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Abstract. Helicobacter pylori (H. pylori) is a spiral shaped bacterium that resides in the stomach

mucosa. Isolation of H. pylori from the stomach mucosa changed the erstwhile widely held belief that

the stomach contains no bacteria and is actually sterile. Once H. pylori is safely ensconced in the

mucus, it is able to neutralize the acid in the stomach by elaborating an enzyme called urease. Urease

converts urea, of which there is an abundant supply in the stomach (derived from saliva and the

gastric juice), into bicarbonate and ammonia, which are strong bases. These bases form a cloud of acid-

neutralizing chemicals in the vicinity of the organisms, protecting them from the acid in the stomach.

This urea hydrolysis reaction is utilized for the diagnosis of H. pylori infection in the urea breath test

(UBT) and the rapid urease test (RUT). In Japan, both invasive tests, such as bacterial culture, histo-

pathology and RUT, and non-invasive tests such as UBT and serology are conducted for the diagnosis

of H. pylori infection. For confirming the results of eradication therapy, UBT is considered to be the

most sensitive and specific. In order to treat H. pylori infection, a new one-week triple therapy regimen

(lansoprazole or omeprazoleBamoxicillinBclarithromycin) has been approved for use in patients with

peptic ulcer disease in Japan. As for H. pylori eradication in the case of other diseases in which the

bacterium has been implicated (e.g., chronic atrophic gastritis, gastric MALT lymphoma, gastric cancer,

non-ulcer dyspepsia, chronic urticaria, idiopathic thrombocytopenic purpura (ITP)), further basic and

clinical investigation is required. (Keio J Med 52 (3): 163–173, September 2003)
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Introduction

Twenty years ago in Australia, Marshall and Warren
became the first in the world to succeed in culturing
Helicobacter pylori (H. pylori) from the gastric mucosa
of patients with gastritis.1 Since Palmer2 denied the ex-
istence of micro-organisms in human stomach, it had
been thought that it is nearly impossible for any micro-
organism to survive in the gastric acidic environment.
However, some micro-organisms had already been dis-
covered in the stomach in the 1890s.3 In Japan also,
Katsuya Kasai and Rokuzo Kobayashi of the Kitasato
Institute reported isolating a spirochete-like organism,
that might have been Helicobacter felis, from the stom-
ach of dogs and cats, but not that of laboratory animals,

and demonstrated that when rabbits infected with the
spirochetes isolated from dogs or cats were inoculated
with the virus fixe, marked hemorrhagic inflamma-
tion occurred in the gastric mucosa.4 They also demon-
strated that spirochetes inoculated into the gastric
mucosa of the mouse could be eradicated by the ad-
ministration of arsaminol4 (a modern equivalent of
arsaminol is thought to be bismuth, a close relative of
arsenic). Seventy years have elapsed before scientists
are again attempting to treat gastritis associated with
Helicobacter infection. To commemorate Kobayashi’s
achievements in the field of Helicobacter research, the
‘‘Rokuzo Kobayashi Memorial Symposium on Heli-
cobacter pylori’’ was held on May 11, 2002 at the Kita-
kan Hall of the Keio University Mita Campus.5 In this
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symposium, Dr. Thomas F. Meyer had a special lecture
entitled ‘‘Helicobacter pylori – From molecular genetics
and pathogenesis studies to vaccine design –’’,6 Dr.
Barry J. Marshall had a historical special lecture enti-
tled, ‘‘Kobayashi and Helicobacter pioneers’’,7 and Dr.
Kenneth E.L. McColl gave a lecture entitled ‘‘How
does H. pylori infection cause gastric cancer?’’.8

H. pylori is a spiral-shaped gram-negative rod, mea-
suring approximately 3–5 microns in length. The bac-
teria possess numerous long flagella, flailed movements
of which allow them to advance vigorously with forceful
screw-like movements, much like the spinning of the bit
of a drill.9 How does H. pylori survive in the strong acid
environment of the stomach? The organism elaborates
a large amount of urease, an enzyme that breaks down
urea. When it releases urease, the urea present in the
mucus layer of the stomach is converted into ammonia,
which quickly neutralizes the acid in the immediate
vicinity of the organism, thereby protecting it from the
strong acidic environment of the stomach. The ability
of the bacterium to elaborate urease, which neutralizes
acid, together with its vigorous movements enables H.
pylori to infect and colonize the gastric mucosa.

Mongolian Gerbil Models for H. pylori Infection

A recently established animal model for H. pylori-
associated gastric disease, produced by inoculating this
bacterium to Mongolian gerbils,10 is useful for in vivo
observation of H. pylori-infected gastric mucosa. In this
model, we previously reported the significant levels
of gastric mucosal neutrophil accumulation, and the
increase in the contents of lipid peroxides.11,12 In
the same model, Japanese investigators revealed the
formation of gastric cancer by inoculating only H.
pylori.13,14 Although the exact mechanisms by which
H. pylori infection results in gastric mucosal injury are
unclear, it has been demonstrated that the extracts of
the bacterium can induce a number of microvascular
alterations within the rat gastric mucosa, including pla-
telet aggregation and macromolecular leakage.

Initial Gastric Mucosal Response to H. pylori

The Mongolian gerbil (MGS/Sea, 5–7 weeks) inocu-
lated with H. pylori10 is a suitable model for observing
H. pylori-associated gastric mucosal response. In our
laboratory, in vivo microcirculation in the gastric
mucosa is visualized through an intravital microscope
using a digital color 3CCD camera.15 The bacterial
body of H. pylori was detected in the mucus layer. The
velocity of rolling leukocytes on the venular endothe-
lium and the number of adherent leukocytes could be
calculated by the playback image analysis.9

In the normal uninfected gastric mucosa of gerbils,
the mesh of a capillary network is clearly seen between
the large collecting venules. After the intragastric inoc-
ulation with H. pylori, the bacterial body moves in the
mucus layer by the screw-like force of the flagella and
adheres on the surface of epithelial cells of the pyloric
antrum within several hours. The bacteria force their
way through the mucus, and in large numbers work
themselves closer to the epithelium. Once the tips of
the bacterial body come into contact with the surface
epithelium, the H. pylori in the mucous layer starts to
establish colonies vigorously, and then firmly adheres
to the surface epithelial cells. As a result of the ener-
getic movement and the activity of urease, the bacteria
break through the mucus layer and establish a coloni-
zation of the gastric mucosa.

Four weeks after the bacterial inoculation, no con-
spicuous changes in the gastric mucosa were seen mac-
roscopically. However, when we observed the gastric
mucosal microcirculation with the intravital microscope,
some pathophysiological events occurred surrounding
the collecting venules. Particularly, a phenomenon in
which neutrophils are rolling along the luminal surface
of the venular endothelium, or are adhering to it is
documented. Eight weeks after the bacterial inocula-
tion, macroscopic gastric mucosal damage had appeared
in the pyloric antrum, near its border with the body of
the stomach.

At the 12th week after the inoculation, the mucosal
erosive lesion in the antrum was covered with necrotic
tissue. Closer examination revealed considerable exfo-
liation of the epithelial cells and stagnation of the
microvascular blood flow. There were great numbers of
neutrophils adherent to the venular walls, and many
neutrophils had extravasated. The velocity of rolling
leukocytes in the mucosal and submucosal venules
decreased in a time-dependent fashion in the H. pylori
group.9 Histological findings also showed a large num-
ber of leukocytes mainly in the submucosa in the stom-
ach with H. pylori infection. Tissue myeloperoxidase
(MPO) activity of the stomach started to increase sig-
nificantly in the H. pylori-colonized gerbils at 12th week
after the inoculation to a level eight fold that of the
control.12 Sixteen weeks after the infection, the area of
mucosal injury had expanded and the mucosa itself had
become noticeably thicker. Exfoliated epithelial cells in
the mucus layer fragmented into small particles, sug-
gesting they died as a result of apoptosis. Surrounding
this portion, many leukocytes could be observed (Fig.
1). These leukocytes migrate from the venules to the
deeper layers and then emerge on the mucosal surface.
It is known that, as a result of leukocyte activation,
large amounts of substances with deleterious effects on
the gastric mucosal cells, such as reactive oxygen
metabolites, are produced through the NADPH oxi-
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dase on the membrane of neutrophils. Of these sub-
stances, the monochloramine (NH2Cl) which is pro-
duced by the H. pylori urease-derived NH3 and neu-
trophil myeloperoxidase-derived HOCl, plays an
important role on the gasric mucosal cell injury in the
H. pylori-infected stomach.16,17

Gastric Mucosal Cell Turnover and H. pylori Infection

Gastric mucosal cell turnover is regulated by the
balance between cell death and cell proliferation in the
gastric mucosal epithelium. Such a regulated cell turn-
over is mandatory to keep healthy gastric mucosal
integrity. Peek et al. investigated the level of gastric
epithelial apoptosis and proliferation in H. pylori-
colonized gastric mucosa of Mongolian gerbils at the
earlier phase after the bacterial inoculation and de-

picted an initial transient enhancement of cell apoptosis
(2–4 weeks) and later increase in cell proliferation (16–
20 weeks). We also previously reported that while the
level of apoptosis increased with the extension of H.
pylori-evoked gastric mucosal inflammation in C57BL/6
mice, the enhanced level of apoptosis was significantly
attenuated in H. pylori-colonized gastric mucosa of
Mongolian gerbils with an enhanced inflammation and
epithelial proliferation in the gastric mucosa in the
longer-term colonization (36 and 72 weeks after the
bacterial inoculation)18 and suggested the possible link
of an attenuated gastric mucosal apoptosis with a spe-
cific carcinogenesis in gerbils after H. pylori coloniza-
tion.13,14

One of the candidates for an apoptosis regulator
might be p53. Mutations of the p53 tumor suppressor
gene constitute one of the most frequent molecular
changes in a wide variety of human cancers. Fox et al.19

Fig. 1 Histological findings of the H. pylori-colonized-gastric mucosa of Mongolian gerbils at the 16th week after inoculation. a) Control, non-
infected gastric corpus mucosa (�10 objective lens). b) Control, non-infected gastric corpus mucosa (�40 objective lens). c) H. pylori-colonized-
gastric corpus mucosa (�10 objective lens). d) H. pylori-colonized-gastric corpus mucosa (�40 objective lens).
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examined p53þ=� mice with H. felis inoculation and
reported a significant enhancement of gastric mucosal
cell proliferation at 48 weeks after the inoculation
compared with the same strain-colonized stomach of
wild-type p53þ=þ mice. We also reported using the
same p53þ=� mice as Fox et al. that no difference in the
level of apoptosis and proliferation in the gastric
mucosa was seen 24 weeks after H. pylori (not H. felis)
inoculation.20 Yamamoto et al.21 investigated the sus-
ceptibility of p53 nullizygote �=�, heterozygote þ=� and
wild-type þ=þ mice to N-methyl-N-nitrosourea (MNU)
gastric carcinogenesis and reported that no adenocarci-
noma in the stomach was observed in a p53þ=� mouse.
These results suggest that the heterozygous mutation of
p53 may not be enough to induce mouse gastric pre-
neoplastic and neoplastic lesions even by the adminis-
tration of a chemical carcinogen. These previous studies
suggest that the additional genetic change is necessary
to evoke a dysregulation of gastric mucosal cell turn-
over in the H. pylori-colonized stomach.

Although the role of iNOS in the H. pylori-colonized
stomach still remains unclarified, many reports showed
the iNOS involvement in the extension of gastric
mucosal inflammtion with H. pylori infection. Kiss
et al.22 examined the actions of a purified H. pylori
lipopolysaccharide (LPS) on rat gastric antral and duo-
denal microvascular integrity (determined as radio-
labelled albumin leakage) and the expression of
iNOS. According to their study, significant increases
of albumin leakage and expression of iNOS in both
antral and duodenal tissues were observed following
LPS challenge. Recently Watanabe et al.23 reported
as in vitro study that chemical iNOS suppression by
iNOS inhibitor (aminoguanidine) attenuated H. pylori-
induced apoptosis of MKN45 cells, suggesting an im-
portant role of iNOS for evoking gastric cellular
apoptosis. In iNOS�=� mice, although gastric mucosal
leukocyte accumulation in response to H. pylori was
significantly increased, the level of gastric mucosal
apoptosis was significantly attenuated, suggesting a key
role of iNOS-derived NO for the induction of gastric
epithelial apoptosis.24

The iNOS may be regulated by the oxidant-sensitive
transcription factor, nuclear factor-kappaB (NF-kB).
Lim et al.25 reported that H. pylori induced cytotocixity
of gastric cells time- and dose-dependently, which
occurred with induction in iNOS expression and nitrite
production. In their study,25 while a peroxynitrite do-
nor and a nitric oxide donor induced dose-dependent
cytotoxicity in gastric cells, catalase, an inhibitor of
NF-kappaB activation; pyrrolidine dithiocarbamate
(PDTC), iNOS inhibitors; N(G)-nitro-L-arginine-
methyl ester (L-NAME), and 2-amino-5,6-dihydro-6-
methyl-4H-1,3-thiazine (AMT) prevented H. pylori-
induced cytotoxicity and apoptosis, suggesting a possi-

ble link between iNOS and its derivatives with gastric
cytotoxicity.

The levels of both oxidized and nitrated proteins
were significantly higher in inflamed gastric tissue sam-
ples infected with H. pylori, especially cagAþ strains,
and in those with expression of IL-8 and iNOS mRNAs
than in those negative for these parameters,26 indicat-
ing that infection with cagAþ H. pylori would induce
significant oxidative stress and iNOS expression in the
gastric mucosa, contributing to the pathogenesis of H.
pylori-associated gastroduodenal diseases.

Indications for H. pylori Eradication Therapy

There is worldwide consensus that H. pylori eradi-
cation prevents ulcer recurrence without any mainte-
nance antisecretory therapy.27 In Japan, similar results
have also been obtained; a large-scale multicenter clin-
ical trial of H. pylori eradication in patients with active
ulcers using proton pump inhibitors plus an antibiotic
demonstrated the inhibitory effect of eradication on
ulcer recurrence. From the medico-economic ponit of
view, it is also clear that H. pylori eradication reduces
medical costs. Thus, the presence of H. pylori-positive
gastric ulcers or duodenal ulcers is an indication for
eradication therapy.

According to the recently revised guidelines pub-
lished by the Japanese Society for Helicobacter Re-
search on February 24th, 2003,28 H. pylori eradication
therapy is also recommended in patients with gastric
low-grade MALT lymphoma. In patients after endo-
scopic mucosal resection of gastric cancer, those with
atrophic gastritis and those with gastric hyperplastic
polyps, H. pylori eradication therapy might be effec-
tive. In terms of patients with non-ulcer dyspepsia
(NUD), gastroesophageal reflux disease (GERD) or
extra-gastric diseases, the significance of H. pylori
eradication therapy is still under evaluation. Consider-
ing the high prevalence of gastric cancer in Japan, a
drive for eradication of H. pylori should be undertaken
urgently to reduce the incidence of gastric cancer.

Epidemiology of H. pylori Infection in Japan

H. pylori is believed to be transmitted via the oral
route. Many researchers believe that H. pylori is trans-
mitted by the orofecal route through the ingestion of
food or water. In addition, it is also possible that H.
pylori is transported from the stomach to the mouth in
association with gastro-esophagal reflux (in which the
contents of the stomach are refluxed in small amounts
into the esophagus) or belching, both common symp-
toms of gastritis; the bacterium could then be transmit-
ted via the oro-oral route.
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The prevalence of H. pylori infection in Japan is ex-
tremely low in younger age groups, similar to the case
in other developed countries, and subsequently the in-
cidence increases rapidly until it reaches a plateau of
about 70% in 50-year-old subjects.29 This phenomenon
is attributable to people around 50 years of age having
been born soon after World War II and spent their
childhood under poor hygienic conditions.

It has been reported that H. pylori infection may be
associated with chronic gastritis regardless of the strain
of the infecting organism, and that the course of the
disease, however, does depend on such environmental
factors as the diet, duration of infection, the age at
the time of occurrence of H. pylori infection, the viru-
lence of the H. pylori strains, and various host factors,
including genetic make-up.

Little is known about factors, apart from poor liv-
ing conditions during childhood, that affect either the
acquisition or elimination of H. pylori infection.30
Lifestyle factors operating during adulthood, such as
smoking and alcohol consumption, may influence spon-
taneous eradication of the organism. Although studies
investigating the relationship between antibody evi-
dence of H. pylori infection and these factors have
provided inconsistent findings,31–33 it must be borne
in mind that serological tests may misclassify as still
infected those individuals in whom the organism has
already been eradicated. Recent studies on subjects
with evidence of active H. pylori infection, as measured
by the 13C-urea breath test, found no association be-
tween smoking and H. pylori infection, whereas coffee
consumption was positively related to the infec-
tion.34,35 A strong inverse association between H.
pylori infection34 and alcohol consumption (especially
wine) was reported from one study, but a subsequent
report indicated that the relationship was U-shaped and
unrelated to the type of beverage consumed.36

Although H. pylori has been found throughout the
stomach, H. pylori-associated inflammation is often
mild, superficial or even absent in the gastric corpus.37
In the natural history of gastritis associated with H.
pylori infection, the inflammation progresses from the
antrum to the adjacent corpus along a line of advancing
injury, associated with a reduction of acid secretion and
eventually, loss of parietal cells and the development of
gastric mucosal atrophy.38–40 This scenario, however, is
not inevitable. In the general population, progression of
gastric mucosal atrophy occurs at the rate of 1–2% per
year.38 Several studies have suggested an annual in-
crease in the severity of gastritis affecting the corpus of
approximately 6% amongst H. pylori-infected patients
with GERD.41–46 The rate of progression from active
gastritis to gastric mucosal atrophy varies in different
geographical regions in relation to other environmental
factors, and, although diet is probably the most impor-

tant event causing a reduction of acid secretion, other
factors, such as childhood infections, may also be very
important.47–49 The rate of development of the disease
and the proportion of the population with atrophic
gastritis are critical determinants of the risk of gastric
cancer in the population.47

Intervention Trial of H. pylori in Japan

To investigate whether or not a causal link exists
between H. pylori infection and gastric cancer, an in-
tervention study called JITHP (Japanese Intervention
Trial of H. pylori) was planned in 1994 under the aus-
pices of 2nd Term Comprehensive Strategies for Can-
cer Control in Japan, organized by the Ministry of
Health and Welfare. Although the trial was performed
by 145 affiliated institutions (including Keio University
Hospital) from all over Japan, difficulties related to pa-
tient accrual were confronted during the trial, as a re-
sult of which only one of two factors taken into consid-
eration initially could be evaluated in the study. That is,
only the influence of H. pylori eradication in preventing
the onset and progression of gastric mucosal atrophy
could be studied, and its influence on the frequency of
stomach cancer. Finally, a total of 682 patients, with 342
in the H. pylori-eradication group and 340 in the non-
H. pylori-eradication group were enrolled in the study.
The final outcome of the trial is expected to be reported
in March 2004.

Diagnosis of H. pylori Infection

Diagnostic methods for H. pylori infection are cate-
gorized into two groups as invasive and non-invasive
tests. While invasive tests need endoscopic biopsy of
gastric mucosal samples, the non-invasive test does not
need an endoscopic procedure (Fig. 2).

Fig. 2 Diagnostic methods for H. pylori infection. Left) non-invasive
tests, Right) invasive tests.
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Invasive tests

Histological diagnosis of H. pylori infection: H. pylori
infection is easily recognizable on histological exami-
nation;1 both the organism itself, and the histopatho-
logical changes induced by it can be identified on his-
topathological examination of biopsy specimens. For
a precise diagnosis, it is important to obtain biopsies
from appropriate sites of the stomach (greater cur-
vature of the antrum and corpus) and to recognize
the characteristic pathological findings in the gastric
mucosa associated with the infection (epithelial cell
changes and neutrophilic and mononuclear cell infiltra-
tion), besides using special staining methods for identi-
fying H. pylori (i.e. Giemsa staining, Gimenez staining,
silver staining and immunohistochemistry, in addition
to Hematoxylin-eosin staining) in the specimens.

Rapid urease test: The rapid urease test (RUT) is one
of the invasive methods that is used for the detection of
H. pylori infection.50 H. pylori, if present in the biopsy
specimen, splits the urea in the test container to yield
ammonia. Elevation of the pH by ammonium hydrox-
ide produced is detected by a color change of the pH
indicator. The advantage of RUT is that it is an inex-
pensive, easy-to-use, and rapid diagnostic test. Its dis-
advantages, on the other hand, are that endoscopy is
required and false-negative reactions are frequently
encountered. Although RUT is useful for the diagnosis
of H. pylori infection both before and after eradication
treatment, the sensitivity of RUT is comparatively low
during the first 6 months after completion of eradica-
tion therapy.

Culture method for H. pylori: Among the five diag-
nostic tests for H. pylori infection that are recom-
mended by the Japanese guideline,51 the microaerobic
bacterial culture method may be the most difficult to
use in the clinical setting, because of the requirement of
3 to 5 days for the organism to grow, the need for skill
in performance of the test and elaborate equipment,
and the high frequency of false-negative results (Fig. 2).
On the other hand, it has the advantage of having a
specificity of 100% (direct demonstration of the pres-
ence of H. pylori) and of allowing further characteriza-
tion of the organism (determining its sensitivity to anti-
biotics, investigating its virulence factors, and typing of
its DNA for epidemiological purposes). This method is
especially useful for cases in whom the infecting strains’
sensitivity to antibiotics needs to be determined. Con-
sidering the potential increase in the frequency of clari-
thromycin (CAM)-resistant H. pylori in the future, the
microaerobic bacterial culture method may be the most
suitable method for the diagnosis of H. pylori infection.

With treatment of H. pylori infection being con-

ducted frequently in Japan, drug resistance has emerged
as a problem that requires attention. However, there
are no standard methods for evaluating the antibiotic
susceptibility of H. pylori in Japan. While in Europe
and the U.S.A., the E-test is being used as the standard
method for testing the drug susceptibility of H. pylori,
the microplate method, which has been reported to
have the same accuracy as the agar dilution method, is
now becoming standard in Japan. In 2000, the Japanese
Society of Chemotherapy proposed that the drug sus-
ceptibility testing of H. pylori be standardized and that
the break point MIC of amoxicillin (AMOX) and CAM
be listed.

Non-invasive Tests

13C-urea breath test: Infection with H. pylori has been
implicated as an important factor in the pathogenesis of
gastritis, peptic ulcer and gastric cancer, and the 13C-
urea breath test (13C-UBT) is a convenient and non-
invasive method for the detection of H. pylori in the
stomach. The 13CO2/

12CO2 ratio is measured by using
infra-red spectroscopy (IR) and gas chromatography/
mass spectrometry (GC-MS). The IR analyzer is con-
sidered to be particularly useful for the diagnosis of H.
pylori infection by the 13C-UBT.

The effect of the test meal used for the test was
explored further. It was widely believed that citric acid
was the best test meal for the use in the 13C-UBT,
hypothesized as being due to the efficient delay in gas-
tric emptying induced by it. Shiotani et al.52 compared
a pudding test meal, ascorbic acid and two doses of cit-
ric acid in 11 volunteers, and clearly demonstrated that
the increased intragastric urease activity could not be
attributed to gastric emptying alone. They suggested
that citric acid could have a direct effect on UreI, a
proton gated urea channel, making urea more accessi-
ble to the intrabacterial urease.

The reasons for the discrepancies observed between
the results of the 13C-UBT and serology were assessed
by Bode et al. in asymptomatic blood donors.53 They
did not find any case showing positive UBT among
serology-negative subjects. The strongest predictive
factor of a negative-UBT in serology-positive subjects
was, not surprisingly, previous H. pylori treatment.
Another significant factor was coffee consumption. A
tendency towards increase in the frequency of negative
UBT in subjects over the age 60 years was also noted,
possibly due to increased mucosal atrophy and intesti-
nal metaplasia.

Antibody tests: Serological detection of H. pylori
infection by ELISA has been popularly used. Several
ELISA kits are available in Japan, which, however,
have varying sensitivity and specificity. The new version
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of Pyloriset (EIA-G III) (Orion, Finland) has been
shown to be reliable.54 The immuno chromatographic
flow-injection method, which allows the quantitation of
specific IgG, has been developed as a new method for
the serological diagnosis of H. pylori infection. This
method is rapid, and is associated with minimal wastage
of antigen, since the same immunosorbent reactor can
be used for all tests.55 It has been reported that the
sensitivity and specificity of ELISA may be higher when
the Japanese strain of H. pylori is used as the antigen.

CagA antibodies which persist for longer durations
than H. pylori antibodies detected in a global test, can
help in linking gastric carcinoma to H. pylori in-
fection.56,57 In a study of CagA, while the serological
status as assessed by a commercial CagA immunoblot
test was of no value for predicting the severity of the
disease.58

Quantification of the IgG titers may be of interest. In
one study, higher titers were reported to be associated
with a lesser likelihood of the development of gastric
carcinoma (GC) as compared to lower titers.59 Simi-
larly, lower UBT values corresponded to higher scores
of atrophy, and therefore a higher risk of GC.60

Tests have been developed by Otsuka Pharmaceit-
ical Co. to detect H. pylori antibodies in the urine, for
example, the ‘doctor test’ (Rapirun) using an immuno
chromatographic method using dried anti-human IgG-
binding gold colloidal particles. This test was evaluated
as being satisfactory in two studies,61,62 in which the
sensitivity and specificity were determined to be 94.6%
and 95.3%, and 95.3% and 96.7%, respectively. These
results are very promising and deserve to be confirmed,
since this test could possibly become the most suitable
noninvasive test for H. pylori infection.

H. pylori Detection in Stools

The now well-known HpSA test (Meridian) has been
evaluated in adults in three studies, 4–6 weeks after H.
pylori eradication, using the UBT as reference. In the
study of Manes et al. (106 cases, 16 failures), the sensi-
tivity and specificity were 87.5%, and 95.7%, respec-
tively.63 In the study of Leodolter et al. (113 cases, 30
failures), the sensitivity and specificity were 76.2%, and
93.3%, respectively.64 Based on the ROC curves, they
showed that a slightly lower cut-off value increased the
accuracy of the test. Vaira et al. found a sensitivity and
specificity of 94% and 97%, respectively in 84 treated
patients.65 Gisbert and Pajares published a systematic
analysis of 25 published studies including 2078 patients,
in which HpSA was used for post-treatment follow-up.
The sensitivity, specificity, NPV and PPV were 88%,
92%, 75% and 94%, respectively, i.e. not as good as
the pretreatment values of 92%, 92%, 92% and 90%,
respectively.66

A novel stool test (FemtoLab H. pylori, Connex,
Germany) using monoclonal antibodies instead of poly-
clonal antibodies has been developed. There was good
concordance between the two stool tests.67 Stool tests
can also be used in mice models of infection to facilitate
basic research.68 Monteiro et al. explored the stability
of H. pylori DNA in stools for 3 days and the impact of
a vegetable-free diet on the detection.69

Confirmation of H. pylori Eradication

In Japan now, it is expected that general practi-
tioners would test peptic ulcer disease patients with
these tests before and after H. pylori eradication. To
obtain highly accurate results after eradication, it is im-
portant to conduct the tests over 4 weeks (more desir-
ably over 12 weeks) after cessation of eradication ther-
apy with PPI and antibiotics. The UBT and the stool
antigen test are the most suitable for confirmation of
H. pylori infection after eradication, since these tests
reflect all the changes in the stomach associated with H.
pylori infection.

New Triple Therapy for H. pylori Infection in Japan

In Japan, a phase III trial of one-week triple therapy
with lansoprazole (LPZ), amoxicillin (AMOX), and
clarithromycin (CAM) was completed in March, 2000.70
Patients were randomized into three groups: LPZ 30
mg bid and placebos, and LPZ 30 mg bid, AMOX 750
mg bid and CAM 200 mg bid or 400 mg bid. The erad-
ication rates were high in the LPZþAMOXþCAM
200 (88–91%) and LPZþAMOXþCAM 400 (84–89%)
groups. Then, a phase III trial of one-week therapy with
omeprazole (OPZ), AMOX and CAM was completed
in 2001. The eradication rates were 78.8% in the OPZ
20 mg, AMOX 750 mg and CAM 400 mg bid, and
83.0% in the OPZ 20 mg, AMOX 1000 mg and CAM
500 mg bid groups. On the other hand, the eradication
rate of 7-day therapy of rabeprazole (RPZ) 10 mg
bid, AMOX 750 mg bid and CAM 400 mg bid (84%)
was higher than the 5-day therapy with same regimens
(66%).71

Second-line Therapy for H. pylori Eradication after
Failure of First-line Therapy

Even though the currently employed H. pylori erad-
ication regimens in Japan fail to cure 10–20% of
patients, an optimal re-treatment therapeutic regimen
for eradication-failure has not been established, yet.
Since patient compliance, bacterial resistance and gen-
otypic differences in CYP2C19 influence the eradication
rate, re-eradication therapy should be selected, taking
these factors into consideration. In the West, meta-
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analysis of second-line treatment of H. pylori infection
showed that a regimen containing ranitidine bismuth
and two antimicrobials was very effective as a re-
treatment regimen, irrespective of the factors influenc-
ing failure of the first-line H. pylori eradication treat-
ment. However, ranitidine bismuth is not available in
Japan and a re-eradication regimen consisiting of PPI,
amoxicillin and metronidazole has often been used and
a high eradication rate achieved, even in patients with
metronidazole-resistant H. pylori. In our University
hospital, second-line eradication protocol is decided by
the results of antibiotic susceptibility test after the
failure of first-line therapy with lansoprazole (LPZ),
AMOX and CAM.72

Problems that May Occur after H. pylori Eradication
and the Countermeasures

Acute esophagogastroduodenal mucosal lesions have
been demonstrated as an adverse event that may oc-
cur after H. pylori eradication therapy. According to
Sakaki et al., acute duodenal erosions were observed in
13.5% of patients who received eradication therapy.
Duodenal erosions which occurred mainly in the early
phase after eradication were transient and asympto-
matic. Acute gastric erosions showed the same clinical
characteristics. However, attention should be paid to
the rare occurrence of acute ulcers with severe symp-
toms. On the other hand, mild but persistent reflux
esophagitis occurred at a relatively late phase after
eradication. The occurrence rates were 9.8% after 1
year and 11.4% after 3 years. The acute mucosal lesions
which occurred are probably attributable to the in-
crease in acid secretion asscociated with the resolution
of gastric mucosal inflammation. Symptomatic treat-
ment with antacids may be necessary on occasion for
the treatment of acute ulcer formation and reflux
esophagitis.

Tailor-made Medicine for H. pylori Eradication
Therapy

The pharmacokinetic profiles of omeprazole and
lansoprazole have been reported to be correlated with
the CYP2C19 genotype.73 While the drugs are exten-
sively metabolized in heterozygotes as compared to
homozygotes, the difference between the two groups
was not statisitically significant. For rabeprazole, on the
other hand, the pharmacokinetic profile was indepen-
dent of the CYP2C19 genotype. Thus, CYP2C19 geno-
typing may serve as useful new strategy in the choice of
an optimal regimen, and this genotype testing may be
especially useful in Japan, as the frequency of poor
metabolizers among the Japanese is five times greater
than that among Caucasians.74

However, the recent increase in the emergence of
antimicrobial-resistant strains of H. pylori may force us
to examine the antimicrobial susceptibility in all patients
in the near future, in order to achieve an eradication
rate with first-line therapy of more than 80%. It would
also be imperative to have proper knowledge of the
influence of CYP2C19 genetic polymorphism on the
treatment efficacy according to various PPIs used alone
or in combination with other drugs.

The Present Status and Problems of H. pylori
Eradication Therapy

Since therapy for eradication of H. pylori in the
treatment of peptic ulcer disease was approved for
coverage by the Japanese Governmental Health Insur-
ance System on November 1st in 2000, this therapy has
been widely used in Japan. However, some problems of
treatment have arisen, for example, the emergence of
clarithromycin resistance. On the other hand, investi-
gation of the relation between H. pylori infection and
gastric cancer is making progress. In an elegant pro-
spective study conducted in 2001, Uemura, et al. dem-
onstrated that H. pylori infection plays an important
role in gastric carcinogenesis.75 Under such circum-
stances, the Japanese society of H. pylori Research has
to reconsider the guidelines for eradication therapy of
H. pylori infection.

New Prophylactic and Therapeutic Approaches against
H. pylori Infection

Probiotics have been shown to be effective against
antibiotic-associated diarrhea in several randomized
controlled studies. The rationale for their use lies mostly
in their ability to restore the normal intestinal flora.
Also, for Lactobacillus GG, inhibition of the prokinetic
action of macrolides has been proposed. Many animal
experiments indicate some degree of immune stimula-
tion by probiotic species, and oral bacteriotherapy is
a hot topic in the current experimental therapeutics of
inflammatory bowel disease. To date, however, there is
no definitive evidence to explain the mechanisms by
which these biological agents influence the course of
human disease.

H. pylori Diagnosis and Eradication Therapy at Keio
University Hospital

In the outpatient clinic (Helicobacter clinic; http://
web.sc.itc.keio.ac.jp/medicine/PYLORI/index.html) of
Keio University Hospital, patients are first subjected to
upper GI endoscopy to diagnose peptic ulcer disease,
and at the same time, biopsy is conducted for the diag-
nosis of H. pylori infection. Our method of choice
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among the three invasive diagnostic tests is the micro-
aerobic bacterial culture method, because of its high
specificity. However, this culture method also has a
higher rate of false-negative results. To overcome
this disadvantage, histopathological examination is per-
formed in addition. In H. pylori-positive cases, one-
week triple therapy is administered for H. pylori eradi-
cation. Twelve to 16 weeks after completion of the
eradication protocol, disappearance of H. pylori from
the stomach is usually confirmed by the UBT (Fig. 3).
The H. pylori eradication rate of our outpatient clinic in
2002 was 72.4%. In case of eradication failure, an anti-
biotic susceptibility test is performed. Based on the
results of this test, second-line therapy for eradication is
administered.

Further investigations to establish an effective thera-
peutic regimen should be performed to reduce the
emergence of antibiotic resistance and prevent eradica-
tion failure.

Acknowledgments: This study was supported by a Grant-in-Aid for
Scientific Research C (2) from the Japan Society for the Promotion of
Science (JSPS) (13670555, to H.S.), a grant from Keio University.

References

1. Marshall BJ, Warren JR: Unidentified curved bacilli in the
stomach of patients with gastritis and peptic ulceration. Lancet
1984; 1: 1311–1315

2. Palmer ED: Investigation of the gastric mucosa spirochetes of
the human. Gastroenterology 1954; 27: 218–220

3. Bizzozero G: Ueber die schlauchformigen dursen des magen-
darmkanals und die beziehungen ihres epithels zu dem obert-

flachenepithel der schleimhaut. Arch fur Mikr Anat 1893; 42:
82–152

4. Kasai K, Kobayashi R: The stomach spirochete occurring in
mammals. J Parasitol 1919; 6: 1–10

5. Saito K: Introductory remark of Dr. Rokuzo Kobayashi’s
achievements. Keio J Med 2002; 51 Suppl 2: 2–3

6. Backert S, Churin Y, Meyer TF: Helicobacter pylori type IV
secretion, host cell signalling and vaccine development. Keio J
Med 2002; 51 Suppl 2: 6–14

7. Marshall B: Gastric spirochaetes: 100 years of discovery before
and after Kobayashi. Keio J Med 2002; 51 Suppl 2: 33–37

8. McColl KE, El-Omar E: How does H. pylori infection cause
gastric cancer? Keio J Med 2002; 51 Suppl 2: 53–56

9. Suzuki H, Mori M, Seto K, Miyazawa M, Kai A, Suematsu M,
Yoneta T, Miura S, Ishii H: Polaprezinc attenuates the Heli-

cobacter pylori-induced gastric mucosal leucocyte activation in
Mongolian gerbils – a study using intravital videomicroscopy.
Aliment Pharmacol Ther 2001; 15: 715–725

10. Hirayama F, Takagi S, Kusuhara H, Iwao E, Yokoyama Y,
Ikeda Y: Induction of gastric ulcer and intestinal metaplasia in
mongolian gerbils infected with Helicobacter pylori. J Gastro-
enterol 1996; 31: 755–757

11. Suzuki H, Mori M, Kai A, Suzuki M, Suematsu M, Miura S, Ishii
H: Effect of rebamipide on H. pylori-associated gastric mucosal
injury in Mongolian gerbils. Dig Dis Sci 1998; 43 (9 Suppl):
181S–187S

12. Suzuki H, Mori M, Seto K, Kai A, Kawaguchi C, Suzuki M,
Suematsu M, Yoneta T, Miura S, Ishii H: Helicobacter pylori-
associated gastric pro- and antioxidant formation in Mongolian
gerbils. Free Radic Biol Med 1999; 26: 679–684

13. Watanabe T, Tada M, Nagai H, Sasaki S, Nakao M: Heli-

cobacter pylori infection induces gastric cancer in mongolian
gerbils. Gastroenterology 1998; 115: 642–648

14. Honda S, Fujioka T, Tokieda M, Satoh R, Nishizono A, Nasu M:
Development of Helicobacter pylori-induced gastric carcinoma
in Mongolian gerbils. Cancer Res 1998; 58: 4255–4259

15. Suzuki H, DeLano FA, Parks DA, Jamshidi N, Granger DN,
Ishii H, Suematsu M, Zweifach BW, Schmid-Schonbein GW:
Xanthine oxidase activity associated with arterial blood pressure
in spontaneously hypertensive rats. Proc Natl Acad Sci USA
1998; 95: 4754–4759

16. Suzuki H, Mori M, Suzuki M, Sakurai K, Miura S, Ishii H:
Extensive DNA damage induced by monochloramine in gastric
cells. Cancer Lett 1997; 115: 243–248

17. Suzuki H, Seto K, Mori M, Suzuki M, Miura S, Ishii H: Mono-
chloramine induced DNA fragmentation in gastric cell line
MKN45. Am J Physiol 1998; 275: G712–G716

18. Suzuki H, Miyazawa M, Nagahashi S, Mori M, Seto K, Kai A,
Suzuki M, Miura S, Ishii H: Attenuated apoptosis in H. pylori-
colonized gastric mucosa of Mongolian gerbils in comparison
with mice. Dig Dis Sci 2002; 47: 90–99

19. Fox JG, Li X, Cahill RJ, Andrutis K, Rustgi AK, Odze R, Wang
TC: Hypertrophic gastropathy in Helicobacter felis-infected wild-
type C57BL/6 mice and p53 hemizygous transgenic mice. Gas-
troenterology 1996; 110: 155–166

20. Suzuki H, Miyazawa M, Kai A, Suzuki M, Suematsu M, Miura S,
Ishii H: No difference in the level of gastric mucosal cell apop-
tosis and proliferation in Helicobacter pylori-colonized p53 het-
erozygous knockout mice. Aliment Pharmacol Ther 2002; 16
(Suppl 2): 158–166

21. Yamamoto M, Tsukamoto T, Sakai H, Shirai N, Ohgaki H, Fur-
ihata C, Donehower LA, Yoshida K, Tatematsu M: p53 knock-
out mice ð�=�Þ are more susceptible than ðþ=�Þ or ðþ=þÞ mice
to N-methyl-N-nitrosourea stomach carcinogenesis. Carcinogen-
esis 2000; 21: 1891–1897

22. Kiss J, Lamarque D, Moran AP, Pozsar J, Morschl E, Laszlo F,

Fig. 3 Flow-chart of H. pylori diagnosis and eradication therapy at
Keio University Hospital.

Keio J Med 2003; 52 (3): 163–173 171



Whittle BJ: Helicobacter pylori lipopolysaccharide-provoked in-
jury to rat gastroduodenal microvasculature involves inducible
nitric oxide synthase. Eur J Pharmacol 2001; 420: 175–179

23. Watanabe S, Takagi A, Koga Y, Kamiya S, Miwa T: Helico-

bacter pylori induces apoptosis in gastric epithelial cells through
inducible nitric oxide. J Gastroenterol Hepatol 2000; 15: 168–
174

24. Miyazawa M, Suzuki H, Masaoka T, Kai A, Suematsu M, Nagata
H, Miura S, Ishii H: Suppressed apoptosis in the inflamed gastric
mucosa of Helicobacter pylori-colonized iNOS knockout mice.
Free Radic Biol Med 2003; 34: 1621–1630

25. Lim JW, Kim H, Kim KH: NF-kappaB, inducible nitric oxide
synthase and apoptosis by Helicobacter pylori infection. Free
Radic Biol Med 2001; 31: 355–366

26. Li CQ, Pignatelli B, Ohshima H: Increased oxidative and nitra-
tive stress in human stomach associated with cagAþ Helicobacter

pylori infection and inflammation. Dig Dis Sci 2001; 46: 836–844
27. Hopkins RJ, Girardi LS, Turney EA: Relationship between

Helicobacter pylori eradication and reduced duodenal and gas-
tric ulcer recurrence: a review. Gastroenterology 1996; 110:
1244–1252

28. The Guideline Preparation Committee: The Japanese Society for
Helicobacter Research, Revised guidelines in the management
of Helicobacter pylori infection in Japan. Jpn J Helicobacter Res
2003; 4: 2–17 (in Japanese)

29. Asaka M, Kimura T, Kudo M, Takeda H, Mitani S, Miyazaki T,
Miki K, Graham DY: Relationship of Helicobacter pylori to
serum pepsinogens in an asymptomatic Japanese population.
Gastroenterology 1992; 102: 760–766

30. Webb PM, Knight T, Greaves S, Wilson A, Newell DG, Elder J,
Forman D: Relation between infection with Helicobacter pylori

and living conditions in childhood: evidence for person to person
transmission in early life. BMJ 1994; 308: 750–753

31. The EUROGAST Study Group: Epidemiology of, and risk fac-
tors for, Helicobacter pylori infection among 3194 asymptomatic
subjects in 17 populations. Gut 1993; 34: 1672–1676

32. Brenner H, Berg G, Lappus N, Kliebsch U, Bode G, Boeing H:
Alcohol consumption and Helicobacter pylori infection: results
from the German National Health and Nutrition Survey. Epi-
demiology 1999; 10: 214–218

33. Ogihara A, Kikuchi S, Hasegawa A, Kurosawa M, Miki K,
Kaneko E, Mizukoshi H: Relationship between Helicobacter

pylori infection and smoking and drinking habits. J Gastro-
enterol Hepatol 2000; 15: 271–276

34. Brenner H, Rothenbacher D, Bode G, Adler G: Relation of
smoking and alcohol and coffee consumption to active Heli-

cobacter pylori infection: cross sectional study. BMJ 1997; 315:
1489–1492

35. Brenner H, Rothenbacher D, Bode G, Adler G: Inverse graded
relation between alcohol consumption and active infection with
Helicobacter pylori. Am J Epidemiol 1999; 149: 571–576

36. Brenner H, Bode G, Adler G, Hoffmeister A, Koenig W, Roth-
enbacher D: Alcohol as a gastric disinfectant? The complex
relationship between alcohol consumption and current Heli-

cobacter pylori infection. Epidemiology 2001; 12: 209–214
37. Genta RM, Graham DY: Comparison of biopsy sites for the

histopathologic diagnosis of Helicobacter pylori: a topographic
study of H. pylori density and distribution. Gastrointest Endosc
1994; 40: 342–345

38. Siurala M, Sipponen P, Kekki M: Chronic gastritis: dynamic
and clinical aspects. Scand J Gastroenterol Suppl 1985; 109: 69–
76

39. El-Zimaity HM, Ota H, Graham DY, Akamatsu T, Katsuyama
T: Patterns of gastric atrophy in intestinal type gastric carcinoma.
Cancer 2002; 94: 1428–1436

40. El-Zimaity HMT, Gutierrez O, Kim JG, Akamatsu T, Gurer IE,

Simjee AE, Graham DY: Geographic differences in the distri-
bution of intestinal metaplasia in duodenal ulcer patients. Am J
Gastroenterol 2001; 96: 666–672

41. Lamberts R, Creutzfeldt W, Struber HG, Brunner G, Solcia E:
Long-term omeprazole therapy in peptic ulcer disease: gastrin,
endocrine cell growth, and gastritis. Gastroenterology 1993; 104:
1356–1370

42. Kuipers EJ, Lundell L, Klinkenberg-Knol EC, Havu N, Festen
HP, Liedman B, Lamers CB, Jansen JB, Dalenback J, Snel P,
et al: Atrophic gastritis and Helicobacter pylori infection in
patients with reflux esophagitis treated with omeprazole or fun-
doplication. N Engl J Med 1996; 334: 1018–1022

43. Eissele R, Brunner G, Simon B, Solcia E, Arnold R: Gastric
mucosa during treatment with lansoprazole: Helicobacter pylori
is a risk factor for argyrophil cell hyperplasia. Gastroenterology
1997; 112: 707–717

44. Lundell L, Miettinen P, Myrvold HE, Pedersen SA, Thor K,
Andersson A, Hattlebakk J, Havu N, Janatuinen E, Levander K,
et al: Lack of effect of acid suppression therapy on gastric atro-
phy. Nordic Gerd Study Group. Gastroenterology 1999; 117:
319–326

45. Solcia E, Fiocca R, Havu N, Dalvag A, Carlsson R: Gastric en-
docrine cells and gastritis in patients receiving long-term ome-
prazole treatment. Digestion 1992; 51 Suppl 1: 82–92

46. Klinkenberg-Knol EC, Nelis F, Dent J, Snel P, Mitchell B, Pri-
chard P, Lloyd D, Havu N, Frame MH, Roman J, et al: Long-
term omeprazole treatment in resistant gastroesophageal reflux
disease: efficacy, safety, and influence on gastric mucosa. Gas-
troenterology 2000; 118: 661–669

47. Graham DY: Helicobacter pylori infection in the pathogenesis of
duodenal ulcer and gastric cancer: a model. Gastroenterology
1997; 113: 1983–1991

48. Correa P, Cuello C, Fajardo LF, Haenszel W, Bolanos O, de
Ramirez B: Diet and gastric cancer: nutrition survey in a high-
risk area. J Natl Cancer Inst 1983; 70: 673–678

49. Correa P: Diet modification and gastric cancer prevention. J Natl
Cancer Inst Monogr 1992; no. 12: 75–78

50. Marshall BJ, Warren JR, Francis GJ, Langton SR, Goodwin CS,
Blincow ED: Rapid urease test in the management of Campylo-
bacter pyloridis-associated gastritis. Am J Gastroenterol 1987;
82: 200–210

51. Asaka M, Satoh K, Sugano K, Sugiyama T, Takahashi S, Fukuda
Y, Ota H, Murakami K, Kimura K, Shimoyama T: Guidelines in
the management of Helicobacter pylori infection in Japan. Heli-
cobacter 2001; 6: 177–186

52. Shiotani A, Saeed A, Yamaoka Y, Osato MS, Klein PD, Graham
DY: Citric acid-enhanced Helicobacter pylori urease activity in

vivo is unrelated to gastric emptying. Aliment Pharmacol Ther
2001; 15: 1763–1767

53. Bode G, Hoffmeister A, Koenig W, Brenner H, Rothenbacher
D: Characteristics of differences in Helicobacter pylori serology
and 13C-urea breath-testing in an asymptomatic sample of blood
donors. Scand J Clin Lab Invest 2001; 61: 603–608

54. Weijnen CF, Hendriks HA, Hoes AW, Verweij WM, Verheij TJ,
de Wit NJ: New immunoassay for the detection of Helicobacter
pylori infection compared with urease test, 13C breath test and
histology: validation in the primary care setting. J Microbiol
Methods 2001; 46: 235–240

55. Narinesingh D, Ngo TT: Immunochromatographic flow-injection
method for detection of human serum immunoglobulin G anti-
bodies to Helicobacter pylori. Anal Chim Acta 2002; 453: 53–
61

56. Ekstrom AM, Held M, Hansson LE, Engstrand L, Nyren O:
Helicobacter pylori in gastric cancer established by CagA immu-
noblot as a marker of past infection. Gastroenterology 2001; 121:
784–791

172 Suzuki H, et al: H. pylori: current consensus



57. Maeda S, Yoshida H, Ogura K, Yamaji Y, Ikenoue T, Mitsush-
ima T, Tagawa H, Kawaguchi R, Mori K, Mafune K, et al: As-
sessment of gastric carcinoma risk associated with Helicobacter
pylori may vary depending on the antigen used: CagA specific
enzyme-linked immunoadsorbent assay (ELISA) versus com-
mercially available H. pylori ELISAs. Cancer 2000; 88: 1530–
1535

58. Krausse R, Garten L, Harder T, Ullmann U, Birkner T, Doniec
M, Grimm H: Clinical relevance of CagA-specific antibodies re-
lated to CagA status of Helicobacter pylori isolates using immu-
nofluorescence test and PCR. Infection 2001; 29: 154–158

59. Fujioka N, Fahey MT, Hamada GS, Nishimoto IN, Kowalski LP,
Iriya K, Rodrigues JJ, Tajiri H, Tsugane S: Serological Immu-
noglobulin G antibody titers to Helicobacter pylori in Japanese
Brazilian and Non-Japanese Brazilian gastric cancer patients and
controls in Sao Paulo. Jpn J Cancer Res 2001; 92: 829–835

60. Chen TS, Chang FY, Lee SD: Extending the reading time
increases the accuracy of rapid whole blood test for diagnosis of
Helicobacter pylori infection. J Gastroenterol Hepatol 2001; 16:
1341–1345

61. Wu DC, Kuo CH, Lu CY, Su YC, Yu FJ, Lee YC, Lin SR, Liu
CS, Jan CM, Wang WM: Evaluation of an office-based urine
test for detecting Helicobacter pylori: a Prospective Pilot Study.
Hepatogastroenterology 2001; 48: 614–617

62. Graham DY, Reddy S: Rapid detection of anti-Helicobacter

pylori IgG in urine using immunochromatography. Aliment
Pharmacol Ther 2001; 15: 699–702

63. Manes G, Balzano A, Iaquinto G, Ricci C, Piccirillo MM, Giar-
dullo N, Todisco A, Lioniello M, Vaira D: Accuracy of stool
antigen test in posteradication assessment of Helicobacter pylori

infection. Dig Dis Sci 2001; 46: 2440–2444
64. Leodolter A, Agha-Amiri K, Peitz U, Gerards C, Ebert MP,

Malfertheiner P: Validity of a Helicobacter pylori stool antigen
assay for the assessment of H. pylori status following eradication
therapy. Eur J Gastroenterol Hepatol 2001; 13: 673–676

65. Vaira D, Vakil N, Menegatti M, van’t Hoff B, Ricci C, Gatta L,
Gasbarrini G, Quina M, Pajares Garcia JM, et al: The stool an-
tigen test for detection of Helicobacter pylori after eradication
therapy. Ann Intern Med 2002; 136: 280–287

66. Gisbert JP, Pajares JM: Diagnosis of Helicobacter pylori infec-
tion by stool antigen determination: a systematic review. Am J
Gastroenterol 2001; 96: 2829–2838

67. Agha-Amiri K, Peitz U, Mainz D, Kahl S, Leodolter A, Malfer-
theiner P: A novel immunoassay based on monoclonal anti-
bodies for the detection of Helicobacter pylori antigens in human
stool. Z Gastroenterol 2001; 39: 555–560

68. Wang YL, Sheu BS, Yang HB, Huang AH: A noninvasive H.

pylori stool antigen assay to detect H. pylori infection of in vivo

BALB/c mice models. Hepatogastroenterology 2001; 48: 724–
726

69. Monteiro L, Gras N, Vidal R, Cabrita J, Megraud F: Detection
of Helicobacter pylori DNA in human feces by PCR: DNA sta-
bility and removal of inhibitors. J Microbiol Methods 2001; 45:
89–94

70. Asaka M, Sugiyama T, Kato M, Satoh K, Kuwayama H, Fukuda
Y, Fujioka T, Takemoto T, Kimura K, Shimoyama T, et al: A
multicenter, double-blind study on triple therapy with lansopra-
zole, amoxicillin and clarithromycin for eradication of Heli-

cobacter pylori in Japanese peptic ulcer patients. Helicobacter
2001; 6: 254–261

71. Isomoto H, Furusu H, Morikawa T, Mizuta Y, Nishiyama T,
Omagari K, Murase K, Inoue K, Murata I, Kohno S: 5-day vs. 7-
day triple therapy with rabeprazole, clarithromycin and amox-
icillin for Helicobacter pylori eradication. Aliment Pharmacol
Ther 2000; 14: 1619–1623

72. Masaoka T, Suzuki H, Kurabayashi K, Kamiya GA, Ishii H: The
effectiveness of a second line, culture-guided, treatment of Heli-

cobacter pylori infection after unsuccessful 7-days triple ther-
apy with lansoprazole, amoxicillin and clarithromycin. Aliment
Pharmacol Ther, 2004; in press

73. Dojo M, Azuma T, Saito T, Ohtani M, Muramatsu A, Kuriyama
M: Effects of CYP2C19 gene polymorphism on cure rates for
Helicobacter pylori infection by triple therapy with proton pump
inhibitor (omeprazole or rabeprazole), amoxycillin and clari-
thromycin in Japan. Dig Liver Dis 2001; 33: 671–675

74. Tanigawara Y, Aoyama N, Kita T, Shirakawa K, Komada F,
Kasuga M, Okumura K: CYP2C19 genotype-related efficacy of
omeprazole for the treatment of infection caused by Helicobacter

pylori. Clin Pharmacol Ther 1999; 66: 528–534
75. Uemura N, Okamoto S, Yamamoto S, Matsumura N, Yamaguchi

S, Yamakido M, Taniyama K, Sasaki N, Schlemper RJ: Heli-

cobacter pylori infection and the development of gastric cancer.
N Engl J Med 2001; 345: 784–789

Keio J Med 2003; 52 (3): 163–173 173


