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Summary

BACKGROUND AND AIMS: Due to increasing antibiotic 
resistance, various Helicobacter pylori eradication regi-
mens other than clarithromycin-based therapies have 
been proposed. However, detailed data on which thera-
pies were employed and their eradication success is lack-
ing. The purpose of this study was to analyse the re-
sponse rates of different eradication therapy schemes.

METHODS: In this retrospective cohort study, we 
analysed data of 1721 patients and included 608 patients 
undergoing H. pylori eradication therapy at the Depart-
ment of Gastroenterology at the University Hospital Zurich 
between 2004 and 2018. The primary endpoint was the 
success rates of clarithromycin- and non-clarithromycin-
containing H. pylori eradication regimens. We furthermore 
analysed factors with potential impact on the outcome of 
H. pylori eradication therapies, such as demographics,
and smoking and social status.

RESULTS: The most common therapy scheme (71% of 
all cases) was proton pump inhibitor (PPI)-amoxicillin-
metronidazole, followed by PPI-amoxicillin-clarithromycin 
(21%) and PPI-metronidazole-clarithromycin (6%). There 
was no difference between the H. pylori eradication suc-
cess of clarithromycin vs non-clarithromycin-containing 
therapies (71% vs 71%, p = 0.764).

CONCLUSION: Despite increasing clarithromycin resis-
tance globally, there was no difference in the eradication 
success of clarithromycin- and non-clarithromycin-con-
taining therapy regimens in Switzerland. As varying triple 
therapies do not increase eradication rates in real-world 
settings, other primary therapy options such as quadruple 
therapies should be explored.

Background

Helicobacter pylori is a Gram-negative bacterium that in-
fects the epithelial lining of the stomach and induces 
chronic inflammation of the underlying mucosa. It is found

in most patients with active chronic gastritis, duodenal ul-
cer or gastric ulcer [1]. It is a human pathogen, usually con-
tracted at a very young age by – mostly intrafamilial [2]
– human to human transmission [3] and via contaminated
water supplies [4]. H. pylori is inclined to persist indefi-
nitely, unless treated [5]. Its prevalence varies enormous-
ly with socioeconomic status and tends to increase in older
age groups, probably owing to cluster effects of children
living in poorer conditions in previous decades [5]. It is es-
timated that in 2015 4.4 billion people globally were in-
fected with H. pylori [6]. Published worldwide prevalence
rates of individual countries show that Switzerland had the
lowest at merely 18.9% and Nigeria the highest at 87.7%
[6]. However, since most people infected with H. pylori are
often asymptomatic, screening for H. pylori is not routine-
ly undertaken and the prevalence data reported by various
countries have to be interpreted with caution [5].

Circumstances in which to screen patients for H. pylori and
the choice of eradication regimen due to antibiotic resis-
tance have become matters of debate [3]. Different erad-
ication regimens have been used over the years: For a
long time, the primary first-line eradication therapy was
a combination of clarithromycin and a proton pump in-
hibitor (PPI) with either amoxicillin (French standard triple
therapy) or metronidazole (Italian standard triple therapy)
for a period of 7 to 10 days [7]. Due to increasing clar-
ithromycin-resistance [7–9], this approach has been shown
to be becoming more and more inefficient. According to
the Maastricht 2017 consensus report [3], in areas of high
clarithromycin resistance (>15%) and low metronidazole-
resistance, PPI-amoxicillin-metronidazole triple therapy is
recommended. In areas of low dual clarithromycin and
metronidazole resistance (<15%), a four-drug regimen
such as bismuth quadruple therapy (PPI, bismuth, tetracy-
cline, nitroimidazole/metronidazole) or non-bismuth con-
taining quadruple therapies are recommended. Finally, in
areas of high dual clarithromycin and metronidazole resis-
tance (>15%), bismuth-containing quadruple therapies are
recommended [3]. Recently reported clarithromycin resis-
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tance rates in various European countries were above 20%
and metronidazole resistance rates were up to 35% in 2013
[8]. For Switzerland, reliable data about risk factors asso-
ciated with clarithromycin resistance, prevalence of clar-
ithromycin resistant H. pylori strains and outcome data of
H. pylori eradication regimens are scarce.

The goal of our study was to investigate the H. pylori erad-
ication success of clarithromycin- and non-clarithromycin-
containing treatments in order to further examine and po-
tentially corroborate changes in antibiotic resistance rates,
as well as to investigate how various patient characteristics
(e.g., obesity, demographics) impact the performance of
different therapeutic schemes. Moreover, we examined
which regimens were selected for second-/third-line thera-
pies in recent years.

Methods

This retrospective cohort study was approved by the
Zurich Ethics Committee (BASEC-Nr. 2018-00665) and
was carried out in accordance with principles in the current
version of the Declaration of Helsinki, the Essentials of
Good Epidemiological Practice issued by Public Health
Schweiz (EGEP), the Swiss Law and Swiss regulatory au-
thority’s requirements.

Patients

Data of 1721 patients from the department of Gastroen-
terology and Hepatology were analysed by extensive re-
view of their medical records. A total of 608 patients aged
≥18 years who were treated within our department were in-
cluded in the final analysis (for details see figure 1). All

these patients fulfilled the following criteria: a urea breath
test (UBT) between 2004 and 2018 that was positive for
H. pylori, and at least one subsequent eradication thera-
py with eradication confirmed (between 2005 and 2018, at
least 4–8 weeks after therapy completion). As can be seen
in figure 1, 158 patients were excluded because of insuf-
ficient data, meaning they either did not receive an eradi-
cation therapy to our knowledge or there were not enough
data about the therapy they received, or there was no con-
firmation of eradication. The urea breath test was preferred
for checking eradication due to its high diagnostic sensitiv-
ity (96%) and specificity (93%) [10], as well as its conve-
nience. If the first-line treatment was not successful, most
patients were treated with a second-line, and some subse-
quently with a third-line regimen.

We collected from patients’ medical files information
about age, gender, origin (place of birth), job description,
cardiovascular risk factors, chronic medical conditions,
previous antibiotic use, gastrointestinal symptoms, biopsy
and endoscopy findings from the gastrointestinal tract, and
all data related to H. pylori and its eradication. However,
incomplete information in any of these areas was not a rea-
son for exclusion, as long as they met all criteria mentioned
above.

Outcomes

The main endpoint was the success rate of the different
H. pylori eradication regimens, both clarithromycin- and
non-clarithromycin-containing. Successful H. pylori eradi-
cation was defined as a negative UBT at least 2 weeks af-
ter PPI discontinuation and at least 4 weeks after antibiot-

Figure 1: Overview of the total number of patients who were analysed and how many were included or excluded.
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ic discontinuation, in accordance with the Maastricht 2017
consensus report [3] and British Society of Gastroenterolo-
gy (BSG) guidelines. Secondary endpoints were the influ-
ence of various factors including therapy duration, demo-
graphics, and potential risk factors such as age, gender, and
body mass index (BMI) [11, 12]. Therapy duration was ei-
ther 7 to 10, or 14 days. For demographics, we assessed
the patients’ place of birth/origin and classified it into two
categories: Europe versus Middle East and other countries
(South America, Africa, Asia, East [Russia, Ukraine, Ar-
menia, Azerbaijan]). In addition, we categorised patients
according to their job description as “academic” (e.g.,
lawyer, medical doctor, professor, architect, banker, fund-
manager, consultant, IT specialist, student, engineer,
teacher, business/asset manager, fiduciary, etc.) or “non-
academic” (e.g., cleaner, secretary, construction worker,
painter, farmer, electrician, salesperson, etc.). All sec-
ondary endpoints were analysed only in relation to their
first-line therapy regimen.

Assessments

We assorted the various therapy regimens into seven main
categories:

– PPI-amoxicillin-clarithromycin triple therapy (French
triple therapy)

– PPI-metronidazole-clarithromycin triple therapy (Ital-
ian triple therapy)

– PPI-amoxicillin-metronidazole triple therapy(ammet)

– PPI-amoxicillin-metronidazole-bismuth quadruple
therapy (quada)

– PPI-tetracycline-metronidazole-bismuth quadruple
therapy (quadt)

– PPI-clarithromycin-amoxicillin-metronidazole quadru-
ple therapy (cquad)

– PPI-amoxicillin-levofloxacin/moxifloxacin triple thera-
py (trfluo)

Additionally, we categorised them into clarithromycin-
containing [1, 2, 6] vs non-clarithromycin-containing [3–5,
7] therapies. We examined which therapies were adminis-
tered in a second eradication attempt in relation to the var-
ious first-line therapies and whether certain therapies were
more successful than others.

Statistical analysis

Groups were compared using contingency tables and chi-
square tests for categorical variables. For continuous vari-

ables with non-normal distribution, Wilcoxon rank sum
tests were used. A p-value <0.05 was regarded as statisti-
cally significant. Additionally, a logistic regression analy-
sis was performed. To minimise risk of bias, overfitting
and optimism no data-driven selection of variables was ap-
plied. On the basis of clinical relevance and availability in
the dataset, we added prespecified predictors to the mod-
el. Predictors included “therapy regimen” (“medication”,
“duration”), “age”, “gender”, “bmi”, “origin” and “profes-
sion”. All analyses were performed with R software, ver-
sion 3.5.2 (2018-12-2).

Ethics approval

Research where humans or their data is involved require
an official government permit in Switzerland. We strictly
obeyed all requirements; data analysis and manuscript
preparation were planned in advance and in accordance
with the Swiss Ethic Commission in Zurich. This study
was reviewed and approved by the official Zurich Ethics
Committee, Switzerland (BASEC-Nr. 2018-00665). In ac-
cordance with the Zurich Ethics Committee anonymised
data from patients between 2005 and 2015 were included
– even if the patients did not sign a written consent form –
unless they explicitly declined the use of their data for re-
search purposes. All patients included since 2016 have giv-
en their written informed consent.

Results

Data of 608patients (57% female, median age 45 years; de-
tails in table 1) were analysed.

Successful H. pylori eradication was confirmed by UBT
in 94.2%, by biopsy in 5.3% and by stool antigen test in
0.5%.

First-line therapy regimens

The most common first-line therapy was PPI-amoxicillin-
metronidazole in 432 (71%) of all cases during the
analysed period between 2004 and 2018, followed by PPI-
amoxicillin-clarithromycin in 126 (21%) and PPI-metron-
idazole-clarithromycin in 36 (6%). The distribution of dif-
ferent first-line therapies for each year is shown in figure
2.

There were 164 (27%) clarithromycin-containing and 444
(73%) non-clarithromycin-containing first-line therapies.

The rate of overall H. pylori eradication success was 71%.
There was no difference in H. pylori eradication success

Table 1:
Baseline clinical characteristics.

Overall (n = 608) With clarithromycin Without clarithromycin

Age (years), median (range) 45 (18–90) 45 (18–84) 44 (18–90)

Gender female, n (%) 346 (57%) 94 (57%) 252 (57%)

BMI (kg/m2), median (range) 29 (16–77) 28 (17–77) 29 (16–73)

Origin, Europe1, n (%) 348 (65%) 101 (67%) 247 (64%)

Academic2, n (%) 91 (16%) 33 (21%) 58 (14%)

Therapy duration [7–10, 14 days], n [491, 113] [105, 56] [386, 57]

BMI: body mass index
1 Origin / place of birth was classified into the following categories: Europe vs middle east and other countries (South America, Africa, Asia, East [Russia, Ukraine, Armenia,
Azerbaijan])
2 Academic includes, for example, lawyer, medical doctor, professor, architect, banker.
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between clarithromycin- and non-clarithromycin-contain-
ing therapies (p = 0.764; table 2).

For details of eradication success over the years and ac-
cording to clarithromycin vs non-clarithromycin see figure
3.

There was no difference in eradication success between
14 and 7–10 days of therapy in first-line treatments (p =
0.430). We found that the eradication success was higher in
patients of European origin than Middle Eastern and other
countries (odds ratio [OR] 0.48, 95% confidence interval
[CI] 0.30–0.78). No difference could be found according to
gender or BMI. For details see tables 2 and 3.

Second-line therapy regimens

Second line therapies were used in 130 patients. The most
common was PPI-amoxicillin-metronidazole in 43 (33%)

of all cases, followed by PPI-amoxicillin-levofloxacin/
moxifloxacin in 41 (32%), PPI-amoxicillin-clarithromycin
in 31 (24%), PPI-metronidazole-clarithromycin in 10
(8%), PPI-tetracycline-metronidazole-bismuth in 3 (2%)
and PPI-clarithromycin-amoxicillin-metronidazole in 2
(2%) cases. The distribution of different second-line thera-
pies for each year can be seen in figure 4.

There were 43 (33%) clarithromycin-containing and 87
(67%) non-clarithromycin-containing second line thera-
pies. The overall rate of H. pylori eradication success was
63%. There was no difference in H. pylori eradication
success between clarithromycin-containing vs non-clar-
ithromycin-containing therapies (p = 0.764; fig. 5A.).

In figure 5B the distribution of second-line therapies con-
taining clarithromycin or not after failed first-line therapy
regimens with or without clarithromycin is shown. Their

Figure 2: Different first-line Helicobacter pylori eradication regimens in over the years.french: PPI-amoxicillin-clarithromycin*; italian: PPI-
metronidazole-clarithromycin*; cquad: PPI-clarithromycin-amoxicillin-metronidazole*; ammet: PPI-amoxicillin-metronidazole**; quadt: PPI-
tetracycline-metronidazole-bismuth**; tfluo: PPI-amoxicillin-levofloxacin/moxifloxacin** (* containing clarithromycin / ** not containing clar-
ithromycin).

Table 2:
Univariate analyses of clinical factors related to Helicobacter pylori eradication success (smaller OR meaning less H. pylori after eradication therapy i.e., better eradication suc-
cess).

Univariate analyses OR 95% CI p-value

2.5% 97.5%

Clarithromycin vs non-clarithromycin 0.96 0.64 1.42 0.839

Age (per 1 year) 0.99 0.98 1.00 0.338

Gender (female vs male) 0.87 0.61 1.24 0.440

BMI (per kg/m2) 0.98 0.96 1.00 0.060

Year of eradication (per 3 years) 2004–2006 0.43 0.26 0.70 <0.001

2007–2009 0.66 0.36 1.23 0.189

2010–2012 1.04 0.57 1.93 0.892

2013–2015 1.42 0.76 2.71 0.270

2016–2018 0.90 0.49 1.69 0.745

Origin (Europe vs others)1 0.56 0.39 0.82 0.003

Academic vs non-academic2 0.55 0.31 0.93 0.033

Duration (14 days vs 7–10 days) 0.89 0.56 1.401 0.628

BMI: body mass index; CI: confidence interval; OR: odds ratio
1 Origin / place of birth was classified into the following categories: Europe vs middle east and other countries (South America, Africa, Asia, East [Russia, Ukraine, Armenia,
Azerbaijan])
2 Academic includes, for example, lawyer, medical doctor, professor, architect, banker.
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success is shown in the supplementary figure in the appen-
dix.

There was no difference between different durations of
second-line therapies.

Figure 3: Success rate after different eradication regimens for Helicobacter pylori. (A) Overall success rate over the years after first eradica-
tion therapy. (B) Eradication success after first-line therapies (2004–2018) categorised into clarithromycin-containing (french, italian, cquad)
and non-clarithromycin-containing (ammet, quadt, tfluo). Hp: Helicobacter pylori; french: PPI-amoxicillin-clarithromycin*; italian:PPI-metronida-
zole-clarithromycin*; cquad: PPI-clarithromycin-amoxicillin-metronidazole*; ammet: PPI-amoxicillin-metronidazole**; quadt: PPI-tetracycline-
metronidazole-bismuth**; tfluo: PPI-amoxicillin-levofloxacin/moxifloxacin** (* containing clarithromycin / ** not containing clarithromycin)

Table 3:
Multivariate analyses of clinical factors related to Helicobacter pylori eradication success (smaller OR meaning less H. pylori after eradication therapy, i.e., better eradication suc-
cess).

Multivariate analyses OR 95% CI p-value

2.5% 97.5%

Clarithromycin vs non-clarithromycin 0.92 4 1.56 0.764

Age (per 1 year) 0.99 0.98 1.01 0.628

Gender (female vs male) 1.01 0.63 1.62 0.973

BMI (per kg/m2) 0.98 0.96 1.01 0.133

Origin (Europe vs others)1 0.48 0.30 0.78 0.003

Academic vs non-academic2 0.56 0.26 1.11 0.110

Therapy duration (14 days vs 7–10 days) 0.77 0.40 1.44 0.430

BMI: body mass index; CI: confidence interval; OR: odds ratio
1 Origin / place of birth was classified into the following categories: Europe vs middle east and other countries (South America, Africa, Asia, East [Russia, Ukraine, Armenia,
Azerbaijan])
2 Academic includes, for example, lawyer, medical doctor, professor, architect, banker.

Figure 4: Different second-line Helicobacter pylori eradication therapy regimens over the years. french: PPI-amoxicillin-clarithromycin*; ital-
ian:PPI-metronidazole-clarithromycin*; cquad:PPI-clarithromycin-amoxicillin-metronidazole*; ammet:PPI-amoxicillin-metronidazole**;
quadt:PPI-tetracycline-metronidazole-bismuth**; tfluo: PPI-amoxicillin-levofloxacin/moxifloxacin**(* containing clarithromycin / ** not containing
clarithromycin)
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Figure 5: Second-line Helicobacter pylori eradication therapies
and their success (between the years 2004 and 2018). 5A: Eradi-
cation success after second-line therapies containing clar-
ithromycin- vs non-clarithromycin-containing regimens. 5B: Sec-
ond-line eradication therapies after different failed first-line
regimens. Hp: Helicobacter pylori

Third-line therapy regimens

Overall, third-line therapies (n = 28) were 29% PPI-amox-
icillin-clarithromycin (n = 8, eradication success 50%),
18% PPI-amoxicillin-metronidazole (n = 5, eradication
success 60%), 43% PPI-amoxicillin-levofloxacin/moxi-
floxacin (n = 12, eradication success 50%), 4% PPI-
metronidazole-clarithromycin (n = 1, eradication success
100%), and 7% PPI-tetracycline-metronidazole-bismuth (n
= 2, eradication success 50%). There were 9 (32%) clar-
ithromycin-containing therapies and 19 (68%) non-clar-
ithromycin containing regimens. In the third eradication at-
tempt, the mean eradication rate was 52%.

Proton-pump inhibitors (PPI)

The relative use of pantoprazole in relation to other PPIs
increased from 0% in 2004 up to 61% in 2018. The relative
use of esomeprazole decreased from 83% in 2004 to 39%
in 2018. Omeprazole was used in 4% overall.

Discussion

In this retrospective cohort study including 608 patients
from a tertiary referral centre we assessed the success rates
of different H. pylori eradication regimens, in particular
clarithromycin- vs non-clarithromycin-containing first-line
therapy. The overall H. pylori eradication success rate was
71%. In contrast to the reported increases in clarithromycin
resistance, there was no difference between clar-
ithromycin- and non-clarithromycin-containing therapies.
Overall, the average eradication rate was 71% with clar-
ithromycin-based therapies and 71% in non-clar-
ithromycin-based therapies, which is in line with previous
studies. In 2007, Chey et al. published H. pylori eradica-
tion rates with clarithromycin-based therapy of 70–85% in
the US [13]. Similar results were published by Jafri et al.
in a meta-analysis of 10 randomised trials in Italy (eradi-
cation rate 77%) [14] and by Venerito et al., who showed
an eradication rate of 68.9% [15]. In addition, eradica-
tion rates of first-line therapy with PPI-amoxicillin-clar-

ithromycin were shown to be 70% and 81% in Spain in
2015 [16, 17].

The eradication rate for PPI-amoxicillin-metronidazole
was 70% in our study and in the same range as the clar-
ithromycin-based rate of 71% successful eradication. In
contrast to this, Sanchez-Delgado et al. reported an erad-
ication rate between 82% and 88% for PPI-amoxicillin-
metronidazole in 2012 in Spain [19]. Nyssen et al. [37]
showed a success rate of 80% for triple therapies (most
commonly PPI-amoxicillin-clarithromycin), which is
based on 30,394 patients from 27 countries during the
years of 2013–2018. Possible explanations might be that
Nyssen et al. examined more closely how compliant pa-
tients were, whereas this information are missing from our
analysed data yet represent the real-world scenario. Ad-
ditionally, our data came from one large tertiary referral
hospital with in general more complex patients, whereas
Nyssen et al. included a wide variety of centre types (large
hospitals vs small outpatient clinics).

Since most people infected with H. pylori are asympto-
matic, screening is not routine [5]. However, whenever H.
pylori is present, eradication is suggested [3, 20], usual-
ly with two or three antibiotics and one PPI either con-
comitantly or sequentially for 3–14 days [21]. When decid-
ing which first-line therapy to choose, regional antibiotic
resistance rates – especially for clarithromycin – must be
considered. In Europe, clarithromycin resistance rates have
been increasing in the past decade and have been described
as 15% in Sweden, 30% in Italy, with an even higher rate
of 40% in Turkey [3]. Although outdated, in a study from
2005 in Baden (Switzerland), primary clarithromycin re-
sistance was at 9% [9]. In places with low (<15%) clar-
ithromycin resistance rates (and no history of previous
macrolide treatment) H. pylori eradication therapy with
PPI-clarithromycin-amoxicillin for 7–14 days is still rec-
ommended [3, 5]. We did not find any data pointing to clar-
ithromycin resistance rates lower than 15% in developed
nations, such as Europe or the U.S [22]. In the case of peni-
cillin allergy amoxicillin is usually replaced by metronida-
zole [5]. Whenever high (>15%) clarithromycin resistance
rates are suspected three therapeutic options are commonly
used:

– If metronidazole resistance rate is low (<15), PPI-
amoxicillin-metronidazole triple therapy is recom-
mended [3].

– In areas with low to intermediate metronidazole resis-
tance (15–40%) – very common in the US and central/
southern Europe [8, 23] – either bismuth quadruple
therapy (PPI, tetracycline, metronidazole, bismuth) or
concomitant non-bismuth quadruple therapy (PPI, clar-
ithromycin, metronidazole, amoxicillin) is recommend-
ed [3].

– In regions with both high metronidazole and high clar-
ithromycin resistance, bismuth quadruple therapy is
recommended [3].

Although it was widely assumed, that clarithromycin resis-
tance rates were pretty high (>15%), PPI-amoxicillin-clar-
ithromycin was nevertheless prescribed in 21% and, sur-
prisingly, no statistically difference in non-clarithromycin
containing therapies was observed. Furthermore, in 2017
the therapy regimen recommendation was altered at the
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University Hospital of Zurich because of a policy shift to
“standard treatment according to guidelines”, rather than
directly suggesting PPI-amoxicillin-metronidazole. Inter-
estingly, this led to use of first-line treatment with PPI-
amoxicillin-clarithromycin in 67% (n = 32) of patients in
2017 (eradication success 63%), while PPI-amoxicillin-
metronidazole was only used in 19% (n = 9) of patients in
2017 (eradication success 67%). The policy shift was abol-
ished in 2018 owing to perceived low success rates with
clarithromycin-based therapies, not, however, based on a
formal review of data. Unfortunately, there are no recent
published data about clarithromycin resistance rates at the
University Hospital of Zurich nor in Switzerland in gener-
al, but from our study, clarithromycin-based standard triple
therapy does not seem to be significantly worse than other
first-line therapy regimens used in our patient population.

The average success rate of second-line eradication at-
tempts was 61%. In 2015, a considerably lower second-
line eradication rate (45%) was observed, although the
first-line eradication rate in 2015 was 60% (second lowest
year overall). However, we did not find any explanation
for this. First-line treatments and the characteristics of pa-
tient population, for example, the proportion of bariatric
patients, were comparable to other years.

In our study, only 33% of second-line eradication attempts
with PPI-amoxicillin-clarithromycin were successful after
an unsuccessful attempt with the same substances as first-
line therapy. This finding is in line with findings of Marin
et al. [24], who demonstrated a success rate of 46% when
repeating a clarithromycin-based therapy after an unsuc-
cessful first attempt. One reason could be a primary re-
sistance to clarithromycin, leading to the recommendation
to not use clarithromycin as second-line treatment, unless
prior resistance testing confirms H. pylori susceptibility
to clarithromycin [5]. Other studies have shown that clar-
ithromycin resistance (in addition to resistance to fluro-
quinolones and rifabutin) cannot be overcome by an in-
creased dose, duration of treatment or frequency of
administration [25–27], Further emphasising a potential
benefit of changing therapeutic regimens after a first un-
successful attempt. Alternatively, Min Li et al. [38] stated
in a meta-analysis that vonoprazan instead of conventional
PPI-based therapies showed significantly superior eradica-
tion rates in clarithromycin-resistant strains in both ran-
domised controlled trials (pooled eradication rates 82.0%
vs 40.0%; OR, 6.83; 95% CI, 3.63–12.86; p <0.0001) and
nonrandomised controlled trials (pooled eradication rates
80.8% vs 41.8%; OR, 4.98; 95% CI, 2.47–10.03; p
<0.0001). Suzuki et al. [39] found that vonoprazan-based
H. pylori eradication was associated with a long-term im-
pact on gut microbiota, including effects on the richness
of bacterial species. According to these studies, the choice
not only of antibiotics but also of the acid suppressant may
play a role in eradication success. However, vonoprazan is
not (yet) part of H. pylori eradication therapies in Switzer-
land.

Overall, we observed a decreasing eradication success rate
from the first attempt (71%) to the second attempt (61%)
to the third attempt (47%). According to Wu et al. the most
important reasons for eradication failure are resistant bac-
teria, poor compliance of patients, rapid metabolism of the
PPI and a high bacterial load [28].

Furthermore, we found a statistically significant difference
in eradication success between different countries of ori-
gin. We attributed these observations mainly to compli-
ance, better socioeconomic living conditions (e.g., hy-
giene, better access to healthcare facilities) and probably
genetic variations, which have been discussed in the litera-
ture [31–33].

Interestingly, in our study the duration of treatment only
trended towards higher eradication rates with longer treat-
ment periods but did not show statistically significant dif-
ferences. These findings align with findings of Fuccio et al.
[35], who did not find statistically more efficient treatment
results with longer treatment periods (14>10>7days) in a
meta-analysis of 21 randomised trials in 2007. They stat-
ed that, when 14 days (78% eradication success) was com-
pared with 7 days (73% eradication success), only a 5%
increase can possibly be achieved. These findings are sim-
ilar to our stated eradication success rates for PPI-amoxi-
cillin-clarithromycin therapy of 73% (14 days) versus 68%
(7 days).

With regard to limitations, we would like to point out that,
unfortunately, we did not have a roughly similar number of
patients in the first, second and third eradication attempt,
which is inevitable with real-world data. Furthermore, our
sample size is limited and biased towards a tertiary referral
centre, although we are testing patients in an ambulatory
out-patient setting with open-referral policy.

Certainly, there are downsides and limitations when eval-
uating real-world data. However, this study reflects what
is really happening on the practitioner level. We can con-
clude from all the data gathered in this study that H. pylori
eradication therapy varied substantially between different
physicians. This observation aligns very well with those of
Graham et al. [36], who showed that antimicrobial thera-
py nowadays is mostly based on trial-and-error (comparing
different therapies) instead of being susceptibility-based
(by analysing different antibiotic resistance rates). It also
aligns well with Nyssen et al. [37], who concluded that
“management of H. pylori infection by European gastroen-
terologists is heterogeneous, suboptimal and discrepant
with current recommendations.”

As mentioned above, Nyssen et al. [37] observed eradica-
tion rates of around 80% for triple therapies (in contrast to
our 71%) and hence concluded that only quadruple ther-
apies like “14-day non-bismuth quadruple concomitant
therapy (PPI, amoxicillin, clarithromycin, metronidazole),
14-day standard triple plus bismuth (PPI, bismuth, amoxi-
cillin, clarithromycin), and 10-day bismuth quadruple ther-
apy (PPI, bismuth, tetracycline, and metronidazole)”
achieve eradication rates of over 90%, hence the need to
abandon empirical use of triple therapies.

Summary and conclusions

Between the three most used eradication regimens in our
study (PPI-amoxicillin-metronidazole 71%; PPI-amoxi-
cillin-clarithromycin 21%; PPI-metronidazole-clar-
ithromycin 6%), no statistically significant difference in
eradication rates (70%, 71% and 72%) was found. Ergo,
despite expected clarithromycin resistance the H. pylori
eradication rate in the two clarithromycin-containing reg-
imens did not significantly differ from the non-clar-
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ithromycin-containing therapies in the examined region
(Zurich, Switzerland). Hence, in order to achieve higher
eradication success rates (>90%), the choice of triple ther-
apy does not seem to matter but rather other primary thera-
py schemes such as quadruple therapies, as also suggested
by Nyssen at al. [37], should be pursued.
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Appendix: supplementary figure

Figure S1: Second-line Helicobacter pylori eradication therapies and their success (between the years 2004 and 2018). A: Different second-
line therapies and their successfulness after failed non-clarithromycin containing first-line therapies. B: Different second-line therapies and
their successfulness after failed first-line clarithromycin containing therapies. Hp: Helicobacter pylori
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