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Preface

This edited volume is a collection of reviewed and relevant research chapters
concerning developments within the gastritis—new approaches and treatments
field of study. The book includes scholarly contributions by various authors and is
edited by a group of experts pertinent to gastritis, gastric carcinogenesis, and new
approaches in diagnoses and treatments. Each contribution comes as a separate
chapter complete in itself but directly related to the book’s topics and objectives.

The book is divided into three sections: Helicobacter pylori: General Comments, 
Diversity of Treatments for H. pylori Infection Worldwide, and Autoimmune Gastritis.

The section Helicobacter pylori: General Comments includes chapters dealing with
Helicobacter pylori Infection and Helicobacter pylori: A Pathogen of Ample Risk to
Health.

The following section, Diversity of Treatments for H. pylori Infection Worldwide, 
includes Development of a Novel Antibacterial Medicine that Targets a Characteristic
Lipid of the Cell Membranes of Helicobacter pylori, Pharmacotherapy of Peptic
Ulcer Disease and Latest Research, and Gastritis Treated by Chinese Medicine.

Current View on Autoimmune Gastritis is included in the last section of this book, 
Autoimmune Gastritis.

The target audience comprises scholars and specialists in the field.

IntechOpen
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Chapter 1

Helicobacter pylori Infection
Todor Asenov Angelov, Mila Dimitrova Kovacheva-Slavova, 
Hristo Ilianov Iliev, Hristo Yankov Valkov  
and Borislav Georgiev Vladimirov

Abstract

Helicobacter pylori (H. pylori) is a Gram-negative spiral bacterium commonly found 
in the stomach. Major part of the world’s population is infected with H. pylori and is at 
increased risk of severe gastritis, peptic ulcer disease, and gastric cancer. Most studied 
virulence factors of the bacterium are the cytotoxin-associated gene (CagA) and the vac-
uolating cytotoxin A (VacA). The H. pylori infection is diagnosed by invasive (histologi-
cal examination, culture, and rapid urease test, which require endoscopy and biopsy) 
and noninvasive methods (serology, urea breath test, and stool antigen test). H. pylori 
eradication is preferred for a long-term prevention of complications. Current treatments 
consist of antibiotics and adequate PPI dose and can be divided into two strands—with 
or without bismuth. Achieving an eradication rate of >90% is an indicator for effec-
tive treatment. Due to the increasing levels of antibiotic resistance, the standard triple 
therapy is largely replaced with a quadruple therapy, especially in countries with high 
resistance rates. Antimicrobial susceptibility testing should be performed after the 
second-line treatment failure, leading to an individualized patient treatment. Clear 
explanations and patients’ compliance are of great importance for a better outcome.

Keywords: Helicobacter pylori, virulence factors, diagnostic methods, treatment

1. Introduction

In the early 1980s, Helicobacter pylori (H. pylori) was discovered by Barry Marshall and 
Robin Warren. They reported its presence on mucosal tissue from the stomach of patients 
with gastritis and peptic ulcers [1]. Today, it is known that more than half of Earth’s 
population is infected with this Gram-negative spiral bacterium. In most cases, the infec-
tion is completely asymptomatic, but it is far from harmless as 10–15% of those infected 
will develop peptic ulcer disease or gastric cancer [2]. The type and severity of the disease 
depends on several factors, as characteristics of the colonizing strain, host immune 
response, smoking, high-salt diet, and presence of other concurrent infections [3].

H. pylori strains from different geographical areas show clear phylogeographic 
features. The bacterium follows the human migration and has co-evolved with humans 
for over at least 60,000 years [4]. The fecal-oral and oral-oral routes of transmission are 
most common, with close person-to-person contact required. Strains of H. pylori are 
usually isolated from gastric biopsy tissue specimens, but the bacterium can be recov-
ered also from saliva, gastric reflux fluid, diarrhea, and vomitus. Isolation and trans-
mission from contaminated water supplies and farm animals has also been reported [5].

H. pylori is “special” in many ways as it possesses several important enzymes that 
enable its survival in the hostile acidic environment. Such an enzyme is the urease, 
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which breaks down the urea to ammonia and carbon dioxide, hence neutralizing the 
hydrochloric acid. Moreover, H. pylori avoids clearance with the gastric emptying 
with a number of adhesion molecules and its 4–6 flagella. Important virulence factors 
are the cytotoxin-associated gene A (CagA) and the vacuolating cytotoxin A (VacA).

Even though H. pylori colonization is usually asymptomatic, it leads to chronic 
active gastritis in most patients and is associated with a number of other gastroduodenal 
diseases, including gastric and duodenal ulcer disease, distal gastric adenocarcinoma, 
primary gastric mucosal-associated lymphoid tissue (MALT) lymphoma, dyspepsia, 
atrophic gastritis, iron deficiency anemia, and idiopathic thrombocytopenic purpura.

This is why H. pylori eradication is preferred for a long-term prevention of the 
above-mentioned complications. Current H. pylori treatment consists of antibiotics 
and adequate PPI dose and can be divided into two strands—with or without bismuth. 
Achievement of an eradication rate >90% is an indicator for effective treatment [6].

2. H. pylori virulence factors

H. pylori strains are more virulent and are associated with more severe gastric 
mucosal damages when there is a cytotoxin-associated gene pathogenicity island 
(cag PAI) in their genome. The cag PAI region contains ~30 genes encoding a type IV 
secretion system (T4SS) as well as cytotoxin-associated gene A (CagA). The CagA is 
delivered into host gastric epithelial cells via T4SS. Inside the cells, CagA undergoes 
tyrosine phosphorylation at the Glu-Pro-Ile-Tyr-Al (EPIYA) motifs by Src kinases. 
There is a higher risk for gastric cancer development in chronic infection with H. 
pylori cagA-positive strains. Carcinogenesis requires two major events. One is inacti-
vation of tumor suppressor, and the other is the activation of oncoprotein. H. pylori 
CagA interacts with both of them and successfully disturbs their functions [7].

Vacuolating Cytotoxin (VacA) is also a major virulence factor present in almost 
all strains, and is highly polymorphic. VacA affects the cells with the induction of 
vacuole formation, mitochondrial dysfunction, modulation of signal transduction 
pathways, inhibition of T cell proliferation, and production of inflammatory cyto-
kines. To favor its action, VacA binds to receptors such as receptor protein tyrosine 
phosphatases (RPTPα and RPTPβ), low-density lipoprotein receptor-related 
protein-1 (LRP1), fibronectin, CD18, and sphingomyelin. RPTPβ promote to 
ulceration and LRP1 is involved in the induction of autophagy. There is an interac-
tion between cagA and VacA molecules, which is associated with the pathogenesis 
of gastric diseases. Therefore, further research on VacA may increase the knowledge 
of its role in the development of gastric disorders in H. pylori infection [7].

H. pylori expresses several major adhesins including BabA, SabA, LabA, OipA, 
and AlpAB. A closer association of the bacteria with the epithelium is thought to 
be mediated by them. They also increase the inflammation and damage of gastric 
mucosa by enhanced exposure to other virulence factors.

Duodenal ulcer-promoting gene A, dupA, is present in the tfs4 gene cluster and 
also the presence of the iceA1 allele of iceA is associated with increased risk for 
duodenal ulcer disease.

3. Helicobacter pylori-associated diseases

3.1 Dyspepsia

According to Rome III, functional dyspepsia (FD) is a symptomatic dyspep-
sia in the absence of structural or biochemical explanation after appropriate 
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investigation [8]. There are gastrointestinal symptoms that are associated with 
chronic dyspepsia as epigastric pain, epigastric burning, uncomfortable postpran-
dial fullness, and early satiation.

FD is one of the most common gastrointestinal diseases which affects the quality 
of life. Chronic dyspepsia symptoms, which are thought to be caused by H. pylori 
infection, are decided to be separated from FD and defined as H. pylori-associated 
dyspepsia (HpD) in the Kyoto Global Consensus Conference held on January 30–
February 1, 2014 [9]. In this meeting, patients who remain symptom free 12 months 
after eradication are considered to be cases of HpD, while patients who continue to 
experience dyspepsia even after H. pylori eradication will be considered as FD [10].

The evidence of the association between H. pylori infection and dyspepsia has 
been increasing. However, it is still unknown why most of individuals with H. pylori 
infection have no symptoms, while some of them have chronic dyspepsia symp-
toms. Recent meta-analysis of 103 reports containing 312,415 individuals showed 
that the prevalence of uninvestigated dyspepsia was higher in H. pylori-positive 
individuals (OR 1.18; 95% CI 1.04–1.33) [11]. There is evidence of a small but 
statistically significant benefit in eradicating H. pylori in H. pylori-positive dys-
pepsia. Therefore, the eradication therapy is recommended as first-line therapy for 
H. pylori-positive dyspepsia. Zhao et al. reviewed 14 randomized controlled trials 
which contained information on the long-term (12 months or more) effects of H. 
pylori eradication on dyspeptic symptoms, and a sub-group analysis on geographi-
cal regions was conducted [12].

3.2 Gastritis

H. pylori swims through the layers of protective mucus of the gastric mucosa 
to avoid damage from gastric acid and digestive enzymes. The bacterium is able 
to interact with the mucins via major adhesins the blood group antigen-binding 
adhesin (BabA), sialic acid-binding adhesin (SabA), and the lacdiNAc-specific 
adhesin, LabA [13–15].

H. pylori activates inflammatory gene when the bacterium reach to gastric epi-
thelial cells. This is possible due to interaction with Toll-like receptor 2 and NOD1 
[16], and inflammasomes [17, 18]. Inflammatory signaling in gastric epithelial cells 
is activated by a number of different mechanisms, resulting in the secretion of 
cytokines and chemokines, including interleukin-8 (IL-8), IL-1b, tumor necrosis 
factor alpha (TNFa), IL-6, IL-12, CCL2-5, CCL20, and CXCL1-3 [19]. The chemo-
kines leads to the accumulation of neutrophils, macrophages, mast cells, dendritic 
cells (DCs), innate lymphoid cells, and lymphocytes—gastritis [4].

Neutrophils, macrophages, and NK cells contribute to gastritis via the secre-
tion of inflammatory and tissue-damaging factors including reactive oxygen and 
nitrogen species (ROS and RNS) [20], perforin, and granzymes [21]. However, DCs 
are semi-mature and tolerogenic in H. pylori-infected gastric mucosa that stimulate 
the development of regulatory T cells (Tregs), which suppress inflammation [22].

It has recently been shown that retinoic acid (RA) is produced by human gastric 
epithelial cells and DCs regulates the level of inflammation. More intense inflamma-
tion and mucosal damage have been observed during H. pylori infection, because of 
reduction in RA [23]. Autoreactive antibodies against molecules, such as the parietal 
cell H+ and K+-ATPase, frequently induce the molecular mimicry of H. pylori. These 
antibodies may enhance inflammation and damage in the stomach [24]. In addition, 
the cytokines interferon-gamma (IFNc) and TNFa, secreted by Th1 cells, stimulate 
macrophages to secrete further pro-inflammatory factors. IL-17A, IL-17F, IL-21, 
and IL-22, secreted by Th17 cells, also stimulate the expression of ROS, RNS, and 
chemokines, leading to further inflammation and neutrophil recruitment [25].
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epithelial cells and DCs regulates the level of inflammation. More intense inflamma-
tion and mucosal damage have been observed during H. pylori infection, because of 
reduction in RA [23]. Autoreactive antibodies against molecules, such as the parietal 
cell H+ and K+-ATPase, frequently induce the molecular mimicry of H. pylori. These 
antibodies may enhance inflammation and damage in the stomach [24]. In addition, 
the cytokines interferon-gamma (IFNc) and TNFa, secreted by Th1 cells, stimulate 
macrophages to secrete further pro-inflammatory factors. IL-17A, IL-17F, IL-21, 
and IL-22, secreted by Th17 cells, also stimulate the expression of ROS, RNS, and 
chemokines, leading to further inflammation and neutrophil recruitment [25].
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All of the above makes it clear that the hosts’ immune response is one of the 
major factors involved in the H. pylori infection pathogenesis. Thus, cytokines and 
other chemokines, prostaglandins, and their metabolites, as products of the innate 
response may be involved in the etiology of H. pylori-related diseases.

3.3 Peptic ulcer disease

Around 95% of duodenal ulcers and around 70% of gastric ulcers are H. pylori 
infection related [26, 27]. Hemorrhage or perforation are relatively common com-
plications and are associated with a significant mortality.

H. pylori infection leads to destruction of delta cells by chronic inflammation 
of the antrum. This leads to a reduction in the level of somatostatin secretion 
and therefore impaired inhibition of gastrin production by the G cells, causing 
hypergastrinemia. The elevated gastrin levels overstimulate the acid-producing 
parietal cells of the undamaged corpus (in the case of antral-predominant gastritis) 
resulting in hyperchlorhydria. The increased gastric acid output can result in gastric 
metaplasia of the duodenal epithelium. This allows H. pylori to colonize it and cause 
inflammation, possibly leading to duodenal ulceration.

On the other hand, in patients with corpus-predominant atrophy or pan-
gastritis, the acid output can be normal or reduced, explained by the loss of parietal 
cells. A state of hypochlorhydria is established, despite increased gastrin production 
from the H. pylori-infected antrum, preventing development of duodenal ulcers. 
Gastric ulcers develop due to inflammation and damage to the gastric mucosa. Pre-
malignant lesions and gastric adenocarcinoma may also develop [4, 28].

In those with reduced numbers of Tregs in their gastric mucosa, peptic ulceration 
is more frequently found thus impaired capacity to control the inflammation [19, 29]. 
The inflammation and damage are enhanced by gastric Th1 and Th17 cells inducing 
epithelial cells to express higher levels of MHC class II and activation of mitogen-
activated protein (MAP) kinases and transcription factors AP-1 and NF-jB [30].

3.4 Gastric adenocarcinoma

There are approximately 100,000 new cases of gastric cancer each year [31]. A 
majority of cases are registered in developing countries, half of them occurring in 
Eastern Asia. It is the fifth most common malignancy worldwide and the third most 
common cause of cancer-related death diagnosed usually at a late stage [32].

Depending on the location the gastric cancer can be divided into two subtypes:

• Cardia—arising from epithelial cells at the gastroesophageal junction.

• Non-cardia—arising from the distal stomach.

Cardia gastric cancers are thought to be mostly unrelated to H. pylori infection 
and have similar risk factors to those for esophageal adenocarcinoma and Barrett’s 
esophagus [30]. Up to 89% of cases of non-cardia gastric cancer is attributed to 
the infection with H. pylori. The risk of gastric cancer development for an infected 
individual is 1–2% [33].

The gastric cancer is classified histologically as two types [34]:

• intestinal—usually exophytic, often ulcerating, and are associated with intes-
tinal metaplasia of the stomach and are more common in proximal (fundus) 
location.
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• diffuse-type—poorly differentiated infiltrating lesions, which lead to the thick-
ening of the stomach (linitis plastica) and predominate in younger patients.

Patients with intestinal-type tumors appear to have a better prognosis than those 
with diffuse-type.

Chronic gastritis caused by H. pylori infection after several decades, leads to 
gastric gland atrophy, intestinal metaplasia, dysplasia, and finally adenocarcinoma. 
H. pylori eradication therapy reduces the incidence of atrophic gastritis, but the risk 
of gastric cancer development is reduced only if the eradication is administered prior 
to pre-malignant changes [35]. ROS/RNS-mediated DNA damage, the silencing of 
tumor suppressor genes via DNA methylation, histone epigenetic modifications, and 
epithelial-mesenchymal transition are associated with gastric carcinogenesis [36].

Genetically determined high expression of pro-inflammatory cytokines (IL-6, 
IL-8, TNFa, IL-1b), low expression of anti-inflammatory cytokines (IL-10, TGFb), or 
enhanced responsiveness to bacterial components (Toll-like receptors 1, 2, 4, 5, and 9) 
are associated with a higher risk of gastric adenocarcinoma [37, 38]. In the future, iden-
tification of molecular profiles for gastric cancer subtypes will lead to more personal-
ized clinical management, therapeutic targets and biomarkers for screening, prognosis, 
prediction of response to treatment, and monitoring of gastric cancer progression [39].

3.5 MALT lymphoma

Almost all patients with gastric MALT lymphoma have an active H. pylori infec-
tion with frequency of approximately 0.8 per 100,000 per year. Around 10% of 
cases are thought to be independent of H. pylori, but may be due to perhaps gastric 
non-pylori Helicobacters or undiagnosed H. pylori infection. Formation of lymphoid 
follicles in the gastric mucosa is induced by H. pylori-mediated inflammation, 
which is not present in the uninfected stomach [40]. Chronic inflammation and 
continuous antigenic stimulation lead to uncontrolled expansion of marginal zone 
B cells in these lymphoid follicles [41]. The tumor cells are commonly localized in 
the gastric mucosa and often remain to this site. However, in approximately 40% of 
cases, spreading to regional lymph nodes and more distant mucosal sites occurs. In 
around half of gastric lymphoma, low-grade MALT lymphomas may transform into 
more aggressive diffuse large B cell lymphomas (DLBCL), which have a considerably 
worse prognosis [41]. After H. pylori eradication treatment, there is a regression 
of the low-grade B cell MALT lymphomas. In one-quarter of cases a chromosomal 
translocation t(11; 18) is found. This is the most common genetic aberration in 
gastric MALT lymphoma. The non-responsiveness of gastric MALT lymphoma to H. 
pylori eradication therapy is also predicted by the presence of t(11; 18) [42]. Fusion 
between the activator protein-12 (AP-12) and MALT-1 genes lead to this chromo-
somal breakage and translocation. The product of this fusion stimulates activation 
of the transcription factor NF-jB, which regulates the expression of anti-apoptotic 
genes and cell survival [41]. Mutations in immunoglobulin heavy chain variable 
region (IGHV) genes are also frequently present [43]. There is growing evidence that 
host genetic factors play an important role in developing gastric MALT lymphoma.

4. Diagnosis

Diagnosis of H. pylori infection can be done with noninvasive methods— 
serology, urea breath test (UBT), stool antigen test (SAT)—and invasive  methods—
histology, culture, PCR, rapid urease test (RUT). Only locally validated tests should 
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• diffuse-type—poorly differentiated infiltrating lesions, which lead to the thick-
ening of the stomach (linitis plastica) and predominate in younger patients.

Patients with intestinal-type tumors appear to have a better prognosis than those 
with diffuse-type.

Chronic gastritis caused by H. pylori infection after several decades, leads to 
gastric gland atrophy, intestinal metaplasia, dysplasia, and finally adenocarcinoma. 
H. pylori eradication therapy reduces the incidence of atrophic gastritis, but the risk 
of gastric cancer development is reduced only if the eradication is administered prior 
to pre-malignant changes [35]. ROS/RNS-mediated DNA damage, the silencing of 
tumor suppressor genes via DNA methylation, histone epigenetic modifications, and 
epithelial-mesenchymal transition are associated with gastric carcinogenesis [36].

Genetically determined high expression of pro-inflammatory cytokines (IL-6, 
IL-8, TNFa, IL-1b), low expression of anti-inflammatory cytokines (IL-10, TGFb), or 
enhanced responsiveness to bacterial components (Toll-like receptors 1, 2, 4, 5, and 9) 
are associated with a higher risk of gastric adenocarcinoma [37, 38]. In the future, iden-
tification of molecular profiles for gastric cancer subtypes will lead to more personal-
ized clinical management, therapeutic targets and biomarkers for screening, prognosis, 
prediction of response to treatment, and monitoring of gastric cancer progression [39].

3.5 MALT lymphoma

Almost all patients with gastric MALT lymphoma have an active H. pylori infec-
tion with frequency of approximately 0.8 per 100,000 per year. Around 10% of 
cases are thought to be independent of H. pylori, but may be due to perhaps gastric 
non-pylori Helicobacters or undiagnosed H. pylori infection. Formation of lymphoid 
follicles in the gastric mucosa is induced by H. pylori-mediated inflammation, 
which is not present in the uninfected stomach [40]. Chronic inflammation and 
continuous antigenic stimulation lead to uncontrolled expansion of marginal zone 
B cells in these lymphoid follicles [41]. The tumor cells are commonly localized in 
the gastric mucosa and often remain to this site. However, in approximately 40% of 
cases, spreading to regional lymph nodes and more distant mucosal sites occurs. In 
around half of gastric lymphoma, low-grade MALT lymphomas may transform into 
more aggressive diffuse large B cell lymphomas (DLBCL), which have a considerably 
worse prognosis [41]. After H. pylori eradication treatment, there is a regression 
of the low-grade B cell MALT lymphomas. In one-quarter of cases a chromosomal 
translocation t(11; 18) is found. This is the most common genetic aberration in 
gastric MALT lymphoma. The non-responsiveness of gastric MALT lymphoma to H. 
pylori eradication therapy is also predicted by the presence of t(11; 18) [42]. Fusion 
between the activator protein-12 (AP-12) and MALT-1 genes lead to this chromo-
somal breakage and translocation. The product of this fusion stimulates activation 
of the transcription factor NF-jB, which regulates the expression of anti-apoptotic 
genes and cell survival [41]. Mutations in immunoglobulin heavy chain variable 
region (IGHV) genes are also frequently present [43]. There is growing evidence that 
host genetic factors play an important role in developing gastric MALT lymphoma.

4. Diagnosis

Diagnosis of H. pylori infection can be done with noninvasive methods— 
serology, urea breath test (UBT), stool antigen test (SAT)—and invasive  methods—
histology, culture, PCR, rapid urease test (RUT). Only locally validated tests should 
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be used. PPIs have an anti-H. pylori activity and decrease the load of H. pylori 
leading to false-negative results on urease test, UBT, and SAT [44]. H2 receptor 
antagonists have been shown to have minimal effect on the sensitivity of UBT, 
and antacids do not impair the sensitivity of UBT or SAT. H2-blockers do not have 
anti-H. pylori activity [45–47]. In contrast, the antibacterial activity of antibiotics 
and bismuth compounds necessitate their discontinuation for 4 weeks to allow an 
increase of a detectable bacterial load.

From the noninvasive methods, 13C-UBT is the best approach to the diagnosis of 
H. pylori infection, with high sensitivity and specificity [48–50]. It cannot be used 
in children and pregnant women, because it exposes the patients to radiation [51]. 
SAT may be less acceptable in some societies, but has a high sensitivity and specific-
ity [6]. Under certain clinical circumstances, it leads to a low bacterial load in the 
stomach and to a decreased sensitivity of all diagnostic methods except serology. 
These clinical situations include GI bleeding, atrophic gastritis, gastric MALT lym-
phoma, and gastric carcinoma. Because serology is able to detect past infection with 
H. pylori, it should not be used as a method to monitor effectiveness of eradication.

In clinical practice, when there is an indication for endoscopy, and there is 
no contraindication for biopsy, the rapid urease test (RUT) is recommended as a 
first-line diagnostic test [6]. The sensitivity of biopsy urease tests is approximately 
90%, and specificity is in the range of 95–100% [52]. It has been shown that the 
best biopsy sites for detection of H. pylori and assessment of atrophy are the lesser 
and greater curvature of the mid antrum, and the middle gastric body at the lesser 
and greater curvature [53]. This is supported by the updated Sydney System [54]. 
A maximum approach for gastric biopsies includes the incisura region at the lesser 
curvature. In the case of detection of gastric polyps, ulcerations, and suspicious 
focal lesions, further biopsies are necessary.

Most cases of H. pylori infection can be diagnosed from gastric biopsies using 
histochemical staining alone. In cases of chronic (active) gastritis in which H. pylori 
is not detected by histochemistry, immunohistochemical testing of H. pylori can be 
used as an accessory test. In the case of normal histology, no immunohistochemical 
staining should be performed [6].

The value of culture is primarily to perform AST for clarithromycin, levofloxa-
cin, metronidazole, rifamycin, and eventually, amoxicillin and tetracycline. Several 
studies, using tailored treatments based on H. pylori susceptibility to antibiotics in 
comparison with standard empirical triple therapy, have shown a better eradication 
rate and may be cost-effective [55, 56].

A panel of serological tests (GastroPanel), including serum Pg (PgI and PgII), 
gastrin 17 (G-17), and anti-H. pylori antibodies, has recently been proposed as 
“serological biopsy” in dyspeptic patients [57, 58]. In populations with a low 
prevalence of atrophic gastritis, the negative predictive value of the GastroPanel in 
identifying atrophic gastritis is as high as 97% (95% CI 95–99%) [59].

In the post-treatment evaluation, UBT is a valid and reliable test in the assess-
ment of H. pylori eradication [60]. SAT can be used as an alternative [61]. Testing 
to prove eradication should be performed at least 4–8 weeks after completion of H. 
pylori therapy. PPI should be discontinued for at least 2 weeks [48, 61–63].

5. Treatment

Recommended treatment regimens [64]:
Clarithromycin triple—PPI (standard or double dose twice daily) + clarithro-

mycin (500 mg twice daily) + amoxicillin (1 g twice daily) OR metronidazole 
(500 mg three times daily) for 14 days.

9

Helicobacter pylori Infection
DOI: http://dx.doi.org/10.5772/intechopen.86963

Bismuth quadruple—PPI (standard dose twice daily) + bismuth subcitrate 
(120–300 mg 4 times daily) or subsalicylate (300 mg 4 times daily) + tetracycline 
(500 mg 4 times daily) + metronidazole (250 mg 4 times daily or 500 mg 3–4 times 
daily) for 10–14 days.

Concomitant—PPI (standard dose twice daily) + clarithromycin (500 mg twice 
daily) + amoxicillin (1 g twice daily) + nitroimidazole (500 mg twice daily).

Suggested [64]:
Sequential—PPI (standard dose twice daily) + amoxicillin (1 g twice daily) 

for 5–7 days then PPI + clarithromycin (500 mg twice daily) + nitroimidazole5 
(500 mg twice daily) for 5–7 days.

Hybrid—PPI (standard dose twice daily) + amoxicillin (1 g twice daily) for 
7 days then PPI + amoxicillin + clarithromycin (500 mg twice daily) + nitroimid-
azole (500 mg twice daily) 7 days.

Levofloxacin triple—PPI (standard dose twice daily) + levofloxacin (500 mg 
daily) + amoxicillin (1 g twice daily) for 14 days.

Levofloxacin sequential—PPI (standard or double dose twice daily) + amoxi-
cillin (1 g twice daily) for 5–7 days then PPI + levofloxacin (500 mg daily) + nitro-
imidazole5 (500 mg twice daily) for 5–7 days.

LOAD—Levofloxacin (250 mg daily) + omeprazole (double dose 
daily) + nitazoxanide (500 mg twice daily) + doxycycline (100 mg daily) for 
7–10 days.

Eradication rates of H. pylori have been declining, because of the increasing 
resistance rates to antibiotics worldwide [65]. Such evidence comes from stud-
ies in Europe, Japan, Korea, China, Iran, Greece, Bulgaria, and others [66–71]. 
Clarithromycin resistance rates have now reached ~30% in Italy and Japan, ~40% in 
Turkey, and ~50% in China, although rates in Sweden and Taiwan were ~15%. The 
standard triple therapy is less effective nowadays, because of a number of reasons 
such as lower compliance, high gastric acidity, high bacterial load, and bacterial 
strains, but mainly due to the increase in H. pylori resistance to clarithromycin. H. 
pylori is now an inconstantly susceptible bacterium (10–50% resistant) except in 
Northern Europe. The choice of therapy should be based on the frequency of met-
ronidazole and dual clarithromycin and metronidazole resistance. If metronidazole 
resistance is almost negligible (e.g., Japan), replacing clarithromycin for metroni-
dazole in triple therapy (i.e., PPI-metronidazole-amoxicillin) shows excellent cure 
rates [72]. However, metronidazole resistance can be partially overcome by increas-
ing the dose, frequency, and duration of the antibiotic.

All non-BQTs will be less effective in regions with dual resistance to clar-
ithromycin and metronidazole >15% [73]. Non-bismuth quadruple concomitant 
therapy, prescribed for 14 days, can be an effective alternative in regions with 
high clarithromycin resistance (15–40%) but low to intermediate metronidazole 
resistance (<40%) [74]. Bismuth-containing quadruple therapies are the treat-
ment of choice when we have high (>15%) dual clarithromycin and metronida-
zole resistance. Ideally, clarithromycin should be avoided and a combination of 
alternative antibiotics. If bismuth is not available in high dual clarithromycin and 
metronidazole resistance areas, levofloxacin [75], rifabutin [76], and high dose 
dual (PPI + amoxicillin) [77] treatments can be considered. Quadruple therapy 
with a PPI, bismuth, and a combination of two antibiotics, among furazolidone, 
tetracycline, metronidazole, and amoxicillin, has been successfully tested (>90% 
cure rates) against H. pylori strains resistant to metronidazole, fluoroquinolones, 
and clarithromycin [78] and now is the recommended first-line treatment [79]. 
BQT should be considered effective provided the doses are sufficient and the dura-
tion should be extended to 14 days, unless 10 day therapies are proven effective 
locally [80, 81]. The combination of PPI, bismuth, metronidazole, and tetracycline 
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Bismuth quadruple—PPI (standard dose twice daily) + bismuth subcitrate 
(120–300 mg 4 times daily) or subsalicylate (300 mg 4 times daily) + tetracycline 
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Eradication rates of H. pylori have been declining, because of the increasing 
resistance rates to antibiotics worldwide [65]. Such evidence comes from stud-
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Clarithromycin resistance rates have now reached ~30% in Italy and Japan, ~40% in 
Turkey, and ~50% in China, although rates in Sweden and Taiwan were ~15%. The 
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such as lower compliance, high gastric acidity, high bacterial load, and bacterial 
strains, but mainly due to the increase in H. pylori resistance to clarithromycin. H. 
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Northern Europe. The choice of therapy should be based on the frequency of met-
ronidazole and dual clarithromycin and metronidazole resistance. If metronidazole 
resistance is almost negligible (e.g., Japan), replacing clarithromycin for metroni-
dazole in triple therapy (i.e., PPI-metronidazole-amoxicillin) shows excellent cure 
rates [72]. However, metronidazole resistance can be partially overcome by increas-
ing the dose, frequency, and duration of the antibiotic.

All non-BQTs will be less effective in regions with dual resistance to clar-
ithromycin and metronidazole >15% [73]. Non-bismuth quadruple concomitant 
therapy, prescribed for 14 days, can be an effective alternative in regions with 
high clarithromycin resistance (15–40%) but low to intermediate metronidazole 
resistance (<40%) [74]. Bismuth-containing quadruple therapies are the treat-
ment of choice when we have high (>15%) dual clarithromycin and metronida-
zole resistance. Ideally, clarithromycin should be avoided and a combination of 
alternative antibiotics. If bismuth is not available in high dual clarithromycin and 
metronidazole resistance areas, levofloxacin [75], rifabutin [76], and high dose 
dual (PPI + amoxicillin) [77] treatments can be considered. Quadruple therapy 
with a PPI, bismuth, and a combination of two antibiotics, among furazolidone, 
tetracycline, metronidazole, and amoxicillin, has been successfully tested (>90% 
cure rates) against H. pylori strains resistant to metronidazole, fluoroquinolones, 
and clarithromycin [78] and now is the recommended first-line treatment [79]. 
BQT should be considered effective provided the doses are sufficient and the dura-
tion should be extended to 14 days, unless 10 day therapies are proven effective 
locally [80, 81]. The combination of PPI, bismuth, metronidazole, and tetracycline 
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lasting 10–14 days achieved ≥85% eradication rate, even in areas with a high 
prevalence of metronidazole resistance [82–84].

Sequential therapy is more complex and requires switching of antibiotic drugs 
during the treatment course, which can confuse the patients. Concomitant therapy 
(PPI, amoxicillin, clarithromycin, and a nitroimidazole administered concurrently) 
is easier and similar to standard triple therapy and should be the preferred non-bis-
muth quadruple therapy. Sequential therapy achieves lower cure rates compared to 
concomitant therapy against clarithromycin-resistant strains [85, 86]. All non-BQTs 
(concomitant, hybrid, triple, and sequential) lead to excellent cure rates against 
susceptible H. pylori strains, but the cure rate will always be <90% when the rate of 
dual resistant strains is >5, >9, or >15%, respectively [73].

Response to PPI is individual and determined by cytochrome 2C19 and MDR 
polymorphisms. Caucasian subjects show a higher prevalence of high metabolizers 
(56–81%) compared to Asian [74]. Esomeprazole and rabeprazole provide bet-
ter overall H. pylori eradication rates, especially esomeprazole 40 mg twice daily, 
whereas rabeprazole 10 and 20 mg twice daily [87–92]. By raising pH, H. pylori enters 
the replicative state and become susceptible to amoxicillin and clarithromycin [93].

For second-line treatment, after failure of PPI-clarithromycin-amoxicillin triple 
therapy, a bismuth-containing quadruple therapy or a fluoroquinolone-containing 
triple or quadruple therapy are recommended [94]. In theory, any treatment 
could be used after failure of BQT, including repeating the same BQT with longer 
duration and high metronidazole dosage. However, treatment that has already 
failed seems wiser never to be repeated. Bismuth therapies are usually proposed 
as first-line treatments for areas of high clarithromycin resistance and using a 
clarithromycin-containing treatment as second-line therapy after failure of a BQT 
does not seem to be practical. That is why Levofloxacin-based triple therapy, that 
is known to be effective as second-line therapy after clarithromycin-containing 
therapy, should also be recommended after failure of a bismuth-containing qua-
druple regimen [95, 96]. The incidence of side effects are lower with levofloxacin-
containing triple therapy than with bismuth-containing quadruple therapy [97]. 
A sub-group analysis showed similar eradication rates with 500 and 1000 mg) of 
levofloxacin [97]. However, the efficacy of levofloxacin-based regimens may be 
affected by an increased prevalence of levofloxacin resistance [98]. Therefore, 
14-day bismuth quadruple therapy is a valid second-line treatment for H. pylori 
eradication, especially in areas with high fluoroquinolones resistance. Combining 
bismuth and levofloxacin in a 14-day quadruple therapy is an effective (≥90% cure 
rate), simple, and safe second-line strategy in patients [99]. Bismuth overcomes 
clarithromycin and levofloxacin resistance, because of the synergistic effect with 
antibiotics [100, 101]. Therefore, the levofloxacin/bismuth-containing quadruple 
therapy constitutes an encouraging second-line strategy not only in patients failing 
previous standard triple therapy, but also in non-bismuth quadruple “sequential” or 
“concomitant” treatments.

After failure of the first-line treatment (clarithromycin based) and second-line 
treatment (with bismuth-containing quadruple regimen), it is recommended to 
use the fluoroquinolone-containing regimen as a rescue therapy. After failure of the 
first-line treatment (triple or non-bismuth quadruple) and second-line treatment 
(fluoroquinolone-containing therapy), it is recommended to use the bismuth-based 
quadruple therapy. Furthermore, BQT is not influenced by clarithromycin and 
fluoroquinolone resistance [102]. However, if a second-line treatment fails, culture 
with susceptibility testing (AST) or molecular determination of genotype resistance 
is recommended. Susceptibility-guided triple therapies proved more effective than 
empirical triple therapies in first-line treatment [55, 103].
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6. Helicobacter pylori and extragastric diseases

Chronic infection with H. pylori may be favorable for certain gastroesophageal 
diseases, asthma, and other allergic disease manifestations and inflammatory bowel 
diseases (IBD). The beneficial role of H. pylori in GERD, Barrett’s esophagus (BE), 
and esophageal adenocarcinoma (EA) requires further clinical and experimental 
confirmation.

The reflux of gastric contents and the failure of the esophagus to clear by peri-
staltic contractions lead to GERD. The severity of the disease depends strongly on 
the pH of the refluxed gastric juice [104, 105]. Chronic GERDs most likely to cause 
BE—replacement of the stratified squamous epithelium with a metaplastic columnar 
epithelium. The inflammation caused by chronic acid exposure appear to promote the 
development of EA from BE [106]. Patients subjected to endoscopy for any indica-
tions have the prevalence of BE, which is approximately 1–2% up to 5–15% in patients 
with GERD symptoms. Patients with BE have a 30- to 125-fold higher risk for devel-
oping EA, in comparison with the general population [107].

In 2013, Rubenstein et al. found an inverse correlation of H. pylori with erosive 
esophagitis, especially in patients harboring CagA-positive strains [108]. This 
evidence was further supported by Korean and Japanese studies, in which H. pylori 
could be negatively linked with the risk and severity of erosive esophagitis [109, 110].

In 2012, Fischbach et al. documented a decreased risk of EA predominantly in 
patients infected with CagA-positive H. pylori strains and recently confirmed a 
negative association of H. pylori with the risk of BE [41, 111]. Nie et al. also found 
that CagA-positive H. pylori strains were associated with a decreased risk of EA in 
all populations, irrespective of geographical location [112].

Numerous studies have addressed whether H. pylori eradication promotes the 
development of GERD or associated diseases. However, recent studies have failed to 
corroborate an important clinical impact on GERD of H. pylori eradication.

Inflammatory bowel diseases (IBDs) are chronic relapsing disorders of increas-
ing incidence and two main forms—Crohn’s disease and ulcerative colitis. Intestinal 
inflammation and epithelial injury are characterized for the diseases. In Crohn’s 
disease, inflammation is discontinuous and can affect any part of the gastrointes-
tinal tract and all layers of the bowel wall. In contrast, ulcerative colitis expands 
continuously from the rectum and affect the superficial layer of the mucosa. 
Modern hygienic practices and diet have been proposed to account for the increas-
ing incidence of IBD in Western societies associated with changes in the human 
microbiota composition [113]. A correlation between H. pylori infection and IBD 
has long been suspected by gastroenterologists. There is a lower prevalence of H. 
pylori in IBD patients confirmed by studies, in which active H. pylori infection 
was detected by urea breath test rather than serum IgG or IgA [114–116]. A strong 
negative association between H. pylori colonization and IBD is presented in all 
meta-analyses and almost all original articles covering the topic [117–119].

7. H. pylori and the human microbiota

H. pylori is its best-known component of the stomach microbiota. In healthy 
conditions the main representatives of gastric microbiota are Streptococcus, 
Proteobacteria, Firmicutes, Bacteroidetes, and Actinobacteria [120–124]. The exact 
composition of a healthy gastric microbiota remains uncharacterized. The interac-
tion between the normal microbiota and H. pylori has not yet been fully defined. 
There is some evidence suggesting a predominance of H. pylori over other microbes 
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[120]. Non-H. pylori Helicobacter species can cause gastritis, peptic ulcer disease, 
gastric cancer, and gastric mucosa-associated lymphoid tissue lymphoma [125–130].

H. pylori eradication therapy can impair the healthy gut microbiota. The most 
relevant shifts involved are, respectively, Bacteroides, Bifidobacterium, Clostridium, 
Enterobacteriaceae, and Lactobacillus [131]. The most common GI side effects cor-
related with antibiotic therapy include diarrhea, nausea, vomiting, bloating, and 
abdominal pain [132]. Antibiotic administration is the main risk factor for the devel-
opment of C. difficile infection [133]. There is insufficient evidence on the effect of 
different eradication regimens and long-lasting impact of H. pylori eradication on the 
composition of gut microbiota. There are encouraging results, that probiotic supple-
mentation reduce the side effects of eradication [134–144]. Certain probiotics stains 
may have a better beneficial effect. There are evidence that Saccharomyces boulardii 
decreases the risk and overall adverse effects (RR 0.44, 95% CI 0.31 to 0.64) [145]. A 
number of meta-analyses of RCTs show a positive result that probiotics has the capac-
ity to increase the efficacy of H. pylori eradication therapies [134–144]. Despite these 
encouraging data, probiotics appear to increase the H. pylori eradication rate not by 
direct effects on H. pylori, but with reducing the side effects related to the therapy.

8. Conclusion

Helicobacter pylori has been part of the human population and migration since 
ancient times. Infection with the bacterium is an extremely significant disease and 
can lead to severe consequences for infected individuals. Treatment and the rising 
bacterial resistance are challenges that we encounter in everyday practice, according 
to the latest guidelines recommendations. We hope that in the future our knowledge 
will expand and we will be ready to present new approaches for H. pylori manage-
ment, because the bacterium will undoubtedly continue to be part of our microbiome.
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Abstract

Helicobacter pylori is considered a pathogen of global interest because it is a 
microorganism of very easy contagion between the hosts or host. Helicobacter pylori 
infection is now recognized as a problem that causes chronic gastritis, peptic ulcer 
disease, and lymphoproliferative disorders and is a major risk factor for gastric 
cancer. The diagnostic methods to detect H. pylori are classified such as direct or 
invasive, when the identification is directly, the bacterium obtained from gastric 
mucosa biopsy by endoscopy histology with various staining, culture and PCR 
techniques, while indirect or noninvasive or serological tests such as the breath test 
with urea marked with 13C.

Keywords: H. pylori, pathogen, risk to human

1. Introduction

Helicobacter pylori is considered a pathogen of global interest because it is a 
microorganism of very easy contagion between hosts or susceptible hosts. The first 
isolation of H. pylori was in 1982 by Marshall and Warren who ushered us into a 
new era of gastric microbiology [1].

The number of infected by H. pylori has been increased considerably, since 
a third of the world population has it, while the rest do not know if they have it 
or not; in developing countries there is an infection rate that goes from 60% and 
90% of the population, which is not the case in developed countries ranging from 
20–40% [2]. Gastroduodenal ulcer diseases are a major factor in the development of 
gastric adenocarcinoma and lymphoma [3].

According to studies conducted, many of the pathogenic species of Helicobacter are 
of fecal origin. The transmission to human seems to be associated with the consump-
tion of water and raw or undercooked foods [4, 5]. In Ecuador, according to the statis-
tics, the poverty quintiles reached up to 2015 are 35% according to INEC data, which are 
closely related to the lack of basic services such as drinking water and sanitary services, 
a common factor in the population being contamination by water and food [6].

The different methods used for diagnosis range from antigenic screening (Ag) 
to molecular techniques. Antigenic screening techniques have been associated with 
a high sensitivity of a detection limit of the Helicobacter pylori test with a 95% con-
cordance in specificity compared to the ELISA test [7]. In plate culture it is usually 
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considered a difficult and tedious technique; the diagnostic method has the advantage 
of typifying the organism and determining its sensitivity to antibacterial agents. The 
methods such as endoscopy to obtain a sample through a biopsy are very used nowa-
days; it is a traumatic and invasive procedure that can cause complications such as 
infections, perforations, aspiration, bleeding, and incarceration of the endoscope [8].

2. Theoretical framework

2.1 Helicobacter pylori

Helicobacter pylori (H. pylori) is a spiral bacterium that does not form spores and 
is Gram-negative, which colonizes the human stomach and is prevalent throughout 
the world [9]. It has been associated with peptic ulcer disease, gastric adenocar-
cinoma, and lower grade B-associated lymphoma associated with the mucosa. In 
addition, it is thought that the organism is involved in other human diseases such 
as hematological and autoimmune disorders, insulin resistance, and metabolic 
syndrome [10]. Although almost 50% of the population is infected with H. pylori 
worldwide, the prevalence, incidence, age distribution, and sequelae of infection 
are significantly different in developed and developing countries.

Helicobacter pylori (previously known as Campylobacter pylori or pyloridis) was 
first isolated from humans in 1982 [11]. Since 1994, H. pylori has been considered 
carcinogenic to humans, and it has even been associated with other diseases, such as 
cerebrovascular accidents, autoimmune thyroiditis, and diabetes mellitus, among 
others [12]. This bacterium resides in the stomach of most humans and is usually 
found in the deeper portions of the mucus gel that lines the gastric mucosa or 
between the mucus layer and the gastric epithelium [13].

The bacterium is one of the most important findings for gastroenterologists, 
who for years sought answers to multiple intestinal problems. This is how the 
gastroenterologist Walery Jaworski in 1899 after analyzing samples of human 
gastric expirations isolated spiral elongated bacteria and called them Vibrio regula, 
and the said results were published in the manual of gastric diseases; however, these 
findings were not given the importance they deserved to be written in Polish and 
not in English [14].

So, it took 79 years for the bacteria to be rediscovered by the Australian doctors 
Barry Marshall and Robin Warren, who managed to make the first isolation through a 
pure culture in 1979. This rediscovery allowed them to be Nobel Laureates in 2005 [15].

2.2 Microbiological aspects of Helicobacter pylori

Taxonomically, we can describe H. pylori because of its size, shape, color, bio-
chemical function, genus, species, and its relationship with other species. H. pylori 
is a slow-growing, spiral-shaped bacterium. It is a small curved bacillus, microaero-
philic, and Gram-negative, and mobile by the presence of flagella. The bacillus has 
rounded ends. These microorganisms measure 0.5–1.0 μm wide by 2.5–4.0 μm long, 
since they bear a strong resemblance to members of the Campylobacter genus [11].

The multiple genotypic and phenotypic characteristics are different from those 
of Helicobacter, so this new genus was established, including H. cinaedi and H. 
fennelliae. The two species of Helicobacter that cause diarrheal disease, H. cinaedi 
and H. fennelliae, are intestinal microorganisms rather than gastric. As for the 
clinical manifestations of the disease they generate, these bacteria are more similar 
to Campylobacter than H. pylori [13]. The clinical characteristics of the infections 
caused by these Helicobacter are similar to those due to Campylobacter species.
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2.3 Pathways of contagion or infestation of the guests

Although in general there is no difference between the sexes, in some developed 
countries, there is a higher prevalence of infection in men than in women [16].

The prevalence of H. pylori infection in adults of any age in developed countries 
ranges between 20 and 40% and reaches figures of 60 to 80% in countries consid-
ered third world. The most important difference between countries of high and low 
prevalence is the intensity with which the infection is transmitted in childhood and 
early adolescence [17].

Epidemiological and microbiological evidences have several transmission routes 
that have been proposed in the studies carried out. The gastro-oral, oral-oral, and 
fecal-oral routes are the most important routes of transmission [12]. Other routes 
of importance are also breastfeeding and iatrogenic transmission which are also 
included as alternating forms for the transmission of the pathogen. The possibilities 
of spreading the pathogen are of three possible vectors that have been suggested to 
maintain the viable form of the bacteria: water, food, and animals.

2.4 Water transmission

The prevalence of H. pylori infection shows a strong correlation with access to water. 
Numerous epidemiological studies confirm this, and the World Health Organization 
includes it in its list of potential emerging pathogenic microorganisms whose transmis-
sion by water is plausible, although it has not yet been confirmed [18, 19].

Through molecular methods, H. pylori DNA has been detected in wastewater, 
drinking water, and other environmental samples throughout the world, and its 
survival capacity in water, even chlorinated, has been demonstrated. It has also 
been detected in the drinking water distribution network [20]. These findings indi-
cate that contaminated water and food play a vital role in the survival and spread of 
H. pylori.

In another study, developed by Moreno et al. [21]; Moreno and Ferrús, [22] H. 
pylori was detected in 46% of more than 100 wastewater samples, 40% were of 
river water samples and, most strikingly, the 66% were public source.

On the other hand, H. pylori is able to survive in biofilms when it grows under 
high C:N conditions [23]. The biofilms formed protect microorganisms from the 
action of adverse agents, increase the availability of nutrients for their growth, 
and also increase the frequency of transfer of genetic material [24]. Gião et al. [25] 
observed that H. pylori formed biofilms after 24 hours of being in an unfavorable 
environment. The association of H. pylori with biofilm communities within a water 
distribution system could offer the bacterium protection against disinfection and 
predation by protozoa, and there are studies that demonstrate the survival of H. 
pylori within amoebae of free life[26, 27].

2.5 Foods transmission

Those foods that have a water activity (aw) >0.97 and a pH between 4.9 and 6.0 
theoretically provide the ideal conditions for the survival and development of H. 
pylori [28, 29].

Vegetables are one of the foods with the highest risk of fecal contamination, 
since they are in contact with soil and contaminated irrigation water, which would 
mean the spread of H. pylori in the environment and its transmission to humans. 
Atapoor et al. [30] and Yahaghi et al. [31] in Iran managed to detect and isolate H. 
pylori in percentages higher than 10%, in vegetable samples. Also, Bayas et al. [32] 
have detected the pathogen in vegetables by molecular methods.
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2.3 Pathways of contagion or infestation of the guests
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ered third world. The most important difference between countries of high and low 
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Epidemiological and microbiological evidences have several transmission routes 
that have been proposed in the studies carried out. The gastro-oral, oral-oral, and 
fecal-oral routes are the most important routes of transmission [12]. Other routes 
of importance are also breastfeeding and iatrogenic transmission which are also 
included as alternating forms for the transmission of the pathogen. The possibilities 
of spreading the pathogen are of three possible vectors that have been suggested to 
maintain the viable form of the bacteria: water, food, and animals.
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includes it in its list of potential emerging pathogenic microorganisms whose transmis-
sion by water is plausible, although it has not yet been confirmed [18, 19].

Through molecular methods, H. pylori DNA has been detected in wastewater, 
drinking water, and other environmental samples throughout the world, and its 
survival capacity in water, even chlorinated, has been demonstrated. It has also 
been detected in the drinking water distribution network [20]. These findings indi-
cate that contaminated water and food play a vital role in the survival and spread of 
H. pylori.

In another study, developed by Moreno et al. [21]; Moreno and Ferrús, [22] H. 
pylori was detected in 46% of more than 100 wastewater samples, 40% were of 
river water samples and, most strikingly, the 66% were public source.

On the other hand, H. pylori is able to survive in biofilms when it grows under 
high C:N conditions [23]. The biofilms formed protect microorganisms from the 
action of adverse agents, increase the availability of nutrients for their growth, 
and also increase the frequency of transfer of genetic material [24]. Gião et al. [25] 
observed that H. pylori formed biofilms after 24 hours of being in an unfavorable 
environment. The association of H. pylori with biofilm communities within a water 
distribution system could offer the bacterium protection against disinfection and 
predation by protozoa, and there are studies that demonstrate the survival of H. 
pylori within amoebae of free life[26, 27].

2.5 Foods transmission

Those foods that have a water activity (aw) >0.97 and a pH between 4.9 and 6.0 
theoretically provide the ideal conditions for the survival and development of H. 
pylori [28, 29].

Vegetables are one of the foods with the highest risk of fecal contamination, 
since they are in contact with soil and contaminated irrigation water, which would 
mean the spread of H. pylori in the environment and its transmission to humans. 
Atapoor et al. [30] and Yahaghi et al. [31] in Iran managed to detect and isolate H. 
pylori in percentages higher than 10%, in vegetable samples. Also, Bayas et al. [32] 
have detected the pathogen in vegetables by molecular methods.
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On the other hand, the ability of H. pylori to survive on lettuce leaves forming 
biofilms has been demonstrated [33].

Milk could also act as a vehicle for H. pylori. Several studies have shown that the 
bacterium is able to survive in inoculated milk stored in refrigeration for more than 
6 days or for 3 days at room temperature [34]. In addition, in an investigation devel-
oped by Fujimura et al. [35], the presence of the H. pylori ureA gene was detected in 13 
of 18 samples of raw milk (72.2%) and in 11 of 20 samples of pasteurized milk (55%).

On the other hand, Meng et al. [36] analyzed 11 raw chickens and 18 samples 
of tuna meat ready for consumption (sushi). H. pylori was detected by multiple 
polymerase chain reaction (m-PCR) in 36% (4/11) of the chickens and 44% (8/18) 
of the tuna samples.

Studies have also been conducted on the presence of H. pylori in shellfish. 
Fernández et al. [37] detected H. pylori DNA in seawater, plankton, and oysters 
from three different regions of Venezuela. They concluded that mollusks could act 
as vehicles for H. pylori transmission.

2.6 Detection in human samples

The presence of H. Pylori was focused on a study developed by Samie [38], on 
the prevalence of Campylobacter, Helicobacter, and Arcobacter. By molecular meth-
ods, in 322 stool samples from HIV-positive and non-HIV-infected patients in South 
Africa, they found that A. butzleri was the third most frequent species (6.2%), after 
Helicobacter pylori (50.6%) and Campylobacter jejuni (10.2%).

2.7 Most common pathologies

2.7.1 Gastritis

The term gastritis should be reserved for the histologically demonstrated 
inflammation of the gastric mucosa. Gastritis is not the mucosal erythema seen 
during endoscopy, nor is it interchangeable with the term “dyspepsia” [13]. On the 
other hand, the different etiological factors that cause gastritis are multiple and 
heterogeneous; to gastritis it has been classified with a chronological base (acute or 
chronic), such as histological typologies, anatomical distribution or its pathogenic 
mechanism, clinical correlation, histological data, abdominal pain or dyspepsia, 
and endoscopic data in gastric mucosal investigation [13].

The pathogenesis of chronic gastritis by Helicobacter pylori includes two stages: 
the first is characterized by the arrival and penetration of the microorganism 
into the gastric mucus where it sits and multiplies. In the second stage, there is an 
amplification of the inflammatory response, by the interaction of lymphocytes, 
neutrophils, macrophages, mastoid cells, and nonimmune cells that, when attracted 
to the site of the lesion, release a wide variety of chemical mediators such as cyto-
kines, eicosanoids, reactive oxygen metabolites (oxygen free radicals), and the 
complement system, which perpetuate inflammation [39, 40] (Figure 1).

2.7.2 Stomach cancer

It is the uncontrolled growth of stomach cells. Malignant tumors can originate 
in each of the three layers: mucosa, muscle, and serosa. This is also known as gastric 
cancer that originates in the stomach [41]. The risk factor is considered any caused that 
increases the likelihood of having a disease such as cancer, even though several risk com-
ponents do not mean that the person will have the disease; Some scientists connoted that 
the risks that take a person to be more prone to suffer stomach cancer are several such as:
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Incidence according to sex: Stomach cancer is more common in men than in 
women [16].

Age: The rate of stomach cancer in people over 50 years increases sharply [42].
Ethnic origin: In the United States, stomach cancer is more common among 

Americans of Hispanic origin, black people, and Asians and islanders compared to 
white people who are not of Hispanic origin [41].

Geography: On a global scale, stomach cancer is more common in Japan, China, 
Eastern and Southern Europe, as well as Central and South America [41].

2.7.3 Risk factors

Several risk factors for gastric cancer have been described, which play a funda-
mental role in their genesis, some of them remain under discussion, and others, on 
the contrary, have been confirmed more and more clearly [43].

2.7.4 Genetic

Within the genetic risk factors [41], we have:

• Families of patients with gastric cancer: incidence 2–3 times higher

• Blood group A.

2.7.5 Environmental

Among the environmental risk factors [41], we have:

• Food (variable in each country): dried and salted fish, very spicy foods, and red 
meats, among others

• Ingestion of alcohol, hot drinks, and sodium nitrate; chewed tobacco

• Radiation.

Figure 1. 
Second stage of the inflammatory process of the gastric mucosa by H. pylori. Grávalos and González [40].
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2.7.6 Premalignant

Within the premalignant risk factors [41], we have:

• Atrophic gastritis, intestinal metaplasm, and dysplasia.

• Pernicious anemia (20 times more frequent than in normal subjects).

• Gastric polyps: multiple hyperplasia, greater than 2  cm with some degree of 
dysplasia 0.4–4% of association with gastric cancer [41].

2.7.7 Stomach lymphoma

People who have suffered from a certain type of stomach lymphoma, known 
as lymphoma of lymphatic tissue associated with the mucosa (MALT), have an 
increased risk of developing adenocarcinoma of the stomach, probably due to infec-
tion with H. pylori [41] (Figure 2).

2.7.8 H. pylori and peptic disorders

The gastric infection produced by H. pylori bacteria in most cases of peptic ulcer 
is also important in the appearance of lymphomas that originate in the lymphoid 
tissue (MALT) and in gastric adenocarcinoma [13]. The peptic ulcer is an ulcer that 
affects the lining of the stomach and is the causes of internal bleeding of the upper 
digestive tract with severe complications that lead to an adenocarcinoma [13, 40].

2.7.9 Diagnostic methods of H. pylori infection

The diagnostic methods of H. pylori infection have traditionally been classified 
as direct and indirect; the former is based on the “direct” demonstration of the 
microorganism by means of the study of samples obtained by gastric biopsy [44]. 
This technique used is very stressful and uncomfortable for the patient because of 
the invasive reason.

Figure 2. 
Entrance and lodging of H. pylori in the stomach. Grávalos and González [40].
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The other indirect methods are based on the detection of certain characteristics 
of the bacteria, such as the ability to hydrolyze through urea, and based on the 
breath test or the response of the immune system through the measurement of 
specific antibodies. Its primary advantage is its noninvasive nature [44].

2.7.10 Histological techniques

The presence of the germ can be recognized with the usual hematoxylin and 
eosin stain, although it is more easily demonstrated with other stains such as 
Giemsa. The histology not only demonstrates the presence of the microorganism 
but also informs about the morphological changes of the gastric mucosa [44].

2.7.11 Cultivation of H. pylori

Under optimal conditions H. pylori is extremely difficult to grow, due to its 
demanding nutritional requirements and its slow growth. The cultivation of H. 
pylori is usually slow, the first colonies usually appear between the fifth and seventh 
days, and it may take up to 10 days. Being a microaerophilic microorganism requires 
atmospheres with 5–10% of O2, 5–10% of CO2, and 80–90% of N2 at 35–37°C, with a 
humidity of 90–95% [45].

The selection and inoculation of the bacteria depend on the number and types 
of tests to be carried out as well as on the factors, type of bacteria, clinical impor-
tance of the isolation, availability of the strain, and reliable method of verification 
[46]. Plate culture has advantages ranging from typifying the organism to deter-
mining its sensitivity to antibacterial agents, so it is important to study it from the 
epidemiological point of view, because it allows knowing the pattern of resistance to 
different therapeutic regimens with a specificity of the 100% and a lower sensitivity 
than other diagnostic techniques [3]. This microorganism is also urease, oxidase, 
and catalase positive, characteristics that are frequently used in the identification of 
the microorganism, although its isolation is relatively complex [16].

It is usually considered a difficult and tedious technique. However, adopting a 
series of minimal precautions, most laboratories achieve the growth of the microor-
ganism [44].

2.7.12 Serology

Serological techniques only indicate a previous exposure to the microorganism 
but do not discriminate between people with active infection and disease in healthy 
individuals with prior exposure to infection [44]. Rapid tests are methods for the 
detection of antigens and antibodies in serum, plasma, whole blood, and other 
fluids, which give results in a few minutes [47]. These serological techniques are 
widely used today for rapid diagnosis in laboratories.

The enzyme-linked immunosorbent assay (ELISA) is widely used to perform 
epidemiological studies on a considerable number of individuals [48].

In a work done by Siavoshi et al. [49], for the intracellular detection of H. pylori 
in yeast identified in oral samples of newborns, the authors detected H. pylori with 
immunofluorescence using polyclonal antibodies IgG anti-H. pylori in a rabbit labeled 
with FITC, whose concentration was 5000 mg/ml, with a wavelength of 528 nm.

2.7.13 Antigenic screening

This is a chromatographic immunoassay for the qualitative detection of H. pylori 
antigen in human stool samples, with a relative sensitivity of 94%, a specificity of 
95%, and an accuracy of 97.5%, since it is an in vitro technique ad-bio [50].
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Methods Characteristic Advantage Disadvantages

Direct

Histological 
techniques

Habitual staining of 
hematoxylin and eosin
Giemsa stain

Demonstrates the 
presence of the 
microorganism and 
reports on changes in the 
mucosa

The technique requires 
samples obtained from a 
biopsy
Proper selection of stain 
fixatives

Direct and indirect

Culture Cultivation of the 
microorganism in 
specific media under 
microaerobic conditions
The optimum 
temperature of culture is 
from 35 to 37°C [53]

Isolate the 
microorganism to study 
its behavior (in vitro)

It is difficult to isolate, since 
H. pylori is very sensitive 
to drying and to the usual 
atmospheric conditions 
(it requires the transport 
of samples in the shortest 
possible time) [54].
Samples destined for 
culture remain viable for 
approximately 5 hours and 
when stored in saline at 4°C 
or for more than 24 hours if 
stored at 4°C in a transport 
medium specific for H. 
pylori [55]
Another disadvantage is 
the high contamination 
of the environment with 
accompanying biota, which 
makes it difficult to isolate 
H. pylori independently

Indirect

Serological 
techniques

Methods for the 
detection of antigens 
and antibodies (serum, 
plasma, and whole blood, 
among others)
Enzyme-linked 
immunosorbent assay 
(ELISA)

Rapid laboratory tests It can induce a false-
negative result

Antigenic 
screening

Chromatographic 
immunoassay for the 
detection of H. pylori 
antigens in stool samples

Rapid laboratory tests Possible false positives due 
to cross reactions with other 
organisms [56]

Molecular 
Methods

DNA amplification of the 
pathogen

Great versatility as an 
analysis technique, 
sequences are amplified 
from minute amounts of 
target DNA, even from 
DNA contained in a 
single cell

Need to have information 
on the target DNA sequence
Short size of the PCR 
products
The ease with which DNA 
is amplified requires 
avoiding the danger of 
contamination inherent to 
the multiplier power of the 
reaction

Table 1. 
Comparison of diagnostic methods for H. pylori.
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2.7.14 Molecular methods

Molecular methods are the names given to all the laboratory techniques used to 
isolate DNA or extract it in high purity, visualize it to see its state, cut it and paste it 
(Iglesias [51]), or amplify a region in a huge amount of molecules: fragment clon-
ing in bacteria or other vectors such as viruses as well as polymerase chain reaction 
(PCR).

Infectious diseases have become the “spearhead” for the development of molecu-
lar diagnostic tests, with more than 50% of the techniques available today. The main 
explanation for this development is due to the difficulty of detecting a pathogen 
through classical microbiology [52] (Table 1).

3. Conclusion

H. pylori is a microorganism of global interest, given that, in developing coun-
tries, the infection overcomes the 60%. Besides, being microorganisms of difficult 
isolation, the used techniques to culture are insufficient, so that molecular methods 
and antigen screening are the most recommended for detection, since these tech-
niques are not invasive to patients.
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immunoassay for the 
detection of H. pylori 
antigens in stool samples

Rapid laboratory tests Possible false positives due 
to cross reactions with other 
organisms [56]

Molecular 
Methods

DNA amplification of the 
pathogen

Great versatility as an 
analysis technique, 
sequences are amplified 
from minute amounts of 
target DNA, even from 
DNA contained in a 
single cell

Need to have information 
on the target DNA sequence
Short size of the PCR 
products
The ease with which DNA 
is amplified requires 
avoiding the danger of 
contamination inherent to 
the multiplier power of the 
reaction

Table 1. 
Comparison of diagnostic methods for H. pylori.
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2.7.14 Molecular methods

Molecular methods are the names given to all the laboratory techniques used to 
isolate DNA or extract it in high purity, visualize it to see its state, cut it and paste it 
(Iglesias [51]), or amplify a region in a huge amount of molecules: fragment clon-
ing in bacteria or other vectors such as viruses as well as polymerase chain reaction 
(PCR).

Infectious diseases have become the “spearhead” for the development of molecu-
lar diagnostic tests, with more than 50% of the techniques available today. The main 
explanation for this development is due to the difficulty of detecting a pathogen 
through classical microbiology [52] (Table 1).

3. Conclusion

H. pylori is a microorganism of global interest, given that, in developing coun-
tries, the infection overcomes the 60%. Besides, being microorganisms of difficult 
isolation, the used techniques to culture are insufficient, so that molecular methods 
and antigen screening are the most recommended for detection, since these tech-
niques are not invasive to patients.
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Abstract

Helicobacter pylori is one of the most prevalent causes of gastritis. This pathogen 
colonizes for many years human stomach and asymptomatically leads the persons 
to chronic gastritis. The eradication of H. pylori from human stomach is, therefore, 
important in order to prevent the digestive diseases including peptic ulcers and 
gastric cancer that develop via chronic atrophic gastritis. Wide-spectrum antibiot-
ics such as amoxicillin and metronidazole are used for the treatment for H. pylori 
infectious diseases. However, the H. pylori strains resistant to these antibiotics are 
increasing year by year around the world. On this basis, we need urgently to develop 
the antibacterial medicines that act on H. pylori with a novel mechanism. Recent 
studies by our group have demonstrated that H. pylori shows susceptibility to the 
bactericidal action of indene compounds derived from decomposition of vitamin D. 
The bactericidal action of indene compounds is selective not against commonplace 
bacteria but against H. pylori. The indene compounds turned out to target the  
H. pylori’s phosphatidylethanolamine that retains a myristic acid as the saturated 
fatty acid side chain. These findings will contribute to the development of new anti-
bacterial medicines specialized to the treatment for H. pylori infectious diseases.

Keywords: Helicobacter pylori, phosphatidylethanolamine, myristic acid, vitamin D, 
indene compound

1. Introduction

Helicobacter pylori is a Gram-negative microaerophilic helical bacillus equipped 
with polar flagella as the motility organ. This bacterium colonizes human stom-
ach and causes chronic atrophic gastritis [1]. In addition to gastritis, the patients 
infected with this pathogen are capable of having various digestive diseases such as 
gastric ulcer, duodenal ulcer, gastric mucosa-associated lymphoid tissue (MALT) 
lymphoma, and gastric cancer [2–7]. Therefore, the eradication of H. pylori from 
human stomach is aggressively carried out around the world. Wide-spectrum 
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antibiotics such as amoxicillin, metronidazole, and clarithromycin are used for the 
treatment for H. pylori infectious diseases. However, the H. pylori strains resistant to 
the wide-spectrum antibiotics have been increasing year after year [8]. Especially, 
almost all H. pylori strains clinically isolated from African people have been acquir-
ing the resistance to amoxicillin and metronidazole. In addition, wide-spectrum 
antibiotics act not only on H. pylori but also on commonplace bacteria inhabiting 
the mucosa of mouth and intestines. Therefore, the patients infected with H. pylori, 
who orally take wide-spectrum antibiotics for the treatment, often suffer from side 
effects such as stomatitis, constipation, and loose bowels resulted from the collapse 
of the balance of either oral bacterial flora or enterobacterial flora. When the side 
effects are serious, the patients develop pseudomembranous colitis accompanied 
with bloody feces and are compelled to discontinue the eradication of H. pylori [9]. 
To solve the difficult problems on the chemotherapy, we have to develop a novel 
antibacterial medicine that acts on only H. pylori without affecting the survival of 
human mucosal bacterial flora.

The assimilation of exogenous cholesterol into the cell membranes is one of the 
unique biological features of H. pylori. A part of cholesterol assimilated into the cell 
membranes is modified with a α-glucose at the carbon position-3 of its steroid frame-
work, and the cholesteryl glucosides generated are used as the bacterial cell membrane 
constituents [10]. A previous study by our group has revealed that H. pylori possesses 
at least three types of cholesteryl glucosides, cholesteryl-α-D-glucopyranoside (CGL), 
cholesteryl-6-O-tetradecanoyl-α-D-glucopyranoside (CAG), and cholesteryl-6-O-
phosphatidyl-α-D-glucopyranoside (CPG) (Figure 1) [11]. In addition to the three 
cholesteryl glucosides, other researchers have identified the lyso-type of CPG [12]. 
CGL is synthesized by the catalytic action of cholesterol α-glucosyltransferase (CGT) 
that localizes to the cytoplasm-side of the inner membrane of H. pylori [13–15]. CGT 
transfers a glucose derived from a uridine diphosphate glucose (UDP-Glc) to the 
cholesterol. Although the enzyme proteins involved in the synthesis of either CAG or 
CPG remain to be clarified, a recent study by other group has demonstrated that the 
enzymatic activities for the synthesis of CAG and CPG are detected in H. pylori’s outer 
membrane and inner membrane, respectively [16]. In addition, both enzymatic activi-
ties for the synthesis of CAG and CPG turned out to use phosphatidylethanolamine 
(PE) as the substrate [16]. In sum, the CGL acyltransferase (CGLAT) transfers a fatty 
acid derived from PE to the CGL and thereby synthesizes CAG. Meanwhile, the CGL 
phosphatidyltransferase (CGLPT) transfers a phosphatidyl group derived from PE to 
the CGL and thereby synthesizes CPG.

Figure 1. 
Chemical structures of cholesteryl glucosides found in H. pylori cell membranes. In addition to the three 
types of cholesteryl glucosides, H. pylori possesses the lyso-type of CPG that dissociated a myristic acid. CGL, 
cholesteryl-α-D-glucopyranoside; CAG, cholesteryl-6-O-tetradecanoyl-α-D-glucopyranoside; CPG, cholesteryl-
6-O-phosphatidyl-α-D-glucopyranoside; C14, myristic acid; C19, phytomonic acid.
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A number of studies, including our own, have revealed that H. pylori assimilates 
exogenous cholesterol in order to acquire the resistance to the antibacterial actions of 
antibiotics and lipophilic compounds [17–20]. Meanwhile, H. pylori glucosylates the 
assimilated cholesterol to evade the host immune systems and/or to detoxify the toxic 
steroid compounds with 3β-hydroxyl [12, 21]. The mechanism as for cholesterol uptake 
of H. pylori, however, remained for many years to be clarified. In a study in 2012, it has 
been revealed that PE of H. pylori cell membranes functions as a cholesterol-binding 
lipid [22]. PE is the most predominant glycerophospholipid component composing 
Gram-negative bacterial cell membranes. The PE of Gram-negative bacteria such as 
Enterobacteriaceae bacteria and Pseudomonas aeruginosa retains a palmitic acid (C16:0) 
as the saturated fatty acid side chain, whereas the PE of H. pylori retains a myristic 
acid (C14:0) as the saturated fatty acid side chain [22–26]. In sum, the PE molecular 
species composition of H. pylori turned out to completely differ from that of typical 
Gram-negative bacteria. A previous study by our group has demonstrated that the PE 
accounts for greater than 60% in the total lipids (excluding lipopolysaccharide) of  
H. pylori in the logarithmic growth phase [27]. Moreover, it has been revealed that the 
PE molecular species (DMPE) with two myristic acids accounts for approximately 
30% in the total PE molecular species of H. pylori [22]. Intriguingly, DMPE showed 
higher binding affinity for cholesterol than for cholesteryl ester (Figure 2). In sum, 
the selective intermolecular interaction was found between the low-molecular-weight 
hydrophobic compounds.

Based on a number of studies including our own, the overview from the choles-
terol assimilation to the cholesterol glucosylation was partially clarified in  
H. pylori: (1) cholesterol binds at least to DMPE of the outer membrane of H. pylori 
and is assimilated into the membranes; (2) a part of cholesterol is glucosylated by 
the catalytic action of CGT localized to the cytoplasm-side of the inner membrane, 
and thereby CGL is generated; (3) CGL is next exchanged to CAG and CPG by 
the enzymatic actions of CGLAT and CGLPT that localize to the outer membrane 
and the inner membrane, respectively (Figure 3). CGT utilizes an UDP-Glc as 
the glucose donor of cholesterol. Both enzymes of CGLAT and CGLPT utilize PE 
(myristoyl-PE) as the acyl group donor and phosphatidyl group donor of CGL, 

Figure 2. 
Binding affinity of dimyristoyl-phosphatidylethanolamine of H. pylori cell membranes for either cholesterol 
or cholesteryl ester. Dipalmitoyl-PE with two palmitic acids (C16:0) shows the high binding affinity for both of 
cholesterol and cholesteryl ester, whereas dimyristoyl-PE (DMPE) with two myristic acids (C14:0) shows the 
selective high binding affinity only for cholesterol.
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respectively. Incidentally, cholesterol assimilated into H. pylori is distributed to both 
of the inner and outer membranes, whereas cholesteryl glucosides (CGL, CAG, and 
CPG) synthesized by H. pylori predominantly localize to the outer membrane [17].

As described above, it has been revealed that DMPE is one of the most prevalent 
lipid components of H. pylori cell membranes and shows the unique interaction 
not with cholesteryl ester but with cholesterol. Apart from this, previous studies 
by our group have demonstrated that a steroid hormone, progesterone acts on the 
cholesterol-binding site in the H. pylori cell membranes and confers the bactericidal 
action to H. pylori [28, 29]. Although it was unclear as for whether the progesterone 
shows the selective binding affinity for DMPE, this steroid turned out to destabilize 
the cell membrane structure of H. pylori and to ultimately induce the bacteriolysis. 
These findings drove us to the investigations of the low-molecular-weight hydro-
phobic compounds that induce the serious structure change to the DMPE molecule 
through the specific interaction. This chapter mentions the bactericidal activity of 
the indene compounds against H. pylori.

2. Development of new antibacterial medicines for H. pylori

2.1 Finding of an indene compound as the anti-H. pylori substance

The anti-H. pylori activity of various steroidal compounds was investigated. As a 
consequence, 25-hydroxyvitamin D3 and 1,25-dihydroxyvitamin D3 of secosteroids 
turned out to confer the strong bacteriolytic action to H. pylori [30]. However, 
these vitamin D3 derivatives conspicuously attenuated their bactericidal activity 
by the nonbiological degradation (Table 1). In contrast, H. pylori did not almost 

Figure 3. 
Cholesteryl glucoside synthesis and its enzyme localization in H. pylori cell membranes. CGT, cholesterol 
α-glucosyltransferase; CGLAT, CGL acyltransferase; CGLPT, CGL phosphatidyltransferase; Cho, cholesterol; 
MPE, myristoyl phosphatidylethanolamine; LPS, lipopolysaccharide; UDP-Glc, uridine diphosphate-glucose.
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succumb to the bacteriolytic action of vitamin D3. Surprisingly, the nonbiological 
degradation of vitamin D3 augmented the bactericidal activity of its secosteroid 
against H. pylori. These results indicated that the vitamin D3 derivatives directly act 
as bactericidal substances on H. pylori, and that some decomposition product of 
vitamin D3 possesses potent bactericidal activity against H. pylori. It was, therefore, 
attempted to extract the anti-H. pylori substance from the decomposition products 
of vitamin D3. As a consequence, the indene compound species (VDP1), otherwise 
known as Grundmann’s ketone, was successfully obtained [31, 32]. VDP1 is a low-
molecular-weight hydrophobic compound in which the indene consisting of 5- and 
6-membered rings of hydrocarbons was modified with alkyl, carbonyl, and methyl 
(Figure 4). Intriguingly, H. pylori showed high susceptibility to the bacteriolytic 
action of VDP1, whereas commonplace bacteria such as Enterobacteriaceae bacteria, 
P. aeruginosa, and Staphylococcus aureus showed insusceptibility to that of VDP1 
[30]. In addition, VDP1 conferred the effective bacteriolytic action to H. pylori 
regardless of the assimilation of cholesterol into the cell membranes. These results 
indicate the possibility that VDP1 is a beneficial fundamental structure for the 
development of antibacterial medicines to selectively eradicate H. pylori without 
collapsing the balance of human mucosal bacterial flora.

2.2 Interaction between VDP1 and PE molecular species

The collapse induction activity of VDP1 against lipid vesicles was next examined 
using the unilamellar vesicles prepared with DMPE, dipalmitoyl-PE (DPPE), and 
dioleoyl-PE (DOPE). Intriguingly, VDP1 turned out to specifically induce the struc-
ture collapse of DMPE unilamellar vesicles without affecting the structural stability 
of either DPPE unilamellar vesicles or DOPE unilamellar vesicles (Figure 5). The 
structure collapse induction activity of VDP1 against DMPE unilamellar vesicles 
completely corresponded to the bactericidal activity of the indene compound 

Table 1. 
Bacteriolytic action of vitamin D3 and its derivatives against H. pylori.
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against H. pylori that abundantly contains DMPE in the cell membranes. Based 
on these results, VDP1 was considered to specifically interact with the DMPE, to 
induce the serious structure change to the myristic acid side chain in the PE mol-
ecule, and to ultimately disrupt the vesicular conformation of DMPE. In addition, 
these results strongly suggested that VDP1 exerts the bactericidal effect on H. pylori 
by targeting at least DMPE of the cell membranes.

The intermolecular interaction between VDP1, DMPE, and DPPE was, there-
fore, simulated by the computational chemistry. One of the computer simulations 
showed that VDP1 induces “the winding-structure change” to a myristic acid side 
chain in DMPE molecule, while VDP1 induced no structure change to a palmitic 
acid side chain in DPPE molecule (Figure 5). The alkyl of VDP1 seemed to be 
crucial conformation for the induction of the structure change of the myristic acid 
side chain of DMPE. In other words, the slight difference of the length of carbon 

Figure 4. 
Bacteriolytic action of VDP1 against H. pylori. H. pylori shows high susceptibility to bacteriolytic action of 
VDP1 derived from decomposition of vitamin D3. Meanwhile, commonplace bacteria such as Escherichia coli 
and Staphylococcus aureus show insusceptibility to bacteriolytic action of VDP1. VDP1, (1R,3aR,7aR)-1-
[(1R)-1,5-dimethylhexyl]octahydro-7a-methyl-4H-inden-4-one.

Figure 5. 
Specific intermolecular interaction between VDP1 and DMPE. Dye-containing unilamellar vesicles were 
prepared with DMPE, dipalmitoyl-PE (DPPE) or dioleoyl-PE (DOPE) and incubated for 5 minutes in the 
presence or absence of VDP1. The absorbance (A590 nm) of dye released from the PE unilamellar vesicles was 
measured (left graph). The data were obtained from the three independent experiments and are denoted 
with the mean A590 nm ± standard deviation. Statistical significance (P < 0.05) was calculated by the Student’s 
t-test. N.S. denotes “no statistical significance.” VDP1 induces the selective conformation change to the DMPE 
unilamellar vesicles. The intermolecular interactions between VDP1 and PE molecular species were simulated 
by the computational chemistry (right panel). VDP1 induces the conformational change only to a myristic acid 
side chain in the PE molecule without affecting the conformational stability of a palmitic acid side chain in the 
PE molecule.
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chain composing the fatty acids in PE molecules appeared to play an important role 
on the specific interaction between VDP1 and PE molecular species.

2.3 Bactericidal mechanism of the indene compound species

As described earlier, VDP1 was considered to confer the bacteriolytic action 
to H. pylori by the disruption of the cell membranes through the induction of 
the structure change of DMPE that is one of the most prevalent PE molecular 
species constructing the bacterial cell membranes. To investigate in detail the 
crucial conformation of VDP1 for exerting the structure collapse effect on DMPE 
unilamellar vesicles and for exerting the antibacterial effect on H. pylori, various 
VDP1 derivatives were chemically synthesized [33]. The structure collapse induc-
tion activity of VDP1 against DMPE unilamellar vesicles was already ascertained to 
almost completely correspond to the bactericidal activity of the indene compound 
against H. pylori. When the carbonyl of VDP1 was replaced with a hydroxyl, the 
indene compound (VD3-1) maintained both activities against DMPE unilamellar 
vesicles and H. pylori (Table 2). As seen in VDP1, VD3-1 turned out to confer no 
structure collapse induction activity against DPPE unilamellar vesicles. In addi-
tion, VD3-1 also had no influence on the viability of commonplace bacteria such 
as Enterobacteriaceae bacteria, P. aeruginosa, and S. aureus. Intriguingly, VD2-2 that 
lacks the alkyl chain of VD3-1 was ascertained to induce no structure collapses of 
either DMPE unilamellar vesicles or DPPE unilamellar vesicles and to completely 
forfeit the effective bactericidal activity against H. pylori. In combination with the 
result of computer simulation as for the intermolecular interaction between VDP1 
and DMPE, these results indicate that the alkyl structure in the indene compound 

*Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, Serratia marcescens, Salmonella sp., Pseudomonas 
aeruginosa, and Staphylococcus aureus. VD3-1, (1R,3aR,7aR)-7a-methyl-1-((R)-6-methylheptan-2-yl)octahydro-
1H-inden-4-ol; VD2-2, (1R,3aR,7aR)-1-((S)-1-hydroxypropan-2-yl)-7a-methyloctahydro-1H-inden-4-ol.

Table 2. 
Relationship between indene compounds, PE unilamellar vesicles and H. pylori.
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against H. pylori that abundantly contains DMPE in the cell membranes. Based 
on these results, VDP1 was considered to specifically interact with the DMPE, to 
induce the serious structure change to the myristic acid side chain in the PE mol-
ecule, and to ultimately disrupt the vesicular conformation of DMPE. In addition, 
these results strongly suggested that VDP1 exerts the bactericidal effect on H. pylori 
by targeting at least DMPE of the cell membranes.

The intermolecular interaction between VDP1, DMPE, and DPPE was, there-
fore, simulated by the computational chemistry. One of the computer simulations 
showed that VDP1 induces “the winding-structure change” to a myristic acid side 
chain in DMPE molecule, while VDP1 induced no structure change to a palmitic 
acid side chain in DPPE molecule (Figure 5). The alkyl of VDP1 seemed to be 
crucial conformation for the induction of the structure change of the myristic acid 
side chain of DMPE. In other words, the slight difference of the length of carbon 

Figure 4. 
Bacteriolytic action of VDP1 against H. pylori. H. pylori shows high susceptibility to bacteriolytic action of 
VDP1 derived from decomposition of vitamin D3. Meanwhile, commonplace bacteria such as Escherichia coli 
and Staphylococcus aureus show insusceptibility to bacteriolytic action of VDP1. VDP1, (1R,3aR,7aR)-1-
[(1R)-1,5-dimethylhexyl]octahydro-7a-methyl-4H-inden-4-one.

Figure 5. 
Specific intermolecular interaction between VDP1 and DMPE. Dye-containing unilamellar vesicles were 
prepared with DMPE, dipalmitoyl-PE (DPPE) or dioleoyl-PE (DOPE) and incubated for 5 minutes in the 
presence or absence of VDP1. The absorbance (A590 nm) of dye released from the PE unilamellar vesicles was 
measured (left graph). The data were obtained from the three independent experiments and are denoted 
with the mean A590 nm ± standard deviation. Statistical significance (P < 0.05) was calculated by the Student’s 
t-test. N.S. denotes “no statistical significance.” VDP1 induces the selective conformation change to the DMPE 
unilamellar vesicles. The intermolecular interactions between VDP1 and PE molecular species were simulated 
by the computational chemistry (right panel). VDP1 induces the conformational change only to a myristic acid 
side chain in the PE molecule without affecting the conformational stability of a palmitic acid side chain in the 
PE molecule.
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species plays a crucial role on the induction of the structure change of the myristic 
acid side chain in DMPE molecule. Moreover, the alkyl structure in the indene 
compound species turned out to be essential for exerting the effective bacteriolytic 
action to H. pylori. The functional groups such as carbonyl and hydroxyl of the 
indene compound species seem to be significant conformation for bonding to the 
phosphate head in the PE molecules with an electrostatic attraction. Meanwhile, 
the indene-ring structure is guessed to be significant to stabilize the hydrophobic 
interaction between the indene compound species and PE molecules.

A recent study by our group has demonstrated that VDP1 confers the anti-
bacterial action not only to H. pylori but also to other Helicobacter species [33]. 
Especially, Helicobacter felis showed high susceptibility to the bacteriolytic action 
of VDP1, as similar to H. pylori. H. felis is a Gram-negative microaerophilic spiral 
bacillus possessing bipolar tufts of flagella. This bacterium is isolated from the 
gastric mucosa of cats and dogs [34–36]. As seen in H. pylori, H. felis causes chronic 
gastritis and gastric MALT lymphoma in mouse when it colonizes the mouse 
stomach [37, 38]. An earlier study by our group has revealed that a myristic acid 
accounts for approximately 16% in the fatty acid composition of H. felis PE, and 
that the PE molecular species retaining a myristic acid and a palmitic acid accounts 
for approximately 37% in total PE molecular species of the bacteria [39]. Though 
H. felis completely succumbs to the bacteriolytic action at the same concentration 
of VDP1 (less than 3 μg/ml) that eradicates H. pylori, this Helicobacter species did 
not possess DMPE. On this basis, VDP1 is considered to interact not only with 
DMPE but also with myristoyl-PE that retains a myristic acid as one of the two fatty 
acid side chains. In addition, H. felis turned out to possess lauryl-PE as the most 
prevalent PE molecular species. The PE molecular species retaining a lauric acid 
(C12:0) and a palmitic acid accounted for approximately 40% in total PE molecular 
species of H. felis. In sum, large parts of PE molecular species of H. felis bind a 
palmitic acid and either a myristic acid or a lauric acid as the fatty acid side chains. 
Given that a lauric acid is shorter in the length of carbon chain than a myristic acid, 
we can assume that VDP1 collapses the vesicular conformation consisting not only 
of myristoyl-PE but also of lauryl-PE. In the future, it will need to elucidate the 
hydrophobic interaction between VDP1 and lauryl-PE in addition to myristoyl-PE.

In contrast, Helicobacter cinaedi showed low susceptibility to the bacteriolytic 
action of VDP1, even though the PE molecular species composition in H. cinaedi 
is similar to the PE molecular species composition in H. felis [39]. H. cinaedi is a 
Gram-negative rod-like bacillus equipped with bipolar flagella and isolated from 
the intestinal tracts and livers of various mammals such as human, dog, cat, and 
hamster [40–42]. Therefore, this bacterium is classified into the enterohepatic 
Helicobacter species [43, 44]. Meanwhile, H. pylori and H. felis are classified into 
the gastric Helicobacter species. Most of the persons infected with H. cinaedi have 
no clinical symptoms, but some persons suffer from systematic inflammations, 
namely phlegmone, arthritis, and meningitis, due to the bacteremia [45]. Although 
it is unclear as for why H. cinaedi is lower in the VDP1-susceptibility than the two 
Helicobacter species, the involvement of lipopolysaccharide (LPS) is considered as 
one possibility. LPS is a glycolipid constructed of a long polysaccharide chain and 
fatty acids and is one of the composition components of the outermost layer of the 
outer membrane of Gram-negative bacteria [46]. The part of polysaccharide chain 
in LPS comes into direct contact with the outsides of the bacterial cells and limits 
the membrane permeability of various lipophilic compounds. The LPS contents in 
H. cinaedi may be higher than those in H. pylori and H. felis. The membrane perme-
ability of VDP1 through the LPS barrier may be, therefore, stricter in H. cinaedi 
than in H. pylori and H. felis. Further investigation will be necessary to compare the 
LPS contents between the Helicobacter species.
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Based on the current studies, the following bactericidal mechanism of the 
indene compounds synthetically derived from vitamin D in H. pylori was proposed: 
the indene compounds bind to the myristoyl-PE (including DMPE) of H. pylori cell 
membranes, induce “the winding-structure change” to the myristic acid side chain 

Figure 6. 
A proposed bactericidal mechanism of the indene compound species for H. pylori. The indene compound species 
such as VDP1 and VD3-1 bind to the myristoyl-PE of H. pylori cell membranes and induce “the winding-
structure change” to the myristic acid side chain of the especially DMPE. H. pylori ultimately lyses via the 
destabilization of the membrane conformation.

Figure 7. 
Role of cholesterol and cholesteryl glucosides in H. pylori. Cholesterol (Cho) binds to the myristoyl-PE (MPE) 
including dimyristoyl-PE (DMPE) of the H. pylori’s cell membranes but has no influence on the stability of the 
cell membrane conformation. As similar to cholesterol, no cholesteryl glucosides (CGL, CAG, and CPG) affect 
the cell membrane stability of H. pylori. These steroidal compounds are assimilated as the membrane lipid 
constituents of H. pylori and serve to strengthen the cell membrane lipid barrier. Incidentally, VDP1 confers the 
bacteriolytic action to H. pylori regardless of the cholesterol assimilation into the cell membranes.
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in the PE molecules, destabilize the membrane conformation, and ultimately confer 
the bacteriolytic action to H. pylori (Figure 6).

In the case of the cholesterol assimilation in H. pylori, cholesterol is distributed 
to both membranes of the outer membrane and the inner membrane, and a part of 
the cholesterol is, thereafter, metabolized to cholesteryl glucosides (CGL, CAG, and 
CPG), and these metabolites localize to the outer membrane (Figure 7). Cholesterol 
and cholesteryl glucosides have no influence on the stability of the cell mem-
brane conformation of H. pylori, and rather these steroidal compounds serve to 
strengthen the membrane lipid barrier of the bacteria on the limitation of the per-
meability of lipophilic compounds. A recent study by other group has demonstrated 
that cholesteryl glucosides are responsible for the morphological maintenance of  
H. pylori, for the acquirement of resistance to antibiotics such as polymyxin B, 
colistin, and tetracycline, and for the promotion of biofilm formation [47]. This 
suggests that cholesteryl glucosides of H. pylori play an important role to limit the 
membrane permeability of various low-molecular-weight compounds. However, 
VDP1 confers the bacteriolytic action even to H. pylori retaining cholesterol and 
cholesteryl glucosides. Further investigation will be necessary to clarify the detailed 
intermolecular interactions between myristoyl-PE and steroidal compounds.

3. Conclusions

Almost all hydrophobic drugs are pharmacologically designed to inhibit the 
functions of either protein molecules or nucleic acids in the target creature species. 
However, no drugs that target a characteristic lipid molecule in the creatures are 
discovered for many years. In addition, a number of biochemists on lipid research 
leave great achievements in the analysis of biosynthetic enzymes of various lipo-
philic compounds such as fatty acids and complex lipids and in the identification of 
receptors of various hydrophobic ligands such as steroid hormones and eicosanoids. 
However, these achievements are not as for lipid itself but as for merely proteins. 
This chapter described the unique interaction between lipids: the indene compound 
species specifically disrupt the vesicular conformation consisting of DMPE. These 
findings will bring the new aspects to the drug discovery research and the lipid 
biochemistry research.
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Chapter 4

Pharmacotherapy of Peptic Ulcer 
Disease and Latest Research
Balaji Ommurugan and Vanishree Rao

Abstract

Peptic ulcers have unquestionably been a disease of the twentieth century. 
Epidemiological data for this disease and its complications have shown striking 
variation in incidence and prevalence. Various drugs have been used to treat peptic 
ulcer disease like proton-pump inhibitors, histamine (H2) receptor antagonists, 
prostaglandin analogues and sucralfate. Because these drugs are complex, expen-
sive and toxic, efforts have been constantly made to find a suitable, palliative and 
curative agent for the treatment of peptic ulcer disease from natural products of 
plant and animal origin. Recently, antioxidants are being used to treat peptic ulcer 
disease. Antioxidants help in scavenging the free radicals and controlling the oxida-
tive stress responsible for the progression of peptic ulcer.

Keywords: gastritis, gastric ulcers, oxidative stress, antioxidant treatment

1. Introduction

Peptic ulcers have unquestionably been a disease of the twentieth century. 
Epidemiological data for this disease and its complications have shown striking 
variation in incidence and prevalence. Peptic ulcer is defined as a local defect or 
excavation on the surface of the stomach with a mucosal break of diameter 5 mm 
or larger, usually produced by sloughing of the inflammatory necrotic tissue. 
Aetiology of peptic ulcer is fiercely debated and is believed that peptic ulcers 
develop due to imbalance between aggressive factors (Helicobacter pylori, non-
steroidal anti-inflammatory drugs, gastric acid) and protective factors (mucin, 
bicarbonate, prostaglandins) leading to interruption of mucosal integrity [1].

The major forms of peptic ulcer include chronic duodenal ulcer, chronic gastric 
ulcer, Zollinger-Ellison syndrome (ZES), drug-induced ulcers and stress-induced 
peptic ulcer. Various factors are implicated to play a pivotal role in pathogenesis 
of ulceration like sedentary life style, alcohol, smoking, spicy food, physiological 
stress, drugs like non-steroidal anti-inflammatory drugs (NSAIDs) and various 
bacterial infections [1]. Oxidative stress has emerged as one of the major patho-
genic factors in progression of ulcer as it directly impairs the cellular function and 
promotes cellular organelle damage in mitochondria, lysosomes and nucleus [2].

Stress-induced peptic ulcer is a pathological condition affecting the gastrointes-
tinal tract. Stress ulcers are commonly found in the gastric mucosa anywhere within 
the stomach to the duodenum. Pathogenesis is mainly due to reduction in mucosal 
blood flow or a breakdown in other normal mucosal defence mechanisms. Effective 
therapy remains elusive in the treatment of stress-induced peptic ulcers [3]. One 
of the common denominators for the occurrence of the disease is involvement of 
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free radicals, an increase in histamine release and decreased mucous production. 
Reactive oxygen species are generated by various metabolic activities, and antioxi-
dant enzymes like superoxide dismutase, catalase, lipid peroxidase and glutathione 
peroxidase control their accumulation. Any imbalance in the activity of these 
enzymes leads to faulty disposal of free radical and their accumulation [4].

Alcohol is one of the leading causes of peptic ulcer disease. The mechanism of 
ethanol-induced gastric lesions is varied including the depletion of gastric mucus 
content, damaged mucosal blood flow and mucosal cell injury. It decreases 
bicarbonate and mucus production by which it produces necrotic lesion in gastric 
mucosa. Ethanol initiates apoptosis which leads to cell death. It also releases 
superoxide dismutase and hydroperoxyl free radical species in the biological 
system [4].

Various drugs have been used to treat peptic ulcer disease like proton-pump 
inhibitors, histamine (H2) receptor antagonists, prostaglandin analogues and 
sucralfate. Because these drugs are complex, expensive and toxic, efforts have been 
constantly made to find a suitable, palliative and curative agent for the treatment 
of peptic ulcer disease from natural products of plant and animal origin. Recently 
antioxidants are being used to treat peptic ulcer disease. Antioxidants help in 
scavenging the free radicals and controlling the oxidative stress responsible for the 
progression of peptic ulcer [2]. Coenzyme Q10 (CoQ10) and L-glutamine have 
antioxidant property, and their role as antioxidants has been documented in the 
literature in treating medical conditions [5–8].

2. Historical aspect

Gastric acid secretion had always been the topic of debate for the last 100 years 
with greater emphasis thrown on molecular as well cellular mechanisms involved 
in gastric acid secretion. Gastric juice was chemically analysed, and hydrochloric 
acid (HCL) was first isolated from gastric juice in 1824 by William Prout [9]. After 
the discovery of histamine (H2) receptor by James Black in 1971, antagonists were 
available for the treatment of peptic ulcer [10]. After the scintillating discovery of 
proton-pump inhibitors in 1989, the treatment of peptic ulcer was revolutionized as 
it blocks the final step of acid synthesis in the stomach lumen.

2.1 Gastric acid regulation

2.1.1 Central regulation

The central nervous system and enteric nervous system play a major role in the 
regulation of acid secretion along with hormones, paracrine agents as well as second 
messengers. The acid secretion occurs in three phases, namely, the cephalic, gastric, 
and intestinal phases [11]. The dorsal motor nucleus of the vagus (DMNV), the 
nucleus tractus solitarius (NTS) and the hypothalamus play a major role in central 
regulation of acid secretion. The DMNV plays a crucial role in integrating the 
sensory input from the hypothalamus and visceral input from the NTS and supplies 
efferent fibres to the stomach via the vagus, thereby primarily helping in motility 
rather than secretion. The ventromedial hypothalamus exerts an inhibitory influ-
ence on acid secretion with its stimulation causing decreased acid secretion and vice 
versa [11]. The sensory receptors of the stomach present within the muscle layer as 
well as mucosa of the stomach help in detecting the mechanical, chemical as well as 
the thermal stimuli, and these sensory impulses are carried to the central nervous 
system via sympathetic afferent as well as the vagal nerve fibres [11].
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2.1.2 Peripheral mechanism

Intrinsic mechanisms of the stomach regulate acid secretion, and these include 
neural stimulation via the vagus and gastrin and histamine release from G cells 
and enterochromaffin-like (ECL) cells, respectively. All these stimuli directly act 
on the parietal cells. Acetylcholine also helps in the regulation of acid secretion 
[12]. The histamine released acts on the histamine receptor type 2 (H2) on the 
parietal cells, leading to activation of cyclic adenosine monophosphate pathway 
and calcium-sensitive pathway resulting in stimulation of H+ K+-ATPase on 
parietal cells [13].

2.2 Mechanisms of cytoprotection

The term cytoprotection coined by Robert is defined as protection against gas-
tric mucosal injury by mechanisms other than neutralisation of gastric acid [14]. An 
explosion of investigations led to the discovery that endogenous prostaglandins are 
involved in cytoprotection via putative mechanisms which includes mucus secre-
tion, release of bicarbonate, maintenance and strengthening of mucosal blood flow 
and free radical scavenging [15–18]. The normal gastric mucosa without exogenous 
insult remains hostile to the acidic milieu of gastric lumen. Gastric mucosal defence 
can be categorised into pre-epithelial defence which is secretion of mucus gel, 
epithelial defence with surface epithelial cells withstanding pH <2.5 and the post-
epithelial barrier with parietal cells at the base of the gland [19].

2.2.1 Stimulation of mucus and bicarbonate secretion

The mucus barrier is made of mucus, lipids and proteins. These form a continu-
ous gel and along with bicarbonate secretion protect the stomach from acidic insult 
[20]. Cytoprotective agents like prostaglandins have shown to increase the mucus 
gel thickness but does not protect the surface epithelium in contrast to protection of 
the deeper layers [21]. Mucin also helps in reepithelization of mucosa. It was identi-
fied that bicarbonate helps in cytoprotection and acts by metabolically dependent 
process as well as by passive diffusion [22]. Prostaglandins help in increasing the 
bicarbonate secretion, and bicarbonate in turn forms the mucus bicarbonate barrier 
[23]. Bicarbonate also directly helps in lowering the hydrogen ion concentration in 
the gastric mucosa [14].

2.2.2 Strengthening of gastric mucosal barrier

The apical membrane, the so-called tight junctions between the surface 
epithelial cells, prevents back diffusion of acid and hence forms a major muco-
sal barrier. Phospholipids on the luminal surface of gastric epithelium form 
a hydrophobic lining and thereby contribute in preventing the water-soluble 
hydrogen ions to pass through. Prostaglandins increase concentration of these 
phospholipids [24].

2.2.3 Regulation of mucosal blood flow

Vascular injuries to sub-epithelial capillaries with increased vascular permeabil-
ity and circulatory stasis lead to functional impairment of gastric microcirculation. 
Upregulation of mucosal blood flow maintains oxygenation and nutrient supply. 
Increase in blood supply to mucosa helps in regulating bicarbonate mediated acid 
neutralisation and in absorption of injurious agents [25].
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2.2.4 Effects on gastric motility

Mucosal compression is said to play an important role in epithelial necrosis and 
ulceration. Gastric hypercontraction accounts for mucosal compression. The gastric 
mucosa is protected by the action of circular muscles which causes flattening of gastric 
mucosal folds, thereby leading to increase in mucosal surface area ultimately reducing 
volume of irritants coming in contact with the mucosa. Various substances like prosta-
glandins and mast cell stabilisers aid in this process adding to cytoprotection [26].

2.2.5 Scavenging free radicals

Free radicals cause lipid peroxidation and damage to intracellular components. It 
leads to ischemia of gastric mucosa, thereby causing severe damage to the mucosa. 
Vitamin E and selenium are well-known antioxidants shown to have protective 
effect on stress and chemical-induced gastric lesions [27].

2.2.6 Endogenous mediators on gastric cytoprotection

Prostaglandins, L-cysteine, methionine and epidermal growth factor are said 
to be cytoprotective. Imbalance between two metabolites of arachidonic pathway 
is also said to contribute to gastric injury. Literature data suggests prostaglandins 
help in gastric protection by increasing the gastric blood supply and decreasing 
the synthesis of leukotrienes, thus playing a significant role in cytoprotection [28]. 
Therefore, cytoprotection is a multifactorial phenomenon.

2.3 Pathogenesis of peptic ulcer

Peptic ulcers are chronic with ~99% ulcers occurring in the duodenum and 
stomach with the former being four times higher than the latter [29]. Factors caus-
ing peptic ulcers include increased acid secretion, impaired mucosal defence, free 
radical and lipid peroxidation.

2.3.1 Increased acid secretion

Pepsin activity in gastric juice and acidity of gastric juice are important deter-
minants of ulcer formation. The famous Schwartz’s dictum “no acid-no ulcer” 
becomes accurate when amplified to “no acid and peptic activity”, as pepsin con-
tributes to the digestive power of the stomach. This dictum is supported by various 
therapeutic drugs like antacids and anti-secretory drugs, but much to everyone’s 
anguish, ulcer recurs once therapy is stopped [30].

2.3.2 Impaired mucosal defence

The tight epithelial junctions form a barrier preventing hydrogen ion back diffu-
sion. Recent evidences suggest surface phospholipids form a hydrophobic lining on 
the gastric epithelium and hence retard the passage of hydrogen ions. NSAIDS and 
Helicobacter pylori infection disrupt the mucosal barrier and are known to increase 
the diffusion of hydrogen ions [31].

2.3.3 Free radical and peroxidation

Free radical contains unpaired electrons, and it plays an important role in patho-
genesis of ischemia/reperfusion injury. Free radicals can nick deoxyribonucleic acid 
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(DNA) and provoke uncontrolled chain reactions like lipid peroxidation. Acute and 
chronic gastric ulcers are caused by oxygen-derived free radicals, and in one study, 
infusion of superoxide-generating system into rat celiac artery-induced gastrointes-
tinal bleeding was shown [32].

2.4 Predisposing factors for peptic ulceration

2.4.1 Helicobacter infection

Helicobacter pylori causes antral gastritis in more than 95% of patients with 
duodenal ulcer than 75% with gastric ulcer. This organism adheres to the mucosal 
epithelium close to the gap junctions and releases urea and ammonia producing an 
alkaline environment with raised pH. This creates an environment for the organ-
ism to survive, and release of ammonia is cytotoxic to the gastric cells. Gastric 
metaplasia occurs, and colonisation of these heterotrophic islands results in 
mucosal injury and gastric ulceration. Oxidative stress has been implicated in the 
pathogenesis of Helicobacter pylori infections, and increased oxidative damage by 
Helicobacter pylori is responsible for epithelial injury, altered epithelial prolifera-
tion and increased apoptosis [33].

2.4.2 Non-steroidal anti-inflammatory drugs

NSAIDs are known to cause various injuries in the gastric tract ranging from 
haemorrhages and petechiae to erosions with ulcers. These drugs are known to 
cause mucus glycoprotein denaturation in the stomach and sloughing of epithelial 
cells. Also, drugs like aspirin causes intracellular protons to accumulate in the 
parietal cells and leads to localised acid accumulation by the process called back 
diffusion of acid. These drugs also cause labialization of lysosomes leading to cel-
lular autolytic reactions, inhibition of prostaglandins and mast cell degranulation 
leading to histamine release, inhibition of glucose oxidation and enzymes involved 
in anabolic reactions. It also increases the production of free radicals [34].

2.4.3 Cigarette smoking

Healing of ulcers is affected by smoking, and it is a known fact that gastric 
ulcers occur more frequently in smokers. Various theories are put forward as to 
why cigarette smoking causes ulcers, and some of them includes stimulation of 
acid secretion, blood flow alteration to gastric mucosa, induction of bile reflux and 
reduced prostaglandin synthesis [35].

2.4.4 Psychological stress

The CNS and brain gut axis play an important role in stress ulcerogenesis. 
Various conditions like shock, sepsis, trauma and neurological disorders are now 
regarded as multifactorial phenomenon. Various interactions between vascular, 
mucosal and neurohumoral factors and the autonomic nervous system play a criti-
cal role in stress ulcerogenesis. Limbic area plays a pertinent role in modulating acid 
secretion, motility and blood flow [36].

2.4.5 Alcohol

Ethanol causes cell and plasma membrane damage leading to increased mem-
brane permeability finally causing accumulation of sodium and water. It also causes 
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free radical release leading to lipid peroxidation causing gastric lesions. Patients with 
cirrhosis due to alcohol also have increased incidence of peptic ulcer [37] (Figure 1).

2.5 Therapy for acute peptic ulcer

Gastric acid secretion and mucosal defence mechanism have been the target to 
treat peptic ulcer disease. This has led to discovery of many drugs to treat peptic 
ulcer disease, and few treatment options have stood the test of time as shown  
in Table 1 [38].

2.5.1 H+/K+ ATPase inhibitors

It acts by directly blocking the gastric proton pump rather than blocking 
histamine and cholinergic receptors. There are many drugs available in this class, 
namely, omeprazole, lansoprazole, rabeprazole and pantoprazole. They block the 
final step in the acid secretion and thereby have better control over basal as well as 
nocturnal acid secretion. They are also known to inhibit the growth of Helicobacter 
pylori [38]. They are now used as first-line agents in the treatment of peptic ulcer, 
and it has replaced H2 antagonists.

2.5.2 Prostaglandins

Robert in 1979 showed prostaglandins inhibit gastric acid secretion and help 
in protection against ulcers caused by NSAIDs, diet, alcohol, smoking and stress. 
Misoprostol, a prostaglandin analogue, acts by increasing the secretion of mucus 
as well as bicarbonate, thereby protecting against chronic ulcers. But it helps only 
in protection against gastric ulcer and not against duodenal ulcers [39]. It is contra-
indicated in pregnancy due to its abortifacient property. Enprostil, rioprostil and 
arbaprostil are other known compounds. Other drugs in clinical trials are noclo-
prost, enisoprost and mexiprost [39].

Figure 1. 
Pathogenesis of peptic ulcer.
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2.5.3 H2 receptor antagonists

These drugs act by blocking the H2 receptor and thereby reduce the release of 
gastric acid. It is very helpful in reducing 90% of the basal, food-stimulated and 
nocturnal secretion of gastric acid as well. Literature evidence says it also helps 
in prevention of stress-induced gastric ulcers. They are used in combination with 
antacids in the treatment of stress-induced ulcers. These drugs include mainly 
ranitidine, cimetidine, famotidine and nizatidine. One of the major drawbacks is 
long duration of administration for ulcer therapy, and recurrence of ulcer after 
healing is a frequent complication [40].

2.5.4 Muscarinic receptor antagonists

Pirenzepine has more cytoprotective effects when compared with histamine 
receptor antagonists. It helps in protection against gastric mucosal lesions induced 
by alcohol, sodium hydroxide (NAOH) and taurocholate. It exerts its action via 
inhibition of muscarinic (M1) receptor present in the stomach and reduces basal as 
well as stimulated acid secretion [41].

2.5.5 Mucosal coating agents

Sucralfate is a basic sulphated disaccharide with aluminium sulphate complex. 
It helps in forming an adherent coating at the mucosal sites which are ulcerated. It 
acts by reducing pepsin activity, adsorbs bile salts and acts as barrier to hydrogen 
ion diffusion. It also binds to both epidermal growth factor (EGF) and fibroblast 
growth factor (FGF) and helps in enhancing ulcer healing. It is found effective in 
Helicobacter pylori infection [42].

3. Coenzyme Q10

Morton in 1955 in Liverpool identified a quinone-like substance with an ultraviolet 
absorption at 272 nm from intestinal mucosa of horses and named it as ubiquinone. 

Class of drugs Mechanisms Use

H2 receptor antagonists 
(cimetidine, ranitidine, 
famotidine, nizatidine, roxatidine)

Acid inhibition H. pylori-negative peptic ulcer; replaced 
by PPI because of inferiority in acid 
suppression

PPI (omeprazole, pantoprazole, 
lansoprazole, rabeprazole, 
esomeprazole)

Most potent acid inhibition Standard treatment for all H. pylori-
negative peptic ulcers; prevention 
of NSAID or aspirin ulcers; essential 
component in eradication regimen; 
given intravenously in bleeding ulcers

Prostaglandin analogues 
(misoprostol*)

Increase mucosal resistance; 
weak acid inhibition

H. pylori-negative gastric ulcer; 
prevention of NSAID ulcers

H. pylori eradication regimens 
(PPI plus two antibiotics)

Cure of H. pylori infection Standard therapy in all H. pylori-positive 
ulcers

Bismuth salts (subcitrate, 
subsalicylate)

Weak antibacterial effect; 
increase of mucosal 
prostaglandin synthesis

In quadruple therapy for H. pylori 
eradication

PPI = proton-pump inhibitor, NSAID = non-steroidal anti-inflammatory drug*Contraindicated in pregnancy

Table 1. 
Class of drugs with effect on healing of peptic ulcer.
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Crane and his colleagues in the University of Wisconsin isolated quinone in lipid 
extracts of mitochondria and named it coenzyme Q because of its unique role in cel-
lular metabolism and energy production. Ernster, a Swedish scientist, expanded the 
benefits of this molecule as an antioxidant and free radical scavenger. Coenzyme Q10 
also plays a major proton-motive role in the energy transfer systems [43].

Coenzyme Q10 is an active quinone with a benzoquinone ring along with 10 isopren-
oid side chains. It is structurally related to vitamin K and vitamin E. Naturally it is orange 
in colour without odour and taste with a molecular weight of 863.34 g/mol. It is stable at 
temperatures below 46°C. CoQ10 is the prevalent form in humans in contrast to CoQ9 in 
rats and Q6, Q7 and Q8 in yeast and bacteria. It exists in three forms, the fully oxidised 
ubiquinone; semiquinone, the free radical form; and ubiquinol, the reduced form [44].

CoQ10 is found in every cell of the human body, mainly located in the phospho-
lipid bilayer of various membranes. It is found in higher concentrations in the heart, 
liver, muscles and pancreas, which have high energy requirements. It is derived 
from tyrosine with several vitamins and trace elements as cofactors. Because of this 
complex biosynthesis, human enzyme and protein defects may cause deficiency 
of CoQ10 in infants as well as adults. Cellular functions depend on production of 
adenosine triphosphate (ATP) in mitochondria making electron and proton transfer 
functions of quinone ring very important in all life forms [43].

Coenzyme Q10 is usually absorbed from the small intestine, and bioavailability 
depends on the type of preparation and on the route of administration. Evidence 
says it is absorbed orally with almost 178% increase in serum levels. Some studies 
also say it is absorbed very minimally due to its lipophilic nature and huge molecu-
lar weight. Oil-based preparations of CoQ10 have better absorption [44].

It plays a vital role as intermediate in mitochondrial electron transport chain. 
CoQ10, an endogenously synthesised lipid-soluble antioxidant along with alpha-
tocopherol, acts in scavenging the free radicals generated in the inner mitochondrial 
membrane. CoQ10 also prevents lipid peroxidation in cells depleted of alpha-tocoph-
erol. It helps in protection of DNA from free radical injury, in recycling of antioxidants 
such as tocopherol and ascorbate with additional role in cell signalling and gene expres-
sion. A direct evidence for the antioxidant property of CoQ10 is shown in literature, 
where luminescence is eliminated from free radicals when skin cream containing 
coenzyme Q10 is applied demonstrating the elimination of free radicals by CoQ10. It 
also helps in maintaining cellular respiration and ATP synthesis. It also helps in decreas-
ing calcium overload in tissues by indirectly stabilising calcium channels [45].

CoQ10 deficiencies are due to autosomal recessive mutations, mitochondrial 
diseases, ageing-related oxidative stress, carcinogenesis processes and also treatment 
with statins. Many neurodegenerative disorders, diabetes, cancer and muscular and 
cardiovascular diseases have been associated with low CoQ10 levels as well as differ-
ent ataxias and encephalomyopathies [45, 46]. CoQ10 is generally very well tolerated 
at doses not exceeding 500 mg. Gastrointestinal (digestive) distress is reported with 
doses up to 3000 mg daily [45]. Recent evidence also says coenzyme Q10 is used in 
treatment of peptic ulcer. Few animal studies have tried the use of coenzyme Q10; in 
one study, indomethacin-induced ulcer in Wistar rats was treated using coenzyme 
Q10, and favourable results were obtained [47]. CoQ10-mediated gastroprotective 
effect involves preservation of microvascular permeability, elevation of prostaglan-
din E₂, improvement of redox status as well as boosting of nitric oxide.

4. Glutamine

Glutamine is one of the 20 amino acids encoded by standard genetic code. It is 
considered a conditionally essential amino acid. Its side chain is an amide formed by 
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replacing hydroxyl side chain of glutamic acid. In humans, blood glutamine is the 
most abundant free amino acid, with concentration of about 500–900 μmol/L. It 
is mainly helpful in protein synthesis, acid base balance, cellular energy (next to 
glucose), nitrogen donation for anabolic process, carbon donation in citric acid 
cycle and ammonia transporter in blood circulation. It is produced by enzyme glu-
tamine synthetase from glutamate/ammonia in muscles. Almost 90% of glutamine 
is synthesized in the muscles [48]. Consumers are cells of the intestine, kidney cells 
and immune/cancer cells. It is used in cachexia, to reduce infections and to control 
gut leak after surgery. It also increased intestinal barrier and intestinal perme-
ability. As a preferred substrate for enterocytes, glutamine has shown to support 
the normal immunological structure and function of the gastrointestinal tract. In 
animal studies glutamine deprivation is associated with loss of intestinal epithelial 
integrity, while glutamine supplementation decreases gastrointestinal tract mucosal 
atrophy. Glutamine also restored ATP levels and reduces cell apoptosis. It is very 
important during stress and catabolic conditions [49]. So far only one animal study 
has evaluated the use of L-glutamine in aspirin-induced peptic ulcer model. They 
found out the L-glutamine was effective in protecting against aspirin-induced 
gastric lesions in rats [50]. L-Glutamine, commonly used in sports medicine for 
muscle recovery, has gained medical importance because of its antioxidant proper-
ties [51]. The antioxidant properties of L-glutamine has been claimed to be useful in 
the treatment of peptic ulcer disease in animal studies as well as in very few human 
studies. Only a few animal studies have been done so far to investigate the role of 
L-glutamine in the treatment of Helicobacter pylori infections, and it was found to 
be positive, yet human trials have not been done in large [52, 53].

4.1 Ulcer induction methods

Clinical ulcers are usually chronic and are penetrating lesions in comparison with 
experimentally induced lesions which are acute non-penetrating ulcers healing at 
faster rates without scar formation. Even though experimental lesions have some 
limitation, it is still possible to evaluate the therapeutic agents rapidly with reasonable 
predictability for their therapeutic use. There are various animal models used for 
evaluating gastric ulcers, and some of the most important will be described below.

Criteria for experimental ulcers proposed by Lee and Bianchi are as follows [54]:

1. It should be simple and easily reproducible with easy quantification of results.

2. Variety of animal species should be made use of.

3. Ulcer should be produced in characteristic sites like the stomach and the first 
part of the duodenum.

4. Models should include different mechanisms by which ulcers are produced.

5. There should not be any spontaneous healing of ulcers during the observation 
period.

The various methods available are discussed in the next subsections.

4.1.1 Pylorus ligated rat

Ulcers produced by this method are also called as Shay ulcers as it was first dem-
onstrated by Shay in 1945. In this model, the animals are usually housed in individual 
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cages and fasted for 36 h before ligating the pylorus. The abdomen is opened after 
anesthetising the rats by a small midline incision just below the xiphoid process. 
Then the pyloric part of the stomach is ligated without compromising its vascularity. 
Later the abdomen is closed in layers using interrupted sutures. The animal is made 
to starve completely without water and is sacrificed after 19 h. The stomach is then 
dissected out, and the contents of the stomach are used to determine the pH, volume 
of gastric juice and free and total acidity. The stomach is then cut open along the 
greater curvature and examined for ulceration. Circular lesions and linear lesions 
are observed. This model usually has a greater predictive value for antiulcer agents 
though ulcers in this model are usually localised in the ruminal area of the stomach 
in comparison to human ulcers which are usually located in the glandular portion of 
the stomach and duodenal region [55].

4.1.2 Stress ulcers

These ulcers are usually produced by subjecting any species to different types of 
stress. This model is very easy as it is devoid of any experimental surgery and usage 
of anaesthesia. It mainly involves the central nervous system, and produced lesions 
are located in the glandular portion of the stomach.

5. Restraint ulcers

This method was first used by Brodie and Hansen in 1960. Rats are usually 
fasted for 36 h before the experiment. Later each rat is placed in a piece of galvan-
ised steel window screen of appropriate size. The screen is then moulded around 
each rat and is held together with wire staples. The animals are made immobile by 
tightening the limbs together. The test drug is administered 30 min before subject-
ing the animals to restraint. After 24 h the animals are sacrificed, and their stomach 
is dissected out along the greater curvature and is subjected to assessment. One 
drawback of this method was the ulcers were not deep as they did not penetrate 
the muscularis mucosa and penetrating ulcers were not produced. Some com-
monly used modifications of this method to overcome the drawbacks include water 
immersion-induced restraint ulcer, cold and restraint ulcer, swimming stress ulcers 
and also stress with concurrent administration of NSAIDs and also haemorrhagic 
shock-induced gastric ulcers in rats [56].

5.1 NSAID-induced gastric mucosal damage

The routinely used drug for experimental induction of ulcers includes diclof-
enac, ibuprofen, indomethacin, phenylbutazone and aspirin. Usually the test 
agents are administered 30 min–1 h before the noxious challenge. Later after 4 h the 
animals are sacrificed and examined for mucosal lesions in the stomach [57].

5.1.1 Histamine-induced gastric ulcers

The vasospastic and the gastric secretion increases shown via the histamine 
receptors attribute to ulcer formation in this model. It was first described in 1947 in 
guinea pigs. It was noted that in this model 100% ulceration was produced with 
notable increase in volume of gastric secretion as well as increment in free and 
total acidity. Usually the animals are fasted for 36 h, and ulcers are induced by 
injecting 1 ml of histamine acid phosphate (50 mg base) via intraperitoneal route. 
Histamine toxicity to animals are prevented using promethazine hydrochloride 
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5 mg intraperitoneally 15 min prior to and 15 min after histamine administration, 
respectively. The investigational drug is usually administered 45 min before inject-
ing histamine. After 4 h the animals are sacrificed; and assessment of the stomach is 
done after dissection, and various indices are calculated [58].

5.1.2 Acetic acid-induced chronic gastric ulcers

Acetic acid at a concentration of 1–30% is used, and usually 0.05 ml per rat is 
used. It is injected to the submucosal layer of the stomach, penetrating ulcers usu-
ally produced can be noted with gross examination, and ulcers are mostly confined 
by adhesion to contiguous organs. It can be successfully used to screen new antiul-
cer agents [59].

5.1.3 Serotonin-induced gastric ulcers

Wilhelmi, Wedinger and Veraguth described this method in Wistar rats. Usually 
rats are fasted for 24 h, and later serotonin creatinine sulphate is dissolved in saline 
and injected subcutaneously into rats. Usually serotonin is used at a dose of 20 mg/
kg, and with this dose, moderate gastric lesions are noted [60].

5.1.4 Ethanol-induced gastric ulcers.

Eighty percent of ethanol in a dose of 5 ml/kg of body weight is usually given 
orally to the albino rats. If administered intraperitoneally, 40% of ethanol is given, 
and usually animals are observed for a period of 7–14 days [61].

6. Conclusion

Peptic ulcer being a global problem proper treatment is warranted. Proper 
screening of Helicobacter pylori and ruling out other possible causes could benefit 
the patient in getting cured with the correct treatment. The latest research proves 
oxidative stress as one of the major contributing factors for peptic ulcer disease, 
so the use of antioxidants as a potential agent is highly warranted. Further clinical 
trials can be done to elicit the efficacy of these antioxidants as potential anti-peptic 
ulcer drugs.
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Chapter 5

Gastritis Treated by Chinese 
Medicine
Xiaomei Wang, Guang Ji and Huangan Wu

Abstract

Chronic gastritis is one of the common diseases of the digestive system charac-
terized by many uncomfortable clinical symptoms, and the patient with chronic 
gastritis has a lower quality of life. Chinese medicine is a branch of medicine in the 
world, and it has special theory; different methods have been used to treat gastritis 
for more than 1000 years. We aimed to introduce the special theory and the differ-
ent methods of Chinese medicine and about its syndrome classification, syndrome 
differentiation and treatment, diagnosis and treatment process, and criterion of 
therapeutic effect of chronic gastritis. The mechanism of Chinese medicine on 
chronic gastritis needs further research.

Keywords: gastritis, Chinese medicine, diagnosis, syndrome classification, syndrome 
differentiation, treatment

1. Introduction

Chronic gastritis is one of the common diseases of the digestive system and a 
chronic inflammatory reaction of gastric mucosa caused by several factors, such as 
Helicobacter pylori infection, alcoholism, smoking, stress conditions, and the use of 
some conventional medicines such as some anti-inflammatory drugs; the infection 
of Helicobacter pylori is its main cause [1, 2]. Chronic non-atrophic gastritis, atro-
phic gastritis (atrophy, intestinal metaplasia), dysplasia, and carcinogenesis may 
occur after Helicobacter pylori infection [3, 4].

Chronic gastritis is usually divided into chronic superficial gastritis and chronic 
atrophic gastritis. Chronic superficial gastritis is characterized by no obviously 
pathological changes. Its common symptoms are abdominal discomfort after eating, 
dull pain, accompanying belching, and pantothenic acid. Chronic atrophic gastritis 
is characterized by atrophy and decrease of gastric mucosal epithelium and glands, 
thinness of gastric mucosa, thickening of the mucosal base, or metaplasia of pyloric 
gland and intestinal gland or atypical hyperplasia. Chronic atrophic gastritis occurs 
in approximately 2% of the general population in the United States [5], particu-
larly those older than 60 years and with higher prevalence in females [5, 6], and a 
Swedish study reported an increased incidence in the population aged between 35 
and 45 years [6]. The common symptoms of chronic gastritis are a dull pain in the 
upper abdomen, abdominal fullness and distention, belching, inappetence, or being 
thin and anemic. The symptoms of gastritis are easy to relapse which seriously 
affect their quality of life. Chronic atrophic gastritis with intestinal metaplasia and 
intraepithelial neoplasia increases the risk of gastric cancer, and more attention has 
been paid to gastritis clinically.
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Traditional Chinese medicine (TCM) has accumulated many years of clinical 
experience in the diagnosis and treatment of this disease. In 2009, spleen-stomach 
disease branch of China Association of Chinese Medicine (CACM) organized and 
formulated the “consensus opinions on TCM diagnosis and treatment of chronic 
superficial gastritis” and “consensus opinions on TCM diagnosis and treatment of 
chronic atrophic gastritis,” which played a normative role in the diagnosis and treat-
ment of chronic gastritis. In recent years, there are a lot of progress of TCM in the 
diagnosis and treatment of chronic gastritis. It is necessary to update the consensus 
opinions to meet clinical needs and better guide clinical work.

Based on the principles of evidence-based medicine, team members of spleen-
stomach disease branch of CACM extensively collected evidence-based information, 
and they successively organized domestic experts of spleen and stomach diseases to 
summarize and discuss a series of key issues such as syndrome classification, syn-
drome differentiation and treatment, diagnosis and treatment process, and criterion 
of therapeutic effect for chronic gastritis. Based on an expert opinion, three rounds 
of voting followed under internationally accepted Delphi law, the drafting group has 
fully discussed, revised, and approved the consensus in 2017 (Consensus opinions of 
TCM diagnosis and treatment experts on chronic gastritis, 2017 edition) [7].

2. TCM diagnosis of chronic gastritis

TCM diagnosis of chronic gastritis is mainly based on symptom diagnosis. 
Patients with stomachache as the main symptom were diagnosed as “epigastric 
pain,” and patients with epigastric distention as the main symptom were diagnosed 
as “distention and fullness.” If the symptoms of stomachache or epigastric disten-
tion are not obvious, it can be diagnosed as “acid regurgitation,” “hubbub,” and 
other diseases according to the main symptoms [8, 9].

3. Diagnosis of chronic gastritis by western medicine

The diagnosis of chronic gastritis mainly depends on endoscopy and pathologi-
cal examination, especially the latter is of greater value. The etiology of chronic 
gastritis should be determined as far as possible, and endoscopic diagnosis of 
special gastritis must combine etiology and pathology [10].

3.1 Clinical manifestations

Chronic gastritis is a chronic inflammatory reaction of the gastric mucosa, 
and most patients with chronic gastritis may have no obvious clinical symptoms. 
Patients with symptoms mainly manifested a non-specific dyspepsia, such as 
discomfort in the upper abdomen, fullness, pain, loss of appetite, belching, acid 
regurgitation, etc. A part also can have forgetfulness, anxiety, depression, and other 
psychological symptoms [8–10]. There was no significant correlation between the 
presence and severity of dyspepsia and the histological findings and endoscopic 
grading of chronic gastritis [8–10].

3.2 Endoscopic and pathological examination

Endoscopic diagnosis: For non-atrophic gastritis, endoscopic examination showed 
the basic manifestations of mucosal erythema, mucosal hemorrhagic spots or plaques, 
rough mucosa with or without edema, hyperemia, and exudation. For atrophic 
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gastritis, endoscopic examination showed that the mucosa was red and white, mainly 
white, with folds flattened or even disappeared. Some mucosal vessels were exposed, 
which may be accompanied by mucosal granules or nodules. It is described as atrophic 
gastritis or non-atrophic gastritis with bile reflux, erosion and mucosal bleeding, etc.

Histopathologic diagnosis: Two or more biopsy tissues can be selected as required. 
The endoscopic physician should provide the site of sampling, endoscopic examina-
tion results, and brief medical history to the pathology department. The pathological 
changes should be reported in each biopsy specimen in each biopsy specimen, such 
as the grade of Helicobacter pylori infection, chronic inflammatory response, activity, 
atrophy, intestinal metaplasia, and dysplasia (intraepithelial neoplasia). Chronic 
gastritis biopsy shows atrophy of the inherent glands (including metaplasia atrophy 
and non-metaplasia atrophy), which can be diagnosed as atrophic gastritis, regard-
less of the number and degree of atrophy of the biopsy specimen. The clinician may 
combine the pathological result and the endoscopic view, making the lesion scope and 
the degree judgment [10].

3.3 Lab examination

Helicobacter pylori is the most important cause of chronic gastritis. Routine 
detection is recommended. Vitamin B12 and autoantibodies are recommended for 
diagnosis of atrophic gastritis. Serum gastrin G17, pepsin I and II may help deter-
mine whether gastric mucosa atrophy and atrophy [10].

4. Etiology and pathogenesis of chronic gastritis

4.1 Etiology

The stomach is physiologically harmonious, but pathologically it is sluggish [11]. 
This disease is mainly related to the weakness of spleen and stomach, emotional 
disorders, improper diet, drugs, exogenous pathogens (Helicobacter pylori infec-
tion), and other factors; the above factors damage the spleen and stomach, resulting 
in transport and loss of division, rise and fall disorders, and the occurrence of Qi 
stagnation, wet resistance, cold coagulation, fire depression, blood stasis, etc., 
manifested as stomachache, bloating, and other symptoms.

4.2 Disease location

Chronic gastritis is located in the stomach and is closely related to the liver and 
spleen in TCM theory.

4.3 Pathogenesis

The pathogenesis of chronic gastritis can be divided into two aspects: deficient 
essential and excessive superficial. This deficiency is mainly manifested as qi 
(Yang) deficiency and stomach yin deficiency. The main manifestations of exces-
sive superficial are stagnation of qi, dampness and heat, and blood stasis. Spleen 
deficiency and qi stagnation are the basic pathogenesis of chronic gastritis.

4.4 Change of pathogenesis

The syndrome differentiation of chronic gastritis should examine the evidence and 
seek the cause. The pathogenesis is related to the specific clinical type. In general, it is 
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often clinically manifested as the syndrome of the combination of the original and the 
false and the real [8, 9]. In the early stage, the patients were mainly positivistic, while 
the patients who had been ill for a long time became the deficiency syndrome or the 
mixture of deficiency and reality. Chronic non-atrophic gastritis is characterized by 
weakness of the spleen and stomach and disharmony of the liver and stomach [12]. 
Chronic atrophic gastritis is characterized by weakness of the spleen and stomach, qi 
stagnation, and blood stasis [13, 14]. Chronic gastritis with bile reflux is more common 
with disharmony between the liver and stomach [15]. Spleen and stomach dampness-
heat syndrome is common in patients with Helicobacter pylori infection [16, 17]. For 
patients with precancerous lesions, qi and yin deficiency, qi stagnation and blood 
stasis, and damp-heat internal obstruction syndromes are common [18, 19].

5. Syndrome differentiation type of chronic gastritis

Combined with existing consensus and standards, quantitative literature statisti-
cal methods were used to conduct statistics on the relatively common clinical single 
syndromes. The common syndromes were identified as the syndrome of liver- 
stomach disharmony which includes the syndrome of liver-stomach qi stagnation 
and the syndrome of liver-stomach heat retention, the syndrome of damp-heat of 
the spleen and stomach, the syndrome of spleen-stomach weakness including the 
syndrome of spleen-stomach qi deficiency and the syndrome of spleen-stomach cold 
syndrome, the syndrome of deficiency of stomach yin, and the syndrome of obstruc-
tion of stomach collaterals. The above syndromes can appear alone or in combination, 
and the clinical diagnosis should be based on the identification of single syndromes.

5.1 Standard of syndrome differentiation

5.1.1 Syndrome of liver-stomach disharmony

5.1.1.1 Syndrome of liver-stomach qi stagnation

Main symptoms are full or painful epigastric distention, distension, or pain in 
the flanks. Minor symptoms are induced or exacerbated by emotional factors and 
frequent belching. Symptoms in the tongue and pulse include pink tongue, thin and 
white moss, and wiry pulse.

5.1.1.2 Syndrome of liver-stomach heat retention

Main symptoms are epigastric burning pain, distension, or pain in the flanks. 
Minor symptoms are upset and irritability, acid reflux, dry mouth, bitter mouth, 
and dry stool. Symptoms in the tongue and pulse include red tongue, yellow moss, 
wiry pulse, or rapid pulse.

5.1.2 Syndrome of damp-heat of the spleen and stomach

Main symptoms are distention and fullness of stomach and abdomen, 
trapped and heavy body, and loose or sticky stool. Minor symptoms include 
eating less, anorexia, bitter mouth, bad breath, and drowsy mental. Symptoms 
in the tongue and pulse include red tongue, yellow and greasy moss, slippery 
pulse, or rapid pulse.
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5.1.3 Weakness of the spleen and stomach

5.1.3.1 Syndrome of spleen-stomach qi deficiency

Main symptoms are epigastric distension or faint stomachache, postprandial 
aggravation, tired, and weak. Minor symptoms are indigestion and loss of appetite, 
cold limbs, and thin and sloppy stool. Symptoms in the tongue and pulse include 
pale tongue or tooth marks, thin and white moss, and weak pulse.

5.1.3.2 Syndrome of deficiency of the spleen and stomach

The main symptom is dull and insistent stomachache, preferring warmth and 
pressure. Minor disease: stomachache attack or aggravation after fatigue or take 
cold, spit water, mental fatigue, limb lassitude, diarrhea or with indigestible food. 
Symptoms in the tongue and pulse include pale and fat tongue with tooth mark, 
white and slippery moss, and deep and weak pulse.

5.1.4 Syndrome of deficiency of stomach yin

Major symptoms include epigastric burning pain and noise in the stomach. 
Minor symptoms include hunger and not wanting to eat, dry mouth, and dry stool. 
Symptoms in the tongue and pulse include red tongue and little saliva, no or little 
moss, and thin or rapid pulse.

5.1.5 Syndrome of stomach collateral stasis

Main symptoms are fullness in the stomach or pain with definite location. 
Minor symptoms are stomach pain for a long time and sting pain. Symptoms in the 
tongue and pulse include dark red tongue or petechiae, ecchymosis, and wiry and 
unsmooth pulse.

Syndrome diagnosis: with two main symptoms and two minor symptoms, the 
diagnosis can be made by referring to tongue and pulse.

5.2 Microscopic syndrome differentiation of chronic gastritis

Gastroscope is a tool to observe the color, texture, secretion, peristalsis of gas-
tric mucosa, and mucosal blood vessels to identify the type of syndrome differ-
entiation. Syndrome differentiation under gastroscopy has certain clinical value, 
especially for patients with no clinical symptoms or poor efficacy after long-term 
treatment. The classification standards of microscopic syndrome differentiation 
are as follows [20].

5.2.1 Syndrome of disharmony between liver and stomach

Syndromes are acute and active inflammatory reaction in gastric mucosa, or 
with bile reflux, gastric peristalsis faster.

5.2.2 Syndrome of spleen-stomach dampness and heat

Syndromes are congestion and edema in gastric mucosa and obvious erosion of 
thick and turbid mucus.
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5.2.3 Syndrome of spleen-stomach weakness

Syndromes include pale gastric mucosa, thinning mucosa, thin and more mucus 
or mucosal edema, visible submucosal blood vessels, and decreased gastric motility.

5.2.4 Syndrome of stomach yin deficiency

Syndromes are rough mucosal surface, thin and brittle, less secretion, thinner or 
disappeared plica, fissure-like changes, or visible small vascular network under the 
mucous membrane.

5.2.5 Syndrome of stomach collateral stasis

Syndromes are granular or nodular gastric mucosa, with intramucosal hemor-
rhage; gray or brown mucus; visible vascular network; and dark red vascular veins.

6. Clinical treatment of chronic gastritis

The main aim to treat chronic gastritis with traditional Chinese medicine focuses 
on improving the symptoms and quality of life of the patients and paying close 
attention to the lesions of erosion and atrophy of gastric mucosa, intestinal meta-
plasia, and intraepithelial neoplasia (dysplasia).

6.1 Therapeutic principles

The main therapeutic methods of TCM for chronic gastritis include medica-
tion, acupuncture, moxibustion therapy, etc. In clinic, appropriate treatment 
methods can be selected according to the specific situation and combined with 
dietary adjustment, psychological counseling, and other methods of comprehensive 
treatment. In the course of treatment, etiologic factors based on differentiation and 
treatment based on syndrome differentiation should be determined.

6.2 Treatment based on syndrome differentiation

6.2.1 Syndrome of disharmony between the liver and stomach

6.2.1.1 Syndrome of qi stagnation between the liver and stomach

The therapeutic principle is to soothe the liver to smoothen qi and harmonize the 
stomach. Main prescription includes Chaihu Shugan powder (Jingyue Quanshu). Chinese 
herbal medicine include Bupleurum, tangerine peel, Fructus aurantii, peony, Rhizoma 
cyperi, Ligusticum striatum, and liquorice. Patient with epigastric pain can add Sichuan 
neem seed and Rhizoma corydalis. Patient with apparent belch can add agarwood and 
inula flower.

6.2.1.2 Syndrome of heat stagnation in the liver and stomach

Treatment includes cooling the liver and soothing the stomach. Main prescrip-
tion includes Huagan decoctum (Jingyue Quanshu) and Zuo Jin Wan (Danxi Xinfa). 
Medication includes Pericarpium citri reticulatae viride, tangerine peel, white 
peony root, peony peel, Gardenia, Alisma, fritillary bulb of Zhejiang, Rhizoma cop-
tidis, and Evodia officinalis. Patient with obvious acid reflux can add squid bone and 
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concha arcae. Patient with fullness and discomfort in the chest and hypochondrium 
can add Bupleurum and Radix curcumae.

6.2.2 Syndrome of damp-heat in the spleen and stomach

Treatment includes clearing heat and removing dampness. Main prescription 
includes the soup of Huanglian Wendan (Discrimination of Six Causes). Chinese 
herbal medicine include Pinellia ternata, orange peel, Poria cocos, immature bitter 
orange, bamboo shavings, Rhizoma coptidis, jujube, and liquorice. Patient with 
abdominal distension can add Magnolia officinalis and betel nut. Patient with belch-
ing acid decay can add radish seed, Divine comedy, and hawthorn.

6.2.3 Syndrome of deficiency of the spleen and stomach

6.2.3.1 Syndrome of the spleen and stomach qi deficiency

Treatment includes reinforcing qi to strengthen the spleen. Main prescrip-
tion includes Xiangsha Liujunzi decoction (Ancient and Modern Famous Medical 
Prescription). Chinese herbal medicine includes costustoot, orange peel, Pinellia 
ternata, Codonopsis, Atractylodes, Poria cocos, and liquorice. Patient with fullness 
and distention can add citron. Patient with shortness of breath and sweating can 
add Radix Astragali Preparata. Patient with cold limbs can add cassia twig and 
Angelica.

6.2.3.2 Syndrome of deficiency and cold in spleen and stomach

Treatment includes warming and strengthening the spleen. Prescription 
includes Huangqi Jianzhong decoction (Synopsis of the Golden Chamber) and 
Lizhong decoction (Treatise on Febrile Diseases). Chinese herbal medicines 
include Astragalus, peony, cassia twig, ginger, jujube, maltose, Codonopsis, white 
Atractylodes rhizome, dried ginger, and liquorice. Patient with loose stool can add 
cannon ginger charcoal and fried coix seed. Patient with obvious chills can add 
aconite.

6.2.4 Syndrome of yin deficiency of stomach

Treatment includes nourishing yin, benefiting the stomach. The main prescrip-
tion is Yiguan Decoction (Xu Mingyi Lei’an). Chinese herbal medicines include 
radix ginseng, Radix ophiopogonis, Rehmanniae, Angelica sinensis, Fructus lycii, 
and Szechwan Chinaberry fruit. Patient with obvious stomachache can add Paeonia 
lactiflora and liquorice. Patient with constipation can add snake gourd fruit and 
semen cannabis.

6.2.5 Syndrome of stomach collaterals stasis

The treatment includes activating blood circulation and removing blood sta-
sis. Main prescription includes Shixiao powder (Taiping Huimin Heji Jufang) and 
Danshen decoction (Shifang Gekuo). Chinese herbal medicines include Wuling zhi, 
Typhae pollen, Salvia miltiorrhiza, Sandalwood, and Amomum. Patient with obvi-
ous pain can add Rhizoma corydalis and Radix curcumae. Patient who has shortness 
of breath and is weak can add Astragalus and Codonopsis. For patients with complex 
clinical symptoms and multiple syndromes, the combination of prescriptions 
corresponding to the pathogenesis can improve the treatment effect. For example, 



Gastritis - New Approaches and Treatments

78

5.2.3 Syndrome of spleen-stomach weakness

Syndromes include pale gastric mucosa, thinning mucosa, thin and more mucus 
or mucosal edema, visible submucosal blood vessels, and decreased gastric motility.

5.2.4 Syndrome of stomach yin deficiency

Syndromes are rough mucosal surface, thin and brittle, less secretion, thinner or 
disappeared plica, fissure-like changes, or visible small vascular network under the 
mucous membrane.

5.2.5 Syndrome of stomach collateral stasis

Syndromes are granular or nodular gastric mucosa, with intramucosal hemor-
rhage; gray or brown mucus; visible vascular network; and dark red vascular veins.

6. Clinical treatment of chronic gastritis

The main aim to treat chronic gastritis with traditional Chinese medicine focuses 
on improving the symptoms and quality of life of the patients and paying close 
attention to the lesions of erosion and atrophy of gastric mucosa, intestinal meta-
plasia, and intraepithelial neoplasia (dysplasia).

6.1 Therapeutic principles

The main therapeutic methods of TCM for chronic gastritis include medica-
tion, acupuncture, moxibustion therapy, etc. In clinic, appropriate treatment 
methods can be selected according to the specific situation and combined with 
dietary adjustment, psychological counseling, and other methods of comprehensive 
treatment. In the course of treatment, etiologic factors based on differentiation and 
treatment based on syndrome differentiation should be determined.

6.2 Treatment based on syndrome differentiation

6.2.1 Syndrome of disharmony between the liver and stomach

6.2.1.1 Syndrome of qi stagnation between the liver and stomach

The therapeutic principle is to soothe the liver to smoothen qi and harmonize the 
stomach. Main prescription includes Chaihu Shugan powder (Jingyue Quanshu). Chinese 
herbal medicine include Bupleurum, tangerine peel, Fructus aurantii, peony, Rhizoma 
cyperi, Ligusticum striatum, and liquorice. Patient with epigastric pain can add Sichuan 
neem seed and Rhizoma corydalis. Patient with apparent belch can add agarwood and 
inula flower.

6.2.1.2 Syndrome of heat stagnation in the liver and stomach

Treatment includes cooling the liver and soothing the stomach. Main prescrip-
tion includes Huagan decoctum (Jingyue Quanshu) and Zuo Jin Wan (Danxi Xinfa). 
Medication includes Pericarpium citri reticulatae viride, tangerine peel, white 
peony root, peony peel, Gardenia, Alisma, fritillary bulb of Zhejiang, Rhizoma cop-
tidis, and Evodia officinalis. Patient with obvious acid reflux can add squid bone and 

79

Gastritis Treated by Chinese Medicine
DOI: http://dx.doi.org/10.5772/intechopen.88504

concha arcae. Patient with fullness and discomfort in the chest and hypochondrium 
can add Bupleurum and Radix curcumae.

6.2.2 Syndrome of damp-heat in the spleen and stomach

Treatment includes clearing heat and removing dampness. Main prescription 
includes the soup of Huanglian Wendan (Discrimination of Six Causes). Chinese 
herbal medicine include Pinellia ternata, orange peel, Poria cocos, immature bitter 
orange, bamboo shavings, Rhizoma coptidis, jujube, and liquorice. Patient with 
abdominal distension can add Magnolia officinalis and betel nut. Patient with belch-
ing acid decay can add radish seed, Divine comedy, and hawthorn.

6.2.3 Syndrome of deficiency of the spleen and stomach

6.2.3.1 Syndrome of the spleen and stomach qi deficiency

Treatment includes reinforcing qi to strengthen the spleen. Main prescrip-
tion includes Xiangsha Liujunzi decoction (Ancient and Modern Famous Medical 
Prescription). Chinese herbal medicine includes costustoot, orange peel, Pinellia 
ternata, Codonopsis, Atractylodes, Poria cocos, and liquorice. Patient with fullness 
and distention can add citron. Patient with shortness of breath and sweating can 
add Radix Astragali Preparata. Patient with cold limbs can add cassia twig and 
Angelica.

6.2.3.2 Syndrome of deficiency and cold in spleen and stomach

Treatment includes warming and strengthening the spleen. Prescription 
includes Huangqi Jianzhong decoction (Synopsis of the Golden Chamber) and 
Lizhong decoction (Treatise on Febrile Diseases). Chinese herbal medicines 
include Astragalus, peony, cassia twig, ginger, jujube, maltose, Codonopsis, white 
Atractylodes rhizome, dried ginger, and liquorice. Patient with loose stool can add 
cannon ginger charcoal and fried coix seed. Patient with obvious chills can add 
aconite.

6.2.4 Syndrome of yin deficiency of stomach

Treatment includes nourishing yin, benefiting the stomach. The main prescrip-
tion is Yiguan Decoction (Xu Mingyi Lei’an). Chinese herbal medicines include 
radix ginseng, Radix ophiopogonis, Rehmanniae, Angelica sinensis, Fructus lycii, 
and Szechwan Chinaberry fruit. Patient with obvious stomachache can add Paeonia 
lactiflora and liquorice. Patient with constipation can add snake gourd fruit and 
semen cannabis.

6.2.5 Syndrome of stomach collaterals stasis

The treatment includes activating blood circulation and removing blood sta-
sis. Main prescription includes Shixiao powder (Taiping Huimin Heji Jufang) and 
Danshen decoction (Shifang Gekuo). Chinese herbal medicines include Wuling zhi, 
Typhae pollen, Salvia miltiorrhiza, Sandalwood, and Amomum. Patient with obvi-
ous pain can add Rhizoma corydalis and Radix curcumae. Patient who has shortness 
of breath and is weak can add Astragalus and Codonopsis. For patients with complex 
clinical symptoms and multiple syndromes, the combination of prescriptions 
corresponding to the pathogenesis can improve the treatment effect. For example, 
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if the pathogenesis of gastritis patient is the deficiency of the spleen and stomach 
and the disharmony between the liver and stomach, the main prescription should 
be Xiangsha Liujunzi decoction and Bupleurum Shugan powder.

6.3 Treatment based on disease differentiation

Treating chronic gastritis by disease differentiation is an important part of 
TCM clinical practice. The principle is to formulate the prescription based on the 
understanding of the basic pathogenesis of chronic gastritis and then prescribe the 
prescription according to the syndrome. From the composition of clinical prescrip-
tions, most of them are composed of single syndrome prescriptions. For those 
without obvious clinical symptoms, treatment can be carried out based on disease 
differentiation combined with the syndrome differentiation results of the tongue 
and pulse and gastric mucosa manifestation under endoscope.

In chronic gastritis patients with positive Helicobacter pylori, eradication of 
Helicobacter pylori is necessary if there are obvious clinical symptoms or accompa-
nied by atrophy, erosion, intestinal metaplasia, intraepithelial neoplasia, or family 
history of gastric cancer [8, 10]. The eradication of Helicobacter pylori guidelines 
and drug regimen were need.

Based on the syndrome differentiation, when chronic gastritis is accompanied 
by gastric mucosa congestion and erosion, Notoginseng powder, Rhizoma bletillae 
powder, and Pearl powder can be added for treatment, and it can be taken with 
decoction or with warm water after making a paste and taken on an empty stomach. 
For patients with intramucosal hemorrhage, the herbs to remove blood stasis and 
stop bleeding can be added, such as Panax notoginseng powder and Rhizoma bletillae 
powder. For chronic gastritis patient with precancerous lesions and syndrome of 
non-spleen-stomach deficient cold can add Hedyotis diffusa, Scutellariae barbatae, 
and Chinese lobelia into the compound prescription or use the herbs for promoting 
circulation and removing stasis, such as Salvia miltiorrhiza, Panax notoginseng, and 
Zedoary turmeric.

6.4 Commonly used Chinese patent medicine

6.4.1 Qizhi Weitong granules

It can smooth liver qi and harmonize the stomach to alleviate stomachache. It 
was usually used for patients with depression or irritability, sigh, belching, chest 
stuffiness and fullness, and epigastric pain.

6.4.2 Weishu granules

It can regulate qi and eliminate distension and alleviate stomachache. It was 
usually used for patients with epigastric pain caused by qi stagnation with epigastric 
distension pain, which extends to two sides, pain relief after belching or flatus, pain 
aggravation after emotional depression and anger, eating less food, chest distress, 
and poor defecation.

6.4.3 Wenweishu capsule

It can nourish the stomach and promote Qi circulation to relieve pain. It was usu-
ally used for patients with stomachache caused by deficiency and cold in the middle 
Jiao with epigastric cold pain, abdominal distension and belching, poor appetite, 
less food, intolerance of cold, and weakness.
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6.4.4 Xuhan Weitong granule

It can tonify Qi and the spleen and warm the stomach to relieve pain. It is usually 
used for patients with stomachache caused by deficiency of the spleen and stomach. 
The symptoms are epigastric dull pain, tolerance of warmth and pressure, aggrava-
tion after catch cold, eating cold food, or stomach empty.

6.4.5 Jianwei Xiaoshi oral liquid

It can tonify the stomach and improves digestion. It was usually used for patients 
with dyspepsia caused by deficiency of the spleen and stomach. The symptoms are 
dyspepsia, belching, putrid belching and acid swallowing, abdominal fullness, and 
distention.

6.4.6 Yangweishu capsule

It can nourish the yin and stomach. It was usually used for patients with epigas-
tric burning pain caused by deficiency of the yin and stomach. The further symp-
toms are dull pain, feverishness in palms and soles, dry mouth, bitter mouth, poor 
appetite, and emaciation.

6.4.7 Cubeb Weitong granules

It can activate Qi to promote blood circulation and harmonize stomach to relieve 
pain. It was usually used for epigastric distension and pricking pain caused by Qi 
stagnation and blood stasis.

6.4.8 Molodan (concentrated pills)

It can harmonize the stomach and calms the adverse-rising energy, strengthens 
the spleen to relieve distension and dredge collateral to relieve pain. It was usually 
used for patients with symptoms of stomachache, fullness, stuffy, indigestion, and 
loss of appetite and belching.

6.4.9 Wei Fuchun capsule

It can strengthen the spleen and nourish qi and promote blood circulation and 
detoxification. It was usually used for patients with the precancerous lesions of gastric 
cancer of chronic atrophic gastritis or adjuvant treatment after gastric cancer surgery.

6.4.10 Dalitong granules

It can clear heat and relieve depression, regulate the stomach and calm the adverse-
rising energy, and eliminate stagnation. It was usually used for patients with epigastric 
fullness and distention syndrome caused by heat stagnation of the liver and stomach. 
The symptoms include epigastric distension and fullness, belching, poor appetite, 
heartburn in the stomach, noisy pantothenic acid, epigastric pain, and dry and bitter 
mouth. The dyskinetic type of functional dyspepsia seen above symptoms.

6.4.11 Weitai granules

It can promote Qi circulation and relieve stomachache. It is usually used for 
patients with stomachache caused by qi stagnation and blood stasis and dampness 
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and heat stasis. The symptoms are abdominal dull pain, fullness, sour regurgitation, 
nausea, and vomiting; the discomfort is lessened after eating.

6.4.12 Jin Weitai capsule

It can promote qi circulation and relieve pain in the stomach. It is usually 
used for patients with acute and chronic gastroenteritis, ulcer in the stomach and 
duodenum caused by qi stagnation of the liver and stomach or dampness and 
heat stasis.

6.4.13 Weikang capsule

It can promote Qi circulation and invigorate the stomach, remove blood stasis 
and hemostasis, and relieve hyperacidity and pain. It is usually used for patients 
with epigastric pain caused by Qi stagnation and blood stasis. The further symp-
toms are pain fixation, acid swallowing noise, and gastric and duodenal ulcers.

6.4.14 Jinghua Weikang Jiaowan

It can regulate Qi to dissipate cold and clear heat and disperse blood stasis. It is 
usually used for patients with epigastric distension pain or duodenal ulcer caused by 
mixed coldness and heat syndrome and Qi stagnation and blood stasis and belch-
ing; the further symptoms are acid regurgitation, noise, and bitter mouth.

6.4.15 Ganhai Weikang capsule

It can strengthen the spleen and stomach and relieve pain with convergence. It 
was usually used for patients with chronic gastritis stomach and duodenal ulcer and 
reflux esophagitis caused by spleen deficiency and qi stagnation.

6.4.16 Dongfang Weiyao capsule

It can soothe the liver and harmonize stomach, regulate Qi and promote blood 
circulation, clear heat, and relieve pain. It is usually used for patients with epigastric 
pain caused by liver-stomach disharmony and heat stasis blocking collaterals; the 
symptoms are stomachache, belching, acid swallowing, noise, poor appetite, and 
irritability.

6.4.17 Yanshen Jianwei capsule

It can strengthen the spleen and harmonize the stomach, regulate cold and heat, 
and relieve fullness and pain. It was usually used for patients with stomachache 
caused by deficiency in origin and enrichment in symptom and mixed coldness and 
heat; the symptoms are epigastric fullness, stomachache, poor appetite, belching, 
noise, fatigue, and weakness.

6.4.18 Danweikang capsule

It can soothe the liver and gallbladder and clear dampness and heat. It was usu-
ally used for patients with hypochondriac pain and jaundice caused by the damp-
heat in the liver and gallbladder. It can also be used for patients with bile reflux 
gastritis and cholecystitis that have the same symptoms.
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6.5 Acupuncture and moxibustion therapy

Acupuncture and moxibustion therapy have an effect on improving the symp-
toms of chronic gastritis. Acupuncture and moxibustion can effectively relieve the 
symptoms of gastritis in patients with syndrome of deficiency of the spleen and 
stomach and improve their quality of life [21–24].

Acupoints in acupuncture treatment include Zusanli (ST36), Zhongwan (RN12), 
Weishu (BL21), Pishu (BL20), and Neiguan (PC6). Patient with liver-stomach dishar-
mony syndrome plus Ganshu (BL17), Taichong (LR4), Qimen (LR14). Patient with 
hot stasis syndrome plus Tianshu (ST25), Fenglong (ST40). Patient with weakness 
of spleen and stomach syndrome should add Pishu (BL20), Liang qiu (ST34), Qihai 
(RN6). Patient with deficiency of stomach Yin syndrome should add Sanyinjiao (SP6), 
Taixi (KI3). For those with severe cold and deficiency of spleen and stomach syn-
drome, moxibustion should be performed at Shangwan (RN13), Zhongwan (RN12), 
Xiawan (RN10), and Zusanli (ST36). Patient with nausea, vomiting, or belching 
should add Shangwan (RN13), Neiguan (PC6), Geshu (BL17). Patient with severe 
pain plus Liangmen (ST21), Neiguan (PC6), Gongsun (SP4). Patient with dyspepsia 
should add Hegu (LI4), Tian shu (ST25), Guanyuan (ST34), Sanyinjiao (SP6). Patient 
with Qi stagnation and blood stasis syndrome should add Taichong (LR4), Xuehai 
(SP10), Hegu (LI4). Patient with qi deficiency and blood stasis syndrome should 
add Xuehai (SP10) and Geshu (BL17). Acupuncture was used for patient with excess 
syndrome and moxibustion for those with deficiency syndrome. Patient with inter-
mingled deficiency and excess syndrome, acupuncture should combine moxibustion.

6.6 Psychological intervention

Mental stimulation is an important factor causing chronic gastritis, and the 
scores of anxiety and depression of patients with chronic gastritis are also higher 
than normal people. Common psychological disorders include loss of confidence in 
treatment, fear of cancer, and fear of special examinations. Strengthening psycho-
logical counseling for gastritis patients is helpful for alleviating the incidence of 
chronic gastritis, alleviating symptoms, and improving the quality of life [25–27].

7. Criterion of therapeutic effect

7.1  The criteria of therapeutic effect of chronic gastritis include evaluation of 
syndrome efficacy, symptom evaluation, endoscopic evaluation of gastric 
mucosa, histopathological evaluation, and evaluation of quality of life

7.1.1 Evaluation of syndrome efficacy

It reflects the characteristics of clinical efficacy evaluation of TCM, and the effi-
cacy is often evaluated by nimodipine method according to the clinical symptoms 
and manifestations of the tongue and pulse. Clinical recovery: The main symptoms 
and signs disappear or almost disappear, and the curative effect index was equal or 
greater than 95%. Significant efficacy: The main symptoms and signs were signifi-
cantly improved, and curative effect index was equal or greater than 70% or smaller 
than 95%. Clinical effective: The main symptoms and signs improved, and curative 
effect index was equal or greater than 30% or smaller than 70%. Ineffectiveness: 
The main symptoms and signs have no obvious improvement or even worse, cura-
tive effect index or smaller than 70%.
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7.1.2 Symptom evaluation

It is mainly aimed at the evaluation of dyspepsia symptoms of chronic gastritis, 
such as upper abdominal pain, fullness or early fullness, loss of appetite, etc. The 
method was that the symptoms were classified into main symptoms and minor 
symptoms according to degree and frequency and assign the value according to the 
weight function, further specification was needed.

7.1.3 Endoscopic evaluation of gastric mucosa

Level I: Branch of Digestive endoscopy of Chinese Medical Association [28] 
Scattered or discontinuous linear erythema, single erosion, local mucosal hemor-
rhage, granular gastric mucosal atrophy, partial visible blood vessel, or single gray 
nodules of intestinal metaplasia. Level II: Dense or continuous linear erythema, 
more than five local multiple erosion, multiple mucosal hemorrhage, medium 
gastric mucosal atrophy, continuous visible blood vessel, or multiple gray nodules 
of intestinal metaplasia. Level III: Extensive fused erythema, more than five exten-
sive multiple erosion, diffuse mucosal hemorrhage, big gastric mucosal atrophy, 
disappeared mucosal folds, visible blood vessel to mucosa surface, or diffused gray 
nodules of intestinal metaplasia.

7.1.4 Histopathological evaluation

It includes mucosal trophy, intestinal metaplasia, intraepithelial neoplasia, 
inflammatory response, and disease activity. They were divided to none, mild 
level, medium level, and severe level [10]. None level: There are no more than 
five mononuclear cells in each high-power field. Mild level: There are a few 
neutrophils in the lamina propria of the gastric mucosa. Chronic inflammatory 
cells are few and limited to the superficial mucosa, no more than one third of the 
mucosa. The number of proper mucosal glands decreased by no more than one 
third of the original glands. Intestinal metaplasia accounts for less than one third 
of the total glandular and surface epithelial area. Medium level: Neutrophils are 
more common in the mucosa and can be found in surface epithelial cells, small 
concave epithelial cells, or glandular epithelium. Chronic inflammatory cells 
are relatively dense, no more than two thirds of the mucosal layer. The number 
of proper mucosal glands decreased between one third and two thirds of the 
original glands. Intestinal metaplasia accounts for one third-two thirds of the 
total glandular and surface epithelial area. Severe level: The neutrophils are 
more dense, or pit abscesses may be seen in addition to the medium. Chronic 
inflammatory cells are dense and occupy the entire mucosal layer. The number 
of proper glands decreased by more than two thirds, and only a few glands 
remained or even disappeared completely. Intestinal metaplasia accounts for 
more than two thirds of the total glandular and epithelial surface area. The visual 
analogue scoring method combined with histopathological evaluation can be 
referred to for grading of each lesion.

7.1.5 Evaluation of quality of life

The patient reported outcomes (PRO), and SF-36 health questionnaire scales 
can be used to evaluate the quality of life. PRO proceeds from the characteristics 
of TCM treatment of spleen and stomach diseases. Patients were evaluated from 
six dimensions including dyspepsia, reflux, defecation, social, psychological, and 
general state [29, 30].
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7.1.6 Anxiety and depression evaluation

Hospital anxiety and depression scale (HAD), anxiety self-rating scale (SAS), 
and depression self-rating scale (SDS) can be used to evaluate the state of anxiety 
and depression.

7.2 Long-term efficacy

Clinical efficacy evaluation of chronic gastritis should combine short-term 
efficacy with long-term efficacy evaluation. The course of chronic gastritis is a long-
term, chronic, and repeated process. In addition to symptoms, atrophy, intestinal 
metaplasia, intraepithelial neoplasia, and other lesions should be the important 
content of observation. The clinical efficacy evaluation time of chronic gastritis is 
recommended to be more than 3 months in order to accurately evaluate the efficacy. 
Long-term follow-up was conducted after the treatment to observe the incidence of 
gastric cancer and other endpoint outcome indicators and disease recurrence.

7.3 Marking targeting biopsy

Marking targeting biopsy of gastric mucosa is of high value for the evaluation of 
chronic atrophic gastritis and chronic atrophic gastritis with intestinal metaplasia 
and intraepithelial neoplasia.

8. Prevention and maintenance

8.1 Alimentary control

Research on the relationship between eating behavior and chronic gastritis 
shows that habits of irregular meals, eating too fast, overeating, eating hot food, 
eating and drinking too much, salty taste are risk factors for chronic gastritis 
[29, 30]. Chronic gastritis patients should try to avoid taking stimulating food, such 
as spicy food, food containing nitrite, etc., and drugs, such as nonsteroidal anti-
inflammatory drugs, that may damage the gastric mucosa.

8.2 Psychological adjustment

Patients with chronic gastritis should keep a good mood and avoid the stimula-
tion of bad emotions. If necessary, they can consult a psychologist.

8.3 Lifestyle adjustment

Patients with chronic gastritis should avoid long-term overwork. In winter and 
spring, we need to pay special attention to life adjustment.

8.4 Follow-up monitoring

Patients with chronic atrophic gastritis accompanied by intraepithelial neo-
plasia and intestinal metaplasia were followed up and monitored to have a certain 
probability of cancer. Studies have shown that the time required for 95% of the 
population with precancerous lesions to become cancerous is 11.6 years for atrophic 
gastritis, 11.4 years for intestinal metaplasia, 5.7 years for dysplasia, and 4.5 years 
for moderate to severe intestinal metaplasia with moderate to severe dysplasia [31].  
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more common in the mucosa and can be found in surface epithelial cells, small 
concave epithelial cells, or glandular epithelium. Chronic inflammatory cells 
are relatively dense, no more than two thirds of the mucosal layer. The number 
of proper mucosal glands decreased between one third and two thirds of the 
original glands. Intestinal metaplasia accounts for one third-two thirds of the 
total glandular and surface epithelial area. Severe level: The neutrophils are 
more dense, or pit abscesses may be seen in addition to the medium. Chronic 
inflammatory cells are dense and occupy the entire mucosal layer. The number 
of proper glands decreased by more than two thirds, and only a few glands 
remained or even disappeared completely. Intestinal metaplasia accounts for 
more than two thirds of the total glandular and epithelial surface area. The visual 
analogue scoring method combined with histopathological evaluation can be 
referred to for grading of each lesion.

7.1.5 Evaluation of quality of life

The patient reported outcomes (PRO), and SF-36 health questionnaire scales 
can be used to evaluate the quality of life. PRO proceeds from the characteristics 
of TCM treatment of spleen and stomach diseases. Patients were evaluated from 
six dimensions including dyspepsia, reflux, defecation, social, psychological, and 
general state [29, 30].
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7.1.6 Anxiety and depression evaluation

Hospital anxiety and depression scale (HAD), anxiety self-rating scale (SAS), 
and depression self-rating scale (SDS) can be used to evaluate the state of anxiety 
and depression.

7.2 Long-term efficacy

Clinical efficacy evaluation of chronic gastritis should combine short-term 
efficacy with long-term efficacy evaluation. The course of chronic gastritis is a long-
term, chronic, and repeated process. In addition to symptoms, atrophy, intestinal 
metaplasia, intraepithelial neoplasia, and other lesions should be the important 
content of observation. The clinical efficacy evaluation time of chronic gastritis is 
recommended to be more than 3 months in order to accurately evaluate the efficacy. 
Long-term follow-up was conducted after the treatment to observe the incidence of 
gastric cancer and other endpoint outcome indicators and disease recurrence.

7.3 Marking targeting biopsy

Marking targeting biopsy of gastric mucosa is of high value for the evaluation of 
chronic atrophic gastritis and chronic atrophic gastritis with intestinal metaplasia 
and intraepithelial neoplasia.

8. Prevention and maintenance

8.1 Alimentary control

Research on the relationship between eating behavior and chronic gastritis 
shows that habits of irregular meals, eating too fast, overeating, eating hot food, 
eating and drinking too much, salty taste are risk factors for chronic gastritis 
[29, 30]. Chronic gastritis patients should try to avoid taking stimulating food, such 
as spicy food, food containing nitrite, etc., and drugs, such as nonsteroidal anti-
inflammatory drugs, that may damage the gastric mucosa.

8.2 Psychological adjustment

Patients with chronic gastritis should keep a good mood and avoid the stimula-
tion of bad emotions. If necessary, they can consult a psychologist.

8.3 Lifestyle adjustment

Patients with chronic gastritis should avoid long-term overwork. In winter and 
spring, we need to pay special attention to life adjustment.

8.4 Follow-up monitoring

Patients with chronic atrophic gastritis accompanied by intraepithelial neo-
plasia and intestinal metaplasia were followed up and monitored to have a certain 
probability of cancer. Studies have shown that the time required for 95% of the 
population with precancerous lesions to become cancerous is 11.6 years for atrophic 
gastritis, 11.4 years for intestinal metaplasia, 5.7 years for dysplasia, and 4.5 years 
for moderate to severe intestinal metaplasia with moderate to severe dysplasia [31].  
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So, the advice of “Chronic gastritis consensus in China” is patients of chronic 
atrophic gastritis with moderate to severe atrophy and intestinal metaplasia need 
around 1-year follow-up. Patients of chronic atrophic gastritis without intestinal 
metaplasia or intraepithelial neoplasia need appropriate follow-up of endoscopy 
and pathology. Patient accompanied by low-level intraepithelial neoplasia and 
proved that it doesn’t come from adjacent tissues of cancer need once endoscopy 
every 3 months follow-up according to the endoscopic and clinical situation. 
However, high-grade intraepithelial neoplasia requires immediate confirmation and 
endoscopic or surgical treatment after confirmation.

9. Conclusions

The core contents of traditional Chinese medicine (TCM) theory are holism 
concept and syndrome differentiation; the treatment based on syndrome dif-
ferentiation is the basic principle of TCM in understanding and treating diseases. 
So based on the treatment of Helicobacter pylori infection, chronic gastritis was 
treated by Chinese medicine based on disease differentiation. Patients with differ-
ent syndromes are treated differently with different medicines. Usually, Chinese 
medicine to treat chronic gastritis is administered orally in decoction or proprietary 
Chinese medicine. In the recent years, improvement of gastritis drug dosage forms 
appeared [32], and it was a modern directed drug release preparation with gastric 
organ flotation and adhesion functions, but more clinical evidence of its effective-
ness is lacking.

In conclusion, TCM plays a certain role in improving the clinical symptoms and 
signs of chronic gastritis. Although the mechanism of its action is not very clear, it 
still has important clinical value and needs further research and discussion.
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Chapter 6

Current View on Autoimmune 
Gastritis
Mila Dimitrova Kovacheva-Slavova,  
Todor Asenov Angelov, Hristo Yankov Valkov,  
Hristo Ilianov Iliev and Borislav Georgiev Vladimirov

Abstract

Autoimmune gastritis (AIG) is a chronic inflammatory disease of the gastric 
corpus and fundus. Although still unclear, genetic and environmental factors, 
antigenic mimicry or cross-reactivity are proposed pathogenic mechanisms. 
Parietal cells destruction results in loss of intrinsic factor and increased gastric pH 
due to hypochlorhydria and G-cell proliferation. Furthermore, atrophy, intestinal, 
pancreatic and spasmolytic polypeptide-expressing metaplasia are observed. AIG 
is underdiagnosed, however, proper diagnostic approach, including endoscopic, 
serological and histopathological assessment, is required. Gastroscopy with corpus 
and fundus biopsies is a gold standard. A serological combination of anti-parietal 
cell antibodies, intrinsic factor antibody, anti-Helicobacter pylori IgG, gastrin, pep-
sinogen I and pepsinogen I/II ratio improves the diagnostic sensitivity and specific-
ity and allows atrophy level prediction. AIG might manifest with multifactorial 
iron deficiency anemia, vitamin B12 deficiency (pernicious anemia), neurological 
and neuropsychiatric conditions, small intestinal bacterial overgrowth and gas-
trointestinal infections. AIG association with other autoimmune diseases is well-
established. Gastric cancer and gastric carcinoid are neoplastic transformations of a 
continuous chronic inflammation. Patients with AIG should be carefully monitored 
as no specific AIG therapy is available and disease complication could be fatal.

Keywords: autoimmune gastritis, parietal cells, atrophy, metaplasia, pernicious 
anemia

1. Introduction

First reported by Thomas Addison (1849) as an atrophic gastritis with auto-
immune etiology and co-existing distinctive type of anemia, the autoimmune 
gastritis (AIG) represents a chronic gastric inflammation with progression to 
mucosal atrophy, occurring in up to 8% of the general population. Since parietal 
cells antibodies (PCA) and anti-intrinsic factor antibodies (AIFA) have been first 
reported by Schwartz (1960) and Irvine (1962), the autoimmune conception of this 
type of gastritis is recognized. The autoimmune reaction with CD4+ T cells leads 
to destruction of parietal cells, which are unique cells in the corpus and fundus 
glands. Therefore, AIG is located in stomach corpus and fundus, which distinguish 
AIG from other diseases, leading to gastric atrophy (H. pylori infection, drugs etc.). 
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iron deficiency anemia, vitamin B12 deficiency (pernicious anemia), neurological 
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1. Introduction

First reported by Thomas Addison (1849) as an atrophic gastritis with auto-
immune etiology and co-existing distinctive type of anemia, the autoimmune 
gastritis (AIG) represents a chronic gastric inflammation with progression to 
mucosal atrophy, occurring in up to 8% of the general population. Since parietal 
cells antibodies (PCA) and anti-intrinsic factor antibodies (AIFA) have been first 
reported by Schwartz (1960) and Irvine (1962), the autoimmune conception of this 
type of gastritis is recognized. The autoimmune reaction with CD4+ T cells leads 
to destruction of parietal cells, which are unique cells in the corpus and fundus 
glands. Therefore, AIG is located in stomach corpus and fundus, which distinguish 
AIG from other diseases, leading to gastric atrophy (H. pylori infection, drugs etc.). 
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Based on Sydney System, pyloric or intestinal glands replace the oxyntic glands. The 
consequences of the loss of parietal cells are hypochlorhydria, gastric pH increase-
ment and decreased production of intrinsic factor with concomitant megaloblastic 
pernicious anemia in the end-stage due to vitamin B12 malabsorption. Patients 
might suffer from iron deficiency anemia due to hypochlorhydria and inadequate 
iron uptake. Gastrointestinal symptoms are rarely reported. AIG is often presented 
with other autoimmune co-morbidities (thyroid autoimmune disease, type 1 dia-
betes, etc.). Although gastrointestinal symptoms are rarely reported, a malignant 
transformations, namely intestinal-type gastric cancer and type I gastric carcinoid 
are observed in respectively 5.3% and ca. 9% of AIG patients [1–3].

2. Epidemiology

Nowadays the prevalence of AIG is difficult to obtain, as the disease occurs asymp-
tomatic in early stages, remains undiagnosed for a long period as symptoms arise with 
atrophy and mucosal dysplasia progression. Further explanations for the underdiag-
nosed AIG are the inadequate and not from the right location biopsy sampling and the 
poor identification of the etiology of anemia, which is one of the AIG manifestations. 
Estimated incidence is ca. 2% in younger and up to 12% in elderly patients. Studies 
demonstrate increased prevalence of AIG with advancing age and in patients with H. 
pylori infection (Zhang et al.). Females are more often affected than males (3:1 ratio), 
although this has not been consistently observed. Cabreta et al. in their randomized 
study find no age difference. The reported prevalence of pernicious anemia, which 
is one of the most typical AIG manifestations, is about 0.1% in the general popula-
tion and about 2% in elderly (older than 60 years). The prevalence of pernicious 
anemia does not differ between populations (white, African American and non-white 
Hispanic). A study of Carmel and Johnson elucidate that African American women 
develop pernicious anemia at significantly younger age. Association with other auto-
immune diseases (autoimmune thyroid diseases - Hashimoto’s thyroiditis and Graves’ 
disease, type 1 diabetes, vitiligo, Addison’s disease etc.) is documented to addition-
ally increase the prevalence to up to 35%. This consequence determines a multiple 
autoimmune diseases (MAS) type 3B and 4. Pernicious anemia is present in patients 
with Graves’ disease, Hashimoto’s thyroiditis, type 1 diabetes, autoimmune thyroid 
disease, Addison’s disease, primary hypoparathyroidism and vitiligo in 2, 4–12%, up 
to 4, 2–12, 6, 9 and 3–8%, respectively. Recent data direct the attention to the possible 
association between H. pylori infection and AIG development in respect to molecular 
mimicry between H. pylori antigens and the gastric H+/K+ adenosine-triphosphate 
enzyme (ATPase). Few studies evaluate the incidence of AIG (using histology, PCA 
positive levels) in patients with iron deficiency anemia (IDA) of unknown etiology. 
The estimated prevalence varies between 15 and 27%. The profile of patients with 
IDA and positive PCA are younger females with lower hemoglobin and ferritin levels 
and who suffer more often from restless legs syndrome [1, 2, 4–14].

3. Pathogenesis

AIG is a chronic inflammation, localized in the gastric corpus and fundus. 
The inflammatory processes start with lymphocytes and plasma cells infiltra-
tion in lamina propria with involvement of deep layers, leading to parietal cells 
destruction. Because of preservation of relatively normal oxyntic mucosa, a gastric 
pseudopolyposis appears (also known as “islands in the sea”). The loss of parietal 
cells results in hypochlorhydria and further in G-cell hyperplasia due to missing 
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negative feedback, leading to higher gastrin secretion in the antrum. A further 
consequence of the increased gastric pH is the parietal cell pseudohypertrophy. The 
higher gastrin secretion leads to direct stimulation of enterochromaffin-like (ECL) 
cells and their proliferation in hyperplastic, dysplastic and neoplastic subtypes that 
might onset a carcinoid tumor. Pseudopyloric metaplasia (“oxyntic antralization”, 
spasmolytic polypeptide-expressing metaplasia (SPEM)), intestinal metaplasia 
(IM) and pancreatic metaplasia can be observed. SPEM can be transformed into 
IM, which represents the replacement of gastric mucosa with intestinal epithelium 
(small intestinal and colonic). AIG results in microcytic iron deficiency anemia and 
megalocytic pernicious anemia due to vitamin B12 deficiency [2, 4].

3.1 Immunogenetic factors

AIG and PCA are observed in 20–30% of the family members of patients with 
pernicious anemia. However, a genetic predisposition has been proposed. Although 
the association between pernicious anemia and particular HLA haplo/genotypes is 
weak, studies evaluate HLA DR4, with DR2 and DR5 haplotypes. A genetic het-
erogeneity is observed in respect to DR3/DR4 genotype, which is found in patients 
with pernicious anemia and concomitant endocrinopathy. Using murine models, 4 
distinct genetic regions of susceptibility genes for AIG were identified (Gasa1, 2, 3 
and 4) on chromosomes 4 and 6 and H2 region. Interestingly, three of these genes 
are nonmajor histocompatibility complex genes and are located on the same locus 
with those of type 1 diabetes, which could explain the strong concordance between 
AIG and type 1 diabetes [2, 15–18].

3.2 Cell-mediated autoimmunity

Cell-mediated autoimmunity has a key role for the AIG development. The main 
trigger of autoimmunity are the 100-kd catalytic α-subunit and the 60- to 90-kd 
glycoprotein β-subunit of the gastric H+/K + -ATPase, which membrane protein is a 
proton pump. PCA and AIFA are found in both serum and gastric juice. The higher 
the PCA titer is, the more severe the corpus atrophy is and the lower the parietal cells 
concentration is. The loss of parietal cells is a consequence of mainly CD4+ CD25− 
Th1 resting lymphocyte effectors initiated perforin-mediated cytotoxicity (perforin/
granzyme B pathway) or Fas–FasL apoptosis. CD4+ CD25− Th1 resting lymphocyte 
effectors produce IFN-γ and TNF-α. Submucosa, lamina propria and gastric glands are 
infiltrated by CD4 + CD25− T-cells, together with macrophages and B lymphocytes, 
leading to loss of parietal (CD4+ T cells react to H+/K+-ATPase α chain and marginally 
to the β chain), principal and P/D1 ghrelin-producing cells [2, 5, 15, 19–21].

3.3 Humoral autoimmunity

Two types of antibodies are produced by B cells from activated CD4+ T cells in 
patients with AIG, namely PCA (antibody to the parietal cells) and AIFA (antibody 
to the produced by the parietal cells a 60-kDa glycoprotein intrinsic factor). PCA 
are found in the serum and gastric juice in up to 90% and AIFA in 30–50% of AIG 
patients. Α catalytic and β subunits of gastric H+/K + -ATPase are bound by PCA. In 
end-stages of AIG the PCA titer decreases because of parietal cells loss. Researchers 
have found two types of AIFA from IgG class. Type 1 is present in 70% of patients 
and acts as a blocking antibody that reacts with the binding site for vitamin B12. 
Type 2 AIFA is present in 30% of patients and is a precipitating antibody that binds 
other binding sites from vitamin B12 and impedes binding of intrinsic factor-
vitamin B12 to the receptors in the ileal mucosa [5, 22–24].
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3.4 Association with H. pylori

H. pylori, which is well-established etiological factor for atrophic gastritis 
development, may induce AIG through mechanisms of molecular mimicry at the 
T-cell level (autoreactive T cells against gastric proton pump), bystander activation 
and / or epitope spreading. This hypothesis is supported by recent studies as some 
patients may have AIG with co-existing H. pylori infection (20–50%). H. pylori 
leads to development of various antibodies, including PCA and anticanalicular 
antibodies against the H+/K+ ATPase, which are in fact most frequent. Studies 
show a high homology between the β subunit of H. pylori urease and the subunit β 
of gastric proton pump, which is a precondition for cross-reactivity against parietal 
cells and IFN-γ production, resulting in killing or apoptotic suicide. Some patients 
with PCA and/or AIFA, who underwent H. pylori eradication, demonstrated loss 
of antigastric antibodies. However, the correlation between AIG and H. pylori still 
remains controversial. AIG patients with observed gastric atrophy or IM in the 
course of H. pylori infection do not decrease their risk for gastric cancer develop-
ment even after H. pylori eradication [2, 5, 25–30].

3.5 Endocrine factors

AIG is frequently associated with other autoimmune diseases. Emphasized is the 
link to type 1 diabetes and autoimmune thyroid disease (Hashimoto’s thyroiditis and 
Graves’ disease). Reported risk factors for patients with AIG and type 1 diabetes are 
persistent positive islet cell antibody and positive glutamic acid decarboxylase-65 
antibody, which is found in the thyroid gland and stomach except in pancreas and 
brain. Studies demonstrate that type 1 diabetes itself and not hereditary might be 
a risk factor for AIG development. Positive thyroid peroxidase autoantibody are 
reported in up to 50%of AIG patients due to possible cross-reaction. As PCA are 
verified in up to 40% of patients with autoimmune thyroid diseases, screening the 
patients of this population for AIG should be recommended. Other reported co-
existing autoimmune conditions are polyglandular autoimmune syndromes (mainly 
type 3B), Addison’s disease, vitiligo, perioral cutaneous autoimmune diseases 
(mainly erosive oral lichen) and myasthenia gravis [2, 4, 7, 31–34].

4. Diagnostic approach

4.1 Serological tests

The evaluation of AIG-associated autoantibodies (PCA and AIFA), anti-H. 
pylori antibodies (anti-HP-IgG) and markers for gastric atrophy (gastrin and 
pepsinogen levels) is used for serological noninvasive diagnosis of AIG (“serologi-
cal biopsy”, the so-called GastroPanel test (ELISA test, Biohit, Helsinki, Finland)). 
AIG-associated autoantibodies are widely used for screening and diagnosis of 
AIG. They differ according to their sensitivity and specificity as PCA is higher sen-
sitive (80% compared to 50% sensitivity for AIFA) but less specific for pernicious 
anemia detection. Studies are controversial whether PCA levels correlate with AIG 
severity or not. Due to low gastric acid output and G-cells stimulation and elevated 
gastrin secretion in patients with atrophic autoimmune gastritis, it is crucial to 
evaluate gastrin levels (usually gastrin 17) as gastrin correlates strong with gastric 
atrophy based on histopathology. Other useful atrophy markers are the produced by 
the chief cells of oxyntic mucosa of stomach corpus and fundus pepsinogen I and 
the secreted by the chief cells and mucous neck cells of the whole stomach mucosa 
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pepsinogen II. In patients with atrophic autoimmune gastritis are demonstrated 
significant decrease of pepsinogen I (low pepsinogen II levels are not commonly 
observed) and low Pepsinogen I/Pepsinogen II ratio (<3). In respect to diagnosis of 
pernicious anemia, a panel of vitamin B12, homocysteine and methylmalonic acid 
measurement is required. In those patients may be observed thrombocytopenia, 
increased levels of LDH and bilirubin, and rarely schistocytes in the peripheral 
smear. Iron deficiency anemia, which is often present in patients with AIG, should 
be identified by levels of hemoglobin, mean corpuscular volume (MCV), serum 
iron, ferritin, total iron-binding capacity (TIBS) and serum transferrin receptor 
(TfR). In patients with suspected carcinoid tumor transformation the measurement 
of chromogranin A, which is secreted by the ECL cells, can be useful, although it 
shows low specificity (23%) and false-positive results in patients with inflamma-
tory bowel disease, renal insufficiency and other conditions [4, 23, 35–45].

4.2 Endoscopy

Of a great importance for AIG diagnosis is the performance of gastroscopy 
with separately collected biopsies - two from the corpus, two from the antrum and 
one from the incisura angularis (updated Sydney System recommendations). New 
endoscopic techniques (magnifying endoscopy, autofluorescence and narrow-band 
imaging) improve the diagnostic accuracy as they provide information for minimal 
gastric atrophic changes. A number of endoscopic appearances can be present: 
polyps (hyperplastic or adenomatous), pseudopolyps, flattened rugal folds, visible 
submucosal vessels, loss of subepithelial capillary network resembling honeycomb, 
collecting venules in regular shape and appearance and vascular pattern and 
swelling of areae gastricae. A combination of them improves the sensitivity and 
specificity of the procedure. In early AIG stages with minimal or no endoscopi-
cal and histological changes, gastric acid production is increased due to hypo- or 
achlorhydria. Thus, gastric acid measurement (simple intragastric pH measurement 
or volume of acid secretion) might be useful for early AIG diagnosis [1, 4, 46–52].

4.3 Histopathology

Histopathological assessment of biopsies form gastric corpus and fundus 
remains gold standard for AIG diagnosis even in early stages of the disease. 
The correct site of biopsy is of great importance for the proper AIG diagnosis, 
which could be tested by immunohistochemical staining of G cells (gastrin). 
Histological characteristics change with disease progression. Typical but non-
specific for AIG are lymphoplasmacytic infiltration in lamina propria, which is 
mainly multifocal with accentuation in the deeper; glandular portion in early 
stage and diffuse lymphoplasmacytic infiltration of the lamina propria in end-
stage; focal to profound atrophy of oxyntic mucosa with disease progression. 
End-stage AIG is further characterized by distinct reduction or total loss of oxyn-
tic glands with pseudohypertrophy of parietal cells due to fragmentary oxyntic 
glands destruction in end-stage of AIG; SPEM presence; pancreatic or intestinal 
metaplasia; ECL cells hyperplasia with additional samples immunohistochemical 
testing with chromogranin A and synaptophysin [1, 4, 11, 53–57].

5. Clinical presentation

Symptoms vary during the course of AIG as patients at early stages are most 
often asymptomatic, which makes the diagnostic approach only on clinical 
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presentation challenging. With disease progression a wide spectrum of gastrointes-
tinal, hematological and neurological signs and symptoms arises [1, 3, 4].

5.1 Gastrointestinal manifestations

Gastrointestinal symptoms are not the leading presentation of patients with 
AIG. Carabotti et al. report in their recent study frequency of one or more gas-
trointestinal symptoms in 56.7% of AIG patients. Female gender, younger age 
(<55 years) and non-smoking are independent risk factors for gastrointestinal 
symptoms manifestation. More than half of the patients had upper gastrointestinal 
complains as most frequent one was vague dyspepsia in respect to post-prandial 
fullness and/or early satiation. Furthermore, as achlorhydria is a major patho-
genetic consequence of AIG, patients may suffer from bloating, delayed gastric 
emptying, small intestinal bacterial overgrowth, and gastrointestinal infections 
such as Clostridium difficile. Pain and peptic or duodenic ulcers are not reported. 
Atrophic glossitis due to vitamin B12 deficiency is an early stage AIG manifestation. 
Interestingly, heartburn (24%) and acid regurgitation (12%) are presented in a 
study of Miceli et al., which could develop from nonacidic refluxes. Data exist to 
support the observation that gastroesophageal reflux disease and its complications 
like Barrett’s esophagus may develop even in AIG patients [1–4, 6, 58–69].

5.2 Hematological manifestations

Typical hematological manifestations of AIG are iron deficiency anemia (IDA) 
in the early stages and pernicious anemia in the end-stage of the disease.

IDA is the leading hematological manifestation, occurring in 50% of AIG 
patients as reported by Hershko et al. Several epidemiological studies demon-
strate IDA in younger patients prior to pernicious anemia development. Iron 
metabolism, which is regulated by an uptake, is impaired in AIG mainly due to 
the presence of achlorhydria. Different mechanisms of IDA with AIG etiology are 
observed. For the necessary reduction of the ferric form of inorganic iron (the 
iron type in food) to ferrous as well as for releasing the ferric/ferrous iron from 
its protein-complex in order to precede to an iron uptake, gastric acid is needed. 
Another cause for IDA in AIG is the decreased iron absorption due to lack of 
ascorbic acid, destroyed in AIG. IDA symptoms vary as the commonly reported 
are fatigue, brittle nails, hair loss, restless legs syndrome, immune dysfunction, 
ineffective wound healing, while due to anemia itself tachycardia, shortness of 
breath, dizziness, lightheadedness and cognitive and physical dysfunction may 
develop. Pregnant women are at risk of early birth and underweight newborns. 
Of great importance is that IDA with AIG etiology is refractory to iron therapy 
[1, 4, 6, 13, 20, 58–60, 70–75].

Pernicious anemia is usually caused by vitamin B12 deficiency due to loss 
of intrinsic factor and insufficient releasing of vitamin B12 from the food due 
to low levels of gastric acid. Vitamin B12 is a key regulator of DNA synthesis. 
Mostly affected are patients at advanced age due to age-related reduced absorp-
tion and minimal turnover with further large stores of vitamin B12. The clinical 
manifestations vary widely; therefore pernicious anemia is so-called “great 
pretender”. Reported symptoms of pernicious anemia are fatigue, lightheaded-
ness, palpitations, angina pectoris and congestive heart failure and mental 
disturbances. Patients are at increased risk of endovascular dysfunction and 
myocardial infarction and pulmonary embolism due to hyperhomocysteinemia 
and the related thrombosis. Therefore, untreated pernicious anemia may lead to 
lethal exit [1, 4, 6, 20, 58–61, 76–80].
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5.3 Neurological manifestations

Neuronal death due to demyelination and axonal damage leads to the typi-
cal neurological manifestation of vitamin B12, which might be present even in 
patients with no hematological changes. The loss of vibratory and position sensa-
tions together with distal paresthesias develop from damages in the lateral and 
posterior columns of the cervical and upper thoracic segments of the spinal cord. 
This syndrome is called a subacute combined degeneration and is very specific 
for pernicious anemia. Other vitamin B12 deficiency presentations are peripheral 
neuropathy (paresthesia and numbness of the lower extremities), optic neuropathy 
and neuropsychiatric conditions (dementia, mania, depression, psychosis, obses-
sive–compulsive disorder, etc.). Proper diagnosis and early vitamin B12 substitution 
are mandatory to delay progression and for better outcome [1, 4, 81–89].

6. Neoplastic transformations

Patients with AIG are at increased risk of gastric cancer development. The 
estimated prevalence is about 5.3% as recent studies suggest even higher incidence 
- 14.2 per 1000 person-years with patients with AIG having risk of gastric cancer 
development 3 to 6-fold higher than the general population. Recent meta-analysis 
demonstrates 0.27% per person-year with an overall relative risk of 6.8 (95% CI 
2.6–18.1) for gastric cancer development. Elderly people, chronic inflammation due 
to H. pylori infection, achlorhydria, presence of dysplasia and intestinal metaplasia 
are significantly risk factors for gastric tumorogenesis [1, 57, 90].

6.1 Gastric carcinoid

Gastric carcinoids are verified in 4–9% of patients with AIG and pernicious 
anemia. 50–85% of all gastric carcinoids develop in patients with AIG. Three types 
of gastric carcinoids are established, of which type I is found in patients with 
AIG, type II is associated with Zollinger-Ellison syndrome and multiple endocrine 
neoplasia I and type III carcinoid is the most aggressive type. Achlorhydria is a 
key factor for the development of gastric carcinoids in AIG patients. As described, 
achlorhydria leads to loss of negative feedback and G-cells stimulation in antrum, 
followed by hypergastrinemia (typical for type I and II carcinoids). The high 
gastrin levels demonstrate trophic effects on ECL cells hyperplasia, which further 
may result in dysplasia and transformation into gastric carcinoid. Gastric carcinoids 
are quite benign lesions with low metastatic potential (less than 10%). Patients 
with gastric carcinoids are usually asymptomatic. However, they may complain of 
dyspepsia, abdominal pain, flushing, diarrhea and symptoms of anemia. Classical 
carcinoid syndrome is seen very rare. Carcinoids are usually diagnosed incidentally 
during endoscopy in patients with anemia. Gastroscopy with biopsy sampling with 
further immunostaining for chromogranin A and/or neuron-specific enolase is the 
best diagnostic approach. The presence of polyps in the stomach body in patients 
with AIG is significantly associated with type I carcinoid. As long as polyps might 
be underdiagnosed during endoscopy, serum chromogranin A levels are more 
accurate for carcinoids diagnosis. Chromogranin A levels correlate strong with 
gastrin levels and ECL cell density in the corpus and fundus mucosa, represent-
ing high specificity (59%) and sensitivity (100%). According to the algorithm of 
Gilligan et al. based on size and number, gastric carcinoids in AIG patients, which 
size is <1 cm and the number is 3–5, should be removed endoscopically, and those 
>1 cm and/or > 5 should be followed by antrectomy. Surveillance at every 6-month 
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presentation challenging. With disease progression a wide spectrum of gastrointes-
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is proposed. Another therapeutic option is the administration of octreotide, which 
leads to lower gastrin levels, improved ECL status and even spontaneous regression 
(Ferraro et al.) [1, 2, 4, 45, 90–110].

6.2 Gastric cancer

The chronic inflammation, which is an integral part of the pathogenesis of AIG, 
increases significantly the risk of malignant transformations. Achlorhydria, high 
dietary salt intake and bacterial overgrowth are proposed risk factors. Furthermore, 
the concomitant H. pylori infection additionally increases the risk of precancerous 
lesions. Current studies suggest that cancer stem cells, which might be exposed on 
mutations, have an important role in cancerogenesis. This concept is assumed as 
stem cells are well-known for their longevity and inherent capacity for self-renewal. 
As a consequence of chronic inflammation, stem cells level and proliferation 
potential increase, which favors their intestinal metaplasia (possible phenotype of 
stem cells abnormality) and dysplasia. In 1988, Correa and Piazuelo proposed the 
so-called “Correa hypothesis/cascade” for gastric cancer development in patients 
with H. pylori infection: unknown genetic and epigenetic factors lead stepwise to 1. 
chronic inflammation; 2. atrophy gastritis; 3. intestinal metaplasia; 4. low to high 
grade dysplasia, which finally results in gastric cancer in some patients. H. pylori 
factors, associated with higher malignancy potential are CagA-positive strains, 
VacA gene and s1 m1 [1, 4, 5, 111–120].

An attention is paid at the role of tumor-associated autoantigens in immuno-
genicity and immunodiagnosis, which may detect cancer at early stage. Usually 
these autoantigens are cellular proteins, which can be ectopically expressed or a 
result from genetic mutations and rearrangements. Additional mutations in the 
tumor-associated autoantigens lead to new antigenic epitopes and finally increased 
immunogenicity. According to a current concept of the immunological response 
of cancer tissue, tumor-associated antigens lead to autoantibodies production. 
Autoantibodies with potential clinical usefulness are anti-carcinoembryonic 
antigen (CEA), anti-p53, anti-survivin, anti-mucin, and anti-livin autoantibodies. 
The autoantibodies are missing in healthy people and non-cancer diseases. Thus, 
autoantibodies against tumor antigens can serve as biomarkers and may have the 
potential to verify an early stage cancer, which may significantly improve patients 
diagnosis and outcome as the majority of patients with gastric cancer are diagnosed 
late, when are symptomatic and the management is rather palliative. Studies show 
significant lower levels of biomarkers after radical tumor resection, which suggest 
their prominent role in patient monitoring [5, 121–125].

The estimated frequency of detection of anti-carcinoembryonic antigen (CEA) 
anti-survivin, anti-mucin, and anti-livin autoantibodies is 46–56, 40, 75 and 50%, 
respectively, as anti-CEA is found in 10% of healthy people. They are present in the 
early stage of gastric cancer and demonstrate a good prognostic value for survival 
and postoperative monitoring, especially in patients without anti-p53 antibodies 
[123, 126–131].

p53 is a key factor in carcinogenesis. In 46% of patients with p53-positive 
gastric cancer are found increased anti-p53 antibodies levels. Anti-p53 antibod-
ies, which are first reported in patients with breast cancer, correlate significantly 
with the tumor suppressor gene p53 protein expression, demonstrating about 
96% specificity for neoplastic detection. In contrast to anti-carcinoembryonic 
antigen (CEA) anti-survivin, anti-mucin, and anti-livin autoantibodies, anti-p53 
antibodies are not appropriate markers for early diagnosis and prognosis as they 
are detected in advanced gastric tumors with regional lymph node involvement 
[123, 126, 132–134].
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Extracellular protein kinase A (ECPKA) is a cAMP-dependent intracellular 
enzyme. Anti- ECPKA antibodies are significantly increased in patients with gastric 
cancer and other malignancies. They have the potential to be future universal 
screening method for tumors of different origin as their sensitivity and specificity 
are very high - 90 and 87%, respectively [135].

The presence of substantial number heterogeneous autoantibodies varies widely 
and demonstrates high specificity but low diagnostic sensitivity. To improve their 
sensitivity in order to enable their application in clinical practice for screening and 
diagnosis of gastric cancer; it is reasonable to promote a combination of serological 
AIG- and tumor biomarkers, microRNAs and/or glycosylation signatures. Using a 
combination of 5 biomarkers (MAGEA4, CTAG1, TP53, ERBB2_C, and SDCCAG8), 
Werner et al. demonstrated 32% sensitivity and 87% specificity for diagnosis of 
early stage gastric adenocarcinoma. In a study of Zhou et al. a combination of 7 
markers, namely p53, Koc, p62, c-myc, IMP1, survivin and p16, identified gastric 
cancer with sensitivity and specificity of 64% and 87%, respectively. Wang et al. 
verified a panel of 8 biomarkers (IMP1, p62, Koc, p53, c-myc, cyclin B1, survivin 
and p16), able to detect gastric cancer with 56.1% sensitivity and 86.2% specificity 
[136–144].

7. Treatment

Up-to-date there is no consensus on whom to screen for AIG and how often. 
The treatment management of AIG with avoiding further complications requires 
according to the present symptoms, serological results and imaging data proper 
follow-up. A proper monitoring with testing once a year complete blood count, 
gastrin, iron and vitamin B12 levels seems to be beneficial. Therapy depends on 
the stage of AIG, H. pylori infection, current nutrient deficiencies, concomitant 
autoimmune conditions and (pre)malignant transformation. As described above, 
H. pylori infection may play a crucial role in AIG pathogenesis. However, screening 
for H. pylori (serological anti-HP-Ig G and Ig M, fecal HP-antigen, breath tests, 
histological and cultural methods) in patients with AIG, gastric atrophy, intestinal 
metaplasia/dysplasia, and hypo- or achlorhydria should be performed. If positive 
for H. pylori, patients need subsequent treatment and eradication. Studies support 
H. pylori treatment as H. pylori eradication was associated with decreased levels of 
PCA and AIFA and AIG early stages healing. Oral supplementation with vitamin 
B12, iron and folic acid is recommended in early stages of AIG. With neurologi-
cal symptoms occurring, parenteral vitamin B12 should be applied. As long as 
various autoimmune diseases are recognized as AIG co-morbidities, attention 
should be paid at their screening and following treatment. Researchers recom-
mend the routine screening for type 1 diabetes and autoimmune thyroid diseases. 
On the other hand, in patients, who are diagnosed with type 1 diabetic (positive 
glutamate decarboxylase-65 antibodies) and autoimmune thyroiditis (positive 
thyroid peroxidase antibodies), PCA should be investigated at the disease’s onset 
and thereafter yearly for 3 years and later on a longer intervals if there is no AIG 
clinical signs. Screening for AIG in those patients’ populations might avoid the 
development of IDA and pernicious anemia with their above mentioned serious 
complications. As long as gastric carcinoid is curative, proper diagnosis and radical 
treatment are essential. According to size, number and location of gastric cancer /
carcinoid, polypectomy, antrectomy (gastrin-producing part), surgical eradica-
tion of a gastric tumor, with resection of adjacent lymph nodes or medicamentous 
treatment with further surveillance is performed. Somatostatin analogs are used as 
they can reduce gastrin and chromogranin A levels in patients with neuroendocrine 
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tumor (carcinoid). Promising therapeutic option is the gastrin receptor antagonist 
Netazepide, leading to decreased chromogranin A levels together with cancer 
size and number. A new technique for carcinoid tumors treatment is the peptide 
receptor radiotherapy, which would be worth to be tested in AIG patients. Whether 
to perform surveillance program with regular endoscopic and histological examina-
tion in patients with AIG or not remains controversial and guidelines according to 
AIG surveillance are missing. If mild to moderate dysplasia or ECL cell hyperplasia 
are observed, an endoscopic surveillance every 5 years is proposed. In contrast to 
the rare and with far better prognosis carcinoids, gastric cancer development might 
be fatal. According to the American Society for Gastrointestinal Endoscopy recom-
mendations (2006) for monitoring of patients with H. pylori atrophic gastritis, 
depending on the primary endoscopic finding the follow-up should be in intervals 
of 3–5 years (patients with simple, linear/micronodular hyperplasia); every 3 years 
(patients with extensive atrophy/IM) or every year (patients with adenomas/low-
grade dysplasia) [1, 2, 11, 90, 103, 109, 113, 145–153].

8. Discussion

Although H. pylori is a leading cause for gastritis, AIG frequency is increasing in 
elderly people and in those with other autoimmune pathology. As AIG is commonly 
underdiagnosed, AIG should be considered in the differential diagnosis of patients 
with anemia, dyspepsia and especially in those with concomitant autoimmune 
thyroid disease and type 1 diabetes and with relatives with gastric neoplasia. H. 
pylori presence does not exclude AIG in the pathogenesis of an underlying gastri-
tis. Screening of patients with a panel of serological markers pepsinogen I and II, 
gastrin, and/or H. pylori antibodies as well as the antibodies PCA and AIFA directs to 
the need of gastroscopy. However, gastroscopy with separately collected biopsies and 
histopathological assessment of specimens form gastric corpus and fundus remain 
the gold standard for AIG diagnosis. Asymptomatic in the early stages of the dis-
ease, AIG is not recognized in guidelines as an etiological factor for iron deficiency. 
However, AIG is often leading to iron deficiency anemia, which requires a different 
treatment strategy. Untreated pernicious anemia, which is a later manifestation of 
AIG, could cause both neurological complications and letal cardiovascular events. 
AIG is a precancerosis for the development of gastric cancer and neuroendocrine 
tumors. An effort is required to identify a biomarker panel with high sensitivity for 
early-stage gastric malignancy diagnosis. The treatment of AIG still remains chal-
lenging due to asymptomatic early stage and complex pathogenesis of the disease.

9. Conclusion

Proper and early diagnostic approach and prevention, followed by patients’ 
carefully lifelong monitoring at yearly intervals is mandatory to improve the 
prognosis and outcome of AIG. New therapeutic strategies are needed to delay 
disease progression and influence the gastric atrophy, making it a reversible entity. 
Guidelines of AIG surveillance are awaited.
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tumor (carcinoid). Promising therapeutic option is the gastrin receptor antagonist 
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with anemia, dyspepsia and especially in those with concomitant autoimmune 
thyroid disease and type 1 diabetes and with relatives with gastric neoplasia. H. 
pylori presence does not exclude AIG in the pathogenesis of an underlying gastri-
tis. Screening of patients with a panel of serological markers pepsinogen I and II, 
gastrin, and/or H. pylori antibodies as well as the antibodies PCA and AIFA directs to 
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histopathological assessment of specimens form gastric corpus and fundus remain 
the gold standard for AIG diagnosis. Asymptomatic in the early stages of the dis-
ease, AIG is not recognized in guidelines as an etiological factor for iron deficiency. 
However, AIG is often leading to iron deficiency anemia, which requires a different 
treatment strategy. Untreated pernicious anemia, which is a later manifestation of 
AIG, could cause both neurological complications and letal cardiovascular events. 
AIG is a precancerosis for the development of gastric cancer and neuroendocrine 
tumors. An effort is required to identify a biomarker panel with high sensitivity for 
early-stage gastric malignancy diagnosis. The treatment of AIG still remains chal-
lenging due to asymptomatic early stage and complex pathogenesis of the disease.

9. Conclusion

Proper and early diagnostic approach and prevention, followed by patients’ 
carefully lifelong monitoring at yearly intervals is mandatory to improve the 
prognosis and outcome of AIG. New therapeutic strategies are needed to delay 
disease progression and influence the gastric atrophy, making it a reversible entity. 
Guidelines of AIG surveillance are awaited.
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