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Helicobacter pylori (H. pylori) is a critical etiological agent in the pathogenesis of a wide range of
gastroduodenal diseases, yet epidemiological data remain sparse in certain regions, including North
Africa. This cross-sectional study assessed the prevalence and clinical significance of H. pylori
among 144 dyspeptic patients undergoing upper gastrointestinal endoscopy at Benghazi Medical
Center, Libya. A comprehensive diagnostic approach was employed, integrating serological (IgG),
stool antigen, and urease tests, as well as PCR-based amplification of the 16S rRNA, GLM, and
HPU genes. The overall H. pylori 1gG seroprevalence was 72.2%, with stool antigen and rapid
urease tests indicating active infection in 62.5% and 61.1% of patients, respectively, and molecular
assays confirming H. pylori in over 60%. Notably, infection rates were disproportionately elevated in
patients diagnosed with gastritis (45.8%) and peptic ulcer disease (18.1%), demonstrating a robust
association between H. pylori positivity and these conditions. Furthermore, strains harboring specific
virulence factors correlated with more severe clinical outcomes, underscoring the pathogen’s central
role in disease progression. These findings highlight the urgent need for improved diagnostic
strategies, locally tailored treatments, and targeted public health measures to mitigate the substantial
disease burden imposed by H. pylori.

Introduction

mucosa and is implicated in the pathogenesis of various
gastroduodenal diseases (Kusters et al.,, 2006). Since its

Helicobacter pylori (H. pylori) is a Gram-negative, discovery by Marshall and Warren in (1984), H. pylori
spiral-shaped bacterium that colonizes the human gastric ~ has been recognized as one of the most prevalent chronic
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bacterial infections worldwide, affecting over half of the
global population (Goh ef al., 2011; Eusebi et al., 2014).
Its ability to persist in the acidic environment of the
stomach and its array of virulence factors contribute to
chronic gastritis, peptic ulcer disease (PUD), mucosa-
associated lymphoid tissue (MALT) lymphoma, and
gastric carcinoma (Amieva and Peek, 2016).

Globally, the prevalence of H. pylori infection exhibits
significant geographical variation, influenced by
socioeconomic status, sanitation practices, and access to
healthcare (Mentis et al., 2015). In developed countries,
prevalence rates have declined to less than 40%,
primarily due to improved hygiene and the widespread
use of antibiotics (Zamani et al, 2018). In contrast,
developing countries continue to report high prevalence
rates, often exceeding 70% (Mentis et al., 2015; Malaty,
2007). A systematic review and meta-analysis by Hooi et
al., (2017) estimated the global prevalence of H. pylori
infection to be 44.3%, with the highest rates observed in
Africa (70.1%) and South America (69.4%).

In Africa, the burden of H. pylori infection remains
remarkably high. Studies across the continent have
reported prevalence rates ranging from 50% to over 90%
(Hooi et al., 2017; Tanih et al., 2009). For instance, a
study in Nigeria reported a prevalence of 82.5% among
patients with dyspepsia (Smith et al, 2019), while
research in Ethiopia found a prevalence of 65.7%.
Factors contributing to this elevated prevalence include
overcrowding, inadequate sanitation, and limited access
to clean water (Hunt et al, 2011). Moreover, the high
infection rates correlate with increased incidence of H.
pylori-associated diseases, including gastric cancer,
which is a significant public health concern (Plummer et
al., 2015).

Libya, located in North Africa, is not exempt from the
high prevalence of H. pylori infection observed on the
continent. Although comprehensive national data are
limited, regional studies suggest widespread infection
among the Libyan population. A survey study in Tripoli
indicated that 71% of patients with dyspeptic symptoms
were H. pylori-positive (Al-Hosni et al., 2023). Recent
regional studies have reported similar trends in North
Africa, reinforcing the persistently high prevalence of H.
pylori in this region (Goh et al., 2011; Malaty, 2007).

Understanding the local epidemiology of H. pylori is
essential for developing effective management strategies.
Regional variations in antibiotic resistance patterns

necessitate tailored treatment regimens to ensure
successful eradication (Thung ef al., 2016). Additionally,
the distribution of H. pylori virulence factors, such as
cagA and vacA, influences disease severity and clinical
outcomes (Yamaoka, 2010). Strains harboring these
virulence genes are associated with an increased risk of
severe gastroduodenal diseases, including peptic ulcers
and gastric carcinoma (Hatakeyama, 2014; Cover and
Blanke, 2005). Molecular diagnostics and genetic
analysis of H. pylori have enhanced the ability to
characterize these virulence factors, providing deeper
insights into their role in disease progression (Basso et
al., 1998).

In Benghazi, Libya’s second-largest city, data on H.
pylori prevalence and its association with gastroduodenal
diseases are sparse. Given the city’s diverse population
and varying socioeconomic conditions, investigating the
prevalence of H. pylori infection and its clinical
implications is imperative. Such information is vital for
healthcare providers to implement appropriate diagnostic,
therapeutic, and preventive measures.

The present study aims to determine the prevalence of H.
pylori infection among patients with gastroduodenal
diseases at Benghazi Medical Center. By analyzing the
association between H. pylori infection, virulence gene
profiles, and specific clinical outcomes, this research
seeks to enhance the understanding of the bacterium’s
role in regional disease patterns. The findings will
contribute to the existing epidemiological data on H.
pylori in Libya and may inform the development of
targeted strategies for the management and prevention of
H. pylori-related diseases in similar settings.

Materials and Methods
Patient Recruitment

A total of 144 subjects presenting with upper
gastrointestinal tract symptoms were enrolled in this
study between March 2020 and February 2022. Among
these, ten subjects with non-ulcer dyspepsia (NUD) and
normal endoscopic findings served as negative control
cases. All patients were diagnosed by specialist
physicians and recruited for this study.

Demographic information—including age, sex, marital
status, literacy status, residential status, and
socioeconomic status—was obtained from medical
records and personal interviews. The study population
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comprised 73 women and 71 men, ranging in age from
18 to 80 years (mean=+SD: 51.09+15.39 years). All
patients presented with dyspepsia and were referred to
the Esophago-Gastroduodenoscopy Unit at Benghazi
Medical Center (B.M.C) for upper endoscopy.

Based on endoscopic examination findings, patients were
grouped into six categories: gastritis, peptic ulcer disease
(PUD), gastric cancer (GC), mucosa-associated lymphoid
tissue (MALT) Ilymphoma, other gastric diseases
(including gastroenteropathy, gastric angiodysplasia, and
Grade 2 esophagitis), and normal oesophago-gastro-
duodenoscopy (OGD). Normal OGD patients were
defined as those without endoscopic lesions of ulcers
and/or malignancies.

The study protocol was approved by the Ethics and
Research Committees of the hospital, and all patients
provided informed consent in accordance with the
Declaration of Helsinki (Aviles-Jimenez et al., 2014).

Sample and Biopsy Collection

To collect samples from the targeted patient population
while avoiding any misinterpretation of results, the
following inclusion criteria were applied: patients had to
be adults suffering from dyspeptic symptoms and must
not have received nonsteroidal anti-inflammatory drugs
(NSAIDs), antibiotics, H2 receptor antagonists, or proton
pump inhibitors (PPIs) for at least one month prior to the
study. Patients were followed up by their physicians, and
all upper endoscopy abnormalities were recorded.

Clinical specimens were collected, stored, and
transported according to established protocols (Isenberg,
2004). Blood samples were drawn for Helicobacter pylori
antibody (Ab) testing, and stool samples were collected
for H. pylori antigen (Ag) testing.

During upper endoscopy, four antral biopsies were
obtained from each patient: one biopsy from each patient,
approximately 1.8 to 3.3 mm in thickness, was taken
from normal gastric epithelium within 5 cm proximal to
the pylorus to avoid areas of gastric atrophy or
gastrointestinal metaplasia (Dixon ef al., 1996).

This biopsy was immediately used for the rapid urease
test at the time of endoscopy. The other three biopsies,
each approximately 5 mm thick, were used for molecular
investigations targeting H. pylorigenes (16S rRNA,
GLM, and HPU). These biopsy specimens were

preserved immediately at —80°C for molecular analysis.
H. pylori Stool Antigen (Ag) Test

H. pylori stool antigen testing was performed using a
rapid immunochromatographic assay, following the
manufacturer's instructions (Diagnostic
Automation/Cortez  Diagnostics  Inc.): Approximately
50mg of feces was collected by inserting the specimen
collection applicator into the fecal specimen at three
different sites.

The test cassette was brought to room temperature and
removed from its foil pouch immediately before use. The
collected specimen was added to the sample well of the
test device. Result Interpretation: After 10 minutes,
results were interpreted as positive when two lines
(control and test lines) appeared while considered
negative when only the control line appeared.

H. pylori Antibody (Ab) Test

H. pylori antibody detection was performed using a rapid
immunochromatographic assay in accordance with the
manufacturer's instructions (Diagnostic
Automation/Cortez Diagnostics Inc.).

Serum samples and reagents were brought to room
temperature prior to testing to avoid invalid results, and
the test device was removed from its pouch, placed on a
flat surface, and labeled with the specimen identification
number. Four drops of the collected serum or plasma
specimen were added to the sample well. After
10 minutes, the results were interpreted.

Rapid Urease Test (RUT)

The rapid urease test (RUT) was performed immediately
after gastric biopsies were obtained from the patients.
According to the manufacturer's instructions, a color
change to pink-red or red-violet within the specified
incubation periods (10 minutes, 1 hour, 2 hours, and 24
hours) was considered a positive result.

Rapid Urease Test Medium

The rapid urease test medium was prepared according to
Forbes et al., (1998). Five milliliters of sterile 40% urea
solution, filtered through a 0.22 um filter (Millipore),
was mixed with 95 mL of cooled sterile urea agar.
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Extraction of Genomic DNA from Biopsy
Specimens

Genomic DNA was extracted from frozen biopsy
specimens using the QIAamp Tissue DNA Kit (Qiagen,
Germany), following the manufacturer’s standard
protocol. Briefly, approximately 25 mg of crushed biopsy
material was transferred into a sterile microcentrifuge
tube, and 180 pl of ATL lysis buffer was added.
Subsequently, 20 ul of Proteinase K solution was
introduced, and the mixture was vortexed and incubated
at 56°C until complete tissue lysis was achieved.

The lysate was then centrifuged at 8,000 rpm for 15 s,
after which 200 pl of AL buffer was added, followed by
vortexing and incubation at 70°C for 10 min. An equal
volume (200 ul) of 96-100% ethanol was added, and the
sample was again vortexed for 15 s and centrifuged at
8,000 rpm for 15 s.

The resulting solution was carefully transferred to a
QIAamp Mini spin column and centrifuged at 8,000 rpm
for 1 min. Next, 500 pl of AW1 wash buffer was applied,
and the column was centrifuged at 8,000 rpm for 1 min.
The column was then placed into a clean collection tube,
500 ul of AW2 buffer was added, and the assembly was
centrifuged at 14,000 rpm for 3 min to ensure efficient
washing. To elute the DNA, the column was transferred
to a fresh Eppendorf tube, and 200 ul of AE buffer was
pipetted directly onto the membrane.

After allowing the column to stand at room temperature
for 5 min, it was centrifuged at 8,000 rpm for 1 min. The
purified genomic DNA was stored at -20°C until further
analyses.

Molecular Confirmation of H. pylori

The presence of H. pylori was confirmed by PCR
amplification of the 16S rRNA gene. Each 25 pl reaction
mixture contained 12.5 pl of GoTaq® Green Master Mix
(Promega, USA), 1.5 pl of each primer (Metabion,
Germany), 3 pl of template DNA, and 6.5 pl of PCR-
grade water. PCR was performed in a T3 thermocycler
(Whatman Biometra, USA) under the following
conditions: an initial denaturation step at 95°C for 5 min,
followed by 37 cycles of 95°C for 60 s, 60°C for 60 s,
and 72°C for 60 s, with a final extension at 72°C for 5
min. Positive (H. pylori J99 strain DNA) and negative
(nuclease-free water) controls were included in each run
to validate the amplification process.

Detection of H. pylori Genes

Amplicon detection was performed by loading 5 pl of
PCR product onto a 2% agarose gel (Promega, USA)
prepared in 1X TBE buffer. Electrophoresis was carried
out at 100 V for 60 min, and the gel was stained with
ethidium bromide (500 ng/ml; Sigma-Aldrich, USA).
Bands were visualized using a gel documentation system
(Bio-Rad Laboratories, USA). Amplicon sizes were
determined by comparison against a molecular weight
marker (Promega, USA). Samples were considered
positive if bands of the expected size, corresponding to
the positive control, were observed. The following
primer sets were employed for the amplification of H.
pylori genetic targets. For the 16S rRNA gene, the
forward primer was 5-CTGGAGAGACTAAGCCCTC
C-3', and the reverse primer was 5-ATTACTGACGCT
GATTGTGC-3" (Metabion, Germany). The GLM gene
was targeted using the forward primer 5'-
AAGCTTTTAGGGGTGTTAGGGGTTT-3" and the
reverse primer 5-AAGCTTACTTTCTAACACTAA
CGC-3'". For the HPU1 gene, the forward primer was 5'-
GCCAATGGTAAATTAGTT-3' and the reverse primer
was 5'-CTCCTTAATTGTTTTTAC-3".

Statistical Analysis

Data were analyzed using statistical methods appropriate
for categorical variables. A chi-square test was employed
to determine associations between H. pylori positivity
and epidemiological risk factors, as well as between
virulence factors and gastroduodenal disease diagnoses.
Fisher's exact test was used for the analysis of two-by-
two tables when expected frequencies were minor.

Two-way analysis of variance (ANOVA) was applied to
evaluate the relationships between virulence genes and
clinical outcomes, age, and gender. A p-value of less than
0.05 was considered statistically significant.

Results and Discussion
Patient Characteristics

A total of 144 participants (73 females and 71 males)
were recruited for this study. The mean age of the
participants was 51.09 + 15.39 years, ranging from 18 to
80  years. Esophagogastroduodenoscopy (EGD)
examinations revealed the following distribution of
gastroduodenal diseases among the study
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population:gastritis: 66 patients (45.83%), peptic ulcer
disease (PUD): 26 patients (18.06%), mucosa-associated
lymphoid tissue (MALT) lymphoma: 7 patients (4.86%),
gastric adenocarcinoma: 3 patients (2.08%). The other
conditions included  gastroenteropathy, gastric
angiodysplasia, grade 2 esophagitis, and
gastroesophageal reflux disease [GERD], as shown in
Figure 1.

The pie chart illustrates the percentage distribution of
patients with various gastric conditions. The largest
category is gastritis (46%), followed by peptic ulcer
disease (PUD) at 18%, normal OGD findings at 15%,
other conditions at 14%, mucosa-associated lymphoid
tissue (MALT) lymphoma at 5%, and gastric tumors at
2%.

and Gender

Gastroduodenal Diseases

Distribution

The mean age of male participants was 52.66 +13.41
years (range: 18—78 years), while the mean age of female
participants was 49.58+17.14 years (range: 18-80
years). The distribution of gastroduodenal diseases by
gender is detailed in Table 1.

Characteristics of Control Group (Normal EGD
Findings)

A control group of 10 healthy volunteers with normal
EGD findings was included. The mean age of the control
group was 51.6 £ 18.78 years (range: 18—74 years), with
an equal distribution of males and females.

Detection of H. pylori 1gG Antibodies

The presence of H. pylori IgG antibodies in patients'
serum samples were assessed using the H. pylori Card™
Insta Test (Diagnostic Automation/Cortez Diagnostics
Inc., USA), a double antigen chromatographic lateral
flow enzyme immunoassay. The test was conducted
according to the manufacturer's instructions. Of the 144
patients, 104 (72.2%) tested positive for H. pylori IgG
antibodies, indicating past exposure to the infection,
while 40 (27.8%) tested negative (Table 2). There was a
slight increase in seropositivity among female patients
(72.6%) compared to male patients (71.8%); however,
this difference was not statistically significant (p > 0.05).

Detection of H. pylori Antigen in Stool Specimens

Following the manufacturer's pron
immunochromatographic assay (One-step H. pylori
Antigen™  test;  Diagnostic ~ Automation/Cortez

Diagnostics Inc., USA) was employed to detect H. pylori
antigens in stool specimens. Of 144 patients, H. pylori
antigens were detected in 90 (62.5%) stool samples.
Among these positive cases, 44 were female (60.3%),
and 46 were male (64.8%), as indicated in Table 3.

Detection of H. pylori Using the Rapid Urease
Test (RUT)

The rapid urease test was performed immediately after
obtaining gastric biopsies from the patients. A color
change to pink-red or red-violet within the specified
incubation periods (10 minutes, 1 hour, 2 hours, and 24
hours) was considered a positive result, according to the
manufacturer's instructions. Of the 144 patients, 88
(61.1%) tested positive for H. pylori using the RUT. The
prevalence of H. pylori infection detected by RUT was
highest among patients with gastritis (47 patients,
32.6%), followed by those with PUD (20 patients,
13.9%). Lower detection rates were observed in patients
with MALT lymphoma (7 patients, 4.9%), normal EGD
findings (7 patients, 4.9%), gastric adenocarcinoma (2
patients, 1.4%), and other conditions (5 patients, 3.4%)
(Table 4). None of the control group participants tested
positive for H. pylori using RUT. The correlation
between RUT results and endoscopic findings was
statistically significant (y*=31.25, df=5, p <0.0001).

The prevalence of H. pylori infection detected by RUT
was significantly associated with specific gastroduodenal
diseases (p<0.0001). Male patients showed a higher
positivity rate (53.4%) compared to female patients
(46.6%). The highest RUT positivity among females was
observed in gastritis patients (68.4%), whereas, among
males, the highest positivity was in PUD patients
(29.8%) as shown in Figure 2.

The bar chart presents the data for males (orange),
females (blue), and RUT results (gray) across various
diagnostic categories: Normal OGD, peptic ulcer disease
(PUD), gastritis, MALT lymphoma, gastric tumors, and
other conditions. Gastritis shows the highest frequency
among all categories, with a significant number of
positive RUT results. The total count of each group is
displayed on the far-right side of the chart.
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Association Between H. pylori Genes and

Endoscopic Findings

The integrity of H. pylori DNA was confirmed through
gel electrophoresis, while the specificity of the
amplification process was validated using three
housekeeping genes: 16S rRNA, GLM, and HPU. Out of
144 patient specimens analyzed, 91 (63.2%) tested
positive for both the 16S rRNA and GLM genes, while
90 (62.5%) were confirmed positive for the HPU gene.
Among the 144 patients included in the study, amplifying
the H. pylori housekeeping genes revealed that 91
specimens (63.2%) were positive for both the 16S rRNA
and GLM genes, as indicated in Figure 3-A while 90
specimens (62.5%) were positive for the HPU gene
(Figure 3-B). The highest prevalence of suspected H.
pylori infection was observed in patients with gastritis
(50/66, 75.8%) and peptic ulcer disease (PUD) (20/26,
76.9%). In comparison, the infection rates for patients
with gastric tumors, other conditions, and mucosa-
associated lymphoid tissue (MALT) lymphoma were 2/3
(66.7%), 5/20 (25%), and 7/7 (100%), respectively.
Patients with normal esophagogastroduodenoscopy
(OGD) findings exhibited slightly different positivity
rates for the HPU, 16S rRNA, and GLM genes. A
statistically significant correlation was identified between
the amplification of H. pylori housekeeping genes and
clinical outcomes of gastric disorders.This highlights the
potential role of these housekeeping genes as molecular
markers for diagnosing H. pylori-associated gastric
pathologies.

The figure illustrates the distribution of clinical outcomes
(gastric tumor, gastritis, MALT lymphoma, normal
OGD, other, and PUD) among male and female patients
with positive H. pylori samples, stratified by the presence
of housekeeping genes (16S rRNA and GLM). Bars
represent the cases for each outcome, categorized by
gender (female+, male+), and the total number of cases
with detected genes (16S rRNA and GLM).

This figure demonstrates the distribution of clinical
outcomes (gastric tumor, gastritis, MALT lymphoma,
normal OGD, other, and PUD) among male and female
patients with positive H. pylori samples, categorized by
the presence of the HPU gene. The bars represent the
number of cases for each outcome, stratified by gender
(female, male) and the total number of cases with the
HPU gene detected. This study demonstrates a
remarkably high prevalence of H. pylori infection among
patients presenting with gastroduodenal diseases at

Benghazi Medical Center, Libya. The detection of H.
pylori in over 60% of patients by multiple diagnostic
methods (serology, stool antigen testing, RUT, and
molecular assays) aligns with the elevated prevalence
rates commonly reported in developing countries,
especially across the African continent (Hooi ef al., 2017,
Smith et al., 2019; Asrat et al, 2004). Environmental
conditions such as overcrowding, poor sanitation, and
limited access to clean water, combined with variable
healthcare infrastructure, have been identified as key
factors contributing to this substantial disease burden
(Hunt et al., 2011; Mentis et al., 2015).

Globally, the prevalence of H. pylori infection differs
considerably between regions. In many developed
nations, improved hygiene, better housing conditions,
and widespread antibiotic use have contributed to
reduced infection rates, often below 40% (Goh et al,
2011; Zamani et al, 2018). Conversely, in developing
nations, prevalence commonly exceeds 70%, reflecting
persistent socioeconomic and public health challenges
(Mentis et al., 2015; Malaty, 2007). The findings of this
study closely mirror previous estimates highlighting
Africa as a region of notably high H. pylori prevalence
(Hooi et al., 2017), reinforcing the need for region-
specific disease management strategies.

A key observation in this investigation is the strong
association between H. pylori infection and the presence
of gastritis and peptic ulcer disease (PUD), corroborating
earlier research that positions H. pylori as a principal
etiological factor in these conditions (Amieva and Peek,
2016; Mentis et al., 2015). The bacterium’s virulence
factors such as cagA and vacA are crucial in promoting
chronic inflammation and mucosal damage (Yamaoka,
2010; Hatakeyama, 2014; Cover and Blanke, 2005).
Understanding the distribution of these virulence
determinants is clinically significant, as certain
genotypes are associated with more severe disease
outcomes and may influence the selection of targeted
therapeutic regimens.

While gender-related differences in infection rates were
not statistically significant, this finding is consistent with
reports suggesting that the risk of H. pylori infection does
not differ markedly between males and females in many
settings (Hunt er al, 2011; Suerbaum and Michetti,
2002). This underscores the notion that factors other than
sex—such as hygiene practices, dietary habits, and
healthcare access—may be more critical in shaping the
epidemiology of H. pylori.
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Table.1 Distribution of gastroduodenal diseases by gender.

Endoscopic Finding Total Patients (%) Female Patients (%) Male Patients (%)

Gastric adenocarcinoma 3 (2.08%) 0 (0%) 3 (100%)
Gastritis 66 (45.83%) 40 (60.61%) 26 (39.39%)
MALT lymphoma 7 (4.86%) 1 (14.29%) 6 (85.71%)
Normal EGD findings 22 (15.28%) 14 (63.64%) 8 (36.36%)
Other conditions (gastroenteropathy, 20 (13.89%) 8 (40%) 12 (60%)
angiodysplasia, Grade 2 esophagitis, GERD)
Peptic ulcer disease (PUD) 26 (18.06%) 10 (38.46%) 16 (61.54%)

Total 144 (100%) 73 (50.69%) 71 (49.31%)

Table.2 Prevalence of H. pylori serum IgG antibodies among patients.

H. pylori 1gG Result Female Patients (%) Male Patients (%) Total Patients (%)
Negative 20 (27.4%) 20 (28.2%) 40 (27.8%)
Positive 53 (72.6%) 51 (71.8%) 104 (72.2%)
Total 73 (100%) 71 (100%) 144 (100%)

Table.3 Detection of H. pylori antigens in stool specimens.

H. pylori Antigen Result Female Patients (%) Male Patients (%) Total Patients (%)

Negative 29 (39.7%) 25 (35.2%) 54 (37.5%)
Positive 44 (60.3%) 46 (64.8%) 90 (62.5%)
Total 73 (100%) 71 (100%) 144 (100%)

Table.4 Endoscopic findings among patients stratified by gender and rapid urease test (RUT) results.

Endoscopic findings (%)
Gender Normal OGD PUD Gastritis MALT Gastric tumor Other Total

Female 6(14.6) 6(14.6)  28(68.4) 1(2.4) 0(0) 0(0)  41(46.6)
Male 12.1) 14(29.8)  19(40.4)  6(12.8) 2(4.3) 5(10.6)  47(53.4)
RUT 7(8) 20(22.7)  47(53.4) 7(8) 2(2.3) 5(5.7)  88(61.2)

Figure.1 Distribution of patients based on diagnoses

NO OF PATIENTS%

Gastric tumor
PUD 2%
18%

Gastritis
46%

OTHER
14%

NORMAL OGD
15% MALT
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Figure.2 Distribution of endoscopic findings and rapid urease test (RUT) results across different gastric
conditions
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Figure.3A Association between H. pylori genes (16S rRNA, GLM) and clinical outcomes in 91 positive
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Figure.3B Association between H. pylori HPU gene and clinical outcomes in 91 positive samples
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The use of multiple diagnostic methods in this study
enhanced the accuracy of infection detection. Serology
indicates exposure, while stool antigen testing and the
RUT indicate active infection. The parallel use of PCR-
based assays targeting housekeeping genes (16S rRNA,
GLM, and HPU) provided a sensitive and specific
molecular confirmation of H. pylori presence (Mégraud
and Lehours, 2007). Such a comprehensive diagnostic
approach is critical not only for improved patient
management but also for informing public health
interventions.

The high prevalence observed herein underscores the
pressing need for strategies that address both the
prevention and treatment of H. pylori-associated
diseases. Public health measures must focus on
improving sanitation, providing clean water, and
educating communities on transmission pathways.
Concurrently, as antibiotic resistance emerges as a
concern, locally tailored treatment regimens, informed by
ongoing surveillance and susceptibility testing, are
essential to ensure effective eradication (Thung et al.,
2016).

This study has some limitations. The relatively small

OTHER

B FEMALE

5 MALE
6 Total HPU

' MALE
FEMALE

PUD

Total HPU

sample size in certain diagnostic categories (e.g., gastric
adenocarcinoma and MALT lymphoma) limits the
robustness of subgroup analyses. Additionally, a single-
center design may reduce the generalizability of these
findings to the broader Libyan population. Future
research should consider multi-regional cohorts and
incorporate  advanced molecular epidemiological
techniques to further elucidate H. pylori strain diversity,
virulence factors, and resistance patterns. Such endeavors
would provide deeper insights, ultimately guiding more
effective strategies for preventing, diagnosing, and
treating H. pylori-related diseases in Libya and similar
settings.
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