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Abstract
Global population is increasing exponentially, besides this, the number of oncogenic patients also 
increases globally. Among the all types of cancers, stomach cancer patients make a huge number, 
worldwide. In gastrointestinal oncology, some urease producing microbes are the core cause of 
adenocarcinoma. One of the most prominent bacteria is Helicobacter pylori, which is a flagellated, 
microaerophilic proteobacteria that adheres in the stomach epithelial cells. Among the half of the 
human population of the world, which are suffering from gastric ulcers, cancer and number of genetic 
disorder. In this review, authors have summarized the pathophysiology and molecular mechanism of the 
H. pylori infection in human being throughout the past ten years. H. pylori, expresses various virulence 
factors, and display a variety of adaptive mechanism during colonization and adhesion in the gastric 
region. This bacterium also produces several cytotoxins to speed up effective colonization in the host. 
Nonetheless, several number of techniques have been developed to identify the virulence genes of H. 
pylori infection. Furthermore, alternative treatment approaches are frequently using to eradicate the 
disease such as antibiotics and plant-based medicines. Currently the prescribed course of treatment 
for H. pylori combines with antimicrobial drugs like amoxicillin, clarithromycin, metronidazole, and 
levofloxacin, but now days these medicines are less effective against this bacterium, data were obtained 
when discuss with the experienced Gastroenterologist. At present, various research studies are being 
conducted to create effective vaccinations to fight the H. pylori infection; it has additionally been a 
goal of several running research projects. This review article might be helpful for the researchers who 
wish to work on novel drug designing, novel identification and treatment methods of H. pylori which 
is a necessity of gastrointestinal oncology.
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INTRODUCTION

	 Microbes are universal; they are diverse 
from human body to forest and ocean. The (GI) 
gastrointestinal tract of human being is a harbour 
of millions of microorganisms; some are beneficial 
some are pathogenic. The pathogenic microbes 
interact with the host to affect human health.1 
Among the pathogenic microbes, Helicobacter 
pylori is the most studied microbial pathogen in 
human gastrointestinal tract, it appears to have 
started in East Africa and spread about 58,000 
years ago.2 Several studies revealed that, it is linked 
to the number of gastrointestinal abnormalities, 
including stomach ulcers, peptic ulcers, and 
stomach cancer also and result in severe upper 
gastrointestinal conditions such chronic gastritis, 
dyspepsia. Furthermore, a variety of other 
conditions, including as autoimmune diseases, 
cardiovascular and cerebrovascular problems, 
and iron-deficiency anaemia, have been shown to 
be associated with H. pylori infection.3-6 At global 
scale, approximately 70% of stomach cancers 
is caused due to H. pylori infection.7 According 
to epidemiology, about 30%-50% and 50%-60% 
population having H. pylori infections in developed 
and developing countries respectively.8

	 Many infections start at infancy, 
when recipients are healthy individuals who 
subsequently develop symptoms as adults. But 
the vast majority of infected people lack symptoms 
of H. pylori infection.9 This infection is contagious 
and spread by different pathways, including oral-
oral, fecal-oral, and environmental transmission 
via polluted water sources.10-12 Besides these, 
some environmental variables, including food, 
carcinogens exposure, excessive alcohol use 
and smoking are important causes of H. pylori 
infection.13 In addition, the persistence of this 
bacterium in the host is greatly influenced by 
class switching. This pathogen can survive in the 
digestive system of the host by shape switching 
such as spiral to coccoid shape.14 H. pylori uses 
flagella-mediated motility to move towards 
the stomach’s epithelial cells and damage the 
mucous layer.15 The H. pylori bacteria that grows 
as cell-associated micro-colonies in the stomach 
after entering the stomach cell-lines. In addition, 
the bacterial movement is a crucial mechanism 
for effective colonization, establishment and 

infection in human gut. Moreover, chemotaxis 
allows a bacterium to change, how it swims in 
response to chemical signals from the extracellular 
environment.16 Pathogenicity of H. pylori consist 
of indirect inflammatory reactions and host 
signaling pathways inside the stomach mucosa, 
whereas antibiotic resistance strategies used by 
the bacteria include genetic mutations and biofilm 
formation.17,18 Furthermore, H. pylori pathogenicity 
depends on the strain, even some other factors are 
also involved. The interaction between the host 
and the bacterium is facilitated by the expression 
of a particular virulence factors.19 A number of 
factors influence the rate at which an H. pylori 
infection spreads, such as the virulence of the 
strain, the efficacy and genetic composition of the 
host’s immune system, the patient’s dietary habits, 
and medical history.20

	 Among the all diagnostics methods, 
two specific category of diagnostics methods are 
using frequently; one is invasive another is non-
invasive. Invasive diagnostics methods includes 
endoscopic examination, histopathology, rapid 
urease test (RUT). Whereas Urea breath test, stool 
antigen test, serology, and molecular diagnostic 
techniques such as polymerase chain reaction 
are examples of non-invasive techniques.21 
Although a serologic test for antibodies can detect 
bacterial exposure, it cannot detect ongoing 
infection. Accessibility, cost, clinical circumstances, 
any gastric cancer family history, and pre-test 
likelihood of infection, which may be affected 
by population frequency of infection, these all 
plays an important role in the selection of an 
appropriate test. The recommended course of 
treatment for H. pylori illness is triple antibiotic 
therapy (sometimes known as quadruple therapy). 
Different medication combinations, sequential 
treatments, and concurrent therapies have also 
been employed as effective substitutes for H. pylori 
treatment. 
	 In this review article, the authors are 
trying to compile the current knowledge about 
the methods and mechanism of colonization 
of H. pylori in the gastrointestinal region and 
how it affects human health and useful internal 
microbiota. Nowadays, the elimination of H. pylori 
has become more challenging due to antibiotic 
resistance development in the strain. It will serve 
to highlight the most recent information about 
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the mechanism of disease and virulence of H. 
pylori infection, it might be helpful for the core 
researchers of this field.

Molecular mechanism of infection and virulence 
of H. pylori
	 The genetically diversified bacteria H. 
pylori have been co-evolving with humans for 
more than 60,000 years ago. Because of its genetic 
flexibility, it has generated a persistent infection 
that is connected to gastrointestinal disorders. 
This long-standing connection has resulted in the 
development of host-specific adaptive changes, 
which have created unique genotypes. It has 
been demonstrated that different genotypes 
are present and they are more prevalent in 
different geographical areas. The severity of 
gastrointestinal disorders linked to H. pylori has 
been associated with the predominant genotype 
in each area.22 Warren and Marshall  was the 
eminent microbiologist who originally identified 
H. pylori.23 Moreover, in the year 1997, the entire 
genome of H. pylori was sequenced, it was a great 
achievement to know the molecular mechanism 

of virulence of H. pylori in human.24,25 Since then, 
many research article have been published on H. 
pylori’s pathology, pathogenicity, immunology, and 
pathogenesis. However, geographically, H. pylori 
infection varies, with developing countries having 
the highest burden of infection.26 It has the ability 
to colonize a host, reproduce, and endure.13 In the 
pathogenesis process, when the pathogen reaches 
into the stomach, they use their urease activity to 
combat the unfavourable acidic environment. The 
cell then uses flagella-mediated motility to travel in 
the direction of the stomach epithelium. Effective 
colonization and ongoing infection are caused  
by additional interactions between H. pylori 
adhesins and the host cell’s receptors. It creates 
a range of toxins and chemicals that causes 
harm to the host tissues adhering to successful 
colonization. However, chemical messengers that 
are released during an infection is triggered innate 
immunity. Additionally, neutrophil activation and 
associated clinical manifestation are present.27 
Besides this, biofilms also produced by H. pylori 
to ease the attachment infection, colonization and 
persistence. By reducing its resistance to antibiotics, 

Figure 1. Graphical presentation of H. pylori infection identification techniques: (A): Invasive methods, (B): Non-
invasive methods
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the biofilm helps to cause mutations that make 
bacterial elimination more challenging.28 This 
strategy increases genetic material interchange 
and encourages recombination more often.29 
Furthermore, it has been observed that the 
growth of biofilms is positively associated with 
an increase in the expression of several genes 
those are important for virulence and resistance 
to antibiotics.30,31 Common symptoms of the 
infection includes nausea, vomiting, burping, and 
loss of appetite. Additional signs include in some 
cases are, abdominal cramps, weight loss and 
indigestion.32

	 There are several ways to identify H. pylori 
infection, such as invasive & non-invasive methods, 
which are discussed in detail (Figure 1).21 Every 
technique has advantages and disadvantages. 
Moreover, Proton pump inhibitors, antibiotics, 
and medicines containing bismuth are additional 
variables that may have an impact on how accurate 
particular results from tests remain. Additionally, 
H. pylori and the virulence gene are found using 
real-time PCR methods.33 To figure out H. pylori 
virulence genes and its variants, the polymerase 

chain reaction (PCR) is frequently used, however 
it can be time-consuming and expensive.34 Triple 
antibiotic therapy (quadruple technique) is one 
of the most standard treatments of the H. pylori 
infection. In this, alternative treatments like 
phytomedicines (plant-based medicines) and 
antibiotics have been used to increase eradication 
rate of infection, the current course of treatment 
still combines antimicrobial drugs like amoxicillin, 
clarithromycin, metronidazole and levofloxacin 
with anti-secretory drugs like proton pump 
inhibitors (PPIs).35,36

Defense mechanism
Epithelial cell: the initial line of protection
	 The human gastrointestinal region’s first-
line defensive barrier, or epithelial cell, works by 
forming a tight structure which prevents pathogen 
adhesion, growth, and movement. Pathogens 
like H. pylori employ their specific mechanisms 
to adapt to the hardest lumen conditions and 
colonies the host, and then start to spread 
infection. H. pylori colonization rely on four main 
processes: adaptation to the stomach mucosa’s 

Figure 2. Graphical illustration of pathophysiology and pathogenicity of H. pylori infection and disease establishment 
via colonization
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acidic environment; migration and penetration 
towards the primary defense barrier (epithelial 
cell) through flagella-mediated movement; 
attachment to a particular receptor cell by 
adhesins molecules, and the last one by damaging 
to the tissue cell and other adverse effects by 
released toxin. After a severe H. pylori infection, 
the bacterium can adhere to a host cell and  
survive in the acidic environment of the stomach, 
and also release cytotoxic proteins such as, blood 
group antigen-binding adhesion (BabA); outer 
inflammatory protein (OipA); outer membrane 
protein (OMP); outer membrane vesicles (OMV); 
vacuolating cytotoxins (VacA) high-temperature 
requirement A (HtrA), neutrophil-activating 
protein A (NepA), and sialic acid binding adhesins 
(SabA). It also has the outer membrane proteins 
(OMPs) such as HopQ and HopZ and some other 
proteins i.e HomA, HomB, HomC, and HomD of H. 
pylori. According to recent research study by Xu et 
al., concluded that HomB protein can cause IL-8 
secretion which plays a significant role in cancer 
development and progression. Lipoproteins A and 
B (AlpA/AlpB) also assist H. pylori in colonization, 
attachment to epithelial cells, and even the 
formation of biofilm.37 Other weakly adhering 
cytotoxins also have a significant role in H. pylori 
infection in human (Figure 2).

Urease production and adaptation to the stomach 
mucosa’s acidic environment
	 In order to function physiologically and as 
cofactors for enzyme reactions for the adaptation 
to the stomach mucosa’s acidic environment, 
several transition metals are essential for the 
organism.38 Certain metals are essential to the 
survival and growth of microorganisms, such as 
nickel, which is a cofactor for the enzyme’s urease 
and hydrogenase, 24 nickel ions were needed to 
catalyze one active urease molecule.39,40 In this 
context, the bacterial virulence proteins FecA3 
and Frp B4, which are present on the outer 
membrane of the bacterial cell wall, these proteins 
are frequently used for the acquisition of metal 
ions, which are found in blood.41 Through the 
protein channel NixA, nickel ions are moved from 
its outer membrane into its inner cytoplasmic 
membrane of the bacterium.42 For several 
bacterial species, urease has been discovered 
to be a key enzyme for the pathogenicity via 
colonization in the gastric mucosa.43 It can 
hydrolyze the urea into ammonia and CO2 which 
can help to reduce acidic environment and facilitate 
colonization.38 H. pylori often used molecular 
hydrogen as a fuel source for its metabolic process  
because the hydrogenase’s participation in an 
alternate signaling route.44 However, urease 

Figure 3. Graphical illustrations of shape switching of H. pylori
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cannot be triggered in the presence of inadequate 
amount of nickel molecules. Therefore, a significant 
amount of nickel ion is needed for its metabolic 
process, which might lead to cell death. In order to 
minimize the effects of the harsh environment in 
the gastric region, the cluster of urease gene in H. 
pylori bacteria trigger the synthesis of the urease 
enzyme. These urease genes includes catalytic 
units (urea A&B), acid-gated urea channel (ureI), 
and auxiliary assembly proteins (ure E-H), these 
are produces in the organism.37 Besides this, the 
pH of the gastrointestinal regions affects urea 
production. When the gastrointestinal tract’s pH 
is neutral (7.0), then the urea channel is blocked, 
and it opens when the environment turns to acidic, 
Low pH levels may inhibit the synthesis of proteins, 
urease, and catalase function.17 The primary 
process involved in the synthesis of urease is the 
transformation of shape of H. pylori from spiral 
to coccoid. The spiral shaped bacterial strains has 
more urease activity than the coccoid forms.45

Shape Switching of H. pylori
	 Shape switching is key character of 
H. pylori. When unfavorable environmental 
conditions comes, bacteria may change their 
morphology from spiral to coccoid. The bacterium’s 
coccoid form may remain for a long time, is easily 
non-culturable, antibiotic-resistant, capable for 
replication, and can create a number of bad 
effects to the stomach  mucosa. The bacteria’s 
coccoid viable not-culturable form represented 
as ‘CVNCF’. Whereas the bacterial spiral shape 
forms are culturable. They are representing as 
spiral viable culturable form ‘SVCF’ in the entire 
manuscript. Moreover direct culture techniques 
are ineffective to detect the coccoid forms of the 
bacteria; to overcome the problem, molecular 
methods and direct electron microscopy can be 
used. H. pylori are able to survive by changing 
its shape through the SVCF to the CVNCF during 
the most unfavourable environmental conditions 
such as lack of nutrients, absence of oxygen, 
desiccation, exposure to antimicrobial agents, and 
the stomach’s acidic fluid. The CVNCF bacterium 
nevertheless maintains their pathogenicity 
and metabolic activity, and they are capable of 
performing this while they are in a culturable 
and viable state.46 The Elhariri et al. research 
revealed that H. pylori may survive in unfavorable 

conditions. Through the use of nested PCR, 
approximately 75 samples of H. pylori were 
isolated for the research purposes from animal 
faecal matter and milk. There was a total of 13 
samples that were containing the spiral forms 
(SVCF) of H. pylori, whereas the other samples 
could not be cultured, suggesting that the 
presence of the CVNCF form of the bacteria. The 
SVCF was cultivated in milk for 1, 5 and 10 days at 
4 °C, 37 °C and 40 °C, respectively, to illustrate this 
study’s attempt to demonstrate the survivability 
under challenging environmental conditions. A 
microbial load reduction also observed between 
one and ten days. It was found that the CVNCF 
forms, which can survive in UTH milk for thirty days 
or more, appeared at the same time as SVCF began 
to decline. The genotype of both cultures (SVCF 
and CVNCF) is identical in the infected individual, 
which indicated that the spiral form (SVCF) has 
evolved into the non-culturable form (CVNCF)46 
(Figure 3).

Migration and penetration of the epithelial cell
	 The H. pylori are flagellated and gram-
negative bacteria. They pass through the epithelial 
mucus membrane to the underlying membrane 
under the neutral pH condition. According to some 
research studies, in which the bacterial flagella 
are more important to migration, penetration, 
colonization, and infection in the gastric mucosa. 
Actually, the bacterial flagella, which have three 
structural components (basal body, hook, and 
filament), are a complicated organelle of the 
bacterium. In the structural component of flagella, 
FlaA and FlaB proteins play a crucial role in making 
up the filaments. FlaB is located in the flagellum’s 
base, whereas FlaA is located in the outer area. 
The flagella can be observed when a pathogen 
is swimming, swarming, or spreading. H. pylori 
move and maintain adhesions on the epithelial 
cell via its flagella. Moreover the stomach high 
acidic environment facilitate flagella to move more 
quickly.32 At this acidic pH, a proton motive force 
drives the proteins which control the flagellar 
movement. When mutations present in the 
flagellar structural genes such as FliD, FlaA, or 
FlaB, can prevent the H. pylori from colonizing the 
stomach mucosa. In a study, the result concluded 
that FlaB and FlaA deficient strains of H. pylori are 
completely incapable to synthesize the flagella. 
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Moreover, a FlaB defective bacterial strain have 
decreased motility and adhesion abilities.27 Result 
concluded that, a non-flagellated bacterium does 
not colonize the mucosal epithelial cell.29

Attachment to a particular receptor cell by 
adhesins molecules
	 H. pylori must be adhered to the epithelial 
cell after entering the stomach mucosa in order 
to initiate infection. The gastric mucosa’s surface 
possesses receptors for H. pylori adhesins that 
bind to the mucus line. Although the two adhesins 
proteins that received the most attention are 
sialic acid-binding adhesin (SabA) and blood-
antigen binding protein A (BabA), which are 
absent in certain H. pylori strains. Besides these 
two adhesions, Neutrophil-activating protein 
(NAP), heat shock protein 60 (Hsp60), adherence-
associated proteins (AlpA and AlpB), H. pylori 
outer membrane protein (HopZ), and lac di NAc-
binding adhesin (LabA) are a few other adhesins 
help in adapting and infection of H. pylori in the 
hosts. Moreover, these proteins also provide 
the bacterial nutrition, promotes the release of 
bacterial cytotoxins, and produces other harmful 
chemicals in the host cell.37

Neutrophil activated protein A
	 H. pylori secrete Neutrophil activated 
protein (NAP), it has the property of DNA-
protecting proteins under the unfavorable 
environment, which significant similar structure 
with iron storing proteins. NAP was initially 
discovered to produce large amount of oxygen 
radicals from neutrophils, which damages 
nearby cells and increases neutrophil adhesins 
to endothelium cells during bacterial infection.47 
The acquisition of b2 integrin surface receptors 
on the neutrophil surface membrane is necessary 
for this NAP-induced adhesion. Moreover, NAP 
also triggers the production and release of IL-8, 
macrophage inflammatory protein by neutrophils. 
Thus, NAP is tightly linked with the characteristic 
of chronic gastritis and the passage of neutrophils 
and mononuclear cells into the stomach mucosa, 
both of them are caused by bacterial infections. 
In the context of molecular mechanism, when 
neutrophils come to contact with the NAP on 
the surface of bacteria, their glycosphingolipids 
function act as a receptor.48 Furthermore, NAP 

is thought to help to Sialic acid-binding adhesion 
on the outer coating of the host cell.49 Several 
research studies revealed that NAP can prevent 
to form free radicals from destroying H. pylori 
DNA by adhering to it.50 It’s interesting to note 
that NAP can cause T helper cells to develop into T 
helper 1 phenotypes and encourage neutrophils or 
monocytes to boost IL-12 production.51 Therefore, 
NAP has been proposed as an adjuvant for 
vaccination and an immunotherapeutic anticancer 
drug in clinical applications. However, additional 
research is needed to verify that activation of 
glucose analogue (2-Deoxy-D-Glucose) by NAP can 
be treatment of DG-based cancer immunotherapy 
and cancer vaccines.

BabA and BabB: Blood group antigen-binding 
proteins
	 There are three different kinds of blood 
group antigen-binding adhesin known as babA1, 
babA2, and babB. The babA protein is encoded 
by babA2. Despite having very similar coding 
sequences, babA1 does not have the translation 
start codon. H. pylori uses BabA to bind to the 
fucosylated Lewis B blood-group antigen (Lewis’s 
b [Leb]) that is expressed on the cells of the host 
gastric epithelium  during the initial infection of 
the human stomach.52 The BabA receptor shares 
structural similarities with the O type blood 
antigen, and epidemiological data shows a link 
between the blood type O and illnesses of the 
stomach.53 The majority of the sequence variation 
between blood-antigen binding protein babA and 
babB occurs in their central sections, which are 
located in their 5'  and 3'  regions, respectively. 
The central portion of the babA sequence, which 
is essential controls babA for adhesion. In western 
nations, babA expression has been connected to 
a higher risk of stomach cancer. Nevertheless, 
among the Asians, the presence of babA is 
not associated with gastric-related disorders.54 
babB’s purpose is still unknown, however patient 
expression of babB was linked to more stomach 
abnormalities.55

	 However, certain H. pylori strains have a 
chimeric babB/A that can attach to the Leb antigen 
through genetic recombination of babA1 and 
babB under specific conditions, even though they 
lack babA2 in their genome or have a mutation 
that causes a deficiency in BabA.56 One research 
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study found that H. pylori bacterium was isolated 
from the samples of chronically infected people, 
to analyze and learn about the dynamics of Leb 
adhesion all over human infection. The results 
revealed that the BabA-Leb binding phenotype 
is remarkably durable during long-term human 
infection.56,57

Sialic acid-binding adhesin (SabA)
	 T h e  o c c u r re n c e  o f  s i a l y l - L ew i s 
x glycosphingolipid (sLex) antigen increase 
on the cell’s surface at sites of severe local 
inflammation caused by H. pylori. This indicates 
that SabA adhesin is essential for helping H. pylori 
attachment and colonization of gastric epithelial 
cells in a gastritis patient.58 Lex and Ley antigens 
are frequently encountered in the LPS of H. pylori 
strains. These two Lex and Ley antigens were 
strongly associated with H. pylori colonization.59 
Although the sabB and sabA genes are similar.60 
Therefore, it is important to do more research 
on, how sabB affects bacterial adherence and 
pathogenicity. Nearly 80% of clinical strains include 
the sabA gene, and the sequencing data showed 
two different sabA genotypes. In the molecular 
sequencing, among the nucleotides, CT (cytosine 
and Thymine) repeat several sequences repeat CT, 
which are located in the 5' ORF of sabA controls the 
synthesis of type I sabA, which can be controlled 
by slipped strands mispairing (SSM). Only strains 
with 4, 7, or 10 CT dinucleotide repeats and an ORF 
allowing for the entire length of SabA are able to 
synthesize the functional protein.58 The status of 
this expression is “On”. Once the CT repeat number 
is adjusted to 3, 5, 6, 8, 9, and 11, the frame-shift 
will be producing early stop codons in the ORF. In 
this state, SabA is expressed in a shortened form 
and the gene expression is “Off”. The elimination 
of the CT repeated and the distinct sequence in this 
area are specific to the type II sabA. Additionally, 
the 5’ coding areas of not only the sabA gene but 
also the genes for the adhesins oipA and hopZ have 
been used to identify by CT dinucleotide repeats.61

	 The western blotting-detected expression 
of SabA differs significantly to the sequence-based 
assumption.58 In type I strains, which should be 
“On,” Western blotting only finds nearly 43% 
expression of SabA. Kao et al. stated that SSM 
also causes a change in the length of a poly T tract 
in the sabA promoter region.62 Furthermore, it 

is believed that the poly T tract’s length affects 
the activity of the sab A promoter, providing an 
alternative means of regulating transcription in 
H. pylori, which has few conventional trans-acting 
regulatory factors.62 During H. pylori infection, 
SSM create a mixed-genotype population that 
may help the bacteria evade the immune system 
and adapting to different hosts. Analysing clinical 
data reveals that the population of H. pylori in the 
body is significantly higher in patients infected 
with SabA-positive strains than those patients 
infected with SabA-negative strains. These studies 
indicated that the patients which have low or 
absent Leb expression, SabA’s interaction with the 
sLex antigen may promote H. pylori colonization.58

	 Even though the main host factor 
controlling H. pylori density in patients with a 
babA2-positive H. pylori infection is Leb level, 
H. pylori may benefit from the deficiencies of 
sLex-mediated adherence and its metastable on/
off switching caused by phase fluctuation, which 
permits escape from locations where bactericidal 
host immune responses are strongest.

Heat shock protein 60 (Hsp60)
	 Physical stresses such as temperature, 
acidity and alkalinity can all triggered the synthesis 
of heat shock proteins, a family of highly preserved 
stress proteins that are widely present in both 
prokaryotes and eukaryotes. GroES-like HspA 
(Hsp10) and GroEL-like HspB (Hsp60) are the 
two Hsps, which are mainly produced by H. 
pylori. The increased production of Hsp60 at 
low pH, which interacts with sul-foglycolipid, a 
receptor-like sulfatide, indicates that acid stress 
may have an impact on the receptor selectivity 
of H. pylori.63 One of the expected immunogens 
of the bacterium’s that stimulates monocytes or 
gastric epithelial cells to release IL-6 and 8, tumor 
necrosis factor alpha (TNF-a), and GRO (Growth-
Related Oncogene) has been identified as heat 
shock protein.64 Human monocytes release IL-8 
when Hsp60 activates NF-kB through TLR2 and 
the mitogen-activated protein kinase pathway.65 

Additionally, H. pylori-infected individuals 
consistently express anti-Hsp60 antibodies, and 
the titers are linked to the development of gastritis 
or stomach cancer.66 Further studies showed that 
through enhancing the production of IL-8, TNF-a, 
and monoclonal antibodies against H. pylori Hsp60 
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could influence bacterial pathogenesis.67 The 
purpose of the pathogen-specific antibodies is not 
to recognize or eradicate germs, but to carry out 
possible immunological functions. Although, more 
research work is required to clarify the function 
of anti-Hsp60 antibodies in H. pylori-related 
gastrointestinal disorders.

Outer membrane protein (OMP)
	 Nearly 65 OMPs, which fall within five 
gene families, are expressed by H. pylori. Out of 
65 genes, genes in family 1 are called hor and hop. 
These are those genes which are coding for the 
adhesion proteins, like AlpA/B, SabA/B, BabA/B/C, 
etc. Besides these, two processes that regulate 
the synthesis of OMP are gene recombination and 
slipped strand mispairing, which take place in the 
dinucleotide repeat area near the 52-end of the 
particular gene.68

	 On the other hand, the five genes that 
make up the OMP family encode efflux pump 
proteins, which are essential for antibiotic 
resistance, thus finally helps in the infection 
process.69 There are several OMPs that have 
been found to contribute in the pathogenicity of 
H. pylori. They are playing crucial role to cause 
pathogenicity in the host’s epithelial cells.34

Toxin released and harm to the host tissue
	 H. pylori must be adhered to the epithelial 
cell and released some toxins after entering the 
stomach mucosa in order to initiate infection 
and also to damage the host cell. In this aspect, 
two most studied toxins released by H. pylori 
are cytotoxin-associated gene A (CagA) and 
vacuolating cytotoxin A (VacA). and cytotoxin-
associated gene A (CagA).

Cytotoxin-associated gene A (CagA)
	 About 60% CagA-positive H. pylori 
infections occurs in European and North American 
countries, and 90% in Asian countries. Few studies 
showed that CagA-positive strains are directly 
belong to gastric ulcers and cancer and acute 
gastritis.70 Therefore, the pathogenicity of H. 
pylori strains can be quantified by their capacity 
to secrete CagA. By repeating the sequence of Glu-
Pro-Ile-Tyr-Ala (EPIYA) motifs at the N-terminus 
of CagA, genes linked to cytotoxins enable the 
further classification of proteins into European 

and, North American type and East Asian-type 
CagA. The findings concluded that East Asian-type 
CagA generates greater morphological alterations 
and is more probable to be connected to stomach 
cancer.71

	 H. pylori’s chromosome contains the cag 
pathogenicity island i.e. cagPAI, which is 35-40 
kb in size and associated with about 30 genes. 
Among these, cagPAI transports at least six genes 
that are homologous to type IV secretion systems 
(T4SS). The bacterial protein CagA is transferred 
into the host gastric cell’s cytoplasm when it comes 
into contact with epithelial cells. Additionally, 
a number of T4SS proteins, including CagL and 
CagY, use b1-integrin as a receptor to transport 
CagA into the host cell.72 The translocated CagA 
protein localizes to the inner surface of the 
plasma membrane through interactions with 
phosphatidylserine, where it is then tyrosine 
phosphorylated by a protein tyrosine kinase from 
the Src family. When CagA enters the cytoplasm 
through the T4SS, it can change host cell signaling 
in ways that are both phosphorylation-dependent 
and phosphorylation-independent. This binding 
of the phosphorylated CagA to the phosphatase 
SHP-2 affects the cell’s adhesion, migration, and 
spread.73 Additionally, CagA could affect the cell 
of the hostin a number of ways, including the 
development of gastric epithelial cell pedestals, 
modifications to the cytoskeleton, effects on 
cell proliferation, and inducing the secretion of 
IL-8 from the epithelium of the gastric cells.74 
Effects of the cytotoxin-associated gene A are 
phosphorylation independent, although many of 
these effects are still unknown. Recent research 
studies indicated that nonphosphorylated CagA’s 
C-terminus has a conserved motif that interacts 
with the host hepatocyte growth factor receptor to 
promote inflammation and cellular development 
by triggering the Akt signalling pathway, which in 
turn triggers NF-kB and b-catenin, according to 
recent studies.75

Vacuolating cytotoxin A (VacA)
	 Besides the Cag A cytotoxin released by 
H. pylori, VacA is the another toxin which is also 
released. Vacuolation is the process of forming 
vacuoles on a host cell. This process is used by 
pathogenic bacteria to prolong bacterial infections. 
Vacuolation caused by the actions of the VacA 
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Table. Some essential biological factors for pathogenicity of H. pylori in human

No.	 Biological factor	 Function	 Ref.

1.	 Arginase	 Prevents the death of microbes.	 88,89
		  Stops the growth of T cells.
		  Inhibit immune reactions.
		  Increase apoptosis.
		  Support H. pylori to survive in the acidic environment.	
2.	 Lipopolysaccharide	 Activate several signaling pathways.	 90-92
		  Cause a number of inflammatory reactions.
		  Activate immunological reactions.
		  Interferes with mucus secretion.
		  Protect the body against harmful substances.	
3.	 Superoxide dismutase	 Maintain reactive oxygen species (ROS) to enter the cell.	 93-96
	 (SOD)	 To speed up colonization.
		  Inhibits inflammatory cytokines production
		  by encouraging neutrophils.	
4.	 Cholesteryl-α-glucosyl-	 Protect Hostfrom immune attack.	 97,98
	 transferase (aCgT)	 Increase the synthesis of IL-8.
		  Increase bacterial proliferation and antibiotic resistance.	
5.	 g-glutamyl-transferase	 Enhances necrosis and apoptosis.	 99,100
		  Promote the inflammatory proteins' production
		  cause ROS to be released.
		  Promote the degradation of DNA.	
6.	 Phospholipase	 Increase in signaling channels like ERK1/2.	 101,102
		  Cause ongoing inflammation.
		  Increase bacterial survival and colonization.
		  Involved in lipid degradation and mucus layer harm.	
7.	 Duodenal ulcer‑	 The dupA gene produces a homolog, i.e. VirB4 ATPase.	 103-105
	 promoting gene	 Particularly associated to gastric ulcers.
	 (dupA)	 DupA secrete pro-inflammatory cytokines.
		  DupA has been recognized a biomarker for the gastric ulcers.	
8.	 High-temperature	 This protein can withstand high temperatures and pH.	 94
	 requirement A (HtrA)	 Function associated with the epithelial barrier is disrupted by HtrA.
		  They target host cell factors.	
9.	 Catalase	 Catalase (KatA) is found in both plants and animal cells.	 106
		  It converts water (H2O) from hydrogen peroxide (H2O2).
		  Participate in pathogenic processes, including inflammation, the 
		  inhibition of apoptosis, and the development of cancers caused by 
		  mutagenesis.	

protein can have a number of harmful outcomes 
on its host cell, including cellular cytotoxicity 
and apoptosis.76 Additionally, it may cause MAP 
kinase activation, endocytic trafficking disruption, 
mitochondrial disruption and outflow of various 
ions, such as Cl, HCO3 and urea.77 The development 
of vacuoles on the cytoplasmic membrane makes 
the host’s stomach epithelial cell susceptible to 
urease action.
	 Va c A  i s  ge n e rate d  a s  1 4 0  k D a 
precursor  and then goes through a proteolytic 

process to create an 88 kDa toxin. It attaches itself 
to homologous receptors on epithelial cells, such 
as receptor-like protein tyrosine phosphatase 
alpha and beta (RPTP-a ,  RPTP-b),  dense 
lipoprotein receptor-related protein-1 (LRP-1), and  
sphingomyelin. Additionally, it interacts with T cell 
CD18 receptors. After entering the extracellular 
space, the VacA toxin fragments (amino-terminal 
33 kDa (p33) and carboxy-terminal 55 kDa (p55)) 
are internalized into endosomal compartments 
through a type V (autotransporter) secretion 
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pathway when an amino-terminal signal peptide 
and a carboxy-terminal domain are present.78 
VacA’s many polymorphic variants are linked to a 
number of clinical results.79

	 VacA, which the cell absorbs after 
being released by H. pylori .  Endosomal 
compartments are associated with the absorbed 
VacA. Additionally, they have been linked to 
mitochondria, the endoplasmic reticulum, and 
the Golgi body.78 VacA can disrupt the normal 
function of the mitochondria by entering through 
the intracellular transporter system. Additionally, 
VacA can alter endocytic functions or intracellular 
trafficking, as well as prevent procathepsin 
D from maturing, disrupt the position of the 
transferrin receptor, and prevent mitochondrial 
fragmentation during antigen presentation. VacA 
may also alter intracellular trafficking or endocytic 
processes.78 Additionally, VacA proteins can disrupt 
the immune response by reducing or totally 
inhibiting T-lymphocyte activation in the lamina  
propria. Along with preventing the orderly 
breakdown and recycling of cellular components 
and the elimination of intracellular infections, it 
also prevents the immune system from eliminating 
damaged or malfunctioning cells. T cells, B cells, 
eosinophils, macrophages, dendritic cells, and 
neutrophils are among the immune cells that are 
affected.80 The process of apoptosis causes the 
host cells to destroy themselves, which regulates 
cell death. Cells that undergo this process 
often shrink and break into little pieces, which 
enhances their phagocytosis by neighbouring 
immune cells. Apoptosis rarely happens in healthy 
circumstances. Fortunately, an intricate system 
maintains a balance between cell development 
and death. When H. pylori are present, apoptosis 
is increased, especially in the host cells’ stomach 
gland. The vacA gene is present in all H. pylori 
strains, however the level of vacuolation activity 
of the cytotoxins produced differs.81 This variation 
is caused by internal duplications, deletions, 
nonsense mutations, or 1 bp insertions within 
the vacA gene.82 It has also been discovered 
that variations in the amino acid sequences,83 
transcription, and efficiency of this gene secretion 
affect the amounts of vacuolating activity.84 The 
vacA gene has three sections: middle (m1 and 
m2), signal (s1 and s2), and intermediate (i1 and 

i2).85 The various vacA variants have pathogenic 
characteristics linked to each other.86

	 The toxins’ vacuolating action and cell 
surface binding comes from the middle portion.87 
The signal region (sla, s1b, and s2) and middle 
region (m1 and m2) of the genome differ in 
sequence, leading to variation in mutational 
strains. The vacA s2/m2-carrying strains are 
completely non-cytotoxic, but the s1/m2-carrying 
strains are intermediately cytotoxic and the 
s1a/m1-carrying strains are highly cytotoxic. 
Additionally, vacA s1b/m1 have reduced activity.34 
Based on WGS, the 41 H. pylori isolates were 
characterized in the research by Imkamp et al., 
to find the virulent genes cagA, vacA, iceA, and 
dupA, of which 19 (46.3%) possessed the vacA 
gene.34 A vacA s1 allele was found to be present 
in 23 individuals (or 56%). The vacA s1 allele was 
present in 15 out of 41 (36.6%) individuals (in 7  
individuals; vacA sla/m1 and in 8 individuals; 
vacA sla/m2), and the vacA s1b allele in 8/41 (in 5 
individuals; s1b/m1 and in 3 individuals; s1b/m2) 
whereas 18 isolates (43.9%) harboured the vacA 
s2/m2 allele. Additionally, a link was demonstrated 
between the development of gastritis and the 
presence of vacA s1 genes. Additionally, a strong 
association between vacA s1 and peptic ulcer 
disease was also discovered by Idowu et al.33 
(Table).

CONCLUSION AND FUTURE PROSPECTIVE

	 Globally, H. pylori causes a huge number 
of cancers and ulcers in human beings and creates 
a high mortality rate. This pathogen creates 
effective colonization in the host gastric region 
with its adhesion molecules. It also produces 
some virulence protein/toxins responsible for 
various harmful human diseases. However, in the 
current scenario rising rates of infection, as well 
as the gastroduodenal pathological effects. For 
these reasons, the eradication of H. pylori may 
soon become a global concern. Furthermore, a 
number of methods for detecting and treating 
H. pylori infections are being developed in the 
present decade. The elevated incidence of H. pylori 
infection due to environmental contaminants 
present in the edible things and its effects 
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on additional diseases make its eradication 
essential. For a complete understanding of 
the virulence variables and how they relate to 
the gastrointestinal illness, more research is 
required. Therefore, this review article could 
reveal important facets of diagnostic methods 
and mechanism of virulence in host. The crucial 
investigation on the virulence genes, mechanism 
and pathogenicity of H. pylori could be extremely 
valuable to pharmaceutical companies for the 
treatment of human chronic disorders associated 
with H. pylori.
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