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Preface

Helicobacter pylori (H. pylori) remains one of the most common worldwide human infections
and, although its colonization is not a disease in itself, it is a condition that affects the relative
risk of developing various clinical disorders of the upper gastrointestinal tract, such as chron‐
ic gastritis, peptic ulcer disease, mucosa-associated lymphoid tissue (MALT) lymphoma and
gastric adenocarcinoma. Besides, in the last decades, the infection and its consequences pro‐
duced by this microorganism has been associated with the development of various extradi‐
gestive disorders, such as hepatobiliary, cardiovascular and pancreatic diseases, iron
deficiency anemia, idiopathic thrombocytopenic purpura, skin diseases, among others.

Despite the bacteria infects half of the world population, most patients are asymptomatic for
life, while only some will come to develop a digestive disease. Nevertheless, gastric cancer
remains one of the principal causes of cancer death worldwide and H. pylori is consider as a
class I carcinogen (International Agency for Research on Cancer – World Health Organization).

Transmission of H. pylori is still not entirely clarified, but human-to-human spread through
oral-oral or fecal-oral route is thought to be most plausible. The infection is typically ac‐
quired during childhood and usually becomes a lifelong infection, if left untreated. The host
certainly mounts an immune response, but it fails to clear the infection, allowing H. pylori to
establish a persistent infection and a chronic inflammation.

In this book, compounded by eight chapters, important aspects of H. pylori were reported
and the book divided into three following sections: “General aspects of Helicobacter pylori
infection”, “Virulence factors of Helicobacter pylori”, and “Helicobacter pylori and eradication
therapy”.

The first section comprehends four chapters, “Helicobacter pylori: an overview of an old hu‐
man microorganism”, “Clinical manifestations of the Epsilonproteobacter, Helicobacter pylori”,
“Endoscopical aspects of Helicobacter pylori gastritis in children”, and “The importance of H.
pylori infection in liver diseases”.

In the second section some important aspects regarding virulence factors of H. pylori were
reported in two chapters, “VacA genotype” and “Helicobacter pylori genes jhp0940, jhp0945,
jhp0947 and jhp0949 associated to gastroduodenal disease”.

Finally, in the third section, two chapters explore aspects concerning the eradication treat‐
ment of H. pylori infection and possible resistance mechanisms to the antibiotics commonly
used for this purpose, besides the use of natural medicines for eradication of this microor‐
ganism: “Gastric microbiota and resistance to antibiotics” and “Non-antibiotic based thera‐
peutics targeting Helicobacter pylori: from Nature to the lab”.
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“Helicobacter pylori – New Approaches of an Old Human Microorganism” is a book which
will certainly provide an updated set of information in important aspects of this microor‐
ganism that has co-evolved with humans for over 60,000 years.
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1. Introduction

The human stomach is an unfriendly place for most infective bacteria probably due to the very 
low pH found in this place. However, the first isolation of a spiral-shaped, Gram-negative 
and microaerophilic bacterium in 1982 by Warren and Marshall [1] significantly changed the 
concepts of gastric microbiology.

Initially, this bacterium was named Campylobacter pyloridis, but analysis of nucleic acid 
sequence and ultrastructural studies besides the helical shape allowed differentiation of this 
genus to Helicobacter. Finally, the species was named pylori because it can be found most often 
in the antral mucosa, near the pylorus [2].

Helicobacter pylori (H. pylori) organisms are 2.5–5.0 μm long and 0.5–1.0 μm wide, with two 
to six unipolar-sheathed flagella, which are essential for bacterial motility [3]. It has been 
described that bacteria can exist in three different morphologic forms: the viable and cultur-
able spiral form, the viable but nonculturable (VBNC) coccoid form which are less virulent, 
and the nonviable degenerative H. pylori form [4].

Colonization with H. pylori is commonly acquired during childhood and induces chronic 
gastritis in all infected individuals unless specific treatment is given [5, 6]. While over 80% 
of infected subjects remain asymptomatic [7], H. pylori chronic infection has been associated 
with the development of various clinical disorders of the upper gastrointestinal tract, such 
as chronic gastritis, peptic ulcer disease, mucosa-associated lymphoid tissue (MALT) lym-
phoma, and gastric adenocarcinoma [8]. In fact, H. pylori infection is a significant risk factor 
for the development of gastric cancer, and bacterium is classified as a group I carcinogen by 
the World Health Organization [9].

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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Although H. pylori is primarily responsible for the upper gastrointestinal diseases, only 10% 
of people colonized with this bacterium portray disease symptoms. It suggests that host and 
bacterial factors also contributed to differences in H. pylori pathogenicity [10, 11]. For instance, 
the risk of developing gastric cancer is also related to genetic characteristics of the host and 
environmental factors, which, associated with specific bacterial strain characteristics, influ-
ence the severity of the chronic inflammatory response [12, 13].

H. pylori is perhaps the most ubiquitous and successful human pathogen, since it colonizes 
the stomach of more than 50% of the world population [14, 15]. It has been demonstrated 
that H. pylori has a long period of coevolution with humans, going back at least since human 
migration out of Africa about 60,000 years ago [16, 17]. There are very well-characterized 
mechanisms of adaptation which was developed by ancestral H. pylori over the time. Through 
selection and coevolution, this bacterium established measures which actively and passively 
avoid the human immune response [18].

H. pylori infection results in recruitment of neutrophils, lymphocytes, and macrophages into 
the gastric mucosa through the induction of several cytokines such as TNF-α, IL-6, and IL-8 
[19, 20]. It is believed that the immune response during infection plays an important role in 
the pathogenesis. H. pylori successfully establishes a chronic infection by achieving a delicate 
balance between inducing immune response and surviving in the inflammatory milieu by 
using an array of important virulence factors [15].

H. pylori presents important virulence factors which are essential both for bacterium coloniza-
tion and maintenance in the human stomach (such as urease and flagella) and for the inter-
action with the gastric epithelial cells, the bacterial adhesins (blood group antigen-binding 
adhesion (BabA), sialic acid-binding adhesion (SabA), AlpA and AlpB, HopZ, and OipA). 
Besides, virulence factors involved in gastric inflammation are important for the develop-
ment of chronic infection and clinical symptoms of gastrointestinal diseases (the principal are 
cytotoxin-associated gene-pathogenicity island (cagPAI), vacuolating cytotoxin A (VacA), and 
duodenal ulcer promoting gene (dupA)).

2. Epidemiology of H. pylori infection

The H. pylori infection has emerged as one of the most common chronic bacterial infections 
worldwide and affects more than half of the world’s population, with clinical signs of infec-
tion only manifesting in <20% of these individuals [21].

H. pylori is thought to be indigenous to the human population and is well adapted to existing 
in the human stomach for the lifetime of its host [22] unless eradication using appropriate 
chemotherapeutic agents is successful. Lifelong colonization seems to be due to the ability 
of some strains of H. pylori to both adapt to the host’s immunological responses and to also 
withstand the constantly changing gastric environment [23].

The rate of H. pylori infection differs among groups as well as within the population. Strains 
from different geographical areas exhibit phylogeographic features [24–26]. The genomic 
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patters of H. pylori have been shown to be extremely diverse, and gastric mucosa may be 
colonized by strains with small differences in the genomic patterns suggesting subtype varia-
tion [27].

The prevalence of H. pylori infection varies widely by geographic area, age, race, and 
socioeconomic status. While the infection is on a fast decline in the most of the Western 
countries, mainly due to the success of therapeutic regimens and improved personal and 
community hygiene that prevents reinfection, in developing countries, the prevalence rates 
can reach 90% and is higher among individuals belonging to low socioeconomic status 
group [28, 29]. It occurs especially due to failure of treatment and emergence of drug resis-
tance [25, 30].

Most studies suggest that males and females are infected at approximately the same rates 
[31–33]. In spite of it, a meta-analysis population-based study reported a male predominance 
of H. pylori-related diseases in adults but not in children [34].

The infection probably occurs in the childhood, and children are often infected by a strain 
with a genetic fingerprint identical to that of their parents [35]. Besides, local prevalence of 
H. pylori within a country also should be considered, and there are estimates that infection is 
more common in rural developing areas than in urban developed ones [36].

Moreover, differences by ethnic and racial groups are evident [31, 32, 37]. In addition, the 
main risk factors of H. pylori infection, especially if present during childhood, have been 
associated with socioeconomic status. Malaty and Graham [38] demonstrated that there is 
probably an inverse correlation between prevalence and socioeconomic status. It has also 
been reported that overcrowding, such as living in a crowded environment, sibship size, 
number of persons or children in the home, number of persons per room, crowding index, 
and living in an institutionalized population, is a situation consistently related to H. pylori 
positivity [39–42].

Finally, it is important to consider that the pathogenetic role of H. pylori in gastroduodenal 
pathologies has been elucidated and confirmed in the past 30 years [43] redirecting the scien-
tific and medical understanding of great part of gastrointestinal diseases. The development 
of effective therapies against H. pylori infection has progressed, and its successful eradication 
leads to healing of chronic active gastritis and reverses inflammation of the mucosa. In spite of 
it, the challenge nowadays is gastric cancer and the understanding of gastric carcinogenesis, 
almost always associated with H. pylori long-term infection [44].

3. Transmission pathways

Although the natural niche for H. pylori is the human stomach, some questions about other 
possible reservoirs for bacterium have been appearing in the last years. Nevertheless, most 
part of the questions about the transmission of H. pylori remains unclear, and, because of it, 
the possible modes of transmission are still unknown. Consequently, the routes of transmis-
sion of H. pylori are supposed to occur via an array of different pathways.
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[19, 20]. It is believed that the immune response during infection plays an important role in 
the pathogenesis. H. pylori successfully establishes a chronic infection by achieving a delicate 
balance between inducing immune response and surviving in the inflammatory milieu by 
using an array of important virulence factors [15].

H. pylori presents important virulence factors which are essential both for bacterium coloniza-
tion and maintenance in the human stomach (such as urease and flagella) and for the inter-
action with the gastric epithelial cells, the bacterial adhesins (blood group antigen-binding 
adhesion (BabA), sialic acid-binding adhesion (SabA), AlpA and AlpB, HopZ, and OipA). 
Besides, virulence factors involved in gastric inflammation are important for the develop-
ment of chronic infection and clinical symptoms of gastrointestinal diseases (the principal are 
cytotoxin-associated gene-pathogenicity island (cagPAI), vacuolating cytotoxin A (VacA), and 
duodenal ulcer promoting gene (dupA)).

2. Epidemiology of H. pylori infection

The H. pylori infection has emerged as one of the most common chronic bacterial infections 
worldwide and affects more than half of the world’s population, with clinical signs of infec-
tion only manifesting in <20% of these individuals [21].

H. pylori is thought to be indigenous to the human population and is well adapted to existing 
in the human stomach for the lifetime of its host [22] unless eradication using appropriate 
chemotherapeutic agents is successful. Lifelong colonization seems to be due to the ability 
of some strains of H. pylori to both adapt to the host’s immunological responses and to also 
withstand the constantly changing gastric environment [23].

The rate of H. pylori infection differs among groups as well as within the population. Strains 
from different geographical areas exhibit phylogeographic features [24–26]. The genomic 
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patters of H. pylori have been shown to be extremely diverse, and gastric mucosa may be 
colonized by strains with small differences in the genomic patterns suggesting subtype varia-
tion [27].

The prevalence of H. pylori infection varies widely by geographic area, age, race, and 
socioeconomic status. While the infection is on a fast decline in the most of the Western 
countries, mainly due to the success of therapeutic regimens and improved personal and 
community hygiene that prevents reinfection, in developing countries, the prevalence rates 
can reach 90% and is higher among individuals belonging to low socioeconomic status 
group [28, 29]. It occurs especially due to failure of treatment and emergence of drug resis-
tance [25, 30].

Most studies suggest that males and females are infected at approximately the same rates 
[31–33]. In spite of it, a meta-analysis population-based study reported a male predominance 
of H. pylori-related diseases in adults but not in children [34].

The infection probably occurs in the childhood, and children are often infected by a strain 
with a genetic fingerprint identical to that of their parents [35]. Besides, local prevalence of 
H. pylori within a country also should be considered, and there are estimates that infection is 
more common in rural developing areas than in urban developed ones [36].

Moreover, differences by ethnic and racial groups are evident [31, 32, 37]. In addition, the 
main risk factors of H. pylori infection, especially if present during childhood, have been 
associated with socioeconomic status. Malaty and Graham [38] demonstrated that there is 
probably an inverse correlation between prevalence and socioeconomic status. It has also 
been reported that overcrowding, such as living in a crowded environment, sibship size, 
number of persons or children in the home, number of persons per room, crowding index, 
and living in an institutionalized population, is a situation consistently related to H. pylori 
positivity [39–42].

Finally, it is important to consider that the pathogenetic role of H. pylori in gastroduodenal 
pathologies has been elucidated and confirmed in the past 30 years [43] redirecting the scien-
tific and medical understanding of great part of gastrointestinal diseases. The development 
of effective therapies against H. pylori infection has progressed, and its successful eradication 
leads to healing of chronic active gastritis and reverses inflammation of the mucosa. In spite of 
it, the challenge nowadays is gastric cancer and the understanding of gastric carcinogenesis, 
almost always associated with H. pylori long-term infection [44].

3. Transmission pathways

Although the natural niche for H. pylori is the human stomach, some questions about other 
possible reservoirs for bacterium have been appearing in the last years. Nevertheless, most 
part of the questions about the transmission of H. pylori remains unclear, and, because of it, 
the possible modes of transmission are still unknown. Consequently, the routes of transmis-
sion of H. pylori are supposed to occur via an array of different pathways.
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Some important studies have reported and highlighted the importance of H. pylori biofilms, 
the presence of coccoid forms within the biofilm, and resistance, providing insight into the 
prevalence of coccoid forms in the gastric mucosa. These reports are very important because 
these can bring a better understanding about the mechanisms behind recalcitrant coccoid 
states and how they can phenotypically shift into more virulent spiral forms [21, 45–47].

The infection is typically acquired in early childhood and once established commonly persists 
throughout life unless treated. Person-to-person transmission within the family appears to 
be the predominant mode of transmission, particularly from mothers to children and among 
siblings, indicating that intimate contact is important [29, 48–50]. The route of transmission is 
uncertain, but the gastro-oral, oral-oral, and fecal-oral routes are likely possibilities.

The community and environment may play additional roles for H. pylori transmission in some 
settings. Molecular analyses show that the microorganism is also present in various aquatic 
environments suggesting that human-fecal-contaminated water sources could be a plausible 
reservoir of the pathogen. The persistence of the environment virulent H. pylori strain in a 
clustered state, such as the biofilm, suggests a long-term survival of the bacterial commu-
nity outside the host, enabling bacterial transmission with important clinical repercussions 
[21, 46]. In addition, zoonotic transmission by houseflies [51–53] and some domestic animals 
such as dogs, cats, and sheep [54–56], as well as iatrogenic transmission [57, 58], have been 
proposed. Besides, there can be factors both from host and bacterium which may modify the 
acquisition and persistence of H. pylori infection.

Another possibility of H. pylori transmission which has been extensively reported is the water. 
The contamination of drinking water by human feces has been suggested as one of the possible 
routes of H. pylori transmission, and it has been demonstrated that the microorganism is present 
in the so-called viable but nonculturable state in this unsuitable environment, meaning that their 
role in fecal-oral transmission via contaminated water sources cannot be disregarded [47, 59]. 
The first evidences of water transmission route were obtained in studies developed in some Latin 
American countries—Peru, Colombia, Chile, and Venezuela—and since then H. pylori has been 
detected in several water sources, including lakes, rivers, tap water, well water, irrigation water, 
and sea water, and also in water distribution systems. Consequently, it can be hypothesized that 
drinking water could be the pathway for returning to humans [14]. Consequently, it can be sug-
gested that water can serve as an intermediate source in the fecal-oral transmission of H. pylori, 
acting as a reservoir in which this pathogen can survive for long periods.

4. H. pylori eradication therapies

The principal cases in which H. pylori have to be eradicated have been discussed in several 
guidelines worldwide, also considering that this microorganism is sensitive to only a few 
medications, and their widespread use in other kind of infections has led to a reduction in 
their effectiveness against the bacterium.

The infection is typically treated with combinations of two to three antibiotics along with a 
proton pump inhibitor (PPI), taken concomitantly or sequentially for periods ranging from 3 
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to 14 days. In spite of it, there is no treatment regimen which guarantees cure of H. pylori infec-
tion in 100% of patients. Individuals should be asked about any previous antibiotic uses, infor-
mation that has to be taken into consideration when choosing an H. pylori treatment regimen.

Clarithromycin triple therapy consisting of a PPI, clarithromycin, and amoxicillin or metronida-
zole for 14 days remains a recommended treatment option in regions where H. pylori clarithromy-
cin resistance is known to be <15% and in patients with no previous history of macrolide exposure 
for any reason. Bismuth quadruple therapy consisting of a PPI, bismuth, tetracycline, and a 
nitroimidazole for 10–14 days is a recommended first-line treatment option. Concomitant therapy 
consisting of a PPI, clarithromycin, amoxicillin, and nitroimidazole for 10–14 days is a recom-
mended first-line treatment option. Levofloxacin triple therapy consisting of a PPI, levofloxacin, 
and amoxicillin for 10–14 days is a suggested first-line treatment option. Finally, fluoroquinolone 
sequential therapy consisting of a PPI and amoxicillin for 5–7 days followed by a PPI, fluoroqui-
nolone, and nitroimidazole for 5–7 days is a suggested first-line treatment option [60–62].

This book comprehends important chapters that will certainly clarify the understanding of 
this microorganism infection, which affects half of the world population, despite promoting 
clinical symptoms and disease in only a small part of the infected individuals.
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Some important studies have reported and highlighted the importance of H. pylori biofilms, 
the presence of coccoid forms within the biofilm, and resistance, providing insight into the 
prevalence of coccoid forms in the gastric mucosa. These reports are very important because 
these can bring a better understanding about the mechanisms behind recalcitrant coccoid 
states and how they can phenotypically shift into more virulent spiral forms [21, 45–47].

The infection is typically acquired in early childhood and once established commonly persists 
throughout life unless treated. Person-to-person transmission within the family appears to 
be the predominant mode of transmission, particularly from mothers to children and among 
siblings, indicating that intimate contact is important [29, 48–50]. The route of transmission is 
uncertain, but the gastro-oral, oral-oral, and fecal-oral routes are likely possibilities.

The community and environment may play additional roles for H. pylori transmission in some 
settings. Molecular analyses show that the microorganism is also present in various aquatic 
environments suggesting that human-fecal-contaminated water sources could be a plausible 
reservoir of the pathogen. The persistence of the environment virulent H. pylori strain in a 
clustered state, such as the biofilm, suggests a long-term survival of the bacterial commu-
nity outside the host, enabling bacterial transmission with important clinical repercussions 
[21, 46]. In addition, zoonotic transmission by houseflies [51–53] and some domestic animals 
such as dogs, cats, and sheep [54–56], as well as iatrogenic transmission [57, 58], have been 
proposed. Besides, there can be factors both from host and bacterium which may modify the 
acquisition and persistence of H. pylori infection.

Another possibility of H. pylori transmission which has been extensively reported is the water. 
The contamination of drinking water by human feces has been suggested as one of the possible 
routes of H. pylori transmission, and it has been demonstrated that the microorganism is present 
in the so-called viable but nonculturable state in this unsuitable environment, meaning that their 
role in fecal-oral transmission via contaminated water sources cannot be disregarded [47, 59]. 
The first evidences of water transmission route were obtained in studies developed in some Latin 
American countries—Peru, Colombia, Chile, and Venezuela—and since then H. pylori has been 
detected in several water sources, including lakes, rivers, tap water, well water, irrigation water, 
and sea water, and also in water distribution systems. Consequently, it can be hypothesized that 
drinking water could be the pathway for returning to humans [14]. Consequently, it can be sug-
gested that water can serve as an intermediate source in the fecal-oral transmission of H. pylori, 
acting as a reservoir in which this pathogen can survive for long periods.

4. H. pylori eradication therapies

The principal cases in which H. pylori have to be eradicated have been discussed in several 
guidelines worldwide, also considering that this microorganism is sensitive to only a few 
medications, and their widespread use in other kind of infections has led to a reduction in 
their effectiveness against the bacterium.

The infection is typically treated with combinations of two to three antibiotics along with a 
proton pump inhibitor (PPI), taken concomitantly or sequentially for periods ranging from 3 
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to 14 days. In spite of it, there is no treatment regimen which guarantees cure of H. pylori infec-
tion in 100% of patients. Individuals should be asked about any previous antibiotic uses, infor-
mation that has to be taken into consideration when choosing an H. pylori treatment regimen.

Clarithromycin triple therapy consisting of a PPI, clarithromycin, and amoxicillin or metronida-
zole for 14 days remains a recommended treatment option in regions where H. pylori clarithromy-
cin resistance is known to be <15% and in patients with no previous history of macrolide exposure 
for any reason. Bismuth quadruple therapy consisting of a PPI, bismuth, tetracycline, and a 
nitroimidazole for 10–14 days is a recommended first-line treatment option. Concomitant therapy 
consisting of a PPI, clarithromycin, amoxicillin, and nitroimidazole for 10–14 days is a recom-
mended first-line treatment option. Levofloxacin triple therapy consisting of a PPI, levofloxacin, 
and amoxicillin for 10–14 days is a suggested first-line treatment option. Finally, fluoroquinolone 
sequential therapy consisting of a PPI and amoxicillin for 5–7 days followed by a PPI, fluoroqui-
nolone, and nitroimidazole for 5–7 days is a suggested first-line treatment option [60–62].

This book comprehends important chapters that will certainly clarify the understanding of 
this microorganism infection, which affects half of the world population, despite promoting 
clinical symptoms and disease in only a small part of the infected individuals.
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Epsilonproteobacteria is a large group of Gram-negative curved or spiral microaero-
philic rods, of which many are difficult to culture. Because this group of bacteria is 
not very well investigated, our knowledge about them is limited, and a great amount 
of research is still needed. At least two species are well-established human pathogens: 
Campylobacter jejuni/coli causing gastroenteritis and Helicobacter pylori causing gastric 
and extra-gastric manifestations. It is well accepted that H. pylori causes a chronic inflam-
mation in the stomach and thereby causes H. pylori-associated gastritis, which may or 
may not be symptomatic. The association between H. pylori and peptic ulcers, MALT 
lymphomas, gastric cancer, idiopathic thrombocytopenic purpura, and unexplained 
iron-deficiency anemia (IDA) is strongly evidence based. On the other hand, pernicious 
(vitamin B12 deficiency) anemia, neuromyelitis optica, asthma, and Graves’ disease are 
less evidence based. H. pylori may also be associated with cardiovascular disease, pan-
creatitis, pancreatic cancer, obesity, diabetes mellitus type 2, Parkinson’s disease, liver 
diseases, and preeclampsia. H. pylori is thus involved in many gastric and extra-gastric 
manifestations either directly or indirectly by several proposed mechanisms including 
antigenic mimicry.
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1. Introduction

Epsilonproteobacteria is a large group of Gram-negative curved or spiral rods which include the 
genera Campylobacter spp., Helicobacter spp., Arcobacter spp., and Wolinella spp. (Table 1) [1]. The 
bacteria have microaerobic or anaerobic growth requirements, and many of these are difficult 
to culture from clinical samples [2]. Recent studies with identification of Epsilonproteobacteria 
by PCR have shown that these bacteria cause infections in humans more commonly than 
previously thought [3, 4]. The most well-known species are Campylobacter jejuni/coli causing 
gastroenteritis [2] and Helicobacter pylori causing gastric and extra-gastric manifestations [5].

This chapter will focus on Helicobacter spp. and mainly on H. pylori. Helicobacter spp. can be 
divided into three groups: (1) gastric Helicobacter spp., (2) intestinal Helicobacter spp., and (3) 
hepatobiliary Helicobacter spp. [6]. The knowledge about intestinal Helicobacter spp. in human 
diseases is very limited mainly because they are very difficult to culture. In contrast to the 
intestinal and hepatobiliary Helicobacter spp., the gastric Helicobacter spp. produce a great 
amount of urease, which is important for its survival in the stomach by neutralizing acid, 
thereby creating a neutral microenvironment [7]. Urease is also crucial for the bacteria’s sur-
vival through antigenic shedding where urease captures human antibodies [8]. The human 
gastric Helicobacter sp., H. pylori, is the most intensively investigated Helicobacter sp., but gas-
tric Helicobacter spp. from animals (Helicobacter heilmannii, Helicobacter bizzozeronii, Helicobacter 
suis, etc.) have also been found in the human stomach [9]. These bacteria colonize the stom-
ach in very different ways. H. pylori colonizes the antrum part of the stomach on the surface 
between epithelial cells and can actively move down between the epithelial cells [10]. On the 
other hand, Helicobacter sp. from animals colonizes the parietal cell glands in the corpus/fun-
dus part of the stomach which may contribute to other manifestations than those caused by 
H. pylori [11]. Usually, a stronger cellular immune response is seen in H. pylori in comparison 
to the animal-associated Helicobacter spp. [11].

Genus Species

Arcobacter anaerophilus, aquimarinus, bivalviorum, butzleri, cibarius, cloacae, cryaerophilus, defluvii, ebronensis, 
ellisii, haliotis, halophilus, lanthieri, lekithochrous, marinus, molluscorum, mythili, nitrofigilis, 
pacificus, suis, thereius, trophiarum, venerupis

Campylobacter avium, canadensis, coli, concisus, corcagiensis, cuniculorum, curvus, fetus subsp. fetus, fetus 
subsp. testudinum, fetus subsp. venerealis, geochelonis, helveticus, hepaticus, hominis, hyoilei, 
hyointestinalis subsp. hyointestinalis, hyointestinalis subsp. lawsonii, iguanorium, insulaenigrae, 
jejuni subsp. doylei, jejuni subsp. jejuni, lanienae, lari subsp. concheus, lari subsp. lari, mucosalis, 
ornithocola, pyloridis, pinnipediorum, pinnipediorum subsp. caledonicus, pinnipediorum subsp. 
pinnipediorum, rectus, showae, sputorum, subantarcticus, upsaliensis, ureolyticus, volucris

Helicobacter acinonychis, ailurogastricus, anseris, apri, aurati, baculiformis, bilis, bizzozeronii, brantae, 
canadensis, canicola, canis, cetorum, cholecystus, cinaedi, cynogastricus, equorum, felis, fennelliae, 
ganmani, heilmannii, hepaticus, himalayensis, jaachi, japonicus, macacae, marmotae, mastomyrinus, 
mesocricetorum, muridarum, mustelae, pamatensis, pullorum, pylori, rodentium, salomonis, saguini, 
suis, trogontum, typhlonius, valdiviensis

Wolinella succinogenes

Table 1. The species belonging to the four largest groups of Epsilonproteobacteria [102].
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H. pylori may either cause direct or indirect damage to the stomach: direct damage where  
H. pylori infections disintegrate gastric mucosa and cause apoptosis through cytotoxin-
associated gene A (CagA) and vacuolating toxin (VacA) or indirect damage where H. pylori 
induces a strong and chronic immune response by activating B and T lymphocytes, macro-
phages, neutrophilic lymphocytes, and probably also eosinophil leukocytes. T cell-activated 
B lymphocytes, regulatory T cells (Treg), and T helper 17 cells (Th17) are some of the B and 
T lymphocytes that are important in H. pylori infections. T cell-activated B lymphocytes are 
responsible for a strong humoral immune response primarily toward H. pylori urease, flagella, 
CagA, and VacA. These activated B and T lymphocytes release a large range of cytokines of 
which IL1-β, TNF-α, INF-γ, IL6, IL-8, IL-10, IL-17, and cyclooxygenase-2 (COX-2) are the most 
important cytokines in severe H. pylori infections [12, 13].

Many microorganisms can cause autoimmune diseases. The mechanisms involved include 
molecular mimicry (when bacterial antigens cross-react with human tissue), epitope spread-
ing, bystander effect, microbial superantigens, immune complex formation, MHC class 
II expression on nonimmune cells, and high levels of pro-inflammatory cytokines [14–17].  
H. pylori has been implicated in both organ-specific and non-organ-specific autoimmune 
diseases and has been investigated sporadically or systematically in 95 autoimmune-related 
diseases [18]. Many mechanisms underlying the antigenic mimicry between H. pylori and the 
host have been proposed. Efforts have been made to identify homologous sequences between 
H. pylori and host polypeptides. H+/K + −adenosine triphosphatase, Lewis antigens, and lipo-
polysaccharide seem to be autoantigens in autoimmune gastritis. Glycoproteins and Lewis 
antigens may be autoantigens directed against platelets in idiopathic thrombocytopenic pur-
pura (ITP). Lewis antigens, heat shock protein 60 (HSP60), and 160/180 kDa antigens appear to 
be autoantigens to the endothelium, while alpha-carbon anhydrase and plasminogen-binding 
proteins could to be autoantigens in the pancreas [13].

All in all, H. pylori can cause both gastric and extra-gastric diseases through a complex mecha-
nism involving both host and bacterial factors.

2. Gastritis and peptic ulcer

Whenever H. pylori is found in the human stomach, there is never just a simple colonization. 
Instead, there is always a cellular and humoral immune response confirming that H. pylori 
causes infection [10, 19, 20]. Thus, patients with gastritis and H. pylori have H. pylori-related 
gastritis. However, if there is no H. pylori infection, patients may have functional gastritis but 
no inflammation. H. pylori-related gastritis may benefit from antibiotic treatment, whereas 
there is no indication for antibiotic treatment for functional gastritis [21].

Peptic ulcers occur in about 10% of patients infected with H. pylori where most (80%) are duo-
denal ulcers [19]. More than 90% of duodenal ulcers are caused by H. pylori [19]. The patho-
genesis of these ulcers is not clear, but they often occur in the part of the duodenum where the 
flow from the stomach content is the highest. Duodenal ulcers may be caused by a combina-
tion of physical, physiological, and immunologic effects as well as H. pylori. Patients with 
duodenal ulcers almost always benefit from antibiotic treatment. More than 60% of gastric 

Clinical Manifestations of the Epsilonproteobacteria (Helicobacter pylori)
http://dx.doi.org/10.5772/intechopen.80331

15Helicobacter Pylori - New Approaches of an Old Human Microorganism



1. Introduction

Epsilonproteobacteria is a large group of Gram-negative curved or spiral rods which include the 
genera Campylobacter spp., Helicobacter spp., Arcobacter spp., and Wolinella spp. (Table 1) [1]. The 
bacteria have microaerobic or anaerobic growth requirements, and many of these are difficult 
to culture from clinical samples [2]. Recent studies with identification of Epsilonproteobacteria 
by PCR have shown that these bacteria cause infections in humans more commonly than 
previously thought [3, 4]. The most well-known species are Campylobacter jejuni/coli causing 
gastroenteritis [2] and Helicobacter pylori causing gastric and extra-gastric manifestations [5].

This chapter will focus on Helicobacter spp. and mainly on H. pylori. Helicobacter spp. can be 
divided into three groups: (1) gastric Helicobacter spp., (2) intestinal Helicobacter spp., and (3) 
hepatobiliary Helicobacter spp. [6]. The knowledge about intestinal Helicobacter spp. in human 
diseases is very limited mainly because they are very difficult to culture. In contrast to the 
intestinal and hepatobiliary Helicobacter spp., the gastric Helicobacter spp. produce a great 
amount of urease, which is important for its survival in the stomach by neutralizing acid, 
thereby creating a neutral microenvironment [7]. Urease is also crucial for the bacteria’s sur-
vival through antigenic shedding where urease captures human antibodies [8]. The human 
gastric Helicobacter sp., H. pylori, is the most intensively investigated Helicobacter sp., but gas-
tric Helicobacter spp. from animals (Helicobacter heilmannii, Helicobacter bizzozeronii, Helicobacter 
suis, etc.) have also been found in the human stomach [9]. These bacteria colonize the stom-
ach in very different ways. H. pylori colonizes the antrum part of the stomach on the surface 
between epithelial cells and can actively move down between the epithelial cells [10]. On the 
other hand, Helicobacter sp. from animals colonizes the parietal cell glands in the corpus/fun-
dus part of the stomach which may contribute to other manifestations than those caused by 
H. pylori [11]. Usually, a stronger cellular immune response is seen in H. pylori in comparison 
to the animal-associated Helicobacter spp. [11].

Genus Species

Arcobacter anaerophilus, aquimarinus, bivalviorum, butzleri, cibarius, cloacae, cryaerophilus, defluvii, ebronensis, 
ellisii, haliotis, halophilus, lanthieri, lekithochrous, marinus, molluscorum, mythili, nitrofigilis, 
pacificus, suis, thereius, trophiarum, venerupis

Campylobacter avium, canadensis, coli, concisus, corcagiensis, cuniculorum, curvus, fetus subsp. fetus, fetus 
subsp. testudinum, fetus subsp. venerealis, geochelonis, helveticus, hepaticus, hominis, hyoilei, 
hyointestinalis subsp. hyointestinalis, hyointestinalis subsp. lawsonii, iguanorium, insulaenigrae, 
jejuni subsp. doylei, jejuni subsp. jejuni, lanienae, lari subsp. concheus, lari subsp. lari, mucosalis, 
ornithocola, pyloridis, pinnipediorum, pinnipediorum subsp. caledonicus, pinnipediorum subsp. 
pinnipediorum, rectus, showae, sputorum, subantarcticus, upsaliensis, ureolyticus, volucris

Helicobacter acinonychis, ailurogastricus, anseris, apri, aurati, baculiformis, bilis, bizzozeronii, brantae, 
canadensis, canicola, canis, cetorum, cholecystus, cinaedi, cynogastricus, equorum, felis, fennelliae, 
ganmani, heilmannii, hepaticus, himalayensis, jaachi, japonicus, macacae, marmotae, mastomyrinus, 
mesocricetorum, muridarum, mustelae, pamatensis, pullorum, pylori, rodentium, salomonis, saguini, 
suis, trogontum, typhlonius, valdiviensis

Wolinella succinogenes

Table 1. The species belonging to the four largest groups of Epsilonproteobacteria [102].

Helicobacter Pylori - New Approaches of an Old Human Microorganism14

H. pylori may either cause direct or indirect damage to the stomach: direct damage where  
H. pylori infections disintegrate gastric mucosa and cause apoptosis through cytotoxin-
associated gene A (CagA) and vacuolating toxin (VacA) or indirect damage where H. pylori 
induces a strong and chronic immune response by activating B and T lymphocytes, macro-
phages, neutrophilic lymphocytes, and probably also eosinophil leukocytes. T cell-activated 
B lymphocytes, regulatory T cells (Treg), and T helper 17 cells (Th17) are some of the B and 
T lymphocytes that are important in H. pylori infections. T cell-activated B lymphocytes are 
responsible for a strong humoral immune response primarily toward H. pylori urease, flagella, 
CagA, and VacA. These activated B and T lymphocytes release a large range of cytokines of 
which IL1-β, TNF-α, INF-γ, IL6, IL-8, IL-10, IL-17, and cyclooxygenase-2 (COX-2) are the most 
important cytokines in severe H. pylori infections [12, 13].

Many microorganisms can cause autoimmune diseases. The mechanisms involved include 
molecular mimicry (when bacterial antigens cross-react with human tissue), epitope spread-
ing, bystander effect, microbial superantigens, immune complex formation, MHC class 
II expression on nonimmune cells, and high levels of pro-inflammatory cytokines [14–17].  
H. pylori has been implicated in both organ-specific and non-organ-specific autoimmune 
diseases and has been investigated sporadically or systematically in 95 autoimmune-related 
diseases [18]. Many mechanisms underlying the antigenic mimicry between H. pylori and the 
host have been proposed. Efforts have been made to identify homologous sequences between 
H. pylori and host polypeptides. H+/K + −adenosine triphosphatase, Lewis antigens, and lipo-
polysaccharide seem to be autoantigens in autoimmune gastritis. Glycoproteins and Lewis 
antigens may be autoantigens directed against platelets in idiopathic thrombocytopenic pur-
pura (ITP). Lewis antigens, heat shock protein 60 (HSP60), and 160/180 kDa antigens appear to 
be autoantigens to the endothelium, while alpha-carbon anhydrase and plasminogen-binding 
proteins could to be autoantigens in the pancreas [13].

All in all, H. pylori can cause both gastric and extra-gastric diseases through a complex mecha-
nism involving both host and bacterial factors.

2. Gastritis and peptic ulcer

Whenever H. pylori is found in the human stomach, there is never just a simple colonization. 
Instead, there is always a cellular and humoral immune response confirming that H. pylori 
causes infection [10, 19, 20]. Thus, patients with gastritis and H. pylori have H. pylori-related 
gastritis. However, if there is no H. pylori infection, patients may have functional gastritis but 
no inflammation. H. pylori-related gastritis may benefit from antibiotic treatment, whereas 
there is no indication for antibiotic treatment for functional gastritis [21].

Peptic ulcers occur in about 10% of patients infected with H. pylori where most (80%) are duo-
denal ulcers [19]. More than 90% of duodenal ulcers are caused by H. pylori [19]. The patho-
genesis of these ulcers is not clear, but they often occur in the part of the duodenum where the 
flow from the stomach content is the highest. Duodenal ulcers may be caused by a combina-
tion of physical, physiological, and immunologic effects as well as H. pylori. Patients with 
duodenal ulcers almost always benefit from antibiotic treatment. More than 60% of gastric 
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ulcers are caused by H. pylori, while the remaining 40% may be caused by different sources 
such as medication (NSAID, etc.) [21, 22]. Gastric ulcers are often found in the isthmus area of 
the stomach where the amount of blood flow of the stomach is the lowest. H. pylori stimulates 
the production of platelet-activating factor (PAF) which acts on angiogenesis by contracting 
blood vessels [23]. H. pylori has a direct damaging effect on the epithelium and interferes with 
the immune system in many ways [24]. However, the mechanisms are very complex, and the 
pathogenesis is still not completely understood.

3. Mucosa-associated lymphoid tissue (MALT) lymphomas

MALT lymphomas are a group of lymphomas which arise in the tissue normally devoid 
of lymphoid tissue, such as the stomach. These tissues accumulate lymphoid tissue during 
chronic antigenic stimulation such as chronic infections and autoimmune diseases. H. pylori 
causes about 80% of low-grade MALT lymphomas and 60% of high-grade MALT lymphomas 
[19]. Eradication of H. pylori stops the progression in most cases, and 60–80% of early-state 
low-grade MALT lymphomas will regress [25]. The mechanism by which H. pylori induces 
MALT lymphomas is unclear, and there is no evident correlation between MALT lymphomas 
and H. pylori virulence factors [26]. One theory is that the development of gastric MALT lym-
phomas in patients with H. pylori could be secondary to chronic antigenic stimulation of the 
immune system by the pathogen [27]. However, as in many other diseases, antigenic mimicry 
may also play a role [27]. Finally, it is possible that MALT lymphomas are correlated to non-
pylori Helicobacter spp. instead of H. pylori [28, 29].

4. Gastric cancer

H. pylori causes approximately 80% of all gastric cancer cases, and in 1994 H. pylori became cat-
egorized as a Group 1 carcinogen meaning that H. pylori is a definite carcinogen to humans [30].

The development of gastric cancer is a complex process that depends on H. pylori virulence 
factors, host mucosa properties, immunological reactions to infections, as well as environmen-
tal factors in the stomach. In H. pylori, virulence factors like CagA and VacA have been sug-
gested to influence cancer development. CagA gene and the type IV secretion system (T4SS) 
are encoded by a 40-kb DNA fragment called cag pathogenicity island (cagPAI) [19, 31]. CagA 
protein infects host gastric epithelial cells via the T4SS, where it is tyrosine-phosphorylated 
by host kinases at specific glutamate-proline-isoleucine-tyrosine-alanine (EPIYA) motifs [31, 
32]. CagA thereafter interferes with different host cell-signaling pathways causing changes in 
cell growth, polarity, and motility, thereby increasing the risk for gastric cancer [19, 32]. VacA 
toxin affects gastric epithelial cells in a similar manner by affecting the host’s inflammatory 
response as well as cellular apoptosis among other ways [19]. Other host factors could be 
high-salt diets and iron deficiency, which have been proven to increase the risk for gastric 
cancer [33, 34].
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If H. pylori is treated in the early premalignant stages (atrophic gastritis), further cancer 
development can be prevented [35]. If intestinal metaplasia has developed, it is believed that 
antibiotic treatment has no effect [21]. As with gastritis and peptic ulcers, the relationship 
between H. pylori and gastric cancer has many loose ends that need to be explained before we 
can completely understand the process.

5. Idiopathic thrombocytopenic purpura (ITP)

Idiopathic thrombocytopenic purpura or immune thrombocytopenic purpura (ITP) is an 
acquired autoimmune disease resulting in the destruction of antibody-covered platelets and 
decreased platelet production. This results in an increased risk for bruising and bleeding. ITP 
is defined as a platelet count <100 × 109 /L, may be either primary or secondary, and is classi-
fied as acute, persistent, or chronic [36].

The mechanism that leads to ITP in H. pylori-infected patients is not entirely established. It 
is proposed that molecular mimicry may be involved [13]. Cross-reactivity between plate-
let-associated immunoglobulin G and CagA has been found, which suggests that mimicry 
through CagA may play a role in the development of ITP [37].

It is well established that H. pylori screening may be warranted in patients with ITP. A system-
atic review from 2009 with 696 evaluable patients found that in patients with H. pylori infec-
tion, eradication of the bacteria led to a complete treatment response in 43% of the patients and 
an overall response (platelet count ≥30 × 109/L and at least a doubling of initial platelet count) 
of 50%. The treatment tended to be more effective in milder forms of thrombocytopenia. The 
authors found that the predictors of treatment response were quite heterogeneous from study 
to study. Shorter duration of ITP was consistently found, and response rates tended to be 
higher in countries with a higher prevalence of H. pylori [38]. In the highly H. pylori prevalent 
country of South Korea, a more recent prospective study with 26 patients with persistent or 
chronic ITP investigated the efficacy of H. pylori eradication as a first-line treatment in patients 
with moderate thrombocytopenia [39]. The study found an eradication rate of 80% and a 
maximal complete response rate of 65% [39].

The most recent ITP guidelines from the American Society of Hematology (ASH) recommend 
eradication therapy in adult ITP patients with H. pylori infection. They do not define which 
patients should be screened or at what point in the course of the illness patients should receive 
treatment [36]. ASH recommends against routine testing in children because of diverging 
results but rather argues for the consultation with a pediatric gastroenterologist beforehand. 
Since the publication of the ASH guidelines, a randomized-controlled trial (RCT) with 85 
ITP-affected children has been published. Twenty-two children were H. pylori infected, and 
they were randomized to receive either eradication therapy or no therapy. Complete response 
was achieved in 60% of the treated children compared to 18% of the children who were not 
treated. The authors suggested that H. pylori infection may play a bigger role in the pediatric 
ITP population than the earlier notions. It is also noted that 86% of the patients had CagA 

Clinical Manifestations of the Epsilonproteobacteria (Helicobacter pylori)
http://dx.doi.org/10.5772/intechopen.80331

17Helicobacter Pylori - New Approaches of an Old Human Microorganism



ulcers are caused by H. pylori, while the remaining 40% may be caused by different sources 
such as medication (NSAID, etc.) [21, 22]. Gastric ulcers are often found in the isthmus area of 
the stomach where the amount of blood flow of the stomach is the lowest. H. pylori stimulates 
the production of platelet-activating factor (PAF) which acts on angiogenesis by contracting 
blood vessels [23]. H. pylori has a direct damaging effect on the epithelium and interferes with 
the immune system in many ways [24]. However, the mechanisms are very complex, and the 
pathogenesis is still not completely understood.

3. Mucosa-associated lymphoid tissue (MALT) lymphomas

MALT lymphomas are a group of lymphomas which arise in the tissue normally devoid 
of lymphoid tissue, such as the stomach. These tissues accumulate lymphoid tissue during 
chronic antigenic stimulation such as chronic infections and autoimmune diseases. H. pylori 
causes about 80% of low-grade MALT lymphomas and 60% of high-grade MALT lymphomas 
[19]. Eradication of H. pylori stops the progression in most cases, and 60–80% of early-state 
low-grade MALT lymphomas will regress [25]. The mechanism by which H. pylori induces 
MALT lymphomas is unclear, and there is no evident correlation between MALT lymphomas 
and H. pylori virulence factors [26]. One theory is that the development of gastric MALT lym-
phomas in patients with H. pylori could be secondary to chronic antigenic stimulation of the 
immune system by the pathogen [27]. However, as in many other diseases, antigenic mimicry 
may also play a role [27]. Finally, it is possible that MALT lymphomas are correlated to non-
pylori Helicobacter spp. instead of H. pylori [28, 29].

4. Gastric cancer

H. pylori causes approximately 80% of all gastric cancer cases, and in 1994 H. pylori became cat-
egorized as a Group 1 carcinogen meaning that H. pylori is a definite carcinogen to humans [30].

The development of gastric cancer is a complex process that depends on H. pylori virulence 
factors, host mucosa properties, immunological reactions to infections, as well as environmen-
tal factors in the stomach. In H. pylori, virulence factors like CagA and VacA have been sug-
gested to influence cancer development. CagA gene and the type IV secretion system (T4SS) 
are encoded by a 40-kb DNA fragment called cag pathogenicity island (cagPAI) [19, 31]. CagA 
protein infects host gastric epithelial cells via the T4SS, where it is tyrosine-phosphorylated 
by host kinases at specific glutamate-proline-isoleucine-tyrosine-alanine (EPIYA) motifs [31, 
32]. CagA thereafter interferes with different host cell-signaling pathways causing changes in 
cell growth, polarity, and motility, thereby increasing the risk for gastric cancer [19, 32]. VacA 
toxin affects gastric epithelial cells in a similar manner by affecting the host’s inflammatory 
response as well as cellular apoptosis among other ways [19]. Other host factors could be 
high-salt diets and iron deficiency, which have been proven to increase the risk for gastric 
cancer [33, 34].
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If H. pylori is treated in the early premalignant stages (atrophic gastritis), further cancer 
development can be prevented [35]. If intestinal metaplasia has developed, it is believed that 
antibiotic treatment has no effect [21]. As with gastritis and peptic ulcers, the relationship 
between H. pylori and gastric cancer has many loose ends that need to be explained before we 
can completely understand the process.

5. Idiopathic thrombocytopenic purpura (ITP)

Idiopathic thrombocytopenic purpura or immune thrombocytopenic purpura (ITP) is an 
acquired autoimmune disease resulting in the destruction of antibody-covered platelets and 
decreased platelet production. This results in an increased risk for bruising and bleeding. ITP 
is defined as a platelet count <100 × 109 /L, may be either primary or secondary, and is classi-
fied as acute, persistent, or chronic [36].

The mechanism that leads to ITP in H. pylori-infected patients is not entirely established. It 
is proposed that molecular mimicry may be involved [13]. Cross-reactivity between plate-
let-associated immunoglobulin G and CagA has been found, which suggests that mimicry 
through CagA may play a role in the development of ITP [37].

It is well established that H. pylori screening may be warranted in patients with ITP. A system-
atic review from 2009 with 696 evaluable patients found that in patients with H. pylori infec-
tion, eradication of the bacteria led to a complete treatment response in 43% of the patients and 
an overall response (platelet count ≥30 × 109/L and at least a doubling of initial platelet count) 
of 50%. The treatment tended to be more effective in milder forms of thrombocytopenia. The 
authors found that the predictors of treatment response were quite heterogeneous from study 
to study. Shorter duration of ITP was consistently found, and response rates tended to be 
higher in countries with a higher prevalence of H. pylori [38]. In the highly H. pylori prevalent 
country of South Korea, a more recent prospective study with 26 patients with persistent or 
chronic ITP investigated the efficacy of H. pylori eradication as a first-line treatment in patients 
with moderate thrombocytopenia [39]. The study found an eradication rate of 80% and a 
maximal complete response rate of 65% [39].

The most recent ITP guidelines from the American Society of Hematology (ASH) recommend 
eradication therapy in adult ITP patients with H. pylori infection. They do not define which 
patients should be screened or at what point in the course of the illness patients should receive 
treatment [36]. ASH recommends against routine testing in children because of diverging 
results but rather argues for the consultation with a pediatric gastroenterologist beforehand. 
Since the publication of the ASH guidelines, a randomized-controlled trial (RCT) with 85 
ITP-affected children has been published. Twenty-two children were H. pylori infected, and 
they were randomized to receive either eradication therapy or no therapy. Complete response 
was achieved in 60% of the treated children compared to 18% of the children who were not 
treated. The authors suggested that H. pylori infection may play a bigger role in the pediatric 
ITP population than the earlier notions. It is also noted that 86% of the patients had CagA 
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antibodies and 82% harbored VacA antibodies [40]. The recently updated joint European 
Society for Pediatric Gastroenterology, Hepatology, and Nutrition/North American Society 
for Pediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN/NASPGHAN) guide-
lines recommend testing for H. pylori in children with chronic ITP [41].

6. Iron-deficiency anemia

H. pylori infection has also been linked to iron-deficiency anemia (IDA) [42–44]. Mechanisms 
that cause IDA may increase iron loss due to hemorrhagic gastritis, gastric cancer, peptic 
ulcers, iron utilization for bacterial growth, achlorhydria resulting in reduced iron uptake, 
and reduced secretion of ascorbic acid [45].

A meta-analysis comprising 15,183 patients from 20 studies found an association between H. 
pylori infection and IDA (odds ratio (OR) 2.22) [46]. They also found a greater effect of eradica-
tion therapy plus iron than iron supplements alone but with heterogeneous results. Adult 
IDA patients reacted more strongly to eradication than children and adolescents, and bismuth 
triple therapy seemed to be more effective than proton pump inhibitor (PPI) triple therapy. 
The authors do not recommend a population-based screening for H. pylori to prevent IDA [46].

On the other hand, Herschko et al. studied 160 patients with autoimmune gastritis, of whom 
83 presented with IDA [47]. When stratifying by age, they found a decreasing prevalence of 
coexistent H. pylori infection with increasing age: 88% at age <20 years, 47% at 20–40 years, 
38% at 41–60 years, and 13% at age >60 years. A possible explanation, which other authors 
also have mentioned, is that H. pylori demands an acidic environment to survive, which no 
longer exists in advanced atrophic anemia. This might suggest that H. pylori infection in auto-
immune gastritis may represent an early phase of the disease in which an infectious process is 
gradually replaced by an autoimmune disease terminating in a burned-out infection and the 
irreversible destruction of gastric mucosa. This might explain why younger patients with IDA 
have a high prevalence of H. pylori infection [47].

The British Society of Gastroenterology recommends noninvasive testing and antibiotic 
treatment for H. pylori in patients with IDA and normal esophagogastroduodenoscopy and 
colonoscopy [48]. The American College of Gastroenterology also recommends testing for H. 
pylori in patients with unexplained IDA [49]. The association between IDA and H. pylori infec-
tion in the pediatric population is less studied and with heterogeneous results. ESPGHAN/
NASPGHAN guidelines propose that in children with refractory IDA where there is an indi-
cation for upper endoscopy, it might be considered taking biopsies to test for H. pylori [41].

7. Vitamin B12 deficiency anemia

Vitamin B12 (cobalamin) deficiency is estimated to affect approximately 10–15% of the popula-
tion older than 60 years. There are several causes where pernicious anemia and food-cobala-
min malabsorption are the most common reasons. Cobalamin is obtained primarily from food 
through a complicated process where an acidic environment releases cobalamin from food 
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and thereafter binds to intrinsic factors secreted from parietal cells and finally is absorbed by 
specific receptors in the terminal ileum. Pernicious anemia is an autoimmune disorder con-
sisting of chronic atrophic gastritis, decreased acid secretion, and antibodies directed against 
parietal cells and/or intrinsic factors, thereby leading to decreased cobalamin absorption. 
H. pylori possibly stimulates these antibodies directed against parietal cells/intrinsic factors, 
thereby inducing pernicious anemia. In food-cobalamin malabsorption, there is an inability 
to absorb food-bound or protein-bound cobalamin in a person that normally can absorb free 
cobalamin. H. pylori infection predisposes to a more severe form of food-cobalamin malab-
sorption [50].

As mentioned above, it has been proposed that B12 deficiency can arise as the result of a late 
phase of H. pylori-induced atrophic gastritis [47]. This theory has been mentioned already in 
the early 1990s [51]. In a prospective case series with 138 patients with megaloblastic anemia 
and low cobalamin, it was found that 56% had H. pylori infection. Eradication therapy was 
successful in 40% of the infected patients, and the hematological parameters and B12 levels 
improved in all these patients without complementary cobalamin therapy [52].

The literature regarding the association between H. pylori and pernicious anemia shows more 
heterogeneous results than for ITP and IDA [52]. Therefore, treatment guidelines do not yet 
recommend screening for H. pylori in pernicious anemia. However, the Maastricht V/Florence 
Consensus Report does recommend that in all three of the abovementioned disorders H. pylori 
should be screened for and eradicated [21].

8. Cardiovascular disease

Studies indicate an association between H. pylori and cardiovascular disease (CVD) [53, 54]. 
However, the stratification of patient groups and methods are very heterogeneous which may 
be the reason for the very diverging results in the studies [53]. H. pylori seems to mostly be 
associated with coronary atherosclerosis [55, 56]. This is in accordance with an unpublished 
study where we found increased antibodies to H. pylori, but not to Chlamydophila pneumoniae 
and Cytomegalovirus in patients undergoing surgery for coronary atherosclerosis. H. pylori can 
survive in monocytes, and it might be speculated whether the bacteria could be transferred 
from the stomach to the coronary vessels. Here, H. pylori may stimulate PAF and other factors 
that may act on angiogenesis [23, 56]. H. pylori may also stimulate the atherogenesis through 
molecular mimicry or vitamin B12 and folate malabsorption [13, 53, 54]. In addition, H. pylori 
may change the lipid profile by increasing LDL levels and decreasing HDL levels as seen in 
many other infections, which leads to atherogenesis [53, 54, 57–59].

9. Pancreatitis and pancreatic cancer

Studies have shown a correlation between increased antibody levels to H. pylori in patients 
with pancreatitis and pancreatic cancer [60–63]. In an unpublished study, we showed that in 
more than 50% of patients with pancreatitis H. pylori was cultured from the antral part of the 
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antibodies and 82% harbored VacA antibodies [40]. The recently updated joint European 
Society for Pediatric Gastroenterology, Hepatology, and Nutrition/North American Society 
for Pediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN/NASPGHAN) guide-
lines recommend testing for H. pylori in children with chronic ITP [41].

6. Iron-deficiency anemia

H. pylori infection has also been linked to iron-deficiency anemia (IDA) [42–44]. Mechanisms 
that cause IDA may increase iron loss due to hemorrhagic gastritis, gastric cancer, peptic 
ulcers, iron utilization for bacterial growth, achlorhydria resulting in reduced iron uptake, 
and reduced secretion of ascorbic acid [45].

A meta-analysis comprising 15,183 patients from 20 studies found an association between H. 
pylori infection and IDA (odds ratio (OR) 2.22) [46]. They also found a greater effect of eradica-
tion therapy plus iron than iron supplements alone but with heterogeneous results. Adult 
IDA patients reacted more strongly to eradication than children and adolescents, and bismuth 
triple therapy seemed to be more effective than proton pump inhibitor (PPI) triple therapy. 
The authors do not recommend a population-based screening for H. pylori to prevent IDA [46].

On the other hand, Herschko et al. studied 160 patients with autoimmune gastritis, of whom 
83 presented with IDA [47]. When stratifying by age, they found a decreasing prevalence of 
coexistent H. pylori infection with increasing age: 88% at age <20 years, 47% at 20–40 years, 
38% at 41–60 years, and 13% at age >60 years. A possible explanation, which other authors 
also have mentioned, is that H. pylori demands an acidic environment to survive, which no 
longer exists in advanced atrophic anemia. This might suggest that H. pylori infection in auto-
immune gastritis may represent an early phase of the disease in which an infectious process is 
gradually replaced by an autoimmune disease terminating in a burned-out infection and the 
irreversible destruction of gastric mucosa. This might explain why younger patients with IDA 
have a high prevalence of H. pylori infection [47].

The British Society of Gastroenterology recommends noninvasive testing and antibiotic 
treatment for H. pylori in patients with IDA and normal esophagogastroduodenoscopy and 
colonoscopy [48]. The American College of Gastroenterology also recommends testing for H. 
pylori in patients with unexplained IDA [49]. The association between IDA and H. pylori infec-
tion in the pediatric population is less studied and with heterogeneous results. ESPGHAN/
NASPGHAN guidelines propose that in children with refractory IDA where there is an indi-
cation for upper endoscopy, it might be considered taking biopsies to test for H. pylori [41].

7. Vitamin B12 deficiency anemia

Vitamin B12 (cobalamin) deficiency is estimated to affect approximately 10–15% of the popula-
tion older than 60 years. There are several causes where pernicious anemia and food-cobala-
min malabsorption are the most common reasons. Cobalamin is obtained primarily from food 
through a complicated process where an acidic environment releases cobalamin from food 
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and thereafter binds to intrinsic factors secreted from parietal cells and finally is absorbed by 
specific receptors in the terminal ileum. Pernicious anemia is an autoimmune disorder con-
sisting of chronic atrophic gastritis, decreased acid secretion, and antibodies directed against 
parietal cells and/or intrinsic factors, thereby leading to decreased cobalamin absorption. 
H. pylori possibly stimulates these antibodies directed against parietal cells/intrinsic factors, 
thereby inducing pernicious anemia. In food-cobalamin malabsorption, there is an inability 
to absorb food-bound or protein-bound cobalamin in a person that normally can absorb free 
cobalamin. H. pylori infection predisposes to a more severe form of food-cobalamin malab-
sorption [50].

As mentioned above, it has been proposed that B12 deficiency can arise as the result of a late 
phase of H. pylori-induced atrophic gastritis [47]. This theory has been mentioned already in 
the early 1990s [51]. In a prospective case series with 138 patients with megaloblastic anemia 
and low cobalamin, it was found that 56% had H. pylori infection. Eradication therapy was 
successful in 40% of the infected patients, and the hematological parameters and B12 levels 
improved in all these patients without complementary cobalamin therapy [52].

The literature regarding the association between H. pylori and pernicious anemia shows more 
heterogeneous results than for ITP and IDA [52]. Therefore, treatment guidelines do not yet 
recommend screening for H. pylori in pernicious anemia. However, the Maastricht V/Florence 
Consensus Report does recommend that in all three of the abovementioned disorders H. pylori 
should be screened for and eradicated [21].

8. Cardiovascular disease

Studies indicate an association between H. pylori and cardiovascular disease (CVD) [53, 54]. 
However, the stratification of patient groups and methods are very heterogeneous which may 
be the reason for the very diverging results in the studies [53]. H. pylori seems to mostly be 
associated with coronary atherosclerosis [55, 56]. This is in accordance with an unpublished 
study where we found increased antibodies to H. pylori, but not to Chlamydophila pneumoniae 
and Cytomegalovirus in patients undergoing surgery for coronary atherosclerosis. H. pylori can 
survive in monocytes, and it might be speculated whether the bacteria could be transferred 
from the stomach to the coronary vessels. Here, H. pylori may stimulate PAF and other factors 
that may act on angiogenesis [23, 56]. H. pylori may also stimulate the atherogenesis through 
molecular mimicry or vitamin B12 and folate malabsorption [13, 53, 54]. In addition, H. pylori 
may change the lipid profile by increasing LDL levels and decreasing HDL levels as seen in 
many other infections, which leads to atherogenesis [53, 54, 57–59].

9. Pancreatitis and pancreatic cancer

Studies have shown a correlation between increased antibody levels to H. pylori in patients 
with pancreatitis and pancreatic cancer [60–63]. In an unpublished study, we showed that in 
more than 50% of patients with pancreatitis H. pylori was cultured from the antral part of the 
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stomach. The interaction leading to pancreatic cancer is unknown, but H. pylori infection in 
the antral part of the stomach decreases the production of somatostatin. This increases pan-
creatic bicarbonate and secretin which stimulates ductal epithelial cell proliferation [64]. In 
addition, studies indicate that H. pylori increases the risk of autoimmune pancreatitis through 
molecular mimicry and thereby increases the risk for pancreatic cancer [13, 60, 63–65]. These 
findings are of great interest and need further intensive research.

10. Obesity and diabetes mellitus type 2

Obesity is becoming a worldwide problem, and population studies have shown that in the 
same areas where the prevalence of H. pylori is decreasing, the prevalence of obesity is increas-
ing [21, 66]. An implication of obesity could be diabetes mellitus type 2. A possible mechanism 
in which H. pylori affects obesity and thereby also affects type 2 diabetes is persistent damage 
of gastric mucosa, e.g., chronic gastritis. This might affect ghrelin production, thereby chang-
ing food intake and increasing body weight [67, 68].

Ghrelin is a hormone mainly produced by endocrine cells in the gastrointestinal mucosa and 
is released to the surroundings. This molecule is important for stimulating food intake and 
weight gain [69]. The damages that H. pylori introduce on gastric mucosa reduce the number 
of ghrelin-producing cells and decrease plasma ghrelin concentrations significantly, thereby 
reducing the feeling of satiety which can lead to obesity [67, 68, 70].

Ghrelin also seems to play a role in fat metabolism and glucose homeostasis, which can lead 
to a cross-reaction between lipid and glucose metabolisms that may result in insulin resis-
tance [71]. However, one thing is clear, diabetes mellitus type 2 is a multifactorial disease, and 
H. pylori is only one of the many risk factors. H. pylori may also act on leptin or by activating 
cytokines that together can have an effect on insulin secretion [72, 73].

Although many studies have shown that there could be a correlation between H. pylori and 
obesity and diabetes mellitus type 2, other studies have shown that there are none and the 
correlation is still uncertain [66, 74].

11. Parkinson’s and Alzheimer’s diseases

Numerous studies indicate that H. pylori infection is associated with a more rapid devel-
opment of cognitive and functional deterioration. Furthermore, eradication of H. pylori 
could give an improved disease severity [75–78]. Also, a study by Weller et al. showed that 
the presence of CagA antibodies is associated with a poorer Parkinson’s prognosis [79]. 
It is proposed that H. pylori initiates the destruction of mitochondria and together with 
antigenic mimicry stimulates Parkinson’s disease [72]. Only few studies focus on H. pylori 
and Alzheimer’s disease, and they are too preliminary to show a causal or therapeutic 
association [72, 75].
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12. Neuromyelitis optica

Several studies have shown a correlation between H. pylori and neuromyelitis optica (NMO) 
[18]. NMO is a disease where antibodies attack aquaporin-4 on astrocytes in the central ner-
vous system [80]. There is a close relationship between H. pylori and antibodies to aquapo-
rin-4, and thus molecular mimicry could play a role [18].

13. Asthma

The prevalence of asthma is increasing in areas where the prevalence of H. pylori is decreasing 
[81]. Meta-analyses have found an inverse correlation between H. pylori and asthma, but the 
mechanism is unclear [72, 82, 83]. CagA-positive H. pylori strains especially have been found 
to have a greater inverse relationship with asthma than those without H. pylori [81]. The long-
established hygiene hypothesis, where a lack of exposure to infectious agents leads to an 
increased risk for allergens, has been proposed as one way in which an absence of H. pylori 
causes asthma [82]. Th2-mediated immune responses drive allergies, while Th1-mediated 
immune responses inhibit these reactions. H. pylori appears to stimulate Th1-mediated immune 
responses but inhibit Th2-mediated immune responses through neutrophil-activating protein 
(HP-NAP), thereby inhibiting asthma development [84]. Another possible mechanism of H. 
pylori is upregulation of Treg cells which can control Th2-mediated immune responses [82]. 
A mouse study by Arnold et al. proved that H. pylori infection protected mice against asthma 
and an upregulation of Treg cells was found in mice infected with H. pylori [85]. Thus, H. pylori 
could inhibit asthma in a multitude of ways.

14. Hepatobiliary diseases

Non-pylori Helicobacter species have been isolated from the liver of a variety of animals. H. 
hepaticus, H. bilis, and H. cholecystus are involved in the pathogenesis of chronic liver diseases 
and liver carcinomas [86–88]. H. pylori, H. hepaticus, H. bilis, and H. cholecystus have been 
detected in the human hepatobiliary tissue mainly by PCR [89–91]. Several studies have shown 
an increased prevalence of H. pylori in patients with hepatocellular carcinomas (HCC), liver 
encephalopathy (HE), liver fibrosis, cholangiocarcinoma (CCA), primary biliary cirrhosis 
(PBC), and primary sclerosing cholangitis [92]. Much interest has been linked to HCC and CCA 
which histologically is characterized as adenocarcinomas. The pathogenesis has been proposed 
to follow the same pattern as in stomach cancer: hyperplasia, metaplasia, dysplasia, and lastly 
cancer [92]. Inflammatory cytokines and chemokines may play an important role in the patho-
genesis. HE is a frequent complication to liver cirrhosis with a wide variety of neuropsychi-
atric symptoms, and high levels of ammonia play an important role in the pathogenesis [93].  
H. pylori produces urease which reacts to ammonium, which might explain a possible mechanism 
in HE development. Liver fibrosis, among other ways, may be caused by H. pylori stimulating 
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stomach. The interaction leading to pancreatic cancer is unknown, but H. pylori infection in 
the antral part of the stomach decreases the production of somatostatin. This increases pan-
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findings are of great interest and need further intensive research.
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same areas where the prevalence of H. pylori is decreasing, the prevalence of obesity is increas-
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of ghrelin-producing cells and decrease plasma ghrelin concentrations significantly, thereby 
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11. Parkinson’s and Alzheimer’s diseases

Numerous studies indicate that H. pylori infection is associated with a more rapid devel-
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and Alzheimer’s disease, and they are too preliminary to show a causal or therapeutic 
association [72, 75].
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12. Neuromyelitis optica

Several studies have shown a correlation between H. pylori and neuromyelitis optica (NMO) 
[18]. NMO is a disease where antibodies attack aquaporin-4 on astrocytes in the central ner-
vous system [80]. There is a close relationship between H. pylori and antibodies to aquapo-
rin-4, and thus molecular mimicry could play a role [18].
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established hygiene hypothesis, where a lack of exposure to infectious agents leads to an 
increased risk for allergens, has been proposed as one way in which an absence of H. pylori 
causes asthma [82]. Th2-mediated immune responses drive allergies, while Th1-mediated 
immune responses inhibit these reactions. H. pylori appears to stimulate Th1-mediated immune 
responses but inhibit Th2-mediated immune responses through neutrophil-activating protein 
(HP-NAP), thereby inhibiting asthma development [84]. Another possible mechanism of H. 
pylori is upregulation of Treg cells which can control Th2-mediated immune responses [82]. 
A mouse study by Arnold et al. proved that H. pylori infection protected mice against asthma 
and an upregulation of Treg cells was found in mice infected with H. pylori [85]. Thus, H. pylori 
could inhibit asthma in a multitude of ways.
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Non-pylori Helicobacter species have been isolated from the liver of a variety of animals. H. 
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and liver carcinomas [86–88]. H. pylori, H. hepaticus, H. bilis, and H. cholecystus have been 
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an increased prevalence of H. pylori in patients with hepatocellular carcinomas (HCC), liver 
encephalopathy (HE), liver fibrosis, cholangiocarcinoma (CCA), primary biliary cirrhosis 
(PBC), and primary sclerosing cholangitis [92]. Much interest has been linked to HCC and CCA 
which histologically is characterized as adenocarcinomas. The pathogenesis has been proposed 
to follow the same pattern as in stomach cancer: hyperplasia, metaplasia, dysplasia, and lastly 
cancer [92]. Inflammatory cytokines and chemokines may play an important role in the patho-
genesis. HE is a frequent complication to liver cirrhosis with a wide variety of neuropsychi-
atric symptoms, and high levels of ammonia play an important role in the pathogenesis [93].  
H. pylori produces urease which reacts to ammonium, which might explain a possible mechanism 
in HE development. Liver fibrosis, among other ways, may be caused by H. pylori stimulating 
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hepatocytes and results in accumulation of collagen, thereby causing fibrosis [63]. Some of the 
risk factors for these cancers are population genetics, geographical and environmental factors, 
cholelithiasis, obesity, chronic inflammation, and obstruction of the bile duct [92, 94].

15. Autoimmune thyroid diseases

Both Graves’ disease and Hashimoto’s thyroiditis are autoimmune diseases in the thyroid. 
Graves’ disease is characterized by hyperthyroidism and an enlarged gland, while Hashimoto’s 
thyroiditis is characterized by hypothyroidism and the destruction of thyroid tissue. There is 
an association between Graves’ disease and H. pylori, where CagA is most likely an impor-
tant virulence factor [95]. A study by Bassi et al. showed that 82% (43/52) of patients with 
Graves’ disease were positive for H. pylori, where 84% (36/43) of H. pylori-positive Graves’ 
disease patients were positive for CagA antigens. Also, a different study by Bertalot et al. 
showed a reduction in thyroid autoantibodies following H. pylori eradication [96]. Amino 
acid sequences of thyroid peroxidase and CagA are very similar, and cross-reactivity is a 
possible mechanism by which H. pylori increases the risk of developing Graves’ disease [18, 
95]. In addition, Graves’ disease is often found with other autoimmune diseases which may 
reflect the ability of H. pylori to induce multiple autoimmune diseases simultaneously [97]. 
However, the same cannot be said about Hashimoto’s thyroiditis where a significant associa-
tion between Hashimoto’s thyroiditis and H. pylori was not found by Bassi et al. [95].

16. Preeclampsia

The first study investigating the association between H. pylori infection and preeclampsia (PE) 
was conducted in Italy and published in 2006 [98]. It was found that 32% of women with a nor-
mal pregnancy harbored anti-H. pylori antibodies compared to 51% of preeclamptic women. 
The difference was even bigger when looking at the presence of anti-CagA antibodies: 15 vs. 
81% in women with a normal pregnancy vs. preeclamptic women. The authors concluded that 
the increased inflammatory activity in H. pylori-infected patients may contribute to the devel-
opment of PE, especially in CagA strains. Interestingly, no H. pylori DNA was present in the 
placentas that were studied, and therefore the inflammation is probably not locally induced.

A review from 2014 concluded that there is evidence indicating that H. pylori negatively influ-
ences human reproductivity, including PE [99]. This is probably due to both increased inflam-
matory activity and antigenic mimicry with CagA-positive strains appearing to be the most 
important culprits [99]. A recent meta-analysis of observational studies with 9787 women 
(879 preeclamptic) confirmed these theories, with an OR of 2.32 for anti-H. pylori antibodies in 
cases compared to controls and an OR of 3.97 for having anti-CagA antibodies in preeclamp-
tic patients [100]. A review on the topic of infections and the risk of PE mentions H. pylori as 
a possible cause of PE and recommends that screening (and treatment) of known infectious 
organisms causing PE should be included in antenatal programs [101]. However, as men-
tioned by Bellos et al., it is yet unknown if H. pylori predisposes to mild or severe PE, at which 
gestational age optimal screening should be conducted, and most importantly how effective 
eradiation is in terms of reducing the incidence and severity of PE [100].
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17. Discussion

H. pylori can induce many pathogenic reactions in infected individuals. There are mainly 
three different ways H. pylori acts. (1) The bacteria have several virulence factors (Cag PAI, 
Vac A, etc.) that can cause direct damage and apoptosis of epithelial cells in the stomach and 
can stimulate mast cells to liberate PAF which affects the angiogenesis in the stomach. This 
may be some of the main actions on gastric diseases such as peptic ulcers and gastric cancer 
(Figure 1). (2) There is a strong cellular and humoral immune response to H. pylori with the 
release of different cytokines and chemokines. Cytokines and chemokines subsequently react 
both in the stomach and in extra-gastric organs (Figure 2). In addition, several H. pylori anti-
gens are structurally like antigens of the human body and therefore may cause cross-reactions 
(antigenic mimicry) (Figure 3). All these pathogenic mechanisms of H. pylori may result in 
different diseases both in the stomach and in extra-gastric organs.

The role of H. pylori in relation to gastritis, peptic ulcers, MALT lymphomas, and gastric can-
cer is well known and established. However, there is confusion about the difference between 

Figure 1. The roles of the main virulence factors in pathogenesis of Helicobacter pylori infection [6]. Adherence of 
Helicobacter pylori to gastric epithelial cells is mediated by BabA and SabA binding Leb and Lewis x/a, respectively. 
CagA is translocated into epithelial cells through T4SS and then tyrosine-phosphorylated at EPIYA sites by Src and 
Abl kinases. CagA contributes to alteration of myriad signaling transduction, which affects host cell physiology with 
disruption of intercellular junctions, loss of cell polarity, promotion of inflammation, dysregulation of cellular apoptosis, 
and proliferation. VacA inducts cytoplasmic vacuolation, apoptosis, and immune suppression [6, 103].
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the increased inflammatory activity in H. pylori-infected patients may contribute to the devel-
opment of PE, especially in CagA strains. Interestingly, no H. pylori DNA was present in the 
placentas that were studied, and therefore the inflammation is probably not locally induced.

A review from 2014 concluded that there is evidence indicating that H. pylori negatively influ-
ences human reproductivity, including PE [99]. This is probably due to both increased inflam-
matory activity and antigenic mimicry with CagA-positive strains appearing to be the most 
important culprits [99]. A recent meta-analysis of observational studies with 9787 women 
(879 preeclamptic) confirmed these theories, with an OR of 2.32 for anti-H. pylori antibodies in 
cases compared to controls and an OR of 3.97 for having anti-CagA antibodies in preeclamp-
tic patients [100]. A review on the topic of infections and the risk of PE mentions H. pylori as 
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functional dyspepsia and H. pylori-induced gastritis even though H. pylori is always followed 
by a strong cellular and humoral immune response and fulfills the criteria for a true infection.

As with many other infections, H. pylori infection does not always cause symptoms. The 
evidence-based associations between H. pylori and ITP and unexplained IDA are less well 
known. Patients with these diseases should be tested for H. pylori. There are slightly weaker 
associations found between H. pylori and B12 deficiency anemia, neuromyelitis optica, and 
Graves’ disease, and patients with these diseases should also be tested for H. pylori [21].

Weaker associations between H. pylori and cardiovascular disease, pancreatic cancer, pancre-
atitis, obesity and type 2 diabetes, Parkinson’s disease, asthma, liver diseases, and preeclamp-
sia have been found. H. pylori possibly causes these diseases through antigenic mimicry, and 
affected patients should be considered for H. pylori testing.

In conclusion, a variety of diseases may be caused by H. pylori, and affected patients should 
be tested for H. pylori. However, further larger and more well-designed studies with better 
stratification of patients and better diagnostics of H. pylori are needed.

Figure 2. The inflammatory response in Helicobacter pylori infection. Immune cells are recruited to the lamina propria of 
the gastric epithelium by chemokines and cytokines (IL-8, MCP-1, GRO-α, IL-1β, TNF-α) produced by epithelial cells or 
directly by bacterial products including H. pylori neutrophil-activating protein, VacA, and urease. At the site of infection, 
the immune cells are activated and exert their effector functions, including the production of cytokines (IL-1β, TNF-
α, IL-6, IL-12, IFN-γ), chemokines (IL-8, MCP-1), proteolytic enzymes, oxide nitric (NO), and reactive oxygen species 
(ROS). PG, peptidoglycan; T4SS, type IV secretion system; IL, interleukin; TNF, tumor necrosis factor; MCP, macrophage 
chemotactic protein; GRO, growth-regulated oncogene [104].
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18. Conclusion

A variety of diseases are may be caused by H. pylori; some such as peptic ulcer and gastric 
cancer by a direct effect on the gastric epithelial cells cause cell damage and apoptosis. The 
complex immune response to H. pylori contributes to the pathogenesis such as mast cells 
liberating PAF which affect the angiogenesis in the stomach. The complex immune response 
to H. pylori is also involved in the pathogenesis of extra-gastric manifestations of H. pylori 
infection. In addition to the immune response to H. pylori, H. pylori also contains a lot 
of antigens which cross-react with human antigens (antigenic mimicry) that is responsible 
for many autoimmune diseases such as thrombocytopenia purpura, B12 deficiency anemia, 
neuromyelitis optica, Graves’ disease, etc. Thus, H. pylori causes or may cause a lot of well-
known and less well-investigated diseases, and these patients should be tested for H. pylori. 
However, many of these diseases are rather rare especially in children that need larger, and 
more well-designed multicenter studies with better stratification of patients and better diag-
nostics of H. pylori for prober studies are needed. In addition, little is known about the exact 
virulence and pathogenic mechanisms of H. pylori, and basic research in these diseases is 
urgently needed.

Figure 3. Hypothesis of autoimmune disorders due to molecular mimicry between Helicobacter pylori and the host 
components. Chronic exposure of the host immune system to Helicobacter pylori (H. pylori) components that have 
homologous sequences with the host cellular or soluble compounds may initiate the production of autoantibodies. 
However, how often the autoantibodies arising during H. pylori infection are involved in various post-infectious 
pathologies should be elucidated. The graph shows the examples of host targets for the antibodies induced by H. pylori 
components. GP, glycoproteins; HSP, heat shock protein; H+/K+ ATPase, H+/K + −adenosine triphosphatase; HLA, 
human leukocyte antigens; CCRL1, CC chemokine receptor-like 1; Le, Lewis antigens [105].
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Abstract

The current gold standard for the detection of Helicobacter pylori in children remains upper 
endoscopy plus mucosal biopsies. Endoscopy has the advantage of being able to detect 
complications of Helicobacter pylori infection and to rule out other upper gastro-intestinal 
pathologies. An additional advantage of endoscopy with gastric biopsy is that it allows 
physicians to obtain mucosa for urease testing, histological examination and bacterial 
culture. In children, there is a high correlation between antral nodularity at endoscopy 
and the presence of Helicobacter pylori infection. The authors have proposed to investigate 
the correlations between macroscopic aspects during endoscopy and histological find-
ings, in order to identify those endoscopic and histopathological features that can help 
the clinician in clinical practice.

Keywords: Helicobacter pylori, children, gastritis, endoscopic aspects

1. Introduction

Helicobacter pylori (H. pylori) infection is acquired in childhood and remains an important 
cause of peptic ulcer disease (PUD) and gastric cancer. In comparison with adults, children 
and adolescents, however, infrequently develop these complications [1].

It is now well accepted that PUD, the most common stomach disease, is an infectious disease, 
and all consensus conferences agree that the causative agent, H. pylori, must be treated whit 
antibiotics [2].
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The public health importance of H. pylori discovery, in 1982, and its role in stomach disease 
was recognized in 2005 with the attribution of the Nobel Prize in Medicine to Barry Marshall 
and Robin Warren. H. pylori was classified as a class I human carcinogen by World Health 
Organization in 1994.

Numerous diagnostic tests are available for detecting H. pylori infection: invasive techniques, 
which means endoscopy with biopsies for a rapid urease test (RUT), histology, culture and 
non-invasive techniques, such as serology, 13C-Urea breath test (13C-UBT), and the stool anti-
gen test. There is no single method to detect H. pylori infection reliably and accurately. The 
choice of the diagnostic method depends on patients’ age and complaints, technical difficulty 
level, costs and extensive accessibility in hospitals.

The same diagnostic methods used for adults can be used for children. However, H. pylori 
infection has certain particularities in children which have implications for diagnostic test-
ing. H. pylori infection may slowly establish itself, so it is possible, in rare instances, to find 
the bacteria without traces of inflammation. At endoscopy, antral nodularity is common [2]. 
Histology provides an excellent diagnostic accuracy, allowing for the detection of the bacteria 
as well as for the grading of gastritis. The sensitivity and specificity of histology for the diag-
nosis depends on clinical settings, density of colonization and on pathologist’s experience [3].

2. Material and methods

2.1. Patients

This was a prospective, single center study (in Maria Sklodowska Curie Children’s Emergency 
Hospital Bucharest, Romania) that evaluated consecutive children referred by their physi-
cians for upper endoscopy because of dyspepsia. They were all screened for H. pylori and had 
a positive stool antigen test.

Demographic characteristics and family history of each patient were collected through a ques-
tionnaire, which was completed by parents or by patients depending on the age of the child. 
Demographic data included patients’ age, gender, and residency (urban or country area). 
Information on patient’s history of H. pylori infection as well as on previous therapies was 
obtained. History of siblings or parents infection was also assessed. Patients were asked about 
the time of onset and duration of gastrointestinal symptoms, use of proton pump inhibitors, 
H2 receptors antagonists, non steroidal anti-inflammatory drugs or steroidal drugs. Smoking 
status and alcohol consumption was determined as well.

Excluding criteria were: use of proton pump inhibitors or H2 receptors antagonists and anti-
biotics as well as non steroidal anti inflammatory drugs or steroidal therapy 2 weeks before 
the beginning of the study, history of intestinal surgery (except for polypectomy and appen-
dectomy), concomitant severe disease (heart, lungs, kidneys and endocrine diseases), and 
smoking and alcohol consumption.

The study was approved by Ethics Committee.

Helicobacter Pylori - New Approaches of an Old Human Microorganism36

2.2. Endoscopy

All patients underwent endoscopy with biopsy specimens for histology (one for the antrum, 
one for the corpus). One sample from the antrum was used for rapid urease test. Two addi-
tional biopsies were taken from the antrum for bacterial culture. The samples were placed in 
separates vials, previously identified, containing the appropriate medium for each test.

This procedure was performed in patients with a minimum of 10 hours of fasting, under 
general anesthesia or conscious sedation. Vital signs were continuously monitored for the 
entire procedure.

Written informed consent was obtained from the parent or tutor of each child included in the 
study.

2.3. Histology

A biopsy of gastric body and antrum were fixed in a solution of formaldehyde 10%. 
Subsequently, the gastric mucosa samples were processed, following the usual steps of dehy-
dration and paraffin embedding.

Two stains were used for histological study: hematoxylin eosin and Giemsa. Hematoxylin 
eosin stain was used to evaluate inflammatory cells and H. pylori. Giemsa stain was needed 
when hematoxylin eosin stain failed to identify the bacterium. The Giemsa stain is the pre-
ferred stain for detecting H. pylori because of its technical simplicity, high sensitivity and low 
cost.

Gastritis was graded according to the Sydney System [6] that assesses the severity of inflam-
mation, the level of activity (the degree of polymorph neutrophil inflammation), and the pres-
ence of atrophy and of intestinal metaplasia on a scale from 0 to 3.

In accordance with the Sydney System, the density of H. pylori infection was also semi quan-
titatively classified on a scale from 0 to 3 (mild, moderate, and marked).

H. pylori was recognized in the histological section appearing as a short curved or spiral bacil-
lus resting on the epithelial surface or in the mucus layer.

2.4. Bacterial culture

The biopsy specimens collected for bacterial culture were transported in commercial selective 
transport H. pylori medium, Portagerm pylori (BioMérieux SA, Marcy l’Etoile, France), and 
were inoculated after a few hours onto selective medium Pylori Agar (BioMérieux Italia). 
The plates were incubated under microaerobic condition at 37° for 72 h. Once incubated, 
the colonies resembling H. pylori were identified by Gram stain and by oxidase, catalase and 
urease tests. Suspensions from the primary plates were prepared in sterile solution to perform 
an E-test on Pylori Agar. An agar plate was streaked in three directions with a swab dipped 
into each bacterial suspension to produce a lawn of growth, an E-Test strip (E-Test; AB Bio 
disk, Solna, Sweden) was placed each onto separate plate, which was immediately incubated 
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in a microaerobic atmosphere at 37°C for 72 h. Isolated strains were tested for amoxicillin, 
clarithromycin, metronidazole, and levofloxacin resistance following the recommendations 
of the European Committee on Antimicrobial Susceptibility Testing.

2.5. Statistical analysis

The data was collected and analyzed with Microsoft Excel 2013 and PSPP version 1.0.1. 
Continuous variables with a normal distribution were expressed as a mean with standard 
derivation (SD) and continuous variables with a non-normal distribution as median with 
interquartile range (IQR). Differences between groups were analyzed using Student t-test 
and Mann-Whitney U test for continuous variables, and Fisher’s exact test for categori-
cal variables. A p value <0.05 was considered statistically significant for all the analyzed 
parameters.

3. Results

Of the 38 patients who underwent upper endoscopy with biopsies by protocol (Figure 1), nine 
were excluded because of negative results in both culture and histology.

In the study, the culture and histology examination findings were accepted as “gold stan-
dard”. The detection of H. pylori in at least one of the two tests was accepted as H. pylori posi-
tivity. Negative results in both culture and histology were accepted as H. pylori negativity.

Twenty-nine cases (76.31%) were included in the final analyses, 19 females (65.51%) and the 
10 males (34.49%). The ages were between 3 years and 7 months and 17 years and 8 months 
(mean age 13.5 ± 4.53 years).

Four patients had a family history of peptic ulcer disease. In 15 children the duration of symp-
toms was more than 6 months and 12 patients were previously treated for H. pylori (Table 1).

The mean duration of the period between the onset of symptoms and the effective diagno-
sis in patients with a family history of upper gastrointestinal diseases was 3.75 ± 3.69 and 
8.66 ± 5.42 months in those with negative family history (p = 0.17). A family history of gastric 
or duodenal ulcer did not significantly alter the length of time between the onset of symptoms 
and the diagnosis according to our statistical results, which, however, may have been influ-
enced by the restricted number of patients in our study population.

Twelve patients had previous therapies. The median age of patients who were previously 
treated was 14.5 ± 3.74 and 13 ± 4.71 years old of those without any anterior therapy (p = 0.2).

The most common finding identified at endoscopy was macroscopic nodular antral gastritis, 
which was present in 22 patients (75.86%) (Figure 2). Among these, 10 had additional associ-
ated macroscopic lesions: 8 presented with nodular gastritis of gastric body, 1 with bulbi-
tis, and one with esophagitis. Endoscopy showed antral hyperemia in 4 cases and a normal 
mucosal aspect in other 3 cases (Table 2).
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We tried to find out if there was a significant difference in the severity of endoscopic find-
ings between patients who received previous therapy and those who did not. Among the 12 
previously treated patients, 7 (58.33%) presented with macroscopic nodular antral gastritis, 

Figure 1. Flow chart of the study.

Mean age ± SD, years 13.5 ± 4.47

Male/female 10/29

Familial history for H. pylori infection 4/29

Peptic ulcer/non ulcer dyspepsia 1/28

Previous therapy 12/29

Table 1. Clinical and demographical characteristics of the patients.
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2 (16.67%) with antral hyperemia and 3 (25%) showed a normal mucosal aspect. In patients 
who were not previously treated, we observed macroscopic nodular antral gastritis in 15 cases 
(88.24%), antral hyperemia in 2 cases (11.76%) while a normal appearance of gastric mucosa 
was never detected (Table 3). There was not a statistically significant association between the 
severity of mucosal damage at endoscopy and the existence of a previous therapy against the 
infection (p = 0.06).

In our study, bleeding was the presenting symptom in 4 children; three of them had pan 
gastritis, and one had nodular gastritis and esophagitis.

Figure 2. Endoscopical aspect of Helicobacter pylori gastritis in children (macroscopic nodular antral gastritis).

Endoscopic features n (%)

Macroscopic nodular antral gastritis 22 (75.86%)

Nodular antral gastritis (only) 12

Nodular gastritis of corpus (with) 8

Erosive bulbitis (with) 1

Esophagitis (with) 1

Antral hyperemia without macroscopic nodularity 4 (13.79%)

Normal 3 (10.34)

Total 29 (100%)

Table 2. Endoscopic features associated to Helicobacter pylori infection.
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4. Discussion

There is a clear association between H. pylori and gastritis, gastric ulcer, and duodenal ulcers. 
Studies have shown that this pathogen causes mucosa-associated lymphoid tissue (MALT) 
lymphoma in both children and adults. In fact, when the organism is eradicated, extra gastric 
metastases or sites of MALT lymphoma resolve [4].

The finding of H. pylori-associated gastritis without duodenal or gastric mucosal lesions puts 
the pediatric gastroenterologist in a dilemma on recommending eradication treatment. H. 
pylori-associated gastritis without PUD rarely gives rise of symptoms or progresses to severe 
complications of the disease during childhood [5]. The risk of H. pylori- associated cancer or 
MALT-lymphoma during childhood is extremely low in Europe and North America. Ohno 
reported two cases in Japanese children, a 14-year-old boy and another 6-year-old boy with 
MALT and H. pylori infection [5]. The lower risk of complications in children may be in part 
explained by a different immune response against the infection. In comparison with adults, 
gastric biopsies obtained from children infected with H. pylori show a lower degree of inflamma-
tion. In addition, a higher number of immunosuppressive regulatory T cells and a more promi-
nent IL-10 mediated anti-inflammatory response have been detected in pediatric patients [1].

During childhood, H. pylori is associated with antral predominant gastritis and duodenal 
ulcers [6].

In our study, the most frequent lesion identified by endoscopy was macroscopic antral nodu-
lar gastritis, which was present in 22 patients (78.86%). This high frequency is in accordance 
with a retrospective study from Japan that also found out a marked prevalence of nodular 
antral gastritis associated with H. pylori infection (98.5%) [7]. A nodular antral gastritis fre-
quency of 82.53% was also reported by a Turkish study conducted in adults and adolescents 

Endoscopic features H. pylori infection without 
anterior therapies, n (%)

H. pylori infection with anterior 
therapies, n (%)

Macroscopic nodular antral gastritis 15 (88.24) 7 (58.33%)

Nodular antral gastritis (only) 8 4

Nodular gastritis of corpus (with) 6 2

Erosive bulbitis (with) 0 1

Esophagitis (with) 1 2 (16.67%)

Antral hyperemia without macroscopic 
nodularity

2 (11.76) 3 (25.0%)

Normal 0 12 (100%)

Total 17 (100)

Table 3. Endoscopic features associated to Helicobacter pylori infection: without anterior therapies versus with anterior 
therapies.
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[8]. In a pediatric polish study, the sensitivity of antral nodularity associated with H. pylori 
was 91.6%, and the specificity was 91% [9]. A slightly lower value of specificity of antral nodu-
larity, similar to our results (75.86%), was detected by several authors and ranged from 64 to 
85.2%. Higher specificity was found by others [7–9].

Although the mechanisms underlying nodular gastritis in children is not clear yet, it is 
thought that lymphoid follicles with germinal center form nodules on gastric mucosa or that 
inflammatory reaction generated by H. pylori infection results in an exaggerated appearance 
of a normal gastric mucosa [10].

In a 14-year-old boy we observed erosions at endoscopy. The frequency of these lesions in our 
study (3.45%) is similar to the one measured by another study conducted in Italy (3.40%) [11].

A prospective study, carried out during 1-month simultaneously in 19 centers among 14 
European countries, showed a frequency of 8.1% of ulcers and/or erosions in children, occur-
ring mainly in the second decade of life, but H. pylori infection and toxic gastric medications 
were less frequently implicated than expected in their development. On a total of 56 children 
with ulcers or erosions, H. pylori was present in 15 patients (27%), 8 used NSAIDs, 5 were 
treated with steroids, 5 with immune-suppressive drugs, 6 with antibiotics, 1 with antacids, 6 
with H2 blockers and 8 with proton pump inhibitors (more than one risk factor was detected 
in 32 of 56 children) [12].

For years, reports have noted an association between peptic ulcer disease and families with a 
strong history of upper gastrointestinal tract disease, in particular between gastric and duo-
denal ulcers. Family history of gastric cancer is an important component in the diagnosis 
and management of H. pylori infection in children. Children with a mother or a father with 
gastric cancer are considered to be at very high risk owing to shared genetic characteristics, 
environmental factors, and virulence features of the infecting strain of H. pylori [4].

In countries with an elevated risk for gastric cancer, however, eradicating H. pylori in child-
hood could be more effective in preventing gastric atrophy, and ultimately, cancer develop-
ment [13]. It still remains to be determined whether H. pylori-infected children with gastric 
atrophy are at increased risk for gastric cancer [14].

Recently, a decreasing proportion of H. pylori-positive peptic ulcers in adults has been 
observed, along with a decrease in the prevalence of infection, while, on the other hand, an 
increasing number of patients that use non-steroidal anti-inflammatory drugs (NSAIDs) has 
been noted [7, 15]. Regarding children, there are a few available data in the literature that 
investigate the trend of H. pylori prevalence in peptic ulcer [16].

In our study, four patients had a family history of H. pylori infection, none of gastric cancer, 
two of peptic ulcer, and two of H. pylori chronic gastritis. In this situation, the period of the 
onset of symptoms and to presentation to the doctor was less than 3 months, so that the aver-
age duration of symptoms are 3.75 ± 3.69 months in comparison with 8.66 ± 5.42 months for 
those without family history for gastric or duodenal ulcers. Influence of family history for 
upper gastrointestinal tract diseases to the period of the onset of symptoms and diagnosis, 
can be explained by the consciousness of the disease and the risks than derive from it.
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The sex difference between the H. pylori-positive and H. pylori-negative group is also of great 
interest. We found female preponderance in the study group (65.51%), similarly with another 
report in our geographic area (78.49%) [17].

Studies have unanimously shown a male preponderance for peptic ulcer disease in children. 
It is still not known why primary peptic ulcers predominantly develop in infected male chil-
dren. Epidemiological studies do not suggest any sex predilection in H. pylori infection [16].

Median age for patients with previous therapies was 14.5 ± 3.74 years, comparative with 
13 ± 4.71 years for patients without previous therapies, results or else expected. We do 
not have data to express if it is failure of antimicrobial therapy or reinfection. 1/12 patient 
with previous therapies had family history of peptic ulcer disease. We do not investigate 
all the family member of each child, and therefore we do not know the real status of H. 
pylori infection. Familial history for gastrointestinal disease was collected for interview. 
Magistà et al. [18] identified two variables by logistic regression analysis as predictors of 
H. pylori reinfection: age of primary infection and having an infected sibling. Multivariable 
analysis revealed that only age at primary infection correlates with an increased risk of 
reinfection [18].

In patients with anterior therapies, the endoscopic features were less serious than in those 
without any previous treatment. All three patients with normal endoscopic mucosa were 
anteriorly treated. These results suggest that children might become “tolerant” to the bacte-
rium or that the growing child is more resistant to H. pylori-induced lesions. The evidence that 
H. pylori infection in children coexist with normal gastric mucosa was reported in a percent 
comparable with our results (11%) [19]. This is the reason for which we strongly recommend 
to take biopsies at least for histological exam in children and adolescents, even if a normal 
appearance of mucosa is observed during endoscopy.

The ability of H. pylori to manipulate the immune response (activation or inactivation of 
Toll-like receptors dependent response) may be responsible for bacterial survival and a mild 
course of infection in children [20].

5. Conclusions

The main endoscopic feature found in our study was macroscopic nodular antral gastritis, 
in 75.86%. In 10.34% of cases the endoscopic aspect of mucosa was normal. All patients with 
normal endoscopic mucosa were previously treated. These results suggest that children 
might become “tolerant” to the bacterium or that the growing child is more resistant to H. 
pylori-induced lesions.
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Abstract

The chapter is a review of current knowledge on the impact of H. pylori infection on 
the clinical course of patients with various forms of liver damage. H. pylori infection is 
found in 50–90% of the world population. The bacteria not only mainly contribute to 
occurrence of gastric mucosa inflammation but also to gastric ulcer and cancer. H. pylori 
contains an active antioxidative system, which not only neutralizes free radicals but also 
synthesizes specific VacA toxin, which leads to destruction and apoptosis of the cells. 
A specific system of bacterial CagA genes has a special role in carcinogenesis. There is 
an increasing number of reports describing lesions in the circulatory system, pancreas, 
or the skin, connected with H. pylori infection. Liver colonization by H. pylori happens 
after transmission of the bacteria from the stomach, with blood, through the portal vein 
or directly through the bile ducts. The bacteria promote liver function deterioration in 
the course of toxic injury, autoimmune inflammation, chronic HBV, and HCV infection. 
Infections among people with liver cirrhosis are especially dangerous. In this group of 
patients, H. pylori infection may significantly worsen liver function, leading to hyper-
ammonemia, increased portal pressure, and development of esophageal varices. Thus, 
testing for and treating this infection among patients with liver cirrhosis is especially 
important.

Keywords: H. pylori, hepatitis, hepatic liver cirrhosis, liver and biliary tract cancer

1. Introduction

Helicobacter pylori (H. pylori) is a microaerophile described for the first time by Marshal and 
Warren in 1982. This Gram-negative bacillus is resistant to the activity of gastric acid. Active, 
vegetative form of the bacteria is spiral, while the sporulation form is granular [1]. The bacte-
rium contains stable DNA and a system of very effective DNA repair.
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In developed countries, infection by these bacteria is detected in about 50% of the population, 
while in developing countries, the percentage may even reach 90% [2]. Still, however, there 
are no definitive pointers as to risk factors of H. pylori infection.

H. pylori produces high amounts of ureases, enzymes catalyzing urea decomposition to 
ammonia. This is especially important for the neutralization of hydrochloric acid in the stom-
ach, which contributes to the growth of the bacteria. Bacteria demonstrate also the ability to 
pump out H+ ions from cells. This leads to changes in the pH in the stomach, which in turn 
causes destruction of gastric mucosa.

H. pylori has an active antioxidizing system, which neutralizes free radicals. The system con-
tains catalase, superoxide dismutase, and specific proteins MdaB and NapA.

Bacterial DNA contains genes encoding cytotoxin synthesis system. VacA toxin (vacuolating 
toxin) is encoded by a changing system of genes in 40–60% of bacterial strains. This under-
lies different toxic properties. In epithelial cells, VacA promotes fusion of several lysosomes 
and formation of large vacuoles, which changes the construction of cytoskeleton. VacA toxin 
induces apoptosis of epithelial cells and shows highly immunogenic properties.

Specific system of CagA genes encodes synthesis of CagA toxin, demonstrating properties reor-
ganizing cytoskeleton and cell shape. Moreover, the toxin controls transcription and proliferation 
of the cell, as well as inflammatory reaction. CagA toxin plays a very important role in carcino-
genesis in the stomach and other organs, when CagA-synthesizing H. pylori is detected [3, 4].

H. pylori is mainly present on the surface of epithelial cells of the mucosa, in the prepyloric 
part of the stomach. It has cilia allowing transport into intercellular spaces, and thanks to 
produced adhesins, it adheres to cell surface [1].

H. pylori infection influences local (in the gastric mucosa) and systemic increase in proinflam-
matory cytokines IL-1, -2, -4, -6, -8, -10, -17, interferon-β, and TNF-α [5]. This leads not only to 
development of local inflammatory reaction, but also potentiates generalized inflammatory 
reactions in the organism. H. pylori causes chronic atrophic gastritis, metaplasia, and dyspla-
sia, leading to the development of gastric cancer. According to World Health Organization 
(WHO), the bacteria are a class I carcinogen. H. pylori may also potentiate extragastric organ 
disturbances, exacerbating the diseases of cardiovascular system or metabolic diseases, dete-
riorating normal function of the liver, especially in patients with cirrhosis [6].

2. Organ pathologies connected with H. pylori infection

H. pylori infection, especially in the case of strains producing CagA toxin, promotes devel-
opment of coronary sclerosis and increases the probability of angina pectoris and cardiac 
infarct [7]. Effect of CagA toxin on promotion of sclerotic changes in coronary arteries leads 
to exacerbation of coronary disease, which increases mortality caused by circulatory failure 
in the group of patients infected with these bacteria and not subjected to eradication [8, 9].

H. pylori infection among patients with type 2 diabetes presents more seriously compared to 
patients without diabetes [10]. Moreover, impact of this infection onto the development of 
chronic pancreatitis has been reported, which indirectly affects liver function [11].

Helicobacter Pylori - New Approaches of an Old Human Microorganism48

H. pylori infection is associated with many skin conditions. Higher incidence of chronic urti-
caria, acne rosacea, idiopathic thrombocytopatic purpura, psoriasis, atopic dermatitis, and 
some other dermatological conditions among patients infected with H. pylori has been dem-
onstrated [12].

3. Liver injury

Liver colonization by H. pylori happens after transmission of the bacteria from the stomach, 
with blood, through the portal vein or directly through the bile ducts [13].

Experimental studies performed on mice and rats infected with H. pylori have shown the 
effect of this infection onto up triggered fibrosis and development of liver cirrhosis [14]. One 
of the first studies performed in patients with chronic liver injury pointed to the presence 
of Helicobacter genus bacteria in the liver tissue in 26% of patients [15]. Current studies in 
patients infected with HBV, HCV, and patients with chronic noninfectious liver conditions 
point to much higher incidence of H. pylori or bacterial DNA in the liver tissue. Infections are 
thought to occur in effect of disturbances in patients’ immune functions [16]. Both experimen-
tal and clinical studies demonstrate unfavorable effect of H. pylori infection onto the course 
of liver injury, especially exacerbated fibrosis. One of the reasons for this is the influence of 
infection onto metabolic changes connected with carbohydrate turnover, synthesis of high-
energy compounds (mainly ATP), and increased concentration of proinflammatory cytokines.

4. Chronic HBV and HCV infections

The frequency of H. pylori infection among patients with chronic hepatitis B is around 30–80% 
[17]. H. pylori infection is confirmed in 79% of patients with postinflammatory liver cirrhosis 
connected with HBV infection [18]. Favorable effect of H. pylori eradication on the course 
of the disease, including increased platelet count, has been demonstrated in the studies on 
patients chronically infected with HBV, with compensated liver cirrhosis and thrombocyto-
penia [19].

Among people chronically infected with HBV with primary liver cancer, H. pylori infection 
is found in 69% of patients. In the group of patients with primary liver cancer, but without 
HBV infection, H. pylori infection is much less frequent, as it is found in 33% of patients. 
These observations consistently point to unfavorable effect of H. pylori infection among 
HBV-infected patients with liver cirrhosis onto the risk of occurrence of primary liver cancer. 
Frequency of H. pylori infection among patients with chronic hepatitis B correlates with the 
incidence of hepatocellular cancer, both in men and women [20]. Among this type of patients, 
fast progression of inflammatory changes in the liver is observed, as well as intensified fibro-
sis, which promotes occurrence of primary neoplastic lesions [17, 21].

Among patients infected with H. pylori and HBV, liver function is impaired (prothrombin time 
is extended, and AST activity and bilirubin concentration increased), and esophageal varices, 
ascites and hyperammonemia with hepatic encephalopathy occur much more frequently [18].
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Evaluation of H. pylori infection among patients with chronic HCV infection is difficult. Some 
authors state that the frequency of H. pylori infection among the patients in this group is about 
38%. Around 45% of those result from CagA-synthesizing bacteria. No significant differences 
are found in the morphological picture of HCV-infected liver, between patients with or with-
out H. pylori infection. There is also no correlation between H. pylori infection and IL 28B poly-
morphism [22]. However, many other authors present other observations. H. pylori infection 
may be present in even 70% of patients chronically infected with HCV [23]. Meta-analysis of 
20 studies demonstrated higher incidence of H. pylori infection among HCV-positive patients, 
compared to persons without viral infection [17, 24]. Much higher fibrosis, loss of cellular 
proteins, and glycogen was found in morphological studies of the liver from HCV-positive 
patients, if those were coinfected with H. pylori, compared to those without coinfection [25].

5. Autoimmune diseases and liver steatosis

Studies performed among patients with chronic viral autoimmune and toxic hepatitis 
and coexisting H. pylori infection demonstrated improvement in liver function, including 
decreased ALT and AST activity, after effective eradication of bacteria [26].

H. pylori infection is found in 20–50% of patients with AIH. Among patients with PBC, H. 
pylori infection is found more frequently than among people from the control group (54 vs. 
31% p = 0.01). However, the effect of this infection on the course of PBC has not been eluci-
dated [27].

Infection by these bacteria worsens the course of underlying disease; however, pathogenesis 
is not completely clear [28, 29]. In the group of patients with PBC and AIH, H. pylori infection 
may lead to precipitous, unfavorable progression of the disease [30].

Reports on the effect of H. pylori infection on lipid turnover disturbances, leading to hyper-
triglyceridemia and hypercholesterolemia with concomitant decrease of HDL level, are 
published more and more frequently. This is especially important for the metabolism of 
hepatocytes and their steatosis, as well as in the process of liver fibrosis [31]. Many reports 
point to the fact that H. pylori infection hastens the development of NAFLD [32]. It has been 
demonstrated that H. pylori infection among patients with NAFL results in the development 
of NASH. Eradication of the bacteria significantly facilitates the treatment of liver steatosis 
[33]. Moreover, it has been found that H. pylori infection and steatosis constitute the risk of 
more frequent occurrence of cholecystolithiasis and choledocholithiasis [34].

6. Liver cirrhosis, hepatocellular carcinoma (HCC), and 
cholangiocarcinoma (CCC)

Inflammation of gastric mucosa is a frequent complication of liver cirrhosis. Usually, occur-
rence of chronic inflammation is observed, described as portal gastropathy. H. pylori infection 
in the group of patients with liver cirrhosis impacts exacerbation of inflammatory changes 
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in the stomach, which in turn worsens liver function. This is especially dangerous among 
patients with advanced liver injury. Studies performed on this group of patients point to high 
significance of cytopathic effect of H. pylori onto hepatocytes [16, 35]. H. pylori infection affects 
increase of portal tension, which is one of the main etiologies of development of esophageal 
varices [6, 36]. In effect, correlation between the frequency of H. pylori infection and advance-
ment of esophageal varices is observed [37].

Although in some studies more frequent H. pylori infection among patients with liver cir-
rhosis cannot be confirmed [38]; however, meta-analysis was performed that included mainly 
patients with alcoholic liver cirrhosis, which argues for much more frequent occurrence of 
these bacteria among such patients. H. pylori infection is much more frequent among patients 
with postinflammatory liver cirrhosis (connected with HBV or HCV infection) [37]. Incidence 
of H. pylori infection among patients with liver cirrhosis and concomitant HCV infection 
increases proportionally to progressing liver failure [39]. Moreover, it has been demonstrated 
that the highest percentage of people infected with H. pylori among those with HCV infec-
tion is observed in the case of patients in whom HCC developed [17, 24]. Many pieces of 
information argue that concomitant infection with H. pylori and HCV increases the incidence 
of HCC. Eradication of these bacteria in patients with cirrhotic liver leads to the increase of 
platelet count and improves efficacy of antiviral therapy [23, 40]. In the current setting, when 
direct-acting antivirals are commonly used, this is probably not so important; however, such 
studies have not been performed.

H. pylori catalyzes the reaction of urea decomposition to ammonia and carbon dioxide; how-
ever, among patients with subclinical hepatic encephalopathy, infection with these bacteria 
does not change the concentration of ammonia in the blood [41]. These observations are 
inconsistent, because among patients with liver cirrhosis, especially postinflammatory cir-
rhosis, more frequent occurrence of symptomatic hepatic encephalopathy with hyperammo-
nemia is observed in the case of patients infected with H. pylori, compared to patients without 
this infection [37, 42]. In the studies performed in patients with liver cirrhosis, a correlation 
between increasing ammonia blood concentration and H. pylori infection has been demon-
strated. Moreover, ammonia blood concentration was higher among patients with liver cir-
rhosis infected with H. pylori, compared to patients not infected with these bacteria [37].

In experimental studies performed on dogs, an association between H. pylori infection and 
occurrence of hepatocellular carcinoma (HCC) has been evidenced [43]. Evaluation of the 
effect of H. pylori infection on liver carcinogenesis in humans shows that in 58% of patients 
with HCC and in 62% of patients with CCC in the liver tissue surrounding focal lesion, DNA 
of these bacteria can be detected [44]. H. pylori may disturb the balance between hepatocyte 
proliferation and activity of apoptosis in the liver. In effect, there is a higher risk of occurrence 
of neoplastic cells in the liver [45].

In the pathogenesis of biliary duct carcinoma, H. pylori infection affects proliferation of biliary 
duct epithelium and development of inflammatory reaction in these cells. Activation of reac-
tive oxygen species (oxidative stress) and reactive nitrogen species, mainly 8-nitroguanine, 
in the cells is detected. These reactions damage DNA of stem cells, playing a key role in 
carcinogenesis [46]. A special role in the development of bile duct carcinoma is attributed to 
H. pylori producing CagA toxin [47].

The Importance of H. pylori Infection in Liver Diseases
http://dx.doi.org/10.5772/intechopen.79969

51Helicobacter Pylori - New Approaches of an Old Human Microorganism



Evaluation of H. pylori infection among patients with chronic HCV infection is difficult. Some 
authors state that the frequency of H. pylori infection among the patients in this group is about 
38%. Around 45% of those result from CagA-synthesizing bacteria. No significant differences 
are found in the morphological picture of HCV-infected liver, between patients with or with-
out H. pylori infection. There is also no correlation between H. pylori infection and IL 28B poly-
morphism [22]. However, many other authors present other observations. H. pylori infection 
may be present in even 70% of patients chronically infected with HCV [23]. Meta-analysis of 
20 studies demonstrated higher incidence of H. pylori infection among HCV-positive patients, 
compared to persons without viral infection [17, 24]. Much higher fibrosis, loss of cellular 
proteins, and glycogen was found in morphological studies of the liver from HCV-positive 
patients, if those were coinfected with H. pylori, compared to those without coinfection [25].

5. Autoimmune diseases and liver steatosis

Studies performed among patients with chronic viral autoimmune and toxic hepatitis 
and coexisting H. pylori infection demonstrated improvement in liver function, including 
decreased ALT and AST activity, after effective eradication of bacteria [26].

H. pylori infection is found in 20–50% of patients with AIH. Among patients with PBC, H. 
pylori infection is found more frequently than among people from the control group (54 vs. 
31% p = 0.01). However, the effect of this infection on the course of PBC has not been eluci-
dated [27].

Infection by these bacteria worsens the course of underlying disease; however, pathogenesis 
is not completely clear [28, 29]. In the group of patients with PBC and AIH, H. pylori infection 
may lead to precipitous, unfavorable progression of the disease [30].

Reports on the effect of H. pylori infection on lipid turnover disturbances, leading to hyper-
triglyceridemia and hypercholesterolemia with concomitant decrease of HDL level, are 
published more and more frequently. This is especially important for the metabolism of 
hepatocytes and their steatosis, as well as in the process of liver fibrosis [31]. Many reports 
point to the fact that H. pylori infection hastens the development of NAFLD [32]. It has been 
demonstrated that H. pylori infection among patients with NAFL results in the development 
of NASH. Eradication of the bacteria significantly facilitates the treatment of liver steatosis 
[33]. Moreover, it has been found that H. pylori infection and steatosis constitute the risk of 
more frequent occurrence of cholecystolithiasis and choledocholithiasis [34].

6. Liver cirrhosis, hepatocellular carcinoma (HCC), and 
cholangiocarcinoma (CCC)

Inflammation of gastric mucosa is a frequent complication of liver cirrhosis. Usually, occur-
rence of chronic inflammation is observed, described as portal gastropathy. H. pylori infection 
in the group of patients with liver cirrhosis impacts exacerbation of inflammatory changes 
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in the stomach, which in turn worsens liver function. This is especially dangerous among 
patients with advanced liver injury. Studies performed on this group of patients point to high 
significance of cytopathic effect of H. pylori onto hepatocytes [16, 35]. H. pylori infection affects 
increase of portal tension, which is one of the main etiologies of development of esophageal 
varices [6, 36]. In effect, correlation between the frequency of H. pylori infection and advance-
ment of esophageal varices is observed [37].

Although in some studies more frequent H. pylori infection among patients with liver cir-
rhosis cannot be confirmed [38]; however, meta-analysis was performed that included mainly 
patients with alcoholic liver cirrhosis, which argues for much more frequent occurrence of 
these bacteria among such patients. H. pylori infection is much more frequent among patients 
with postinflammatory liver cirrhosis (connected with HBV or HCV infection) [37]. Incidence 
of H. pylori infection among patients with liver cirrhosis and concomitant HCV infection 
increases proportionally to progressing liver failure [39]. Moreover, it has been demonstrated 
that the highest percentage of people infected with H. pylori among those with HCV infec-
tion is observed in the case of patients in whom HCC developed [17, 24]. Many pieces of 
information argue that concomitant infection with H. pylori and HCV increases the incidence 
of HCC. Eradication of these bacteria in patients with cirrhotic liver leads to the increase of 
platelet count and improves efficacy of antiviral therapy [23, 40]. In the current setting, when 
direct-acting antivirals are commonly used, this is probably not so important; however, such 
studies have not been performed.

H. pylori catalyzes the reaction of urea decomposition to ammonia and carbon dioxide; how-
ever, among patients with subclinical hepatic encephalopathy, infection with these bacteria 
does not change the concentration of ammonia in the blood [41]. These observations are 
inconsistent, because among patients with liver cirrhosis, especially postinflammatory cir-
rhosis, more frequent occurrence of symptomatic hepatic encephalopathy with hyperammo-
nemia is observed in the case of patients infected with H. pylori, compared to patients without 
this infection [37, 42]. In the studies performed in patients with liver cirrhosis, a correlation 
between increasing ammonia blood concentration and H. pylori infection has been demon-
strated. Moreover, ammonia blood concentration was higher among patients with liver cir-
rhosis infected with H. pylori, compared to patients not infected with these bacteria [37].

In experimental studies performed on dogs, an association between H. pylori infection and 
occurrence of hepatocellular carcinoma (HCC) has been evidenced [43]. Evaluation of the 
effect of H. pylori infection on liver carcinogenesis in humans shows that in 58% of patients 
with HCC and in 62% of patients with CCC in the liver tissue surrounding focal lesion, DNA 
of these bacteria can be detected [44]. H. pylori may disturb the balance between hepatocyte 
proliferation and activity of apoptosis in the liver. In effect, there is a higher risk of occurrence 
of neoplastic cells in the liver [45].

In the pathogenesis of biliary duct carcinoma, H. pylori infection affects proliferation of biliary 
duct epithelium and development of inflammatory reaction in these cells. Activation of reac-
tive oxygen species (oxidative stress) and reactive nitrogen species, mainly 8-nitroguanine, 
in the cells is detected. These reactions damage DNA of stem cells, playing a key role in 
carcinogenesis [46]. A special role in the development of bile duct carcinoma is attributed to 
H. pylori producing CagA toxin [47].
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7. Conclusions

H. pylori infection is detected significantly more often among patients with chronic liver injury. 
This is especially dangerous in patients with liver cirrhosis. In this group of patients, H. pylori 
infection may significantly worsen liver function, affecting hyperammonemia, increase in 
portal pressure, and development of esophageal varices. Testing for and treating this infection 
is of paramount importance for these patients.

Current research on the impact of H. pylori infection in patients with chronic liver damage 
is inadequate. This points to the desirability of further research, particularly among patients 
with severe liver damage.
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7. Conclusions

H. pylori infection is detected significantly more often among patients with chronic liver injury. 
This is especially dangerous in patients with liver cirrhosis. In this group of patients, H. pylori 
infection may significantly worsen liver function, affecting hyperammonemia, increase in 
portal pressure, and development of esophageal varices. Testing for and treating this infection 
is of paramount importance for these patients.

Current research on the impact of H. pylori infection in patients with chronic liver damage 
is inadequate. This points to the desirability of further research, particularly among patients 
with severe liver damage.
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Abstract

Helicobacter pylori infection has been recognized as a worldwide problem. H. pylori infec-
tion is the most prevalent cause of chronic gastritis and has been related to peptic ulcer 
disease and gastric cancer. It is considered that H. pylori infects half of the world’s popu-
lation. Several virulence factors are produced by H. pylori in which each of them is related 
to an increase in the risk of disease development. The vacuolating cytotoxin (VacA) is one 
of these virulence factors. The first defined action of VacA was induction of intracellular 
vacuolation. VacA uses a variation in other effects on target cells, such as disruption of 
mitochondrial functions, stimulation of apoptosis, and blockade of T-cell proliferation, 
for the induction of vacuolation. In addition, VacA has an important role for colonization 
of H. pylori in vivo.

Keywords: Helicobacter pylori, disease, vacuolating cytotoxin (VacA), vacuolation

1. Introduction

Helicobacter pylori (H. pylori) is a gram-negative and microaerophilic bacterium, which usually 
colonizes in the human stomach. H. pylori affects about half of the human population worldwide, 
which exists in their upper gastrointestinal tract. Though all the factors have not been known, 
we could say that the infection is most likely to happen at a young age and happens more com-
mon in developing countries [1]. Prevalence of infection is through human contact mainly via 
the gastric-oral way [2]. H. pylori is related to some diseases such as peptic ulcer disease, gastric 
ulcers, mucosa-associated lymphoid tissue (MALT) lymphoma, and gastric cancer [3].

Study on this microaerophilic spiral-shaped bacterium is interesting. H. pylori is a part of 
a quickly growing genus. New species are being derived from numerous vertebrate hosts.  
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In addition, other Helicobacter species are being derived from nongastric parts in humans 
and might have a role in diseases that formerly had no certain etiologic factor.

H. pylori has polar-sheathed flagella, which helps in motility. In addition, these structures 
also have a terminal bulb that could make it more adapted to swimming through mucus. 
Moreover, on the surface, there are special biological characteristics in the lipopolysaccharide, 
and in order to escape from the host responses, genes that control addition of the O-side 
chains can phase vary. Moreover, H. pylori has a special peptidoglycan structure, which is 
different from other gram-negative bacteria. Also H. pylori releases an autotransported vacu-
olating cytotoxin that makes the abnormal phenotype of vacuolation in host cells.

For the first time in 1982, two Australian scientists Barry Marshall and Robin Warren identi-
fied H. pylori in a patient with chronic gastritis and gastric ulcers. Before that, it was not 
believed to have a microbial reason. By the successful culture of H. pylori, a large number of 
researchers investigated the epidemiology of transmission of the organism. In addition, it is 
connected with the development of duodenal ulcers and stomach cancer. More than 80% of 
infected population with the bacterium are asymptomatic, and it might have an important 
impress in the natural stomach ecology [4]. However, almost 10–15% of people infected with 
H. pylori shown severe gastric disorders containing peptic ulcers, gastric lymphoma, mucosa-
associated lymphoid tissue (MALT) lymphoma, and gastric adenocarcinoma [5].

In 1983, H. pylori was cultured from human gastric tissue for the first time [5]. After many years, 
a proteinaceous component known as “vacuolating cytotoxin” was found in H. pylori broth cul-
ture supernatants. By adding vacuolating cytotoxin to cultured eukaryotic cells, the cells became 
vacuolated [6]. Formerly, bacterial toxins had not been reported by this function. In the further 
studies, the identity of the vacuolating toxin was shown [7, 8] and revealed that vacuolating 
cytotoxin (VacA) has different characteristics and activities compared to other bacterial toxins.

Multiple virulence factors are produced by H. pylori in which each of them is related to an 
increase in the risk of disease extension. Cytotoxin-associated gene A (CagA) and the vacu-
olating cytotoxin (VacA) are the virulence factors [9].

Infection by H. pylori strains including the toxigenic allelic s1 form of VacA increased the risk 
of peptic ulceration and gastric cancer [10]. VacA was termed because of its ability to cause 
“vacuole”-like membrane vesicles in the cytoplasm of gastric cells [11]. However, its function 
in H. pylori pathogenesis has not been clear yet. VacA is a pore-forming toxin (PFT). VacA 
uses a variety of other effects on target cells, such as disruption of mitochondrial functions, 
stimulation of apoptosis, and blockade of T-cell proliferation, for the induction of vacuolation 
[12]. In addition, VacA has an important role for colonization of H. pylori in vivo [13].

A type IV secretion system is encoded in the cag pathogenicity island (cagPAI), and it replaces 
CagA into gastric epithelial cells. It causes morphological changes and proinflammatory cyto-
kine secretion [14].

2. H. pylori

The gastric mucosa of almost 50% of the world’s population has colonized by Helicobacter 
pylori and is related *to gastroduodenal diseases ranging from superficial and chronic gastritis, 
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and duodenal and gastric ulcers to gastric carcinoma and mucosa-associated lymphoid tissue 
(MALT) lymphoma. [15–17]. There is also some evidence that infection by H. pylori may be 
related in increasing the intensity or risk of infection by other gastrointestinal pathogens and 
in childhood malnutrition, especially in countries that are less developed [18, 19].

H. pylori was the first bacterial species that is genome sequenced and compared with two 
independent isolates [20, 21]. Further comparison has presented the first detailed view point 
at the physical chromosomal organization and has started to recognize a minimal set of com-
mon genes that can be considered as candidates for therapeutic strategies.

The two independent H. pylori genomes, which are completely sequenced, have different ori-
gins. H. pylori 26695 was isolated from a patient with gastritis in the United Kingdom in the 
early 1980s and sequenced by the Institute for Genomic Research [22]. Before sequencing, this 
strain has been passaged frequently in the laboratory. Also, H. pylori J99 was isolated from a 
patient with a duodenal ulcer and duodenitis in the United States in 1994 and sequenced in 
a collaborative effort between Astra AB (now AstraZeneca PLC) and Genome Therapeutics 
Corporation. This strain had not been extensively passaged before sequencing [20]. By using 
a random shot-gun approach from libraries of cloned chromosomal fragments of ~2.5 kb, J99 
and 26695 were sequenced. Like the most microbial genome sequencing projects until now 
about 45,000 sequence reads in the case of J99 using PHRAP, which resulted in 68 nonredun-
dant contigs, representing almost 98% of the genome, assembled it. PFGE analysis and probe 
hybridization confirmed the assembly of the H. pylori J99 genome [20].

The 26695 genome was 24 kb larger than J99. However, both the J99 and 26695 genomes pos-
sessed a total (G + C)% of 39%. There is some similarity in J99 and 26695, such as average lengths 
of coding sequences, coding density, and the bias of initiation codons. The genome of J99, consis-
tent with the genome of strain 26695, had no clearly recognizable origin of replication. Near the 
origin of replication in prokaryotes, specific genes, including dnaA, dnaN, and gyrA, are often 
detected. However, these genes are not in close nearness either to each other or to the repeated 
heptamer that was determined as nucleotide number one in both published H. pylori sequences.

Additional evidence is that this position may be regarded as the replication origin achieved 
from using an algorithm that analyzes the bias of short oligomers whose direction is preferen-
tially skewed around the replication origin of prokaryotes [23].

Leunk et al. found massive vacuolar degeneration of various cultured epithelial cell lines 
in supernatants from broth cultures of Helicobacter pylori, in 1988 [6]. After that, numerous 
studies throughout the world have done on the nature of this toxic activity and its effect in 
H. pylori-induced disease. The protein mediating the effect was purified and called the vacu-
olating cytotoxin in 1992 [7]. In 1994, discovery of the amino-terminal sequence of the protein 
led to the cloning and sequencing of the toxin gene, which was nominated vacA [8, 24–26].

Subsequent to the primary characterization of the toxin and its gene, research has focused 
on VacA structure, the mechanisms underlying VacA’s toxic activity, naturally happening 
differences between VacA proteins produced by various strains of H. pylori, and the clinical 
significance of VacA polymorphism.

Studies on VacA has expanded, not only because of its potential as a novel tool for explor-
ing features of eukaryotic cell biology but also mainly because of its supposed function in 
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In addition, other Helicobacter species are being derived from nongastric parts in humans 
and might have a role in diseases that formerly had no certain etiologic factor.

H. pylori has polar-sheathed flagella, which helps in motility. In addition, these structures 
also have a terminal bulb that could make it more adapted to swimming through mucus. 
Moreover, on the surface, there are special biological characteristics in the lipopolysaccharide, 
and in order to escape from the host responses, genes that control addition of the O-side 
chains can phase vary. Moreover, H. pylori has a special peptidoglycan structure, which is 
different from other gram-negative bacteria. Also H. pylori releases an autotransported vacu-
olating cytotoxin that makes the abnormal phenotype of vacuolation in host cells.

For the first time in 1982, two Australian scientists Barry Marshall and Robin Warren identi-
fied H. pylori in a patient with chronic gastritis and gastric ulcers. Before that, it was not 
believed to have a microbial reason. By the successful culture of H. pylori, a large number of 
researchers investigated the epidemiology of transmission of the organism. In addition, it is 
connected with the development of duodenal ulcers and stomach cancer. More than 80% of 
infected population with the bacterium are asymptomatic, and it might have an important 
impress in the natural stomach ecology [4]. However, almost 10–15% of people infected with 
H. pylori shown severe gastric disorders containing peptic ulcers, gastric lymphoma, mucosa-
associated lymphoid tissue (MALT) lymphoma, and gastric adenocarcinoma [5].

In 1983, H. pylori was cultured from human gastric tissue for the first time [5]. After many years, 
a proteinaceous component known as “vacuolating cytotoxin” was found in H. pylori broth cul-
ture supernatants. By adding vacuolating cytotoxin to cultured eukaryotic cells, the cells became 
vacuolated [6]. Formerly, bacterial toxins had not been reported by this function. In the further 
studies, the identity of the vacuolating toxin was shown [7, 8] and revealed that vacuolating 
cytotoxin (VacA) has different characteristics and activities compared to other bacterial toxins.

Multiple virulence factors are produced by H. pylori in which each of them is related to an 
increase in the risk of disease extension. Cytotoxin-associated gene A (CagA) and the vacu-
olating cytotoxin (VacA) are the virulence factors [9].

Infection by H. pylori strains including the toxigenic allelic s1 form of VacA increased the risk 
of peptic ulceration and gastric cancer [10]. VacA was termed because of its ability to cause 
“vacuole”-like membrane vesicles in the cytoplasm of gastric cells [11]. However, its function 
in H. pylori pathogenesis has not been clear yet. VacA is a pore-forming toxin (PFT). VacA 
uses a variety of other effects on target cells, such as disruption of mitochondrial functions, 
stimulation of apoptosis, and blockade of T-cell proliferation, for the induction of vacuolation 
[12]. In addition, VacA has an important role for colonization of H. pylori in vivo [13].

A type IV secretion system is encoded in the cag pathogenicity island (cagPAI), and it replaces 
CagA into gastric epithelial cells. It causes morphological changes and proinflammatory cyto-
kine secretion [14].

2. H. pylori

The gastric mucosa of almost 50% of the world’s population has colonized by Helicobacter 
pylori and is related *to gastroduodenal diseases ranging from superficial and chronic gastritis, 
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and duodenal and gastric ulcers to gastric carcinoma and mucosa-associated lymphoid tissue 
(MALT) lymphoma. [15–17]. There is also some evidence that infection by H. pylori may be 
related in increasing the intensity or risk of infection by other gastrointestinal pathogens and 
in childhood malnutrition, especially in countries that are less developed [18, 19].

H. pylori was the first bacterial species that is genome sequenced and compared with two 
independent isolates [20, 21]. Further comparison has presented the first detailed view point 
at the physical chromosomal organization and has started to recognize a minimal set of com-
mon genes that can be considered as candidates for therapeutic strategies.

The two independent H. pylori genomes, which are completely sequenced, have different ori-
gins. H. pylori 26695 was isolated from a patient with gastritis in the United Kingdom in the 
early 1980s and sequenced by the Institute for Genomic Research [22]. Before sequencing, this 
strain has been passaged frequently in the laboratory. Also, H. pylori J99 was isolated from a 
patient with a duodenal ulcer and duodenitis in the United States in 1994 and sequenced in 
a collaborative effort between Astra AB (now AstraZeneca PLC) and Genome Therapeutics 
Corporation. This strain had not been extensively passaged before sequencing [20]. By using 
a random shot-gun approach from libraries of cloned chromosomal fragments of ~2.5 kb, J99 
and 26695 were sequenced. Like the most microbial genome sequencing projects until now 
about 45,000 sequence reads in the case of J99 using PHRAP, which resulted in 68 nonredun-
dant contigs, representing almost 98% of the genome, assembled it. PFGE analysis and probe 
hybridization confirmed the assembly of the H. pylori J99 genome [20].

The 26695 genome was 24 kb larger than J99. However, both the J99 and 26695 genomes pos-
sessed a total (G + C)% of 39%. There is some similarity in J99 and 26695, such as average lengths 
of coding sequences, coding density, and the bias of initiation codons. The genome of J99, consis-
tent with the genome of strain 26695, had no clearly recognizable origin of replication. Near the 
origin of replication in prokaryotes, specific genes, including dnaA, dnaN, and gyrA, are often 
detected. However, these genes are not in close nearness either to each other or to the repeated 
heptamer that was determined as nucleotide number one in both published H. pylori sequences.

Additional evidence is that this position may be regarded as the replication origin achieved 
from using an algorithm that analyzes the bias of short oligomers whose direction is preferen-
tially skewed around the replication origin of prokaryotes [23].

Leunk et al. found massive vacuolar degeneration of various cultured epithelial cell lines 
in supernatants from broth cultures of Helicobacter pylori, in 1988 [6]. After that, numerous 
studies throughout the world have done on the nature of this toxic activity and its effect in 
H. pylori-induced disease. The protein mediating the effect was purified and called the vacu-
olating cytotoxin in 1992 [7]. In 1994, discovery of the amino-terminal sequence of the protein 
led to the cloning and sequencing of the toxin gene, which was nominated vacA [8, 24–26].

Subsequent to the primary characterization of the toxin and its gene, research has focused 
on VacA structure, the mechanisms underlying VacA’s toxic activity, naturally happening 
differences between VacA proteins produced by various strains of H. pylori, and the clinical 
significance of VacA polymorphism.

Studies on VacA has expanded, not only because of its potential as a novel tool for explor-
ing features of eukaryotic cell biology but also mainly because of its supposed function in 
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the pathogenesis of H. pylori-related diseases, in specific peptic ulceration and distal gastric 
adenocarcinoma. The accurate function of VacA in these diseases is still under research, but 
VacA may contribute to the capacity of H. pylori to colonize and persist in the human gastric 
mucosa and may also contribute immediately to gastric epithelial damage. Therefore, VacA 
is a purpose for therapeutic intervention and a candidate for inclusion in a vaccine against 
H. pylori.

3. The vacA gene

Vacuolating cytotoxin (vacA) is the most commonly identified virulence factor among H. pylori 
strains. VacA belongs to the group of genes with mutable genotypes related to damage to gas-
tric epithelial cells. This gene exists in almost all strains of H. pylori. This gene is polymorphic 
and contains variable signal regions (type s1 or type s2) and midregions (type m1 or type m2) 
[27] and intermediate regions (i1 and i2 alleles, and the rare i3 allele) [28] (Figure 1). There are 
various levels of its cytotoxicity that is caused by the variety of signal (s) and mid (m) regions 
of vacA gene [29]. S region variations are more related to the vacuolating activity of vacA, 
and m region variations have effect on binding of the toxin to the host cells, as reasons are 
contributed to define cell specificity [29].

A copy of the toxin gene, vacA, exists in all H. pylori strains. The vacA transcript is monocis-
tronic. Transcriptional start point in this gene is located about 119 nucleotides upstream from 
the ATG start codon [25, 30]. The capacity of H. pylori to induce vacuolation in epithelial cells 
abrogates by insertional mutagenesis of vacA. In addition, it interrupts a number of other 
vacA-induced toxic effects [24, 25, 31]. Alleles of vacA from about 25 different H. pylori strains 
have been sequenced and range from 3864 to 3933 nucleotides in length [8, 24, 32–34].

4. The association of vacA types with cytotoxin production

Significant genetic diversity exists between vacA alleles from different strains. These alleles 
could be classified into various families. The most significant studied form of VacA is encoded 

Figure 1. VacA gene.
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by type s1/m1 vacA alleles. s1/m1 vacA alleles typically encode VacA proteins, related to 
a high level of vacuolating cytotoxin activity [32], while s1/m2 strains have moderate toxin 
production [29]. In fact, s1/m2 strains that have an i1 allele are able to induce vacuolation. 
However, s1/m2 strains that have an i2 allele are not able to induce vacuolation [28]. s2/m2 
strains have rare or even absent toxin production [29].

By comparing vacA s1 and m1 strains with vacA s2 and m2 strains, which are less virulent, it 
was revealed that H. pylori vacA s1 and m1 strains are related to higher levels of inflammation 
in the gastric mucosa and increased risk for gastric atrophy and carcinoma. After the explana-
tion of the vacA i-region, it was also revealed that the determinant of cytotoxicity i1 allele is 
related to gastric carcinoma [28].

5. VacA proteins

VacA encodes a protein with a mass of about 140 kDa; however, under denaturing conditions, 
the mature secreted VacA toxin drifts as a band of almost 90 kDa [7, 8, 24–26]. A comparison of 
the amino-terminal sequence of the mature secreted toxin with that predicted for the protoxin 
shows that a 33-amino-acid amino-terminal signal sequence is cleaved during the procedure 
of VacA secretion. Investigations by antisera raised against various regions of recombinant 
VacA show that a polypeptide of about 33 kDa isolated from the carboxy-terminal portion 
of the protoxin stays localized to the bacteria and is not secreted [26]. This carboxy-terminal 
portion of VacA seems to contain amphipathic β-sheets capable of forming a β-barrel structure 
and has a terminal phenylalanine-containing motif that is available in several outer membrane 
proteins [25]. These qualities, with a pair of cysteine residues nearly the carboxy-terminus of 
the mature secreted protein, are specification of a family of secreted bacterial proteins called 
autotransporters [35]. Autotransporters for export across the bacterial outer membrane do 
not need any auxiliary proteins. By studying the Neisseria gonorrhoeae IgA1 protease, we 
achieved this information of autotransporter export. Translocation of IgA1 protease through 
the bacterial cytoplasmic membrane is achieved via a Sec-mediated process and is accompa-
nied by cleavage of an amino-terminal signal peptide. After inserting the carboxy-terminal 
β-barrel domain into the outer membrane, it functions as a pore through that the residue of 
the molecule passes. The mature secreted IgA1 protease is produced by autoproteolytic cleav-
age. The carboxy-terminal domain stays related to the outer membrane [36].

Primary studies showed, despite mature VacA monomers are about 90 kDa in mass, that 
the toxin exists as a much larger complex or aggregate under nondenaturing conditions [7]. 
Lupetti et al. investigated the ultrastructure of purified VacA using deep-etch electron micros-
copy. They illustrated that the toxin forms into large flower-shaped complexes that appear 
to consist of a central ring surrounded by six or seven “petals” [37]. An accurate view of the 
surface of VacA oligomers is presented by three-dimensional reconstructions of these deep-
etch metal copies (Figure 2) [38]. Moreover, the classical flower-like complexes, VacA, could 
be assembled into other type of complex, that is named a “flat form,” which includes of six or 
seven petals without a notable central ring [37, 39].
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the pathogenesis of H. pylori-related diseases, in specific peptic ulceration and distal gastric 
adenocarcinoma. The accurate function of VacA in these diseases is still under research, but 
VacA may contribute to the capacity of H. pylori to colonize and persist in the human gastric 
mucosa and may also contribute immediately to gastric epithelial damage. Therefore, VacA 
is a purpose for therapeutic intervention and a candidate for inclusion in a vaccine against 
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strains. VacA belongs to the group of genes with mutable genotypes related to damage to gas-
tric epithelial cells. This gene exists in almost all strains of H. pylori. This gene is polymorphic 
and contains variable signal regions (type s1 or type s2) and midregions (type m1 or type m2) 
[27] and intermediate regions (i1 and i2 alleles, and the rare i3 allele) [28] (Figure 1). There are 
various levels of its cytotoxicity that is caused by the variety of signal (s) and mid (m) regions 
of vacA gene [29]. S region variations are more related to the vacuolating activity of vacA, 
and m region variations have effect on binding of the toxin to the host cells, as reasons are 
contributed to define cell specificity [29].

A copy of the toxin gene, vacA, exists in all H. pylori strains. The vacA transcript is monocis-
tronic. Transcriptional start point in this gene is located about 119 nucleotides upstream from 
the ATG start codon [25, 30]. The capacity of H. pylori to induce vacuolation in epithelial cells 
abrogates by insertional mutagenesis of vacA. In addition, it interrupts a number of other 
vacA-induced toxic effects [24, 25, 31]. Alleles of vacA from about 25 different H. pylori strains 
have been sequenced and range from 3864 to 3933 nucleotides in length [8, 24, 32–34].

4. The association of vacA types with cytotoxin production

Significant genetic diversity exists between vacA alleles from different strains. These alleles 
could be classified into various families. The most significant studied form of VacA is encoded 
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by type s1/m1 vacA alleles. s1/m1 vacA alleles typically encode VacA proteins, related to 
a high level of vacuolating cytotoxin activity [32], while s1/m2 strains have moderate toxin 
production [29]. In fact, s1/m2 strains that have an i1 allele are able to induce vacuolation. 
However, s1/m2 strains that have an i2 allele are not able to induce vacuolation [28]. s2/m2 
strains have rare or even absent toxin production [29].

By comparing vacA s1 and m1 strains with vacA s2 and m2 strains, which are less virulent, it 
was revealed that H. pylori vacA s1 and m1 strains are related to higher levels of inflammation 
in the gastric mucosa and increased risk for gastric atrophy and carcinoma. After the explana-
tion of the vacA i-region, it was also revealed that the determinant of cytotoxicity i1 allele is 
related to gastric carcinoma [28].

5. VacA proteins

VacA encodes a protein with a mass of about 140 kDa; however, under denaturing conditions, 
the mature secreted VacA toxin drifts as a band of almost 90 kDa [7, 8, 24–26]. A comparison of 
the amino-terminal sequence of the mature secreted toxin with that predicted for the protoxin 
shows that a 33-amino-acid amino-terminal signal sequence is cleaved during the procedure 
of VacA secretion. Investigations by antisera raised against various regions of recombinant 
VacA show that a polypeptide of about 33 kDa isolated from the carboxy-terminal portion 
of the protoxin stays localized to the bacteria and is not secreted [26]. This carboxy-terminal 
portion of VacA seems to contain amphipathic β-sheets capable of forming a β-barrel structure 
and has a terminal phenylalanine-containing motif that is available in several outer membrane 
proteins [25]. These qualities, with a pair of cysteine residues nearly the carboxy-terminus of 
the mature secreted protein, are specification of a family of secreted bacterial proteins called 
autotransporters [35]. Autotransporters for export across the bacterial outer membrane do 
not need any auxiliary proteins. By studying the Neisseria gonorrhoeae IgA1 protease, we 
achieved this information of autotransporter export. Translocation of IgA1 protease through 
the bacterial cytoplasmic membrane is achieved via a Sec-mediated process and is accompa-
nied by cleavage of an amino-terminal signal peptide. After inserting the carboxy-terminal 
β-barrel domain into the outer membrane, it functions as a pore through that the residue of 
the molecule passes. The mature secreted IgA1 protease is produced by autoproteolytic cleav-
age. The carboxy-terminal domain stays related to the outer membrane [36].

Primary studies showed, despite mature VacA monomers are about 90 kDa in mass, that 
the toxin exists as a much larger complex or aggregate under nondenaturing conditions [7]. 
Lupetti et al. investigated the ultrastructure of purified VacA using deep-etch electron micros-
copy. They illustrated that the toxin forms into large flower-shaped complexes that appear 
to consist of a central ring surrounded by six or seven “petals” [37]. An accurate view of the 
surface of VacA oligomers is presented by three-dimensional reconstructions of these deep-
etch metal copies (Figure 2) [38]. Moreover, the classical flower-like complexes, VacA, could 
be assembled into other type of complex, that is named a “flat form,” which includes of six or 
seven petals without a notable central ring [37, 39].
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The petals that contain the flat form generally radiate from the center of the complex with a 
specific clockwise chirality. Several models have suggested clarifying the assembly of VacA 
into flower-like complexes and chiral flat forms. In one of these models, the flower-like forms 
are proposed to contain six or seven monomers of about 90 kDa [38, 39]. In another model, 
the flower-like forms are considered to be dodecamers or tetradecamers of VacA monomers 
of about 90 kDa, and flat forms are proposed to be hexamers or heptamers [37]. In acidic or 
alkaline pH, VacA oligomers separate into monomeric parts of approximately 90 kDa, each 
measuring of about 6 by 14 nm [37, 40, 41]. This pH-mediated disassembly is related by a 
marked enhance in VacA cytotoxic activity [39, 41–43].

This opinion exists that VacA monomers have more cytotoxic activity than water-soluble 
VacA oligomers. Subsequent researches about VacA structure have been undertaken using 
atomic force microscopic imaging of purified toxin bound to supported lipid bilayers [44].

Two-dimensional crystalline arrays of VacA on lipid bilayers include an arranged array of 
hexagonal central rings connected by thin connectors to peripheral domains.

In-frame deletions in the portion of VacA encoding the amino-terminal region of the toxin 
produced mutant strains of H. pylori. Mutant strains of H. pylori express truncated VacA 
proteins. These proteins are secreted, though fail to oligomerize and lack recognizable cyto-
toxic activity [45, 46]. VacA Δ91–330 is a mutant VacA protein that has water-soluble dimeric 
form, which has an ultrastructural appearance similar to that of the peripheral petals of VacA 
oligomers [45]. The peripheral petals of VacA oligomers can be consistent with the carboxy-
terminal portion of the mature secreted VacA polypeptide.

6. Functional domains in VacA

The purified ~90 kDa VacA toxin through extended storage or incubation with trypsin break 
down into ~37 and ~58 kDa components, which are isolated from the amino terminus and 

Figure 2. VacA oligomer.
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carboxy terminus of the protein. Proteolytic cleavage occurs at a site containing multiple 
charged amino acids [26]. In fact, the 37 and 58 kDa fragments of VacA are considered as 
subunits or domains of the holotoxin [47].

Burroni et al. manufactured an H. pylori mutant in order to specify whether cleavage of VacA 
into 37 and 58 kDa fragments is needed for toxin activity. In this H. pylori mutant, the region 
of vacA encoding the 46 amino acids flanking the VacA cleavage site was removed [48]. 
Because of this fact that this mutant VacA was entirely active, it is informing that cleav-
age of the exposed loop is not required for activity. While the wild-type VacA produced by 
the parent strain prefer to form seven-sided complexes, in contrast, the mutant prefers to 
form six-sided complexes. This revealed that deleting the exposed loop presented structural 
restriction.

In experiments wherever mutant forms of vacA under the control of a eukaryotic promoter 
have been expressed from plasmids in the cytosol of epithelial cells, it has been explained 
that the minimal region of VacA is required for vacuolating activity [11]. These experiments 
revealed that the epithelial cell lines, which transfected with plasmid constructs encoding 
either the full-length ~90 kDa secreted toxin or amino- or carboxy-terminally truncated 
fragments. In addition, these experiments represented that a VacA protein lacking most 
of the carboxy-terminal 58 kDa domain preserved complete vacuolating activity [49, 50]. 
By eliminating 10 amino acids from the amino-terminus, activity was entirely abolished, 
and by eliminating 6 amino acids from the amino-terminus, activity was only in part abol-
ished [49, 50]. The minimal VacA domain that presented complete vacuolating activity when 
expressed intracellularly was a peptide containing amino acids 1–422, which is the 37-kDa 
domain plus a fragment of the 58-kDa domain [50]. The 37 kDa fragment was inactive in 
alone, but coexpression of this fragment with a fragment including the amino-terminal 165 
amino acids of the 58 kDa fragment resulted in complete vacuolating activity [50]. A con-
ceivable explanation for the importance of the VacA amino terminus was determined by 
hydrophobicity plots. In fact, the only hydrophobic region in VacA is amino acids 1–32 of 
this region, and it is long enough to span a membrane.

A H. pylori vacA partial deletion mutant was produced, which lacked codons for amino acids 
6–27, for more research [51]. The structure of mutant VacA did not have variations compared 
to wild-type VacA; however, mutant VacA lacked cytotoxic activity.

In addition, alanine scanning mutagenesis showed that point mutations at proline 9 or glycine 
14 entirely abrogated VacA activity [52]. Another factor that abrogated toxin activity is the 
addition of an amino-terminal hydrophilic extension to VacA [53]. As a result, it is obvious 
that the amino-terminal hydrophobic region has an important role in toxin activity.

7. Receptor binding region

It is demonstrated that amino acid sequences located in the carboxy-terminal portion of the 
mature protein mediated binding of VacA to cells.
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specific clockwise chirality. Several models have suggested clarifying the assembly of VacA 
into flower-like complexes and chiral flat forms. In one of these models, the flower-like forms 
are proposed to contain six or seven monomers of about 90 kDa [38, 39]. In another model, 
the flower-like forms are considered to be dodecamers or tetradecamers of VacA monomers 
of about 90 kDa, and flat forms are proposed to be hexamers or heptamers [37]. In acidic or 
alkaline pH, VacA oligomers separate into monomeric parts of approximately 90 kDa, each 
measuring of about 6 by 14 nm [37, 40, 41]. This pH-mediated disassembly is related by a 
marked enhance in VacA cytotoxic activity [39, 41–43].

This opinion exists that VacA monomers have more cytotoxic activity than water-soluble 
VacA oligomers. Subsequent researches about VacA structure have been undertaken using 
atomic force microscopic imaging of purified toxin bound to supported lipid bilayers [44].

Two-dimensional crystalline arrays of VacA on lipid bilayers include an arranged array of 
hexagonal central rings connected by thin connectors to peripheral domains.

In-frame deletions in the portion of VacA encoding the amino-terminal region of the toxin 
produced mutant strains of H. pylori. Mutant strains of H. pylori express truncated VacA 
proteins. These proteins are secreted, though fail to oligomerize and lack recognizable cyto-
toxic activity [45, 46]. VacA Δ91–330 is a mutant VacA protein that has water-soluble dimeric 
form, which has an ultrastructural appearance similar to that of the peripheral petals of VacA 
oligomers [45]. The peripheral petals of VacA oligomers can be consistent with the carboxy-
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down into ~37 and ~58 kDa components, which are isolated from the amino terminus and 
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carboxy terminus of the protein. Proteolytic cleavage occurs at a site containing multiple 
charged amino acids [26]. In fact, the 37 and 58 kDa fragments of VacA are considered as 
subunits or domains of the holotoxin [47].

Burroni et al. manufactured an H. pylori mutant in order to specify whether cleavage of VacA 
into 37 and 58 kDa fragments is needed for toxin activity. In this H. pylori mutant, the region 
of vacA encoding the 46 amino acids flanking the VacA cleavage site was removed [48]. 
Because of this fact that this mutant VacA was entirely active, it is informing that cleav-
age of the exposed loop is not required for activity. While the wild-type VacA produced by 
the parent strain prefer to form seven-sided complexes, in contrast, the mutant prefers to 
form six-sided complexes. This revealed that deleting the exposed loop presented structural 
restriction.

In experiments wherever mutant forms of vacA under the control of a eukaryotic promoter 
have been expressed from plasmids in the cytosol of epithelial cells, it has been explained 
that the minimal region of VacA is required for vacuolating activity [11]. These experiments 
revealed that the epithelial cell lines, which transfected with plasmid constructs encoding 
either the full-length ~90 kDa secreted toxin or amino- or carboxy-terminally truncated 
fragments. In addition, these experiments represented that a VacA protein lacking most 
of the carboxy-terminal 58 kDa domain preserved complete vacuolating activity [49, 50]. 
By eliminating 10 amino acids from the amino-terminus, activity was entirely abolished, 
and by eliminating 6 amino acids from the amino-terminus, activity was only in part abol-
ished [49, 50]. The minimal VacA domain that presented complete vacuolating activity when 
expressed intracellularly was a peptide containing amino acids 1–422, which is the 37-kDa 
domain plus a fragment of the 58-kDa domain [50]. The 37 kDa fragment was inactive in 
alone, but coexpression of this fragment with a fragment including the amino-terminal 165 
amino acids of the 58 kDa fragment resulted in complete vacuolating activity [50]. A con-
ceivable explanation for the importance of the VacA amino terminus was determined by 
hydrophobicity plots. In fact, the only hydrophobic region in VacA is amino acids 1–32 of 
this region, and it is long enough to span a membrane.

A H. pylori vacA partial deletion mutant was produced, which lacked codons for amino acids 
6–27, for more research [51]. The structure of mutant VacA did not have variations compared 
to wild-type VacA; however, mutant VacA lacked cytotoxic activity.

In addition, alanine scanning mutagenesis showed that point mutations at proline 9 or glycine 
14 entirely abrogated VacA activity [52]. Another factor that abrogated toxin activity is the 
addition of an amino-terminal hydrophilic extension to VacA [53]. As a result, it is obvious 
that the amino-terminal hydrophobic region has an important role in toxin activity.

7. Receptor binding region

It is demonstrated that amino acid sequences located in the carboxy-terminal portion of the 
mature protein mediated binding of VacA to cells.
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Investigations on the purified 58 kDa fragment from a mutant H. pylori strain represent that 
this protein binds to HeLa cells with kinetics similar to those of the intact toxin [45]. The bind-
ing of VacA to cells is inhibited by polyclonal antiserum reactive with the 58 kDa domain [54]. 
Several natural forms of VacA have significant divergent amino acid sequences in the 58 kDa 
domain, which are called m2 forms. These forms cause vacuolation in a more confined range 
of cultured epithelial cell lines. Differences in cell binding would be a reason for this [34]. 
VacA with a type m2 58 kDa domain, that did not cause HeLa cell vacuolation when applied 
externally, affected vacuolation when expressed from a plasmid in the HeLa cell cytoplasm. 
This indicates that m2 VacA is entirely active but cannot get to its site of action. This would be 
because of inability to bind to the cell [11].

Investigations by naturally occurring and engineered m1/m2 chimeric proteins [55] propose 
that an ~40 amino acid region near the amino-terminal end of the 58 kDa domain is required 
for HeLa cell vacuolation and can have a role in HeLa cell binding.

8. Activity of VacA

Epithelial cell vacuolation in vitro occurs by VacA; however, this does not cause cell death 
quickly. Cell death in human gastric epithelial cells that are exposed to high doses of toxin is 
reported after 2 days [56]. On the other hand, cell death does not normally happen in immor-
talized cell lines exposed to the toxin. As an example, incubation of AZ-521 gastric epithe-
lial cells with VacA for several hours causes decreased mitochondrial ATP production and 
decreased oxygen utilization but does not result in cell death [57].

The exact mechanisms of binding and uptake of VacA by cells are not clearly understood yet. 
The prototypic s1/m1 form of VacA binds to HeLa cells in a saturable manner recognized by 
flow-cytometry analysis [58]. However, saturable binding has not been indicated with clas-
sical ligand binding assays with 12I-labeled VacA [43]. Activation of VacA by acid treatment 
significantly increases its vacuolating activity but does not remarkably increase its binding 
to HeLa or Baby Hamster Kidney (BHK) cells [40, 58]. However, binding of the toxin to the 
gastric cell line AZ-521 is increased by acid activation [41]. A number of specific VacA recep-
tors were proposed. Activated VacA binds to a 250 kDa receptor protein-tyrosine phosphatase 
β (RPTPβ) in the AZ-521 system that regulates intracellular tyrosine phosphorylation [41, 59].

Autotransporters are a family of secreted bacterial proteins, which are determined by men-
tioned features, together with a pair of cysteine residues near the carboxy-terminus of the 
mature secreted protein. It is suggested that RPTPβ has an important role in binding VacA to 
cells and following intoxication. Treatment of the HL-60 cell line with phorbol 12-myristate 
13-acetate (PMA) causes stimulation of RPTPβ expression that is occurred with stimulation 
of VacA sensitivity [60]. BHK-21 cells are insensitive to VacA, but transfection with expres-
sion vectors including the RPTPβ gene can make them sensitive. Antisense oligonucleotides 
in PMA-treated HL-60 cells lead to ablation of RPTPβ synthesis. As a result, a considerable 
reduction occurs in VacA-induced vacuolation. An unidentified 140 kDa protein in AZ-521 
and AGS cells and the epidermal growth factor receptor in HeLa cells [61, 62] are two other 
particular VacA receptors. These evidence suggested that multiple surface-binding sites 
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recognized by both inactive and activated VacA exist; in addition, specific VacA receptors 
exist that are variably expressed in different cell lines.

Both 58 and 37 kDa regions are needed for VacA internalization [45]. VacA should be preac-
tivated by disposal of acid or alkali, in order to be internalized [43]. Internalization happens 
through an energy-dependent process; the exact nature of which is not clear. However, it 
may be a receptor-mediated endocytosis. VacA molecules localize in membrane vesicles, after 
internalization [54]. Then localized VacA molecules are transported along the endocytic path-
way to vacuolar-type (V-) ATPase-positive late endosomes and lysosomes. In this state, they 
accumulate and persist for some days [63, 64].

The first defined action of VacA was induction of intracellular vacuoles [64, 65]. The vacuolar 
membranes include both late endosomal and lysosomal markers, indicating that the vacuoles 
are derived from these sections [66, 67].

The complete activity of V-ATPase and the existence of weak bases are needed for the forma-
tion of VacA-induced vacuoles, which indicated that vacuoles are derived from the accumula-
tion of weak bases within acidic sections, and with water influx and swelling followed [63, 64, 
68, 69]. Moreover, the membrane traffic regulator rab7 and the actin-cytoskeleton-associated 
Rac1 are two small GTP-binding proteins that involved in vacuole biogenesis [70, 71]. Rac1 
and rab7 are related with the membrane of VacA-induced vacuoles. The expression of rab7 or 
Rac1 dominant negative mutants inhibits vacuolization, and the expression of rab7 or Rac1 
dominant positive mutants potentiates vacuolization. It has been proposed that membrane 
fusion events and the cytoskeleton supporting late endosomal sections regulated vacuole 
development. VacA destructs the transport of acidic hydrolases to lysosomes and causes the 
release of these enzymes into the extracellular medium in HeLa cells [72]. VacA caused decre-
ment of the degradative power of HeLa cell lysosomes and also decrement of the antigen-
processing compartment of B lymphocytes [72, 73].

VacA is unable to vacuolate epithelial monolayers of MDCK I, T84, or epH4 cells on porous 
filters. In addition, MDCK I, T84, or epH4 cells do not show signs of endolysosomal dysfunc-
tion [74].

Subsequently, disposal to VacA, transepithelial electrical resistance (TER) reduces, occurred 
with an increase in transepithelial flux of low-molecular-weight molecules [74]. There are 
some reasons, which propose that VacA modulates the resistance of these model epithelia 
through a paracellular effect. These reasons include the size selectivity of this increased 
epithelial permeation, lack of accompanying vacuolation, and lack of redistribution of junc-
tional proteins. Just epithelial cell monolayers capable of expanding a TER higher than 
1000–1200 Ω/cm2 are affected. By utilizing the isogenic mutant strains, this is confirmed 
that the effect is dependent on VacA [31]. In MDCK cells, m2 type of VacA decreases 
TER. However, it does not lead to vacuolation in this cell line even when cells are noncon-
fluent [31]. It is corroborated that vacuolation and increased permeability of monolayers are 
separate and independent effects.

VacA constructs ion channels in model lipid bilayers and cell plasma membranes. This occur-
rence may underlie all the other consequences of VacA. Acidic conditions cause disassembly of 
the inactive VacA oligomer, which permits insertion of the toxin into lipid bilayers [66, 73, 75].
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Investigations on the purified 58 kDa fragment from a mutant H. pylori strain represent that 
this protein binds to HeLa cells with kinetics similar to those of the intact toxin [45]. The bind-
ing of VacA to cells is inhibited by polyclonal antiserum reactive with the 58 kDa domain [54]. 
Several natural forms of VacA have significant divergent amino acid sequences in the 58 kDa 
domain, which are called m2 forms. These forms cause vacuolation in a more confined range 
of cultured epithelial cell lines. Differences in cell binding would be a reason for this [34]. 
VacA with a type m2 58 kDa domain, that did not cause HeLa cell vacuolation when applied 
externally, affected vacuolation when expressed from a plasmid in the HeLa cell cytoplasm. 
This indicates that m2 VacA is entirely active but cannot get to its site of action. This would be 
because of inability to bind to the cell [11].

Investigations by naturally occurring and engineered m1/m2 chimeric proteins [55] propose 
that an ~40 amino acid region near the amino-terminal end of the 58 kDa domain is required 
for HeLa cell vacuolation and can have a role in HeLa cell binding.

8. Activity of VacA

Epithelial cell vacuolation in vitro occurs by VacA; however, this does not cause cell death 
quickly. Cell death in human gastric epithelial cells that are exposed to high doses of toxin is 
reported after 2 days [56]. On the other hand, cell death does not normally happen in immor-
talized cell lines exposed to the toxin. As an example, incubation of AZ-521 gastric epithe-
lial cells with VacA for several hours causes decreased mitochondrial ATP production and 
decreased oxygen utilization but does not result in cell death [57].

The exact mechanisms of binding and uptake of VacA by cells are not clearly understood yet. 
The prototypic s1/m1 form of VacA binds to HeLa cells in a saturable manner recognized by 
flow-cytometry analysis [58]. However, saturable binding has not been indicated with clas-
sical ligand binding assays with 12I-labeled VacA [43]. Activation of VacA by acid treatment 
significantly increases its vacuolating activity but does not remarkably increase its binding 
to HeLa or Baby Hamster Kidney (BHK) cells [40, 58]. However, binding of the toxin to the 
gastric cell line AZ-521 is increased by acid activation [41]. A number of specific VacA recep-
tors were proposed. Activated VacA binds to a 250 kDa receptor protein-tyrosine phosphatase 
β (RPTPβ) in the AZ-521 system that regulates intracellular tyrosine phosphorylation [41, 59].

Autotransporters are a family of secreted bacterial proteins, which are determined by men-
tioned features, together with a pair of cysteine residues near the carboxy-terminus of the 
mature secreted protein. It is suggested that RPTPβ has an important role in binding VacA to 
cells and following intoxication. Treatment of the HL-60 cell line with phorbol 12-myristate 
13-acetate (PMA) causes stimulation of RPTPβ expression that is occurred with stimulation 
of VacA sensitivity [60]. BHK-21 cells are insensitive to VacA, but transfection with expres-
sion vectors including the RPTPβ gene can make them sensitive. Antisense oligonucleotides 
in PMA-treated HL-60 cells lead to ablation of RPTPβ synthesis. As a result, a considerable 
reduction occurs in VacA-induced vacuolation. An unidentified 140 kDa protein in AZ-521 
and AGS cells and the epidermal growth factor receptor in HeLa cells [61, 62] are two other 
particular VacA receptors. These evidence suggested that multiple surface-binding sites 
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recognized by both inactive and activated VacA exist; in addition, specific VacA receptors 
exist that are variably expressed in different cell lines.

Both 58 and 37 kDa regions are needed for VacA internalization [45]. VacA should be preac-
tivated by disposal of acid or alkali, in order to be internalized [43]. Internalization happens 
through an energy-dependent process; the exact nature of which is not clear. However, it 
may be a receptor-mediated endocytosis. VacA molecules localize in membrane vesicles, after 
internalization [54]. Then localized VacA molecules are transported along the endocytic path-
way to vacuolar-type (V-) ATPase-positive late endosomes and lysosomes. In this state, they 
accumulate and persist for some days [63, 64].

The first defined action of VacA was induction of intracellular vacuoles [64, 65]. The vacuolar 
membranes include both late endosomal and lysosomal markers, indicating that the vacuoles 
are derived from these sections [66, 67].

The complete activity of V-ATPase and the existence of weak bases are needed for the forma-
tion of VacA-induced vacuoles, which indicated that vacuoles are derived from the accumula-
tion of weak bases within acidic sections, and with water influx and swelling followed [63, 64, 
68, 69]. Moreover, the membrane traffic regulator rab7 and the actin-cytoskeleton-associated 
Rac1 are two small GTP-binding proteins that involved in vacuole biogenesis [70, 71]. Rac1 
and rab7 are related with the membrane of VacA-induced vacuoles. The expression of rab7 or 
Rac1 dominant negative mutants inhibits vacuolization, and the expression of rab7 or Rac1 
dominant positive mutants potentiates vacuolization. It has been proposed that membrane 
fusion events and the cytoskeleton supporting late endosomal sections regulated vacuole 
development. VacA destructs the transport of acidic hydrolases to lysosomes and causes the 
release of these enzymes into the extracellular medium in HeLa cells [72]. VacA caused decre-
ment of the degradative power of HeLa cell lysosomes and also decrement of the antigen-
processing compartment of B lymphocytes [72, 73].

VacA is unable to vacuolate epithelial monolayers of MDCK I, T84, or epH4 cells on porous 
filters. In addition, MDCK I, T84, or epH4 cells do not show signs of endolysosomal dysfunc-
tion [74].

Subsequently, disposal to VacA, transepithelial electrical resistance (TER) reduces, occurred 
with an increase in transepithelial flux of low-molecular-weight molecules [74]. There are 
some reasons, which propose that VacA modulates the resistance of these model epithelia 
through a paracellular effect. These reasons include the size selectivity of this increased 
epithelial permeation, lack of accompanying vacuolation, and lack of redistribution of junc-
tional proteins. Just epithelial cell monolayers capable of expanding a TER higher than 
1000–1200 Ω/cm2 are affected. By utilizing the isogenic mutant strains, this is confirmed 
that the effect is dependent on VacA [31]. In MDCK cells, m2 type of VacA decreases 
TER. However, it does not lead to vacuolation in this cell line even when cells are noncon-
fluent [31]. It is corroborated that vacuolation and increased permeability of monolayers are 
separate and independent effects.

VacA constructs ion channels in model lipid bilayers and cell plasma membranes. This occur-
rence may underlie all the other consequences of VacA. Acidic conditions cause disassembly of 
the inactive VacA oligomer, which permits insertion of the toxin into lipid bilayers [66, 73, 75].
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Investigations with planar model membranes represent that membrane insertion is followed 
by the formation of voltage-dependent, low-conductance (10–30 pS in 2 M KCl), and anion-
selective channels [76, 77].

Patch clamp analysis of HeLa cells indicates that VacA forms plasma membrane channels 
with features similar to those perceived in model membranes [78]. Different anion channel 
blockers inhibit VacA channels in vitro with various powers and are able to prevent and 
partially inverse vacuolation of HeLa cells [78, 79], informing an essential role of the anion 
channel in vacuolation [41]. With permitting anions to permeate into late endosomes, the 
endocytosed VacA channel increases the turnover of the electrogenic V-ATPase that causes 
accumulation of weak bases and leads to vacuole formation by water influx [80, 81]. Because 
of that, internalization of surface-bound VacA is required for the further development of 
vacuolation; this hypothesis is acceptable [43]. Vacuolation in this model can be considered as 
a side effect of the massive accumulation of endocytosed VacA channels in endolysosomes. 
With 5-nitro-2-(3-phenylpropylamine) benzoic acid (NPPB), VacA epithelial permeabilization 
of MDCK I cells can be partly prevented and reversed, the most efficient blocker of VacA 
channels, implying that epithelial permeabilization, similar to vacuolation, is less important 
for the formation of apical anion channels [78]. VacA induces an increased apical anion secre-
tion in Caco-2 cells, and this also is blocked by NPPB [82], implying that it is also because of 
VacA anion channel formation.

9. Discussion

H. pylori is considered as a significant cause of chronic active gastritis, peptic ulcer, and atro-
phic gastritis. It is related to an enhanced risk of gastric adenocarcinoma and mucosa-asso-
ciated lymphoid tissue (MALT). VacA is a virulence factor related to peptic ulcer. Moreover, 
oral administration of VacA leads to gastric mucosal damage in mice. It could be concluded 
that VacA might contribute to epithelial cell damage or peptic ulceration in H. pylori-infected 
humans [83].

A toxin that has damaging outcomes on epithelial cells is produced by H. pylori. In addition, 
colonization of H. pylori has contributed in the development of peptic ulceration. By this infor-
mation, it could be concluded that VacA directly harms the gastric and duodenal epithelium 
in vivo; therefore, it leads to ulcers. H. pylori strains which have vacuolating cytotoxin activity 
in vitro are more often associated with disease than H. pylori strains which are noncytotoxic 
strains. There is a significant association between vacuolating activity and peptic ulcer dis-
ease, which is revealed by some studies all over the world [32, 84–86]; however, this associa-
tion is not true in all situations. Often noncytotoxic H. pylori isolates from patients with peptic 
ulceration, and cytotoxic H. pylori isolates from patients without peptic ulceration. However, 
explanation of these studies depends on some factors.

There have been many studies on the relationship between specific vacA genotypes and 
diseases, which are developed by multiple vacA genotypes and explained by polymerase 
chain reaction (PCR)-based methodology for discrimination between them [32, 81, 87]. It was 
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proved by most of these studies from outside Asia that s1 strains are more often associated 
with peptic ulceration or gastric carcinoma than s2 strains [32, 81, 88–91].

H. pylori vacA s1 and m1 strains are related to higher levels of inflammation in the gastric 
mucosa and increased risk for gastric atrophy and carcinoma. In addition, it was revealed 
that the determinant of cytotoxicity i1 allele is related to gastric carcinoma. So, evaluation of 
characterization of this region as a determinant of the clinical outcome of H. pylori infection 
could be used [28].

10. Conclusion

Helicobacter pylori has been investigated since its first culture in 1982 from a gastric biopsy. 
Cytotoxin-associated gene A (CagA) and the vacuolating cytotoxin (VacA) are the virulence factors 
which are produced by H. pylori and are related to an increase in the risk of disease extension [9].

VacA has a significant role in the pathogenesis of H. pylori-associated diseases, especially in 
peptic ulceration and distal gastric adenocarcinoma. For this reason, VacA has been studied 
widely. VacA is still under examination in order to find out its accurate role in these diseases. 
However, VacA makes H. pylori able to colonize in the human gastric mucosa. Moreover, 
VacA could have a role in gastric epithelial damage. For this reason, VacA is a target for 
therapeutic intervention and also is considered for usage in a vaccine against H. pylori.
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Investigations with planar model membranes represent that membrane insertion is followed 
by the formation of voltage-dependent, low-conductance (10–30 pS in 2 M KCl), and anion-
selective channels [76, 77].

Patch clamp analysis of HeLa cells indicates that VacA forms plasma membrane channels 
with features similar to those perceived in model membranes [78]. Different anion channel 
blockers inhibit VacA channels in vitro with various powers and are able to prevent and 
partially inverse vacuolation of HeLa cells [78, 79], informing an essential role of the anion 
channel in vacuolation [41]. With permitting anions to permeate into late endosomes, the 
endocytosed VacA channel increases the turnover of the electrogenic V-ATPase that causes 
accumulation of weak bases and leads to vacuole formation by water influx [80, 81]. Because 
of that, internalization of surface-bound VacA is required for the further development of 
vacuolation; this hypothesis is acceptable [43]. Vacuolation in this model can be considered as 
a side effect of the massive accumulation of endocytosed VacA channels in endolysosomes. 
With 5-nitro-2-(3-phenylpropylamine) benzoic acid (NPPB), VacA epithelial permeabilization 
of MDCK I cells can be partly prevented and reversed, the most efficient blocker of VacA 
channels, implying that epithelial permeabilization, similar to vacuolation, is less important 
for the formation of apical anion channels [78]. VacA induces an increased apical anion secre-
tion in Caco-2 cells, and this also is blocked by NPPB [82], implying that it is also because of 
VacA anion channel formation.

9. Discussion

H. pylori is considered as a significant cause of chronic active gastritis, peptic ulcer, and atro-
phic gastritis. It is related to an enhanced risk of gastric adenocarcinoma and mucosa-asso-
ciated lymphoid tissue (MALT). VacA is a virulence factor related to peptic ulcer. Moreover, 
oral administration of VacA leads to gastric mucosal damage in mice. It could be concluded 
that VacA might contribute to epithelial cell damage or peptic ulceration in H. pylori-infected 
humans [83].

A toxin that has damaging outcomes on epithelial cells is produced by H. pylori. In addition, 
colonization of H. pylori has contributed in the development of peptic ulceration. By this infor-
mation, it could be concluded that VacA directly harms the gastric and duodenal epithelium 
in vivo; therefore, it leads to ulcers. H. pylori strains which have vacuolating cytotoxin activity 
in vitro are more often associated with disease than H. pylori strains which are noncytotoxic 
strains. There is a significant association between vacuolating activity and peptic ulcer dis-
ease, which is revealed by some studies all over the world [32, 84–86]; however, this associa-
tion is not true in all situations. Often noncytotoxic H. pylori isolates from patients with peptic 
ulceration, and cytotoxic H. pylori isolates from patients without peptic ulceration. However, 
explanation of these studies depends on some factors.

There have been many studies on the relationship between specific vacA genotypes and 
diseases, which are developed by multiple vacA genotypes and explained by polymerase 
chain reaction (PCR)-based methodology for discrimination between them [32, 81, 87]. It was 
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proved by most of these studies from outside Asia that s1 strains are more often associated 
with peptic ulceration or gastric carcinoma than s2 strains [32, 81, 88–91].

H. pylori vacA s1 and m1 strains are related to higher levels of inflammation in the gastric 
mucosa and increased risk for gastric atrophy and carcinoma. In addition, it was revealed 
that the determinant of cytotoxicity i1 allele is related to gastric carcinoma. So, evaluation of 
characterization of this region as a determinant of the clinical outcome of H. pylori infection 
could be used [28].

10. Conclusion

Helicobacter pylori has been investigated since its first culture in 1982 from a gastric biopsy. 
Cytotoxin-associated gene A (CagA) and the vacuolating cytotoxin (VacA) are the virulence factors 
which are produced by H. pylori and are related to an increase in the risk of disease extension [9].

VacA has a significant role in the pathogenesis of H. pylori-associated diseases, especially in 
peptic ulceration and distal gastric adenocarcinoma. For this reason, VacA has been studied 
widely. VacA is still under examination in order to find out its accurate role in these diseases. 
However, VacA makes H. pylori able to colonize in the human gastric mucosa. Moreover, 
VacA could have a role in gastric epithelial damage. For this reason, VacA is a target for 
therapeutic intervention and also is considered for usage in a vaccine against H. pylori.
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Abstract

The plasticity zone (PZ) of Helicobacter pylori is a genomic region harbouring genes that can 
be exchanged between strains, contributing to the genetic diversity of this bacterium. The 
presence or absence of genes reflects the adaptation and coevolution of a pathogen within 
its host. Among the genes present in PZ, jhp0940, jhp0945, jhp0947 and jhp0949 have gained 
attention due to their association with gastroduodenal disease, and the prevalence of the 
latter three among H. pylori isolates from different geographical regions has allowed this 
association to be understood. With respect to jhp0940, also known as ctkA (cellular transloca-
tion kinase A), various results have been obtained regarding its prevalence. However, the 
presence of jhp0940 in isolates from children seems to be higher than that in isolates from 
adults, and the product of this gene can induce TNF-α, IL-6 and IL-8 via translocation of 
NF-κB into macrophages. While little is known about the functions of jhp0945, jhp0947 and 
jhp0949, their presence in H. pylori strains induces IL-8 and IL-12 expression at higher levels 
than that in strains lacking these genes. In this chapter, we aim to show a general overview 
of the prevalence, association with gastroduodenal disease, and currently known function 
of the H. pylori genes jhp0940, jhp0945, jhp0947 and jhp0949, which are located in PZ.

Keywords: plasticity zone, gastroduodenal diseases, jhp0940, jhp0945, jhp0947, jhp094

1. Introduction

Several techniques have been used to genotype Helicobacter pylori strains to identify differ-
ences at the genomic level between isolates from different populations as well as between 
isolates from the same individual, indicating the presence of a mixed infection [1–4]. Thus,  
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H. pylori is considered to have a high genetic diversity due to the presence or absence of genes, 
which indicates the adaptation and coevolution of the pathogen within different populations 
worldwide [5, 6]. Recently, advances in DNA sequencing technology have enabled the com-
parison of hundreds of sequences from the genomes of related bacteria. These comparative 
genome analyses between species have led to a concept that encompasses all of the genetic 
content within a bacterial species. This concept is referred to as a “pan-genome”, which is 
defined as the complete genetic repertoire of a specific species, composed of both the central 
genome and the accessory genome, also known as the dispensable genome [7].

Comparative genomic studies of H. pylori began with the sequencing of strains J99 and 26,695. 
The H. pylori genome is approximately 1.6 million base pairs (1.6 Mb) in size, containing 1500 
open reading frames (ORFs) and approximately 1500 protein-coding genes, with a G + C 
content of approximately 39%. Sequencing of these two strains showed that approximately 
6–7% of the genes present in one strain are absent in the other. These genes are referred to as 
strain-specific genes, almost half of which are located in hypervariable regions within the H. 
pylori genome. Such regions are called plasticity zones (PZs), based on the variability of gene 
content between different isolates of H. pylori. These regions have a lower G + C content than 
the rest of the genome (34–35%), which suggests horizontal transfer [8]. The cag pathogenicity 
island (PAI) is a region exhibiting this reduced G + C content [9].

Several studies have shown that H. pylori strains gain and lose genes during an infection, 
which suggests that a continuous genetic flow occurs, primarily within the PZ [4, 6, 10, 11]. 
The frequency of the PZ genes, notably jhp0940, jhp0945, jhp0947 and jhp0949, has been stud-
ied among H. pylori isolates from different geographical regions, which has demonstrated 
that some of these genes are associated with disease. Currently, some of these PZs have roles 
in H. pylori pathogenesis and are included in one of the three categories of H. pylori virulence 
classified by Yamaoka [12].

2. Genotyping of H. pylori strains

After strains J99 and 26695 were sequenced, the first DNA microarray could be designed [13], 
allowing the first genotyping studies of diverse strains of H. pylori to be conducted. The first 
study compared 15 H. pylori isolates and observed that 362 genes (22%) were variable among 
the strains, which were called strain-specific genes. Subsequently, another study explored the 
genomic diversity of H. pylori isolates from children and adults who presented a single or a 
mixed infection (the presence of more than one strain). The number of variable genes in individ-
uals with a mixed infection was found to be higher than that in individuals infected with a single 
strain. No difference was observed in the number of strain-specific genes between strains from 
children and adults [14]. However, a study of 56 strains from different geographical regions 
observed that 25% of the genomic content between these strains corresponded to strain-specific 
genes [6]. The genetic content of the strains has also been correlated with their pathogenesis in an 
animal model [4, 15]. Moreover, Romo-González et al. [16] identified and compared the differ-
ences in the genetic content of strains isolated from Mexican patients with non-atrophic gastritis, 
duodenal ulcers and gastric cancer. The authors observed that the core genome shared by these 
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isolates was composed of 1319 genes, while 341 genes (20.5%) were strain-specific among the 
assayed isolates, 37% of which were distributed within the PZs. The genotyping analysis pro-
vided an understanding of which genes are present and absent in the isolates associated with 
each disease, making it possible to associate some of these genes with specific diseases.

3. Structure of the H. pylori PZ

The PZ of strain J99 is the most studied and best characterised hypervariable region within 
the H. pylori genome. In the J99 H. pylori strain, the PZ is a continuous region from jhp0916 
to jhp0961 [8]. Of the 48 ORFs that compose the PZ in strain J99, only six are present in strain 
26695, and 10 are present in strain HPAG1. The PZs in strains J99 and 26695 are 45 and 68 kb 
in length, respectively. The PZ contains genes of unknown function as well as those encoding 
restriction-modification systems, topoisomerases, integrons, secretion systems, outer mem-
brane proteins and transposons, the latter of which can be inserted into a genome without 
recombination. This insertion facilitates the propagation of transposons among bacterial spe-
cies. These transposons are important because they can generate genomic deletions and rear-
rangements and even alter the expression of genes contiguous to their insertion site [17–19].

Kersulyte et al. [20] studied the nature of the PZ in the H. pylori genome by sequencing this 
locus in other strains and locating this area in strains that had been recently deposited in 
GenBank. The authors observed that the PZ is composed of inserted transposable elements 

Figure 1. Plasticity zone of reference strain Helicobacter pylori J99 (jhp0917-jhp0951), figure adapted from [20]. This PZ 
is located between the ftsZ (jhp0913) gene and the 5S, 23S rRNA gene pair and is composed of TnPZ fragments: type 1 
(jhp0917-jhp0924), type 1b (jhp0944-jhp0951; jhp0925, jhp0926, potentially part of jhp0927-jhp0929 (orfQ) as well), and type 
2 (jhp0943-jhp0930, potentially part of orfQ as well). Blue and green boxes indicate ORFs exclusive to J99 but not 26695 
(another reference strain); black boxes indicate ORFs found in both strains; grey boxes indicate ORFs located between 
the ftsZ gene and the 5S, 23S rRNA gene pair that do not belong to the TnPZ.
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H. pylori is considered to have a high genetic diversity due to the presence or absence of genes, 
which indicates the adaptation and coevolution of the pathogen within different populations 
worldwide [5, 6]. Recently, advances in DNA sequencing technology have enabled the com-
parison of hundreds of sequences from the genomes of related bacteria. These comparative 
genome analyses between species have led to a concept that encompasses all of the genetic 
content within a bacterial species. This concept is referred to as a “pan-genome”, which is 
defined as the complete genetic repertoire of a specific species, composed of both the central 
genome and the accessory genome, also known as the dispensable genome [7].

Comparative genomic studies of H. pylori began with the sequencing of strains J99 and 26,695. 
The H. pylori genome is approximately 1.6 million base pairs (1.6 Mb) in size, containing 1500 
open reading frames (ORFs) and approximately 1500 protein-coding genes, with a G + C 
content of approximately 39%. Sequencing of these two strains showed that approximately 
6–7% of the genes present in one strain are absent in the other. These genes are referred to as 
strain-specific genes, almost half of which are located in hypervariable regions within the H. 
pylori genome. Such regions are called plasticity zones (PZs), based on the variability of gene 
content between different isolates of H. pylori. These regions have a lower G + C content than 
the rest of the genome (34–35%), which suggests horizontal transfer [8]. The cag pathogenicity 
island (PAI) is a region exhibiting this reduced G + C content [9].

Several studies have shown that H. pylori strains gain and lose genes during an infection, 
which suggests that a continuous genetic flow occurs, primarily within the PZ [4, 6, 10, 11]. 
The frequency of the PZ genes, notably jhp0940, jhp0945, jhp0947 and jhp0949, has been stud-
ied among H. pylori isolates from different geographical regions, which has demonstrated 
that some of these genes are associated with disease. Currently, some of these PZs have roles 
in H. pylori pathogenesis and are included in one of the three categories of H. pylori virulence 
classified by Yamaoka [12].

2. Genotyping of H. pylori strains

After strains J99 and 26695 were sequenced, the first DNA microarray could be designed [13], 
allowing the first genotyping studies of diverse strains of H. pylori to be conducted. The first 
study compared 15 H. pylori isolates and observed that 362 genes (22%) were variable among 
the strains, which were called strain-specific genes. Subsequently, another study explored the 
genomic diversity of H. pylori isolates from children and adults who presented a single or a 
mixed infection (the presence of more than one strain). The number of variable genes in individ-
uals with a mixed infection was found to be higher than that in individuals infected with a single 
strain. No difference was observed in the number of strain-specific genes between strains from 
children and adults [14]. However, a study of 56 strains from different geographical regions 
observed that 25% of the genomic content between these strains corresponded to strain-specific 
genes [6]. The genetic content of the strains has also been correlated with their pathogenesis in an 
animal model [4, 15]. Moreover, Romo-González et al. [16] identified and compared the differ-
ences in the genetic content of strains isolated from Mexican patients with non-atrophic gastritis, 
duodenal ulcers and gastric cancer. The authors observed that the core genome shared by these 
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isolates was composed of 1319 genes, while 341 genes (20.5%) were strain-specific among the 
assayed isolates, 37% of which were distributed within the PZs. The genotyping analysis pro-
vided an understanding of which genes are present and absent in the isolates associated with 
each disease, making it possible to associate some of these genes with specific diseases.

3. Structure of the H. pylori PZ

The PZ of strain J99 is the most studied and best characterised hypervariable region within 
the H. pylori genome. In the J99 H. pylori strain, the PZ is a continuous region from jhp0916 
to jhp0961 [8]. Of the 48 ORFs that compose the PZ in strain J99, only six are present in strain 
26695, and 10 are present in strain HPAG1. The PZs in strains J99 and 26695 are 45 and 68 kb 
in length, respectively. The PZ contains genes of unknown function as well as those encoding 
restriction-modification systems, topoisomerases, integrons, secretion systems, outer mem-
brane proteins and transposons, the latter of which can be inserted into a genome without 
recombination. This insertion facilitates the propagation of transposons among bacterial spe-
cies. These transposons are important because they can generate genomic deletions and rear-
rangements and even alter the expression of genes contiguous to their insertion site [17–19].

Kersulyte et al. [20] studied the nature of the PZ in the H. pylori genome by sequencing this 
locus in other strains and locating this area in strains that had been recently deposited in 
GenBank. The authors observed that the PZ is composed of inserted transposable elements 

Figure 1. Plasticity zone of reference strain Helicobacter pylori J99 (jhp0917-jhp0951), figure adapted from [20]. This PZ 
is located between the ftsZ (jhp0913) gene and the 5S, 23S rRNA gene pair and is composed of TnPZ fragments: type 1 
(jhp0917-jhp0924), type 1b (jhp0944-jhp0951; jhp0925, jhp0926, potentially part of jhp0927-jhp0929 (orfQ) as well), and type 
2 (jhp0943-jhp0930, potentially part of orfQ as well). Blue and green boxes indicate ORFs exclusive to J99 but not 26695 
(another reference strain); black boxes indicate ORFs found in both strains; grey boxes indicate ORFs located between 
the ftsZ gene and the 5S, 23S rRNA gene pair that do not belong to the TnPZ.
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that are flanked by discrete sequences of 5′AAGAATG and are each referred to as a TnPZ or 
“transposon, plasticity zone”. Each TnPZ generally contains genes encoding type IV secretion 
proteins (tfs3), xerT, an ORF coding for a protein with helicase and DNA methylase domains 
and additional ORFs. Among the studied strains, several types of TnPZs with different gene 
arrangements or DNA sequence variations were observed and classified as type 1, type 1b 
and type 2 TnPZs. The genes jhp0945, jhp0947 and jhp0949 are located on a type 1b TnPZ, and 
jhp0940 is located on a type 2 TnPZ in strain J99 (see Figure 1).

4. The PZ-associated gene jhp0940 and its relationship with 
gastroduodenal disease

The prevalence of the jhp0940 gene in various H. pylori isolates from different geographical 
regions has been explored (Figure 2). Studies have reported varying results regarding its preva-
lence and association with disease, and the presence of this gene has even been suggested to be 
related to a lower risk of peptic ulcers or gastric cancer [21, 22]. In a genotyping study of H. pylori 
isolates from Mexican individuals with gastroduodenal diseases, jhp0940 was absent in all gas-
tric cancer isolates [16]. In Brazil, in patients with duodenal ulcers or gastric cancer, the presence 
of jhp0940 in H. pylori isolates exhibited no association with disease, as only 3 of 200 isolates had 

Figure 2. Frequency of the presence of the jhp0940, jhp0945, jhp0947 and jhp0949 genes among H. pylori isolates from 
different geographical regions. Frequencies are based on the following reports: USA, Colombia, South Korea [21]; Japan 
[21, 25]; Netherlands [32]; Iran [28]; India [22, 25]; Pakistan [27]; China [24]; Costa Rica [30, 25]; Brazil [23]; Argentina [26]; 
Peru [25]; South Africa [25]; France [25]; Spain [25]; and Mexico [16, 29].
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the gene [23]. In addition, no association was found between this gene and disease in isolates 
from Chinese patients with chronic active gastritis, duodenal ulcers or gastric cancer [24].

A study in India observed less than a 20% prevalence of the jhp0940 gene among H. pylori iso-
lates [22]. However, in other isolates from India, the reported jhp0940 prevalence was higher 
than 80% [25]. In Argentina, the frequency of the jhp0940 gene was reported as 74.6%, and 
the frequency in isolates from individuals with chronic gastritis and peptic ulcer disease was 
similar, indicating no association with a specific disease [26]. However, Rizwan et al. [25] 
found no relationship between clinical results and the prevalence of jhp0940 or the cag PAI in 
isolates from seven countries (India, South Africa, Japan, Costa Rica, Peru, France and Spain). 
The highest prevalence of this gene was observed in isolates from India, South Africa and 
France, in contrast to isolates from Spain, where less than 10% contained this gene.

However, Yakoob et al. [27] and Gholizade Tobnagh et al. [28] reported an association between 
jhp0940 and gastric ulcers and gastric cancer, respectively. In general, the prevalence of this 
gene is lower than that of jhp0945, jhp0947 and jhp0949 in isolates from the different geograph-
ical regions that have been studied. There appears to be a difference between the presence of 
PZ genes between isolates from children and adults. Romo-González et al. [29] observed that 
the prevalence of jhp0940 in H. pylori isolates from children is higher than that in adults and 
that the presence of the specific gene patterns (including jhp0940-jhp0945-jhp0947-jhp0949 and 
jhp0940-jhp0947-jhp0949) is more common in isolates from children than in adults. Therefore, 
these authors suggest that this locus is more integrated in the early stages of infection, which 
could contribute to the bacterial virulence and evolution of the infection. These authors found 
no association between the presence of these four PZ-associated genes and the presence of 
cagA, cag PAI or dupA.

Romo-González et al. evaluated the in vitro expression of four PZ-associated genes in isolates 
from children and adults and observed the expression of only jhp0945, jhp0947 and jhp0949, 
without significant differences among the expression of these three genes between the isolates 
obtained from children and adults. However, a correlation was observed among the expres-
sion of these three genes (unpublished data).

A possible explanation for the discordant results regarding the prevalence of jhp0940 in differ-
ent geographical regions is that geographical diversity exists in the sequence of this gene that 
does not allow for its identification with a single pair of primers. Another potential reason is 
that the absence of this gene in adult isolates is due to the loss of this gene during infection.

5. The PZ-associated genes jhp0945, jhp0947 and jhp0949 and their 
relationship with gastroduodenal disease

Studies on the prevalence of jhp0945, jhp0947 and jhp0949 among H. pylori isolates of different 
geographical origins have proposed that these genes are disease markers, suggesting that they 
could play a role in the pathogenesis of H. pylori [12]. This relationship was discovered in Costa 
Rica, where the prevalence of 21 ORFs present in the PZ of the J99 strain (jhp0914-jhp0961) 
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that are flanked by discrete sequences of 5′AAGAATG and are each referred to as a TnPZ or 
“transposon, plasticity zone”. Each TnPZ generally contains genes encoding type IV secretion 
proteins (tfs3), xerT, an ORF coding for a protein with helicase and DNA methylase domains 
and additional ORFs. Among the studied strains, several types of TnPZs with different gene 
arrangements or DNA sequence variations were observed and classified as type 1, type 1b 
and type 2 TnPZs. The genes jhp0945, jhp0947 and jhp0949 are located on a type 1b TnPZ, and 
jhp0940 is located on a type 2 TnPZ in strain J99 (see Figure 1).

4. The PZ-associated gene jhp0940 and its relationship with 
gastroduodenal disease

The prevalence of the jhp0940 gene in various H. pylori isolates from different geographical 
regions has been explored (Figure 2). Studies have reported varying results regarding its preva-
lence and association with disease, and the presence of this gene has even been suggested to be 
related to a lower risk of peptic ulcers or gastric cancer [21, 22]. In a genotyping study of H. pylori 
isolates from Mexican individuals with gastroduodenal diseases, jhp0940 was absent in all gas-
tric cancer isolates [16]. In Brazil, in patients with duodenal ulcers or gastric cancer, the presence 
of jhp0940 in H. pylori isolates exhibited no association with disease, as only 3 of 200 isolates had 

Figure 2. Frequency of the presence of the jhp0940, jhp0945, jhp0947 and jhp0949 genes among H. pylori isolates from 
different geographical regions. Frequencies are based on the following reports: USA, Colombia, South Korea [21]; Japan 
[21, 25]; Netherlands [32]; Iran [28]; India [22, 25]; Pakistan [27]; China [24]; Costa Rica [30, 25]; Brazil [23]; Argentina [26]; 
Peru [25]; South Africa [25]; France [25]; Spain [25]; and Mexico [16, 29].
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the gene [23]. In addition, no association was found between this gene and disease in isolates 
from Chinese patients with chronic active gastritis, duodenal ulcers or gastric cancer [24].

A study in India observed less than a 20% prevalence of the jhp0940 gene among H. pylori iso-
lates [22]. However, in other isolates from India, the reported jhp0940 prevalence was higher 
than 80% [25]. In Argentina, the frequency of the jhp0940 gene was reported as 74.6%, and 
the frequency in isolates from individuals with chronic gastritis and peptic ulcer disease was 
similar, indicating no association with a specific disease [26]. However, Rizwan et al. [25] 
found no relationship between clinical results and the prevalence of jhp0940 or the cag PAI in 
isolates from seven countries (India, South Africa, Japan, Costa Rica, Peru, France and Spain). 
The highest prevalence of this gene was observed in isolates from India, South Africa and 
France, in contrast to isolates from Spain, where less than 10% contained this gene.

However, Yakoob et al. [27] and Gholizade Tobnagh et al. [28] reported an association between 
jhp0940 and gastric ulcers and gastric cancer, respectively. In general, the prevalence of this 
gene is lower than that of jhp0945, jhp0947 and jhp0949 in isolates from the different geograph-
ical regions that have been studied. There appears to be a difference between the presence of 
PZ genes between isolates from children and adults. Romo-González et al. [29] observed that 
the prevalence of jhp0940 in H. pylori isolates from children is higher than that in adults and 
that the presence of the specific gene patterns (including jhp0940-jhp0945-jhp0947-jhp0949 and 
jhp0940-jhp0947-jhp0949) is more common in isolates from children than in adults. Therefore, 
these authors suggest that this locus is more integrated in the early stages of infection, which 
could contribute to the bacterial virulence and evolution of the infection. These authors found 
no association between the presence of these four PZ-associated genes and the presence of 
cagA, cag PAI or dupA.

Romo-González et al. evaluated the in vitro expression of four PZ-associated genes in isolates 
from children and adults and observed the expression of only jhp0945, jhp0947 and jhp0949, 
without significant differences among the expression of these three genes between the isolates 
obtained from children and adults. However, a correlation was observed among the expres-
sion of these three genes (unpublished data).

A possible explanation for the discordant results regarding the prevalence of jhp0940 in differ-
ent geographical regions is that geographical diversity exists in the sequence of this gene that 
does not allow for its identification with a single pair of primers. Another potential reason is 
that the absence of this gene in adult isolates is due to the loss of this gene during infection.

5. The PZ-associated genes jhp0945, jhp0947 and jhp0949 and their 
relationship with gastroduodenal disease

Studies on the prevalence of jhp0945, jhp0947 and jhp0949 among H. pylori isolates of different 
geographical origins have proposed that these genes are disease markers, suggesting that they 
could play a role in the pathogenesis of H. pylori [12]. This relationship was discovered in Costa 
Rica, where the prevalence of 21 ORFs present in the PZ of the J99 strain (jhp0914-jhp0961) 
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was assessed in 17 strains from patients with gastric cancer and 26 strains from patients with 
gastritis. The results showed a high prevalence of jhp0940 and jhp0947 in patients with gastric 
cancer [30]. Later, in a study conducted in Brazil that included 200 H. pylori isolates from 
patients with duodenal ulcers, gastric cancer or gastritis, only jhp0947 continued to show an 
association with gastric cancer and duodenal ulcers [23]. However, in another study of strains 
from Brazil, an association between jhp0947 and peptic ulcers was not observed [31]. A differ-
ent study assessed the prevalence of the jhp0945-jhp947-jhp0949 locus in a Dutch population 
with gastritis and duodenal ulcers. In addition to jhp0947, the presence of jhp0949 was associ-
ated with duodenal ulcers, whereas jhp0945 was not associated with this disease [32]. Another 
cluster of genes for which the prevalence was examined consisted of jhp0926, jhp0931, jhp0933, 
jhp0944 and jhp0945 in isolates from Turkish patients with gastritis and peptic ulcers. Among 
these genes, jhp0931 was the most prevalent in patients with peptic ulcers [33].

Yakoob et al. [27] observed that the jhp0947 gene is more frequently present than jhp0940 in 
strains associated with duodenal ulcers and gastric cancer. This association was determined 
to be independent of the presence of the virulence factor cagA in H. pylori strains. A study 
that included 296 Western isolates (from the United States and Colombia) and 217 East Asian 
isolates (from Korea and Japan) reported that the prevalence of jhp0945, jhp0947 and jhp0949 
differs significantly between the two geographical regions. In the Western isolates, the pres-
ence of jhp0945 was higher in isolates obtained from individuals with gastric ulcers, duodenal 
ulcers or gastric cancer than in those obtained from individuals with gastritis [21].

In H. pylori isolates of Chinese origin, the prevalence of jhp0945, jhp0947 and jhp0949 was 
significantly higher in individuals with duodenal ulcers and gastric cancer than in individuals 
with chronic gastritis [24]. Similarly, in isolates from India, the presence of jhp0945, jhp0947 and 
jhp0949 in H. pylori isolates was associated with disease [22]. The prevalence of jhp0945, jhp0947 
and jhp0949 is associated with a greater risk of serious diseases in India [28]. PZ-associated 
genes (outside of locus jhp0945-jhp0947-jhp0949) that also have exhibited an association with 
disease include jhp0950 and jhp0917-jhp0918. The jhp0950 gene was associated with marginal 
zone B cell lymphomas (MZBL) and mucosa-associated lymphoid tissue (MALT) when its 
prevalence was examined in patients with gastritis, duodenal ulcers and gastric cancer [34]. 
Another gene considered a risk factor for the development of duodenal ulcers is the dupA 
gene (duodenal ulcer-promoting gene, jhp0917-jhp0918); its presence in strains from patients 
with this gastroduodenal pathology resulted in its association with this condition.

Predominant inflammation in the antrum region of the stomach as well as the infiltration 
of polymorphonuclear leukocytes can lead to the appearance of a duodenal ulcer [35]. The 
prevalence of the dupA gene among H. pylori strains varies according to the geographic region 
and duodenal pathology. The dupA gene is present in approximately 31% of strains in Asian 
countries and 64% of strains in Western countries [36–40].

However, two genotypes were observed for this gene, including strains with and without 
an extra 600 bp in the gene sequence [41]; another important characteristic is that it has high 
homology with VirB4, a component of the type IV secretion system (T4SS) of H. pylori, and 
recent studies suggest that dupA and the six homologues of adjacent vir genes (virB8-virB11, 
virD4 and virD2) in the PZ could form the third T4SS [42]. Many unanswered questions still 
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exist regarding this gene and its role in H. pylori strains. To date, jhp0947 is considered the best 
disease marker of the locus jhp0945-jhp0947-jhp0949 because it seems to meet two of the condi-
tions that Yamaoka et al. [12] suggest for an H. pylori virulence factor: (1) it has a disease or other 
in vivo correlation and (2) it is epidemiologically consistent across populations and regions.

6. Functional characteristics of the jhp0940, jhp0945, jhp0947 and 
jhp0949 genes

Among the jhp0940, jhp0945, jhp0947 and jhp0949 genes, jhp0940 is the best characterised. 
Rizwan et al. [25] purified recombinant JHP0940 protein, which, when incubated with macro-
phage cells (TPH-1), was able to induce the synthesis of TNF-α, IL-6 and IL-8 via translocation 
of NF-κB. This gene is currently known as ctkA (cell translocation kinase A), and the encoded 
protein has autophosphorylation activity [43]. In addition to being a serine/threonine kinase, 
CtkA can increase the phosphorylation of NF-κB by inducing TNF-α in a dose-dependent 
manner in HeLa cells [40]. However, Tenguria et al. [44] observed that H. pylori can secrete 
the CtkA and induce the expression of caspase-1 in macrophages (RAW264.7), generating an 
increase in the transcription of IL-1β and promoting the recruitment of infiltrated immune 
cells in the gastric mucosa. In addition, CtkA may be able to decrease cell viability through 
the Fas receptor. Recently, a study showed that CtkA is expressed from its native host and can 
induce stimulation of a pro-inflammatory response from gastric epithelial cells. This interac-
tion is dependent upon a complement of the tfs3 T4SS genes but independent of the T4SS 
proteins encoded by either tfs4 or the cag PAI [45].

The function of the genes jhp0945-jhp0947-jhp0949 is not yet well understood. However, it has 
been proposed that since they are consecutive genes and are oriented in the same direction, 
it is possible that they are expressed as an operon [30]. A study of the Dutch population 
revealed that the presence of these three genes in H. pylori strains induced higher amounts 
of IL-12 than in strain 26695, which does not possess these genes. However, the disruption 
of this locus reduces the production of IL-12 in THP-1 monocytic cells [32]. The presence of 
these three genes in strains from India induces a greater amount of IL-8 and induction of cell 
death by apoptosis (caspase-3 activity) in AGS cells than in strains that lack these genes [22]. 
jhp0947 shows homology with jhp0938 (hp0990) and jhp0253 (hp1333), but their functions are 
still unknown. This gene also shows homology in the 5′ region with jhp0477 (hp0528), which 
encodes a virB9 homologue, an important component of the T4SS encoded by the cag PAI [46].

7. Conclusion

The PZ of the H. pylori genome contains several genes that have not been fully explored but could 
be important for understanding the pathogenesis of H. pylori due to their location in an area of the 
genome associated with genetic exchange. Among the most studied genes are jhp0945, jhp0947 
and jhp0949, which have been found to be associated with gastroduodenal disease, although 
their mechanism is still not clearly defined. However, the prevalence and association of jhp0940 
with ulcer or gastric cancer is still not entirely clear, although progress has been made in the 
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was assessed in 17 strains from patients with gastric cancer and 26 strains from patients with 
gastritis. The results showed a high prevalence of jhp0940 and jhp0947 in patients with gastric 
cancer [30]. Later, in a study conducted in Brazil that included 200 H. pylori isolates from 
patients with duodenal ulcers, gastric cancer or gastritis, only jhp0947 continued to show an 
association with gastric cancer and duodenal ulcers [23]. However, in another study of strains 
from Brazil, an association between jhp0947 and peptic ulcers was not observed [31]. A differ-
ent study assessed the prevalence of the jhp0945-jhp947-jhp0949 locus in a Dutch population 
with gastritis and duodenal ulcers. In addition to jhp0947, the presence of jhp0949 was associ-
ated with duodenal ulcers, whereas jhp0945 was not associated with this disease [32]. Another 
cluster of genes for which the prevalence was examined consisted of jhp0926, jhp0931, jhp0933, 
jhp0944 and jhp0945 in isolates from Turkish patients with gastritis and peptic ulcers. Among 
these genes, jhp0931 was the most prevalent in patients with peptic ulcers [33].

Yakoob et al. [27] observed that the jhp0947 gene is more frequently present than jhp0940 in 
strains associated with duodenal ulcers and gastric cancer. This association was determined 
to be independent of the presence of the virulence factor cagA in H. pylori strains. A study 
that included 296 Western isolates (from the United States and Colombia) and 217 East Asian 
isolates (from Korea and Japan) reported that the prevalence of jhp0945, jhp0947 and jhp0949 
differs significantly between the two geographical regions. In the Western isolates, the pres-
ence of jhp0945 was higher in isolates obtained from individuals with gastric ulcers, duodenal 
ulcers or gastric cancer than in those obtained from individuals with gastritis [21].

In H. pylori isolates of Chinese origin, the prevalence of jhp0945, jhp0947 and jhp0949 was 
significantly higher in individuals with duodenal ulcers and gastric cancer than in individuals 
with chronic gastritis [24]. Similarly, in isolates from India, the presence of jhp0945, jhp0947 and 
jhp0949 in H. pylori isolates was associated with disease [22]. The prevalence of jhp0945, jhp0947 
and jhp0949 is associated with a greater risk of serious diseases in India [28]. PZ-associated 
genes (outside of locus jhp0945-jhp0947-jhp0949) that also have exhibited an association with 
disease include jhp0950 and jhp0917-jhp0918. The jhp0950 gene was associated with marginal 
zone B cell lymphomas (MZBL) and mucosa-associated lymphoid tissue (MALT) when its 
prevalence was examined in patients with gastritis, duodenal ulcers and gastric cancer [34]. 
Another gene considered a risk factor for the development of duodenal ulcers is the dupA 
gene (duodenal ulcer-promoting gene, jhp0917-jhp0918); its presence in strains from patients 
with this gastroduodenal pathology resulted in its association with this condition.

Predominant inflammation in the antrum region of the stomach as well as the infiltration 
of polymorphonuclear leukocytes can lead to the appearance of a duodenal ulcer [35]. The 
prevalence of the dupA gene among H. pylori strains varies according to the geographic region 
and duodenal pathology. The dupA gene is present in approximately 31% of strains in Asian 
countries and 64% of strains in Western countries [36–40].

However, two genotypes were observed for this gene, including strains with and without 
an extra 600 bp in the gene sequence [41]; another important characteristic is that it has high 
homology with VirB4, a component of the type IV secretion system (T4SS) of H. pylori, and 
recent studies suggest that dupA and the six homologues of adjacent vir genes (virB8-virB11, 
virD4 and virD2) in the PZ could form the third T4SS [42]. Many unanswered questions still 
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exist regarding this gene and its role in H. pylori strains. To date, jhp0947 is considered the best 
disease marker of the locus jhp0945-jhp0947-jhp0949 because it seems to meet two of the condi-
tions that Yamaoka et al. [12] suggest for an H. pylori virulence factor: (1) it has a disease or other 
in vivo correlation and (2) it is epidemiologically consistent across populations and regions.

6. Functional characteristics of the jhp0940, jhp0945, jhp0947 and 
jhp0949 genes

Among the jhp0940, jhp0945, jhp0947 and jhp0949 genes, jhp0940 is the best characterised. 
Rizwan et al. [25] purified recombinant JHP0940 protein, which, when incubated with macro-
phage cells (TPH-1), was able to induce the synthesis of TNF-α, IL-6 and IL-8 via translocation 
of NF-κB. This gene is currently known as ctkA (cell translocation kinase A), and the encoded 
protein has autophosphorylation activity [43]. In addition to being a serine/threonine kinase, 
CtkA can increase the phosphorylation of NF-κB by inducing TNF-α in a dose-dependent 
manner in HeLa cells [40]. However, Tenguria et al. [44] observed that H. pylori can secrete 
the CtkA and induce the expression of caspase-1 in macrophages (RAW264.7), generating an 
increase in the transcription of IL-1β and promoting the recruitment of infiltrated immune 
cells in the gastric mucosa. In addition, CtkA may be able to decrease cell viability through 
the Fas receptor. Recently, a study showed that CtkA is expressed from its native host and can 
induce stimulation of a pro-inflammatory response from gastric epithelial cells. This interac-
tion is dependent upon a complement of the tfs3 T4SS genes but independent of the T4SS 
proteins encoded by either tfs4 or the cag PAI [45].

The function of the genes jhp0945-jhp0947-jhp0949 is not yet well understood. However, it has 
been proposed that since they are consecutive genes and are oriented in the same direction, 
it is possible that they are expressed as an operon [30]. A study of the Dutch population 
revealed that the presence of these three genes in H. pylori strains induced higher amounts 
of IL-12 than in strain 26695, which does not possess these genes. However, the disruption 
of this locus reduces the production of IL-12 in THP-1 monocytic cells [32]. The presence of 
these three genes in strains from India induces a greater amount of IL-8 and induction of cell 
death by apoptosis (caspase-3 activity) in AGS cells than in strains that lack these genes [22]. 
jhp0947 shows homology with jhp0938 (hp0990) and jhp0253 (hp1333), but their functions are 
still unknown. This gene also shows homology in the 5′ region with jhp0477 (hp0528), which 
encodes a virB9 homologue, an important component of the T4SS encoded by the cag PAI [46].

7. Conclusion

The PZ of the H. pylori genome contains several genes that have not been fully explored but could 
be important for understanding the pathogenesis of H. pylori due to their location in an area of the 
genome associated with genetic exchange. Among the most studied genes are jhp0945, jhp0947 
and jhp0949, which have been found to be associated with gastroduodenal disease, although 
their mechanism is still not clearly defined. However, the prevalence and association of jhp0940 
with ulcer or gastric cancer is still not entirely clear, although progress has been made in the 
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characterisation of the function of this gene. It is important to continue exploring the presence 
and in vivo expression of these genes in strains isolated from children and adults from different 
geographical regions to elucidate their potential role in the pathogenesis of H. pylori infection.
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and in vivo expression of these genes in strains isolated from children and adults from different 
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Abstract

Studies on gastric microbiota find several bacterial families and species in the stomach 
using molecular-based techniques. When biopsies are cultured, there may be growth of 
bacteria, pure culture of Helicobacter pylori, or no growth. When looking at the histological 
sections of corresponding biopsies no bacteria may be seen, except curved rods (H. pylori) 
adherent to the gastric epithelial cells. In a number of biopsies, several different bacteria 
are cultured with or without H. pylori. The non–H. pylori bacteria cultured are like the 
normal oral flora and may be contamination of the samples during endoscopy. In his-
tological sections, these bacteria are seen above the mucin layer and not adherent to the 
epithelial cells confirming that it is contamination of the samples and can thus not be 
regarded as gastric microbiota. Therefore, the susceptibility of H. pylori to antibiotics is 
independent of coexisting bacterial flora. A review of H. pylori susceptibility to antibiot-
ics in untreated and previous treated patients will be given including meta-analyses of 
H. pylori susceptibility to metronidazole (MTZ), clarithromycin, and levofloxacin. These 
data indicate that these antibiotics become more doubtful to use for primary therapy and 
should be banned for secondary therapy without susceptibility testing.

Keywords: gastric microbiota, H. pylori, histology, susceptibility testing, resistant rates

1. Introduction

Microbiota and microbiome are not always clearly defined or distinguished. The human micro-
biota comprises the population of microbial species that live on or in the human body. This is the 
resident flora of the body and does not include the transient flora (sampling contamination, etc.). 
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The microbiome is constituted by all the genes inside these microbial cells and is thus restricted 
to detection by molecular methods (sequencing, polymerase chain reactions [PCR]) [1].

By molecular methods, bacteria are usually identified to family and genera level [2]. Bacterial 
families and genera may include species and types of bacteria that may have completely 
opposite actions in the human body [3]. It is, therefore, doubtful if molecular methods alone 
are sensitive enough to predict the effect of the composition of microbiota. The limited origi-
nal literature on gastric microbiota has mainly focused on gastric cancer and contains conflict-
ing results [4–7]. There are many difficulties in investigating the gastric microbiota. One thing 
many authors are not aware of is the difficulty of getting samples without contaminating 
bacterial flora (Figure 1) [8]. In animal models, the whole stomach can be removed, and con-
tamination of the stomach can be avoided, but in most animal species, physiology, acidity, 
etc. of the stomach are very different from the human stomach. Samples from the human 
stomach are usually taken as biopsies during gastroscopy. Even though the endoscope and 
the forceps are sterilized or decontaminated, it will be contaminated with oral bacterial flora 
during gastroscopy and thereby will the samples be contaminated by oral flora mainly of the 
phyla Firmicutes [8, 9].

Bacterial resistance to antibiotics can occur either if the bacteria obtain plasmids contain-
ing resistance genes from other bacteria in the microbiota (conjugation); they can take 

Figure 1. Schematic illustration of the gastric mucosa with the main cell types of oxyntic and pyloric glands in the gastric 
epithelium. Gastric stem cells reside in the isthmus zone of the gland and differentiate into precursors of the different cell 
lineages, which migrate either apically toward the gastric lumen or downwards to the base. The superficial epithelium 
and the gastric glands are covered by a viscous mucus layer mainly composed of MUC5AC, secreted by the SMCs, and 
MUC6, secreted mainly by MNCs and antral gland cells. The mucus layer consists of an inner layer, which is firmly 
attached to the epithelium, and an outer loose layer. The gastric pathogen Helicobacter pylori has been shown to use the 
transmucus pH gradient between the acidic gastric lumen and the near-neutral epithelial surface for spatial orientation 
to reach its niche at the juxtamucosal epithelium. The precise location of non–H. pylori microbiota is still hypothetical. [8].

Helicobacter Pylori - New Approaches of an Old Human Microorganism92

up free DNA with resistance genes from the environment (transcription) or DNA can 
be transferred by bacteriophages (transduction). Furthermore, mutations can occur in 
the bacterial genome which may result in resistance if the mutation occurs in the part 
of the genome that codes for a structure on which the antibiotics act; this action may 
be interfered, and the bacteria becomes resistant to the antibiotic [10–12]. The conjuga-
tion of plasmids increases with the number of different bacteria in the microbiota and 
depends on a close contact between the bacteria. Uptake of free DNA does not demand 
a direct contact with other bacteria, but bacteria should probably be present in the close 
environment [3]. Mutations occur in all bacteria with a certain time because of natural 
replication errors [12]. Some bacteria mutate more often than others; but because of the 
short generation time for bacteria, each bacterial clone will have several mutations. If the 
mutation occurs in a part of the genome, which is target for the antibiotics, resistance to 
the antibiotic may occur.

2. Study on gastric microbiota

In a previous unpublished study that included 411 biopsies from patients undergoing upper 
gastrointestinal endoscopy were investigated both by microaerobic culture and by histology 
(Table 1). From 249 (60%) biopsies other bacteria than H. pylori were cultured. These bacteria 
were oral flora, that is, Streptococcus spp., Staphylococcus spp., Corynebacterium spp., Neisseria 
spp., etc., which may indicate contamination of both the endoscope and the biopsies during 
the procedure. In histological sections, very few bacteria except H. pylori were seen in 20 (5%) 
of the biopsies. In all cases, the bacteria were located superficial to the mucus layer and not 
in relation to the epithelial cells and H. pylori, which confirm that it is contamination from 
the oral cavity. The discrepancy in the number of biopsies with other bacteria than H. pylori 
between culture and histology may be because very few bacteria (less than 5 colonies) are 
cultured and the preparation of histological sections may remove much of the mucin and the 
contaminating bacteria. H. pylori was found alone without contamination in 60 biopsies by 
culture and in 83 biopsies by histology which indicate that H. pylori is a true gastric micro-
biota (Figure 2).

All known mechanisms for H. pylori resistance to all antibiotics are point mutations located 
on the chromosome (Table 2), indicating no uptake of plasmids or free DNA, which support 
that H. pylori is the only bacteria in the true gastric microbiota and everything else is transient 
contaminating flora [13].

No. of biopsies Culture Histology

H. pylori Other bacteria H. pylori Other bacteria

411 106 249 83 20

Table 1. Comparison of culture and histological finding of H. pylori and other bacteria (oral flora) in gastric biopsies.

Gastric Microbiota and Resistance to Antibiotics
http://dx.doi.org/10.5772/intechopen.80662

93Helicobacter Pylori - New Approaches of an Old Human Microorganism



The microbiome is constituted by all the genes inside these microbial cells and is thus restricted 
to detection by molecular methods (sequencing, polymerase chain reactions [PCR]) [1].

By molecular methods, bacteria are usually identified to family and genera level [2]. Bacterial 
families and genera may include species and types of bacteria that may have completely 
opposite actions in the human body [3]. It is, therefore, doubtful if molecular methods alone 
are sensitive enough to predict the effect of the composition of microbiota. The limited origi-
nal literature on gastric microbiota has mainly focused on gastric cancer and contains conflict-
ing results [4–7]. There are many difficulties in investigating the gastric microbiota. One thing 
many authors are not aware of is the difficulty of getting samples without contaminating 
bacterial flora (Figure 1) [8]. In animal models, the whole stomach can be removed, and con-
tamination of the stomach can be avoided, but in most animal species, physiology, acidity, 
etc. of the stomach are very different from the human stomach. Samples from the human 
stomach are usually taken as biopsies during gastroscopy. Even though the endoscope and 
the forceps are sterilized or decontaminated, it will be contaminated with oral bacterial flora 
during gastroscopy and thereby will the samples be contaminated by oral flora mainly of the 
phyla Firmicutes [8, 9].

Bacterial resistance to antibiotics can occur either if the bacteria obtain plasmids contain-
ing resistance genes from other bacteria in the microbiota (conjugation); they can take 

Figure 1. Schematic illustration of the gastric mucosa with the main cell types of oxyntic and pyloric glands in the gastric 
epithelium. Gastric stem cells reside in the isthmus zone of the gland and differentiate into precursors of the different cell 
lineages, which migrate either apically toward the gastric lumen or downwards to the base. The superficial epithelium 
and the gastric glands are covered by a viscous mucus layer mainly composed of MUC5AC, secreted by the SMCs, and 
MUC6, secreted mainly by MNCs and antral gland cells. The mucus layer consists of an inner layer, which is firmly 
attached to the epithelium, and an outer loose layer. The gastric pathogen Helicobacter pylori has been shown to use the 
transmucus pH gradient between the acidic gastric lumen and the near-neutral epithelial surface for spatial orientation 
to reach its niche at the juxtamucosal epithelium. The precise location of non–H. pylori microbiota is still hypothetical. [8].

Helicobacter Pylori - New Approaches of an Old Human Microorganism92

up free DNA with resistance genes from the environment (transcription) or DNA can 
be transferred by bacteriophages (transduction). Furthermore, mutations can occur in 
the bacterial genome which may result in resistance if the mutation occurs in the part 
of the genome that codes for a structure on which the antibiotics act; this action may 
be interfered, and the bacteria becomes resistant to the antibiotic [10–12]. The conjuga-
tion of plasmids increases with the number of different bacteria in the microbiota and 
depends on a close contact between the bacteria. Uptake of free DNA does not demand 
a direct contact with other bacteria, but bacteria should probably be present in the close 
environment [3]. Mutations occur in all bacteria with a certain time because of natural 
replication errors [12]. Some bacteria mutate more often than others; but because of the 
short generation time for bacteria, each bacterial clone will have several mutations. If the 
mutation occurs in a part of the genome, which is target for the antibiotics, resistance to 
the antibiotic may occur.

2. Study on gastric microbiota

In a previous unpublished study that included 411 biopsies from patients undergoing upper 
gastrointestinal endoscopy were investigated both by microaerobic culture and by histology 
(Table 1). From 249 (60%) biopsies other bacteria than H. pylori were cultured. These bacteria 
were oral flora, that is, Streptococcus spp., Staphylococcus spp., Corynebacterium spp., Neisseria 
spp., etc., which may indicate contamination of both the endoscope and the biopsies during 
the procedure. In histological sections, very few bacteria except H. pylori were seen in 20 (5%) 
of the biopsies. In all cases, the bacteria were located superficial to the mucus layer and not 
in relation to the epithelial cells and H. pylori, which confirm that it is contamination from 
the oral cavity. The discrepancy in the number of biopsies with other bacteria than H. pylori 
between culture and histology may be because very few bacteria (less than 5 colonies) are 
cultured and the preparation of histological sections may remove much of the mucin and the 
contaminating bacteria. H. pylori was found alone without contamination in 60 biopsies by 
culture and in 83 biopsies by histology which indicate that H. pylori is a true gastric micro-
biota (Figure 2).

All known mechanisms for H. pylori resistance to all antibiotics are point mutations located 
on the chromosome (Table 2), indicating no uptake of plasmids or free DNA, which support 
that H. pylori is the only bacteria in the true gastric microbiota and everything else is transient 
contaminating flora [13].

No. of biopsies Culture Histology

H. pylori Other bacteria H. pylori Other bacteria

411 106 249 83 20

Table 1. Comparison of culture and histological finding of H. pylori and other bacteria (oral flora) in gastric biopsies.

Gastric Microbiota and Resistance to Antibiotics
http://dx.doi.org/10.5772/intechopen.80662

93



3. Diagnosis of H. pylori

The detection of H. pylori can be done by invasive and noninvasive methods. The invasive 
methods require a biopsy, whereas the noninvasive methods are gentler for the patient.

Culture of H. pylori may be difficult and the sensitivity may be rather low (50–85%) [14]. The 
sensitivity of the culture depends on transport time to the lab and the culture method used 
[15]. Different agar plates or incubation time can also give different results on the same biopsy. 
Two biopsies from the antrum and two biopsies from the fundus are preferred when making 
a culture as H. pylori is unevenly distributed in the stomach. Culture is the only method by 
which it is possible to make a full susceptibility test.

Figure 2. Imprint cytology showing the presence of H. pylori (Giemsa stain, ×400) Rahbar [84].

Resistance to Mutation

Amoxicillin PBP1

Clarithromycin InfB

rp1V

A2142C

A2142G

A2143G

Metronidazole rdxA

frxA

fdxB

Fluoroquinolones gyrA

gyrB

Tetracycline AGA925-967TTC

Rifampicin RNA polymerase subunit beta/beta

Table 2. Examples of mutations in H. pylori causing resistance to antibiotics.
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Histology is an invasive method which requires a least one antral biopsy and preferably two 
antral and two corpus biopsies. The biopsy is stained with hematoxylin and eosin, Giemsa, or 
silver staining. H. pylori is identified by the color, shape, and close relation to the mucosa and can 
be confirmed by immunohistochemistry using H. pylori–specific antibodies. The histology has 
shown to have a sensitivity at the same level as culture but is influenced by the size of the biopsy 
[14]. The number of biopsies and the location in the stomach also modify the sensitivity. The 
specificity of histology is lower than the specificity of the culture as histology cannot distinguish 
H. pylori from non–pylori Helicobacter species. The detection rates in cultures and histology varies 
with varying expertise of examiners. If the patient is taking proton pump inhibitor (PPI), bismuth, 
or antibiotics prior to gastroscopy, it might change the shape of H. pylori from curved rod to a coc-
coid form. This form is undetectable in the routine microscopy technique and requires fluorescent 
in situ hybridization, immunohistochemistry with specific antibodies to H. pylori, or confirmation 
by the 16s rRNA and 23rRAN sequencing, which are irrespective of the shape of the bacteria [16].

H. pylori urease breaks down urea to ammonia and carbon dioxide. This feature is used in the 
diagnostic methods “rapid urease test” (RUT) and “urea breath test” (UBT). RUT is an inva-
sive method that preferably needs two biopsies. If the biopsy contains H. pylori, the release 
of ammonia increases the pH of the test medium, which is seen by a color change due to a 
pH indicator. The result of the test is fast and takes approximately ½ hour. UBT is a nonin-
vasive method where the patient ingests 13C-labeled urea. If the patient is infected with H. 
pylori, orally ingested 13C-urea is broken down to 13C-labeled carbon dioxide, which is then 
exhaled. The sensitivity of the two tests is 75–85% for RUT and >95% for UBT. Likewise, the 
UBT has a higher specificity (<95%) when compared to RUT (85–95%). For both RUT and 
UBT, PPI and antibiotics can give false negative results. Furthermore, coccoid forms of H. 
pylori would not produce urease and would therefore give a false negative result [17].

Stool antigen test is another noninvasive method. It was first successfully described in 1997 
using polyclonal antibodies [18]. Today monoclonal antibodies are used, and the sensitivity 
and the specificity are at the same levels as for UBT, but are preferred in special patients like 
children and patients with bleeding ulcers. This test can be done within ½ hour and is good 
for screening a patient for an infection with H. pylori. Despite this, antigen excretion may vary 
over time, and antigens may degrade while passing through the intestines, which may lead 
to false negative results.

The humoral antibody response to H. pylori can be measured by either serum IgG antibodies 
to H. pylori, which shows an ongoing or a previous infection, or by serum IgM antibodies, 
which shows an ongoing acute infection. H. pylori IgG antibodies can be detected in sputum 
or urine but have a much lover sensitivity and specificity than serum antibodies. Antibodies 
to H. pylori in serum can be tested by ELISA or “near patient test (NPT).” NPT uses immune-
chromatography or passive agglutination. A 2013 study compared the NPT and the ELISA 
test. The study showed that the NPT never reach 90% in sensitivity, and the frequency of 
false negatives and false positives were high [19]. Several tested ELISA kits showed a high 
specificity and sensitivity above 90%. However, the serological kits may differ considerably 
depending on the antigens that are included in the kit as antibodies to low-molecular-weight 
antigens (outer membrane antigens) decline significantly within 3 months, whereas antibod-
ies to high-molecular-weight antigens (CagA, VacA, etc.) may stay potent for years [20]. CagA 
antibodies remain stable for a long period of time and can probably be useful for the detection 
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3. Diagnosis of H. pylori

The detection of H. pylori can be done by invasive and noninvasive methods. The invasive 
methods require a biopsy, whereas the noninvasive methods are gentler for the patient.

Culture of H. pylori may be difficult and the sensitivity may be rather low (50–85%) [14]. The 
sensitivity of the culture depends on transport time to the lab and the culture method used 
[15]. Different agar plates or incubation time can also give different results on the same biopsy. 
Two biopsies from the antrum and two biopsies from the fundus are preferred when making 
a culture as H. pylori is unevenly distributed in the stomach. Culture is the only method by 
which it is possible to make a full susceptibility test.

Figure 2. Imprint cytology showing the presence of H. pylori (Giemsa stain, ×400) Rahbar [84].

Resistance to Mutation

Amoxicillin PBP1

Clarithromycin InfB

rp1V

A2142C

A2142G

A2143G

Metronidazole rdxA

frxA

fdxB

Fluoroquinolones gyrA

gyrB

Tetracycline AGA925-967TTC

Rifampicin RNA polymerase subunit beta/beta

Table 2. Examples of mutations in H. pylori causing resistance to antibiotics.

Helicobacter Pylori - New Approaches of an Old Human Microorganism94

Histology is an invasive method which requires a least one antral biopsy and preferably two 
antral and two corpus biopsies. The biopsy is stained with hematoxylin and eosin, Giemsa, or 
silver staining. H. pylori is identified by the color, shape, and close relation to the mucosa and can 
be confirmed by immunohistochemistry using H. pylori–specific antibodies. The histology has 
shown to have a sensitivity at the same level as culture but is influenced by the size of the biopsy 
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specificity of histology is lower than the specificity of the culture as histology cannot distinguish 
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to false negative results.
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to H. pylori, which shows an ongoing or a previous infection, or by serum IgM antibodies, 
which shows an ongoing acute infection. H. pylori IgG antibodies can be detected in sputum 
or urine but have a much lover sensitivity and specificity than serum antibodies. Antibodies 
to H. pylori in serum can be tested by ELISA or “near patient test (NPT).” NPT uses immune-
chromatography or passive agglutination. A 2013 study compared the NPT and the ELISA 
test. The study showed that the NPT never reach 90% in sensitivity, and the frequency of 
false negatives and false positives were high [19]. Several tested ELISA kits showed a high 
specificity and sensitivity above 90%. However, the serological kits may differ considerably 
depending on the antigens that are included in the kit as antibodies to low-molecular-weight 
antigens (outer membrane antigens) decline significantly within 3 months, whereas antibod-
ies to high-molecular-weight antigens (CagA, VacA, etc.) may stay potent for years [20]. CagA 
antibodies remain stable for a long period of time and can probably be useful for the detection 
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of H. pylori infections in patients with gastric cancer when other tests are negative [21]. Due to 
local strain distribution of H. pylori, the serology kits should be made by using local H. pylori 
strains, and the kits should be locally validated [21].

Gastrin and pepsinogen are compounds produced in the stomach that depend on the changes 
in the gastric mucosa, and the serum levels of pepsinogens are a marker of atrophic gastritis 
[22]. This can be combined with the H. pylori antibody test to predict the risk of developing 
gastric cancer.

Molecular methods have been of increasing interest in the field of microbiology and for detec-
tion of H. pylori. Polymerase chain reaction (PCR) seems to be more sensitive than any other 
method to detect H. pylori [23]. The main problem is that the method does not distinguish 
between live bacteria and DNA from dead bacteria. Real-time PCR (RT-PCR), which is a fast 
and quantitative PCR, seems to be more sensitive than classical PCR [24]. By sequencing the 
16S RNA or 23S RNA region, it is possible to detect Helicobacter species and susceptibility to 
clarithromycin and tetracycline [25–27]. However, it is a more expensive and time-consuming 
method. A commercial kit has combined detection of H. pylori and susceptibility to clarithro-
mycin in a classical PCR. However, culture is still needed for a full susceptibility testing. 
There are so many point mutations causing resistance to antibiotics in H. pylori that a full 
susceptibility analysis can only be detected by whole genome sequencing [28].

4. H. pylori susceptibility to antibiotics

During the last decade, an increased number of H. pylori have become resistant to antibiotics, 
especially to clarithromycin and levofloxacin [29]. The resistance rates to metronidazole have 
always been more than 15% worldwide, but the increasing resistance rates to clarithromycin 
and levofloxacin in some areas have become higher than 10–15%. Thus, these antibiotics are 
not recommended for first-line therapy of H. pylori without prior susceptibility testing [21]. It 
is common to treat H. pylori infections without prior susceptibility testing, and different stud-
ies show a much lower resistance rate to clarithromycin in H. pylori from untreated patients 
than in H. pylori from previously treated patients [30–32]. It is therefore of the greatest impor-
tance to make susceptibility testing after the first treatment failure.

The susceptibility testing of H. pylori can be done by various methods. The most common are 
dilution methods, disk diffusion, and E-test.

The dilution method is regarded to be the golden standard for susceptibility testing. A two-
fold dilution row of the test antibiotic is made. A standard number of bacteria (McFarland 3) 
are added to each tube with antibiotics. The bacterial growth is inhibited by high concentra-
tions of antibiotics. The first tube with bacterial growth is called the minimal inhibitory con-
centration (MIC). H. pylori should be grown for 48–72 hours under microaerobic conditions. It 
may be difficult to find a suitable media in which H. pylori grows fast enough, and the slight-
est contamination will grow faster than H. pylori and thereby spoil the susceptibility testing.

The disk diffusion test requires a small tablet of an antibiotic. The tablet is placed on the agar 
plate and is incubated for 3 days. After 3 days, there will be a zone around the tablet with no 
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growth of H. pylori. This is the inhibition zone, and the diameter of the zone can be translated 
to an MIC value, which shows whether or not the bacteria are resistant to the antibiotic. To 
make the susceptibility testing of H. pylori, a McFarland 3.0 dilution of H. pylori and Mueller-
Hinton agar plates with 10% blood or chocolate ager plates should be used and incubated in 
microaerobic conditions at 37°C.

The E-test is a stripe with a concentration gradient of an antibiotic. The stripe is placed on the 
agar plate and is incubated for 3 days. After 3 days, there will be a droplet shape around the 
stripe with no growth of H. pylori (Figure 3). That concentration where H. pylori grows close to 
stripe is the MIC value [33].

5. Treatment of H. pylori infection

H. pylori infections are usually treated with a combination of antibiotics and nonantibiotics 
(proton pump inhibitor [PPI] or bismuth salts). Usually, a combination of two or three anti-
biotics is used, as the effect of monotherapy has been found insufficient. The most commonly 
used antibiotics are amoxicillin, clarithromycin, metronidazole, fluoroquinolones, tetracy-
cline, and rifampicin (Table 3).

H. pylori is found in very different environments such as the gastric lumen with a relatively 
low pH, in between the epithelial cells and on the basement membrane with a neutral pH but 
protected as intracellular microorganisms. When choosing antibiotics, it is important to select 
antibiotic to which H. pylori is sensitive and is active in all the environmental niches where H. 
pylori occurs. It is also important to look at the duration of the efficacy of antibiotics to keep 
stable levels above the minimal inhibitory concentrations.

PPI in standard doses do not have antibacterial effect on H. pylori, but 5–10 times higher 
doses have a direct effect on H. pylori. Bismuth salts binds to the surface of H. pylori but have 

Figure 3. Reading guide for E tests. (A) Colonies of a metronidazole-resistant subpopulation in the ellipse minimum 
inhibitory concentration (MIC) >32; (B) trailing of microcolonies at the end point MIC 0.5 μg/ml. Warburton-Timms and 
McNulty [85].
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of H. pylori infections in patients with gastric cancer when other tests are negative [21]. Due to 
local strain distribution of H. pylori, the serology kits should be made by using local H. pylori 
strains, and the kits should be locally validated [21].

Gastrin and pepsinogen are compounds produced in the stomach that depend on the changes 
in the gastric mucosa, and the serum levels of pepsinogens are a marker of atrophic gastritis 
[22]. This can be combined with the H. pylori antibody test to predict the risk of developing 
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Molecular methods have been of increasing interest in the field of microbiology and for detec-
tion of H. pylori. Polymerase chain reaction (PCR) seems to be more sensitive than any other 
method to detect H. pylori [23]. The main problem is that the method does not distinguish 
between live bacteria and DNA from dead bacteria. Real-time PCR (RT-PCR), which is a fast 
and quantitative PCR, seems to be more sensitive than classical PCR [24]. By sequencing the 
16S RNA or 23S RNA region, it is possible to detect Helicobacter species and susceptibility to 
clarithromycin and tetracycline [25–27]. However, it is a more expensive and time-consuming 
method. A commercial kit has combined detection of H. pylori and susceptibility to clarithro-
mycin in a classical PCR. However, culture is still needed for a full susceptibility testing. 
There are so many point mutations causing resistance to antibiotics in H. pylori that a full 
susceptibility analysis can only be detected by whole genome sequencing [28].

4. H. pylori susceptibility to antibiotics

During the last decade, an increased number of H. pylori have become resistant to antibiotics, 
especially to clarithromycin and levofloxacin [29]. The resistance rates to metronidazole have 
always been more than 15% worldwide, but the increasing resistance rates to clarithromycin 
and levofloxacin in some areas have become higher than 10–15%. Thus, these antibiotics are 
not recommended for first-line therapy of H. pylori without prior susceptibility testing [21]. It 
is common to treat H. pylori infections without prior susceptibility testing, and different stud-
ies show a much lower resistance rate to clarithromycin in H. pylori from untreated patients 
than in H. pylori from previously treated patients [30–32]. It is therefore of the greatest impor-
tance to make susceptibility testing after the first treatment failure.

The susceptibility testing of H. pylori can be done by various methods. The most common are 
dilution methods, disk diffusion, and E-test.

The dilution method is regarded to be the golden standard for susceptibility testing. A two-
fold dilution row of the test antibiotic is made. A standard number of bacteria (McFarland 3) 
are added to each tube with antibiotics. The bacterial growth is inhibited by high concentra-
tions of antibiotics. The first tube with bacterial growth is called the minimal inhibitory con-
centration (MIC). H. pylori should be grown for 48–72 hours under microaerobic conditions. It 
may be difficult to find a suitable media in which H. pylori grows fast enough, and the slight-
est contamination will grow faster than H. pylori and thereby spoil the susceptibility testing.

The disk diffusion test requires a small tablet of an antibiotic. The tablet is placed on the agar 
plate and is incubated for 3 days. After 3 days, there will be a zone around the tablet with no 
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growth of H. pylori. This is the inhibition zone, and the diameter of the zone can be translated 
to an MIC value, which shows whether or not the bacteria are resistant to the antibiotic. To 
make the susceptibility testing of H. pylori, a McFarland 3.0 dilution of H. pylori and Mueller-
Hinton agar plates with 10% blood or chocolate ager plates should be used and incubated in 
microaerobic conditions at 37°C.

The E-test is a stripe with a concentration gradient of an antibiotic. The stripe is placed on the 
agar plate and is incubated for 3 days. After 3 days, there will be a droplet shape around the 
stripe with no growth of H. pylori (Figure 3). That concentration where H. pylori grows close to 
stripe is the MIC value [33].

5. Treatment of H. pylori infection

H. pylori infections are usually treated with a combination of antibiotics and nonantibiotics 
(proton pump inhibitor [PPI] or bismuth salts). Usually, a combination of two or three anti-
biotics is used, as the effect of monotherapy has been found insufficient. The most commonly 
used antibiotics are amoxicillin, clarithromycin, metronidazole, fluoroquinolones, tetracy-
cline, and rifampicin (Table 3).

H. pylori is found in very different environments such as the gastric lumen with a relatively 
low pH, in between the epithelial cells and on the basement membrane with a neutral pH but 
protected as intracellular microorganisms. When choosing antibiotics, it is important to select 
antibiotic to which H. pylori is sensitive and is active in all the environmental niches where H. 
pylori occurs. It is also important to look at the duration of the efficacy of antibiotics to keep 
stable levels above the minimal inhibitory concentrations.

PPI in standard doses do not have antibacterial effect on H. pylori, but 5–10 times higher 
doses have a direct effect on H. pylori. Bismuth salts binds to the surface of H. pylori but have 

Figure 3. Reading guide for E tests. (A) Colonies of a metronidazole-resistant subpopulation in the ellipse minimum 
inhibitory concentration (MIC) >32; (B) trailing of microcolonies at the end point MIC 0.5 μg/ml. Warburton-Timms and 
McNulty [85].
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a relatively little antibacterial effect. However, bismuth salts affect the respiratory chain at the 
same points as metronidazole and thereby reverts metronidazole resistance in H. pylori and 
thus becomes sensitive to metronidazole.

6. Prevalence of H. pylori resistance to antibiotics

When analyzing different studies around the world, the primary resistance rate for H. pylori 
varies. The highest rate of primary metronidazole (MTZ) resistance is found in Africa (52%) 
followed by South America (49%) and Asia (43%). The lowest resistance rate is found in 
Europe (35%). The highest primary resistance rates for clarithromycin and levofloxacin are 
found in South America (20 and 27%) while the lowest rates are found in Europe (12 and 10%) 
[30–32, 34–67]. There is a significantly (p < 0.001) higher risk of primary metronidazole and 
levofloxacin resistance in Asian when compared to Europe.

The high rate of metronidazole resistance seen in developing countries may be due to the 
high use of metronidazole for treatment of parasites and gynecological infections [62, 68]. 
It is therefore likely that the patients who are treated for H. pylori with metronidazole for 
the first time are resistant for this treatment. It is recommended to use bismuth therapy 
together with metronidazole in the first-line treatment in areas with high metronidazole 
resistance [21].

The high resistance rates for clarithromycin and levofloxacin in South America, Africa, and 
Asia can be due to the use of huge amounts of antibiotics in general [69]. Typically, the diag-
nostics are not precise, and the patients are treated with more a broad spectrum of antibiotics 
for a longer period. This can lead to a faster development of resistance in H. pylori [70].

Group Preparation

Antibiotics Amoxicillin

Clarithromycin

Metronidazole

Tetracycline

Levofloxacin

Ciprofloxacin

Rifampicin

Nonantibiotics PPI

Bismuth nitrate

Bismuth citrate

Bismuth subsalicylate

H2 blocker

Table 3. Commonly used antibiotics and nonantibiotics for treatment of H. pylori infections.
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A large multinational study tested H. pylori resistance in 18 European countries [29]. All 18 
countries used E-test for the susceptibility testing and only tested patients who had never 
been treated for H. pylori before. In total, 2204 people were included in the study, and the 
resistance rate for adults were 18% for clarithromycin, 14% for levofloxacin, and 35% for met-
ronidazole. They found a significant association between the use of only long-acting macro-
lides and clarithromycin resistance. The levofloxacin resistance was significantly associated 
with the use of quinolone.

The prevalence of H. pylori resistance to antibiotics was tested in Denmark in 1997, 1998–2004, 
and 2013 [71–73]. Throughout the years, the resistance for clarithromycin has increased from 
0% in 1997 to 53% in 2013, and likewise, the resistance for metronidazole increased from 20 to 
74% [12–14]. None of the studies mention whether or not the patients have had H. pylori eradi-
cation therapy prior to testing or not, which might explain the huge increase in resistance.

6.1. Effect of antibiotic treatment on H. pylori resistance rates

International guidelines recommend first line of treatment of H. pylori infections with 10 days 
of triple therapy (PPI, clarithromycin, and metronidazole or amoxicillin). If this fails, a treat-
ment with four types of medicine (PPI, bismuth subsalicylate, tetracycline, and metronidazole) 
for 2 weeks is recommended. After treatment failure for the second time, it is recommended to 
perform a gastroscopy and susceptibility testing for H. pylori [21].

The primary and secondary resistance rate for H. pylori has only been described in eight stud-
ies [30, 32, 40, 43, 58, 65, 66, 74]. By using “Review Manager 5.3,” it is possible to compare the 
studies via Forest plots. The meta-analyses show that the secondary resistance is significantly 
higher (p < 0.001) than the primary.

The meta-analysis shows a high increasing resistance rate for all three antibiotics when the 
patient had been treated for H. pylori previously. The high and increasing resistance rates 
to metronidazole, clarithromycin, and levofloxacin make it uncertain that these antibiotics 
should be recommended as the first-line therapy of H. pylori infections without prior endos-
copy and susceptibility testing (Figure 4A–C).

6.2. Vaccine

Another way to overcome H. pylori infections is with a vaccine. In the past couple of years, 
many studies have investigated developing an effective and safe vaccine. The development 
of an effective vaccine is complicated by the noninvasive nature of H. pylori. It stays in the 
lumen of the stomach and does not cross the epithelium. Therefore, the vaccine should 
affect T helper memory cells, which are required to stay in the lumen during a H. pylori 
infection [75].

Appropriate bacterial antigens, safe and effective adjuvants, and a route of delivery are required 
for developing a vaccine. For the bacterial antigen, most studies use urease, but other antigens are 
investigated for example Cag L. The CagL is a protein essential for the pathogenesis of H. pylori. It 
binds to integrins in the mucosa and triggers the release of the carcinogen CagA to the host cells 
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a relatively little antibacterial effect. However, bismuth salts affect the respiratory chain at the 
same points as metronidazole and thereby reverts metronidazole resistance in H. pylori and 
thus becomes sensitive to metronidazole.
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followed by South America (49%) and Asia (43%). The lowest resistance rate is found in 
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found in South America (20 and 27%) while the lowest rates are found in Europe (12 and 10%) 
[30–32, 34–67]. There is a significantly (p < 0.001) higher risk of primary metronidazole and 
levofloxacin resistance in Asian when compared to Europe.

The high rate of metronidazole resistance seen in developing countries may be due to the 
high use of metronidazole for treatment of parasites and gynecological infections [62, 68]. 
It is therefore likely that the patients who are treated for H. pylori with metronidazole for 
the first time are resistant for this treatment. It is recommended to use bismuth therapy 
together with metronidazole in the first-line treatment in areas with high metronidazole 
resistance [21].

The high resistance rates for clarithromycin and levofloxacin in South America, Africa, and 
Asia can be due to the use of huge amounts of antibiotics in general [69]. Typically, the diag-
nostics are not precise, and the patients are treated with more a broad spectrum of antibiotics 
for a longer period. This can lead to a faster development of resistance in H. pylori [70].

Group Preparation

Antibiotics Amoxicillin

Clarithromycin

Metronidazole

Tetracycline

Levofloxacin

Ciprofloxacin

Rifampicin

Nonantibiotics PPI

Bismuth nitrate

Bismuth citrate

Bismuth subsalicylate

H2 blocker

Table 3. Commonly used antibiotics and nonantibiotics for treatment of H. pylori infections.

Helicobacter Pylori - New Approaches of an Old Human Microorganism98

A large multinational study tested H. pylori resistance in 18 European countries [29]. All 18 
countries used E-test for the susceptibility testing and only tested patients who had never 
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resistance rate for adults were 18% for clarithromycin, 14% for levofloxacin, and 35% for met-
ronidazole. They found a significant association between the use of only long-acting macro-
lides and clarithromycin resistance. The levofloxacin resistance was significantly associated 
with the use of quinolone.
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and 2013 [71–73]. Throughout the years, the resistance for clarithromycin has increased from 
0% in 1997 to 53% in 2013, and likewise, the resistance for metronidazole increased from 20 to 
74% [12–14]. None of the studies mention whether or not the patients have had H. pylori eradi-
cation therapy prior to testing or not, which might explain the huge increase in resistance.

6.1. Effect of antibiotic treatment on H. pylori resistance rates

International guidelines recommend first line of treatment of H. pylori infections with 10 days 
of triple therapy (PPI, clarithromycin, and metronidazole or amoxicillin). If this fails, a treat-
ment with four types of medicine (PPI, bismuth subsalicylate, tetracycline, and metronidazole) 
for 2 weeks is recommended. After treatment failure for the second time, it is recommended to 
perform a gastroscopy and susceptibility testing for H. pylori [21].

The primary and secondary resistance rate for H. pylori has only been described in eight stud-
ies [30, 32, 40, 43, 58, 65, 66, 74]. By using “Review Manager 5.3,” it is possible to compare the 
studies via Forest plots. The meta-analyses show that the secondary resistance is significantly 
higher (p < 0.001) than the primary.

The meta-analysis shows a high increasing resistance rate for all three antibiotics when the 
patient had been treated for H. pylori previously. The high and increasing resistance rates 
to metronidazole, clarithromycin, and levofloxacin make it uncertain that these antibiotics 
should be recommended as the first-line therapy of H. pylori infections without prior endos-
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6.2. Vaccine

Another way to overcome H. pylori infections is with a vaccine. In the past couple of years, 
many studies have investigated developing an effective and safe vaccine. The development 
of an effective vaccine is complicated by the noninvasive nature of H. pylori. It stays in the 
lumen of the stomach and does not cross the epithelium. Therefore, the vaccine should 
affect T helper memory cells, which are required to stay in the lumen during a H. pylori 
infection [75].

Appropriate bacterial antigens, safe and effective adjuvants, and a route of delivery are required 
for developing a vaccine. For the bacterial antigen, most studies use urease, but other antigens are 
investigated for example Cag L. The CagL is a protein essential for the pathogenesis of H. pylori. It 
binds to integrins in the mucosa and triggers the release of the carcinogen CagA to the host cells 
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through the type IV secretin system. CagL also introduces an IL-8 response, which causes inflam-
mation [76]. The use of CagL in a subunit vaccine was investigated by Choudhari et al. in 2013 
[75]. The study showed that CagL was stable in pH 4–6 and that sucrose enhances the stability.

The use of heat shock proteins in a vaccine introduced protective immunity without requir-
ing the addition of an adjuvant. The protection, however, is not optimal because sterilizing 
immunity is not obtained, which is shown in a study from 2014 [77].

A derivate of the cholera toxin (CTA1-DD) and safe nontoxic mutants of Escherichia coli heat labile 
toxin (dm2T) have also been tested as potential adjuvants. CTA1-DD enhances the Th1 and Th17 
immunity and reduces the bacterial colonization by three- to eight-fold [78]. The use of dm2T 
was equally as effective as the gold standard H. pylori vaccine containing cholera toxin [79].

Figure 4. Meta-analysis for MTZ (A), CLR (B), and LEV (C). For all three antibiotics, there is a higher odds ratio for 
resistance if the patient is previously treated for infection with H. pylori.
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The routes of delivery that have been tested are sublingual, intranasal, respiratory, and oral 
[79]. A study on humans from China (2015) tested a vaccine based on a urease B subunit and 
heat-labile enterotoxin B subunit (gene derived from E. coli H44815) [80]. The vaccine was 
taken orally three times (day 0, 14, and 28). This study showed a vaccine efficacy of 71.8% in 
the first year, 55% in in the second year, and 55.8% in the third year after vaccinations. Even 
though these findings are excellent, a 100% effective vaccine is still not developed. More stud-
ies and longer time follow-ups are needed before a fully effective vaccine is on the market. If a 
fully effective vaccine is made, it would be the best heath measure against H. pylori infections 
and gastric cancer.

7. Discussion

The human gastric microbiota may be difficult to estimate since samples for microbiome inves-
tigations often are contaminated with oral bacterial flora during gastroscopy. And the studies 
in these fields do not make any attempt to remove the oral contamination prior to sequencing. 
Histological examination of biopsies reveals H. pylori as the only bacteria in close relation to the 
epithelial cells in the gastric mucosa. When H. pylori is seen in stomach samples, there is always 
a strong humoral and cellular immune response to H. pylori and it thereby fulfills the criteria for 
a true infection but also a colonization. This has not been shown for any other bacteria.

Thus, in noncancer patients, H. pylori seems to be the gastric microbiota. In patients with 
gastric cancer, there may be a different situation as the mucosa is disintegrated and an over-
growth of intestinal bacteria is common. However, it remains to be shown that the intestinal 
bacteria adhere to the gastric mucosa and cause a local immune response. It is, therefore, 
believed that H. pylori is still the most important gastric pathogen.

An increasing resistance to antibiotics in H. pylori has been seen worldwide especially to metro-
nidazole, clarithromycin, and levofloxacin. This is a worrying development as it may interfere 
with our recommendations for primary treatment of H. pylori without susceptibility testing. 
It is a question how fast the resistance occurs. Should susceptibility testing be done after first 
treatment failure or can it wait until the second treatment failure as recommended? At least 
the resistance rates are much higher in previously treated patients than in untreated patients.

Due to the high resistant rates, it is necessary to perform a susceptibility test before starting the 
treatment. The advantages would be a better and maybe quicker eradication of the H. pylori 
infection. Disadvantages of early susceptibility testing are the cost and time of the analyses. 
Biopsies are an invasive method and may often be painful for the patient. Furthermore, it takes 
up to 14 days before a full susceptibility test is completed, so the real treatment starts approxi-
mately 2 weeks after the doctor confirms the presence of H. pylori. By this time, the patient 
could have been done with the first line of treatment. In the short perspective, a quick suscepti-
bility test would be very time consuming, but in the long perspective, it might save the patient 
from several treatments and prevent the relapse of the H. pylori infection. But it also gives a 
better overview on how quickly H. pylori develops resistance to the recommended treatment.

When detecting H. pylori, the best would be a quick a method that was as quick as PCR but 
also made it possible to have a full susceptibility test incorporated. New primers for detecting 
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mately 2 weeks after the doctor confirms the presence of H. pylori. By this time, the patient 
could have been done with the first line of treatment. In the short perspective, a quick suscepti-
bility test would be very time consuming, but in the long perspective, it might save the patient 
from several treatments and prevent the relapse of the H. pylori infection. But it also gives a 
better overview on how quickly H. pylori develops resistance to the recommended treatment.
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antibiotic resistance are in progress, but the problem is that there are many different muta-
tions leading to the same resistance profile. H. pylori only develops antibiotic resistance by 
mutation in the genome. For MTZ, mutations in at least nine different genes are known to 
contribute to MTZ resistance [13]. If the detecting of MTZ resistance should be made by PCR, 
it would be necessary to perform the PCR with many different primers all looking for one 
specific mutation. In theory, this would be the most sensitive way to find MTZ resistance, but 
in practice, it would be almost impossible, take a lot of time, and would be expensive.

Due to the enormous amount of mutations leading to antibiotic resistant, the culture and 
susceptibility testing done by E-test is still the best and most economical way.

The increasing resistant rates to the most commonly used antibiotics raises the question of 
whether other antibiotics or combinations of antibiotic and nonantibiotic should be used for 
primary treatment of H. pylori infections without susceptibility testing. Bismuth compounds 
in standard doses, proton pump inhibitors, and acid suppressing compounds in high doses 
may convert the MTZ resistance [81]. This makes MTZ useful in combination with these 
compounds, especially the bismuth compounds, which have been shown in clinical studies 
[21]. Nonantibiotics such as neuroleptics and other compounds acting on the central nerves 
system have anti–H. pylori effect in vitro [82] and compounds without effect on the central 
nervous system may be candidates for alternative treatment. Herbs like broccoli and green 
tee have some effect on H. pylori and may in combination with antibiotics and nonantibiotics 
be candidates for treatment in the future [83].

8. Conclusion

H. pylori is the most important gastric pathogen and may constitute the true gastric microbiota. 
It is, therefore, important to follow the development of resistance in H. pylori to antibiotics. 
With the increased resistance of H. pylori to metronidazole, clarithromycin, and levofloxacin, 
it may be doubtful if these antibiotics can be recommended as primary treatment without 
susceptibility testing.
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in practice, it would be almost impossible, take a lot of time, and would be expensive.

Due to the enormous amount of mutations leading to antibiotic resistant, the culture and 
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Abstract

The available therapy against Helicobacter pylori is based on a combination of antibiot-
ics and proton pump inhibitors. The high prevalence of antibiotic-resistant strains leads 
to failure of this complex therapeutic regimen, leaving millions of people worldwide 
without effective therapeutic options. “Nature-derived” bioactive compounds with anti-
bacterial performance may be of value for developing newer and more effective strate-
gies. For centuries, natural compounds have played a pivotal role in traditional medicine 
and, in the last decades, they have gained renewed strength in the clinical field, boosted 
by advances in chemical characterization and extensive activity screening. Also, their 
recognition in gastric infection management has been empowered by the bioengineering 
field, namely by the development of stomach-specific delivery strategies. In this chapter, 
natural bioactive compounds, such as polyunsaturated fatty acids and triterpenic acids 
with anti-H. pylori effect, are described. The bioengineering approaches used to overcome 
their limited intrinsic bioavailability are briefly highlighted.

Keywords: nanotechnology, bioactive compounds, lipophilic compounds, 
phytochemicals, antibiotic-free therapies

1. Introduction

Helicobacter pylori is the etiologic agent of several gastric disorders that may range from 
chronic gastritis to more severe outcomes [1]. Ultimately, the complex interplay between 
H. pylori, the host susceptibility, and environmental factors such as smoking and drinking 
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can lead to gastric cancer, which is the fifth most common cancer worldwide, accounting for 
754,000 deaths in 2015 [2, 3]. Despite significant medical advances, the 5-year survival rate 
from gastric cancer is low (31%), mainly because this cancer is diagnosed at later stages [4]. It 
is widely recognized that the best strategy to reduce the risk of gastric carcinoma associated 
with H. pylori infection is its eradication from infected hosts [5, 6]. The current treatment relies 
on a combination of antibiotics (clarithromycin plus amoxicillin or metronidazole) and an 
acid-suppressive drug (e.g., proton-pump inhibitor), since no available substances are effec-
tive as monotherapy [7]. However, the eradication rates of this therapeutic scheme have been 
declining to unacceptable levels [8], mostly due to high antibiotic resistance levels. In fact, 
H. pylori has been placed among the 16 antibiotic-resistant bacteria that pose greatest threat 
to human health [9]. It is noteworthy that besides resistance and coinfection with multiple 
strains with distinct antibiotic susceptibilities, other factors also account for conventional 
treatment failure:

a. drugs bioavailability: antibiotics are typically administrated via the oral route. Since the 
gastric mucus layer acts as a barrier to antibiotic delivery, most drugs are unable to reach 
the underlying gastric epithelium, where H. pylori is attached [10];

b. gastric features: the pH at the stomach/duodenum varies from acidic to neutral, depend-
ing on the presence or absence of food and the location within the mucus barrier that cov-
ers the epithelial cells. This affects the efficacy of most antibiotics once only a few remain 
active in a wide pH range [11–13];

c. compliance: side effects, such as taste disturbances with clarithromycin and metronida-
zole, and diarrhea with amoxicillin, account for the poor patient compliance. Additionally, 
complex regimens that require multiple doses of medication each day also decrease thera-
peutic compliance [14];

d. lifestyle: smoking and alcohol consumption are thought to contribute for treatment 
failure [15].

In this scenario, where H. pylori traditional antibiotic therapies fail, a considerable inter-
est in alternative therapeutic players combined with bioengineering strategies has arisen. 
Several “nature-derived” options have been studied [5], and some of them are summarized  
in Figure 1.

Although very promising in vitro, these molecules share a common drawback when trans-
ferred to in vivo settings: intrinsic limited bioavailability. Figure 2 summarizes some of the 
bioengineering approaches envisioned to overcome the mentioned limitation.

Chitosan micro-/nanoparticles have been extensively studied as drug delivery systems tar-
geting H. pylori infection [16], mainly due to its gastric retentive properties [17]. Chitosan, a 
natural biocompatible polysaccharide obtained by N-deacetylation of chitin [18], has muco-
adhesive properties due to electrostatic interactions between its cationic amine groups and 
gastric mucins, which are negatively charged at the acidic gastric pH [19, 20].

Chitosan microspheres were used to encapsulate and improve the biological activity of trans-
resveratrol, a phenolic compound that has, among other biological activities, anti-H. pylori 

Helicobacter Pylori - New Approaches of an Old Human Microorganism110

action [21]. Polyelectrolyte complex nanoparticles (PNPs), prepared by the combination 
of chitosan with negatively charged polymers, alginate or heparin, have also been used to 
encapsulate the antimicrobial peptide pexiganan [22] and berberine [23], respectively. This 
approach increased the effectiveness of these bioactive compounds, inhibiting H. pylori growth 
and reducing their cytotoxic effects.

Figure 1. Some “nature-derived” bioactive compounds described in the literature in the scope of novel anti-H. pylori 
therapeutics.

Figure 2. Most common bioengineering approaches applicable to “nature-derived” bioactives in the scope of H. pylori 
infection management.
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failure [15].

In this scenario, where H. pylori traditional antibiotic therapies fail, a considerable inter-
est in alternative therapeutic players combined with bioengineering strategies has arisen. 
Several “nature-derived” options have been studied [5], and some of them are summarized  
in Figure 1.

Although very promising in vitro, these molecules share a common drawback when trans-
ferred to in vivo settings: intrinsic limited bioavailability. Figure 2 summarizes some of the 
bioengineering approaches envisioned to overcome the mentioned limitation.

Chitosan micro-/nanoparticles have been extensively studied as drug delivery systems tar-
geting H. pylori infection [16], mainly due to its gastric retentive properties [17]. Chitosan, a 
natural biocompatible polysaccharide obtained by N-deacetylation of chitin [18], has muco-
adhesive properties due to electrostatic interactions between its cationic amine groups and 
gastric mucins, which are negatively charged at the acidic gastric pH [19, 20].

Chitosan microspheres were used to encapsulate and improve the biological activity of trans-
resveratrol, a phenolic compound that has, among other biological activities, anti-H. pylori 
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action [21]. Polyelectrolyte complex nanoparticles (PNPs), prepared by the combination 
of chitosan with negatively charged polymers, alginate or heparin, have also been used to 
encapsulate the antimicrobial peptide pexiganan [22] and berberine [23], respectively. This 
approach increased the effectiveness of these bioactive compounds, inhibiting H. pylori growth 
and reducing their cytotoxic effects.

Figure 1. Some “nature-derived” bioactive compounds described in the literature in the scope of novel anti-H. pylori 
therapeutics.

Figure 2. Most common bioengineering approaches applicable to “nature-derived” bioactives in the scope of H. pylori 
infection management.
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Other strategies that can be used to overcome the low bioavailability and solubility of lipo-
philic compounds comprise ionic liquids (IL) and lipid nanoparticles.

IL are a new class of powerful catanionic hydrotropes, where both the cation and the anion 
synergistically contribute to increase the solubility of biomolecules in water [24]. Therefore, 
IL enhance the solubility of hydrophobic substances in aqueous media and are widely used 
in the formulation of drugs, cleaning, and personal care products. IL have been explored to 
increase the water solubility of triterpenic acids, such as of betulinic acid [25, 26].

Lipid nanoparticles are very useful to encapsulate lipophilic compounds due to their higher 
biocompatibility compared to polymeric nanoparticles [27, 28]. Liposomes, firstly described 
in the mid-1960s, are sphere-shaped vesicles consisting of one or more phospholipid bilayers. 
Liposomes are the first nanodrug delivery systems that have been successfully translated into 
real-time clinical application [29–31]. Nanostructured lipid carriers (NLCs) are lipid nanopar-
ticles specifically designed and patented as drug delivery systems, and they are character-
ized by a solid-lipid core composed of a mixture of solid and liquid lipids [32]. NLCs can be 
prepared using a wide variety of lipids including fatty acids, glyceride mixtures, or waxes, 
stabilized with biocompatible surfactants, which makes this a very versatile strategy. Both 
are considered safe and under the Generally Recognized as Safe (GRAS) status issued by the 
Food and Drug Administration (FDA) [31, 33].

Polyunsaturated fatty acids and triterpenic acids with anti-H. pylori effect have gained 
renewed interest in the scientific community as alternatives to overcome the increasing num-
ber of drug-resistant bacteria. These lipophilic bioactive compounds can largely benefit from 
a nanotechnological approach to improve their stability and to overcome their limited intrin-
sic bioavailability and thus, they will be briefly highlighted in the next sections.

2. “Nature-derived” anti-H. pylori fatty acids

Free fatty acids, also known as antimicrobial lipids [34], are linear carbon chains, which 
are the main constituent of phospholipids, triglycerides, sterol esters, among others [35]. 
Consequently, they are important for biological activities, such as for energetic, metabolic, and 
structural processes [35]. Fatty acids are classified according to the length of the carbon chains, 
the number of double bonds, and their positions within the moiety [35]. Polyunsaturated fatty 
acids (PUFAs) have two or more double bonds [36], and they have been recognized for their 
broad-spectrum activity against bacteria (e.g., H. pylori), fungi, protozoa, and virus [36–38]. 
This is due to the ability of fatty acids to work as mild surfactants [34]. The disturbance of 
the bacterial cell membrane can lead to the deregulation of metabolic pathways, inhibiting 
the bacterial growth, or even to lysis and death [34]. The specific interaction between anti-
microbial fatty acids and bacterial membranes remains to be fully understood. Some studies 
revealed that free fatty acids can induce different kinds of morphological changes in the mem-
brane [39, 40]. Khulusi et al. and Correia et al. reported that fatty acids can be incorporated 
into H. pylori phospholipids membrane, being able to change the bacillary morphology of 
the bacteria to their coccoid shape [32, 41–43]. Several studies also identified the bacterial 
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membrane as the main target of fatty acids, leading to a sequence of biophysical phenomena 
including membrane destabilization, pore formation, and lysis of bacteria [32, 41, 44, 45]. The 
multiple mechanisms that are behind their ability to perturb bacterial cell membranes lead to 
a low probability of antimicrobial resistance [34]. On the opposite, small molecules, such as 
commercial antibiotics, inhibit specific enzymes and, consequently, increase the probability of 
antimicrobial resistance development [34].

The antibacterial activity of PUFAs depends on their molecular structure. In fact, the existence 
of double bonds and, more specifically, their number and orientation within the fatty acids 
are important for their physicochemical properties [46, 47]. These structural differences are 
reported to affect their ability to inhibit H. pylori growth in vitro [45]. For instance, the inhibi-
tory effect is higher for higher degrees of unsaturation: [oleic (C18:1) < linoleic (C18:2) < ara-
chidonic (C20:4) < n-3 linolenic (C18:3) = n-6 linolenic (C18:3) = eicosapentaenoic (C20:5) acid] 
[45]. The encapsulation of free fatty acids in nanoparticles can improve their pharmacokinetic 
and pharmacological properties [34]. A review of the nanotechnology formulations used to 
encapsulate antimicrobial lipids was recently published [34].

In this section, two of the most promising fatty acids (docosahexaenoic acid (DHA) and lino-
lenic acid (LA)) are described regarding their specific application against H. pylori.

Figure 3 illustrates the two bioengineering approaches that have been applied to DHA and 
LA that will be discussed in the following subsections.

2.1. Docosahexaenoic acid (DHA)

DHA inhibits H. pylori growth both in vitro and in vivo, since it is able to reduce H pylori adhe-
sion to gastric cells and bacterial ATP production [42, 43, 48]. DHA induces changes in expres-
sion of H. pylori outer membrane proteins associated with stress response, metabolism, and 
modified bacterial lipopolysaccharide phenotype [43]. DHA is also able to indirectly interfere 
with H. pylori growth since it alters cholesterol levels in epithelial cells, thereby influencing 
the bacterium ability to uptake and use epithelial cholesterol [48].

Figure 3. Encapsulation of fatty acids, namely DHA and LA, in different types of nanoparticles.
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Other strategies that can be used to overcome the low bioavailability and solubility of lipo-
philic compounds comprise ionic liquids (IL) and lipid nanoparticles.

IL are a new class of powerful catanionic hydrotropes, where both the cation and the anion 
synergistically contribute to increase the solubility of biomolecules in water [24]. Therefore, 
IL enhance the solubility of hydrophobic substances in aqueous media and are widely used 
in the formulation of drugs, cleaning, and personal care products. IL have been explored to 
increase the water solubility of triterpenic acids, such as of betulinic acid [25, 26].

Lipid nanoparticles are very useful to encapsulate lipophilic compounds due to their higher 
biocompatibility compared to polymeric nanoparticles [27, 28]. Liposomes, firstly described 
in the mid-1960s, are sphere-shaped vesicles consisting of one or more phospholipid bilayers. 
Liposomes are the first nanodrug delivery systems that have been successfully translated into 
real-time clinical application [29–31]. Nanostructured lipid carriers (NLCs) are lipid nanopar-
ticles specifically designed and patented as drug delivery systems, and they are character-
ized by a solid-lipid core composed of a mixture of solid and liquid lipids [32]. NLCs can be 
prepared using a wide variety of lipids including fatty acids, glyceride mixtures, or waxes, 
stabilized with biocompatible surfactants, which makes this a very versatile strategy. Both 
are considered safe and under the Generally Recognized as Safe (GRAS) status issued by the 
Food and Drug Administration (FDA) [31, 33].

Polyunsaturated fatty acids and triterpenic acids with anti-H. pylori effect have gained 
renewed interest in the scientific community as alternatives to overcome the increasing num-
ber of drug-resistant bacteria. These lipophilic bioactive compounds can largely benefit from 
a nanotechnological approach to improve their stability and to overcome their limited intrin-
sic bioavailability and thus, they will be briefly highlighted in the next sections.

2. “Nature-derived” anti-H. pylori fatty acids

Free fatty acids, also known as antimicrobial lipids [34], are linear carbon chains, which 
are the main constituent of phospholipids, triglycerides, sterol esters, among others [35]. 
Consequently, they are important for biological activities, such as for energetic, metabolic, and 
structural processes [35]. Fatty acids are classified according to the length of the carbon chains, 
the number of double bonds, and their positions within the moiety [35]. Polyunsaturated fatty 
acids (PUFAs) have two or more double bonds [36], and they have been recognized for their 
broad-spectrum activity against bacteria (e.g., H. pylori), fungi, protozoa, and virus [36–38]. 
This is due to the ability of fatty acids to work as mild surfactants [34]. The disturbance of 
the bacterial cell membrane can lead to the deregulation of metabolic pathways, inhibiting 
the bacterial growth, or even to lysis and death [34]. The specific interaction between anti-
microbial fatty acids and bacterial membranes remains to be fully understood. Some studies 
revealed that free fatty acids can induce different kinds of morphological changes in the mem-
brane [39, 40]. Khulusi et al. and Correia et al. reported that fatty acids can be incorporated 
into H. pylori phospholipids membrane, being able to change the bacillary morphology of 
the bacteria to their coccoid shape [32, 41–43]. Several studies also identified the bacterial 
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membrane as the main target of fatty acids, leading to a sequence of biophysical phenomena 
including membrane destabilization, pore formation, and lysis of bacteria [32, 41, 44, 45]. The 
multiple mechanisms that are behind their ability to perturb bacterial cell membranes lead to 
a low probability of antimicrobial resistance [34]. On the opposite, small molecules, such as 
commercial antibiotics, inhibit specific enzymes and, consequently, increase the probability of 
antimicrobial resistance development [34].

The antibacterial activity of PUFAs depends on their molecular structure. In fact, the existence 
of double bonds and, more specifically, their number and orientation within the fatty acids 
are important for their physicochemical properties [46, 47]. These structural differences are 
reported to affect their ability to inhibit H. pylori growth in vitro [45]. For instance, the inhibi-
tory effect is higher for higher degrees of unsaturation: [oleic (C18:1) < linoleic (C18:2) < ara-
chidonic (C20:4) < n-3 linolenic (C18:3) = n-6 linolenic (C18:3) = eicosapentaenoic (C20:5) acid] 
[45]. The encapsulation of free fatty acids in nanoparticles can improve their pharmacokinetic 
and pharmacological properties [34]. A review of the nanotechnology formulations used to 
encapsulate antimicrobial lipids was recently published [34].

In this section, two of the most promising fatty acids (docosahexaenoic acid (DHA) and lino-
lenic acid (LA)) are described regarding their specific application against H. pylori.

Figure 3 illustrates the two bioengineering approaches that have been applied to DHA and 
LA that will be discussed in the following subsections.

2.1. Docosahexaenoic acid (DHA)

DHA inhibits H. pylori growth both in vitro and in vivo, since it is able to reduce H pylori adhe-
sion to gastric cells and bacterial ATP production [42, 43, 48]. DHA induces changes in expres-
sion of H. pylori outer membrane proteins associated with stress response, metabolism, and 
modified bacterial lipopolysaccharide phenotype [43]. DHA is also able to indirectly interfere 
with H. pylori growth since it alters cholesterol levels in epithelial cells, thereby influencing 
the bacterium ability to uptake and use epithelial cholesterol [48].

Figure 3. Encapsulation of fatty acids, namely DHA and LA, in different types of nanoparticles.
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Although in vivo studies using gastric-infected mice demonstrated that DHA was able to 
decrease only 50% of H. pylori gastric colonization, the DHA conjugation with antibiotic stan-
dard treatment decreased the recurrence of H. pylori infection [42, 43].

Another DHA feature is its ability to attenuate the host inflammatory response associated 
with gastric infection [49, 50].

DHA poor solubility in water, fast oxidation/degradation plus gastric settings drawbacks 
(namely low gastric residence time and low penetration through the gastric mucus layer) are 
challenging issues for its clinical translation [36, 50, 51]. To overcome these obstacles, cyto-
compatible lipid nanoparticles have been researched to encapsulate DHA [44, 52]. It was dem-
onstrated that DHA lipid nanoparticles are able to destabilize H. pylori membranes, leading to 
disruption and leakage of cytoplasmic contents [32, 44]. Importantly, these lipid nanoparticles 
do not interfere with normal gut microbiota in opposite to dramatic changes described for the 
conventional antibiotic therapy [44].

2.2. Linolenic acid (LA)

LA, as fatty acids in general, is considered safe [53]. It is classified as an essential fatty acid, 
once it cannot be synthesized by the human body, being necessary to be supplied by the 
diet [54]. Its importance for biological processes is unquestionable. LA undergoes metabolic 
changes in vivo that ultimately lead to the formation of prostaglandins, thromboxanes, leu-
kotrienes, and lipoxins [54]. Furthermore, the usefulness of LA as an antibacterial agent was 
also proved, being one of the most potent unsaturated fatty acids against H. pylori [7]. It also 
promotes the adhesion of Lactobacillus casei to mucosa surfaces, which indirectly hinders the 
growth of H. pylori [55]. Besides its bactericidal effect, LA is also important for the integrity 
of the gastric mucosa. It was already proposed that lower levels of essential fatty acids, such 
as LA, lead to decreased levels of prostaglandins and, consequently, to a higher susceptibility 
of the gastric mucosa to ulcerogenic agents [56].

Nanotechnology has been successfully used to load fatty acids, including LA [34]. As above 
mentioned, the oral administration of fatty acids is hindered by their poor solubility, espe-
cially at acidic pH, and their susceptibility to chemical degradation [57]. In fact, the carboxyl 
protonation under acidic pH at the stomach lumen decreases the efficacy of fatty acids 
after oral administration [53]. This was already shown in vivo, with no significant effect of 
plain LA in killing H. pylori on a mouse model [53]. Nevertheless, liposomes are promising 
bioengineering strategies to overcome these limitations. Due to the amphiphilic nature of 
fatty acids, they can be easily incorporated into the phospholipid bilayer of liposomes [57]. 
Hence, Obonyo et al. used liposomes of egg phosphatidylcholines, cholesterol, and LA to kill 
H. pylori [57]. They showed that LA-loaded liposomes were effective against H. pylori even 
in its coccoid form and regardless their resistance to antibiotics [57]. Interestingly, H. pylori 
developed resistance against free LA at subbactericidal concentrations, whereas it showed no 
resistance against LA when incorporated into the nanoparticles [57]. These results show the 
promising usefulness of nanotechnology not only to protect the fatty acid from its degrada-
tion, but also to improve its efficacy. The higher efficacy relies on their ability to fuse with the 
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bacterial membrane, being directly and faster incorporated into the bacterial membrane [57]. 
Their main mechanism is the increase of the permeability of the outer membrane and of the 
plasma membrane of H. pylori, which leads to a leakage of cytoplasmic contents [58]. They 
also decrease the H. pylori-induced proinflammatory cytokines, helping in the healing of the 
gastric mucosa [58]. Furthermore, the ability of those liposomes to be retained at the site of 
infection was also shown in vivo [53]. The retention for up to 24 h was attributed to the small 
size of the liposomes and their anionic surface charge, which decreases their hydrophobic 
entrapment [53]. The biocompatibility of the formulation was shown through gastric histopa-
thology and mucosal integrity and by the maintenance of the gut microbiota, on the opposite 
of the current triple therapy [53, 59].

3. “Nature-derived” anti-H. pylori phytochemicals

Phytochemicals have been used for centuries in the treatment of gastrointestinal disorders, 
such as dyspepsia, gastritis, and peptic ulcer disease [60]. Over the last two decades, phyto-
therapy has gained strength in the scientific community, prompted by the need of alternatives 
to the ineffectiveness of traditional antibiotics.

Plants synthesize a vast range of secondary metabolites with a significant portion consisting of 
phenolic and flavonoid compounds [61]. These secondary metabolites, other than providing 
plants with unique survival or adaptive strategies, are associated to a wide range of biological 
activities [62]. Phenolic compounds, namely wine polyphenols, from which resveratrol is the 
most studied, and olive oil polyphenols, mainly hydroxytyrosol, have been associated with 
anti-H. pylori activity [5]. Lipophilic compounds from the terpenes family can also be obtained 
from several plants. In the scope of anti-H. pylori strategies, these are described in more detail 
in the following section.

3.1. Triterpenic acids

Terpenes are naturally occurring hydrocarbons, with the general formula (C5H8)n (▬(▬CH2

〓C(CH3)▬CH〓CH2)n), where n is the number of isoprene units. Depending on the number 
of isoprene building blocks, they are classified into several groups, such as monoterpenes, 
sesquiterpenes, diterpenes, triterpenes, and tetraterpenes (with 2, 3, 4, 6, and 8 isoprene units, 
respectively). These compounds can undergo chemical modifications by oxidation or rear-
rangement of the carbon skeleton, which leads to a vast group of compounds denominated 
terpenoids [63].

Pentacyclic triterpenoids are commonly isolated as active substances from different natu-
ral sources, mainly plant surfaces such as stem bark or leaf and fruit waxes [64]. Among 
them, pentacyclic triterpenes (C30H48) are being marketed as therapeutic agents or dietary 
supplements around the world due to their biological applications [65, 66]. Their antibacte-
rial properties are also recognized. For instance, it was demonstrated that the acidic fraction 
of the total mastic extract without polymer (TMEWP) from the Chios Mastic Gum (resin of 
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Although in vivo studies using gastric-infected mice demonstrated that DHA was able to 
decrease only 50% of H. pylori gastric colonization, the DHA conjugation with antibiotic stan-
dard treatment decreased the recurrence of H. pylori infection [42, 43].

Another DHA feature is its ability to attenuate the host inflammatory response associated 
with gastric infection [49, 50].

DHA poor solubility in water, fast oxidation/degradation plus gastric settings drawbacks 
(namely low gastric residence time and low penetration through the gastric mucus layer) are 
challenging issues for its clinical translation [36, 50, 51]. To overcome these obstacles, cyto-
compatible lipid nanoparticles have been researched to encapsulate DHA [44, 52]. It was dem-
onstrated that DHA lipid nanoparticles are able to destabilize H. pylori membranes, leading to 
disruption and leakage of cytoplasmic contents [32, 44]. Importantly, these lipid nanoparticles 
do not interfere with normal gut microbiota in opposite to dramatic changes described for the 
conventional antibiotic therapy [44].

2.2. Linolenic acid (LA)

LA, as fatty acids in general, is considered safe [53]. It is classified as an essential fatty acid, 
once it cannot be synthesized by the human body, being necessary to be supplied by the 
diet [54]. Its importance for biological processes is unquestionable. LA undergoes metabolic 
changes in vivo that ultimately lead to the formation of prostaglandins, thromboxanes, leu-
kotrienes, and lipoxins [54]. Furthermore, the usefulness of LA as an antibacterial agent was 
also proved, being one of the most potent unsaturated fatty acids against H. pylori [7]. It also 
promotes the adhesion of Lactobacillus casei to mucosa surfaces, which indirectly hinders the 
growth of H. pylori [55]. Besides its bactericidal effect, LA is also important for the integrity 
of the gastric mucosa. It was already proposed that lower levels of essential fatty acids, such 
as LA, lead to decreased levels of prostaglandins and, consequently, to a higher susceptibility 
of the gastric mucosa to ulcerogenic agents [56].

Nanotechnology has been successfully used to load fatty acids, including LA [34]. As above 
mentioned, the oral administration of fatty acids is hindered by their poor solubility, espe-
cially at acidic pH, and their susceptibility to chemical degradation [57]. In fact, the carboxyl 
protonation under acidic pH at the stomach lumen decreases the efficacy of fatty acids 
after oral administration [53]. This was already shown in vivo, with no significant effect of 
plain LA in killing H. pylori on a mouse model [53]. Nevertheless, liposomes are promising 
bioengineering strategies to overcome these limitations. Due to the amphiphilic nature of 
fatty acids, they can be easily incorporated into the phospholipid bilayer of liposomes [57]. 
Hence, Obonyo et al. used liposomes of egg phosphatidylcholines, cholesterol, and LA to kill 
H. pylori [57]. They showed that LA-loaded liposomes were effective against H. pylori even 
in its coccoid form and regardless their resistance to antibiotics [57]. Interestingly, H. pylori 
developed resistance against free LA at subbactericidal concentrations, whereas it showed no 
resistance against LA when incorporated into the nanoparticles [57]. These results show the 
promising usefulness of nanotechnology not only to protect the fatty acid from its degrada-
tion, but also to improve its efficacy. The higher efficacy relies on their ability to fuse with the 
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bacterial membrane, being directly and faster incorporated into the bacterial membrane [57]. 
Their main mechanism is the increase of the permeability of the outer membrane and of the 
plasma membrane of H. pylori, which leads to a leakage of cytoplasmic contents [58]. They 
also decrease the H. pylori-induced proinflammatory cytokines, helping in the healing of the 
gastric mucosa [58]. Furthermore, the ability of those liposomes to be retained at the site of 
infection was also shown in vivo [53]. The retention for up to 24 h was attributed to the small 
size of the liposomes and their anionic surface charge, which decreases their hydrophobic 
entrapment [53]. The biocompatibility of the formulation was shown through gastric histopa-
thology and mucosal integrity and by the maintenance of the gut microbiota, on the opposite 
of the current triple therapy [53, 59].

3. “Nature-derived” anti-H. pylori phytochemicals

Phytochemicals have been used for centuries in the treatment of gastrointestinal disorders, 
such as dyspepsia, gastritis, and peptic ulcer disease [60]. Over the last two decades, phyto-
therapy has gained strength in the scientific community, prompted by the need of alternatives 
to the ineffectiveness of traditional antibiotics.

Plants synthesize a vast range of secondary metabolites with a significant portion consisting of 
phenolic and flavonoid compounds [61]. These secondary metabolites, other than providing 
plants with unique survival or adaptive strategies, are associated to a wide range of biological 
activities [62]. Phenolic compounds, namely wine polyphenols, from which resveratrol is the 
most studied, and olive oil polyphenols, mainly hydroxytyrosol, have been associated with 
anti-H. pylori activity [5]. Lipophilic compounds from the terpenes family can also be obtained 
from several plants. In the scope of anti-H. pylori strategies, these are described in more detail 
in the following section.

3.1. Triterpenic acids

Terpenes are naturally occurring hydrocarbons, with the general formula (C5H8)n (▬(▬CH2

〓C(CH3)▬CH〓CH2)n), where n is the number of isoprene units. Depending on the number 
of isoprene building blocks, they are classified into several groups, such as monoterpenes, 
sesquiterpenes, diterpenes, triterpenes, and tetraterpenes (with 2, 3, 4, 6, and 8 isoprene units, 
respectively). These compounds can undergo chemical modifications by oxidation or rear-
rangement of the carbon skeleton, which leads to a vast group of compounds denominated 
terpenoids [63].

Pentacyclic triterpenoids are commonly isolated as active substances from different natu-
ral sources, mainly plant surfaces such as stem bark or leaf and fruit waxes [64]. Among 
them, pentacyclic triterpenes (C30H48) are being marketed as therapeutic agents or dietary 
supplements around the world due to their biological applications [65, 66]. Their antibacte-
rial properties are also recognized. For instance, it was demonstrated that the acidic fraction 
of the total mastic extract without polymer (TMEWP) from the Chios Mastic Gum (resin of 
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Pistacia lentiscus var. chia) is effective in killing H. pylori [67]. This antibacterial effect was 
attributed to their rich composition in oleanolic acid, isomasticadienolic acid, masticadieno-
lic, and moronic acid [67]. Paraschos et al. demonstrated that the prophylactic treatment with 
the TMEWP was not able to prevent H. pylori infection in C57BL/6 mice infected with mouse-
adapted H. pylori SS1 strain [67]. Nevertheless, the number of H. pylori colonies significantly 
reduced (1.5 log colony forming units/g of tissue) when the animals were subjected to con-
tinuous administration of 0.75 mg of TMEWP for 3 months [67]. Shin et al. reported that betu-
linic acid and oleanolic acid, extracted from Fosythia suspensa, were able to inhibit the urease 
activity of H. pylori ATCC 43504 [68]. Furthermore, Parreira et al. reported that outer bark 
extracts of Eucalyptus nitens and E. globulus, rich in betulinic, betulonic, oleanolic, and ursolic 
acids (Figure 4), have anti-H. pylori activity against strains with distinct virulence degree [69]. 
Interestingly, the eucalyptus extracts had a lower minimal inhibitory concentration than the 
isolated pure triterpenic acids, which led to the conclusion that the final observed antibacte-
rial effect was due to synergic effects [69].

Although not specifically designed toward H. pylori infection, different strategies to improve 
the oral bioavailability of triterpenic acids have been studied. For example, oleanolic acid bio-
availability has been enhanced by using a phospholipids complex with hydroxyapatite [70]. 
Yang et al. have developed liposomes to increase ursolic acid bioavaliabitliy [71] and pharma-
cokinetic studies carried out by Ge et al. reported that the oral bioavailability of ursolic acid 
was 27.5-fold higher when it was incorporated in nanoparticles than when administered as a 
free compound [72].

The abovementioned advances in increasing the bioavailability of triterpenic acids using 
bioengineering strategies will enable, in the near future, to further pursue research of novel 
nonantibiotic and more effective “nature-inspired” therapies against H. pylori.

Figure 4. Chemical structures of triterpenic acids: betulinic (BA), betulonic (BOA), oleanolic (OA), and ursolic (UA) acids.
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4. Translation to real-world scenario

Both fatty acids and triterpenic acids have been reported to exhibit similar performance 
against H. pylori. Nevertheless, their action mechanisms are fairly distinct: while fatty acids 
are reported to interact with the bacterial membrane, triterpenic acids are reported to be more 
involved in enzymatic inhibition, namely urease hindering [5]. Since both bioactives classes 
target crucial structures for H. pylori survival, emergence of resistance is not anticipated, as it 
would require massive bacterial energy [32, 69].

Despite the remarkable effects associated to fatty and triterpenic acids for gastric infection man-
agement, translation into real-world applications is still delayed. For that, it has contributed the 
fact that only in the last decade more attention has been paid to nature-derived molecules, coun-
teracting the “chemical pharmacological” tendency that had been initiated in the beginning of 
the twentieth century. Also, there was a significant reduction of investment in the clinical devel-
opment of antibiotics over the last years. In fact, only 1.6% of the drugs under clinical develop-
ment by the world’s largest drug companies are antibiotics [73]. This has boosted the search for 
other sources of antimicrobials. In addition, bioengineering emerged in the twenty-first century 
as a powerful tool to develop drug delivery systems and, consequently, to overcome the more 
generalized drawbacks associated with the lipophilic bioactive compounds discussed in this 
chapter [5]. Bioengineering approaches for fatty acids specific application against H. pylori 
are already on a “fast-track,” while those for triterpenic acids are only now evolving, which 
explains the lack of solid studies coupling these bioactives with bioengineering strategies.

To the date and to the best of our knowledge, most of the herein described compounds are 
in in vivo studies phase, being expected that in the next few years some will cross the clinical 
trials barrier. There are several factors contributing to the anticipated success of these “nature-
based” strategies. They are generally cost-effective, due to their abundance in nature, and 
they require low-cost extraction productions. Furthermore, the biotechnological improve-
ments that include nanotechnological coupling to nature-derived molecules will hopefully 
contribute to reaching “real-life” applications. In addition, more “nature-based” molecules 
are reaching the market with FDA approval to treat infectious disease, such as antimalaria 
Artemisinin therapies, based on an herb employed in Chinese traditional medicine [74], 
which anticipates the future success of nature-inspired strategies for H. pylori eradication.

5. Conclusion

H. pylori infection is one of the most prevalent infections worldwide, which is also reflected onto 
the high prevalence of gastric cancer. Emerging antibiotic resistance leads to an urgent need of 
alternative treatments. Resourcing to widely available lipophilic natural bioactive compounds 
with anti-H. pylori activity, namely fatty or triterpenic acids, should be further considered as novel 
therapeutic options. In this context, nanotechnology emerges as a key player, as it allows overcom-
ing the bioactive major drawbacks that have been holding back their “real-world” application.
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Pistacia lentiscus var. chia) is effective in killing H. pylori [67]. This antibacterial effect was 
attributed to their rich composition in oleanolic acid, isomasticadienolic acid, masticadieno-
lic, and moronic acid [67]. Paraschos et al. demonstrated that the prophylactic treatment with 
the TMEWP was not able to prevent H. pylori infection in C57BL/6 mice infected with mouse-
adapted H. pylori SS1 strain [67]. Nevertheless, the number of H. pylori colonies significantly 
reduced (1.5 log colony forming units/g of tissue) when the animals were subjected to con-
tinuous administration of 0.75 mg of TMEWP for 3 months [67]. Shin et al. reported that betu-
linic acid and oleanolic acid, extracted from Fosythia suspensa, were able to inhibit the urease 
activity of H. pylori ATCC 43504 [68]. Furthermore, Parreira et al. reported that outer bark 
extracts of Eucalyptus nitens and E. globulus, rich in betulinic, betulonic, oleanolic, and ursolic 
acids (Figure 4), have anti-H. pylori activity against strains with distinct virulence degree [69]. 
Interestingly, the eucalyptus extracts had a lower minimal inhibitory concentration than the 
isolated pure triterpenic acids, which led to the conclusion that the final observed antibacte-
rial effect was due to synergic effects [69].

Although not specifically designed toward H. pylori infection, different strategies to improve 
the oral bioavailability of triterpenic acids have been studied. For example, oleanolic acid bio-
availability has been enhanced by using a phospholipids complex with hydroxyapatite [70]. 
Yang et al. have developed liposomes to increase ursolic acid bioavaliabitliy [71] and pharma-
cokinetic studies carried out by Ge et al. reported that the oral bioavailability of ursolic acid 
was 27.5-fold higher when it was incorporated in nanoparticles than when administered as a 
free compound [72].

The abovementioned advances in increasing the bioavailability of triterpenic acids using 
bioengineering strategies will enable, in the near future, to further pursue research of novel 
nonantibiotic and more effective “nature-inspired” therapies against H. pylori.

Figure 4. Chemical structures of triterpenic acids: betulinic (BA), betulonic (BOA), oleanolic (OA), and ursolic (UA) acids.
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4. Translation to real-world scenario

Both fatty acids and triterpenic acids have been reported to exhibit similar performance 
against H. pylori. Nevertheless, their action mechanisms are fairly distinct: while fatty acids 
are reported to interact with the bacterial membrane, triterpenic acids are reported to be more 
involved in enzymatic inhibition, namely urease hindering [5]. Since both bioactives classes 
target crucial structures for H. pylori survival, emergence of resistance is not anticipated, as it 
would require massive bacterial energy [32, 69].

Despite the remarkable effects associated to fatty and triterpenic acids for gastric infection man-
agement, translation into real-world applications is still delayed. For that, it has contributed the 
fact that only in the last decade more attention has been paid to nature-derived molecules, coun-
teracting the “chemical pharmacological” tendency that had been initiated in the beginning of 
the twentieth century. Also, there was a significant reduction of investment in the clinical devel-
opment of antibiotics over the last years. In fact, only 1.6% of the drugs under clinical develop-
ment by the world’s largest drug companies are antibiotics [73]. This has boosted the search for 
other sources of antimicrobials. In addition, bioengineering emerged in the twenty-first century 
as a powerful tool to develop drug delivery systems and, consequently, to overcome the more 
generalized drawbacks associated with the lipophilic bioactive compounds discussed in this 
chapter [5]. Bioengineering approaches for fatty acids specific application against H. pylori 
are already on a “fast-track,” while those for triterpenic acids are only now evolving, which 
explains the lack of solid studies coupling these bioactives with bioengineering strategies.

To the date and to the best of our knowledge, most of the herein described compounds are 
in in vivo studies phase, being expected that in the next few years some will cross the clinical 
trials barrier. There are several factors contributing to the anticipated success of these “nature-
based” strategies. They are generally cost-effective, due to their abundance in nature, and 
they require low-cost extraction productions. Furthermore, the biotechnological improve-
ments that include nanotechnological coupling to nature-derived molecules will hopefully 
contribute to reaching “real-life” applications. In addition, more “nature-based” molecules 
are reaching the market with FDA approval to treat infectious disease, such as antimalaria 
Artemisinin therapies, based on an herb employed in Chinese traditional medicine [74], 
which anticipates the future success of nature-inspired strategies for H. pylori eradication.

5. Conclusion

H. pylori infection is one of the most prevalent infections worldwide, which is also reflected onto 
the high prevalence of gastric cancer. Emerging antibiotic resistance leads to an urgent need of 
alternative treatments. Resourcing to widely available lipophilic natural bioactive compounds 
with anti-H. pylori activity, namely fatty or triterpenic acids, should be further considered as novel 
therapeutic options. In this context, nanotechnology emerges as a key player, as it allows overcom-
ing the bioactive major drawbacks that have been holding back their “real-world” application.
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