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Abstract 
 

Background: The resistance of H. pylori to the recently available antibiotic treatment regimens has been a grow-
ing problem. The prevalence of high antibiotic resistance of H. pylori is the most common reason of its eradica-
tion failure. The purpose of the present study is to determine the prevalence of antibiotic resistance among H. 
pylori strains isolated from Iranian patients. 
 
Method: We investigated the prevalence of H. pylori resistance to metronidazole, clarithromycin, amoxicillin, and 
tetracycline among 128 H. pylori isolates from Iranian patients. After the culture of biopsy specimens and identifi-
cation, susceptibility tests was performed with Modified Disk Diffusion Method (MDDM) and E. test. 
 
Results: Resistance rates to metronidazole, clarithromycin, amoxicillin and tetracycline were 64%, 23%, 2.5% 
and 0%, respectively. Seventy two percent of the metronidazole resistance strains had MIC>256µg/ml (High-
Level-Resistance). 
 
Discussion: Due to the increasing rate of antibiotic resistance in H. pylori strains and in order to decrease the 
treatment cost, testing of susceptibility to metronidazole and clarithromycin is recommended. 
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Introduction 
 
Helicobacter pylori infect the majority of the adult 
population in developing countries including Iran. 
Studies from northern and southern regions of Iran 
demonstrated high rates of H. pylori infection (>85%) 
with the frequent rate of development of duodenal 
ulcer and gastric cancer. The low eradication rate of 
H. pylori infection in Iran and considerable rates 
(20%) of reinfection or recrudescence indicate that 
controlling H. pylori infection should be considered 
as an important health issue.1-4 

 H. pylori play an important role in the pathogenesis 

of chronic gastritis, peptic ulcer disease, and possibly, 
gastric carcinoma.5,6 Eradication of the organism not 
only accelerates the healing of the ulcer but also pre-
vents long-term ulcer relapse.7  

The current treatment for H. pylori infections in-
cludes anti-secretory agents or bismuth citrate plus 
two or more antimicrobial agents.8 Clarithromycin 
and metronidazole are the most frequently used anti-
biotics for the treatment of H. pylori infection.9 How-
ever, the treatment of H. pylori infection does not al-
ways eradicate the organism and antibiotic resistance 
is increasingly recognized as a contributing factor in 
the 10-15% of patients who fail H. pylori eradication 
therapy.10 The prevalence of resistance to metronida-
zole differs in different countries; a lower prevalence 
has been reported for industrialized countries ranging 
from 10 to 50%, whereas up to 90% of H. pylori iso-
lates from developing countries have been estimated 
to be resistant.11 Although the rates of clarithromycin 
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resistance are relatively low, the rate of clarithromycin 
resistance has been increased. Studies have shown that 
7-12% of the patients with H. pylori infection have 
isolates with a primary resistance to clarithromycin.12 
Incidence of primary resistance to amoxicillin and tet-
racycline is still rare.13 Determination of antimicrobial 
susceptibility is therefore important, particularly when 
treatment has failed.14 

The purpose of the present study was to determine 
the prevalence of metronidazole and clarithromycin 
resistance among the H. pylori strains isolated from 
Iranian dyspeptic patients.  
 
 
Materials and Methods 
 
A total of 128 clinical isolates of H. pylori of antrum 
biopsies were collected during 2006 to 2007 at the 
Endoscopy Center of Baqiyatollah Hospital in Te-
hran, Iran. The isolates were from dyspeptic patients 
(74 females and 54 males, aged 17-65 years) among 
who 32 suffered from peptic ulcers and the other 96 
had only gastritis. Also, 56 patients had no prior his-
tory of eradication therapy while the other 72 had al-
ready received eradication therapy. 

After primary recognition with rapid urease test, 
the biopsy specimens were immediately placed in a 
transport medium (thioglicollate) and sent to the mi-
crobiology laboratory. The specimens were placed on 
the Brucella agar supplemented with 10% defibri-
nated sheep blood, 5% fetal calf serum, 10 mg/l of 
vancomycin, 5 mg/l of trimethoprim and 20 µg/ml of 
polymyxin B. The plates were incubated in a mi-
croaerophilic atmosphere (10% CO2, 6% O2, and 84 
% N2) and relative humidity at 37oC for 8 to 10 days. 
Bacterial growth was identified as H. pylori on the 
basis of colony morphology, Gram staining and posi-
tive biochemical reaction to catalase, oxidase and 
urease tests. 

The isolates were subcultured on the Brucella 
blood agar for 48-72 hrs and stored at -70oC in ali-
quots of Brucella broth supplemented with 20% (v/v) 
glycerol and 10% (v/v) fetal calf serum. 

The susceptibility of the H. pylori isolates to met-
ronidazole, clarithromycin, amoxicillin and tetracy-
cline was examined by Modified Disk Diffusion Me-
thod (MDDM) and E. tests. MDDM was performed 
with Brucella blood agar with 5% fetal calf serum. 
For this purpose, suspensions from the primary plates 
were prepared in 500 µl Brucella broth to a Mc Far-
land opacity standard 4 (approximately 108 CFU/ml) 

, and then 100 µl of the suspension was spread on the 
medium. The plates were briefly dried and then disks 
containing 5µg metronidazole, 2µg clarithromycin, 
10 µg amoxicillin, 30 µg tetracycline were placed on 
the plate surface. The plates were incubated mi-
croaerophically at 37 0 C for 5 days. The diameters of 
the zones of complete growth inhibition were finally 
measured in millimeters. Reference strain 26695 was 
included as a quality control. 

Susceptibility results were recorded as resistant 
according to the following interpretive criteria: for 
clarithromycin, no zone of growth inhibition; for met-
ronidazole, a growth inhibition zone <16 mm; for 
amoxicillin, a zone <11 mm and for tetracycline, a 
growth inhibition zone <20 mm. 

Brucella blood agar with 5% fetal calf serum was 
used as the base medium. The plates were streaked in 
three directions as described for the MDDM with 
each inoculum and then metronidazole E. test strips 
(0.016-256 µg/ml) were aseptically placed on to the 
dried surface of the inoculated plates. The plates were 
incubated under microaerophilic condition at 370 C 
for 5 days.  

E. test MIC values were defined as the intercept of 
the elliptical zone of inhibition with the graded E. test 
strip according to the instructions of the manufacturer. 

There is no established NCCLS metronidazole 
breakpoint for H. pylori. In this study; the isolates 
were considered resistant when the MIC value was 
8mg/l for metronidazole. High level resistance was 
defined as MIC≥256mg/l. 
 
 
Results 
 
Table 1 shows the characteristics of patients from 
whom the strains were obtained. 
 
Table 1: Characteristics of the patients 
Characteristic No of patients=128 
Age 
Male/Female ratio 
Peptic ulcer disease 
Gastritis 

17-65 
42/86 
32 (25%) 
96 (75%) 

 
As shown in Table 2, the prevalence of antibiotic 

resistance according to the MDDM was 64% to met-
ronidazole, 23% to clarithromycin, and 2.5% to 
amoxicillin (p<0.001, McNemar test). All the isolates 
(128) were susceptible to tetracycline. Inhibition zone 
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diameters for disk diffusion ranged from 8 to 20 mm 
for amoxicillin. No zones of growth inhibition to 
10mm for clarithromycin, 22 to 34 mm for tetracy-
cline and 18mm for metronidazole were obtained. 
The MIC of 128 H. pylori isolates for metronidazole 
was determined using the E. test, a simple but rela-
tively expensive routine method, that shows a consis-
tent reproducibility and excellent correlation with 
agar dilution, which is widely used as reference 
method for H. pylori. The lowest and highest concen-
tration of metronidazole on the E. test strips was 
0.016 and 256 mg/l. 
 
 
Table 2: The susceptibility rates to antibiotics by 
MDDM 
Antibiotics 
 

Disk 
 

Zone size 
breakpoint 

Resistance 
No. (%) 

Metronidazole   5 16 82 (64.1) 
Clarithromycin   2 Any zone 29 (23.5) 
Amoxicillin 10 11   3 (2.5) 
Tetracycline 30 20   0 
*p value < 0.001 

 
 

Thus, the isolates with MIC lower than 0.016 and 
higher than 256 could not be detected. According to 
E. test, resistance rate to metronidazole was 64%. The 
range of metronidazole MIC varied from 2 to >256 
µg/ml. The overall agreement between the results of 
MDDM and E. tests for metronidazole was found in 
128 strains, of which 82 (64%) isolates were found 
resistant to 8 mg/l metronidazole by the E. test and 82 
(64%) of them exhibited inhibitory zones of 16mm or 
less by MDDM tests. Furthermore, 60 (73.1%) out of 
the 82 resistant isolates (using E. test) had a high level 
of resistance to metronidazole (MIC>256 µg/ml). 

Of 128 H. pylori isolates, 29 (23%) were resistant 
to both metronidazole and clarithromycin. 
 
 
Discussion 
 
The importance of H. pylori, as a human pathogen, is 
well established due to its increasing resistance to 
various antimicrobial agents.4,16 The emergence of 
metronidazole and clarithromycin resistant H. pylori 
strains has resulted in decreased success of the cur-
rent therapies using this antibiotic.4,16 Surveillance of 
H. pylori susceptibility tests in the pre-treatment 

population is difficult since there are only a few cen-
ters which offer gastroendoscopy and culture as a 
routine primary diagnostic test;17 the sensitivity of H. 
pylori to antibiotics is only checked occasionally.18 

Metronidazole resistance varies from <10% to 
>80% in different geographical regions.19 In the pre-
sent study, the overall rate of metronidazole resis-
tance among the H. pylori isolates was 64%. Met-
ronidazole resistance occurs by rdxA gene, which en-
codes an oxygen-insensitive NADPH nitroreductase. 
Recent evidence has suggested that inactivation of 
frxA (NADPH flavin oxidoreductase), fdxB (ferro-
doxin-like protein) and possibly other reductase-
encoding genes may also contribute to the resistant 
phenotype.20 Another possible mechanism of intrinsic 
metronidazole resistance involves decreased drug up-
take or increased drug efflux.21 Clarithromycin resis-
tance is known to be associated with the point muta-
tions of 23S rRNA gene (A2143G or A2144G muta-
tion) of the bacterium which inhibit the binding of 
clarithromycin to the ribosome.22 Elviss et al. re-
ported a resistance rate of 11% for clarithromycin.22 

In our study, the overall rate of clarithromycin re-
sistance was 23%. The prevalence of resistance to 
both metronidazole and clarithromycin among the 
128 isolates was 23%. Several investigators have 
noted that the rates of resistance to these two antibiot-
ics among the patients, previously treated for H. py-
lori infections, are generally higher than those ob-
served among the untreated patients.23 

Resistance to tetracycline and amoxicillin is rare. 
In our study, amoxicillin resistance was 2.5% and no 
tetracycline resistant was observed. There have been 
reports of 7% resistance in Brazil24 and 4.9 and 6.7% 
in Japan and Korea, respectively.25 This study high-
lights the importance of antibiotics susceptibility tests 
to guide treatment plans for H. pylori infections. Ac-
cordingly, high rates of resistance to metronidazole 
and clarithromycin might require the introduction of 
new antibiotics, culture and susceptibility testing 
prior to selecting a therapy. 
 
 
Acknowledgements 
 
This work was supported by research grant of Tarbiat 
Modares University (Tehran, Iran). 
 
Conflict of interest: None declared. 

 
 

 
 

Archive of SID

www.SID.ir

http://www.irmj.ir
www.sid.ir
www.sid.ir


Haghi Tomatari et al. 
 

WWW.irmj.ir Vol 12 July 2010 412 

References 
 

 
 

1 Talebi BezminAbadi A, Mohabati 
Mobarez A, Ajami A, Rafiee A, 
Taghwaii T. Evaluation on antibiotic 
resistance of H. pylori isolated from 
patients admitted to tooba medical 
center, Sari. J Mazand Univ Med Sci 
2009;19:26-32. 

2 Nouraie M, Latifi-Navid S, Rezvan 
H, Radmard AR, Maghsudlu M, 
Zaer-Rezaii H, Amini S, Siavoshi F, 
Malekzadeh R. Childhood hygienic 
practice and family education status 
determine the prevalence of H. py-
lori infection in Iran. Helicobacter 
2009;14:40-6. [19191895] [doi:10. 
1111/j.1523-5378.2009.00657.x] 

3 Mohammadi M, Doroud D, 
Mohajerani N, Massarrat S. H. pylori 
antibiotic resistance in Iran. World J 
Gastroenterol 2005;11:6009-13. [16 
273615] 

4 Farshad S, Japoni A, Alborzi A. Heli-
cobacter pylori and Extradigestive 
Disorders in the Past 10 Years. Iran 
Red Crescent Med J 2007; 9:197-
200. 

5 Kato S, Fujimura S, Udagawa H, 
Shimizu T, Maisawa S, Ozawa K, Ii-
numa K. Antibiotic resistance of H. 
pylori strains in Japanese children. J 
Clin Microbiol 2002;40:649-53. [118 
25987] [doi:10.1128/JCM.40.2.649-
653.2002] 

6 Mohammed AMM. Patterns of H. 
pylori resistance to metronidazole, 
clarithormycin and amoxicillin in 
Saudi Arabia. Bacteriology and Vi-
rology J 2008;38:173-8. [doi:10. 
4167/jbv.2008.38.4.173] 

7 Lerang F, Moum B, Ragnhildstveit 
E, Sandvei PK, Tolås P, Whist JE, 
Henriksen M, Haug JB, Berge T. 
Simplified 10 day Bismuth triple ther-
apy for cure of H. pylori infection: Ex-
perience from clinical practice in a 
population with a high frequency of 
metronidazole resistance. Am J 
Gastroenterol 1998;93:212-6. [94 
68244] [doi:10.1111/j.1572-0241. 
1998.00212.x] 

8 Branca G, Spanu T, Cammarota G, 
Schito AM, Gasbarrini A, Gasbarrini 
GB, Fadda G. High level of dual re-
sistance to clarithromycin and met-
ronidazole and in vitro activity of 
levofloxacin against H. pylori isolates 
from patients after failure of therapy. 
Int J Antimicrob Agents 2004; 
24:433-8. [15519473] [doi:10.1016/j. 
ijantimicag.2004.02.032] 

9 Osato MS, Reddy R, Reddy SG, 
Penland R, Graham DY. Comparison 
of the Etest and the NCCLS-
approved agar dilution method to de-
tect metronidazole and clarithromycin 
resistant Helicobacter pylori. Interna-

tional J of Antimicrobial Agents Int J 
Antimicrob Agents 2001;17:39-44. 
[11137647] [doi:10.1016/S0924-
8579(00)00320-4] 

10 Elviss N, Owen RJ, Xerry J, Walker 
AM, Davies K. H. pylori antibiotic re-
sistance patterns and genotypes in 
adult dyspeptic patients from a re-
gional population in north Wales. J 
Antimicrob Chemother 2004;54:435-
40. [15243025] [doi:10.1093/jac/ 
dkh343] 

11 Prazeres Magalhaes P, De M Quiroz 
DM, Campos Barbosa DV, Aquiar 
Rocha G, Noqueira Mendes E, 
Santaos A, Valle Correa PR, 
Camaroqos Rocha AM, Martins 
Teixeira L, Affonso de Oliveira C. Heli-
cobacter pylori primary resistance to 
metronidazole and clarithromycin in 
Brazil. Antimicrob Agents Chemother 
2002;46:2021-3. [12019131] 

12 Logan RP, Gummett PA, Schaufel-
berger HD, Greaves RR, Mendelson 
GM, Walker MM, Thomas PH, Ba-
ron JH, Misiewicz JJ. Eradication of 
Helicobacter pylori with clarithromy-
cin and omeprazole. Gut 
1994;35:323-6. [8150340] [doi:10. 
1136/gut.35.3.323] 

13 Lang L, Garcia F. Comparison of E-
test and disk diffusion assay to evalu-
ate resistance of Helicobacter pylori 
isolates to amoxicillin, clarithromycin, 
metronidazole and tetracycline in Cos-
ta Rica. Int J Antimicrob Agents 
2004;24:572-7. [15555880] [doi:10. 
1016/j.ijantimicag.2004.07.009] 

14 McNulty C, Owen R, Tompkins D, 
Hawtin P, McColl K, Price A, Smith 
G, Teare L; PHLS Helicobacter 
Working Group. Helicobacter pylori 
susceptibility testing by disc diffu-
sion. J Antimicrob Chemother 2002; 
49:601-9. [11909833] [doi:10.10 
93/jac/49.4.601] 

15 Branca G, Spanu T, Cammarota G, 
Schito AM, Gasbarrini A, Gasbarrini 
GB, Fadda G. High levels of dual re-
sistance to clarithromycin and met-
ronidazole and in vitro activity of 
levofloxacin against Helicobacter py-
lori isolates from patients after failure 
of therapy. Int J Antimicrob Agents 
2004;24:433-8. [15519473] [doi:10. 
1016/j.ijantimicag.2004.02.032] 

16 Buckley MJ, Xia HX, Hyde DM, 
Keane CT, O'Morain CA. Metronida-
zole resistance reduces the efficacy 
of triple therapy and leads to secon-
dary clarithromycin resistance. Dig 
Dis Sci 1997;42:2111-5. [9365144] 
[doi:10.1023/A:1018882804607] 

17 Chisholm SA, Teare EL, Davies K, 
Owen RJ. Surveillance of primary 

antibiotic resistance of H. pylori at 
centers in England and Wales over 
a six-year period (2000-2005). Euro 
Surveill 2007;12:E3-4. [17991408] 

18 Perna F, Gatta L, Figura N, Ricci C, 
Tampieri A, Holton J, Miglioli M, Vai-
ra D. Susceptibility of H. pylori to 
metronidazole. Am J Gastroenterol 
2003;98:2157-61. [14572561] [doi: 
10.1111/j.1572-0241.2003.07681.x] 

19 Kim JJ, Reddy R, Lee M, Kim JG, 
El-Zaatari FA, Osato MS, Graham 
DY, Kwon DH. Analysis of metroni-
dazole, clarithromycin and tetracy-
cline resistance of H. pylori isolates 
from Korea. J Antimicrob Chemo-
ther 2001;47:459-61. [11266421] 
[doi:10.1093/jac/47.4.459] 

20 Jenks PJ, Edwards DI. Metronidazole 
resistance in Helicobacter pylori. Int 
J Antimicrob Agents 2002;19:1-7. 
[11814762] [doi:10.1016/S0924-85 
79(01)00468-X] 

21 van Amsterdam K, Bart A, van der 
Ende A. A Helicobacter pylori TolC 
efflux pump confers resistance to 
metronidazole. Antimicrob Agents 
Chemother 2005;49:1477-82. [157 
93129] [doi:10.1128/AAC.49.4.14 
77-1482.2005] 

22 Elviss NC, Owen RJ, Breathnach A, 
Palmer C, Shetty N. Helicobacter 
pylori antibiotic-resistance patterns 
and risk factors in adult dyspeptic 
patients from ethnically diverse 
populations in central and south 
London during 2000. J Med Micro-
biol 2005;54:567-74. [15888466] 
[doi:10.1099/jmm.0.45896-0] 

23 Samra Z, Shmuely H, Niv Y, Dinari 
G, Passaro DJ, Geler A, Gal E, 
Fishman M, Bachor J, Yahav J. Re-
sistance of Helicobacter pylori iso-
lated in Israel to metronidazole, cla-
rithromycin, tetracycline, amoxicillin 
and cefixime. J Antimicrob Chemo-
ther 2002;49:1023-6. [12039 897] 
[doi:10.1093/jac/dkf041] 

24 Mendonça S, Ecclissato C, Sartori 
MS, Godoy AP, Guerzoni RA, Degger 
M, Pedrazzoli J Jr. Prevalence of Heli-
cobacter pylori resistance to metroni-
dazole, clarithromycin, amoxicillin, tet-
racycline, and furazolidone in Brazil. 
Helicobacter 2000;5:79-83. [1084 
9055] [doi:10.1046/j.1523-5378.2000. 
00011.x] 

25 Kwon DH, Kim JJ, Lee M, Yamaoka 
Y, Kato M, Osato MS, El-Zaatari FA, 
Graham DY. Isolation and charac-
terization of tetracycline-resistant 
clinical isolates of Helicobacter py-
lori. Antimicrob Agents Chemother 
2000;44:3203-5. [11036054] [doi:10. 
1128/AAC.44.11.3203-3205.2000] 

 

Archive of SID

www.SID.ir

http://www.irmj.ir
www.sid.ir
www.sid.ir

