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Introduction: 

A spiral-shaped, gram-negative, microaerophilic bacillus. Helicobacter pylori was first identified in 1983, it has been 

linked to the etiopathogenesis of various digestive system illnesses⁽¹⁾. Despite the fact that H. pylori infection might 

go undetected, it is thought to be the key factor in the development of gastric illnesses, like chronic gastritis, peptic 
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[10.3%].Conclusion: The findings emphasize the need of performing regional research 

and characterizing H.pylori virulence genes linked with various diseases. The study 

revealed a significant association between virulence genes and the development of certain 

forms of gastric infections. 

Keywords: Helicobacter pylori. Virulence genes. Polymerase chain reaction. Stool antigen 

test 

 Copyright : © 2024 The Authors. Published by Publisher. This is an open access article 

under the CC BY-NC-ND license 

(https://creativecommons.org/licenses/by-nc-nd/4.0/). 

Supplementary information The online version of this article 

(https://doi.org/xx.xxx/xxx.xx) contains supplementary material,which is available to 

autho-rized users. 

Corresponding Author: Weam S. Shashoug✝, Department of Microbiology, Faculty 

of Medical laboratory Sciences, University of Gezira, Sudan 



 JMCRR 7 (1), 1370-1376 (2024)                                                            MANUSCRIPT CENTRAL|1371 

 

 

ulcers, also H. pylori infection can predispose to the development of adenocarcinoma, gastric cancer, and gastric 

mucosa-associated lymphoid tissue lymphoma⁽²⁾⁽³⁾. 

In relation to race, ethnicity, and geographic region, the incidence of infection varies among various groups of 

individuals and within nations⁽⁴⁾. Variations in incidence rates have been linked to variables including poor 

socioeconomic standing, unhygienic living conditions, and crowded housing⁽⁵⁾. 

Several virulence variables affect how H. pylori-associated diseases develop and progress⁽⁶⁾, among such, the 

virulence markers cytotoxin-associated gene A (cagA) and vacuolating cytotoxin gene A (vacA) have received a great 

deal of attention⁽⁷⁾. 

The first virulence factor identified in H. pylori strains was the cagA gene, this gene produces a protein that is linked 

to worse clinical outcomes and an increase in the severity of stomach inflammation⁽⁸⁾. The H.pylori pathogenicity 

island (PAI) was initially known as cytotoxin- associated gene and was thought to be connected to the production of 

the vacuolating toxin (vacA). Nevertheless, it was later shown that both components, the PAI and vacA, are independent 

of one another, despite the fact that cag-negative strains frequently do not express vacA⁽⁹⁾. CagA has been reported as 

the first bacterial oncoprotein and is most likely the virulence factor of H. pylori with the greatest potential⁽¹⁰⁾. 

H. pylori strains carrying the Vacuolating cytotoxin A (vacA) gene vary in their vacuolating ability, due to five 

vacA regions variations: s-region (s1 and s2), i-region (i1, i2, i3), m-region (m1 and m2), d-region (d1 and d2), and 

c-region (c1 and c2)⁽¹¹⁾. vacA promotes chronic infection by inhibiting immune cells, stimulation of protein kinases, and 

autophagy modulation⁽¹²⁾. Also the induction of stomach cancer and immunological regulation are significantly 

influenced by the vacA toxin⁽¹³⁾. 

Information on H. pylori virulence factors and their roles in the development of gastroduodenal disorders needs to be 

updated. Therefore, the objectives of this study were to assess the incidence of H. pylori, identify the existence of cagA 

and vacA virulence genes in patients at Wad Medani Sudan, and examine the association between the emergence of 

gastroduodenal illness and these virulence genes. Therefore, the choice of virulence indicators is critical when 

utilizing them to predict disease risk. 

To identify or confirm H. pylori in the current investigation, we employed a stool antigen test (SAT) and a 

polymerase chain reaction (PCR) assay, respectively. The two diagnostic techniques are frequently referred to as "gold 

standards" and have been reported to be both sensitive and specific⁽¹⁴⁾. 

Materials and methods: 

Patient recruitment: This study included patients attended at private clinics in Wad Medani city, Sudan between July-

october 2022. The present study was submitted to the Ethics Committee of University of Gezira and ministry of health-

Sudan, for approval and the participating patients signed a free informed consent form prior to sample collection. 

This cross-sectional descriptive study was conducted with a total of 100 dyspeptic patients, 46 (46%) of which 

were male and 54 (54%) female. Patients with previous gastric surgery were excluded and patients recently on 

antibiotics and other eradication therapies in the last 3 months were also excluded, research questionnaires were 

administered to volunteer participants. 

Stool antigen test (SAT): In the present study, stool samples were collected and participants obtained their own stool 

samples. The samples prepared immediately for (SAT) as follows; the stick of the stool container was removed, and 

the feces were scraped to fill the groove at the tip of the fecal bite. Then, the feces were returned to the stool container 

and vigorously shaken several times to uniformly suspend the feces. The dropper of the stool container was uncapped, 

and the first one of the prepared samples were squeezed out. Three drops (approximately 110 μl) of the sample were 

then added onto the evaluation reagent test plate and allowed to stand at 15°C to 30°C for 3 to 10 min; lines were 

visible in the judgment and confirmation line parts. The remaining samples were stored immediately at -20°C for further 

PCR test. 

DNA extraction: Frozen residual samples were returned to room temperature and were used as samples for PCR. 

DNA was extracted from approximately 200 grams of each sample using the QIAamp Fast DNA Stool Mini kit 
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(Qiagen GmbH, Hilden, Germany) following the manufacturer’s instructions. Briefly, samples were lysed in 1 ml 

inhibitEX buffer and vortex for 1 min, centrifuge samples for 1 min, 25 μl of proteinase K and 200 supernatant samples 

and 200 μl of buffer AL added and vortex for 15 seconds, then incubated for 10 min at 70°C. Two hundred microliter 

of ethanol (96%) was added to the lysate and mix by vortex, lysates were purified over a QIAamp column as specified 

by the manufacturer. The column was washed stepwisely with 500 μl buffer AW1 and buffer AW2, after which an ultra-

pure DNA product was eluted for PCR assay. 

Molecular confirmation of H. pylori: PCR was performed on extracted DNA from stool samples using primers 

specific for H. pylori ureC (table 1), under the following conditions: Initial denaturation of 94 °C for 3 mins and 35 cycles 

of 94 °C for 45s, 55 °C for 50s and 72 °C for 50s and a final extension time of 72 °C for 7 min. The PCR amplification 

was performed using a thermocycler system (Geneamp 9700 PCR Thermal Cycler). Each 25 μl PCR reaction mixture 

contained 5 μl PCR master mix (Maxime PCR premix, iNtRON® Korea), 1 μl each of primer (Macrogen, Europe), 

3 μl of template DNA and 15 μl of PCR grade water. For each PCR experiment, appropriate positive and negative 

controls were included. 

Amplification of virulence genes by Polymerase Chain Reaction (PCR): The cagA and vacA (alleles s1, s2, m1, 

m2) virulence genes of the clinical isolates were amplified by the polymerase chain reaction in a final volume of 

25 µL containing 2 µL genomic DNA, 1 µL of each primer, Multiplex PCR was used to identify vacA and cagA 

genes in samples positive for ureC gene of h.pylori, using primers for vacA s1/vacA s2, vacA m1/vacA m2, and cagA 

(Table 1). Agarose gel (1.5%) with ethidium bromide was used for separation of the PCR product, using a 100 bp ladder 

as DNA molecular weight standard. 

Statistical Analysis: Statistical analysis was done using IBM Statistical Package for the Social Sciences (SPSS) 

software, version 20.0, for Windows. Data was presented as mean ± standard deviation or percentages. Chi-squared 

test was used for categorical variables. P value was significant at < 0.05. 

Table 1: Primer sequences used for the amplification of vacA alleles and cagA genes 

Target 

gene 

Primer Pairs (5’-3’) Amplicon length (bp) References 

gA F:ACCGCTCGAGAACCCTAGTCGGTAATGGG 

R:CAGGTACCGCGGCCGCTTAAGATTTTTGGAAACCA C 

981 (15) 

vacA s1/s2 F: ATGGAAATACAACAAACACAC R: CTGCTTGAATGCGCCAAAC 259/286 (16) 

vacA m1 F: GGTCAAAATGCGGTCATGG R: 

CCATTGGTACCTGTAGAAAC 

290 (16) 

vacA m2 F: CATAACTAGCGCCTTGCAC R: 

GGAGCCCCAGGAAACATTG 

352 (16) 

ureC F: AAGCTTTTAGGGGTGTTAGGGGTTT R: -AAGC 

TTACTTTCTAACACTAACGC 

300 (17) 

Results: 

Result: Recurrent abdominal pain was the most common presentation followed by heartburn, dyspepsia, bloating, acidity, 

nausea and vomiting (82%, 79%, 67%, 62%, 54% and 23%) respectively. 

35 samples (35%) were positive for H. pylori ureC gene. Three participants who tested negative for (SAT) were 

confirmed positive for H. pylori using PCR, giving an overall prevalence of (35%). 

Participant gender and H. pylori status: Of the 100 participants, 54 (54%) were females and 46 (46%) males. Of the 

54 females, 19 (35.1%) were H. pylori positive; while in males, 16 (34.7%) of 46 were positive. Regarding the patients' 

gender (p=0.493), there was no statistically significant difference. 

The age range was between 18 and 77 years, median age was 47.5 years. The prevalence of H. pylori in five age 

subgroups 20-29; 30-39; 40-49; 50-59; and 60-80 years (Table 2) show that prevalence variable with age up to 55 

years and then slightly increase, but without reaching statistical significance (p=0.153). 
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Table 2: Characteristics of the population studied by gender and age. 

Variable Total of Patients Prevalence 

Male 46 16 (34.7%) 

Female 54 19 (35.1%) 

Group 1 (18-27) 13 2 

Group 2 (28-37) 18 2 

Group 3 (38-47) 24 6 

Group 4 (48-57) 21 9 

Group 5 (58-67) 13 7 

Group 6 (68-77) 11 9 

Molecular detection of H. pylori: Helicobacter pylori was detected by PCR technique (figure1). Where 35 

samples (35%) were positive for H. pylori ureC gene. Three participants who tested negative for (SAT) were 

confirmed positive for H. pylori using PCR, giving an overall prevalence of (35%). 

 

Figure 1: PCR amplification of UreC for H.pylori detection: 100bp DNA ladder, lane 1 positive control (294bp) 

lane 2 negative control, lane 3 positive sample, lane 5,5 negative samples. 

Virulence genes detection and clinical conditions in H. pylori positive individuals: vacA and cagA genotypes 

were identified by multiplex PCR (Figure 2). vacA and cagA genes were identified in 29 (82.8%) and 13  

(37.1%) of the 35 H. pylori strains, respectively. Out of the 35 

H. pylori Positive strains, 80% (28\35) had at least one virulence gene and 20% (7\35) did not show any of cafA 

and vacA virulence genes. 

The cagA virulence gene was compared to the many indications and symptoms in patients who tested positive to H.pylori 

in this study, but no significant correlation between the two was found, indicating 

that this gene cannot be used as a particular indicator of severity in our environment. 

The multiple alleles of vacA gene's were examined, and it was discovered that 14 samples had several allelic forms 

present at once. VacA genotype s1/m1 was the most prevalent (57.1%) followed by s2/m2 (42.8%) and s1/m2 

(21.4%), but we did not find vac s2/m1 genotype.  
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Figure 2: PCR amplification of vacA alleles, lane 1: 100bp DNA ladder, lane 2: negative control, lane 3: s1/s2 

genotype, lane 4: s1/m1 genotype, lane 5-8: negative samples, lane 9: s1/m2 genotype 

 

 

 

 

 

 

 

 

 

 

Figure 3: PCR amplification of cagA, lane 1: 100 bp DNA ladder, lane2: negative sample, lane 3-6: cagA+ samples 

(981bp) 

Discussion: 

The prevalence of H. pylori infection ranged from more than 70% in developing countries such as Bangladesh, India, 

and Mexico to around 20% in developed countries such as Netherland and Australia⁽¹⁸⁾. 

It is crucial to precisely identify H. pylori and antibiotic resistance in both adults and children, whether they are 

exhibiting symptoms or not, because of the high frequency of H. pylori infection, the age-related increase in infection 

rate, and the potential pathogenicity. 

Many different diagnostic techniques to detect H. pylori have been proposed. The decision is often made based on the 

materials that are available, the population being sampled, the state of health of the patients, and the investigator's 

qualifications or expertise, and in this study we choose two techniques. 

Using Stool specimens to detect h.pylori we should be aware of contamination because it can interfere with the 

normal results. We should also be concerned about the quality and quantity of DNA extracted when using PCR-based 

techniques and the consistency of the feces, and the time between sample collection and detection should be carefully 

considered regarding SAT. 

Comparing both results from two techniques, we observed a higher prevalence rate (35%) in the PCR method than 

SAT (32%), the difference between the two methodologies' finding might have resulted from low colonization of 

bacteria in stomach leads to low concentration of H. pylori antigen in the sample and in some situations, the 

sensitivity of SAT may decrease, such as those for patients with gastrointestinal bleeding. 
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Compared to certain other earlier studies in developing countries where greater prevalence statistics were 

observed⁽¹⁹⁾, the current study's total prevalence of 35% is rather low. The prevalence of 37.1% cagA positive strains 

obtained in our study lower than researches conducted in other region of Africa⁽¹⁷⁾⁽²⁰⁾⁽²¹⁾, and the outcome is also lower 

compared to a higher prevalence cagA previously reported Wad Medani city, Sudan⁽²²⁾. Also cagA+ was found in 

our study as a single genotype, and linked to vacA in 5 cases. 

Conclusion: 

The findings of PCR amplification of H. pylori DNA extracted from feces often show variations in the intensity of the 

bands generated, which is normal given that it is frequently thought that H. pylori colonizes the stomach mucosa in 

patches rather than consistently. 

We hope to include histological examination in the future studies to enable comparison with gastroenterology 

diagnosis; and Studies of H. pylori virulence factors  might prove crucial for an epidemiological and clinical study to 

become more familiar with the pathogenesis of the disease in Sudan. 
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