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Abstract
Background. Primary clarithromycin resistance 

markedly reduces Helicobacter pylori eradication rate 
following standard therapies. Prevalence of primary 
clarithromycin resistance in H. pylori is increasing, and three 
point mutations are mainly involved. Aim. To assess both the 
prevalence of primary clarithromycin resistance in Italy, and 
the distribution of the involved point mutations. methods. 
Primary clarithromycin resistance was assessed by TaqMan 
real-time polymerase chain reaction on antral biopsies of 253 
consecutive, H. pylori infected patients enrolled in 13 Italian 
centres between January and September 2010. Results. 
Primary clarithromycin resistance was detected in 25 (9.9%) 
patients, with prevalence values widely ranging from 0 to 
25%. Clarithromycin resistance rate was higher in female 
as compared to male patients (13.4% vs. 5.3%, p=0.03), and 
it tended to be higher in non-ulcer dyspepsia than in peptic 
ulcer patients (10.6% vs. 6.9%, p=0.5), female patients with 
non-ulcer dyspepsia showing the highest value (15.4%). The 
A2143G point mutation was detected in 13 (52.0%) patients, 
the A2142G in 9 (34.6%), whilst a double point mutation 
(A2143G plus A2142G) in 3 (11.6%) cases. Conclusions. 
Primary clarithromycin resistance is highly variable in 
different Italian geographic areas. High resistance rates 
were observed in female and in dyspeptic patients. Among 
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the three point mutations of clarithromycin resistance, the 
A2143G remains the most frequently observed.
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Introduction
Prevalence of primary clarithromycin resistance is 

increasing in several developed countries according to 
recent studies [1, 2]. Therefore, to monitor primary antibiotic 
resistance would appear clinically relevant for H. pylori 
management in clinical practice, such a resistance being 
identified as the main factor for reducing the eradication rate 
[3]. Indeed, the use of a ‘tailored-treatment’ according to the 
clarithromycin resistance rate prevalence in each geographic 
area is proposed by current European guidelines [4]. 

Usually, H. pylori clarithromycin resistance assessment 
has been performed on bacterial cultures by specific 
antibiogram - including agar diffusion or dilution or E-tests. 
Recently, different culture-free polymerase chain reaction 
(PCR)-based clarithromycin resistance assays have been 
introduced allowing the detection of resistant strains with a 
very high accuracy (98%). By using such tools, it has been 
clarified that three main rRNA-point mutations (A2143G, 
A2142G, A2142C of domain V) are responsible for more 
than 90% of clarithromycin resistance cases, and different 
prevalence rates of such mutations have been reported 
worldwide [5-9]. Of note, these point mutations have been 
associated with both different levels of resistance and 
variable eradication rates [10-13]. In detail, presence of the 
A2143G point mutation has been shown to significantly 
affect H. pylori eradication rate [14, 15]. Consequently, 
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to investigate the distribution of each mutate genotype 
for clarithromycin resistance is important for H. pylori 
management in clinical practice. 

We therefore designed the present, multicentric study 
in order to update the overall prevalence of primary 
clarithromycin resistance in Italy, and to assess the 
distribution of the involved point mutations.

Patients and methods 
Patients
Consecutive, >18 year old, dyspeptic patients referred 

for upper endoscopy in the participating centres between 
January and September 2010 were considered for enrolment. 
During endoscopy, biopsy specimens from antrum and 
gastric body were performed for rapid urease test and 
histological assessment. Two further antral biopsy specimens 
were collected for clarithromycin resistance assessment. H. 
pylori infection was considered present when bacteria were 
detected both at histology, jointly with an active chronic 
gastritis, and when rapid urease was positive. The study 
enrolled only Italian patients never previously treated for 
H. pylori infection. Patients who had taken proton-pump 
inhibitors or antibiotics during the previous 8 weeks before 
endoscopy were also excluded. Non-ulcer dyspepsia was 
defined as pain or discomfort centred in the upper abdomen 
without macroscopic lesions at endoscopy, whereas peptic 
ulcer was defined as a mucosal lesion >5 mm in diameter 
in either the gastric or duodenal mucosa. To participate in 
the present study, each centre was required to enrol 10-20 
consecutive H. pylori positive patients. Informed consent to 
take two antral biopsy specimens for antibiotic susceptibility 
testing was obtained from each patient before endoscopy. 
The study protocol was approved by the Ethical Committee 
of the “Riuniti Hospitals” of Foggia. 

Quantitative PCR
All biopsy specimens were referred to a single centre 

(Foggia). Paraffin embedded gastric biopsies were obtained 
and used to assess primary clarithromycin resistance by 
using TaqMan real-time PCR. The assessment was blinded, 
performed by a single operator. DNA was extracted from 
the same antral samples as used for histology by using 
a NucleoSpin Tissue kit (Macherey-Nagel GmbH&Co, 
Germany) applied on paraffin-embedded sections (at least five 
sections of 10µm), which are largely accepted to constitute a 
reliable substrate for DNA analysis similar to fresh material. 
The A2142C, A2142G and A2143G point mutations were 
investigated as previously described [16]. Briefly, real-time 
PCR was performed in 96-well plates using the ABI Prism 
7900HT Sequence Detection System (Applied Biosystems, 
Monza, Italy). The final reaction volume (25 µL) was analysed 
in triplicate (three samples for each patient) and all experiments 
were repeated twice. In detail, we used the same primers and 
probes for allelic discrimination of mutant genes which were 
provided in a previous study [16]. In our experience, the 
variability between duplicates and triplicates within the same 
run or different runs was usually between 0 and 2% [17].

Statistical analysis
Differences between groups were statistically evaluated 

by using the Student’s t-test for unpaired data, Chi-squared 

test and Fisher’s exact probability test as appropriate. The 
odds ratio with 95% confidence intervals was also calculated. 
Logistic multivariate analysis was performed in order to 
identify possible risk factors (age, gender, gastroduodenal 
disease) for antibiotic resistance. Differences were considered 
significant at 5% probability level. Statistical analysis was 
performed using a specific software (STATSOFT 7.1 
program for Windows XP).

Results
Bacterial clarithromycin resistance was assessed on 

253 consecutive, H. pylori-positive patients, collected in 
13 different Italian centres (4 from Northern Italy; 3 from 
Central Italy; 6 from Southern Italy). Demographic and 
clinical characteristics of patients are provided in Table I. 
Overall, primary clarithromycin resistance was detected in 25 
(9.9%; 95% CI = 6.2-13.5) patients, with prevalence values 
widely ranging from 0 to 25%. Clarithromycin resistant 
strains were detected in 5 (7.9%) out of 63 patients from 
Northern Italy, in 7 (10.1%) out of 69 patients from Central 
Italy, and in 13 (10.7%) out of 121 patients from Southern 
Italy, without a statistically significant difference among the 
3 geographic areas. 

At univariate analysis, a distinctly higher prevalence of 
clarithromycin resistance was observed in female (13.4%) 
as compared to male (5.3%) patients, the difference being 
statistically significant (OR: 2.7; 95% CI: 1.2 -7.1; p=0.03). 
Similarly, clarithromycin resistance observed in non-ulcer 
dyspepsia (10.6%) patients was twice as much compared to 
those in peptic ulcer (6.9%) patients, although the difference 
failed to reach a statistical significance.

Of note, among non-ulcer dyspepsia patients, prevalence 
of clarithromycin resistance was higher in females (19 out of 
123; 15.4%) as compared to males (3 out of 86; 3.4%), the 
difference being statistically significant (OR 5.0; 95% CI: 
1.4 - 17.6; p <0.01). Conversely, in the peptic ulcer group, 
clarithromycin resistance tended to be higher in male (3 out 
of 26; 11.5%) than in female (0 out of 18; 0%) patients (OR: 
5.5, 95% CI: 0.2 - 11.3; p=0.25). 

Overall, the mean age of patients infected with a 
clarithromycin resistant strain did not significantly differ 
from that of patients harbouring a susceptible H. pylori 
strain (48.6 ± 13.2 years vs 51.8 ±15.9; p=0.3). Similarly, 
clarithromycin resistance rate did not differ between young 
(<45 years) and old (≥45 years) patients, being present in 
8 (9.0%) out of 88 and in 17 (10.3%) out of 165 patients, 
respectively. As shown in Table II, the multivariate analysis 
failed to identify an independent risk factor for primary 
clarithromycin resistance. 

As far as genotypic pattern of resistance is concerned, the 
A2143G point mutation was detected in 13 (52.0%) patients, 
the A2142G in 9 (34.6%), whilst a double point mutation 
(A2143G plus A2142G) was present in the remaining 3 
(11.6%) cases. Therefore, the A2143G (single or combined) 
was the most prevalent point mutation accounting for a total 
of 16 (64.0%) clarithromycin-resistant bacterial isolates. The 
A2142C mutate genotype is absent in the sample study. 

Discussion
Clarithromycin still remains the key antibiotic for H. 
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pylori treatment, its in vitro activity being the most powerful 
as compared to the other available molecules [3]. Indeed, it 
is included in all standard therapy regimens, such as triple 
therapies, the sequential regimen or the concomitant therapy 
[4, 16, 19]. Unfortunately, primary clarithromycin resistance 
markedly affects H. pylori eradication rates following the 
current therapeutic regimens [3, 4]. Consequently, current 
European guidelines for H. pylori management suggest 
that standard 7-day triple therapy should be prolonged to 
14 days where primary clarithromycin resistance is higher 
than 15-20% or shifted towards a quadruple therapy [4]. 
Therefore, antibiotic susceptibility monitoring is crucial to 
tailor first-line eradication therapy in different geographic 
areas. The present study is the first, multicentric investigation 
on H. pylori clarithromycin resistance performed in Italy, 
involving 13 out of 20 regions. Overall, data found that 
primary clarithromycin resistance is present in near 10% of 

bacterial isolates, and it was >15% in only 3 Italian regions, 
being as high as 25% in Sicily. Consequently, despite evident 
discrepancies from previous data of single or a few centres, 
the comparison with previous Italian data would indicate 
that primary clarithromycin resistance rate has not increased, 
but remains substantially stable in these last years [16, 20-
24]. In detail, it has remained very stable (or reduced) in 
Puglia (23.3%) [16] Lazio (17.5%) [20], Abruzzo (7.0%) 
[21], Emilia Romagna (16.6%) [20] Sardinia (23.1%) [22] 
and Liguria (14.0%) [23] but it would appear increased in 
Veneto (1.8%) [24]. The discrepancy between present data 
and those previously reported in Italy regarding H. pylori 
primary clarithromycin resistance could be explained by the 
test used - i.e. PCR-based and culture-based methods [8]. 
In addition, the absence of the A2142C mutate genotype in 
the present study could be responsible – at least in part – for 
the lack of the increased resistance rate. It should be also 

Table II. Clarithromycin resistance distribution according to clinical characteristics  

Susceptible trains Resistant strains P value 
(univariate analysis)

P value 
(multivariate analysis)

Disease

 PUD (44) 41 (93.1%) 3 (6.9%) 0.5 0.55

 NUD (209) 187 (89.4%) 22 (10.6%)

Sex

 M (112) 106 (94.7%) 6 (5.3%) 0.03 0.35

 F (141) 122 (86.6%) 19 (13.4%)

Age

 < 45 (88) 80 (91.0%) 8 (9.0%) 0.8 0.67

 ≥ 45 (165) 148 (89.7%) 17 (10.3%)

PUD: Peptic Ulcer Disease. NUD: Non-Ulcer-Dyspepsia

Table I. Clinical characteristics of patients and clarithromycin resistance.

No of 
patients

Sex 
(Male/Female)

Age
(Mean ± SD)

Disease
(NUD/PUD)*

Resistance
N (%)

Northern Italy

 Lombardia 22 8/14 58.9±16.4 14/8 3 (13.6%)

 Liguria 15 7/8 56.5±13.5 14/1 1 (6.7%)

 Veneto 16 7/9 48.5±15.1 16/0 1 (6.3%)

 Emilia Romagna 10 4/6 47.5±16.0 8/2 0 (0.0%)

Central Italy

 Toscana 20 8/12 57.9±14.7 19/1 3 (15%)

 Abruzzo 28 10/18 48.9±12.1 24/4 2 (7.1%)

 Lazio 21 11/10 55.2±11.9 14/7 2  (9.5%)

Southern Italy

 Calabria 20 10/10 48.8±15.4 14/6 2 (10.0%)

 Campania 19 10/9 54.4±19.0 19/0 2 (10.5%)

 Basilicata 20 11/9 49.0±15.1 16/4 0 (0.0%)

 Puglia 21 6/15 52.8±15.4 19/2 4  (19.1%)

 Sardinia 21 11/10 46.1±15.2 15/6 0  (0.0%)

 Sicily 20 11/9 44.6±18.7 17/3 5  (25.0%)

Overall 253 114/139 51.5±15.6 209/44 25 (9.9%)

*NUD: non-ulcer dyspepsia; PUD: peptic ulcer
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taken into account that the number of patients enrolled in 
each participating center is not high, so that comparison with 
previous data should be interpreted with caution.

Based on the overall resistance rate we observed, it could 
be suggested that an empirical choice of a clarithromycin-
containing regimen - rather than a bacterial resistance-based 
therapy - could still remain the first-line therapeutic approach 
in clinical practice in Italy [21]. 

Worth noting was the fact that our data found that the 
prevalence rate of clarithromycin resistance was twice in 
non-ulcer dyspepsia as compared to peptic ulcer patients. 
Such a finding is consistent with previous observations [15, 
25]. Such a phenomenon could play a role in the efficacy 
of standard eradication therapy observed according to 
gastroduodenal pathology, the cure rate being generally 
lower in non-ulcer dyspepsia patients [26-28]. Similarly, 
we found that clarithromycin resistance was higher in 
females as compared to males. A previous study showed 
that clarithromycin resistance increased 3-fold in females 
during a 15-year period whilst it remained stable in male 
patients [25]. Furthermore, it has been found that a H. pylori 
recurrence rate was distinctly higher in women with non-
ulcer dyspepsia [29]. Such a phenomenon could depend on 
the higher prevalence of primary clarithromycin resistance 
in females with non ulcer dyspepsia, as we observed in the 
present study. Indeed, eradication therapy in those patients 
harbouring a clarithromycin resistant strain could lead to a 
bacterial clearance rather than a true eradication.  

As far as the distribution of clarithromycin resistance 
point mutations is concerned, our study found the A2143G 
remained the most prevalent point mutation involved in H. 
pylori clarithromycin resistance, being present in more than 
65% of resistant strains. Such a finding is in accordance with 
previous Italian studies and with observations performed in 
other Western countries [1, 15, 25, 30]. Of note, the A2143G 
point mutation has been found to be linked to high MIC 
values in vitro [10, 12] and its presence - different from the 
other two point mutations - markedly affects the eradication 
rate following standard triple therapy in vivo [13]. 

In conclusion, our study found a variable clarithromycin 
resistance prevalence in different Italian regions, while the 
overall resistance rate was lower than 10%. Of note, such 
a resistance was higher in females and non-ulcer dyspepsia 
patients, being particularly high in patients with both these 
characteristics. Among the three most common point 
mutations of clarithromycin resistance, the A2143G remains 
the most frequently detected.  
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