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Abstract

Helicobacter pylori (H. pylori) establishes chronic gastric infection through key virulence genes- BabA, VacA, IceA, and
OipA- that enable adhesion, immune evasion, and mucosal damage. Despite extensive research, it remains a major health
concern globally due to its complex virulence profile, varied disease outcomes, and possible oral transmission. Emerging
evidence suggests that the oral cavity, particularly dental plaque, may serve as a reservoir for H. pylori, underscoring the
need to understand oral-gastric transmission pathways for effective prevention and management. This study investigated the
prevalence, distribution of virulence genes, and oral—gastric transmission patterns of H. pylori among 125 Jordanian patients
presenting with gastric complaints. A total of 250 gastric biopsies were characterized by endoscopy and assessed using
histopathology and polymerase chain reaction (PCR), while 67 subgingival samples were analyzed using PCR. H. pylori was
detected in 71.2% of biopsies by histopathology and in 66.4% by PCR. Uniplex and multiplex PCR showed high prevalence
of BabA (95.2%), IceA2 (81.9%), and VacA (74.7%) gene, while OipA (43.3%) and IceAl (21.7%) were less common. The
notably high prevalence of BabA and IceA2 suggests improved strain persistence, enhanced mucosal adhesion, and a greater
tendency toward chronic infection. Significant associations were identified between virulence genotypes and the severity of
histopathological changes, providing the first detailed genotype- disease severity map for Jordan. Subgingival samples
showed H. pylori positivity in 83.6% of patients, with strong agreement between oral and gastric PCR results. The highest
oral detection occurred in patients with gastritis (69.6%), supporting the role of the oral cavity as a potential reservoir and
source of reinfection. Future research in this extent can contribute to improved prevention strategies and innovative clinical
approaches for managing infection. The findings of the current study may have provided additional regional data on H.
pylori virulence patterns and their clinicopathological significance, emphasizing the importance of integrating
gastrointestinal and oral health management.
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regional rise in children under five years old (Kayali et al.,
2024; Rostam et al, 2024). The World Health
Organization designates H. pylori as a Class I carcinogen
(Kotilea et al., 2019).

H. pylori is a Gram-negative, spiral-shaped bacterium

1. Introduction

H. pylori is avery common human pathogen
that adheres to and colonizes the gastric

epithelium's luminal surface in about half of the world's
population. Once acquired, H. pylori can establish a
chronic infection leading to a range of gastroduodenal
disorders, including chronic gastritis, peptic ulcer disease,
gastric adenocarcinoma, and MALT lymphoma (Boden et
al., 2021; Rendén-Huerta et al., 2021). Globally, infection
rates exceed 50% of the population (Ansari et al., 2017),
with transmission primarily occurring through ingestion of
contaminated food or water, or via direct person-to-person
contact. The prevalence increases with age and is
particularly high in low-resource settings, with a notable
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approximately 3 um in length, equipped with multiple
flagella and characterized by microaerophilic growth, as
well as urease, catalase, and oxidase activities. Under
adverse environmental conditions, it may convert from a
culturable spiral form to a non-culturable coccoid state.
This transformation can be triggered by nutrient limitation,
prolonged incubation, temperature extremes, alkaline pH,
shifts from nutrient-rich media to water, CO: deficiency, or
exposure to antimicrobial agents (Gladyshev et al., 2020;
Jung et al., 2024; Rendon-Huerta et al., 2021).
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The virulence factors of H. pylori include blood group
antigen-binding adhesin (BabA), Sialic-acid biding adhesin
(SabA), Outer inflammatory protein A (OipA), H. pylori
outer membrane protein Q and Z (HopQ and HopZ), which
enable colonization and pathogenesis (Rendon-Huerta et
al., 2021; Odenbreit et al., 2009). Key virulence factors,
including VacA (vacuolating cytotoxin A), CagA
(cytotoxin-associated gene A), IceA (induced by contact
with epithelium gene A), HtrA (high temperature
requirement A), Hsps (heat shock proteins), catalase,
urease, phospholipases, and mucinase, contribute to tissue
damage by inducing cytotoxicity and inflammatory
responses (Baj et al., 2021). Subtyping of strains, typically
based on VacA and CagA expression, provides important
information on disease outcomes and may inform both
diagnostic and therapeutic approaches (Bordin et al., 2021;
Cho et al., 2021). Al-Hyassat et al. (2025) reported that
VacA genotyping identified s2/m2 allelic variants as
predominantly associated with mild gastritis, while s1/m1
and s1/m2 were linked to more severe gastric pathology.

Urease is a key virulence factor of H. pylori, enabling
gastric colonization by locally buffering acidity through
the production of ammonia and carbon dioxide. This
process maintains a near-neutral cytoplasmic pH, supports
motility, nutrient acquisition, and proton motive force, and
prevents self-toxicity. After penetrating the mucus layer,
the bacteria attach to epithelial cells via AlpA, AlpB, and
OipA, promoting immune evasion and effector protein
delivery through the type IV secretion system (Caceres-
Delpiano et al., 2015). The expression of SabA occurs
during gastric disease progression together with outer
membrane proteins (OMPs) such as OipA and BabA,
mediating gastric atrophy and neutrophil infiltration (Baj
et al.,, 2021). Concurrently, these proteins, along with
lipopolysaccharides (LPS), trigger host immune responses
by stimulating cytokines such as IL-10, IL-12, IL-18, IFN-
v, and TNF-o, which attract immune cells that generate
oxidative stress. H. pylori also exploits trefoil factor family
protein 1 (TFF1), a protective mucus-associated peptide, to
strengthen its attachment to the gastric lining. The
infection stimulates TFF1 expression, which enhances
mucin and pepsinogen secretion and disrupts normal
gastric function (Baj et al., 2020). Meanwhile, virulence
factors such as CagA and VacA create a proinflammatory
environment that activates the JAK/STAT pathway,
driving epithelial cell proliferation, inflammation, and
apoptosis, thereby contributing to severe gastritis and
potentially gastric cancer (Jarva et al., 2020).

Evidence indicates that the degree of bacterial
adherence is determined by BabA binding to the
ABO/Lewis™b (Leb) and H-type-1 antigens present in
stomach tissue (Doohan et al., 2021). Granulocyte
infiltration, the release of pro-inflammatory mediators, the
production of IL-8, and the expression of VacA are all
consequences of this process. Alzahrani et al. (2014) claim
that the simultaneous activation of many mechanisms
accelerates the development of cancer and the degradation
of mucosal tissue. In addition, BabA and SabA promote H.
pylori adherence to the spasmolytic polypeptide-
expressing metaplasia (SPEM), a metaplastic linked to the
initiation of carcinogenesis (Sdenz et al. 2019). Moreover,
the primary survival strategy utilized by H. pylori to
persist in the stomach is its ability to produce ammonia
through either encoding the urease enzyme from the ureA

gene or the urea-independent pathway by hydrolyzing
amide. Both pathways result in a neutral cytoplasmic and
periplasmic pH. After penetration of the mucus layer, the
bacteria attached to the gastric epithelial cells through
lipoproteins AIpA and AlpB, and OipA, which allows it to
escape immune clearance and inject bacterial proteins into
host cells using type IV secretion system. In particular,
OpiA assist in colonization, adherence, and progression of
gastrointestinal diseases. Binding of OipA to the gastric
epithelial cells activates the apoptotic pathways like Bcl-2
and increased secretion of pro-inflammatory cytokines
such as IL-1, IL-6, IL-8, IL-11 IL-17, matrix
metalloproteinase 1 (MMP-1), and tumor necrosis factor o
(TNF-a0). It also downregulates the cluster of
differentiation 40 (CD40), the cluster of differentiation
(CD86), and major histocompatibility complex-II (MHC-
IT) expression on the cell surface, leading to the
suppression of dendritic cells' maturation.

In recent years, the incidence of H. pylori infection in
Jordan has shown a notable increase. A cross-sectional
study by Obaidat and Roess (2019) reported that 88% of
Jordanians were seropositive, indicating a substantially
high burden of infection. Prevalence rates tend to be higher
in developing countries than in developed nations, a
pattern often attributed to inadequate hygiene practices
within facilities and infrastructure, as well as limited
public health awareness (Alaridah et al., 2023). The
clinical implications of helicobacteriosis are significant,
with documented complications including iron deficiency,
peptic ulcer disease, and gastric neoplasms (Cho et al.,
2021). According to reports from the Jordanian Ministry of
Health (2017), gastric cancer is the ninth most commonly
diagnosed cancer in the country and is considered the
seventh to tenth most prevalent cancer among Jordanians
overall (Alaridah et al., 2023). Efforts aimed at improving
preventive and public health policies must consider the
prevalence rate and the factors influencing infection rates.

H. pylori is a globally prevalent pathogen transmitted
through multiple routes including fecal—oral and oral-oral
(Zhang et al., 2022; Burucoa and Axon, 2017). Its
distribution varies widely across geographic regions and
population groups, with higher rates in developing
countries. Although its transmission pathways remain
unclear, evidence suggests that the oral cavity may serve
as an additional reservoir linked to gastric infection. Non-
invasive oral detection methods show promise for
improving diagnosis and reducing re-infection. Advancing
research in this area could lead to better prevention
strategies and innovative clinical approaches for managing
H. pylori infection. The close relationship between the oral
and gastric microbiota suggests that the oral cavity may
play a significant role in the movement and persistence of
H. pylori. Growing interest has focused on the presence of
H. pylori in the oral cavity, as the mouth has been
proposed as a potential extra-gastric reservoir. Although
the exact role of H. pylori within the oral microbiome
remains uncertain, its presence may disrupt microbial
homeostasis, influencing the oral-intestinal axis and
contributing to both oral and systemic disease. Evidence to
date is mixed, with recent reviews reporting inconsistent
links between oral H. pylori and oral health outcomes
(Cuba et al., 2025). Nonetheless, several studies suggest
that the oral cavity may support H. pylori colonization and
transmission, complicating eradication, particularly in the
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presence of poor oral hygiene and dental disease (Liang et
al., 2021; Popovska et al., 2022; Author et al., 2022).

Studying both gastric and oral H. pylori isolates is
crucial to understand the dynamics of infection and
transmission. The coexistence of the bacterium in both
sites may contribute to reinfection, persistence, and
treatment failure. Furthermore, the presence of virulence-
associated genotypes in oral isolates may influence the
severity of gastric disease and facilitate bacterial spread
within populations, particularly in regions with high
prevalence, such as Jordan (Abu-Lubad et al., 2018).
Given the inconsistencies and methodological differences
across studies, including variable detection techniques and
sampling methods, integrated analysis of gastric and oral
isolates is essential for defining transmission dynamics and
optimizing clinical management of H. pylori infection.
Understanding the behavior and virulence mechanisms of
H. pylori is critical for both clinical practice and public
health, especially in regions where the infection is highly
prevalent. Such studies are essential because of their
significant clinical and epidemiological implications. This
study examines the clinical relevance of H. pylori
virulence genes (VacA, OipA, IceAl, IceA2, and BabA) in
gastric  isolates in relation to endoscopic and
histopathological findings. It also evaluates the prevalence
of H. pylori in the oral cavity to better understand infection
dynamics, guide eradication strategies, and help reduce the
burden of H. pylori-associated diseases.

2. Materials and Methods

2.1. Gastric Mucosal Biopsy

Two hundred and fifty gastric mucosal biopsy
specimens were taken from 125 patients undergoing white-
light upper endoscopy. The Institutional Review Board of
Al-Bashir Hospital provided ethical approval for sample
collection and study procedures (MBA/IRB/3822). Before
specimens were collected, each patient signed a written
informed consent form. Every patient completed a
prepared questionnaire. Clinical data, including age,
gender, occupation, smoking status, history and length of
illness, prior or current gastritis complaints, treatments or
antimicrobial therapies received within the last three
months, and proton pump inhibitor use within the last 15
days, were recorded. For molecular analysis, biopsy
specimens were placed in 2 mL of sterile normal saline
and transported on dry ice in a cooled container within
four  hours. Biopsy specimens intended for
histopathological examination were fixed in 10% buffered
formalin and transported to the histopathology laboratory.

2.2. Isolation of H. pylori from subgjinjival

To investigate the potential of the subgingival region as
a reservoir for H. pylori, 67 dental samples were obtained
from patients who underwent upper endoscopy. Only those
patients who provided informed consent for dental sample
collection were included in the study. Subgingival plaque
samples were collected using sterile curettes. Samples
were placed in Eppendorf tubes containing 2 mL of normal
saline and transported on dry ice to the laboratory for
analysis within four hours (Gebara et al., 2004).

2.3. Molecular Identification of H. pylori using (PCR)

2.3.1. 2.3.1. Extracting DNA from Gastric Biopsy and
Subgingival Samples

Gastric biopsy samples were collected in sterile
containers containing sterile normal saline. Genomic DNA
was extracted using the QIAamp® DNA Mini Kit (Qiagen,
Germany) according to the manufacturer’s protocol.
Briefly, tissue samples were placed in 1.5 mL Eppendorf
tubes containing 180 pL of cell lysis buffer, followed by
the addition of 20 pL of proteinase K to inactivate
nucleases and remove contaminants. The mixture was
vortexed and incubated at 56 °C until complete lysis was
achieved. After incubation, samples were vortexed again,
and 200 pL of AL buffer (lysis buffer) was added and
mixed thoroughly using a vortex mixer (Labnet
International, USA). Subsequently, 200 pL of ethanol (96—
100%) was added and mixed by vortexing. The mixture
was then centrifuged at 8,000 rpm for 1 min using a
QIAamp Mini spin column placed in a 2 mL collection
tube. The flow-through and collection tube were discarded,
and the spin column was transferred to a new 2 mL
collection tube. DNA was washed with 500 pL of each
wash buffer in two successive centrifugation steps. Finally,
DNA was eluted by adding 200 pL of elution buffer.

Genomic DNA was extracted from subgingival plaque
samples using the Omega DNA extraction kit (Omega,
USA) following the manufacturer’s instructions (Abu-
Lubad et al., 2018). Briefly, samples were centrifuged to
obtain a pellet, resuspended in TE buffer, and subjected to
enzymatic lysis using lysozyme and proteinase K. RNase
A was then added, and the lysate was purified using
HiBind DNA Mini Columns. The extracted DNA was
eluted in 50-100 pL of elution buffer. The concentration
and purity of extracted DNA were determined using a
NanoDrop spectrophotometer (Nabi UV/Vis Nano
Spectrophotometer; Daejeon, Republic of Korea).

2.3.2. 2.3.2. DNA Amplification

Twenty-base oligonucleotide primers designated were
used (Table 1) (Sedaghat et al., 2014). The 16S rRNA
gene was amplified using; F- (5"
ATCCTGGCTCAGAGTGAACG-3') and R- (5-
GCAGGTTCACCTACGGTTACC-3") primers. A volume
of 20 puL of PCR reaction mixture comprising 1x PCR
buffer (50 mM KCl, 10 mM Tris-HCI, pH 8.3, 1.5% (v/v)
Triton X-100), 1.5 mM MgClz, 200 uM of each dNTP, 10
pmol of each primer, 1 unit of Taqg DNA polymerase, and
18 pL of template DNA was used. This reaction yielded a
395-base-pair amplified fragment. The initial denaturation
was carried out at 96 °C for 5 minutes. The mixtures were
then exposed to 40 cycles, each cycle consisting of three
steps: denaturing at 94 °C for 1 minute, primer annealing
at 62 °C for 1 minute, and extension of two minutes at 72
°C. This final extension is to make up for the complete
elongation of the PCR products, together with an
additional ten-minute extension time after the last cycle. A
negative control prepared by adding all the master mix
reagents, excluding the template, was used and executed in
each batch of the PCR assay (Han and Ge, 2010).
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Table 1. Primers of virulence genes used to characterize
Helicobacter pylori

Target . Product Size Annealing
Primer sequence (5'-3')
gene (bp) Temp. (°C)

VacA  F- CAATCGTGTGGGTTCTGGAGC

678 63.5
gene R-GCCGATATGCAAATGAGCCGC
F- AATCCAAAAAGGAGAAAAAG
BabA TATGAAA
gene R- TGTTAGTGATTTCGGTGTAG 832 56.8
GACA
OipA  F- GTTTTTGATGCATGGGATTT 401 503
gene R- GTGCATCTCTTATGGCTTT ’
IceA1  F- GTGTTTTTAACCAAAGTATC 247 525
gene R- CTATAGCCATTATCTTTGCA ’
IceA2  F- GTTGTCGTTGTTTTAATGAA
120 48.7

gene R- GTCTTAAACCCCACGATTAAA

2.3.3. Analysis of PCR Products

PCR-amplified products were analyzed by agarose gel
electrophoresis. A total of 10 uL of each PCR product was
mixed with 3 pL of loading buffer, which was prepared
from 20mL of 50% glycerol, 25 mg bromophenol blue,
and 30puL of I N NaOH, and then loaded onto a 1%
agarose gel.

Following electrophoresis, the amplified DNA
fragments were verified by staining the gel with ethidium
bromide and examined under a UV transilluminator and
photographed with a gel documentation system (Gel Doc
2000, Bio-Rad, USA) (Han and Ge, 2010).

2.3.4. Detection of Virulence Genes Using uniplex and
multiplex PCR

For PCR amplification of the VacA, BabA, OipA,
IceAl, and IceA2 genes, a total of 0.6 uL (0.5 pg) of
template genomic DNA was added to a 25 pL reaction
mixture containing 2.0 uL of 10x PCR buffer, 0.9 uL of
50 mM MgClz, 0.5 pL of 10 mM dNTPs, 1.2 pL of each
primer, 0.7 pL of Taq DNA polymerase (5 U/uL), and 4.4
puL of nuclease-free water. Amplification was done in a
thermal cycler at the following conditions: initial
denaturation for 4 minutes at 95 °C, 31 cycles with
denaturation for 44 seconds at 95 °C, annealing for 45
seconds at 51 °C, extension for 62 seconds at 72 °C , and
final extension at 72 °C for 5 minutes. The products were
further visualized by electrophoresis in 1.5% agarose gels
stained with Gel Red as described by Oktem-Okullu et al,
(2015).

3. Statistical Analysis

The statistical packages of social science program
(IBM SPSS Modeler, New York, US) version 19.0 was
used to evaluate the data. In this regard, Chi-square and
Pearson's correlation analyses were performed with the
view to comparing the variables.

4. Results
The study population consisted of 125 biopsies

collected from patients attending gastroenterology clinics
at  Al-Hussein  Hospital/Al-Salt and  Al-Bashir

Hospital/Amman with different gastric complaints
including 87 females and 38 males. The mean age was
42.29 + 17.75 years for females and 44.95 + 19.12 years
for males. Patients from Amman exhibited a mean age of
40.45 + 18.46 years, and from Al Salt, 45.54 + 17.63 years
(Figure 1). Geographic data revealed that 60% of the
examined cases were from Amman and 40% from Al- Salt
city.

age for gender
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Figure 1. Mean age of the study group in relation to gender (A)
and geographic distribution (B)

4.1. Characteristics of gastric biopsy by endoscopy

The endoscopic findings (in relation to the total number
of cases) were categorized into normal gastric mucosa
(30%), gastritis (65%), and gastric ulcer and carcinoma
(5%).

4.2. Helicobacter pylori in realtion to histopathology

Corresponding to histopathology, H. pyolri was
detected in 89 samples, and the results showed mild
chronic active gastritis (10.11%), mild chronic inactive
gastritis  (10.11%), moderate chronic active gastritis
(37.08%), moderate chronic inactive gastritis (3.37%),
severe chronic active gastritis (26.97%), intestinal
metaplasia (4.49%), gastric atrophy (3.37%), and reactive

H. pyloriinrelationto Histopathology
Mild chronic active gastritis N 10.11%
Mild chronic inactive gastritis NS 10.11%
Moderate chronic active.. N 7.0
Moderate chronic inactive.. ll 3.37%
Sever chronic active gastritis N EEG—G— 26.97%
Intestinal metaplasia W 4.49%
Gastric atrophy W 3.37%
Reactive epithelial changes WEI4.49%
epithelial changes (4.49%) (Figure 2).

Figure 2. Percentage of H. pylori detected in gastric biopsy in
relation to various Histopathology results

4.3. Diagnosis of Helicobacter pylori using 16S rRNA

For the detection of H. pylori, the 16S rRNA gene was
targeted by PCR and the amplified product was loaded on
1.5% agarose gel electrophoresis and photographed under
UV light. The amplified gene gives a single band at
1471 bp. In total, 83 (66.4%) biopsy samples were H.
pylori positive (Figure 3).
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Figure 3. PCR amplification of 16SrRNA (1471 bp) gene. Lane
M, 1500 bp DNA ladder, lane 1, positive control; lane 2, negative
control; lane (3,4, 5,6,7,8,9, 11, 12, 13, 15, 16, 17, 18, 19),
positive VacA results, lane (10 and 14) negative VacA results

The results demonstrated that females developed
infections more often than males (62.5% vs. 37.5%), and
participants aged 50 years or older showed a persistently
elevated risk, indicating greater susceptibility to disease
(Figure 4).
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Figure 4. The prevalence of H. pylori in relation to age

4.4. Genotype characterization of H. pylori using uniplex
and multiplex PCR

Using PCR, the presence of genes associated with
pathogenicity was sought. The VacA gene was present in
62 (74.7%) of H. pylori isolates and shows a specific
product with 678 bp (Figure 5).

M12 34567 8910111213141516171819

-
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Figure 5. PCR amplification of VacA (678 bp) gene. Lane M,
1000 bp DNA ladder, lane 1, positivecontrol; lane 2, negative
control; lanes (3-19), positive VacA results

OipA is a crucial gene involved in H. pylori
colonization of the stomach mucosa. A total of 36 (43.3%)
isolates had the OipA gene. The allelic variants of IceAl

gene were also amplified by multiplex PCR (Figure 6). Of
the isolates, 68 (81.9%) had the second allele form of
IceA2, whereas 18 (21.7%) had a positive result for the
IceAl (Figure 7).

Figure 6. Amplification of OipA gene (401 bp) and IceAl gene
(247 bp) applying Multiplex PCR. Lane M, 1000 bp DNA ladder;
Lanes 2, 4, 5 positive results for the two genes; Lanes 1, 3 positive
results for OipA gene only.

e SEeae- e -

Figure 7 . PCR amplification of IceA2 (120 bp) gene. Lane M,
1000 bp DNA ladder; lane 1, positive control; lane 2, negative
control; lanes (3-19) positive IceA2 results.

To emphasize the adherence ability of H. pylori to the
gastric mucosa, BabA gene was amplified with a 271 bp
product. The gene was detected in 79 (95.2%) of the
isolates (Figure 8).

M1234567891011213141516171819

Figure 8. PCR amplification of BabA (271 bp) gene. Lane M,
1000 bp DNA ladder; lane 1, positive control; lanes (2-19)
positive BabA gene results.

4.5. Association of virulence factors with histopahtology
results

Variable percentages for H. pylori virulence genes
using PCR showed that BabA, IceA2, IceA2, VacA and
OipA genes are increased in cases with severe chronic
active gastritis and moderate chronic active gastritis in
relation to other cases (Figure 9). Statistical analysis also
showed that there is a significant relation between the
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VacA gene and moderate chronic inactive gastritis (p =
0.002), severe chronic active gastritis (p = 0.0009).
Besides, OipA gene was significantly related with
moderate chronic inactive gastritis (p = 0.008), IceA2 gene
with mild chronic inactive gastritis (p = 0.005), and IceAl
gene with severe chronic active gastritis (p = 0.033). Only
BabA gene was

found to be associated with reactive epithelial change
with P-value of 0.005.

Bab - lecAz =lecAr = OipA =VaocA
2

Reactive epithellal changes g =

Gastric.atrophy 1,
intestinal metaplasia 1

Severe chronle active gastritis 7
Moderate chronkc Inactive gastritis g

Moderate chronie active gastritic a

Mild chronic inactive gastritis 1

Mild chronic active gastritis 1

o 3 10 13 20 23

Figure 9. Histopathology results in relation to H. pylori genotype.

4.6. Dental samples result in relationship to gastric biopsy
results

To investigate the potential role of human dental plaque
as a reservoir for H. pylori, dental plaque samples were
collected from 67 subjects who had undergone endoscopy.
Only participants who provided informed consent for
dental sample collection were included in the study. Fifty-
six samples (83.58%) were positive for H. pylori. The
prevalence of H. pylori in dental plaque was highest in
patients with gastritis, n = 39 (69.6%), followed by the
normal gastric mucosa, N = 16 (28.6%), and gastric ulcer
& cancer, n =1 (1.8%) (Figure 10A).

Considering the histopathology results of the 56
samples, a high percentage of H. pylori was detected in the
dental plaque of patients diagnosed as mild chronic
gastritis, N = 18 (32.1%), moderate chronic gastritis, n = 22
(39.3%). However, the lowest prevalence of dental H.
pylori was detected in patients who had gastric atrophy, n
= 4 (7.1%) and intestinal metaplasia, n = 3 (5.4%). In
patients with severe chronic gastritis, H. pylori was
identified in 9 (16.1%) samples obtained from dental
plaque (Figure 10B).

The Chi-square test showed a significant relationship
between dental PCR results and the findings by endoscopy
(P-value < 0.05). The results revealed that 56 (83.58%)
patients who were positive for H. pylori by PCR in gastric
biopsy were also positive in dental plaque, whereas 11
(16.42%) dental plaque samples were negative for H.
pylori and positive in gastric biopsy. Only 4 (7.14%) of the
dental H. pylori positive patients were negative in gastric
biopsy.

Interstitial metaplasia

Gastric 5.4%

atrophy

7.1%
Severe Mild chronic
chronic gastritis
gastritis 32.1
16.1%

(_/ \\
- /'7

Moderate chronic gastritis
39.3

(A) (B)

Figure 10. Prevalence of Helicobacter pylori in dental plaque in
relation to gastric endoscopic (A) and histopathological findings

(B)

5. Discusion

Infection with H. pylori increases the risk of severe
clinical problems which is principally caused by the
presence of distinct virulence factors that collectively
contribute to the disease severity. Gastric biopsies obtained
by endoscopy were utilized for histological examination
and molecular analysis to ensure an accurate diagnosis of
H. pylori infection. Endoscopy reveals gastritis as the
primary diagnosis which affects 65% of patients, thus
requiring fast detection of gastrointestinal disorders
(Ayana et al, 2014, Ho and Chiou, 2023).
Histopathological analysis revealed that 71.2% of patients
exhibited features associated with H. pylori infection,
while PCR targeting 16S rRNA detected the bacterium in
66.4% of biopsies, indicating a high prevalence among
patients undergoing upper endoscopy. A recent study by
Al-Hyassat et al. (2025) employed real-time PCR targeting
the 16S rRNA gene to detect H. pylori in 106 clinical
samples, revealing a positivity rate of 74.5% in gastric
biopsies, which aligns with our findings. In Jordan,
seroprevalence udies reported that H. pylori affects 88% of
the population nationwide (Obaidat and Roess, 2019).

These findings are comparable to previous research
indicating a high global prevalence of H. pylori,
particularly in the Middle East and North Africa,
underscoring the need for improved diagnostic approaches
and highlighting the bacterium’s pivotal role in
gastrointestinal disease progression (Alsulaimany et al.
2020).

The results revealed a predominance of female patients,
consistent with earlier studies reporting that women are
more likely to seek medical care for stomach issues and
are more susceptible to specific gastrointestinal conditions
(Al-Hyassat et al., 2025; Feyisa & Woldeamanuel, 2021).
Similarly, Qiao et al, (2024) observed a positive linear
correlation between H. pylori infection rate and increasing
age among women, with older females showing higher
infection rates, lower eradication success, and greater
recurrence. These findings highlight the complex interplay
between age, gender, and H. pylori persistence. Bharucha
and Lacy (2020) emphasized that digestive system
disorders affect individuals across the lifespan, with
negligible age disparities between sexes. Consistent with
this, the current study found broadly comparable age
distributions among patients, with those from Amman
showing a slightly lower mean age than those from Al-
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Salt; however, the difference was not statistically
significant.

Transmission predominantly occurs through oral-oral
or fecal-oral routes, most often in early childhood, with
infections frequently remaining asymptomatic into
adulthood in the absence of targeted antimicrobial
intervention. The observed high prevalence may partly
reflect insufficient public awareness of transmission ways
and preventive health behaviors (Alaridah et al., 2023;
Kotilea et al., 2019). However, identification of these
fundamental elements enables healthcare professionals to
create specific treatment plans (Cardos et al., 2021; Shah

etal., 2024).
Histopathological ~ examination revealed  gastric
impairment in all infected biopsy specimens,

demonstrating the method’s effectiveness in assessing
tissue deterioration and detecting bacterial presence.
Histological observations support the role of H. pylori
infection in a wide range of gastrointestinal disorders,
emphasizing its central involvement in disease
pathophysiology. The findings further highlight the
substantial contribution of H. pylori to the development of
chronic gastritis and reinforce the diagnostic reliability of
histopathological evaluation, consistent with previous
reports (Danila et al., 2022). Similarly, Santacroce et al.
(2024) corroborated these results by demonstrating the role
of H. pylori in chronic gastritis progression, including the
development of gastric atrophy and intestinal metaplasia.
These findings collectively align with earlier studies
confirming that histopathology remains a critical method
for confirming H. pylori infection in gastric biopsy
samples (Al-Hyassat et al., 2025).

The distribution of H. pylori virulence genes in positive
isolates from the Jordanian cohort demonstrates a distinct
regional pathogenic profile, with specific virulence factors
significantly associated with the severity of gastric
histopathological changes. Previous studies have shown
that H. pylori infection can lead to chronic gastritis, peptic
ulcers, and gastric cancer (Ansari & Yamaoka, 2019;
Braga et al., 2019; El-Sayed et al., 2020). Consistent with
these findings, our study highlights the role of these
virulence genes as biomarkers, demonstrating a strong
association with moderate to severe gastritis. Molecular
analysis revealed a high prevalence of adhesin genes—
BabA (95.2%) and IceA2 (81.9%)—alongside the major
cytotoxin VacA (74.7%). This pattern suggests that the
dominant strains in Jordan are highly adapted for long-
term colonization and persistence, facilitated by BabA
binding to ABO/Lewis"b (Leb) antigens on gastric
epithelium. Chronic colonization underlies subsequent
pathology, including the 65% prevalence of chronic
gastritis observed in our endoscopic findings.

The BabA gene encodes an adhesin that attaches to Leb
antigens, promoting bacterial colonization, chronic
inflammation, and epithelial changes (Gerhard et al., 1999;
Zhao et al., 2020; Singh et al., 2024). Our findings suggest
its significant association with reactive epithelial changes
in gastric biopsies, highlighting its critical role in disease
progression. Critically, the lower prevalence of OipA
(43.3%) and IceAl (21.7%) compared to BabA and VacA
indicates that, within this specific regional population, the
most frequent pathogenetic route relies heavily on superior
adhesion rather than solely on immediate inflammatory
stimulation by OipA, or acute damage traditionally linked

to IceAl. This specific genotype ratio, therefore, provides
the first detailed genotype-prevalence mapping for these
five key factors in Jordan, a novel contribution essential
for defining local strain pathology.

The research investigates how H. pylori virulence
factors affect histopathological results by studying genes
which produce significant clinical effects. The higher
frequency of BabA, IceA2 genes in severe and moderate
chronic active gastritis cases was corroborate earlier
findings supporting its role in gastric diseases (Phan et al.,
2017). The VacA gene plays a critical role in the
progression of gastric disease. It supports regulate the
host’s immune response and can influence how severe an
infection develops. In our study, higher VacA gene
expression was significantly associated with both severe
gastric disease (p= 0.0009) and chronic active gastritis (p=
0.002). Importantly, VacA was not detected in normal
gastric mucosa, reinforcing its value as a marker specific
to disease (Al-Ougaili et al., 2023). Multiplex PCR
showed a lower prevalence of IceAl and a higher
prevalence of IceA2 in our cohort, consistent with the
findings of Yakoob et al. (2015) and contrasting with
earlier reports for IceAl (Feliciano et al., 2015). These
findings support the role of IceA2 in severe gastrointestinal
disorders, including peptic ulcers and gastric cancer
through its association with IL-8 overexpression ((Yakoob
et al., 2015; Baj et al., 2020). Additionally, our results
show a significant association between IceAl and IceA2
alleles and severe chronic active gastritis, consistent with
Akeel et al. (2019), who reported that these genes correlate
with varying degrees of gastric inflammation and
pathology.

The ability of H. pylori to colonize the oral cavity is
becoming more widely acknowledged. Once the stomach
is cleared, it may act as a chronic reservoir that leads to
reinfection.

This gap limits our understanding of why most patients
continue to experience recurrent infection despite
successful treatment. Turning to the oral environment, a
successfully isolated viable H. pylori from infected root
canals demonstrated that the bacteria can persist within
protected oral tissues and supports the possibility that the
oral cavity may act as a reservoir (Elger et al., 2024). The
detection of H. pylori DNA, including the pathogenic cagA
gene, was found in dental plaque and saliva
(Wongsuwanlert et al., 2023). It has also been found more
often in deeper periodontal pockets, particularly when the
periodontal pathogen Porphyromonas gingivalis is present
(Kadota et al., 2020). The likelihood of oral colonization
appears to be influenced by lifestyle and environmental
factors, such as dietary habits and oral hygiene. Poor oral
hygiene has been consistently associated with higher
detection rates. Although a link between oral and gastric
H. pylori has been previously reported (Cai et al., 2014),
the relationship between oral infection and gastrointestinal
disorders remains unclear. The severity of H. pylori
infections has not significantly declined, and even after
successful eradication, recurrence rates remain high,
largely due to oral colonization. In our study, a strong
significant correlation was observed between H. pylori
isolates from dental plaque and H. pylori-positive gastric
samples, with the highest oral prevalence observed in
patients with gastritis (69.6%). Miyabayashi et al. (2000)
examined patients with H. pylori gastritis to evaluate the



334 © 2026 Jordan Journal of Biological Sciences. All rights reserved - Volume 19, Number 2

relationship between successful gastric eradication and the
persistence of oral H. pylori after treatment. Their
conclusion indicated that oral colonization by H. pylori
negatively impacts eradication success and may contribute
to the recurrence of gastric infection.

Our study indicates that dental plaque acts as a
reservoir for H. pylori, facilitating recurrent infections
after gastric eradication therapy. The high prevalence of
infection in gastritis patients (69.6%) highlights the
bacterium’s involvement in the early stages of gastric
disease. These findings align with previous research
showing higher H. pylori detection rates in non-atrophic
gastritis (Cuba et al., 2023). Our results further support the
inclusion of oral sites in diagnostic and therapeutic
strategies to prevent reinfection (Cuba et al., 2025; Fan et
al., 2025; Anand et al., 2025; Scholz et al., 2025). While
oral H. pylori detection can serve as an early biomarker for
gastritis, its clinical utility diminishes as gastric pathology
progresses toward precancerous stages, underscoring the
critical role of the oral cavity in the bacterium’s life cycle.

6. Conclusion

This study shows that H. pylori virulence factors VacA,
BabA, and OIipA play a major role in severe gastric
diseases. The findings highlight the importance of early
detection, thorough diagnostics, and personalized
treatment plans. The high prevalence of H. pylori in dental
plaque highlights oral hygiene as a critical component of
infection. The bacterium’s persistence in  the
gastrointestinal tract can lead to chronic inflammation and
increase the risk of cancer. Managing these infections
effectively requires better diagnostic tools, tailored
therapies, and preventive strategies, which should be
priorities in both clinical care and public health. Future
research should focus on large-scale, long-term studies to
pinpoint the most critical virulence factors, investigate the
oral cavity as a potential reservoir for recurrent infection,
and refine diagnostic and treatment approaches by
comparing gastric and oral bacterial strains.

Acknowledgments

The authors are grateful to the Foundation of Al-Balga
Applied University and the Faculty of Scientific Research
for the Research Grant No. 893/2021/2022

Institutional Review Board Statement

The Ministry of Health's Institutional Review Board
authorized this study and was carried out in agreement
with the Declaration of Helsinki, Amman, Jordan
(MBA/IRB/3822).

The research required all participants to give their
consent before joining the study.

The research data appears in the article as its primary
original contribution. The corresponding author will
receive all additional inquiries.

The authors state no conflict of interests in this work.

References

Abu-Lubad M, Alzoubi H, Jarajreh D, Sawalqa AA, Bruggemann
H, Albataineh E, et al. Analysis of Helicobacter pylori genotypes
amongst Jordanians' dental plaque samples. Gastroenterology Res.
2018; 11 (1): 46-51.

Akeel M, Shehata A, Elhafey A, Elmakki E, Aboshouk T, Ageely
H, et al. Helicobacter pylori vacA, cagA and iceA genotypes in
dyspeptic patients from southwestern region, Saudi Arabia:
distribution and association with clinical outcomes and
histopathological changes. BMC Gastroenterol. 2019;19 (1): 16.

Alaridah N, F Jarrar R, M Joudeh R, Aljarawen M, Jum’ah M,
Nassr H, et al. Knowledge and information sources towards
Helicobacter pylori in Jordan. PLoS One. 2023; 18 (3): €0278078.

Al-Hyassat MM, Al-Daghistani HI, Abu-Niaaj LF, Zein S, Al-
Qaisi T. Allelic Variation of Helicobacter pylori vacA Gene and
Its Association with Gastric Pathologies in Clinical Samples
Collected in Jordan. Microorganisms 2025, 13, 1841.

Al-Ougqaili MTS, Hussein RA, Majeed YH, Al-Marzooq F. Study
of vacuolating cytotoxin A (vacA) genotypes of ulcerogenic and
non-ulcerogenic strains of Helicobacter pylori and its association
with gastric disease. Saudi J Biol Sci. 2023; 30 (12):103867.

Alsulaimany FAS, Awan ZA, Almohamady AM, Koumu MI,
Yaghmoor BE, Elhady SS, et al. Prevalence of Helicobacter
pylori Infection and Diagnostic Methods in the Middle East and
North Africa Region. Medicina (Kaunas). 2020; 56 (4).

Alzahrani S, Lina TT, Gonzalez J, Pinchuk I V, Beswick EJ,
Reyes VE. Effect of Helicobacter pylori on gastric epithelial cells.
World J Gastroenterol. 2014; 20 (36): 12767-80.

Anand PS, Kamath KP, Gandhi AP, Shamim MA, Padhi BK, Das
S. Dental plaque as an extra-gastric reservoir of Helicobacter
pylori: A systematic review and meta-analysis. Arch Oral Biol.
2025; 170:106126.

Ansari SYY. Survival of Helicobacter pylori in gastric acidic
territory. Retrieved from Helicobacter: 2017; 10.1111/hel.12386

Ansari S, Yamaoka Y. Helicobacter pylori Virulence Factors
Exploiting Gastric Colonization and its Pathogenicity. Toxins
(Basel). 2019; 11 (11).

Ayana SM, Swai B, Maro VP, Kibiki GS. Upper gastrointestinal
endoscopic findings and prevalence of Helicobacter pylori
infection among adult patients with dyspepsia in northern
Tanzania. Tanzan J Health Res. 2014; 16 (1): 16-22.

Baj J, Forma A, Flieger W, Morawska I, Michalski A, Buszewicz
G, et al. Helicobacter pylori Infection and Extragastric Diseases-
A Focus on the Central Nervous System. Cells. 2021; 10 (9).

Baj J, Forma A, Sitarz M, Portincasa P, Garruti G, Krasowska D,
et al. Helicobacter pylori Virulence Factors-Mechanisms of
Bacterial Pathogenicity in the Gastric Microenvironment. Cells.
20205 10 (1).

Bharucha AE, Lacy BE. Mechanisms, Evaluation, and
Management of Chronic Constipation. Gastroenterology. 2020;
158 (5): 1232-1249.¢3.

Bordin DS, Voynovan IN, Andreev DN, Maev I V. Current
Helicobacter  pylori  Diagnostics.  Diagnostics  (Basel,
Switzerland). 2021; 11 (8).

Braga LLBC, Batista MHR, de Azevedo OGR, da Silva Costa
KC, Gomes AD, Rocha GA, et al. 0ipA “on” status of
Helicobacter pylori is associated with gastric cancer in North-
Eastern Brazil. BMC Cancer. 2019; 19 (1): 48.

Burucoa C, Axon A. Epidemiology of Helicobacter pylori
infection. Helicobacter 2017, 22 (Suppl. S1), e12403.



© 2026 Jordan Journal of Biological Sciences. All rights reserved - Volume 19, Number 2 335

Caceres-Delpiano J, Teneb J, Mansilla R, et al. Variations in
periplasmic loop interactions determine the pH-dependent activity
of the hexameric urea transporter Urel from Helicobacter pylori: a
molecular dynamics study. BMC Struct Biol. 2015;15(1):1-12.
doi:10.1186/s12900-015-0038-0

Cai H, Li W, Shu X, Peng K, Zhang Y, Jiang M. Genetic variation
of Helicobacter pylori in the oral cavity and stomach detected
using thymine adenine cloning in children with chronic gastritis.
Pediatr Infect Dis J. 2014; 33: 0-6.

Cardos IA, Zaha DC, Sindhu RK, Cavalu S. Revisiting
Therapeutic Strategies for H. pylori Treatment in the Context of
Antibiotic Resistance: Focus on Alternative and Complementary
Therapies. Molecules. 2021; 26 (19).

Chattopadhyay S, Patra R, Ramamurthy T, Chowdhury A, Santra
A, Dhali GK, et al. Multiplex PCR assay for rapid detection and
genotyping of Helicobacter pylori directly from biopsy
specimens. J Clin Microbiol. 2004; 42 (6): 2821-4.

Cho J, Prashar A, Jones NL, Moss SF. Helicobacter pylori
Infection. Gastroenterol Clin North Am. 2021; 50 (2): 261-82.

Christopher Wen Wei Ho, Fang Kuan Chiou. Gastritis and
gastropathy: perspectives from the endoscopist. Dig Med Res.
2023; 6 (14): 1-4.

Clayton CL, Kleanthous H, Coates PJ, Morgan DD, Tabaqchali S.
Sensitive detection of Helicobacter pylori by using polymerase
chain reaction. J Clin Microbiol. 1992; 30 (1): 192-200.

Cuba E, Sanchez MC, Ciudad MJ, Collado L. Association
of Helicobacter pylori as an Extragastric Reservoir in the Oral
Cavity with Oral Diseases in Patients with and Without Gastritis -
A Systematic Review. Microorganisms. 2025; 13 (8):1955.
https://doi.org/10.3390/microorganisms13081955.

Doohan D, Rezkitha YAA, Waskito LA, Yamaoka Y,
Miftahussurur M. Helicobacter pylori BabA-SabA Key Roles in
the Adherence Phase: The Synergic Mechanism for Successful
Colonization and Disease Development. Toxins. 2021; 13(7):485.
https://doi.org/10.3390/toxins 13070485

El-Sayed MS, Musa ., Eltabbakh M, Abdelhamid DH, Mostafa
SMI, Salah MM, Faheem HAF, and Hassan R. DupA, Detection
of Helicobacter pylori oipA and genes among dyspeptic patients
with chronic gastritis. Alexandria J Med. 2020; 56 (1) :1-7.

El-Zimaity HM, Graham DY. Evaluation of gastric mucosal
biopsy site and number for identification of Helicobacter pylori
or intestinal metaplasia: role of the Sydney System. Hum Pathol.
1999 Jan; 30 (1): 72-7.

Fan Y, Chen X, Shan T, et al. Polymicrobial interactions of
Helicobacter pylori and its role in the process of oral diseases. J
Oral Microbiol. 2025;17 (1): 2469896.

Feliciano O, Gutierrez O, Valdés L, Fragoso T, Calderin AM,
Valdes AE, et al. Prevalence of Helicobacter pylori vacA, cagA,
and iceA Genotypes in Cuban Patients with Upper
Gastrointestinal Diseases. Biomed Res Int. 2015; 2015: 753710.

Feyisa ZT, Woldeamanuel BT. Prevalence and associated risk
factors of gastritis among patients visiting Saint Paul Hospital
Millennium Medical College, Addis Ababa, Ethiopia. PL0S One.
2021; 16 (2): €0246619.

Gerhard M, Lehn N, Neumayer N, Borén T, Rad R, Schepp W, et
al. Clinical relevance of the Helicobacter pylori gene for blood-
group antigen-binding adhesin. Proc Natl Acad Sci U S A. 1999;
96 (22): 12778-83.

Gladyshev N, Taame M, Kravtsov V. Clinical and laboratory
importance of detecting Helicobacter pylori coccoid forms for the
selection  of treatment.  Gastroenterol  Review/Przeglad
Gastroenterologiczny. 2020;15(4):294-300. 6. lerardi E, Losurdo
G, Mileti A, Paolillo R, Giorgio F, Principi M, et al. The puzzle of

coccoid forms of Helicobacter pylori: beyond basic science.
Antibiotics. 2020; 9(6):293.

Han F, Ge B. Multiplex PCR assays for simultaneous detection
and characterization of Vibrio vulnificus strains. Lett Appl
Microbiol. 2010; 51 (2): 234-40.

Hooi JKY, Lai WY, Ng WK, Suen MMY, Underwood FE,
Tanyingoh D, et al. Global Prevalence of Helicobacter pylori
Infection: ~ Systematic  Review  and Meta-Analysis.
Gastroenterology. 2017; 153 (2): 420-9.

Jarva MA, Lingford JP, John A. et al. Trefoil factors share a lectin
activity that defines their role in mucus. Nat Commun. 2020; 11,
2265. https://doi.org/10.1038/s41467-020-16223-7

Jiang Z, Huang A-L, Tao X-H, Wang P-L. Diagnosis of
Helicobacter pylori infection and diseases associated with
Helicobacter pylori by Helicobacter pylori outer membrane
proteins. World J Gastroenterol. 2004; 10 (23): 3464-9.

Jung K, Bae H, Kim JK. et al. Comparison of three methods for
generating the coccoid form of Helicobacter pylori and proteomic
analysis. BMC Microbiol. 2024; 24, 448.
https://doi.org/10.1186/s12866-024-03599-5

Kotilea K, Bontems P, Touati E. Epidemiology, Diagnosis and
Risk Factors of Helicobacter pylori Infection. Adv Exp Med Biol.
2019; 1149: 17-33.

Liang T, Liu F, Liu L, Zhang Z, Dong W, Bai S, Ma L, Kang L.
Effects of Helicobacter pylori Infection on the Oral Microbiota of
Reflux Esophagitis Patients. Front. Cell. Infect.
Microbiol. 2021, 11, 732613.

Miyabayashi H, Furihata K, Shimizu T, Ueno I, Akamatsu T.
Influence of oral Helicobacter pylori on the success of eradication
therapy against gastric Helicobacter pylori. Helicobacter. 2000;
5:30-37.

Obaidat MM, Roess AA. First nationwide seroepidemiology and
risk factors report of Helicobater pylori in Jordan. Helicobacter.
2019; 24 (3): e12572.

Odenbreit S, Swoboda K, Barwig I, Ruhl S, Borén T, Koletzko S,
et al. Outer membrane protein expression profile in Helicobacter
pylori clinical isolates. Infect Immun. 2009; 77 (9): 3782-90.

Oktem-Okullu S, Tiftikci A, Saruc M, Cicek B, Vardareli E,
Tozun N, et al. Multiplex-PCR-Based Screening and
Computational Modeling of Virulence Factors and T-Cell
Mediated Immunity in Helicobacter pylori Infections for Accurate
Clinical Diagnosis. PL0S One. 2015;10 (8):e0136212.

Phan Tn, Santona A, Tran VH, Tran TNH, Le VA. Cappuccinelli,
P; Rubino, Salvatore; Paglietti, B. Genotyping of Helicobacter
pylori shows high diversity of strains circulating in central
Vietnam. Infect Genet Evol. 2017: 52: 19-25. doi:
10.1016/j.meegid.2017.04.014.

Popovska M, Osmani-Jusuf Z, Radojkova-Nikolovska V.
Evrosimovska, B.; Miti¢, K.; Nikolovski, B.; Spasovska, A.;
Rusevska, B. The role of Helicobacter pylori in development of
lesion in oral cavity. Balkan J. Dent. Med. 2020, 24, 77-83.

Qiao Y, Zhou Y, Zhao L. et al. Sex differences in Helicobacter
pylori infection and recurrence rate among 81,754 Chinese adults:
a cross-sectional study. BMC Gastroenterol. 2024; 24, 305.
https://doi.org/10.1186/s12876-024-03404-7

Rendon-Huerta E P, Garcia-Garcia CA, and Estrada LFM. 2021.
Effect of Helicobacter pylori on

Tight Junctions in Gastric Epithelia. Helicobacter pylori - From
First Isolation to 2021. http://dx.doi.org/10.5772/intechopen.
96607



336 © 2026 Jordan Journal of Biological Sciences. All rights reserved - Volume 19, Number 2

Rostam RA, Rashid HI, Hassan SO, Aziz KT. prevalence of
helicobacter pylori infection among children in Pediatric Hospital
at Sulaimania City, Kurdistan Region of Iraq. Kufa Journal for
Nursing Sciences. 2024; 14 on), 120-130.
https://doi.org/10.36321/kjns.vi202401.15571

Saenz JB, Vargas N, Mills JC. Tropism for Spasmolytic
Polypeptide-Expressing Metaplasia Allows Helicobacter pylori
to Expand Its Intragastric Niche. Gastroenterology. 2019; 156 (1):
160-174.¢7.

Santacroce L, Topi S, Bottalico L, Charitos IA, Jirillo E. Current
Knowledge about Gastric Microbiota with Special Emphasis on
Helicobacter pylori-Related Gastric Conditions. Curr Issues Mol
Biol. 2024; 46 (5): 4991-5009.

Scholz KJ, Hohne A, Wittmer A, Hécker G, Hellwig E, Cieplik F,
Waidner B & Al-Ahmad A. Co-culture of Helicobacter pylori
with oral microorganisms in human saliva. Clin Oral Investig.
2025;29 (1): 79.

Sedaghat H, Moniri R, Jamali R, Arj A, Razavi Zadeh M,
Moosavi SG, et al. Prevalence of Helicobacter pylori vacA, cagA,
cagE, iceA, babA2, and 0ipA genotypes in patients with upper
gastrointestinal diseases. Iran J Microbiol. 2014; 6 (1): 14-21.

Shah SC, Halvorson AE, Lee D, Bustamante R, McBay B, Gupta
R, et al. Helicobacter pylori Burden in the United States
According to Individual Demographics and Geography: A
Nationwide Analysis of the Veterans Healthcare System. Clin
Gastroenterol Hepatol. 2024; 22 (1): 42-50.€26.

doi: 10.1016/j.cgh.2023.05.016.

Singh S, Sharma AK, Som A, Gehlot V, Mahant S, Sharma P, et
al. Molecular characterization and phylogenetic analysis of babA
gene of Helicobacter pylori isolated from Indian patients with
gastrointestinal diseases. Gene. 2024; 920:148526.

Sun Q, Yuan C, Zhou S, Lu J, Zeng M, Cai X, et al. Helicobacter
pylori infection: a dynamic process from diagnosis to treatment.
Front Cell Infect Microbiol. 2023; 13:1257817.

Yakoob J, Abbas Z, Khan R, Salim SA, Abrar A, Awan S, et al.
Helicobacter pylori: correlation of the virulence marker iceA
allele with clinical outcome in a high prevalence area. Br J
Biomed Sci. 2015;72 (2): 67-73.

Zhang L, Chen X, Ren B, Zhou X, Cheng L. Helicobacter pylori
in the Oral Cavity: Current Evidence and Potential Survival
Strategies. International Journal of Molecular Sciences. 2022;
23(21):13646.

Zhao Q, Song C, Wang K, Li D, Yang Y, Liu D, et al. Prevalence
of Helicobacter pylori babA, oipA, sabA, and homB genes in
isolates from Chinese patients with different gastroduodenal
diseases. Med Microbiol Immunol. 2020; 209 (5): 565-77.



