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Seven-day genotypic resistance-guided triple Helicobacter pylori 
eradication therapy can be highly effective

Vasilios Papastergioua, Nicoletta Mathoua, Sophia Licousib, Aikaterini Evgenidia, 
Konstantina D. Paraskevaa, Athanasios Giannakopoulosa, Pinelopi-Zoi Stavroua, 
Evangelia Platsoukab, John A. Karagiannisa

General Hospital of Nea Ionia “Konstantopouleio-Patission”, Athens, Greece

Abstract Background The efficacy and applicability of molecular testing to guide the selection of 
antibiotics in triple Helicobacter pylori (H. pylori) eradication regimens have not been reported. 
We tested a 7-day, genotypic resistance-guided triple H. pylori eradication therapy in a high-
resistance setting.

Methods Consecutive dyspeptic patients with H. pylori infection were prospectively enrolled. 
Genotypic resistances to clarithromycin (23SrRNA mutations) and fluoroquinolones (gyrA 
mutations) were determined from gastric biopsy specimens using a commercially available 
molecular assay (GenoTypeâ HelicoDR). A  tailored genotypic resistance-guided 7-day triple 
therapy comprised esomeprazole, amoxicillin, and either clarithromycin (wild-type  23SrRNA), 
levofloxacin (23SrRNA mutated/wild-type gyrA) or rifabutin (both 23SrRNA/gyrA mutated). 
H. pylori eradication was confirmed by 13C-urea breath test.

Results Of 148 subjects screened, 51  patients were enrolled (male/female: 27/24, mean 
age:  50.7±11.4  years, treatment-naïve/-experienced: 32/19). The molecular kit was easily 
implemented, allowing for rapid (within 24  h) and relatively inexpensive determination of 
H. pylori resistance (clarithromycin: 47.1%, fluoroquinolones: 15.7%, dual clarithromycin/
fluoroquinolones: 7.8%). For patients who received clarithromycin-, levofloxacin- and rifabutin-
containing triple therapy, the respective eradication rates were 24/27, 20/20, and 2/4 by intention-
to-treat (ITT); and 24/24, 19/19 and 2/3 by per-protocol (PP) analysis. Overall eradication rates 
were 90.2% (95% confidence interval [CI] 77.8-96.3%) by ITT and 97.8% (95%CI 87-99.8%) by 
PP analysis, showing no significant difference between treatment-naïve and -experienced patients 
(ITT: 87.5% vs. 94.7%, P=0.64; PP: 96.4% vs. 100%, respectively, P=1.00).

Conclusions Regardless of prior treatment history, a genotypic resistance-guided 7-day triple 
therapy, based on a simple molecular assay, achieved a high H. pylori eradication rate.

Keywords Helicobacter pylori, tailored therapy, 23SrRNA, gyrA, triple Helicobacter pylori 
eradication therapy
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Introduction

Despite decades of efforts, the optimal strategy to eradicate 
Helicobacter pylori (H. pylori) remains uncertain. Empirical 
triple therapies used to represent the backbone of eradicating 
H. pylori, but are now obsolete in most countries [1]. In 
high-resistance countries where bismuth and/or tetracycline 
are unavailable (e.g.,  Greece, with >27% prevalence of 
clarithromycin resistance [2,3]), non-bismuth quadruple 
regimens are currently recommended as first-line therapeutic 
options, whereas levofloxacin-containing regimens are 
reserved as salvage treatments [4]. However, even with 
these regimens, eradication rates >95% are infrequently 
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achieved and even those >90% are disputed [5-8]. Increasing 
antibiotic resistance is the main reason for the failure of 
empirical treatments, characterized by significant geographic 
variation  [9]. This precludes any realistic expectation that 
a universal anti-H. pylori empirical regimen, with stable 
effectiveness over time, will ever become available. Thus, as 
for any other bacterial infection, tailoring the selection of 
antibiotics based on the individual resistance pattern appears 
to be the viable alternative in order to maintain excellent 
(>95%) cure rates [10,11].

A critical factor hampering the individualization of 
H. pylori therapies is that conventional culture-based 
susceptibility testing methods (e.g.,  E-test) are not always 
available and have several shortcomings: firstly, they require 
endoscopy (which is invasive and costly); secondly, they are 
time-consuming; and thirdly, they do not completely reflect 
in vivo eradication, including inaccurate detection of the 
so-called heteroresistance status [12]. Recent consensuses 
recommend the use of molecular testing in clinical practice, 
as an alternative to traditional culture, for both diagnosis 
and evaluation of H. pylori antibiotic susceptibility [4,13]. 
Different polymerase chain reaction (PCR)-based approaches 
allow the measurement of 3 point mutations in the H. pylori 
23SrRNA gene (namely A2143G, A2142G and A2142C) that 
account for >90% of primary clarithromycin resistance in 
western countries [14,15]. Similarly, a molecular approach 
is available to test for quinolone resistance by detecting 
gyrA mutations [16]. These methods can be directly applied 
to gastric specimens, offering rapid and highly accurate 
results (reportedly >80-90% sensitivity/specificity) and 
the possibility of noninvasive evaluation (e.g.,  using fecal 
specimens) [16-19].

Despite the evidence of their benefits, there is still paucity 
of data concerning the applicability of molecular tests to guide 
the selection of antibiotics in clinical practice. Historically, 
triple regimens comprising a proton pump inhibitor (PPI) and 
amoxicillin, together with either clarithromycin (standard triple 
therapy; STT), levofloxacin (levofloxacin-based triple therapy; 
LTT) or rifabutin (rifabutin-based triple therapy;  RTT) have 
represented popular treatment options, partly because of their 
relative simplicity and convenient schedule. Nevertheless, 
increasing antibiotic resistance rates narrow the potential for 
using triple therapies in an empirical fashion. Therefore, in this 
pilot trial, we aimed to evaluate a genotypic resistance-guided 
triple therapy for H. pylori eradication in a high-resistance 
setting in Greece.

Patients and methods

This was a pilot, open, prospective study for the treatment of 
patients with infection by H. pylori. The study was performed 
from February to March 2017 in the Gastroenterology 
Department of the “Konstantopouleio-Patission” General 
Hospital (Nea Ionia, Athens, Greece). The study protocol was 
in accordance with the principles of the Declaration of Helsinki 
and was approved by the Ethics Committee of our institution. 

Written informed consent was obtained from all participating 
subjects. Data in this pilot study do not overlap our previous 
evaluation (n=28) of genotypic resistance-guided triple 
therapy, published in abstract form [20].

Study population

Consecutive patients with dyspepsia, referred and 
scheduled for upper endoscopy, were prospectively enrolled. 
Eligible patients were those 18-70 years old who gave informed 
consent and who had documented H. pylori infection. The 
following were the exclusion criteria: a history of allergies to 
the medications used; treatment in the preceding 2 months 
with antibiotics, bismuth preparations, or non-steroid 
anti-inflammatory drugs, and in the preceding two weeks 
with PPIs; previous esophageal or gastric surgery; serious 
systemic disease; and pregnancy or lactation. For eligible 
patients, the demographic data, history of previous H. pylori 
treatment, smoking status, and the endoscopic findings were 
all recorded.

H. pylori detection and determination of 23SrRNA and gyrA 
mutations

All eligible patients underwent upper endoscopy at the time 
of study entry. A gastric biopsy specimen was taken from the 
antrum for rapid urease testing (HelicotecUT plus test, Strong 
Biotech Corp-Taiwan). For those who tested positive, two 
mucosal biopsy specimens (one from the corpus and one from 
the antrum) were obtained for molecular testing and stored 
at  -20oC in a freezer until the extraction and processing of 
DNA. Those patients who tested positive on both rapid urease 
and molecular testing were considered as being infected with 
H. pylori.

A molecular genetic assay based on DNA-strip technology, 
the Geno Type HelicoDR (Hain Lifescience GmbH, Nehren, 
Germany), was used for the detection of H. pylori and the 
evaluation of antimicrobial drug susceptibility. This method 
can be directly applied to gastric specimens, employing 
the simultaneous detection of resistance to clarithromycin 
(mutations A2146G, A2146C and A2147G in 23SrRNA 
gene; codons 2146 and 2147; GenBank accession number 
NC_000915) and fluoroquinolones (mutations N87K, D91N, 
D91G and D91Y in gyrA gene; codons 87 and 91). The 
method has been previously validated and described in detail 
elsewhere [16,21]. Briefly, the procedure may be schematically 
divided into three steps. Initially the DNA is extracted from 
biopsy samples using the validated QIAmp DNA Mini Kit 
(Qiagen GmbH, Germany). The next step is represented by a 
multiplex amplification of DNA regions of interest using the 
biotinylated primers supplied in the Geno TypeÒ HelicoDR kit. 
The last phase of the molecular test is a reverse hybridization, 
performed using a specific incubator (TwinCubator, Hain, 
Lifescience, Nehren, Germany). Hybridization is performed on 
DNA strips that had been coated at the Hain Lifescience factory 
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(Nehren, Germany) with different specific oligonucleotides 
(DNA probes). Results concerning H. pylori detection and 
antibiotic susceptibility are obtained by the analysis of the 
positive and negative bands in the DNA strips, according to 
the manufacturer’s instructions.

A 13C-urea breath test (Helicobacter Test INFAI, INFAI 
GmbH, Cologne, Germany) was performed 8-12  weeks 
after completion of treatment and a negative test result was 
considered indicative of successful H. pylori eradication.

Tailored treatment protocol

A 7-day tailored treatment consisted of choosing triple 
therapy according to 23SrRNA and gyrA mutational analyses, 
as follows:
•	 Wild-type 23SrRNA: STT; comprising esomeprazole 40 mg 

b.i.d., amoxicillin 1 g b.i.d. and clarithromycin 500 mg b.i.d.
•	 23SrRNA mutated/wild-type gyrA: LTT; comprising 

esomeprazole 40  mg b.i.d., amoxicillin 1  g b.i.d. and 
levofloxacin 500 mg b.i.d.

•	 23SrRNA mutated/gyrA mutated: RTT; comprising 
esomeprazole 40 mg b.i.d., amoxicillin 1 g t.i.d. and rifabutin 
150 mg b.i.d.

Tolerability and compliance

Adverse events were investigated by means of a structured 
clinical interview immediately after the completion of therapy 
and were categorized as nominal variables (i.e.,  present or 
absent). Drug compliance was determined by counting unused 
medication. For this purpose, any tablet that was not consumed 
was brought back to the clinic for pill count. Poor compliance 
was defined as taking less than 90% of the total medication 
prescribed.

Statistical analysis

Intergroup differences were evaluated using Student’s t test 
or analysis of variance for continuous data. For categorical 
data, the chi-square test or Fisher’s exact test were used, as 
appropriate. H. pylori eradication rates were evaluated by 
intention to treat (ITT) and per protocol (PP) analyses, and 
95% confidence intervals (CI) were calculated using the 
Wilson score method with continuity correction [22]. In the 
ITT analysis, data from all included patients were evaluated, 
and patients who did not complete the study were counted 
as treatment failures. PP analysis excluded patients who 
violated the study protocol or who were noncompliant with 
the prescribed treatment. SPSS version 24 for Macintosh (IBM 
SPSS, Chicago, IL, USA) was used for the statistical analyses 
and a two-sided P-value of <0.05 was regarded as statistically 
significant.

Results

Patient data and antibiotic resistance rates

The study flowchart is shown in Fig. 1. A total of 148 subjects 
were initially screened for inclusion in the trial, of whom 97 were 
excluded. Thus, 51 patients were finally recruited (male/female: 
27/24, mean age: 50.7±11.4 years); 32 were treatment-naïve and 
19 (37.2%) had a prior history of H. pylori eradication. When the 
rapid urease test was positive, the concordance with molecular 
detection of H. pylori was 100% (51/51). The overall rates of 
genotypic resistance to clarithromycin and fluoroquinolones 
were 47.1% (24/51) and 15.7% (8/51) respectively. Dual 
clarithromycin/quinolone resistance was detected in 4/51 (7.8%). 
A  trend towards higher clarithromycin resistance rates was 
noted for experienced compared to treatment-naïve patients: 
63.2% (12/19) vs. 37.5% (12/32), P=0.09. Quinolone resistance 
was detected in 21.1% (4/19) of treatment-experienced and 
12.5% (4/32) of treatment-naïve patients (P=0.45). Based on 
the individual genotypic susceptibility pattern, 27/51  patients 
received STT, 20/51 received LTT and 4/51 received RTT; there 
was no significant difference in the baseline characteristics of the 
three treatment groups (Table 1).

Adverse events and compliance

All but two patients (one each from the STT and RTT 
groups) returned for confirmation of final eradication. 
A total of 13 (28.3%) patients complained of at least one side 
effect (Table 2). One patient in the STT group, who suffered 
an allergic skin rash, and another in the LTT group, who 
complained of nausea, interrupted the treatment early, at 4 and 
6 days respectively, with H. pylori eradication being successful 
only in the second case. The overall compliance rate was 95.6% 
(44/46) and there was no significant difference between the 
three treatment subgroups (P=0.92).

Eradication rates

The overall eradication rates were 90.2% (95%CI 77.8-
96.3%) by ITT analysis and 97.8% (95%CI 87-99.8%) by PP 
analysis (Table  3). There were no statistically significant 
differences in the eradication rates between treatment-naïve 
and  -experienced patients (ITT analysis: 87.5% vs. 94.7%, 
P=0.64; PP analysis: 96.4% vs. 100%, P=1.00). For STT, LTT 
and RTT, the overall cure rates were 24/27, 20/20 and 2/4 
respectively by ITT analysis, and 24/24, 19/19 and 2/3 by PP 
analysis (Table 4).

Discussion

The present pilot study reveals several novel findings. 
First, it demonstrates that genotypic resistance-guided 
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modified triple H. pylori eradication therapy is highly 
effective (ITT>90%, PP>95%). This was achieved in the face 
of high rates of antibiotic resistance: clarithromycin 47.1%, 
quinolones 15.7%, and dual clarithromycin/quinolone 
resistance 7.8%. As would be expected for a tailored strategy, 
the cure rates were shown to be irrespective of treatment 
history, with >95% (PP) efficacy achieved in both treatment-
naïve and  -experienced groups. Clarithromycin-resistant 
H. pylori strains were indeed more prevalent among patients 
with previous treatment failure (likely reflecting secondary 
resistance), but were successfully eradicated in 11/12  cases 
(ITT). Likewise, although not at a statistically significant 

level, the rate of quinolone resistance was higher in the 
treatment-experienced group (21.1% vs. 12.5%), calling into 
question the efficacy of an empirical second-line levofloxacin-
containing regimen.

The overall (PP) efficacy of tailored triple therapy in 
eradicating single clarithromycin-  and quinolone-resistant 
H. pylori strains was 100% (23/23). Even more strikingly, 
we obtained high efficacy using a relatively short (7-day) 
therapeutic course. This compares favorably to current empiric 
regimens, generally prescribed for 10-14  days, outlining a 
sparing effect of the molecular strategy with respect to treatment 
duration [23,24]. Notably, we used high-dose (1000  mg/day; 

Assessed for eligibility, n=148

H. pylori(-) patients excluded, n=86
Meeting exclusion criteria, n=11

H. pylori(+) patients enrolled, n=51

23SrRNA and gyrA genotyping

23SrRNA-wt
gyrA-wt
(n=23)

23SrRNA-wt
gyrA-mut

(n=4)

23SrRNA-mut
gyrA-wt
(n=20)

23SrRNA-mut
gyrA-mut

(n=4)

CAM-based triple therapy,
ITT analysis, n=27

LEV-based triple therapy,
ITT analysis, n=20

RIF-based triple therapy,
ITT analysis, n=4

Lost to follow up, n=2
Discontinued treatment, n=1

Lost to follow up, n=0
Discontinued treatment, n=1

Lost to follow up, n=1

PP analysis, n=24 PP analysis, n=19 PP analysis, n=3

Figure 1 Flow chart of the study 
Wt, wild type; mut, mutated; CAM, clarithromycin; LEV, levofloxacin; RIF, rifabutin; ITT, intention to treat; PP, per protocol

Table 1 Baseline characteristics

Characteristics Total (n=51) STT (n=27) LTT (n=20) RTT (n=4) P-value

Gender (male/female) 27/24 17/10 8/12 2/2 0.29

Age, mean±SD (years) 50.7±11.4 49.2±12.4 52.9±8.6 49.8±17.1 0.53

Treatment status (naïve/experienced) 32/19 20/7 10/10 2/2 0.21

Cigarette smoking (yes/no) 21/30 10/17 9/11 2/2 0.80

Endoscopic findings (PUD/NUD) 5/46 3/24 2/18 0/0 0.78
STT, standard triple therapy; LTT, levofloxacin-based triple therapy; RTT, rifabutin-based triple therapy; SD, standard deviation; PUD, peptic ulcer disease; NUD, 
non-ulcer dyspepsia
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500 mg b.i.d.) levofloxacin in the tailored protocol, in contrast 
to the low dose (500 mg/day) recommended in empirical LTT 
regimens [4]. Moreover, we chose high-dose (40  mg b.i.d) 
esomeprazole, a PPI metabolized by a non-enzymatic pathway, 
aiming to optimize acid suppression [23]. In this context, an 
interesting approach has been to tailor H. pylori eradication 
according to the individual cytochrome P450 (CYP) 2C19 
(CYP2C19) status [25], though this was not undertaken in the 
current study. 

To date, the clinical value of genotypic resistance has 
seldom been appraised. Interestingly, preliminary data 
suggest a relative discordance between phenotypic (culture) 
and genotypic (PCR-based) determination of clarithromycin 
resistance  [26,27]. In an Italian study, this discrepancy 
was mainly due to the detection of heteroresistant status 
by PCR, while genotypic resistance that failed to appear 
phenotypically was associated with H.  pylori eradication in 
>80% of patients [26]. Moreover, specific point mutations (in 
particular A2143G) significantly lowered the eradication rate, 
further highlighting the potential of genotypic assessment. 

Accordingly, a relative association with therapeutic outcomes 
has been demonstrated for levofloxacin resistance [28].

From a practical standpoint, the GenoType HelicoDR 
test was easily implemented, yielding several potential 
advantages. This commercially available molecular kit allows 
for rapid results (within 24  h) and simultaneous detection 
of both clarithromycin and fluoroquinolone resistances, at 
a relatively affordable price (approximately €53/single test). 
Although the test can be performed with only one patient 
sample, a cost-containing option is to run patient samples 
in batches. The optimum batch size is 10  patient samples, 
considering that in each run a positive and a negative 
control must be included, and the TwinCubator has a limit 
of 12 positions. The setup for carrying out the test requires 
a thermocycler, usually available in every molecular biology 
laboratory, and a specific incubator (TwinCubator, Hain, 
Lifescience, Nehren, Germany) for hybridization. As far as 
expertise is concerned, personnel who are skilled in molecular 
biology techniques should be capable of performing the test. 
Lastly, the molecular assay may successfully analyze biopsies 
without tissue transport/storage limitations, as no living cells 
are required [21].

Ours is the first attempt to characterize the efficacy of a 
triple genotypic resistance-guided therapy. A  few previous 
studies, conducted in Asia, assessed the potential of 
tailoring quadruple therapies based on genotypic resistance. 
Using PCR-based evaluation of clarithromycin/quinolone 
susceptibility, Liou et  al guided the selection of antibiotics 
(either clarithromycin, levofloxacin, or tetracycline) in a 
14-day sequential regimen  [29]. The overall eradication 
rate was 80.7% (ITT). However, only patients with multiple 
(at least two) treatment failures were included, exhibiting 
clarithromycin (>85%) and quinolone (>45%) resistance. 

Table 2 Frequency of adverse events

Adverse events STT LTT RTT Total

Taste disturbances 3 1 0 4

Nausea 2 2 0 4

Headache 1 1 1 3

Diarrhea 2 2 0 4

Abdominal pain 2 0 0 2

Skin rash 1 0 0 1
STT, standard triple therapy; LTT, levofloxacin triple therapy; RTT, rifabutin 
triple therapy

Table 3 Eradication efficacy of the tailored triple therapy protocol

Analysis Efficacy n/N (%, 95%CI)

Overall Treatment-naïve Treatment-experienced P-value

ITT 46/51
(90.2, 77.8-96.3)

28/32
(87.5, 70.1-95.9)

18/19
(94.7, 71.9-99.7)

0.64

PP 45/46
(97.8, 87.0-99.8)

27/28
(96.4, 79.8-99.8)

18/18
(100, 78.1-100)

1.00

ITT, intention to treat; PP, per protocol; CI, confidence interval

Table 4 Eradication efficacies of three tailored therapy subgroups

Therapy Efficacy, n/N

Overall Treatment-naïve Treatment-experienced

ITT analysis PP analysis ITT analysis PP analysis ITT analysis PP analysis

STT 24/27 24/24 17/20 17/17 7/7 7/7

LTT 20/20 19/19 10/10 9/9 10/10 10/10

RTT 2/4 2/3 1/2 1/2 1/2 1/1
ITT, intention to treat; PP, per protocol; STT, standard triple therapy; LTT, levofloxacin-based triple therapy; RTT, rifabutin-based triple therapy
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Furthermore, a subset of patients was treated empirically 
(according to their medication history), precluding clear-
cut conclusions regarding the efficacy of the molecular-
based strategy. More recently, Chinese investigators 
evaluated a genotypic resistance-guided quadruple therapy 
for first-line H. pylori eradication [30]. Based on genotypic 
determination of clarithromycin resistance (rate 37.7%), the 
ITT/PP eradication rates with tailored clarithromycin-  and 
furazolidone-containing quadruple therapies were 98%/100% 
and 92%/94% respectively.

Our tailored treatment protocol has several strengths. 
These include a predefined strategy for selecting antibiotics, 
administration of a convenient triple 7-day schedule, 
and use of an easily applicable molecular testing method. 
Nevertheless, a series of critical limitations should be 
acknowledged. Firstly, this pilot, non-controlled study was 
designed to generate preliminary data. Therefore, larger 
studies with a randomized design are needed to validate our 
molecular-based strategy, assessing its comparative efficacy 
(and cost-effectiveness) over current empiric treatments. 
Secondly, we only determined the choice of antibiotics 
according to clarithromycin and quinolone resistance, 
although RTT was prescribed empirically in patients 
harboring dual clarithromycin/quinolone resistant H. pylori 
strains. The only eradication failure recorded in PP analysis 
indeed corresponded to a patient receiving RTT, advancing 
the hypothesis that multidrug resistance may represent the 
“Achilles’ heel” of our tailored strategy. Few available data, 
however, suggest that the prevalence of H. pylori resistance 
to rifabutin remains low [31,32]. Nevertheless, studies 
evaluating a 7-day RTT have produced conflicting eradication 
rates (PP), ranging between 46.5% and 80.6% [33-35]. Based 
on the results of a well-designed randomized trial [35], we 
used a high PPI (esomeprazole 40 mg b.i.d.) and amoxicillin 
(1 g t.i.d.) dose, aiming to optimize the efficacy of 7-day RTT. 
Therefore, assuming a worst-case scenario of 50% eradication, 
and taking into account a less than 10% prevalence of dual 
clarithromycin/quinolone resistance in our region, the PP 
efficacy of tailored triple therapy should not be expected to fall 
below 95%. Likewise, a longer (for instance 12-day) treatment 
duration could have led to better eradication outcomes in the 
RTT group [36,37]. Thirdly, neither amoxicillin resistance 
nor CYP2C19 polymorphisms were determined. However, we 
would expect the impact of these factors, if any, to be minimal, 
as resistance of H. pylori to amoxicillin is uncommon [38] 
and the metabolism of esomeprazole has been reported to be 
independent of CYP2C19 status [39]. Lastly, we used gastric 
specimens for genotyping, which is an invasive and expensive 
technique, as it requires endoscopy. These limitations could 
have been avoided by using noninvasive determination 
methods (e.g. based on fecal specimens) [40].

In summary, this pilot study reveals that a simple molecular 
susceptibility testing method guiding 7-day triple therapy can 
achieve a high H. pylori eradication rate, regardless of prior 
treatment history. Our findings deserve further validation 
in randomized controlled trials and countries with different 
patterns of antibiotic resistance.
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Summary Box

What is already known:

•	 The	 prevalence	 of	 Helicobacter pylori (H. pylori) 
resistance to antibiotics is steadily increasing 
worldwide

•	 H. pylori eradication rates with empirical therapies 
are rapidly declining

•	 There	 is	 still	 paucity	 of	 data	 concerning	 the	
applicability of molecular tests to guide the 
treatment of H. pylori infection

What the new findings are:

•	 A	 genotypic-resistance-guided	 modified	 triple	
regimen is highly effective (per protocol efficacy 
>95%) for H. pylori eradication

•	 Tailored	 triple	 therapy,	 based	 on	 a	 simple	 and	
relatively affordable molecular assay, is an 
alternative approach, both convenient and highly 
efficacious, for the treatment of H. pylori infection
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