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Improvement of gastric inflammation and
resolution of epithelial damage one year after
eradication of Helicobacter pylori

E M Witteman, M Mravunac, M J C M Becx, W P M Hopman, J S C Verschoor,
G N J Tytgat, R W de Koning

Abstract
Aims-To investigate the effect of erad-
ication of Helicobacter pylori infection on
gastric epithelial damage and gastritis,
scored according to the Sydney system.
Methods-Gastritis scores and epithelial
damage were assessed in gastric biopsy
specimens before, and five weeks and one
year after anti-H pylori therapy in 66
patients with H pylon related gastritis.
Results-The mean initial levels of ac-
tivity, inflammation, atrophy, intestinal
metaplasia, and H pylon scores were
higher in the antrum than in the corpus
or fundus. Eradication ofHpyloni resulted
in an improvement in the mean in-
flanumatory score in antral biopsy speci-
mens from 2-23 before treatment to 1*32
and 1-06, respectively, five weeks and one
year after treatment. Corresponding val-
ues for fundic biopsy specimens were 1*30,
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036 and 0-35. Activity scores improved
from 1P41 before treatment to 0-13 and
zero, respectively, five weeks and one year
after treatment in antral biopsy specimens
and from 0-60 before treatment to zero in
fundic biopsy specimens. Before treat-
ment, epithelial damage was present in
51% of biopsy specimens taken from the
antrum and 23% ofthose from the corpus.
Five weeks after eradication of H pyloni
none of the biopsy specimens revealed
evidence of epithelial damage.
Conclusion-Eradication ofHpylon is fol-
lowed by a rapid, significant improvement
in the gastritis score and resolution of epi-
thelial damage in antral and fundic mu-
cosa.
(J7 Clin Pathol 1995;48:250-256)

Keywords: Helicobacterpylori, gastric inflammation, epi-
thelial damage, eradication.

Figure 1 H pylori associated chronic gastritis of the antrum showing severe active inflammation and epithelial damage.
There are cellular tufts (arrow) alternating with depleted apical mucus (modified Giemsa).
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Hpylori and gastric inflammation

Figure 2 H pylori associated chronic gastritis of the fundus showing moderate active
inflammation with intraepithelial infiltration of neutrophils (arrow) without epithelial
damage (modified Giemsa).

Helicobacter pylori is widely accepted as an im-
portant cause of chronic gastritis.' H Pylori
associated inflammation plays an important
role in the pathogenesis of duodenal ulcer dis-
ease and is regarded as a risk factor for gastric
carcinoma."2 The prevalence of infection in-
creases with age, with those over 60 years of
age having rates approaching 60%. H pylori
infection usually persists for life and spon-
taneous recovery from infection is rare. The
ecological niche of the micro-organism is the
surface epithelium, with clustering at the gastric
epithelial intercellular junctions.5 The gastric
mucosa almost invariably shows evidence of
inflammation and epithelial injury. Epithelial
damage such as disintegration of apical mucus,
epithelial irregularities and microerosions are

typical ofH pylori colonisation.67
Gastritis is now scored according to the Syd-

ney system, first introduced in 1990. The histo-
logical division of this classification separately
assesses, in a semiquantitative manner, acute
and chronic inflammatory changes, atrophy
and intestinal metaplasia in antral and corpus
biopsy specimens.89 To date, however, few
studies on the inflammatory response have been

carried out using the Sydney system of scoring
gastritis both before and after eradication ofH
pylon in different parts of the stomach.'01' In
particular, no study has systematically assessed
the effect of eradication on epithelial damage.
Surface epithelial degeneration has been a neg-
lected. aspect ofH pylon associated gastritis.
The aim of this study was to investigate the

distribution of Hpyloni, the degree of epithelial
injury and the severity of gastritis, graded ac-
cording to the Sydney system, and to assess
improvements in the inflammatory changes and
epithelial damage over one year of follow up
after eradication of H pylon in dyspeptic
patients with gastritis.

Methods
Patients (n = 313) with upper abdominal symp-
toms of at least one month's duration and
without endoscopic abnormalities other than
gastritis were considered as candidates for our
study. Of the 313 patients, 150 (48%) had
histological evidence of gastritis with con-
comitant H pylon infection confirmed by cul-
ture or histology, or both. Ofthese 1 50 patients,
66 gave their written informed consent for
participation in this trial. From this group, 35
patients were randomly selected to be treated
with colloidal bismuth subcitrate (CBS)
(120 mg four times daily for four weeks) and
metronidazole (MTZ) (250 mg four times daily
for 10 days); the remaining 31 patients were
treated with CBS, 120 mg four times daily,
alone for four weeks, a standard regimen at the
time of this study.
The patients underwent endoscopic ex-

amination before treatment, and five weeks and
one year after cessation of treatment. The third
endoscopy was performed earlier in cases in
whom upper abdominal pain recurred.
On the first occasion, five antral biopsy speci-

mens within a 5 cm radius of the pylorus, four
biopsy specimens from the corpus (two prox-
imal and two distal) and two fundic biopsy
specimens were taken. Two antral biopsy
specimens were cultured and three evaluated
histologically. In 15 of the 66 patients only five
antral, two fundic and no corpus specimens
were taken. On the second and third en-
doscopies, five antral and two fundic biopsy
specimens were taken. Eradication was defined
as negative culture and histology at five weeks
or more after completion of the therapy. H
pylon related micro-organisms were cultured as
described previously.'2

HISTOLOGY
The biopsy specimens were fixed in 10%
buffered formalin, embedded in paraffin wax
and stained with haematoxylin and eosin. H
pylori infection was assessed in both haema-
toxylin and eosin stained and modified
Giemsa stained sections. All of the biopsy
specimens were examined by the same path-
ologist (MM) who was unaware of the patients'
treatment. The different variables for grading
gastritis were rated on a four point scale ranging
from zero to three; 0, absent; 1, mild; 2, mod-
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Figure 3 H pylori associated chronic gastritis of the antrum showing severe active
inflammation and epithelial damage. There are multiple tufts alternating with depleted
apical mucus (modified Giemsa).

erate; and 3, severe, according to the Sydney
system.9 The following variables were con-

sidered. Inflammation was scored according to
the presence and density of lymphocytes and
plasma cells in the lamina propria; activity was
graded according to the presence and density
ofneutrophil polymorphs in the lamina propria
and in the epithelial layer; atrophy was graded
according to the loss of gastric glands; presence
ofHpylori-like organisms was graded according
to their density and distribution (0, absent; 1,
occasional; 2, patchy; 3, layer of bacteria);
metaplasia was scored according to severity (0,
absent; 1, occasional, 2, severe). The mean

score for each variable of the Sydney system
was taken for each series of biopsy specimens
sampled in the antrum, corpus and fundus.
The presence ofa limited number oflympho-

cytes in the lamina propria in the absence of
plasma cells was not considered indicative of
inflammation. In addition to the criteria spe-
cified in the Sydney system the presence of an
irregular gastric surface epithelium, depletion
of epithelial cell apical mucus and the presence

of cellular tufts (composed of three to five tall
columnar cells and almost always flanked by
epithelial defects and areas of depleted mucus)
were looked for on light microscopy, according
to Chan et al (figs 1-4).67

STATISTICS
The data were analysed using the non-para-
metric Wilcoxon signed rank test to determine
whether the gastritis scores changed over
time-that is, the score at time t compared with
the pretreatment score (week 0). Comparisons
between antral, corpus and fundic biopsy speci-
mens were made using the Wilcoxon rank sum
test. Spearman's rank correlation coefficients
were computed for the association between the
scores for Hpylori and those for inflammation,
activity, atrophy, metaplasia, and epithelial
damage in the antral biopsy specimens. The X2
test was used to investigate whether there was
an association between epithelial damage and
other aspects of the Sydney classification.
Because of the gradual withdrawal of a sub-

stantial proportion of the patients from the
study because of worsening disease the es-
timates of mean histological parameters be-
came increasingly less reliable towards the end
of the study. To compensate for these dif-
ficulties, an intention to treat analysis was un-
dertaken. Missing data for patients who
withdrew prematurely from the study were gen-
erated using the last observation carried for-
ward approach, where the last data collected
for patients were fixed until the last time point
(that is, one year after treatment). Thus,
patients who withdrew because of deteriorating
health were considered unchanged for the re-
maining part of the study.

Results
PRETREATMENT (MORPHOLOGICAL DATA)
Of the 66 patients, 62 had pangastritis, oc-
curring most prominently in the antrum. The
mean levels of all five different variables of the
Sydney classification were significantly higher
in the antral compared with the corpus and
fundic biopsy specimens (Wilcoxon rank sum
test, p<O005; fig 5). In one of the 66 patients
more than two antral biopsy specimens were
necessary to detect H pyloni-like micro-
organisms. In 43% of the patients there was
activity in the antral biopsy specimens only and
in 7% of the patients activity was present in
corpus or fundic biopsy specimens only. In
all patients antral biopsy specimens revealed
chronic inflammation (68% had grade 2 in-
flammation).
Lymphoid follicles were found in 38, 5 and

11 %, respectively, of the antral, corpus and
fundic biopsy specimens from the H pylori
positive patients. There was a direct correlation
between the presence of lymphoid follicles and
presence of epithelial damage (X2 test, p<O05).
No significant correlation between the degree
of H pylori colonisation and the prevalence of
lymphoid follicles was found.

Irregular surface epithelium, loss of apical
mucus and cellular tufts were detected sig-
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Figure 4 Chronic gastritis of the antrum showing multiple H pylori related micro-organisms, intraepithelial neutrophils
and loss of mucus (arrow) (modified Giemsa).

Table 1 Mean ratings for the histological parameters, graded according to the Sydney system in antral and fundic
biopsy specimens before therapy (week 0) and five weeks and one year after treatment in patients in whom H pylori
eradication was successful compared with those with persistent infection (intention to treat analysis)

CBS (not-eradicated) CBS+MTZ (not-eradicated) CBS+MTZ (eradicated) Eradicated
n=31 n=12 n=23 +l-

Antrum
activity

0 1-4 1-3 1-4
5 weeks 1-3 1-3 0.3* t
1 year 1-3 1-3 03* t

inflammation
0 2-2 2-2 2-3
5 weeks 2-1 2-1 1-5* t
1 year 2-2 2-2 1-2* t

metaplasia
0 05 04 03
5 weeks 0 5 0-6 0 1
1 year 0-6 0-7 0-2

atrophy
0 0-2 0 1 0-3
5 weeks 0.1 0 0 0-2
1 year 0 1 0 0 0-2

Fundus
activity

0 09 03 05
5 weeks 0-6 01 0.1*
1 year 07 01 0.0*

inflammation
0 1-6 1-4 1.0
5 weeks 1-4 1-3 0.5* t
1 year 1-4 1-3 0.4* t

metaplasia
0 00 0*0 0*0
5 weeks 0 0 0.1 0 0
1 year 0 1 0 1 0.0

atrophy
0 0-0 0.0 0.0
5 weeks 00 00 00
1 year 00 00 00

* p<005 from baseline (pretreatment); t p<005 between patients with and without H pylon infection.
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Figure 5 Mean scores of histological parameters according to the Sydney system on
gastric biopsy specimens from patients with H pylori related gastritis. The mean level of all
five variables was significantly higher in antral compared with corpus and fundic biopsy
specimens (Wilcoxon rank-sum test; p<O-05).

Figure 6 Percentage of biopsy specimens with epithelial damage in patients with H pylori
related gastnitis in antrum, corpus and gastric fundus. Irregular surface epithelium, loss of
apical mucus and cellular tufts occurred significantly more frequently in the antral than in
the corpus orffundic mucosa (X2 test; p<OO1).

nificantly more frequently in the antral than in
the corpus and fundic mucosa (X2 test, p<OO1;
fig 6).
A significant, positive association (Spear-

man's rank correlation) was detected between
the Hpylori score (Sydney system) and the score
for inflammation (p<0001) and for activity
(p<0 001). No statistically significant as-
sociation was observed between the grade of
Hpylori infection and the scores for atrophy or
intestinal metaplasia. Patients without epi-
thelial damage had significantly lower scores
for chronic inflammation (p=0 05), activity
(p=0002), atrophy (p=0004), and intestinal
metaplasia (p=0-0005). No statistically sig-
nificant association could be found with respect
to the H pylori score (p = 0l18).

POST-TREATMENT MORPHOLOGICAL DATA
At five weeks, H pylori was eradicated in 23 of
the 35 patients (66%) treated with dual therapy,
but in none ofthe 31 patients treated with CBS
alone. Fifty of the 66 patients underwent a
third endoscopy. Patients who withdraw from
the study included those with persisting Hpylori
infection (10 of 43) and those in whom Hpylori
infection had been eradicated (six of 23). Nine
patients underwent the third endoscopy within
nine months of finishing therapy because their
symptoms recurred.

Hpyloni-like micro-organisms persisted in all
33 patients positive at five weeks who under-
went the third endoscopy. Reinfection had not
occurred in any of the 17 H pylo?i negative
patients who underwent the third endoscopy.
Statistically significant improvements in ac-
tivity and chronic inflammation were observed
in patients with successful Hpyloni eradication
following combination therapy (table). Such
improvement was not observed in persistently
H pylori positive patients on either treatment
regimen.

In patients whose Hpylori infection had been
successfully eradicated epithelial injury (char-
acterised by surface epithelial irregularity, loss
of apical mucus or cellular tufts) in the fundic
and antral mucosa was resolved, five weeks and
one year after treatment, whereas epithelial
injury was still present in patients with per-
sistent H pylori infection.

Five weeks and one year after treatment,
lymphoid follicles were still present in seven of
23 (30%) and one of 17 (6%), respectively,
antral biopsy specimens from Hpyloni negative
patients. No corresponding decrease in the
prevalence of lymphoid follicles was seen in
those with persistent H pylon infection.
There were no significant changes in atrophy

or intestinal metaplasia scores in antral and
fundic biopsy specimens during follow up in
patients with (non-eradicated) and without
(eradicated) persistent H pylon infection.

Discussion
H pyloni associated chronic inflammation may
lead to the development of atrophy and in-
testinal metaplasia in the gastric mucosa.'3
However, there remain many unanswered
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questions about the progression and dis-
tribution of chronic H pylori related in-
flammation, activity, atrophy, and intestinal
metaplasia and potential reversibility after
H pylori eradication.
The histological divisions of the Sydney clas-

sification permit the separate examination of
the behaviour of acute and chronic in-
flammation in different parts of the stomach
following H pylori therapy.
Our results suggest that activity and epithelial

damage resolve quite rapidly after eradication
ofHpyloni and therefore can be used as markers
of successful therapy, confirming conclusions
reached by other authors.101' Resolution of
chronic inflammation is a much slower process
in all parts of the stomach and in most patients
regression is still incomplete one year after
eradication. In contrast to the study of Di
Napoli et al,'0 in this study failure to eradicate
H pyloni did not result in even a temporary
improvement in antral gastritis scores after five
weeks. The inflammatory reaction, the density
of the layer of the bacteria and epithelial dam-
age was greater in fundic than in antral biopsy
specimens, confirming the findings of other
authors.""'7 The reduction in inflammation in
the corpus and fundus may be related to a
lower density ofHpylori colonisation. We found
that the intensity of gastritis was significantly
related to the density of H pylori, which is
consistent with the findings reported by other
investigators.""-1

In 48% ofour patients with upper abdominal
symptoms and no endoscopic abnormalities
there was histological evidence of chronic gast-
ritis. H pylori negative antral gastritis rep-
resented 23% of all gastritis cases. All other
patients with gastritis were positive for Hpylori
infection. In the literature the incidence of H
pylori negative gastritis has been reported to
vary from zero to 28%.141520 H pylori was de-
tected in biopsy specimens from the corpus
and fundus in a few patients. It is possible
that H pylon infection cleared spontaneously
in some patients because of an unfavourable
gastric environment. In fact, in 60% of patients
with H pylori negative gastritis and moderate
inflammation and activity there was evidence
of intestinal metaplasia or atrophy, which are
often associated with low acid output.
Chan and Hui6 described characteristic sur-

face changes such as loss of cell mucus, epi-
thelial erosions and cellular tufts around gastric
ulcers of patients with H pylori infection in
contrast to the changes present in H pylori
negative patients with gastric ulcer disease. We
found similar epithelial changes in many
patients with H pylori related gastritis in the
absence of gastric ulceration. The sensitivity of
the presence of cellular tufts and depletion of
apical mucus on microscopy as markers for the
presence of Hpylori (29 and 49%, respectively)
was much lower in the patients with gastritis
in this study compared with the corresponding
patient group in the study by Chan and Hui.6
We were surprised not to find a correlation
between the density of H pylori infection and
evidence of epithelial damage. Leung et al2'
reported an association between the degree

of H pylori colonisation and the severity of
epithelial damage. A possible explanation for
this discrepancy is that their scoring system
graded both focal maximal severity as well as
the overall extent ofbacterial colonisation. The
specificity of epithelial damage as a marker of
eradication in our study was very high. In all
biopsy specimens of patients in whom Hpylori
had been eradicated epithelial damage resolved
rapidly within five weeks ofcessation oftherapy.
There was a significant association between
the inflammatory reaction and the degree of
epithelial damage.

Gastric lymphoid tissue is reported to de-
velop in response to chronic infection by H
pylori and is associated with low grade B cell
gastric lymphoma.22-24 Lymphoid follicles were
found in 38% of antral biopsy specimens in
this study and appeared to be pathognomonic
ofH pylon infection.25 Lymphoid follicles dis-
appeared slowly after eradication ofH pyloni.
Atrophy and intestinal metaplasia did not

resolve, at least during the short follow up
period in this study. The development of at-
rophy and intestinal metaplasia is multifactorial
and factors other than bacterial infection alone
are presumably involved (for example, diet
induced injury and bile reflux).2627 However,
longitudinal studies report the increased
prevalence of chronic gastritis and H pylori
infection as well as an increased prevalence of
atrophy and intestinal metaplasia with in-
creasing age.28 Furthermore, changes in the
epidemiology ofH pylori have also resulted in
changes in the epidemiology of atrophic gast-
ritis and intestinal metaplasia and subsequently
in the occurrence ofgastric carcinoma or peptic
ulcer disease.2930 Many questions about the
natural history of chronic gastritis remain un-
answered. The natural progression of chronic
gastritis and the possible resolution of atrophy
and intestinal metaplasia following the erad-
ication ofH pylon merits further study.

We are grateful to MrT Hagendoorn for taking the photographs.
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