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Abstract
Background: The purpose of this study was to determine the mutations associatedwith clarithromycin
resistance in Helicobacter pylori isolates isolated from biopsy samples that were collected from the
endoscopic ward of Shahrekord Hajar teaching Hospital and also to study the frequency of virulence
factor and their correlation and pathological �ndings with clarithromycin resistance during the years
2019-2020. In this cross-sectional descriptive study, 152 patients with Helicobacter pylori infection were
considered, and then, two common A2142G and A2143G mutations in the 23SrRNA gene associated with
resistance were analyzed by Real-time PCR (Taq man). The presence of vacA, iceA1, iceA2,cagA,babA2,
and oipA virulence genes was investigated by PCR and 8% polyacrylamide gel. Then, data were analyzed
using the relevant statistical tests.

Results: In this study, the frequency of Helicobacter pylori was 76% and the frequency of mutant isolates
was 57.2%. The frequencies of A2142G and A2143G point mutations were 42.1% and 28.3%. There was a
signi�cant correlation among oipA, vacA, and iceA1 virulence factors, type of disease, chronic
in�ammatory score, and glandular atrophy with the antibiotic resistance to clarithromycin. There was no
signi�cant correlation between the age and sex of the patients with antibiotic resistance.

Conclusions: According to the results of this study, It seems that the use of clarithromycin to combat this
bacterium should be limited.

Background
Helicobacter pylori is a gram-negative, microaerophilic, and spiral bacterium identi�ed in 1982 [1].
Helicobacter pylori is recognized as the cause of gastritis, gastrointestinal ulcers (gastric, intestinal
ulcers), MALT lymphoma, and non-gastric diseases associated with Helicobacter pylori [2–6]. The
outcome of infection with this bacterium depends on several factors such as bacterial isolates, host
in�ammatory responses, host genetic diversity, and environmental factors [7–10].

The prevalence of Helicobacter pylori varies worldwide [11]. 50% of the developed countries and 80% of
developing countries are infected by this bacterium[12, 13]. As for the prevalence of the bacterium and its
related diseases, proper treatment is very important. The antibiotic resistance of this bacterium is
progressively increasing and has become a global concern and is also an important factor in determining
the outcome of treatment. Standard treatment is a three-stage drug that consists of one acid neutralizer
and two antibiotics, clarithromycin, and amoxicillin or metronidazole for 14 days[14]. Unfortunately,
nowadays, the success of this treatment is less than 80% worldwide [15]. Unsuccessful treatment
includes a variety of causes including lifestyle habits such as smoking, bacterial isolates,
immunode�ciency, antibiotic resistance, and inadequate treatment. Unsuccessful treatment includes a
variety of causes like lifestyle habits such as smoking, bacterial isolates, immunode�ciency, antibiotic
resistance, and improper treatment [16, 17]. Unfortunately, the resistance of Helicobacter pylori to these
two antibiotics in most of the countries of the world has led to the failure of the �rst line treatment to
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become a Problem [18]. The most effective treatment regimens in Iranian studies have been recognized
to be quadruple regimens based on clarithromycin or furazolidone [19, 20]. Clarithromycin is a family of
macrolides having a bacteriostatic effect, which binds to the peptidyl transferase 23SrRNA subunit of the
large subunit of the bacterial ribosome and inhibits the protein-making process [17]. Also, clarithromycin
resistance is the result of structural changes in this region. These changes decrease the tendency of the
binding of clarithromycin to the target site of the peptidyl transferase ribosomes of the bacterium, and
consequently, cause lack of protein inhibition and the main reason for these structural changes is the
point mutations in the 23SrRNA region. In fact, resistance to clarithromycin is due to a spontaneous
mutation in the chromosome in the V domain of the 23SrRNA gene. Adenine and guanine displacements
have been reported at different points and mostly at the points of A2143G and A2142G, and less at the
point of A2142C [16, 21]. A bacterium is very heterogeneous and its virulence varies geographically.
Virulence factors help bacteria pathogenic but may determine treatment outcome. Most of the virulence
factors examined in H. pylori are cagA and vacA [22]. Studies have been conducted on the correlation
between virulence factors and antibiotic resistance worldwide. Because there are contradictory reports
from different parts of the world about the relationship between virulence factors and disease type and
pathological �ndings with antibiotic resistance. Also, there has been no study in Iran on the relationship
between the presence of virulence factors iopA, vacA, babA2 iceA, and the type of disease and
pathological �ndings with antibiotic resistance. This study aimed to investigate the relationship between
resistance to clarithromycin with virulence factors of iceA, vacA, cagA, babA2, oipA, disease type, and
pathological �ndings in Chaharmahal-o- Bakhtiari region of Iran. And based on our knowledge, a
signi�cant association between atrophic glandular and degree of in�ammation with resistance to
clarithromycin has been reported for the �rst time in this study.

Methods

Study ethics
This study was approved by the Ethics Committee of Shahrekord University of Medical Sciences under
the code IR.SKUMS.REC.1397.314. The patients included in the study were given the written consent and
patient's information questionnaire.

The community understudy
This study was performed on the symptomatic patients with Helicobacter pylori infection who were
referred to endoscopy ward of Hajar Teaching Hospital from January 2019 to May 2020 in Chaharmahal
and Bakhtiari Province.

Inclusion criteria include

1. Having the ability and willingness to participate in the study, 2. People over 15 years of age, 3.
Helicobacter pylori infection was con�rmed based on biochemical and molecular tests (PCR, RUT) and
pathology. Also only the samples that were positive in all 3 methods were included in the study.
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Exclusion criteria included

1. People taking aspirin or non-steroidal- anti-in�ammatory drugs. 2. Those with metabolic disorders and
immunosuppression. 3. People who have recently used antibiotics. 4. People younger than 15 years old
and pregnant and lactating women were not included in this study.

Sampling
200 people participated in the study. Gastrointestinal specialist received 3 biopsies from the antrum of
suspected Helicobacter pylori that one of them was examined by rapid urease assay and a sample was
subjected to pathological examinations and the other one was stored at -70 ° C until DNA extraction.
Then, the DNA was extracted by DNA extraction kit Bio�ux (Japan) in terms of the kit instructions. Also,
all the extracted DNA were kept in freeze at -70 ° C until use. Helicobacter pylori infection was con�rmed
based on biochemical and molecular tests (PCR, RUT) and pathology. Also only the samples that were
positive in all 3 methods were included in the study. Among 200 patients, 152 were diagnosed with
Helicobacter pylori infection.

Molecular diagnosis
PCR test to amplify a 16SrRNA gene fragment to con�rm the presence of Helicobacter pylori were
performed using primers, temperature conditions, and concentration and volume of the proposed material
by De Francesco et al [23]. using Astec thermocycler (Japan) on all biopsies. Then, the ampli�ed
fragment was visualized using 8% polyacrylamide gel and stained with silver nitrate. Based on the results
of PCR molecular test, RUT test and pathology, 152 samples were con�rmed for Helicobacter pylori.
These samples were also analyzed by PCR assay for the presence of iceA1, iceA2, vacA, cagA, babA2,
and oipA genes using the primers, temperature, concentration, and volume of the materials proposed by
Bagheri et al. including 35 cycles of denaturation (at 94°C for 30 s), annealing (at 58°C for 30 s, extension
at 72°C for 30 s), and one �nal extension (at 72°C for 5 min). To investigate susceptible and resistant
isolates of two common A2142G and A2143G mutations in the 23SrRNA gene related to clarithromycin
resistance, Real-Time PCR (Taq man) and primer pairs and probes, temperature, and concentration of De
Francesco et al. proposed materials were used. Real-Time-PCR reactions were performed in a total
volume of 25 µl containing 3 µl of synthesized DNA solution, 12.5 µl of 2x Rotor-Gene Probe PCR Master
Mix (Ampliqon, Denmark), 1 µl DMSO, 500 nM of each primer, and 250 nM of the TaqMan probe (TAG
Copenhagen, Denmark). Ampli�cation program included a pre warming step (5 min at 95°C),
denaturation step (95°C for 20 s), and an annealing (58°C for 20 s)/extension step (72°C for 20 s) [24],
that were performed in Corbett (Australia).

All reactions were repeated three times and each time positive and negative controls were tested. Also,
each mutation was separately examined. All reactions were repeated thrice and each time positive and
negative controls were tested. In addition, each mutation was separately examined. Due to the lack of
access to standard isolates, several clinical isolates were sequenced.

Statistical analysis
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Statistical analysis was performed using SPSS-18 software for Windows (IBM SPSS statistics, version
16.0.0; SPSS, Chicago, IL, USA). Chi-square test was used to investigate the association between patient
and isolate characteristics in Helicobacter pylori clinical isolates with mutations related to clarithromycin
resistance. P-value less than 0.05 was considered signi�cant.

Results

Resistance to clarithromycin
The clinical and demographic characteristics of the patients are presented in Table.1. Among 200
patients, 152 were diagnosed with Helicobacter pylori infection.That the prevalence rate of Helicobacter
pylori is 76%., Among them the frequency of the isolates with mutations was 57.2% and the percentage
of isolates without mutation was 42.8%. In general, the percentage of A2142G1 point mutation was
42.1%, of which 3.3% had homozygous genotype and 38.8% had heterozygous genotype. Also, the
percentage of A2143G point mutation is 28.3% that 7.9% of the isolates had homozygous genotype and
20.4% of the isolates had heterozygous genotype.Twenty (13.2% ) isolates showed both A2142G and
A2143G mutations. The most frequent 2142G mutation was 42.1%.

(Homozygous samples are samples that have mutations in two strands of DNA and Heterozygous
samples are samples that have mutations in One strand of DNA)

Virulence factor
In this study, the frequency of bacterial virulence genes were cagA 105(69.1%) ,oipA 77(50.7%) ,babA2
92(60.5%), and vacA: s1 83(54.6%)  s2 21(13.8%)  s1s2 28(18.4%)  m1 45(29.6%)  m2 62(40.8%)
m1m2 11(7.2%)  s1m1 38(25.0%)  s1m2 32(21.1%) s2m2 17(11.2%) s2m1 2(1.3%)  iceA1 56(36.8%),
and iceA2 78(51.3%), respectively.

Correlation between vacA, cagA, babA2, oipA, iceA1, and
iceA2 virulence genes with resistance to clarithromycin
The correlation among the presence of virulence genes, iceA1, iceA2 vacA, cagA, babA2, and oipA in the
studied isolates were investigated as well as the presence of point mutations related to clarithromycin
resistance.There was a signi�cant correlation among the presence of oipA (P-Value = 0.033), the presence
of vacAm1m2 ,vacATotal (P-Value = 0.001) and vacAs1s2 (P-Value = 0.010), and the presence of iceA1 (P-
Value = 0.018) with antibiotic resistance. Most isolates with virulence genes oipA, vacA, and iceA1 have
antibiotic resistance to clarithromycin, as shown in Figure.1.

Correlation between disease type and resistance to
clarithromycin
There was a signi�cant correlation between antibiotic resistance to clarithromycin and the type of
disease, in people with gastritis (P-Value = 0.032), which is considered as a mild form of Helicobacter
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pylori infection, in which Helicobacter pylori isolates are involved without antibiotic mutation. However,
the isolates causing gastrointestinal ulcer are mostly resistant to clarithromycin antibiotics, as shown in
Figure.2.

Correlation between age and gender by resistance to
clarithromycin
Patients' age was categorized into three groups (under 30, 30–60, and over 60 years old). The
association between that and the sex of the patients with antibiotic resistance was examined; however,
no signi�cant correlation was observed between them.

Correlation between pathology �ndings and claritromycin
resistance
There was a signi�cant correlation between claritromycin resistance and a degree of chronic
in�ammation (P-Value = 0.000). Accordingly, most of the people with mild chronic in�ammation have a
isolate Helicobacter pylori without mutation, and most of the people with moderate to severe
in�ammation have mutant isolates. There was also a signi�cant correlation between antibiotic resistance
to clarithromycin and glandular atrophy (P-Value = 0.006). Most people without glandular atrophy have
wild-type or antibiotic-sensitive isolates, and those with glandular atrophy (mild to severe) often have
mutant or clarithromycin-resistant isolates, as indicated in Figure.2.

Discussion
This study aimed to determine the mutations associated with clarithromycin resistance in Helicobacter
pylori isolates, and also to investigate its correlation with virulence factors iceA1, iceA2, vacA, cagA,
babA2, and oipA and the type of disease and pathological �ndings.

In this study, it was found that, clarithromicin resistancewas signi�cantly correlated with some virulence
factors, type of disease, and degree of in�ammatory. In the present study, the rate of clarithromycin
resistance was 57.2% and the A2142G mutation was recognized as the most common mutation.
According to the patients, they have not yet received antibiotic treatment for their infection, therefore
should probably be considered as the actual primary resistance.

This resistance rate is higher than in southern European countries like Spain, (32.01 %), and Portugal
(42.35%), that they have the highest resistance to clarithromycin among European countries[25, 26]. Level
with some Asian countries such as Korea (60%), China (52%), India (58.8%) and some Northern European
countries like Ireland (60.6%) and parts of the United States like Texas (50%) [11, 27–29]. Also, according
to a 2012 report by Kargar et al, Which reported 35.98% of clarithromycin resistance in Chaharmahal and
Bakhtiari Province [30], it has been shown that the resistance to clarithromycin has increased 1.5-fold
over the past nine years. clarithromycin resistance is due to the increased macrolide intake not only in
Helicobacter pylori treatment, but also due to increasing in the treatment of respiratory tract infections.
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Also for this reason, rapid and accurate screening of clarithromycin-resistant isolates is clinically
important. The failure of �rst-line treatment due to resistance to this drug has not only chronicled the
disease and the increased its other side effects, but has also led to the increased �nancial burden
worldwide and to the limited use of antibiotics in treatment [19, 31]. In this study, it was found that, there
is a signi�cant correlation among virulence factor oipA gene, vacAm1m2 ,vacATotal, vacAs1s2, and iceA1
gene with antibiotic mutation in relation to clarithromycin (P = 0.033), (P = 0.001), (P = 0.010), and (P = 
0.018). The majority of vacA oipA, and iceA1 positive isolates have mutation and resistance to
clarithromycin. In fact, this result con�rms the correlation between resistance and the presence of
virulence factor iceA1, oipA, and vacA, but no signi�cant correlation was found between clarithromycin
resistance and virulence factors cagA and babA2. Studies on the association between virulence factors
and antibiotic resistance are very con�icting, So far, no studies have been conducted in Iran on the
correlation between the presence of virulence factor oipA, vacA, babA2, and iceA, and antibiotic
resistance. The association of these factors with antibiotic resistance was reported for the �rst time in
this study. The current study data on the association of virulence genes oipA, iceA, and vacA with
clarithromycin antibiotic resistance are primarily consistent with data from Treiber [32], Karabiber [33],
and Boyanova [34], and subsequently, the correlation between the presence of virulence factor and
antibiotic resistance regardless of the type of factor the studies support and endorse Khan [35], Brennan
[27], and wang [36]. To justify this, it can be said that, isolates with virulence factors, especially oipA,
produce in�ammatory cytokines like IL-8 and cause aggressive disease like gastrointestinal ulcer. As a
result, the patient has painful and uncomfortable symptoms, so starts taking antibiotic drugs that results
in a failure in completing the course of treatment, and inadequate use and various other factors make the
involved isolate resistant to antibiotics. The results of this study on virulence factors babA2 and cagA
showed no signi�cant correlation between the presence of these factors and clarithromycin resistance.
This is consistent with the results of studies by Wang [36], Godoy [37], Baglan [38], Broutet [39], and
Lõivukene [40]. In this study, there was no signi�cant correlation between age and sex of the patients with
clarithromycin resistance. This is in line with the results of Korona [41] and Elviss [42] and contrasts with
the results of Wang [36], Chang [43], and Treiber [32]. In this study, a signi�cant relationship was observed
between the degree of chronic in�ammation and Glandular Atrophy with antibiotic resistance. Frequency
of clarithromycin resistance in the patients with moderate to severe chronic in�ammation and mild to
moderate Glandular Atrophy were different compared with the patients with mild chronic in�ammation
and those without Glandular Atrophy, based on our knowledge, we are reporting this for the �rst time.

In this study, there was a signi�cant correlation between antibiotic resistance to clarithromycin and type
of disease in the patients infected by Helicobacter pylori (P = 0.032). The frequency of clarithromycin
resistance was signi�cantly higher in the patients with gastrointestinal ulcer compared to the patients
with gastritis. This study is in line with the study of Treiber [32] and contrary to the results of Wang [36],
which can be interpreted as isolates that cause an aggressive state of the disease like peptic ulcer.
Because of painful and irreversible symptoms, the patient received bacterial and infection treatment. The
patient has begun taking antibiotics, and failure to complete the course of treatment, inadequate use, and
various other factors have made the isolates involved, resistant to antibiotics. This study was performed
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the �rst time in Iran investigating the correlation among clarithromycin antibiotic resistance and disease
type and pathologic �ndings in Helicobacter pylori, and reported a signi�cant correlation between these
variables.

Conclusions
Given these results, it is suggested that, the use of different from clarithromycin drugs and regular
treatment in the patients with peptic ulcer may be much more necessary than before, because most of the
isolates obtained from patients with peptic ulcer are resistant to claritromycin, antimicrobial used in �rst-
line treatments. These results indicate the necessity of determination the antibiotic resistance patterns of
H. pylori before prescribing antibiotics, that this would help identify patients who are not suitable for
clarithromycin-based therapies.

Abbreviations
PCR: polymerase chain reaction; vacA: Vacuolating cytotoxin A; cagA: cytotoxin associated genes A; oipA:
outer in�ammatory protein A; RUT: Rapid urease test; DMSO; Dimethyl sulfoxide; MALT: Mucosa-
associated lymphoid tissue.
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Table 1
Characteristics of the 152 patients infected with Helicobacter

pylori"

Variable N(%)

Gender Male
Female

74(48.7)
78(51.3)

Age grupe Under30
30–60
Upper60

11(7.2)
98(64.5)
43(28.3)

Histology �ndings ChronicIn�ammatory
Acute In�ammatory
Lymphoid follicle
Intestinal metaplasia
Glandular Atrophy

152(100)
123(80.9)
25(16.4)
12(7.9)
74(48.6)

Endoscopic �ndings Gastritis
Peptic Ulcer

90(59.2)
62(40.8)

Figures
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Figure 1

Correlation between the presence of virulence genes, oipA (a), iceA1 (b), vacAs1s2 (c), vacAm1m2 (d),
vacATotal (e) and antibiotic resistance.
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Figure 2

Correlation among the degree of in�ammation (a), disease type (b), and Glandular atrophy (c) with the
type of strain in terms of clarithromycin resistance.


