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ABSTRACT

The antimicrobial susceptibility of Helicobacter pylori is an important predictor of the
success of eradication therapy. To evaluate recent changes in primary antimicrobial
resistance of H. pylori isolated from Finnish patients, the clinical records of H. pylori-
positive patients referred for endoscopy to Herttoniemi Hospital (Helsinki, Finland)
during 2000-2008 were investigated retrospectively. Stored H. pylori strains from 505
patients without previous eradication therapy were tested for clarithromycin,
metronidazole, levofloxacin, tetracycline and amoxicillin susceptibility by Etest. Data on
local consumption of antimicrobials were collected and correlations between
consumption and resistance were calculated. During the 9-year study period,
metronidazole resistance was high (range 29-59%, overall 41%). After an initial
increase in clarithromycin resistance (0% in 2000 to 16% in 2003), resistance to
clarithromycin decreased to 4% in 2008. No significant correlation was detected
between consumption of macrolides and resistance of clarithromycin. Resistance to
levofloxacin varied between 0% and 12%. Primary metronidazole resistance in H. pylori
is at a high level, however levofloxacin and clarithromycin resistances are still at a
reasonable level. Thus, primary clarithromycin resistance in H. pylori in Finland has not
become such a problem as in many other countries. Primary resistance to the

antimicrobials studied varied considerably from year to year.
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1. Introduction

Helicobacter pylori is a major causative agent of gastroduodenal diseases such as
chronic gastritis, peptic ulcer disease, gastric cancer and mucosa-associated lymphoid
tissue (MALT) lymphoma [1-3]. The infection is typically acquired in childhood or early
adolescence [4]. According to the latest European recommendations, eradication
therapy is recommended in peptic ulcer disease, MALT lymphoma, atrophic gastritis,
unexplained iron deficiency anaemia and chronic idiopathic thrombocytopenic purpura
as well as in first-degree relatives of patients with gastric cancer [5]. Standard
eradication therapy is based on a combination of a proton pump inhibitor and two
antimicrobials, with clarithromycin being recognised as the key component [6]. However,
an increasing number of H. pylori isolates worldwide show resistance to clarithromycin,
which is considered the main cause of eradication failure [7,8]. If the local primary
resistance rates to clarithromycin exceed 15-20%, empirical treatment with this agent is
no longer recommended [5]. Metronidazole resistance is even more common, although
metronidazole resistance in vitro does not always predict treatment failure [9].
Resistance to amoxicillin and tetracycline, two further components useful in combined
therapy, has remained at a low level, whereas recent studies suggest an increasing
trend in primary fluoroquinolone resistance [10,11]. However, so far the
fluoroquinolones, such as levofloxacin, have been successfully used in H. pylori salvage

therapy in patients with previous eradication failure [12—-15].
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The antimicrobial susceptibility of H. pylori is an important predictor of the success of
eradication therapy. Choosing the most effective first-line therapy for H. pylori infection
is critical, as higher eradication rates are usually obtained in the first attempt to treat this
chronic infection whereas the following therapies are hampered by problems caused by
secondary resistance [6]. Antimicrobial susceptibility tests are rarely available to aid
decisions regarding first-line therapy. Even according to the latest guidelines,
antimicrobial susceptibility testing is first recommended after therapy failure [5]. This
emphasises the need for knowledge of the local primary antimicrobial resistance
situation. However, clinicians are usually unaware of the prevalence of antimicrobial
resistance among H. pylori isolates in their region, resulting in poorer cure rates. Local
resistance rates also appear to change dynamically owing to changes in annual
antibiotic consumption [16] and may even vary with geographical, gender and age

differences and therefore require constant monitoring [6,17].

In Finland, the prevalence of primary clarithromycin resistance (before any eradication
attempts) was as low as 2% in 2000—-2001, whereas metronidazole resistance was 38%
[18], this latter figure being in line with some early reports [9]. The aim of this study was
to evaluate the recent possible changes in primary antimicrobial resistance of H. pylori
isolated from Finnish patients during a 9-year period to determine whether increasing

resistance trends reported from elsewhere could be detected.
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2. Patients and methods

2.1. Patients

Clinical records of consecutive H. pylori-positive patients referred for endoscopy on
clinical indications to Herttoniemi Hospital (Helsinki, Finland) during 2000—-2008 were
investigated retrospectively. Of 3045 H. pylori cultures taken in 6774 gastroscopies
during the study period, 1037 were H. pylori-positive. In order to assess primary
antimicrobial resistance, patients previously treated for H. pylori were excluded from the
study; thus, 505 patients with H. pylori isolates available were enrolled. The median age
of patients was 62 years (range 18-92 years), 45% of patients were male and 16% were
of foreign origin. Permission to explore the patient files was allowed by the authorities of

Helsinki Health Center.

2.2. Bacterial isolates and antimicrobial susceptibility testing

Helicobacter pylori isolates had originally been identified on the basis of colony
appearance, Gram staining and positive reactions in catalase, oxidase and urease tests.
Bacterial isolates were kept frozen at —70 °C before analysis. Only one isolate per
patient was included in the study. Antimicrobial susceptibility testing was performed by
Etest (AB BIODISK, Solna, Sweden). Minimal inhibitory concentrations (MICs) were
determined for clarithromycin, metronidazole, levofloxacin, tetracycline and amoxicillin.
The inoculum was prepared from a 2-day-old or 3-day-old culture grown on a blood agar

plate, and the bacterial suspension in Brucella broth was adjusted to match the turbidity
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L™ Mueller Hinton II

equivalent to a McFarland 3 standard. Freshly prepared plates (BB
Agar; BD, Le Pont de Claix, France) supplemented with 10% horse blood and used
within 7 days of preparation were inoculated with the suspension and then Etest strips

(one strip per agar plate) were added. The agar plates were incubated at 35 °C in a

LTM kTM

microaerobic atmosphere (BB CampyPak ™ Plus microaerophilic system; BD,
Sparks, MD) for 72 h. MIC values were determined according to the manufacturer’s
instructions and were read where the inhibition zone ellipse intersected the strip. The
following interpretive criteria for resistance were used: clarithromycin, >1 ng/mL;
metronidazole, >8 ug/mL; levofloxacin, >1 ug/mL; tetracycline, >1 ng/mL; and

amoxicillin, >0.5 pg/mL.

2.3. Antimicrobial consumption

Data on the regional consumption of antimicrobial drugs were obtained from the Finnish
Medicines Agency FIMEA. Sales statistics were based on total sales, including both
hospitals and pharmacies, on an annual basis. Antimicrobial consumption was

expressed as defined daily doses per 1000 inhabitants per day.

2.4. Statistical methods

Differences in demographic data were analysed with the x? test using GraphPad
Software (GraphPad QuickCalcs Online Calculators for Scientists;

http://www.graphpad.com/quickcalcs/index.cfm). Associations between consumption of
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different antimicrobials and resistance of H. pylori to the different antimicrobials were
analysed using Pearson correlation coefficients, and time trends were analysed using
linear regression models. Data were analysed using SPSS software version 17.0 (SPSS

Inc., Chicago, IL). Statistical significance was set at level of 0.05 (two-tailed).

3. Results

All H. pylori isolates were susceptible to amoxicillin [MIC for 90% of the isolates (MICgo)
<0.016 pg/mL], and only one tetracycline-resistant isolate was observed (MIC = 1.5
ng/mL). The overall prevalence of clarithromycin resistance was 8% during the 9-year
study period, ranging from 0% (in 2000) to 16% (in 2003). The increase in clarithromycin
resistance did not reach significance in the study period. Levofloxacin resistance varied
between 0% and 12% (overall 7%), and metronidazole resistance varied between 29%
and 59% (overall 41%) (Fig. 1.) Resistance to metronidazole was significantly more
common in women than in men (49% vs. 31%, respectively; P < 0.001). Women were
also more likely than men to harbour clarithromycin-resistant H. pylori (10.2% vs. 5.2%,
respectively; P = 0.035). No significant age- or origin-related differences in resistance

rates were found.

The overall prevalence of resistance to at least two antimicrobials was 7% (33/505); the
most common type of multiresistance detected was to clarithromycin and metronidazole
(48%; 16/33), followed by levofloxacin and metronidazole (33%; 11/33). Resistance to

three different antimicrobial agents was also observed, although only in two isolates.
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Fig. 2 shows the annual consumption of macrolides, fluoroquinolones and metronidazole
in the hospital district of Helsinki and Uusimaa during the study period. Annual
consumption of macrolides including clarithromycin showed a significant decrease in the
study area during the 9-year period (P = 0.007) but there was no significant correlation
between macrolide consumption and resistance to clarithromycin. However, there was a
positive correlation between consumption of fluoroquinolones and resistance to
clarithromycin (P = 0.001). During the 9-year study period there was a significant
increase in the consumption of metronidazole (P = 0.013), however despite this no

significant increase in metronidazole resistance was detected.

4. Discussion

In contrast to many reports from other countries, primary clarithromycin resistance in H.
pylori has not become a problem in the study area despite the rapidly increasing

resistance rates during 2002—2003. After 2006, primary clarithromycin resistance rates
have even been decreasing (Fig. 1). Levofloxacin resistance has been fluctuating close

to the 10% level during the latest study years.

In the present study, the prevalence of primary metronidazole resistance was at a high
level and was significantly higher in women than in men. The latter finding is in
accordance with many earlier studies [6,18]. Resistance to levofloxacin did not show any

gender differences in this study, whereas clarithromycin resistance was significantly

Page 9 of 20



more common in women than in men. Some recent studies have also revealed this kind

of gender difference with regard to clarithromycin resistance [8,17,19].

During the 9-year observation in the study area, macrolide consumption decreased
significantly, but there was no significant correlation between consumption of macrolides
and resistance to clarithromycin. A recent study showed that rates of resistance in H.
pylori to clarithromycin and metronidazole decreased following government policy to
restrict the use of antimicrobial agents for infectious diseases [20]. Earlier in Finland, a
significant decline in the frequency of erythromycin resistance among group A
streptococci was observed following nationwide reductions in the use of macrolide
antibiotics for outpatient therapy [21]. A statistically significant association also existed
between regional erythromycin resistance in Streptococcus pyogenes and consumption
of macrolides [22]. However, the recent decrease in antimicrobial consumption may not
necessarily be reflected in the susceptibility of an H. pylori isolate that has infected the

gastric mucosa for decades.

Consumption of fluoroquinolones remained at a stable level, although in this study the
primary resistance rates to fluoroquinolones showed an increasing tendency. However,

primary levofloxacin resistance of H. pylori in Finland is still at a reasonably low level.

The breakpoints used for resistance to clarithromycin have slightly varied in different
studies, ranging from >0.5 pg/mL to >2 ug/mL [16,19,20,23-25]. In this study, the

breakpoint for resistance to clarithromycin was set at >1 pg/mL and the separation
10
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between clarithromycin-susceptible and -resistant isolates was quite clear-cut as there
were only 9 isolates (2%) (distributed evenly in the study period) with clarithromycin

MICs between 0.75 pg/mL and 2 pg/mL.

Effective therapy for H. pylori should achieve an intention-to-treat eradication rate of
>80% [26]. However, during the past years increasing antimicrobial resistance has
complicated therapy and the usual cure rates have been lower than those considered
acceptable for other serious, treatable bacterial infections [26]. Therefore, empirical use
of eradication therapies should be based on a knowledge of antimicrobial drug
resistance. Maastricht guidelines recommend local reference centres to monitor
antimicrobial resistance and eradication rates within countries in order to determine the
best treatment regimens [5]. However, considerable fluctuation in primary antimicrobial
resistance from year to year, as also shown in the present study, should be taken into
account when results from cross-sectional studies form the basis for treatment

guidelines.

In conclusion, this 9-year study showed a slight increasing tendency of primary
clarithromycin resistance of H. pylori in Finland; however, the resistance rates were still
at the level where clarithromycin-containing triple therapies could be used empirically.
Furthermore, during the past 2 years clarithromycin resistance rates have even been
declining. Metronidazole resistance has remained approximately at the same level as in
early 2000 [18,23]. There are no earlier studies regarding primary fluoroquinolone

resistance of H. pylori in Finland, but according to the present findings the mean
11
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resistance rate (7%) was lower than that observed in many other countries, with values
ranging from 14.4% up to 22.1% [27]. In the near future, regional treatment regimens

based on local antimicrobial resistance may improve eradication results for H. pylori.
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http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chaussade%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Burucoa%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Glupczynski%20Y%22%5BAuthor%5D

Fig. 1. Antimicrobial resistance of Helicobacter pylori isolates during the study period.

Fig. 2. Annual consumption of macrolides, fluoroguinolones and metronidazole in the
hospital district of Helsinki and Uusimaa (Finland). DDD/1000 inh/day, defined daily

doses per 1000 inhabitants per day.
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