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ware version 19.8 (MedCalc Software Ltd, Ostend, Bel-
gium) was utilized to construct the forest plot.

Results
The flow chart of this study is presented in Figure 1. 

In total, one hundred and thirty patients with upper gas-
trointestinal tract complaints were enrolled. There were 
72 women (56 %) and 58 men (44 %) with an average 
of 53 years of age. Fifteen patients were younger than 
40 years old (12 %), 71 were between 40-59 years old 
(54 %), and 44 were 60 years old or older (34 %). Their 
main symptoms were epigastric pain (27 %) and gastro-
esophageal reflux (25 %). Five patients had more than 
one symptom (Table 1). Neither of them had received 
therapy for H. pylori nor antibiotics and PPI three months 
before the endoscopy.

The rapid urease test was positive in 83 out of 130 bi-
opsy samples (63.8 %). H. pylori DNA was confirmed by 
real-time PCR in 82 of 83. The concordance between the 
two methods was 98.8 %. Real-time PCR detected clar-
ithromycin resistance in 19 out of 82 (23.2 %) biopsies 
samples. Thirteen (68 %) had a single mutation at position 
A2142G or A2143G (H. pylori clarithromycin resistant 
strains). Six had both susceptible and resistant subpopula-
tions in the same biopsy; Four samples contained a wild 
type (H. pylori clarithromycin susceptible strain) and a 
point mutation at A2142G or A2143G, and two samples 
contained a wild type and a point mutation at A2142C (H. 
pylori clarithromycin resistant strain) (Table 2). 

Applying a generalized linear model incorporating 
H. pylori resistance as the independent variable, gender, 
and age ≥60 as independent variables (predictors), and 
symptoms (GERD, dyspepsia, epigastric pain, anemia, 
and others) as covariates, H. pylori resistance was docu-
mented to be independent of both sex (p =0.504) and age 
≥60 (p =0.792).

Discussion
In the current prospective study, the first conducted in 

Thrace, Greece, we demonstrated that the antimicrobial 
resistance rate of H. pylori to clarithromycin is as high as 
23.2 %. In addition, common mutations such as A2142C, 
A2142G, and A2143G were also observed. Other studies 
from Greek researchers report a resistance up to 27.7 %, 
while in the latest published study by Megraud et al24, 
using data from European countries, primary clarithro-
mycin resistance in Greece was estimated to be 30 %. 
Studies derived from different European countries found 
similar resistant rates, ranging from 20.9 % (France) and  
22.6 % (Bulgaria) to 27.4 % (Italy)25-28. These data are 
in accordance with the results of our study. A summary 
of all studies assessing H. pylori resistance rates to clar-
ithromycin published from January 2020 until April 2021 
(Table 3, Figure 2) demonstrate that high clarithromycin 
resistance rates are recognized as a current worldwide 
public health issue, mostly affecting Asian countries17,29-42.

Initial triple therapies for H. pylori included a combi-
nation of amoxicillin, clarithromycin, and PPI. Recently, 
the recommendations of Maastricht V/Florence consen-
sus prohibit empirical triple therapies if clarithromycin 
resistance is above the threshold of 15-20 %43 unless a 
prior negative susceptibility test for clarithromycin resis-
tance is available. However, in the clinical setting, eradi-
cation therapies under these rules remain difficult due to 
cost and technical requirements.

The use of real-time PCR made susceptibility testing 
more convenient and rapid to perform, allowing us to de-
tect H. pylori and associated gene mutations responsible 
for clarithromycin resistance at the same time. Compared 
to standard methods used (culture and histopathologic 
examination), real-time PCR is faster and more accu-
rate as it can also detect gene subpopulations. Our study 
found six patients harboring both wild type and mutant 
genes. This finding might be a reason for treatment eradi-
cation failure.

The most frequently reported genes responsible for 
resistance to clarithromycin are A2142C, A2142G, and 
A2143G in the 23S rRNA gene, although additional point 
mutations have also been described44,45. In our study, clar-
ithromycin resistance was attributed to A2142G or A2143G 
in 17 out of 19 cases. Neither sex nor age was independently 
correlated with these clarithromycin resistance genes. 

Our study is subject to some limitations. First, we did 
not perform a sample size calculation, but instead, we 

Table 2: Prevalence of clarithromycin resistance of Helico-
bacter pylori.

Sensitive/Resistant to Clarithromycin No of Samples
Sensitive 63 (76.8 %)
Resistant 19 (23.2 %)
A2142G or A2143G 13
A2142G or A2143G and WT 4
A2142C and WT 2

Prevalence is presented as number of sensitive/resistance samples 
and percentage in brackets, WT: Wild type.

Figure 1: Flow chart of this prospective cohort study that 
enrolled consecutive patients referred for dyspeptic com-
plaints and underwent upper gastrointestinal endoscopy.


