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Background: Helicobacter pylori associated gastric cancer arises via a multistage process, with atrophic
gastritis being the precursor lesion. Helicobacter pylori is typically acquired in childhood, yet little is known
of the prevalence of atrophic gastritis in childhood.
Aim: To study atrophic gastritis among children from countries with high gastric cancer incidence.
Methods: Sections from topographically mapped gastric biopsy specimens from children undergoing
clinically indicated endoscopy in Korea and Colombia were evaluated using visual analogue scales.
Atrophy was defined as loss of normal glandular components, including replacement with fibrosis,
intestinal metaplasia (IM), and/or pseudopyloric metaplasia of the corpus (identified by the presence of
pepsinogen I in mucosa that was topographically corpus but phenotypically antrum).
Results: One hundred and seventy three children, 58 from Korea (median age, 14 years) and 115 from
Colombia (median age, 13 years), were studied. Helicobacter pylori was present in 85% of Colombian
children versus 17% of Korean children (p,0.01). Atrophic mucosa near the antrum–corpus border was
present in 16% of children, primarily as pseudopyloric metaplasia (31%, IM; 63%, pseudopyloric
metaplasia; 6%, both). The median age of children with corpus atrophy was 15 (range, 7–17) years.
Conclusion: Gastric atrophy occurs in H pylori infected children living in countries with high gastric cancer
incidence. Identification and characterisation of the natural history of H pylori gastritis requires targeted
biopsies to include the lesser and greater curve of the corpus, starting just proximal to the anatomical
antrum–corpus junction, in addition to biopsies targeting the antrum and cardia.

I
nfection with Helicobacter pylori is the most common
identifiable cause of gastritis in children and adults.1–3

The pathogenesis of H pylori associated gastric cancer is
thought to proceed through a series of steps of increasingly
damaged gastric mucosa.4–8 Although H pylori infection is
typically acquired in childhood, there are few data regarding
the prevalence of atrophy or intestinal metaplasia (precan-
cerous changes) in the stomachs of children. Helicobacter pylori
gastritis has been described in the antrum, and less
frequently in the corpus, of children. In contrast, mucosal
atrophy in children is either rare or under-recognised, and
when it has been identified it has not been well charac-
terised.1 9–16 Our current study examined the prevalence of
H pylori gastritis and atrophic gastric mucosa among children
from two countries where gastric cancer is common—Korea,
a recently developed country, and Bogota, Colombia, a
developing country. Bogota is an area with a medium to
high risk for gastric cancer.

‘‘Infection with Helicobacter pylori is the most common
identifiable cause of gastritis in children and adults’’

MATERIALS AND METHODS
Patients
Our study population consisted of children already scheduled
for endoscopy for the evaluation of chronic abdominal pain at
two centres: Guru Hospital Endoscopic in Seoul, Korea, and
Hospital San Juan de Dios Universidad Nacional in Bogotá,
Colombia. Both centres were experienced in evaluating
patients for H pylori and used a standard protocol for
obtaining gastric mucosal biopsies. The protocols were
approved by the local ethical committees of the Hospital
San Juan de Dios and Guro Hospital, Korea University
College of Medicine, Seoul, Korea.

Endoscopy
Two endoscopists performed all procedures in Bogotá,
Colombia (OG and HC), and one endoscopist in Seoul
Korea (JK). Mucosal biopsy specimens were obtained from
predetermined locations. A special effort was made to
examine five predetermined and targeted sites in all patients
(including two antral sites (A2, A3), three corpus sites (B2,
B3, and B4), and the cardia site (C); fig 1). The endoscopists
were experienced in gastric mapping using the same protocol
for adults and had previously received training in biopsy site
placement by the use of an instructional video. In practice,
the angularis biopsy was taken at the junction of the antrum
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Figure 1 Mucosal biopsy specimens were obtained from five to six
(median, five) predetermined locations. A special effort was made to
examine five predetermined sites in all patients, namely: A2, A3, B2, B3,
and B4. Grey circles correspond to those recommended by the updated
Sydney system. Corpus atrophy, when present, was identified just
proximal to the normal antrum–corpus junction (dashed line).

Abbreviations: PGI, pepsinogen I
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and corpus on the lesser curve. The antrum–corpus junction
on the greater curvature was taken as the beginning of the
first longitudinal fold. The cardia was defined as the mucosa
immediately distal to the normally located Z line. A paediatric
endoscope was used in all cases (Pentax FG23H; approxi-
mately 7 mm diameter); local topical xylocaine pharyngeal
anaesthesia was used in children older than 7 years and
intravenous sedation with midazolam for younger children.

Pathology
Each specimen was placed in a separate bottle of formalin,
labelled as to site of origin, and later processed in Houston,
Texas, USA. All specimens were embedded in paraffin wax,
cut at 4 mm, and serial sections were stained with the El-
Zimaity triple strain.17 Two pathologists (OR and HE-Z)
reviewed all specimens independently. Each specimen was
scored using a visual analogue scale from 0 (absent/normal)
to 5 (maximal intensity) for H pylori, active inflammation,
and intestinal metaplasia.16 In addition, the type of epithe-
lium (antral, oxyntic, or transitional) was recorded. Atrophy
was defined as the loss of normal glands with and without
replacement by fibrosis, intestinal metaplasia, and/or pseu-
dopyloric metaplasia (also called pyloric metaplasia or
mucous metaplasia). Pseudopyloric metaplasia was identified
by the presence of mucosa that was phenotypically antrum,
but was from an anatomical region where corpus would be
expected, and glands stained positive for the marker for
corpus epithelium, pepsinogen I (PGI) (fig 2).18 Areas with
lymphoid follicles were excluded from the analysis (for
example, if a lymphoid follicle located in the lamina propria
above muscularis mucosae occupied half of the biopsy, only
the other half of the biopsy was considered when evaluating
atrophy).18–20 After the results were analysed, all slides with
disagreements about the presence or absence of H pylori or
atrophy were re-examined jointly and a consensus was
reached on the score.

Separation of antrum from corpus based on the
presence of PGI
PGI is localised to the gastric corpus, primarily within chief
cells, and has been used to identify pseudopyloric metaplasia,
(that is, to separate what was anatomically corpus but
histologically antrum from true antrum).18 To control for PGI
immunostaining, biopsies from the anatomical antrum were
used as negative controls. It has previously been shown that
biopsies from the antrum and transitional mucosa at the
normal antrum–corpus junction were negative for PGI.18 For
immunophenotyping, 4 mm thick sections were stained using
a modified streptavidin–biotin complex method. Slides were
pretreated by steam for 20 minutes in a Black and Decker
steamer in 10 mmol/litre citrate buffer (pH 6.0), followed by
cooling for 20 minutes. The following reagents were used in
sequential steps at 36 C̊: endogenous peroxidase inhibitor,
protein blocker, PGI primary antibody for one hour (anti-PGI;
Biogenesis, Kingston, New Hampshire, USA), biotinylated
secondary antibody, avidin–biotin complex with horseradish
peroxidase, and 3,3’-diaminobenzidine tetrahydrochloride.
Slides were counterstained with haematoxylin.

Analyses
Scores were entered into a database and analysed using
Stata/SE8 (College Station, Texas, USA). Fisher’s exact or,
when appropriate, the x2 test (both two tailed) were used for
comparison of proportions. The Mann-Whitney non-para-
metric test was used to compare numerical data from the
ordered categories of the scoring system. Significant differ-
ences and associations were determined by p values of less
than 0.05.

Figure 2 Pseudopyloric metaplasia (arrow) in a 9 year old child as
identified by the presence of mucosa that was phenotypically antrum,
stained positive for pepsinogen I (PGI), and was anatomically in a region
where corpus would be expected. Replacement of oxyntic mucosa with
mucous type glands starts as early as 9 years in Colombia. (A) El-Zimaity
triple stain; original magnification,610. (B) El-Zimaity triple stain;
original magnification,640. (C) Anti-PGI immunohistochemistry;
original magnification,610.

Table 1 Clinical features of the patients

Korea Colombia

Number 58 115
Age (years) 8–18 (mean/median, 14) 4–18 (mean, 12/median,

13)
Sex 31 F, 27 M 58 F, 57 M
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RESULTS
We examined gastric mucosal biopsies from 173 children (58
from Korea and 115 from Colombia; table 1). Our compara-
tive study comprised a total of 944 biopsy specimens (236
slides from Korea and 708 slides from Colombia).
Forty four biopsy specimens that were judged to be too

small for adequate evaluation were not included in this
comparison. They were deemed non-evaluable biopsies and
formed 3% of the biopsies from Korea (eight of 244) and 5%
of those from Colombia (36 of 744). Twenty three were from
the antrum, 10 from the corpus, and 11 from the cardia.
In Korean children, the mean/median number of evaluable

biopsies was four, with a range of three to six; biopsy sites
A3, A2, B3, and B4 were typically available for analysis. In
Colombian children, the mean number of biopsies was six
(median, seven; range, two to seven) for each child. Biopsy
sites C, B2, B3, B4, A1, A3, and A4 were usually available for
analysis.

Histological features
Helicobacter pylori infection was present in 107 children
(61.8%) including 10 (17%) Korean children and 97 (84%)
Colombian children (p , 0.01). Mucosal atrophy was present
in 16 children from Colombia (14% overall; 95% confidence
interval, 8% to 22%; 16% of those with active H pylori
infections). Atrophy was not present in the 58 Korean
children (0%; 95% confidence interval, 0% to 6%;
p = 0.002). All Colombian children with atrophy were
actively infected with H pylori. The presence of atrophy was
evenly distributed with regard to the Colombian endoscopist
performing the procedure. Intestinal metaplasia was identi-
fied in the antrum in four children (table 2). Corpus atrophy
was manifest by intestinal metaplasia in six (four in the
antrum and two in the cardia) and pseudopyloric metaplasia
in 11 (one child had both intestinal metaplasia and
pseudopyloric metaplasia). Pseudopyloric metaplasia was
present in distal biopsies obtained from the lower corpus
on the lesser and greater curvature (biopsy sites labelled B2
or B3) (fig 1). Atrophy was not identified in biopsies taken
more proximal on the greater curvature mid-corpus (biopsies
labelled B4). The median age of children with atrophic
gastritis was 15 years (range, 7–17); the youngest child with
gastric atrophy was 9 years old (table 2). Colombian children
with gastric atrophy had a higher median score for acute and
chronic inflammatory cells (p , 0.003) than Korean children
and Colombian children with no atrophy. Helicobacter pylori

infection, acute inflammation in the antrum and corpus, and
chronic inflammation in the antrum were highly correlated
with the presence of atrophy (p = 0.01). Using logistic
regression and partial correlations, and controlling for all the
other variables, chronic inflammation in the corpus was a
predictor for atrophy (p = 0.02).

DISCUSSION
Most reported studies of the histological features of H pylori
infection in children have used either random biopsies12 or a
small number of targeted biopsies,2 9 11 21 taken primarily
from the antrum.5 22–27 In these studies, the identification of
atrophy focused on the presence of intestinal metaplasia or
was ill defined.9 Our study used targeted biopsies of both the
antrum and corpus and included methods that could
histologically separate phenotypical antrum into true antrum
or pseudopyloric metaplasia of corpus mucosa.18

The most common presentation of corpus atrophy was as
pseudopyloric metaplasia. Intestinal metaplasia was found in
the corpus of six children and, if intestinal metaplasia had
been used as the sole criterion for the presence of atrophy, the
frequency of atrophy would have been greatly underesti-
mated. These data are consistent with recent studies showing
that atrophy in H pylori gastritis presents as either intestinal
metaplasia or pseudopyloric metaplasia.18 The pattern of
atrophy in the form of pseudopyloric metaplasia has been
seen previously in gastric remnants after distal gastrectomy
with gastroenteric anastomosis,28 and has been shown to
increase with age.29 For example, Oi and Oshida reported that
benign gastric ulcers occurred in mucosa with pyloric-type
glands found proximal to the normal border zone (antrum–
corpus junction).30

Our study emphasises the importance of biopsy site
location for identifying the presence of corpus atrophy. In
children, atrophy was only identified in biopsies taken near
the normal antrum–corpus junction (B2 and B3), which is
consistent with the notion that atrophy progresses as an
advancing antrum–corpus border (border zone), with prox-
imal expansion, replacing fundic gland mucosa with atrophic
gastritis as pseudopyloric metaplasia.18 25 31 The atrophic
border extends more rapidly along the lesser curve than the
greater curvature, so that locations high on the greater
curvature are among the last to show atrophy.25 30 31 Thus, in
children, the location of the antral–corpus border would be
expected to be nearer to the normal anatomical border,29 so
that identification of atrophy requires biopsies be taken close
to the normal antrum–corpus junction.

‘‘If intestinal metaplasia had been used as the sole
criterion for the presence of atrophy, the frequency of
atrophy would have been greatly underestimated’’

We also identified intestinal metaplasia and pseudopyloric
metaplasia in the cardia. Interestingly, the cardia has been
shown previously to be a high yield zone for H pylori32; this
has now been confirmed in other paediatric populations.33

Taken together, the cardia (in addition to biopsies taken just
proximal to the antrum–corpus junction) might be a good
target site for biopsy in children. We did not identify gastric
mucosal atrophy among the Korean children studied. One
possible reason is the lower number of biopsies examined
and failure to target the cardia specifically in Korean
children. The number of non-evaluable biopsies is also higher
in the paediatric population, which further reduced the
chance of identifying all patients with gastric atrophy.34

The presence of a higher density of mucosal mononuclear
cells was a predictor for the presence of gastric atrophy in
Colombian children with atrophy, suggesting that a high

Table 2 Details of atrophy in Colombian children

Case Age (years) Sex IM* PPM* Location�

1 9 F 1 0 A
2 9 F 2 1 A, B3
3 12 F 0 1 B3
4 16 F 1 0 A
5 15 M 0 1 B2
6 17 M 1 0 C
7 15 M 0 1 C
8 15 M 3 0 C
9 15 M 0 3, 2 B3, B2
10 15 F 0 2 B2
11 15 F 0 1 B2
12 12 F 0 1 B2
13 12 M 1 0 A
14 10 F 0 1 B2
15 10 M 0 3 C, B3
16 14 M 0 1 B2

*Scored on a visual analogue scale of 0–5; �when atrophy is present in
more than one biopsy, the first figure relates to IM and the second to PPM.
For example, patient 2 has IM (score 2) in the antrum and PPM (score 1)
at location B3.
IM, intestinal metaplasia; PPM, pseudopyloric metaplasia.
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density of mononuclear cells that infiltrate deep into the
lamina propria may be a precursor to atrophy. This
conclusion is also consistent with studies showing that acid
suppression leads to a rapid progression of the inflammatory
reaction deeper within the pit, and involving the proliferative
zone after treatment.35

The Sydney system and updated Sydney system36 were
primarily designed to provide standardisation in the report-
ing of gastric biopsies. The system suggested five standar-
dised biopsy locations, but was not designed for research
purposes, or to identify the changes in relation to the mucosal
dynamics that occur in the pathogenesis of gastric cancer.
However, the Sydney system has proved to be useful for its
original purposes—for example, the grading of atrophy using
a visual analogue scale—and the biopsy sites provide reliable
identification of H pylori infection.10 37 38 Unfortunately, the
sites recommended by the Sydney system can identify corpus
atrophy only when it is extensive.11 38 39 In addition, failure to
separate antral and corpus biopsies makes identification of
suspected pseudopyloric metaplasia difficult or impossible.
We used both anatomical site and PGI staining to

distinguish phenotypic antrum (misdirected or mislabelled
biopsy) from atrophic corpus mucosa. Although it is
theoretically possible to stain all phenotypical antral biopsies
for PGI and thus identify which ones were actually from the
corpus, this would be an extremely inefficient approach, and
would still require that the biopsy sites encompass likely
locations for the presence of atrophy. The recommended
biopsy sites for research studies designed to identify the
presence, pattern, or changes in atrophic gastritis over time or
after a therapeutic intervention must be carefully selected to
ensure that they encompass the advancing atrophic border.
Therefore, the number and sites chosen will depend on the
average degree and severity of atrophic gastritis expected in
the population. For example, in a developed country with a
low incidence of gastric carcinoma, the atrophic front
(atrophic border) in infected adults will probably be close
to the normal antrum–corpus junction (normal border zone),
similar to that seen in Colombian children. In contrast, the
atrophic front (atrophic border) is expected to be more
proximal in developing countries, in countries with a high
incidence of gastric carcinoma (fig 3), and within particular
groups in developed countries that have a higher incidence of
gastric carcinoma, including the socially and economically
disadvantaged,40 41 with the atrophic border advancing
further proximally with age.29

These data suggest that research studies in gastric cancer
should use standardised biopsy site locations with respect to
the question being asked (presence of H pylori versus presence
of atrophy). Use of a standardised reporting system such as

the updated Sydney system is useful for biopsy specimens,
particularly because it promotes the use of a visual analogue
scale to score mucosal findings. For research purposes, we
suggest the use of a six point scale,17 because it provides finer
gradation than the four point scale used for reporting clinical
specimens.36 Thus, use of the Sydney system recommended
biopsy sites, failure to target biopsy sites to encompass the
likely sites of advancing atrophic border, and relying on
intestinal metaplasia instead of intestinal metaplasia and
pseudopyloric metaplasia will probably result in incomplete
and possibly misleading results in studies designed to
characterise the natural history of H pylori gastritis in
populations, over time, or after a therapeutic intervention
in relation to gastric cancer.42

Gastric atrophy can be identified among H pylori infected
children living in countries with a high incidence of gastric
cancer. Identification and characterisation of the natural
history of H pylori gastritis requires multiple targeted biopsies
to include the corpus proximal to the anatomical junction of
the antrum and corpus, in addition to the antrum and cardia.
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