
&p.1:Abstract Infection with Helicobacter pylori(H. pylori)
causes gastritis, and may be associated with gastric and
duodenal ulcers and also with such malignant diseases as
MALT lymphoma and gastric carcinoma. In order to de-
termine whether there are differences in the degree and
distribution of gastritis, each patient with H. pylori gas-
tritis only (n = 50) was matched for sex and age with
four patients, one each with H. pylori-associated duode-
nal ulcer, gastric ulcer, gastric carcinoma or MALT lym-
phoma. From each patient, two biopsies were taken from
the antrum and two from the corpus for histopathological
examination of H. pylori gastritis. The median summed
gastritis score decreases in the following order: antrum:
gastric ulcer > duodenal ulcer > gastritis alone > carcino-
ma > MALT lymphoma, and corpus: gastric ulcer > car-
cinoma > MALT lymphoma > gastritis alone and duode-
nal ulcer. We conclude that the degree and distribution of
H. pylori gastritis differs significantly among H. pylori-
associated diseases. These differences may explain some
of the underlying pathomechanisms associated with H.
pylori infection.

&kwd:Key words Gastritis · Helicobacter pylori· Peptic ulcer ·
Gastric cancer · MALT lymphoma&bdy:

Introduction

Following the rediscovery of Helicobacter pylori(H. py-
lori ) by Warren and Marshall [29], it soon became evi-
dent that this bacterium is the leading cause of gastritis
throughout the world. Numerous studies have shown that
H. pylori is a causal factor in peptic ulcer disease, since
when H. pylori infection is cured this cures both duode-
nal [10, 13, 19] and gastric ulcer disease [3, 13]. Epide-
miological studies have shown that persons infected with
H. pylori carry an increased risk of developing gastric
carcinoma [11, 23], whereas other studies, which have
shown regression of low-grade gastric MALT lymphoma
following eradication of H. pylori [2, 30], have suggest-
ed that H. pylori infection also has a causal role in the
development of gastric lymphomas.

It has been postulated that differences in the charac-
teristics of H. pylori strains, as well as different environ-
mental and genetic factors in the infected hosts are in-
volved in the variable outcome of the infection [4, 5, 18].
However, there appear to be no studies investigating the
association between the degree and distribution of H. py-
lori gastritis and the development of these five different
diseases associated with H. pylori infection in popula-
tions matched by age and gender.

To clarify this point, we investigated the extent to
which the direct consequence of H. pylori infection (H.
pylori gastritis) differs between patients with gastritis
only and those with duodenal ulcer, gastric ulcer, gastric
carcinoma, or MALT lymphoma.

Patients and methods

To keep sex- and age-related influences to a minimum, each of the
50 patients (25 males, 25 females, mean age: 60.14 years, 95% CI:
56.27–64.01) with H. pylori gastritis only was matched with 4 oth-
er H. pylori-infected patients, 1 each with duodenal ulcer, gastric
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ulcer proximal from the pylorus, gastric carcinoma or MALT lym-
phoma for sex and age (± 2 years).

Between October 1993 and April 1995, patients were recruited
for the study from those undergoing routine endoscopy at centres
in Munich and Berlin, or in the offices of several gastroenterolo-
gists in private practice (see “Acknowledgements”). From each pa-
tient, two biopsy specimens from the antrum (2 cm away from the
pyloric channel) and two from the corpus (middle third, greater
curvature) were obtained. The biopsy specimens of MALT lym-
phoma and carcinoma patients had to be taken at least 2 cm distant
from the tumour, and biopsies infiltrated with malignant cells were
not evaluated in the study. We excluded from evaluation all those
patients who had been taking any medication, such as acid-sup-
pressing drugs, antibiotics, and bismuth that might possibly have
influenced the extent of gastritis and H. pylori colonization at the
time of examination.

In the gastric carcinoma group, 21 patients had intestinal, 27
had diffuse and 2 patients had an undifferentiated type of carcino-
ma according to the classification of Lauren [14]. In the MALT
lymphoma group, 1 patient had a high-grade lymphoma while 49
patients had low-grade lymphomas. All tumours and gastric ulcers
were located in the distal two-thirds of the stomach.

All sections were stained with H&E to grade gastritis, and
with Warthin-Starry stain to detect and grade colonization with H.
pylori. Grading of the variables in gastritis was done using the
Sydney system [24], with slight modifications characterized by
use of a scoring system ranging from 0=none to 4=severe, and in-
cluding the degree of replacement of foveolae by regenerative ep-
ithelium as an additional variable [28]. All histological evalua-
tions were done by one of the authors (M.S.). Studies of the pa-
thologist intra-observer variation in the grading of the various ob-
servations have previously shown a high degree of reproducibility
(unpublished findings) with kappa coefficients of 0.86 (H. pylori
colonization), 0.78 (grade of gastritis), 0.82 (activity of gastritis),
0.63 (replacement of foveolae by regenerative epithelium), 0.74
(intestinal metaplasia), 0.72 (lymphoid follicles), and 0.66 (focal
atrophy).

For every patient a gastritis score was calculated for the antrum
and corpus comprising the summed values of H. pylori coloniza-
tion, grade of gastritis, activity of gastritis, and replacement of fo-
veolar epithelium by regenerative epithelium. Intestinal metapla-
sia, lymphoid follicles and focal atrophy were noted as present or
absent.

Statistical calculations were done using the Mann-Whitney-test
or χ2-test for comparison of the indicators of gastritis investigated.

Results

There were no significant differences in the frequency of
the variables observed in gastritis (P > 0.05) in terms of

the site of gastric ulcers, carcinomas, MALT lymphomas
(lower third/middle third of the stomach) or the type of
carcinomas (intestinal/diffuse/undifferentiated).

Expressed as a summed gastritis score, gastritis asso-
ciated with H. pylori infection is ranked in the following
descending order of severity: gastric ulcer>duodenal ul-
cer>gastritis alone>gastric carcinoma>MALT lymphoma
in the antrum, and gastric ulcer>gastric carcino-
ma>MALT lymphoma>gastritis alone and duodenal ul-
cer in the corpus (Fig. 1).

In detail, the differences in single variables between
patients with H. pylori gastritis only and patients with
the various H. pylori-associated diseases are shown in
Tables 1 and 2.

In the patients with gastric ulcers, the grade and activ-
ity of gastritis, as well as the replacement of foveolae by
a regenerative type of epithelium, were significantly
more frequently expressed than in the patients with H.
pylori gastritis only. This was found both in the antrum
and in the corpus. In the corpus, as in the gastric ulcer
group, patients with gastric carcinomas had an increased
expression of gastritis markers such as grade, activity
and replacement by regenerative epithelium (Table 2). In
parallel, lymphoid follicles and intestinal and focal atro-
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Fig. 1 Medians of the summed gastritis scores in antrum and cor-
pus, formed by adding together the respective values of grade and
activity of gastritis, replacement of foveolae by regenerative epi-
thelium, and density of H. pylori colonization&/fig.c:

Table 1 Differences in the antrum in the density of H. pylori col-
onization, grade and activity of gastritis, replacement of foveolar
epithelium by regenerative epithelium, intestinal metaplasia, lym-
phoid follicles and focal atrophy in relation to the matched groups.

Figures for HP (H. pylori colonization), grade, activity, and re-
placement by regenerative epithelium are medians/means±SD. In
the case of intestinal metaplasia, lymphoid follicles and focal atro-
phy the percentages in the respective groups are given&/tbl.c:&tbl.b:

Gastritis Duodenal ulcer Gastric ulcer Gastric carcinoma MALT lymphoma
(n=50) (n=50) (n=50) (n=50) (n=50)

HP 4/3.19±1.45 4/3.10±1.38 4/3.55±0.95 3/2.40±1.76* 3/2.35±1.56
Grade 3/3.09±0.81 3/3.31±0.63 4/3.59±0.54*** 3/3.21±0.77 3/2.85±0.89
Activity 3/2.37±1.45 3/2.89±0.93 3/3.25±0.72*** 3/2.53±1.32 3/2.35±1.33
Regenerative epithelium 2/2.14±1.28 3/2.62±0.89* 3/2.98±0.82*** 3/2.21±1.26 1/1.46±1.42
Intestinal metaplasia# 28% 32% 50%* 58%** 16%
Lymphoid follicles# 70% 74% 60% 62% 50%
Focal atrophy# 6% 2% 8% 42%*** 6%

* P<0.05; ** P<0.01; *** P<0.001 (Mann-Whitney test/# Chi-square test) compared with patients with H. pylori gastritis only&/tbl.b:



Table 2 Differences in the corpus in the density of H. pylori colo-
nization, grade and activity of gastritis, replacement of foveolar
epithelium by regenerative epithelium, intestinal metaplasia, lym-
phoid follicles and focal atrophy in relation to the matched groups.

Figures for HP (H. pylori colonization), grade, activity, and re-
placement by regenerative epithelium are medians/means±SD. In
the case of intestinal metaplasia, lymphoid follicles and focal atro-
phy the percentage in the respective group is given&/tbl.c:&tbl.b:

Gastritis Duodenal ulcer Gastric ulcer Gastric carcinoma MALT lymphoma
(n=50) (n=50) (n=50) (n=50) (n=50)

HP 4/3.37±0.93 3/2.89±1.13* 4/3.64±0.78 3/3.12±0.93 3/2.54±1.41**
Grade 2/2.23±0.78 2/2.07±0.75 3/2.82±0.58*** 3/2.91±0.87*** 3/2.85±0.78***
Activity 2/1.74±1.31 1/1.36±0.91 3/2.55±0.87** 3/2.77±1.19*** 3/2.33±1.32*
Regenerative epithelium 1/1.30±1.17 1/1.34±0.81 2/2.20±0.88*** 3/2.40±1.29*** 1/1.31±1.34
Intestinal metaplasia# 4% 0% 0% 8% 2%
Lymphoid follicles# 26% 34% 26% 74%*** 32%
Focal atrophy# 0% 0% 0% 18%*** 4%

* P<0.05; ** P<0.01; *** P<0.001 (Mann-Whitney test/# Chi-square test) compared with patients with H. pylori gastritis only
&/tbl.b:

13

Fig. 2 Frequency of lymphoid follicles, intestinal metaplasia and
focal atrophy in antrum and corpus; ● lymphoid follicles (≈10%),
1 intestinal metaplasia (≈10%), ■ focal atrophy (≈10%)&/fig.c:

phy were frequently found in these patients (Fig. 2).
However, comparison with patients having H. pylori gas-
tritis alone revealed a significant difference only for in-
testinal metaplasia and focal atrophy in the antrum (Ta-
ble 1) and for lymphoid follicles and focal atrophy in the
corpus (Table 2).

The H. pylori gastritis in duodenal ulcer patients dif-
fered significantly from that in patients with H. pylori
gastritis alone in that there was a higher grade of regen-
erative epithelium in the antrum and a lower density of
H. pylori colonization in the corpus.

Gastritis variables evaluated from antral biopsies ob-
tained from MALT lymphoma patients did not differ sig-
nificantly from those obtained from the control group
(Table 1). In the corpus, however, MALT lymphoma pa-
tients had a significantly lower expression of H. pylori
colonization, but a significantly higher expression of
grade and activity of gastritis (Table 2).

Discussion

A number of authors have claimed that different strains
of H. pylori are associated with different diseases. Go et
al. reported that H. pylori strains obtained from duodenal
ulcer patients showed specific genetic fragments not
found in strains obtained from patients with simple gas-
tritis [12]. It has also been stated that H. pylori strains
found in ulcer and gastric carcinoma patients show an in-
creased production of the cytotoxin-associated CagA
protein [7, 8, 21]. Recently, Atherton et al. reported that
specific H. pylori vacA genotypes might influence the
outcome of the infection [1], because there are differ-
ences in vacAexpression between H. pylori strains found
in patients with merely gastritis and those with duodenal
or gastric ulcer.

Since no microbiological investigations were done in
the present study, we do not know whether different ge-
notypes of H. pylori are responsible for the differing de-
gree and distribution of gastritis in the five groups we
evaluated. However, we do not believe that strain factors
alone suffice to explain why patients with duodenal ul-
cer, for example, have a rather mild corpus gastritis,
whereas in gastric carcinoma patients it is quite severe.
Hence, there must be other – namely host related – fac-
tors that influence the outcome of H. pylori infection.

It has been reported that patients with duodenal ulcer
disease appear to have a higher gastric acid output than
patients with gastritis only or those with gastric ulcer
disease [27]. We speculate that this corresponds to the
location of gastritis is located mainly in the antrum in
duodenal ulcer patients, with only mild gastritis in the
corpus, which might thus be able to remain its capacity
to produce acid. A highly inflamed corpus, as found in
gastric carcinoma patients, however, may be associated
with a reduced acid output [22] and focal atrophy/intesti-
nal metaplasia [9]. We found that intestinal metaplasia
was mostly associated with carcinoma, and atrophic
changes appeared almost exclusively in these patients
(Fig. 2). Hence, as Lee et al. suggested [15], local acid
output might determine the outcome of H. pylori infec-
tion. However, the question now arises as to what deter-
mines local acid production. Acid production is thought



to be lower in older patients [27]. However, since the
groups evaluated in this study were age-matched, it
would not appear likely that age alone influences the dis-
tribution of gastritis. Another factor that might determine
intragastric acid production is the number of parietal
cells, which is determined by the size of the corpus.
More than 40 years ago, Cox found that the relative size
of the antrum and corpus varies from one person to an-
other [6]. In a report by Oi it is noted that the fundic-py-
loric border determines acid secretion and, thus, the type
and extent of gastritis [22]. If a person with a small an-
trum and a rather large corpus becomes infected with H.
pylori, the resulting high acid secretion will cause the
gastritis to predominate in the antrum, while remaining
quite mild in the corpus. Consequently, a person infected
with H. pylori will then be predisposed to develop duo-
denal ulcers. In contrast, a person with a comparatively
low number of parietal cells might be at an increased risk
of developing gastric carcinoma. That the distribution of
gastritis is related to intragastric acid output agrees with
a report by Logan et al. noting that once acid production
is suppressed, H. pylori gastritis decreases in the antrum
[17], and increases in the corpus.

We speculate that the capability of producing acid –
possibly responsible for the different outcomes in H. py-
lori infection – may be inherited in the same manner as
such other characteristics as height. It is reported, for ex-
ample, that in Yemeni patients the prevalence of H. py-
lori is high, but the frequency of intestinal metaplasia
and the incidence of gastric carcinoma are quite low,
compared with British patients [26]. Nevertheless, Scott
et al. noted that there are families in whom gastric carci-
noma appears disproportionately often, even in very
young family members [25]. These reports also agree
with a recent finding of ours that H. pylori gastritis is
significantly more frequent in the corpus in relatives of
gastric carcinoma patients than in matched controls with
similar complaints but without such a family history
[20].

Surprisingly, in the other group of malignant diseases
investigated (the MALT lymphoma group), the extent of
gastritis expressed by the summed gastritis score was no
higher in the antrum than in the corpus, a phenomenon
also found in gastric carcinoma patients (Fig. 1). Thus,
both malignant diseases differ from the other three, be-
nign, H. pylori-associated diseases in terms of the an-
trum/corpus ratio of gastritis. However, focal atrophy
and intestinal metaplasia were uncommon in our MALT
lymphoma patients (Fig. 2), and the overall extent of
gastritis was not as severe as in patients who had a car-
cinoma. An interesting finding regarding the observed
differences between MALT lymphoma and gastric carci-
noma might be that the production of vacuolizing cyto-
toxin in strains obtained from MALT lymphoma pa-
tients is sparse compared with strains from gastric carci-
noma patients [16]. Hence, as mentioned earlier, H. py-
lori strain factors might be responsible for the different
degree and distribution of H. pylori gastritis, at least to
some extent.

In conclusion, in the diseases associated with H. py-
lori infection, the expression of H. pylori gastritis differs
– independently of sex and age. However, the reasons for
the differences in the degree and distribution of gastritis
in different H. pylori-associated diseases have not yet
been fully understood and require further investigation,
including the examination of both H. pylori strain and
host factors.
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