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before and after OME. Four healthy Hp-negative volunteers received a sin-
gle MET 500 mg tablet. Gastric juice samples were aspirated by NG-tube
every 15-60 min for 8 h. Serum samples were obtained at the same times.
The same protocol was repeated after 7 days OME 20 mg bid, which
raised gastric pH from < 1.5 to > 4. [MET] (total and non-ionized) were
measured using a validated HPLC method.

Gastric juice results are plotted at right. Total [MET] was very high Pre
OME treatment and non-ionized [MET] was low. Post OME, all [MET]
was non-ionized (= total MET) and peaked about 50% lower. Serum [MET]
(not shown) increased much more rapidly in the first hour Post OME.
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OME leads to an increase in non-ionized [MET] which more easily
crosses the gastric mucosa. This appears to favor early diffusion of MET
into serum reducing the accumulation of gastric juice [MET]. However,
organisms in the stomach would be exposed to much higher non-ionized
MET concentrations post OME. This should favor eradication of Hp.

OMEPRAZOLE (OME) DOES NOT AFFECT GASTRIC JUICE
CONCENTRATIONS OF NON-IONIZED METRONIDAZOLE
(MET) FOLLOWING INTRAVENOUS METRONIDAZOLE
ADMINISTRATION

P.T. Pollak, S.J.0. Veldhuyzen van Zanten. Dalhousie University, Halifax,
Canada

We have shown that iv MET moves from serum into the gastric lumen.
OME 20 mg bid markedly reduced gastric juice MET concentrations. The
explanation for this decrease is not documented. We studied 4 healthy
volunteers who received an iv bolus of 500 mg MET. Gastric juice was
aspirated by NG-tube every 15-60 min over 8 h. Protocol was repeated
after 7 days OME 20 mg bid, which increased gastric pH from < 2 to >
6. Total MET concentrations were measured in serum/gastric juice by a
validated HPLC method. Total and non-ionized MET were compared.
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Fig. 1 shows that for a weak base (MET) with pKa 2.6, < 20% is in
the non-ionized form at pH < 2, while this is > 95% at pH > 4. Only
non-ionized drug freely diffuses across the gastric mucosa and penetrates
Hp organisms. In gastric juice (pH < 2) most MET is rapidly converted to
the ionized form. Despite markedly decreased total MET in gastric juice
following OME, concentrations of non-ionized MET remain the same (Fig.
2). This is because non ionized MET is the form in equilibrium with serum
MET and the same concentrations of non-ionized MET accumulate at any
gastric pH. At low pH, it is the “trapping” of MET in ionized form that

causes a high total MET (total MET > non-ionized MET). Post OME,
at gastric pH > 4, all MET crossing the mucosa remains uncharged and
there is no “trapping” (total = non-ionized). Therefore, following iv MET,
OME does not alter the amount of non-ionized MET to which Hp would
be exposed in gastric juice.

EFFECT OF THE ALUMINUM-MAGNESIUM CONTAINING
ANTACID RIOPAN ON THE PENETRATION OF AMOXICILLIN
AND CLARITHROMYCIN THROUGH GASTRIC MUCUS

P. Griibel, D.R. Cave. Division of Gastroenterology, St. Elizabeth’s
Medical Center, Boston MA, USA

Background: The lack of clinical efficacy in the antibiotic treatment of
Helicobacter pylori may be caused by the inability to reach the bacteria
within the highly viscous gastric mucus layer. The aim of our study was to
determine the effectiveness of amoxicillin and clarithromycin in penetrat-
ing gastric mucus. The two clinical formulations of the antacid magaldrate
(Riopan gel and powdered tablets) have been also studied in regard to their
effects on antibiotic penetration of gastric mucus.

Methods: Permeability was monitored by measuring diffusion of an-
tibiotics across solutions of semipurified pig gastric mucin (PGM) with
and without added antacid, and buffer solutions at pH 4 and 7 using a
microfiltration device and an agar diffusion bioassay method.

Results: Gastric mucus retarded the penetration of amoxicillin and clar-
ithromycin significantly by 90% (p < 0.001). Clarithromycin penetrated at
a ten-fold higher rate through mucus than amoxicillin (p < 0.05). At pH 7,
Riopan tablets increased the penetration rate of amoxicillin through PGM
more than 3-fold (p < 0.05), whereas they did not effect the penetration
of clarithromycin. In contrast, Riopan gel reduced the penetration rate of
clarithromycin by 63% (p < 0.05) at pH 7 and 77% (p < 0.05) at pH 4, but
did not effect the penetration of amoxicillin.

Conclusions: Gastric mucus retards antibiotic penetration drastically.
The superior penetration of clarithromycin over amoxicillin may be one
factor explaining its higher clinical efficacy. The two clinical formulations
of the antacid magaldrate show two opposite new effects on mucus pen-
etrability to antibiotics, which may influence the outcome of H. pylori
eradication.

TRANSFER OF PENICILLINS ACROSS GASTRIC MUCOSA —
IMPACT OF PROTEIN BINDING

A.F. Goddard, P.O. Erah, PN. Shaw, D.A. Barrett, R.C. Spiller. University
of Nottingham, Nottingham, UK

Background Lack of resistance by H. pylori to penicillins makes them
an attractive therapeutic option. However, results with different penicillins
have been poor, perhaps because of failure of systemic drug to penetrate
the gastric mucosa.

Aims To investigate the principles governing gastric mucosal flux of
different penicillins.

Methods Gastric mucosal flux (nmol.hr—!.cm~2) was assessed using a
previously validated Ussing chamber method. 1 mM solution of penicillin
was placed on the serosal side of rat gastric mucosa and the flux (+ SEM)
measured over 60 min (n = 8 for each penicillin). The flux of each penicillin
was compared with amoxycillin, and the relationship of flux with protein
binding, expressed as fraction unbound, and lipophilicity, expressed as
logD at pH 7.4, assessed using non-parametric analysis.

Results
Flux Log D Fraction unbound
Amoxycillin 2.78 (0.31) -1.89 0.83
Ampicillin 2.80 (0.27) =2.25 0.82
Cyclacillin 1.94 (0.32) -2.54 0.80
Carbenicillin 1.51 (0.25)* >-25 0.53
Penicillin V 0.89 (0.17)** -2.73 0.21
Phenethicillin 0.66 (0.03)** >-25 0.25
Propicillin 0.83 (0.16)** —1.85 0.10

*P < 0.01, **P < 0.001 compared with amoxycillin. Flux was correlated (P < 0.02)
with protein binding but not lipophilicity.

Conclusions In vitro flux of aminopenicillins across gastric mucosa is
greater than monobasic penicillins, due to lower protein binding within the
tissue, perhaps explaining differences in efficacy against H. pylori in vivo.

CLARITHROMYCIN SUSCEPTIBILITY TESTING
BREAKPOINTS FOR HELICOBACTER PYLORI

L.J. Utrup !, S.K. Tanaka 2, C.A. Olson2, D.Y. Graham 3. ! Food and Drug
Administration, Rockville, MD; 2 Abbott Laboratories, Abbott Park, IL;
3 VAMC and Baylor College of Medicine, Houston, TX, USA

Introduction: Susceptibility testing of H. pylori during pre- and post-

ybuAdos Ag paroarold 1senb Ag 0zZ0z ‘8z JoquianoN uo /wod fwgnby/:dny wouy papeojumoq '966T Arenuer T uo Gy'z |ddns 6£InB/9STT 0T Sk paysignd 1siiy N9


http://gut.bmj.com/

Al2 1A:

treatment phases of clinical trials is important to assess pretreatment
resistance and emergence of resistance.

Patients — Methods: During two U.S. clarithromycin plus omeprazole
trials for the treatment of active duodenal ulcers, susceptibility testing was
performed using a broth microdilution minimum inhibitory concentration
(MIC) methodology (Diagn Microbiol Infect Dis. 1996; 24: 37-41).

Results: Of the 104 H. pylori isolates collected during pretreatment
visits, 98 were susceptible, two were intermediate and four were resis-
tant to clarithromycin. Of the 98 patients who had susceptible isolates
pretreatment, 72 were H. pylori negative and 26 were H. pylori positive
post-treatment. H. pylori from 25 of these 26 patients became resistant
to clarithromycin. All six patients with intermediate or resistant isolates
pretreatment had resistant strains post-treatment.

Conclusions: Tentative clarithromycin MIC breakpoints were estab-
lished as susceptible < 0.06, intermediate 0.12-2.0, and resistant > 4.0
ug/mL for H. pylori isolates from patients treated with clarithromycin plus
omeprazole. The correlation between MIC results and clinical outcome
was very good using the methodology and breakpoints indicated above.
Adjustments in the breakpoints may be appropriate when different testing
or treatment regimens are used or standardized methods become available.

1A:33 | SUSCEPTIBILITY TEST MEDIUM AFFECTS DETECTION OF
ANTIBIOTIC RESISTANCE IN H. PYLORI

P.D. Midolo, J.R. Lambert, .M. Bell, J.D. Turnidge, M.L. Grayson.

Microbiology and Infectious Diseases, Monash Medical Centre, and
Gastroenterology Research Group, Mornington Peninsula Hospital,

Melbourne, Victoria, Australia

Natural and acquired resistance in H. pylori to nitroimidazoles and
macrolides has recently been shown to be increasing over time. Resistance
to these antimicrobials can adversely affect treatment success. Surveillance
of local resistance rates in H. pylori by standardised methods is necessary
to optimise treatment selection and outcome.

Aim: To investigate the influence of susceptibility test media on the in
vitro susceptibility of H. pylori to nitroimidazoles and macrolides.

Materials and Methods: The Etest has been recommended as a refer-
ence method for H. pylori susceptibility testing. Etest strips were used to
determine MICs for metronidazole and clarithromycin. Forty four recent
pre-treatment H. pylori isolates were tested on: Columbia agar base with
5% whole horse blood (HBA); Mueller-Hinton agar with 5% whole horse
blood (MHA); and Wilkins-Chalgren agar with 5% whole horse blood
(WCA). A suspension of organisms was made in brain heart infusion broth
to a 1 McFarland equivalent (7 x 107 CFU/ml). This suspension was
swabbed onto each media. On each plate was placed either a metronidazole
or a clarithromycin Etest strip. MICs were read after 72 hrs incubation
at 35°C in a microaerobic atmosphere (Camp Gas Pak, Oxoid). Resis-
tance was defined as > 8 mg/L for metronidazole and > 0.5 mg/L for
clarithromycin.

Results: All isolates grew equally well on each medium when inspected
visually. By non-parametric statistical testing, MIC values were signifi-
cantly different for metronidazole (HBA < MHA < WCA). Twenty four
strains were resistant on all three media (55%) while an additional strain
was resistant on WCA. Only minor differences in MICs were seen with
clarithromycin with no significant difference between MHA and WCA.

Conclusions: Test medium affects >in vitro susceptibility of H. pylori
particularly against metronidazole. The effect is possibly due to different
diffusion rates of antibiotic in the media or variation in the growth of the
organisms tested. HBA plates should not be used to test H. pylori against
metronidazole as resistance will be underestimated compared to MHA or
WCA. Global surveillance of H. pylori resistance necessitates the use of a
single standardised test medium.

1A:34 | THE KILLING OF HELICOBACTER PYLORI IN VITRO BY
PROTON PUMP INHIBITORS AND ANTIBIOTICS

P.D. Midolo, J.R. Lambert, J.D. Turnidge, J.M. Bell, M.L. Grayson.
Department of Microbiology and Infectious Diseases, Monash Medical
Centre, Clayton and Gastroenterology Research Group, Mornington
Peninsula Hospital, Frankston, Victoria, Australia

Antimicrobial therapy is now commonly used to cure H. pylori infection.
Single agents are effective in vitro at killing H. pylori but eradication of
the organism in patients with single agents is poor. Time-kill curves using
achievable in vivo drug concentrations measuring bactericidal activity over
time may reveal differences in the effects of antimicrobials against H.
pylori despite similar activities as measured by MIC.

Aim: To investigate the B-lactam amoxycillin and the macrolide ery-
thromycin in combination with the proton pump inhibitors (PPIs) omepra-
zole and lansoprazole for bactericidal and synergistic activity against H.
pylori.

Drug resistance in H. pylori — from basic mechanisms to clinical outcome

Materials and Methods: Wilkins-Chalgren anaerobe broth with 0.5%
cyclodextrin cultures of H. pylori NCTC 11637, clinical isolate M98 and
H. mustelae ATCC 43773 were examined over 24 hrs. Bactericidal activity
of amoxycillin, erythromycin and the 2 PPIs was examined by comparing
the 1x, 5x and 10x MIC concentrations determined by agar dilution or
Etest. Serial dilutions were made in PBS and viable counts were performed
on horse blood agar incubated in 5% CO, for 7 days. The broth cultures
were maintained in microaerobic conditions (GasPak, Oxoid) with constant
agitation at 35°C. Only dilution plates giving a readable count of < 50
colonies per drop were recorded with the limit of detection for the assay
being 13 CFU/mL. Synergy studies were performed at 1 x MIC only.

Results: All drugs except amoxycillin showed marked concentration
dependent killing of H. pylori. Erythromycin was the most active with
a 6 logjo decrease in viable count at 5x MIC within 6 hrs of contact.
Lansoprazole at 10x MIC gave this degree of killing at 6 hrs whereas
omeprazole caused only a 3 logjo decrease in viable count by this time.
All drugs including the PPIs had similar bactericidal activity against H.
mustelae as for H. pylori. Neither PPI in combination with amoxycillin
produced complete killing of H. pylori over the 24 hr test period for the
type strain or the clinical isolate. With erythromycin, a > 3 log)o decrease
in viable count with lansoprazole and a 2 log,o decrease with omeprazole
occurred at 6 hrs exposure indicating some degree of synergy.

Conclusions: Combinations of PPI and antibiotic show additive/synergistic
activity to varying degrees. The little used antibiotic erythromycin in com-
bination with a PPI should be investigated for clinical effectiveness with
various dosing schedules to maximise eradication of H. pylori from infected
individuals.

1A:35 | ASSOCIATION OF CLARITHROMYCIN SENSITIVITY TEST
RESULTS WITH ERADICATION OF HELICOBACTER PYLORI

D. Tompkins, J. Perkin, C. Smith. Public Health Laboratory, Leeds UK

Purpose. To ascertain the clinical value of sensitivity tests of H. pylori
(Hp) to clarithromycin (CL) and to compare methods of testing. Methods.
In a multicentre study CL (500 mg x 3 daily) and omeprazole (40 mg
once daily) were used in a 14 day regimen. Eradication was confirmed at
4-6 weeks by 13C-Urea Breath Test. Pre-treatment sensitivities on antral
isolates of Hp were carried out using E tests (131 patients) and also 2 mcg
discs (114). Isolates were also used to compare E test and disc sensitivities
to metronidazole. Post-treatment isolates from 20 patients were also exam-
ined for CL resistance and compared with pre-treatment results. Results Hp
was eradicated in 101 patients (100 sensitive to CL (S), 1 resistant (R)) and
persisted in 30 (26S, 4R) giving a positive predictive value (pv) of 79%
and negative pv of 80%. There was complete agreement between E test
and disc sensitivities to CL. There was disagreement between E test and
disc for 9/114 metronidazole results. Comparing pre and post treatment CL
results, 5S remained S, 9S became R, 2R remained R and in 4 cases data
were incomplete. Conclusion. Sensitivity tests to CL are of clinical value,
and disc diffusion tests are as reliable as E Tests.

1A:36 | SUSCEPTIBILITY TO METRONIDAZOLE AND
CLARITHROMYCIN AMONGST HELICOBACTER PYLORI
CLINICAL ISOLATES FROM THE SAME PATIENT

T. Alarcén, D. Domingo, I. Sénchez, J.C. Sanz, M. Lépez-Brea. Dep. of
Microbiology, Hospital de la Princesa, Madrid, Spain

Results of the in vitro metronidazole and clarithromycin susceptibility
tests are found to be of value in predicting the outcome of the H. pylori
eradication regimens.

Purpose: The aim of this study was to detect the resistance to metron-
idazole and clarithromycin in isolates obtained from antrum and corpus
samples during the same endoscopy in 18 patients.

Methods: 44 H. pylori clinical isolates were obtained from 18 patients
(2 or 3 samples from each patient: one sample from corpus and 1 or 2
from antrum). Samples were cultured and H. pylori identified following
standard procedures. The resistance was detected by an agar dilution
method. Miieller Hinton agar supplemented with 7% lysed horse blood was
used. The microorganisms were grown in BHI + 10% foetal calf serum for
48 h and inoculated using a Steer replicator. Plates were incubated 2 to 5
days at 35°C in a CO; incubator and resistance was considered when MIC
> 8 mg/l for metronidazole and > 4 mg/1 for clarithromycin.

Results: In all the isolates of the same patient the results were similar
for clarithromycin (2 patients with resistant isolates and 16 patients with
susceptible isolates). Not all the isolates from the same patient were
similar in the metronidazole susceptibility. In 5 patients all the isolates
were metronidazole resistant and in 11 were metronidazole susceptible.
However, in 2 patients the isolates from the antrum were susceptible, while
the isolate from the corpus were metronidazole resistant.

Conclusions: According to these results, clinical isolates from antrum
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and corpus of the same patient have to be tested in order to detect
metronidazole and clarithromycin resistance.

1A:37 | METRONIDAZOLE AND CLARITHROMYCIN SUSCEPTIBILITY
AMONGST H. PYLORI CLINICAL ISOLATES FROM
DIFFERENT SPANISH REGIONS

M. Lépez-Brea, D. Domingo, I. Sdnchez, .M. Hernandez, H. Villar,
T. Alarcén. Dep. Microbiology, Hospital de la Princesa, Madrid, Spain;
Hosp. Inmaculada, Almeria, Hosp. San Agustin, Asturias, Spain

Clarithromycin and metronidazole are the most frequent antimicrobial
agents used for Helicobacter pylori infection. Resistance to metronidazole
has been reported with several rates, depending on the population studied.
Purpose: to determine the metronidazole and clarithromycin resistance
rate in H. pylori clinical isolates from three different regions of Spain.
Methods: 171 H. pylori strains isolated from patients with digestive
diseases were studied (56 from the South, 68 from North and 47 from the
Centre). Patients previously treated for eradication of H. pylori were not
included. The resistance was detected by an agar dilution method. Miieller
Hinton agar supplemented with 7% lysed horse blood was used. Plates were
incubated 2 to 5 days at 35°C in a CO, incubator and resistance considered
when MIC > 8 mg/1 for metronidazole and > 4 mg/1 for clarithromycin.
Results: The percentage of resistance is included in Table:

South North Centre Total
No. strains 56 68 47 171
Metronidazole 21.4% 14.7% 46.8% 25.7%
Clarithromycin 5.3% 0% 14.9% 5.8%

Conclusions: The overall rate of resistance to metronidazole (25.7%) is
higher than to clarithromycin (5.8%) and was different in the three regions
tested. Due to this fact it is important to determine the resistance rate in
several populations even from the same country.

1A:38 | COMPARISON OF SUSCEPTIBILITY TESTING METHODS
FOR CLARITHROMYCIN MIC DETERMINATIONS OF
HELICOBACTER PYLORI

D. Shortridge !, R.K. Flamm ', J. Beyer !, D. Graham 2, J. Versalovic 2,
S.K. Tanaka'. ! Abbort Laboratories, Abbott Park, IL; 2 VAMC and Baylor
College of Medicine, Houston, TX, USA

Three susceptibility testing methods were used to determine the clar-
ithromycin MIC of over 100 pretreatment isolates of H. pylori collected
during a recent US clinical treatment trial. The methods used were: agar
dilution using Mueller Hinton agar plus 5% horse blood, microtiter broth
dilution using brain heart infusion broth supplemented with 10% horse
serum and 0.25% yeast extract and Etest (AB Biodisk) on Mueller Hinton
agar containing 5% sheep blood. The effect of medium pH on agar dilution
clarithromycin MIC values was also compared. All testing was done in
12% CO, at 37°C.

n=113 Clarithromycin MIC (ug/ml)

Etest Broth Agar pH 8 Agar pH unadjusted
MICso 0.016 0.016 0.03 0.12
MICy 0.06 0.03 0.06 0.12

Etest and the microbroth method compared very well, with 88% of MIC
values within one twofold-dilution of each other. Agar dilution, in which
the agar had been adjusted to pH 8, also compared well with Etest (85% +
1 dilution) and broth (79% =+ 1 dilution) methods. The method that agreed
the least with the other three was agar dilution without pH adjustment of
the medium. Only 6% of the MIC values determined by unadjusted agar
were within one dilution of microbroth values. Unadjusted Mueller Hinton
agar has a pH of 7.2-7.4. Following incubation in 12% CO, the medium
pH decreases to 6.8-7.0. Decreased pH has been shown to increase the
in vitro MIC of macrolide antibiotics including clarithromycin. Since H.
pylori requires high levels of CO, for growth, it is important to consider
the effect of medium pH changes caused by the growth environment. Etest,
broth microdilution and agar pH 8.0 all provide comparable MIC results
for susceptibility testing of H. pylori, although each method may require
different interpretive criteria.

1A:39 | SUSCEPTIBILITY OF H. PYLORI IN CANADA TO
CLARITHROMYCIN AND METRONIDAZOLE

L.M. Best, D.J.M. Haldane, S.J.O. Veldhuyzen van Zanten. Queen
Elizabeth Il Health Sciences Center, VGH, Halifax, NS, Canada

Resistance to antimicrobial agents is a major determinant of the efficacy of
regimens to eradicate H. pylori. Clarithromycin (CLA) and Metronidazole
(MET) are widely used in triple therapy combinations. The aim of this
study was to determine the rate of primary resistance to CLA and MET in
H. pylori isolated from patients in our population. 77 strains of H. pylori
recovered from infected patients prior to treatment were tested. We used
CLA and MET E-tests which have been shown to be reliable for H. pylori
susceptibility testing. Mueller Hinton agar with 7% sheep blood plates
were inoculated with 1 x 10° organisms and E-test strips were applied.
After incubation for 4 days at 37°C in a microaerophilic atmosphere the
plates were read. Control organisms were tested to validate the assay. The
results of E-tests were easy to interpret. Strains were considered resistant
if the minimum inhibitory concentration (MIC) was CLA > 2 ug/ml and
MET > 8 pg/ml. One strain was CLA resistant, MIC 12 ug/ml, and 76
strains were sensitive. The CLA MIC90 was 0.023 pg/ml. The rate of
primary resistance was 1.3%. 29 strains were MET resistant, MICs > 32
(22), 12 (5), 8 (2), and 48 strains were sensitive. The MIC90 of the sensitive
strains was 4 pg/ml. The rate of primary MET resistance was 38%. The
rate of CLA resistance is low and MET resistance is high in NS, Canada,
and this has implications for the choice of treatment regimens.

1A:40 | COMPARISON OF E-TEST TO AGAR DILUTION AND BROTH
MICRODILUTION METHODS FOR QUANTITATIVE
ANTIMICROBIAL SUSCEPTIBILITY TESTING OF
HELICOBACTER PYLORI

R. Piccolomini, G. Di Bonaventura, G. Catamo, C. Picciani, F. Carbone,
M. Neri. “G. D’Annunzio” University, Chieti, Italy

Resistance of H. pylori to antimicrobial agents is an important factor deter-
mining lack of success of anti-H. pylori treatments. Therefore, it would be
useful to determine in vitro susceptibility of the bacterium to antimicrobial
agents before initiating any anti-H. pylori therapy. Aim of our study was
to evaluate E-test, a recently developed commercial kit (AB, Biodisk,
Solna, Sweden), for susceptibility testing of clinical isolates of H. pylori
against 20 different antimicrobial agents and compare the results with those
determined by standard agar dilution and broth microdilution methods.
Methods: thirty H. pylori strains from patients with duodenal ulcer were
tested. The E-test method was performed in Mueller-Hinton agar with 5%
sheep blood. Agar dilution method was performed in Mueller-Hinton agar
with 5% sheep. Broth microdilution was performed using Mueller-Hinton
broth. For all three methods employed, inoculum of tested strains was ad-
justed to 4 Mc Farland scale. All plates were incubated in a microaerophilic
atmosphere at 35°C for up to 5 days. Results: the agreement between
MIC:s by the E-test and the standardized methods was good: 91 and 99.2%
(agar dilution), 90.6% and 98.3% (broth microdilution) of results being
within, respectively, 1 and 2 log, dilution steps. Thirty percent (9/30) of
the strains of H. pylori tested were resistant to metronidazole, 3% (1/30) to
both clarithromycin and tetracycline. Conclusions: we have confirmed that
the E-test is comparable to standardized methods for sensibility testing.
Therefore, E-test is a simple and reliable method for testing H. pylori
susceptibility to antimicrobial agents in clinical practice.
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