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Abstract
Treatment of Helicobacter pylori infec-
tion with amoxycillin is known to reduce
the bacterial load to undetectable levels,
while not eradicating the infection. It
seems, therefore, that bacteria escape
treatment at a 'sanctuary site'. This study
examined whether such a site existed in
the gastric antrum, body, or fundus.
Twenty two patients with H pylori infec-
tion and duodenal ulcer disease were
treated for one week with amoxycillin
(500 mg three times a day) and cimetidine
(800 mg at night). Before treatment,
H pylori was detected throughout all
stomachs, and 13C-urea breath testing at
least 28 days after treatment confirmed
that eradication ofH pyloni had occurred
in no patients. While under treatment,
H pylorn was sought by conventional
methods and by polymerase chain reac-
tion assay and was found in the gastric
fundus in 13 of 22 subjects, in the body in
10 of 22, and the antrum in three of 22: the
difference between fundus and antrum
was significant (p<0.01). The continued
antral infection in three subjects may have
resulted from generalised treatment
failure as two of three had H pylon
detected throughout the stomach, and
these two had complied relatively poorly
with treatment. This study suggests that
amoxycillin and cimetidine are relatively
effective at clearing H pylori from the
gastric antrum, but that escape from
treatment may occur in the gastric body,
and especially the fundus.
(Gut 1995; 36: 670-674)
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Treatment of Helicobacter pylori needs to be
improved. The most successful current treat-
ment is triple therapy with bismuth salts,
metronidazole, and tetracycline, but this is far
from perfect because of the complexity of the
regimen, the frequency of side effects, and the
problem of metronidazole resistance.' 2 The
combination of amoxycillin with omeprazole
may prove a possible alternative, but although
promising results have been reported,2 the
general experience has been disappointing.3-5
Other antibiotic combinations and newer
antibiotics have also failed to provide adequate
H pylori eradication rates.6 7 This relative
failure of an empirical approach to treatment

prompted us to re-examine the reasons for
failure of simple regimens, in the hope that
improving these would eventually lead to
greater treatment success.
Monotherapy with amoxycillin, whether or

not combined with H2 receptor antagonists, is
largely ineffective,8 9 but the reasons for this
are unclear. H pylori is always sensitive to
amoxycillin in vitro so potentially it would
seem a good choice of antibiotic. In vivo
amoxycillin is known to suppress Hpylori (that
is, kill enough bacteria to make standard tests
negative at the end of treatment8 9) but not to
eradicate it (that is, when tests are repeated
a month later they are again found to be
positive). Presumably a few bacteria escape
treatment at a 'sanctuary site' from whence
they emerge, when antibiotics are stopped, to
recolonise the stomach. The problem seems,
therefore, to be one of antibiotic delivery to
this 'sanctuary site', and if this could be
improved antibiotic monotherapy might be a
realistic aim.

Possible 'sanctuary sites' for evasion from
antibiotic treatment include extragastric sites
(for example, dental plaque'0), regions of the
stomach (for example, the gastric fundus), and
microscopic sites (for example the base of
gastric pits). Sanctuary forms, like the slowly
metabolising coccoid form are also a possibility
and have been identified in the stomach. l1
Combinations are possible, for example
H pylori may evade treatment in a slowly
metabolising form in the gastric pits of the
fundus.

In this study we aimed to determine in what
region of the stomach (antrum, body, or
fundus), if any, the 'sanctuary site' existed. To
do this we planned to detect H pylori in biopsy
specimens at the end of a course of amoxy-
cillin, and because standard biopsy based tests
are usually negative in this situation8 9 we used
a sensitive polymerase chain reaction (PCR)
assay.

Methods

SUBJECTS
Twenty two subjects, mean age 42 years (range
22-68 years), 18 of whom were men, were
recruited to the study. Inclusion criteria were
either active duodenal ulcer (12) or previous
duodenal ulcer documented by endoscopy or
barium meal (10). The group with previous
duodenal ulcers were included only if they had
definite endoscopic scarring (2), erosive duo-
denitis (2), or both (6). Exclusion criteria
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included a negative antral biopsy urease test
result at one hour, ingestion of antibiotics or
omeprazole in the previous month or bismuth
salts in the previous two months, known
allergy to penicillins, previous gastrointestinal
surgery, diabetes mellitus, and severe heart or
lung disease.

Written informed consent was obtained from
each subject. Approval was obtained from the
University Hospital, Nottingham, Ethical
Committee and the study was performed
according to the guidelines of the Declaration of
Helsinki (Hong Kong amendment).

PROTOCOL
Subjects underwent an upper gastrointestinal
endoscopy and biopsy specimens were
obtained from the gastric antrum, body, and
fundus. They were then prescribed cimetidine
(800 mg at night) and amoxycillin capsules
(Bencard, UK: 500 mg (2x250 mg) thrice
daily one hour before meals). Amoxycillin was
taken for seven days, including the day of
initial endoscopy. On the eighth day a second
endoscopy was performed, in the morning,
and further biopsy specimens were obtained.
The subjects then continued cimetidine 800
mg at night for two months. During this time,
but not sooner than 28 days after finishing
amoxycillin, a 13C-urea breath test was per-
formed.

Compliance with medication was assessed
by tablet counting and by direct questioning at
the second endoscopy and at the final breath
test. Possible side effects oftreatment were also
assessed at these times by open and direct
questioning, by a doctor, according to a preset
questionnaire.

PROCEDURE AT ENDOSCOPY
Endoscopy was performed between 9 am and
11 am, under sedation with from 0 to 5 mg of
intravenous midazolam. Various models of
endoscope were used, but all were thoroughly
cleaned and disinfected between endoscopies.
This involved vigorous internal and external
brushing using a neutral detergent, and then
being put into an endoscope washer (model
EW-20, Olympus Optical Company Limited,
Tokyo, Japan) and given a further seven
minute wash with neutral detergent and four
minute disinfection with 2.2% glutaraldehyde.

After initial endoscopic assessment, four
biopsy specimens were obtained from each of
the following areas of the stomach; gastric
fundus (high in the fundal vault), body (at
45-50 cm on the greater curve), and antrum
(2-4 cm from the pylorus). A full endoscopic
assessment of the upper gastrointestinal tract
was then carried out. Various measures were
taken to minimise cross contamination of
H pylori between biopsy specimens from
different sites. Firstly, suction was not used
during the procedure until after the final
biopsy specimen had been taken. Secondly,
biopsy forceps were changed between sites.
Thirdly, samples were always taken in the
order fundus, body, antrum. This third point

meant that any cross contamination between
sites was most likely to have caused false
positive results in the antrum, and least likely
to have done so in the fundus.

Biopsy specimens were sent for histology in
formalin (two specimens) and for microbiology
in nutrient broth (one specimen); the micro-
biology specimens being processed within two
hours. A further specimen was put immedi-
ately into a biopsy urease test well (CLO test,
Delta West, Australia). After 24 hours the
sample was removed from the gel, using a
new disposable needle, transferred to a sterile
0.5 ml microfuge tube, and stored at -70°C
for later analysis by PCR assay.

ANALYSIS OF BIOPSY SPECIMENS

Histology
Specimens were fixed in 10% formal calcium,
processed routinely into paraffin wax, and
sections were cut at 5 ,um. Two sets of three
serial sections were obtained, one set stained
with haematoxylin and eosin and the other
with a modified Giemsa stain. Sections were
examined independently by two histopath-
ologists.

Bacterial culture
Specimens were plated on to chocolate-blood
agar, then incubated microaerophilically (in
6% oxygen and 5% carbon dioxide) at 37°C
for 72 hours. Colonies with the typical
morphology of H pylori were identified and
tested for oxidase, catalase, and urease
activity. 12

Biopsy urease test
Specimens were transferred from the biopsy
forceps directly into a biopsy urease test well
and buried in the agar using a sterile needle.
The test was kept at room temperature for 24
hours and a colour change to pink up to this
time was deemed positive.

Polymerase chain reaction (PCR) assay
Batch analysis was performed on samples
stored at -70°C. DNA extraction was per-
formed by boiling the biopsy specimen in
100 ,ul of molecular biology grade water for 20
minutes, centrifuging at 13 000 rpm in a
microfuge for 10 minutes, and taking the
supernatant for analysis. This simple extrac-
tion procedure has been shown to be effective
in other PCR assays forH pylori.13

Direct PCR was performed using the Hpl
and Hp2 primers for the 16S ribosomal RNA
gene of H pylorn described by Ho et al,14 and
using the PCR conditions described by that
group, with the single exception that the Taq
DNA polymerase came from a different source
(Northumbria Biologicals Ltd, England). Ho
et al have found the assay to be specific for
H pylori, in that it does not detect a range of
other bacteria. 14 In a series of preliminary
experiments we found the assay to be capable
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Agarose gels (2%) showing H pylori 1 6S rRNA gene polymerase chain reaction (P1R)
amplification products. The left panel shows PCR products from gastric biopsy specimens
seeded with serial 10-fold dilutions of viable H pylori. The right panel shows PCR products
from biopsy specimens taken from specified regions ofa subject's stomach before and after
amoxycillin treatment: A=antrum, B=body, F=fundus. *Hae III digest ofphage
Xl74RF DNA; tbiopsy specimens obtained immediately before starting treatment (day 1);
tbiopsy specimens obtained on the day after the final amoxycillin dose (day 8); §H pylori
negative gastric biopsy specimens; lIcolonyforming units.

of detecting DNA from as little as 130 viable
bacteria seeded back into a gastric biopsy
specimen (Figure). Consistent detection of
4200 viable bacteria was achieved when seeded
specimens were used as positive controls
during analysis of clinical samples and it is
likely that smaller numbers would often have
been detected. A range of negative controls,
including H pylori negative biopsy specimens,
were used.

Analysis ofPCR products was by gel electro-
phoresis in a 2% agarose gel stained with
ethidium bromide and run with molecular
weight markers consisting of a Hae III digest of
phage X174RF DNA (Gibco Life Tech-
nologies Limited, UK). PCR was considered
to be positive if a single band migrating at 109
base pairs was seen (Figure). This has
previously been sequenced and found to be
consistent with the H pylori 16S rRNA gene
target. 14

TABLE I Detection of Helicobacter pylori by various
methods, before treatment, in the three areas of interest in
the stomach. Note that subjects were excludedfrom the
study if the biopsy urease test was negative in all areas at
one hour

Antrum Body Fundus
(n= 22) (n= 22) (n= 22)

Biopsy urease test 21 21 20
Histology 17 13 13
Culture 19 19 17
Polymerase chain reaction 22 22 21
Total with H pylori detected 22 22 21

TABLE II Detection ofHelicobacter pylori by various
methods, immediately after treatment, in the three areas of
interest in the stomach. Detection in the fundus was more
frequent than in the antrum (p<001). The difference in
detection between body and antrum (p= 0 04) did not
reach formal significance after application of the Bonferroni
correction for multiple comparisons

Antrum Body Fundus
(n= 22) (n= 22) (n= 22)

Biopsy urease test 0 0 0
Histology 0 0 0
Culture 2 1 3
Polymerase chain reaction 3 10 12
Total with Hpylori detected 3 10 13

13C-UREA BREATH TEST (13C-UBT)
This test, performed at least four weeks after
finishing antibiotic treatment, was carried out
according to a standardised protocol.15 Fasted
patients were given a fatty test meal, had
baseline breath samples collected, and after
10 minutes were given 100 mg 13C-urea in
50 ml water. They then lay on their left then
their right side for two minutes each, and 10
minutes after urea ingestion breath sampling
was begun. Breath samples were collected
every five minutes for 30 minutes and pooled
in a large container. At the end of the test a
sample was withdrawn from the pooled collec-
tion and this was compared with the baseline
value. A difference of >5 per mil units between
baseline and pooled samples was regarded as
being a positive test. 15

STATISTICAL ANALYSIS
The rate of detection of H pylori immediately
after treatment in the three areas of the
stomach was compared directly using the
Fisher exact probability test. Because three
direct comparisons were made (antrum with
body, antrum with fundus, and body with
fundus) the Bonferroni correction for multiple
comparisons was applied. This reduced the
conventional level at which results were
regarded as significant from p=0.05 to
p=0.017.

Results
Before treatment, H pylori was detected in all
areas of all 22 stomachs by PCR assay and at
least one conventional test, with the single
exception that in one gastric fundus it could
not be detected (Table I). The final breath test
was performed between 28 and 56 days after
the end of amoxycillin dosing (mean 38 ±3
days) except in a single patient who failed to
attend for breath testing during this time and
was tested 133 days after amoxycillin dosing.
Urea breath testing was positive in all (22 of
22) subjects, indicating no eradication of
H pylori.

Immediately after the course of amoxycillin
and cimetidine, both histology and biopsy
urease test failed to detect H pylori.
Microbiological culture detected the
organisms successfully in four of 22 patients,
and PCR did so in 16 of 22 patients. PCR
assay detected H pylori at all sites at which it
was detected by microbiological culture, with
the exception of one fundus (Tables II and
III).

After treatment, H pylori was found signifi-
cantly more frequently in gastric fundus (13 of
22) than antrum (three of 22) (p<0-01). There
was a trend to more frequent detection in
gastric body (10 of 22) than antrum (three of
22) (p=0.04 not significant after application of
the Bonferroni correction for multiple com-
parisons) (Table II). Of the three subjects in
whom H pylori was detected in the antrum
while taking antibiotics, two had it detected
throughout the stomach and one in the antrum
and body. In the other subjects with detectable

109 bp
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markers* xlO x 104 X1. X10' X101
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672



Detection of the intragastric sites at which Helicobacter pylori evades treatment with amoxycillin and cimetidine

TABLE Ill Pattern ofgastric colonisation by Helicobacter
pylori detected immediately after treatment. Detection was
by polymerase chain reaction (1CR) only exceptfor the
following; *one of these two subjects also had detection in
antrum andfundus by culture; tthis subject had the same
pattern detected by culture; tone of these subjects had
detection by PCR and culture, one by culture alone, and
five by PCR alone

No of Pattern of distribution of No of
areas H pylori detection subjects with
H pylori this pattern
detected Antrum Body Fundus (n= 22)

3 + + + 2*
2 + + t11

+ + 0
+ + 4

1 + - 0
+ - 3

_ _ + 7t
0 - - 5

Hpylori, it was found either in the fundus alone
(7), body alone (3), or body and fundus (4)
(Table III).

Compliance with treatment, as monitored
by tablet counting, was over 900/0 in all but
four subjects and in these it was between 80
and 90/O. These four subjects included both
those in whom H pylori was detected in all
three areas of the stomach after treatment, one

subject in whom it was detected in the fundus
only, and one subject in whom it could not be
detected.
No adverse events were reported spon-

taneously. On direct questioning two subjects
admitted to slightly looser stool than normal
(one with increased frequency from his usual
one bowel action, to three bowel actions per
day). Other, possibly unrelated, symptoms
elicited by direct questioning were mild
abdominal discomfort (two subjects), head-
aches (two subjects, one ofwhom was a subject
with loose stool), and slight irritability (two
subjects).

Discussion
This study has shown that after a one week
course of anoxycillin and cimetidine, H pylori
often evade treatment in the gastric fundus and
sometimes do so in the gastric body, whereas
they are normally cleared from the gastric
antrum. Furthermore, there are several reasons

to suspect that in the three patients with con-

tinued infection of the antrum there was a more

generalised failure of treatment, perhaps related
to poor compliance with medication. In two
of the three subjects in whom H pylorn was

detected in the antrum, it was detected
throughout the stomach and these two subjects
were two of the four subjects who complied
relatively poorly with treatment. Also, in two of
the three subjects with Hpylori detectable in the
antrum, it could also be detected by microbio-
logical culture, suggesting that the remaining
load ofH pylori may have been relatively high.
To detect the regions of the stomach con-

taining 'sanctuary sites' we used the sensitive
technique of PCR assay. There has been dis-
cussion about the validity of PCR as a detec-
tion technique for H pyloni,'6 and for this
reason we used stringent measures to ensure

the accuracy of our results. Great efforts were

made to exclude false positive and false nega-
tive PCR results by using a range of positive
and negative controls and putting them
through identical extraction and reaction pro-
cedures to the samples. Cross contamination
between the different areas of the stomach was
minimised by avoiding suction, changing
biopsy forceps between areas, and by taking
samples from fundus first and antrum last.
This latter point should ensure that if contam-
ination occurred it would be most usual in
antral samples, whereas we found colonisation
to be most common in fundal samples. Cross
contamination between subjects is another
potential possibility, as there have been recent
descriptions of PCR positive specimens on
endoscopes after sterilisation,16 although it is
difficult to see how this could explain the
regional differences that we found within the
stomach. In this study cross contamination
between subjects was not found to occur, as in
several cases, after treatment, gastric juice was
sampled through the endoscope and this was
subsequently found to be negative for H pylori
by PCR. Whether this is because our PCR
assay is less sensitive than others, or because
our endoscopes are cleaned more thoroughly
remains unclear.
A further potential problem with using PCR

as a detection technique is that it gives no indi-
cation as to whether organisms are alive or
dead, since it detects only the target sequence
of bacterial DNA. However, mucus turnover
in the stomach is rapid,17 so dead bacteria
would be expected to be shed quickly and
detection by PCR should imply current or very
recent infection. Furthermore, we detected
living organisms by bacterial culture at a total
of six sites in four patients, and culture results
agreed with PCR at five of these six sites.

Detection ofH pylori while under treatment
was unsuccessful in five of 22 subjects, even
though a subsequent breath test showed that it
had not been eradicated. The most likely
explanation for this is biopsy sampling error, a
recognised problem.'8 19 This may also explain
why one subject under treatment had H pylorn
detected in the fundus by culture but not by
PCR.
At the initial endoscopy there was an incom-

plete correlation between detection methods,
the likely explanation for which is sampling
error between biopsy sites. It is not surprising
that the biopsy urease test performed well,
since this was the index investigation. PCR
proved reassuringly sensitive compared with
other tests. Culture achieved higher sensitivity
than is often described and histology lower,
and we have no ready explanation for this.
During treatment, culture was the only
standard test to detect H pylori. This may be
because it is not as dependent as either his-
tology or biopsy urease test on numbers of
organisms - if just one bacterium multiplies, a
positive culture may ensue.
Why does H pylori persist in the gastric

fundus and body during treatment? One
explanation, supported by preliminary
studies,2021 is that delivery of amoxycillin to
the mucosa in these areas is poor. Other
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possibilities are that antibiotics are less active
in the acid-producing environment of the
body and fundus or that the bacteria are more
resistant to treatment in this environment.
Whatever the explanation, it would seem likely
that reformulation of old antibiotics, or devel-
opment of new ones, to specifically target the
gastric body and fundus should lead to more
successful anti-Helicobacter treatment.
H pylori infection is an enormous worldwide

problem. Complicated antibiotic regimens
cannot provide a practical worldwide solution.
We need to know why simple regimens fail so
that their effectiveness can be improved. This
study provides some insight into this, in that
the failure of amoxycillin/cimetidine treatment
is shown to be due to escape at a 'sanctuary
site' in the gastric fundus, and sometimes the
body. We need to learn more, but eventually
we hope that reformulation of simple anti-
biotics to achieve simple treatment regimens
will prove a realistic aim.
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