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Abstract
Omeprazole is a powerful inhibitor of
gastric acid and may suppress
Helicobacterpylori by effecting the pKa of
H pylori urease, by altering the pattern of
infection, or by promoting overgrowth of
other bacteria. At routine endoscopy
H pylorn was detected by histology and
culture before and after four weeks' treat-
ment with omeprazole, 40 mg each morn-
ing. A 13C-urea breath test was also done
at t=0, 2, 4, and 6 weeks. Thirty nine
patients with duodenal ulcer (n=25) or
reflux oesophagitis (n= 14) were studied,
of whom 29 of 39 had H pyloni infection.
During omeprazole treatment, OC-urea
breath test values fell significantly - mean
(SEM) values before treatment and at
four weeks were 23*0 (2.1) and 15.5 (2.7)
per mil respectively, p<0.001. Before
treatment H pylori was seen in 28 of 29
antral, 29 of 29 corpus, and 28 of 29 fundic
biopsy specimens. After four weeks of
omeprazole treatment, the histological
density ofHpylorn in the antrum and cor-
pus was reduced (p<0.001), while that in
the fundus was increased. The migration
ofHpylori from the antrum to the fundus
was associated with a corresponding
decrease in the activity of antral gastritis.
H pylorn was not seen in antral biopsy
specimens from 12 of 29 patients whose
median excess 8 13CO2 excretion fell from
23.0 to 9.9 per mil. In the body mucosa, 26
of 29 specimens were still positive for
H pylori and there was no significant
change in the gastritis type. Two weeks
after finishing treatment, the mean
(SEM) excess 8 13CO2 excretion returned
to levels before treatment. Omeprazole
decreases antral H pylori colonisation but
increases that in the fundus. The changes
in the intragastric distribution of the
organism are associated with concomitant
changes in the activity of gastritis and
are matched by a progressive fall in the
excretion of 8 13CO2.
(Gut 1995; 36: 12-16)
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Helicobacter pylori causes non-autoimmune
gastritis1 and is an important factor in the aeti-
ology of recurrent duodenal ulcer disease.2 3
H pylori colonises only gastric type epithelium.
Its powerful urease activity is probably essen-
tial for colonisation and the base produced by
urease may protect the organism from gastric
acid.45 Omeprazole inhibits H+/K+ ATPase,
and 40 mg can suppress over 80% of gastric
acid secretion.6 Initial reports of the effect of
omeprazole on H pylori were inconclusive.7 8
Although eradication has been claimed in
some reports,8-10 H pylori status was assessed
prematurely and on antral biopsy specimens
alone. More recent reports using either the
"C or 14C-urea breath test suggest that
omeprazole partly suppresses, but does not
eradicate H pylorn." 12 This prospective study
examines the effect of omeprazole on the dis-
tribution and persistence ofH pylori within the
stomach using the 13C-urea breath test and
antral, corpus, and fundic histology.

Methods
Patients attending for routine diagnostic
gastroscopy and likely to need omeprazole
were invited to take part in, and give written
consent to this study, which was approved by
the Parkside Ethical Committee. Patients
with previous gastric surgery, known bleeding
diathesis, taking oral anticoagulants, or who
had been treated with bismuth compounds,
omeprazole, or antibiotics known to be active
against H pylori within the previous two
months, were excluded. To determine
H pylori status biopsy specimens were taken
from the antrum (within 2 cm of the pylorus,
two for histology and two for microbiology),
corpus (half way along greater curvature,
two for histology), and fundus (two for
histology).

After each examination the endoscopes were
disinfected by an automatic washing machine
(Olympus EW20)13 and the biopsy forceps
were sterilised by autoclaving.
A 13C-urea breath test14 was performed

within 24 hours of the initial endoscopy before
starting treatment with omeprazole 40 mg each
morning for four weeks in all patients in whom
it was clinically indicated.
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Grade of acute gastritis and grade ofHelicobacter pylori colonisation in patients before
and after treatment with omeprazole 40 mg in the moming

Antrum Body Fundus

0 1 2 3 0 1 2 3 0 1 2 3

Grade of acute gastritis
Before treatment (no) 6 4 14 4 11 2 14 1 11 8 2 1
After treatment (no) 14 3 10 1 7 3 18 0 7 6 9 3
(p) <0 05 <0 05
Grade ofH pylori colonisation
Beforetreatment (no) 1 6 11 11 0 12 11 5 1 19 1 0
Aftertreatment (no) 12 9 5 1 5 11 8 4 3 15 4 5
(p) <0-001

FOLLOW UP
The 13C-urea breath test was repeated in the
H pylori positive patients after two weeks' treat-
ment with omeprazole. A second endoscopy and
a third breath test were completed after a further
two weeks' therapy, and a fourth breath test was
done two weeks after finishing omeprazole. If
this breath test was negative, it was repeated two
weeks later to document possible eradication at
one month after finishing the drug.

Patients without H pylori were also studied
to examine the possibility that overgrowth of
other urease producing bacteria might yield a

false positive breath test and to act as negative
controls.

DETERMINATION OF H PYLORI STATUS
The presence of H pylori was determined by
13C-urea breath test, culture of two antral
biopsy specimens on selective and unselective
media in microaerobic conditions for up to 10.
days, and by histological examination of two
specimens from the gastric antrum, corpus, and
fundus. Patients were classified as H pylori
positive by a positive breath test (excess 8
13C02 >5 per mil) together with either positive
antral culture of positive histology from any
site.

Clearance ofH pylori was defined as a nega-
tive breath test (excess 8 13C02 <5 per mil) at
the end of treatment, and eradication as a neg-
ative breath test one month after the end of
treatment. 14

13C-UREA BREATH TEST

Semiquantitative assessments of the severity
of H pylori infection were made with the
O3C-urea breath test (European standard
protocol). 14 Briefly, a baseline sample of
expired breath was obtained before drinking a

fatty liquid test meal designed to delay gastric
emptying. After 10 minutes, 13C-urea (100
mg (99% pure, Cambridge Isotopes, Boston,
USA) in 50 ml of tap water) was swallowed
and distributed within the stomach by turning
the patient to the left and right decubitus
position. Two litre serial breath samples
were collected every five minutes into a large
reservoir collecting bag, from which a single
20 ml sample (pooled sample) was taken at

the end of the test and analysed by mass

spectrometry (BSIA, Brentford, London).
The results were expressed as excess 8 13C02
excretion per mil by subtracting the baseline
from the pooled sample.

HISTOLOGY
Biopsy specimens were processed routinely,
embedded in paraffin wax, and stained
(haematoxylin and eosin, and Gimenez
method) for H pylori. In each patient the
histologist examined two biopsy specimens at
three levels (six sections) from the gastric
antrum, body, and fundus and assessed the
overall grade (0-3) according to the Sydney
system of the activity (numbers of neutrophils)
and chronicity (number of lymphocytes) of the
gastritis.15 For illustrative purposes the means
of the overall grades for the three sites of all
patients were then calculated. All histological
assessments were made by the same
experienced histopathologist (MMW), who
was unaware of the other results, or of the
patient's treatment. Ten biopsy specimens
were selected at random for replicate histo-
logical examination, in order to assess observer
variation.

STATISTICAL ANALYSIS
The Wilcoxon rank sum test and Spearman's
rank correlation coefficient were used for
statistical analysis of the histological data; the
paired Student's t test was used for 13C-urea
breath test results.

Results
Thirty nine patients (24 men, median age 48
years, range 16-72 years) with moderate to
severe reflux oesophagitis (n= 14) or duodenal
ulcer unhealed by H2 antagonists (n=25)
entered the study. In 29 of 39 patients Hpylori
was detected by a positive 13C-urea breath test
(mean excess 8 13C02 excretion=23-0 per
mil), which was confirmed by either positive
antral culture (n= 26), or positive antral
biopsy, or both (n= 28). In all patients Hpylori
was also present in the corpus biopsy speci-
mens and in 28 of 29 it was present in fundic
specimens.

In 10 patients with reflux oesophagitis there
was no evidence of H pylori infection on
13C-urea breath test (mean (SEM) excess 8
13C02 excretion= 19 (024) per mil), antral
culture, or on antral, corpus, and fundic
histology.

H PYLORI POSITIVE PATIENTS

Histology
Before starting omeprazole H pylori was found
in all the biopsy specimens, except those from
two patients. One patient had no antral
H pylon (but mild chronic antral gastritis and
H pylon in the corpus and fundus). Another
patient had no fundic H pylori (but mild
chronic fundal gastritis and H pylon in the
corpus and antrum). The mean density scores
for H pylori in the antrum, body, and fundus
were 2.1, 1.75, and 1-04 respectively. The
presence ofH pylori was often associated with
active (presence of neutrophils) antral (26 of
29) or corpus gastritis (18 of 28). There were
features of chronic inflammation in all the
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Figure 1: Changes in antral andfundal Helicobacter pylori colonisation and severity of
acute antral andfundal gastritis before and after omeprazole, 40 mg mane forfour weeks.

remaining, Hpylori positive antral, corpus, and
fundal specimens.

After four weeks' treatment with omepra-
zole, H pylori could no longer be detected in
the antral specimen of 12 patients. Moreover,
in three of these, H pylori could no longer be
detected in the corpus specimens, but all three
still had organisms in the fundus. In the
patients who were H pylorn positive before
starting treatment, the mean density score of
antralHpylori was significantly lower after four
weeks' omeprazole (090 v 2.1 before treat-
ment, p<0-001, Fig 1) with a similar, but not
significant, trend in the corpus (1P75 v 1-3,
p>0 05). In contrast, there was a small
increase in the density of fundal H pylori (from
1-0 to 1-4, p>0 05). These changes in the dis-
tribution of H pylori were associated with a
decreased mean grade of active antral gastritis
(from 1-6 to 0 9, p<0 05) and an increased
mean grade of active fundal gastritis (from 06
to 1.3, p<0 05, Fig 1). The decreased density
of antral and corpus H pylori in biopsy speci-
mens correlated with a decreased excess
8 13C02 excretion measured by the urea breath
test (rank Spearman correlation, r=0.45,
p<005). There was no change in the grade of
chronic gastritis in the antrum, corpus, or
fundus after omeprazole treatment. In one
patient, unusual morphological forms of
bacteria, not typical ofH pylori, were detected
after four weeks' omeprazole treatment.

Replicate histological examination assess-
ments of gastritis and H pylori were the same
(n=5), or varied by no more than one grade
(n= 5).

1kC-urea breath test
The excess 8 l3C02 excretion fell progressively
in H pylorn positive patients (n=29) after treat-
ment with omeprazole 40 mg daily. The mean
(SEM) excess 8 13C02 excretion fell from 23-0
(2.1) per mil before starting omeprazole to
17.2 (2.1) after two weeks' treatment (p<0 05,
compared with before treatment), and to 15.5
(2.7) per mil after four weeks (p<0.25, com-
pared with two weeks) (Fig 2).The fall in
8 13C02 at four weeks was closely correlated
with the decrease in the semiquantitative

histological assessments of H pylori (r=0.6,
p<0001). In four patients the excess 8 13C02
excretion fell to <5 per mil after four weeks,
but in all four the breath test was positive two
weeks after finishing omeprazole. In the 12
patients with an antrum histologically cleared
of Hpylori, the fall in excess 8 13C02 excretion
was more pronounced than in the remainder:
the (mean (SEM) excess 8 13C02 excretion fell
from 23.0 (2.1) to 9.9 (4.2) per mil, p<0.001
from mean value before treatment), compared
with 18-3 (3.3) per mil in those without antral
clearance of Hpylori.
Two weeks after finishing treatment the

excess 8 l3C02 excretion returned to values
before treatment (mean excess 8 13C02 excre-
tion=23.0 (3.8) per mil, p>0 5 v value before
treatment, Fig 2).

H PYLORI NEGATIVE PATIENTS
In the H pylori negative patients there was no
significant change in the excess 8 13C02 excre-
tion after two weeks' treatment with omepra-
zole (mean excess 8 13C02=2.4 (0-37) per mil
v 1.9 (0.24) per mil before treatment,
p>0 25).

Discussion
Omeprazole, given in a dose of 40 mg daily for
four weeks, significantly decreased histological
evidence ofH pylori in the antral mucosa and
the corpus, and significantly reduced the
activity of antral gastritis. In the fundic
mucosa, however, Hpylori increased as did the
activity of fundic gastritis; but overall the
13C-urea breath test results decreased progres-
sively with treatment. The breath test became
transiently negative in only four of 29 patients
but H pylori was not eradicated by omeprazole
in any patient.
These results confirm previous reports
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Figure 2: '3C-urea breath test results (mean (SD)) in
patients who were positive and negative for Helicobacter
pylori before, during, and after two andfour weeks'
omeprazole 40 mg daily.
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that omeprazole suppresses H pylori infec-
tion.'1 12 17-19 In a small study using the
14C-urea breath test, Bell et al 12 cleared the
organism in half the patients given omepra-
zole 40 mg for four weeks, while a dose of 20
mg cleared H pyloni in only one quarter. No
biopsy assessments of H pylori infection were
made in this study. After four weeks' treat-
ment with omeprazole 20 mg, Daw et al 16
reported 500/0 clearance from the antrum
using culture as the criterion (the associated
gastritis improved in 54% of patients), but
over half the patients who had been negative
on culture at the end of treatment had
H pylori in the gastric pits visible on transmis-
sion electron microscopy. Similarly, 40%
clearance of antral H pylori was reported after
only two weeks of omeprazole 20 mg, but
histology was used to assess the H pylori
status.18 Similar results were also reported in
a large study dealing with duodenal ulcer
patients after four weeks of either ranitidine
150 mg bd or omeprazole 10 or 20 mg
daily: in patients receiving omeprazole 20 mg
daily, antral H pylori was cleared in 68% of
cases, with a concurrent improvement in the
activity of the gastritis.19 These changes were
not dose related.
The highest (72%) clearance of antral

Hpylori was reported by Vigneri et al after four
weeks' omeprazole 40 mg per day.20 Thus,
clearance of antral H pylori based on biopsy
findings occurs in 40/o to 80% of patients after
either two or four weeks' treatment. This effect
does not seem to be dose-related, although two
retrospective studies have suggested that
prolonged treatment might produce higher
clearance rates.17 Only our study and that of
Vigneri et al have documented the increase and
shift of H pylori to the fundic mucosa with
increased colonisation of this area.
The pathogenic effects of H pylori may

depend on the pattern of colonisation, but
factors that determine the distribution of the
organism within the stomach are unknown.
H pylori is most often isolated from the gastric
antrum, but loss of normal gastric type epithe-
lium (for example, with gastric antral atrophy or
intestinal metaplasia) or the loss of the adherent
layer of mucus because of bile reflux is associ-
ated with lower levels of antral colonisation.
Data from this study suggest that the distribu-
tion ofH pylori can be changed by omeprazole,
so far the only agent shown to influence the dis-
tribution ofHpylori within the stomach.
One possible explanation for the suppres-

sion ofHpylori by omeprazole is bacterial over-
growth. In this study neither mucosal biopsy
specimens nor gastric juice were assessed
microbiologically for bacterial overgrowth
because of the inherent problems of accurately
reproducing the in vivo microenvironment in
vitro. Preliminary data suggest, however, that
bacterial overgrowth does not correlate with
the suppression of H pylorn.21 A possible
explanation for this observation is that H pyloni
and other bacteria do not share the same
habitat: Hpylori is generally found beneath the
mucus layer or in the gastric pits, while other
bacteria colonise the gastric lumen and surface

mucus. In addition, loss of antral H pylori in
patients with atrophic antral gastritis (but in
whom Hpylori persists in the corpus) is seldom
associated with bacterial overgrowth (J Wyatt,
personal communication).

Omeprazole and lansoprazole are potent
inhibitors of H pylori in vitro, with minimum
inhibitory concentrations that compare
favourably with bismuth salts.22-24 After the pre-
liminary results of our study had been reported,
Bugnoli et al discovered that omeprazole was a
powerful inhibitor ofH pylori urease. Although
these data may seem to explain our findings,
mutant urease negative H pylori and H mustelae
were also inhibited by omeprazole. In addition
inhibition of urease is an ineffective treat-
ment for H mustelae,25 which suggests that
omeprazole's urease inhibition alone does not
account for our findings.

Although omeprazole heals duodenal ulcers
more rapidly than H2 antagonists do,'9 the
incidence of recurrence in the absence of
maintenance treatment is similar.26 Duodenal
ulcer healing rates are related to the extent of
acid suppression.27 It has also been shown that
duodenal ulcer healing rates may increase when
H2 antagonists are combined with anti-H pylori
treatment.28 It is possible, therefore, that more
rapid duodenal ulcer healing with omeprazole
may depend on suppression ofH pylori as well
as greater inhibition of gastric acid. Because
omeprazole does not eradicate Hpylori, the inci-
dence of duodenal ulcer recurrence after initial
healing with omeprazole is similar to those
recorded with other antisecretory agents.26
We have shown that during treatment with

omeprazole, Hpylori may be suppressed some-
times simulating clearance of the antrum and
corpus, or both, but with relapse of H pylori
after the end of treatment. This effect of
omeprazole considerably impairs the sensitivity
of antral biopsy tissue for detecting H pylori in
patients who are taking this drug. The practical
consequences of this observation are that if
breath tests are not available biopsies should
also be taken from the corpus and fundus in
order to determine if H pylori is still present in
the stomach. In addition for patients unable to
temporarily stop treatment with omeprazole, a
negative breath test result should be inter-
preted with caution.
How omeprazole suppresses H pylori is not

clear. We hypothesise that our findings may be
due to Hpylori's chemotaxis for H+, however,
further studies of the relationship between
H+, H pylori, and the role of urease are
needed.
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