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ABSTRACT 

The gut-immune axis refers to the reciprocal interaction between the gut bacteria 

and the immune system. The dynamic interaction discussed here is a significant 

factor in determining one's overall health, since it has an impact on various 

aspects such as immunological responses, inflammation, and the preservation of 

gut homeostasis. The objective of this study is to elucidate the intricate 

relationship between microbial prevalence and important factors, so providing 

insights into potential consequences for immune responses. A cross-sectional 

study involved 80 consenting Iraqi people aged 18–65. Feces and blood were 

carefully collected and processed for microbiota and immune response studies. 

The poll was pilot-tested for clarity and cultural fit. Safely transported samples 

by cold chain. Immune markers were measured with ELISA kits. Data analysis 

was done using SPSS Version 25.0 and chi-square and p-value testing. The study 

found significant correlations between gut microbiota prevalence and 

demographics. As people aged, Lactobacillus and Bifidobacterium decreased 

and Colistriduim and E. coli increased. Lactobacillus and E. coli prevalence 

differed by gender. All tested individuals' microbiota was influenced by their 

place of residence, showing urban and rural differences. Microbe incidence was 

significantly correlated with education and income. Diet and smoking greatly 

affected microbial profiles. The study also found links between gut microbiota, 

interleukins, and T and B cells. This study illuminates the intricate interaction 

between gut microbiota and numerous variables in Iraqi adults. Lifestyle and 

demographic characteristics may affect microbial composition and 

immunological responses, as shown by the relationships. 

 

INTRODUCTION 

 

The gut microbiota encompasses a heterogeneous assemblage of microorganisms, comprising 

bacteria, viruses, and fungi, which inhabit the gastrointestinal system. The intricate ecosystem 

serves a crucial function in upholding human well-being (Wang et al., 2021). The process of 

digestion is facilitated by this substance, which also plays a crucial role in the absorption of 

nutrients and the synthesis of vital vitamins (Chang & Martinez-Guryn, 2019). It also helps the 

immune system fight pathogens and avoid chronic diseases. The gut flora produces short-chain 

fatty acids and regulates metabolism and weight (van der Hee & Wells, 2021; Segal et al., 2020). 
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Gut Microbiota Composition: 

The gut microbiota in adult humans has an aggregate weight of approximately 1.5-2 kg. The 

makeup of the microbiota exhibits inter-individual variability, primarily consisting of two 

prominent bacterial phyla, namely Firmicutes and Bacteroidetes. However, it also encompasses 

additional phyla such as Proteobacteria, Actinobacteria, and various others (Banaszak et al., 

2023; Bhargava et al., 2022). The makeup of the gut microbiota is influenced by multiple 

variables. The function of nutrition is of utmost importance, since high-fiber diets have been 

found to facilitate the promotion of microbial diversity and a well-balanced microbiota, whereas 

excessive intake of processed foods has been associated with the occurrence of dysbiosis 

(Martinez et al., 2021). The role of genetics is also influential in shaping an individual's 

propensity to specific microbial profiles. The makeup of microbiota can be influenced by factors 

such as the use of antibiotics, adherence to cleanliness measures, and the geographical location. 

Moreover, it has been demonstrated that lifestyle factors, including stress levels, sleep patterns, 

and levels of physical activity, exert an influence on the composition and functioning of the gut 

microbiota (Zhang et al., 2021; Lobionda et al., 2019). 

The Immune System and Gut Health: 

The immune system assumes a crucial role in the preservation of gut health through its 

regulation of the intricate equilibrium between the acceptance of helpful gut microorganisms and 

the protection against detrimental infections. The gut is under constant surveillance by 

specialized immune cells, including gut-associated lymphoid tissue (GALT) (Croese et al., 2021; 

Mörbe et al., 2021). The immune system plays a dual function within the gastrointestinal tract, 

encompassing both protective mechanisms against foreign pathogens and the facilitation of 

symbiotic relationships with indigenous gut microbiota (Yamamoto & Aizawa, 2021). The 

maintenance of a dynamic equilibrium serves to protect the gastrointestinal tract from infections, 

while also providing support for good bacteria. The interaction between various factors is crucial 

for maintaining a healthy gastrointestinal tract and promoting effective immune system 

functioning. This interplay serves to protect against chronic inflammation, autoimmune 

reactions, and the invasion of harmful pathogens, while also fostering a mutually beneficial 

connection with the microbiota (Nikolenko et al., 2021; Wiertsema et al., 2021). 

Immune responses and their impact on microbial composition: 

The immune responses within the gastrointestinal tract exert a significant influence on the 

composition of the gut microbiota, and this reciprocal relationship plays a pivotal role in 

sustaining a well-balanced and mutually beneficial microbial community. Immunoglobulin A 

(IgA), an essential constituent of the mucosal immune system, assumes a pivotal function in 

modulating the microbiota. The substance forms a protective layer on the bacterial surfaces, 

inhibiting their ability to attach to the lining of the gastrointestinal tract and thereby restricting 

the proliferation of specific bacterial species (Espirito Santo et al., 2021). When infections are 

present, the immune system initiates inflammatory responses that are characterized by the 

release of proinflammatory cytokines and the recruitment of immune cells in order to remove the 

invading pathogens (Al-Banna et al., 2018). Regulatory T cells, also known as Tregs, play a 

crucial role in the maintenance of immunological tolerance. These mechanisms serve to inhibit 

exaggerated immune responses towards commensal microorganisms, so facilitating the 

proliferation of beneficial germs while preventing detrimental immunological reactions (Okeke 

& Uzonna, 2019). 

Gut Microbiota Dysbiosis: 

Gut microbiota dysbiosis refers to the perturbation or disturbance in the structure and operation 

of the microbial population inhabiting the gastrointestinal system (Das & Nair, 2019). Multiple 
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causes can contribute to this condition, such as alterations in eating patterns, the utilization of 

antibiotics, persistent stress, infections, and genetic predispositions. Modified dietary patterns, 

namely those characterized by reduced fiber content and elevated sugar intake, have the potential 

to induce a decline in advantageous microbial populations and a concurrent rise in potentially 

detrimental microorganisms (Pushpanathan et al., 2019; Pulikkan et al., 2019). The 

administration of antibiotics has the potential to perturb the composition of the gut microbiota by 

indiscriminately eradicating both beneficial and pathogenic bacteria (Yamamoto & Aizawa, 

2021). The gut-brain axis is a bidirectional communication system between the central nervous 

system and the gastrointestinal tract. Chronic stress has been found to have an impact on the 

makeup of the gut microbiota (Lobionda et al., 2019). Dysbiosis has the potential to initiate a 

series of immune-related complications. First and foremost, the disturbance in microbial 

composition frequently elicits chronic inflammation in the gastrointestinal tract, hence 

potentially activating the immune system. The chronic nature of this inflammation might give 

rise to systemic consequences, hence playing a role in the development of several diseases 

(Vijay & Valdes, 2022; Torun et al., 2021). Moreover, dysbiosis has the potential to undermine 

immunological tolerance, so eliciting improper immune reactions towards self-tissues and 

potentially culminating in the development of autoimmune disorders (Mousa et al., 2022). On 

the other hand, the gut microbiota plays a role in instructing and regulating the immune system. 

The condition of dysbiosis can disturb the intricate balance within the body, which may result in 

immunological dysregulation (Zhang et al., 2021). 

Previous studies have demonstrated a decline in the richness of the gut microbiota, which is 

frequently associated with a drop in advantageous bacterial strains such as Bifidobacterium and 

Lactobacillus species. The alterations mentioned above have been linked to dietary 

modifications in Iraq, which involve a rise in the consumption of processed foods and a decrease 

in fiber intake. These changes have been found to contribute to dysbiosis (Bhargava et al., 2022; 

Martinez et al., 2021). 

Host immune response: 

Pathogens are fought by the immune system's vast network of cells, tissues, and chemicals. It is 

innate and adaptable. Innate immune systems defend against a wide spectrum of invaders 

quickly and nonspecifically (Banaszak et al., 2023), while adaptive immune systems produce 

particular antibodies and immunological memory for long-term protection (Bhargava et al., 

2022). Genetic, environmental, and age-related immune system variations exist. Due to genetic 

variances in immune responses, certain people are more susceptible to particular diseases. 

Environmental factors including food and infections affect immune system function. Immune 

responses vary in children, adults, and the elderly due to age-related immune system alterations 

(Martinez et al., 2021; Zhang et al., 2021). 

Variations in immune responses affect gut health. Genetic and environmental variables affecting 

immune function can affect gut microbial balance. These variants can affect infection risk, 

pathogen control, and gut microbiota responses to diet and environment (Lobionda et al., 2019). 

Interaction between Gut Microbiota and Host Immune Response: 

The dynamic and complicated link between microbial makeup and immune response is of 

crucial importance to overall health. The gut microbiota plays a significant role in the 

modulation of the immune system, and conversely, the immune system influences the 

composition and function of the gut microbiota (Segal et al., 2020; Vijay & Valdes, 2022). The 

microbiota plays a crucial role in providing an antigenic stimulus that serves to educate and train 

the immune system in differentiating between benign commensal microorganisms and dangerous 

infections (Torun et al., 2021). The immune cells consistently surveil the gastrointestinal tract in 
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order to sustain immunological tolerance towards the indigenous microorganisms, while also 

being alert to potential intruders. The immune system, in a reciprocal manner, exerts control 

over the composition of the gut microbiota through the secretion of immunoglobulins such as 

IgA. This immunoglobulin has the capacity to impact the prevalence of particular bacterial 

species (Mousa et al., 2022).  

Gut microbiota composition and Immune Dysregulation link to diseases: 

The correlation between the composition of the gut microbiota and many diseases has been 

shown, highlighting its significant influence on human health. Dysbiosis has been linked to 

gastrointestinal illnesses such as irritable bowel syndrome (IBS) and inflammatory bowel 

disease (IBD) (Zhang et al., 2021). Moreover, there is evidence suggesting that changes in the 

composition of the gastrointestinal microbiota are associated with metabolic disorders such as 

obesity and type 2 diabetes, as it exerts an impact on energy metabolism and the assimilation of 

nutrients (Mousa et al., 2022; Zhang et al., 2021). The control of the immune system by the gut 

microbiota signifies that dysbiosis has the potential to contribute to the development of 

autoimmune disorders. In several pathological states such as rheumatoid arthritis, multiple 

sclerosis, and lupus, the presence of immunological dysregulation serves as a catalyst for 

persistent inflammation and subsequent tissue damage (Torun et al., 2021). On the other hand, a 

compromised immune response can facilitate the uncontrolled progression of diseases, such as 

HIV and specific types of malignancies. Furthermore, immunological dysregulation has been 

identified as a potential factor in the pathogenesis of various conditions, including allergies, 

asthma, and metabolic disorders such as diabetes (Vijay & Valdes, 2022; Zhang et al., 2021). 

This study examines the microbial makeup of adult Iraqis to determine if their gut microbiota 

patterns differ. Second, we want to study the host immunological response in a consistent 

population to understand this group's immune processes. Finally, we aim to understand the 

complicated links between gut microbiota diversity and immunological responses in adult Iraqis. 

METHODOLOGY  

 

The present work utilizes a meticulous observational cross-sectional study design to thoroughly 

examine the complex association between gut microbiota and the immune system in a varied 

group of Iraqi adults.  The study involved a sample of 80 Iraqi adults for the purpose of 

assessing this correlation. 

Inclusion and Exclusion criteria: 

Individuals must be 18–65, which includes Iraqi adults, to be eligible. The applicants must be 

Iraqi residents and represent the country's diverse geography and ethnicity. People must give 

informed consent to participate in the research, understanding its goals and methods. Physical 

health and cognitive aptitude are essential for understanding and answering survey questions.  

Dietary patterns, lifestyles, and medical backgrounds are purposely broad to include many 

aspects that may affect gut microbiota and immune response. Exclusion of individuals from 

participation will be implemented in cases where their age falls outside the designated range of 

18 to 65 years. Since the study's major goal is to study gut microbiota-immune system 

interactions in Iraqi adults, non-Iraqis will be excluded. In addition, people with cognitive 

disorders or other barriers to informed consent will be excluded. People with medical issues that 

might prevent them from participating will be removed from the study to improve data collection 

and integrity. This study will also exclude participants with physical limitations that prevent 

them from following sample collection protocols. This study uses a carefully designed survey 

instrument to collect data on various parameters that may affect gut flora and immune response. 

Demographic factors including age, gender, and location are included. lifestyle issues include 
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smoking and supplement use. The survey will be pilot tested with a small number of participants 

to ensure clarity, relevance, and cultural appropriateness. Based on valuable feedback, 

adjustments will be made. Fecal samples will be collected and stored at -80°C to study the 

microbiota. A cold chain system will convey these samples to the lab safely, where microbiota 

will be examined. 

In parallel, trained phlebotomists will collect blood samples, which will then undergo processing 

to extract serum and plasma. Subsequently, these samples will be subjected to analysis utilizing 

enzyme-linked immunosorbent assay (ELISA) kits to measure essential immune response 

markers (IL6, IL8, IL10) and identify immune cell types (T cells, B cells). The correctness and 

reliability of the immune response data can be ensured through the rigorous implementation of 

standardized laboratory processes and the implementation of strong quality control measures. 

The collected data, encompassing demographics, food patterns, lifestyle characteristics, and 

medical history, will be subjected to thorough statistical analysis in order to investigate potential 

correlations between gut microbiota composition and immune response markers. The suitable 

statistical tests such as chi-square, t-tests, and regression will be applied.  To assess the data, we 

employed Student's Chi-square test, taking into account statistical significance at P ≤ 0.05. The 

data analysis was performed with the SPSS Version 25.0 program. 

RESULTS AND DISCUSSION 

 

Correlation between age and different gut-microbiota prevalence:  

The findings in table 1 reveal intricate trends in microbial makeup across different age groups.  

There is a greater occurrence of Lactobacillus and Bifidobacterium in individuals aged 18-30, 

with a steady decline observed as age increases. In contrast, it is observed that Colistridium has a 

divergent trend, characterized by a greater incidence among individuals in the older adult 

population (specifically, the 51-60 age group). Of particular significance is the observed 

prevalence of Escherichia coli (E. coli), which exhibits a compelling upward trend in association 

with advancing age. The statistical studies done demonstrate significant relationships, as 

evidenced by p-values ranging from 0.00009 to less than 0.00001.  

Table 1: Gut microbiota correlation to age. 

 18-30 31-50 51-60 P-value 

lactobacillus 
High 13 7 3 

0.00009 
Low 8 16 33 

Bifidobacterium 
High 14 10 7 

0.001691 
Low 7 13 29 

Colistriduim 
High 9 15 30 

0.00068 
Low 12 8 6 

E.Coli 
High 7 20 34 

<0.00001 
Low 14 3 2 

 

Different gut-microbiota prevalence correlation to gender: 

The study found a gender gap in Lactobacillus prevalence, with females having higher levels for 

high prevalence and males for low prevalence. The exceptionally low p-value (<0.00001) 

suggests a strong link between gender and Lactobacillus prevalence. Bifidobacterium is more 

common to be low in men and its high prevalence is observed in females, with a statistically 

significant p-value of 0.022992. No gender-related differences are seen in Colistriduim 

prevalence (p-value = 0.775246). E. coli has a gender-associated pattern, with high levels being 

more common in men and low levels in women. The low p-value of 0.000836 shows a gender-E. 

Coli prevalence association as demonstrated in table 2. 
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Table 2: Gender and gut microbiota correlation. 

 Male Female P-value 

lactobacillus 
High 5 18 

<0.00001 
Low 46 11 

Bifidobacterium 
High 15 16 

0.022992 
Low 36 13 

Colistriduim 
High 35 19 

0.775246 
Low 16 10 

E.Coli 
High 45 16 

0.000836 
Low 6 13 

Different gut-microbiota prevalence correlation to residence: 

Table 3 shows that lactobacillus levels are higher in rural people for high prevalence and urban 

residents for low prevalence, also significance is found (p-value 0.000105). Bifidobacterium is 

in the same vein like lactobacillus (P value 0.000326). Colistriduim and E. coli prevalence differ 

between rural and urban inhabitants, with greater urban prevalence and lower rural prevalence. 

The low p-value of (0.000363, 0.0000148) shows a strong prevalence and residence connection.  

Table 3: Gut microbiota and residence association. 

 Rural Urban P-value 

lactobacillus 
High 14 9 

0.000105 
Low 9 45 

Bifidobacterium 
High 16 15 

0.000326 
Low 7 42 

Colistriduim 
High 5 49 

0.000363 
Low 18 8 

E.Coli 
High 11 50 

0.0000148 
Low 12 7 

 

Different gut-microbiota prevalence correlation to education level: 

Education level and Lactobacillus prevalence are substantially correlated (p=0.001347). 

Education level is significantly correlated with Bifidobacterium prevalence (p-value 0.000642). 

Colistriduim prevalence also varies by education level, with high prevalence in primary school 

graduates and low prevalence in secondary and university graduates. The low p-value of 

0.000166 indicates a substantial link between education and Colistriduim prevalence. High 

levels of E. coli are more common in people with primary education, while low levels are the 

opposite. The extremely low p-value of 0.000011 shows a strong association between education 

and E. coli prevalence as table 4 illustrates. 

Table 4: Education and gut microbiota correlation. 

 Primary Secondary University P-value 

lactobacillus 
High 6 13 5 

0.001347 
Low 40 12 4 

Bifidobacterium 
High 11 12 8 

0.000642 
Low 35 13 1 

Colistriduim 
High 39 13 2 

0.000166 
Low 7 12 7 

E.Coli 
High 43 14 4 

0.000011 
Low 3 11 5 
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Different gut-microbiota prevalence correlation to income level: 

Table 5 show that increased income correlates with increased Lactobacillus and Bifidobacterium 

prevalence. The 0.000753 and 0.000023 p-values show a strong link between income and their 

prevalence. Income also affects Colistriduim and E.Coli prevalence. Income is significantly 

correlated with Colistriduim prevalence (p=0.000135). The 0.000013 p-value shows a strong 

association between income and E. Coli prevalence. 

Table 5: correlation between income level and gut microbiota prevalence 

 Poor Moderate High P-value 

lactobacillus 
High 3 8 12 

0.000753 
Low 33 13 11 

Bifidobacterium 
High 4 12 15 

0.000023 
Low 32 9 8 

Colistriduim 
High 33 11 10 

0.000135 
Low 3 10 13 

E.Coli 
High 36 15 11 

0.000013 
Low 0 7 12 

 

Different gut-microbiota prevalence correlation to daily diet: 

The incidence of Lactobacillus is lowest in meat eaters and highest in vegetarians ( p-value 

o0.00335). Vegetarians have the highest Bifidobacterium prevalence, while meat-eaters have the 

lowest (p-value of 0.000016). Colistriduim prevalence is higher in meat-eaters and lowest in 

vegetarians (p=0.0002419). E. coli prevalence is highest in meat eaters and lowest in 

vegetarians. An exceptionally low p-value of <0.00001 indicates a strong association between 

daily diet and E. coli prevalence as table 6 elucidate. 

Table 6: Daily diet association with gut microbiota. 

 Vegetarian Omnivorous Meateraian P-value 

lactobacillus 
High 10 8 5 

0.00335 
Low 7 19 31 

Bifidobacterium 
High 12 15 4 

0.000016 
Low 5 12 32 

Colistriduim 
High 6 19 29 

0.0002419 
Low 11 8 7 

E.Coli 
High 8 20 33 

<0.00001 
Low 19 7 3 

 

Different gut-microbiota prevalence correlation to life style habits: 

Table 7 shows that Lactobacillus prevalence is statistically different between supplement users 

and non-users, with a p-value of 0.005221. Similarly, Bifidobacterium prevalence is 

significantly affected by dietary supplement use (p-value 0.01402). Colistriduim prevalence is 

correlated with dietary supplement use (p=0.00392). E. Coli prevalence differ by dietary 

supplement use, with a p-value of 0.000348. Smokers have a much lower prevalence of 

Lactobacillus and Bifidoacteruim than non-smokers, as shown by the highly significant p-value 

of less than 0.00001. Smokers have higher levels of colonitriduim and E. coli than non-smokers. 

The p-value of 0.000119 and <0.00001 implies that smoking increases Colistriduim and E. coli 

prevalence. 

Table 7: dietary supplements and smoking relation to gut microbiota prevalence. 
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Dietary supplements Smoking 

Yes No Yes No 

lactobacillus 

High 18 5 5 18 

Low 
15 32 49 8 

P-Value  0.005221 P-Value <0.00001 

Bifidobacterium 

High 22 9 11 20 

Low 
21 28 43 6 

P-Value 0.01402 P-Value   <0.00001 

Colistriduim 

High 23 31 44 10 

Low 
20 6 10 16 

P-Value 0.00392 P-Value 0.000119 

E.Coli 

High 26 35 50 11 

Low 
17 2 4 15 

P-Value 0.000348 P-Value  <0.00001 

 

Correlation with different gut-microbiota prevalence and interleukins levels: 

Table 8 shows how gut microbiota prevalence affects interleukin levels (IL6, IL8, and IL10) in 

subjects. High Lactobacillus concentrations affect interleukin levels.  

Results show a substantial connection between Lactobacillus prevalence and higher IL6 and 

lower IL10 levels (P < 0.00001). IL8 levels are significantly associated with normal 

Lactobacillus presence (P = 0.000326) .In Bifidobacterium, greater abundance is linked to 

different interleukin levels. High Bifidobacterium levels raise normal IL6 (P = 0.000088), IL8 (P 

= 0.000023), and decreased levels of IL10 (P = 0.000129). An association exists between 

Clostridium levels and significant changes in IL6 (P = 0.000554) and IL10 (P < 0.00001) levels. 

Escherichia coli levels correlate with interleukin levels. High levels of E. coli are strongly 

correlated with changed levels of IL6, IL8, and IL10, all with p-values below 0.00001. 

Table 8: Interleukins association with gut microbiota prevalence. 

 

IL6 IL8 IL10 

Normal 
> 

Normal 
Normal 

> 

Normal 
Normal < Normal 

lactobacillus 

High 18 5 16 7 20 3 

Low 
10 47 15 42 13 44 

P – Value <0.00001 P – Value 0.000326 P – Value <0.00001 

Bifidobacterium 

High 19 12 21 10 21 10 

Low 
9 40 10 39 12 37 

P – Value 0.000088 P – Value 0.000023 P – Value 0.000129 

Colistriduim 

High 12 42 17 37 12 42 

Low 16 10 18 12 21 5 

 P – Value0.000554 P – Value 0.011074 P – Value  <0.00001 

E.Coli 

High 13 48 14 47 15 46 

Low 

15 4 17 2 18 1 

P – Value < 0.00001 
P – Value < 

0.00001 
P – Value < 0.00001 

 

Correlation of different gut-microbiota prevalence and antibodies levels: 

High levels of Lactobacillus are linked to normal Treg cells  and B lymphocytes cell populations 

(P < 0.00001).A substantial link (P < 0.00001) exists between high Bifidobacterium levels and 

normal T and B cells (P = 0.001245).The results found strong correlations between Clostridium 
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levels and T and B cell changes (P = 0.000265 for T cells, and P < 0.00001 for B cells). E. coli 

significantly affects T and B cell levels (P = 0.001906 for T cells, P = 0.000836 for B cells). As 

table 9 illustrates. 

Table 9: antibodies levels and gut microbiota prevalence. 

 Treg Cells B lymphocytes Cells 

≥Normal  < Normal Normal > Normal 

lactobacillus High 17 6 21 2 

Low 10 47 8 49 

P – Value < 0.00001 P – Value < 0.00001 

Bifidobacterium High 22 9 18 13 

Low 5 44 11 38 

P – Value < 0.00001 P – Value  0.001245 

Colistriduim High 11 43 10 44 

low 16 10 19 7 

P – Value  0.000265 P – Value < 0.00001 

E.Coli High 15 46 16 45 

Low 12 7 13 6 

P – Value   0.001906 P – Value  0.000836 

 

Health self-assessment of participants: 

Tale 10 demonstrates that few people self-reported "excellent" (8.75%) or "very good" (12.5%) 

health. A percentage of respondents rated their health as "good" (13.75%), "fair" 27.5%), or 

"poor" (37.5%). Subjective health evaluations can reveal individuals' health views and match 

them to gut microbiota composition and immunological responses. Some participants (12.5%) 

reported no sick days, while others reported 1-10 (22.5%), 11-20 (37.5%), and more than 20 

(27.5%) sick days in the past year. 

Table 10: Self-assessment of health of the participants. 

  No. % 

Overall health 

Excellent 7 8.75% 

Very good 10 12.5% 

Good 11 13.75% 

Fair 22 27.5% 

Poor 30 37.5% 

Sick days last 

year 

0 days 10 12.5% 

1-10 18 22.5% 

11-20 30 37.5% 

More than 20 22 27.5% 

 

Discussion: 

The intricate relationship between gut microbiota and the immune system in Iraqi adults is 

elucidated in this discussion. The findings suggest links between demographics, lifestyle, and 

immune responses. Age-related microbial composition variations, gender differences, and 

urbanization are significant. This discussion also analyzes how education and poverty affect gut 

microbiome. The data show how the gut and immune systems interact in Iraq.  

This study found a substantial correlation between age and gut microbiome. Lactobacillus and 

Bifidobacterium are more common in 18-30-year-olds and decrease with age. Clostridium and E. 

coli have different trends, with older adults having a higher prevalence. This investigation 
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confirms prior findings that age increases Clostridium and E. coli prevalence (Tuomisto et al., 

2019). A comprehensive review paper supports age-related gut microbiome alterations, and our 

study supports this. The study found that Bifidobacterium and Lactobacillus are common in 

young adults but decrease with age (Chandra et al., 2023). 

This study found a gender-related connection between Lactobacillus, Bifidobacterium, and E. 

coli. No similar association was found with Clostridium. This supports previous research 

showing that sex strongly affects the human microbiome. Thus, "microgenderome" describes the 

complicated interplay between microbiota, sex hormones, and the immune system (Levy & Solt, 

2018). A 2017 study found that females have more Bifidobacterium (P = 0.046) than males 

(Suzuki et al., 2017). Two studies found that Lactobacillus, a prevalent microbiota genus in 

women, is susceptible to female estrogens (Pelzer et al., 2012; Martin et al., 2016). 

Our analysis found no significant gender correlation with Clostridium prevalence, which is 

consistent with a prior study (Zhang et al., 2021). A separate study found that male mice have 

more Proteobacteria, which includes E. coli, than female mice (Valeri & Endres, 2021). 

The current investigation found a connection between participant residence and gut microbiota 

prevalence. Rural residents had more Lactobacillus and Bifidobacterium, while urban 

individuals had more Clostridium and E. coli. Microbial composition and urbanization are 

linked, as shown by previous research (Naito et al., 2019). Urbanization decreased 

Actinobacteria (Bifidobacterium) but boosted Proteobacteria (E. coli), according to a study. 

Lactobacillus is more abundant in rural areas than Clostridium in urban areas, according to 

another study (Lu et al., 2021). An analysis particularly found a higher percentage abundance of 

Lactobacillus in rural communities, supporting our findings (Aslam, 2022). 

In this investigation, we found a strong connection between gut microbiota species and 

education levels, with differing prevalence patterns across people of different income and 

education levels. These findings support research linking gut microbiome to socioeconomic 

factors. One study found differences in gut microbiota prevalence between low-to-middle-

income and high-income countries (Ecklu-Mensah et al., 2023). Another study showed 

Clostridium is common in middle- and low-income countries (Tayyib et al., 2023). Among 2022 

studies, low Bifidobacterium levels were found among low-income and low-educated people, 

emphasizing the link between gut microbiota and socioeconomic position (Lapidot et al., 2022). 

A UK study discovered reduced Lactobacilli levels among low-income and low-educated people 

(Bowyer et al., 2019). 

Our investigation found a link between dietary preferences and gut microbiota prevalence. The 

vegetarian group had more Lactobacillus and Bifidobacterium, while the meat-eating group had 

more Clostridium and E. coli. These findings support previous research linking food to gut 

microbial makeup. Vegan diets enhanced Bifidobacterium and Lactobacillus and decreased 

Clostridium, according to a study. The study found that a vegetarian/vegan diet promotes a rich 

ecology of beneficial bacteria that maintain the gut microbiome and wellness (Tomova et al., 

2019). Another study found that a high-fiber diet, like vegetarian and vegan diets, lowers colonic 

pH, limiting E. coli growth. This suggests that diet, especially fiber-rich foods, may shape gut 

microbiota and improve microbial conditions (Scott et al., 2008). 

In our study, smoking was linked to elevated gut Clostridium and E. coli levels. Conversely, 

Lactobacillus and Bifidobacterium are more prevalent in people who take probiotics. This 

supports other studies showing that probiotics and other dietary supplements help improve gut 

flora (Li et al., 2019). Probiotic supplements boost intestinal microbiota variety and good 

bacteria like Lactobacillus and Bifidobacterium, according to an investigation. This study also 

found a decline in opportunistic pathogenic bacteria, supporting our findings of high prevalence 

in Clostridium and E. coli (Yang et al., 2020). By raising Bifidobacterium levels, a 2020 study 

validated the gut microbiota benefits of dietary supplements. Another study linked dietary 
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supplement use to high Bifidobacterium and Lactobacillus levels (Yu et al., 2019). Research also 

shows that dietary supplements help prevent Clostridium and E. coli (Sun et al., 2020). 

In 2022, Kumar linked smoking to gut microbiota dysbiosis. Smoking causes dysbiosis, 

according to studies (Kumar & Kumar, 2022). In mice not exposed to cigarettes, Lactobacillus 

and Bifidobacterium were abundant (Zhong et al., 2022). This supports 2022 human research 

that found lower Bifidobacterium abundances in smokers than non-smokers (Yang et al., 2022). 

Gut microbiota and interleukin levels—both pro-inflammatory and anti-inflammatory—are 

complexly linked. Our study found that distinct gut microbiota species correspond with varied 

interleukin levels, demonstrating a key relationship between microbial makeup and immune 

responses. IL-6 and IL-8 concentrations increased significantly in low Lactobacillus prevalence, 

elucidated in a study in 2015 (Carasi et al., 2015). This matches another study that related lower 

Lactobacillus spp. levels to higher pro-inflammatory cytokines (IL-6 and IL-8) and higher anti-

inflammatory IL-10 cytokine levels. These findings suggest Lactobacillus may modulate 

immune response through anti-inflammatory effects (Rastogi & Singh, 2022). A study found that 

a microflora deficit, characterized by low levels of lactobacilli and bifidobacteria, led to elevated 

levels of pro-inflammatory cytokines such as IL-1β, IL-6, and IL-8. This shows that fewer 

helpful bacteria may cause intestinal inflammation (Kondratiuk et al., 2020). 

Another notable finding in our study was that a high prevalence of dangerous E. coli was related 

to a considerable rise in pro-inflammatory IL-6 and a significant decrease in anti-inflammatory 

IL-10 (He et al., 2022). A study found that low Clostridium, mainly Clostridium, levels caused 

pro-inflammatory effects. This shows that Clostridium abundance may reduce pro-inflammatory 

responses (Yusufu et al., 2021). Positive bacteria like Lactobacillus and Bifidobacterium may 

control interleukin levels, promoting a balanced immune response. Conversely, reducing 

dangerous bacteria like E. coli may lessen inflammation. 

Our investigation found that beneficial and detrimental gut microbiota species affect B 

lymphocytes and regulatory T cells. Gut health and immunological modulation depend on 

bacterial strains and immune cell populations, especially Tregs (Sun et al., 2020). Studies have 

shown that beneficial gut microbiota species like Bifidobacterium and Lactobacillus regulate the 

immune system, notably Tregs. Bifidobacterium and Lactobacillus change the gut microbiome, 

encouraging regulatory T cell responses. Probiotic Lactobacillus increases Treg cells 

(Kazmierczak-Siedlecka et al., 2021). Our study and a 2023 study found a positive correlation 

between Bifidobacterium and Treg cell responses (Oh et al., 2023). Studies in germ-free mice 

have illuminated how gut microbiome affects Treg cell populations. In germ-free mice, 

beneficial gut microbiome colonization increases Treg cell populations. However, exposure to 

damaging and pathogenic germs had the opposite effect, demonstrating the importance of 

microbial colonization in Treg cell dynamics (Atarashi et al., 2011). Treg cell inhibition of 

microbial-induced intestinal inflammation is essential in research (Ning et al., 2022). Treg cells 

control microbial-induced inflammation and reduce overactive immune responses. This 

highlights Treg cells' role in intestinal homeostasis and inflammation prevention. 

The 2022 study found a drop in B lymphocytes with a high prevalence of probiotic gut 

microbiota, raising issues regarding the complicated relationships between individual microbial 

strains and immune cell populations (Tiwari, 2022). An investigation reported that gut 

microbiota activates T cells to cause immunological diseases highlights the intestinal immune 

system's delicate balance between commensal flora tolerance and pathogenic organism response. 

Dysbiosis may cause immunological dysregulation and inflammatory disorders by increasing T 

cells in response to pathogenic and toxic bacteria (Ma et al., 2019). 

The current study found substantial relationships between lifestyle factors, microbial makeup, 

immunological markers, and health status. Many individuals smoked, ate meat, had low 

socioeconomic position, primary education, and had high levels of dangerous bacteria such 
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Colistridium and E. coli. Beneficial bacteria like Lactobacillus and Bifidobacterium were less 

common. 

The immune system reflected this microbial imbalance, with most subjects having high pro-

inflammatory cytokine levels and below-normal anti-inflammatory levels. Most subjects had low 

Tregs and high B lymphocytes. 

These findings led to a health status assessment that showed 37.5% of individuals were in poor 

health and 8.75% were in great health. This result is significant in relation to interleukins and 

antibodies because it suggests that gut microbiota makeup may affect immunological responses 

and health. 

One indicator was the number of sick days recorded, with 27.5% of individuals having more 

than 20 and 12.5% having none. This gap shows a link between immunological indicators, 

microbial composition, and health status, highlighting the complex interaction between lifestyle, 

gut microbiota, and well-being. 

CONCLUSION 

This study shows complex relationships between gut microbiota prevalence and demographic, 

lifestyle, and health characteristics in Iraqi people. Age, gender, residence, education, income, 

food, and smoking practices correlated with microbiological profiles. The study ties gut 

microbiota to immunological responses by examining interleukin levels and T and B cell 

antibody populations. These data highlight the complex relationship between gut microbiota, 

lifestyle, and immunological parameters. 
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