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ABSTRACT ÖZ

Objective: This study aimed to determine the epidemiological 
characteristics of Helicobacter pylori (H. pylori) infection at the genotype 
level in patients presenting with dyspeptic complaints, and to show the 
distribution of virulence factors, importance of intrafamilial transmission, 
as well as the distribution of resistance to macrolide and quinolone 
antibiotics.

Methods: The study comprised 110 patients with dyspeptic complaints 
who were admitted to our hospital between January 13, 2015, and 
December 31, 2016. Through histopathology, culture, and glmM-
polymerase chain reaction (PCR) techniques, we detected H. pylori. The 
vacA, cagA, and cagE genes were determined in patients with positive PCR 
results were positive.

Results: H. pylori strains and clinical results were not found to be 
significantly correlated in the study. Both genetic variants A2142G and 
A2143G were discovered to be present in the individuals. Eight patients 
had clarithromycin resistance (34.7%). All patients with a positive A2142G 
mutation and 55% of patients with a positive A2143G mutation were found 
to have clarithromycin resistance. Levofloxacin resistance was present in 
only one (4.3%) patient who could produce H. pylori in culture.

Conclusion: Approximately 1/3 of the children with dyspeptic complaints 
were positive for H. pylori infection. The most common genotype was 
observed to be vacAs2. Even individuals with at least one of the genetic 
mutations A2142G and A2143G have the potential for antibiotic resistance. 
High resistance was found against clarithromycin in the standard triple 
therapy regimen used in children for treating H. pylori infection.

Keywords: Helicobacter pylori, children, virulence, antibiotic resistance, 
endoscopy, genetic

Amaç: Çalışma, dispeptik şikayetleri olan çocuk hastalarda Helicobacter 
pylori (H. pylori) enfeksiyonlarının sıklığını belirlemeyi ve aile içi geçişin 
önemini, virülans faktörlerinin dağılımını, ayrıca kinolon ve makrolid 
grubu antibiyotiklere karşı direncin epidemiyolojik özelliklerini genotip 
düzeyinde belirleyerek ortaya koymayı amaçlamaktadır.

Yöntemler: Çalışmaya 13 Ocak 2015-1 Aralık 2016 tarihleri arasında 
hastanemize dispeptik şikayetlerle başvuran 110 hasta dahil edildi. H. 
pylori; histopatolojik, kültür ve glmM-polimeraz zincir reaksiyonu (PZR) 
yöntemleri ile araştırıldı. PZR’si pozitif saptanan hastalarda vacA, cagA 
ve cagE genlerinin tespiti yapıldı.

Bulgular: Çalışmada H. pylori suşları ile klinik bulgular arasında anlamlı 
bir ilişki saptanmamıştır. Etkilenen hastalarda hem A2142G hem 
de A2143G’nin genetik mutasyonları pozitif bulundu. Sekiz hastada 
(%34,7) klaritromisin direnci saptandı. A2142G mutasyonu pozitif 
saptanan hastaların tümünde, A2143G mutasyonu pozitif saptananların 
%55’inde klaritromisin direnci gözlendi. Kültürde H. pylori üretebilen 
hastaların sadece birinde (%4,3) levofloksasin direnci gözlendi.

Sonuç: Dispeptik şikayetleri olan çocukların yaklaşık 1/3’ünde H. pylori 
enfeksiyonu pozitif saptanmıştır. En çok görülen genotip vacAs2 olduğu 
gözlenmiştir. A2142G ve A2143G genetik mutasyonlarından en az birine 
sahip olmak bile antibiyotik direnci potansiyeli taşımaktadır. H. pylori 
enfeksiyonu tedavisinde çocuklarda kullanılan standart üçlü tedavi 
rejiminde bulunan klaritromisine karşı yüksek direnç saptanmıştır.

Anahtar Sözcükler: Helicobacter pylori, çocuklar, virülans, antibiyotik 
direnci, endoskopi, genetik
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INTRODUCTION
Helicobacter pylori (H. pylori) is the most important cause of 
gastroduodenal pathology, ranging from non-ulcer dyspepsia to 
gastric ulcer and mucosa-associated lymphoid tissue lymphoma, to 
atrophic gastritis to lower-gastrointestinal system (GIS) carcinomas 
(1-4). Epidemiological studies have suggested that H. pylori is usually 
transmitted from the family in childhood; more than one strain 
initiated the infection in the first transmission, but one of the strains 
adapted to the gastric mucosa in the subsequent period (3).

Although many factors belonging to bacteria and the host have been 
suggested in the possible relationship between gastroduodenal 
pathology and H. pylori, it can be said most crucial evidence in this 
context is the clinical cure after H. pylori eradication therapy. The 
frequent occurrence of reactivations due to resistance to various 
antibiotic regimens applied in recent years in bacteria can be 
considered the second vital data that strengthens the relationship. 
Developing more rational treatments will only be possible by 
identifying colonized strains and knowing the movement of 
resistance in society by identifying resistant strains.

This study aimed to determine the epidemiological characteristics of 
H. pylori infection at the genotype level in childhood gastroduodenal 
pathologies. In addition, this study aimed to evaluate the initial 
period of the H. pylori-human relationship, the characteristics 
of the colonized strain(s), the distribution of virulence factors, 
the importance of intra-familial transmission, and the primary/
secondary resistance distribution to macrolide and quinolone group 
antibiotics.

MATERIALS AND METHODS
A total of 110 cases admitted with dyspeptic complaints between 
13 February 2015 and 1 December 2016 were included in the 
study. The criteria for inclusion in the study; cases between the 
ages of 3 and 18 years were identified as cases in which upper GIS 
endoscopy was planned due to dyspepsia and patients who had 
not previously received eradication treatment for H. pylori. Patients 
with upper gastrointestinal tract bleeding, patients with a history of 
gastroduodenal surgery, patients who did not agree to participate in 
the study, patients with a history of antibiotic and/or proton pump 
inhibitor use up to 1 month before the study, and patients with 
chronic diseases were excluded from the study.

After upper GIS endoscopy were performed and the findings were 
recorded, three biopsy samples were collected from the antrum 
region of the patients included in the study. The first sample was 
used for pathological examination, the second was used for H. 
pylori isolation in culture medium and for determining antibiotic 
susceptibility, and the third was used for genotypic examination. The 
E-test was performed to assess antibiotic susceptibility to H. pylori 
strains isolated in culture, and the minimum inhibitory concentration 
(MIC) values were determined. In our study, clarithromycin and 
levofloxacin E-test strips (Biotests, Ankara, Türkiye, and Liofilche, 
Italy) were used. The MICs were accepted as determined by the 
European Committee on Antimicrobial Susceptibility Testing in 2016 
(5). For genotypic examinations, DNA extraction was performed 
from gastric biopsy samples, and these extracts were first examined 
by polymerase chain reaction (PCR) with the help of specific primers 
to determine the glmM gene sequence. The samples with positive 

glmM gene were accepted as H. pylori-positive, and their DNA 
extracts were evaluated by PCR for the detection of vacA, cagA, and 
cagE, PCR-RFLP for the detection of clarithromycin resistance, and 
DNA Sequence analysis for the detection of levofloxacin resistance. 
Additionally, to detect familial genetic and pathogenic inheritance, 
upper GIS endoscopy was performed by an adult gastroenterologist 
in 7 parents of 6 H. pylori-positive cases.

Ethics Committee approval was obtained from the Non-Interventional 
Clinical Research Ethics Committee of Çukurova University Faculty 
of Medicine (approval number: 37, date: 05.12.2014). The relatives 
of all the children included in the study were interviewed. After 
providing information about the interventional procedures to be 
applied to patients, the purpose of the research, and where to use 
the data, verbal and written consent was obtained.

Statistical Analysis

Statistical evaluations were performed using the SPSS 21.0 package 
program. Descriptive data are presented as percentage distributions. 
The chi-square test was used to compare the gender distribution, 
endoscopic and genotypic findings. Fischer’s exact test was used to 
compare categorical variables. The statistical significance level was 
established as 0.05 in all tests.

RESULTS
The mean age of the cases was 12.2±4.39 years (3-18 years), as 
38 were male (34.5%) and 72 were female (65.5%). H. pylori was 
found to be positive in 30 cases (27.3%) by PCR method. 18.8% of 
H. pylori-positive patients were between 3-6 years old, 33.3% were 
between 7-12 years old, and 25.9% were between 13-18 years old. 
No statistically significant difference was found between the H. 
pylori-positive and H. pylori-negative groups in terms of gender and 
age (p=0.235, p=0.519, respectively).

Of 30 PCR-positive patients, 29 (96.6%) were found to be vacA 
positive, and vacAs1+cagA+cagE association was found in 16.6% 
(Table 1). 

Among the virulence factors, cagA was found to be positive in 50% 
of vacAs1-positive patients and 29.4% of vacAs2-positive patients. 
When the association between vacA subtypes and cagA was 
examined, no statistically significant difference was found (p=0.390). 

Ünal et al. Genotypes and drug resistance for H. pylori

Table 1. Distribution of virulence genes in 30 patients with H. pylori 
detected by PCR method

Virulence genes n=30 (%)

vacA 29 (96.6)

vacAs1 12 (40)

vacAs2 17 (56.6)

cagA 11 (36.7)

cagE 7 (23.3)

vacAs1 + cagA 1 (3.3)

vacAs1 + cagE 2 (6.6)

vacAs1 + cagA + cagE 5 (16.6)

vacAs2 + cagA 5 (16.6)

PCR: Polymerase chain reaction
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It was found that 58.3% of the vacAs1-positive patients were cagE-
positive. No association was observed between vacAs2 and cagE in 
any of the patients. When the distribution of virulence genes in H. 
pylori PCR-positive cases was examined, no statistically significant 
relationship was found (p>0.05).

It was observed that vacAs2, one of the less virulent vacA alleles, 
was found in all cases with normal histopathology, cagA was positive 
in 66.6% of these cases, and vacAs1 and cagE were not found in 
these cases. In patients with active chronic gastritis, the vacAs1, 
vacAs2, cagA, and cagE virulence genes were found to be 44.4%, 
51.8%, 33.3%, and 25.9%, respectively.

Antibiogram was performed in 23 (20.9%) cases with positive H. 
pylori culture. Clarithromycin resistance was found in 8 (34.7%) 
patients, and no significant difference was found between genders 
in terms of clarithromycin resistance (p=0.342). Of clarithromycin-
resistant cases, vacAs1 was found to be positive in 50%, vacAs2 in 
36.4%, cagA in 40%, and cagE in 66.7%. However, no statistically 
significant intergroup difference was observed regarding the 
relationship between virulence genes and clarithromycin resistance 
(Table 2). Levofloxacin resistance was observed in only one case 
(4.3%), and vacAs1 was positive; vacAs2, cagA, and cagE were 
negative in this case.

When the A2142G gene mutation distribution was examined 
according to the age groups of the patients, it was found that 
there were no genetic mutations between the ages of 3-6 and the 
presence of genetic mutations at a rate of 16.7% between the ages 
of 7-12 and 20% between the ages of 13-18. When the A2143G gene 
mutation distribution was examined by age groups, it was observed 
with a rate of 33.3% between ages 3-6, 25% between ages 7-12, and 
53.3% between ages 13-18. Per age group, no statistically significant 

difference was found in terms of A2142G and A2143G gene mutation 
positivity (p=0.698, p=0.318, respectively).  

It was found that all patients with the positive A2142G mutation 
were clarithromycin-resistant, and clarithromycin resistance was 
found to be significantly higher than those who were negative 
(p=0.023). No significant difference was found in clarithromycin 
resistance between the A2143G mutation-positive patients than 
the negative ones (p=0.054) (Table 3). Both A2142G and A2143G 
genetic mutations were found to be positive in a single patient with 
levofloxacin resistance.

In our study, endoscopy was performed in 7 parents of 6 PCR-positive 
patients with clinical symptoms, and different H. pylori strains were 
found in the children and parents (Table 4).

DISCUSSION
H. pylori is one of the most common pathogens in humans (6). In 
addition to virulence factors such as urease activity and motility, 
immunogenic cross-reactivity in gastric cells plays an essential role in 
the pathogenesis of H. pylori (7). In addition, it is thought that some 
of the H. pylori virulence genes increase the risk of developing gastric 
lesions, and the pathogenic effect of bacteria virulence factors is 
affected by many factors belonging to the environment and host (8). 

In our country, the number of studies evaluating H. pylori virulence 
genes in children is extremely low. Looking at vacA isolates from 
virulence genes, in 2013, Ozbey et al. (9) reported that 91.8% of 
vacAs1 isolates in H. pylori-positive children, and in 2014, Karabiber 
et al. (10) reported that 81.6% of them were vacAs1 subtype, and 
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Table 2. The relationship of H. pylori virulence genes with 
clarithromycin resistance

Virulence genes Clarithromycin-
susceptible, n (%)

Clarithromycin-
resistant, n (%)

p

vacA (-) 0 (0) 1 (100)
0.446vacAs1 (+) 3 (50) 3 (50)

vacAs2 (+) 7 (63.6) 4 (36.4)

cagA (-) 7 (53.8) 6 (46.2) 1.000*

cagA (+) 3 (60) 2 (40)

cagE (-) 9 (60) 6 (40) 0.559*

cagE (+) 1 (33.3) 2 (66.7)

*Fisher exact test.

Table 3. Distribution of A2142G and A2143G genetic mutations in 
clarithromycin-susceptible and clarithromycin-resistant patients

Genetics 
mutations

Clarithromycin-
susceptible, n (%)

Clarithromycin-
resistant, n (%)

p

A2142G negative 15 (83.3) 3 (16.7) 0.023*

A2142G positive 0 (0) 5 (100)

A2143G negative 10 (83.3) 2 (16.7) 0.054*

A2143G positive 5 (45) 6 (55)

*Fisher exact test

Table 4. Comparison of PCR-positive patients and their parents’ 
virulence genes and genetic mutations

Patients and 
parents

vacAs1 vacAs2 cagA cagE A2142G A2143G

Patient A + - - + - -

Mother of 
patient A

+ - + + - -

Father of 
patient A

+ - + + - -

Patient B - + + - - -

Mother of 
patient B

- + - - - -

Patient C + - - - - +

Father of 
patient C

+ - + - - -

Patient D - + + - - -

Mother of 
patient D

- + - - - -

Patient E + - - - - +

Mother of 
patient E

- + - - - +

Patient F + - - - - -

Mother of 
patient F

- + - - - -

PCR: Polymerase chain reaction.
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the most common vacA subtype was vacAs1a/m2, at a rate of 32.7%. 
vacAs1/m1 was the most common allele in 85% of symptomatic 
children in Venezuela and vacAs1 in 82.5% of asymptomatic children 
in Brazil (11,12). In a study conducted by Erdoğdu et al. (13) in 120 
children, it was found that 70.1% of H. pylori isolates had vacAs1a, 
2.8% had vacAs1b, and 27.1% had the vacAs2 subtype, and reported 
that vacA genotype was not associated with endoscopic findings. 
While the most common genotype in Iranian children is vacAs1/m2; 
it was found that nodular gastritis is common in endoscopic findings, 
and this is significantly associated with the presence of vacAm1 (14). 

In our study, the vacAs1 allele was found to be positive in 40% of H. 
pylori-positive cases, and the vacAs2 allele, which is known to be less 
virulent, in 56.6%. Compared with these two studies, it was observed 
that the vacAs2 allele was higher in our study. In our research, no 
statistically significant difference was found in the evaluation of the 
vacAs1 and vacAs2 genotypes according to endoscopic findings and 
histopathological data.

In our study, cagA was found with a rate of 36.7%. In symptomatic 
children, H. pylori cagA strains and serum cagA antibodies are 
found at the rate of 33% -80% (15-17). In a study by Kato et al. 
(18) conducted on 25 children with the ulcer, it was reported that 
cagA was detected in 81.8% of asymptomatic children, 93.3% of 
patients with gastritis, and 80% of patients with gastric ulcers. In 
a study conducted by Saltik et al. (19), 45 children were evaluated 
for abdominal pain and tested only for cagA, which is one of the 
virulence factors. They found cagA positivity at a rate of 55.6%, and 
they reported that there was no relationship between the severity 
of gastrointestinal findings.

When cagE, a virulence gene, was examined, 23.3% of the 30 PCR-
positive patients in our study were found to be cagE positive. 
A vacAs1+cagE association was found in 6.6% of these, and a 
vacAs1+cagA+cagE association was found in 16.6%. Because there 
were not enough studies on this subject in children, cagE positivity 
was found at a low rate in our study compared to adult studies 
conducted in our country, whereas a similar rate of cagE positivity 
was found when compared to the study conducted by Ozbey et al. (9).

In our study, active chronic gastritis was detected in 90% of H. pylori 
PCR-positive 30 patients, and histopathological evaluation of 14.3% 
of these patients was found to be normal. Among these H. pylori 
PCR-positive cases, it was observed that all of the vacA alleles with 
normal histopathology were vacAs2, one of the less virulent vacA 
alleles, and 66.6% of these patients with normal histopathology 
had cagA and no vacAs1 and cagE, which play an important role 
in virulence. In patients with active chronic gastritis, the vacAs1, 
vacAs2, cagA, and cagE virulence genes were found to be 44.4%, 
51.8%, 33.3%, and 25.9%, respectively. While less virulent genes 
were detected in cases with normal histopathological evaluation, 
the positivity of genes known to be more virulent in active chronic 
gastritis cases was remarkable.

In countries where clarithromycin, metronidazole, and amoxicillin, 
which are the first-choice antibiotics, are used extensively in 
eradication treatment, the development of increasing resistance 
against these drugs causes treatment failure. Therefore, resistance 
determination has gained importance in the establishment of 
treatment protocols (20-22). Although many adult studies aimed at 
determining antibiotic resistance, there are not enough studies on 

children. Recent data on clarithromycin resistance in our country are 
generally obtained from studies conducted in adults, and resistance 
rates vary between 40.2% and 48% (23-25). The use of macrolide 
group antibiotics, especially in respiratory tract infections, is one of 
the most important reasons for the development of clarithromycin 
resistance. It is thought that clarithromycin resistance is a much 
more critical problem in developed countries, such as our country, 
where antibiotic use rates are high, or especially in developed 
countries where macrolide group antibiotics are prescribed for the 
treatment of respiratory tract infections (26-28).

In the study of Ozçay et al. (29), which was performed on 102 
children diagnosed with H. pylori infection by urea breath test, 
serology, or culture, the rate of clarithromycin resistance was 
found as 18.1%. Karabiber et al. (10) reported that 51 (52%) of 98 
PCR-positive children with H. pylori gastritis were culture-positive, 
and clarithromycin, metronidazole, and amoxicillin resistance 
were 23.5%, 11.7%, and 3.9%, respectively. In the same study, 
no relationship was found between the presence of cagA, and 
clarithromycin and metronidazole resistance. Clarithromycin 
resistance was found at a rate of 83.3% in cagE-positive patients, 
while this rate decreased to 16.7% in cagE-negative patients (10). In 
a study conducted on 118 patients, 52.7% of whom were children, 
in Spain in 2008, it was reported that the clarithromycin resistance 
measured by the E-test method was 35.6% (30). It was found that 
metronidazole and clarithromycin resistance tended to increase 
among children infected with H. pylori in China at rates of 49.2% and 
34.9%, respectively (31). In Japan, resistance rates to metronidazole 
and clarithromycin were found to be 43.3% and 21.9%, respectively 
(32). Levofloxacin, which is effective against H. pylori in vitro, has 
more limited effects in vivo. Wong et al. (33) reported 18%, and Perna 
et al. (34) reported 30.3% levofloxacin-resistance. In another study, 
resistance to fluoroquinolone group drugs, which are not commonly 
used in children, was shown as 30.8% at the age of 0-6, and it was 
thought that resistance to these drugs was probably acquired from 
parents (35). The clarithromycin resistance observed in our study is 
compatible with studies in the literature. However, more meaningful 
results can be obtained by increasing the number of patients. If 
H. pylori cannot be destroyed sufficiently due to clarithromycin 
resistance, which is thought to be caused by unnecessary antibiotic 
use, triple and sequential treatments containing the fluoroquinolone 
group instead of the macrolide group are promising for older 
children. The rapid development of resistance to fluoroquinolone 
group antibiotics is worrying in this respect (35-38).

H. pylori is a microorganism with a high degree of genetic variability. 
While some studies reported a relationship between virulence genes 
and antibiotic resistance, some studies reported no such relationship 
(10,39,40). In our study, no relationship was found between vacA 
subtypes, cagA and cagE, and antibiotic resistance.

In the study conducted by Caliskan et al. (41) isolate a total of 98 H. 
pylori strains, 36 (36.7%) patients had clarithromycin resistance, 34 
(35.5%) had metronidazole resistance, 29 (29.5%) had levofloxacin 
resistance, and multiple antibiotic resistance was detected in 19.3% 
of the patients. In the same study, the A2143G and A2144G genetic 
mutations were detected in 100% of clarithromycin-resistant strains. 
In our study, clarithromycin resistance was detected in 100% of the 
five patients who were found to be positive for the A2142G mutation 
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and underwent antibiogram, and in 6 (55%) of the patients who were 
A2143G positive. Both mutations were found in male patients with 
levofloxacin resistance. Even at least one of these genetic mutations 
has the potential to become resistant to antibiotics.

A comparison of the vacAs1, vacAs2, cagA, and cagE virulence 
genes and A2142G and A2143G genetic mutations were made PCR-
positive six patients with and seven parents of these patients. It 
has been shown that the H. pylori strains of the patient and their 
parents are different, and in 4 of the six patients we compared, 
the H. pylori strain with the same vacA allele as their parents was 
detected, whereas bacteria with different cagE and cagA genes were 
detected in these patients. It is known that the cagA and cagE genes 
located on the Cag Pathogenicity Island (cagPAI) of H. pylori may be 
acquired later or that existing genes may be lost in the future. While 
evaluating the differences in H. pylori strains between patients 
and parents, it should be kept in mind that there may be changes 
in cagPAI in the future. In addition, children can be infected with 
more than one strain of H. pylori at the same time. By increasing the 
number of biopsy samples, the possibility of detecting other strains 
of H. pylori can be increased. 

Since the PCR-RFLP method, which examines the 1162 bp specific 
region of the vacA gene in our study to detect point mutations 
effective in clarithromycin resistance, is a sensitive method that 
gives a very heterogeneous band profile, as shown in other studies, 
it has been concluded that H. pylori isolation in gastric biopsy 
samples taken from pediatric patients is not a suitable method for 
determining kinship transmission (42). 

CONCLUSION 
In conclusion, H. pylori infection was positive in approximately one-
third of the children with dyspeptic complaints. It was observed that 
these patients mostly had the vacAs2 genotype. Even individuals 
with at least one of the genetic mutations A2142G and A2143G 
genetic mutations have the potential to be resistant to antibiotics. 
A high rate of resistance has been found against clarithromycin used 
in the standard triple therapy for H. pylori in children in our country. 
H. pylori infection eradication rates are also low with standard triple 
therapy in clinical studies. Therefore, it is appropriate to develop 
new treatment modalities for treating H. pylori infection in children.
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