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Abstract: 
The microbe-host interaction in the intestinal tract underlies many human 

disorders, including disorders of gut-brain interactions, previously termed 

functional bowel disorders, such as irritable bowel syndrome (IBS) and small 

intestinal bacterial overgrowth (SIBO). 

Objective: To determine whether Helicobacter pylori infection is associated 

with irritable bowel syndrome, small bowel bacterial overgrowth, and other 

functional gut disorders. 

Design: Case-control retrospective study at local tertiary hospitals in Egypt.   

Methods: A total of 125 cases of IBS that met Rome IV criteria, 100 cases 

with SIBO, and 100 controls (IBS and SIBO-negative), aged 18 to 60 years 

old, were involved in this study. Patients were recruited from August 2023 to 

July 2024, and matched by age, sex, and other demographic variables. All 

participants were tested for urea breath test, lactulose hydrogen‐methane 

breath test, and H pylori stool antigen tests.  

Results. Of the total 225 cases, 125 (55.6%) had reported IBS, a 100 (44.4%) 

had SIBO, compared to 100 in the control group. H. pylori was present in 109 

(48.4%) of cases compared to only 16 (16.0%) in the control group. Highly 

significant differences between IBS cases and controls regarding UBT and H 

P stool antigen test positivity were observed (P< 0.0001). There are 

significant differences between SIBO cases, and control regarding 

constipation, methane test positivity, hydrogen test positivity, and body mass 

index (P< 0.0001, < 0.0001, 0.023, and 0.045 respectively).  There was a 

significant difference in stool antigen test positivity between SIBO and IBS, 

meaning that SIBO cases have more HP stool positivity than IBS cases. The 

production of methane in SIBO cases is higher and more significant than 

hydrogen production (P< 0.0001, P= 0.023 respectively).   

Conclusion. Our study provides a new correlation between IBS, SIBO, and 

H. pylori infection. Moreover, while the relationship between H pylori and 

IBS is well known, our novel findings include; 1. The correlation between H 

pylori, IBS, and SIBO, 2. The correlation between SIBO and methane 

production, 3. SIBO cases have more HP stool positivity than IBS cases, 4. 

Based on the evidence presented herein linking urease to the pathogenesis of 

various functional gut disorders, we could inspire researchers to develop a 

new anti-urease treatment for functional gut disorders in the future. 

Keywords: SIBO; methane; gut; IBS and intestinal 

 

Introduction 
 

There is compelling evidence that microbe-host interactions in the intestinal 

tract underlie many human disorders, including disorders of gut-brain 

interactions (previously termed functional bowel disorders), such as irritable 

bowel syndrome (IBS). Small intestinal bacterial overgrowth (SIBO) has 

been recognized in patients with predisposing conditions causing intestinal 

stasis [1]. 

The management of patients with confirmed hypersensitivity to PPIs, 

including rabeprazole, presents a significant challenge due to the high rate of 

potential cross-reactivity and the limited availability of alternative 

medications with comparable efficacy and safety profiles [4]. Desensitization 

protocols offer a viable solution, allowing patients to continue essential 
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Helicobacter pylori infection and irritable bowel syndrome (IBS) 

negatively affect the quality of life. Some previous studies found 

that H. pylori infection should be positively associated with the risk 

of IBS, but others did not [2]. Examples of studies that confirmed 

that H. pylori infection is associated with an increased risk of IBS 

are Wang Z meta-analysis [3], Abdelrazak et al,[4], and Wang C et 

al [2].  Still, other studies denied this association such as Xiong F 

et al, [5], and Zhang J et al, [6]. The present study aims to clarify 

this association and to analyze whether H. pylori is associated with 

other functional dyspeptic disorders such as SIBO.  

 

The microbe-host interaction in the intestinal tract underlies many 

human disorders, including disorders of gut-brain interactions, 

previously termed functional bowel disorders, such as irritable 

bowel syndrome (IBS) and small intestinal bacterial overgrowth 

(SIBO). 

 

Functional Dyspepsia “FD” is a symptom complex characterized 

by postprandial upper abdominal discomfort or pain, early satiety, 

nausea, vomiting, abdominal distension, bloating, and anorexia in 

the absence of organic disease. Approximately 50% of patients 

with FD have motor disorders, such as antral hypomotility, 

impaired accommodation reflex, and gastric dysrhythmias. Studies 

using questionnaires showed that more than 75% of “FD” patients 

reported a relationship between aggravation of symptoms and 

ingestion of meals [7].  In a pilot interventional study, it was found 

that switching from a high-fiber diet to a low-fiber diet triggered 

FD-related symptoms and decreased small intestinal microbial 

diversity with increased small intestinal permeability [8]. FD 

patients often tend to self-diagnose with “food intolerances” and 

arbitrarily restrict their diet, solely based on their personal 

experience or anecdotal information from questionable sources. 

These improvised elimination diets are often nutritionally 

unbalanced and if prolonged, could cause nutritional deficiencies 

[9]. 

 

Helicobacter pylori. (H. pylori) is the ubiquitous, microaerophilic 

gram-negative spiral-shaped bacterium that affects up to 50% of 

the population worldwide with increased prevalence in developing 

countries with a low socio-economic status. It presents a substantial 

concern due to its link with gastric cancer, ranking as the third most 

common cause of global cancer-related mortality. H pylori is the 

most important cause of chronic or atrophic gastritis, peptic ulcer, 

gastric lymphoma, and gastric carcinoma. H. pylori infection is 

usually acquired in early childhood and persists without treatment 

[10,11]. Urease is one of the more abundantly produced proteins 

expressed by the pathogen, accounting for almost 15% of the total 

proteins of the bacterium. The production of urease is a 

characteristic feature of H. pylori and is widely used in its diagnosis 

[10]. 

 

Urease.  Urease is a critical factor that facilitates bacterial 

colonization within the gastric mucosa; urease-negative mutants 

fail in colonizing the gastric mucosa at physiological pH levels as 

sufficiently as urease-positive H pylori strains do. Urease is a 

virulence factor found in various pathogenic bacteria [12]. Due to 

its enzymatic activity, urease has a toxic effect on human cells. The 

presence of ureolytic activity is an essential marker of several 

bacterial infections. Urease is also an immunogenic protein 

recognized by antibodies present in human sera. The presence of 

such antibodies relates to the progress of several long-lasting 

diseases, like rheumatoid arthritis, atherosclerosis, or urinary tract 

infections [13]. The polymorphisms in host genes encoding the 

immune effector proteins play essential roles in the inter-individual 

variations in clinical outcomes since they directly add to the 

susceptibility of an individual to H pylori and related diseases. 

Genetic polymorphism of H pylori virulence factors differs by 

geographic region, in which East-Asian-type cag A is known to be 

more virulent than Western-type [14]. 

 

– Urease is produced by many different bacteria, fungi, and plants. 

Ureolytic bacteria may belong to symbiotic natural microflora or 

to pathogens. In facultative anaerobes from intestinal microflora, 

the level of this activity is diverse and species-characteristic. 

Ureolytic activity is often observed in pathogenic bacteria, such as 

pathogenic Staphylococcus, Helicobacter sp., E coli, Proteus, 

Klebsiella spp., and Pseudomonas sp. [15,16]. 

 

– its link with gastric cancer, ranking as the third most common cause 

of global cancer-related mortality. H pylori is the most important 

cause of chronic or atrophic gastritis, peptic ulcer, gastric 

lymphoma, and gastric carcinoma. H pylori infection is usually 

acquired in early childhood and persists without treatment [10,11]. 

Urease is one of the more abundantly produced proteins expressed 

by the pathogen, accounting for almost 15% of the total proteins of 

the bacterium. The production of urease is a characteristic feature 

of H. pylori and is widely used in its diagnosis [10]. 

 
– Irritable bowel syndrome (IBS) is a common chronic relapsing 

condition that affects up to 11% of the global population and 16.7–

24.2% of the United States [17]. The understanding of IBS has 

changed since the release of the Rome IV diagnosis in 2016. With 

the upcoming Rome V revision, it is necessary to review the results 

of IBS research in recent years. It mainly affects young and female 

individuals, and it tends to overlap with other functional 

gastrointestinal diseases ‘FGIDs’ [18]. Prevalence varies 

significantly between countries because of differences in food, 

culture, and diagnosis. The Rome Foundation Global Study [19] 

coverage across the country reported that the overall prevalence of 

IBS was 3.8% in Rome IV and 10.1% in Rome III. The Rome IV 

criteria, based on symptoms that have changed in dynasty, suggest 

that the pathogenesis of IBS is associated with gut-brain 

interactions, which may be an overlapping pathogenesis between 

FGIDs. The pathophysiology of IBS is complex and the role of risk 

factors such as genetics, diet, and microbiome might operate 

differently, depending on geography [20]. Studies of IBS-related 

dietary interventions, such as LFD, special diets for IBS-C, and 

foods with gastrointestinal allergies, as well as the gut 

microenvironment and the brain-gut axis, are the hot spots of 

research on gut inflammation and the gut barrier [21]. 

 

– Small intestinal bacterial overgrowth: The definition of SIBO as 

a clinical entity lacks precision and consistency; it is a term 

generally applied to a clinical disorder in which symptoms, clinical 

signs, and/or laboratory abnormalities are attributed to changes in 

the numbers of bacteria or in the composition of the bacterial 

population in the small intestine [21]. It is defined as an increase in 

the bacterial content of the small intestine above normal values 
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“100000 cells per mL” [22,23,24]. The exact prevalence of SIBO 

in the general population is unknown. Most authors report rates 

between 2.5 and 22% and emphasize that the prevalence increases 

with age and in populations with comorbidities [24,25]. IBS and 

SIBO symptoms are nonspecific and overlap. Recent realization 

that SIBO may be associated with symptoms of IBS, led to a 

paradigm shift in understanding the pathogenesis of this condition 

[26]. The human gut microbiota creates a complex microbial 

ecosystem characterized by its high population density, wide 

diversity, and complex interactions. Any imbalance of the 

intestinal microbiome, whether qualitative or quantitative, may 

have serious consequences on human health, including SIBO [27]. 

It is worth noting that forms of SIBO differ depending on the 

predominant species of bacteria colonizing the small intestine, and 

these depend on their origin. There are two well-established types: 

upper aerodigestive tract (UAT) SIBO and coliform SIBO [28]. 

UAT-SIBO is caused predominantly by oral cavity bacteria, 

including Prevotella sp., and Streptococcus viridans, whereas 

coliform SIBO is caused predominantly by bacteria from the distal 

segments of the gastrointestinal tract, such as E coli, Klebsiella 

pneumoniae, Proteus mirabilis, or Enterococcus sp. [24,28]. 

Despite the distinction between the two types, their importance in 

clinical practice is limited due to similar symptoms and treatment 

[24]. An increase in the abundance of Enterobacteriaceae is the 

main alteration to the gut microbiome that correlates with SIBO 

diagnosis and symptom severity. The enhancement of specific gas-

producing pathways has been demonstrated in SIBO [25]. These 

pathways lead to excessive gas formation in the small intestine, 

bloating, and pain in the umbilical region, which may be 

accompanied by malabsorption, malnutrition, and osmotic 

diarrhea. The leading causes of SIBO are dysfunctional small 

intestinal movement and delayed orocecal transit time (OCTT). 

The pH changes make it easier for bacteria from other areas to grow 

in the small intestine and allow different types of bacteria to thrive, 

for example, due to the use of proton pump inhibitors (PPI) or after 

gastric surgery, and reflux of the colon contents into the small 

intestine due to ileocecal valve dysfunction [22,29]. Interest in 

SIBO is increasing, as evidenced by the continuous growth in 

publications on this topic indexed in PubMed (Fig. 1). The main 

diagnostic methods are lactulose and glucose breath tests (LBT, 

GBT), as well as jejunal culture quantification [30,31]. While 

SIBO was initially associated with hydrogen release, it is now 

accepted that SIBO can also accompany the formation of methane 

[32].  

 

Fig. 1, indicates the number of publications indexed by PubMed on 

small intestinal bacterial overgrowth by year [33].  

– Methanogens and intestinal gases. Archaea are a group of single-

celled microorganisms with distinct characteristics. Archaea have 

emerged as important components of the human microbiome. 

Despite their potential importance in human health and disease, 

archaea are relatively less studied than other members of the 

microbiome such as bacteria and fungi. The human-associated 

archaeal communities exhibit diverse patterns like those of 

bacteria; notably are the predominant ammonia-oxidizing 

Nitrososphaeria on the skin, and methane-producing 

(methanogenic) Archaea in the urogenital and gastrointestinal 

tracts [34].  Methanogenic archaea (methanogens) are ubiquitously 

present in anaerobic environments, such as digestive tracts, paddy 

fields, and aquatic sediments, and play an important role in 

anaerobic degradation of organic matter and the global cycle of 

carbon [35]. 

 

– Methanogens produce methane gas and can overgrow in the small 

intestine or the large intestine. So, the name Intestinal Methanogen 

Overgrowth is more fitting than SIBO. While methane is associated 

with constipation, hydrogen gas produced with SIBO is associated 

with diarrhea. Methane gas slows transit time while hydrogen 

speeds it up. So, when you have too many methane producers, you 

get constipation [36,37,38]. 

 
–  Methanogens have been associated with dysbiosis as in vaginosis, 

urinary tract infections, and anaerobe abscesses of the brain, and 

muscles. Additionally, anaerobic infections in periodontitis, 

periimplantitis, refractory sinusitis, and endocarditis [39]. The 

possible ways of the methanogens’ acquisition in humans may be 

contact with animals or consumption of milk dairy products of 

certain animals, particularly cows since a recent study 

demonstrated an association between the acquisition of M. smithii 

in children and the consumption of dairy products [40]. 

 
– Although gut microbiota produces many volatile compounds as 

part of its metabolism (including short-chain fatty acids), the gases 

that make up the majority of this volume are hydrogen (H2), carbon 

dioxide (CO2), and methane (CH4). These gases that contribute to 

more than 99 % of the intestinal gas volume are odorless [41]. The 

unpleasant odor associated with intestinal gases comprises less 

than 1 % of the total intestinal gas volume and it is the result of 

trace gases such as hydrogen sulfide (H2S), and dimethyl sulfide 

[(CH3)2S] as well as other volatile compounds such as short chain 

fatty acids [42]. The short-chain fatty acids (SCFAs) butyrate, 

propionate, and acetate are microbial metabolites, their availability 

in the gut and other organs is determined by environmental factors, 

such as diet and use of antibiotics. Intestinal SCFAs also affect 

immunity at extra-intestinal sites, such as the liver, the lung, the 

reproductive tract, and the brain. They have been implicated in 

various disorders, including infections, intestinal inflammation, 

autoimmunity, food allergies, asthma, and responses to cancer 

therapies [43]. Human gut microorganisms form complex 

microbial communities that depend on one another to harvest 

nutrients and energy to survive. Metabolites produced by one strain 

in the community may be further utilized by another. The 

metabolites released by microbiotas differ across individuals [44].  

–  

– Profiling of intestinal gases and their responses to dietary changes 

can reveal the products and functions of gut microbiota and their 

https://aditum.org/
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influence on human health. Profiles of intestinal gases are 

predominantly influenced by the composition of the luminal 

microbiota and by consumed dietary substrates. Dietary 

manipulations readily alter intestinal gas production and 

composition and are therefore considered attractive tools in 

managing patients with gas-associated gastrointestinal disorders 

[45,42]. 

 

Methane. Recent ACG guidelines proposed a new term to describe 

increased levels of methane gas production that is; the intestinal 

methanogen overgrowth (IMO). Furthermore, methanogens may 

overpopulate either the colon or the small intestine [46]. A level of 

methane gas level ≥10 ppm observed at any time during the breath 

testing (including at baseline in a fasting patient) is considered a 

positive IMO test result [47,48]. Multiple studies have identified 

that higher methane levels are positively associated with 

constipation and are inversely associated with diarrheal disorders 

[49,50,51], and methane levels correlate with slower intestinal 

transit times [52]. Methane-predominant SIBO/IMO is more 

prevalent in patients with constipation-predominant IBS [46]. 

 

Methods.  

 

Per our knowledge, this is the first study to uncover the correlation 

of urease enzyme to the pathogenesis of IBS, SIBO, and other 

functional gut disorders. It is important to note that due to the 

possible extraneous variables not controlled for in the study design, 

we had selected matching participants based on specific socio-

demographic characteristics, such as age, sex, etc., and were 

statistically controlled for these variables in the analysis. Thus, the 

results of this study can suggest a possible association and a cause-

effect. 

 

Study design. A randomized case-control study in which the 

selection of participants is equivalent to those matching criteria 

based on previous knowledge of an association with the outcome 

of interest.  

 

Setting & Participants. Participants were recruited from different 

geographic regions in Egypt. The study approval was received 

from the administration of Hurgada, Marsa Alam, and Nasser 

Institute Hospitals in Cairo; and from Abu Hareez-sharkia 

Governorate Hospital, Egypt.  Routine consents for laboratory 

diagnosis were implemented for all cases according to hospital 

regulations. The study protocol conformed to the ethical guidelines 

of the “1975 Declaration of Helsinki”. 

 

Variables. Cases and controls were matched for any potential 

confounder and were recruited from the same population and 

locality. Selected parameters included age, sex, urbanization, 

social status, and comorbidities showed a close balance between 

the cohorts. All participants were seen for examination, which 

included vitals, weight, height, body mass index (BMI), and 

demographic variables gathered by the questionnaire including 

age, sex, occupation, smoking status, and family and past histories. 

 

Data sources/ measurement. Sources for cases include patient 

rosters at medical facilities. The comparison group ("controls") 

was representative of the population that is the same source of 

cases and sampled them in a way that is independent of the 

exposure to gut disorders. Both groups were matched for socio-

demographic characteristics. Eligible cases were enrolled from 

outpatient clinics as well as inpatient admissions after informed 

consent was obtained. Records of information were collected to 

verify inclusion criteria, medications given, clinical review, family 

and past histories as well as test results. 

 

– Sample size & Bias. Cases were recruited from hospitals from 

August 2023 to July 2024. A total of 225 cases were studied; 125 

were IBS (44 males and 81 females) and 100 were SIBO (72 males, 

28 females) compared to 100 controls (37 males and 63 females), 

all aged 18 to 60 years. It doesn’t matter the difference in number 

between cases and control groups because it is the percentage of 

occurrence of the event and the comparative association of the 

event outcome relevant to the groups which are, reliable indicators 

of this case-control study. 

 

– Quantitative variables. IBS cases were assorted according to 

Rome IV criteria. Likewise, SIBO cases were selected according 

to SIBO diagnostic criteria.  

 
– Analytical statistics. All analyses were performed using SPSS, 

version 18.0 (SPSS Inc., Armonk, NY, USA). The demographic 

characteristics of cases and controls were compared using the 

Fisher exact test, adjusted Odds Ratios, and 95% Confidence 

Intervals (CIs) calculation. Continuous variables (age, BMI) were 

presented as means with standard deviations. Categorical variables 

(sex, smoking, living area) were presented as absolute numbers and 

percentages. T test or one-way analysis of variance was used to 

compare continuous variables and Fisher’s exact test to assess the 

relationship between categorical variables. A statistically 

significant result was defined as a P value less than 0.05. 

 
– IBS Diagnostic Criteria. The criteria for a diagnosis of irritable 

bowel syndrome (IBS) require that the person has experienced 

recurrent abdominal pain on average at least one day a week in the 

last three months, with an onset of symptoms at least six months 

prior. Pain must be associated with two or more of the following: 

 
– • Related to defecation 

– • Associated with a change in the frequency of stool 

– • Associated with a change in the appearance of stool 

–  

– Because IBS can have variable symptoms, it is classified into 

subtypes according to the predominant habit, ie constipation, 

diarrhea, or mixed; (IBS-C). (IBS-D), (IBS-M) 

–  

– These criteria should be fulfilled for the last 3 months with 

symptom onset at least 6 months prior to diagnosis, modified from 

Rome IV [53]. Per our knowledge, this is the first study to uncover 

the correlation of urease enzyme to the pathogenesis of IBS, SIBO, 

and other functional gut disorders. It is important to note that due 

to the possible extraneous variables not controlled for in the study 

design, we had selected matching participants based on specific 

socio-demographic characteristics, such as age, sex, etc., and were 

statistically controlled for these variables in the analysis. Thus, the 

results of this study can suggest a possible association and a cause-

effect. 
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Study design. A randomized case-control study in which the 

selection of participants is equivalent to those matching criteria 

based on previous knowledge of an association with the outcome 

of interest.  

 

Quantitative variables. IBS cases were assorted according to 

Rome IV criteria. Likewise, SIBO cases were selected according 

to SIBO diagnostic criteria.  

 

Analytical statistics. All analyses were performed using SPSS, 

version 18.0 (SPSS Inc., Armonk, NY, USA). The demographic 

characteristics of cases and controls were compared using the 

Fisher exact test, adjusted Odds Ratios, and 95% Confidence 

Intervals (CIs) calculation. Continuous variables (age, BMI) were 

presented as means with standard deviations. Categorical variables 

(sex, smoking, living area) were presented as absolute numbers and 

percentages. T test or one-way analysis of variance was used to 

compare continuous variables and Fisher’s exact test to assess the 

relationship between categorical variables. A statistically 

significant result was defined as a P value less than 0.05. 

 

IBS Diagnostic Criteria. The criteria for a diagnosis of irritable 

bowel syndrome (IBS) require that the person has experienced 

recurrent abdominal pain on average at least one day a week in the 

last three months, with an onset of symptoms at least six months 

prior. Pain must be associated with two or more of the following: 

 

• Related to defecation 

• Associated with a change in the frequency of stool 

• Associated with a change in the appearance of stool 

Because IBS can have variable symptoms, it is classified into 

subtypes according to the predominant habit, i, e constipation, 

diarrhea, or mixed; (IBS-C). (IBS-D), (IBS-M) 

 

These criteria should be fulfilled for the last 3 months with 

symptom onset at least 6 months prior to diagnosis, modified from 

Rome IV [53].  

 

Patients. The exclusion criteria were (1) use of any antibiotics or 

probiotics within a month; (2) use of promotility drugs and 

laxatives within a week; and (3) patients with digestive diseases 

(liver cirrhosis, inflammatory bowel disease, chronic pancreatitis, 

and gastrointestinal tumors), severe systemic disease, or history of 

abdominal surgery.  

 

Diagnostic Criteria of SIBO. Patients meeting the following 

positive criteria for hydrogen/methane breath test were considered 

positive for SIBO. Hydrogen test positive: (1) fasting hydrogen 

level ≥20 parts per million (ppm); or (2) a ≥20 ppm rise in 

hydrogen by 90 minutes. Methane test positive: methane levels 

≥10 ppm at any test point [54]. 

 

Lactulose Hydrogen‐Methane Breath Test. The Hydrogen‐

methane breath test was used as a noninvasive test for SIBO. All 

subjects fasted for 8 to 12 hours. Fermentable foods, such as dairy 

products, soy products, and fiber‐rich foods were avoided on the 

day before the test. Smoking and physical activity were prohibited, 

and the oral cavity was kept clean on the test day. After preparation, 

the subjects held their breath for at least 10 seconds and blew into 

the collection bag, avoiding ventilation throughout the process. 

Then, 10 g of lactulose was taken orally, and the gas collection step 

was repeated every 30 minutes. The test lasted for 90 minutes, and 

four gas bags were collected. After collecting exhaled gases, the 

concentration of both hydrogen and methane was measured using 

the Nano Coulomb Breath Analyzer (Sunvou Biotechnology Co., 

Ltd, Wuxi, Jiangsu, China). 

 

– Urea Breath Test. The 13C urea breath test was performed using 

75 mg urea (UREA 13C breath test Heliforce kit, Beijing Richen-

Force Science & Technology Co. Ltd., Beijing, China). The test 

was performed according to the manufacturer’s instructions, 

briefly as follows: 

 

– A basal breath sample was obtained by asking the patient to take a 

deep breath and hold it for 10 seconds before blowing the exhaled 

gas into a specific bag at zero time. After this, the patient was asked 

to drink the reagent which contains urea attached to a 13C carbon 

atom in 90 mL of water. Then, 30 min later, the patient was 

similarly asked to give a breath sample again, which was collected 

into a new specified bag.  

 
– Samples were analyzed by infrared spectrophotometer (IR force-

200 Infrared Spectrometer, Beijing Richen-Force Science & 

Technology Co. Ltd., Beijing, China) to measure the 13C isotopic 

abundance of the 30 min and zero-minute breath samples as per the 

manufacturer’s instructions. The final measured value by the 

spectrophotometer is called delta over base DOB, and when the 

DOB value is ≥4.0 ± 0.4, it is considered positive for H. pylori. 

– Stool Antigen Testing for H. pylori. Stool samples were processed 

immediately using stool antigen cards (Abon Biopharm hangzhou 

Co. Ltd., Hanghazue, China) according to the manufacturer’s 

instructions. 

 

– Statistical Analysis. Data generated from the study are tabulated 

and uploaded to the Statistical Package for Social Sciences (SPSS 

version 22, IBM Corp., Armonk, NY, USA). The sensitivity, 

specificity, positive predictive value (PPV), and negative 

predictive value (NPV) for the 13C-UBT and H. pylori stool 

antigen tests were calculated.  

 
– Results. 

 
– This study was designed to investigate the interrelation between H 

pylori, Methanogens, food, and functional dyspeptic Syndromes. 

Among 375 patients who were initially recruited into the study, 13 

patients failed to complete the sample collection, 8 patients 

received antibiotics treatment and 29 patients falling short of 

inclusion criteria were excluded. Eventually, 325 consecutive 

patients were selected in this study.  

 
– Participants. A total of 225 cases with functional dyspeptic 

disorders compared to 100 controls were studied. Our findings 

derived from matched data indicated that there is a strong 

association between urease enzyme mainly related to H pylori, and 

increased incidence of functional dyspeptic disorders, food, and 

methanogenic bacteria.  
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Descriptive data. Table 1 displays the comparison of 

sociodemographic variables among IBS and control groups. 

Notably, there are highly significant differences between IBS cases 

and controls regarding UBT and H P stool antigen test positivity. 

Table 2 shows demographic characteristics and sociodemographic 

variables among SIBO and control groups. There are significant 

differences between SIBO cases and control regarding 

constipation, methane test positivity, hydrogen test positivity, and 

body mass index. It is noted that the difference is higher and more 

significant in both constipation and methane positivity. Table 3 

presents analyzed and compared laboratory tests among cases and 

controls. Table 4 further analyzed, and compared laboratory tests 

among diseased groups. There was a significant difference in stool 

antigen test positivity between SIBO and IBS, meaning that SIBO 

cases have more HP stool positivity than IBS cases. Table 5 shows 

the comparison of methane and hydrogen breath tests between the 

SIBO and control groups. The production of methane in SIBO 

cases is higher and more significant than hydrogen production. 

 

Discussion.  

 

The main purpose of this study is to evaluate and compare 

functional dyspeptic disorders (SIBO & IBS) among two adult 

populations and their correlation with H. pylori and methanogenic 

organisms in various regions in Egypt. Functional dyspepsia is a 

complex and multifaceted disorder that is studied by a broad range 

of disciplines across clinical and microbiological sciences. To 

address the medical challenges that range from new laboratory 

technologies, modes of interaction, overlapping disease symptoms, 

and sociodemographic and climate change, we should explore the 

various aspects of gut environmental framework and regulation. 

These contributions highlight how achieving progress in each 

discipline will require incorporating insights and methods from 

others to break down disciplinary silos. 

 

Genuine progress in understanding functional gut disorders related 

to microbiota and food can only be achieved through a 

multidisciplinary community effort to share their views on new 

directions in their disciplines. Their works provide rich insight into 

the future of research on gastrointestinal mysterious disorders. 

Some previous studies found that H. pylori infection should be 

positively associated with the risk of IBS, but others did not.  

 

The complex interplay between H. pylori and its human host has 

spurred intensive research efforts to elucidate its pathogenesis, 

develop accurate diagnostic methods, and plan for adequate 

treatment strategies. Furthermore, the microbiome impact has been 

shown to extend beyond the gut and found to be in link to 

autoimmune disorders, cardiovascular diseases, and metabolic 

syndromes that have been explored by many studies. The layer of 

complexity we have uncovered is nothing short of astonishing.    

 

Although IBS studied for a long time, it still seems to be an 

unexplored disorder with various proposed etiologies.  Several 

methodological discrepancies may explain some of the observed 

different presentations. It is concluded that a pooled global 

prevalence of IBS is unlikely to be meaningful and that future 

research should focus more on microbiota regionalization which 

will demonstrate the distinguishing different patterns of microbiota 

within various regions of the world. 

 

– The symptoms of SIBO overlap with many other gastrointestinal 

conditions. SIBO, might not be the first thing the healthcare 

provider suspects. The prevalence of SIBO is not well-defined. It 

is in part due to variability in presenting symptoms and diagnostic 

methods in addition to similar symptoms common to other 

conditions. A meta-analysis by Gurusamy et al suggested a link 

between FD and SIBO. The quality of evidence can be largely 

attributed to the type of breath test for SIBO diagnosis and clinical 

heterogeneity. Substantial heterogeneity was found in studies using 

the lactulose breath test but not in studies using GBT [55]. 

Interestingly, bacterial overgrowth can lead to a false positive H. 

pylori diagnosis using urea-based testing given the presence of 

urease-positive bacterial strains [56]. 

 

– It is evident from our results that urease enzyme is the metabolic 

mechanism of methane production from methanogenic bacteria. 

This notion could be explained by the hydrolytic effects of urease 

to produce carbon dioxide and ammonia. Our conclusion was 

affirmed and extensively studied over the past few decades for 

biomethane production from converting CO2 into chemical 

products by using microbial methanogenesis cells (MMCs). It was 

found that CO2 is utilized by intestinal methanogenic bacteria to 

produce methane [57]. Additionally, catholyte pH control and CO2 

supply methods were critical operating factors impacting microbial 

methanogenesis cells ‘MMCs’ [58]. Furthermore, studies indicate 

that the impedance of fuel cells increases significantly due to 

ammonia through the catalytic reaction of hydrogen and oxygen 

during the experimental generation of energy [59]. It was 

evidenced that the traditional anaerobic ammonia oxidation 

(anammox), which refers to the anammox bacteria (AnAOB) used 

ammonia as an electron donor and nitrite as an electron acceptor to 

generate dinitrogen ‘NH4+ + NO2- → N2’ [60]. Moreover, 

research on methane production using ammonia as the sole electron 

donor also indicated that these methanogenic processes often 

produce hydrogen first, which is then utilized by hydrogenotrophic 

methanogens to produce methane [61]. 

 

– In short. Urea hydrolysis to ammonia and CO2 by urease could 

affect microbial metabolic methanogenesis and methane 

production through various mechanisms. 

 
– Our results show that there are significant associations between 

SIBO, constipation, methane test positivity, and hydrogen test 

positivity. The difference is higher and more significant in both 

constipation and methane positivity which indicates that methane 

production is primarily correlated with constipation. As seen from 

the study results, there is a significant association of SIBO with 

increased body mass index (BMI). This correlation was evaluated 

by studies done by Kalantar et al [62], and Basseri et al [63]. It has 

been suggested that by slowing down the transit, the time for 

nutrient absorption is lengthened, which together with boosted 

levels of methanogenic microorganisms in the intestines, could 

lead to an increased weight gain process and thus the development 

of obesity. Moreover, we dive further into mechanisms of obesity 

caused by methanogenic bacteria. We figure out studies such as 

Laverdure et al [64] which indicated that alterations in the 
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methanogens occurring in obesity may play a vital role in directly 

enhancing GLP-1 secretion, and that methane can directly 

stimulate the secretion of GLP-1.  

 

Methane-induced metabolic disorders. 

 

The study results indicate the marked interrelation and pathogenic 

interplay between H pylori urease toxic metabolites (CO2, NH3) 

and methane production. The overall metabolic disorders seen in 

IBS, SIBO, and other functional gut disorders may originate from 

the key enzyme urease and its impact on methane-producing 

organisms. It was demonstrated that the increasing methane 

production is due to anoxic environments and the change in 

methane concentration might itself be a signal that an organism 

should temporarily stop consuming energy. With its property of 

small size, methane could penetrate nuclear membranes, 

mitochondria, ER, and other cellular components to exert 

protection under hypoxic conditions [65]. Further data suggest that 

endogenously produced methane can influence metabolism and 

thus energy homeostasis. More importantly, higher methane 

concentrations in the GI tract can significantly slow transit time 

[66]. Yu Song et al study suggested that bacterial translocation 

resulting from disruption of the intestinal barrier causes SIBO. 

Then SIBO leads to endotoxins, microbial components, and 

metabolites that enter the intestinal mesenteric artery, thus 

activating systemic inflammatory and immunological responses, 

eventually causing hypertrophy, apoptosis, and fibrosis of 

cardiomyocytes [67]. SIBO has also been shown to be closely 

associated with many parenteral diseases, such as deep vein 

thrombosis [68], Parkinson’s disease [69] diabetes mellitus [70], 

atherosclerosis [71], and coronary artery disease [72].  

 

Singh et al reviewed data on gut dysbiosis and interactions 

involved in the pathogenesis of gut dysmotility and metabolic 

syndrome (Met S) conditions. They found “Met S” including IBS, 

functional dyspepsia (FD), and type 2 diabetes mellitus (T2DM) 

are greatly influenced by the gut, thereby metabolic disorders could 

begin there [73]. 

 

In this respect, H pylori infection induces GIT dysmotility. 

Likewise, H. pylori-associated Met S conditions are related to 

dysmotility-stimulated gastrointestinal microbial overgrowth, 

potentially leading to bacteremia with systemic conditions. “Met 

S” occurs commonly in patients with SIBO [74]. Interestingly, 

ammonia produced by H pylori and other urease organisms is 

considered tonic to the gut smooth muscles, as described in the 

literature [75, 76]. Therefore, it can cause multiple colonic spasms 

leading to colon re-absorptive error with recurrent abdominal pain, 

vomiting, and anorexia, in addition to mental manifestations such 

as irritability, depression, and anxiety. These highly variable 

clinical presentations are characteristics of IBS and SIBO. 

 

Gut Anaerobic Organisms and Methane. The study implications 

highlight the important focus on the complexities of bacterial 

communities and their interactive metabolic response to the host. 

This is true particularly, in response to diet and related digestive 

factors such as gastric acid and bacterial virulence factors including 

their metabolic end products. This perspective has some intriguing 

reorganization for understanding the gut ecosystem. Studies 

indicated that the obligatory anaerobic microbiota is dominantly 

inhabiting the gut, thus preventing the expansion of facultative 

aerobic bacteria in part by limiting the production of oxygen and 

nitrate by the host. It is estimated that anaerobic bacteria 

outnumber aerobic and facultative anaerobic bacteria by 100- to 

1,000-fold [77]. It is reported that anaerobic bacteria differ from 

aerobic bacteria in their oxygen requirement. Oxygen is toxic to 

anaerobes which can be explained by the absence of catalase, 

superoxide dismutase, and peroxidase enzymes in anaerobes [78]. 

– The study results illustrate the role of the gut environmental system 

in promoting the dominance of anaerobic bacterial microbiota at 

the expense of aerobic bacteria because of the relative lower 

oxygen and pH inside the GIT environment. Morais et al. reported 

that lower oxygen significantly increases methane production rate 

(MPR) from acetate or H2/CO2 [79]. Methane production involves 

the reduction of acetate or carbon dioxide in a microaerophilic or 

anaerobic environment under the catalytic actions of methyl 

coenzyme M to generate methane [80]. Diederich et al. observed 

that lower pH enabled the stabilization of aldehydes [81]. 

Interestingly, the aldehyde “Acetaldehyde” results most likely 

from the hydration of acetylene. Moreover, acetylene is a gaseous 

compound that is formed through the process of methane 

photolysis [82]. Taken together, it is concluded that aldehyde is the 

product of methane, and CO2 (the product of hydrolysis of urea by 

urease) is utilized by the intestinal methanogenic bacteria to 

produce methane [58]. 

 

– These findings shed light on the significance of metabolic 

interactions in the dynamics of microbial communities, particularly 

in determining the outcome of pathogenic invasions or microbial 

interventions and focusing on microbiome modification. 

 
– To delve deeper into the environmental adaptability of microbiota 

within the gut ecosystem influenced by bacterial metabolic 

activities, we should address the mystery of the metabolic cascade 

of anaerobic-aerobic balanced interplay as elucidated by recent 

studies. This knowledge of the highly dynamic nature of the 

anaerobic-aerobic microbial community can help us to get valuable 

insights into the environment of microbiota and gut microbial 

metabolic activities. In this context, we will provide a novel 

treatment for functional disorders “such as IBS and SIBO” that 

seemingly result from the disturbed anaerobic-aerobic equilibrium. 

Metabolic interactions were further demonstrated to strongly affect 

colonization and competitive interactions of anaerobic-aerobic 

microbiota. Our finding-based notion suggests the use of oxygen-

producing medications or reactions integrated with aerobic 

organisms to counteract the risks of anaerobic bacteria, which seem 

involved in the causation of diseases related to their metabolic 

products, CO2, CH4, NH3, etc. 

 
– Consistent with our concept of the potential use of oxygen in 

treating many gut disorders, we encourage ongoing research and 

collaborative efforts to further foster, and research advances in the 

metabolism of gut microbiota. Julius et al, reported that anaerobic 

gut bacteria demonstrate the highest degree of oxygen sensitivity. 

Furthermore, although many bacteria can survive oxygen by 

mechanisms such as sporulation; oxygen-free conditions are 

required for the anaerobic bacteria to grow [83]. The main stages 

of anaerobic digestion include the sequential breakdown of organic 
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matter through hydrolysis, acidogenesis, acetogenesis, and 

methanogenesis. Substrate degradation, electron transfer, and 

energy conservation could determine the performance, stability, 

and resilience of anaerobic digestion [84]. So far, varied forms of 

anaerobes have been shown to produce carbon dioxide, hydrogen, 

and methane from different types of wastes, such as a carbon 

source, and CO2 is further made from volatile fatty acids through 

acetogenesis [85]. 

 

The Microbiota -Dietary metabolic pathway: To dig deeper into 

understanding gut ecological systems. We provide innovative 

solutions to longstanding challenges of the highly dynamic nature 

of the microbial community and drive the equilibrium status 

towards the dominance of aerobic bacteria, we propose the 

implementation of microbes found in foods and involved in human 

gut health that harbor O2-resistant Bacillus and Brevibacillus 

based-probiotics (Brevibacillus massiliensis strain phR) which are 

obligately aerobic microbe that was isolated from human feces. 

The potential advantages of these microbes arise from the fact that 

they readily take up tungsten (W), a metal previously associated 

only with anaerobes. The "W" incorporated into an oxidoreductase 

enzyme (BmWOR) could exhibit high aldehyde-oxidizing activity 

with very high affinities for aldehydes common in the human gut 

and in cooked foods, including furfural, propionaldehyde, and 

benzaldehyde, suggesting that they play a key role in their 

detoxification. These suggestions maximize the benefits of using 

aerobic bacteria to overcome anaerobes and their essential 

metabolic precursors. Thorgersen et al explored the role of aerobic 

“Brevibacillus massiliensis, strain phR” in the detoxification of 

anaerobic bacteria, and reported that anaerobic enzymes are rapidly 

inactivated, often within seconds, upon exposure to oxygen [86]. 

One of the two WORs was the so-called electron bifurcating 

enzyme that simultaneously reduced NAD and FAD and it was 

hypothesized that such a strategy enabled the removal of extremely 

low concentrations of aldehydes in the gut environment, even in 

the presence of high concentrations of acids [87].  

 

In summary. To overcome the dominance of anaerobic bacteria and 

the risk of their metabolic byproducts, we employ the concept of 

oxygen utilization and exploiting certain beneficial aerobic 

bacterial strains (Brevibacillus massiliensis, strain phR) for the 

treatment of many gut disorders through detoxification reactions 

directed against anaerobic bacteria.  

 

To reveal the potential significance of food dietary interventions 

such as the advice of certain diet for IBS-C, and gastrointestinal 

allergies. We should consider the study results which document 

wide variations in the prevalence of functional gut disorders among 

geographic localities. They concluded that functional gut disorders 

were attributed to multifactorial etiologies, such as type of food, 

biodiversity, and allergic pollution monitoring, contributing to 

more understanding of microbiota ecological systems. Moreover, 

the functional disorder named traveler’s diarrhea was found to be 

linked to the food and microbiota characterizing specific cultural 

and geographical areas. Examples of studies that maximize our 

conclusive findings include Huang et al [19], Black et al [20], 

Skrzydło-Radomańska et al, [24], and Sharabi et al [25]. 

Further studies confirmed that dietary manipulations readily alter 

intestinal gas production and composition, energy metabolism, gut 

transit regulation, immunity, paracrine and eccrine regulation, and 

bacterial proliferation. These are considered attractive tools for 

managing patients with gas-associated gastrointestinal disorders 

[42,43,45].  It was found that the high-fat diet caused a significant 

increase in both GLP-1 secretion and fecal methanogen content. 

There was a direct correlation between GLP-1 secretion response 

and fecal methanogen levels [64]. Furthermore, Zheng et al stated 

that GLP-1 acts on the GLP-1 receptors to activate multiple 

intracellular signaling pathways, including the cAMP/PKA 

signaling pathways, anti-inflammatory pathways, and anti-

oxidative stress responses. These pathways are crucial in wide-

ranging therapeutic effects beyond metabolic diseases [88]. The 

mechanism explaining methane's action on metabolic health may 

be through direct action on the GI endocrine system. Studies 

demonstrated that in addition to housing methanogens, the GI tract 

is also considered home to various metabolic hormone-secreting 

cells, known collectively as the enteroendocrine system. 

Specifically, glucagon-like peptide-1 (GLP-1) is secreted from the 

L cells of the lower GI epithelium and plays a vital role in post-

meal insulin secretion and appetite suppression. Like the L cells, 

methanogens are most abundant in the lower small intestine and 

colon. Recently, bacterial metabolites including short-chain fatty 

acids were shown to stimulate GLP-1 secretion. Interestingly, these 

metabolites can also be methane precursors [88,89,64]. 

 

– To sum it all up, the wide variations in the prevalence of functional 

gut disorders and the overlapping symptoms among various 

geographic localities all over the world are attributed to 

multifactorial etiologies, such as type of food, biodiversity, 

medications (antibiotics and PPIs) and allergic pollution, which are 

contributing to the diversity of gut microenvironmental systems. 

Understanding functional gut disorders related to microbiota and 

food indicated that bacterial metabolites such as ureases are the 

etiological key enzymes of various functional gut disorders. 

Moreover, other metabolites including short-chain fatty acids were 

shown to stimulate GLP-1 secretion and can be methane 

precursors. This clarifies the role of the enteroendocrine system as 

the mediator of metabolic disorders. 

 

– Conclusion. The urease enzyme is the primary etiologic 

mechanism of functional dyspeptic disorders including methane 

production by methanogenic bacteria. This could be explained by 

the hydrolytic effects of urease to produce carbon dioxide and 

ammonia. CO2 is used by intestinal methanogenic bacteria to 

produce methane. Additionally, catholyte pH control and CO2 

supply were critical operating factors impacting microbial 

methanogenesis. Functional dyspepsia is a complex and 

multifaceted disorder with medical challenges that range from new 

laboratory technologies, modes of interaction, overlapping disease 

symptoms, and sociodemographic changes. Knowledge of the 

highly dynamic nature of the anaerobic-aerobic microbial 

community would give valuable insights into the environmental 

adaptability of microbiota within the gut ecosystems influenced by 

bacterial metabolic activities. Metabolic interactions were 

demonstrated to influence colonization aspects and competitive 

interactions of the gut microbiome. In this context, we will provide 

a novel treatment of functional disorders resulting from the 

disturbed anaerobic-aerobic interplay and through detoxification 

reactions directed against anaerobic bacteria.  
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Future directives.  

 

1. Our finding-based notion suggests the use of oxygen-producing 

medications or reactions integrated with aerobic organisms to 

counteract the risks of anaerobic bacteria which is seemingly 

involved in the causation of diseases related to their metabolic 

products. 

 

2. Consistent with our concept of the potential use of oxygen in 

treating many gut disorders, we encourage ongoing research and 

collaborative efforts that need to be firmly addressed to elucidate 

further advances in the metabolism of gut microbiota. Furthermore, 

we suggest future directions that foster multidisciplinary 

sustainable practices in this field.  

 

3. We provide innovative solutions to longstanding challenges of 

the highly dynamic nature of the microbial community and drive 

the equilibrium status towards the dominance of aerobic bacteria. 

This inspired our rigorous medical sense to propose microbes 

found in foods and involved in human gut health that harbor O2-

resistant Bacillus and Brevibacillus-based probiotics. 

Understanding the gut ecological systems made it possible to 

maximize the benefits of using aerobic bacteria to overcome the 

potential risks of anaerobes and to detoxify their essential 

metabolic precursors. 

 

Conclusion. The urease enzyme is the primary etiologic 

mechanism of functional dyspeptic disorders including methane 

production by methanogenic bacteria. This could be explained by 

the hydrolytic effects of urease to produce carbon dioxide and 

ammonia. CO2 is used by intestinal methanogenic bacteria to 

produce methane. Additionally, catholyte pH control and CO2 

supply were critical operating factors impacting microbial 

methanogenesis. Functional dyspepsia is a complex and 

multifaceted disorder with medical challenges that range from new 

laboratory technologies, modes of interaction, overlapping disease 

symptoms, and sociodemographic changes. Knowledge of the 

highly dynamic nature of the anaerobic-aerobic microbial 

community would give valuable insights into the environmental 

adaptability of microbiota within the gut ecosystems influenced by 

bacterial metabolic activities. Metabolic interactions were 

demonstrated to influence colonization aspects and competitive 

interactions of the gut microbiome. In this context, we will provide 

a novel treatment of functional disorders resulting from the 

disturbed anaerobic-aerobic interplay and through detoxification 

reactions directed against anaerobic bacteria.  

 

Future directives.  

 

1. Our finding-based notion suggests the use of oxygen-producing 

medications or reactions integrated with aerobic organisms to 

counteract the risks of anaerobic bacteria which is seemingly 

involved in the causation of diseases related to their metabolic 

products. 

 

2. Consistent with our concept of the potential use of oxygen in 

treating many gut disorders, we encourage ongoing research and 

collaborative efforts that need to be firmly addressed to elucidate 

further advances in the metabolism of gut microbiota. Furthermore, 

we suggest future directions that foster multidisciplinary 

sustainable practices in this field.  

 

– 3. We provide innovative solutions to longstanding challenges of 

the highly dynamic nature of the microbial community and drive 

the equilibrium status towards the dominance of aerobic bacteria. 

This inspired our rigorous medical sense to propose microbes 

found in foods and involved in human gut health that harbor O2-

resistant Bacillus and Brevibacillus-based probiotics. 

Understanding of gut ecological systems made it possible to 

maximize the benefits of using aerobic bacteria to overcome the 

potential risks of anaerobes and to detoxify their essential 

metabolic precursors. 

 

– 4. Hopefully, the evidence presented herein linking urease to the 

pathogenesis of various functional gut disorders will encourage 

investigators of clinical trials to find new methods to overcome the 

undesired effects of antibodies against urease. Future studies on 

urease inhibitors should aim to develop efficient new generations 

with the least possible side effects. It will uncover new avenues to 

eradicate and abolish urease, as it is considered the cornerstone of 

the pathogenetic mechanism of most bowel disorders. 

 
– Abbreviations: 

 
– FD = Functional Dyspepsia. 

– GIT = gastrointestinal tract  

– Oro cecal transit time; is defined as the time taken from ingesting 

lactulose to the first sustained rise of hydrogen or methane or both 

in breath ≥12 ppm above the base line value. 

– AGA = American Gastroenterological Association. 

– GLP-1 = glucagon-like peptide-1  

– GLP-1R = glucagon-like peptide-1 receptor. 

– BmWOR = Tungsten incorporated oxidoreductase enzyme. 

– LFD = low-fermentable oligo-, di-, and monosaccharides and 

polyols (FODMAP) diet. 

– NAD = Nicotinamide adenine dinucleotide 

–  FAD = Flavin Adenine Dinucleotide. 
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