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Abstract 

Twenty-five pluritreated patients were exam-
ined. Fifty-six percent yielded Helicobacter
pylori (H. Pilory); of these, 9 patients showed a
concomitant colonization of the three gastric
regions. 
The highest resistance rate was found for

metronidazole (71.8%) followed by chlar-
itromycin (53.1%). Amoxycillin showed the
best susceptibility (only 6% of resistance),
tetracycline showed 12% of resistant strains
and levofloxacin appeared to be a promising
antibacterial agent (18% of resistance). The
E-test method was shown to be more suitable
than disk diffusion technique for resistance
testing. Combined resistance to both chlar-
itromycin and metronidazole appeared in
50% of the strains. The isolates showing this
dual resistance are known to be difficult to
eradicate. 
Resistotypes were shown to be genotypically

different even if the strains with the resist-
ance to both chlaritromycin and metronidazole
are more likely to belong to genotype cagA+
and vacA s1m1. Heteroresistance (different
susceptibility of the isolated strains in a single
stomach) resulted in 36% of patients with pan-
gastritis. Indeed, the concomitant presence of
H. pylori strains in the same subject, either
susceptible or resistant or vice versa, may
interfere with the eradication outcomes. In our
study, antibiotic resistant H. pylori typically
develops from pre-existing susceptible strains
rather than from co-infection with a different
and unrelated strain. In fact, each pair of iso-
lates detected in our 4 patients with heterore-
sistance belonged to the same genotype
(cagA+ s1m2 in patient 1 and cagA+ s1m1 in
patients 2, 3 and 4).
In conclusion, H. pylori antibiotic resistance

does present several issues in pluritreated
patients owing to the rapid emergence of
multi-resistant strains. 

Introduction

Treatment regimens for H. pylori that have
been used over the past decade are declining in
efficacy and the treatment of H. pylori infection
is bedevilled by drug-resistant strains. The
leading causes of treatment failure are antimi-
crobial resistance and non-adherence to thera-
py. H. pylori is a microorganism which can eas-
ily acquire resistance to antimicrobial agents.
Antibiotic resistance in bacteria can be catego-
rized as intrinsic or acquired resistance: the
first is a genetic property of most bacterial
strains and typically evolves independently on
the clinical use of antibiotics, the latter implies
that a susceptible organism has developed
resistance to antimicrobial agents to which it
was previously susceptible.1-3

Antimicrobial susceptibility testing has,
therefore, been proposed as a logical first step
in treatment failure but controlled trials sug-
gested that it may not always be essential for
clinical management.4-10 European guidelines
recommend performing susceptibility tests
only before a third-line regimen or choosing
“rescue” therapy.11-14 Infections in clinical tri-
als, even with correct use of drug combina-
tions, are not eradicated in 10-20% of patients;
in clinical practice this percentage can be even
higher.15-17

The patterns of resistance to antimicrobials
may change with time, considering that in
countries where chlaritromycin (CLA) resist-
ance is progressively higher, the use of
metronidazole (MZ)-based therapies is intro-
duced, leading to subsequent MZ-resistance.18

Moreover, the in vitro results do not often cor-
relate with in vivo efficacy.16,19

Recently it was also reported that multiple
strains can colonize within a single stomach
with differences in genotype distribution
between different gastric locations10 as well as
differences in minimum inhibitory concentra-
tions of isolated H. pylori.20 Data on heterore-
sistance are, however, controversial, indicat-
ing that no single biopsy site can be consid-
ered representative of antimicrobial suscepti-
bility testing.2,20,21

The aim of the present study was to evaluate
the state of antimicrobial resistance, the even-
tual correlation of the susceptibility patterns
with the strain genotype and the possible pres-
ence of heteroresistance in patients with pre-
vious multiple unsuccessful H. pylori eradica-
tion treatments. 

Materials and Methods

The study population consisted of 25 consec-
utive out-patients, aged between 22 and 75, to
whom at least two eradication regimens for H.

pylori infection had failed. All patients had a
persistently positive 3C-urea breath test
(UBT). They underwent upper endoscopy with
biopsies for H. pylori culture, susceptibility
testing and histological evaluation. The
patients were recruited at the Policlinico
Umberto I Academic Hospital of the University
of Rome “La Sapienza”. All patients were asked
to give informed consent for undergoing an
oesophago-gastroduodenoscopy with multiple
biopsies. This independent study was approved
by the local Ethics Committee and was not
sponsored by any pharmaceutical company.
Patients were excluded in case of gastric sur-
gery, malignant disease, pregnancy or lacta-
tion and atrophic body gastritis. Intake of
antibiotics, PPI, bismuth or H2-antagonists
were interrupted during the four weeks before
endoscopy.

Bacterial culture and susceptibility
testing
Biopsies for culture (3 samples from the

antrum, 3 samples from the corpus and 3 sam-
ples from the fundus) were first obtained and
then collected into 3 separate sterile contain-
ers containing 1 cc of sterile saline solution.
Samples for culture study were sent to the
microbiological laboratory within three hours
from sampling. All biopsies were urease-posi-
tive. The culture test was performed separate-
ly on gastric biopsy specimens drawn from the
different sites. Specimens obtained from a sin-
gle gastric region were pooled together for cul-
ture. Essential conditions for the H. pylori
growth were the following: microaerophilic
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atmosphere, temperature 37° (range 33-40°),
presence of 0.5% glycine. The culture media
used were: a) blood agar Columbia with addi-
tion of cyclodextrane, 10% of horse blood,
antibiotics and haemine; b) Pylori Selective
agar (bio-Merieux) with 5% of sheep blood and
antibiotics (amphotericin, vancomycin and
trimethoprim). The identification of the
microorganisms was performed through the
following tests: colony morphology, character-
istic spiral-shaped, Gram-negative bacteria
and positive findings on oxydase, urease and
catalase tests.
Once the colonies were identified as H.

pylori in the primary isolation, a sub-culture
was performed in order to obtain a secondary
isolation used for antibiotic sensitivity tests,
for the strain typing and strain preservation.
The methods used for antimicrobial agents
susceptibility testing were Kirby-Bauer tech-
nique and E-test. The antibiotics tested were:
metronidazole (MZ), levofloxacin (LEV), tetra-
cycline (TE), chlarithromycin (CLA) and
amoxycillin (AMX).
Modified Kirby-Bauer disk diffusion method

(K-B)22 was performed by preparing a standard
inoculum equivalent to 2 MacFarland of fresh
culture of H. pylori in Brain Heart Infusion
broth (BHI Becton-Dickinson), inserting two
antibiotic disks for each plate. For K-B method,
the inhibition halos were interpreted following
the data in literature.23 The strains were con-
sidered resistant if the inhibition halos were:
≤16 mm for MZ, ≤18 mm for AMX and ≤30 mm
for CLA, LEV and TE. 
For E-test procedure, Mueller-Hinton agar

with 5% sheep blood was used as base medi-
um. The plates were streaked in three direc-
tions with each inoculum to produce a lawn of
bacterial growth. E-test strips were aseptically
placed onto the dried surfaces of the inoculat-
ed plates. The E-test plates were incubated
under 12% CO2 at 37°C. In order to define the
strain resistance with the E-test method, the
following break-points were used: MIC ≥2
mg/mL for AMX and CLA, MIC≥4 mg/mL for TE,
MIC≥ 8 mg/mL for MZ and LEV.24,25

For both methods, the borderline values were
interpreted as intermediate strains (i.e. for MZ
the intermediate values were considered as fol-
lows: inhibition halos between 16 and 21 mm
for K-B method and MIC between 6 and 8
mcg/mL for E-test).26 Two quality control refer-
ence strains were used throughout the testing:
H. pylori ATCC43504 and H. pylori RD26. 

Strain genotyping
Genomic DNA was extracted from sweep

cultures of H. pylori, and the primers and PCR
conditions for the assay for cagA (a marker for
the 3’ end of the cag pathogenicity island and
for the cagI region), using the D008/R008
primer set, were as described previously.27

Vacuolating cytotoxin (vacA) genotyping based

on signal (s)-and mid (m)-region alleles was
performed using a multiplex assay. This
method is able to genotype H. pylori isolates
based on the main virulence genes (cag and
vac). Briefly, biopsies collected in Eppendorf
tubes containing 500 mcl of sterile phosphate
buffered saline, were vortexed vigorously for 2
min. The tubes were then boiled in a water
bath for 15 min, cooled on ice and centrifuged
for 1 min at 13,000 g. The supernatant was
transferred to another tube with 1 mcl of the
template for amplification. Multiplex PCR was
carried out in 25 mcL volumes using 10 ng of
DNA, 1 U of Taq polymerase, 10 pmol of both
oligonucleotide primers of all the selected
genes per reaction, 0.25 mmol l–1 deoxynu-
cleotide triphosphate and 2-3 mmol l–1 MgCl2 in
standard PCR buffer for 35 cycles: initial
denaturation at 95°C for 5 min, 35 cycles of
denaturation at 94°C for 30 sec, annealing at
52°C for 1 min, extension at 72°C for 1 min,
followed by final extension at 72°C for 7 min.
The strain ATCC 49503 was used as positive
control. 
PCR products were electrophoresed in

agarose gel with 0.3% of ethidium bromide in
a 10% Tris-borate-EDTA buffer. Gel was visual-
ized under a UV transilluminator.28

Statistics
Fisher’s exact test and P values were deter-

mined. P<0.05 was considered statistically sig-
nificant. 

Results 

A total of 25 patients (20 females and 5
males; median age 49 years; range 22-75
years) with H. pylori positive gastritis were
included in the study. All patients were positive
by histopathology and urease tests. The medi-
an number of previous eradication treatments
was 3 (range 2-9). 
Out of 75 specimens (25 of which were

taken from antrum, 25 from corpus and 25
from fundus), all of them taken from the 25
patients enrolled, 35 strains of H. pylori were
isolated in 14 subjects (56%). Of these strains,
13 were detected in antrum, 11 in corpus and
11 in fundus (in one patient H. pylori was
found in the corpus and fundus but not in the
antrum). The growth time required was
approximately one week, although after three
days few colonies could be detected. However,
since patients in the present study had already
been treated in the past with multiple antibiot-
ic therapies, culture media were incubated up
to 14 days in order to achieve optimal growth. 

H. pylori colonies appeared as small, gray,
translucent, associated dots. 
The susceptibility tests with both methods

were performed in 32 out of 35 strains, due to

the transformation into coccoid forms of 3 H.
pylori strains belonging to 3 specimens taken
from the different gastric regions of the same
patient. 
For the K-B method, MZ showed the highest

resistance rate (21/32 strains) followed by CLA
(17/32). Resistance to LEV was found in 6 out
of 32 strains and that to TE in 4 out of 32. AMX
showed the lowest resistance rate (2/32)
(Table 1). 
MICs of the 5 antimicrobial agents were

obtained by the E-test method (Table 2).
Twenty-three out of 32 strains resulted

resistant to MZ (MIC ≥8; 71.87%), with 3 iso-
lates having MICs ≥256. 
Seventeen strains had MIC ≥2 for CLA

(53.12%) and only one strain showed MIC
≥256. 
For TE, AMX and LEV, most strains were

included in the range 0.5-1.5 and none showed
MIC ≥48. Resistance rates were 6.25% for
AMX, 12.51% for TE and 18.75% for LEV (Tables
1 and 2). No discrepancies were observed
indeed between the two methods used (E-test
and Kirby-Bauer) regarding antibiotic suscep-
tibility testing, except for MZ, as 2 strains
resulted to be resistant only by E-test (23
towards 21) (Table 2).
Combined resistance for up to two antibi-

otics was found in almost 43.74% of the strains
(9.37% with only one resistance and 34.37%
with two resistances) while only 21.87% was
susceptible to all antibiotics (Figure 1). 
Each isolate of H. pylori was characterized

by the assignment of a susceptibility pattern
based on its combined susceptibilities or
resistances to MZ or CLA (Table 3). Overall,
21.8% of strains were fully sensitive (MZ-sus-
ceptible and CLA-susceptible) whereas 50%
(16 strains) were resistant to both antibiotics
having MIC for MZ≥8 and MIC for CLA≥2 con-
temporaneously. The resistances to both CLA
and MZ combined to LEV or to TE were ana-
lyzed separately. Combined resistance to MZ,
CLA and LEV was found in 18.75% (6/32) of
strains, while resistance to MZ, CLA and TE
was found in 9.37% (3/32). The only two
strains resistant to AMX were resistant to both
CLA and MZ but not to TE or LEV (data not
shown). 
Genotypes (cagA status and vacA allelic

form) were determined for 28 isolates (16 MZ-
resistant and CLA-resistant, 7 CLA-susceptible
and MZ-susceptible, 5 MZ-resistant and CLA-
susceptible. The four intermediate strains
have not been considered. No strains were
found for the group MZ-susceptible (S) and
CLA-resistant (R). The numbers of the strains
grouped by antibiotic-susceptibility pattern
and combined genotypes are shown in Table 4. 
Most isolates were cagA-positive (22/27;

78.5%) and these were either vacA type s1m1
(63%) or s1m2 (31.8%), with only one isolate
that was s2m2. For the cagA-negative isolates,

Article
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the vacA m2 form was a feature of most (4/6)
isolates, of which 3 (75%) were vacAs1m2.
Within the group the two predominant suscep-
tibility Patterns (MZ-resistant and CLA-resist-
ant or MZ-susceptible and CLA-susceptible)
which represented 82% of isolates, were geno-
typically diverse. High-level resistance to
either MZ or CLA was not associated with a
particular vacA genotype as most strains, irre-
spective of resistotype, had the vacA s1 allele
(i.e. 6/7 of MZ-S and CLA-S isolates). The dis-
tribution of the mid-region alleles was more
variable. Overall, 66% (8/12) of the m2 isolates
and 81% (13/16) of the m1 isolates resulted
resistant to MZ. Within the group of patients
affected by pangastritis (19/25, 76%), in 11
subjects where H. pylori strains were isolated,
9 (81.8%) showed a concomitant colonization
of the 3 gastric regions. Four patients out of 11
(36.3%) showed a different pattern of antibiot-
ic sensitivity/resistance (heteroresistance) of
H. pylori isolates in various gastric regions
(antrum and corpus-fundus) (Table 5).  In 3
patients, H. pylori strains in the antrum were
CLA-susceptible whereas those in the corpus-
fundus were resistant; similar heteroresis-
tance (susceptible in the antrum and interme-
diate or resistant in the corpus-fundus) was
observed in 2 patients for AMX and for MZ,
respectively. Patient 3 showed a double
change of sensitivity concerning both MZ and
CLA (Table 5).

Table 3. Combined susceptibility and resistance of H.pylori to chlaritromycin, metronidazole and A) levofloxacin; B) tetracycline.

Table 2. Distribution of MIC values for 32 H. pylori isolates with E-test method. The number of intermediate strains is reported in
brackets. 

ANTIMICROBIAL ≤0.5 0.5-1.5 2-3.5 4-7.5 8-32 48-128 ≥256 MIC N. of resistant Total
AGENTS cut off strains (intermediate) strains

MZ 0 2 4 3 16 4 3 ≥8 23+(2)=25 32
CLA 6 9 5 4 4 3 1 ≥2 17+(2)=19 32
LEV 8 10 4 4 6 0 0 ≥8 6+(0)= 6

32
TE 10 9 9 2 2 0 0 ≥4 4+(3)= 7 32
AMX 17 13 2 0 0 0 0 ≥2 2+(1)= 3 32

MZ, metronidazole; TE, tetracycline; CLA, chlaritromycin; AMX, amoxycillin; LEV, levofloxacin. 

A) Susceptibility pattern

CLA MZ LEV N. of strains (%)

R R S 10 (31.25)

R R R 6 (18.75)

S S S 7 (21.87)

R S S 0 (0)

R S R 0 (0)

S R S 5 (15.62)
CLA, metronidazole; MZ, metronidazole;  LEV, levofloxacin; TE, tetracycline. 

B) Susceptibility pattern

CLA MZ TE N. of strains (%)

R R S 13 (40.63)
R R R 3 (9.37)
S S S 7 (21.87)
R S S 0 (0)
R S R 0 (0)
S R S 2 (6.25)
S R R 2 (6.25)
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Figure 1. Percentage of H. pylori strains with different combinations of resistance. 
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Table 1. Susceptibility tests of H. pylori strains isolates with K-B method. Total strains: 32.

MZ CLA LEV TE AMX
% (N.) % (N.) % (N.) % (N.) % (N.)

Sensitive 28.12 (9) 40.63 (13) 81.25 (26) 78.12 (25) 90.63 (29)
Intermediate 6.25 (2) 6.25 (2) 0 (0) 9.37 (3) 3.12 (1)
Resistant 65.62 (21) 53.12 (17) 18.75 (6) 12.51 (4) 6.25 (2)
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The five pairs of the strains showing differ-
ent sensitivity to CLA, MZ and AMX in various
stomach districts, were genotypically identical
to each other: in patient #1, both strains
belonged to the genotype cagA+ s1m2 whereas
each pair from the other 3 patients belonged to
the same genotype cagA+ s1m1 (Table 5). 

Discussion

Helicobacter pylori eradication continues to
be a challenge in a small group of patients
after the failure of several therapeutic regimen
attempts. After two courses of treatment,
which generally include PPI-based triple and
quadruple therapy regimens, about 4-6% of
patients remained infected.14 Treatment regi-
men is generally chosen on the basis of the
prevalence of bacterial resistance detected
against the tested antibiotics; particularly
chlarithromycin which still remains the most
potent drug against this infection. Following
the therapeutic guidelines, when CLA resist-
ance is greater than 15-20% and MZ-resistance
greater than 40%, a triple therapy is suggested
for 14 days for the first-line treatment
(IPP+CLA 500 mg+AMX 1 g or tinidazole 500
mg) or for the second-line IPP+LEV 250 mg +
AMX 1 g for ten days (in case of AMX allergy, it
is advisable to use CLA or tinidazole together

with LEV).29

The question whether susceptibility testing
can be helpful in guiding therapeutic strate-
gies is still controversial. Some literature data
show that a successful eradication can be
achieved in almost all patients without suscep-
tibility testing;6,30 other data, on the other hand,
state that even a first-line therapy should
rather be scheduled on the basis of sensibili-
ty/resistance of H. pylori to antibiotics.8,25,31

Failure to eradicate may be due to non-com-
pliance in some cases, but antibiotic resist-
ance is recognized as a significant problem as
indicated in various clinical trials26 and by the
fact that post-treatment failures have a high
rate of infection with resistant strains.32

In the present study H. pylori was detected
in 56% of patients; a rate that is far below
those reported by other33 This is probably due
to the highly selected population consisting
mostly of pluritreated dyspeptic patients with
pangastritis. As a matter of fact, the chance of
isolating this bacterium from the biopsies was
probably influenced by the pathologies in the
patients under study; H. pylori isolation was
more complex in patients with dyspepsia or
gastro-oesophageal reflux than in patients
with ulcers.34 In patients with pangastritis (the
main pattern of gastritis observed in the group
under study), H. pylori infection is considered
quite characteristic because the bacteria are
able to colonize a stomach with reduced acid

secretion, and also virulence and persistence
mechanisms may be different with respect to
patients with normal acid secretion, as already
suggested by Blaser and Atherton.35 However,
other factors may probably contribute to the
low detection rate. First of all, in the present
study, the isolation rate was likely influenced
by the sole use of the culture technique. By
overcoming the difficulty in accessing the H.
pylori ecological niche and the fragile nature
of the bacterium,36 non-culture methods (such
as fluorescence in situ hybridization – FISH
test) may be more sensitive than culture-based
techniques.33

Since a perfect method for H. pylori isola-
tion is not available and the methods used in
each laboratory strongly affect its detection,
two growing media were used and compared.
H. pylori is, in fact, a fastidious microorganism
to grow, requiring particular enriched culture
media. The best medium for the primary isola-
tion of H. pylori was the selective Pylori agar,
which is more suitable for its detection mainly
because it is more likely to avoid the transfor-
mation of vital germs into coccoid forms that
are unable to grow and which would thus not
be suitable for antibiotic sensitivity study.36,37

The low percentage of H. pylori isolated in our
study (56%), considering that all our patients
were infected because they persistently result-
ed positive to both Urea Breath test and histo-
logical examinations, can also be due to the
fact that they could yield only very low numbers
of bacteria (too low to be cultured) owing to
several previous treatments or to the presence
of metabolic inactive microorganisms that are
insensible to antibiotics. 
When testing antibiotic sensitivity in vitro,

both methods used (E-test and Kirby-Bauer)
have given similar results, thus confirming
previous considerations23,26 and yet highlight-
ing a slight difference in MZ resistance which
was higher with E-test. The disk-diffusion
method is less reliable for those microorgan-
isms (such as H. pylori) that need a protracted
incubation due to the pattern of the antibiotic
release from the disks. On the contrary, the 
E-test has a more stable pattern of antibiotic
release and seems to better tolerate an extend-
ed incubation time. The E-test might overesti-
mate MZ resistance due to the presence of
intermediate MIC levels not found on the Kirby
Bauer scheme.23 In any case, in our study both
methods showed good reproducibility. 
The criteria for intermediate resistance and

their clinical role have not yet been estab-
lished. Data concerning this group are, in fact,
controversial26 and no defined standards were
produced for identifying the category of low
susceptible or low resistant isolates. From this
point of view, MZ was the most studied antimi-
crobial agent. Intermediate susceptibility val-
ues (MIC ≥2 to ≤8 mg/mL or 16-21 mm zone of
growth inhibition) were, in fact, recorded for

Article

Table 4. Distribution of H. pylori by genotype and antibiotic susceptibility pattern. 

N. of strains by resistotype
Strain genotype MZS-CLAS MZR-CLAR MZR-CLAS Total 

(7 strains) (16 strains) (5 strains) (28)

cagA+ s1m1 2 10 2 14
cagA+ s1m2 2 5 0 7
cagA+s2m2 0 0 1 1
cagA- s1m1 1 1 0 2
cagA- s1m2 1 0 2 3
cagA- s2m2 1 0 0 1
No strains were found in the resistotype MZS-CLAR. MZS, metronidazole-susceptible; MZR, metronidazole-resistant; CLAS, chlaritromycin-
susceptible; CLAR, chlaritromycin-resistant. 

Table 5. Heteroresistance of H. pylori isolates to  antibiotics in 4 patients, in three differ-
ent districts of the stomach and related genotypes.

Patient 1 Patient 2 Patient 3 Patient 4

CLA S (A) → R (C) S (A) → I (C) S(A) → R (C)
Strains cagA+ s1m2 cagA+s1m1 cagA+ s1m1
genotype
AMX S (A) �→ I (C)
Strains cagA+ s1m1
genotype 
MZ S (A) → R (C)
Strains cagA+ s1m1
genotype 

C, corpus-fundus; A, antrum; S, susceptible; R=, resistant; I, intermediate CLA, chlaritromycin; AMX, amoxycillin; MZ, metronidazole. 
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MZ, while for other antibiotics no approved
standardized methods were developed.26

Levofloxacin, often used in second-line ther-
apeutic schedules, is considered a promising
antimicrobial agent for H. pylori infections38 and
has proven to be a good alternative for therapy-
resistant infections. This is the reason why LEV
in combination with other antibiotics should be
considered.25 The present study found LEV
resistance in nearly 20% of patients. This con-
firms that after multiple treatments a develop-
ment of resistance to recently introduced antibi-
otics may occur. This means that in the future
new antibiotic molecules need to be considered
in the treatment of H. pylori infection. The high
rate of MZ resistance observed in our study is in
line with the current data.39,40 Resistance to var-
ious antibiotics is increasing worldwide, espe-
cially in those countries where their use is
extensive (MZ for example is widely used for
gynecological infections and macrolides are fre-
quently used in respiratory diseases).41,42

Furthermore, the extensive use of MZ in empir-
ically-based therapy of early H. pylori infections
and its re-administration in bismuth-based
quadruple regimen after previous failure of MZ
containing regimens,17 can explain the high
rate of resistance as found in our study
(71.87%). Moreover, the microaerophilic atmos-
phere in which H. pylori grows can interfere
with the activity of MZ which requires a strict
anaerobic condition in vitro. 
The antibiotic resistance rates observed in

the present study were generally higher than
those reported in naive patients, as well as
those observed in patients who only underwent
one unsuccessful eradication therapy.30 The
high resistance rates observed may be related
to the high number of administered therapy
cycles (up to 9), suggesting that the repeated
treatments increase antibiotic resistance. In
fact, H. pylori is known to be a microorganism
which can easily acquire resistance to antimi-
crobial agents. In our study, however, data con-
cerning the possible presence of antibiotic-
resistant strains prior to the administration of
eradication therapies are not available
because the first culture was performed after
the second course of therapy had proven
unsuccessful.
Another factor that could affect the efficacy

of current therapeutic regimens is the occur-
rence of concomitant antibiotic resistance. H.
pylori isolates resistant to both MZ and CLA
are considered difficult to eradicate.25 In our
study, 50% of the isolated strains showed this
combined resistance, supporting the difficulty
in H. pylori eradication. Kist and Glocker43 con-
cluded that repeated empirical treatment regi-
mens were especially associated with post-
treatment presence of strains exhibiting dual
resistance to MZ and CLA. In our study, these
strains, even if they cannot be strictly associat-
ed with any particular strain genotype, had

high level MICs of greater than 256 mg/mL to
MZ and such isolates could be viewed as poten-
tially difficult to eradicate. Our analysis indi-
cated that resistance to CLA cannot arise in
MZ-susceptible strains. In fact, no MZ-S and
CLA-R type was found, unlike the study of
Elviss26 in which a small percentage of this type
(3%) was detected.
Combined resistance was also found for LEV

and AMX associated with CLA and MZ resist-
ance (18.75% and 6.25%, respectively). No dual
resistance was found for the AMX - TE combi-
nation. Yahav et al.25 emphasize a strong asso-
ciation between resistances to CLA and LEV
and thus suggest not to include LEV in the
triple therapy of patients whose isolates proved
to be resistant to CLA.
Our strains were genomically diverse and

there were no particular cag A or vacA forms
associated with metronidazole resistance,
even if this type can be more markedly corre-
lated (but not statistically significant, P>0.5)
to the genotype cagA+ and vacA s1m1 (a com-
mon genotype also in susceptible isolates)
whereas the metronidazole susceptibility
strains more often showed the genotype cagA-
and vacA s1m1 or s1m2 or s2m2. MZ resistance
may be partially due to mutations in nitrore-
ductase genes.26

Finally, also heteroresistance concerning a
distinct pattern of antibiotic sensitivity of iso-
lates belonging to different districts of the
same stomach can interfere with therapeutic
outcomes.41 Strain diversity proved to occur in
different biopsies from the same individ-
ual.1,2,7,44,45 Heteroresistance to MZ has often
been shown. Obra et al.1 found cultures con-
taining mixed MZ-S and MZ-R isolates in 10%
of cases.
Considering the genetic relationship of the

isolates showing heteroresistance, we can
highlight that the MZ resistance can be due to
ex novo mutations (acquired resistance) and
not to the horizontal transfer of genes among
unrelated strains. In our study, following the
genetic typing of the pairs of strains showing
different susceptibility patterns in various
stomach districts, it can be deduced that
antibiotic resistant H. pylori typically develops
from pre-existing susceptible strains rather
than from co-infection with a different strain.
In fact, we demonstrated that each pair of iso-
lates in our patients with heteroresistance
belonged to the same genotype (cagA+ s1m2
in patient #1 and cagA+ s1m1 in patients #2, 3
and 4).

Yet other authors20 agree with the state-
ment that an individual may have a mixed H.
pylori infection with respect to a different
antimicrobial susceptibility in various gastric
regions.
Consequently, in order to avoid misclassify-

ing a strain as sensible where only one biopsy
region was investigated, heteroresistance

between three biopsy sites from each patient
should always be considered. 
In conclusion, H. pylori antibiotic resistance

state in pluritreated patients does present sev-
eral aspects that, associated with the predomi-
nant pattern of gastritis, could interfere with
the eradication outcomes. It is, therefore,
important to continue monitoring antibiotic
resistance in order to have accurate informa-
tion on local rates to guide selection of the
most specific and appropriate treatment regi-
mens. 
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