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Summary 
 

Helicobacter pylori represents one of the most common and medically prominent 
infections worldwide. Infection with this bacterium has an association with histological 
gastritis, gastric atrophy, gastric cancer, and mucosa-associated lymphoid tissue (MALT) 
lymphoma in the stomach. Humans infected in early childhood are especially at risk for the 
development of multifocal atrophic gastritis and subsequent gastric adenocarcinoma. The 
disease has been declining in most industrialized countries, it remains the second most 
common cause of cancer death worldwide and is, in theory, a largely preventable disease. 
Subclinical to chronic progressive gastritis associated with different Helicobacter species has 
been demonstrated (experimentally or naturally) in several animal species including mice, 
rats, Mongolian gerbils, guinea pigs, ferrets, cats, dogs, pigs, macaques, and hamsters, 
most of these animals do not develop gastric cancer. Such clinical diversities are caused by 
variations of H. pylori pathogenicity, host susceptibility, environmental factors, and 
interactions of these factors.  

 
In 1983, Warren and Marshall (115) proposed the possible association of 

Helicobacter pylori infection with peptic ulcer disease and gastric cancer. 
Approximately 50% of the world's population is infected with 

Helicobacter pylori, 
with a greater prevalence in developing countries (50). In developed countries, the 
overall prevalence of H. pylori infection ranges from 25% to 30% (21). 
Seroprevalence increases with age, ranging from 5% to 27% in early childhood to 
levels exceeding 50% in adults older than 50 years (62, 97, 117). 

In February 1994, the National Institutes of Health Consensus 
Development Conference concluded that H. pylori infection represents the major 
cause of peptic ulcer disease, and all patients with documented peptic ulcer 
associated with H. pylori infection should receive antimicrobial therapy (80).  

Seroprevalence studies demonstrate an acquisition rate in adults of 3% to 
4% per decade. H pylori infection is a likely contributing factor in the development 
of gastric neoplastic diseases such as gastric adenocarcinoma and mucosa-
associated lymphoid tissue (MALT) lymphoma (17). H pylori infection is considered 
to increase the risk of gastric adenocarcinoma with pooled odds ratios of 1.9 to 2.5 
% (45, 54). The risks of ulcer recurrence and associated complications do not 
diminish unless H. pylori infection is cured (107). In June 1994, the International 
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Agency for Research on Cancer Working Group of the World Health Organization 
classified H pylori as a group I, or definite, human carcinogen.  

Carriage of H. pylori is usually asymptomatic but is associated with an 
increased risk of gastric and duodenal ulceration, atrophic gastritis, and 

adenocarcinoma of the distal stomach in 10% of colonized individuals (5, 32, 81, 
120). The enhanced risk of these diseases is due to the ability of H. pylori to induce 
chronic inflammatory responses in the gastric mucosa (5). 

There are recent evidence that Helicobacter pylori may be involved in the 
pathogenesis of a large number of extragastric diseases: hepatobilliary, 
cardiovascular, respiratory, neurological and hematological diseases. 

 
General Features of H. pylori Gastritis in Humans 

 
Acute neutrophilic gastritis 
Following ingestion, organisms penetrate the mucous layer and multiply in 

close proximity to the surface epithelial cells. The epithelium responds to infection 
by mucin depletion, cellular exfoliation, and compensatory regenerative changes. 
Polymorph cellular infiltration into foveolar and surface epithelium, and lamina 
propria edema are conspicuous. The acute phase is accompanied by profound 
hypochlorhydria and a failure of ascorbic acid secretion into gastric juice (109). The 
acute response is mediated by release of bacterial lipopolysaccharide (98) and a 
number of directly acting chemotactic moieties, which induce polymorph emigration 
into the lamina propria and epithelium (14). Bacterial products also activate mast 
cells, and subsequent degranulation releases other acute inflammatory mediators 
that increase vascular permeability, up-regulate expression of leukocyte adhesion 
molecules on endothelial cells, and increase neutrophils emigration (44). H. pylori 
stimulates the gastric epithelium to produce a potent neutrophil chemokine 
interleukin (IL) 8, whose production is up-regulated by tumor necrosis factor alpha 
(TNF-α) and IL-1 released by macrophages in response to bacterial 
lipopolysaccharide (14). Additional IL-8 is released by the polymorphs themselves 
in response to soluble H. pylori proteins (60). 

In the majority of cases, the host immune response fails to eliminate the 
infection and over the next 3 or 4 weeks there is a gradual accumulation of chronic 
inflammatory cells. As a consequence, the diagnosis of an acute neutrophilic 
gastritis gives way to that of an active chronic gastritis (99). 

Active Chronic Gastritis 
The acute inflammatory response is augumented by the arrival of 

lymphocytes and plasma cells in the mucosa. B-cell proliferation and subsequent 
plasma cell differentiation result in the synthesis of IgM-opsonizing and 
complement-fixing antibodies, which amplify the inflammatory reaction. This 
response fails to eliminate infection, and the continued presence of H. pylori leads 
to the development of second-line response. This response involves the 
recruitment of primed B cells into lymphoid follicles, with the production of plasma 
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cells largely committed to the synthesis of IgA antibodies. The response is 
insufficient to eradicate H. pylori in the great majority of cases and that antigenic 
stimulation persists and the formation of lymphoid follicles becomes a consistent 
feature of chronic H. pylori gastritis (41). The lymphoid tissue in the gastric mucosa 
provides the background tissue in which gastric marginal zone (B-cell) lymphoma 
(so-called MALToma) arises, and this underlines the crucial role of H. pylori in 
lymphomagenesis in the stomach.  

The two arms of the reaction to H. pylori, the acute "inflammatory" and the 
chronic "immune," are thought to be directed by two subsets of T-helper cells, Th1 
cells that promote inflammation and by activating CD8+ T cells lead to autoantibody 
formation and cell-mediated epithelial damage, and Th2 cells that are responsible 
for the secretory immune response, which has the potential to reduce the bacterial 
load (28, 74). The typical histological picture of active chronic gastritis with 
lymphoid follicles reflects the overlap of these two processes.  

The virulence of H. pylori in the gastric mucosa has been associated with 
its ability to express cytotoxins (vacuolating cytotoxin A [VacA], cytotoxin-
associated antigen), various enzymes (urease, protease) and H. pylori neutrophil-
activating peptide (90). 

VacA-producing strains of H. pylori cause more severe forms of diseases 
such as peptic ulceration as compared to the non-cytotoxin-producing strains (75). 
Most H. pylori strains secrete VacA into the extracellular space. After exposure of 
VacA to acidic or basic pH, re-oligomerized VacA (mainly 6 monomeric units) at 
neutral pH is more toxic. Although the mechanisms have not been defined, VacA 
induces multiple effects on epithelial and lymphatic cells, i.e., vacuolation with 
alterations of endo-lysosomal function, anion-selective channel formation, 
mitochondrial damage, and the inhibition of primary human CD4+ cell proliferation. 
(110). 

VacA increase the supply of essential nutrients for bacterial growth, to 
improve intracellular survival of H. pylori, to interrupt phagosome maturation in 
macrophages, and to inhibit T lymphocyte activation (86). VacA also produces an 
assortment of effects, including depolarization of the cellular membrane potential, 

apoptosis, detachment of cells from the basement membrane, interference with the 
process of antigen presentation, and activation of mitogen-activated protein 
kinases (13). However, VacA may also activate defense mechanisms from the 
host. For example, up-regulation of interferon-γ, IL-1, IL-8, proteases with anti-
inflammatory activity and marked hyperplasia of secondary lymphoid follicles have 
been described in VacA-positive H. pylori infection [104). 

 VacA produced by H. pylori is associated with increased thrombin 
generation in the gastric mucosa, and that thrombin may play a protective role in 
the gastric mucosa infected with H. pylori (122) 

The production of an immunodominant 120- to 140-kDa protein encoded by 
the cytotoxin-associated gene A (cagA) by some strains of H. pylori is one potential 
virulence factor that alters clinical manifestation. CagA is present in approximately 
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60% of H. pylori strains in the United States (12). Evidence indicates that persons 
who carry cagA+ H. pylori strains develop a more pronounced inflammatory 
response (15) and have an increased risk of developing peptic ulceration and non-
cardia gastric adenocarcinoma, compared to persons carrying cagA-negative 
strains (6, 15).  

Down-regulation of the acute inflammatory component can result in a 
picture of inactive chronic gastritis in which there is no neutrophil component. 
This disparity between Th1 and Th2 responses is most evident in children in whom 
the lymphofollicular pattern is dominant. In the BALB/c mouse infected with 
Helicobacter felis, no gastritis is observed for most of the animal's life span. 
However, aged infected mice may develop a pronounced follicular lymphoid 
infiltrate in the corpus mucosa, which in some animals progresses to lymphoma 
(26). These findings indicate the importance of host factors in determining the 
balance between inflammation and immunity, but bacterial (strain) factors should 
not be overlooked. Thus, while genotypic differences in cagA and vacA appear to 
be important in determining inflammatory activity (1, 114), follicle formation seems 
to be a universal response to H. pylori irrespective of the infecting strain (41). 

Atrophy 
Gastric atrophy is conventionally defined as involution of glandular tissue 

and is a common denominator in all pathological processes causing progressive 
mucosal damage, including long-standing H. pylori infection. Loss or replacement 
of parietal and chief cells without glandular destruction is frequently encountered in 
chronic helicobacter infection (94). Specialized oxyntic cells within intact glandular 
tubules are replaced by mucous cells ("mucous metaplasia").  

The prevalence and severity of atrophy among patients with chronic H. 
pylori gastritis increase with time (63, 69). The prevalence of H. pylori positivity 
declines with increasing glandular atrophy. The organism only thrives within the 
narrow pH range provided by a partially acidic environment and the 
hypochlorhydric stomach is inimical to H. pylori (11). The failure to demonstrate H. 
pylori in the atrophic stomach does not deny a role for infection in the causation of 
the underlying gastritis.  

Atrophy in H. pylori gastritis could result from direct bacterial effects or 
alternatively as a consequence of the host inflammatory or immune response. 
Direct injury by cytotoxins and ammonia products can bring about epithelial cell 
destruction, but this is unlikely to be an important mechanism in the glandular layer 
as bacterial colonization is restricted to surface and foveolar epithelium. While 
infection with more virulent strains of H. pylori, that is, cytotoxin-positive and CagA-
positive strains, is more likely to be associated with atrophy (4, 34, 55). Such 
strains are "proinflammatory" and could also lead to increased release of 
potentially autodestructive agents such as proteases and free radicals from 
inflammatory cells. Interestingly, active chronic H. pylori gastritis is characterized 
by accumulations of neutrophil polymorphs around and within the stem-cell 
compartment in the gastric pit, a phenomenon possibly related to the rich vascular 
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supply of this segment (48). Release of injurious products at this site could destroy 
stem cells, arrest the renewal of glandular epithelial cells, and lead to complete 
loss of the pit-gland unit. 

Animal models of helicobacter infection (94) show a divergence between 
active chronic inflammation in the antrum, which is strongly linked to bacterial 
colonization density, and the development of atrophy in the corpus, which is not. 
Such experiments raise the possibility that atrophy is governed largely by host-
related factors, a view that has gathered strength with the demonstration that 
antibodies produced during H. pylori infection react with antigens on the luminal 
aspect of foveolar cells and the secretory canaliculi of parietal cells (79). The 
presence of anticanalicular antibodies in H. pylori infection is significantly related to 
the severity of corpus inflammation and the presence of atrophy (29). Once 
initiated, it is possible that these autoimmune effects could become self-
perpetuating. 

Intestinal Mataplasia 
Intestinal metaplasia represents a potentially reversible change from a 

gastric epithelial phenotype to a small- or large-intestinal phenotype. Intestinal 
metaplasia is a common finding in chronic gastritis of all causes and is found in 
around 20% of symptomatic European subjects undergoing endoscopy (31, 57). Its 
extent usually, but not invariably, parallels the development of atrophy. In H. pylori 
gastritis, intestinal metaplasia is significantly correlated with age, is much more 
frequently observed in the antrum than in the body, and is more commonly 
associated with gastric ulcer than pyloric or duodenal ulcers (25). In addition to an 
increased prevalence in H. pylori-infected subjects, intestinal metaplasia is 
significantly associated with bile reflux (100) and is a feature of autoimmune 
gastritis (24). 

 
Patterns of H. pylori gastritis 

 
Antral Predominant Gastritis 
In the majority of infected individuals, H. pylori gastritis is to some degree 

more pronounced in the antrum than in the corpus. This pattern is found in patients 
with duodenal and prepyloric ulceration and is a marker of the duodenal ulcer 
diathesis. H. pylori has evolved mechanisms that ensure its survival in the acidic 
environment of the stomach. In the pH range of 3.5 to 5.0 in the presence of urea, 
the organism can maintain the proton motive force (PMF) across its periplasmic 
membrane, ensuring a continued supply of energy through ATP synthesis (73). 
Urea entering the bacterium is acted on by its cytoplasmic urease to produce 
ammonia, which neutralizes excess hydrogen ions to maintain a pH of 6.2 in the 
periplasmic space and thereby preserve the PMF (95). When there is a high local 
acid concentration, the protective mechanism fails to keep up with hydrogen ion 
influx, ATP synthesis declines, and the bacterium loses virulence or dies (30). 
Thus, in the presence of high acid output, the corpus becomes an even more 
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hostile environment, and infection and inflammation are concentrated in the 
antrum. Conversely, when the pH in its microenvironment rises above 5.0, the 
organism produces ammonia in excess of that needed to neutralize the much-
diminished influx of hydrogen ions, and the environment becomes increasingly 
alkaline. Above a pH of 8 the cell ceases to function (11). Thus, in achlorhydric 
states gastric helicobacters will self-destruct and infection will be spontaneously 
eliminated. 

Corpus Gastritis 
The local acid production influences the corpus colonization and virulence. 

This is clearly demonstrated by observations in humans and experimental animals. 
Acid reduction by vagotomy in duodenal ulcer patients resulted in a substantial 
increase in corpus inflammation over the ensuing 3 months (93), while sustained 
acid suppression with proton-pump inhibitors in patients with reflux esophagitis led 
to much-increased  H. pylori  colonization over the corpus relative to antrum and a 
swing from antral- to corpus-predominant gastritis (103). Similarly in animals 
infected with H. felis, acid suppression led to colonization of previously uninfected 
oxyntic mucosa (18). On the other hand, patients with the Zollinger-Ellison 
syndrome have a low prevalence of H. pylori infection because their entire gastric 
mucosa is hostile to colonization (43). 

In a minority of infected subjects in Western populations, a corpus-
predominant pattern of gastritis is observed. Such individuals generally have a low 
acid output. It is thought that the inflammatory infiltrate itself influences parietal cell 
function by the release of acid-inhibitory cytokines such as IL-1. 

Duodenal Ulceration 
It is now know that H. pylori -infected individuals with the duodenal ulcerus 

diathesis have hypergastrinemia and increased sensitivity to gastrin. The arrival of 
unneutralized acid in the first segment of the duodenum induces gastric 
metaplasia, the presence of gastric-type mucus-secreting cells in the surface 
epithelium of the duodenum (111).  

While the coexistence of gastric metaplasia and chronic inflammation in 
duodenitis has been long recognized, it was Marshall et al. (71) who first suggested 
that H. pylori was responsible for colonizing "antral type" mucosa in the duodenal 
bulb and giving rise to chronic inflammation. Organisms were observed in 75% of 
anterior duodenal biopsies with gastric metaplasia, active chronic duodenitis 
(112) and duodenal ulcer (111).  

The close relationship between acid-induced gastric metaplasia, H. pylori 
gastritis, and active chronic duodenitis was first emphasized by Wyatt et al. (119). 
A sequence of events was proposed that embraced acid-induced metaplasia in the 
first part of the duodenum, spread of H. pylori infection from the stomach, and 
following colonization of the gastric-type epithelium, the development of an acute 
and chronic inflammatory cell response. Thus the prevalence of gastric metaplasia 
needs to be taken into account when considering the overall relationship between 
the incidence of DU and H. pylori infection. It seems likely that in countries where 
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there is a high rate of infection but a low incidence of DU there will also be a low 
frequency of gastric metaplasia as a consequence of the lower acid output 
prevailing in these populations. These considerations are pertinent in many 
developing countries and may go some way toward explaining the so-called 
"African enigma," where there is a low peptic ulcer frequency in populations with 
high H. pylori infection rates (20). 

Gastric Ulceration 
Antral ulceration. The distal gastric ulcers, i.e., prepyloric ulcers, share 

epidemiological characteristics with duodenal ulcer, and the patients usually have 
raised acid levels. In such cases, the site of ulceration may be determined by 
patches of atrophy in the antrum, making the mucosa more susceptible to acid 
attack. 

Corpus ulceration.There is close topographical relationship between 
gastric ulcers and the transitional zones (82, 101). Transitional zones (TZ) are a 
narrow area in which acid-secreting oxyntic glands give way to simple mucous 
glands of the antrum. Proximal displacement of this zone is usually an acquired 
change consequent to inflammation, atrophy, and metaplasia encroaching on the 
corpus mucosa. 

Loss of corpus glands at the interface with the TZ is followed by mucous 
cell and pyloric gland metaplasia. The degree of inflammation found in the antral-
corpus TZ is often greater than that seen in the adjacent mucosa of either the 
antrum or corpus proper. The increased inflammation could be a reflection of 
changes in H. pylori colonization density or the virulence of the organisms. There is 
increased colonization immediately proximal to the atrophic border, and there is 
greater polymorph activity when compared to mucosa immediately distal to the 
border (121).  

H. pylori finds optimal conditions in transitional zone, and can maximize 
adhesion, growth, and release of inflammatory products and induce maximal 
cytokine production via signal transduction at the surface. Alternatively, it is known 
that bacteria have a series of well-developed physiological mechanisms for dealing 
with environmental stress, among which is the acid-tolerance response (108). 
These areas of peak inflammatory response are the sites of maximal development 
of atrophy and intestinal metaplasia and are at greatest risk of ulceration. 

Colonization, particularly by the more virulent CagA-positive strains, leads 
to surface epithelial degeneration and increased exfoliation of surface epithelial 
cells. Accelerated cell exfoliation results in compensatory cell proliferation so that 
immature cells populate the foveolae and surface. Mucin and bicarbonate 
production is impaired, and the integrity of the mucous barrier may be 
compromised. In addition, activation of complement via the alternate pathway and 
the release of chemical mediators by mast cells and activated polymorphs may 
lead to microvascular disturbances and focal ischemic damage to the surface 
epithelium (19). Apart from these inflammatory factors, ulcerogenesis may be 
promoted by the greater degree of atrophy and intestinal metaplasia found 



LUCRĂRI ŞTIINłIFICE MEDICINĂ VETERINARĂ VOL. XL, 2007, TIMIŞOARA 
 

 204  

immediately distal to the TZ. Metaplastic and atrophic mucosa also differs from 
normal mucosa in the local production of epithelial growth factors and regulatory 
(trefoil) peptides (46), and there may also be differences in the pattern of receptors 
for luminal growth factors (e.g., epidermal growth factor) (61). Diminished growth 
factor or regulatory peptide stimulation will adversely affect mucosal regeneration 
and exaggerate the effects of injury. However, there may also be bacterial factors 
at work. H. pylori infection down-regulates E-cadherin expression in gastric 
epithelial cells (106). E-cadherin is involved in cell-to-cell adhesion and in epithelial 
cell proliferation so that depressed production could adversely affect the resistance 
of the mucosa to acid attack. The proximal migration of the TZ with time explains 
the endoscopic observation that gastric ulcers are found progressively higher up 
the lesser curve with increasing age. 

Delayed healing of human peptic ulcers is frequently associated with H. 
pylori infections (9). The ability of H. pylori to significantly delay the healing of 
experimentally induced chronic ulcers has been demonstrated in a number of 
studies (8, 7). A number of studies supports the anti-angiogenic effects of H. pylori 
on ECs (89, 64, 58). 
 

Helicobacter and Gastric Cancer 
Human individuals infected in early childhood are especially at risk for the 

development of multifocal atrophic gastritis and subsequent gastric adeno-
carcinoma. Elevated rates of early childhood infection in developing countries may 
explain, at least in part, the greatly increased prevalence of gastric adeno-
carcinoma in these locations. Seroepidemiologic studies indicate that infected 
individuals are at 6-fold increased risk for gastric MALT lymphoma (87).  

In mice overexpressing gastrin, the combination of hypergastrinemia and 
infection with 

Helicobacter leads to increased parietal cell apoptosis and rapid 
progression to gastric atrophy and cancer (16). 
Although bacterial virulence factors are important in determining disease outcome, 
it is the attempts of the immune system of the host to clear chronic infection with H. 
pylori

 that elicit an overly aggressive proinflammatory Th1 cell response resulting in 
a robust gastritis that precedes a series of morphological changes that lead to 
cancer (40). 

The cag pathogenicity island (cagPAI) is a major virulence gene cluster 
and codes the type IV secretion machinery system, forming a cylinder-like 
structure. The CagA protein is translocated into target cells via this secretion 
system and induces humming bird morphology, growth factor-like effect. The other 
gene products are probably translocated into target cells and accelerate cellular 
proliferation and apoptosis (105).  

Although gastric cancer has been investigated for centuries, the 
association with Helicobacter pylori infection has been recognized for only the past 
few decades. Although Studies of the cellular origins of cancer in the Helicobacter-
infected mouse model has led to the surprising insight that gastric cancer may 
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originate from circulating bone marrow-derived stem cells (BMDC) and not from 
resident tissue stem cells as previously believed. It is likely that this new BMDC 
paradigm of epithelial cancer will prove useful in future investigations of 
gastrointestinal metaplasia and gastrointestinal cancers associated with chronic 
inflammation (53).  
 

Helicobacter pylori and gastric pathology in animals 
 
Dogs can be experimentally infected with H. pylori, but there are limited 

sources of GI pathology in dogs. A study reporting H. pylori-like organism in gastric 
mucosa of dog suggested the possibility of the natural transmission of infection 
between humans and dogs (2). Helicobacter pylori are pathogen for dogs, at least 
in experimental conditions and that the acute lesions caused in dogs are similar to 
those in others animal models – superficial neutrophilic gastritis and ulcers (10). 
Experimental H. pylori infection induces antral-predominant, chronic active gastritis 
in hispid cotton rats (70) 

An antral predominance of lymphoid follicular hyperplasia, atrophy and 
fibrosis has also been observed in cats with naturally acquired infection and those 
infected with H. pylori or H. felis (59). Experimental Helicobacter pylori infection 
induces antral-predominant, chronic active gastritis in hispid cotton rats (Sigmodon 
hispidus) (70).  
 

Other Gastric Helicobacters 
 

Subclinical to chronic progressive gastritis associated with different 
Helicobacter species has been demonstrated (experimentally or naturally) in 
several animal species including mice, rats, Mongolian gerbils, guinea pigs, ferrets, 
cats, dogs, pigs, macaques, and hamsters, most of these animals (except 

Mongolian gerbils, ferrets, C57BL/6, and INS-GAS mice) do not develop gastric 
cancer ( 88, 91, 92). Furthermore, only gerbils and hamsters infected with 
Helicobacter spp. develop intestinal metaplasia similar to humans (52, 78, 88). 

Helicobacter heilmannii type 1 includes isolates from humans, monkeys, 
and pigs (i.e., "Candidatus Helicobacter suis"). The 16 rRNA from all these isolates 
cluster closely together. H. heilmannii type 2 has been isolated from primarily cats 
and dogs, and their 16s rRNA cluster closely with other helicobacters such as H. 
felis, H. salomonis, and H. bizzozeronii (85). 

H. heilmannii is well adapted to the entire gastric mucosa. It will 
preferentially colonize the length of the gastric pits. It is free living and does not 
attach to the epithelial cell layer. One of its attributes is that it is extremely acid 
resistant. Interestingly, this bacterium in the rodent will out-compete other gastric 
Helicobacter spp. such as H. pylori and H. felis (68). 

In its natural hosts the inflammatory response is mostly mild, initiating a 
neutrophilic and mononuclear gastritis (51). Reports indicate that a very high 
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percentage of pigs that have ulcers in the pars esophagus region also have H. 
heilmannii (Candidatus Helicobacter suis) present in the gastric mucosa (3, 72). 
Most of the severe pathologies that have been reported to be due to "H. heilmannii" 
infection have occurred in experimental animals; these include neutrophilic and 
mononuclear gastritis, lymphofollicular gastritis (65), gastric ulcer (23), and MALT 
lymphoma (83). 

In humans, the incidence of pathogenic effects induced by this bacterium is 
low. Less than 1% of all upper gastric complaints are due to H. heilmannii (49, 
102). H. heilmannii has been implicated in low-grade mucosa-associated lymphoid 
tissue (MALT) lymphoma of humans with higher prevalence than with H. pylori 
(76).  

Helicobacter felis will only colonize the glands of the antrum and the 
cardia. Unlike H. heilmannii and H. pylori, H. felis is very sensitive to the number of 
parietal cells in the gastric glands and, thus, acid. It cannot survive in gastric glands 
that have a full complement of parietal cells. This has been shown in germ-free 
laboratory animals in which the bacterium was only found in antrum and cardia (37, 
66), and in a study in which H. felis was only observed in the body of the stomach 
after acid-suppressant therapy (18).  

In its natural host (cats and dogs) H. felis can induce a mild gastritis with 
lymphofollicular hyperplasia (96). Very few neutrophils are seen, which is in 
contrast to one of the few human cases that reported a large influx of neutrophils 
(116). Lymphoplasmacytic gastritis in dogs is characterized by concurrent 
activation of proinflammatory and immunomodulatory cytokines, with increased 
mRNA expression related to mucosal pathology. No significant associations 
between Helicobacter infection and proinflammatory cytokine expression, severity 
of gastritis, or differences in the pathogenicity of different Helicobacter spp. were 
found (118).  

In laboratory animals, H. felis can induce a wide variety of pathologies that 
range from a neutrophilic and mononuclear gastritis, to epithelial cell hyperplasia, 
lymphofollicular gastritis (characterized grossly as nodules in the fundus), and 
MALT lymphoma (26,  38,  67). There has been some suggestion that H. felis in 
concert with chronic hypergastrinemia can synergize to lead to parietal cell loss 
and gastric carcinogenesis (113). In the BALB/c mouse infected with Helicobacter 
felis, no gastritis is observed for most of the animal's life span. However, aged 
infected mice may develop a pronounced follicular lymphoid infiltrate in the corpus 
mucosa, which in some animals progresses to lymphoma (26). 

The incidences of H. felis and coinfection with H. pylori in the human 
African population are high. H. felis coinfection, however, does not influence 
specific gastric pathology in this population (22). 

Helicobacter mustelae has a very specific host range. It is a natural 
colonizer of stomach of ferrets (Mustela putorius furo). Unlike H. felis, this organism 
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can colonize the entire length of the stomach from the proximal duodenum, antrum, 
through the fundus and cardia. The organism colonizes preferentially the gastric 
glands of the proximal duodenum and antrum but can readily be seen in the fundus 
(36). H. mustelae in the ferret stomach are seen to actually enter these epithelial 
cells via endocytosis (84). It has been shown that the severity of infection increases 
as the animal ages (39). This infection is characterized by a superficial gastritis, 
which develops in the oxyntic gastric mucosa, and a full-thickness gastritis, 
composed primarily of lymphocytes, plasma cells and small numbers of neutrophils 
and eosinophils, in the antrum. It is the only model of Helicobacter-associated ulcer 
disease and thus is a very useful model (33). Natural infection with H. mustelae in 
ferrets can also lead to precancerous lesions, and focal glandular atrophy of the 
proximal antrum. H. mustelae has also been linked to gastric adenocarcinoma (35) 
and MALT lymphoma (27). 

Infection with Helicobacter acinonychis (H. acinonynx) was associated 
with lymphoplasmacytic gastritis that could account for approximately 40% of 
mortalities in cheetahs (77). 

Helicobacter salomonis was isolated from the gastric mucosa of healthy 
pet dogs and experimental beagles (56). 

Helicobacter bizzozeronii was isolated from the gastric mucosa of dogs 
but the clinical significance remains unclear (47). 

Helicobacter suncus was isolated from a house musk shrew displaying 
chronic gastritis (42).  
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