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RAPPIN IN 1881 AND BIZZOZERO IN

1893 are credited with the first ob-
servations of gastric spiral-shaped bac-
teria in animals. It was not until the
isolation of Helicobacter pylori from the
inflamed stomach of humans that seri-
ous study of this genus began. H pylori

has a causal role in gastritis, duodenal
ulcer, probably gastric ulcer, and gastric
adenocarcinoma and lymphoma, but
fulfils Koch’s postulates for gastritis
only. Animal models are needed to
study the pathogenesis of this organ-
ism; H pylori will affect germ-free pigs,
dogs, perhaps nude mice, as well as
nonhuman primates and barrier-
maintained pigs (1).

H PYLORI GENOME
There is extraordinary diversity in

the H pylori genome, and recently in-
troduced polymerase chain reaction
(PCR) typing has extended this hetero-
geneity (2). There are numerous un-
proven theories of the genomic
diversity, such as mutation or natural
competence for transformation. Mo-
lecular fingerprinting should prove use-
ful to determine the nature of H pylori

spread and to distinguish between re-
currence or reinfection. As antici-
pated, clusters of strains of H pylori

have been identified within families.
H pylori strains from ulcer patients

are different from those from asympto-
matic individuals (3). The presence of
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an H pylori 128K protein cytotoxin as-
sociated gene A (cagA gene) may be a
marker of enhanced probability of de-
velopment of ulcer disease. This het-
erogeneity may have implications for
the pathogenic properties of the
strains, with the possibility that some
will cause ulceration and some will
cause metaplasia. This heterogeneity
also has important implications with
regards to the possible development of
vaccination against H pylori infection.

PATHOGENESIS OF
MUCOSAL DAMAGE

Adhesion: H pylori urease, a 550 kDa
multimeric enzyme, catalyzes the local
hydrolyzes of urea to ammonia and car-
bon dioxide, resulting in a local pH in-
crease in the environment around the
bacteria at the endothelial surface.
Urease comprises two subunits and
has a Km for urea of 170 mM, well suited
for the urea concentrations in the stom-
ach (4 mM) or blood (1.7 to 3.4 mM).
H pylori urease serves as the basis for
urease and urea breath tests. The urease
protein is encoded by two subunit
genes, ureA and ureD. These urease
genes can be amplified by PCR and di-
gested with a restriction endonuclease
HaeIII, and thereby may be used for dif-
ferentiation of strains. Urease is critical
for H pylori colonization of the human
gastric mucosa, and interference with
urease activity may provide a suitable
target for new therapeutic agents (4).
There is no leader sequence on H py-

lori urease sequence, so it is unknown
how the urease gets to the surface of the
organism.

It also is unknown why urease in-
hibitors prevent colonization but do
not destroy H pylori already on the mu-
cosal surface. In addition to urease ac-
tivity, there are other colonization
factors, and much attention has fo-
cused on ‘adhesion’. Adhesion of
pathogenic bacteria to mucosal sur-
faces promotes disease by increasing
colonization of the infected host, by
promoting delivery of bacterial toxins
and by facilitating entry of invasive
pathogens into the cell cytoplasm (5).
Adhesion is also not essential for colo-
nization but may be relevant to ulcera-
tion (6).

How does H pylori infection cause
mucosal damage? Ammonia produced
by H pylori may have a cytopathic effect
on the epithelial cell and may change
the chemical properties of the mucous
layer (7). Ammonia is more damaging
to the gastric mucosa than either hy-
drochloric acid or ethanol, and deple-
tion of mucosal protective nonprotein
sulfhydryl groups (such as glutathione)
may precede the development of hem-
orrhagic mucosal lesions (8). Pretreat-
ment with sulfhydryl drugs offers
gastroprotection, suggesting that this
type of injury may play a role in the
pathogenesis of ammonia- and H py-

lori-induced gastric injury.
Hydrophobicity of the gastric

mucosa is reduced in the presence of
H pylori infection (9), similar to the re-
duced hydrophobicity of the gastric
mucosa in patients with duodenal (DU)
and gastric ulcer (GU), and the reduced
hydrophobicity of the duodenal
mucosa of DU patients. Eradication
of H pylori causes a reversal to normal
in this defect in hydrophobicity.

H pylori infection initially results in
acute neutrophilic gastritis character-
ized by polymorphonuclear neutrophil
(PMN) infiltration and severe epithelial
degeneration. This may resolve sponta-
neously or may progress to active
chronic gastritis with surface epithelial
degeneration, acute and chronic in-
flammatory cell infiltration, atrophy
and intestinal metaplasia (10). Sever-
ity of epithelial degeneration is corre-
lated with the presence of H pylori.
Degeneration is manifest as mucin de-
pletion and cuboidal change in the sur-
face epithelium, which rapidly recovers
after elimination of H pylori. It is only
when atrophy becomes severe that
H pylori positivity declines and with it a
loss of inflammatory cells, giving rise to
the quiescent or ‘end-stage’ chronic
gastritis.

H pylori synthesizes and secretes
chemotactic factor(s) which may in-
duce neutrophil activation and pro-
duction of toxic oxygen radical
(11,12). It is not known why re-
cruited PMN do not migrate across the
gastric mucosa and engulf and destroy
H pylori in its ecological niche. It is
possible that PMN move into the mu-

cous space and then traffic back into
the mucosa, although there is no ex-
perimental proof (13).

Bacterial lipopolysaccharide prod-
ucts induce inflammation and may be a
trigger for natural immunity (14). An
analogue of the chaperoning cpn60
family of heat shock proteins have been
identified in H pylori, referred to as
Hp54K (15). Hp54K co-purifies with
urease by size exclusion chromatogra-
phy. Interleukin (IL)-1 is a potent and
rapid-acting inhibitor of release of his-
tamine and platelet-activating factor,
and this effect is mediated by nitric ox-
ide.

H pylori contains alcohol dehydro-
genase and produces acetaldehyde but
has no aldehyde dehydrogenase activ-
ity. Actetaldhyde is a highly reactive
substance and forms adducts with cel-
lular protein, which may be immuno-
genic and induce antibody formation
(16).
Immune function: Cytotoxicity is as-
sociated with the presence of an immu-
nogenic high molecular weight protein
(120 to 130 kDa), which shows some
size heterogeneity (17). The cagA gene
encodes for a protein with cytotoxic ac-
tivity. Both mucosal and systemic im-
mune recognition of the cagA gene
product are increased in patients with
peptic ulcer disease or with gastric ade-
nocarcinoma compared with patients
with H pylori-associated chronic gastri-
tis. This suggests that the cytotoxin/
cagA-positive strains of H pylori are
more pathogenic.

The epithelium may initiate immune/
inflammatory responses to infection
that may be deleterious to the host. An
infected gastric epithelial cell line in-
fected with H pylori increases IL-8 spe-
cific mRNA as well immunoreactive
IL-8 (18), and it is speculated that fail-
ure of local immunity may lead to an
increased release of the cytokines.
H pylori products stimulate monocyte
and neutrophils to produce increased
levels of reactive oxygen intermediates
with potent cytotoxic activity (19).
The role of the mast cell in modulating
mucosal defence and injury in H py-

lori-associated gastritis has yet to be de-
lineated (20).

H pylori colonization of the gastric
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antrum induces recruitment of B lym-
phocytes into the adjacent mucosa and
production of local and systemic anti-
bodies. It is unknown why the local an-
tibody response fails to clear H pylori

infection (21). Although mucosal T
cells express self-reactive T cell recep-
tor, their reactivity is controlled by
mechanisms that regulate local toler-
ance and such mechanisms may down-
regulate the response to H pylori in the
gastric mucosa (22).
Acid and peptides: There is a threefold
increase in acid response to infusion of
gastrin-releasing peptide in H py-

lori-positive healthy volunteers com-
pared with healthy H pylori-negative
volunteers. The sixfold increase in acid
response in DU patients has been ex-
plained by the combination of H pylori-
induced hypergastrinemia and an exag-
gerated acid response to stimulation by
gastrin (23). Following eradication of
H pylori infection, the exaggerated gas-
trin response is lost within one month
and the exaggerated acid response is
lost within one year. H pylori increases
fasting and postprandial gastrin, but
acid secretion is only increased during
fasting and when the luminal pH is low
in patients with active DU ulcers. Inter-
estingly, eradication of H pylori de-
creases meal-stimulated gastrin levels
but not basal acid output (24). Prolonged
hypergastrinemia may contribute to the
increased parietal cell mass characteris-
tically present in DU patients or may be
due to a compensator response to de-
creased parietal cells.

With H pylori infection the median
somatostatin RNA/rRNA rises 50% in
the duodenal bulb and 100% in the gas-
tric antrum, suggesting decreased ex-
pression of mucosal somatostatin
mRNA (25).

Acute H pylori infection may also
give rise to ‘epidemic hypochlorhydria’
(26) due to contamination of the gas-
troscope or nasogastric tubes. H pylori

produces at least two inhibitors of acid
secretion. These observations can be
reconciled with the fact that H pylori

and DU disease are associated with nor-
mal or increased acid secretion by con-
ceptualizing that the hypochlordydria/
achlorhydria is an early event in the
natural history of infection and that ul-

cer disease occurs later, when the or-
ganism expresses few or none of the in-
hibitors.

Sensitivity to inflammation-induced
disruption of antral mucosal nerves
may contribute to the hormonal distur-
bances and pathogenesis of active
chronic gastritis and peptic ulcer dis-
ease (27).

Acute infection with H pylori re-
duces the secretion of vitamin C
whereas eradication reverses the low-
ered luminal concentration (28). Giv-
ing ascorbic acid by mouth may shift
the conversion of nitrite from nitrous
oxide to N-nitrosamine.

PATHOLOGY
Gastritis: H pylori infection occurs in
75 to 90% of subjects with antral gas-
tritis. Severe erosive duodenitis is also
associated with a high prevalence of
H pylori infection. However, there is no
correlation between the macroscopic
findings at endoscopy (erythema,
edema or erosions) and the presence of
H pylori infection.

In chronic active type B gastritis as-
sociated with H pylori infection the na-
ture of the immune response remains
obscure (29). CD4 mucosal lympho-
cytes expressed in the activation
marker CD25 selectively respond to
H pylori localized in the antral mucosa.
Heat shock proteins selectively stimu-
late �� T cells in vitro, and these cells
have been demonstrated in the muco-
sal lesions of H pylori-infected patients.
A persistent immune response relating
to chronic active type B gastritis may
be due to the ongoing increased expres-
sion of either microbial or autologous
heat shock protein.

While H pylori may cause chronic
atrophic gastritis, it does not necessar-
ily cause intestinal metaplasia, and the
linear theory of chronic atrophic gastri-
tis leading to intestinal metaplasia
needs to be rethought (30); one needs
to consider the possibility that there is
a missing link in the development of
intestinal metaplasia. The endoscopic
finding of giant folds in the body and
the fundus of the stomach is associated
with H pylori gastritis, and the giant
folds disappear with eradication of
H pylori (31).

Ulceration: H pylori is a major factor in
the etiology of peptic ulcer disease, with
chronic DU disease subjects infected in
at least of 85% of cases. Evidence in fa-
vour of a role in peptic ulcer disease also
relates to a higher rate of ulcer healing
with suppression/eradication of H pylori

and the marked diminution in ulcer re-
lapse following long term eradication of
H pylori (32). H pylori-associated gastri-
tis may be nonatrophic (diffuse antral
gastritis) or atrophic (multifocal atro-
phic gastritis) (33). Antioxidant micro-
nutrients may be protective for
multifocal but not for diffuse antral gas-
tritis.

In chronic ulceration of the gastro-
intestinal mucosa, including peptic
ulcer disease, a cell lineage develops that
expresses epidermal growth factor, ly-
sozyme and trefoil peptides. These ul-
cer- associated cell lineages may have a
role in regeneration and repair (34).

H pylori infection is also associated
with GU disease (35). These ulcers are
located throughout the stomach, ex-
cept in the prepyloric areas. Eradica-
tion of H pylori may accelerate GU

healing and reduce relapse rate.
H pylori infection occurs in patients

with GU or DU in association with the
use of nonsteroidal anti-inflammatory
drugs (NSAIDs), but the acute or
chronic use of NSAIDs does not give rise
to an increased prevalence of H pylori

(36). Also, H pylori infection does not
increase the damage from NSAIDs. The
prevalence of H pylori is not increased
in patients with gastroesophageal re-
flux disease, pernicious anemia or
Zollinger-Ellison syndrome.
Cancer: Between 50 and 100% of pa-
tients with gastric adenocarcinoma
have H pylori, and those subjects in
whom H pylori is not established on se-
rology PCR methods may demonstrate
the presence of H pylori in the mucosa.
Bacterial colonization from the stom-
ach may be lost with the precancerous
conditions chronic atrophic gastritis
and intestinal metaplasia, so that the
positive association between gastric
adenocarcinoma and H pylori infection
may be even greater than that risk (37).
The odds ratio (relative risk) of gastric
adenocarcinoma in H pylori-positive
versus -negative individuals varies from
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2.8 to 6.0, with this variation due to the
time difference between blood sam-
pling for serological diagnosis of H py-

lori and the subsequent diagnosis of
cancer. This raises the possibility of pre-
venting gastric cancer in the future by
eradication of H pylori.

The 1975 Correa hypothesis sug-
gesting a role for bacterial overgrowth
in the development of gastric cancer
has not been confirmed, with no clear
demonstration of increased N-nitroso-
compounds when there is reduced lu-
minal acidity, bacterial overgrowth or
increased luminal nitrite (38).

PCR techniques may be useful to
establish the epidemiology of H py-

lori-associated gastric cancer (39).
PCR may be used to determine the
presence of H pylori even before it is
seen on biopsy or in seronegative pa-
tients who develop gastric cancer.

Lymphoid follicles are present in
about half of patients with H pylori-ga-
stritis, and mucosa-associated lym-
phoid tissue (MALT)-associated
lymphoma, but not nodal lymphoma, is
also associated with H pylori. In 12 pa-
tients with MALT lymphoma treated
with H pylori eradication therapy,
MALT lymphoma disappeared (40).
MALT-gastric lymphoma is associated
with H pylori infection, and there is a
1.89 odds ratio in patients with colonic
adenoma versus controls.

PREVALENCE
There are differences in the preva-

lence of H pylori infection between de-
veloping countries and developed
countries, the most striking being the
higher incidence of infection in young
children in developing countries. In-
terestingly, the incidence and preva-
lence of H pylori gastritis may be de-
creasing in Finland (41). Density of liv-
ing is strongly associated with a higher
prevalence of infection and there may
be intrafamilial transmission from par-
ent to child. H pylori has been detected
from feces, suggesting a possible fecal-
oral route of transmission. Uncooked
vegetables may be important for H py-

lori infection in Chile, and the possibil-
ity of oral transmission has been
suggested by PCR demonstration of

H pylori in saliva and dental plaque
(42).

SYMPTOMATOLOGY
Although over half of the world’s

population is infected with H pylori,
the acute illness associated with initial
infection is rarely diagnosed. The incu-
bation is approximately one to 10 days
and may be associated with epigastric
pain, nausea, retching, flatulence and
malaise. There is epithelial degenera-
tion and heavy infiltration of PMN in
the lamina propria as well as in the sur-
face epithelium and the epithelium lin-
ing the pits.

It must be recognized that it is de-
batable whether H pylori infection
alone causes upper gastrointestinal
symptoms (43). Chronic H pylori infec-
tion may be asymptomatic, or associ-
ated with nonspecific symptoms or
with symptoms of peptic ulcer disease.
In asymptomatic blood donors, 16%
had DU and 5% had GU on endoscopy,
and three of 21 H pylori-positive blood
donors had previously unsuspected gas-
tric cancer. Similar findings are evolv-
ing from studies performed in Ireland,
although to date no gastric cancers
have been found (44).

It remains unclear whether asymp-
tomatic individuals with H pylori

should be treated. It is controversial
whether the 50% of individuals with
nonulcer dyspepsia who are H py-

lori-positive should be treated. It is also
controversial whether clearing of
H pylori improves the symptoms in pa-
tients with nonulcer dyspepsia, even
when H pylori is clear. The answer is
uncertain, however, because most stud-
ies have followed H pylori-positive
symptomatic persons for a short period
of time and nonulcer dyspepsia is a re-
mitting disease (45).

NEW DIAGNOSTIC TESTS
Following H pylori infection, there is

an initial immunoglobulin (Ig) M re-
sponse followed by IgG conversion that
accompanies the fall in the IgM titres
(46). The ‘common mucosal system’
provides the conceptual framework for
understanding the observation that
antibody and saliva reflect immune
events within the gastric mucosa. A

quantitative ELISA assay has been de-
veloped to detect antibody in saliva.
The demonstration of IgG antibody in
saliva correlates with H pylori infec-
tion, and the sensitivity and specificity
of the test are greater than 90% com-
pared with concomitant serum anti-
body results. The salivary antibody
assay is also highly sensitive and spe-
cific compared with direct parameters
of infection, and this test may be used
to determined conversion from H py-

lori-positive to -negative status after
eradication therapy (47). Importantly,
seven of 35 patients who tested nega-
tive for H pylori by the cod liver oil
(CLO) test had a positive saliva test,
and the CLO test may be less frequently
positive in patients who are tested
while there is blood or protein in the
stomach. There are other problems
with serological diagnosis, including
the need for multiple dilutions, and
there can be a very slow change in titre
after eradication therapy. The cut-off
point in the saliva test is crucial and re-
quires further validation (unpublished
data).

RECURRENCE AND
REINFECTION

Recurrence of H pylori infection af-
ter eradication therapy may be due to
recrudescence (failure to eradicate) or
true reinfection (48). If eradication is
defined as absence of H pylori four or
more weeks after therapy (including
absence of clusters of PMN), most subse-
quent recurrences will be reinfections.
The reinfection rate is less than 0.5%
per year in developed countries, but
may be more common in developing
countries. It is unknown what leads to
reinfection. It is possible that in some
persons an early reinfection may in fact
have been due to a false negative test
for H pylori. For example, because the
CLO and urea breath tests require a
high density of H pylori, there may be a
false negative rate. Although biopsy
demonstration of H pylori is considered
the ‘gold standard’, it is limited by the
need for gastroscopy and the size, loca-
tion, number and handling of biopsies.

THERAPY
Predicted antimicrobial effective-
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ness (minimal inhibitory concentra-
tion [MIC]) obtained in vitro fails to
predict in vivo effectiveness of anti-
helicobacter therapy (49). MICs are
usually higher in an acidic, compared
with an alkaline, environment.

It appears unimportant whether an-
tibiotics are taken with meals. Amoxy-
cillin needs to be given by mouth and
nonsystemically, and metronidazole,
clindamycin, but not amoxycillin, are
secreted into the mucosa and lumen of
the stomach. When acid secretion is
inhibited with ranitidine, amoxycillin
concentration in the antral mucosa is
actually decreased (50), rather than in-
creased as expected. Uptake of amoxy-
cillin occurs from the gastric lumen,

with a significant correlation between
luminal and tissue concentrations of
amoxycillin. The precise mechanism of
proton pump synergism with anti-H pylori

agents requires further understanding.
Twice-a-day dosing is essential for

optimal eradication rates for proton
pump inhibitors plus amoxycillin (20
mg bid omeprazole plus 20 g bid
amoxycillin). Adverse effects occur
in fewer than 5% of patients on this
regimen, but in over 25% of patients
on triple therapy (51). Amoxycillin
as capsules is as good as liquid for
eradication of H pylori. It is unclear
whether pretreatment with proton
pump inhibitors may reduce eradica-
tion rates.

Failure of double therapy can be fol-
lowed by another course of double or
triple therapy. There may be sanctuary
sites in the stomach to prevent success-
ful eradication therapy. The combina-
tion of bismuth, metronidazole and
tetracycline/amoxycillin gives eradica-
tion rates above 80%. Alarm concen-
trations of bismuth above 50 mg/L do
not occur except in patients with renal
failure. Smoking may interfere with tri-
ple therapy. Metronidazole resistance
occurs in 35% of patients after the sec-
ond course of triple therapy. Acquired
resistance is also common with
clarithromycin. Smoking may interfere
with the redox action of metronidazole.
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