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a b s t r a c t

Background and objective: Pepsinogen levels in plasma are increased by inflammation in the

gastric mucosa, including inflammation resulting from Helicobacter pylori infection. A de-

crease in pepsinogen II level has been suggested as a reliable marker to confirm the

successful eradication of infection. The aim of our study was to evaluate the potential role

of pepsinogens I and II, gastrin-17 and H. pylori antibodies in confirming successful eradica-

tion.

Material and methods: Altogether 42 patients (25 women, 17 men), mean age 45 years (range

23–74), were enrolled. Pepsinogens I and II, gastrin-17 and H. pylori IgG antibodies were

measured in plasma samples using an ELISA test (Biohit, Oyj., Finland) before the eradication

and 4 weeks after completing the treatment. The success of eradication was determined by a

urea breath test.

Results: Eradication was successful in 31 patients (74%) and unsuccessful in 11 patients (26%).

Pepsinogen II decreased significantly in both the successful (P = 0.029) and unsuccessful

(P = 0.042) eradication groups. Pepsinogen I decreased significantly in the successful

(P = 0.025) but not the unsuccessful (P = 0.29) eradication group. The pepsinogen I/II ratio

increased in the successful eradication group (P = 0.0018) but not in the group in which

treatment failed (P = 0.12). There were no differences in gastrin-17 or H. pylori antibody values.
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Conclusions: A decrease in pepsinogen II levels cannot be used as a reliable marker for the

successful eradication of H. pylori 4 weeks after the completion of treatment. The increase in

pepsinogen I/II ratio reflects differences in pepsinogen production following the eradication

irrespective of improvement in atrophy.

# 2014 Lithuanian University of Health Sciences. Production and hosting by Elsevier

Urban & Partner Sp. z o.o. All rights reserved.
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1. Introduction

The accuracy of diagnostic tests for Helicobacter pylori (H. pylori)
is influenced by various conditions including the use of
acidity-lowering agents and antibiotics, so the recommended
tests for initial detection of the microorganism differ from the
follow-up tests to confirm the success of eradication therapy.
The 13C urea-breath test (UBT) and laboratory-based monoclo-
nal stool antigen test are considered the non-invasive tests of
choice for follow-up [1]. According to Maastricht-IV recom-
mendations, the time for testing the success of H. pylori
eradication after the end of treatment should be at least 4
weeks and PPI should be stopped for 2 weeks before testing [1].

Although follow-up testing to evaluate the success of
eradication is recommended, these recommendations are
quite often not followed in routine practice [2]; one reason for
this could be the unavailability of the tests in particular
locations. Therefore new non-invasive tests to confirm the
success of eradication would be useful.

Earlier research suggested the detection of H. pylori
antibody in serum/plasma for judging the success of eradica-
tion [3–5], but in a large proportion of patients the antibody
levels remain high for a substantial period even after
successful eradication [6,7]. In addition, simple comparison
between the initial and follow-up sample results may be not
reliable owing to daily variations in the results if comprehen-
sive methods to quantify the antibody are not used or the
samples are not run in pairs. Therefore, the existing guidelines
do not recommend serology tests for follow-up [1].

Most of the diagnostic tests for H. pylori (UBT, stool antigen
test, biopsy-based tests) are dependent on the density of the
microorganisms in the stomach mucosa, so a decrease in that
density following therapy with antibiotics and/or proton pump
inhibitors could lead to a false-negative result [2,8]. Therefore,
a test independent of the density of H. pylori would be of
particular interest. Pepsinogens (Pgs) are inactive pepsin
precursors; the clinically relevant Pgs in humans are pepsino-
gen I (PgI) and pepsinogen II (PgII). PgI is synthesized by the
chief cells and neck cells of the gastric corpus, while PgII is also
synthesized in the cardiac, pyloric and Brunner gland cells in
the proximal duodenum [9]. Active inflammation caused by H.
pylori increases the blood levels of Pgs [10,11]. Atrophy of the
corpus part is related to decreased PgI levels [11,12]; the ratio
between PgI and PgII (PgI/PgII) is considered a better marker for
corpus atrophy [13–15].

Gatta et al. recently suggested that the PgII level 8 weeks
after eradication therapy is a reliable marker of successful
eradication [9]. The cut-off value they used (22.7% decrease)
resulted in 100% sensitivity and 96.6% specificity for detecting
the success of eradication, while the other markers they
evaluated (PgI, gastrin-17) did not give acceptable results.
However, the authors acknowledged the need for additional
studies to test their hypothesis that measuring the PgII level
constitutes a method for determining whether eradication has
been successful.

The objective of the present work was to evaluate changes
in PgI, PgII and PgI/PgII as well as gastrin-17 (G-17) and H. pylori
IgG antibody levels at 4 weeks after the completion of H. pylori
eradication compared to the levels at baseline, and to evaluate
the potential of these parameters as markers for the success of
eradication.

2. Material and methods

Adult patients with upper gastrointestinal complaints referred
for upper endoscopy were prospectively invited to participate
in the study; patients having failed 1st line eradication therapy
beforehand were excluded. Upper endoscopy was performed
at the time of inclusion. Blood samples for detection of
biomarkers were drawn prior to the endoscopy. Biopsy
samples were taken during the initial endoscopy and analyzed
according to the updated Sydney classification [16]. The
presence of H. pylori was evaluated by histology at inclusion.
All the slides were stained with hematoxylin and eosin as well
as Giemsa (the latter was used to evaluate the presence or
absence of H. pylori infection).

Standard eradication therapy was offered to H. pylori-
infected individuals in whom this treatment was clinically
indicated, consisting of lansoprazole (30 mg), clarithromycin
(500 mg), amoxicillin (1000 mg), all BID for 7 days.

The success of eradication was determined by UBT 4 weeks
after the completion of treatment; the use of proton pump
inhibitors was not allowed during this period. Another blood
sample for biomarker detection was withdrawn prior to the
UBT. Only those patients who complied with the protocol were
included in the analysis.

For the laboratory work-up, plasma samples were taken
during a fasting state and before the follow-up UBT. The
samples were frozen immediately and kept frozen at �80 8C
pending tests. The initial and the follow-up plasma samples
were tested at the same run and on the same test-plate. Biohit,
Oyj. (Finland) reagents were used to test for PgI, PgII, G-17 and
H. pylori IgG using the methods recommended by the
manufacturer.

All patients gave a signed informed consent and the study
was approved by the Ethics Committee of the Institute for



Fig. 1 – Pepsinogen I levels before and 30 days after H. pylori
eradication completion in the total patient sample
(P = 0.012).
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Data were arranged and processed in tables using Microsoft
Office Excel (Microsoft Corporation, Redmond, USA) and
analyzed with R-project software (R Development Core Team,
Austria, Vienna 2011). Frequency distributions were evaluated
for the categorical variables (e.g., gender, age, diagnoses).
Median values and the range of distribution were used to
characterize categorical variables. The proportionality be-
tween the groups (e.g. gender, age, diagnosis) was analyzed by
x2 tests with Mantel-Haenszel odds ratios used to test for
independence between factors of interest. For comparative
purposes a t test was applied. Summary statistics included
point estimates and 95% confidence intervals (CI). The
significance levels were set at P < 0.05.

3. Results

Altogether 42 patients (25 women; 59.5%/17 men; 40.5%),
median age 45 years (range 23–74), were available for the study.
Of these patients, 16 (38.1%) had peptic ulcers and 26 (61.9%)
had functional dyspepsia; 15 patients (35.7%) reported symp-
toms of gastroesophageal reflux. Atrophy in the corpus (of any
grade) was found in 5 cases (11.9%), atrophy in the antrum in 3
cases (0.7%), and 1 patient (0.2%) had atrophy in either corpus
or antrum.

Compliance (self-reported) with the eradication therapy was
100%. All patients completed the therapy. On the basis of the
UBT results, eradication was successful in 31/42 patients (74%)
and unsuccessful in 11/42 patients (26%). The proportions of
unsuccessful eradication were 41.2% in men and 16.0% in
women; the sex difference did not reach statistical significance
(P = 0.09).

One patient had a PgI/PgII below 3 (PgI/PgII = 1.2) at
inclusion; this ratio increased to 3.6 following the eradication
treatment even though the eradication was unsuccessful.

The biomarker test results and dynamics following
eradication therapy are given in Table 1, with the data divided
Table 1 – Changes in mean biomarker levels before and 30 day

Biomarker Mean before
eradication

Pepsinogen I, mg/L, entire group 111.6 

Pepsinogen I, mg/L, eradication successful 112.3 

Pepsinogen I, mg/L, eradication unsuccessful 109.6 

Pepsinogen II, mg/L, entire group 13.4 

Pepsinogen II, mg/L, eradication successful 13.4 

Pepsinogen II, mg/L, eradication unsuccessful 13.6 

PgI/PgII, entire group 9 

PgI/PgII, eradication successful 9.1 

PgI/PgII, eradication unsuccessful 8.8 

Gastrin-17, pmol/L, entire group 9.5 

Gastrin-17, pmol/L, eradication successful 7.8 

Gastrin-17, pmol/L, eradication unsuccessful 14.5 

Hp IgG ab, EIU, entire group 77.7 

Hp IgG ab, EIU, eradication successful 77.8 

Hp IgG ab, EIU, eradication unsuccessful 77.5 

PgI/PgII, pepsinogen I/pepsinogen II ratio; Hp IgG ab, IgG group antibodie
between the successful and unsuccessful eradication groups.
The mean PgI value decreased by 28.8 mg/l (95% confidence
interval [CI] 10.9–46.9; P = 0.012) or by 29.6% (Fig. 1). The mean
decrease in PgII value was 5.2 mg/l (95% CI, 2.0–8.4; P = 0.0042) or
38.8% (Fig. 2). There was no significant difference in the
magnitude of decrease between PgI and PgII (P = 0.19). The
mean PgI/PgII increased from 9 to 12.4 or by 37.8% (P < 0.001)
(Fig. 3); this increase was significant in the successful
eradication group (P = 0.0018) but not in the treatment failure
group (P = 0.12).

No statistically significant difference was found between
the successful eradication cases and the treatment failures in
respect of the magnitude of decrease in PgI (P = 0.96) or PgII
(P = 0.91), or the increase in PgI/PgII (P = 0.49). The initial
(baseline) PgII values did not differ between the groups
(P = 0.92) and the results in the two groups overlapped
completely after the completion of therapy (Fig. 4).
s after completing H. pylori therapy.

Mean after
eradication

Change
in units

95% CI P

82.7 �28.9 �46.9; �10.9 0.012
81.6 �30.7 �54.2; �7.2 0.025
85.8 �23.7 �47.9; 0.5 0.29
8.2 �5.2 �8.4; �2.0 0.0042
8.3 �5 �9.1; �0.9 0.029
7.8 �5.8 �10.8; �0.8 0.041

12.4 3.4 2.3; 4.5 0.00041
12.7 3.6 2.2; 5.0 0.0018
11.5 2.7 0.6; 4.8 0.12
5.2 �4.3 �8.0; �0.6 0.11
4.8 �2.9 �7.4; 1.6 0.33
6.3 �8.2 �15.2; �1.2 0.18

69.7 �8 �12.8; �3.2 0.079
69.4 �8.4 �15.0; �1.8 0.11
70.5 �7 �10.3; �3.7 0.47

s to H. pylori infection; 95% CI, 95% confidence interval.



Fig. 4 – The distribution of pepsinogen II values following
eradication.Fig. 2 – Pepsinogen II levels before and 30 days after H. pylori

eradication completion in the total patient sample
(P = 0.0042).
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In the patient group as a whole and in both subgroups, there
were no statistically significant changes between baseline and
the completion of treatment in G-17 level or in H. pylori IgG
group antibodies.

In three patients all the biomarkers (PgI, PgII, G-17)
increased but PgI/PgII decreased following the eradication
treatment (see Table 2). According to the UBT results, the first
two of these patients showed successful eradication but the
third did not.

4. Discussion

Plasma pepsinogen levels are expected to decrease and remain
low following successful eradication. On the contrary, the
pepsinogens should remain stable or return to the baseline
level after an initial drop if therapy is unsuccessful. This was
Fig. 3 – Pepsinogen I/II ratio before and 30 days after H. pylori
eradication completion in the total patient sample
(P = 0.00041).
demonstrated in a small group of patients by Chen et al. [17].
Further, it has been suggested that PgII could be an even better
marker for this difference than PgI [9,18].

The results obtained in our study clearly demonstrated that
both PgI and PgII levels decreased at 4 weeks after eradication.
However, a significant decrease in PgII was evident not only in
the group in which eradication had been successful, but also
among patients in whom treatment had failed (Table 1). The
mean values for PgII before and after eradication were very
close for both the groups with a successful eradication and
treatment failure.

Gatta et al. [9] have reported encouraging results concern-
ing the value of PgII measurements for distinguishing
successful eradication cases from treatment failures at 8
weeks after treatment (100% sensitivity and 96.6% specificity
for a 22.7% decrease in PgII). Lower accuracy has been reported
by two other studies: 84.4% sensitivity and 73.3% specificity for
a 15% decrease in PgII at 1 month [18] and 82% sensitivity and
62% specificity for a 25% decrease in PgII 28 days after the
initiation of treatment [19]. The accuracy observed in the two
latter studies would be insufficient to make the use of this
parameter acceptable in clinical practice. However, our results
Table 2 – Biomarker test results in patients with increased
values of all markers following eradication.

Patient
characteristics

G-17
(pmol/L)

PgI
(mg/L)

PgII
(mg/L)

PgI/PgII

Patient 1 (successful eradication)
Before 5.5 99.9 10.8 9.3
After 8.4 107.9 13.5 8.0

Patient 2 (successful eradication)
Before 7.9 82.7 16.9 4.9
After 13.0 269.7 61.1 4.4

Patient 3 (unsuccessful eradication)
Before 13.3 69.0 5.7 12.0
After 19.6 93.1 8.0 11.5

G-17, gastrin-17; PgI, pepsinogen I; PgI, pepsinogen II; PgI/PgII,
pepsinogen I/pepsinogen II ratio.



m e d i c i n a 5 0 ( 2 0 1 4 ) 8 – 1 312
fell below even that level and support the conclusions from the
study by Al-Assi et al.: despite a significant fall in plasma
pepsinogens, no marker tested could be used reliably to
determine posttherapy H. pylori status for an individual patient
[20], at least 1 month following eradication therapy.

The discrepancy of the results could be possibly explained
by the time period after eradication therapy. In the study by
Gatta et al. PgII decrease was observed 8 weeks after treatment.
The other studies (including the present study) have investi-
gated the patients 1 month after eradication treatment or after
the initiation of treatment.

At the same time, there are data in the literature suggesting
that a 4-week interval following eradication therapy could be
long enough for control [21]. A study in Japan demonstrated
that both PgI and PgII levels remained higher than in the H.
pylori negative control group at 1 month following eradication,
while 2 months after eradication and thereafter the levels
became similar to the cases in which H. pylori was initially
negative [22]. This was confirmed by the study of Kawai et al.,
where similar PgI/PgII levels were found 2 months after
eradication and were comparable at 12 and 24 months after
the treatment [23].

Further, no significant difference between these two groups
(with a successful eradication and treatment failure) in the
extent of decrease in PgI and PgII levels in our study could be
due to a decrease of the density of H. pylori in the stomach
mucosa irrespective of the final outcome of eradication.
Decreased density of bacteria could be associated with a
lower activity of inflammation and further resulting in
decrease of pepsinogen levels [23,24].

In the follow-up test, the PgI/PgII ratio showed an increase.
This could be because the PgII levels fell more rapidly than PgI,
but this possibility could not be demonstrated owing to the
relatively small sample size. A more rapid decrease in PgII than
PgI at 1 month following eradication has also been reported by
Ohkusa et al. [22].

PgI/PgII is a widely accepted marker for atrophy, and the
increase in the ratio is considered to be an indicator of
improvement of atrophic changes in the gastric mucosa [15].
Kawai et al. reported a strong correlation between PgI/PgII and
atrophy both prior to eradication and shortly thereafter [23].
The results of the present study suggest that the increase in
PgI/PgII following eradication therapy could be more pro-
nounced (37.8% in the total group, 39.6% in the group with
successful eradication) than the improvement of atrophy. We
have evaluated the dynamics of PgI/PgII over a 5-week interval,
too brief for any improvement in atrophic changes as a result
of mucosal recovery to be expected [25–27]. The results
indicate that the value of PgI/PgII for evaluating the disap-
pearance of atrophy could be controversial if serial evaluations
are not done (e.g. 1 month after the eradication and further
tests after longer periods).

Few studies have demonstrated a decrease in PgI following
eradication in duodenal ulcer patients [17,18,24]. Chen et al.
[17] have reported a simultaneous decrease in total gastrin
starting from 1.5 months, but Perez-Paramo et al. Have
demonstrated a similar decline in successfully eradicated
cases 1 month after treatment [18]. Pimanov et al. [24] have
found decreased levels of G-17 in these patients one year after
eradication. Our results failed to demonstrate a similar
decrease in G-17 at 1 month after eradication. However, only
a minority of our patients suffered peptic ulcer disease.
Duodenal ulcer patients mainly present with antrum-predom-
inant gastritis, and therefore this study group could differ from
those without this type of ulcer [18].

The limitation of our study is the relatively small group of
patients, however this was sufficient to reveal the biomarker
test dynamics at the given time interval (4 weeks after the
completion of the eradication).

5. Conclusions

The decrease in PgII may not be used as a reliable marker for
determining the success of H. pylori eradication at 4 weeks after
completion of therapy due to close values of the biomarker in
patients with a successful eradication and treatment failure.

To evaluate the improvement in atrophy the PgI/PgII ratio
should be measured at several time-points following eradica-
tion to avoid the bias potentially caused by the effect of
treatment on inflammation.

Conflict of interest

The authors state no conflict of interest.

Acknowledgments

This study was supported in part from the European Fund for
Regional Development project No. 2010/0302/2DP/2.1.1.1.0/10/
APIA/VIAA/158 entitled ‘‘Development of a Genetic/Serological
Biomarker Diagnostic Method for Early Identification of
Autoimmune Gastrointestinal Lesions With Increased Malig-
nancy Risk in Patients With Autoimmune Disease.’’

The English language improvement and publication-relat-
ed costs were supported from the project No. 2010/0202/2DP/
2.1.1.2.0/10/APIA/VIAA/013 ‘‘Support for the International
Cooperation Projects and Other International Cooperation
Activities in Research and Technology at the University of
Latvia.’’

We acknowledge the clinical sites conducting the patient
recruitment, in particular the Digestive Diseases Centre
GASTRO and Riga East University hospital.

The authors acknowledge other members of the research
group, including L. Panina for the involvement in patient
recruitment as well as technical co-ordination, A. Vanags and
G. Cui for the endoscopy, and D. Janciauskas for the pathology
work-up. We also acknowledge BIOHIT, Oyj. for their support.

r e f e r e n c e s

[1] Malfertheiner P, Megraud F, O'Morain CA, Atherton J, Axon
AT, Bazzoli F, et al. Management of Helicobacter pylori
infection – the Maastricht IV/Florence Consensus Report.
Gut 2012;61:646–64.

http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0005
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0005
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0005
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0005


m e d i c i n a 5 0 ( 2 0 1 4 ) 8 – 1 3 13
[2] Attumi TA, Graham DY. Follow-up testing after treatment
of Helicobacter pylori infections: cautions, caveats, and
recommendations. Clin Gastroenterol Hepatol 2011;9:
373–5.

[3] Shimoyama T, Fukuda Y, Fukuda S, Munakata A, Yoshida Y,
Shimoyama T. Validity of various diagnostic tests to
evaluate cure of Helicobacter pylori infection. J Gastroenterol
1996;31:171–4.

[4] Gisbert JP, Blanco M, Benito LM, Pajares JM. Value of
quantitative serology for confirmation of Helicobacter pylori
eradication: an 18-month follow-up study. Clin Infect Dis
2000;30:976–80.

[5] Hirschl AM, Brandstatter G, Dragosics B, Hentschel E,
Kundi M, Rotter ML, et al. Kinetics of specific IgG antibodies
for monitoring the effect of anti-Helicobacter pylori
chemotherapy. J Infect Dis 1993;168:763–6.

[6] Glupczynski Y, Burette A, Goossens H, DePrez C, Butzler JP.
Effect of antimicrobial therapy on the specific serological
response to Helicobacter pylori infection. Eur J Clin Microbiol
Infect Dis 1992;11:583–8.

[7] Bergey B, Marchildon P, Peacock J, Megraud F. What is the
role of serology in assessing Helicobacter pylori eradication?
Aliment Pharmacol Ther 2003;18:635–9.

[8] van Doorn LJ, Henskens Y, Nouhan N, Verschuuren A,
Vreede R, Herbink P, et al. The efficacy of laboratory
diagnosis of Helicobacter pylori infections in gastric biopsy
specimens is related to bacterial density and vacA, cagA,
and iceA genotypes. J Clin Microbiol 2000;38:13–7.

[9] Gatta L, Di Mario F, Vaira D, Rugge M, Franze A, Plebani M,
et al. Quantification of serum levels of pepsinogens and
gastrin to assess eradication of Helicobacter pylori. Clin
Gastroenterol Hepatol 2011;9:440–2.

[10] Wagner S, Haruma K, Gladziwa U, Soudah B, Gebel M, Bleck
J, et al. Helicobacter pylori infection and serum pepsinogen A,
pepsinogen C, and gastrin in gastritis and peptic ulcer:
significance of inflammation and effect of bacterial
eradication. Am J Gastroenterol 1994;89:1211–8.

[11] Di Mario F, Cavallaro LG, Moussa AM, Caruana P, Merli R,
Maini A, et al. Usefulness of serum pepsinogens in
Helicobacter pylori chronic gastritis: relationship with
inflammation, activity, and density of the bacterium. Dig
Dis Sci 2006;51:1791–5.

[12] Leja M, Kupcinskas L, Funka K, Sudraba A, Jonaitis L,
Ivanauskas A, et al. The validity of a biomarker method for
indirect detection of gastric mucosal atrophy versus
standard histopathology. Dig Dis Sci 2009;54:2377–84.

[13] Miki K. Gastric cancer screening using the serum
pepsinogen test method. Gastric Cancer 2006;9:245–53.

[14] Kang JM, Kim N, Yoo JY, Park YS, Lee DH, Kim HY, et al. The
role of serum pepsinogen and gastrin test for the detection
of gastric cancer in Korea. Helicobacter 2008;13:146–56.

[15] Agreus L, Kuipers EJ, Kupcinskas L, Malfertheiner P, Di
Mario F, Leja M, et al. Rationale in diagnosis and screening
of atrophic gastritis with stomach-specific plasma
biomarkers. Scand J Gastroenterol 2012;47:136–47.

[16] Dixon MF, Genta RM, Yardley JH, Correa P. Classification
and grading of gastritis. The updated Sydney System.
International Workshop on the Histopathology of Gastritis,
Houston 1994. Am J Surg Pathol 1996;20:1161–81.

[17] Chen TS, Tsay SH, Chang FY, Lee SD. Effect of eradication of
Helicobacter pylori on serum pepsinogen I, gastrin, and
insulin in duodenal ulcer patients: a 12-month follow-up
study. Am J Gastroenterol 1994;89:1511–4.

[18] Perez-Paramo M, Albillos A, Calleja JL, Salas C, Marin MC,
Marcos ML, et al. Changes in gastrin and serum
pepsinogens in monitoring of Helicobacter pylori response to
therapy. Dig Dis Sci 1997;42:1734–40.

[19] Hunter FM, Correa P, Fontham E, Ruiz B, Sobhan M, Samloff
IM. Serum pepsinogens as markers of response to therapy
for Helicobacter pylori gastritis. Dig Dis Sci 1993;38:2081–6.

[20] Al-Assi MT, Miki K, Walsh JH, Graham DP, Asaka M, Graham
DY. Noninvasive evaluation of Helicobacter pylori therapy:
role of fasting or postprandial gastrin, pepsinogen I,
pepsinogen II, or serum IgG antibodies. Am J Gastroenterol
1999;94:2367–72.

[21] Furuta T, Kaneko E, Baba S, Arai H, Futami H. Percentage
changes in serum pepsinogens are useful as indices of
eradication of Helicobacter pylori. Am J Gastroenterol
1997;92:84–8.

[22] Ohkusa T, Miwa H, Nomura T, Asaoka D, Kurosawa A,
Sakamoto N, et al. Improvement in serum pepsinogens and
gastrin in long-term monitoring after eradication of
Helicobacter pylori: comparison with H. pylori-negative
patients. Aliment Pharmacol Ther 2004;20(Suppl. 1):25–32.

[23] Kawai T, Kawakami K, Kataoka M, Takei K, Taira S, Itoi T,
et al. Correlation of serum pepsinogen with histological
atrophy following successful Helicobacter pylori eradication.
Aliment Pharmacol Ther 2006;24(Suppl. 4):23–30.

[24] Pimanov SI, Makarenko EV, Voropaeva AV, Matveenko ME,
Voropaev EV. Helicobacter pylori eradication improves gastric
histology and decreases serum gastrin, pepsinogen I and
pepsinogen II levels in patients with duodenal ulcer. J
Gastroenterol Hepatol 2008;23:1666–71.

[25] Ohkusa T, Fujiki K, Takashimizu I, Kumagai J, Tanizawa T,
Eishi Y, et al. Improvement in atrophic gastritis and
intestinal metaplasia in patients in whom Helicobacter pylori
was eradicated. Ann Intern Med 2001;134:380–6.

[26] Ito M, Haruma K, Kamada T, Mihara M, Kim S, Kitadai Y,
et al. Helicobacter pylori eradication therapy improves
atrophic gastritis and intestinal metaplasia: a 5-year
prospective study of patients with atrophic gastritis.
Aliment Pharmacol Ther 2002;16:1449–56.

[27] Kokkola A, Sipponen P, Rautelin H, Harkonen M, Kosunen
TU, Haapiainen R, et al. The effect of Helicobacter pylori
eradication on the natural course of atrophic gastritis with
dysplasia. Aliment Pharmacol Ther 2002;16:515–20.

http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0010
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0010
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0010
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0010
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0015
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0015
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0015
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0015
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0020
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0020
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0020
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0020
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0025
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0025
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0025
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0025
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0030
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0030
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0030
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0030
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0035
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0035
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0035
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0040
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0040
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0040
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0040
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0040
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0045
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0045
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0045
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0045
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0050
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0050
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0050
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0050
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0050
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0055
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0055
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0055
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0055
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0055
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0060
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0060
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0060
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0060
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0065
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0065
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0070
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0070
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0070
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0075
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0075
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0075
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0075
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0080
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0080
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0080
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0080
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0085
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0085
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0085
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0085
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0090
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0090
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0090
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0090
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0095
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0095
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0095
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0100
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0100
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0100
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0100
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0100
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0105
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0105
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0105
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0105
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0110
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0110
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0110
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0110
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0110
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0115
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0115
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0115
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0115
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0120
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0120
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0120
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0120
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0120
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0125
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0125
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0125
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0125
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0130
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0130
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0130
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0130
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0130
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0135
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0135
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0135
http://refhub.elsevier.com/S1010-660X(14)00002-0/sbref0135

	Pepsinogen testing for evaluation of the success of Helicobacter pylori eradication at 4 weeks after completion of therapy
	Introduction
	Material and methods
	Results
	Discussion
	Conclusions
	Conflict of interest
	Acknowldgment
	References


