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Introduction

The etiology of most cancers stems from genetic 
instability, encompassing chromosomal and molecular 
genetic aberrations [1]. Stomach cancer, ranking as the 
fourth most common malignancy and the third leading 
cause of cancer-related deaths worldwide across both 
genders, poses a significant public health challenge. 
Late-stage diagnoses and dismal prognoses are common 
due to delayed patient identification [2, 3]. Notably, 
stomach cancer stands as the tenth least prevalent cancer 
type in Iraq, characterized by its rarity [4].

Helicobacter pylori (H. pylori) was identified as a class 
I carcinogen in 1994 by the World Health Organization 
(WHO) [5]. Over half of the adult population in the 
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globe is infected with H. pylori [6]. H. pylori infection 
has long been recognized as a significant risk factor for 
the development of various gastrointestinal diseases, 
including peptic ulcers and gastric cancer [7]. Among the 
diverse array of virulence factors exhibited by H. pylori, 
the cytotoxicity-associated gene A (CagA) and vacuolating 
cytotoxin gene (vacA) stand out as pivotal contributors 
to its pathogenicity [8, 9]. Despite the global prevalence 
of H. pylori infection, its association with gastric cancer 
remains a pressing concern, particularly in regions such as 
Iraq [10]. The presence of CagA is strongly associated with 
more severe clinical outcomes, including atrophic gastritis, 
intestinal metaplasia, and gastric adenocarcinoma. Studies 
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indicate that CagA-positive H. pylori strains significantly 
increase the risk of developing gastric cancer compared to 
CagA-negative strains [11, 12], while VacA contributes to 
creating a conducive environment for cancer development 
[13].

According to the Global Cancer Observatory (IARC 
2024), gastric cancer remains a considerable public health 
issue in Iraq. The age-standardized incidence and mortality 
rates of cancer among the Iraqi population in 2018, as 
displayed in the Global Cancer Observatory [14], are 105.5 
and 64.7, respectively (). The latest Iraqi Cancer Registry 
(ICR) has illustrated that the total number of new cancer 
cases during 2018 was 31,502, with an incidence rate of 
82.6/100,000 population; 43% occurred in males and 57% 
in females [15]. Thi-Qar, situated in southern Iraq, presents 
a unique context for studying the molecular aspects of 
H. pylori infection and its correlation with gastric cancer 
[16]. Despite the significant burden of stomach cancer in 
the region, there remains a notable absence of research 
investigating the presence and impact of H. pylori 
virulence factors, such as CagA and vacA, in affected 
individuals. Understanding the molecular mechanisms 
underlying H. pylori-associated gastric carcinogenesis is 
essential for devising effective prevention and treatment 
strategies tailored to the specificities of the local 
population [17].

Considering this knowledge gap, the present study 
aims to elucidate the presence and significance of various 
virulence factors of H. pylori extracted from stomach 
cancer patients in Thi-Qar, Iraq. By employing robust 
detection methods and analyzing H. pylori isolates, we 
seek to contribute valuable insights into the pathogenesis 
of gastric cancer in this region. Ultimately, this research 
endeavours to pave the way for targeted interventions 
aimed at mitigating the impact of H. pylori infection on 
gastric cancer incidence and improving the management of 
affected individuals in Thi-Qar, Iraq, and similar settings 
worldwide.

Materials and Methods 

Sample Collection
This case-control study collected forty-four samples 

of gastric cancer patients referred to oncology institutions 
in Thi-Qar, Iraq, from September 2020 to February 2021. 
Inclusion criteria were patients diagnosed with gastric 
cancer who were referred to oncology institutions in 
Thi-Qar, Iraq, between September 2020 and February 
2021, patients who underwent routine endoscopic 
procedures, during which gastric biopsy specimens 
could be collected, individuals who provided informed 
consent to participate in the study, and patients with 
sufficient biopsy specimens obtained from both tumor 
and adjacent non-tumor tissue for comparative analysis. 
Also, patients who did not provide informed consent for 
participation in the study, individuals with insufficient or 
inadequate biopsy specimens that could not be used for 
DNA extraction and molecular analysis, patients who had 
previously undergone treatment for H. pylori infection, 
such as antibiotics or proton pump inhibitors, within the 

last 4 weeks before sample collection, as this could affect 
the bacterial load and detection were excluded from the 
study.

Sampling Protocol and Specimen Preparation
The gastric biopsy specimens were collected aseptically 

during routine endoscopic procedures from both the tumor 
and adjacent non-tumor tissue of gastric cancer patients. 
Immediately after collection, the samples were placed in 
sterile containers and transported to the laboratory under 
cold conditions to ensure sample integrity.

Specimen Processing
Once in the laboratory, each biopsy sample was cut 

into small pieces and homogenized to ensure uniform 
distribution of bacterial content. The homogenized 
samples were then suspended in 1500 mL of PBS buffer 
(pH 7.0) to create a uniform suspension for subsequent 
culturing and molecular analysis.

Differential Cultures and Isolation of H. pylori
A portion of each prepared sample (100 mL) was 

cultured on blood agar and a selective medium specifically 
designed for H. pylori isolation (Himedia Laboratories, 
Kennett Square, PA, USA). The selective medium 
contained antibiotics to inhibit the growth of non-H.pylori 
bacteria, allowing for the isolation of H. pylori colonies. 
The plates were incubated at 37°C under microaerophilic 
conditions (5% O2, 10% CO2, 85% N2) for 3-7 days.

Confirmatory Phenotypic Tests and Morphology
Colonies suspected of being H. pylori based on their 

morphological characteristics (small, translucent, and 
greyish colonies) were further confirmed using phenotypic 
tests, including oxidase, catalase, and urease tests, all 
characteristic of H. pylori. Only positive samples for 
these tests were considered for further molecular analysis.

Molecular Confirmation of H. pylori and Virulence 
Factors

According to the manufacturer’s instructions, genomic 
DNA was extracted from gastric tissue samples using 
Maxwell RCS Tissue DNA kit (Promega, WI, USA). The 
extracted DNA was stored at -20°C until further analysis. 
The concentration of total DNA was determined using 
fluorometric quantification with the Qubit dsDNA HS 
Assay Kit (Thermo Fisher Scientific, Vilnius, Lithuania).

Quantitative RT-PCR was performed to detect the 
presence of H. pylori DNA, utilizing primers specific 
for the housekeeping gene (18S ribosomal RNA) as an 
internal control to assess DNA integrity. The ATCC’s 
(700392D-5) H. pylori strain 26695 genomic DNA was 
used to generate the standard curve and as a positive 
control. Specific primers previously described were used 
to identify H. pylori [18]. CagA and VacA virulence 
factors were detected using specific primers targeting their 
respective gene sequences (Table 1). Five pmol of primers 
and ten μl of the master mix (FastStart Essential DNA 
Green Master; Roche, Mannheim, Germany) were used 
in the reactions. The LightCycler 96 Instrument was used 
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significantly more in tumour tissue [18/22 (81.81%)] than 
in non-tumour tissue [4/22 (18.19%)] (P=0.03). The vacA 
gene was detected in the tumour tissue of only one 
H. pylori-positive patient.

The amplification of the CagA gene appeared as a 
curve represented by the real-time cycler (Figure 1), each 
representing the amplification of a single sample. 

Discussion 

In the present study, we investigated the prevalence 
of H. pylori infection and the presence of virulence 
factors, specifically the CagA and VacA genes, in gastric 
cancer patients. Our findings shed light on the association 
between H. pylori infection and gastric carcinogenesis 
and the distribution of virulence factors in tumour and 
non-tumour tissues. 

The high prevalence of H. pylori infection observed in 
our study population (85%) aligns with previous reports 
highlighting the significance of H. pylori as a major risk 
factor for gastric cancer development [19, 20]. A study by 
Kumar et al. (2020) involving 371,813 veterans diagnosed 
with H. pylori infection found significantly higher risks of 
gastric cancer among racial and ethnic minorities [19]. 
Additionally, a study by Shirani et al. reported that Japan 
had the highest pooled prevalence of gastric cancer among 
H. pylori-positive patients, with a prevalence of 90.90% 
(95% CI: 83.61–95.14) [20].

The predominance of H. pylori infection in males 
compared to females is consistent with the established 
epidemiological pattern, which may be attributed to 
differences in lifestyle factors, dietary habits, and 
hormonal influences [21]. In the study by Kawai et al. 
(2022), the mean adjusted cumulative incidence risk 
for gastric cancer in the H. pylori-infected population 
was 17.0% for males and 7.7% for females, while the 
incidence risk in the uninfected population was 1.0% 
for males and 0.5% for females [21]. The significantly 

to perform the PCR. After preparing the PCR mixture, 
the thermocycler program was set to 35 cycles. The time 
of the primary denaturation stage was 5 minutes at 95 
cº, the denaturation stage45 sec at 94 Cº, the annealing 
stage 35 sec at 51 Cº, and the extension stage 45 sec at 
72 cº. The amplified fragments were electrophoresed on 
1% agarose gel and then visualized by DNA-safe stain 
(Cinaclone, Iran). 

Statistical analysis
The Microsoft Excel program computed clinical and 

pathological feature rates (Table 1). Data on associations 
were analyzed employing R and SPSS version 20 (IBM, 
Inc., Armonk, NY, USA). Inter-agreement between 
methods was assessed using the Cohen kappa index. 
Statistical significance was determined at an alpha level 
of p < 0.05 with a confidence level of 95%.

Results 

Forty-five gastric cancer patients, comprising 38 
males and 7 females, participated in this study (Table 2). 
The majority of the participants were between 41 and 
50 years old (n=14). H. pylori infections were identified 
using a Real-time PCR method with specific primers, 
revealing that 38/45 (85%) of the sample tested positive 
for H. pylori. The remaining 7/45 (15%) tested negative. 
Among the 38 positive cases, 4/38 (10.5%) were 
females, and 34/38 (89.5%) were males, indicating 
a significant gender difference (P=0.021). However, no 
significant difference was observed when comparing age 
groups (P>0.05). The distribution of H. pylori infection 
across different age groups did not show a significant 
association (P = 0.879). Infection was present across all 
age categories, with the highest number of positive cases 
found in the 41-50 age group (11 positives out of 14 total).

CagA gene-positive subjects were detected in 22/45 
(48.8%) of H. pylori-positive patients, and they were found 

Table 1. The Primers Employed in the Research
Primers Sequence of the primers (5 to 3) Size of the product by base pairs
Cag.A Forward: TGCTAAATTAGACAATTGACGA 132bp

Reverse: AATAATCAACAAACATCACGCCT
Vac.A Forward: GCGGTATCAATCTGTCCAATCA 678bp

Reverse: TGATATTCCCGGTTAGTTTTCCA

Table 2. General Characterized of Patients Included in the Study
Variable Result Total P-value

Positive Negative
Gender Female 4 3 7 0.021⁎

Male 34 4 38
<10 2 - 2 0.879

20-Nov 4 1 5
Age group 21-30 8 1 9

31-40 7 1 8
41-50 11 3 14
>50 6 1 7
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higher proportion of H. pylori-positive males underscores 
the importance of gender-specific considerations in 
H. pylori-associated gastric cancer risk assessment and 
management. 

Furthermore, our study identified the presence of the 
CagA gene in approximately 58.8% of H. pylori-positive 
patients, with a significantly higher prevalence observed 
in tumour tissue compared to non-tumour tissue. 
These findings corroborate previous studies implicating 
the CagA protein as a major virulence factor associated 
with gastric cancer pathogenesis [22, 23]. The preferential 
localization of the CagA gene in tumour tissue underscores 
its potential role in promoting tumour progression and 
aggressiveness. 

Blaser et al. study from North America has indicated 
that infection with cagA-positive H. pylori strains elevates 
the risk of atrophic gastritis and gastric cancer [24]. 
Conversely, this correlation has not been consistently 
observed in multiple studies involving Asian populations 
[25]. European studies have demonstrated a significant 
association between the vacA m1 genotype and epithelial 
damage, characterized by neutrophilic and lymphocytic 
infiltrates, atrophic gastritis, and intestinal metaplasia. 
Severe gastric epithelial damage has also been linked to 
vacA s1/m1 mosaicism [26].

Interestingly, we observed a relatively lower prevalence 
of the VacA gene in our study population, with only one 
H. pylori-positive patient exhibiting positivity in tumour 
tissue. The limited detection of the VacA gene may suggest 
its variable distribution among H. pylori strains or its 
differential expression during gastric carcinogenesis [24]. 
Further investigation is warranted to elucidate the specific 
role of the VacA gene in gastric cancer development and 
progression. 

The differential distribution of virulence factors 
between tumour and non-tumour tissues underscores 
the complex interplay between H. pylori infection and 
gastric carcinogenesis. The preferential localization 
of virulence factors in tumour tissue highlights their 
potential contribution to tumour initiation, progression, 
and metastasis. Future studies exploring the mechanical 
interactions between H. pylori virulence factors and host 
factors within the tumour microenvironment may provide 
valuable insights into the molecular pathways underlying 
H. pylori-induced gastric carcinogenesis [27].

Although our study yielded interesting insights, it is 
important to acknowledge several limitations. Firstly, 
the limited sample size of 45 patients with stomach 
cancer could limit the generality of our findings to larger 
populations. More significant, multicenter studies with 
a broader range of demographic participants must confirm 
our findings and make more reliable conclusions on the 
virulence factors and prevalence of H. pylori infection 
in gastric cancer. Second, real-time PCR was the main 
method used in our investigation to identify H. pylori 
infection and virulence factors. Despite being extremely 
sensitive and specific, PCR-based techniques might not 
be able to detect all H. pylori strains and virulence factors 
that are present in the stomach mucosa. utilizing extra 
molecular methods, like multiplex PCR tests that target 
several virulence factors or whole-genome sequencing

In conclusion, these findings highlight a significant 
presence of the CagA virulence factor among H. pylori-
positive gastric cancer patients in Thi-Qar, Iraq, with 
a notable gender disparity in infection rates. However, 
the VacA gene was rarely detected, suggesting 
a lesser role in the pathogenicity within this population. 
These findings underscore the importance of H. pylori 
eradication strategies and the potential utility of virulence 
factor-targeted therapies in gastric cancer management.
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Figure 1. The Cytotoxic Related Gene (CagA) Amplification Curve in Real-Time PCR Amplification Plot
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