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Objectives: Since high-level tetracycline resistance in Helicobacter pylori has been associated with a AGA926–
928!TTC substitution in the 16S rRNA genes rrnA/B, the aim of the study was to screen for tetracycline resist-
ance in H. pylori clinical isolates obtained from Santiago, Chile by using a recently reported molecular assay.

Methods: A PCR-restriction fragment length polymorphism (PCR-RFLP) assay of the conserved 535 bp region of
the H. pylori 16S rRNA genes rrnA/B (between nucleotides 710 and 1245) using HinfI was followed by DNA
sequencing of the same fragment obtained from tetracycline-resistant H. pylori clinical isolates.

Results: The PCR-RFLP assay revealed that the tetracycline-resistant H. pylori isolates lacked the AGA926–
928!TTC substitution. In contrast, DNA sequencing of the 535 bp PCR fragment from 11 tetracycline-resistant
H. pylori Chilean clinical isolates showed an association of low-level tetracycline resistance with 1 bp (A928C) or
2 bp (AG926–927!GT and/or A926G/A928C) substitutions in both 16S rRNA genes.

Conclusions: The PCR-RFLP (HinfI) assay alone is unreliable for the detection of tetracycline resistance in Chilean
clinical isolates of H. pylori. To that end, it must be complemented by sequencing of the 535 bp PCR fragment.
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Introduction
Helicobacter pylori is a neutralophilic Gram-negative spiral-
shaped bacterium that is able to persistently colonize the
human stomach. H. pylori infection is chronic in nature, causes
a serious transmissible infectious disease that damages gastric
structure and function, and is recognized as the causative
agent in gastric atrophy, peptic ulcer disease, gastric adenocarci-
noma and mucosa-associated lymphoid tissue lymphoma.1

Gastric cancer is the second leading cause of cancer-related
death worldwide. It has been estimated that H. pylori infection
increases the risk of gastric cancer, and the WHO’s International
Agency for Research on Cancer (IARC) has classified the bacter-
ium as a ‘class I carcinogen’. Successful treatment of H. pylori
infection not only results in the eradication of the pathogen
but it often cures and prevents associated diseases.2 Most of
the current anti-H. pylori therapies are highly effective, but the
eradication rate of the microorganism is negatively affected by
the increasing incidence of antibiotic resistance.3 Drug resistance
represents a major issue in the management of H. pylori infec-
tion. Since triple and quadruple resistant strains have been
nearly exclusively isolated from treated patients, unsuccessful
antimicrobial eradication seems to represent a major risk
factor for the development of multiple resistance.3,4 In vitro,

H. pylori is susceptible to a wide range of antibiotics but a com-
bination of these drugs is required for an effective treatment of
the infection.4 Tetracycline-based combination regimens are
often used following the failure of first-line treatments with
amoxicillin, clarithromycin and metronidazole.5,6

Tetracycline inhibits bacterial growth by blocking protein syn-
thesis. More specifically, this antibiotic binds to the 30S ribosomal
subunit by interacting with the 16S rRNA.7,8 Most H. pylori isolates
are still susceptible to tetracycline (MIC,1 mg/L).3,4 However,
the incidence of tetracycline resistance has increased in geo-
graphic regions where the antibiotic can be obtained without
prescription.9 Recent epidemiological evidence from Santiago,
Chile has shown that after 60 years of widespread antibiotic con-
sumption tetracycline resistance among clinical isolates of
H. pylori is almost 30%.10 Tetracycline resistance in H. pylori
has been mostly associated with mutations in the 16S rRNA
gene.11 In two previously described tetracycline-resistant
H. pylori isolates, high-level tetracycline resistance was found
to be associated with the triple base pair substitution
AGA926–928!TTC in the 16S rRNA genes rrnA/B.11,12 Those
studies were based on the identification of a second cleavage
site by a PCR-restriction fragment length polymorphism
(PCR-RFLP) assay with the restriction enzyme HinfI. Using that
assay followed by DNA sequencing, in the present study we
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conducted a screen of nucleotide substitutions in the same
region of the 16S rRNA gene among 41 Chilean clinical isolates
tested for tetracycline susceptibility. Here we report that in
Chilean tetracycline-resistant H. pylori clinical isolates, low-level
tetracycline resistance is due to single or double base pair substi-
tutions at positions between 926 and 928 in the 16S rRNA genes
rrnA/B.

Materials and methods

Patients
Sixty urease-positive patients with no history of previous triple therapy
and subjected to endoscopy at the Gastroenterology Unit-Clinical Hospi-
tal of the University of Chile were enrolled in the study between June
2005 and October 2006. A written informed consent, which was
approved by the Ethics Committee of the Clinical Hospital of the Univer-
sity of Chile, was obtained from all the patients. Three biopsies, two from
the antrum and one from the corpus, were obtained from each patient.
One of the antrum specimens was used for the rapid urease test and the
other two were used for bacterial culture and antibiotic susceptibility
testing. H. pylori isolates were recovered from 41 patients in the study
population.

Growth conditions of bacterial isolates and antibiotic
susceptibility testing
Bacteria were routinely grown on trypticase soy agar plates sup-
plemented with 5% horse serum (HyClone, Logan, UT, USA), culture sup-
plement Vitox (Oxoid, Basingstoke, UK) and antibiotic supplement Dent
(Oxoid) for 24 h at 378C in an atmosphere of 5.5% CO2 and 85% humid-
ity.13 The MIC of tetracycline was determined by an agar antibiotic
dilution method (0, 0.125, 0.25, 0.5, 0.75, 1.0, 1.25, 1.50, 1.75, 2.0, 4.0,
8.0 and 16.0 mg/L). Isolates were considered to be resistant when the
MIC of tetracycline was �1 mg/L.3,4 Routinely, in all these determinations
tetracycline-susceptible H. pylori strain 26695 served as a control.

DNA extraction and PCR amplification
DNA extraction from cultured isolates was performed using the Wizard
Genomic DNA Purification kit (Promega, Madison, WI, USA). The con-
served 535 bp region of the H. pylori 16S rRNA gene between nucleotide
positions 710 and 1245 (numbering according to the rrnA gene of
H. pylori strain 26695)14 (http://cmr.jcvi.org/tirg-scripts/CMR/Genome
Page.cgi?database=ghp) was amplified using forward primer 50-CTGAC
GCTGATTGCGCGAA-30 and reverse primer 50-TGGCTCCACTTCGCAGTATT-30.
PCR conditions were: one cycle at 988C for 3 min, followed by 30 cycles
at 988C for 1 min, 548C for 1 min and 748C for 1 min, followed by a
final elongation step at 748C for 15 min, using ThermoAceTM DNA Poly-
merase (Invitrogen, Carlsbad, CA, USA). The procedure was performed
in a PTC-100 MJ Research thermal cycler. Amplified fragments were
visualized on ethidium bromide-stained 2% agarose electrophoresis
gels.

RFLP and sequence analysis
To detect the AGA926–928!TTC substitution, PCR products were
digested with HinfI (New England BioLabs, Beverly, MA, USA).12 The
restriction products were analysed by electrophoresis on 2% agarose
gels, and visualized by ethidium bromide staining. PCR products were
purified using a QIAquick PCR purification kit (QIAGEN, Valencia, CA,
USA) and subjected to sequencing reactions using the ABI PRISM Big
DyeTM Terminator v3.0 Cycle Sequencing Ready Reaction Kit (Applied

Biosystems, Foster City, CA, USA) and an ABI-3100 machine (Applied
Biosystems). All analyses were performed in duplicate.

Results and discussion
Tetracycline is an antibiotic that is frequently used in several
second-line regimens for H. pylori infection.5,6 Besides its wide
availability, another major advantage of tetracycline is that,
until recently, resistance of H. pylori to this antimicrobial drug
was rare. High-level tetracycline resistance in H. pylori is a
serious concern as it negatively affects the efficacy of
tetracycline-containing regimens.6,15 Previous reports have
shown that in two unrelated high-level tetracycline-resistant
H. pylori strains, tetracycline resistance is conferred by an identi-
cal triple base pair substitution (AGA926–928!TTC) in both
copies of the 16S rRNA gene.11 Subsequently, several low-level
tetracycline-resistant isolates were described and in some of
them resistance was mediated by single or double base pair
mutations in exactly the same region.16 In the present study
we found that as many as 11 out of 41 Chilean clinical isolates
displayed MIC values of tetracycline in the range of 2 mg/L
(low-level tetracycline resistant) while the MIC range for the
other 30 isolates was from 0.125 to 0.5 mg/L (tetracycline sus-
ceptible). Thus, the observed frequency of low-level tetracycline
resistance in our study is much higher than those observed
recently in several studies worldwide.16,17 Conventional
methods to assess antibiotic resistance in H. pylori are based
on culture in combination with either agar antibiotic dilution or
the Etest.10,18 Both methods are time consuming and do not
always yield results that are uniformly interpreted. Nucleic acid-
based methods nowadays represent an advantageous alterna-
tive because of reduced time to diagnosis and accurate, reprodu-
cible and reliable results. Since tetracycline resistance in H. pylori
has been largely associated with the occurrence of specific
mutations in a small region of the 16S rRNA, molecular
methods have been proposed for identifying the resistance phe-
notype. In a recently reported molecular approach for clinical
purposes, a 535 bp fragment, corresponding to positions 710–
1245 of both H. pylori 16S rRNA genes, was amplified by a
single PCR followed by digestion with HinfI.12 The H. pylori
26695 reference strain and tetracycline-susceptible H. pylori clini-
cal isolates present a single HinfI (50-G#ATTC-30) cleavage site
within the conserved 535 bp region, thus generating 254 and
281 bp HinfI digestion products. In contrast, mutant strains car-
rying the AGA926–928!TTC substitution in both copies of the
16S rRNA genes, which mediates high-level tetracycline resist-
ance, display an additional HinfI restriction site in the conserved
535 bp region, thus generating 40, 214 and 281 bp digestion pro-
ducts after incubation with the endonuclease. With this assay,
mutants bearing single or double DNA substitutions at positions
926–928 displayed a single cleavage and all of them were
reported to be associated with low-level tetracycline
resistance.19

As expected, in our study the tetracycline-susceptible H. pylori
isolates and the reference H. pylori strain 26695 displayed a
single cleavage site in the PCR-derived fragment from 16S
rDNA, which results in 281 and 254 bp digestion products after
incubation in the presence of the restriction enzyme HinfI. On
the other hand, when each of the 11 Chilean low-level
tetracycline-resistant isolates was subjected to the assay the
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same digestion profile was obtained, that is to say HinfI did not
cut the PCR-derived fragment at positions 926–928 to produce
214 and 40 bp fragments. In order to confirm the absence of a
second cleavage site at positions 926–928 among the Chilean
tetracycline-resistant isolates we performed DNA sequencing
studies. These studies showed that the 535 bp PCR-derived frag-
ment from each of the 11 Chilean low-level tetracycline-resistant
isolates displayed single or double base pair substitutions
(A928C, AG926–927!GT and A926G/A928C) (Table 1). Some
of the point mutations identified in this study (AG926–
927!GT and A926G/A928C) were different from those pre-
viously reported.19 The triple substitution (AGA926–928!TTC)
did not occur. No substitutions were observed in the 535 bp
PCR fragment from any of the tetracycline-susceptible isolates
(data not shown). Our observations are consistent with previous
reports showing that in H. pylori low-level tetracycline resistance
is conferred by various single or double base pair substitutions at
positions 926–928 and that high-level tetracycline resistance is
conferred by the triple base pair substitution AGA926–
928!TTC.11 Low-level tetracycline resistance, especially when
it is highly prevalent, should be taken into consideration when
choosing an optimal second-line regimen for H. pylori
eradication.

So far, most of the characterized H. pylori tetracycline-
resistant isolates from different regions of the world, including
those in this report, contain mutations in the same 16S rRNA
domain that involves the primary tetracycline-binding site.4,16

Even so, tetracycline resistance among H. pylori isolates may
also occur in the absence of mutations in the 16S rRNA
gene.16,20,21 In this regard, a proton-motive force-dependent
efflux mechanism has been suggested to play an important
role in tetracycline resistance of H. pylori clinical isolates.22

Thus, complementary culture and susceptibility testing to
assess H. pylori resistance are still necessary.

Besides confirming and extending an association between
low-level tetracycline resistance in H. pylori with single or
double base pair mutations affecting the primary tetracycline-
binding site of the 16S rRNA, this study has shown that the
PCR-RFLP/HinfI assay is not sufficiently reliable to be the sole
method to detect low-level tetracycline resistance among
Chilean H. pylori clinical isolates. Thus, whenever a ‘tetracycline-
susceptible phenotype’ is obtained by PCR-RFLP/HinfI analysis of
the 535 bp fragment, sequencing is required either to validate

the observation or to identify eventual single or double substi-
tutions at nucleotides 926–928, which may sustain a low-level
tetracycline-resistant phenotype. However, this molecular infor-
mation must be complemented with well controlled tests for
inhibition of growth at critical threshold levels of tetracycline,
which are still the best measure of whether a strain is or is not
tetracycline susceptible.
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