbiota dysbiosis appears to have a 

significant role in deciding whether the immune system helps in the development of cancer or acts as a 

preventative measure. For instance, dysbiosis, which is closely linked to immunological dysfunction, is linked 

to colorectal cancer susceptibility in TRUC and NLRP6 defective mice, who lack a crucial component of the 

inflammasome. Furthermore, the ability of the commensal microbiota to transmit disease susceptibility to 

healthy mice serves as a clear demonstration of the role the microbiota plays in colon cancer (24-26).  

Prevotella is more prevalent in patient microbiomes in humans with colorectal cancer, which is also mildly 

disturbed. Furthermore, certain bacterial strains have been demonstrated to aggravate colorectal cancer in 

mouse models.Microbiota dysbiosis appears to have a significant role in deciding whether the immune 

system helps in the development of cancer or acts as a preventative measure. For instance, dysbiosis, which 

is closely linked to immunological dysfunction, is linked to colorectal cancer susceptibility in TRUC and 

NLRP6 defective mice, who lack a crucial component of the inflammasome. Furthermore, the ability of the 

commensal microbiota to transmit disease susceptibility to healthy mice serves as a clear demonstration of 

the role the microbiota plays in colon cancer.  Prevotella is more prevalent in the microbiome of humans 

with colorectal cancer, which is also mildly disturbed. Furthermore, certain bacterial strains have been 

demonstrated to aggravate colorectal cancer in mouse models. For instance, E. Coli that produces the 

genotoxic island of polyketide synthase can stimulate carcinogenesis in specific models of colon cancer, and 

individuals with colon cancer often have E. Coli that expresses the same gene module. Fusobacteria are a 

phylum of bacteria that are frequently detected living in tumor tissue and play a crucial role in stimulating 

the migration of myeloid cells that promote tumor growth. Tumorigenesis is thought to be largely driven by 

immune cells infiltrating gut cancers due to commensal forces. Research has demonstrated that colonic 

cancers have a weakened mucous layer, making them more vulnerable to Th17 cell infiltration and bacterial 

translocation. Associated to this, persistent colonization with the enterotoxigenic Bacteroides fragilis 

bacterium, which induces Th17, leads to increased carcinogenesis in the animal model of multiple intestinal 
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neoplasia. Consequently, colon cancer may arise from an overreactive immune response against a dysbiotic 

commensal microbiota, much such IBD and stomach cancer. It should be remembered, nevertheless, that 

inflammation brought on by commensals has "double-edged sword" effects on the host. As was previously 

mentioned, in the context of immunotherapy and chemotherapy, the microbiota plays a crucial role in the 

host's ability to regulate the tumor. As a result, the precise composition of the microbiota as well as the 

health of a host immune system play a critical and highly contextual role in the formation and control of 

tumors (27-29).  

Gut Microbiota and Autoimmunity 

It is not unexpected that some microbiome components have been connected to autoimmune diseases, 

considering the gut microbiota's significant impact on both the innate and adaptive immune systems. The 

part that gut bacteria play in GI-related autoimmune illnesses has received a lot of attention. As previously 

mentioned, it is noteworthy that the gut microbiota affects numerous systemic immunological components 

and plays a role that extends beyond the gut immune system. In light of this, current research has also 

uncovered the role that gut bacteria plays in extraintestinal disorders. This article will address the 

involvement of intestinal microbiota in autoimmune diseases that affect organs other than the gut. We 

specifically concentrate on research that demonstrates how modifications to a single microbial species 

and/or worldwide commensal populations can shift the balance between a protective and a pathogenic 

immune response, hence influencing the course of autoimmune disorders. GI-associated autoimmune 

diseases and gut microbiota (10, 30). 

Inflammatory bowel disease (IBD): 

 IBD is an autoimmune disease that mostly affects the gastrointestinal system. It can manifest as ulcerative 

colitis or Crohn's disease. Numerous strong lines of evidence suggest that bacteria are essential to the 

pathophysiology of inflammatory bowel disease. For instance, antibiotic therapy is frequently beneficial for 

both IBD patients and animal models of the disease. Furthermore, there are significant differences in the 

phyla of gut microbiota between individuals with IBD and healthy adults. Crucially, after GF rederivation, 

many IBD animal models either exhibit a milder form of the disease (like the IL-22/2 IBD model) or are 

protected against it (like the IL-102/2 or T-cell receptor a/β2/2 IBD models). This suggests that the normal gut 

microbiota plays a role in the inflammatory state of IBD. Identification of the dysbiosis of certain microbiota 

in IBD patients has advanced recently. IBD patients have been shown to have an excess of proteobacteria 
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and a decrease in Firmicutes and Bacteroides species. Fascinatingly, comparable alterations in the microbial 

communities were discovered in a mouse model of severe colitis, where transgenic CD8+ T lymphocytes that 

attacked the intestinal epithelium were adopted and caused inflammation.69 It is challenging to identify 

host predisposing variables that produce dysbiosis, despite strong data showing dysbiosis in IBD patients 

and animals (31, 32). 

Rheumatoid arthritis (RA). Rheumatoid arthritis (RA) is an inflammatory illness that affects about 1% of 

people worldwide and results in persistent joint inflammation. Given that other autoimmune illnesses, 

including type I diabetes, have concordance rates of approximately 50%, the low concordance rate of 15% for 

RA in monozygotic twins implies that environmental variables are likely to be important in the 

etiopathogenesis of RA.78,79 The bacteria we come into contact with every day are a prime contender as 

environmental causes of RA. Until recently, the majority of attention has been focused on the relationship 

between infectious microbes and disease. However, a dysbiosis of the gut microbial communities has been 

observed in patients with early-stage RA (6 months duration) when compared to patients with fibromyalgia, 

as determined by the 16S rRNA composition of fecal samples. Furthermore, since certain antibiotics (such as 

minocycline and sulfasalazine) are probably altering gut microbiota, their bactericidal activity may be 

connected to the therapeutic benefit of these drugs for a subset of RA patients. Early GF research utilizing 

several RA models revealed that the microbiota had a variable impact on the severity of the disease, ranging 

from augmentation to inhibition (33-38).  

Type 1 diabetes (T1D): T1D is an autoimmune illness caused by T lymphocytes destroying the pancreatic β-

cells that produce insulin. Intestinal Tregs were shown to be significantly lower in T1D patients, indicating a 

potential link between T1D and the gut flora. While many of the autoimmune models previously discussed 

exhibit a milder disease manifestation in the GF environment, T1D clearly defies this "rule," particularly in the 

form of the prototypical spontaneous NOD mouse model. When compared to their SPF counterparts, the 

diabetes incidence of NOD mice in the GF facility is frequently much greater. This fact aligns with the 

conclusion that T1D is more common in nations with strict hygiene regulations. Disease incidence under non-

GF circumstances varies by facility, although it is often higher in the NOD females than males (12, 39, 40).  

Experimental autoimmune encephalomyelitis (EAE): is a widely utilized murine model to study the 

pathogenesis of multiple sclerosis (MS), a chronic inflammatory disease characterized by demyelination of 

the central nervous system (CNS) due to an autoimmune response. Even though EAE is widely recognized 

as a murine model of multiple sclerosis (MS), the pathogenic mechanism of experimental autoimmune 
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encephalomyelitis (EAE) may differ significantly from that of multiple sclerosis (MS) in humans. This 

distinction arises from the fact that EAE is not a spontaneous model and necessitates the utilization of the 

bacterial adjuvant CFA to induce the disease manifestations. Despite these criticisms, the EAE model 

continues to yield useful data, and numerous studies have suggested a role for microbiota in EAE. 

Modification of the gut flora by antibiotics can considerably reduce the severity of the disease. The illness 

phenotype of GF mice induced with EAE was diminished, which is consistent with their decreased production 

of pro-inflammatory cytokines such IL-17. Ultimately, GF mice that were monocolonized with SFB showed 

elevated CNS Th17 cell counts and restored EAE development and progression, indicating a pathogenic role 

for SFB in EAE. On the other hand, certain commensals may be advantageous for the development of EAE. 

The introduction of human commensal Bacteroides fragilis expressing polysaccharide A (PSA) has shown 

efficacy in treating illness. Treatment with B. fragilis resulted in increased Treg cells and CD5+ B cells, which 

correlated with the observed protection (41, 42).  

Microbiota-independent autoimmune disease: There are several exceptions to the general rule that 

autoimmune illnesses are mostly caused by the combination of environmental and hereditary factors. 

Sometimes the development of a disease is solely due to hereditary factors. Therefore, it's crucial to 

remember that, in certain cases, The presence or lack of commensal bacteria has little effect on the severity 

of autoimmune disorders, as demonstrated by autoimmune regulator (Aire) deficient mice. The Aire2/2 

mouse is an animal model of human autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy 

(APECED). Mutations in the Aire protein, a transcriptional regulator essential for the thymus's induction of 

T cell tolerance, result in the polyendocrine autoimmune illness known as APECED (43, 44). 

Future Directions in Gut Microbiota, Challenges and Considerations 

Table 1. Future Directions in Gut Microbiota and Challenges 

Future Directions Challenges and Considerations 

1. Identify specific microbial species associated with 

autoimmune diseases and study their role in disease 

development. 

- Need for large-scale, well-designed studies to 

establish causal relationships between specific 

microbial species and autoimmune diseases. 

2. Investigate the mechanisms by which gut microbiota 

influence immune system function and autoimmune 

disease progression. 

- Complexity of the gut microbiota-immune 

system interaction requires sophisticated 
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computational models that accurately capture 

the dynamic nature of the system. 

3. Explore the potential of modulating gut microbiota 

composition through probiotics, prebiotics, or fecal 

microbiota transplantation as a therapeutic approach 

for autoimmune diseases. 

- Standardization of interventions and optimal 

dosing strategies for consistent therapeutic 

outcomes. 

4. Examine the impact of diet and lifestyle factors on 

gut microbiota composition and its relevance to 

autoimmune diseases. 

- Challenges in accurately capturing and 

quantifying dietary and lifestyle factors due to 

individual variations and self-reporting biases. 

5. Investigate the crosstalk between gut microbiota 

and other organ systems to understand the systemic 

effects of microbial dysbiosis on autoimmune diseases. 

- Integration of multi-omics data from different 

organ systems requires standardized analytical 

pipelines and improved data sharing practices. 

6. Study the role of gut microbiota in the efficacy and 

response to immunomodulatory therapies for 

autoimmune diseases. 

- Challenges in patient recruitment, variability in 

treatment response, and long-term monitoring 

of microbiota dynamics during therapy. 

7. Develop personalized approaches for manipulating 

gut microbiota to prevent or treat autoimmune 

diseases based on individual microbial profiles. 

- Need for robust validation studies to ensure 

the accuracy, reliability, and clinical utility of AI-

driven precision medicine approaches. 

 

CONCLUSION 

In summary, the field of gut microbiota research in autoimmune diseases holds great promise for advancing 

our understanding and developing personalized therapeutic strategies. Despite the complex challenges 

involved, researchers are well-positioned to tackle knowledge gaps and drive the field forward. Future 

prospects include utilizing multi-omics methodologies, conducting longitudinal studies, exploring microbial 

metabolites, developing precision microbiota engineering, conducting clinical trials, establishing microbiota-

centered diagnostics, addressing ethical and regulatory concerns, and promoting translational research. 

These avenues offer exciting opportunities to unravel the intricate interplay between gut microbiota and 

immune dysregulation. 

 

http://www.ijmsdh.org/


Page No. 47-61 International Journal of Medical Science and Dental Health 

WWW.IJMSDH.ORG 58 

  
 

 
 

REFERENCES 

1. Thursby E, Juge N. Introduction to the human gut microbiota. Biochem J. 2017;474(11):1823-36. 

2. Takiishi T, Fenero CIM, Câmara NOS. Intestinal barrier and gut microbiota: Shaping our immune 

responses throughout life. Tissue Barriers. 2017;5(4):e1373208. 

3. Bull MJ, Plummer NT. Part 1: The Human Gut Microbiome in Health and Disease. Integr Med 

(Encinitas). 2014;13(6):17-22. 

4. Jandhyala SM, Talukdar R, Subramanyam C, Vuyyuru H, Sasikala M, Nageshwar Reddy D. Role of the 

normal gut microbiota. World J Gastroenterol. 2015;21(29):8787-803. 

5. Fakharian F, Thirugnanam S, Welsh DA, Kim W-K, Rappaport J, Bittinger K, et al. The Role of Gut 

Dysbiosis in the Loss of Intestinal Immune Cell Functions and Viral Pathogenesis. Microorganisms. 

2023;11(7):1849. 

6. Wiertsema SP, van Bergenhenegouwen J, Garssen J, Knippels LMJ. The Interplay between the Gut 

Microbiome and the Immune System in the Context of Infectious Diseases throughout Life and the Role of 

Nutrition in Optimizing Treatment Strategies. Nutrients. 2021;13(3). 

7. Zheng D, Liwinski T, Elinav E. Interaction between microbiota and immunity in health and disease. 

Cell Res. 2020;30(6):492-506. 

8. Belkaid Y, Hand TW. Role of the microbiota in immunity and inflammation. Cell. 2014;157(1):121-41. 

9. Chu H, Mazmanian SK. Innate immune recognition of the microbiota promotes host-microbial 

symbiosis. Nat Immunol. 2013;14(7):668-75. 

10. Wu HJ, Wu E. The role of gut microbiota in immune homeostasis and autoimmunity. Gut Microbes. 

2012;3(1):4-14. 

11. Belkaid Y, Naik S. Compartmentalized and systemic control of tissue immunity by commensals. Nat 

Immunol. 2013;14(7):646-53. 

12. Portincasa P, Bonfrate L, Vacca M, De Angelis M, Farella I, Lanza E, et al. Gut Microbiota and Short 

Chain Fatty Acids: Implications in Glucose Homeostasis. Int J Mol Sci. 2022;23(3). 

13. Lin L, Zhang J. Role of intestinal microbiota and metabolites on gut homeostasis and human diseases. 

BMC Immunology. 2017;18(1):2. 

14. Mohammed ZJ, Sharba MM, Mohammed AA. THE EFFECT OF CIGARETTE SMOKING ON 

HAEMATOLOGICAL PARAMETERS IN HEALTHY COLLEGE STUDENTS IN THE CAPITAL, BAGHDAD. European 

Journal of Molecular & Clinical Medicine  

http://www.ijmsdh.org/


Page No. 47-61 International Journal of Medical Science and Dental Health 

WWW.IJMSDH.ORG 59 

  
 

 
 

15. Hold GL, Smith M, Grange C, Watt ER, El-Omar EM, Mukhopadhya I. Role of the gut microbiota in 

inflammatory bowel disease pathogenesis: what have we learnt in the past 10 years? World J Gastroenterol. 

2014;20(5):1192-210. 

16. Khan I, Ullah N, Zha L, Bai Y, Khan A, Zhao T, et al. Alteration of Gut Microbiota in Inflammatory Bowel 

Disease (IBD): Cause or Consequence? IBD Treatment Targeting the Gut Microbiome. Pathogens. 2019;8(3). 

17. Chen Y, Cui W, Li X, Yang H. Interaction Between Commensal Bacteria, Immune Response and the 

Intestinal Barrier in Inflammatory Bowel Disease. Front Immunol. 2021;12:761981. 

18. Saez A, Herrero-Fernandez B, Gomez-Bris R, Sánchez-Martinez H, Gonzalez-Granado JM. 

Pathophysiology of Inflammatory Bowel Disease: Innate Immune System. International Journal of Molecular 

Sciences. 2023;24(2):1526. 

19. Escribano-Vazquez U, Verstraeten S, Martin R, Chain F, Langella P, Thomas M, et al. The commensal 

Escherichia coli CEC15 reinforces intestinal defences in gnotobiotic mice and is protective in a chronic colitis 

mouse model. Sci Rep. 2019;9(1):11431. 

20. Ju T, Bourrie BCT, Forgie AJ, Pepin DM, Tollenaar S, Sergi CM, et al. The Gut Commensal Escherichia 

coli Aggravates High-Fat-Diet-Induced Obesity and Insulin Resistance in Mice. Appl Environ Microbiol. 

2023;89(3):e0162822. 

21. Abt M, Lewis B, Caballero S, Xiong H, Carter R, Sušac B, et al. Innate Immune Defenses Mediated by 

Two ILC Subsets Are Critical for Protection against Acute Clostridium difficile Infection. Cell host & microbe. 

2015;18:27-37. 

22. Al-Karawi AS, Rasool KH, Atoom AM, Kadhim AS. Correlation between H. pylori infection and serum 

levels of inflammatory markers: A retrospective study. Al-Salam Journal for Medical Science. 2023;2(2):20-4. 

23. Kadhim AS, Al-Karawi AS. Insights into the Pathogenesis, Virulence Factors, and Diagnosis of 

Helicobacter pylori: A Comprehensive Review. American Journal of Bioscience and Bioinformatics. 

2023;2(1):31-7. 

24. Ahmed N. 23 years of the discovery of Helicobacter pylori: is the debate over? Ann Clin Microbiol 

Antimicrob. 2005;4:17. 

25. Sheh A, Fox JG. The role of the gastrointestinal microbiome in Helicobacter pylori pathogenesis. Gut 

Microbes. 2013;4(6):505-31. 

26. Tawfik SA, Azab M, Ramadan M, Shabayek S, Abdellah A, Al Thagfan SS, et al. The Eradication of 

Helicobacter pylori Was Significantly Associated with Compositional Patterns of Orointestinal Axis 

Microbiota. Pathogens. 2023;12(6):832. 

http://www.ijmsdh.org/


Page No. 47-61 International Journal of Medical Science and Dental Health 

WWW.IJMSDH.ORG 60 

  
 

 
 

27. Lo CH, Wu DC, Jao SW, Wu CC, Lin CY, Chuang CH, et al. Enrichment of Prevotella intermedia in human 

colorectal cancer and its additive effects with Fusobacterium nucleatum on the malignant transformation 

of colorectal adenomas. J Biomed Sci. 2022;29(1):88. 

28. Huh JW, Kim MJ, Kim J, Lee HG, Ryoo SB, Ku JL, et al. Enterotypical Prevotella and three novel 

bacterial biomarkers in preoperative stool predict the clinical outcome of colorectal cancer. Microbiome. 

2022;10(1):203. 

29. Zhuang Y-P, Zhou H-L, Chen H-B, Zheng M-Y, Liang Y-W, Gu Y-T, et al. Gut microbiota interactions with 

antitumor immunity in colorectal cancer: From understanding to application. Biomedicine & 

Pharmacotherapy. 2023;165:115040. 

30. Xu H, Liu M, Cao J, Li X, Fan D, Xia Y, et al. The Dynamic Interplay between the Gut Microbiota and 

Autoimmune Diseases. J Immunol Res. 2019;2019:7546047. 

31. Hendrickson BA, Gokhale R, Cho JH. Clinical aspects and pathophysiology of inflammatory bowel 

disease. Clin Microbiol Rev. 2002;15(1):79-94. 

32. Ramos GP, Papadakis KA. Mechanisms of Disease: Inflammatory Bowel Diseases. Mayo Clin Proc. 

2019;94(1):155-65. 

33. Al-Karawi AS, Alawssi YF, Khadhum MK. Immunological Insights into Rheumatoid Arthritis: A 

Comprehensive Review of Diagnosis and Assessment Approaches. African Journal of Advanced Pure and 

Applied Sciences (AJAPAS). 2023:151-9. 

34. Conforti A, Di Cola I, Pavlych V, Ruscitti P, Berardicurti O, Ursini F, et al. Beyond the joints, the extra-

articular manifestations in rheumatoid arthritis. Autoimmunity reviews. 2021;20(2):102735. 

35. Okada Y, Eyre S, Suzuki A, Kochi Y, Yamamoto K. Genetics of rheumatoid arthritis: 2018 status. Annals 

of the rheumatic diseases. 2019;78(4):446-53. 

36. Gulati M, Farah Z, Mouyis M. Clinical features of rheumatoid arthritis. Medicine. 2018;46(4):211-5. 

37. Bullock J, Rizvi SAA, Saleh AM, Ahmed SS, Do DP, Ansari RA, et al. Rheumatoid Arthritis: A Brief 

Overview of the Treatment. Med Princ Pract. 2018;27(6):501-7. 

38. McInnes IB, Schett G. The pathogenesis of rheumatoid arthritis. New England Journal of Medicine. 

2011;365(23):2205-19. 

39. Roep BO, Thomaidou S, van Tienhoven R, Zaldumbide A. Type 1 diabetes mellitus as a disease of the 

β-cell (do not blame the immune system?). Nat Rev Endocrinol. 2021;17(3):150-61. 

40. Houeiss P, Luce S, Boitard C. Environmental Triggering of Type 1 Diabetes Autoimmunity. Front 

Endocrinol (Lausanne). 2022;13:933965. 

http://www.ijmsdh.org/


Page No. 47-61 International Journal of Medical Science and Dental Health 

WWW.IJMSDH.ORG 61 

  
 

 
 

41. Constantinescu CS, Farooqi N, O'Brien K, Gran B. Experimental autoimmune encephalomyelitis (EAE) 

as a model for multiple sclerosis (MS). Br J Pharmacol. 2011;164(4):1079-106. 

42. Robinson AP, Harp CT, Noronha A, Miller SD. The experimental autoimmune encephalomyelitis (EAE) 

model of MS: utility for understanding disease pathophysiology and treatment. Handb Clin Neurol. 

2014;122:173-89. 

43. Schmidt CW. Questions persist: environmental factors in autoimmune disease. Environ Health 

Perspect. 2011;119(6):A249-53. 

44. Jörg S, Grohme DA, Erzler M, Binsfeld M, Haghikia A, Müller DN, et al. Environmental factors in 

autoimmune diseases and their role in multiple sclerosis. Cell Mol Life Sci. 2016;73(24):4611-22. 

 

http://www.ijmsdh.org/

