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ABSTRACT
BACKGROUND:
In this study, efficacy and consistency of disc diffusion (DD) and agar dilution 
(AD) methods in determining Helicobacter pylori susceptibility to antibiotics 
were evaluated using Brucella blood agar (BBA) in both methods and 
tetrazolium egg yolk agar (TEYA) in AD. 

METHODS: 
Twenty H. pylori isolates were tested for susceptibility to nine antibiotics; 
metronidazole (MTZ), clarithromycin (CLR), amoxicillin (AMX), tetracycline 
(TET), ofloxacin (OFX), levofloxacin (LVX), ciprofloxacin (CIP), furazolidone 
(FRZ), and rifampin (RIF). Antibiotics solutions were impregnated into blank 
paper disks on BBA in the DD method or added to BBA (ADB) or TEYA 
(ADT) media in the AD method. Suspensions of H. pylori isolates were surface 
or spot inoculated on solid media. Plates were incubated in CO2 incubator at 
37°C for 5-7 days.

RESULTS: 
The highest rate of susceptibility to MTZ (65%) was determined by DD method 
compared with AD method (ADB: 40%, ADT: 30%). Both methods showed 
similar CLR (85%) and AMX (100%) susceptibility rates. Susceptibility 
to remaining antibiotics, determined by DD and ADB/ADT media were in 
respective order as 95%, 75% / 75% for TET, 100%, 95% / 85% for FRZ, 85%, 
85% / 75% for OFX, 90%, 95% / 85% for LVX, 90%, 85% / 85% for CIP, and 
100%, 85% / 75% for RIF.

CONCLUSION: 
DD and AD methods showed consistency in determining 161 (89.4%) 
susceptibility and resistance and inconsistency in determining 19 (10.6%) 
susceptibility and resistance (P < 0.05). DD is recommended as a cheap and 
easy method with the efficacy and precision comparable to the AD method in 
determining H. pylori susceptibility to antibiotics.
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INTRODUCTION
Reports from different parts of the world indicate different rates of 
Helicobacter pylori resistance to currently used antimicrobials. These 
differences could result from differences in local patterns of antibiotic 
prescription and consumption1 or variations in the methods used for 
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performing susceptibility tests.2 It has been suggested 
that H. pylori requirement for supplements added to 
the medium and long incubation under microaerobic 
conditions might be the reasons for difficulties in 
designing a reliable method for evaluating bacterial 
susceptibility to antibiotics.3 

Bacterial susceptibility test by agar dilution (AD) 
method has been approved as the gold standard 
method by the National Committee for Clinical 
Laboratory Standards (NCCLS).4 The advantage of the 
AD method is that a large number of strains can be 
tested at the same time. However, this method is time-
consuming and laborious, and solid media with a given 
antibiotic should be used fresh. When testing H. pylori 
for susceptibility to antibiotics by the AD method, the 
bacterium produces colorless colonies on Brucella 
blood agar (BBA), which are difficult to observe. In 
several studies, the addition of triphenyltetrazolium 
chloride (TTC) to a solid medium containing egg yolk 
as a color indicator facilitated visualization of small H. 
pylori colonies as red spots on the surface of bright-
yellow tetrazolium egg yolk agar (TEYA).5 Growing 
bacteria produce red colonies due to the reduction 
of the soluble colorless TTC into a red insoluble 
formazan complex.6 TEYA has been used for testing 
susceptibility of H. pylori isolates to metronidazole 
(MTZ) and clarithromycin (CLR) by the AD method.7

Epsilometer test (E-test) method has been approved 
for susceptibility testing of many bacteria but not 
H. pylori. However, this method has been used in 
several studies on the antibiotic susceptibility of H. 
pylori. E-test is rather expensive but with less labor, 
compared with AD method. Furthermore, by E-test 
method, bacterial susceptibility, as well as minimum 
inhibitory concentration (MIC) of antibiotics, can be 
simultaneously estimated. The accuracy of E-test for 
examining of H. pylori susceptibility to MTZ has not 
been confirmed by NCCLS. On the one hand, E-test 
and AD methods have been found reliable for testing 
susceptibility of H. pylori to amoxicillin (AMX) and 
CLR but not for MTZ.8 On the other hand, E-test has 
been used as a suitable alternative to the AD method, 
and both methods showed satisfactory results of H. 
pylori susceptibility or resistance to CLR and MTZ 
in most (93%) of the studied cases.9 It has been 
demonstrated that disc diffusion (DD) can be used as 

an alternative method to E-test for in vitro antibiotic 
susceptibility tests because the DD method is simple, 
easy to perform, and economical.10, 11 However, while 
E-test has been suggested for H. pylori susceptibility 
tests due to a stable pattern of antibiotic release and 
tolerating prolonged incubation,12 the DD method 
has not been recommended for testing slow-growing 
bacteria because long incubation could affect the 
pattern of antibiotic release from the disc.13,14 

In this study, susceptibility of 20 H. pylori isolates to 
nine currently prescribed antibiotics was examined by 
AD and DD methods, using two solid media; BBA and 
TEYA. Results were compared to evaluate the efficacy 
and consistency of the two methods in determining the 
antibiotic susceptibility of H. pylori isolates.

MATERIALS AND METHODS
Helicobacter pylori Isolates 
Helicobacter pylori isolates used in this study were 
cultured from the gastric biopsy of 20 patients with 
dyspepsia (13 men and 7 women aged 25-86 years) 
who were referred to the endoscopy unit of Shariati 
Hospital, Tehran, Iran. All patients signed informed 
consent, and the study was approved by the research 
ethics committee of Tehran University of Medical 
Sciences. Bacterial isolates were cultivated on BBA 
(Pronadisa, Spain) under a microaerobic atmosphere at 
37°C for 3-5 days and identified as H. pylori according 
to their microscopic and biochemical characteristics. 
Bacterial isolates produced glistening pin-pointed 
colonies on BBA, and gram-stained smears showed 
gram-negative spirals when examined by the light 
microscope. They also exhibited catalase, oxidase, and 
urease activities. 

Testing Susceptibility of Helicobacter pylori Isolates 
to Antibiotics by AD and DD Methods 
Concentrated solutions of antibiotics were prepared 
in dimethyl sulfoxide and added to BBA or TEYA 
medium in AD method or impregnated into the 
blank paper disks deposited on BBA in DD method. 
The appropriate concentration of each antibiotic 
was used to reach its MIC (μg/mL): MTZ (8), CLR 
(2), AMX (1), tetracycline (TET 0.5), ofloxacin 
(OFX 1), levofloxacin (LVX 1), ciprofloxacin (CIP 
1), furazolidone (FRZ 0.5),15 and rifampin (RIF 4) 
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(unpublished data). Fresh cultures of H. pylori isolates 
were used for the preparation of bacterial suspensions 
with the turbidity of McFarland unit No.2.

AD Method with BBA (ADB) and TEYA (ADT) 
Culture Media
For preparing ADB medium, antibiotics were added to 
cool 45°C BBA to reach their MIC. For ADT, filter-
sterilized TTC was added (40 mg/L) to cool sterile 
Brucella agar; then antibiotics were added to reach 
their final MIC. Homogenized egg yolk was added in 
the last step to reach the final concentration of 10%. 
Eggs were washed with soap and soaked in ethanol for 
2 hours before use. Finally, a 10-μL volume of each 
bacterial suspension was spot-inoculated onto the 
surface of BBA or TEYA containing antibiotics. 

DD Method
A 100-μL of each bacterial suspension was spread on the 
surface of BBA, using a sterile glass rod. Sterile blank 
paper discs were superimposed on the surface of plates 
and impregnated with 10 μL of each antibiotic solution. 

Control Plates
BBA/TEYA plates without antibiotics were used 
as controls for H. pylori growth. All the plates were 
incubated under a microaerobic atmosphere at 37°C 
and examined for bacterial growth after 5-7 days. 
In the AD method, bacterial growth was considered 
positive when wet or red spots appeared on BBA or 
TEYA, respectively. In the DD method, the diameter 
of the inhibition zone (DIZ) on BBA was measured 
for each antibiotic in millimeters. DIZ ≥ 20 mm was 
considered susceptible.

Statistical Analysis
The difference between the results was determined by 
Fisher exact and chi-square tests using SPSS software, 
and P < 0.05 was considered significant.

RESULTS 
Helicobacter pylori Susceptibility to Antibiotics 
Determined by DD and AD (ADB/ADT) Methods 
MTZ susceptibility rates of 20 H. pylori isolates 
determined by DD, ADB/ADT were 65%, 40% /30% 
and resistance rates were 35%, 60%/70%, respectively 

(P < 0.0001). The highest rate of susceptibility to 
MTZ (65%) was determined by the DD method and 
the highest resistance rates by the AD method (ADB: 
60% and ADT: 70%). Both methods showed similar 
susceptibility rates to CLR (85%) and AMX (100%). 
TET susceptibility was determined as 95% by DD and 
75% by AD (ADB/ADT). The highest susceptibility 
to FRZ (100%) was determined by the DD method, 
compared with AD (ADB: 95% and ADT: 85%). 
Almost similar rates of susceptibility to quinolones, 
OFX, LVX, and CIP, were determined in respective 
order by DD (85%, 90%, and 90%) and AD (ADB: 
85%, 95%, and 85%, ADT: 75%, 85%, and 85%). 
The highest susceptibility rate to RIF (100%) was 
determined by the DD method, compared with those 
determined by AD (ADB: 85% and ADT 75%) 
(Figure1). Statistical analyses showed no significant 
differences between the results (P > 0.05).

Efficacy of DD and AD Methods in Determining 
Antibiotic Susceptibility/Resistance of Helicobacter 
pylori Isolates 
Results of susceptibility testing of 20 H. pylori 
isolates to nine antibiotics showed that out of total 180 
susceptibility/resistance counts by each method, the 
highest count of susceptibility (162/180, 90%) and the 
lowest count of resistance (18/180, 10%) were determined 
by the DD method. Furthermore, lower susceptibility 
counts were determined by ADB (149/180, 82.8%) and 
ADT (139/180, 77.2%) with higher resistance counts 
of 31/180 (17.2%) and 41/180 (22.8%), respectively. 
However, no significant difference was found between 
the results (P = 0.239, Figure 1).

Consistency between DD and AD Methods in 
Determining Antibiotic Susceptibility/Resistance of 
Helicobacter pylori Isolates
When considering 180 antibiotic susceptibility or 
resistance counts of 20 H. pylori isolates determined 
by DD and AD, the two methods showed consistency 
in determining 134/180 (74%) susceptibility and 
27/180 (15%) resistance. Furthermore, both methods 
showed inconsistency in determining 19/180 (10.6%) 
susceptibility or resistance (P = 0.0001, Figure 2). 
The most inconsistency within the results of the two 
methods was related to MTZ (10/180, 5.5%) and OFX 
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(5/180, 2.25%) groups. In other words, the two methods 
showed a considerable consistency in determining H. 
pylori susceptibility (65%-100%) or resistance (0%-
35%) to the remaining seven antibiotics.

DISCUSSION
First reports on inhibition of bacterial growth due 
to diffusion of fungal products in 187416 and 187617 
inspired investigators to use diffusion-based methods for 
testing the effectiveness of antibiotics in the inhibition 
of bacterial growth. After the discovery of penicillin in 
1924, Fleming and Wright introduced well diffusion 
method for facilitating the diffusion of antimicrobials in 
the medium18 that was followed by the production of the 
first paper disc impregnated with penicillin.19 Later in 
1947, the DD method with filter paper discs impregnated 
with different antibiotics was used for testing bacterial 
susceptibility in different laboratories. Around 1940s, 
the direct addition of antibiotics to the growth medium, 
called the AD method, was introduced.20 Despite some 
limitations in DD and AD methods, since similar 
results were obtained with both techniques, they 
were recognized as appropriate methods for testing 
the susceptibility of bacterial isolates to antibiotics.21 
Improvements in the DD method by Ericsson et al 
in 195422 and later by Bauer et al in 196623 led to the 
introduction of the DD method as a standard method for 

Fig. 1: Efficacy of disc diffusion and agar dilution (blood/tetrazolium) methods in determining susceptibility or resistance of 20 H. pylori 
isolates to nine currently-used antibiotics. R: resistant, S: susceptible.

Fig. 2: Consistency of disc diffusion and agar dilution methods 
in determining susceptibility or resistance of 20 H. pylori isolates 
to nine currently-used antibiotics. The two methods showed 
consistency in determining 134/180 (74%) susceptibility and 
27/180 (15%) resistance to antibiotics. The two methods also 
showed inconsistency in determining 19/180 (10.6%) susceptibility 
or resistance to antibiotics. S: susceptibility, R: resistance.
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susceptibility testing in 1975.24 Eventually, a modified 
DD method was introduced as E-test in 1977.25 Despite 
being cost-effective and easy to perform, the DD 
method has been considered unreliable for susceptibility 
testing of slow-growing H. pylori by some investigators 
because they believe results should be recorded within 
18-24 hours.26-28

In this study susceptibility/resistance rate of 20 
H. pylori isolates to currently used antibiotics was 
determined by DD and AD (ADB/ADT) methods. 
The susceptibility (S) or resistance (R) rates of H. 
pylori isolates to MTZ determined by DD (S: 65%, R: 
35%) and AD (S: 30%/40%, R: 70%/60%) methods 
showed a considerable difference between the results 
of two methods (P < 0.05). Reports have suggested 
long incubation in microaerobic conditions as the 
possible reason for the discrepancy in the results of 
MTZ susceptibility tests by DD and AD methods.29 
However, in the present study, differences between 
the results of the two methods that used similar culture 
media and incubation conditions indicated the impact 
of the type of method used. Our results also showed 
that the presence of egg yolk in TEYA, as the source 
of cholesterol, did not significantly enhance H. pylori 
resistance to antibiotics compared with blood in 
BBA. Accumulation of cholesterol in H. pylori cell 
membrane has been implicated in the maintenance of 
bacterial spiral shape, normal membrane permeability, 
bacterial virulence, and resistance to antibiotics.30

While the highest rate of susceptibility (65%) 
was obtained for MET by the DD method, similar 
susceptibility rates were determined by both methods 
for the rest of antibiotics (P < 0.05). CLR (85%) and 
AMX (100%) by both methods. Susceptibility to TET 
was 95% by DD and 75% by AD method. The highest 
(100%) susceptibility to FRZ was found by DD, 
followed by 85%-90% by AD. Similar susceptibility 
rates were obtained for quinolones by DD (85%-90%) 
and AD (75-95%) methods. The highest susceptibility 
to RIF was obtained by DD (100%), followed by AD 
(75%-85%). In a study from Brazil, susceptibility of 77 
H. pylori isolates to AMX, CLR, MET, TET, and FRZ 
was performed, comparing DD and E-test methods 
with the gold standard AD method. E-test showed a 
better agreement with AD; however, DD showed 
major errors and high disagreement with AD.31 In a 

study from China using 301 H. pylori isolates, a high 
susceptibility agreement (>95%) was found between 
E-test and DD for MTZ, CLR, and LVX. However, 
such an agreement was not found for AMX, TET, and 
FRZ. Accordingly, the performance of the DD method 
was recommended for routine testing of H. pylori 
susceptibility to MTZ, CLR, and LVX in clinical 
laboratories.32

Evaluation of the efficacy and consistency of DD and 
AD methods in determining susceptibility/resistance 
of H. pylori to nine antibiotics showed that although 
the highest susceptibility rates were determined by 
the DD method, the results showed no significant 
difference when compared with those determined by 
the AD method. Moreover, the two methods showed 
consistency in estimating 74% of susceptibility 
and 15% of resistance rates to antibiotics. The most 
inconsistency within the results of the two methods 
was related to MTZ (5.5%) and OFX (2.25%) groups. 
In other words, the two methods showed a considerable 
consistency in determining H. pylori susceptibility 
(65%-100%) or resistance (0-35%) to the remaining 
seven antibiotics.

Results of this study showed the efficacy of the DD 
method as an appropriate method for susceptibility 
testing of H. pylori, with the results comparable to 
AD for all antibiotics except MTZ for which it works 
better. Using a small number of bacterial isolates here 
might show the limitation of our study, suggesting 
susceptibility testing for a larger number of isolates. 
Some investigators have regarded the DD method as 
an unreliable method for testing H. pylori susceptibility 
to antibiotics,13,14 while others found the efficacy 
of the DD method equivalent to E-test method.10,11 
Furthermore, neither AD nor E-test has been regarded as 
sufficiently accurate methods in determining H. pylori 
susceptibility to antibiotics due to inter- and intra-test 
variability of these methods.33 Accordingly, the DD 
method may be recommended as a reliable, cheap, and 
easy alternative method to AD or E-test for performing 
H. pylori susceptibility tests in clinical laboratories.

ETHICAL APPROVAL
There is nothing to be declared.

CONFLICT OF INTEREST
The authors declare no conflict of interest related to this work.



Middle East J Dig Dis, Vol. 14, No. 2, April 2022

212 Disc diffusion for H. pylori susceptibility testing

REFERENCES
1. Mégraud F. Epidemiology and mechanism of antibiotic 

resistance in Helicobacter pylori. Gastroenterology 
1998;115(5):1278-82. doi: 10.1016/s0016-
5085(98)70101-5

2. Grignon B, Tankovic J, Mégraud F, Glupczynski Y, 
Husson MO, Conroy MC, et al. Validation of diffusion 
methods for macrolide susceptibility testing of 
Helicobacter pylori. Microb Drug Resist 2002;8(1):61-
6. doi: 10.1089/10766290252913773

3. Piccolomini R, Di Bonaventura G, Catamo G, 
Carbone F, Neri M. Comparative evaluation of the E 
test, agar dilution, and broth microdilution for testing 
susceptibilities of Helicobacter pylori strains to 20 
antimicrobial agents. J Clin Microbiol 1997;35(7):1842-
6. doi: 10.1128/jcm.35.7.1842-1846.1997

4. Clinical and Laboratory Standards Institute (CLSI). 
Performance Standards for Antimicrobial Susceptibility 
Testing. Wayne, PA: CLSI; 2017.

5. Valdez Y, Velapatiño B, Gilman RH, Gutierrez V, León 
C. Antimicrobial susceptibility of Helicobacter pylori 
determined by the E test using tetrazolium egg yolk 
agar. J Clin Microbiol 1998;36(9):2784-5. doi: 10.1128/
jcm.36.9.2784-2785.1998

6. Luechtefeld NW, Wang WL. Hippurate hydrolysis by 
and triphenyltetrazolium tolerance of Campylobacter 
fetus. J Clin Microbiol 1982;15(1):137-40. doi: 10.1128/
jcm.15.1.137-140.1982

7. Vasquez A, Valdez Y, Gilman RH, McDonald JJ, 
Westblom TU, Berg D, et al. Metronidazole and 
clarithromycin resistance in Helicobacter pylori 
determined by measuring MICs of antimicrobial agents 
in color indicator egg yolk agar in a miniwell format. 
The Gastrointestinal Physiology Working Group of 
Universidad Peruana Cayetano Heredia and the Johns 
Hopkins University. J Clin Microbiol 1996;34(5):1232-
4. doi: 10.1128/jcm.34.5.1232-1234.1996

8. Glupczynski Y, Broutet N, Cantagrel A, Andersen 
LP, Alarcon T, López-Brea M, et al. Comparison of 
the E test and agar dilution method for antimicrobial 
suceptibility testing of Helicobacter pylori. Eur J Clin 
Microbiol Infect Dis 2002;21(7):549-52. doi: 10.1007/
s10096-002-0757-6

9. Best LM, Haldane DJ, Keelan M, Taylor DE, Thomson 
AB, Loo V, et al. Multilaboratory comparison of 
proficiencies in susceptibility testing of Helicobacter 
pylori and correlation between agar dilution and 
E test methods. Antimicrob Agents Chemother 
2003;47(10):3138-44. doi: 10.1128/aac.47.10.3138-
3144.2003

10. Mishra KK, Srivastava S, Garg A, Ayyagari A. 
Antibiotic susceptibility of Helicobacter pylori clinical 
isolates: comparative evaluation of disk-diffusion and 
E-test methods. Curr Microbiol 2006;53(4):329-34. 

doi: 10.1007/s00284-006-0143-1
11. Chaves S, Gadanho M, Tenreiro R, Cabrita J. 

Assessment of metronidazole susceptibility in 
Helicobacter pylori: statistical validation and error rate 
analysis of breakpoints determined by the disk diffusion 
test. J Clin Microbiol 1999;37(5):1628-31. doi: 10.1128/
jcm.37.5.1628-1631.1999

12. Cederbrant G, Kahlmeter G, Ljungh A. The E test for 
antimicrobial susceptibility testing of Helicobacter 
pylori. J Antimicrob Chemother 1993;31(1):65-71. doi: 
10.1093/jac/31.1.65

13. Henriksen TH, Brorson O, Schöyen R, Thoresen T. 
Risks related to lack of standardization of tests to detect 
in vitro metronidazole resistance in Helicobacter pylori. 
Eur J Clin Microbiol Infect Dis 1996;15(6):484-8. doi: 
10.1007/bf01691316

14. Berger SA, Gorea A, Moskowitz M, Santo M, Gilat T. 
Effect of inoculum size on antimicrobial susceptibility 
of Helicobacter pylori. Eur J Clin Microbiol Infect Dis 
1993;12(10):782-3. doi: 10.1007/bf02098470

15. Siavoshi F, Saniee P, Latifi-Navid S, Massarrat S, 
Sheykholeslami A. Increase in resistance rates of H. 
pylori isolates to metronidazole and tetracycline--
comparison of three 3-year studies. Arch Iran Med 
2010;13(3):177-87.

16. Roberts W. Studies on Biogenesis. In: Philosophical 
Transactions of the Royal Society of London. Vol 
164. Royal Society; 1874. p. 457-77. doi: 10.1098/
rstl.1874.0012

17. Wheat PF. History and development of antimicrobial 
susceptibility testing methodology. J Antimicrob 
Chemother 2001;48 Suppl 1:1-4. doi: 10.1093/jac/48.
suppl_1.1

18. Fleming A, Wright AE. A comparison of the activities 
antiseptics on bacteria and on leucocytes. Proc R Soc 
Lond B Biol Sci 1924;96(674):171-80. doi: 10.1098/
rspb.1924.0019

19. Vincent JG, Vincent HW, Morton J. Filter paper disc 
modification of the oxford cup penicillin determination. 
Proc Soc Exp Biol Med 1944;55(3):162-4. doi: 
10.3181/00379727-55-14502

20. Schmith K, Reymann FE. Experimentelle og kliniske 
undersogelser over gonococcers folsomhed overfor 
sulfapyridin. Nord Med 1940;8:2493-9.

21. Jackson GG, Finland M. Comparison of methods for 
determining sensitivity of bacteria to antibiotics in 
vitro. AMA Arch Intern Med 1951;88(4):446-60. doi: 
10.1001/archinte.1951.03810100030003

22. Ericsson H, Hogman C, Wickman K. A paper disk 
method for determination of bacterial sensitivity to 
chemotherapeutic and antibiotic agents. Scand J Clin 
Lab Invest 1954;6 Suppl 11:23-36.

23. Bauer AW, Kirby WM, Sherris JC, Turck M. Antibiotic 
susceptibility testing by a standardized single disk 

https://doi.org/10.1016/s0016-5085(98)70101-5
https://doi.org/10.1016/s0016-5085(98)70101-5
https://doi.org/10.1089/10766290252913773
https://doi.org/10.1128/jcm.35.7.1842-1846.1997
https://doi.org/10.1128/jcm.36.9.2784-2785.1998
https://doi.org/10.1128/jcm.36.9.2784-2785.1998
https://doi.org/10.1128/jcm.15.1.137-140.1982
https://doi.org/10.1128/jcm.15.1.137-140.1982
https://doi.org/10.1128/jcm.34.5.1232-1234.1996
https://doi.org/10.1007/s10096-002-0757-6
https://doi.org/10.1007/s10096-002-0757-6
https://doi.org/10.1128/aac.47.10.3138-3144.2003
https://doi.org/10.1128/aac.47.10.3138-3144.2003
https://doi.org/10.1007/s00284-006-0143-1
https://doi.org/10.1128/jcm.37.5.1628-1631.1999
https://doi.org/10.1128/jcm.37.5.1628-1631.1999
https://doi.org/10.1093/jac/31.1.65
https://doi.org/10.1007/bf01691316
https://doi.org/10.1007/bf02098470
https://doi.org/10.1098/rstl.1874.0012
https://doi.org/10.1098/rstl.1874.0012
https://doi.org/10.1093/jac/48.suppl_1.1
https://doi.org/10.1093/jac/48.suppl_1.1
https://doi.org/10.1098/rspb.1924.0019
https://doi.org/10.1098/rspb.1924.0019
https://doi.org/10.3181/00379727-55-14502
https://doi.org/10.1001/archinte.1951.03810100030003


Middle East J Dig Dis, Vol. 14, No. 2, April 2022

213Mansour-Ghanaei et al

method. Am J Clin Pathol 1966;45(4):493-6.
24. Jones RN. NCCLS guidelines: revised performance 

standards for antimicrobial disk susceptibility 
tests. Antimicrobic Newsletter 1984;1(8):64-5. doi: 
10.1016/0738-1751(84)90027-3

25. Ericsson HM, Sherris JC. Antibiotic sensitivity 
testing. Report of an international collaborative study. 
Acta Pathol Microbiol Scand B Microbiol Immunol 
1971;217:Suppl 217:1+.

26. Jackson JL, Dye WE, Mitchell RB. Use of hemoglobin 
indicator for rapid method of determining antibiotic 
sensitivity of microorganisms. Tex Rep Biol Med 
1954;12(1):171-2.

27. Bartlett RC, Mazens MF. Rapid antimicrobial 
susceptibility test using tetrazolium reduction. 
Antimicrob Agents Chemother 1979;15(6):769-74. doi: 
10.1128/aac.15.6.769

28. Spencer RC, Wheat PF. Novel mechanisms for 
determining antibiotic susceptibilities. J Antimicrob 
Chemother 1986;17(4):404-7. doi: 10.1093/jac/17.4.404

29. Debets-Ossenkopp YJ, Sparrius M, Kusters JG, 
Kolkman JJ, Vandenbroucke-Grauls CM. Mechanism 
of clarithromycin resistance in clinical isolates 
of Helicobacter pylori. FEMS Microbiol Lett 
1996;142(1):37-42. doi: 10.1111/j.1574-6968.1996.

tb08404.x
30. Qaria MA, Kumar N, Hussain A, Qumar S, Doddam 

SN, Sepe LP, et al. Roles of cholesteryl-α-glucoside 
transferase and cholesteryl glucosides in maintenance 
of Helicobacter pylori morphology, cell wall integrity, 
and resistance to antibiotics. mBio 2018;9(6):e01523-
18. doi: 10.1128/mBio.01523-18

31. Ogata SK, Gales AC, Kawakami E. Antimicrobial 
susceptibility testing for Helicobacter pylori isolates 
from Brazilian children and adolescents: comparing 
agar dilution, E-test, and disk diffusion. Braz J 
Microbiol 2014;45(4):1439-48. doi: 10.1590/s1517-
83822014000400039

32. Tang X, Shen Y, Hu R, Yang T, Benghezal M, Li H, 
et al. Re-assessment of the disk diffusion technique 
for routine antimicrobial susceptibility testing for 
Helicobacter pylori. Helicobacter 2020;25(4):e12703. 
doi: 10.1111/hel.12703

33. Osato MS, Reddy R, Reddy SG, Penland RL, Graham 
DY. Comparison of the E test and the NCCLS-
approved agar dilution method to detect metronidazole 
and clarithromycin resistant Helicobacter pylori. Int 
J Antimicrob Agents 2001;17(1):39-44. doi: 10.1016/
s0924-8579(00)00320-4

https://doi.org/10.1016/0738-1751(84)90027-3
https://doi.org/10.1128/aac.15.6.769
https://doi.org/10.1093/jac/17.4.404
https://doi.org/10.1111/j.1574-6968.1996.tb08404.x
https://doi.org/10.1111/j.1574-6968.1996.tb08404.x
https://doi.org/10.1128/mBio.01523-18
https://doi.org/10.1590/s1517-83822014000400039
https://doi.org/10.1590/s1517-83822014000400039
https://doi.org/10.1111/hel.12703
https://doi.org/10.1016/s0924-8579(00)00320-4
https://doi.org/10.1016/s0924-8579(00)00320-4

