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The Interplay of Helicobacter pylori Virulence Factors and 
Host Immune Responses: Implications for Disease 
Management
Ritu Saha,์�Shamoli Saha,ํ Hasiba Mahmuda3

Helicobacter pylori (H. pylori), which was first discovered in 1982 and is found all over the world, has been 
linked to gastritis, gastric ulcers, and duodenal ulcers. The prevalence of H. pylori infection exhibits significant 
global variation. This review meticulously explores the pathogenesis of H. pylori infection, unravelling the 
bacterium's strategies, including adherence to the gastric epithelium, mucosal colonization, disruption of 
intercellular junctions, and evasion of host immune defences. Virulence factors such as urease, phospholipases, 
adhesins, and the Cag pathogenicity island are scrutinized for their pivotal roles. It is looked at how the bacteria 
can colonize the stomach lining with the help of a group of unipolar flagella and how well they can break down 
mucin and affect the protection of the local lining. Virulence factors like urease, phospholipases, and adhesins 
are studied to see what role they play in infection. The Cag pathogenicity island (CagPAI) causes inflammation 
by releasing interleukin-8, which can lead to chronic gastritis, peptic ulcers, and a higher risk of gastric cancer. 
Host factors, encompassing immune responses and genetic polymorphisms, are explored for their influence on 
clinical outcomes. Notably, environmental factors like low socio-economic status, poor sanitation, and inade-
quate water supply contribute to H. pylori prevalence. Antioxidants, particularly vitamin C, are identified as 
protective, while tobacco smoking emerges as an additional etiological factor. In conclusion,this comprehen-
sive analysis consolidates the most recent advancements in the examination of H. pylori virulence determi-
nants, with a specific emphasis on their interactions with host responses and environmental variables. The 
insights provided are pivotal for advancing therapeutic strategies, to mitigate the global health impact of H. 
pylori-related diseases.
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Helicobacter pylori, a Gram-negative bacterium 
characterized by its spiral shape with and a genome of 
around 1.65 Mb, that affects approximately 50% of the 
global human population. The cultivation of this bacteria 
was first conducted in 1982, leading to the later discovery 

of its role as the etiological factor in gastritis, as well as 
gastric and duodenal ulcers.์� The prevalence of 
Helicobacter pylori (H. pylori) infection exhibits 
significant variationacross worldwide. Notably, Latin 
American have a high prevalence range of 75 to 83% 
whereas Japan and the United States exhibit comparatively 

1. Introduction
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Figure 1: Virulence factors of H. pylori์๑

Vol 02, No 01, January 2024

38

2. Pathogenesis of H. pylori infection

a) Urease

H. pylori exhibits its pathogenic traits by (i) adhering to the 
gastric epithelium; (ii) colonizing the mucous gel layer, 
thereby enhancing permeability to hydrogen ions and 
pepsin; (iii) infiltrating and disrupting intercellular 
junctions; (iv) invading gastric glands and canaliculi of 
parietal cells; (v) evading the host's immune defenses; and 
(vi) releasing enzymes and generating cytotoxins.๏

2.1 Colonization of the gastric mucosa
H. pylori usually colonizeas commensal in the stomach.5 
The mucosal barrier lining the stomach protects it from the 
harmful effects of gastric secretions and other substances, 
protecting the stomach's epithelial and it’s deeper layers.๑ 
Tight cellular junction and the presence of a protective 
mucus layer preserve the integrity of the mucosal layer. 
Prostaglandin is a chemical messenger that protects the 
stomach lining by promoting mucus production, enhancing 
bicarbonate secretion, and improving blood flow.7 H. pylori 
is an infectious agent that usually adheres only to the 
mucus-secreting cells of the stomach (except in Barrett's 
oesophagus and duodenal ulcers, where gastric mucosa 
replaces the epithelial layer), thrives in the acid 
environment of the stomach, and disrupts the mucosal 
barrier.5,๓ Motility of H.pylori within the gastric mucosa is 
aided by a bundle of unipolar flagella that possess a sheath 
to prevent depolymerization in an acidic environment. The 
organism remains mainly in the mucus, while a 
subpopulation adheres to specific receptors of gastric 
epithelial cells.5,๔ H. pylori degrades mucin and has the 
capacity to interfere with the local protection of the mucosa 
against gastric acid. It also may produce toxins that directly 
damage the mucosa and produce ulceration in other ways.์๋ 
H. pylori has evolved several mechanisms to evade primary 
host defenses such as acidity and peristalsis causes 
persistent infection within the stomach.์์ This organism 
elaborates a number of enzymes such as urease, catalase, 
oxidase, hydrogenase etc. Catalase helps the organism to 
survive in the host by preventing the formation of oxygen 
metabolites from hydrogen peroxide in neutrophils.๓,์ํ

2.2 Virulence factors

Urease is an important virulence factor for H. pylori which 
metabolizes urea producing ammonia. Thus, the pathogen 
can successfully survive in the gastric lumen (pH 1-2) for a 
short period time and it penetrates into the mucus layer of 
stomach with bicarbonate-buffered, its real habitat.5 This 
enzyme may assimilate organic nitrogen due to its 
cytoplasmatic urease activity. Ammonia may affect 
stomach mucosa and epithelial permeability. Urease also 
activates mononuclear phagocytes and produces 
inflammatory cytokines.์3,์๏

b) Phospholipases
H. pylori phospholipases induce generation of productssuch 
as lysolecithin which disrupt the protective phospholipid 
rich layer on the apical membrane of mucus cells.์3

c) Neutrophil activating protein
H. pylori activate neutrophils and increase their adhesion to 
endothelial cells by expressing a 150 kDa activating protein 
(Hp-Nap) with 10 identical subunits from the napA 
gene.The purified protein activates neutrophils dose-de-
pendently to produce oxygen free radicals and attach to 
endothelium cells, becoming Hp-Nap pathogenic. Addi-
tional information is required before Hp-Nap is considered 
an important bacterial virulence component.์5

d) Adhesins
H. pylori adheres to stomach epithelial receptors using 
adhesins. Several specific receptors are also involved 
including lipids, gangliosides and sulfated carbohydrates, 
and other different types of adhesins such as SabA, OlpA, 
A1pA, and A1pB, including the BabA2; outer membrane 
protein, which is encoded by the bab (blood group antigen 
binding) genes์7,์๓

lower prevalence rates of 39.6% and 17.1%, respectively.ํ 
There is a well-established correlation between 
Helicobacter pylori infection and several gastrointestinal 
disorders, such as gastritis, peptic ulcer, duodenal ulcer, and 
gastric cancer. The complicated interaction between 
bacterial, host, and environmental variables mediates 
various illness and its consequences. The elucidation of the 
precise contribution of bacterial virulence factors to the 
pathogenesis of Helicobacter pylori will greatly enhance 
the development of vaccines and other therapeutic 
approaches.3 This review is designed to clarify current 
advancements in the understanding of Helicobacter pylori 
virulence factors and their role in the etiology of related 
diseases.
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e) IceA (induced by contact with epithelium)
The gene encoding IceA has been identified in isolates from 
patients with peptic ulcer, independently of the vacA and 
cagA genotype.์๔� The expression ofIceA is induced by 
adherence of H. pylori to gastric epithelium. DNA 
sequencing has revealed the presence of two families: IceA1 
and IceA2. Strains with the IceA1 gene are most frequently 
associated with peptic ulceration and increase the 
production of IL-8 .ํ๋

[Most of the cag genes may be involved in the type IV secretion pathway that transports cagA into gastric epithelial cell 
cytoplasm.  Seven red genes resemble type IV secretion system components. The island encodes proteins that induce 
gastric epithelial cells to produce IL-8 and translocate cagA from the bacteria to host cells.  All genes with arrows in dark 
red and green are necessary for IL-8 induction, whereas those with lighter colors are not.  The non-marked genes are 
important for cagA translocation, but the red-dotted arrows are not. b–d] 

f) Vaculating Cytotoxin A (VacA)
VacA is an oligomeric toxin with 87 kDa active subunits 
from low pH treatment. Antiserum against these proteins 
neutralizes the protein's cytotoxicity. It causes vacuolar 
degeneration of target cells by interfering with intracellular 
membrane fusion.ํ์�The vacuolation mechanism involves 
the stimulation of adenosine tri phosphate dependent proton 
pump and of a small GTPase. vacA induces an 
mitochondrial damage, leading to impairment of the gastric 
epithelial cells cycle.ํํ� Mosaicism in vacA alleles is 
expressed by vacA subtypes of which three concern signal 
sequence regions (s1a, s1b and s2) and two middle region 
motifs (m1 and m2).ํ3,ํ๏�The s1a strains produce higher 
levels of cytotoxin with more severe gastric inflammation 
and duodenal ulceration than the other two allelic sub types. 
The m1 middle region allele is more frequently associated 
with a higher level of gastric damage as compared with the 
m2 form. Virulence may be assessed by vacuolating 
cytotoxin activity, VacA serology, and genotyping. A 
non-invasive test like vacA serology would be better, vacA 

g) Cag Pathogenicity Island
Helicobacter pylori (H. pylori) strains from gastric 
epithelium are classified as type I and type II. Type I is 
associated with severe diseases due to a specific genomic 
locus, the Cag pathogenicity island (CagPAI), inducing 
inflammation.ํ๑,ํ7 The CagPAI, containing 31 genes, 
triggers the release of inflammatory chemokine (IL-8), 
leading to neutrophil infiltration. Type I strains, with the 
CagPAI, are linked to chronic gastritis, peptic ulcers, and an 
increased risk of gastric cancer.ํ5,ํ๓�The CagA gene, located 
in CagPAI, encodes a 120 kDa immunodominant antigen 
associated with cytotoxin expression. CagA-positive H. 
pylori infections have been linked to food allergies. The 
presence of both Cag-positive and Cag-negative strains in a 
patient suggests a dynamic balance affecting disease 
expression.๏�CagA serology, indicating CagA presence, is a 
useful virulence marker. However, treating only 
CagA-positive individuals may lead to unnecessary 
treatment, considering the common occurrence of 
CagA-positive strains. Treating all H. pylori infections 
could be an alternative, but it poses challenges like expense, 
side effects, and antibiotic resistance concerns.ํ5

Figure 2:Arrangement of cag PAI genes in H. pylori strain 26695ํ๔
Nature Reviews   Microbiology 

signal sequence type better indicates peptic ulceration. 
Infection with vacA sla strains causes peptic ulceration 
more than sib strains. For determination of vacA genotyping 
requires stomach biopsy, that’s why vacA genotyping 
cannot be used in non-invasive screening strategies. It is 
currently regarded as a best     research tool.ํ5
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h) Direct neutrophil activation by H. pylori
H. pylori not only trigger the production of the cytokine 
IL-8 in epithelial cells but also directly activate neutrophils. 
There are two types of H. pylori based on the strength of 
this activation. Approximately 50% of strains induce a 
quick and robust oxidative burst in neutrophils more 
prevalent in patients with peptic ulcer, while the remaining 
50% induce a slower and weaker burst.3๋

i) Duodenal ulcer promoting gene (dupA)
Duodenal Ulcer Promoting Gene (dupA) in the H. pylori 
genome's plasticity zone may indicate virulence marker. Lu 
et al. (2005)3์found that dupA-positive strains increased 
duodenal ulcer risk and decreased stomach cancer risk in 
Colombia, South Korea, and Japan. Later studies in 
Belgium, South Africa, China, and the US revealed no 
relationship between dupA expression and duodenal ulcers 
but did uncover a link to stomach cancer.3ํ Japanese and 
Swedish strains had no association between dupA 
expression and stomach cancer or duodenal ulcers, but 
Chinese strains did.33 dupA may cause duodenal ulceration 
and stomach cancer in some people but not all.  

The immune response to H. pylori is crucial due to concerns 
about potential damage to host tissues from leukocyte 
products. Additionally, there is interest in exploring 
immunization possibilities against H. pylori. The ideal host 
response should effectively clear the infection without 
causing excessive inflammation. However, evidence, 
including studies by Suarez et al. (2006)3๑ and Tanih et al. 

i) Cellular immune response

2.3 Host factors responsible for H. pylori infection

a) Host immune response

The immune-pathogenesis of H. pylori involves the 
up-regulation of various genes associated with the innate 
immune system, including Toll-like receptors (TLRs), 
complement factor C3, lactoferrin, and bactericidal/ 
permeability-increasing protein.๔ TLRs, particularly TLR4, 
play a crucial role in recognizing bacterial antigenic 
molecules and are expressed by various cell types in the 
gastrointestinal tract. Activation of TLRs, often through 
bacterial lipopolysaccharide (LPS) signaling pathways, 
leads to NF-KB activation and the expression of 
pro-inflammatory genes. This process is evident in 
antigen-presenting cells like monocytes and dendritic cells. 
Contact with H. pylori induces the secretion of 
pro-inflammatory� cytokines,� such� as� TNF-α,� IL-1β,� and�
IL-8, which act as local chemo-attractants and promoting 
granulocytic infiltration.3๔  

b) Innate immune response to H. pylori

After innate immune responses failed to remove H. pylori, 
adaptive immune responses evolved. Polymorph nuclear 
leukocytes (PMN), T lymphocytes, macrophages, and 
plasma cells infiltrate the stomach during H. pylori 
inflammation. Helicobacter pylori attaches to stomach 
mucosal cells and releases chemicals that change their 
function.๏๋,๏์� Chronic active gastritis increases the 
CD4/CD8 T-cell ratio and accumulates CD4+ T-helper cells 
in the lamina propia.๏ํ�Numerous studies reveal a polarized 
T helper cell response to H. pylori, with CD4+ T cells in 
infected� patients� producing�Th1� cytokines� (lL-12,� IFN-γ,�
and TNF) but not Th2 cytokines (IL-4).๏3,๏๏� Gastric 
epithelium and activated macrophages generate cytokines, 
especially IL-8. While presenting H. pylori antigens to 
particular T cells in the gastric antrurn, antigen presentation 
cells� also� produce� cytokines� such� IL-I,� lL-6,�TNF-α,� and�
IL-12, which significantly impact the developing T-cell 
response.๏3 Th17 CD4+ T cells, which cause infections and 
inflammation, also invade the stomach mucosa. Th17 are 
generated in gastric stroma during H. pylori infection and 
gastric cancer, suggesting an association between 
inflammation and carcinogenesis.๏5

c) Adaptive immunity Host-related factors play a crucial role in determining the 
clinical outcome of H. pylori infections, particularly those 
influencing the growth of the bacterium in the stomach. One 
significant factor is the variation in gastric acid production 
among individuals, which can impact the growth and 
localization of H. pylori in the stomach mucosa, as well as 
influence the growth of metaplastic gastric tissue in the 
duodenum, which provides additional niche for H. pylori. 
Additionally, polymorphisms in the receptors on gastric 
epithelial cells to which H. pylori adheres, or variations in 
the composition of gastric mucous, may also be key 
determinants. Gender is another factor, with H. pylori 
infection being more prevalent in men aged 20 to 39 years 
compared to women, suggesting a gender-specific influence 
on infection rates.3๏,35

(2010)37, indicates that the immune response may 
contribute to H. pylori pathogenesis. Instead of eliminating 
the bacteria, the immune response can lead to the 
destruction of epithelial cells and thinning of the mucosal 
lining, increasing mucosal contact with luminal acid.3๓,3๔  
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During H. pylori infection gastric B cells detected which are 
often auto-reactive that indicate it leads to the development 
of gastric autoimmunity.In uncomplicated chronic gastritis 
and gastric MALTomas most of gastric H. pylori-specific T 
cells showed combined secretion of both Th1- and Th2-type 
cytokines.๏7

Some infection with H. pylori elicits Th2 instead of Th1 
immune responses, which could possibly change the 
H.pylori-induced protective immune response to the gastric 
mucosa.Reports have indicated that Th2 response may 
provide protection against gastric cancer.๏๑

Host genetic factors, particularly cytokine gene 
polymorphisms, play a significant role in the pathology of 
gastro-duodenal diseases. These polymorphisms can affect 
the secretion of cytokines, influencing the magnitude of the 
immune response and contributing to individual clinical 
outcomes. The interaction between H. pylori and host cells 
induces genetic alterations, promoting gastric carcinoma 
development.5ํ

Deoxyribonucleic acid (DNA) sequences of the human 
genome reveal that many genes are polymorphic. In the 
coding or non-coding regions of specific genes, there may 
be either a single base pair substitution or a variable number 
of tandem repeats (VNTR) of a short repetitive DNA 
sequence. These variations or polymorphisms may 
influence the rate of gene transcription, the stability of the 
messenger ribonucleic acid (mRNA) or the quantity and 
activity of the resulting protein. Thus, the susceptibility or 

In response to H. pylori infection, individuals develop a 
robust antibody response. Both systemic and local 
antibodies are produced, including IgA and IgG. IgA, 
produced by plasma cells in the gastric mucosa, plays a 
crucial role in neutralizing urease and VacA, inhibiting H. 
pylori adherence to the gastric mucosa.๏๓–5๋ IgG antibodies 
enhance phagocytosis of H. pylori, and their binding 
triggers complement activation through classical or 
alternative pathways. This multifaceted antibody response 

ii) Humoral response

iii) Role of host cytokine gene polymorphism in H. 
pylori induced gastric pathology

Figure 3: H. pylori pathogenesis, the inflammatory immune response and some of escape mechanisms๏๑

is vital in the immune defense against H. pylori infection.5์



Low-income people with poor sanitation, congested living 
circumstances, and limited water supply often have H. 
pylori infection. An essential antioxidant, ascorbic acid 
scavenges reactive oxygen species and suppresses N 
nitrosation. Infection incidence decreases with antioxidant 
micronutrient consumption, especially vitamin 
C.Consuming more fruits and vegetables reduces duodenal 
ulcer risk. Smoking and having a family history increase the 
incidence of peptic ulcers, especially in males.๑๋ 
Low-income nations with unhygienic lifestyle had greater 
sero-conversion rates and higher reinfection rates following 
H. pylori eradication.๑์ 

Helicobacter pylori, a globally prevalent Gram-negative 
bacterium, plays a pivotal role in various gastrointestinal 
disorders. This review provides the pathogenesis of H. 
pylori infection, emphasizing the significance of virulence 
factors, host immune responses, and environmental factors. 
The interplay of bacterial adherence, colonization, immune 
activation, and genetic polymorphisms underscores the 
complexity of disease outcomes. Understanding these 
multifaceted interactions is crucial for advancing 
therapeutic strategies, including vaccine development, to 
mitigate the impact of H.pylori-related diseases globally. 

2.5.4 Environmental factors

Conclusion
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