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Abstract Helicobacter pylori is a pathogen associ-
ated with gastroduodenal diseases. This study aimed;
(1) to investigate H. pylori presence by invasive tests
in adult dyspeptic patients, (ii) to determine antibiotic
susceptibility and genotypic characteristics of the H.
pylori isolates, and (iii) to investigate the relationship
between the H. pylori genotypes and the histopatho-
logical findings. In this cross-sectional study, gastric
biopsy samples from 208 adult dyspeptic patients
were used for culture, tissue Polymerase Chain Reac-
tion (PCR), and histopathological analysis. Antibiotic
susceptibility of the H. pylori isolates was analyzed
by gradient method. Analysis of the virulence genes
was performed by monoplex PCR. Genetic profiles
(from A to H) were created based on the virulence
genes presence. Enterobacterial Repetitive Intergenic
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Consensus-PCR (ERIC-PCR) was used for the gen-
otyping of the H. pylori isolates. The mean age of
the patients was 46 (+15) years and 128 (61.5%) of
them were female. H. pylori positivity was detected
by culture, tissue PCR and histopathological exami-
nation in 59 (28.4%), 114 (54.8%) and 81 (38.9%)
patients, respectively. The overall prevalence of H.
pylori was found to be 63% (131/208). All H. pylori
isolates were susceptible to tetracycline and amoxicil-
lin. The resistance rates for metronidazole, clarithro-
mycin, levofloxacin, and rifampicin were 67.2%,
27.9%, 34.4% and 13.11%, respectively. Multi drug
resistance (MDR) was detected at the rate of 45.9%
(28/61). While the most common virulence gene
was cagA (93.44%), the least common was vacAml
(23%). The predominant genetic profile was profile
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A (47.5%). ERIC-PCR results revealed a total of 26
different patterns. A high prevalence of H. pylori was
detected in adult dyspeptic patients as in developing
countries. It was observed significant genotypic heter-
ogeneity and virulence gene diversity within the iso-
lates. A considerable resistance rate detected against
antibiotics such as clarithromycin, metronidazole, and
levofloxacin, which are frequently used in the eradi-
cation of H. pylori, should be taken into consideration
when creating regional empirical treatment regimens.

Keywords Antibiotic resistance - Dyspepsia
Gastritis - Genotyping - Helicobacter pylori -
Virulence gene

Introduction

Helicobacter pylori, which has a Gram-negative
helical-spiral morphology, is a gastric pathogen. It is
known that more than half of the people in the world
are infected with H. pylori.

While the prevalence of the causative agent is
below 20% in developed countries, this rate can reach
90% in developing countries (Hooi et al. 2017). The
population-based prevalence of H. pylori in Tiirkiye
was found to be 82.5% in a study conducted with the
urea breath test (Ozaydin et al. 2013).

Helicobacter pylori is associated with chronic gas-
tritis, peptic ulcer, gastric cancer and gastric malig-
nancy (Malfertheiner et al. 2017). The clinical reflec-
tion of the infection differs according to the host and
environmental determinants, as well as the virulence
factors of the agent. Nutritional habits, gender, age,
alcohol uses and smoking, and additional diseases are
considered as host-related factors. The clinical course
of the infection can also be changed by various viru-
lence factors involved in the pathogenesis (Gonzalez
Vazquez et al. 2016; Kishk et al. 2021). The most
important of these factors are cagA and sl, s2, ml
and m?2 alleles of the vacA gene (Cover and Blanke
2005; Higashi et al. 2002; Roesler et al. 2014). It is
thought that the cagA and vacA genes of H. pylori,
which show diversity in distribution due to population
and geographical differences, also affect the progno-
sis of the infection and its response to the treatment
(Akar et al. 2022; Broutet et al. 2001; Oliveira et al.
2021; Parsonnet et al. 1997; Sugimoto and Yamaoka
2009). It was also emphasized that there may be a
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close relationship between the presence of virulence
genes and antibiotic resistance (Boyanova et al. 2010;
Brennan et al. 2018; Elviss et al. 2004).

In the treatment of H. pylori infection, double or
triple empirical antibiotic combination is used in
addition to high-dose proton pump inhibitor (PPI)
(O’Connor et al. 2017; Sezgin et al. 2019). How-
ever, increasing rates of resistance to antibiotics such
as metronidazole, clarithromycin, levofloxacin and
rifampicin adversely affect the success of treatment.
For this reason, it is best to know the current antibi-
otic susceptibility profiles of that region in order to
develop the ideal regional treatment regimen (Arslan
et al. 2017).

In this study it was aimed; (i) to investigate H.
pylori positivity by invasive methods in adult dys-
peptic patients, and (ii) to determine the antibiotic
susceptibility and genotypic characteristics of the
obtained isolates. In addition, the existence of a rela-
tionship among H. pylori positivity, genotypes and
histopathological findings was also investigated.

Materials and methods
Patients and ethical approvals

In this study, gastric biopsy specimens obtained from
208 adult patients who admitted to the General Sur-
gery Clinic of Kafkas University Faculty of Medi-
cine between December 2019 and March 2020 with
dyspeptic complaints and underwent upper gastroin-
testinal endoscopy were used. Demographic, clini-
cal, endoscopic, and histopathological findings of the
patients were recorded. Patients aged 18 years and
older with dyspeptic complaints were included in the
study. Patients with a history of gastrectomy, preg-
nant women, patients who used antibiotics in the last
6 weeks, patients who used proton pump inhibitors in
the last 4 weeks, patients with bleeding diathesis and
who had previously received eradication therapy for
H. pylori were excluded from the study. This study
was conducted in accordance with the criteria in the
Declaration of Helsinki, and written informed consent
was obtained from all patients included in the study.
Ethics committee approval of the study was obtained
from the Ethics Committee of the Faculty of Medi-
cine, Kafkas University (Kars, Tiirkiye) (2019/26).
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Gastric biopsy samples

During the upper gastrointestinal endoscopic exami-
nation, one antrum and one corpus biopsy samples
were taken with forceps and put into 10% formol
for histopathological examination. In addition, two
biopsy samples (one corpus and one antrum) were
taken and transferred to cryotubes containing 500 ul
Brain Hearth Infusion Broth (BHI Broth, CM1135B,
Thermo Fisher Scientific, USA) for cultural examina-
tion and molecular analysis (Polymerase Chain Reac-
tion, PCR) and kept at — 80 °C until testing.

Cultural analysis

The biopsy samples in the cryotube were crushed
with a sterile glass baguette for 5-10 min, then 20 pl
of homogenate was directly plated onto Columbia
Blood agar (CMO0331B, Thermo Fisher Sci., USA)
plates supplemented with 7% horse blood and Dent
supplement (SRO147E, Thermo Fisher Sci., USA).
The inoculated media were incubated at 37 °C for
7-10 days in a humid microaerobic environment
(Anaerocult ®C, 2.5 L, 132,383, Merck, Germany).
Gram staining, morphology, motility, catalase, oxi-
dase, and urease activities of smooth (S) colonies
grown after incubation were determined and evalu-
ated phenotypically in terms of H. pylori (Otth et al.
2011).

Molecular analysis
DNA extraction

DNA extraction from both H. pylori isolates obtained
from cultural examination and gastric biopsy samples
was performed using the commercial kit (QIAamp
DNA Mini Kit, 56,304, Qiagen, DE) according to the
manufacturer’s instructions.

Helicobacter pylori specific PCR

Molecular confirmation of the isolates identified as
H. pylori by the phenotypic method was performed
by PCR, which amplifies the phosphoglucosamine
mutase gene (glmM) specific for H. pylori (Lu et al.
1999). HpF (5-AAGCTTTTAGGGGTGTTAGGG
GTTT-3’) and HpR (5-AAGCTTACTTTCTAACAC
TAACGC-3') primers were used in the PCR. The

same PCR method was used to detect the presence
of H. pylori in gastric biopsy samples. Amplified
products were analyzed by 1.5% agarose gel electro-
phoresis (Biomax, Agarose, Lot no. 124543PR, from
Prona, European Economic Community) and visual-
ized under a UV transilluminator (G:BOX Chemi
XRQ); Syngene, Cambridge, UK). Bands with 294-bp
in size, were considered as positive for H. pylori.

Antibiotic susceptibility testing

Gradient method was used to determine the antibiotic
susceptibility of the H. pylori isolates. Clarithromycin
(CH), amoxicillin (AC), tetracycline (TC), metroni-
dazole (MZ), levofloxacin (LE) and rifampicin (RI)
(Biomerieux, France) E-test strips were used. Bacte-
rial inoculum was prepared according to McFarland
No. 3 standard (9 x 10® cfu/ml) with Mueller—Hinton
(MH) Broth (CM0405B, Thermo Fisher Sci., USA).
One hundred pl of the bacterial suspension was inoc-
ulated on the MH agar (CMO0337B, Thermo Fisher
Sci., USA) plates supplemented with 7% horse blood
and spread with a L-shaped spreader and E-test strips
were placed. The media were incubated in a micro-
aerobic condition at 37 °C for 3 days. Sensitivity/
resistance interpretation of the isolates was performed
according to EUCAST guidelines (EUCAST 2022).
Resistance to two or more antibiotics was defined as
multidrug resistant (MDR).

Histopathological analysis

Gastric biopsy samples were stained with hematoxy-
lin—eosin (Fallone et al. 1997) and evaluated by an
expert pathologist according to the Sydney classifica-
tion for the degree of inflammation, gastric atrophy,
intestinal metaplasia, and dysplasia (Manxhuka-Ker-
liu et al. 2009). The samples were also stained with
Giemsa and evaluated for the presence of H. pylori
(Rotimi et al. 2000).

Evaluation of the Helicobacter pylori presence

Three invasive tests (culture, histopathology and tis-
sue PCR) were used for the evaluation of H. pylori
positivity. Thus, the positivity of any of these tests
was accepted as the overall prevalence, while the pos-
itivity of all three tests at the same time was defined
as intersect prevalence.
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Virulence genes analysis

The virulence genes of cagA, vacAml, vacAm2,
vacAsl and vacAs2 of the H. pylori isolates were
analyzed by PCR. Primer cagA-F (5’-GATAACAGG
CAAGCTTTTGAGG-3’) and cagA-R (§5'-CTGCAA
AAGATTGTTTGGCAGA-3') (Tummuru et al. 1993)
for the amplification of the cagA gene; VAG-F (5'-
CAATCTGTCCAATCAAGCGAG-3') and VAG-R
(5'-GCGTCAAAATAATTCCAAGG-3")  (Atherton
et al. 1995) for the vacAmli/m2 genes and VA1-F (5'-
ATGGAAATACAACAAACACAC-3') and VAI-R
(5'-CTGCTTGAATGCGCCAAAC-3") (Houf et al.
2002) for the vacAsl/s2 genes were used. Each vir-
ulence gene analysis was performed separately by
PCR. Amplified products were analyzed by 1.5%
agarose gel electrophoresis and products with sizes
of 349 bp, 567 bp, 642 bp, 259 bp and 286 bp were
evaluated as positive for cagA, vacAml, vacAm2,
vacAsl and vacAs2, respectively (Fig. 1). Genetic
profiles were created according to the different viru-
lence genes existence.

Enterobacterial Repetitive Intergenic
Consensus-Polymerase Chain Reaction (ERIC-PCR)

Genotyping of the H. pylori isolates obtained by cul-
tural analysis was performed by ERIC-PCR according
to the method reported by Versalovic et al. (1991).
This is a genotyping method that discriminates bacte-
rial strains by amplifying the regions between ERIC
sequences called 127 bp in length repetitive imperfect
palindromes found in as multiple copies on bacterial
genomes (Wilson and Sharp 2006). For this purpose,

294 bp

Fig.1 PCR findings of identification and genotyping of H.
pylori isolates. A Image of tissue PCR (294 bp), B Species-
specific PCR image of culture positive samples (294 bp),
C-E Virulence gene PCR findings of H. pylori isolates (cagA
349 bp, vacAml 567 bp and vacAm2 642 bp, vacAsl 259 bp
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primers 1R (5'-ATGTAAGCTCCTGGGGATTCAC-
3" and 2 (5-AAGTAAGTGACTGGGGTGAGCG-
3") were used. Electrophoresis of the amplified prod-
ucts was performed on a 2% agarose gel. The banding
pattern from ERIC-PCR was analyzed with BioNu-
merics Software version 7.6 (AppliedMaths, Ghent,
Belgium). The similarities between strains were cal-
culated using the Dice coefficient. The dendrogram
was constructed by means of the Unweighted Pair
Group Method with Arithmetic Average (UPGMA)
clustering algorithm. Similarity index>80% was
used to assign clusters (Fendri et al. 2013; Saticioglu
et al. 2018; Wijetunge et al. 2012).

Statistical analysis

SPSS 21.0 (Statistical Packages for Social Sci-
ences; SPSS Inc., Chicago, Illinois, USA) and Med-
Calc-20.015 program were used for statistical analy-
sis of the data obtained in the study. Data that could
be measured and provided the parametric condition
were given as mean + standard deviation. Categorical
variables were shown as numbers and percentages.
Chi-square test was used to compare groups with cat-
egorical variables. P<0.05 was considered signifi-
cant in all statistical evaluations.

Results

Clinical data and diagnostic tests results

The mean age of the patients was 46+ 15 (range:
19-86) years, and 128 (61.5%) were female. Gastritis,

642 bp

567 bp
286 bp

259 bp

and vacAs2 286 bp, respectively). S, S1, S2: H. pylori field
isolates, PC: Positive control (H. pylori NCTC 11637), M:
DNA ladder (GeneRuller 100 bp plus DNA ladder, SM 0321,
Thermo Fisher Sci)
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reflux esophagitis, and peptic ulcer were detected in
124 (59.6%), 35 (16.8%) and 47 (22.6%) patients,
respectively, in the endoscopic examination (Table 1).

A total of 59 (28.4%) patients were found to be
positive for H. pylori by the cultural method. Two
different H. pylori colonies were detected in cultural
analyses of two biopsy samples (#16 and #179).
Thus, 61 (29.3%) H. pylori isolates were obtained

Table 1 Demographic and endoscopic data of the patients and
test results used in the detection of H. pylori (n=208)

Variables Value
Demographic findings
Age (£SD), year 46 (£ 15)
(range:
19-86)
Gender, n (%)
Male 80 (38.5)
Female 128 (61.5)
Endoscopic findings
Gastritis, n (%) 124 (59.6)
Reflux esophagitis, n (%) 35 (16.8)
Peptic ulcer, n (%) 47 (22.6)
Diagnostic tests findings
Hp positivity by, n (%)
Culture 59 (28.4)*
Tissue PCR 114 (54.8)
Histopathology 81 (38.9)**
Hp prevalence estimates, n (%)
Prevalence intersect 37 (17.8)
Overall prevalence 131 (63)

SD Standard deviation, Hp Helicobacter pylori

*Four H. pylori isolates were simultaneously obtained from
two gastric biopsy samples

““Three culture-positive gastric biopsy specimens have no his-
topathological analysis report

Fig. 2 Culture and antibi-
otic susceptibility test find-
ings of H. pylori positivity.
A 7-10 days culture results
of H. pylori on Columbia
Blood agar supplemented
with the Dent. B and C
E-test antibiotic susceptibil-
ity test results of H. pylori
isolates in MH media

from 208 gastric biopsy samples (Fig. 2). The young-
est and oldest patients with H. pylori isolated were 20
and 75 years old. Tissue PCR revealed 114 (54.8%)
patients positive for the presence of H. pylori. As a
result of histopathological analysis, H. pylori positiv-
ity was detected in 81 (38.9%) patients. The intersect
prevalence of H. pylori was 17.8% (37/208), while
the overall prevalence was 63% (131/208) (Table 1).

Antimicrobial testing results

While all of 61 H. pylori isolates were susceptible to
AC and TC. The H. pylori isolates were found to be
resistant to MZ, LE, CH, and RI at the rate of 67.2%
(41/61), 34.4% (21/61), 27.9% (17/61), and 13.1%
(8/61), respectively. MZ resistance was found at the
rate of 67.2% (41/61) among the isolates (Fig. 2).
The Minimum Inhibitory Concentration (MIC) dis-
tributions of the H. pylori isolates according to the
EUCAST criteria were given in Table 2.

While 10 (16.4%) H. pylori isolates were not
resistant to any antibiotic (no drug resistance-NDR),
single drug resistance (SDR) and MDR were detected
in 23 (37.7%) and 28 (45.9%) isolates, respectively.
Within the MDR profiles, 36.1% (22 isolates) of the
isolates exhibited dual (DDR), 6.6% (4 isolates) tri-
ple (TDR) and 3.3% (2 isolates) quadruple antibiotic
resistance (QDR) (Fig. 3).

Histopathological analysis findings

It couldn’t be reached to histopathological analyses
results of seven patients. Therefore, the results belong
to 201 patients were evaluated. Chronic gastritis was
detected in a total of 179 (89.1%) patients by histo-
pathological analysis. Adenocarcinoma was observed
in two cases (4.3%) of 47 patients with peptic ulcer
in the endoscopic evaluation. While inflammation
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Table 2 MIC distributions of the H. pylori isolates (n=61) according to EUCAST criteria

z MIC range The number of the H. pylori isolates with an MIC of:
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was detected in 186 (92.5%), activity in 106 (52.7%),
intestinal metaplasia in 14 (7%), and atrophy in 11
(5.5%) of the samples at different rates, all the sam-
ples were negative for dysplasia (Table 3, Fig. 3).

Virulence gene distributions of the H. pylori isolates

H. pylori isolates exhibited 8 different genetic profiles
(A to H) in terms of the virulence genes. Thus, A, C,
B, D, G, H, E and F genetic profiles were detected
in 23 (37.7%), 18 (29.5%), 9 (14.8%), 4 (6.6%), 3
4.9%), 2 3.3%), 1 (1.6%) and 1 (1.6%) isolate,
respectively. The most common virulence gene was
cagA at the rate of 93.4%. This was followed by the
vacAm?2, vacAsl, vacAs2, and vacAml with a rate
of 83.6%, 62.3%, 26.2% and 23%, respectively. The
most common combination among the vacA gene
alleles was vacAsIim2 (47.5%), while the lowest was
vacAs2ml (3.3%). Only one isolate carried all gene
alleles tested (genetic profile F) (Table 3, Fig. 3).

No statistically significant relationship could be
established between the histopathological examina-
tion (inflammation, activity, intestinal metaplasia,

atrophy) and the genetic profiles of the H. pylori
isolates (P> 0.05) (Table 3).

ERIC-PCR findings

A total of 26 different ERIC-PCR profiles (Cluster I
(CI-I) to Cluster XXVI (CI-XXVI)) by taking 80%
similarity coefficient were obtained. Cluster 26 was
the largest cluster containing nine H. pylori isolates
(Table 4, Fig. 3).

The #179A and #179B isolates obtained from the
patient #179 showed different antibiotic susceptibil-
ity, virulence gene profiles, and ERIC-PCR profiles.
So, they were considered as two different H. pylori
isolates (Fig. 3).

The #16A and #16B isolates obtained from the
patient #16 had different antibiotic susceptibil-
ity characteristics and virulence gene profiles, but
similar ERIC-PCR profiles. Therefore, they were
assumed two different isolates (Fig. 3).

Table 3 The relationship of the current H. pylori genotypes with the histopathological analysis findings

Genetic  Virulence gene combination Histopathology
profile Inflamma- Activity Intestinal Atrophy Dyspla- Hp positivity
tion metaplasia sia
- 4+ -+ - + - + - + - +
A (n: cagA +/vacAml—/vacAm2 +/vacAsl +/ 2 19 4 17 18 3 9 2 21 - 6 15
23) vacAs2-
Bm:9) cagA+/vacAml+/vacAm2—/vacAsl +/ - 9 1 8 9 - 9 - 9 - 2 17
vacAs2-
C (n: cagA+/vacAml—/vacAm2 +/vacAsl—/ - 17 3 14 17 - 17 - 17 - 5 12
18) vacAs2 +
D (n:4) cagA-/vacAml-/vacAm2+/vacAsl—/ - 4 - 4 4 - 4 - 4 - 1 3
vacAs2 +
Em: 1) cagA+/vacAml+/vacAm2—/vacAsl—/ - 1 - 1 1 - 1 - 1 - - 1
vacAs2 +
F(n:1) cagA+/vacAml+/vacAm2+/vacAsl+/ - 1 - 1 1 - 1 - 1 - 1 -
vacAs2 +
G (n:3) cagA+/vacAml +/vacAm2 +/vacAsl +/ - 3 1 2 2 1 2 1 3 - 1 2
vacAs2-
Hm:2) cagA+/vacAml-/vacAm2+ /vacAsl+/ - 2 - 2 2 - 2 - 2 - - 2
vacAs2 +
P value 0.8 0.9 0.4 0.4 ND 0.7
Total* 2 56 9 49 54 4 55 3 58 - 16 42

+Positive, —Negative, Hp: H. pylori, *: Three culture-positive samples did not have a histopathological analysis report
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Table 4 Distribution of H.

. . ERIC-PCR profile Symbol in dendro- ~ Number of the Virulence gene profiles

pylori isolates accgrdmg gram strains

to ERIC-PCR motifs and

genetic profiles Cluster 1 Cl 3 A,B,C
Cluster 2 Cl-I1 1 A
Cluster 3 CI-IIT 1 D
Cluster 4 CI- IV 2 C
Cluster 5 Cl-V 5 A,B,C
Cluster 6 CI-VI 1 A
Cluster 7 Cl-vll 2 A
Cluster 8 CI-VIII 1 B
Cluster 9 CI-IX 1 D
Cluster 10 Cl-X 2 A, C
Cluster 11 CI-XI 1 C
Cluster 12 CI-XII 2 A, C
Cluster 13 CI-XIII 3 B,C,H
Cluster 14 CI-XIV 1 1
Cluster 15 Cl-XV 1 C
Cluster 16 CI-XVI 5 A,B,C,D
Cluster 17 Cl-XvIl 1 C
Cluster 18 Cl-XVIII 2 A, G
Cluster 19 CI-XIX 2 A, C
Cluster 20 Cl-XX 1 A
Cluster 21 Cl-XXI 5 A, B,C,G
Cluster 22 CIl-XX1I 1 A
Cluster 23 CI-XXIII 4 A, C
Cluster 24 CI-XXIV 2 A F
Cluster 25 CI-XXV 2 A
Cluster 26 CI-XXVI 9 A,B,C,D,E,G,H

According to these findings, the patients #179
and #16 were evaluated as co-infected with different
H. pylori subtypes (Fig. 3).

Discussion

In the present study, the overall prevalence of H.
pylori was determined as 63% in adult dyspeptic
patients by invasive tests. While this rate is compat-
ible with the previously reported study results both
Tiirkiye and developing countries (40.4 to 86%)
(Akar et al. 2021; Dorji et al. 2014; Erkut et al. 2020;
Hamrah et al. 2017), it is considerably higher than
the rates in developed countries (17 to 34%) (Duggan
et al. 2009; Sarnelli et al. 2003). The prevalence of H.
pylori was determined as 44.6-82.1% by tissue PCR
and histopathological examination in the previous
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studies in the region where this study was conducted
(Adali et al. 2017, Onder et al. 2016; Tarhane et al.
2019). Unlike the studies mentioned above, cultural
method was also performed for isolation of the H.
pylori in our study. Among these invasive tests, the
tissue PCR was found to be highly sensitive (84%)
and specific (100%) method which is in line with the
literature (Lage et al. 1995; Uyanik et al. 2007).

CH, AC, MZ, TC, LE, and RI are the most com-
monly used antibiotics in the eradication of H. pylori
infections worldwide (O’Connor et al. 2019; Sezgin
et al. 2019). RI is an important antibiotic used for the
treatment of tuberculosis (Grobbelaar et al. 2019).
So, RI is not preferred in the treatment of H. pylori
infection in countries where tuberculosis is preva-
lent (Akar et al. 2021). In addition, only one study
has been reported on the susceptibility of RI to H.
pylori in Tiirkiye so far (Akar et al. 2021). Increasing
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resistance to the antibiotics used in the treatment of
H. pylori still poses an important problem. Indeed,
worldwide resistance rates to CH, LE, MZ, RI, AC
and TC used in the eradication of H. pylori vary
between 5-92.7%, 8-85.4%, 27.1-65.9%, 0-33%,
0-10% and 0-14%, respectively (Biernat et al. 2014;
Khademi and Sahebkar 2020; Kulsuntiwong et al.
2008; Kuo et al. 2017; Kuo et al. 2021 Macias-Garcia
et al. 2017; Martinez-Gonzalez et al. 2019; Park et al.
2020; Regnath et al. 2017; Savoldi et al. 2018). In
our country, these rates were determined as 8.8-50%,
11.7-62%, 18.2-36%, 0-9.1% and 0-2.9% for CH,
MZ, LE, TC and AC, respectively (Caliskan et al.
2015; Cirak et al. 2007; Cagdas et al. 2012; Erkut
et al. 2020; Kocazeybek et al. 2019; Yula et al. 2013).
In addition, Akar et al. (2021) recently indicated to
a decrease in clarithromycin resistance (19%), an
increase in levofloxacin and metronidazole resistance,
and reported the first presence of rifampicin resist-
ance (12%) in H. pylori. The resistance rates obtained
in our study were consistent with the results of the
study recently conducted by Akar et al. (2021) in our
country.

Ten (16.4%) of the isolates obtained in the current
study were found to be susceptible to all antibiotics.
While 51 (83.6%) of the H. pylori isolates were resist-
ant to at least one antibiotic, the number of MDR
isolates was 28 (45.9%). It is seen that the MDR
rate obtained in our study is higher than the MDR
rate (2.5-26%) reported in the literature (Akar et al.
2021; Biernat et al. 2014; Kulsuntiwong et al. 2008).
It is thought that this difference may be related to the
number of resistant antibiotics taken into account in
MDR description.

Helicobacter pylori plays an important role in
the development of chronic gastritis, gastric atrophy,
intestinal metaplasia, dysplasia, and gastric cancer
(Correa et al. 2012). In our study, the rates of chronic
gastritis, intestinal metaplasia, gastric atrophy, and
gastric cancer in histopathological examination were
59.6%, 7%, 5.5%, and 4.3%, respectively. These data
were consistent with the literature (Akar et al. 2021;
Ekesbo et al. 2006) except for no case of dysplasia.

In this study, the most common virulence gene was
cagA (93.4%) and the least frequently was vacAml
(23%). These rates are consistent with the results of
the previous studies (Kishk et al. 2021; Parsonnet
et al. 1997; Oliveire et al. 2021; Akar et al. 2022). In
the current study, the H. pylori isolates exhibited 8

different genetic profiles (A-H) according to the cagA
and vacA gene combinations (Table 3, Fig. 3). Simul-
taneous positivity of cagA, vacAm2 and vacAsl genes
(genetic profile A) was detected in the present study
likewise the other studies (Akar et al. 2022; Solter-
mann et al. 2007; Falsafi et al. 2015). No significant
relationship was found between the H. pylori viru-
lence gene combinations (Table 3) and histopatho-
logical findings, as in many studies (Kim et al. 2001;
Zhang et al. 2001). The major obstacle to establish-
ing a relationship, if any, between the virulence gene
combinations and histopathological findings in the
current study is that the number of strains included
in the virulence gene combinations is not sufficient
for statistical analysis. Nevertheless, an association
between gastroduodenal diseases and virulence genes
on an individual basis has been reported (Akar et al.
2022; Cover et al. 2005; Matsunari et al. 2012; Wat-
tanawongdon et al. 2023). Similar to these reports,
cagA, vacAm2 and vacAsl genes were detected in
either all (metaplasia and atrophy) or most (inflam-
mation and activity) other existing histopathological
findings in our study, excluding dysplasia. However,
vacAml and vacAs2 positivity of the present study
was generally found to be independent variables from
histopathological findings.

ERIC-PCR is an advantageous molecular method
used in the genotyping of H. pylori isolates which
have genetic heterogeneity (Hussain et al. 2004; Fin-
ger et al. 2006). Fingerprints generated by ERIC-
PCR indicate that ERIC sequences are also present
in H. pylori strains (Thoreson et al. 2000; Hussain
et al. 2004; Finger et al. 2006). In our study, 26 pro-
files (cluster 1-cluster 26) were obtained as a result
of ERIC-PCR analysis of the H. pylori isolates, and
the isolates showed a high heterogeneity (Table 4,
Fig. 3). A similar heterogeneity was also observed
in the virulence gene structures and antibiotic resist-
ance profiles of the H. pylori isolates. So, there was
no relation between the ERIC-PCR motifs and the
bacterial characteristics such as the presence of the
virulence gene or antibiotic resistance (Fig. 3). The
high heterogeneity in ERIC-PCR profiles was due to
the fact that the ERIC-PCR primers amplified regions
between the 127 bp long repetitive defective palin-
dromes (ERIC sequences) and the positions of these
palindromes are variable (Wilson and Sharp 2006).
The presence or diversity of inter-palindromes in bac-
teria cannot be interpreted as the transcription of the
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virulence factor or the antimicrobial resistance gene.
As a matter of fact, variations were detected in terms
of virulence gene distribution and antibiotic resist-
ance even within Cluster 5, 16, 21 and 26 belonging
to this study, which contained more strains than other
ERIC-PCR profiles. While genetic profiles A and C
naturally appear in almost all ERIC-PCR profiles due
to their numerical superiority, the main difference
between these profiles is the variability in the s/ and
s2 alleles of the vacA gene. Of these, only the pres-
ence of vacAsl was found to be proportionally higher
in histopathological findings and may have clini-
cal significance in terms of peptic ulcer and gastric
adenocarcinoma, as reported in other studies (Idowu
et al. 2019; Chang et al. 2018). No correlation was
found between ERIC-PCR motifs and histopathologi-
cal findings even endoscopic findings (Fig. 3). The
reason for this is the low frequency detection for these
variables that will not be sufficient for statistical anal-
ysis. In addition, the situation that we could not rec-
oncile between the bacterial characteristics and ERIC
motifs is also valid for histopathological findings.
Because the course of infection and gross pathology
are directly related to the presence of various viru-
lence factors encoded by the cag A and vacA genes
(Gonzalez Vazquez et al. 2016; Kishk et al. 2021),
which we could not associate with the ERIC motifs.
Indeed, variations in terms of histopathological find-
ings were detected even within Cluster 5, 16, 21 and
26, which contain more strains than other ERIC-PCR
profiles (Fig. 3).

A patient can be infected with different H. pylori
subtypes at the same time. Detection of this mixed
infection is very important in terms of antibacterial
treatment (Hussain et al. 2004; Finger et al. 2006).
In the present study, dual infections with two differ-
ent H. pylori subtypes were detected simultaneously
in two the patients (#16 and #179). Therefore, it is
essential to evaluate colonies with different morpho-
logical characteristics in cultural screening and to
perform antibacterial susceptibility tests separately
for each H. pylori eradication.

Conclusions
In this study, it was observed a high prevalence of

H. pylori in adult dyspeptic patients. Also, high
resistance to the antibiotics frequently used in the

@ Springer

eradication and significant genotypic heterogeneity
in the H. pylori isolates were detected. It is thought
that the detection currently of such markers for each
region will play an important role in the eradication
of H. pylori.
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