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Abstract. Background/Aim: Several clinical conditions
seriously hamper the diagnostic accuracy of the commonly
used tests for Helicobacter pylori (Hp), 13C-urea breath test
(UBT) and stool antigen test (SAT). The present
communication is a critical review of the potential limitations
of UBT and SAT, and describes the approach on how these
can be avoided. Drawbacks of the Hp tests: False-negative
results are most often due to low bacterial load in the stomach
due to: i) use of proton pump inhibitor medication; ii) use of
antibiotics; iii) presence of atrophic gastritis and hypoacid
stomach; iv); bleeding peptic ulcer; v) gastric cancer (GC)
and vi) mucosal-associated lymphatic tissue lymphoma. The
UBT also gives false-positive results when urease-producing
bacterial species, other than Hp colonize an acid-free
stomach. Importantly, neither UBT nor SAT are capable of
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diagnosing atrophic gastritis, thus missing the patients at
highest risk for GC. GastroPanel® (Biohit Oyj, Finland)
circumvents these shortcomings with a serological test
consisting of a panel of stomach-specific biomarkers:
pepsinogen 1, pepsinogen Il, gastrin-17 and Hp antibodies.
GastroPanel® is a tool for non-invasive examination of i)
dyspeptic patients for exclusion or diagnosis of Hp or atrophic
gastritis, also disclosing the status of gastric acid output, ii)
for screening of asymptomatic individuals at risk of GC; and
iii) for comprehensive diagnosis of Hp infection. GastroSoft®
application integrates the biomarker profile with the patient’s
medical information, accurately classifying the biomarker
profiles into eight diagnostic categories. Conclusion: Given
that Hp is the single most important risk factor of GC, the
non-invasive diagnosis and screening of Hp should be based
on more accurate and more comprehensive testing than UBT
or SAT alone. The GastroPanel® is such test, being completely
devoid of the known serious shortcomings of UBT and SAT.

The understanding of the important role of Helicobacter
pylori (Hp) infection in the pathogenesis of gastric cancer
(GC) and peptic ulcer disease has increased progressively
since the discovery of this bacterium in 1984 by Marshall
and Warren (1). According to the current concepts, GC
develops in individuals with Hp infection through precursor
lesions of progressively increasing severity from non-
atrophic Hp associated gastritis to mild, moderate and severe
atrophic gastritis (AG), accompanied by intestinal metaplasia
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(IM) and dysplasia. This sequence of events is known as the
Correa cascade and is estimated to be involved in around
50% of GC cases, the intestinal type in particular (2-4).

In parallel with an increased understanding of the
pathogenetic mechanisms, the management of Hp infection
has also undergone remarkable development during the past
decades. Much of this development can be attributed to the
European Helicobacter Study Group that took its first
initiative in 1996 in Maastricht to gather dedicated experts
in the field to review and discuss the pertinent clinical data
to create recommendations for the clinical management and
diagnosis of Hp infection (5). Since then, these Maastricht
conferences have been repeated every 4-5 years, each being
followed by a Consensus Report, the latest (2017) being the
fifth (6). Attempts to standardize the diagnosis and treatment
of Hp infections within countries have led to several national
guidelines as well (7, 8). In all these reports, considerable
attention has been paid to different diagnostic methods
available for Hp detection, also including comprehensive
review of the advantages and limitations of each technique
and their utility in different settings (6-10).

As is frequently the case in daily practice, there is a common
tendency to overlook the limitations of the commonly used Hp
tests, although their shortcoming has been clearly discussed in
all European Consensus Reports since 1996 (5, 6, 9, 10). This
applies to both of the two most widely used Hp tests: the 3C-
Urea Breath Test (UBT) and Stool Antigen test (SAT), for
which Barry Marshall who discovered Hp with Robin Warren
(1) made an early warning already some 20 years ago (11).
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 these two Hp tests,
false-negative (up to 40%) and false-positive results (UBT) are
not uncommon in both (12, 13).

The present communication has a dual aim: i) it is a
critical review of the known limitations of the UBT and SAT
in diagnosis of Hp infection; and ii) it introduces the reader
to a novel approach as to how these downsides of UBT and
SAT can be avoided in clinical practice.

The UBT

The UBT is based on the ability of Hp to break urea down
into carbon dioxide, which then is absorbed from the
stomach and eliminated in the breath (5-10). For the UBT,
patients swallow a capsule containing urea made from an
isotope of carbon (13C). If Hp is present in the stomach, the
urea is turned into carbon dioxide. Breath samples are
collected and '3C in the exhaled carbon dioxide is measured.
If the isotope is detected in the breath, it means that Hp is
present in the stomach. Basically, the 13C signal in breath is
directly dependent on the level of urease activity in stomach
juice, i.e. on the Hp bacterial load.
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Both recent national and European Consensus present data
on the utility of UBT in specific diagnostic settings (5, 6).
The use and limitations of UBT were exhaustively discussed
at an Italian conference in Bologna (February 2015), where
recommendations were based on the best current evidence to
help physicians manage Hp infection in Italy. The guidelines
have been endorsed by the Italian Society of
Gastroenterology and the Italian Society of Digestive
Endoscopy (8). The same topics were also surveyed in the
latest Maastricht Consensus Conference (6).

The Italian Consensus report stated that: “several meta-
analyses confirm that UBT is the best test for non-invasive
Hp diagnosis, with a 96% sensitivity and a 93%
specificity” (8). On closer examination, however, this
statement refers to one meta-analysis only (13), which
included only cross-sectional studies evaluating the
diagnostic accuracy of UBT in adult patients with
dyspeptic symptoms, making the meta-analysis highly
biased. Thus, out of 1,380 studies identified in the
literature, only 23 met the authors’ eligibility criteria (13).
The meta-analysis was associated with a significant
statistical heterogeneity that remained unexplained after
subgroup analysis. The included studies also had a
moderate risk of bias. The authors concluded that UBT has
a high diagnostic accuracy for detecting Hp infection in
patients with dyspepsia. They admit, however, that the
reliability of their meta-analytic estimates is limited by
significant between-study heterogeneity (13).

False-negative results. The UBT has serious limitations
confined to special situations where the test results should
be interpreted with caution (5-13). There is firm evidence to
indicate that recent (within 2 weeks) use of proton pump
inhibitors (PPI) or antimicrobials (within 4 weeks) may lead
to a decrease in the gastric bacterial load causing false-
negative results (14-16). Gastric bleeding can also reduce the
sensitivity of both UBT and SAT (14, 15). Data from a
systematic review suggested repeating the diagnostic tests in
patients with bleeding ulcer after at least 4 weeks in the case
of a negative UBT result (17). In patients with precancerous
conditions (e.g. AG, IM) or GC, as well as in patients with
partial gastrectomy, diagnostic tests may have lower
accuracy (3, 17).

The same limitations as acknowledged in the Italian
Consensus Report (8) are also emphasized as limitations of
the UBT and SAT tests in the latest Maastricht Consensus
Report (6). It is clearly stated that significant decrease of the
gastric Hp load arises from the following conditions: i) use
of antimicrobial agents, ii) use of anti-secretory drugs (PPI),
and iii) in bleeding ulcers. Importantly, bacterial load may
be permanently low in premalignant and malignant lesions,
including i) AG, ii) IM, or iii) mucosal-associated lymphatic
tissue (MALT) lymphoma (18, 19).



Syrjinen et al: GastroPanel® Detection of Helicobacter pylori Infection and Clinical Sequelae

PPI medication. Several studies have shown that by
increasing the gastric pH, PPI use leads to local changes in
the gastric environment and load of Hp in the stomach (14).
Because PPI drugs have antimicrobial properties, while
converting the stomach into an alkaline and hostile
environment for Hp growth, the bacterial load decreases,
especially in the antrum, contributing easily to false-negative
results of the UBT, in contrast to serology (Hp IgG or IgA
antibodies), which remains unaffected in those taking PPI
medication. Most of these studies in patients taking PPIs
have been carried out with UBT and showed a 10-40% false-
negative rate (14, 20). In addition to PPI treatment (14-16),
H,-blockers may also give false-negative UBT results, albeit
to a lesser extent than PPI medication (12, 21).

Antimicrobials. The evidence is notwithstanding that the
local Hp load in the stomach will be reduced by the use of
antimicrobials, leading to potentially false-negative UBT
results, as clearly stated in the Consensus Reports (5, 8, 14-
16, 22, 23). Thus, Perri et al. (22) performed UBT in 41 Hp-
infected individuals before and 1 day after therapy with
amoxycillin (2.5 g). They showed that even a short course
of antibiotics specific for Hp may result in a false-negative
UBT (22). The authors concluded that false-negative results
are likely even after 1 day of therapy with bactericidal or
even with anti-secretory (PPI) drugs. In another recent study,
Leung et al. examined the serial changes of UBT results in
35 hospitalized patients who were given antibacterial therapy
for chest or urinary infections (23), most (91%) receiving a
single antibiotic (penicillin or cephalosporin group). Serial
UBTs were performed within 24 hours of antibiotics onset,
and at 1- and 6-weeks post-therapy. The results showed that
one-third of Hp-infected individuals had transient false-
negative UBT results during their treatment, although a full
clearance of Hp infection by regular antibiotic consumption
was very rare (23).

Bleeding ulcer. As to the accuracy of UBT in cases of
bleeding ulcers, this topic was recently subjected to a
comprehensive meta-analysis (17). It has been suggested that
prevalence of Hp in peptic ulcer bleeding is lower than that
in those with non-complicated ulcers. In a systematic review
of the studies assessing the prevalence of Hp infection in
patients with peptic ulcer bleeding, including 71 articles and
8,496 tested patients, UBT was reliable only when delayed
until at least 4 weeks after the episode of peptic ulcer
bleeding (17, 24, 25).

Cancer precursors: AG and acid-free stomach. AG is another
clinical condition associated with a substantial proportion of
false-negative UBT results, particularly in patients with AG
with a chronically hypo-acid or acid-free stomach. This topic
has been studied in detail by Kokkola ez al. (19, 26, 27). In

their first study, patients with atrophic corpus gastritis (AGC)
and elevated Hp antibody level, but with Hp-negative UBT
and histology, were randomized into eradication therapy and
follow-up only (19). Hp antibody level decreased
significantly in 6/7 patients in the eradication group, while
in the control group, the antibody level declined in only 1/8
patients. Thus, in patients with AGC, a positive Hp serology
may indicate an ongoing infection in spite of negative UBT
and histology.

In another study, these authors made a direct comparison
of UBT, Hp serology and histology in 50 male patients with
histologically verified AGC (26). The results are revealing:
Hp was detected in 15 (30%) patients by histology and in 14
(28%) by UBT, whereas increased serum Hp antibody levels
were found in 41 (82%) patients (p<0.0001). Altogether, Hp
infection was associated with AGC in 84% of the patients.
The authors concluded that in patients with AG and IM,
prevalence of Hp infection will be underestimated if only
UBT is relied on (26).

Similar conclusions were drawn in another recent study
by Lahner et al. (28), who examined 27 patients with AGC
using UBT and SAT to assess whether the diagnostic yield
of Hp in AGC would be higher by these two tests than with
histology alone. The results showed that in patients with
AGC, neither the UBT nor SAT added any useful
information regarding Hp infection, but a combination of
histology and serology was needed to define the Hp status
of the patients (28). However, when followed-up for long
enough, Hp antibodies also disappeared spontaneously
within 10 years in almost a quarter of the patients with
advanced AGC. This disappearance of Hp antibodies is
accompanied by only a mild or no improvement in the
gastric mucosal status (27). Thus, an Hp test can give a
negative result in AGC, due either to i) the disappearance
of Hp during the protracted course of the disease (27, 28),
or ii) because AGC is caused by an autoimmune disease and
not Hp (2, 4).

MALT lymphoma. MALT lymphoma is another specific
condition ascribed to Hp infection (6, 8), but known to be
associated with a low bacterial load, making it susceptible to
false-negative UBT results (5, 6, 8-10). Because gastric
MALT lymphoma is a rare disease, few studies comparing
the accuracy of diagnostic tests in these patients have been
published, and only a limited number of tests have been
compared (18). In one of those few studies, a total of 90
patients with low-grade gastric MALT lymphoma were
enrolled, comparing histology, serology polymerase chain
reaction and culture. Histology (97.5%) and serology
(95.0%) were the two most sensitive tests, far superior to the
other Hp tests (18).

Although patients with gastric MALT lymphoma without
Hp are less responsive to Hp eradication, a portion of the
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false-negative Hp cases are potentially curable by the Hp
eradication therapy alone. Although the rationale for this
finding is not fully understood, it is suspected that some Hp-
negative MALT lymphomas are false-negatives due to patchy
distribution of the micro-organism in the mucosa and due to
limited tissue sampling by biopsies (29, 30). In contrast to
serology, the UBT may produce false-negative results if
performed after the use of Hp- and urease-suppressive
therapies, such as PPI and antibiotics (30).

False-positive results. Apart from the false-negative results,
the UBT also gives false-positive results, which have
received more attention during the past 10 years (28, 30-33).
These false-positive results may appear in patients with acid-
free stomach (due to AG or a long-term PPI use) in particular
where urease-positive bacterial species (32, 33) or yeast-like
organisms (28) frequently colonize.

This possibility of false-positive UBT results was already
known in the late 1990s, when the 2005 Nobel Laureate
Barry Marshal described that false-positive UBT results
had been reported in patients with gastrectomy, generally
related to the presence of urease-positive bacteria other
than Hp (11). In the report of Michaud et al., UBT was
positive and urease-positive bacteria other than Hp were
recovered in gastric juice in hypochlorhydric children due
to PPI use (34). In general, gastric bacterial overgrowth
even with bacterial and fungal bezoars is a constant
phenomenon in an acid-free stomach (28). In the late
1990s, it was demonstrated that the number of microbes in
gastric mucosa is comparable to that of gastric juice (35),
and these non-Hp bacteria are also embedded in the mucus
and even in close contact with the gastric epithelium,
similarly to Hp (36-38).

In their study, Gurbuz et al. compared UBT with histology
and the rapid urease test. Histology revealed dense yeast-like
micro-organisms in the biopsies from all patients with false-
positive UBT results. The authors concluded that gastric
mucosal colonization by yeast-like micro-organisms with
urease activity can account for the high frequency of false-
positive UBT results (31). Brandi et al. evaluated the
presence of urease-positive bacteria other than Hp in gastric
juice and mucosa in 25 hypochlorhydric and 10 control
individuals. Convincingly, six hypochlorhydric patients had
10 strains of urease-positive non-Hp bacteria, among which
Staphylococcus capitis urealiticum showed the strongest
urease activity (32).

In another study, the UBT gave false-positive results in
4/102 individuals, shown to be caused by the presence of
urease-positive bacteria in the oral cavity and stomach (33).
Altogether, five bacterial species with urease activity
(Proteus Citrobacter  freundii, Klebsiella
pneumoniae, Enterobacter cloacae and Staphylococcus
aureus) were isolated from the oral cavity or stomach.

mirabilis,
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The SAT

SAT tests are non-invasive diagnostic tests for Hp infection.
Two types of SATSs exist; one based on enzyme immunoassay
and another on immunochromatography (9, 10). SATs do not
require expensive chemical agents or specific equipment,
which makes them less expensive than UBT. Many guidelines
have emphasized that enzyme immunoassay-based SATSs
using monoclonal antibodies are useful in the primary
diagnosis as well as in the assessment of Hp eradication
therapy (5, 6, 8). Immunochromatography-based tests do not
require particular equipment and are, therefore, also suitable
for low-resource settings (5, 6). The accuracy of SATs is
lower when the stool samples are unformed or watery,
because the Hp-specific antigens in such samples are diluted.
The ambient temperature and the interval between sample
collection and analysis also affect the SAT results (5-10).

In most settings described above for the UBT, the same
potential sources of errors also apply to the SAT (5, 6, 9, 10,
39, 40). The same inherent reasons, i.e. a low bacterial load
in the stomach, or recent use of PPIs (within 2 weeks) or
antimicrobials (within 4 weeks), also contribute to false-
negative results in the SAT (14-16). Similarly, bleeding can
reduce the sensitivity of the SAT (14, 15). Data from a
systematic review suggests repeating of the SAT (after at
least 4 weeks) in patients with bleeding ulcer in the case of
a negative result (17). In patients with AG, IM, GC, or
partial gastrectomy, SAT may have lower accuracy (17).

The Shortcomings of UBT and SAT Can Be
Avoided by Use of a Panel of Serum Biomarkers

It is possible to avoid the shortcomings of the UBT and SAT
tests by applying a serological test based on simultaneous
assays of multiple stomach-specific serum biomarkers. A
Finnish biotechnology company Biohit Oyj (Helsinki, Finland)
has developed and extensively validated a test with four gastric
biomarkers, namely GastroPanel® (41, 42). In addition to being
a serological Hp test, GastroPanel® also measures several
distinct biological parameters, including independent
biomarkers for i) gastric acid output, ii) intra-gastric acidity,
iii) activity of inflammation, and iv) detection of AG. All
markers play a key role in stomach physiology, thus reflecting
the health or disease of the gastric mucosa. Due to the complex
interplay of interdependent biomarkers measured in one and
the same serum/plasma sample, the GastroPanel® is free from
the typical limitations of UBT and SAT. In addition, this test is
capable of diagnosing both AG and Hp infection with their
potentially harmful clinical sequelae. Not suffering from the
inherent shortcomings of the stand-alone Hp tests, the
GastroPanel® is a perfect and reliable non-invasive diagnostic
tool for the first-line examination of dyspeptic patients, as well
as for the screening of the those at risk for GC (41, 42).
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GastroPanel® was introduced in a series of recent
communications (37, 38, 43-45). The test is composed of
enzyme-linked immunosorbent assays (ELISA) of three
biomarkers: pepsinogen I (PGI), pepsinogen II (PGII) and
gastrin-17 (G-17), combined with an ELISA assay of Hp (IgG)
antibodies, all being measured from the same serum/plasma
sample (43-45). It is noteworthy that GastroPanel® includes the
assay of G-17, a peptide hormone that is synthesized
specifically by antral G-cells and is an excellent biomarker for
the structure and function of the antral mucosa. G-17 rapidly
reacts to stomach acidity, and its levels in serum/plasma
increase in all conditions where the acid content of the stomach
is reduced; G-17 will decrease to extremely low levels when
the acid output is increased (stomach is hyperacid).

The results of GastroPanel® are interpreted by a special
software application (GastroSoft®), another innovation of
Biohit Oyj. During the past decade, GastroPanel® has been
extensively validated in both diagnostic and screening
settings. In a meta-analysis covering all the published
literature until 2016 (45), GastroPanel® proved to be a
highly accurate test for diagnosis of both AGA and AGC.

Introduction to the GastroPanel® Examination

GastroPanel® biomarker examination is the best available
first-line diagnostic test for Hp infection in general, for
examination of patients with dyspepsia, as well as for
screening of AG. In other words, GastroPanel® is intended
for testing those at increased risk for i) stomach and
esophageal cancer; and for ii) malabsorption of vitamin-B12,
calcium, iron, magnesium, zinc, and some medicines (due to
AG and acid-free stomach) (2, 41, 46-51).

GastroPanel® uses specific monoclonal antibodies to
detect stomach-specific biomarkers that regulate the normal
stomach physiology. These biomarkers: PGI, PGII, amidated
G-17, and Hp antibodies, provide information on both the
structure and function of the stomach mucosal compartment
(antrum and corpus separately) (46-53). This marker panel
also measures the capacity of the corpus and antrum to
produce gastric acid and G-17 hormone, thus disclosing the
major gastric pathologies and their topography, including the
grade and extent of AG and the activity of mucosal
inflammation (54-56).

Normal plasma levels of all four biomarkers indicate that
the stomach mucosa has a normal structure and function.
Abnormal levels are always a sign of a non-healthy stomach,
reflecting disturbances in the feedback mechanisms that
regulate synthesis and output of gastric acid, PGs and G-17.
For G-17 assessment, there are two options: G-17 basal (G-
17b) values and G-17 stimulated (G-17s) values, the latter
being particularly useful in distinguishing between the
functional disturbances of the antrum (normal or high G-17s)
and AGA (G-17s does not react to protein stimulation) (57,

58). For G-17s, the assay in serum/plasma sample is
performed 20 minutes after ingestion of a small amount of
specific protein.

GastroPanel® is unique in that the results are interpreted
by GastroSoft® application (42), capable of linking the
biomarker profiles into five possible diagnostic categories
reflecting stomach morphology: i) normal mucosa, ii) non-
atrophic (Hp) gastritis, iii) AGC, iv) AGA, and v) AG in both
the antrum and corpus (49-51, 57-59). GastroPanel® is
optimized to cover the same diagnostic categories that are
included in the endoscopic and histological classification of
chronic gastritis in the Updated Sydney System (USS) in
1996 (60). In addition, GastroSoft® distinguishes three other
biomarker profiles that reflect functional disturbances in the
acid output of the stomach (see below).

GastroPanel® has been tested in several large trials based
on biopsy-confirmed gastroscopies (43, 46, 61) used for
validating the cut-off values for each biomarker of the panel.
These studies clearly confirm the accuracy of GastroPanel®
in detecting the most important endpoint, moderate-to-severe
AG (AG2+) (45). Thus, normal values of PGI, PGII and
their ratio (PGI/PGII) preclude AGC with a negative
predictive value (NPV) of over 95% (43, 46). In turn, the
values of PGI, PGII and a PGI/PGII ratio below the
established cut-off levels predict AGC2+ with an area under
receiver operating characteristics curve exceeding 0.950 in
adequately-powered, USS-validated series (43, 45).

Biomarkers of the GastroPanel®

Pepsinogen 1. PGI is included in GastroPanel® to identify
patients who have AGC, for which the PGI is a highly
accurate biomarker (44, 45, 62-65). PGI is a precursor enzyme
(zymogen) of pepsin, synthesized by the chief cells and the
neck cells of the gastric corpus. As a pepsin precursor, the
major part of PGI is excreted into the gastric lumen but a
minor fraction is released into the blood circulation. The
circulating PGI concentration is closely correlated with the
quantity of the chief cells in the corpus, and any loss of these
cells due to mucosal atrophy results in a linear decrease in
blood PGI levels (62-65). For as yet unknown reasons, AG
increases the risk of GC (2, 9, 66-68). In this framework, PGI
is also an excellent marker for GC risk. Compared with a
healthy stomach, this risk is 5-fold among patients with
advanced AGC, but up to 90-fold in those with severe AG in
both the antrum and corpus (59, 68, 69).

Pepsinogen II. PGII is produced by the chief cells and the
mucous neck cells of the gastric corpus, in pyloric glands of
the antrum, as well as in Brunner’s glands of the proximal
duodenum. The PGI/PGII ratio in healthy individuals is
between 3 and 20 (51, 56), and decreases linearly with
increasing grade of AGC (43, 44, 62, 70), falling below 3.0
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when in advanced AGC (AGC2+) (62). The risk of GC is
increased (5-fold) when the PGI/PGII ratio is low (41, 52,
55, 65,71-76). In GastroPanel® test, decreased PGI and low
PGI/PGII ratio, along with elevated G-17 is an unfailing
hallmark of AGC (37, 38, 44, 45, 50, 51). An elevated PGII
level as a stand-alone marker reflects mucosal inflammation,
the highest values usually being detected in Hp-associated
active gastritis (37, 38). Since the Hp antibody level remains
elevated for several months after successful eradication, PGII
is also useful in the evaluation of a successful Hp eradication
(41, 44, 45).

Gastrin-17. Gastrins are linear peptide hormones produced
by the G-cells in the duodenum, in the pyloric part of the
antrum, and in the pancreas (41, 47). The main function of
gastrins is to stimulate the secretion of gastric acid by the
parietal cells in the corpus, as well as to increase the motility
of the antrum (77). In addition, gastrins are known to
stimulate gastric chief cells to secrete PGs and also induce
the contraction of the lower esophageal sphincter. Like most
peptide hormones, different molecular weight gastrins are
synthesized as a result of post-translational modifications
from pre-progastrin (47, 77). Thus, a mixture of different
molecular weight gastrins is released from the G-cells into
the circulation, including G-71, -52, -34,-17, -14, and -6, all
of which are carboxy-amidated and circulate in O-sulfated
and non-sulfated forms (78). In healthy humans, the
dominant forms of gastrin in plasma/serum are amidated G-
34 and amidated G-17, the latter, however, being specifically
of antral G-cell origin (79). In healthy antrum, G-17 is the
most potent form of all gastrins.

The monoclonal antibody included in GastroPanel®
detects both amidated, sulfated and non-sulfated forms of G-
17, which is a specific biomarker of antral structure and
function, and through a negative feedback loop, an indirect
biomarker of the corpus as well. Plasma G-17 levels within
the normal range indicate normal structure and function of
the antrum, whereas low or high values of G-17 reflect
abnormalities in acid output by the corpus. The maximum
information is obtained when G-17 testing is performed
separately for G-17b and G-17s levels, accompanied by PGI,
PGII and Hp antibodies of the full GastroPanel® testing (68,
70, 80-84). In Hp-negative individuals, a low G-17b can
indicate high acid output. This in turn may increase the risk
of peptic ulcer diseases as well as the risk of
gastroesophageal reflux disease and Barrett’s esophagus,
whereas a normal or elevated G-17b excludes the presence
of Barrett’s esophagus with high probability (84, 85).

Helicobacter pylori antibody. Hp infection is the most
important cause of chronic gastritis resulting with time in
AG. A much more uncommon cause of AG is an
autoimmune disease, indicated by low PGI and PGI/PGII
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ratio, high G-17 and absence of Hp antibodies in the
GastroPanel® test (86, 87).

In the stomach, Hp is found within the mucous layer
overlying the gastric epithelium, and within the mucosal
glands, but it does not appear to invade the epithelial cells.
The mucosa underneath and surrounding the areas of Hp
colonization is invariably inflamed. This condition is referred
to as chronic superficial or non-atrophic gastritis which, if
untreated, persists for life (1, 11, 41, 86, §7-95). Without
adequate eradication of the bacteria, this chronic
inflammatory process leads to AG (5, 6, 9).

GastroPanel® Results Are
Interpreted by GastroSoft®

The GastroPanel® test was developed to correspond with the
USS classification of chronic gastritis (60, 96), with five
diagnostic categories in both. In addition to these five
morphology-associated categories, three other marker
profiles can be distinguished by GastroPanel®, specific to
functional disturbances in acid output. All eight diagnostic
categories are depicted in Table I.

GastroSoft® software application. GastroSoft® software
application was designed to provide the end users of
GastroPanel® with the correct results by integrating the
biomarker profiles with the appropriate anamnestic
information (42, 97). The user of GastroSoft® may produce
the test report simply by completing the GastroPanel®
request form (with the relevant clinical information) and
filing the biomarker values into the Excel (macro) file. The
GastroSoft® report contains the information entered in the
form, the biomarker values (and their cut-off levels), as well
as a written interpretation of the test results (42, 97).

Correct interpretation of GastroPanel® results by GastroSoft®
has two important prerequisites: i) Correct sample processing,
storage and delivery to the laboratory, and ii) precise recording
of the pertinent anamnestic information on the request form
(97). The latter is essential in order to correctly specify the
biomarker profiles reflecting functional disturbances and those
related to eradication of Hp infection. The clinical information
recorded in the request form includes the following specific
information: 1) Has an Hp infection been eradicated or not? If
yes, was the eradication completed less or more than a year
ago? 2) Use of PPI medication: None, occasionally, frequently?
If the latter, how many days before GastroPanel sampling did
you discontinue using PPI? 3) Do you have symptoms due to
high acid output? (no, frequent); and 4) Do you use non-
steroidal anti-inflammatory drugs? (no, frequently). With all
these data accurately recorded, GastroSoft® correctly integrates
the clinical information with the biomarker profile and produces
a report classifying the results into one of the eight possible
diagnostic categories (Table I).
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Table 1. The GastroPanel® biomarker profiles and their diagnostic equivalents. #Values in parentheses indicate the normal reference range of each
biomarker.

GastroPanel® biomarker levels#

Marker PI PII PGI/PGII G-17b G-17s Hp IgG antibody Interpretation
profile (30-160 pg/1)?  (3-15 pg/l) ratio (3-20) (1-7 pmol/l) (3-30 pmol/l) titer (<30 EIU)
1 N N N N N N Healthy mucosa (no atrophy, no Hp infection)
2 N N N L* N N Healthy mucosa. High acid output.
3 N or HA N or HA N H** N N Healthy mucosa. Low acid output
due to e.g. PPI medication
4a N or HA N or HA N N or HA ND H Active Hp infection, not treated
4b N N N N ND N or Hf Hp infection successfully eradicated
4c N H N H ND H Hp eradication failed
5 L L L H ND NAN or H Atrophic gastritis in corpus and fundus (AGC)
6 N N N L L H Atrophic gastritis in antrum (AGA)
7 L L L L L NAM or H Atrophic gastritis in both
antrum and corpus (AGpan)
8 H H N H ND N Short (4- to 10-day) pause in continuous PPI

treatment. Rebound in gastric acid output.

N: Normal; L: low; H: high; Hp: Helicobacter pylori; ND: no need for testing; PG: pepsinogen; PPI: proton pump inhibitor. *Test PPI medication
for 2 weeks, G-17b should normalize. **Stop medication, G-17b should normalize within 2 weeks. ~Can be elevated due to mucosal inflammation.
AMCan disappear in mucosal atrophy with protracted clinical course. 2PGI cut-off value of 30 pg/l is consonant with moderate/severe atrophic gastritis

(AG). THelicobacter pylori antibody levels can remain elevated for months after successful eradication.

Delivery of Plasma Samples

As to the sample processing, storage and delivery,
GastroPanel® test has been adapted to different optional
procedures. This flexibility is an advantage that enables the use
of this test in different settings varying from full clinical
laboratory facilities to private doctors’ offices with limited
access to laboratory equipment. The possible procedures of the
sample processing, storage and delivery are the following.

The use of GastroPanel® stabilizer is the preferred option
for preparing EDTA samples for delivery (42, 97). EDTA
samples stabilized with GastroPanel® stabilizer enables sample
transportation without coolers within 3 days, and with coolers
(at 4°C) within 7 days. If GastroPanel® stabilizer is not used,
plasma samples must be transported frozen.

Delivery of Whole Blood Samples

If a facility to centrifuge a blood sample and stabilize the
plasma sample is not available at the sampling site, samples
may be transported as whole blood following certain
precautions (42, 97). If it is not possible to separate the
EDTA whole blood sample soon after sample collection and
add GastroPanel® stabilizer, sample storage correction
provided by the GastroSoft® algorithm can be used. Such a
correction will apply to G-17 because it decays relatively
quickly when stored and therefore may lead to false
interpretation if not corrected for (42, 97).

The transportation of whole blood samples is only
advisable where the facilities for processing plasma samples
are not available. For the whole blood, two options are
possible: i) whole blood samples must be put into an ice box
(at 2-8°C) immediately after collection and delivered to the
testing laboratory within 24 hours (max.); ii) if whole blood
samples cannot be transported in this way, the samples must
be transported at ambient temperature to the laboratory
within 48 hours (max).

In all cases for delivery of whole blood samples, it is
essential that the sampling person records (on the test request
form) the precise time and date of blood sample collection,
as well as the temperature at which the blood sample was
stored/transported. Failure to record this information may
result in false interpretation of the G-17 results. When this
information is accurately recorded, a correct estimation of
the true (at the time of sampling) concentration of G-17 is
possible, using the correction algorithm (42).

Interpretation of the GastroPanel®

Normal biomarker profile. With all four biomarkers within
the normal reference range, the gastric mucosa functions
normally and the mucosal structure is normal. Given that the
function of the gastric mucosa is critically dependent on the
presence or absence (atrophy) of specific cells responsible
for acid output (parietal cells), and for output of pepsinogens
(chief cells) or G-17 (G-cells), normal function necessitates
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the presence of these cells in normal quantities (37, 38, 41,
44, 47, 55, 58). Thus, stomach function and mucosal
structure go hand-in-hand, and by definition, a normal
GastroPanel® result is a surrogate marker of a healthy
stomach. However, a normal marker profile does not exclude
minor (insignificant) gastric abnormalities such as non-
specific inflammation, mild irritation, or micro-erosions that
do not affect the marker profile (37, 38, 44, 47, 98-100).

Healthy mucosa, high acid output. Gastric acid (HCl) is
produced by the highly specialized parietal cells in the
corpus. Acid output is controlled, among other things, by
the output of G-17 from antral G-cells as a result of a
positive feedback loop stimulating acid secretion after a
meal (41, 44, 47, 77, 78). Acid output results in
progressively lower pH in the stomach contents, and the
threshold of pH 2.5 triggers a negative feedback to antral
G-cells, signaling them to down-regulate their G-17
secretion (77-79, 81). As a result, G-17 output decreases in
parallel with the increasing acid output of the corpus (41,
43, 47, 80). When for any reason the acid content in the
corpus remains abnormally high (e.g. due to other
stimulatory mechanisms), the end result is an abnormally
low G-17b secretion from the antral G-cells. Using
GastroPanel®, this condition is best diagnosed after a test
medication with PPI, when the G-17b should be normalized
within approximately 2 weeks of therapy. In a highly acidic
milieu with low G-17b, however, the levels of stimulated G-
17s will remain within normal limits because the G-cells are
intact and capable of increasing G-17 secretion upon protein
stimulation (37, 38, 44, 47, 51, 98-100).

Healthy mucosa, low acid output due to PPI medication.
When acid output in the corpus is reduced (for any reason),
the positive feedback loop triggers antral G-cells to increase
their G-17b secretion, resulting in an elevated blood level of
G-17b (44, 47, 80). The two prime conditions leading to low
acid output are AGC, and long-term use of PPI medication
(or to a lesser extent, H2-receptor blockers). The former is
excluded by normal (or even elevated) values of PGI, PGII,
and a normal PGI/PGII ratio (37, 38, 44, 47), while the latter
is best diagnosed by discontinuing PPI medication. In the
latter case, the antral G-17b should be normalized within 2
weeks (44, 47, 77-79, 81).

Non-atrophic Hp-associated gastritis. Like bacteria in
general, Hp can also induce acute inflammation in the gastric
mucosa, usually with onset in the antrum (1, 5,7, 41, 47, 54,
92-94). With GastroPanel®, three distinct marker profiles are
characteristic of Hp infection (Table I).

Active Hp infection. In an active Hp infection, the Hp
antibody level is raised above the cut-off value (30 EIU),
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which may be the only abnormal finding, with all other
markers falling within the normal range. Not infrequently,
however, an active ongoing Hp infection causes a severe
inflammatory reaction which, due to increased -cell
permeability, can lead to increased leakage of PGI, PGII and
even G-17 from the secretory cells, as depicted in Table I
(profile 4a) (5,7, 37, 38,41, 47, 54, 92-94, 98-100).

Successful Hp eradication. Successful Hp eradication by active
treatment results in a normalized value for Hp antibodies and
the three (“inflammatory”) markers (PGI, PGII, G-17) (Table I;
4b), with a delay of some weeks (37, 38, 44, 47, 98-100). In
contrast, Hp antibody levels remain elevated for a longer period
of time, which is subject to individual variation.

Failed Hp eradication. In cases where an Hp eradication
attempt fails, the Hp antibody level remains elevated (usually
slightly), PGI and the PGI/PGII ratio usually fall within the
normal range, whereas PGII or G-17b may remain slightly
elevated as a sign of an ongoing inflammatory process (Table
I, profile 4c). The result can be confirmed after 5-6 months,
followed by a new treatment attempt if indicated (5, 6, 9, 10).

Atrophic corpus gastritis. By definition, the loss of chief
cells in the oxyntic glands of the corpus, along with the loss
of parietal cells as a result of mucosal atrophy, will lead to
a progressively reduced output of PGI and (to a lesser extent)
PGII, which is also produced by glandular cells in the antral
mucosa (37, 38, 41, 44, 47). The disproportionate reduction
of these two markers will result in a reduced PGI/PGII ratio,
which is another excellent signature of AGC (41, 43-45, 47,
52-54, 56, 69). These reduction in PGI and PGI/PGII ratio
are progressive and are closely correlated with the severity
of AGC, total atrophy and an acid-free stomach being the
final endpoint (83, 86). In the case of an intact (normal)
antral mucosa, AGC leads to a markedly increased serum
level of G-17b (44, 47, 80) (Table I, profile 5). During the
protracted course of chronic AGC over decades, Hp itself
may disappear from the stomach, resulting in gradual
normalization of the Hp antibody level even though the
corpus mucosa is totally atrophic and the stomach is acid-
free (11, 19, 26, 27).

Atrophic antrum gastritis. When mucosal atrophy affects the
antrum only, all corpus-specific biomarkers will remain
within the normal range (Table I). By definition, AGA is
caused by Hp infection, and Hp antibodies are invariably
elevated in AGA. In AGA, the G-cells are reduced in number
and finally disappear, leading to progressively reduced
plasma levels of G-17b. In severe AGA, there is no response
in G-17 output to protein stimulation (G-17s) because the G-
cells are missing (Table I, profile 6) (41, 43, 44,47, 61, 63,
80, 83, 85, 98-101). Thus, the distinction between the two
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potential causes of low G-17b: i) high acid output (profile 2)
and ii) AGA (profile 6), is neatly made after ordinary
GastroPanel® by using G-17s testing with protein stimulation
(37,38,42,44,47,98-100). As pointed out, G-17s will react
normally (increase) only in the former, but fails to increase
in severe AGA.

Atrophic gastritis of the antrum and corpus. The most severe
form of AG is that affecting both the antrum and corpus (37,
38,41, 44, 47, 60, 96). As an end result, the chief cells in the
corpus and G-cells in the antrum disappear, leading to a
biomarker expression profile where both PGI, PGII and G-17
are substantially reduced (Table I, profile 7) (37, 38, 41, 44,47,
84-88, 98-100). This applies to both G-17b and G-17s, which
remain low even after protein stimulation. Like in AGC, the Hp
antibody level can remain within a normal range or elevated
depending on the severity of atrophy in the antrum and corpus.

Panel profiles caused by PPI medication. Any gastric acid-
suppressive medication will inevitably interfere with the
profile of the GastroPanel® markers. To enable an unbiased
assessment of the biomarker profiles, the manufacturer
recommends that the patient discontinues any acid-
suppressive treatment for 10 days before serum/plasma
sampling (37, 38,44, 47, 97-100). This withdrawal of PPI or
H2-blocker medication is not always possible because of
intractable symptoms, and to acknowledge this, the latest
version of GastroSoft® was designed to take into account the
continued use of PPI medication. In this context, important
pieces of knowledge are i) an accurate recording of the
PPI/H,-medication, ii) information of whether or not the
medication was discontinued, and if so, iii) for how many
days before serum/plasma sampling. With this information
accurately recorded, GastroSoft® is capable of interpreting
the test results correctly, defined as profile 8 in Table I (42).

PPI and H,-blockers effectively reduce gastric acid
production by parietal cells (37, 38, 47, 51). This increases
the production of G-17b and also the output of PGs. Once
the PPI/H,-blocker treatment is discontinued, it takes 4-10
days for acid output and G-17b levels to normalize.
However, PGs respond more slowly, and PGI and PGII
levels may remain above the cut-off values for up to 2-3
weeks (37, 38, 44, 47, 98-100). Of note, an abrupt
termination of long-term PPl medication is typically
followed by rebound acid hypersecretion, frequently
accompanied by symptoms of hyper-acidity and extremely
low levels of G-17b (41, 44, 45, 47, 80).

Clinical Performance Confirmed
in Two Recent Meta-Analyses

To provide an estimate of the diagnostic accuracy of the
GastroPanel® test, we recently performed a systematic

review and meta-analysis of all published studies
accumulated since the early 2000s (45). Studies were
eligible, if 1) GastroPanel® test (instead of stand-alone
markers) was used to diagnose biopsy-confirmed AGC or
AGA, and ii) exact numbers of patients were available to
enable calculating the sensitivity and specificity. Altogether,
27 studies were eligible, comprising 8.654 tested patients
from different geographic regions. Significant heterogeneity
between studies reporting AGC (n=27) or AGA (n=13)
warranted random-effects model for the summary statistics.
GastroPanel® was shown to perform better in diagnosis of
AGC than AGA, with 70.2% vs. 51.6% pooled sensitivity,
and 93.9% vs. 84.1% pooled specificity, respectively (45). In
analysis for publication bias, it was determined there were a
few hypothetically missing studies, but these had only a
marginal effect on the pooled sensitivity and specificity
estimates. The results of this first meta-analysis clearly
corroborate the consensus statement of the international
experts published in 2012 (41).

The second meta-analysis was published by a group of
gastroenterologists in Italy (102). Similarly to the first meta-
analysis (45), these authors also assessed the performance of
the GastroPanel® test in diagnosis of AG. Studies were
eligible if they assessed the accuracy of the GastroPanel®
test for the diagnosis of AG using the endoscopic and
histological USS in classification of chronic gastritis as
reference (60, 96). The authors identified 20 eligible studies
with a total of 4,241 subjects tested with the biomarker panel
for AG, regardless of its topographic location (AGA or AGC)
in the stomach (102). The pooled sensitivity was 74.7%
(95% CI1=62.0-84.3%) and the pooled specificity was 95.6%
(95% CI=92.6-97.4%). The Authors concluded that the
GastroPanel® test is a reliable tool for the diagnosis of AG,
and applicable for both screening of those individuals or
populations at high-risk for GC (102).

GastroPanel® Examination Is Devoid
of the Limitations of Conventional Hp Tests

Diagnosis and therapy of Hp has been exhaustively reviewed
(5, 6, 9, 15-19, 26, 27, 88-81, 103). The message is
unanimous in that several clinical conditions can seriously
hamper the diagnostic value of the UBT and SAT (98-100).
Basically, these false-negative results are due to decreased
bacterial loads in the stomach mucosa and include the
following clinical conditions: i) PPI medication; ii) use of
antibiotics; iii) bleeding peptic ulcer; iv) AG and hypoacid
stomach; v) GC; vi) MALT lymphoma, and vii partial
gastrectomy. Under these circumstances, neither UBT nor
SAT (or Hp serology) detects active Hp infection and both
are incapable of diagnosing AG. These two tests miss or
overlook the patients at highest risk for the potentially
serious clinical sequelae of Hp infection and AG, namely: i)
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GC and its precursor lesions, ii) esophageal cancer, iii)
vitamin-B12 deficiency, and iv) malabsorption of calcium,
iron, magnesium and certain medicines (98-100).
Importantly, even successful eradication of Hp infection does
not interfere with the clinical course of AG, leaving patients
with missed AG at constant high risk for GC (6, 48).

GastroPanel® is devoid of the diagnostic drawbacks of the
UBT and SAT (20-40, 98-100). GastroPanel® is the most
comprehensive Hp test, with the Hp antibody assay being
complemented by three stomach-specific biomarkers.
Depending on the stage of infection, three different marker
profiles can be seen in association with Hp infection (Table
I). In an active Hp infection, the Hp antibody level is raised,
which may be the only abnormal finding in GastroPanel®
(37, 38, 42-44). Frequently, however, an active ongoing Hp
infection causes an inflammatory reaction severe enough to
increase the levels of the inflammatory markers PGI, PGII
and G-17 (42-44). Secondly, a successful Hp eradication by
active treatment should result in normalized values of all
three markers, with a delay of some weeks to months. This
delay should be taken into account while interpreting the
GastroPanel® results in samples taken soon after Hp
eradication (42-44, 98-100). Finally, in cases where Hp
eradication fails, the Hp antibody level remains elevated,
accompanied by slightly elevated PGII or G-17b values due
to a persistent inflammatory reaction.

Conclusion

GastroPanel® test has been on the market for over 10 years,
and the test is the first non-invasive diagnostic tool based on
physiology of three biomarkers specific to stomach structure
and function, complemented by ELISA (IgG) testing for Hp
antibodies (5, 6, 9, 10, 104). The test panel exploits the
understanding of the natural history of gastritis provided by
long-term cohort studies (19, 26, 27, 59, 62, 63, 68, 70, 80,
82, 85-87, 91, 96).

With all these sophisticated diagnostic properties, this
panel of four biomarkers makes the GastroPanel®
examination also the most comprehensive Hp test, devoid of
the known shortcomings of the conventional Hp tests (20-
40, 98-100). The International Helicobacter pylori Study
Group has stated in their reports on Maastricht IV and V
Consensus Conferences (2012 and 2016), that blood
biomarker tests are a reliable means to identify and screen
for gastric diseases and their risk status (6, 104). In the
recently published US consensus report on Hp diagnosis,
GastroPanel® test was addressed only briefly, most likely
because it has not yet been submitted for FDA-approval in
the USA (105).

In 2012, 16 experts from 12 countries in the Healthy
Stomach Initiative (http:\www hsinitiative.org) published a
position paper with a set of recommendations implicating
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that this biomarker test is suitable for both screening of
asymptomatic patients and for diagnosis of dyspeptic
patients (41). In addition to these international consensus
statements, expert reports along similar lines have been
published by several prominent authorities (106, 107).
Accordingly, in 2006, Pasechnikov et al. made the following
pertinent conclusions: “The analysis of the literature data
and results of our own research allow us to conclude that
the serious medical and ethical problems of the “test and
treat” strategy can be corrected simply and economically by
replacing its 13C-urea breath test or stool antigen test by the
GastroPanel examination” (106). Similarly, Talley et al.
indicated that “in many countries, such as Sweden and the
US, the “test and treat” strategy alone is not considered
sufficient. The Hp tests of the “test and treat” strategy do
not find AG and related risks, such as GC and precancerous
lesions, which should be confirmed by gastroscopy and
biopsy specimen examination. Consequently, GastroPanel
and gastroscopy with biopsies reveal patients with
precancerous lesions and early-stage GC, and, therefore,
save people from unnecessary deaths because of gastric
cancer” (107).

In addition to the fact that GastroPanel® testing increases
patient safety, systematic use of this test will also enable
substantial savings in healthcare costs (111). According to the
cost-efficiency model developed by the Nordic Healthcare
Group, organized GastroPanel® screening for the GC risks of
e.g. one age group sized 67,837 (50-year-old) people would save
over 80 million euros in life-time healthcare costs in Finland
(https://www.gastropanel.com/decision-makers/screening-
model).

Given that the Hp infection is the single most important
risk factor of GC, it is plausible to consider GastroPanel®
examination as the most comprehensive diagnostic test of Hp
infection since the test is i) free from the shortcomings of
conventional Hp tests, and ii) provides added diagnostic
value by also detecting AG and acid-free stomach (45, 102,
108-110), i.e. not missing patients who are at the highest risk
for GC and who escape medical attention when UBT and
SAT are used.
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