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Abstract. Background/Aim: Helicobacter pylori (Hp) infection
affects a substantial proportion of the world population and is a
major risk factor of gastric cancer (GC). The caveats of common
Hp-tests can be evaded by a serological biomarker test
(GastroPanel®, Biohit Oyj, Helsinki), the most comprehensive
Hp-test on the market. The clinical validation of Helicobacter
pylori IgG ELISA of the new-generation GastroPanel® test is
reported. The aim of the study is to validate the clinical
performance of the Helicobacter pylori IgG ELISA test in
diagnosis of biopsy-confirmed Hp-infection in gastroscopy
referral patients. Patients and Methods: A cohort of 101 patients
(mean age=50.1 years) referred for gastroscopy at the outpatient
Department of Gastroenterology (SM Clinic, St. Petersburg)
were examined by two test versions to validate the new-
generation GastroPanel®. All patients were examined by
gastroscopy and biopsies, which were stained with Giemsa for
specific identification of Hp in the antrum (A) and corpus (C).
Results: Biopsy-confirmed Hp-infection was found in 64% of
patients, most often confined to antrum. The overall agreement
between Hp 1gG ELISA and gastric biopsies in Hp-detection was
91% (95%CI=84.1-95.8%). Hp IgG ELISA diagnosed biopsy-
confirmed Hp (A&C) with sensitivity (SE) of 92.3%, specificity
(SP) of 88.6%, positive predictive value (PPV) of 93.8% and
negative predictive value (NPV) of 86.1%, with AUC=0.904
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(95%CI1=0.842-0.967). In ROC analysis for Hp detection
(A&C), Hp 1gG ELISA shows AUC=0.978 (95%CI=0.956-
1.000). Conclusion: The Hp IgG ELISA test successfully
concludes the clinical validation process of the new-generation
GastroPanel® test, which retains the unrivalled diagnostic
performance of all its four biomarkers, extensively documented
for the first-generation test in different clinical settings.

The important etiological role of Helicobacter pylori (Hp) in
the development of gastric cancer (GC) has become
increasingly clear since the first description of this bacteria in
1984 (1). According to the current understanding, GC develops
from Hp-infection through a stepwise process of precancer
lesions with increasing severity: mild, moderate and severe
atrophic gastritis (AG), followed by intestinal metaplasia (IM)
and dysplasia. This pathogenetic chain is known as the Correa
cascade, involved in around 50% of all GC cases (2-11).

Similarly, also the management of Hp infection has
undergone significant progress during the past decades, thanks
to the major efforts made by the European Helicobacter Study
Group starting from their first consensus conference of 1996 in
Maastricht (12). Since then, these Maastricht conferences have
been repeated every 4-5 years, each followed by a Consensus
Report, the latest (2017) being the fifth in order (13). Attempts
to standardize the diagnosis and treatment of Hp infections have
led to several national guidelines as well (14, 15).

During the recent years, considerable attention has been
paid to different tests available for diagnosis of Hp, also
including comprehensive reviews of the advantages and
limitations of their utility in different clinical settings (13-
17). Unfortunately, this discussion has ignored many of the
limitations of the commonly used Hp tests, although their
shortcomings have been listed in all European Consensus
Reports since 1996 (12, 13, 16, 17). This applies to both of
the two most widely used Hp tests: the 13C-Urea Breath Test
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(UBT) and Stool Antigen test (SAT), for which Barry
Marshall (1) made an early warning already almost 25 years
ago (18). Based on the substantial literature accumulated
during the past two decades, there is little doubt that several
clinical conditions seriously hamper the diagnostic value of
the UBT and SAT tests, false-negative (up to 40%) and false-
positive results (UBT) being not uncommon (19-26).

The above listed caveats of the UBT and SAT tests (19-26)
can be evaded by a serological biomarker test introduced by
the Finnish biotechnology company Biohit Oyj (Helsinki,
Finland) (21, 22). This serological (ELISA) test is based on
four stomach-specific biomarkers: pepsinogen I (PGI),
pepsinogen II (PGII), gastrin-17 (G-17) and Hp IgG antibodies
(Hp IgG-ELISA), and known as GastroPanel® (27, 28). This
biomarker panel is designed as the first-line diagnostic test for
dyspeptic patients and for screening of the risk conditions of
GC, i.e., Hp-infection and AG (21, 22, 27-30).

Since its launch on the market in the early 2000’s,
GastroPanel® has attracted considerable global interest (13,
27, 31), extensively evaluated in a wide variety of clinical
settings, and its outstanding characteristics were confirmed
in two recent meta-analyses (32, 33). On the track towards
GastroPanel® quick (POC) test, a new-generation (unified)
GastroPanel® test has been launched, and recently underwent
the first clinical validation in patients at high risk for AG
(34). Because of an “incomplete study design”, i.e., biopsy
verification of GastroPanel® test-positives only was allowed
by the ethical committee (34), we were unable to validate the
Helicobacter pylori 1gG ELISA test of the new-generation
GastroPanel® (34). In the present study, this was done for
the first time in a series of gastroscopy-referral patients, all
examined by gastroscopy and biopsies which were stained
with Giemsa stain for specific identification of Helicobacter
pylori in the biopsies (35).

Patients and Methods

Patients. As the clinical arm of this validation study of the new version
of GastroPanel® test, the patients were enrolled at an outpatient
Department of Gastroenterology, at SM-Clinic in St. Petersburg, Russia
(an international provider of high-quality medical services, operating
in 25 countries, e.g. Japan, China, Singapore and South-Korea:
https://medica-tour.com/hospitals/treatment-in-russia/sm-clinic).
Potentially eligible patients were identified among the consecutive
outpatients referred for gastroscopy at SM-Clinic with different clinical
indications. All patients were asked to participate in the study by
signing a written consent. Eligible were considered all patients above
18 years of age, with or without upper abdominal symptoms. The
following patients were considered non-eligible: 1) the patients whose
treatment required surgery, or immediate follow-up treatment for major
symptoms, as well as 2) those who refused to consent (35).

The study protocol followed the Declaration of Helsinki, and the
whole trial was approved (June 2015) by the institutional review
board of the SM-Clinic, fulfilling the rigorous ethical principles
applied to all clinical studies in their hospitals worldwide (IRB-SM-

6388

StP: 06/2015). A cohort of 101 eligible patients completed the study
protocol by the end of summer 2015. Of the 101 patients, 71 were
women and 30 were men, with the mean age of 50.1 years (SD=16.7
years, as detailed in the Technical Report of this study (35).

Study design. This study is an open clinical trial using the new-
generation GastroPanel® test to screen a cohort of gastroscopy-
referral patients for the five diagnostic endpoints of the test: 1)
healthy stomach, 2) superficial Hp-gastritis, 3) AG of the antrum;
4) AG of the corpus, and 5) AG of the antrum and corpus (pan-
gastritis) (27-29, 30, 32, 34).

The new-generation (unified) GastroPanel® test. Prompted by the
favorable feedback from the end users worldwide obtained by the
original GastroPanel® test (Biohit Oyj, Helsinki, Finland)(10,27),
in which all four biomarkers are being processed under different
(incubation) conditions (27-29), Biohit R&D Department undertook
a project to design the next generation GastroPanel® test in 2013.
The goal was to develop a new assay, where all four biomarkers are
being processed under unified conditions using an automatic ELISA
instrument or manual processing. The new-generation (unified)
GastroPanel® test contains the same four biomarkers as the original
test version (28), maintaining its basic design as an ELISA test.

Because of the crucial technical modifications in the principal
test components, the new-generation GastroPanel® test was treated
as a novel test by registration authorities, which necessitates passing
of all steps required for CE registration, including the validation
studies for clinical performance. The first in order of these
validation studies is reported here. Although conducted some years
ago, the results of this study have never been published (due to the
reasons to be discussed later), but only described in a Technical
Report for official use (35).

Patient preparation for GastroPanel® sampling. After consenting to
participate in the study, the patients were scheduled for an
appointment to GastroPanel® testing at the laboratory of SM-Clinic,
with written instructions for preparatory measures. Apart from the
recommended 10-h fasting before sampling, the study subjects were
instructed to discontinue their eventual PPI-medication, preferably
one week before GastroPanel® sampling. If not possible due to
intractable dyspeptic symptoms, a notice of PPI use had to be
included in the GastroPanel® referral form, including the information
whether PPI was interrupted or not, and for how many days (28-30).

Sample collection and processing. For consistent interpretation of
the test results by the GastroSoft® application (Biohit Oyj), it is
mandatory to complete the GastroPanel® referral form, as detailed
before (28-30). A minimum of 2 ml EDTA plasma from a fasting
blood sample was taken into an EDTA tube. Because not used for
on-site testing, the EDTA plasma samples were frozen instantly
(=70°C). Using G-17 stabilizer (Biohit Oyj) (5% of the sample
volume) enables a temporary storage in the refrigerator (at 2-8°C),
for up to 3 days, but immediate freezing at —70°C was the preferred
method of storage. This is most critical for G-17, to avoid decay at
too high temperature (28-30, 32).

Stimulated G-17 (G-17s). Apart from the fasting sample for all 4
biomarkers, another blood sample is needed to measure the level of
stimulated G-17 (G-17s) (28-30, 32), collected 20 min after intake
of a protein drink with average protein content of 77%.



Miiki er al: Helicobacter pylori Diagnosis by GastroPanel® IgG ELISA

Helicobacter pylori IgG ELISA. Helicobacter pylori 1gG ELISA is
performed from the same plasma samples as the other markers (28).
The test is based on an ELISA technique, with purified Hp bacterial
antigen, adsorbed on a microplate, and a detection antibody labelled
with horseradish peroxidase (HRP). The details of the test
performance are given in the product IFU (instructions for use) (36).
In brief, the assay proceeds according to the following reactions: 1)
Partially purified H. pylori bacterial antigen attached to the
polystyrene surface of the wells binds H. pylori 1gG antibodies
present in the sample; 2) Wells are washed to remove residual
sample; 3) HRP-conjugated monoclonal anti-human IgG binds to
the H. pylori 1gG antibodies; 4) The wells are washed and the TMB
substrate is added. The substrate is oxidized by the HRP enzyme,
resulting in the formation of a blue end product; and 5) The enzyme
reaction is terminated with the stop solution. H. pylori-positive
samples turn yellow with calculated values of >30 EIU (enzyme
immunounits), signifying a positive Hp-test (36).

GastroPanel® testing. The frozen plasma samples were delivered
(by courier) from SM-Clinic (St. Petersburg) to the laboratory of
Biohit Oyj (Helsinki) for analysis, using both the standard test
version and the new-generation (unified) GastroPanel® test version
(28, 29), following the instructions for use (IFU) of the test kits
(36). To measure the test consistency, all analyses were conducted
triplicates using two lots (1 and 2) of the new test version.

Evaluation of GastroPanel® results. The results of the GastroPanel®
test were evaluated using the GastroSoft® software application. As
repeatedly emphasized (28-30, 32, 39, 40), GastroPanel® test is
optimized for use jointly with the Updated Sydney System (USS)
classification of gastritis (5). Both include 5 diagnostic categories:
a) normal mucosa, b) Hp-induced gastritis with no atrophy, c)
atrophic gastritis of antrum (AGA), d) atrophic gastritis of corpus
(AGCQ), and e) atrophic gastritis in both antrum and corpus (AGpan)
(5, 28-30, 32, 39, 40), facilitating the reproducibility analyses (34).

Gastroscopy and biopsy procedures. As per the study design, all
study subjects were enrolled among the consecutive patients
referred for gastroscopy to SM-Clinic with different indications
(symptomatic or asymptomatic). Accordingly, all 101 enrolled
patients underwent gastroscopy and targeted biopsies. On
gastroscopy, all observed abnormal mucosal lesions were noted and
photographed, and if necessary subjected to additional biopsy.
Endoscopic findings were classified into one of the following
categories: 1) normal; 2) inflammation; 3) suspected atrophy; 4)
definite atrophy; 5) ulcer; and 6) other abnormality.

Taking of gastric biopsies followed the USS protocol, with
separate biopsies from the antrum and corpus (5). In each patient,
routine biopsy specimens are taken from the antrum and corpus, at
least two biopsies from each. Endoscopic biopsies were processed for
microscopic examination using the routine procedures. In addition to
conventional Haematoxylin and Eosin (HE), staining all biopsies were
also stained with Giemsa stain for specific demonstration of
Helicobacter pylori in the samples (1, 5, 10, 12-17).

All gastroscopy biopsies were examined by expert pathologists
at the Department of Pathology, SM-Clinic and the diagnoses were
classified using the USS classification of gastritis (5). The grade of
AGA and AGC was graded into three categories (mild, moderate,
severe), and in atrophic pan-gastritis (AGpan) both components
(AGA, AGC) were graded separately. In Giemsa-stained sections,
Helicobacter pylori were identified and quantified, using a semi-

Table 1. Distribution of the diagnostic categories tested by the two
GastroPanel® versions.

GastroPanel® First-generation New unified
profile GastroPanel® GastroPanel®
No. Per Cent No. Per Cent

Normal 33 33.0 34 340
Hp-gastritis 58 58.0 57 57.0
AGA 6 6.0 5 50
AGC 3 3.0 4 40
AGpan 0 0.0 0 0.0
Total No. Cases 100 100

Weighted kappa (ICC)=0.968 (95%CI=0.953-0.979);
Overall concordance: 97/100=97.0 (95%C1=93.7-100)

AGA, Atrophic gastritis in the antrum; AGC, atrophic gastritis in the
corpus; AGpan, atrophic gastritis in the antrum and in the corpus; ICC,
intra-class correlation coefficient.

quantitative 4-tier grading: O=absent; 1=Hp present in small
quantities (=scanty); 2=Hp present in moderate quantities; and 3=Hp
present in abundance (35). In some statistical testing, also a 3-tier
grading was used, where grades 2 and 3 were combined.

Statistical analyses. All statistical analyses were performed using the
SPSS 26.0.0.1 for Windows (IBM, NY, USA) and STATA/SE 16.1
software (STATA Corp., Austin, TX, USA). The descriptive statistics
was performed according to routine procedures. Performance
indicators: sensitivity (SE), specificity (SP), positive predictive value
(PPV), negative predictive value (NPV) and their 95%CI, of
GastroPanel® Hp IgG ELISA (separately for antrum and corpus) were
calculated using the algorithm introduced by Seed et al. (2001) (41).
GastroPanel® is a quantitative ELISA test, and ROC (Receiver
Operating Characteristics) curves were used to identify the optimal
sensitivity/specificity balance for Hp IgG ELISA to detect biopsy-
confirmed Helicobacter pylori infection. Significance of the
difference between AUC values was estimated using the roccomb test.
The agreement between i) GastroPanel® Hp I1gG ELISA and ii) Hp-
detection in the biopsies, as well as iii) between Hp IgG ELISA test
lots, was calculated by using the conventional means for overall
agreement (OA) as well as by regular (Cohen’s kappa; 2x2 tables)
and weighted kappa (k) using the intra-class correlation coefficient
(ICC) test, with the following defaults: parallel model, two-way
random effects, absolute agreement. All tests were interpreted
significant at the level of p<0.05. In addition, Fagan’s nomogram was
constructed to give the post-test predictions for Helicobacter detection
by the Hp IgG ELISA at a population level, based on the test
indicators calculated for the Hp-endpoint in this study by the STATA
diagti algorithm (41): 1) the pre-test probability; ii) positive likelihood
ratio (LR+), and iii) negative likelihood ratio.

Results

Table I summarises the distribution of the five diagnostic
profiles of the two GastroPanel® test versions. The two test

6389



ANTICANCER RESEARCH 40: 6387-6398 (2020)

Table I1. Biomarker levels of the two lots of unified GastroPanel® across the five diagnostic categories.

GP profile PGI (M+SD) PGII (M+SD) PGI/PGII (M£SD) G-17b (M+SD) G-17s (M+SD) HpAb (M+SD)
Normal

Lot 1 853 (43.3) 10.1 (5.2) 8.6(2.3) 6.2 (10.9) 143 (14.2) 14.8 (2.5)

Lot 2 82.4 (38.1) 100 (5.2) 8520 6.8 (12.5) 16.2 (17.3) 16.6 (2.8)
Hp-Gastritis

Lot 1 100.8 (43.8) 18.1 (11.4) 63 (24) 74 8.7) 19.2 (13.1) 439.5 (457.4)

Lot 2 96.0 (41.2) 17.9 (11.2) 62 (24) 7384 19.7 (13.2) 501.0 (536.9)
AGA

Lot 1 732 (21.7) 13.6 (3.4) 54 (1.0) 1.2 (0.8) 1.4 (0.8) 228.8 (229.3)

Lot 2 712 (22.2) 13.8 (4.3) 521.0) 1.3 (0.8) 1.4 (0.7) 283.8 (316.8)
AGC

Lot 1 47.6 (23.8) 240 (13.2) 22(0.9) 23.0 (16.0) 219 (16.2) 668.9 (434.5)

Lot 2 45.6 (22.8) 22.6 (11.4) 2.1 (0.6) 232 (16.2) 21.7 (16.2) 762.1 (590.7)
AGpan

Lot 1 NA NA NA NA NA NA

Lot 2 NA NA NA NA NA NA
IcC 0.991 (95%Cl= 0.996 (95%Cl= 0.977 (95%Cl= 0.993 (95%Cl= 0.995 (95%Cl= 0.978 (95%Cl=

0.979-0.995) 0.993-0.997) 0.966-0.985) 0.990-0.995) 0.992-0.997) 0.965-0.986)

AGA, Atrophic gastritis in the antrum; AGC, atrophic gastritis in the corpus; AGpan, atrophic gastritis in the antrum and in the corpus; ICC (intra-
class correlation coefficient) or weighted kappa between lot 1 and lot 2 across all diagnostic categories; NA, no cases available; GP, GastroPanel®;
PGI, pepsinogen I; PGII, pepsinogen II; G-17, gastrin-17; HpAb, Hp IgG ELISA.

Table III. Biomarker levels* across the five USS grades of gastritis.

USS grade PGI (M+SD)  PGII (M+SD)  PGI/PGII (M+SD)  G-17b (M+SD)  G-17s (M£SD)  HpAb (M+SD)  No. cases
Normal 82.3 (38.9) 9.5 (4.6) 8.9 (2.4) 5.7 (11.0) 122 (11.9) 18.2 (8.6) 35
Hp-gastritis 95.5 (39.5) 17.3 (10.1) 6.1(1.9) 7.2 (14) 20.8 (13.8) 490.1 (511.2) 45
AGA 100.1 (49.2) 18.8 (9.6) 5.6(1.9) 45 (4.0) 142 (15.5) 384.5 (418.3) 14
AGC 71.5 (59.3) 29.4 (17.3) 2.4 (0.8) 21.7 (14.3) 28.0 (18.2) 646.9 (464.7) 5
AGpan NA NA NA NA NA NA 0

*The two lots of unified GastroPanel test combined. AGA, Atrophic gastritis in the antrum; AGC, atrophic gastritis in the corpus; AGpan, atrophic gastritis
in the antrum and in the corpus; USS, Updated Sydney System; PGI, pepsinogen I; PGII, pepsinogen II; G-17, Gastrin-17; HpAb, Hp IgG ELISA.

versions have practically identical performance, with an
overall concordance of 97% (95%CI=93.7-100%), and
weighted kappa (ICC) value of 0.968. These two figures
implicate that the new test version retains all the technical
characteristics of the previous GastroPanel® test version.

Table II summarizes the values (M=SD) of the 4
biomarkers, analysed by the two test lots of the unified
GastroPanel® test, and stratified by the five diagnostic
categories. As determined by the weighted kappa test, the
results of the two test lots are practically identical for all four
biomarkers and across the five diagnostic categories. This
implicates a high degree of consistency, within a range of
0.977 to 0.996 (ICC).

Biomarker levels stratified by the five diagnostic
categories of the USS classification are summarized in Table
III. The biomarker levels in in the five diagnostic categories
of the GastroPanel® and the USS are very similar.
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Interestingly, the highest titres of Hp IgG are found in AGC
of both classifications.

Table IV illustrates the agreement between the new-
generation GastroPanel® test and the USS classification. The
overall agreement (OA) between the two tests is 0.808 (i.e.,
80.8%). Using the weighted kappa test (kw) to measure the
agreement between GastroPanel® and the USS, xw=0.899
(95%CI1=0.849-0.933).

The agreement between the Hp IgG ELISA test and the
biopsy-confirmed detection of Hp in the antrum and corpus
is illustrated in Table V. Altogether, 91/100 cases were
concordantly diagnosed by IgG ELISA and gastric biopsies:
O0A=91.0% (95%CI=84.1-95.8%). The level of regular
(Cohen’s) kappa (k=0.806) is also excellent, i.e., an almost
perfect agreement. The likelihood (OR) of diagnosing Hp in
the biopsies after an Hp-positive IgG ELISA has OR in the
range of 93 to 105 (p=0.0001).
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Table IV. Agreement between the unified GastroPanel® test and the USS
classification.

GastroPanel The Updated Sydney System (USS) Total
Normal HP-gastritis AGA AGC AGpan
Normal 31 3 0 0 0 34
HP-gastritis 4 41 10 1 0 56
AGA 0 1 4 0 0 5
AGC 0 0 0 4 0 4
AGpan 0 0 0 0 0 0
Overall agreement (OA): 80/99; 99

0.808 (95%CI1=0.730-0.885)
*Weighted kappa (x,): ICC=0.899
(95%C1=0.849-0.933)

*Weighted kappa (ICC; parallel model, two-way random, absolute
agreement); AGA, atrophic gastritis in the antrum; AGC, atrophic gastritis
in the corpus; AGpan, atrophic gastritis in the antrum and in the corpus.

Table VI summarises the Hp IgG ELISA titres of the two lots
of unified GastroPanel® stratified by the quantity of Hp present
in the antrum and in the corpus, using the 4-tier (absent, scanty,
moderate, abundant) grading. The two test lots give practically
identical results (Pearson correlation: R2=0.973). Hp IgG
ELISA titres show a better correlation with the quantified Hp
in the antrum than in the corpus, where Hp is absent in the
majority (56%) of biopsies. As to the antrum, the highest IgG
ELISA titres are found in patients with moderate amount of Hp
in the biopsies, in contrast to the corpus, where a scanty
presence of Hp is accompanied by the highest IgG ELISA titres.

The indicators of Hp IgG ELISA test in diagnosis of biopsy-
confirmed Hp-infection are summarised in Table VII, separately
for the antrum, corpus or either of the two sites. The Hp IgG
ELISA predicts the biopsy-confirmed Hp in the antrum with
93.8% SE and 88.9% SP, with AUC=0.913 (95%CI=0.853-
0.973). For Hp present in the corpus, IgG ELISA shows even
higher SE (95.3%) but substantially lower specificity (60.7%)
and AUC=0.780 (for AUC difference; p=0.023).

Figure 1 illustrates the scatterplots where Hp IgG ELISA
tires are plotted against the quantified Hp in the biopsies,
using the 3-tier grading (absent, scanty, moderate/abundant).
As to the antrum, the IgG ELISA titres increase in parallel
with the increasing abundance of Hp in the biopsies
(bivariate correlation: R2=0.450; p=0.0001), whereas in the
corpus, the IgG ELISA titres are highest in cases with scanty
Hp in the biopsies (R?=0.352, p=0.0001).

Figure 2 presents the ROC analysis for IgG ELISA (both
lots combined) in detecting Hp in the biopsies of the antrum.
The AUC value reaches an exceptional 0.980 (95%CI=0.958-
1.000). The same ROC analysis for Hp-detection in the corpus
is shown in Figure 3. Albeit less than for Hp in the antrum,

Table V. Agreement between Hp 1gG ELISA and biopsy-confirmed Hp-
infection.

GastroPanel® Hp Gastroscopic biopsy* Total no.
1gG ELISA of cases
Hp present** Hp absent®*
Lot 1
Hp positive 59 3 62
Hp negative 6 32 38
Overall agreement (OA): 91/100;
0.900 (95%C1=0.841-0.958).
(Cohen’s kappa) k=0.806
(95%C1=0.684-0.928)
Odds ratio (OR)=104.9
(95%C1=24.7-447.7)
Lot 2
Hp positive 60 4 64
Hp negative 5 31 36
Overall agreement (OA): 91/100;
0.900 (95%CI 0.841-0.9586).
(Cohen’s kappa) k=0.803
(95%C1=0.679-0.927)
Odds ratio (OR)=93.0
(95%C1=23.2-371.3)
Lot 1 and 2 combined
Hp positive 60 4 64
Hp negative 5 31 36

Overall agreement (OA): 91/100;
0.900 (95%CI 0.841-0.9586).
(Cohen’s kappa) k=0.803
(95%C1=0.679-0.927)

Odds ratio (OR)=93.0
(95%C1=23.2-371.3)

*Giemsa-staining for Helicobacter; **Hp present/absent in the antrum
or in the corpus.

the AUC value of 0.882 (95%CI=0.814-0.951) still falls within
the highest category (0.8-1.0; almost perfect) of the
performance tests. When Hp detection in either antrum or in
corpus is taken into account, the AUC=0.978, with the 95%CI
upper bound of 1.000 (Figure 4).

Figure 5 shows the Fagan’s nomogram obtained by using
the data derived from calculations of the Hp endpoint
indicators in Table VII, i.e., i) the pre-test probability 0.65;
ii) positive likelihood ratio (LR+) 8.04, and iii) negative
likelihood ratio (LR-) 0.086. The Fagan’s nomogram gives
the post-test predictions of Hp-detection, implicating that the
Hp IgG ELISA of the unified GastroPanel® (30 EIU cut-off)
predicts the detection of Hp with the likelihood of 94%. On
the other hand, the likelihood is only 13% if the Hp IgG
ELISA test result is negative for Hp.
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Table VI. Hp 1gG ELISA levels* stratified by Hp-quantity in the
biopsies.

Hp quantified No of Hp IgG Hp IgG Hp IgG
in cases Lot 1 Lot 2 Lotl/Lot 2
(M+SD) (M+£SD) (M+£SD)
Antrum
Absent 36 17.3 (8.6) 18.9 (8.5) 18.1 (8.5)
Scanty 31 420.8 (395.3) 503.5(513.0) 462.1 (451.3)
Moderate 17 598.7 (616.0) 641.7 (675.8) 620.3 (638.9)
Abundant 16 335.8(302.1) 389.6 (373.8) 362.7 (337.2)
Significance 100 p=0.0001 p=0.0001 p=0.0001
Corpus
Absent 56  121.6 (304.6) 140.7 (373.4) 131.2(339.6)
Scanty 32 541.7 (461.7) 617.9 (505.1) 579.8 (476.7)
Moderate 8 433.0(3129) 4839 (4559) 458.4 (380.4)
Abundant 3 1624 (191.7) 1433 (157.1) 152.8 (174.3)

Significance 99 p=0.0001 p=0.0001 p=0.0001

**Weighted kappa (ky,):
ICC=0.978 (95%C1=0.967-0.985)

*Unified GastroPanel® Lot 1, Lot2 and both combined; **Weighted
kappa (ICC; parallel model, two-way random, absolute agreement)
between Lot 1 and Lot 2 across all categories.

Discussion

The new-generation GastroPanel® test has been clinically
validated in two separate studies (34, 35). Both studies
complement each other and collectively provide a formal
validation of all 4 biomarkers of the new GastroPanel® test.
The first of these validation studies (35), reported in this
communication, is based on a “perfect study design”,
according to Reichenheim ez al. (36), where all subjects
examined with the diagnostic test of interest (GastroPane1®)
were also confirmed by the gold-standard reference test
(gastroscopy and biopsies). Unfortunately, however, the
original goals of this validation study were not reached,
because of the fact that the cohort of 101 gastroscopy-referral
patients enrolled presented with an insufficient number of
atrophic gastritis (AG) cases (n=14 AGA, n=5 AGC, n=0
AGpan) (Table III), thus precluding calculations of stable
performance indicators for G-17 and PGI/PGII ratio in
diagnosis of AGA and AGC, respectively (28-30, 32, 37-40).

Furthermore, as repeatedly emphasized, these indicators can
be reliably calculated only by using the moderate/severe
AGA/AGC (AGA2+/AGC2+) as the endpoint, because mild
AGA and mild AGC are histological diagnosis that are poorly
reproducible even among experienced pathologists, and thus
a frequent cause of substantial verification bias in
GastroPanel® studies (29, 30, 32, 33). In contrast to the
verification bias caused by the “incomplete study design” (i.e.,
only the study subjects testing positive with the diagnostic test
of interest are being verified by the reference test), which can
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be corrected in part by statistical measures (36), the
verification bias caused by misclassification of the reference
test endpoints (AGA and AGC), cannot be corrected by any
statistical technique. In the present cohort, only 2 cases of
AGC2+ and 3 cases of AGA2+ are included, and because of
this non-correctable limitation, the results of this first
validation study were described in a technical report only (35).

In the second validation study targeted to patients at high
risk for AG (34), a sufficient number of AGC2+ cases were
enrolled, but the “incomplete study design” (34), hampered
the calculation of stable estimates of sensitivity and
specificity for the Hp IgG ELISA test in diagnosis of
Helicobacter pylori, even if the statistical correction for this
verification bias had been applied (36). Noteworthy,
however, this failure to reach a sufficient number of AGA2+
and AGC2+ cases in the present cohort, does not
compromise the validation of the Hp IgG ELISA test for Hp-
infection, because all 101 patients were examined by
gastroscopic biopsies, in which specific demonstration and
quantification of Helicobacter pylori was possible in
Giemsa-stained sections. Indeed, the results reported in this
communication conclude the clinical validation process of
the new-generation GastroPanel® test (34, 35), and fully
confirm the outstanding performance characteristics of the
new test version, fully compatible with the first-generation
GastroPanel® test (28-30, 32, 33, 39, 40).

In the present cohort of 101 gastroscopy-referral patients,
64% (64/100; one missing data) patients tested Hp-positive
(antrum or corpus) (Table V). This confirms the previously
reported high prevalence of Hp-infections in Russian
Federation, similarly as in other countries of the former
Soviet Union, e.g. Kazakhstan (42, 43). In these high-risk
countries, the Hp-prevalence of 60-70% exceeds the Hp-
detection (slightly over 10% even in the high-risk age
groups) in the low-risk countries by several folds (44).
However, this high prevalence of Hp-infection makes the
present cohort particularly suitable for the validation of the
Hp IgG ELISA of the new GastroPanel®.

The consistency of the new GastroPanel® test is extremely
high, as demonstrated by the almost perfect ICC between the
two test lots, ranging from 0.977 to 0.996 (Table II).
Similarly, the new test version also shows a high degree of
agreement with the USS classification (Tables III and 1V),
for which the GastroPanel® test was originally optimised
(28-30, 32, 33, 39, 40). This was also confirmed in the
second part of the validation study among the high-risk
patients, where enough AG cases were available to enable
calculations of SE and SP for PGI and PGI/PGII ratio to
diagnosis of AGC2+ (34). Although this was not possible in
the present cohort, the excellent agreement between the new
GastroPanel® and the USS was confirmed by calculating the
overall agreement (OA) and weighted kappa (Table IV).
Both these indicators favourably compete with the best



Miiki er al: Helicobacter pylori Diagnosis by GastroPanel® IgG ELISA

Table VII. Hp IgG ELISA* in diagnosis of biopsy-confirmed Hp in the antrum and/or corpus.

Hp+ Site Sensitivity Specificity PPV NPV AUC
(95%CI) (95%CI) (95%CI) (95%CI) (95%CI)
Antrum 93.8 (84.8-98.3) 88.9 (73.9-96.9) 93.8 (84.8-98.3) 88.9 (73.9-96.9) 0.913 (0.853-0.973)
Corpus 95.3 (84.2-99.4) 60.7 (46.8-73.5) 65.1 (52.0-76.7) 94.4 (81.3-99.3) 0.780 (0 .708-0.852)
Antrum/Corpus 92.3 (83.0-97.5) 88.6 (73.3-96.8) 93.8 (84.8-98.3) 86.1 (70.5-95.3) 0.904 (0.842-0.967)

**AUC comparisons:
Avs. C: p=0.023; C vs. AC: p=0.038; A vs. AC: p=0.859

*Unified GastroPanel® Hp IgG ELISA with Lotl and Lot2 combined; **Roccomp test between AUC values for antrum (A), corpus (C) and
antrum/corpus (AC), i.e., Hp detection in the antrum, in the corpus, or in either of them; AUC, area under curve; PPV, positive predictive value;

NPV, negative predictive value.

estimates ever reported in the large-scale international
clinical studies (30).

The agreement between Hp IgG ELISA and Hp detection
in the biopsies is outstanding (Table V). Both test lots gave
concordant results with the gastric biopsies in 91/100 cases,
when the subject was classified as Hp-positive if the bacteria
were detected in the antrum or in corpus. This translates to OA
of 91.0% (95%CI=84.1-95.8%), and regular (Cohen kappa) of
0.806 (95%CI=0.684-0.928). The likelihood of a subject
testing Hp-carrier (Hp+) in the biopsy reaches OR of >100,
when the GastroPanel® Hp IgG ELISA is Hp-positive (Table
V). These ORs of 93-104.9 far exceed the ORs calculated for
the likelihood of biopsy-confirmed AGC after GastroPanel®
AGC profile in our second validation study (34).

The amount of Hp in the biopsies was quantified, and it
was of interest to see, whether the Hp IgG ELISA titres bear
any correlation to the quantity of the bacteria in the biopsies
(Table VI, Figure 1). In this respect, antrum and corpus seem
to be different. In the antrum, the increasing abundance of
Hp seems to run almost in parallel with the level of Hp IgG
ELISA titres (Table VI), particularly if the 3-tier grading is
used (Figure 1) (p=0.0001; Pearson correlation). In the
corpus, one cannot demonstrate a similar relationship, while
the highest ELISA titres are found in cases where Hp is
scanty, irrespective whether 4-tier or 3-tier grading is used
(Table VI, Figure 1). This might have some bearing with the
pathogenesis of Hp-infections in the stomach.

Hp-infection is considered to have its origin in the antrum
and subsequently spreads to the corpus, if not successfully
treated (5, 7-17). This process is protracted, taking years and
even decades to progress from an acute Hp-infection to
chronic AG (2-11). This would neatly explain why in the
present cohort of patients, i) the prevalence of AG was quite
low, and ii) why Helicobacter pylori infection was rarer in
the corpus (n=43) than in the antrum (n=64). Most likely,
these patients with 65% Hp-prevalence represent cases with
relatively recent infection, confined to the antrum in most
cases, and only gradually involving the corpus. Indeed, 33/64

(51.5%) Hp-positive cases in the antrum demonstrated
moderate or abundant quantity of bacteria, as contrasted to
only 11/43 (25.6%) of those in the corpus. This would
explain why the subjects with Hp in the antrum have higher
titres of Hp IgG ELISA antibodies and their closer
correlation with the actual quantity of the bacteria in the
biopsies (Figure 1, Table VI).

This different Hp-prevalence in the antrum and corpus
also explains why the Hp IGG ELISA performs differently
when Hp-antrum and Hp-corpus is used as the endpoint
(Table VII). It is an established fact that with the declining
prevalence, the PPV of the test will drop, also leading to
decreased SP (37). This is exactly what happens to Hp IgG
ELISA in diagnosis of Hp in the antrum and Hp in the
corpus. Despite a similar test SE (around 94-95%) in both,
the SP in the latter is almost 30% less (60.7% vs. 88.9%)
than in the antrum. This results in a significantly (p=0.023)
lower AUC values for the ROC curves of antrum
(AUC=0.933) than those of corpus (AUC=0.780).
Fortunately, however, the practical value of this observation
in limited, because the patients are classified as Hp-positive
irrespective whether the bacteria is present in the antrum or
in the corpus (Table VII).

Given that GastroPanel® Hp IgG ELISA is a
quantitative test, the conventional way of analysing the test
performance is by ROC analysis, plotting quantitative
ELISA titres (the test variable) against the state variable
(Hp + or Hp-). The results of ROC analysis are also
affected by the different Hp-prevalence in the antrum and
corpus, although less dramatically (Figures 2-4) than in the
above analyses using the 2x2 tables for SE and SP. In
ROC analysis, Hp IgG ELISA detects biopsy-confirmed
Hp in the antrum with AUC=0.980 (Figure 2), Hp in the
corpus with AUC=0.882 (Figure 3), and Hp in either site
with AUC=0.978 (Figure 4). AUC values of this range are
exceptional for any diagnostic test, and those of Hp IgG
ELISA even exceed the AUC values obtained for the other
GastroPanel® biomarkers in diagnosis of AGC (34). The
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Figure 1. Hp IgG ELISA titers scattered against quantified (3-tier grading) Helicobacter in the biopsies of the antrum and corpus.

accuracy of this test is of completely different scale than
the diagnostic precision of the commonly used Hp-tests
(UBT and SAT), with their reported false-negative and
false-positive error rates approaching 40% (19-26). These
data on the formal validation of Hp IgG ELISA fully
justifies the statements made in recent reviews, where
GastroPanel® is recognised as the most comprehensive
Helicobacter test (21, 22, 29, 30).
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Importantly, the present results elaborated from a cohort of
101 patients are also generalizable at the population level,
which is important because the population-based screening of
GC risks (Hp and AG) is one of the two main indications of
GastroPanel® use (28-30, 32, 33). This can be done using the
approach described by Fagan in 1975 (45), subsequently
known as the Fagan’s nomogram (46-48). At present, the
Fagan’s nomogram is the simplest of the Bayes’ theorem
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Figure 2. Hp IgG ELISA* in detecting biopsy-confirmed Hp in the
antrum by ROC analysis. *Lot 1 and Lot 2 Hp IgG ELISA.
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Figure 3. Hp IgG ELISA* in detecting biopsy-confirmed Hp in the
corpus by ROC analysis. *Lot 1 and Lot 2 Hp IgG ELISA.

calculators to help practitioners determine the (post-test)
probability of a patient truly having a condition of interest on
the basis of a particular (pre)-test result (45-47). Assuming
that the study samples are representative of the entire
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Figure 4. Hp 1gG ELISA* in detecting biopsy-confirmed Hp in the
antrum/corpus by ROC analysis. *Lot 1 and Lot 2 Hp IgG ELISA.

population, an estimate of the pre-test probability reflects the
global prevalence of this disorder, and in this way, the
likelihood ratios (LR+ and LR-) are clinically even more
meaningful than SE and SP (47). When the likelihood ratios
and the Hp-prevalence data generated from the calculations
of test indicators by the algorithm of Seed et al (41) (Table
VII) were applied, the Fagan’s nomogram was obtained
(Figure 5). The post-test predictions of Hp-infection in a
population from which the present cohort was derived,
implicate that a GastroPanel® Hp IgG ELISA predicts biopsy-
confirmed Hp-infection with the likelihood of 94%, whereas
this likelihood is only 13% if Hp IgG ELISA is negative.

Conclusion

The present validation study of the GastroPanel® Hp IgG
ELISA test, based on a cohort of 100% biopsy-confirmed
gastroscopy-referral patients, concludes the clinical
validation process of the new-generation GastroPanel® test,
because the other biomarkers (PGI, PGII, G-17) were
validated in a separate study (34). These data confirm that in
all respects, the new-generation GastroPanel® test retains the
unrivalled diagnostic performance of the first-generation
GastroPanel® test, which has been extensively characterised
in different clinical settings worldwide since the test
introduction in the early 2000’s (30, 32, 33). This applies to
the diagnosis of AG by the PGI, PGI/PGII, and G-17
biomarker profiles of the new test (34), as well as to the
detection of biopsy-confirmed Helicobacter pylori infection,
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Figure 5. Fagan’s nomogram for Hp 1gG ELISA as a predictor of Hp-
infection at population level, constructed by using the pre-test
probability, LR+ and LR- calculated in Table VII. LR+, positive
likelihood ratio; LR—, negative likelihood ratio.

firmly documented in the present study. The results are also
directly transferrable to a population level. In any population
with the prevalence of AG and Hp similar as in these two
validation cohorts (34, 35), the new-generation GastroPanel®
biomarker profile of AG or Hp shall predict these two risk
conditions of GC with the likelihood of 94-95%, making
GastroPanel® a perfect test for any population-based
screening of gastric cancer risks worldwide (28, 30, 32, 33).
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