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a b s t r a c t

During 1998–2004, a total of 218 Helicobacter pylori isolates were obtained from patients who were ran-
domised to receive one of the following regimens in a medical centre in Taiwan: lansoprazole, amoxicillin
and clarithromycin (LAC) therapy; or lansoprazole, metronidazole and clarithromycin (LMC) therapy. In
the LMC group, resistance rates for metronidazole and clarithromycin reduced from 48.6% (1998–2000)
to 20.4% (2001–2004) (P < 0.05) and from 13.5% to 6.3% (P < 0.05), respectively. Analysis of annual antimi-
crobial consumption found that metronidazole use was slowly decreased both in the total population
and in gastrointestinal disease patients. The per-protocol analysis revealed a higher eradication rate for
patients using LMC therapy in 2001–2004 (82.6% vs. 75.0%), whilst there was similar efficacy for LAC
therapy (84.8% vs. 84.2%). This observation suggests an effective programme to control H. pylori antibiotic
resistance and hence elevate its cure rate.

© 2009 Elsevier B.V. and the International Society of Chemotherapy. All rights reserved.

1. Introduction

Helicobacter pylori is a major aetiological agent for chronic gas-
tritis, which may lead to more severe disorders including gastric
ulcer, duodenal ulcer and gastric adenocarcinoma [1]. Eradication of
H. pylori improves ulcer healing and reduces the recurrence of gas-
tric and duodenal ulcers [2]. The standard recommended method
to treat infected patients with severe symptoms was the com-
bination of a proton pump inhibitor and two antibiotics, mainly
clarithromycin with either amoxicillin or metronidazole [3]. An
eradication rate >90% was found in a number of reports based on
this combination therapy [4]. However, widespread use of antibi-
otics has led to a relatively high failure rate (20–40%) in the past
years [5]. Antimicrobial resistance was found to be the main cause
of therapy failure [6].

Taiwan has established a national health insurance system since
1995 that is controlled by the Department of Health. In February
2001, the Bureau of National Health Insurance (BNHI) of Tai-
wan commenced a new policy to control the use of antimicrobial
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agents for the treatment of acute upper respiratory infections
(URIs), namely that without evidence of bacterial involvement,
antibiotic costs are not reimbursed. Following this restriction, the
consumption of a number of antibiotics fell, particularly the first-
line antibiotics [7]. Concurrently, the National Health Research
Institutes (NHRI) and national medical centres continue to survey
the antimicrobial agent usage for infectious diseases as well as pro-
vide education to health professionals, which has greatly enforced
the cautious usage of antimicrobial agents.

However, the resistance rates of H. pylori before and after the
government policy were not evaluated. In this study, we retro-
spectively investigated subjects who received the triple therapies
between 1998 and 2004 at a single medical centre to assess whether
the prevalence of antimicrobial resistance and cure rates of H. pylori
were influenced by the use of antimicrobial agents.

2. Materials and methods

2.1. Patients and bacterial culture

A total of 218 H. pylori isolates were collected over a period of
6 years (April 1998 to November 2004) from patients who visited
Taichung Veterans General Hospital, Taichung, Taiwan, and under-
went upper digestive endoscopy for the evaluation of dyspeptic
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Table 1
Number of Helicobacter pylori isolates resistant to each antibiotica.

Antibiotic 1998–2000 (n = 84) 2001–2004 (n = 134) Total (n = 218) P-valueb

M/F All M/F All

MTZ 20/15 35 (41.7%) 14/20 34 (25.4%) 69 (31.7%) <0.05
CLR 6/3 9 (10.7%) 4/5 9 (6.7%) 18 (8.3%) 0.42
AMX 0 0 0 0 0 –

MTZ, metronidazole; CLR, clarithromycin; AMX, amoxicillin; –, no comparative data.
a By intention-to-treat analyses.
b Analysed by comparing resistance rates in 1998–2000 with 2001–2004.

symptoms. None of the patients had a previous history of H. pylori
infection. The patients recruited in this investigation ranged in age
from 21 to 78 years (mean ± standard deviation, 53.3 ± 11.5 years)
and 141 patients (64.7%) were male. Bacterial strains were first iso-
lated from patient biopsies and grown on Brucella blood agar plates
(Becton Dickinson, Sparks, MD) as described previously [8].

All enrolled patients provided informed consent before begin-
ning the experimental protocol.

2.2. Treatment of patients

Patients enrolled in the study were randomly assigned to receive
one of two regimens as described previously [9]. In brief, patients
in the first group were treated with lansoprazole 30 mg, clar-
ithromycin 500 mg and amoxicillin 1 g (LAC) twice daily for 1
week. Patients in the second group were treated with lansoprazole
30 mg, clarithromycin 500 mg and metronidazole 500 mg twice
daily (LMC) for 1 week. Assessment of H. pylori status was carried
out with a 13C-urea breath test and bacterial culture at diagnosis,
and by 13C-urea breath test at least 2 weeks after the end of therapy.

2.3. Antimicrobial susceptibility test

The H. pylori isolates were tested for metronidazole, clar-
ithromycin and amoxicillin susceptibility using the Etest (AB
BIODISK, Solna, Sweden) as previously described [8]. Metronida-
zole resistance was defined as a minimum inhibitory concentration
(MIC) >8 mg/L, and amoxicillin resistance and clarithromycin resis-
tance were defined as a MIC > 2 mg/L.

2.4. Analysis of the National Health Insurance database

The National Health Insurance database was made available for
the purpose of research by contacting the NHRI [10]. A systematic
sampling method was used to collect a random representative data
set from the entire database. The size of the subset from each month
was determined by the ratio of the amount of data in each month
to that of the entire year. Systematic sampling was then performed

for each month to choose randomly a representative subset. The
sample database was obtained by combining the subsets from 12
months. The sample database of ambulatory care expenditures by
visit was constructed first then the relevant observations in the
details of the ambulatory care order were drawn out as necessary.
The sample database of ambulatory care expenditures by visit was
0.2% of the entire database. All of the data regarding the consump-
tion of various antibiotics were obtained from the NHRI. Medical
diagnoses were classified by ICD-9-CM [11]; gastroenterological
diseases were defined as ICD codes 531 to 535. Drug codes for amox-
icillin, clarithromycin and metronidazole were obtained from the
BNHI.

2.5. Statistical analysis

Comparison of treatment efficacy was performed using per-
protocol analysis, which included all patients who were H.
pylori-positive before treatment and had taken at least 80% of study
medications. The relationship between H. pylori and cure rates was
analysed by the �2 test with Yates’s correction or by Fisher’s exact
test using SPSS programme version 10.1 (SPSS Inc., Chicago, IL). A
P-value of <0.05 was considered statistically significant.

3. Results

3.1. Antimicrobial resistance in Helicobacter pylori

The prevalence of resistant in the 218 H. pylori isolates to metron-
idazole, clarithromycin and amoxicillin is shown in Table 1. Patients
enrolled in the study were divided into two periods (1998–2000
and 2001–2004). The overall primary resistance rates were 31.7%
(69/218) for metronidazole and 8.3% (18/218) for clarithromycin,
whereas no isolates showed resistance to amoxicillin. It is noted
that resistance to metronidazole was detected in 35/84 isolates
(41.7%) in the period 1998–2000 compared with 34/134 (25.4%)
during 2001–2004 (P < 0.05). There was also a lower frequency of
clarithromycin resistance after the policy (6.7% vs. 10.7%), but with
no statistical significance (P = 0.42).

Table 2
Distribution of primary antibiotic susceptibility of Helicobacter pylori and eradication rates in relation to treatment groups and primary antibiotic resistance.

Period MTZS/CLRS MTZS/CLRR MTZR/CLRS MTZR/CLRR Total

Antibiotic susceptibility [n (%)]
LAC 1998–2000 27 (57.4) 3 (6.4) 16 (34.0) 1 (2.1) 47

2001–2004 48 (68.6) 1 (1.4) 17 (24.3) 4 (5.7) 70
LMC 1998–2000 18 (48.6) 1 (2.7) 14 (37.8) 4 (10.8) 37

2001–2004 48 (75.0) 3 (4.7) 12 (18.8) 1 (1.6) 64

Eradication rate [n (%)]a

LAC 1998–2000 20/21 (95.2) 0/3 (0) 12/13 (92.3) 0/1 (0) 32/38 (84.2)
2001–2004 31/32 (96.9) 0/1 (0) 8/10 (80.0) 0/3 (0) 39/46 (84.8)

LMC 1998–2000 12/13 (92.3) 0/1 (0) 9/11 (81.8) 0/3 (0) 21/28 (75.0)
2001–2004 32/34 (94.1) 0/3 (0) 6/8 (75.0) 0/1 (0) 38/46 (82.6)

MTZS, metronidazole-susceptible; MTZR, metronidazole-resistant; CLRS, clarithromycin-susceptible; CLRR, clarithromycin-resistant; LAC, lansoprazole, amoxicillin and clar-
ithromycin; LMC, lansoprazole, metronidazole and clarithromycin.

a By per-protocol analysis.
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