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Método de detección rápida de resistencia a cla-
ritromicina en aislamientos clínicos de Helicobac-
ter pylori procedentes de pacientes españoles
mediante la digestión de productos de PCR por
enzimas de restricción

RESUMEN

Objetivo. Determinar la presencia de mutaciones en el gen
23S rRNA que dan lugar a resistencia a claritromicina en
aislamientos clínicos de Helicobacter pylori y evaluar un método
nuevo de PCR-RFLP para detectar la mutación más frecuente en
nuestra población.

Métodos. A partir de biopsias gástricas obtenidas de pa-
cientes sintomáticos, H. pylori fue cultivado acorde con los pro-
cedimientos microbiológicos establecidos. La resistencia a clari-
tromicina fue determinada fenotípicamente mediante E-test. La
extracción de DNA fue realizada con la plataforma NucliSens,
que se basa en la extracción de DNA mediante partículas de sí-
lice magnética siguiendo las instrucciones del fabricante. Para
detectar las  mutaciones puntuales en el gen 23S rRNA se ana-
lizó la secuencia de los productos amplificados por PCR.  La PCR-
RFLP fue realizada usando la enzima BsaI para detectar la mu-
tación en la posición 2143 que da lugar a resistencia a
claritromicina.

Resultados. Un total de 42 cepas fueron resistentes a cla-
ritromicina. Los resultados de E-test fueron confirmados por PCR
en 34 (88.1%) de las cepas. Hubo 8 cepas de H. pylori resisten-
tes a claritromicina por E-test donde no se encontró ningún pun-
to de mutación en la secuencia del gen 23S rRNA. La mutación
A2143G fue encontrada en el 85.3%. La enzima BsaI fue capaz
de detectar esta mutación en todas las cepas que la tenían.

Conclusiones. PCR-RFLP es un método fiable para detec-
tar la resistencia a claritromicina en cepas de H. pylori, en espe-
cial en países con alta prevalencia como España. Este estudio su-
giere que esta prueba puede ser útil antes de elegir el tratamiento
erradicador.
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ABSTRACT

Introduction. The aim of this study was to characterize the
mutations types present in the 23S rRNA gene related to H. pylo-
ri clarithromycin-resistance strains in Spain and evaluate a no-
vel PCR-RFLP method for detection of the most frequent point
mutation in our population. 

Methods. Gastric biopsies were obtained by endoscopy from
patients with gastric symptoms. H. pylori was cultured accor-
ding to standard microbiological procedures and clarithromycin
resistance was determined by E-test. DNA extraction was per-
formed by NucliSens platform with the NucliSens magnetic
extraction reagents (bioMérieux) according to the manufactu-
rer instructions. Analyses for point mutations in 23S rRNA ge-
ne strains were performed by sequence analysis of amplified
polymerase chain reaction products. Restriction fragment length
polymorphism was performed using BsaI enzyme to detect res-
triction sites that correspond to the mutation (A2143G).

Results. We found 42 out of 118 (35.6%) strains resistant
to clarithromycin by E-test. E-test results were confirmed for
the presence of point mutation in 34 (88.1%) of these strains.
Mutation A2143G was found in 85.3% of the strains. Analyses
with the restriction enzyme BsaI was able to confirm the pre-
sence of A2143G mutation. There were 8 H. pylori strains resis-
tant to clarithromycin by E-test but without any point mutation
in the 23 rRNA gene. 

Conclusions. We conclude that PCR-RFLP is a reliable me-
thod to detect clarithromycin-resistance H. pylori strains in coun-
tries with a high prevalence of clarithromycin-resistance as Spain
It may be useful before choosing regimens of H. pylori eradica-
tion.
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INTRODUCTION

Helicobacter pylori is a gram-negative bacterium that co-
lonizes the human stomach and infects more than half of the
world’s population1. H. pylori is associated with chronic gastri-
tis and peptic ulcer disease and may eventually result in the
development of atrophic gastritis, mucosa-associated
lymphoid tissue lymphoma, or gastric cancer1, 2. Eradication
therapy is recommended for patients with peptic ulcer disease,
and mucosa-associated lymphoid tissue lymphoma, atrophic
gastritis, first-degree relatives of gastric cancer patients, unex-
plained iron deficiency anaemia, and chronic idiopathic throm-
bocytopenic purpura3. The Maastricht III consensus report re-
commended proton pump inhibitor (PPI) or ranitidine bismuth
citrate based triple regimen with clarithromycin and amoxici-
llin or metronidazole as first-line therapy4, 5. However, this the-
rapy has been investigated because of the increased eradica-
tion failure3.

Clarithromycin is recognised as key antibiotic for H. pylori
treatment, since it has the most powerful bactericidal effect in
vitro compared to other available molecules. The major cause
of macrolide resistance in H. pylori is the lack of binding of the
macrolides to the 23S rRNA components of the bacterial ribo-
some due to modification of the target site by methylation or
point mutations in the peptidyltransferase region of domain V
of the 23S rRNA6,7. H. pylori contains two copies of the 23S
rRNA gene8. Several points  mutations have been reported that
are associated with macrolide resistance, but the most com-
mon is A-G transitions at position 2143 (A2143G)7, 8. Unfortu-
nately, primary clarithromycin resistance is increasing world-
wide, and it is regarded as the main factor reducing the
efficacy of eradication therapy9,10. Clarithromycin resistance
assessment is currently performed by Epsilometer11, but it re-
quires bacterial culture. Different polymerase chain reaction
(PCR)-based approaches have been developed12,13. The aim of
this study was to detect point mutations in the peptyltransfe-
rase region of 23S rRNA gen and to evaluate a molecular me-
thod for the detection of clarithromycin resistant H. pylori iso-
lates from Spanish patients. 

METHODS

Clinical isolates

H. pylori clinical isolates (n=118), obtained from 61 chil-
dren (27 male, 34 female, aged 18 years old and under) and 57
adults (13 male and 44 female, more than 18 years old) were
isolated from gastric biopsies obtained during upper gastro-
duodenal endoscopy from two children’s hospitals (Hospital
Infantil Universitario Niño Jesús and Hospital Universitario Do-
ce de Octubre, Madrid) and an adult hospital (Hospital Univer-
sitario de la Princesa, Madrid) from May 2008 to December
2008. 76.3% of patients were born in Spain and 20.3% have
been previously treated, but patients had not received PPIs or
antibiotics for at least two weeks. Hospitals were H. pylori-re-

ference centres and parents and/or patients signed an infor-
med consent form for the endoscopy.

Biopsies were received at the Department of Microbiology
(Hospital Universitario de la Princesa, Madrid) and processed
within the next 3 hours. Samples for culture were placed in
sterile saline solution for transport. Tissue was streaked onto
both non-selective (Columbia agar, with 5% sheep blood; Bio-
Mérieux, Marcy l’Etoile, France) and selective media (Pylori
agar; BioMérieux, Marcy l’Etoile, France) incubated 10 days at
37°C in a microaerophilic atmosphere (5% O2, 10% CO2, 85%
N2). Isolates were identified as H. pylori-based on colony mor-
phology (small, grey and translucent), positive biochemical re-
actions for urease, catalase and oxidase test, and negative
Gram staining. For the definition of a positive H. pylori infec-
tion status, a patient was considered positive if microbiological
culture was positive. 

Determination of clarithromycin resistance by phenotypic
methods 

Colonies of 48-hour H. pylori cultures were suspended in
sterile saline and adjusted to a density equal to McFarland tur-
bidity standard 3. The suspensions were spread onto the plates
with sterile cotton swabs. The minimal inhibitory concentra-
tions (MICs) of isolates were determined by the Epsilometer
test (E-test; AB Biodisk, Solna, Sweden) on Mueller Hinton she-
ep blood agar (BBL, Becton Dickinson Microbiology Systems,
Cockeysville, MD, USA). Plates with strip containing clarith-
romycin were incubated for 72 hours under microaerophilic
conditions. MIC was considered the lowest concentration of
drug which inhibited visible growth and read as the intercept
of the elliptical zone of inhibition with the graded strip for the
E-test. Based on CLSI14 recommendations strains were resis-
tant if MIC>1mg/L and intermediate if MIC=0.5 mg/L. Strains
were susceptible below these thresholds.

DNA Extraction and PCR Amplification

The total bacterial genomic DNA was extracted by using
NucliSens easyMAG instrument (BioMérieux, Inc., Durham,
NC), according to manufacturer's instructions. Briefly, sample
was pre treated with lysis buffer and proteinase K overnight at
37ºC. The lysed sample was then transferred to the well of a
plastic vessel with 550 µl of silica. This was followed by auto-
matic magnetic separation. Nucleic acid was recovered in 30 µl
elution buffer. 

To detect mutations related to clarithromycin resistance
in the 23S rRNA gene, PCR amplification methods and oligo-
nucleotide primers derived from a known sequence of the 23S
rRNA gene were used (sense, 5’CCACAGCGATGTGGTCTCAG
positions 1891 to 1911; antisense, 5’CTCCATAAGAGC-
CAAAGCCC positions 2200 to 2220). Amplification was carried
out in a thermal cycler (Thermo Hybaid, MBS 0.5 S). PCR
cycling conditions consisted of 35 cycles of 30 sec denatura-
tion at 94°C, 30 sec annealing at 60°C and 30 sec extension at
72°C. 

An extra PCR amplification was performed on eight
strains that had discrepancies between phenotypic and ge-
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notypic methods. In order to identify new or unusual muta-
tions that those previously published, we designed primers de-
rived from a reference sequence of the 23S rRNA gene of H.
pylori used (GenBank accession number U27270, sense,
5’TCCTCTCGTACTAGGGA positions 2057 to 2074; antisense
5’CTGCATGAATGGCGTAACGAG positions 2731 to 2752) and
the PCR products were sequenced.

Sequence Analysis

PCR products were purified using a QIAquick PCR purifi-
cation kit (QUIAGEN, Valencia, CA, USA). Sequencing reactions
were performed by MACROGEN USA Company (Baltimore, MA,
USA), and carried out in the BigDye TM terminator cycling.
Computer sequence alignments were performed with CLUSTAL
program (European Bioinformatics Institute
[http://www.ebi.ac.uk/clustalw/]) and sequence comparisons
were carried out on GENEDOC program.
[www.nrbsc.org/gfx/genedoc/index.htlm].

RFLP Analysis

To detect mutations at the position 2143 a PCR- restric-
tion fragment length polymorphism (RFLP) technique was per-
formed15. To amplify the fragment of the peptidyltransferase
region of the 23S rRNA, the primers described by Kyung et al.
were used Primers K1 (5’ CCA CAG CGA TGT GGT CTC AG co-
rresponding to position 2191 to 2615) and K2 (5’ CTC CAT AAG
AGC CAA AGC CC corresponding to position 2596 to 2615) we-
re used to amplify a fragment of 425 bp. PCR conditions were
1 cycle at 95°C  for 5 min; 35 cycles of 95°C for 30 sec, 54°C
for 30 sec, 72°C for 30 sec and a final step at 72°C for 10 min.

The amplified products were digested with BsaI (New En-
gland Biolabs, Inc., Beverly Mass., U.S.A) which allow discrimi-
nation between the wild type and the A2143G mutant. Two
microliters of the PCR products with 8 microliters of distilled
water was incubated for 24 hours with 2 microliters of enzyme
BsaI at 50°C in order to detect the restriction site when the
mutation was A to G at 2143, as shown in figure 1. The restric-
tion products were analyzed by electrophoresis on 1.5% aga-
rose gel.

RESULTS

Clarithromycin resistance 

Clarithromycin resistance assessment showed that 75 pa-
tients (64.1%) were infected with susceptible strains and 42
(35.9%) with resistant bacteria, by E-test. In order to confirm
the resistance to clarithromycin the correlation between E-test
and sequence analyses of 23 sRNA in H. pylori strains based on
clarithromycin status was studied. Overall, 34 of the 42 clarith-
romycin-resistant strains contained mutant 23S rRNA sequen-
ces. There was discrepancy between both methods in 8 strains:
resistant by E-test, but no point mutation in the sequence. One
strain does not have the E-test result, which was excluded
from further statistical analysis. The predominant mutation
among the 34 mutant strains was A2143G in 26 cases
(76.58%), the A2142G in 2 cases (5.8%) and T2182C in 2 cases

(5.8%), too, whilst double point mutations A2143G plus
T2182C was found in 3 cases and A2142G plus T2182C was
found in the remaining case, as shown in the table 1. 

Among the 29 resistant strains that had the point of mu-
tation A2143G, BsaI restriction enzyme cut the PCR-products
of the all strains to 304 bp and 101 bp bands, confirming that
the 29 strains had an A to G mutation at position 2143. 

In order to assess the specificity, this observation was
confirmed by RFLP-PCR in 10 random clarithromycin-sensitive
strains that do not have any point mutation and 2 strains with
point mutation in position 2142. No BsaI digestion was obser-
ved in these 12 strains. 

Figure 1 BsaI enzyme

Table 1 Frequency of point mutation found
in 34 H. pylori clarithromycin
resistant strains.

MUTATION

A 2142 G

A 2143 G

T 2182 C

A 2143 G + T 2182 C

A 2142 G + T 2182 C

N

2

26

2

3

1

%

5.8

76.5

5.8

8.8

2.9

Lanes 1 and 3: Digestion products of two clarithromycin-resistant
isolates without enzyme

Lanes 2 and 4: Digestion products of two clarithromycin-resistant
strains with BsaI

Figure 2 BsaI eRFLP analysis of 23S rRNA to
detect the A2143G using BsaI
restriction enzyme.
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Relationship of clarithromycin resistance with host fac-
tors

The results for H. pylori isolates with different clarith-
romycin susceptibility patterns according to age of  patient
showed that H. pylori strains recovered from children were
more often resistant to clarithromycin than strains isolated for
adults (39.3% vs 17.5% p=0.003).

We found an association between clarithromycin suscep-
tibility in H. pylori isolates and place of birth of the patients
from whom the bacteria were isolated. H. pylori strains isolated
from patients born in Spain were more often resistant to cla-
rithromycin than strains isolated from patients born outside of
Spain, (33.3% vs 14.3% p=0.05).

Analysis of a possible association between H. pylori cla-
rithromycin resistance and gender of the patient showed that
females and males were infected in almost identical propor-
tions by resistant isolates (30.8% and 25% respectively).

DISCUSSION

Among Spanish subjects enrolled in this study, we found
that the proportion of the clarithromycin resistant strains rela-
ted to A2143G mutation among 23S rRNA gene was 85%,
which was similar to the average reported in other studies in
Spain16.

Due to the high percentage of this mutation in our popu-
lation we use a RFLP based method for detection of the most
common point mutation occurring in the 23 rRNA gene of H.
pylori that confer resistance to clarithromycin. This method
consists in amplification of a fragment of the 23 S rRNA gene
of H. pylori and the detection of the mutation in position A-G
2143 by restriction enzyme digestion. 

Resistance of H. pylori to antimicrobial agents is the main
cause of treatment failure17,18, even a triple regimen, with two
of the following antibiotics (clarithromycin, amoxicillin and
metronidazole) plus a proton-pump inhibitors (PPI) during two
weeks. These drugs are considered to be the most effective
against H. pylori, but drug resistance is a growing problem.
Clarithromycin is a key component of many combination the-
rapies which were used to eradicate H. pylori17. However, resis-
tance to clarithromycin in H. pylori is becoming more and mo-
re common; such increase in resistant is the main reason of
the failure to H. pylori eradication therapy19. 

The prevalence of mutant strains among the clarithromy-
cin-resistant H. pylori varies in different parts of the world. In
our study H. pylori resistance to clarithromycin is high, nearly
30 %. Furthermore, Spanish patients have one of the highest
levels of clarithromycin resistance reported in Europe20. In
Spain, similar to other European countries, including France,
Portugal, Poland, Turkey and Bulgaria, increase of resistance to
clarithormycin has been observed. In Northern European coun-
tries, this increase was not observed21. This difference probably
depends on macrolide consumption. New macrolides were
marketed in Spain at the beginning of the 1990, and clarith-

romycin in 1991. In this study, we confirmed that patients
born in Spain were colonized more often with resistant strains
than patients, born outside of Spain. The majority of these im-
migrant patients are from South America where the level of
resistance to clarithromycin is lower than in the South of Eu-
rope22,23. Also, children were colonized more often with resis-
tant strains. Children are exposed to macrolides constantly,
and it is very frequent nowadays to treat respiratory infections
in young children with this group of antibiotics20,24,25.

Resistance to macrolides is caused by a decrease in bin-
ding of macrolides to the ribosome, which is associated with
methylation of A2058 or A2059 (Escherichia coli gene referen-
ce numbering)6. In 1996, Versalovic et al first reported the as-
sociation of clarithromycin resistance of H. pylori with a single
point mutation within the domain V of 23S rRNA7. 

Clarithromycin resistance in H. pylori is mostly due to point
mutations A2142G/C, A2143G in the peptidyltransferase-enco-
ding region of 23S rRNA gene, mutations at positions cognate
with E. coli 23S rRNA positions 2058 and 2059. The prevalence of
the A2143G mutation has been reported as 44% to 67%, howe-
ver studies in Japan showed that more than 80% of the mutant
strains are in the position A2143G, as in our study26. Other muta-
tions in the 23S rRNA such as A2115G, G2141A, C2147G,
T2190C, C2195T, A2223G and C2694A have been described and
associated with clarithromycin resistance27, 28. In our study, the
strong association between resistance to macrolides and specific
mutations in the 23S rRNA was confirmed in 81% of our cases.
However, there were discrepancies between sequence analysis of
23S rRNA and clarithromycin resistance tested by E-test in 8
strains. All 8 strains were resistant by E-test but did not present
any of the point mutations described, in the 23S rRNA gene se-
quence. PCR amplification was performed in order to analyze the
conserved 695 bp region of H. pylori 23S rRNA to look for new
point of mutations which have been described. We did not find
any point mutation in the strains with phenotype of resistant to
clarithromycin. Based on those results we suggested that other
mechanisms which are not related to 23S rRNA could be involved
in the resistance to clarithromycin in those strain, such as efflux
pump has been described by other authors29.

The detection of point mutations in the 23S rRNA gene
associated with resistance to clarithromycin has significantly
improved macrolide susceptibility testing H. pylori isolates.
Knowledge about the molecular mechanism of resistance is
important as it can be used to facilitate the development of
other molecular methods to detect resistance7,12,13,15. It has be-
en shown that PCR-RFLP can be used to detect mutations in
clarithromycin-resistant isolates. Using this technique we have
demonstrated that only strains with the A2143G mutations
produced restriction fragments when digested or BsaI. This
alleviated the need to use the more expensive and time-consu-
ming processes.

In conclusion, A2143G was the main point mutation in
the 23S RNAr gene. PCR-RFLP assay permits accurate, fast, and
cost-effective detection of susceptibility of the strain to cla-
rithromycin. 
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