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suggests their potential as disease biomarkers. These findings contribute to a
deeper understanding of H. pylori pathogenicity within the Libyan population
and establish a basis for future clinical interventions and public health strategies
to manage and prevent H. pylori-associated diseases in Libya and comparable
regions.
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1. Introduction

Helicobacter pylori is a gram-negative, spiral-shaped, microaerophilic bacterium
that colonizes the human stomach [1]. Globally, over 50% of the world’s popula-
tion is infected with H. pylori [2], yet more than 80% of infected individuals re-
main asymptomatic [3]. The prevalence exhibits significant geographical varia-
tion; infection rates in developing countries can exceed 85%, substantially higher
than the approximately 30% - 40% observed in Europe and North America [4]. H.
pyloriis classified as a definite carcinogen due to its association with gastric ade-
nocarcinoma and gastric mucosa-associated lymphoid tissue (MALT) lymphoma
[5]. Additionally, it has been implicated in non-gastrointestinal diseases such as
chronic cardiovascular disease and colorectal cancer [6].

H. pylori strains exhibit high phenotypic and genotypic diversity, particularly
concerning virulence factors that enhance pathogenicity [7]. This genetic diversity
complicates the selection of target genes for detection; even highly conserved se-
quences like 16S rRNA and ureA may fail to detect specific strains. The diversity
results from point mutations, substitutions, insertions, and deletions in the ge-
nome [8].

The pathogenesis involves several virulence factors facilitating colonization, in-
flammation, and host cell damage [9]. Key factors include the urease enzyme, fla-
gella, adhesins, cytotoxin-associated gene A (cagA), vacuolating cytotoxin A
(vacA), and the induced by contact with epithelium gene (ice4) [10]. Urease neu-
tralizes gastric acid, aiding bacterial survival [11]. Flagella-mediated motility and
chemotaxis allow navigation toward the epithelial surface. Adhesion is mediated
by outer membrane proteins like blood antigen-binding adhesin (BabA and BabB)
and sialic acid-binding adhesin (SabA) [12] [13]. Among key virulence factors,
the vacA gene exhibits allelic diversity in its signal (s1, s2) and middle (m1, m2)
regions [14]. vacA induces vacuole formation, disrupts mitochondrial function,
and promotes apoptosis (Palframan et al, 2012). Strains with vacA s1/m1 geno-
types are associated with more severe disease outcomes [2]. The cagA gene en-
codes a protein injected into host cells via a type IV secretion system, disrupting
cellular signaling pathways [15], and is linked to gastritis, peptic ulcer disease, and
increased gastric carcinoma risk [16]. The iceA gene is associated with increased

interleukin-8 production and acute inflammatory responses [17].
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Accurate diagnosis of H. pylori infection is essential for effective treatment.
Molecular methods like polymerase chain reaction (PCR) offer high sensitivity
and specificity, detecting even low bacterial loads and identifying specific viru-
lence genes [18]. Target genes for PCR include housekeeping genes such as 16S
rRNA, glmM, and Apu, as well as virulence genes like vacA4, cagA, and iceA. Com-
bining PCR with other diagnostic methods enhances detection accuracy [19].

Despite the high global prevalence of H. pylori, there is a lack of comprehensive
data on the distribution of its virulence genes in Libya, particularly in Benghazi.
Most previous studies have focused on histopathology and serology, with limited
molecular characterization of virulence factors. Understanding the prevalence
and distribution of virulence genes such as glmM, hpu, vacA, cagA, and iceA is
crucial for assessing the pathogenic potential of circulating strains and tailoring
appropriate diagnostic and therapeutic strategies. To date, there have been no
published data on the virulence genes of H. pyloriin Libya, highlighting the need
for this research. The primary objective of this study is to detect Helicobacter py-
lori and its virulence genes (g/mM, hpu, vacA, cagA, and iceA) among patients

with gastroduodenal diseases in Benghazi Medical Center, Libya, using PCR.

2. Materials and Methods

2.1. Patient Recruitment

One hundred and forty-four subjects suffering from upper gastrointestinal tract
symptoms were enrolled in this study. Ten subjects were considered negative con-
trol cases [non-ulcer dyspepsia (NUD) patients with normal findings]. The pa-
tients were diagnosed by specialist physicians and recruited accordingly. Demo-
graphic information—including age, sex, marital status, literacy status, residential
status, and socioeconomic status—was obtained by referring to medical records
and conducting personal interviews.

Throughout the study period, 73 women and 71 men aged between 18 and 80
years (mean age 51.09 + 15.39 years) presented with dyspepsia and were referred
to the Esophago-Gastroduodenoscopy Unit at Benghazi Medical Center (B.M.C.)
for upper endoscopy between March 2020 and February 2022. Based on the en-
doscopic examination, patients were grouped into six categories: gastritis, peptic
ulcer disease (PUD), gastric tumor cancer (GC), mucosa-associated lymphoid tis-
sue (MALT) lymphoma, other gastric diseases (including gastroenteropathy, gas-
tric angiodysplasia, and grade 2 esophagitis), and normal oesophago-gastro-duo-
denoscopy (OGD) findings. Normal OGD patients were defined as those who had
no endoscopic lesions of ulcers and/or malignancies.

The protocol of this study was approved by the Ethics and Research Commit-
tees of the hospital, and all patients gave informed consent to the study according
to the Declaration of Helsinki (WHO, 1993).

2.2. Sample and Biopsy Collection

To collect samples from the targeted population and avoid any misinterpretation
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of the results, the following conditions were applied: patients had to be adults suf-
fering from various dyspeptic symptoms and must not have received nonsteroidal
anti-inflammatory drugs (NSAIDs), antibiotics, H, receptor antagonists, or any
proton pump inhibitors for at least one month prior to the study. Patients were
followed up by their physicians, and all upper endoscopy abnormalities were rec-
orded. Clinical specimens were collected, stored, and transported according to es-
tablished protocols.

Four antral biopsies were collected during upper endoscopy: one biopsy for the
rapid urease test (RUT), taken from a position adjacent to normal gastric epithe-
lium within 5 cm of the pylorus to avoid gastric atrophy or gastrointestinal meta-
plasia, with a thickness of about 1.8 to 3.3 mm; the other three biopsies, each about
5 mm thick, were used for molecular investigations targeting 16S rRNA, GLM,
HPU, vacA, cagA, and iceA genes. The three biopsy specimens for molecular anal-

ysis were preserved immediately at —80°C.

2.3. Extraction of DNA from Biopsy Specimens

According to the manufacturer, the QIAamp Tissue DNA Extraction Kit was used
to extract genomic DNA from frozen biopsy specimens. Briefly, 25 mg of the
crushed biopsy specimen was transferred into a microcentrifuge tube, followed by
the addition of 180 pL of lysis buffer ATL. Then, 20 uL of proteinase K solution
was added, the mixture was vortexed, and then incubated at 56°C until the tissue
was completely lysed. Lysates were spun at 8000 rpm for 15 seconds, and then 200
uL of AL buffer was added, vortexed, and incubated at 70°C for 10 minutes. Eth-
anol (96% - 100%) 200 uL was added to the sample, vortexed for 15 seconds, and
spun at 8000 rpm for 15 seconds. The lysates were then applied to the QlAamp
Mini spin column and spun at 8000 rpm for 1 minute. Five hundred microliters
of wash buffer AW1 were added to the QlAamp Mini spin column and spun at
8000 rpm for 1 minute. The column was transferred to a clean collection tube, and
then 500 uL of wash buffer AW2 was added to the column and spun at 14,000 rpm
for 3 minutes. The column was transferred to a new Eppendorf tube, and the DNA
sample was eluted by adding 200 pL of buffer AE directly onto the membrane of
the column. The column was left for 5 minutes at room temperature and then
spun at 8000 rpm for one minute. Genomic DNA samples were stored at —20°C

for further investigations.

2.4. Molecular Confirmation of H. pylori

Polymerase chain reaction (PCR) was performed on extracted DNA from biopsies
using primers specific for H. pylori 16S rRNA under the following conditions:
initial denaturation at 95°C for 5 minutes, followed by 37 cycles of denaturation
at 95°C for 60 seconds, annealing at 60°C for 60 seconds, and extension at 72°C
for 60 seconds, with a final extension time of 72°C for 5 minutes. The PCR ampli-
fication was performed using a thermocycler system (T3 thermocycler, Whatman
Biometra, USA). Each 25 pL PCR reaction mixture contained 12.5 pyL of PCR
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master mix (Promega, GoTaq® Green Master Mix, USA), 1.5 pL of each primer
(Metabion, Planegg, Germany), 3 uL of template DNA, and 6.5 pL of PCR-grade
water. For each PCR experiment, appropriate positive and negative controls were
included. The H. pylori strain J99 and nuclease-free water were used as positive

and negative controls, respectively.

2.5. Detection of PCR Amplicons

To detect the amplified product, 5 pL of amplicons were visualized by electropho-
resis through a 2% agarose gel (Promega, USA) at 100 V for 60 minutes in 1 x TBE
buffer and stained with ethidium bromide (500 ng/mL) (Sigma-Aldrich, USA) using
the gel photo documentation system (Bio-Rad Laboratories, Inc., American devel-
oper). The bands were identified by comparing the band sizes with molecular weight
markers (Promega, USA). Samples were considered positive when the visible band
was the same size as the positive control DNA. The primer for the 110 bp product
of the 16S rRNA sequence was represented by the forward primer sequence: 5'-CTG
GAG AGA CTA AGC CCT CC-3' and the reverse one: 5'-ATT ACT GAC GCT
GAT TGT GC-3' (Metabion International AG, Germany).

2.6. Detection of H. pylori Virulence Genes

Virulence genes, including GLM, HPU, vacA (subtypes: s1, s2, m1, and m2), cagA4,
and iceA, were detected using PCR-specific primers (Table 1) with the same am-
plification conditions and assay protocol as described earlier.

Table 1. Primer sequences for PCR detection of H. pylorivirulence genes.

Target Genes Primer Sequences (5'-3") Amplicon Size (bp)

16S rRNA-F 5'-CTG GAG AGA CTA AGC CCT CC-3' 110

16S rRNA-R 5'-ATT ACT GAC GCT GAT TGT GC-3'

GImM-F 5'-AAG CTT TTA GGG GTG TTA GGG GTT T-3' 294
GlmM-R 5'-AAG CTT ACT TTC TAA CAC TAA CGC-3'

HPU1 5'-GCC AAT GGT AAATTA GTT-3' 411
HPU2 5'-CTC CTT AAT TGT TTT TAC-3'

cagA-F 5'-AAT ACA CCA ACG CCT CCA-3' 400
cagA-R 5-TTG TTG CCG CTT TTG CTC TC-3'

vacA (s1/s2)-F  5'-ATG GAA ATA CAA CAA ACA CAC-3' 259/286

vacA (s1/s2)-R  5'-CTG CTT GAA TGC GCC AAA C-3'
vacA (m1/m2)-F 5'-CAA TCT GTC CAA TCA AGC GAG-3' 570/642

vacA (m1/m2)-R 5'-GCG TCT AAA TAA TTC CAA GG-3'

iceAl-F 5'-GTG TTT TTA ACC AAA GTA TC-3' 558
iceA1-R 5'-CTA TAG CCA ATT TCT TTG CA-3'
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2.7. Statistical Analysis

Data were analyzed using chi-square tests to determine the association between
H. pyloripositivity and epidemiological risk factors, virulence factors, and gastro-
duodenal disease diagnosis. Briefly, a chi-squared test was used to compare fre-
quencies between various groups, and Fisher’s exact test was used to analyze two-
by-two tables of categorical data. The relationship between virulence genes, clini-
cal outcomes, age, and gender was evaluated using two-way ANOVA. P-values
less than 0.05 were considered statistically significant.

3. Results
3.1. Patient Demographics and Clinical Characteristics

A total of 144 patients were enrolled in this study, comprising 73 females and 71
males, with a mean age of 51.09 + 15.39 years (range: 18 - 80 years). The distribu-
tion of gastroduodenal diseases diagnosed via esophagogastroduodenoscopy (EGD)
is detailed in Table 2. Gastritis was the most prevalent condition, observed in 66
patients (45.83%), followed by peptic ulcer disease (PUD) in 26 patients (18.06%),
mucosa-associated lymphoid tissue lymphoma (MALT lymphoma) in 7 patients
(4.86%), and gastric adenocarcinoma in 3 patients (2.08%). Other conditions—
including gastroenteropathy, gastric angiodysplasia, grade 2 esophagitis, and gas-
troesophageal reflux disease (GERD)—were identified in 20 patients (13.89%).
Normal EGD findings were reported in 22 patients (15.28%).

Table 2. Distribution of gastroduodenal diseases among the study population.

Endoscopic Finding Number of Patients (%)

Gastritis 66 (45.83%)

Peptic ulcer disease 26 (18.06%)

MALT lymphoma 7 (4.86%)

Gastric adenocarcinoma 3 (2.08%)

Other conditions 20 (13.89%)

Normal findings 22 (15.28%)

Total 144 (100%)

3.2. Gender-Specific Distribution of Gastroduodenal Diseases

The mean age of male patients was 52.66 * 13.41 years (range: 18 - 78 years), and
that of female patients was 49.58 + 17.14 years (range: 18 - 80 years). The gender-
specific distribution of gastroduodenal diseases is presented in Figure 1. Gastric
adenocarcinoma was observed exclusively in males (3/3, 100%). MALT lym-
phoma was more prevalent in males (6/7, 85.71%) compared to females (1/7,
14.29%). Conversely, gastritis and normal EGD findings were more common in

females, accounting for 60.61% and 63.64% of cases, respectively.
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Figure 1. Gender distribution of participants across various gastroduodenal disease
diagnoses. The chart illustrates the prevalence of different gastroduodenal diseases among
male and female participants. Diseases include gastric tumors, gastritis, MALT (mucosa-
associated lymphoid tissue) lymphoma, normal endoscopic findings (NORM EGD), and
peptic ulcer disease (PUD), among others. The total number of patients is also presented,
with distinct bars for each gender, highlighting the variation in disease incidence between
males and females across diagnostic categories.

3.3. Molecular Detection of H. pylori Housekeeping Genes

The presence of H. pyloriDNA in gastric biopsy specimens was confirmed by PCR
amplification of housekeeping genes: 16S rRNA, glmM, and HPU. Among the 144
specimens, 91 (63.19%) were positive for both 16S rRNA and glmM genes, and 90
(62.50%) were positive for the HPU gene. Gel electrophoresis images confirmed

the expected amplicon sizes for these genes.

3.4. Association with Gender

As shown in Table 3, the detection rates of housekeeping genes were similar
between females and males, with no statistically significant differences observed
(p> 0.05).

Table 3. Detection of H. pylorihousekeeping genes by gender.

Housekeeping Gene  Gender Positive (%) Negative (%) X p-Value

Female 45 (61.64%) 28 (38.36%)

16S rRNA
Male 46 (64.79%)  25(3521%) 0.153  0.696
Female 45 (61.64%) 28 (38.36%)
glmM
Male 46 (64.79%) 25 (35.21%) 0.153 0.696
Female 44 (60.27%) 29 (39.73%)
HPU

Male 46 (64.79%) 25 (35.21%) 0.313 0.576

3.5. Association with Age Groups

The prevalence of H. pylori housekeeping genes varied significantly across
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different age groups (Figure 2(A) and Figure 2(B)). The highest detection rate
was in the 39 - 59 years group (48/65, 73.85%), followed by the 60 - 80 years group
(30/49, 61.22%) and the 18 - 38 years group (13/30, 43.33%). Statistical analysis
indicated a significant association between age and the presence of housekeeping
genes (y* = 8.34- 8.50, p< 0.05). As shown in Figure 3, the agarose gel electropho-
resis results demonstrate successful amplification of key H. pylori housekeeping
genes. The genus-specific 16S rRNA gene (110 bp), as shown in Figure 3(A), the
glmM gene (294 bp), as indicated in Figure 3(B), and the HPU gene (411 bp), as
shown in Figure 3(C) were consistently detected in patient biopsy samples, indi-

cating the presence of H. pylori across the majority of tested samples.
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Figure 2. (A) Age group distribution of positive and negative samples for 16S rRNA and
GLM gene detection. This figure presents the distribution of positive and negative samples
for 16S rRNA and GLM gene across different age groups (18 - 38, 39 - 59, and 60 - 80 years).
The positive and negative results are shown in distinct bars for each age category, providing
insight into the prevalence of gene detection with age; (B) Age group distribution of
positive and negative samples for HPU gene detection. This figure shows the distribution
of positive and negative samples for the HPU gene across different age groups (18 - 38, 39
- 59, and 60 - 80 years). Each age group is represented with bars indicating the number of
positive and negative cases and the total number of participants in each group, highlighting
the gene’s prevalence in relation to age.
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Figure 3. (A) Gel electrophoresis of genus-specific 165 rRNA PCR products from H. pylori
isolates, with an expected product size of 110 bp. Lanes 1 and 14 contain DNA ladders,
while lanes 2 - 12 correspond to patient biopsy samples; (B) PCR amplification of the A.
pylori glmM gene, yielding a product size of 294 bp. Lanes 1 and 15 contain DNA ladders,
with lanes 2 - 14 representing patient biopsy samples; (C) PCR amplification for the A.
pyloriHPU gene, producing a product size of 411 bp. Lanes 1 and 14 contain DNA ladders,

while lanes 2 - 13 represent patient biopsy samples.
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3.6. Association with Clinical Outcomes

A significant association was detected between housekeeping genes and clinical
outcomes (p < 0.0001). The highest detection rates were observed in patients with
MALT lymphoma (7/7, 100%), PUD (20/26, 76.92%), and gastritis (50/66,
75.76%), as indicated in Table 4.

Table 4. Detection of housekeeping genes by clinical outcomes.

Endoscopic Finding 16S rRNA Positive (%) glmM Positive (%) HPU Positive (%) ¥  p-Value
Gastritis 50 (75.76%) 50 (75.76%) 50 (75.76%)
Peptic ulcer disease 20 (76.92%) 20 (76.92%) 20 (76.92%)
MALT lymphoma 7 (100%) 7 (100%) 7 (100%)
Gastric adenocarcinoma 2 (66.67%) 2 (66.67%) 2 (66.67%)
Other conditions 5 (25.00%) 5 (25.00%) 5 (25.00%)
Normal findings 7 (31.82%) 7 (31.82%) 6 (27.27%) 32.53  <0.0001
Total 91 (63.19%) 91 (63.19%) 90 (62.50%)

3.7. Prevalence of Virulence Genes

PCR analysis detected one or more virulence genes (vacA, cagA, and iceAl) in 87
out of 91 patients (95.60%) who were positive for housekeeping genes. Four pa-
tients (4.40%) were negative for all tested virulence genes, as indicated in Table 5.

Table 5. Prevalence of H. pylorivirulence genes.

Virulence Gene Positive (%) Negative (%) Total Patients
vacA 77 (84.62%) 14 (15.38%) 91
cagA 53 (58.24%) 38 (41.76%) 91
iceAl 27 (29.67%) 64 (70.33%) 91

3.8. Distribution of vacA Genotypes

Among the 77 vacA-positive patients, the sl allele was detected in 41 patients
(53.25%), as shown in Figure 4(A), and the s2 allele in 10 patients (12.99%) (Fig-
ure 4(B)). The m1 allele was found in 33 patients (42.86%), and the m2 allele in
29 patients (37.66%). The most common allelic combinations were s1/m2 (16 pa-
tients, 20.78%) and s1/m1 (13 patients, 16.88%), as shown in Table 6.

3.9. Association of vacA Genotypes with Clinical Outcomes

The distribution of vacA genotypes among different clinical outcomes is presented
in Table 7. Although variations were observed in genotype frequencies among dis-
ease categories, no statistically significant association was found between vacA gen-

otypes and clinical outcomes (p > 0.05).
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Figure 4. (A) Agarose gel electrophoresis of PCR amplified products for H. pylori vacA S-
region. Lanes 1 - 10 contain DNA ladders for reference. Lane 2 represents the no-template
control (NTC). Lanes 3, 6, 7, and 9 show PCR products for the vacA4 S1 variant, while lanes
4, 5, and 8 show products for the vacA S2 variant; (B) Agarose gel electrophoresis of PCR
amplified products for H. pylori vacA M-region. Lanes 1 - 15 contain DNA ladders as
molecular weight references. Lane 2 represents the no-template control (NTC). Lanes 3, 7,
9, and 10 display PCR products for the vacA M1 variant, whereas lanes 4, 5, 6, 8, 11, 12,
and 13 show products for the vacA M2 variant.

Table 6. Distribution of vacA genotypes and allele combinations.

vacA Genotype Number of Patients (%)
sl 12 (15.58%)
s2 3 (3.90%)
ml 14 (18.18%)
m2 12 (15.58%)
sl/ml 13 (16.88%)
s1/m2 16 (20.78%)
s2/m1 6 (7.79%)
s2/m2 1 (1.30%)
Total 77 (100%)
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Table 7. Prevalence of vacA genotypes in clinical outcomes.

vacA Genotype Gastritis (%)

PUD (%) MALT (%) Gastric Tumor (%) Other (%) Normal OGD (%) Total (%)

s1 6 (50.00%) 2 (16.67%) 0 (0%) 0 (0%) 2 (16.67%) 2 (16.67%) 12 (15.58%)
) 1(33.33%)  1(33.33%)  0(0%) 1(33.33%) 0 (0%) 0 (0%) 3 (3.90%)
ml 10 (71.43%) 2 (14.29%) 0 (0%) 0 (0%) 1(7.14%) 1(7.14%) 14 (18.18%)
m2 5(41.67%) 4 (33.33%) 1 (8.33%) 0 (0%) 1(8.33%) 1(8.33%) 12 (15.58%)
s1/ml 6 (46.15%) 3 (23.08%) 3 (23.08%) 0 (0%) 0 (0%) 1 (7.69%) 13 (16.88%)
s1/m2 10 (62.50%)  1(6.25%) 3 (18.75%) 1(6.25%) 1(6.25%) 0 (0%) 16 (20.78%)
s2/ml 3(50.00%) 2 (33.33%) 0 (0%) 0 (0%) 0 (0%) 1(16.67%) 6 (7.79%)
$2/m2 0 (0%) 1 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1(1.30%)
Total 41 (53.25%) 16 (20.78%) 7 (9.09%) 2 (2.60%) 5 (6.49%) 6 (7.79%) 77 (100%)

3.10. Association of vacA Genotypes with Other Virulence Genes

A significant association was observed between vacA genotypes and the detection
of other virulence genes (cagA and iceAl) (y* = 62.1, p < 0.0001) (Table 8). For
instance, the s1/m1 genotype was predominantly associated with cagA positivity
(12/13 patients, 92.31%).

Table 8. Association of vacA genotypes with other virulence genes.

vacA Genotype vacA Alone (%) cagA Positive (%) iceAl Positive (%) cagA + iceAl (%) Total Patients
s1 4(33.33%) 3 (25.00%) 1(8.33%) 4(33.33%) 12
s2 1 (33.33%) 2 (66.67%) 0 (0%) 0 (0%) 3
ml 4 (28.57%) 5 (35.71%) 5 (35.71%) 0 (0%) 14
m2 2 (16.67%) 4(33.33%) 6 (50.00%) 0 (0%) 12
s1/ml 0 (0%) 12 (92.31%) 0 (0%) 1 (7.69%) 13
s1/m2 0 (0%) 11 (68.75%) 1 (6.25%) 4 (25.00%) 16
s2/ml 5(83.33%) 0 (0%) 1(16.67%) 0 (0%) 6
$2/m2 0 (0%) 0 (0%) 0 (0%) 1 (100%) 1
Total 16 (20.78%) 37 (48.05%) 14 (18.18%) 10 (12.99%) 77

3.11. cagA Genotype Status

The cagA gene was detected in 53 of 91 H. pylori strains (58.24%). The distribu-
tion of cagA positivity among different clinical outcomes is presented in Table 9.
The highest prevalence of cagA-positive strains was observed in patients with
MALT lymphoma (6/7, 85.71%) and gastric adenocarcinoma (2/2, 100%). How-

ever, no significant differences were found in the frequency of cagA-positive
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strains between clinical groups (p = 0.31). The agarose gel electrophoresis of PCR
amplified products for H. pylori cagA gene is shown in Figure 5.

Table 9. cagA genotype prevalence by clinical outcomes.

Clinical Outcome cagA Positive (%) cagA Negative (%) Total Patients
Gastritis 25 (50.00%) 25 (50.00%) 50
Peptic ulcer disease 12 (60.00%) 8 (40.00%) 20
MALT lymphoma 6 (85.71%) 1 (14.29%) 7
Gastric adenocarcinoma 2 (100%) 0 (0%) 2
Other conditions 4 (80.00%) 1 (20.00%) 5
Normal findings 4 (57.14%) 3 (42.86%) 7
Total 53 (58.24%) 38 (41.76%) 91

CagA=400BP
(1)Ladder,(2-11)positive samples

Figure 5. Agarose gel electrophoresis of PCR amplified products for H. pylori cagA Gene.
Lane 1 contains the DNA ladder as a molecular weight reference. Lanes 2 - 11 show positive
samples for the cagA gene in H. pylori.

3.12. iceA1 Genotype Status

The iceAl gene was identified in 27 out of 91 H. pylori strains (29.67%). Its dis-
tribution among clinical outcomes is shown in Table 10. No significant differ-
ences were observed in the frequency of iceAl-positive strains between clinical
groups (p=0.92). PCR amplification of the H. pylori iceA gene yielded a product
size of 558 bp in multiple patient samples, as confirmed by agarose gel electropho-
resis. Positive amplification was observed in lanes 2, 3, 4, 5, 6, 8, 9, 10, 12, 13, and
14, while the negative control (lane 7, no-template control) and a negative sample
(lane 11) showed no amplification. These results indicate the presence of the iceA

gene in most tested samples, supporting its prevalence among the isolates, as
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indicated in Figure 6.

Table 10. iceAl genotype prevalence by clinical outcomes.

Clinical Outcome iceAl Positive (%) iceAl Negative (%) Total Patients

Gastritis 15 (30.00%) 35 (70.00%) 50

Peptic ulcer disease 5 (25.00%) 15 (75.00%) 20
MALT lymphoma 2 (28.57%) 5 (71.43%) 7
Gastric adenocarcinoma 1 (50.00%) 1 (50.00%) 2
Other conditions 1 (20.00%) 4 (80.00%) 5
Normal findings 3 (42.86%) 4 (57.14%) 7
Total 27 (29.67%) 64 (70.33%) 91

DENEE A SRROE0 11 12 13 14 15

--——.
-——

-

ICeA1=558BP
(1&15)Ladder,(2-14)Positive samples,(7)NTC,(11)Negative sample

Figure 6. Agarose gel electrophoresis of PCR amplified products for H. pylori iceA gene.
Lanes 1 and 15 contain DNA ladders as molecular weight markers. Lanes 2, 3, 4, 5, 6, 8, 9,
10, 12, 13, and 14 show positive samples for the iceA gene. Lane 7 represents the no-
template control (NTC), and lane 11 contains a negative sample for iceA.

3.13. Correlation between cagA and iceA1 Genes

A significant association was detected between cagA and iceAl genes (p = 0.01),
as shown in Table 11. Among the 53 cagA-positive patients, 10 (18.87%) were also

positive for iceAl.

Table 11. Correlation between cagA and iceAl genes.

iceAl Positive (%) iceAl Negative (%) Total (%)

cagA Positive 10 (18.87%) 43 (81.13%) 53 (100%)

cagA Negative 17 (44.74%) 21 (55.26%) 38 (100%)
Total 27 (29.67%) 64 (70.33%) 91
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3.14. Association of Virulence Genes with Clinical Outcomes

An analysis of the relationship between virulence genes and clinical outcomes re-
vealed a significant association (F = 12.5, p < 0.0001), as indicated in Figure 7.
Patients with more severe gastroduodenal diseases, such as PUD, MALT lym-
phoma, and gastric adenocarcinoma, exhibited higher frequencies of certain vir-

ulence genes, particularly cagA and specific vacA genotypes.

virulence genes and clinical outcomes
30
25
20

15

10

Cul l..

o 1 w la ||I = 1 l.. H
S1

S2 M1 SiM1 S1IM2 s2Mm1 S2M2 CagAl + IceAl+
mPUD mother m MALT M Gastritis ™ Gastric tumor Normal OGD

Figure 7. Relationship between H. pylorivirulence genes and clinical outcomes. This figure
illustrates the association between the presence of specific H. pylori virulence genes and
their correlation with various clinical outcomes. The data presented highlights how
different virulence factors, such as cagA, vacA, and iceA, influence the severity and type of
clinical manifestations observed in patients.

3.15. Association of Virulence Genes with Gender and Age

We could not detect a significant association between the presence of virulence
genes and patient gender (F = 1.3, p = 0.3), as shown in Figure 8(A). However, a
significant association was observed with age groups (F = 13.5, p= 0.005) (Figure
8(B)). Younger patients (18 - 38 years) had different distributions of virulence

genes compared to older patients.

virulence genes and gender
35

30
25
20

15

S1M1 S1m2 S2M1 S2M2  CagAl+ IceAl+

B FEMALE = MALE

(A)
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virulence genes and age
30

25

12|. llil.-ii

SimM1 S1M2 S2m1 S2M2  CagAl+ IceAl+

m(18-38) m(39-59) m (60-80)

(B)

Figure 8. (A) Association between H. pylori virulence genes and gender. This bar chart
displays the distribution of specific A. pylorivirulence genes (S1, S2, M1, M2, SIM1, S1IM2,
S2M1, S2M2, cagA+, iceAl+) across male and female patients. The graph illustrates
potential gender-based differences in the prevalence of these virulence genes, with each bar
indicating the frequency of gene detection in males (blue) and females (pink); (B)
Association between H. pylorivirulence genes and age. The figure presents the distribution
of H. pylorivirulence genes across different age groups. It illustrates how the presence of
specific virulence factors, such as cagA, vacA, and iceA, varies with patient age, potentially
indicating age-related patterns in the prevalence or impact of these virulence genes.

4. Discussion

Persistent infection of the gastric mucosa with A. pylorihas been linked to a range
of gastroduodenal diseases, including gastritis, peptic ulcer disease (PUD), and
gastric cancers. Epidemiological studies estimate that while most individuals col-
onized by H. pylori may develop gastritis, approximately 10% progress to PUD,
and about 1% - 2% may develop gastric cancer [20] [21]. Our study, focusing on
patients from Benghazi, Libya, highlights the high prevalence of H. pylori infec-
tion and the distribution of key virulence genes (cagA, vacA, and iceAl) among
those with gastroduodenal diseases. This molecular characterization provides val-
uable insights into the pathogenic potential of . pylori strains circulating in this
region, emphasizing the importance of understanding local variations in virulence
factors to predict clinical outcomes and inform treatment strategies.

Our study demonstrates significant associations between specific H. pylorivir-
ulence genes and PCR-positive results, underscoring the pathogenic role of these
genetic factors in clinical outcomes (p < 0.0001). The vacA gene, presented in 84.6%
of PCR-positive cases, encodes the vacuolating cytotoxin A (vacA), a significant
contributor to cellular damage in H. pylori infections. vacA promotes the for-
mation of vacuoles in host cells, impairs cellular function, and may trigger apop-
tosis, leading to tissue damage. Notably, vacA contains two variable regions—the
signal peptide region (s1/s2) and the middle region (ml/m2)—associated with
different pathogenicity levels. In line with findings from Egypt and Jordan, our
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study found that vacA alleles s1 and m1 were more prevalent than s2 and m2,
suggesting a higher virulence potential of local H. pylori strains [22] [23]. The
predominance of vacA s1/m1l in our samples reflects a pattern seen in more viru-
lent strains, often linked to severe gastroduodenal outcomes.

Regional variation in vacA allele prevalence is apparent, as our study’s s2 allele
frequency (3.9%) is consistent with findings in Tiirkiye (6.8%) [24] yet contrasts
with the higher s2 rates reported in Saudi Arabia (41.7%) [25]. The absence of a
statistically significant association between vacA allelic combinations and clinical
outcomes in our study may be due to the relatively small sample size. However, prior
research has shown that strains with vacA sim1 genotypes, due to their higher vac-
uolating activity, are associated with increased pathogenicity and often linked to se-
vere clinical presentations [26]. Additionally, our findings of high sl prevalence
align with reports from Kuwait [27] and highlight the need for further research to
understand the clinical relevance of vacA variants in different populations.

The presence of specific virulence genes in H. pyloristrains can help predict clin-
ical outcomes. Our results showed that triple-positive strains (vacA/cagA/iceAl)
were frequently observed in patients with PUD, gastritis, and even gastric tumors,
suggesting a higher pathogenic potential. These findings align with studies reporting
that vacA sl+/cagA+/iceAl+ strains are highly virulent and frequently associated
with ulcer disease [28]. We found significant associations between vacA allelic com-
binations and the presence of cagd and iceAl (p < 0.0001), indicating that gene
combinations may enhance the pathogenicity of H. pyloriinfections. The predom-
inance of the vacA/cagA+ genotype in gastritis patients (12 out of 37 cases) mirrors
findings from Venezuela, where cagA is strongly associated with vac4 slml+ and
s2m2+ genotypes in gastritis cases [29].

The cagA gene, encoding the cagA protein, is a crucial virulence factor linked
to H. pylori pathogenicity. cagA is translocated into host cells via a type IV secre-
tion system, where it disrupts cellular processes, promotes cell proliferation, in-
hibits apoptosis, and induces morphological changes [30]. cagA is also the first
identified bacterial oncoprotein associated with an increased risk of gastric ade-
nocarcinoma, one of the deadliest cancers worldwide [31]. In our study, the cagA
gene was detected in 58.2% of H. pyloristrains, a prevalence consistent with stud-
ies from Tirkiye [32], but lower than in East Asian countries, where nearly all
strains are cagA-positive [33]. Although our findings did not reveal a statistically
significant association between cagA positivity and specific clinical outcomes (p >
0.05), the high prevalence of cagA in severe gastroduodenal diseases suggests its
potential role in exacerbating disease severity. These observations align with pre-
vious research linking cagA to severe clinical outcomes, including gastric carci-
noma [34] [35].

The iceAl gene’s role in H. pylori pathogenicity appears complex and may vary
by geographic location. We found that jceAl was prevalent among patients with
normal endoscopic findings and those with gastritis, contrasting with previous
studies linking 7ceA1 to PUD (Kadi et al, 2014). This discrepancy might be attributed
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to regional differences rather than a universal role for iceAl in virulence [36] [37].
Importantly, our study found a statistically significant association between the
cagA and iceAl genes (p = 0.01), suggesting a possible synergy between these
genes in promoting disease progression. This finding is consistent with prior stud-
ies indicating that the presence of both cagA and iceAl may correlate with more
severe clinical outcomes [38] [39].

Age and gender can influence the distribution of H. pylorivirulence genes, po-
tentially affecting disease risk and severity. Our study found a significant associa-
tion between age and the expression of virulence genes, with older patients more
frequently exhibiting virulent H. pylori strains. This aligns with research showing
that the cagA gene is more common in older patients [40] and that vacA expres-
sion is more frequent among the elderly [41]. These findings suggest that age may
be a factor in the development of more severe H. pylori-related diseases, poten-
tially due to cumulative exposure and immune system changes. Although no sig-
nificant association was found between gender and virulence gene prevalence in
our study, other research has noted gender-related variations in disease suscepti-
bility [42] [43]. However, our data indicate that gender may not significantly in-
fluence H. pyloripathogenicity, which aligns with prior findings that suggest min-

imal gender impact on virulence gene expression [44].

5. Conclusions

This study presents the first comprehensive molecular characterization of Helico-
bacter pylorivirulence genes—vacA, cagA, and iceA1—and their association with
gastroduodenal diseases in Benghazi, Libya. Our findings reveal a high prevalence
of H. pyloriinfection (63.2%) and a substantial presence of the vacA gene (84.6%),
particularly the s1 variant, along with significant frequencies of cagA4 (58.2%) and
iceAl (29.7%). These results suggest a widespread distribution of virulent A. py-
lori strains in this population.

The significant associations observed between specific virulence gene combina-
tions and clinical outcomes underscore the critical role of these factors in H. pylori
pathogenicity. Strains harboring the vacA s1/m1 genotype and positive for cag4
were more frequently associated with severe conditions, including peptic ulcer
disease and mucosa-associated lymphoid tissue lymphoma. This highlights the
potential utility of incorporating molecular profiling into clinical diagnostics to
enhance risk assessment and guide targeted therapies.

Furthermore, this study provides foundational data for understanding the path-
ogenic potential of H. pylori strains in Libya, addressing an important gap in re-
gional epidemiological knowledge. The high prevalence of virulent genotypes em-
phasizes the need for public health initiatives focusing on early detection, eradi-
cation strategies, and ongoing surveillance of H. pyloriinfections. Tailored diag-
nostic protocols based on virulence gene profiles could significantly improve pa-
tient management and reduce the burden of H. pylori-associated diseases in Libya

and similar settings.
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Future research should validate these findings in larger patient cohorts and
further explore the mechanisms underlying H. pylors's diverse pathogenic pro-
files. Investigating the interactions between virulence factors and host-specific
elements and understanding regional variations in H. pylori genotypes will be
essential in developing more effective strategies for managing H. pylori-associ-

ated diseases.
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