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Introduction: Based on serological studies, the prevalence of Helicobacter
pylori infection in Iranian adults is up to 80%. Gastritis, peptic ulcer, and gastric
adenocarcinoma are common clinical outcomes of this infection in Iran. Since
antibiotic resistance patterns of Helicobacter pylori are geographically different,
local studies are highly required.

Methods: Eighty isolates of Helicobacter pylori were obtained from patients
referred to the endoscopy unit of Ghaem Hospital in Mashhad. Demographic features
including age, gender, and symptoms were recorded before the sampling. The
antibiotic susceptibility patterns of isolates were determined for the five common
antibiotics used for the treatment of Helicobacter pylori infection. The agar dilution
method was used to evaluate the antibiotic resistance patterns.

Results: The patterns of antibiotic resistance were determined, and ,%13.7 ,%41.2
%6.6 ,%8.7, and %6.6 of isolates were resistant to metronidazole, clarithromycin,
amoxicillin, tetracycline, and furazolidone, respectively.

Conclusion: Our study demonstrates that the overall rate of antibiotic resistance
of Helicobacter pylori especially in the case of metronidazole has increased over
time. The resistance rates are generally higher in the age range of 60-30 years and in
females for the case of metronidazole. This reminds us of the need for a continuous
monitoring program of antibiotic susceptibility patterns.
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Introduction

Helicobacter pylori (H. pylori) is a gram-negative
bacillus residing in the gastric mucosa. Its preva-
lence varies in different regions of the world. The
prevalence of infection depends on economic and
social conditions and increases due to poor hy-
giene, inadequate water supply, and overcrowding
(1). In developed countries, the infection rates are
relatively low (0.5-2%).

In developing countries, the rate is much higher

in early childhood and up to 20 years of age, and
most of the population has a history of infection
(70-90%) (2). In Iranian adults, the prevalence of
Helicobacter pylori infection is more than 80%
(3). H. pylori infection is associated with many
digestive disorders, such as gastritis, gastric and
duodenal ulcers, gastric cancer, lymphoma, and
non-gastrointestinal diseases as well as cardio-
vascular diseases, skin diseases, autoimmune
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thyroid disease, thrombocytopenic purpura, iron
deficiency anemia, Guillain-Barre syndrome,
scleroderma, and migraines (4). Several medica-
tions are used to treat it as two-drug, triple, and
quadruple regimens. Antibiotics that are secret-
ed by infected mucosa are more effective (5).

Amoxicillin, tetracycline, metronidazole, clari-
thromycin, and furazolidone in combination with
proton pump inhibitors (PPIs) and bismuth salts
are usually used to treat the H. pylori infection.
Obviously, antibiotic resistance limits the success
of treatment (6).

The incidence rate of antibiotics resistance is
so increasing that some references recommend
antibiotics susceptibility tests before any treat-
ment (7). Currently, the Clinical & Laboratory
Standards Institute (CLSI) recommends the agar
dilution method as the method of choice for an-
timicrobial susceptibility testing of H. pylori (8).

Since culture and standard antimicrobial sus-
ceptibility testing for H. pylori are very demand-
ing, they are not routine, and the epidemiologic
data about the resistance pattern of these bacte-
ria are highly valuable. This study aimed to assess
the minimum inhibitory concentrations (MICs) of
five antibiotics, metronidazole, clarithromycin,
amoxicillin, tetracycline, and furazolidone, for H.
pylori isolates in Northeast Iran.

Materials and methods
Study population

The study was conducted in 2016-2017 on 80
strains of H. pylori isolated from gastric biopsies
of patients who underwent an endoscopic exam-
ination to evaluate dyspeptic symptoms at Ghaem
Hospital, affiliated with Mashhad University of
Medical Science, in the northeast of Iran.

The study was approved by the institution-
al ethical committee, and informed consent was
obtained. For this study, rapid urease tests were
initially performed at the endoscopy department,
and the urease-positive biopsies were immediate-
ly transported to the microbiology laboratory in
brain heart infusion (BHI) broth + glycerol (10%)
(9). Then gastric biopsy specimens were chopped
thoroughly on sterile glass slides, and the homog-
enized solutions were inoculated on blood agar
containing 10% defibrinated horse blood, vanco-
mycin (10 mg/L), trimethoprim (5 mg/L), cefsulo-
din (5 mg/L), amphotericin B (5 mg/L), and 10%
fetal calf serum.

All culture media were incubated at 37 °C in the
microaerophilic atmosphere for 5 days. H. pylori
isolates were confirmed based on colony mor-
phology, positive urease, oxidase, catalase reac-
tion, and gram staining.

After the identification of grown colonies as H.

Inclusion and exclusion criteria

Inclusion criteria were the dyspeptic patients
referred to the Ghaem Hospital endoscopy depart-
ment. Exclusion criteria were patients who had re-
ceived antibiotics in the preceding months or proton
pump inhibitors drugs two weeks before being re-
ferred to the endoscopy department.

Laboratory methods

Urease test: A number of bacterial colonies are
transferred to the urea broth medium (Stuart’s urea
broth), and in less than one minute, the color of the
environment changes from yellow to purple due to
the presence of a very strong urease enzyme of this
bacterium (10). Antibiotic susceptibility testing: The
antibiotic resistance of H. pylori isolates and clinical
breakpoints for H. pylori were evaluated according
to the European Committee on Antimicrobial Sus-
ceptibility Testing (EUCAST).

For this purpose, all Mueller Hinton agar media
were incubated at 37 °C under microaerophilic con-
ditions for 48 hours. The resistance breakpoints for
amoxicillin, clarithromycin, metronidazole, levo-
floxacin, and tetracycline were defined as > 0.125,
> 0.5,>8,>1, and > 1 mg/L, respectively. The final
concentrations of clarithromycin (Biaxin XL), tetra-
cycline (®Achromycin), furazolidone (® FURABEN),
and amoxicillin (Amoxill®) ranged from 0.015 to 64
pg/mL, while metronidazole concentration ranged
from 0.015 to 256 pg/mL. The MICs values were the
lowest antibiotic concentrations that completely in-
hibited the visible growth of the bacteria.

Minimum inhibitory concentrations (MICs) in-
terpretative criteria: There is no standardized MIC
breakpoint for H. pylori, except for clarithromycin
(MIC 2 1 pg/mL and intermediary if MIC = 0.5 ug/
mL). The MIC breakpoint for other antimicrobials
was based on the literature (MIC = 2 pg/mL for
amoxicillin and furazolidone, = 4 pg/mL for tetra-
cycline, and 2 8 pg/mL for metronidazole). Statis-
tical analysis was performed using SPSS 16.0 soft-
ware. We describe the MICs of H. pylori isolates in
both MIC50, which means the minimum inhibito-
ry concentration required to inhibit the growth of
50% of organisms, and MIC90, which shows the
minimum inhibitory concentration required to in-
hibit the growth of 90% of organisms (11).

Result

This cross-sectional study was conducted on 80
isolates of H. pylori obtained from patients in the
northeast of Iran. The study included 42 women
(%52.5) with a mean age of 18.37 + 48.96 years and
38 men (%47.5) with an average age of 14.72 + 44.6
years. The youngest patient was 16 years and the
oldest was 85 years old. The resistance rate of these
isolates is shown in Table 1.
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Table 1: The resistance rate of Helicobacter pylori isolates

Antibiotics Resistance rate N (%) MIC50 pg/mL MIC90 pg/mL
Female (n=42) Male (n=38)

Metronidazole 19 (45.2%) 14 (36.8%) 8 32

Clarithromycin 4 (9.5%) 7 (18.4%) 0.25 1

Amoxicillin 2 (4.8%) 5 (13.2%) 0.25 1

Tetracycline 2 (4.8%) 3 (7.9%) 0.5 1

Furazolidone 4(9.5%) 1(2.6%) 0.5 1

The overall resistance rate of metronidazole, clari-
thromycin, amoxicillin, tetracycline, and fura zolidone

was 41.2%, 13.7%, 8.7%, 6.6%, and 6.6%, respectively.
Metronidazole showed the highest resistance level of
41.2%.

Table 2: The frequency of antibiotic resistance in three age groups

Age Frequency Metronidazole Clarithromycin Tetracycline Amoxicillin Furazolidone
30> 15 3 (3.75%) 0 1(1.25%) 2 (2.5%) 1(1.25%)
30-60 51 23 (28.75%) 9 (11.25%) 3 (3.75%) 6 (7.5%) 3 (3.75%)
60 < 14 10 (12.5%) 5(6.25%) 1(1.25%) 1(1.25%) 1(1.25%)

Table 2 shows the prevalence of resistance
to metronidazole, clarithromycin, tetracycline,
amoxicillin, and furazolidone in different age
groups. As can be seen, the highest resistance was
observed among the age group of 30 to 60 years
old, for all antibiotics.

Discussion

H. pylori infection is a common infection world-
wide with geographical variations. The prevalence
of antibiotic resistance in H. pylori is increasing
rapidly (12-14). The results of the present study
demonstrate higher rates of resistance to met-
ronidazole and furazolidone in females than in
males (metronidazole: 45.2% vs 36.8%, and fu-
razolidone: 9.5% vs 2.6%). Moreover, there were
higher rates of resistance to clarithromycin, amox-
icillin, and tetracycline among males than among
females, i.e., clarithromycin: 18.4% vs 9.5%, amox-
icillin: 13.2% vs 4.8%, and tetracycline: 7.9% vs
4.8% (males vs females respectively).

In line with our results, another study also re-
ported significantly higher rates of clarithromycin
resistance in males than in females (clarithro-
mycin: 44.4% vs 15.2%, males vs females, P-val-
ue<0.001) (15). The results of another study
showed that resistance to clarithromycin and met-
ronidazole was significantly associated with sex
and higher in females (P< 0.001) (16).

Furthermore, our results demonstrate that the
age group between 30 to 60 years old has a higher
rate of antibiotic resistance, as provided in Table 1.
Similar to our findings, a study in China also indi-
cated a higher resistance rate to clarithromycin in

patients aged 31-50 years (17).

Metronidazole is one of the most commonly used
antibiotics to treat H. pylori (18, 19). The metroni-
dazole resistance rate was 41.2% in our study. In
line with our results, another study also reported
the metronidazole resistance rate as 68% (20).
According to reports from other areas of Iran, the
highest metronidazole resistance rate was 95% re-
ported in Tabriz, while the lowest resistance to this
antibiotic was 30% in Isfahan (3).

Moreover, resistance to metronidazole is con-
sidered the most prevalent antibiotic resistance
in H. pylori worldwide. The overall resistance
rate to this antibiotic is 75.02% in Africa, while
it is 52.85% in South America, 46.57% in Asia,
31.19% in Europe, and 30.5% in North America,
which shows a higher rate of resistance in devel-
oping countries (21-23).

As observed in our study and other studies, due
to excessive use of this antibiotic in several bacte-
rial and parasitic infections, the resistance rate of
this antibiotic is higher than the other antibiotics.

The tetracycline resistance rate in this study
was 6.6%. Considering the average rate of tetra-
cycline resistance reported in Iran (11.5%), our
rate was not very high. However, there are other
studies that reported no resistance to tetracycline
for H. pylori in Tehran in 2001 and 2005 (24-26).

The overall rate of tetracycline resistance for H.
pyloriis 11.7% in the world. Moreover, it shows a
higher incidence in Africa (50%) and lower risk
in some Asian countries, for example, 0.6% in
China and 0.01% in South Korea. However, the H.
pylori resistance to tetracycline was found to be

Rev Clin Med 2022; Vol 9 (No 1)

Published by: Mashhad University of Medical Sciences (http://rcm.mums.ac.ir)



Ahadi M, et al

%>53.8 in India (28,27). 3. Khademi F, Poursina E Hosseini E, et al. Helicobacter pylori in
. : . . . Iran: A systematic review on the antibiotic resistance. Iran ]
The clarlthromycm. resistance lrate in this study Basic Med Sci. 2015:18:2-7.
was %13.7. Regarding the widespread use of 4. Peterson WL, Fendrick AM, Cave DR, Peura DA, Garabe-
clarithromycin in the treatment of several infections, dian-Ruffalo SM, Laine L. Helicobacter pylori-related dis-
: : . : : ease: guidelines for testing and treatment. Arch Intern Med.
espeaally resplrlatory tract infections, such a high 2000:160:1285-1291,
resistance rate is expected (29 ,12). 5. Hill M. The microbiology of Helicobacter pylori. Biomed Phar-
The clarithromycin resistance rate found in our macother.1997,51:161-163. o _
study is relatively low compared with other studies 6. E‘r‘:ss:larzlool\g' Molecular medical microbiology:Academic
in Iran. The present study showed a resistance rate 7. Talarico S, Safaeian M, Gonzalez P, et al. Quantitative detection
of %8.7 for amoxicillin. Some previous studies have and genotyping of Helicobacter pylori from stool using drop-
reporte d zero or very low amoxicillin resistance let dlgltal. PCR revgals variation in t?acterlal .loads that cor-
o relates with cagA virulence gene carriage. Helicobacter. 2015.
rates (30,25,12). In contrast, Milani et al. reported 8.  Wayne P. Clinical and laboratory standards institute. Per-
a %28.6 amoxicillin resistance rate in Tabriz, formance standards for antimicrobial susceptibility testing.
. 2011.
Irar_l (31). EVldenC_e _Sl_lggeStS a low prevalgnce of 9.  Adinortey MB, Ansah C, Adinortey CA, et al. Isolation of He-
resistance to amoxicillin in European countries and licobacter pylori from gastric biopsy of dyspeptic patients
North America, ranging from %1.4 to %2. However, in Ghana and in vitro preliminary assessment of the effect
it has a higher prevalence in Asia, Africa, and South of Dissotis rotundifolia extract on its growth. ] Trop Med.
ahigherp 1s1a, ) 2018;2018:8071081.
America ranging from %20.5 in Colombia to %97.5 10. Brink B. Urease test Protocol. American society for microbi-
in South Africa (28 ,27). ology. 2013.
The furazolidone resistance rate was %6.6 in this 11. Schwarz$, Silley P, Simjee S, et al. Assessing the antimicrobial
. . T . susceptibility of bacteria obtained from animals. Journal of
study. While this antibiotic seems effective for H. antimicrobial chemotherapy. 2010;65:601-604.
py]ori’ it is not w1de]y recommended because some 12. Thung I, Aramin H, Vavinskaya V] et al. the global emergence
. : : of Helicobacter pylori antibiotic resistance. Aliment Pharma-
evidence _Of carc1nogene§15 has bejen reported (,32 col Ther: 2016;43:514-533,
33). Studies on furazolidone resistance have not 13. ZouY,QianX, LiuX, etal. The effect of antibiotic resistance on
been done widely, and no extensive study in Europe, He(liicobacter liyloﬂ er?fldicsﬁon egf(i)cza(% 5A Syzstemaﬁc review
. . : : and meta-analysis. Helicobacter. ;25:e12714.
North America, and Afrfca in the last six years VYaS 14. Tshibangu-Kabamba E, Yamaoka Y. Helicobacter pylori infec-
found. However, according to the reports for Asian tion and antibiotic resistance—from biology to clinical impli-
countries, the furazolidone resistance rate was cations. Nat Rev Gastroenterol Hepatol. 2021;18:613-629.
reported to be %61.4 in Iran, %16.8 in China, and 15, WangD, Guo Q Yuan Y, etal. The antibiotic resistance of Heli-

. . cobacter pylori to five antibiotics and influencing factors in an

%13.8 in India (28 ,27). area of China with a high risk of gastric cancer. BMC microbi-
ology. 2019;19:1-10.
l . 16. Meyer JM, Silliman NP, Wang W, et al. Risk factors for Helico-
Conclusion bacter pylori resistance in the United States: the surveillance
all these findings reveal that resistance rates to of H. pylori antimicrobial resistance partnership (SHARP)
metronidazole have increased over time, and females study, 1993-1999. Ann Intern Med. 2002;136:13-24.

X X X ’ 17. JiZ, Han E MengE et al The association of age and antibiotic
are at higher risk. Age is another factor that affects resistance of Helicobacter pylori: a study in Jiaxing City, Zheji-
the incidence rate of metronidazole resistance, and ang Province, China. Medicine. 2016;95.
according to our results, the risk is higher with ages 18, Safavi M, Sabourian R, Foroumadi A. Treatment of Helico-

bacter pylori infection: current and future insights. World ]
between 30 and 60 years. These results further Clin Cases. 2016;4:5-19.
confirm the essence of the continuous program for 19. Windham IH, Merrell DS. Analysis of fitness costs associat-
o it il ed with metronidazole and amoxicillin resistance in Helico-
monltqung the ?ntlblOtlF susceptibility patterns bacter pylori. Helicobacter. 2020;25:¢12724,
accordlng to the 1nﬂuenc1ng factors to reduce the 20. Hamidi S, Badmasti F Sadeghpour Heravi E, Set al. Antibiot-
rate of treatment failure in the northeast of Iran. ic resistance and clonal relatedness of Helicobacter pylori
strains isolated from stomach biopsy specimens in northeast
of Iran. Helicobacter. 2020;25:e12684.
Acknowledgment 21. Glupczynski Y, Megraud E Lopez-Brea M, et al. European
This study was financially Supported by the multicentre survey of in vitro antimicrobial resistance in He-
. : licobacter pylori. Eur ] Clin Microbiol Infect Dis. 2001;20:820-
Deputy of Research of Mashhad University of 823,
Medical Sciences (964218). 22. LeeY], Ssekalo I, Kazungu R, et al. Population-Based Screen-
ing and Eradication of Helicobacter pylori in a Resource-Lim-
. . ited Population of Sub-Saharan Africa. 2020.
Conflict of interest 23.  Siddique O, Ovalle A, Siddique AS, et al. Helicobacter pylori
The authors declare no conflict of interest. infection: an update for the internist in the age of increasing
global antibiotic resistance. Am ] Med. 2018;131:473-479.
24. Siavashi F, Safari E Doratotaj D, et al. Antimicrobial resistance
References of Helicobacter pylori isolates from Iranian adults and chil-
1.  Dunn B, Cohen H, Blaser M. Epidemiology of H. Pylori infec- dren. 2006.
tion. Clin Microbiol Rev. 1997;10:702-41. 25. Mohammadi M, Doroud D, Mohajerani N, et al. Helicobacter
2. Khoder G, Muhammad ]S, Mahmoud I, et al. Prevalence of pylori antibiotic resistance in Iran. World ] Gastroenterol.
Helicobacter pylori and its associated factors among healthy 2005;11:6009-13.
asymptomatic residents in the United Arab Emirates. Patho- 26. Rafeey M, Ghotaslou R, Nikvash S, Hafez AA. Primary resis-
gens. 2019;8:44. tance in Helicobacter pylori isolated in children from Iran. ]
Rev Clin Med 2022; Vol 9(No 1) 9

Published by: Mashhad University of Medical Sciences (http://rcm.mums.ac.ir)



Ahadi M, et al.

Infect Chemother. 2007;13:291-295.

27. Savoldi A, Carrara E, Graham DY,et al. Prevalence of antibiot-
ic resistance in Helicobacter pylori: a systematic review and
meta-analysis in World Health Organization regions. Gastro-
enterology. 2018;155:1372-1382.e17.

28. Ghotaslou R, Leylabadlo HE, Asl YM. Prevalence of antibiotic
resistance in Helicobacter pylori: A recent literature review.
World ] Methodol. 2015;5:164-174.

29. De Francesco V, Margiotta M, Zullo A, et al. Prevalence of
primary clarithromycin resistance in Helicobacter pylori
strains over a 15 year period in Italy. ] Antimicrob Chemother.
2007;59:783-785.

30. Alba C, Blanco A, Alarcén T. Antibiotic resistance in Helico-
bacter pylori. Curr Opin Infect Dis. 2017;30:489-497.

31. Milani M, Ghotaslou R, Somi MH, et al. The status of antimi-
crobial resistance of Helicobacter pylori in Eastern Azerbai-
jan, Iran: comparative study according to demographics. |
Infect Chemother. 2012;18:848-852.

32. JiC-r Liu]J, Li Y-y, et al. Safety of furazolidone-containing regi-
men in Helicobacter pylori infection: a systematic review and
meta-analysis. BM]J open. 2020;10(10):e037375.

33. Qiao C, Li Y, Liu J, Jet al. Clarithromycin versus furazolidone
for naive Helicobacter pylori infected patients in a high
clarithromycin resistance area. ] Gastroenterol Hepatol.
2021;36:2383-2388.

10 Rev Clin Med 2022; Vol 9 (No 1)
Published by: Mashhad University of Medical Sciences (http://rcm.mums.ac.ir)



