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Helicobacter pylori infection leads to gastritis that can evolve into severe forms of 

ulceration and malignant transformation. Its diagnosis is most often invasive. Our 

study aim was to characterize by a non-invasive method, Helicobacter pylori 

virulence genes iceA, oipA, and cagE in stool samples from Burkina Faso. This 

cross-sectional study took place from September 2020 to February 2021 and 

involved 250 patients. Each patient provided a stool sample, which was used to 

perform an Helicobacter pylori antigenic detection test and molecular analysis by 

polymerase chain reaction (PCR) to detect its virulence genes cagE, iceA, and oipA. 

The results showed a Helicobacter pylori infection rate of 89.6%. The virulence 

genes cagE, iceA1, iceA2, and oipA frequencies were 75.4%, 3.12%, 3.12%, 

and1.78% respectively. Our bacterial population had only one iceA genotype. The 

cagE gene was significantly linked with H. pylori infection (p-value=0.001). We 

also found a significant association between the iceA2 gene and a risk factor, with a 

(p-Value= 0.01). Conclusion: Our study is one of the first characterizing cagE, 

iceA1, iceA2, and oipA virulence genes of Helicobacter pylori in Burkina Faso. It 

suggests that virulence genes can be tested in stool as an on-invasive method. 

K ey wo rd s  
 

Helicobacter pylori, 
PCR, cagE, iceA, 
oipA, stool sample, 
Burkina Faso 
 

 

 
 

Received:  
03 June 2023 

Accepted:  
05 July 2023 

Available Online:  
10 July 2023 

Article Info 

 

https://doi.org/10.20546/ijcmas.2023.1207.006
https://orcid.org/0000-0002-5956-3444
https://orcid.org/0000-0002-5956-3444
https://orcid.org/0000-0003-1727-2291
https://orcid.org/0000-0003-1727-2291
https://orcid.org/0000-0003-1727-2291
https://orcid.org/0000-0003-4719-380X
https://orcid.org/0000-0003-4719-380X
https://orcid.org/0000-0003-4719-380X
https://orcid.org/0000-0002-6230-7126
https://orcid.org/0000-0002-6230-7126
https://orcid.org/0000-0002-6230-7126
https://orcid.org/0000-0002-9423-024X
https://orcid.org/0000-0002-9423-024X
https://orcid.org/0000-0002-9741-2428
https://orcid.org/0000-0002-9741-2428
https://orcid.org/0000-0002-9741-2428
https://orcid.org/0000-0001-9274-1428
https://orcid.org/0000-0001-9274-1428
https://orcid.org/0000-0002-8775-0693
https://orcid.org/0000-0002-8775-0693
https://orcid.org/0000-0002-8775-0693
https://orcid.org/0000-0002-6895-6725
https://orcid.org/0000-0002-6895-6725
https://orcid.org/0000-0002-6895-6725
https://orcid.org/0000-0001-8566-7530
https://orcid.org/0000-0001-8566-7530
https://orcid.org/0000-0002-0415-9161
https://orcid.org/0000-0002-0415-9161
https://orcid.org/0000-0002-0415-9161


Int.J.Curr.Microbiol.App.Sci (2023) 12(07): 54-64 

55 

 

Introduction 
 

Helicobacter pylori (H. pylori) is a bacterium 

prevalent in all countries and continents. On a global 

scale, its prevalence is greater than 50% (Hooi et al., 

2017). This bacterium is a public health problem 

especially, in developing countries. It is thought that 

it is transmitted during childhood and lasts most of 

the time throughout life. H. pylori infection leads to 

gastritis that can evolve into severe forms of 

ulceration and malignant transformation. Its main 

reservoir is the human stomach. The prevalence of 

infection varies by geographic area, age, ethnicity, 

and socioeconomic status (Hooi et al., 2017). In 

fact, Helicobacter pylori prevalence varies in 

Burkina Faso between 80 and 92% according to the 

diagnosis method and the study population (Cataldo 

et al., 2004; Ilboudo, 1997; Sermé, 2016; Werme et 

al., 2015). Survival and persistence of the bacterium 

are related to the expression of several colonization 

and virulence factors (Wroblewski et al., 2010). A 

comparison of the genome of the different 

sequenced strains has revealed a high genetic 

diversity in H. pylori (Sterbenc et al., 2019). 

Although H. pylori infection almost inevitably leads 

to chronic active gastritis. Approximately 10-15% of 

infected individuals develop severe gastroduodenal 

disease. Diseases such as peptic ulcer, gastric 

carcinoma (GC), and mucosa-associated tissue 

lymphoma (MALT) are caused by H. pylori 

(Sterbenc et al., 2019). The exact molecular 

mechanisms by which H. pylori infection induces a 

severe clinical outcome have not yet been clearly 

elucidated. They put into play several elements, 

including host genetic and environmental factors, as 

well as specific bacterial virulence genes, each with 

its own role and mechanism of action. The gene 

associated with cytotoxin E (CagE) would be 

associated with duodenal ulcer. CagE is required for 

the induction of interleukin (IL)-8 from gastric 

epithelial cells (Ozbey et al., 2013). CagE is a 

component of the type IV secretion system. It is 

essential for translocation and phosphorylation of 

cag A. Another important determinant of H. pylori 

virulence is the Induced Contact Epithelium (iceA) 

gene. The iceA gene has two allelic types, iceA1 and 

iceA2. Significantly expressed, iceA1 is associated 

with peptic ulceration (Peek et al., 1998). Both iceA 

alleles are bordered by, cysE and hpyIM which are 

conserved genes, but they differ significantly in their 

genetic and sequence organization (Koehler et al., 

2003). Expression of the iceA genes by the 

bacterium is induced upon contact of H. pylori with 

gastric epithelial cells and the iceA1 variant is 

upregulated. The exact function of iceA peptides is 

still unknown, although sequence homology 

suggests a role in endonuclease activity, it appears to 

be a bacterial restriction enzyme (Peek et al., 1998). 

Previous studies have shown that the presence of 

iceA1 is associated with increased mucosal 

interleukin 8 concentrations, enhanced acute 

neutrophilic infiltration and a higher risk of 

developing peptic ulcer disease (Arents et al., 2001; 

Koehler et al., 2003; Shiota et al., 2013). Recently, a 

new putative virulence factor has been identified, 

the outer inflammatory protein (oipA) gene, which 

encodes the inflammatory membrane protein. It is 

located approximately 100 kb from the 

pathogenicity island (PAI) cag on the H. pylori 

chromosome (Ben Mansour et al., 2010). OipA 

would contribute to IL-8 secretion by epithelial 

cells, induction of the matrix metalloprotease 1 

(MMP-1) is strongly associated with gastric cancer 

(Yamaoka et al., 2006). The protein action is 

through inducing an inflammation and causing an 

actin dynamic that usually worth with cag PAI 

pathways. OipA would therefore interact 

synergistically with other H. pylori virulence factors 

to result in severe gastric injury (Yamaoka, 2012). 

There is a polymorphism of oipA and active 

production of oipA proteins. They can be "on" or 

"off" depending on the number of repeats of the CT 

nucleotide in the oipA gene signal sequence 

(HP0638). The synthesis of oipA is regulated by a 

gene phasing mechanism due to the existence of a 

large polymorphism at the 5' end of the gene. The 

presence of 6 or 9 CT dinucleotides in the 5' region 

of the gene allows functional expression of the gene 

and production of oipA protein, whereas the 

presence of 5 or 7 CTs leads to the absence of 

protein synthesis (Sallas et al., 2019). The functional 

oipA stimulates H. pylori capacity of binding to the 
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gastric epithelium, which can be followed by host 

cell apoptosis, toxicity and inflammation initiation 

through interleukin-8 (IL-8) production, thus 

causing severe gastric pathology (Sterbenc et al., 

2019). In Sub-Saharan Africa and especially in 

Burkina Faso, there is a need to investigate 

Helicobacter pylori virulence factors and their 

implication in infection and dyspepsia. The aim of 

our study was to characterize the virulence genes 

(cagE, iceA, and oipA) of H. Pylori in stool samples. 

 

Materials and Methods 

 

Patient recruitment and data collection 

 

This was a cross-sectional study that ran from 

September 2020 to February 2021. A total of 250 

stool samples were collected. All the patients 

received with stool samples at the bacteriology 

department of the “Hôpital Saint Camille” of 

Ouagadougou (HOSCO), the Pietro Annigonni 

Biomolecular Research Center (CERBA), who 

wished to perform an antigenic test for H. pylori 

during the collection period and who had given their 

consent were considered for the study. All patients 

were interviewed to collect sociodemographic data 

(age, gender, residence, occupation) and clinical 

data (history, risk factors, and symptoms).  

 

Symptoms considered were gastric and abdominal 

pain, bloating, gastroesophageal reflux. Family size, 

number of hand washings per day, water source, 

consumption of fresh produce, and alcohol 

consumption were considered as risk factors for 

infection. 

 

Laboratory methods 

 

Only stool samples from patients who were positive 

for H. pylori rRNA16s by molecular test were 

retained for further study for the detection of 

virulence genes. Samples were frozen at -20°C in 

cryotubes for DNA extraction. H. pylori DNA was 

extracted using the QIAamp® Fast DNA Stool Mini 

(Qiagen) according to the manufacturer's 

instructions with 220 mg of samples. 

Rapid diagnostic test for H. pylori antigen 

 

The rapid test used for antigenic detection of H. 

pylori was “The OneStep H. Pylori Ag Stool Rapid 

Test” (Innovation Biotech, Beijing). The test 

according to the manufacturer has 96%of specificity 

and over 98 % of accuracy. 

 

Detection of virulence genes by PCR 

 

Conventional multiplex PCR was used in our study 

for the amplification of cagE (Erzin et al., 2006), 

iceA1, iceA2 (Ben Mansour et al., 2010) and oipA 

(Amjad et al., 2010) genes with specific primers 

(see Table 1). PCR was done from a reaction 

volume of 25 µL, using the gene Amp®9700 

thermal cycler machine (Applied Biosystems). In a 

previous study, a PCR was performed with the 

rRNA16S primer searched at 110 bp fragment to 

ensure the presence of H. pylori in our DNA 

samples (Paredes-Osses et al., 2017). 

 

PCR multiplex cagE, iceA1, OipA, iceA2 

 

For the cagE, iceA1 multiplex we used for the 

preparation of the reaction mixture 12 µL of the 

diluted Master mix (1.5X), 0.5 µL of each primer 

(sense and antisense 0.1X), 6 µL of sterile water and 

5 µL of the DNA extract of each sample. The PCR 

program included an initial denaturation cycle at 

94°C for 5 minutes, followed by 35 cycles including 

denaturation at 94°C for 60 seconds, hybridization at 

55°C for 60 seconds and elongation at 72°C for 1 

minute. The final cycle included a 5min extension 

step at 72°C. 

 

The oipA, iceA2 multiplex reaction contained of 12 

µL of diluted Master mix (1.5X), 0.5 µL of each 

primer (sense and antisense 0,05X), 6 µL of sterile 

water, and 5 µL of DNA extract from each sample. 

The PCR program included an initial denaturation 

cycle at 95°C for 5 minutes, followed by 35 cycles 

including denaturation at 95°C for 60 seconds, 

hybridization at 55°C for 60 seconds and elongation 

at 72°C for 1 minute. The final cycle included a 5 

min extension step at 72°C to ensure complete 



Int.J.Curr.Microbiol.App.Sci (2023) 12(07): 54-64 

57 

 

extension of the PCR products, which were migrated 

in a 2% agarose gel by electrophoresis. 

 

Statistical analysis 

 

Clinical data were first entered into Excel version 

2016. Then the analysis was done using the standard 

software Statistical Package for Social Sciences 

version 25(SPSS, Inc., Chicago, IL). The chi-square 

test was calculated using two by two table to 

evaluate the link between Helicobacter pylori 

infection, virulence genes and with epidemiological 

factors. We set the statistical significance level at (p 

< 0.05). 

 

Ethical considerations 

 

All patients and guardians of included patients had 

consented to participate in the study. This study 

obtained the approval of the Ethics Committee for 

Health Research of Burkina Faso (Deliberation n° 

2020-12-274). All patients were subjected to a 

questionnaire concerning socio-demographic data 

(age, sex, occupation, place of residence) and 

medical history. Their answers were kept 

anonymous. 

 

Results and Discussion 

 

Sociodemographic and lifestyle characteristics of 

the population  

 

The youngest patient was 4 years old and the oldest 

80 years old, and the mean age was 38.6 ± 15 years. 

The most represented age group was [20-40] years 

with a frequency of 55.6% followed by [40-60] 

years with a frequency of 26.8%.  

 

Most patients were female with a frequency of 

57.6%. The sex ratio was 0.7 in favor of women. 

The most represented professional class was the 

informal sector with a frequency of 61.2%. Almost 

all the patients lived in urban areas with a frequency 

of 96.8%. The distribution of patients according to 

lifestyle showed that most patients washed their 

hands less than or equal to 3 times a day with a 

percentage of 68%. Also, 82.8% of patients did not 

report alcohol consumption and 98% drank tap 

water, often alternating with borehole water.  

 

The patients’ diet was quite diverse. Those who took 

their meals alone represented 76.4%. The number of 

people living in families with less than or equal to 5 

people in the same habitat had a percentage of 

62.4%. 

 

Detection of Helicobacter pylori virulence genes 

 

Prevalence of H. Pylori infection  

 

Helicobacter pylori prevalence in our study 

population was 89.9% (224/250). The cagE 

virulence gene was identified in 169 of the positive 

patients (75.4%) (Table 3). The presence of the 

cagE gene was linked to H. pylori infection (p-value 

=0.0001) (Table 3). 

 

The iceA1 and iceA2 were detected among seven (7) 

patients each with frequencies of 3.12% and the 

oipA gene was detected among 1.78% of patients. 

 

Association between virulence genes, risk factors, 

and clinical signs 

 

We found a significant association between the 

iceA2 gene and the water source, with a p-Value of 

0.01(Table 4). We also found a significant 

association between the virulence gene iceA2, and 

the existence of symptoms related to the infection 

with a p-Value of 0.04 (Table 5). 

 

Relationship between virulence genes and 

treatment in symptomatic patients 

 

A significant association between virulence genes 

and treatment was observed. We noted that there 

was a relationship between the presence of the cagE 

gene and Helicobacter pylori treatment with a p-

value of 0.04 (Table 6). 

 

There was no significant association between the 

presence of multiple virulence genes and H. pylori 
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infection (supplementary Table 1). Two patients had 

three virulence genes (cagE, iceA1, oipA) or (cagE, 

iceA2, oipA). None of the patients had all four 

virulence genes. The two allelic forms of the iceA 

gene were not found in the same patient in our 

study. 

 

This study is one of the first to screen for 

Helicobacter pylori for virulence genes cagE, iceA, 

and oipA in stools in West Africa. The most 

represented age group was the age group from 20 to 

30 with 49.2% positive cases; the least defined age 

group was the under 20 years with 7.6%. However, 

the under-20 age group had a higher infection rate of 

94.7% (18 positive cases out of 19 total).  

 

Our results are comparable to those of Ilboudo et al., 

(1997) and Werme et al., (2015) who also observed 

a low representation of infection in patients under 20 

years of age. This low representation in patients 

younger than 20 years could be explained by the fact 

that patients of this age do not show enough 

symptoms of infection (Wroblewski et al., 2010). 

Many of the patients were symptomatic. The present 

study hypothesis is that the symptoms of H. pylori 

infection occur in young adults.  

 

At this age, they are persistent enough to require a 

consultation, hence the investigation for 

Helicobacter pylori. Thus, contamination would 

occur in young children to reach a high prevalence 

in adult life; it has been shown that H. pylori could 

survive for decades in the human stomach in an 

asymptomatic manner (without clinical 

manifestations). Indeed, acquisition of the bacterium 

in childhood is accompanied in most cases by 

chronic gastritis, which can evolve without further 

complications and remain asymptomatic (Megraud 

et al., 2015).  
 

Occupation and standard of living were not 

significantly associated with H. pylori. Our results 

are consistent with those of Serme et al., (2016). In 

fact, it is thought that "in Africa, any individual 

taken in adulthood and whatever his socio-economic 

level, has experienced a childhood in an 

environment conducive to contamination". Indeed, 

several studies have shown that contamination 

occurs early in childhood and before the age of 10, 

more than 50% of children in developing countries 

are already contaminated (Ilboudo, 1997). This 

could explain the absence of significant differences 

regardless of the socio-demographic factor 

considered (age, sex, profession, standard of living). 

 

However, the frequency of infection was higher at 

90.58% in patients who did not wash their hands 

more than three times a day. Also, patients who 

lived with five or more people in the same 

household had an infection rate of 90.4%. These 

results support those in the literature that lack of 

hygiene, crowding in families would be risk factors 

for H. Pylori infection or re-infection (Ben Mansour 

et al., 2010; Hooi et al., 2017; Ofori et al., 2019). 

 

The cagE gene was detected among 75.44% of the 

patients positive for H. pylori. These results are 

higher than those obtained in Turkey by Ozbey et 

al., (2013) in gastric biopsy samples at 33.3%.  

 

This difference could be explained by the 

geographical arrangement of the countries or by the 

type of sampling. Our results are consistent with 

those of Yamazaki et al., (2005) in Japan who found 

that the cagE gene was well conserved among the 

studied strains.  

 

The present study results are also comparable to 

those Erzin et al., (2006) who found a prevalence of 

59.3% in only 91 cases. They found a significant 

association of the gene with cases of duodenal ulcer 

and gastric cancer. We found a significant 

association between H. pylori infection and the 

presence of the cagE gene, and a significant 

association between no treatment and the presence 

of the cagE gene.  

 

We can deduce that the absence of treatment would 

contribute to the persistence of virulence genes 

during infection. The presence of the cagE gene has 

been associated with a poor prognosis of the 

infection, particularly in some countries (Tan et al., 

2005). 
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Table.1 Primers sequence and size in base pair  

 

Genes Primer sequence (5’-3’) 

 

Size(pb) Reference 

rRNA16s 

 

F: CTCGAGAGACTAAGCCCTCC 

R: ATTACTGACGCTGAT GTGC 

110 (Paredes-Osses et al., 2017) 

OipA 

 

F: GTTTTTGATGCATGGGATTT  

R: GTTTTTGATGCATGGGATTT 

401 

 

 

(Amjad et al., 2010) 

CagE 

 

F: GCGATTGTTATTGTGCTTGTAG 

R: GAAGTGGTTAAAAAATCAATGCCCC 

329 (Erzin et al., 2006) 

IceA1 

 

F: GTGTTTTTAACCAAAGTATC  

R: CTATAGCCASTYTCTTTGCA  

247 (Ben Mansour et al., 2010) 

IceA2 

 

F: GTTGGGTATATCACAATTTAT  

R: TTRCCCTATTTTCTAGTAGGT 

229 or 

334 

(Ben Mansour et al., 2010) 

 

Table.2 Distribution of the study by socio-demographic characteristics 

 

Characters Category Effectives Percentage (%) 

Age (years) 

 

≤20 19 7.6 

]20-40] 139 55.6 

]40-60] 67 26.8 

˃60 25 10.0 

Sex 

 

Male 106 42.4 

Female 144 57.6 

Profession 

 

Pupils/Students 63 25.2 

Officials 34 13.6 

Informal sector 153 61.2 

Residence 

 

Urban 242 96.8 

Rural 8 3.2 

 

Table.3 Relation between virulence genes cagE, iceA1, iceA2, and oipA with Helicobacter pylori infection 

 

Virulence genes Category H. pylori 

Absent  

n (%) 

Present 

n (%) 

Total 

n (%) 

p-value 

 

CagE 

Absent 26 (10.40) 55 (22) 81 (32.40) 0.0001 

Present 0 (0.00) 169 (67.60) 169 (67.60) 

 

IceA1 

Absent 26 (10.40) 217 (86.8) 243 (97.2) 0.36 

Present 0 (0.00) 7 (2.80) 7 (2.80) 

 

IceA2 

Absent 26 (10.40) 217 (86.8) 243 (97.2) 0.36 

Present 0 (0.00) 7 (2.80) 7 (2.80) 

 

OipA 

Absent 26 (10.40) 220 (88) 246 (98.4) 0.49 

Present 0 (0.00) 4 (1.6) 4 (1.6) 
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Table.4 Relationship between the iceA2 gene and risk factors 

 

Risk factors Category IceA2 

Absent  

n (%) 

Presence 

n (%) 

Total 

n (%) 

p-value 

 

Age (years) 

 

≤20 19 (7.6) 0 (0) 19 (7.6)  

 

 

0.58 

]20-40] 135 (54) 4 (1.78) 139 (55.60) 

]40-60] 64 (25.60) 3 (1.2) 67 (26.80) 

˃60 25 (10) 0 (0) 25 (10) 

Number 

Handwashing 

Per day 

3 79 (31.60) 1 (0.4) 80 (32)  

 0.30 ≤3 

 

164 (65.60) 6 (2.4) 170 (68) 

Water source Tap water 239 (95.60) 6 (2.4) 245 (98)  

 0.01 Other 4 (1.6) 1 (0.4) 5 (2) 

Consumption/ 

Fresh products 

No 193 (77.2) 5 (2) 198 (79.2)  

 0.60 Yes 50 (20) 2 (0.80) 52 (20.80) 

Alcohol 

consumption 

No 202 (80.80) 5 (2) 207 (82.20)  

 0.41 Yes 41 (16.4) 2 (0.80) 43 (17.2) 
 

Table.5 Correlation of virulence genes cagE, iceA1, iceA2, oipA and clinical signs 
 

Virulence 

genes 

 Category Clinical signs 

Asymptomatic Symptomatic Total 

n (%) 

p-value 

n (%) n (%) 

CagE Absent 6 (2.67) 75 (33.48) 81 (36.10)  

0.8 Present 14 (5.60) 155 (69.19) 230 (74.79) 

IceA1 Absent 20 (8) 223 (89.20) 243 (97.2)  

0.4 Present 0 (0) 7 (3.12) 7 (2.8) 

IceA2 Absent 18 (7.2) 225 (90) 243 (97.2)  

0.042 Present 2 (0.80) 5 (1.78) 7 (2.80) 

OipA Absent 20 (8) 226 (90.40) 246 (98.2)  

0.5 Present 0 (0) 4 (1.60) 4 (1.60) 
 

Table.6 Relationship of virulence genes cagE, iceA1, iceA2, oipA among patients with symptoms and H. pylori 

treatment 
 

 Category  H. pylori treatment 

No treatment  Treatment  Total 

n (%)  

p-value 

n (%) n (%) 

 

CagE 

Absent 45 (22.05)  4 (1.96) 49 (24.01)  

0.046 Present 123 (60.29) 32 (15.68) 155 (75.98 

 

IceA1 

Absent 162 (79.41)  35 (17.15) 197 (96.56)  

0.81 Present 6 (2.94) 1 (0.49) 7 (3.43) 

 

IceA2 

Absent 163 (79.90)  36 (17.64) 199 (97.54)  

0.29 Present 5 (2.45)  0 (0) 5 (2.45) 

 

OipA 

Absent 164 (80.39)  36 (17.64) 200 (98.03)  

0.35 Present 4 (1.96)  0 (0) 4 (1.96) 
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Table.7 Simultaneous Present of virulence genes cagE, ice A, and oipA in relation to Helicobacter pylori 

infection  
 

Virulence genes Category  H. pylori 

Absent  

n (%) 

Present 

n (%) 

Total 

n (%) 

p-value 

 

CagE+IceA1 

Absent 26(10.40) 218(87.2) 244(97.60)  

0.39 Present 0(0) 6(2.4) 6(2.4) 

 

CagE+IceA2 

Absent 26(10.40) 219(87.60) 245(98)  

 0.44 Present 0(0) 5(2) 5(2) 

 

CagE + OipA 

Absent 26(10.40) 222(88.8) 248(99.2)  

 0.62 Present 0(0) 2(0.80) 2(0.80) 

 

IceA1+IceA2 

Absent 26(10.40) 224(89.6) 250(100)  

 - Present 0(0) 0(0) 0(0) 

IceA1 + OipA Absent 26(10.40) 223(89.8)  249 0.73 

Present 0(0) 1(0.4) 1(0.4) 

IceA2 + OipA 

 

Absent 26(10.4) 223(89.2) 249(99.6)  0.73 

Present 0(0) 1(0.4) 1(0.4) 

CagE+ IceA +OipA Absence 26(10.4) 223(89.2) 249(99.6)  0.73 

Present 0(0) 1(0.4) 1(0.4) 

 

In this study the iceA gene was detected at 3.12% 

and the frequency of both iceA1 and iceA2 alleles 

was identical. Our results are lower than those of 

Smith et al., who found that a frequency of 86.4% of 

iceA1 among patients from Nigeria with non-ulcer 

dyspepsia (Ofori et al., 2019). Erzin et al., (2006) 

obtained 74% for iceA1 and 25.3% for iceA2 and 

those of Ben Mansour et al., (2010) who obtained 

60.2% for iceA1 and 16% for iceA2. No patient had 

both allelic forms of iceA in our study population. 

These results are consistent with those of Erzin et 

al., (2006) in Turkey and different with those of 

Amjad et al., (2010) in Malaysia who found an 

association between the two allelic forms (Amjad et 

al., 2010; Erzin et al., 2006).  
 

Thus, the present study bacterial population seem to 

possess a single iceA allelic form. This discrepancy 

in frequency could be explained by the fact the 

difference in study populations and virulence genes 

detection method also, Additionally, iceA genes 

were found to not be well conserved in the stool 

(Monteiro et al., 2001). We found a significant 

association between the presence of the iceA2 gene 

and the type of water source and with clinical signs. 

The water source might be a source of infection for 

this virulence gene. Furthermore, the presence of 

symptoms could be indicative of the presence of the 

iceA2 gene in our study population.  
 

However, further studies are needed to confirm 

these hypotheses. Peek et al., detected higher acute 

inflammation in the gastric mucosa of patients 

colonized with iceA1 positive strains (Erzin et al., 

2006), a finding that may explain the association 

between this genotype and ulcer. However, the 

iceA1 genotype does not always relate to ulcer 

(Shiota et al., 2012). 

 

The oipA gene was the lowest detected gene in our 

study with a prevalence of 1.78%. This is different 

from the result of El-Sayed et al., (2020) in Egypt 

who found a frequency of 32.5% and that of Ben 

Mansour et al., in Tunisia which was 90.8% (Ben 

Mansour et al., 2010; El-Sayed Marwa Shabban, 

2020). Our results are also lower than those of 

Ozbey et al., (2013) who found 75% in case of 

gastritis and 85.7%, in case of peptic ulcer (Ozbey et 

al., 2013). These results can be explained by the 

difference sample types, the bacterial strain, study 
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population and the and by the fact that oipA gene 

may be less common in our bacterial population.  
 

Yamakoa et al., (2012) showed that the presence of 

the oipA gene in a functional form was significantly 

associated with the presence of a high bacterial load 

in the gastric mucosa of infected patients with an 

increase in the infiltration of the mucosa by 

neutrophils (Yamaoka, 2012).  

 

The presence of the functional oipA gene increases 

the risk of duodenal ulcer and gastric cancer (Liu et 

al., 2013). Several studies in the literature have 

shown that the oipA gene is associated with peptic 

ulcer disease. Two of our patients (0.89%) had 

combined genotypes of three virulence genes. The 

genes involved were the cagE gene, the iceA1 gene 

for the first patient and the iceA2 gene for the 

second patient, and finally the oipA gene.  

 

These patients would be more likely to develop 

complications such as adenocarcinoma or gastric 

lymphoma (Koehler et al., 2003). Our study has 

some limitations such as the sample size and the fact 

that we lacked information on the different stages of 

Helicobacter pylori infection. 

 

This study allowed us to characterize the virulence 

genes and alleles iceA1, iceA2, oipA, cagE of H. 

pylori in stool samples. It also reports for one of the 

first time the presence of Helicobacter virulence 

genes cagE and oipA on samples from West Africa. 

Molecular methods can be used to detect 

Helicobacter pylori virulence genes in stool 

samples.  
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