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IgG assays. The expression of G-17, PG I and II did not show a
significant difference between histologically confirmed H. pyloripositive patients and H. pylori-negative patients. The PG I/II ratio were
normal in the
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study population. Gastropanel assay identified 1 patient of the 22 histology positive patients
as having atrophic gastritis of the antrum who was histologically diagnosed as mild antral
gastritis while the other 21/22 were categorized as active H. pylori infection. Of the 44 H.
pylori-negative dyspeptic patients, 15 were categorized as having healthy mucosa. However,
14/15 were diagnosed with mild antral gastritis while 1 patient had moderate to severe antral
gastritis by histology. Conclusions: The results of histology and Gastropanel assay were not
comparable in this population from Sri Lanka. Larger study for validation of cut off values
for the local population is needed.
KEYWORDS: Helicobacter pylori, Gastropanel, ELISA, Sri Lanka.
INTRODUCTION
Helicobacter pylori infection causes dyspepsia which can develop into gastritis, gastric ulcers
and gastric cancer.[1] Currently in Sri Lanka diagnosis of upper gastrointestinal diseases are
usually carried out by endoscopy and histological investigations on gastric biopsies which is
invasive and time consuming. Gastropanel kit is an ELISA (Enzyme linked immunosorbant
assay) based technique which has recently been introduced as an alternative non-invasive
diagnostic test to determine the stomach mucosal health.[2] Further this test has potential as a
screening method to identify patients who are at high risk of developing gastric cancer
thereby justifying endoscopic investigations for those at risk.[3]
This kit is based on the determination of three serum biomarkers; Gastrin-17 (G-17),
Pepsinogen I (PG I) and Pepsinogen II (PG II) together with Helicobacter pylori IgG which
serve as indicators for mucosal status of the antrum and the corpus of the stomach. Serum
hormone G-17 is a well-known biomarker for antral atrophic gastritis while PG I and PG I/II
ratio are biomarkers for atrophic gastritis in the corpus.[4,5] Gastrin-17 is produced by the G
cells in the antrum and is known to regulate gastric acid secretion by parietal cells and
promotes growth of the gastric epithelia.[6,7] Atrophy in the gastric antrum results in reduced
expression of G-17.[8] Pepsinogen I is exclusively secreted by the chief and mucous neck
cells of the corpus and the fundus.[9] The expression of this hormone reflects the histological
status of the corpus. Pepsinogen II is produced by the chief cells and mucous neck cells in
corpus along with pylori glands in antrum and Brunner’s glands in proximal duodenum.[10]
The serum level of PG II reflects the structure and function of the overall stomach. The PG
I/II ratio together with the PG I expression is of value in diagnosis of the atrophy of the
gastric body mucosa.
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MATERIALS AND METHODS
Ethical approval
Ethical approval was obtained from the Ethics Review Committee of University of Sri
Jayewardenepura (Ref no. 14/15) and Colombo South Teaching Hospital (Application no.
450).
Patient selection
Dyspeptic patients attending routine upper gastrointestinal endoscopy at a tertiary care
hospital in Sri Lanka were enrolled in the study after obtaining written informed consent.
Specimen collection and processing
During endoscopy, 2 gastric biopsies from the antrum and a whole blood specimen was
collected from each patient. The specimens were transported to the Department of Pathology
and Department of Microbiology at a state university in Sri Lanka. The biopsy specimens
were dehydrated using an alcohol gradient, embedded in paraffin wax and sectioned in to 4
micron sections which were placed on clean glass slides. The sections were stained with
Hematoxylin and Eosin stain and Giemsa stain before being graded according to the updated
Sydney system by a consultant pathologist. The blood specimen was centrifuged and serum
was separated into aliquots which were stored in -800C until the Gastropanel assay was
performed.
Gastropanel assay
The specimens were first thawed in a room temperature water bath and placed in crushed ice.
All standard and microplates were allowed to reach room temperature. The serum specimens
were diluted according to the manufacturers’ instructions. Blank solution, calibrators,
negative and positive controls and specimens were pipetted into the wells. Each specimen and
standard was added in duplicate. The plate was covered with incubation cover and incubated
according to the instructions given in the assay. After incubation, the wells were washed with
diluted washing buffer 3 times. Conjugate solution was added and the plate was incubated
after covering with incubation cover. The plate was again washed with diluted washing buffer
and the substrate solution was added. The plate was covered with aluminum foil and allowed
to incubate. Stop solution was added before measuring the absorbance at 450 nm.
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RESULTS
The expression of G-17, PG I, PG II and PG I/II ratio was compared in the 22 histologically
confirmed H. pylori-positive patients and 44 patients H. pylori-negative by histology.
Association of G-17 expression with H. pylori infection and severity of antral gastritis
Mucosal G-17 levels are associated with the antral structure and function. Based on the
expression levels, validated by the Gastropanel assay, the G-17 expression was categorized
into 3 groups; Low (<1 pmol/L), normal (1-7 pmol/L) and high (>7 pmol/L). The mean G-17
concentrations in the H. pylori-positive and negative groups are described in Table 1. No
significant association was seen for G-17 expression levels (low, normal and high) among H.
pylori-positive and negative groups using the Mann Whitney U test.
Table 1: Expression of G-17 among H. pylori-positive and H. pylori-negative patients.
H. pylori-positive patients
G-17 Expression
(pmol/L)
N Mean+SD
Range
<1
2
0.92+0.09
0.85-0.99
1-7
12 2.66+1.34
1.08-4.72
>7
8 17.04+12.38 7.17-44.31
N=no. of patients H. pylori-positive by histology;

H. pylori-negative patients
P
value
N
Mean+SD
Range
3
0.73+0.20
0.54-0.94
0.4000
26 3.37+1.73
1.12-6.89
0.2152
15 20.97+12.33 7.17-38.21 0.5479
N1=no. of patients H. pylori-negative by
1

histology.
Among the H. pylori-positive dyspeptic patient population, only 2 patients had Low G-17
expression (0.92 pmol/L) and both were diagnosed as having mild antral gastritis while in the
H. pylori-negative patient group 3 patients had mild antral gastritis (0.73 pmol/L). In patients
with normal G-17 expression, 8 H. pylori-positive patients (2.97pmol/L) were diagnosed with
mild antral gastritis and 4 patients (2.09pmol/L) were diagnosed with moderate to severe
antral gastritis. In the H. pylori-negative dyspeptic patient population having normal levels of
G-17 expression, 25 patients had mild antral gastritis (3.4pmol/L) while only one patient had
moderate to severe antral gastritis. In the high G-17 expression group 3 H. pylori-positive
patients were diagnosed with mild antral gastritis (12.39pmol/L) while 5 patients had
moderate to severe antral gastritis (19.83pmol/L). In comparison, among H. pylori-negative
patients 15 had mild antral gastritis (20.97 pmol/L) while none had moderate to severe antral
gastritis (Table 2). Association of G-17 expression did not have a significant association with
the severity of antral gastritis in H. pylori-positive patients.
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Table 2: Association of G-17 with severity of antral gastritis in the study population.
H. pylori-positive patients
H. pylori-negative patients
P
Mild
Moderate to
Moderate to
2
3
4 Mild antral
5
N
antral
N
severe antral value N
N severe antral
gastritis
gastritis
gastritis
gastritis
<1 pmol/L
2 0.92+0.09
3
0.73+0.20
1-7 pmol/L
8 2.94+1.52 4
2.09+0.82
0.3899 25 3.40+1.76
1
>7 pmol/L
3 12.39+8.39 5
19.83+14.38 0.3929 15 20.97+12.33 N2=H. pylori-positive patients with mild antral gastritis; N3=H. pylori-positive patients with
G-17
expression

moderate to severe antral gastritis; N4=H. pylori-negative patients with mild antral gastritis;
N5=H. pylori-negative patients with moderate to severe antral gastritis.
Association of PG I expression with H. pylori infection
PG I secretion is reduced in the presence of mucosal damage resulting in loss of chief cells.
Thus the severity of antral gastritis does not have a direct effect on PG I expression and the
association of gastric severity with PG I was not analyzed in this study as a corpus biopsy
was not obtained. The Gastropanel kit has grouped the PG I expression levels into three
reference categories; low (<30 µg/L), normal (30-160 µg/L) and high (>160 µg/L).
In patients with normal PG I expression (30-160 µg/L), the mean PG I level was 79.24 µg/L
in both H. pylori-positive and negative patient groups. In the patients with high PG I
expression (>160 µg/L), H. pylori-positive patients had a mean PG I expression of 216 µg/L
compared to H. pylori-negative patients 208.6 µg/L (Table 3). No significant association was
observed between H. pylori-positive and negative patients with normal or high PG I
expression. None of the patients had low PG I expression in this study, indicating absence of
corpus atrophy.
Table 3: Expression of PG I among H. pylori-positive and H. pylori-negative patients.
PGI Expression
(µg/L)
30-160
>160
N=no. of patients

H. pylori-positive patients
H. pylori-negative patients
P
value
N Mean+SD
Range
N1 Mean+SD
Range
16 79.24+24.43 39.95-142.3 33 79.24+29.26 44.69-122.7 0.8084
6
216+52.08 162.1-273.3 11 208.6+43.23 160.8-261.9 0.5908
H. pylori-positive by histology; N1=no. of patients H. pylori-negative by

histology.
Association of PG II expression with H. pylori infection and disease severity
Pepsinogen II (PG II) is secreted by the chief cells and mucous neck cells in corpus along
with pylori glands in antrum and Brunner’s glands in proximal duodenum.[10] Damage to the
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mucosa of the stomach or duodenum can affect the PG II expression in an individual. The
Gastropanel assay classifies PG II expression into three groups as low (<3 µg/L), normal (315 µg/L) and high (>15 µg/L).
None of the individuals had low PG II levels. Among H. pylori-positive patients with normal
PG II expression (3-15 µg/L), individuals diagnosed with mild antral gastritis (n=9) had a
mean PG II concentration of 9.45+3.44 µg/L and patients with moderate to severe antral
gastritis (n=7) had a mean concentration of 9.36+3.69 µg/L. No significant difference in PG
II expression was found between these two groups (p>0.9999). Among H. pylori-negative
patients with normal PG II levels a mean expression of 8.29+2.62 µg/L was observed and 34
patients were diagnosed as having mild antral gastritis while only one patient was diagnosed
as having moderate to severe antral gastritis. In patients with high PG II expression (>15
µg/L), the mean expression of PG II among H. pylori-positive patients was 33.84 µg/L while
the mean expression was 22.79 µg/L among H. pylori-negative patients (Table 4). Among the
6 H. pylori-positive patients with high PG II levels, 4 had mild antral gastritis (23.71+5.93
µg/L) while 2 had moderate to severe antral gastritis (54.12+17.23 µg/L). In comparison, all
9 patients in the H. pylori-negative patient population had mild antral gastritis (22.79+6.21
µg/L). Although statistical analysis could not be carried out due to the small sample size H.
pylori-positive patients with moderate to severe antral gastritis had more than 2 fold
expression of PG II as H. pylori-positive patients having mild antral gastritis. Mann Whitney
U test was used to determine the association of PG II expression with H. pylori infection. No
significant difference was found between H. pylori-positive and H. pylori-negative patients
with normal (p=0.3307) or high (p=0.1447) PG II expression. Since PG II secreting cells are
located in corpus, antrum and duodenum, the expression of PG II levels cannot be used to
directly reflect the disease severity observed in the antrum.
Table 4: Expression of PG II among H. pylori-positive and H. pylori-negative patients.
H. pylori-positive patients
H. pylori-negative patients
PG II expression
P
(µg/L)
value
N Mean+SD
Range
N1 Mean+SD
Range
3-15
16 9.41+3.43
4.40-14.79 35 8.29+2.59 3.01-13.7 0.3307
>15
6 33.84+18.09 18.41-66.3 9 22.79+6.21 16.1-30.8 0.1447
N=no. of patients H. pylori-positive by histology; N1=no. of patients H. pylori-negative by
histology.
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PG I/II ratio among H. pylori-positive and H. pylori-negative dyspeptic patients
The PG I/II ratio are useful as a diagnostic marker. The reduction of PG I/II ratio is correlated
with increasing grade of atrophic gastritis in the corpus.[11] Therefore patients with low PG
I/II ratio may be at an increased risk of developing gastric cancer.[12] PG I/II ratio between 320 are observed among normal subjects.
In the present study all patients were found to be having a PG I/II ratio in the normal range.
Among the H. pylori-positive patients the mean PG I/II ratio was 8.48+2.88 having a range
between 3.92 - 15.05 while in H. pylori-negative patients the ratio was 10.2+2.21 having a
range between 6.37 - 15.32. As PG I /II ratio is reported to reflect the gastric severity of the
corpus(5), antral histological severity with the PG I/II ratio was not analyzed.
Diagnosis of the condition of the stomach mucosa using the Gastropanel assay
The Gastropanel assay was applied to 66 dyspeptic patients including 22 patients H. pyloripositive by histology and another 15 by serology for H. pylori IgG by one of the two ELISA
assays. The diagnostic categories of Gastropanel assay is indicated in Table 5. Based on the
Gastropanel interpretation criteria the study population was classified in to 8 different groups.
According to the diagnostic criteria of the 66 dyspeptic patients, 15 (22.7%) were diagnosed
as having healthy mucosa with no atrophy and no H. pylori infection. High acid output was
detected in three patients (4.54%) while 8 (12.1%) were identified as having low acid
production due to PPI (Proton pump inhibitor) medication. Active H. pylori infection was
diagnosed in a total of 35 patients (53.0%) (21 by histology of antral biopsy and another 14
by serum H. pylori IgG) One patient who presented with low G-17 concentration, normal PG
I and II concentration and H. pylori infection was diagnosed as having antral atrophic
gastritis (Category 6), indicating risk for developing gastric cancer. Four of the patients could
not be included into the given categories which included 1 patient with H. pylori-positive by
H. pylori IgG assay (Table 6).
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Table 5: Categorization of patients according to the Gastropanel interpretation.
Gastropanel Biomarkers
Pepsinogen
PG Gastrin- GastrinPepsinogen
I
I/II
17b
17s
II
(30-160
ratio
(1-7
(3-30
(3-15 µg/L)
µg/L)
(3-20) pmol/L) pmol/L)
1

N

N

N

N

N

2

N

N

N

L*

N

3

N or H^

N or H^

N

H**

N

4a

N or H^

N or H^

N

N or H^

ND

4b

N

N

N

N

ND

4c

N

H

N

H

ND

5

L

L

L

H

L

6

N

N

N

L

L

7

L

L

L

L

ND

8

H

H

N

H

N=normal; L=low; H=high; *Test PPI medication for

H. pylori IgG
Antibody
level
(<30 EIU)

Interpretation

Healthy mucosa (no
atrophy, no H. pylori
infection)
Healthy mucosa.
N
High acid output in
the corpus
Healthy mucosa.
Low acid output due
N
to, e.g., PPI
medication
Active H. pylori
H
infection, not treated
H. pylori infection
N or HϮ
successfully
eradicated
H. pylori eradication
H
failed
Atrophic gastritis in
N^^ or H
the corpus
Atrophic gastritis in
H
the antrum
Atrophic gastritis in
N^^ or H
the antrum and
corpus (pan gastritis)
Short (4-10 day)
N
break in PPI
treatment
two weeks, G-17b should normalize;
N

**Stop PPI medication, G-17b should normalize in two weeks; ND, no need for testing; ^PG
I, PG II and G-17 can be elevated due to mucosal inflammation; ^^H. pylori antibodies can
disappear in mucosal atrophy with prolonged course; ϮH. pylori antibody levels can remain
elevated for months after successful eradication of H. pylori.
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Table 6: Categorization of the study population according to the Gastropanel kit
interpretation.
1
2
3
4a
4b
4c
5
6
7
8

Interpretation
Healthy mucosa (no atrophy, no H. pylori infection)
Healthy mucosa. High acid output in the stomach
Healthy mucosa. Low acid output due to, e.g.., PPI medication
Active H. pylori infection, not treated
H. pylori infection successfully eradicated
H. pylori eradication failed
Atrophic gastritis in the corpus
Atrophic gastritis in the antrum
Atrophic gastritis in the antrum and corpus (pan-gastritis)
Short (4-10 days) break in PPI treatment
Not belonging to any of the above categories

Patients
15
3
8
35
1
4

Percentage (%)
22.7
4.54
12.1
53.0
1.5
6.06

DISCUSSION
The Gastropanel kit uses three serum biomarkers; Gastrin 17 (G-17), Pepsinogen I (PG I),
Pepsinogen II (PG II) and Helicobacter pylori IgG to determine the mucosal status of the
antrum and the corpus of the stomach.[13] Diagnosis of atrophic gastritis in patients may
indicate a risk of developing Gastric cancer. The Gastropanel kit has been validated for
diagnosis of atrophic gastritis in several populations in developed countries.[2,14] Its use in
developing countries is not widely reported[15] and has never been validated in Sri Lanka.
Based on the interpretation of the Gastropanel kit in this study, only one patient was
diagnosed as having atrophic gastritis and thereby at risk of gastric cancer. This low
proportion of atrophic gastritis appears to be a favorable finding in the local setting.
However, atrophic gastritis was not identified in the study population when examined by
histology. The updated Sydney system recommends at least 5 biopsies for histological
investigations from five different sites.[16,17] However due to ethical constraints in this study,
the limited number of biopsies used may have resulted in the inability to detect atrophic
gastritis.
The sensitivity of the Gastropanel kit for detection of H. pylori in the study population was
low as only two patients of the 22 H. pylori-positive group (by histology) were identified as
positive for H. pylori Ig G by Gastropanel kit. Therefore to identify active H. pylori infection,
histology and another H. pylori IgG assay (Bioactiva Diagnostica, GmBH) were used. The
low sensitivity detected in the Gastropanel IgG kit could be due to the cutoff levels and the
species variation which may differ in the local population.
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The interpretation of the Gastropanel kit is based on eight diagnosis categories (Table 5). In
this study population 15 patients were identified as having normal healthy mucosa. However,
14 of the 15 patients were identified as having mild antral gastritis while 1 patient had
moderate antral gastritis by histology. The patient, who was diagnosed with atrophic gastritis
of the antrum based on the interpretation of the Gastropanel kit, was identified as having mild
antral gastritis by histology. None of the patients had atrophic gastritis based on histological
evidence indicating that histology and Gastropanel assay are not consistent in this population
from Sri Lanka. Further four patients could not be categorized by Gastropanel assay although
histologically they were diagnosed as having mild antral gastritis.
Serum concentrations of Gastrin-17, Pepsinogen I and Pepsinogen II is dependent on several
factors including sex, age, diet and medication.[18-21] Although the Gastropanel assay has been
validated in several Caucasian countries such as Finland, Russia and Italy[2,14,22] limited
studies have been conducted in Asia.[15] While some studies have recommended this assay as
a diagnostic method with sensitivity and specificity of over 90% in Caucasian populations[3] a
lower sensitivity (47%) has been reported by Koivusalo et al., in a group of children from
Finland. This study suggested that the low sensitivity of Gastropanel assay made it too
insensitive for H. pylori screening and to determine the state of the gastric mucosa and thus
cannot replace endoscopy.[23]
Further it is important to consider if the cut off values indicated by the assay are appropriate
for the population in Sri Lanka. It is important to carry out further studies using larger sample
size to determine the cut off range for the tested serum biomarkers in the Sri Lankan
population.
The study population presented with dyspepsia from 2 months to 1 year and were on PPI
medication (Proton Pump Inhibitors). H. pylori normally infects the antrum in patients with
normal acid production and may also infect the corpus when acid production decreases (due
to PPI use).[20,24] Studies have reported that PPI treatment alone can change the pattern of H.
pylori induced gastritis by a shift of the bacterium from the antrum to the corpus.[20] Corpus
predominant gastritis in H. pylori infection is a significant risk factor for gastric cancer.[25]
Although the Gastropanel assay determines the status of the stomach as a whole, a limitation
of the current study was that corpus biopsy specimens were not collected and therefore the
status of the corpus could not be determined. In this study histological diagnosis was based
on the antrum biopsy alone. Thus the corpus atrophy and inflammation could not be
www.wjpr.net
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compared with results of the Gastropanel kit. Another limitation was the difficulty in
obtaining several biopsy specimens for histology as recommended by updated Sydney
system.[16,17]
Gastrin 17 is considered as a useful biomarker for atrophic antral gastritis.[8] H. pylori in the
gastric mucosa produce urease which breaks down urea and produces ammonia, resulting in
an increase in the local pH of the gastric mucosa. This results in a favorable environment
optimal for colonization of H. pylori.[26] At higher pH, G-17 secretion in the stomach
increases due to the inhibition of the negative feedback loop of somatostatin on G cells. G-17
is reduced in patients with atrophy in the mucosa of the gastric antrum, due to the destruction
of the G cells responsible for G-17 secretion. There was no significant difference in G-17
expression between H. pylori-positive patients and H. pylori-negative patients in this study
population. Similarly to the findings of the this study, Germana et al., did not find a
significant difference in G-17 expression among H. pylori-positive and H. pylori-negative
patients in a study done in Italy.[27] Further Fiocca et al., also found no significant difference
in gastrin expression among long term PPI users (with high pH in the gastric mucosa) in the
presence or absence of H. pylori infection.[28]
The PG I/II ratio together with the PG I expression is of value in diagnosis of the atrophy of
the gastric body mucosa. Although the PG I/II ratio were within the normal range in the study
population, H. pylori positive group had a lower PGI/II ratio than the H. pylori negative
groups suggesting that a lower PG I/II ratio may be associated with H. pylori infection.
Patients with lower PG I/II ratio are at increased risk of progressing to atrophic gastritis in the
mucosa. Sun et al., reported that the PG I/II ratio are seen to decrease linearly with increasing
disease severity.[10] Further a higher proportion of patients positive for H. pylori 40.9% (9/22)
had moderate to severe gastritis compared to H. pylori negative patients 2.2% (1/44) in this
study group.
CONCLUSIONS
The results of histology and Gastropanel assay were not comparable among the dyspeptic
study population. A larger study need to be carried out for validation of cut off values for the
Sri Lankan population.
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