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ABR THOMSON. Helicobacter pylori: From infection to cure. Can
J Gastroenterol 1996;10(3):167-172. Over 380 abstracts, pres-
entations and posters of recent advances were highlighted at the
European and International Helicobacter pylori meeting held July 7
to 9, 1995 in Edinburgh, Scotland. New advances abound, with
major interest focusing on the simple, safe, inexpensive new ‘gold
standard’ for H pylori eradication therapy: a single week of tid ome-
prazole 20 mg, metronidazole 400 mg and clarithromycin 250 mg,
or omeprazole 20 mg, amoxicillin 1000 mg and clarithromycin 500
mg. To avoid false negative results, two biopsies must be taken
from the antrum and two from the gastric body at least four weeks
after completion of eradication therapy, and ideally should be sup-
plemented with at least one further H pylori test such as a biopsy for
urease activity or culture, or a urea breath test. While most pa-
tients with a gastric or duodenal ulcer (DU) who do not consume
nonsteroidal anti-inflammatory drugs are infected with H pylori,
the association is much less apparent in those with a DU who pres-
ent with an upper gastrointestinal hemorrhage. H pylori eradica-
tion for nonulcer dyspepsia is not widely recommended, and the
patient with a DU given effective H pylori eradication who pres-
ents with dyspepsia likely has erosive esophagitis rather than re-
current DU or H pylori. Gastroenterologists are at increased risk of
H pylori infection, particularly older gastroenterologists who are
very busy endoscopists.
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Helicobacter pylori : de I'infection a la guérison

RESUME : Plus de 380 résumés, présentations et affiches sur les ré-
centes percées accomplies dans le domaine ont été présentés dans le
cadre d’une récente conférence européenne et internationale sur Heli-
cobacter pylori, tenue du 7 au 9 juillet 1995 a Edimbourg, en Ecosse. Les
nouvelles percées sont nombreuses, mais le principal intérét portait
surtout sur un nouvel étalon-or simple, sir et peu cofliteux pour le
traitement d’éradication de H. pylori : une seule semaine d’un schéma
t.i.d. d’oméprazole 20 mg, métronidazole 400 mg, clarithromycine
250 mg ou oméprazole 20 mg, amoxicilline 1 000 mg et clarithro-
mycine 500 mg. Pour éviter les résultats faussement négatifs, deux bi-
opsies doivent étre prélevées a partir de I'antre et deux a partir du corps
de 'estomac, au moins quatre semaines apres la fin du traitement d’é-
radication et idéalement, confirmées par au moins un autre test de
dépistage de H. pylori, comme une biopsie pour vérifier 'activité de
I’uréase ou une culture ou la mesure de I'urée respiratoire. Si la plupart
des patients atteints d’ulceres gastriques ou duodénaux qui ne pren-
nent pas d’anti-inflammatoires non stéroidiens sont infectés a H. py-
lori, Passociation est beaucoup moins évidente chez les patients
souffrant d’un ulcére duodénal qui présentent une hémorragie des
voies digestives supérieures. L'éradication de H. pylori en présence de
dyspepsie non ulcéreuse n’est pas trés recommandée et le patient souf-
frant d’un ulcére duodénal qui recoit un traitement d’éradication effi-
cace contre H. pylori et qui souffre de dyspepsie présente probablement
une oesophagite érosive plutot qu'un ulcére duodénal récurrent ou une
infection a H. pylori. Les gastro-entérologues sont exposés a un plus
grand risque d’infection a H. pylori, surtout les gastro-entérologues
plus 4gés qui effectuent beaucoup d’endoscopies.
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Recent advances, presented at the European and Inter-
national Helicobacter pylori meeting held July 7 to 9,
1995 in Edinburgh, Scotland, are highlighted, including the
new ‘gold standard’ for H pylori eradication therapy. Topics
discussed are the epidemiology and transmission of H pylori,
bacterial pathogenic factors, ulcer pathogenesis (gastritis
and gastrointestinal physiology), gastric cancer and lym-
phoma, diagnosis of human infection and trials resulting in a
new standard for eradication therapy.

EPIDEMIOLOGY AND TRANSMISSION:
THE HOST

H pylori is viable in water, and its mode of transmission
may be fecal-oral in developing countries or oral-oral in de-
veloped countries. The rate of H pylori acquisition in Finland
has declined; it was higher in cohorts born in 1926 or 1936
than in those born in 1946 or 1956, supporting the hypothe-
sis that H pylori infection and subsequent gastritis are mainly
acquired in childhood (1).

While H pylori infection is a predominant cause of duode-
nal ulcers (DU), in persons presenting with bleeding DU,
H pylori infection is less common (2). The reason for this dif-
ference is unknown, but it highlights two important clinical
points. First, while DU in a person not taking nonsteroidal
anti-inflammatory drugs (NSAIDs) and not bleeding may be
taken as likely proof of an H pylori infection, in a patient
with bleeding DU, care must be taken to determine whether
H pylori infection is present. Second, and in keeping with
the American National Institutes of Health consensus
guidelines, because of the high risk of recurrent ulceration
with hemorrhage, patients with bleeding DU need to be
considered for maintenance acid-lowering therapy to pre-
vent further potentially dangerous complications.

As gastroenterologists, must we be concerned about our
potential risk of developing H pylori? Yes — the prevalence of
H pylori in gastroenterologists in France increases with age,
from 18.7% at age 30 to 34 years to 55.3% at age 55 to 59
years (3). When stratified by age group, the prevalence of
H pylori infection increases with the number of endoscopies
performed by senior physicians (3).

THE ORGANISM: BACTERIAL
PATHOGENIC FACTORS

Most H pylori strains implicated in peptic ulcers and gas-
tric cancer produce a vacuolating cytotoxin and an immuno-
dominant cytotoxin-associated protein encoded by the vacA
and cagA genes, respectively (4). The vacA Sla signal se-
quence is more common in DU patients. CagA strains are as-
sociated with a higher bacterial load, and more inflamma-
tion, erosions and cytokine production, ie, cagA is a marker
for proinflammatory events. If cagB (picA) or cagC (picB) are
knocked out, there is less interleukin (IL)-8 production.
Many H pylori strains from asymptomatic carriers produce
neither vacA nor cagA protein. An approximately 21 kb seg-
ment present only in cagA+ strains (cagll, second
cytotoxin-associated gene segment) has been found (5).
Specific vacA signal sequence types are associated with the
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ability of H pylori strains to cause DU and gastric ulcers (GU),
and with the degree of gastric inflammation these strains in-
duce (6). A second essential virulence factor is H pylori adhe-
sion to gastric epithelial cells, and H pylori strains from DU
patients are both more adhesive and more cytotoxic than
strains from patients with chronic gastritis (7). HspA is a
aroES homologue in H pylori of 118 amino acids with a
unique carboxy-terminus that is more common in H pylori-i-
nfected individuals with gastric cancer than in those with at-
rophy (8).

H pylori survives in acidic pH in the presence of urea
but does not survive at neutral pH depending on the urea
concentration. Gene expression of H pylori is strongly regu-
lated in response to environmental changes such as pH and
urea, indicating that gastric acid and urea play an important
role in the physiology and, therefore, survival of H pylori in
acid (9).

ULCER PATHOGENESIS

Gastritis: Large gastric folds seen radiologically or endo-
scopically may result from infectious, inflammatory, infiltra-
tive or ischemic disorders involving part or all of the gastric
wall. H pylori gastritis is associated with mucosal edema as
well as infiltration of the mucosa and submucosa with neutro-
phils, eosinophils, microphages and lymphocytes. H pylori in-
fection is a common cause of thickened gastric folds, and after
eradication therapy the thickening shown by endoscopic ul-
trasound resolves (10).

Rarely, seroconversion of H pylori occurs (0.6% per an-
num), causing the spontaneous disappearance of the H py-
lori-associated chronic gastritis (11).

H pylori gastritis is associated with a reduction in the
depth of the tight junctions and in the number of tight junc-
tion strands (12). Chemotactic signals are necessary for local
accumulation of granulocytes as a response to acute bacterial
infection, and the alterations in tight junctions may be im-
portant for this. H pylori up-regulates IL-1-beta and tumour
necrosis factor-alpha gene transcription, as well as intercel-
lular adhesion molecule-1 (13).

Using a highly specific and sensitive monoclonal anti-
body to H*/K*-ATPase, it has been shown that the preva-
lence of parietal cells in the duodenal bulk is higher in
H pylori-negative recurrent DU patients than in either H py-
lori-positive DU patients or H pylori-negative healthy con-
trols (14).

H pylori infection is worse in the antrum, not necessarily
because the load is less, but rather because the acid secreted
in the gastric body is partially neutralized by the ammonia
produced by H pylori. The proinflammatory effect of the
H pylori in the antrum is buffered less by the parietal cell-
produced hydrogen chloride and thus inflammation is
greater. With any acid-lowering therapy (antacids, H; recep-
tor antagonists, proton pump inhibitors) there is less acid in
the gastric body and antrum, leading to more inflammation.
Gastrointestinal physiology: Many people are infected with
H pylori but only some develop DU. This may be related, in
part, to variations in the strain of H pylori, but is also partly re-
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lated to differences in the physiological response of the host.
Hypochlorhydria develops in patients with chronic atrophic
gastritis and acute H pylori infection, while patients who de-
velop H pylori-positive DU will have enhanced basal acid
output (BAO), and increased acid output stimulated with
gastrin 17, pentagastrin and gastrin releasing peptide (GRP).
H pylori infection results in hypergastrinemia, and its magni-
tude is similar in those with and without DU. Parietal cell
sensitivity to gastrin 17 infusion is increased in
H pylori-positive DU patients and decreased in H pylori-pos-
itive healthy volunteers, compared with H pylori-positive
healthy volunteers (15). The cagA strain does not influence
acid secretion. In contrast, there is no difference between
H pylori-positive and H pylori-negative healthy volunteers
in response to the infusion of graded doses of pentagastrin
with respect to BAO, maximal acid output (MAQO), penta-
gastrin sensitivity or, near the epithelial interface, postpran-
dial gastrin profile (16).

Hypergastrinemia associated with H pylori infection may
be due to an alkaline microclimate resulting from the pro-
duction of ammonia by H pylori or to a water-soluble protein
released from H pylori (17). Abnormalities in peptide-
containing cells may also be important; infusion of GRP
causes a greater increase in plasma gastrin in H pylori-pos-
itive than in H pylori-negative dyspeptic nonulcer patients,
and a greater increase in antral mRNA for gastrin and soma-
tostatin (18). This up-regulation of gene expression may be
caused by inflammatory cytokines such as IL-8. Following
eradication of H pylori, the elevated number of antral G cells
persists but the reduced number of antral somatostatin con-
taining D cells returns to normal (19). Because the elevated
plasma gastrin falls to normal but the antral G cells remain
elevated despite H pylori eradication, G cell sensitivity is
presumably altered. In H pylori-positive nonulcer patients,
eradication decreases body gastritis in mRNA, but does not
change it in H pylori-positive DU patients (20). Body gastri-
tis is typically present in H pylori-positive nonulcer patients
but is characteristically absent in H pylori-positive DU pa-
tients, suggesting that mucosal inflammation affects the ex-
pression of somatostatin in H pylori. This also supports the
suggestion that H pylori reduces somatostatin in the antrum,
reducing the inhibition on G cell numbers, thereby leading
to hypergastrinemia.

Hypergastrinemia does not occur in all DU patients, pos-
sibly because of differences in the infective load of H pylori
(21,22). The relationship between hypergastrinemia and
elevated BAO or MAQO remains unclear because eradication
of H pylori normalizes the previous basal and stimulated (in-
tegrated) hypergastrinemia in DU patients, but BAO and
MAO remain elevated up to five months later (23). The
physiological elevation of gastrin with omeprazole therapy is
higher in H pylori-positive than in H pylori-negative sub-
jects, suggesting that H pylori-associated inflammation sensi-
tizes the G cell to hypochlorhydria (24).

In H pylori-negative recurrent DU patients, median BAO
and peak acid output after pentagastrin or GRP remained
high, with the PAOp, in the H pylori-positive DU range
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(14), suggesting that there may be a subset of DU patients
who retain high acid outputs.

GASTRIC CANCER AND LYMPHOMA

H pylori is classified as a group I carcinogen. Eradication of
H pylori results in rapid histological and slower molecular
regression of H pylori-associated low grade gastric mucosa-
associated lymphoid tissue (MALT) lymphomas (25). The
neoplastic cells in MALT lymphomas may indirectly de-
pend on H pylori stimulation through an autoimmune mech-
anism (26). CagA is positive in 51% of patients with
MALTomas.

The allele frequency of DQA1*0102 is higher in H py-
lori-negative gastric cancer patients than in gastric cancer
patients positive for H pylori (27). While H pylori infection
may be associated with severe atrophic gastritis and gastric
cancer in high cancer risk ethnic groups, the differences in
cancer risk appear to be related more to H pylori infection
than to the presence of atrophy (28). Gastric atrophy has
epidemiology different from that of H pylori infection, so the
H pylori-atrophic gastritis-gastric cancer link is not straight-
forward.

H pylori causes chronic inflammation, with increased cell
turnover, increased oxygen free radicals and reduced vitamin
C concentrations in gastric juice. These factors are present in
H pylori-infected persons with DU, yet their risk of gastric
cancer is fourfold reduced. The number of parietal cells is
normal in people with gastric cancer so hypochlorhydria is a
functional problem. Thus, it is unclear why some persons
with H pylori develop gastric cancer.

Vaccines are being studied for the prevention and clear-
ance of H pylori. Candidates include heat shock proteins, re-
combinant urease enzyme and vacA. H pylori has evolved to
evade the mucosal immune response that accompanies natu-
ral infection, but in mice it is possible to convert an ineffec-
tive to an effective anti-H pylori immune response by
presentation of antigen with mucosal adjuvants such as
heat-labile enterotoxin of Escherichia coli (29). Inactive re-
lease apoenzyme may have a role as a therapeutic vaccine in
the induction of mucosal immunity and clearance of H pylori
infection, at least in a mouse model (30).

DIAGNOSIS OF HUMAN INFECTION

Although histology is a sensitive method for diagnosis of
H pylori infection, it is not specific, and false negative results
arise from low numbers of organisms or the development of
coccoid forms. When only one biopsy sample was taken from
the gastric antrum or body for culture of H pylori, false nega-
tives were seen in approximately 25% of results at pretreat-
ment (31). In situ hybridization may prove to be additionally
sensitive for diagnosis of H pylori, especially when the bacte-
rial load is low (32). There is less H pylori colonization den-
sity after acid suppression, after eradication therapy or with
the development of atrophic gastritis (33). If only one antral
biopsy is used, 10% of H pylori infections are missed; if two
antral biopsies are used, 5% of the H pylori infections are
missed — the other 5% are in the gastric body.
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The 3C-urea breath test (UBT) is a popular noninvasive
method of diagnosing H pylori infection. The patient does
not need to be fasting (34), although some authors suggest
that a fatty meal or citric acid be used to delay gastric empty-
ing (35). The labelled area may be given in a capsule to
avoid the potential effect of urease-producing bacteria in the
oropharynx (36). The magnitude of the UBT or H pylori im-
munoglobulin G serology cannot be used to predict the pres-
ence or absence of gastroduodenal ulcers (37). The UBT is
usually repeated one month after eradication therapy, but
may show successful eradication earlier (38).

There are wide differences in the reliability of rapid
urease tests. The CLO test (Axcan) and Hpfast test result in
an erroneous categorization of H pylori status for 3% to 10%
of cases, and the Pylori Tek test may be even less accurate
(39). The Helisal whole blood, serum and saliva tests (Ax-
can) have lower diagnostic accuracy than the 4C-UBT (40)
or serology (41). The Helisal rapid blood test (Axcan) gives
a sensitivity of only 88% to 92% (42,43).

The prevalence of GU in patients not taking NSAIDs is
reported to be lower than that in patients with DU, but
when vigorous diagnostic methods are used, such as multiple
testing including histology (two from the antrum and two
from the body), urease test, culture, UBT or serology, H py-
lori infection may be as common in GU patients as in DU pa-
tients (44). Interestingly, mucosal inflammation in
H pylori-positive dyspeptic patients results in an increased
number of blood leukocytes (45).

TRIALS: A NEW STANDARD FOR
ERADICATION THERAPY

The American Food and Drug Administration has re-
cently indicated that H pylori eradication is an acceptable
surrogate for reduced DU and GU recurrence for the purpose
of clinical trial designs and for patients not taking chronic
NSAIDs (46). The new ‘gold standard’ for simple (one week
of tid therapy), safe and efficacious (at least 95% H pylori
eradication) eradication of H pylori in patients with DU dis-
ease, either active or in remission, has been demonstrated in
the Mach 1 multicentre study involving 787 patients. Ome-
prazole 20 mg, metronidazole 400 mg and clarithromycin
250 mg, each given bid for one week, or omeprazole 20 mg,
amoxicillin 1000 mg and clarithromycin 500 mg, each given
bid for one week, satisfy criteria for optimal treatment of
H pylori (47). Similarly high (96%) H pylori eradication rates
were reported from a single centre using the first treatment
(48-50). An eradication rate of 94.6% was reported for ome-
prazole 20 mg and tinplazole (not available in Canada) 500
mg bid plus clarithromycin 250 mg bid, with the antibiotics
given for one week and omeprazole given for one month.
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The low dose, inexpensive, one-week Bologna regimen
(omeprazole 20 mg daily, metronidazole 400 g bid, clarithro-
mycin 250 g bid) and the two-week Bordoux regimen (ome-
prazole 20 mg bid, amoxicillin 1 g bid, clarithromycin
500 g bid) achieve eradication rates of 90% to 100%, and
represent a European standard.

Substituting lansoprazole 30 mg bid for omeprazole, plus
amoxicillin 1 g bid and clarithromycin 500 mg bid for two
weeks, gave an eradication rate of 95% in a small study (21
subjects) (51). About 60% of patients who fail on omepra-
zole plus clarithromycin develop clarithromycin resistance.
However, in the presence of omeprazole, eradication may
still be possible with metronidazole or clarithromycin, de-
spite pretreatment resistance. Resistance can depend on ge-
ography; for example, clarithromycin resistance is 0% in the
United States, about 3% in Britain and 10% in France.

Lower rates of eradication (60%) are seen with dual ther-
apy with omeprazole 20 mg plus amoxicillin 1 g bid for two
weeks (50,52). Less effective eradication regimens may be as-
sociated with higher reinfection rates.

Ranitidine bismuth citrate (RBC) is a novel compound
with antisecretory, cytoprotective and anti-H pylori proper-
ties. Eradication rates of 82% to 94% have been obtained
with RBC 400 mg bid for four weeks plus clarithromycin
500 mg tid for two weeks (53-55), compared with eradica-
tion rates of 68% to 74% with RBC 800 mg bid plus amox-
icillin 500 mg qds for two weeks followed by RBC alone for
two weeks (56,57).

Smoking may (58) or may not (59) reduce eradication
rates, and may affect pretreatment resistance to, for example,
clarithromycin (60) or metronidazole (61). Smoking may be
a risk factor for metronidazole resistance (62).

In dyspeptic patients eradicated of H pylori infection, re-
current dyspeptic symptoms occurring one to five years fol-
lowing eradication were due to endoscopically proven reflux
esophagitis (9.9%), and less commonly to H pylori and DU
recurrence (1.7%) (63). Is there any proven rationale for
eradicating H pylori in a patient with proven gastroesophag-
eal reflux disease? No, but H pylori-associated gastritis wors-
ens with prolonged acid inhibition, and one can argue that it
is important to normalize the mucosa when this infection
may be associated with an increased risk of gastric cancer.

Intragastric acidity in patients given omeprazole is greater
without than with H pylori infection, ie, H pylori augments
the pH-raising effect of omeprazole in DU patients (64). The
clinical significance of this observation is unknown. The ef-
fectiveness of H,-receptor antagonists at night-time may
also be less after H pylori eradication.
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