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ABSTRACT

Background & Aims: Helicobacter pylori (H. pylori) infection is widespread, affecting about half of the world's
population. The increasing prevalence of strains resistant to antimicrobial agents is a critical issue for the
eradication rate of H. pylori. With the rapid development of molecular pathology, some molecular markers
have been confirmed to be associated with antibiotic resistance. This study investigated the genetic antibiotic
resistance of H. pylori in the south-eastern region of Romania.

Methods: The study was addressed to an adult population of patients from Constanta County, Romania with
uninvestigated dyspepsia who had not previously received H. pylori eradication therapy. Out of 321 tested
patients who met the inclusion and exclusion criteria, 90 (38.9%) had positive rapid urease test from gastric
biopsy samples. Primary genetic resistance to antibiotics (fluoroquinolone and clarithromycin) was tested by
the GenoType HelicoDR kit (Hain Lifescience GmbH, Germany).

Results: Out of 90 patients whose samples were tested, the majority were female, 59/90 (65.5%) and the
mean age was 46.6 + 14.7 years. Primary clarithromycin resistance mutations were detected in 18/90
(20%) of patients, the most common mutation in our study being A2147G (associated with a high level of
clarithromycin resistance and lower cure rates); other mutations were A2147G, A2146G and A2146C. Primary
fluoroquinolones resistance mutations were detected in 27/90 (30%) of patients, and the most common
mutations were D9IN, D91G, and N87K. There was no correlation with patients’ gender or age.
Conclusions: Clarithromycin and fluoroquinolone resistance of H. pylori was moderately high in our study. The
type of mutation responsible for clarithromycin resistance is the one with more chances of eradication failure
(A2147G). There is a need for monitoring H. pylori resistance patterns in Romania to provide data that can
guide empirical treatment. This is the first published study on the genetic resistance of H. pylori in Romania.

Key words: Helicobacter pylori — drug resistance — anti-bacterial agents — clarithromycin - fluoroquinolone.

Abbreviations: H. pylori: Helicobacter pylori; MALT: mucosa-associated lymphoid tissue; PCR: polymerase
chain reaction.

INTRODUCTION

Helicobacter pylori (H.
pylori) infection is widespread,
affecting about half of the world's
population; it is more common
in developing countries where
it can have a frequency of 70%
to 90% in the population and
less frequently encountered in
western countries where the
infection rate in the population
is between 25% to 50% [1].
In Romania, studies on the
prevalence of H. pylori infection
are rare and quite old and show

an infection rate of up to 70% in the population [2, 3]. H.
pyloriinfection is the most common cause of chronic gastritis,
gastric and duodenal ulcer, gastric adenocarcinoma, and
mucosa-associated lymphoid tissue (MALT) lymphoma
lymphoma [4]. The eradication rate of H. pylori infection is
unanimously recognized as markedly decreasing in recent
years and the major reason is antibiotic resistance. In the H.
pylori eradication regimens, six antibiotics are commonly
used, including amoxicillin, clarithromycin, levofloxacin,
metronidazole, furazolidone and tetracycline [5]. Antibiotic
H. pylori resistance has reached an alarming rate in all
regions of the world, with clarithromycin-based regimens
having an eradication rate below 80%, and fluoroquinolone-
based regimens even lower [6, 7]. International guidelines
recommend that clarithromycin should be used in the first line
of therapy in those regions where its resistance is less than 15%;
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where clarithromycin resistance is greater than 15%, quadruple
therapy with bismuth salts should be used instead [5]. Romania
lacks in studies on H. pylori resistance to antibiotics because
cultivating H. pylori in culture media is a difficult method.
On the other hand, it is known that phenotypic resistance to
antibiotics is genetically determined. Recently, a new technique
for testing antibiotic susceptibility has been studied, namely
the detection of mutations in genes that confer antibiotic
resistance. In the case of H. pylori, antibiotic resistance is
based on point mutations, without involving more complex
mechanisms such as plasmids, transposons and integrons [8].

In this study, we tested the H. pylori resistance to antibiotics
(clarithromycin and fluoroquinolones) in the south-eastern
region of Romania by characterizing the genotypes that confer
resistance to these antibiotics.

METHODS

Study design, endoscopy and gastric biopsies

The study was addressed to a population of adult patients
from Constanta County with uninvestigated dyspepsia defined
by the presence of at least one of the following gastrointestinal
complaints: epigastric pain, heartburn, fullness, discomfort,
early satiety, nausea, regurgitation, vomiting and belching [9].
An important condition was the inclusion only of patients who
had not previously received H. pylori eradication therapy so
that the study addresses the primary antibiotic resistance of
H. pylori infection in our geographical area.

The exclusion criteria were patients under 18 years of age,
those who had used proton pump inhibitors or antibiotics
during the last 30 days before endoscopy, patients who were
unable to communicate, or admitted with a major emergency
such as gastrointestinal bleeding.

Between January and March 2019, 318 patients, aged
between 19 and 77 years underwent upper digestive endoscopy
in the Department of Gastroenterology of the Clinical, County
and Emergency Hospital of Constanta. The videoendoscope
used was the Pentax EPK-i7010 system with a EG-2990i
endoscope. Out of a total of 318 patients investigated, only 231
patients met the inclusion criteria and expressed their consent
to be enrolled in the study. During endoscopy, gastric biopsy
samples were taken from these patients following this protocol:
from each patient, two samples were taken for rapid urease
test (one from the antrum and the other one from the gastric
body), and three samples for genetic determinations (one from
the antrum, one from the gastric body and the third sample
targeted the endoscopic aspect that most likely suggested the
infection). If the rapid urease test was positive, the biopsy
samples were sent to the molecular genetic laboratory. If the
urease test was negative, the samples taken for the genetic tests
were dropped without these tests being carried out. Genetic
testing was performed exclusively in cases where rapid urease
test was positive. The presence of H. pylori infection was
detected by the urease test in 90 (38.9%) patients, out of the
231 patients tested.

The gastric biopsy samples intended for further processing
in the genetics laboratory were collected and preserved in the
DNA/RNA Shield (Zymo Research). The samples were weighed
and frozen at -80 °C until further processing. Molecular tests
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were performed at the Research Center for the Morphological
and Genetic Study in Malignant Pathology (CEDMOG)
“Ovidius” University of Constanta.

DNA extraction

Genomic DNA extraction from the biopsy samples
was carried out using the QIAmp DNA Mini Kit (Qiagen,
Germany) following the manufacturer’s instructions. About
15 mg of biopsies was homogenized with Tissue Ruptor II
(Qiagen, Germany) thoroughly in 100 ul PBS for 3 min or
until complete disruption. Thereafter, the homogenate was
incubated at 56 °C for 1 hour in 100 ul of ATL buffer and 20
pl of protein kinase K and then for 10 min at 70 °C in 200 pl
of AL buffer. Subsequently, after adding 200 pl of ethanol, the
mixture was carefully applied to the QIAamp Mini spin column
and then washed in the centrifugal field with two buffers
AW1 and respectively AW2 at 12000 rpm for 1 min. Finally,
the column was then placed in a new tapered collection tube
and 150 uL of buffer AE was added on the column membrane
and centrifuged at 8000 rpm for 1 minute to collect the eluate.

The DNA purified from samples were assessed for
purity, concentration, and integrity using a NanoDrop One™
Spectrophotometer (Thermo Scientific™), Qubit®3.0 (Life
Technologies).

GenoType HelicoDR molecular analysis

The patients detected to be positive for H. pylori strain
by the rapid urease test were further subjected to detection
of point mutations in genes responsible for fluoroquinolone
and clarithromycin resistance using the GenoType HelicoDR
kit (Hain Lifescience GmbH, Germany), according to the
manufacturer’s instructions. The molecular test is based on
multiplex polymerase chain reaction (PCR) amplification
and reverse-hybridization of biotinylated primers on a strip
containing allele-specific oligonucleotide probes, that permits
to identify the various mutation N87K, D91IN, D91G, D91Y
of the gyrA gene (codon 87 and 91) and A2146G, A2146C,
A2147G of the 23S rRNA gene (positions 2146 and 2147).

Each 50 pl PCR reaction consists of 35 ul PNM
(containing nucleotides and biotinylated primers), 5 ul 10 x
polymerase incubation bufter, 4.75 ul of water for PCR, 0.25 pul
HotStartTaq DNA polymerase (2 units), and 5 il DNA template
(concentration was set between 20 to 100 ng). Samples were
incubated in a thermal cycler (Biometra, Germany) with the
following parameters: 1 cycle at 95°C for 15 min for DNA
polymerase activation, followed by 10 cycles at 95°C for 30
s and at 58°C for 2 min. Then, 20 cycles, where each cycle
contains a denaturation step at 95°C for 25 s, an annealing step
at 53°C for 40 s, and a polymerization step at 70°C for 40 s.
The PCR reaction ended with the elongation of all amplicons
for 8 min at 70°C.

The hybridization process involves denaturation of 20 ul of
the PCR product mixed with 20 pl denaturation solution for
5min at RT. Subsequently, the hybridization of single-stranded
DNA with allele-specific oligonucleotides on a solid phase
(strip) in 1 ml of HYB buffer at 45°C for 30 min was performed
on a thermoshaker.

The stringent washing, conjugation and enzymatic
visualization of labeled and denatured amplification products
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were performed at 45°C for 15 min, at 30 min at RT and 10
min at RT, respectively. We did not use positive and negative
controls because GenoType Helico DR (Hain Lifescience
GmbH) is a validated test for in vitro diagnostic use from
biopsy samples. The results concerning H. pylori detection
and susceptibility to clarithromycin and fluoroquinolones
were obtained by analyzing the positive and negative bands
in DNA strips.

Statistical tests

Data were entered and computed using Excel, where
continuous variables were expressed as mean +/- standard
deviation, whereas categorical variables were expressed as
number and percentage. Notably, all samples were tested before
statistical analysis for their normal distribution. The association
between resistance or susceptibility to clarithromycin,
respectively fluoroquinolones and age was evaluated using
Independent Samples t-test and the association between
resistance and gender was evaluated using Pearson’s chi-
squared, where p-value <0.05 was considered to be statistically
significant.

Ethical approval

The study was conducted according to good laboratory
practice and in accordance with the Declaration of Helsinki
and national and institutional standards. Informed consent
was obtained from all patients, and the study was approved
by the Local Ethics Commission for the Approval of Clinical
and Research Developmental Studies (approval no. 15
/05.12.2018).

RESULTS

Among the 90 patients whose samples were tested for the
detection of point genetic mutations that confer antibiotic
resistance, the majority were female, 59/90 (65.5%). The mean

age of the group of patients tested was 46.6 + 14.7 years (range
between 19 and 77 years).

Mutations in the 23S rRNA locus (Supplementary Fig)
conferring clarithromycin resistance were detected in 20.0%
of cases (18/90), of which 72.2% (13/18) showed mutations in
codon A2147G, 16.6% (3/18) in codon A2146G, and 11.1%
(2/18) in codon A2146C). Out of these, 33.3% of samples (6/18)
presented a heterozygous profile and 66.6% (12/18) were of
homozygous type (Table I).

Mutations in the gyrA locus conferring fluoroquinolone
resistance were detected in 30% of cases (27/90); these were of
DII1N type (16 cases, of which 10 homozygous cases), D91G type
(5 cases, of which 3 homozygous cases), N87K type (5 cases, of
which 2 homozygous cases), D91G/D91Y type (1 homozygous
case), and D9IN/D91Y type (1 homozygous case) (Table II).

A number of 6 (6.66%) samples from a total of 90 tested
concomitantly showed genetic mutations in both the gyrA gene
and the 23S rRNA gene, so antibiotic resistance was detected
as follows:

a. Mutations that confer resistance only to clarithromycin
= 12/90 (13.3%)

b. Mutations that confer resistance only to fluoroquinolone
=21/90 (23.3%)

c. Mutations that confer resistance to both antibiotics
simultaneously = 6/90 (6.66%)

d. Mutations that confer resistance to at least one of the
antibiotics (a+b+c) = 39/90 (43.3%)

e. Samples without genetic resistance mutations (samples
with antibiotic susceptibility) = 51/90 (56.6%).

There was no significant difference between the ages of
patients with clarithromycin resistance mutations and those
without resistance mutations (45.4 +12.0 years vs. 46.9 + 15.4
years; p > 0.05) (Fig. 1) or between the ages of patients with
resistance mutations to fluoroquinolones and those without
resistance mutations (49.8+ 13.8 years vs. 45.3 + 15.0 years;
p > 0.05) (Fig. 2).

Table I. Type of mutations conferring clarithromycin resistance

Antibiotic tested Number of The type of Number The The
samples tested mutation of samples homozygous heterozygous
detected detected with type (aa) type (Na)
mutation
A2147G 13/18 10/13 3/13
Clarithromycin 90 A2146G 318 1/3 213
A2146C 2/18 1/2 1/2
N = wild type allele; a — mutant allele
Table II. The type of mutations conferring fluoroquinolone resistance found
Antibiotic tested Number The type of Number of The The
of samples mutation samples detected ~ homozygous heterozygous
tested detected with mutation type (aa) type (Na)
DI9IN 16/27 10/27 6/27
DI1G 5/27 3/27 2/27
Fluoroquinolone 90 / / /
N87K 5/27 2/27 3/27
D91G/D91Y 1/27 1 0
DI9IN/DO1Y 1/27 1 0

N = wild type allele; a — mutant allele
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There was no significant difference in the rate of
clarithromycin resistance between males and females (Table
I11).
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Fig. 1. Age distribution of patients according to H. pylori susceptibility
to clarithromycin.
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Fig. 2. Age distribution of patients according to H. pylori susceptibility
to fluoroquinolones.

Although there was a tendency for fluoroquinolone
resistance to be more common in females than males (23.3%
vs. 6.7%), this difference did not reach statistical significance
(p=0.11) (Table IV).

DISCUSSION

This study tested H. pylori resistance to two antibiotics
(clarithromycin and fluoroquinolones). Clarithromycin
belongs to the first line of therapy against H. pylori and
many recent studies showed a decrease in its efficacy.
Fluoroquinolones are part of the second line therapy, together
with the therapy based on bismuth salts [5].

In this study, primary genetic resistance to antibiotics
was tested by GenoType HelicoDR kit (Hain Lifescience
GmbH, Germany). Compared to culture-based method, the
previous reported sensitivity, specificity, positive, and negative
predictive values of the GenoType HelicoDR for detecting
H. pylori resistance were, respectively, 100, 86.2, 89.7%, and
100% to clarithromycin as well as 82.6, 95.1, 90.5%, and 90.7%
to fluoroquinolones [10]. In another study, the sensitivity
and specificity of detecting resistance were 94% and 99%
for clarithromycin and 87% and 98.5% for levofloxacin,
respectively, and the positive and negative predictive values for
detecting resistance were 99% and 94% for clarithromycin and
96% and 96% for fluoroquinolones [11]. Owing to the restricted
use of culture, GenoType HelicoDR is a very promising
molecular test for diagnosis and detection of clarithromycin
and fluoroquinolones resistance in H. pylori directly from
gastric biopsy specimens.

H. pylori resistance to clarithromycin was associated with
the presence of point mutations in domain V of the 23S rRNA
gene, namely at nucleotide position 2146 and 2147 (positions
according to H. pylori reference strain 26695). This domain
is the most common binding site for antibiotics that inhibit
translation like clarithromycin [12].

Clarithromycin resistance in H. pylori is attributable, in
most cases, to three single point mutations (A2146C, A2146G
and A2147G) in the 23S rRNA gene that can be accurately
detected by PCR [13-16].

Table III. Distribution of mutations conferring clarithromycin resistance by gender

Variables 23S rRNA mutations Wild-type allele p
A2146C A2146G A2147G All mutations
Male (n = 31) - 1(1.1%) 5 (5.6%) 6 (6.7%) 25 (27.8%)
Female (n = 59) 2(2.2%) 2(2.2%) 8 (8.9%) 12(133%) 47 (52.2%) 091
Total (n = 90) 2 (2.2%) 3(3.3%) 13 (14.4%) 18 (20%) 72 (80%)
Table IV. Distribution of mutations conferring fluoroquinolone resistance by gender
Variables gyrA mutations Wild-type P
D9IG D9IN D91G/  N87/K  N87K/ All allele
DI1Y DI1G mutations
Male (n = 31) 1(L1%) 4 (4.4%) - 1(1.1%) 6(6.7%)  25(27.8%)
Female (n=59)  4(44%) 11(122%) 2(22%) 3(33%) 1(L1%) 21(233%) 38(422%) !
Total (n = 90) 5(5.6%) 15(16.7%) 2 (22%)  4(44%) 1(L.1%) 27 (30%) 63 (70%)
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The most common mutation related to clarithromycin
resistance in our study was A2147G, consistent with the results
of other studies. Mutations with A2147G are associated with
a high level of clarithromycin resistance and lower cure rates
[17]. On the other hand, mutation with A2146G has higher
reported minimal inhibitory concentrations but the clinical
relevance is minimal [18]. Other mutations that can be found
in other parts of the world that have been found to confer
clarithromycin resistance in H. pylori strains are the T2289C,
T2190C, T2182C, A2223G, C2195T, C2245T, C2694A, G2141A
and G2224A, A2146C, A2146G, and A2147G [19-22].

Worldwide, the prevalence of primary H. pylori
clarithromycin resistance varies, but it is generally between
12.5-23.5% in European countries, higher in Africa, where
it can reach up to 30% [23-25] and very high in some Asian
countries where it can reach values of 85% [26].

The results of our study showed the presence of 23S rRNA
gene mutations that confer clarithromycin resistance in 20%
of cases and classify us as a region with moderately increased
resistance to clarithromycin. These data are consistent with
the results reported in other studies on the same topic. In
European regions, the lowest primary clarithromycin resistance
was reported in Norway (5.9%), whilst the highest in Spain
(32.01%) and Portugal (42.35%) [6, 21, 27].

The increased prevalence of clarithromycin resistance in
our country may be related to the frequent use of macrolides,
especially for the treatment of respiratory infections, as some
recent reports suggest, although there are no studies on this
topic [28-31].

Fluoroquinolone resistance, on the other hand, is associated
with mutations in the quinolone resistance-determining region
(QRDR) of the gyrA gene at codons 87 and 91 (positions
according to H. pylori reference strain 26695); in some cases,
they may be associated with mutations in the gyrB gene
[32-34]. Mutations that have been found to cause quinolone
resistance include N87H, N871I, N87K, N87Y, D91A, DI1G,
D91N, and D91Y [25, 35, 36]. In agreement with the previous
results, the most frequent mutations in our study were D91IN,
DI1G, and N87K.

Worldwide, the primary fluoroquinolone resistance rate
varies depending on the geographical region; in Europe, with
some exceptions (Italy, Portugal), it is 3.9%, in Africaitis 17.4%
and in the USA it is 31.9% [37]. Our study showed a high
percentage of H. pylori isolates resistant to fluoroquinolones
(30%).

As in other studies, high resistance to fluoroquinolones in
our population could be related to increased fluoroquinolone
use for concurrent infections as well as its usage in the
poultry industry leading to the emergence of resistance in
H. pylori. Infections requiring fluoroquinolone usages, such
as infectious diarrhea, urinary tract infections, pulmonary
infections and tuberculosis, are common in our region [38,
39]. Fluoroquinolone resistance to H. pylori has been associated
with second-line treatment failure.

In the present study, there was a tendency for fluoroquinolone
resistance to be more common in females than males (23.3% vs.
6.7%), but without reaching statistical significance (p=0.11). A
possible explanation for this phenomenon may be the fact that
females have been more likely to use fluoroquinolones in their

medical history (these antibiotics are commonly used to treat
urinary tract infections that are more common in women).

In some studies, individuals with a dual population of
H. pylori (heteroresistance, that means the coexistence of
susceptible and resistant isolates in the same patient for the
same antimicrobial agent) were identified [40]. In our study,
the cases with heteroresistance were represented by the
heterozygous profile of resistance (Tables I and II). However,
in these special cases, it is worthwhile to mention that the test
used in our study cannot differentiate between specimens with
one strain that carries a resistance-mediating mutation only
on one of its two chromosomes (true heterozygotes), and one
specimen containing more than one H. pylori strain (true dual
population), one with mutation bands and the other wild type.

Genetic mutations associated with H. pylori resistance to
rifampicin, tetracycline, and metronidazole [41-43] have also
been described, but they were not the subject of our study.

The importance of the results of this study for our region
lies in the way of choosing the first intention therapy for
the eradication of H. pylori. Thus, international guidelines
recommend in areas with a high prevalence of clarithromycin
resistance of >15%, the bismuth quadruple therapy and
concomitant therapy for 14 days according to the Canadian
guidelines and 10 days according to the North American and
European guidelines [5, 43, 45].

The findings of our study strongly recommend pre-
treatment susceptibility testing of clarithromycin as we were
beyond the cutoff rates (more than 15%) where clarithromycin
susceptibility testing is highly recommended [5].

Our study has several limitations. It was designed as a single
center laboratory-based study using endoscopic gastric biopsy
samples, on a relatively small number of patients. Then, the
determination of point mutations by this method of molecular
genetics can address only a limited number of nucleotide
positions. Thus, the assessment of antibiotic resistance may be
underestimated as there might be other genetic polymorphisms
and even other pathophysiological mechanisms that confer
antibiotic resistance that have not been studied by this method.
Other recent studies have reported that clarithromycin
resistance may be associated with other point mutations outside
the V domain [22, 46]. Also, mutations of other genes such
as rpl22 (encodes a ribosomal protein that interacts with the
23S rRNA domains) and infB (encodes translation initiation
factor, IF-2) were associated with clarithromycin resistance [8].

In this study, we have not examined the possible role of
active efflux mechanisms. Their involvement in intrinsic
antibiotic resistance in H. pylori is still a matter of debate and
would require transcriptional analyses of the genes encoding
drug eftlux systems, which was beyond the scope of this study.

Another limitation was the lack of studying the genetic
changes associated with resistance to other antibiotics
(metronidazole, tetracycline, rifampicin), due to the financial
limitations. We chose to study only resistance to clarithromycin
and fluoroquinolones because they are antibiotics widely
used in our geographical area for various infections, possibly
associated with an increased resistance rate.

Another limitation is a lack of a detailed history of
antibiotics used by patients in the past, as medical history data
are not electronically recorded in our country.
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Supplementary Figure. Examples of mutations that correlate with clarithromycin and fluoroquinolone resistance of H. pylori in genotyped cases.

CC: conjugate control; AC: amplification control; HP: Helicobacter pylori; WT: wild type; MUT: mutant.



