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ABSTRACT

Background: This study investigated the antibiogram and host immune response to Helicobacter pylori (H. pylori) infection
in Peptic Ulcer Disease (PUD) patients with HIV in a Southwest Nigeria community.

Methods: Both healthy controls and symptomatic PUD patients had their blood, stool, and stomach biopsy samples taken for
microbiological and immunological testing. The research examined CD4+/CD8+ cell counts, haematological parameters,
immunoglobulin levels, cytokines, and HIV serology. Stool antigen testing and culture of H. pylori were conducted, fol-
lowed by molecular characterisation, antimicrobial susceptibility testing, and analysis of extended-spectrum beta-lactamase
(ESBL) in the isolates.

Results: An increased incidence of H. pylori infection was recorded, especially in females between the ages of 17 and 79
years old. Individuals with PUD/HIV co-infection had decreased levels of inflammation and haematological markers. Nei-
ther gender nor age had a statistically significant influence on H. pylori culture results (> = 0.441, p = 0.456), stool antigen
detection (y* = 0.932, p = 1.000), or HIV seropositivity (3> = 0.794, p = 0.843). A statistically significant reduction was ob-
served in the mean levels of CD8, CD4, IL-1, IL-8, and IgE among HIV-positive individuals co-infected with H. pylori (p <
0.05). Molecular investigation identified 15 H. pylori strains, exhibiting diverse presence of CagA and/or VacA genes, and
revealed the highest susceptibility to clarithromycin, alongside resistance to tetracycline and erythromycin.

Conclusions: For optimal therapy and patient care, this study concludes that treatment strategies should be customised to
consider factors such as antibiotic susceptibility, immunological responses, haematological changes, H. pylori infection, and
ESBL formation.
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1.0 INTRODUCTION

Helicobacter pylori is a spiral-shaped, motile, Gram-
negative bacterium that colonizes the human gastric mu-
cosa. H. pylori was first identified in 1982 as a primary
cause of chronic gastritis and peptic ulcers [1]. It has
adapted to survive the stomach's acidic environment by
evading host immune responses [2]. Globally, more than
half of the population is infected, although most individu-
als remain asymptomatic [3, 4]. Prevalence rates are nota-
bly lower in industrialized nations (below 30%) and con-
siderably higher in developing countries (80-90%) [5, 6].

H. pylori is a well-established risk factor for gastric can-
cer, accounting for approximately 63% of cases, and has
been classified as a Group 1 carcinogen by the Interna-
tional Agency for Research on Cancer (IARC) since 1994
[7, 8]. It is also a leading contributor to the development
of gastric adenocarcinoma and mucosa-associated lym-
phoid tissue (MALT) lymphoma [9]. Interestingly, the
prevalence of H. pylori infection is significantly lower
among HIV-positive individuals, particularly those with
AIDS or reduced CD4 counts [9, 10, 11].

This bacterium survives in the acidic stomach environ-
ment by producing urease, an enzyme that neutralizes
gastric acid and compromises the integrity of the stomach
lining. While its exact transmission mode remains uncer-
tain, it is known to be highly contagious [8]. The host
immune response is typically ineffective at clearing the
infection. Instead, it contributes to persistent inflamma-
tion, which plays a key role in the development of gastro-
duodenal disorders such as gastritis, peptic ulcers, gastric
cancer, and lymphomas [12, 13].

In addition, H. pylori produces virulence factors like cy-
totoxin-associated gene A (CagA) and vacuolating cyto-
toxin A (VacA), which cause significant tissue damage
and contribute to disease progression [14]. Despite its
susceptibility to acidic conditions, the bacterium uses its
spiral morphology and flagella to penetrate the protective
mucous layer of the stomach, enabling colonization [15].
Diagnosis can be achieved through invasive techniques
such as culture, histological examination, PCR, and the
rapid urease test, or non-invasive methods including the
urea breath test, serological antibody detection, and stool
antigen testing [16, 17].

Eliminating H. pylori and mitigating its virulence factors
has been shown to improve therapeutic interventions us-
ing current treatment regimens such as dual, triple, or
quadruple antibiotic combinations [18, 19]. However,

increasing antibiotic resistance and frequent treatment
failures emphasize the urgent need for more precise and
innovative therapeutic strategies [20]. In response to this
challenge, the present study aims to investigate the host
immune response, antibiotic susceptibility, and genetic
variability of H. pylori strains isolated from peptic ulcer
patients at Sacred Heart Hospital, Abeokuta.

2.0 METHODOLOGY
2.1 Sample collection, study population and location

A cross-sectional study of 350 patients who presented
with PUD at the Gastroenterology Unit of Sacred Heart
Catholic Hospital, Abeokuta, Nigeria, was conducted ac-
cording to the STROBE guidelines [21] .Ethical approval
was obtained from the hospital’s Research Ethics Com-
mittee, while voluntary informed consent was obtained
from all participants in accordance with the principles of
the Helsinki Declaration. The inclusion criteria encom-
passed all patients with a presumptive diagnosis of peptic
ulcer disease who completed and signed the informed
consent form.

A trained phlebotomist collected five milliliters of venous
blood from each patient for hematological analysis and
HIV serology. Approximately two grams of stool were
obtained in a clean, leak-proof, screw-capped plastic con-
tainer. The attending physician collected Gastric speci-
mens from the antrum and corpus using endoscopy and
placed into Stuart’s transport medium. All samples were
transported to the laboratory in ice packs and processed
within 3 to 4 hours of collection.

Stool samples were screened for H. pylori using the
Premier Platinum HpSA kit (Meridian Diagnostics, Cin-
cinnati, OH), following the manufacturer’s instructions.
Gastric biopsy specimens were cultured on Campy medi-
um as outlined by Levican and colleagues [22]. Isolated
pure colonies were identified based on Gram staining and
characteristic morphology, along with a series of bio-
chemical tests, including catalase, oxidase, and urease
activity, hydrogen sulfide production, nitrate reduction,
and their ability to grow in 3.5% NaCl with 1% glycine at
varying temperatures.

2.2 Antimicrobial susceptibility testing

Isolates of H. pylori obtained from cultured gastric biop-
sy samples were evaluated for antibiotic susceptibility
using multiple methods, including the Antimicrobial Sus-
ceptibility Test, antibiogram profiling, agar disc diffusion
assay, [23] minimum inhibitory concentration (MIC) de-
termination, and extended-spectrum beta-lactamase
(ESBL) analysis, following the protocols established by
Piddock [24, 25].The isolates were tested against a range
of antibiotics, including kanamycin (30 pg), erythromycin
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(15 ug), tetracycline (30 pg), ampicillin (10 pg), rifampic-
in (5 pg), amoxicillin (30 pg), and gentamicin (30 pg). In
line with the recommendations of the National Committee
for Clinical Laboratory Standards (NCCLS), [25, 26] an
agar dilution method was employed for susceptibility test-
ing. Mueller-Hinton agar, supplemented with 5% aged
sheep blood, was used as the culture medium and incubat-
ed at 35°C for 72 hr, as per NCCLS guidelines

2.3 Hematological & Immunological screenings

Hematological evaluations included HIV serology, con-
firmatory HIV testing using the Western blot technique,
CD4 and CDS8 lymphocyte counts, and the detection of
immunoglobulins IgA, IgE, and IgM. Enzyme-linked im-
munosorbent Assay (ELISA) was employed to serologi-
cally diagnose H. pylori infection (including both sero-
positive and seronegative cases) and assess biomarkers
associated with peptic ulcer disease.

Pro-inflammatory cytokines interleukin-1 (IL-1), interleu-
kin-2 (IL-2), and interleukin-8 (IL-8) were analyzed to
support the serodiagnosis of H. pylori and to evaluate in-
flammation related to gastritis and peptic ulcer disease,
particularly affecting the gastric mucosa and extending
into the duodenum.

Flow cytometry was used to assess two subsets of T-
helper lymphocytes: Thl cells, which secrete inflammato-
ry cytokines such as interferon-gamma (IFN-y) and tumor
necrosis factor-alpha (TNF-a); and Th2 cells, which pro-
duce anti-inflammatory cytokines including interleukin-4
(IL-4) and interleukin-10 (IL-10). In addition, cell popula-
tions were quantified for CD19+ B-cells, helper T-cells
(CD4+), cytotoxic T-cells (CD8+), and natural killer
(NK) cells (CD56+).

2.4 Western Blot Analysis for H. pylori and CagA Se-
ropositivity

To determine the seropositivity of CagA and H. pylori,
serum samples from infected and uninfected individuals
were analyzed using the commercial Helicoblot 2.1 West-
ern blot assay (Genelabs Diagnostics). These results were
compared with findings from histological examination,
culture, rapid urease test, and urea breath test, as refer-
enced by manufacturer data.

Helicoblot 2.1 effectively identifies markers of current
infection and distinguishes anti-CagA and anti-VacA anti-
bodies. The presence of a 116-kDa CagA band, combined
with either the 19.5- or 30-kDa bands or any of the 89-,
37-, or 35-kDa bands, indicates H. pylori infection. This
assay has a positive predictive value ranging from 85% to
94% and uses recombinant antigens for reliable detection.

2.5 Detection of H. pylori-IgG Antibodies

Following the manufacturer's instructions, an indirect sol-
id-phase enzyme immunoassay (ImmunoComb® II EIA)
was employed to detect H. pylori-specific IgG antibodies.
The concentration of anti-H. pylori-IgG in each sample
was determined by visually comparing the color intensity
of the lower spot on each test "tooth" with the reference
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color scale provided in the CombScale™ Kkit.
2.6 Molecular Isolation and Genomic DNA Identification
2.6.1 Molecular Characterization of Isolates

Bacterial genomic DNA was extracted, and Polymerase
Chain Reaction (PCR) was performed using standardized
protocols [16]. The molecular characterization involved
using CagA-specific primers, DNA sequencing, BLAST
analysis, plasmid profiling, gel electrophoresis, and detec-
tion of virulence-associated genes, including cagA, vacA,
and ahpC.

2.6.2 PCR Technique for Detection and Differentiation
of H. pylori 16S rRNA isolates

All H. pylori-positive isolates confirmed through culture
and biochemical assays were further validated and differ-
entiated from closely related species such as Campylobac-
ter and other Helicobacter strains, [25, 27] using primers
specifically designed to target the 16S rRNA gene of H.
pylori [28, 29, 30].

The PCR amplification targeted a 1500 bp fragment of the
16S rRNA gene, using the following primer sequences:
forward primer 5-AGAGTTTGATCMTGGCTCAG-3'
and reverse primer 1525R-AAGGAGGTGATCCAGCC
(Thermo Scientific, Model 2000), measuring absorbance
at 260/280 nm. Acceptable purity ratios ranged from 1.7
to 2.0, with a minimum DNA concentration of 5.0 ng/uL.
Purified DNA samples were sealed and stored at —20°C
for future analysis.

2.6.3 Sequencing

The amplified PCR products were sequenced using a
3130x1 Genetic Analyzer (Applied Biosystems), follow-
ing the manufacturer's protocol. Genetic analyses were
conducted using the BigDye Terminator v3.1 Cycle Se-
quencing Kit, with sequence editing and alignment per-
formed using BioEdit software, and phylogenetic analysis
conducted using MEGA version 6.

2.4 Statistical Analysis

Data obtained from the study were analyzed using Mi-
crosoft Excel, Epi-Info version 6.0, and Graph Pad Prism
version 5. Results for the treatment groups were ex-
pressed as mean + standard error of the mean (SEM). Sta-
tistical comparisons were performed using the T-test and
Chi-square test. Further analysis was conducted with
SPSS to determine associations between variables, with
statistical significance set at p < 0.05.

2.5 Ethical Considerations

Ethical approval for this study was obtained from the Re-
search Ethics Committee of Sacred Heart Hospital, Lanto-
ro, Abeokuta, according to the hospital's established bio-
ethical guidelines. After providing clear explanations of
the study's purpose, potential benefits, and confidentiality
of the information collected, informed consent was volun-
tarily sought and obtained from all participants and the
legal guardians of minors.
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Table 1. Demographic Distribution of Age and Gender of Individuals Diagnosed with Peptic Ulcer Disease and Their HIV Status

Culture Positive Stool antigen Positive HIV positive
N (%) n (%) X’ p-value n (%) X’ p-value n (%) X’ p-value
Sex
Male 164 (46.9) 8 (53.3) 0.441 0.456 61 (46.6) 0.932  1.000 12 (44.4)  0.794 0.843
Female 186 (53.1) 7 (46.7) 70 (53.4) 15 (55.6)
Total 350 16 (4.6) 131 (37.4) 27 (1.7)
Age
Group
< 40 (11.4) 3 (18.8) 2.075 0.557 16 (12.2) 4516 0211 3(11.1) 1.602 0.659
20years
20- 147 (42.0) 8 (50.0) 62 (47.3) 14 (51.9)
39Years
40- 113 (32.3) 4 (25.0) 40 (30.5) 6(22.2)
59Years
> 50 (14.3) 1(6.3) 13 (9.9) 4 (14.8)
60years
Total 350 131 (37.4) 27(5.7)
3.0 RESULTS IgE among HIV-positive individuals co-infected with H.

Three hundred fifty individuals, comprising 164 (46.9%)
males and 186 (53.1%) females, aged between 17 and 79,
from different ethnic groups, participated in the study
(Table 1). Neither gender nor age had a statistically sig-
nificant influence on H. pylori culture results (y> = 0.441,
p = 0.456), stool antigen detection (y*> = 0.932, p =
1.000), or HIV seropositivity (3> = 0.794, p = 0.843).

Table 2. Mean Values of CD4, CDS, Cytokines (IL-1, IL-6), and
Antibodies in HIV-Positive Individuals with Positive H. pylori Cul-

tures
Cytokines/ anti- Mean SD t-value p-value
bodies & HIV
status
CD4 861.34 1066.03 4.99 0.000**
Negative 557.26 283.71
Positive
CD 8 968.70 1284.05 5.75 0.000**
Negative 479.16 241.20
Positive
IL1 4.46 1.90 -2.42 0.022%*
Negative 5.40 1.93
Positive
IL2 14.24 175.50 0.88 0.382
Negative 5.65 2.21
Positive
IL 8 8.26 4.07 -3.15 0.004**
Negative 11.55 5.30
Positive
IgA 4.67 2.81 0.77 0.444
Negative 2.53 1.26
Positive
IgE 44.11 3.82 2.49 0.013**
Negative 2.17 1.01
Positive
IgM 5.71 57.91 1.19 0.233
Negative 1.85 0.92
Positive

However, a statistically significant reduction was ob-
served in the mean levels of CD8, CD4, IL-1, IL-8, and

pyvlori (p < 0.05). Although IL-2, IgA, and IgM levels
decreased, these changes were not statistically significant
(Table 2). A significant expression of CD4 and CDS§,
cytokines (IL1, IL6), antibodies (IgA, IgE, and IgM), and
infiltrated lymphocytes and monocytes observed in the
serum of H. pylori-infected individuals indicate the in-
volvement of both innate and adaptive immunity in the
pathogenicity of the bacterial infection.

Table 3. Haematological Profiles of HIV-Positive Individuals with Positive H.
pylori Cultures

Haem. parameters Mean SD t-value p-value
HIV status

PCV

Negative 38.28 5.71 0.35 0.001**
Positive 34.52 6.50

HB

Negative 12.49 1.73 291 0.009**
Positive 11.56 2.22

RBC

Negative 4.05 1.90 1.93 0.055**
Positive 3.80 1.93

PLATELETS

Negative 247789.47 74779.88  2.73 0.007**
Positive 207592.60  55710.28

TWBC

Negative 8418.41 3616.26 3.46 0.001**
Positive 5877.78 4158.43

NEUTROPHILS

Negative 63.03 10.93 1.39 0.165
Positive 59.96 12.06

LYMPOCYTES

Negative 37.00 21.85 -0.18 0.855
Positive 37.78 12.30

MONOCYTES

Negative 2.31 1.02 2.78 0.006**
Positive 3.21 2.04

EOSINOPHILS

Negative 1.42 0.50 -2.67 0.010%**
Positive 2.00 0.93

In this H. pylori infection, the immune response elicited
by the bacterial agent fails to clear the pathogen, while
the resulting persistent infection triggers inflammatory
processes that further escalate the severity and persis-
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tence of the infection, eventually causing severe tissue
damage culminating in functional impairment of the af-
fected organ [31].

From the hematological analysis, a significant decline in
the mean values of packed cell volume (PCV), hemoglo-
bin (Hb), red blood cells (RBC), platelets, total white
blood cells (TWBC), monocytes, and eosinophils was
observed in H. pylori patients co-infected with HIV (p <
0.05). In contrast, individuals with H. pylori mono-
infection did not exhibit any significant increases in neu-
trophil, lymphocyte counts, IL-2, IgA, and IgM levels, as
shown in Table 3.

Further still, Table 3 suggests H. pylori may serve as a
potential risk factor for increased anemia and hemorrhag-
ic complications in patients with underlying hematologi-
cal disorders. This was investigated by further molecular
analysis of extended-spectrum (-lactamase (ESBL) genes
in four Klebsiella pneumoniae isolates. Genomic DNA
was extracted, and targeted PCR amplification of ESBL-
encoding regions was conducted using specified primers,
following a simplified PCR protocol. Primer sequences
and corresponding reaction conditions were selected ac-
cording to established procedures, [32] as was shown in
Table 4. A buffer-only control was included to eliminate
the risk of false-positive amplification while the PCR
was carried out on a GeneAmp 9700 Thermal Cycler
(Applied Biosystems Inc., USA), with cycling conditions
optimized for each primer set.

Further still, we have established the existence of varia-
tion in H. pylori responses to different antibiotics re-
gimes. While ERY and TET recorded the poorest actions
against the isolates determined in this study, CLR offered
the most efficacy in bacteria loads clearance (Figure 1).

Besides, the isolates involved in each particular case
were taken into consideration when designing a treatment
plan because of their virulent genetic makeup, which is
the primary factor influencing how the H. pylori respond
to different antibiotic treatment regimens during infec-
tion and the resulting prevention or development of re-
sistances. This assessment supports other reports recom-
mendation that a number of actions be taken to prevent
resistance from developing and maintain the effective-
ness of antibiotics including the creation of novel antimi-
crobial agents, enhanced antibiotic usage techniques, at-
tempts to avoid diseases, and restricted antibiotic use,
among other things [33, 34]. However, the need to modi-
fy existing recommended treatment regime based on

Table 4. Primers for Molecular Analysis of Esbl-Encoding Genes

changes in locality and prevailing isolates that were dis-
covered in preliminary testing of the case were investi-
gated.

100+
EA Sensitive (%)

E=Z] Resistant (%)

H. pylori susceptivity (%)

O A Ao 0 Q
O & FSHNE LTS
Antibiogram

Figure 1. Antibiotic Susceptibility Profile of H. pylori

H. pylori exhibited high levels of resistance, in descending order, to clarithromycin
(CLA), amoxicillin-clavulanate (AUG), ofloxacin (OFL), and ciprofloxacin (CIP). Con-
versely, it showed increasing susceptibility to tetracycline (TET), erythromycin (ERY),
gentamicin (GEN), cefuroxime (CXM), and ceftriaxone (CRO), respectively

00 IR :
RH QN MM g sy MHOTRWNRROBRAS D by

300bp
0hy

Figure 2: (a) Left: Agarose gel electrophoresis demonstrating successful ampli-
fication of the 16S rRNA gene region from selected bacterial isolates. A visible
band at approximately 1500 bp confirms positive amplification of the 16S gene.
(b) Right: Multiplex PCR results showing amplification of vacA and cagA
genes. Bands at approximately 250 bp and 350 bp indicate positive detection of
vacA and cagA, respectively. The gel image reveals the presence of the vacA
gene in isolates hp40, hp141, hp182, hp01, and hp10, while cagA was detected
only in hp200 and hp5. Isolates hp24, hp67, hp79, hp119, hp164, hp226, and
hp248 tested negative for both genes. Note: Lane labels correspond to patient-
derived H. pylori isolates (adapted from this study).

GENES PRIMER SEQUENCE (5' — 3') PRODUCT SIZE (BP) PCR PROFILE

vacA F-ATGGAAATACAACAAACACAC 259 an initial denaturation at 94°C for 5 min; followed by
R-CTGCTTGAATGCGCCAAAC a 30 cycles of 94°C for 30 s, 48°C for 60s and 72°C

cagA F-GATAACAGGCAAGCTTTTGA 350 for 30 seconds ; and a final termination at 72°C for 10
R-CTGCAAAAGATTGTTTGGCA mins.

16S rRNA 27F- AGAGTTTGATCMTGGCTCAG 1500 an initial denaturation at 94°C for 5 min; followed by

1525R-AAGGAGGTGATCCAGCC

a 30 cycles of 94°C for 30 s, 50°C for 60s and 72°C
for 1 minute 30 seconds ; and a final termination at
72°C for 10 mins.
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Table 5. Edited Blast Sequence Identities of the Isolate 16S rRNA (Source: NCBI)
Sample ID  Age/ Gender  Genes Scientific Name Max Score  Total Score  Query Cover  E- value % Ident. Accession
HpO1 34 M VacA Helicobacter pylori 2776 2776 100% 0 100.00% OR865988
Hp10 32F VacA Helicobacter pylori 2771 2771 100% 0 99.93% OR865989
Hp24 11M Nil Helicobacter pylori 2776 2776 100% 0 100.00% OR865990
Hp40 19F CagA/VAcA Helicobacter pylori 2776 2776 100% 0 100.00% OR865991
Hp67 60 F Nil Helicobacter pylori 2771 2771 100% 0 99.93% OR865992
Hp79 35M Nil Helicobacter pylori 2776 2776 100% 0 100.00% OR865993
Hp119 48 M Nil Helicobacter pylori 2776 2776 100% 0 100.00% OR865994
Hp141 28M VacA Helicobacter pylori 2747 2747 100% 0 99.93% OR865995
Hpl64 30M Nil Helicobacter pylori 2747 2747 100% 0 99.93% OR865996
Hp182 34M VacA Helicobacter pylori 2763 2763 99% 0 99.87% OR865997
Hp200 44 F CagA Helicobacter pylori 2750 2750 99% 0 99.87% OR865998
Hp226 20M Nil Helicobacter pylori 2763 2763 100% 0 99.87% OR865999
Hp248 32F Nil Helicobacter pylori 2771 2771 100% 0 100.00% OR866000
Hp98 45M Nil Helicobacter pylori 2760 2760 99% 0 99.93% OR866001
Hp05 18 F CagA Helicobacter pylori 2776 2776 100% 0 100.00% OR866002

Figure 3. Phylogenetic Analysis of Helicobacter pylori Iso-

lates.

With percent IDs ranging from 99.87% to 100% and
query coverage of 99—100%, the BLAST analysis of
16S rRNA sequences from 15 Helicobacter pylori iso-
lates showed remarkably high sequence similarity to
reference strains in NCBI. While the remaining isolates
carried either cagA (1 isolate), vacA (4 isolates), or both
cagA/vacA (1 isolate), the majority (9/15) lacked the
assessed virulence genes ("Nil"). E-values of 0 were
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Helicobacter pylori strain HpS

regularly found for the alignments with the highest
scores, indicating very strong matching.

These findings validate the isolates as H. pylori, with
nearly perfect sequence conservation across samples,

Resistance vs. Non-Resistance for Each Isolate Across Antiblotics
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Figure 4. Antimicrobial Profile Showing H. pylori Resistance and Susceptibility to
Selected Antibiotics. This llustrates the susceptibility patterns of H. pylori isolates to
various antibiotics

(a) Amoxicillin-clavulanate (AUG): Isolates HPO1, HP141, HP200, and HP40 were susceptible.
(b) Ciprofloxacin (CIP): Susceptibility was observed in HPO1, HP0S5, HP10, HP141, HP180, and
HP41; (c) Clarithromycin (CLR): Only HP200 showed susceptibility.

(d) Ceftriaxone (CRO): Isolates HPO1, HP05, HP10, HP141, HP180, HP200, HP24, and HP40
were susceptible; (e) Cefuroxime (CXM): Susceptibility was noted in HPO1, HPOS5, HP141,
HP180, HP40, and HP79; (f) Gentamicin (GENT): Isolates HPO1, HP0S, HP10, HP141, HP180,

HP200, HP298, HP40, and HP96 were susceptible.
(g) Ofloxacin (OFL): Isolates HPOS5, HP10, HP200, HP40, and HP87 showed susceptibility.
(h) Ertapenem (ESI): All isolates except HP119 and HP87 were susceptible.

(i) Tetracycline (TET): Susceptibility was observed in HP24 and HP96.

implying limited genetic diversity in the 16S rRNA re-
gion within the study population. In contrast to those in-
fected with less virulent strains, highly virulent strains of

H. pylori, characterised by CagA connected to gastric

tumours and VacA associated with stomach ulceration
(Table 5, Figure 2), use molecular mimicry processes to
increase iron shortage in patients. While we did not in-
vestigate the precise properties of each isolate found in

the study, we hypothesise that the identified differences
in isolate ancestry may influence their virulence and anti-
biogram activities.

Figure 3 shows a phylogenetic relationship among 15 H.
pylori isolates. Thirteen isolates clustered around Helico-
bacter pylori strain HP-89 (accession no. 0Q748120.1),
forming five distinct subgroups with varying genetic dis-
tances from the ancestral strain. The remaining two iso-
lates—Hp182 and Hp226—shared a common lineage
with H. pylori strain OQ748122.1 and its two descendant
strains, indicating a separate evolutionary ancestry from
the main cluster.
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4.0 DISCUSSION

The study highlights the intricate relationship between H.
pylori infection, immune responses, haematological
changes, ESBL responses of determined isolates, and
their antibiotic susceptibility. Helicobacter pylori, a bac-
terium colonizing the gastric mucosal lining, is a com-
mon gastric pathogen in developing peptic ulcer disease
(PUD). Its clinical presentation ranges from asymptomat-
ic infection to varying degrees of dyspepsia, gastritis, and
chronic, treatment-resistant indigestion. It is also associ-
ated with severe gastrointestinal conditions, including
gastric adenocarcinoma and low-grade gastric lympho-
ma.

Unlike many other cancers, stomach cancer remains one
of the deadliest outcomes with poor survival rates. It of-
ten presents with nonspecific symptoms such as indiges-
tion, abdominal pain, and unexplained weight loss, which
leads to late diagnosis at more advanced, less treatable
stages. The overall prevalence of gastric cancer in indus-
trialized countries is estimated at 25-30%, [32] which
contradicts the patterns observed in this study cohort.

One hundred and thirty-one (37.4%) of these patients
tested positive for H. pylori infection, while 291 (62.2%)
were negative. This finding is lower than the 50% global
prevalence rate, as reflected by the documented results
obtained by Borka Balas and colleagues [35] and Zamani
[36]. This may suggest an under-reporting of H. pylori
infection or a decline in the disease trend, which is evi-
dent by improved therapeutics among the study popula-
tion. These could not be unconnected to either improved
socioeconomic status, widespread use of antibiotics, or
gradual urbanization with better access to healthcare fa-
cilities and potable water [37].

The increased prevalence of H. pylori infection among
females compared to males, particularly within the 17 to
78 age group, highlights the importance of developing
targeted eradication strategies considering age, gender,
and socioeconomic status [38]. Additionally, the growing
incidence among younger individuals may suggest a stra-
tegic point of focus for future treatment interventions
aimed at controlling H. pylori infection in the population
(Figure 1).

In a separate study, Li and colleagues observed a higher
incidence of H. pylori infection in females than in male
infected individuals between 17 and 78 years of age [39].
This alignment in findings corroborates our findings in
this study and other established statements reported in
literature that “Helicobacter is believed to be one of the

more common pathogenic infections of man with preva-
lence determined by age and socioeconomic status” [40].
However, the increasing prevalence associated with the
younger age groups may be a subtle indicator of where
efforts should be directed at fighting H. pylori infection
until it is completely eradicated in humans.

In contrast, the lower infection rates observed in older
adults may likely be linked to improved socioeconomic
conditions, [41, 42] higher living standards, and better
hygiene practices within this age group, as supported by
several scientific studies [43, 44].

In some clinical scenarios, serological testing for blood
immunoglobulin levels may be insufficient in differenti-
ating between current and previous H. pylori infections,
as antibodies can persist long after the infection has
cleared. Even when H. pylori is no longer detectable on
the gastric mucosa at the time of cancer diagnosis, often
due to chronic mucosal atrophy and immune-mediated
alterations, the presence of antibodies targeting intrinsic
factors and parietal cells remains linked to H. pylori-
associated gastric cancer, a condition frequently connect-
ed with anemia. The higher detection rate of H. pylori
using the stool antigen test, compared to the more intri-
cate gold standard culture method (Tables 1-3), suggest-
ed that the stool antigen assay is a more suitable, non-
invasive option for routine screening, especially in pa-
tients with hereditary hemorrhagic conditions [45, 46,
47] As an affordable approach, it may help healthcare
systems manage bleeding-related complications more
effectively. Given the potential link between H. pylori
and bleeding disorders, screening and treatment are cru-
cial for affected individuals.

Conversely, molecular diagnostics for the identification
of H. pylori isolates confirmed fifteen different 16S
rRNA H. pylori positive strains, seven of which are high-
ly virulent with either or both cytotoxin-associated genes
CagA or VacA. According to Than, Pinchuk, and Bes-
wick, [48] molecular diagnostic techniques remain valua-
ble as confirmatory tools to complement culture-based
methods. Prioritizing comparative evaluations of availa-
ble diagnostic approaches is essential to improve the ac-
curacy of H. pylori identification, as the importance of
the genetics and ancestry of H. pylori isolates cannot be
overemphasized.

The impact of H. pylori in peptic ulcer disease (PUD)
patients was exacerbated by the rare co-infection of HIV/
AIDS among the examined individuals. The involvement
of both innate and adaptive immunological processes in
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the progression of H. pylori infection is demonstrated by
elevated numbers of CD4 and CD8 T cells, cytokines (IL
-1, IL-6), and infiltrating lymphocytes and monocytes in
the serum of individuals infected with the virus. On the
other hand, co-infected H. pylori-HIV individuals' de-
creased expression of immunological markers like CD8,
CD4, IL-1, IL-8, IL-2, IgA, and IgE suggests that a per-
sistent H. pylori infection may suppress or change the
systemic inflammatory response (Table 2).

The host immune response to H. pylori engages multiple
pathways that can be both beneficial and harmful (49).
Our findings suggested that CD4+ T helper type 1 (Thl)
cells mediate protective immunity. However, the immune
reaction elicited by H. pylori is typically insufficient to
clear the infection, allowing persistent inflammation that
worsens disease severity, contributes to considerable tis-
sue injury, and ultimately compromises the function of
the involved organ(s) [50, 51].

Statistically significant alterations were noticed in sever-
al haematological parameters (Tables 2-3). The result
from this study is consistent with previous studies, [52]
indicating that chronic Helicobacter pylori infection can
impact the hematological profile, potentially serving as a
diagnostic marker for accurate detection and manage-
ment of infected individuals. Identifying hematological
abnormalities such as anemia linked to iron or vitamin
B12 deficiency and associated immunological responses
may inform future strategic health policies aimed at ef-
fectively treating and preventing gastric cancer in H. py-
lori-infected peptic ulcer disease (PUD) patients.

Moreover, the development of H. pylori-related disease
is influenced by bacterial virulence, host immune re-
sponses, and environmental conditions, all of which con-
tribute to an individual’s overall risk. Based on our find-
ings, clarithromycin (CLA) and tetracycline (TET)
emerged as the most effective antibiotics, consistent with
current first-line therapies that combine antibiotics (such
as amoxicillin, clarithromycin, or metronidazole) with
proton pump inhibitors (PPIs). However, it is crucial to
tailor treatment regimens according to local resistance
patterns and the dominant bacterial strains identified dur-
ing initial diagnostic assessments.

Furthermore, it is essential to consider the genetic varia-
bility, mutational profiles of H. pylori, and the differing
responses of its isolates to recommended therapies. Addi-
tionally, the insights gained from this study regarding
extended-spectrum [B-lactamases (ESBLs) highlight the
critical role of this knowledge in advancing efforts to

eliminate H. pylori infections in human populations.

This study identified the presence of virulence genes va-
cA (71.4%) and cagA (28.6%) among patients below the
age of 50, aligning with the report by Feliciano and col-
leagues, [52] who observed a 61.6% prevalence of the
vacA gene in Cuban individuals (Table 5). Highly viru-
lent H. pylori strains carrying vacA and cagA are known
to contribute to or exacerbate iron deficiency through
molecular mimicry, in contrast to infections caused by
less virulent strains. This mechanism may partly explain
the significant regional differences and variability report-
ed across multiple studies. The interplay between H. py-
lori’s virulence factors--CagA, VacA, and OipA; host
genetic susceptibility, and environmental factors contrib-
ute to the complexity of this association. Understanding
these intricate molecular mechanisms is vital to develop-
ing targeted therapeutic approaches and preventive strat-
egies against H. pylori infections.

This study's phylogenetic analysis of H. pylori isolates
revealed two distinct ancestral lineages: 0Q748120.1 H.
pylori strain HP89 and 0Q748122.1 H. pylori (Figure 3).
The observed strain or isolate variability may have im-
portant implications for the clinical management and
treatment strategies of H. pylori infections (Table 5, Fig-
ure 2). Additionally, the antibiogram profiles of these
isolates help identify effective antibiotics for therapy.
Overall, this study highlights the complex interplay be-
tween H. pylori infection, host immune response, hema-
tological alterations, ESBL-producing strains, and pat-
terns of antibiotic susceptibility (Figures 1, 2, 4, and 5).

Campuzano-Maya reported that highly virulent H. pylori
strains, specifically those carrying the cagA gene, [53]
which are often linked to gastric malignancies, and vacA,
associated with gastric ulceration (Table 5, Figure 2), use
molecular mimicry to intensify iron deficiency in infect-
ed individuals, unlike infections caused by less virulent
strains. Although this study did not delve into the unique
attributes of each isolate, it is suggested that the observed
differences in ancestral origins may influence the iso-
lates' pathogenicity and antibiotic response profiles.

A follow-up study may be required to explore the taxon-
omy, pathogenic impact, and antibiotic susceptibility
profiles of individual H. pylori isolates about their viru-
lence. Such research could inform the development of a
well-structured health policy framework to improve the
management and eradication of gastric cancers in H. py-
lori-infected peptic ulcer disease (PUD) patients.

We advocate for accurate (invasive and noninvasive)

483



Banjo ef al., Pan African Journal of Life Sciences (2025): 9(2): 477-488

diagnosis of H. pylori infection as an essential strategy
for effective treatment of various gastroduodenal diseas-
es; [54] and focusing ongoing research on advancing di-
agnostic methods that increase awareness, encourage the
judicious use of existing medications, and support the
creation of new therapies through personalized, state-of-
the-art molecular testing for H. pylori infections. Moni-
toring antibiotic resistance patterns remains critical to
enhancing treatment outcomes. At the same time, further
studies are needed to assess the impact of emerging H.
pylori strains and their antibiotic susceptibility profiles
on therapeutic success.

Furthermore, careful evaluation of individual immune
responses and detailed molecular profiling of H. pylori
isolates is essential for optimizing treatment strategies
and antibiotic selection. This approach also supports the
advancement of innovative diagnostic tools and therapies
for H. pylori-related gastric cancers, while aiding in the
early identification of individuals at heightened risk for
disease development.
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