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ABSTRACT

Background/Aim: Helicobacter pylori is an important pathogen for gastroduodenal diseases. Infection with 
H. pylori can be limited by regimens of multiple antimicrobial agents. However, antibiotic resistance is a 
leading cause of treatment failure. The aim of this study has been to determine the resistance patterns of  
H. pylori strains isolated from gastric biopsies of patients with dyspepsia by agar dilution method, in Tehran, 
Iran. Patients and Methods: H. pylori isolates from patients with gastrointestinal diseases were evaluated 
for susceptibility testing by agar dilution method. Susceptibility testing was performed to commonly 
used antibiotics including clarithromycin, tetracycline, amoxicillin, metronidazole and ciprofloxacin.  
Results: Among 92 patients with dyspepsia, H. pylori strains were isolated from 42 patients. Seventeen 
(40.5%) of the isolates were resistant to metronidazole (MICs ≥ 8 μg/l), whereas one isolate (2.4%) was 
resistant to amoxicillin (MICs ≤ 0. 5 μg/ml) and ciprofloxacin (MICs ≤ 1μg/ml). The resistance rates to other 
antibiotics in H. pylori isolates are recorded as follows: clarithromycin 6 (14.3 %), tetracycline 2 (4.8%). In 5 
of 42 resistant cases, combined resistance was found. Conclusions: These data suggest that metronidazole 
should be used among Iranian patients in first-line therapy with caution, and ciprofloxacin in association 
with amoxicillin and a proton pump inhibitor is more recommended.
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Helicobacter pylori is an important pathogen for gastroduodenal 
diseases and more than 50% of the world’s population and 
nearly 80% of Iran’s population is infected by this bacteria.
[1-3] Many people with H. pylori infection never have any signs 
or symptoms and do not develop ulcers or other problems 
related to the infection, mucosa-associated lymphoid tissue 
(MALT) lymphoma and adenocarcinoma of the stomach.[4] 
So eradication therapy of symptomatic H. pylori infection by 
regimens of multiple antimicrobial agents plays an important 
role in the prevention of gastroduodenal diseases and its 
related complications. On the other hand, the most common 
causes of treatment failure can be related to antimicrobial 
resistance of H. pylori strain.[5,6] 

The successful treatment for eradication of H. pylori 
infection requires combination therapy; containing a 
proton pump inhibitor (PPI) and prescription of two 
or more antibiotics simultaneously, such as amoxicillin, 
clarithromycin, metronidazole, and tetracycline.[6,7] 

The rate of H. pylori resistance to the commonly used 
antibiotics varies according to different area. Also various 
frequencies in the same region are reported in different 
periods of time.[8,9] Therefore each country must provide local 
data to guide treatment policies. We tried to determine the 
resistance patterns of H. pylori strains isolated from gastric 
biopsies of patients with dyspepsia by agar dilution method, 
in Tehran, Iran.

PATIENTS AND METHODS

Population study
The study group consisted of 92 patients with dyspeptic 
symptoms undergoing endoscopy in Taleghani Hospitals in 
Tehran, Iran between April 2007 and December 2008. After 
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endoscopic examination, the gastric biopsy specimens from 
the antrum were examined for the presence of H. pylori by 
culture and polymerase chain reaction (PCR). This study 
was granted Institutional Review Board approval by Shahid 
Beheshti University and received ethical approval from the 
ethics committee. None of the patients had received previous 
treatment for the eradication of H. pylori.

Isolation and identification
Two antral biopsy specimens from each patient were kept in 
transport medium consisting of  Thioglycollate medium which 
supplemented with 1.3 g/l agar (Merck, Homburg, Germany) 
and 3% yeast extract (Oxoid, Basingstoke, UK). Gastric biopsies 
were cultured on brain heart infusion (BHI) agar supplemented 
with 10% (v/v) sheep blood and selective supplement 
(vancomycin 2.0 mg, polymyxin 0.05 mg, trimethoprim 1.0 
mg) (Merck). The cultured plates were incubated at 37°C for 
three-five days in a microaerobic atmosphere (5% O2, 10% CO2, 
85% N2) in a CO2 incubator (Innova-Co 170; New Brunswick 
Scientific, Edison, NJ, USA). The organisms were identified 
as H. pylori by Gram staining, colony morphology, and positive 
oxidase, catalase and urease reactions. 

DNA extraction and PCR amplification analysis
The bacteria were harvested, and genomic DNA was 
extracted by using the QIAamp tissue DNA extraction 
kit (QIAGEN, Hilden, Germany) according to the 
manufacturer’s instructions.

For molecular confirming of H. pylori colonies, the glmM 
gene was identified by PCR using specific primer pairs: 
forward 5′ GGATAAGCTTTTAGGGGTGTTAGGGG-3′ 
and reverse 5′ GCTTACTTTCTAACACTAACGCGC-3′ 
with a 296-bp size product.[10] The PCR was performed in a 
final volume of 25 μl containing 10 X PCR buffer, 500 nM of 
each primer, 2 mM MgCl2; 200 μM each deoxyribonucleotide 
triphosphate (dNTP), 1.5 U Taq DNA polymerase, and 200 
ng DNA sample. PCR was performed in a thermocycler 
(AG 22331; Eppendorf, Hamburg, Germany) under the 
following conditions: initial denaturation for 5 min at 94°C 
was followed by 30 cycles of 93°C for 1 min, 58°C for 30 s and 
72°C for 1 min. After a final extension at 72°C for 10 min, 
the PCR products were examined by electrophoresis on 1.2% 
agarose contained gels according to standard procedures.  
H. pylori strain 26695 were used as control strain. Individual 
cultures representing colonies from each patient were frozen 
at -70ºC until susceptibility testing was performed.

Antibiotic susceptibility testing
The minimum inhibitory concentration (MICs) was 
carried out by agar dilution method using Muller-Hinton 
agar (Merck Co, Germany) containing 5% defibrinated 
sheep blood. In each plate, various concentrations of 
antibiotics from 0.016 to 256 μg/ml were added to media 

when it was cooled up to 45°C. H. pylori suspensions were 
prepared equivalent to a no. 2 McFarland standard and 3 
μl of them were inoculated on Muller-Hinton agar plates 
containing different concentrations of antibiotics.[11] 

A plate without antibiotics was used as control. The cultured 
plates were incubated at 37°C for three-five days in a 
microaerobic atmosphere (5% O2, 10% CO2, 85% N2) in a 
CO2 incubator (Innova-Co 170; New Brunswick Scientific, 
Edison, NJ, USA). After 72 h of incubation, the MIC of each 
antibiotic was determined.[11] The resistance breakpoints 
for amoxicillin (MAST, London, United Kingdom), 
clarithromycin (Sandoz Ind. S.A., Spain), metronidazole 
(MAST, London, United Kingdom), ciprofloxacin (TEMED 
CO., Iran), and tetracycline (Ningxia Qiyuan Pharmaceutical 
Co., China) were defined as ≥ 0.5, ≥ 1.0, ≥8, > 1.0, and 
≥4 µg/ml, respectively.[9,11-13]

Data analysis
Chi squared and Fisher’s exact tests were used for analysis 
of categorical data. Analyses were done using Sigma Stat for 
Windows V2.03 (SPSS, Chicago, IL, USA). A P value less 
than 0.05 was accepted as statistically significant. 

RESULTS

Out of 92 patients with dyspepsia, 42 patients including 
24(57 %) males and 18 (43 %) females (mean age: for 
males: 45±18 years and females: 38±14) had endoscopic 
biopsy with H. pylori positive culture using specific media. 
The highest resistance rate was for metronidazole (40.5%), 
whereas one isolate (2.4%) was resistant to ampicillin and 
ciprofloxacin. The resistance rates to other antibiotics in  
H. pylori isolates are recorded as follows: clarithromycin 6 (14 %),  
tetracycline 2 (5%). 

MIC values varied from 0.12 to 4 μg/ml for clarithromycin, 
and from 0.12 to 8 μg/ml for tetracycline, ampicillin and 
ciprofloxacin. Metronidazole had a reduced activity (MIC50 
2 μg/ml); 40% of the isolates (n = 17) were resistant to this 
compound; and MIC values varied from 0.125 to > 32 µg/ml. 
The MIC50 and MIC90 of each antibiotic are shown in Table 1.  
Multidrug resistant H. pylori isolates were detected in 5 
(12%) of 42 isolates. Among these combined resistances, the 
maximum resistance rate was observed in three (7 %) cases 
of metronidazole plus clarithromycin. Statistical analysis 
revealed that resistance rate to either antibiotic in H. pylori 
isolates was not significantly associated with the sex and age 
of patients (P>0.05).

DISCUSSION

H. pylori is an important pathogen for gastroduodenal 
diseases. In most cases, H. pylori infection causes an 
asymptomatic chronic gastric inflammation, but can also 
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cause severe gastroduodenal diseases in some infected 
persons, including chronic atrophic gastritis, peptic ulcers, 
and gastric adenocarcinoma.[1]

In the past, H. pylori isolates were susceptible to many 
different antibiotics, but now the successful treatment of it 
is challenging.[14] Antibiotic resistance in H. pylori isolates 
is widespread and increasing of resistant isolates can make 
considerable clinical problem for antibiotic therapy. For 
this reason, detection of susceptibility in each area for every 
year can help to gain a better understanding of the effect of 
resistance on therapy outcome.

In this study, we report the susceptibility of Iranian H. 
pylori isolates to commonly used antibiotics including 
metronidazole, clarithromycin, ampicillin, tetracycline, and 
ciprofloxacin.

A high rate of resistance to metronidazole was found in 
Iranian isolates [Table 1]. Different range of resistance to 
metronidazole from 22%, 30% and 54% were reported in 
previous studies in Iran.[15-17] The high resistance rate of 
metronidazole was observed in India (77.9%) and Kuwait 
(70%) too.[18,19] Also there are variable susceptibility rates in 
developed countries; 15.8% in Bulgaria and 25% in the USA.[12,20]  
It was shown that H. pylori genetic drift and adapting 
to different situation environment can be the causes of 
metronidazole resistance of H. pylori isolates.[21] Because 
of using of metronidazole in treatment of diarrheal disease 
including parasitic and bacterial infections in Iran, and it is 
also the first line therapy in gastritis infected with H. pylori 
strains, high resistance to metronidazole can be expected.[22] 
In addition, testing conditions, including choice of medium, 
age of the colonies, incubation period and conditions, and 
inoculums size, have been shown to influence the results of 
susceptibility testing for metronidazole.[23] There were no 
significant association between rate of metronidazole resistant 
in H. pylori strains and age and sex in studied patients.

Among antibiotics examined, clarithromycin was the 
second low effective antibiotic with 14.3% resistance. In 
several studies conducted in Iran, different resistance rates 
to clarithromycin were reported; 4.16, 16 and 2.4%.[16,24,25] 

Albeit in developed countries approximately 10% of the  
H. pylori strains were clarithromycin-resistant, but in 
developing countries this resistance rate was higher.[26-28] 

Because of current usage of clarithromycin for treatment 
of H. pylori in Iran, this resistance may be related to cross 
resistance between other macrolide antibiotics such as 
erythromycin and clarithromycin.[15] On the other hand, using 
the clarithromycin may result in selection of resistant strains, 
but this acquired resistance to clarithromycin is stable.[29]

Resistance to amoxicillin was observed in 2.4% of the isolates. 
The low rate of resistance in previous studies in Iran was 
reported.[17,24] In Europe and USA, resistance rates are less than 
1%.[23] In contrast, high resistance rates have been reported in 
South Korea (18.5%) and in Indonesia (19.4%).[7,30]

In some countries such as Kuwait and France, amoxicillin-
resistant H. pylori has not been found.[18,30,31] Van Zwet et al.  
have shown that the amoxicillin-resistant phenotype can 
be changed in vitro condition to amoxicillin-susceptible 
strains.[31] Also colonization of the stomach with other 
β-lactam-resistant bacteria may lead to transfer of amoxicillin 
resistance to H. pylori by transformation or a conjugation-
like mechanism.[32,33]

The low prevalence of tetracycline (5%) and ciprofloxacin-
resistant (7%) H. pylori isolates in Iran was reported in 
other studies.[24] It has been shown that primary resistance 
to tetracycline is rare in H. pylori isolates.[13] The high rate 
of susceptibility in H. pylori strains to ciprofloxacin suggests 
that this antibiotic is an alternative drug that could be used 
for eradication of H. pylori. The low resistance rates to 
ciprofloxacin were 1, 2 and 5% in India, Egypt, and south-
west of Nigeria, respectively.[13,34,35]

On the basis of our findings, the maximum multiple 
resistance rates were observed in three cases of metronidazole 
plus clarithromycin (7%). Statistical analysis revealed that 
resistance rate to either antibiotic in H. pylori isolates was 
not significantly associated with the gender of patients 
(P>0.05). Also, there was no statistical significance between 
antimicrobial resistance rates and different age groups.

Generally the unrestricted and unsuitable use of the 
antibiotics can be the causes of developing of antibiotic 
resistance in H. pylori strains. On the other hand, the most 
important causes of therapy failure are related to increased 
prevalence of antibiotic resistance in H. pylori; thus each 
country must provide local data to guide treatment policies. 
In conclusion considering the increasing resistance rate, 
ciprofloxacin and tetracycline and other probably suitable 
antibiotics should be recommended instead of metronidazole 
and clarithromycin in the eradication treatment of gastro-
duodenal diseases with H. pylori infection in Iran.

Table 1: Resistance to antimicrobial agents in H. pylori 
isolated from dyspeptic patients

Antibiotic Resistance 
(%)

MIC 50
(µg/ml)

MIC 90
(µg /ml)

MIC range
(µg /ml)

Ampicillin 2.4 0.12 1 0.12 to 8
Clarithromycin 14.3 0.25 0.5 0.12 to 4
Metronidazole 40.5 2 8 0.125 to > 32
Tetracycline 4.8 0.25 2 0.12 to 8
Ciprofloxacin 2.4 0.5 1 0.12 to 8
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