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ABSTRACT

Helicobacter pylori strains can be resistant to important triple combination therapies for H. pylori
eradication. The aim of this study was to investigate the rate of resistance to clarithromycin, metronidazole,
amoxicillin, tetracycline, and rifampicin, as well as to detect antibiotic resistance-associated mutations in H. pylori
isolates from patients in Kazakhstan. Susceptibility of 20 H. pylori strains was tested using the E test method. Genes
associated with resistance and susceptible clinical isolates were sequenced in order to assess resistance and non-
resistance associated genetic alterations. Of the 20 clinical isolates examined, 8 (40%) showed phenotypic resistance to
metronidazole (MIC > 256 mg/L), 13 (65%) to clarithromycin (MIC > 256 mg/L), and 1 (5%) to amoxicillin (MIC > 6
mg/L). The majority of resistant strains had point mutations in the 23S rRNA gene and rdxA gene, and one strain had
mutations in the pbplA gene. The remaining isolates with moderate resistant isolates (MIC <0.016 mg/L)
demonstrated a drug-susceptible phenotype, and did not harbour any mutation in the gene sequences evaluated. In
the Kazakh population of existing clarithromycin and metronidazole resistance, tetracycline, amoxicillin, and
rifampicin could prove useful for rescue regimens in patients with previously unsuccessful H. pylori eradication
regimens.
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INTRODUCTION

Helicobacter pylori is one of the most common worldwide infection, that induces stomach complications
such as gastritis, peptic ulcer, adenocarcinoma and gastric mucosa-associated lymphoid tissue lymphoma [1].
Helicobacter pylori was detected in 50% of the world population [2, 3]. In medical practice has recommended to
eradicate Helicobacter pylori in symptomatic patients. For treatment commonly use of triple agent therapy with
a double-dose proton pump inhibitor (PPI) and two antibiotics chosen from amoxicillin, clarithromycin and
metronidazole, thereby eradication rate is from 70-80% [4]. Today, we have increasing problem with antibiotic
resistance for the treatment of infectious diseases. In Helicobacter pylori have been investigated several genetic
determinants for resistance to several antibiotics, including clarithromycin, metronidazole, amoxicillin,
tetracycline and rifampicin [5]. Clarithromycin is associated with mutations in the 23S rRNA gene, which inhibit
the binding of drug to the ribosome [6]. Metronidazole resistance may have different mechanisms, but the
dominant determinant has been shown mutations in the rdxA gene that encodes an oxygen-insensitive NADPH
nitroreductase [2]. Bacterial resistance against B-lactam antibiotics such as amoxicillin have been determined in
structural alterations in one of the penicillin-binding proteins (pbp1A) or changes in other proteins involved in
cell wall synthesis [7]. Tetracycline has been binded with the ribosome, prevents connection to the aminoacyl-
tRNA and the subsequent synthesis of proteins [8]. Rifampicin resistance exists from mutations in the rpoB
gene, encoding the 3 subunit of RNA polymerase [9].

Data about Helicobacter pylori resistance to antibiotics don’t exist in Kazakhstan. The aim of our work was
to investigate the resistance rate to clarithromycin, metronidazole, amoxicillin, tetracycline and rifampicin and
the association of mutations in 20 strains Helicobacter pylori from symptomatic Kazakh patients.

MATERIALS AND METHODS

Study population

A total of 20 H. pylori strains were isolated between 2012 and 2013 from 20 symptomatic patients from
National Research Medical Center (Astana, Kazakhstan). Median age was 36.2 years (range, 18-57 years), and
55% of the patients (n=11) were males. The predominant ethnic group were Kazakhs (80%), and Russian (20%),
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in keeping with the ethnic distribution in Kazakhstan. On the basis of endoscopic findings, 9 had gastritis, 7 had
ulcerated lesions, and 4 had duodenal ulcer.

No patient had previously received anti-H. pylori therapy. Biopsy sample was cultured for H. pylori
isolation. Written informed consent was obtained from all of the patients and the study protocol was approved by
the ethics committee of the National Center for Biotechnology.

H. pylori strains, growth conditions, and antibiotics

H. pylori culture was grown using Columbia agar plates with 20% defibrinated horse blood, 10% yeast
extract and H. pylori selective antibiotic supplement (Oxoid, Basingstoke, UK) colistin (10mg/L). The plates
were incubated for up to 7 days at 37°C in microaerophilic conditions (5% O,, 10% CO,, 85% N,). H. pylori was
identified by colony and microscopic morphology, and by genotyping 16S rRNA gene.

Determination of MIC
The MIC was routinely determined by the E-test method (Biomerieux, France). The classification of H.
pylori as resistant strains were performed according to the European Committee on Antimicrobial Susceptibility
Testing (EUCAST) breakpoint tables for interpretation of MICs and zone diameters
(http:/lwww.eucast.org/clinical_breakpoints/).

DNA extraction and PCR amplification

H. pylori genomic DNA was extracted with the Wizard® Genomic DNA purification kit (Promega, USA).
DNA purified with this system is suitable for an amplification.

The fragments of the genes were amplified by PCR. All primers have shown in Table 1. The PCR was
carried out in 20 pL reaction solution containing 1 nM DNA of H. pylori genomic DNA, 250 nM of each primer,
10x PCR buffer, 2.5 uM MgCl,, 200 nM of each dNTP, 1U of DNA polymerase. Amplification was performed
under the following conditions: 5 minutes at 95°C to initiate denaturation, further 30 cycles of 30 sec at 95°C, 30
sec at 55°C for rdxA and pbplA genes, and 59°C for 23S, 16STCR and rpoB, 40 sec at 72°C by using
GeneAmp® PCR System 9700 (Applied Biosystems, USA). PCR products were sequenced on ABI 3730xI
automatic genetic analyzer (Applied Biosystems, USA). The obtained data were analyzed with SeqScape v 2.6
software (Applied Biosystems, USA).

Table 1. PCR primer pairs used to amplify portion of H. pylori genes

Tadmuma 1. [paiimMepsl, ncrnone3yemsle npu amiutudukanuu reaos H. Pylori

Gene Nucleotide sequence (5 — 3) Size (bp) of PCR fragment

23S rRNA CGTAACTATAACGGTCCTAAG 291
TTAGCTAACAGAAACATCAAG

rdxA AGGGATTTTATTGTATGCTACAA 886
AGGAGCATCAGATAGTTCTGA

pbplA GCTATTCCACGACTTCTAAA 135
GCAAGGTTACAAGCCCTAAA

16STCR GGTAGTCCACGCCCTAAACGA 322
GGGTTGCGCTCGTTGCGGGA

rpoB TTTGATTCGCTCATGCCCCAT 330
CACAACCTTTTTATAAGGGGC

Statistical analysis
The chi-square test was used to compare rates of resistance to antibiotics during the study period. P value of
<0.05 were considered statistically significant. All analyses were performed by using R program.

RESULTS
Antimicrobials susceptibility and mutational analysis antibiotics resistance of H. pylori

Twenty H. pylori isolates were cultured from gastric biopsy samples obtained from patients during
endoscopy at National Research Medical Center (Astana) between 2012 and 2013.
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According E-test, all isolates were characterized by no resistance to rifampicin (MIC range, <0.016-0.125
mg/L with R>1 mg/L), and tetracycline (MIC range, <0.016-0.75 mg/L with R>1 mg/L). Amoxicillin has been
determined one resistance strain (MIC range, <6 mg/L with R>0.125 mg/L), clarithromycin (MIC range, <0.016-
<0.25 mg/L with S<0.25 mg/L), except for some clarithromycin-resistant strain (MIC range, >256 mg/L with
R>0.5 mg/L). The isolates were characterized by susceptible rates of resistance to clarithromycin (MIC range, <4
mg/L with R>0.5 mg/L) (65%, n=13) and high rates of resistant to metronidazole (MIC range, >32 mg/L with
R>8 mg/L) (40%, n=8) (table 2, 3).

Table 2. Resistance to antibiotics of H. pylori isolates in Kazakhstan from 2012 to 2013

Taoauua 2. Pesucrentaocts H. pylori k antuouornkam B Kazaxcrane ¢ 2012 mo 2013

S Number of resistant MIC (mg/L)
Antibiotic strains (%) )
Median Range

Amoxicillin 1(5) <0.38 <0.016->6
Tetracycline 0 0.4 <0.016-0.75
Rifampicin 0 <0.04 <0.016-0.125
Metronidazole 8 (40) 77 <0.016->256
Clarithromycin 13 (65) 14 <0.016->256

Mutations and MIC values observed in 20 strains are summarized in table 3. Eight strains had 2 or more
mutations with the highest number of mutations. In this study mutation T2182C, associated with resistance to
clarithromycin, was the most prevalent mutation while mutations A2142G and A2143G were detected in few
strains. Ten of the 20 strains possessed T2182C mutation (table 4). The frequency of A2143G mutation was very
low in one strain-3 of 20 strains (5%). The MIC of clarithromycin for these mutants (A2142G and T2182C)
ranged from 0.016 to 256 mg/L, the strain considered resistant if MIC value of strain exceeded >0.5 mg/L and
susceptible if MIC value of strain is under <0.25 mg/L. Of the 8 strains found resistance to metronidazole. All of
them were found to have a mutation in the rdxA gene (table 3). One of them has a C-to-T mutation that leads to
the amino acid change of Ala67 to Val. A single base substitution mutation (C to T) was also found in another
mutant that results a transversion of Glul175 stop. The other six mutants were due to insertion of an adenine in a
run of six adenines, causing the shift of the reading frame (at position 9) that encounters a stop codon at position
23 (truncation of the protein). Two of the 8 strains had the deletion of a G, that also occurred to the shift of the
reading frame (at position 133) in a stop codon at position 137 (protein). The MICs for the Mtz (Metronidazole)
mutants varied, ranging from 0.016 to 256 pg/mL (table 3). The 1 strain had resistance to amoxicillin with amino
acid change mutation of Sers4 — Arg, that indicated the main factor of amoxicillin resistance than Glus — Ala
(table 3).

Table 3. Mutations and MIC value associated with resistance to clarithromycin, metronidazole and amoxicillin

Tabmuma 3. Myranun u 3HaueHus MIIK, accouuupoBaHHBIE C PE3UCTEHTHOCTBIO K KIApUTPOMMIUHY,
METPOHUAA30TY U aMOKCULIUIIIIHHY

Strain Designation l;/:r;lz?st MIC breakpoint mg/L
Amino acid | Amoxicillin | C1arithrom | Metronid Tetracycline | Rifampicin
change $<0.125 yein azole s<1 s<1
R>0.125 | O=0-23 S<8 R>1 R>1
R>0.5 R>8
1 23S A2142G
pbplA | Glusgs - Ala 6 15 15 0.75 0.064
pbplA Sery, — Arg
2 23S T2182C
rdxA -G 0.047 2 256 0.50 0.064
rdxA G—T E175st
3 23S A2143G
rdXA +A 0.032 0.75 96 0.25 0.094
4 23S T2182C 0.032 15 2 0.125 0.023
5 23S A2142G
A aeypne 0.064 15 256 0.25 0.016
6 - - 0.064 0.25 0.75 0.75 0.032




Biotechnology. Theory and Practice/brorexsonorus. Teopus 1 mpakTHKa.
2015, no. 4, pp. 4-9
DOI: 10.11134/btp.4.2015.1

7 23S T2182C

rdxA +A 0.023 0.75 64 0.19 0.047
8 23S T2182C 0.094 0.75 8 0.50 0.016
9 23S T2182C 0.047 1 6 0.75 0.125
10 23S T2182C 0.094 0.75 4 0.064 0.094
11 23S T2182C

rdxA +A 0.016 256 128 0.38 0.023
12 23S T2182C

rxA A 0.023 1.5 256 0.19 0.047
13 23S T2182C

rdxA +A 0.0125 1 256 0.25 0.016

rdxA -G
14 - - 0.094 0.064 2 0.75 0.023
15 pbplA Gluggs — Ala 0.064 0.016 2 0.75 0.047
16 pbplA Gluggs — Ala 0.023 0.19 3 0.125 0.03
17 pbplA Gluggs — Ala 0.125 0.125 1 0.19 0.025
18 rdxA +A 0.032 0.016 192 0.094 0.094
19 23S T2182C 0.064 1 1.5 0.38 0.023
20 - - 0.25 0.023 3 0.25 0.064

Table 4. Distribution of mutations amongst 20 strains

Taosmua 4. Pacnpenenenue mytanuii cpenu 20 mramMmoB

Mutations Total number of strains % of strains with each mutation
type
A2142C 0 0
A2142G 2 10 (2/20)
A2143G 1 5 (1/20)
T2182C 10 50 (10/20)
AGA—-TTC 0 0
GGTGC 0 0
Shift at 133, stop at 137 2 10 (2/20)
E175 stop 1 5 (1/20)
Shift at 9, stop at 23 6 30 (6/20)
AB7V 1 50 (1/20)
G|U406—>Ala 4 20 (4/20)
Sery—Arg 1 5 (1/20)
Total number of mutation types 28

DISCUSSION

Clarithromycin, metronidazole, amoxicillin, tetracycline and rifampicin the drugs which employed for
triple combination therapy in the treatment of H. pylori infection. Resistance to the drugs presents a challenge.
Different studies all over the world have reported resistance to these drugs [10-12]. Thirteen independent Cla'
(Clarithromycin) mutants were obtained and analysed. The sequencing results showed that two of them are due
to the mutation A2142G, one are due to A2143G and the other ten are due to T2182C with rates of resistance
(R>0.5 mg/L) (Table 4). These three types of mutations are predominantly associated with Cla" in clinical
isolates, these results also were confirmed with another observations [10]. Clarithromycin is used in the world as
potent antibiotic for eradication H. pylori and resistance to clarithromycin has been increasingly reported in
several studies [13, 14]. Clarithromycin acts by inhibiting protein synthesis by binding to the peptidyltransferase
loop of 23S rRNA which has been shown at residues A2058 and A2059 in the 23S rRNA gene E. coli. If
mutation occurs in these residues, the binding affinity of clarithromycin to ribosomes is reduced, resulting in
clarithromycin resistance. Clarithromycin resistance is increasing in most countries in Central, Western and
Southern Europe, as well as East Asia, and reached more than 20% [15]. The mutation at A2143G in the 23S
rRNA is frequently found in several countries such as Spain 79,4%, Brazil 74%, and Tunisia 88% [16]. Mutation
at T2182C was found in 5.9% of isolates in Spain [17]. In Kazakhstan mutation at A2142G and A2143G were
10% and 5% respectively (Table 4). The mutation at T2182C was 50% in H. pylori of Kazakh isolates.

Eight independent Mtz mutants were obtained and analysed. Metronidazole resistance in the world ranges
20-40% in Europe and the USA, to 50-80% in developing countries, Iran, India and Egypt showed the highest
rates of resistance (80-100%) [18, 19]. Goodwin et al. demonstrated that the loss of oxygen-insensitive NADPH
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nitroreductase activity resulted in the development of resistance to metronidazole in H. pylori [20]. Several
observations demonstrated similar results where the mutations linked with the resistance of metronidazole. In our
study the sequence results showed that eight of them had frameshift in different localization and the other 2 had
amino acid change with high rates of susceptibility to metronidazole (S<8 mg/L) (table 4). Changes in the rdxA
gene were due to frameshift rather than missense mutations. All of the frameshift mutations resulted in a
translational stop codon and hence a truncated rdxA protein. Missense mutations were less common. The amino
acid substitution was observed in only two isolates (position 67 and 175). Two isolates had multiple mutations in
the rdxA gene. Strain 2 and 13 had two frameshift (table 3). In our study prevalence of the resistance in H. pylori
of Kazakh isolates showed 40%.

Early studies of amoxicillin resistance were suggested to result from alterations in pbplA gene [21]. And
after some investigation has indicated the Ser414-Arg substitution in pbplA represents the main factor in
amoxicillin resistance that increased the MIC of amoxicillin [7]. Our results indicated that 5% of strains were
resistant to the amoxicillin with MIC exceeding >0.125 mg/L, while 6 mg/L was found to be maximum MIC
value.

Tetracycline is a protein synthesis inhibitor, active against gram-negative and gram-positive bacteria [22].
Tetracycline binds to the 30S subunit of the ribosome and blocks the binding of aminoacyl-tRNA, thus stalling
the synthesis of nascent peptide chains [22]. Tetracycline resistance in H. pylori is relatively rare, the majority of
studies reporting no tetracycline resistance in clinical isolates [23]. However, with use of tetracycline in therapy,
tetracycline-resistant isolates have started to appear at low levels, 5 to 7% of isolates [24]. The clinical isolates
from Shanghai, China, the level of tetracycline resistance was 59%. The study from Canada demonstrated that
the mutations in the 16S rRNA are clearly responsible for tetracycline resistance in H. pylori [22]. Among the
Kazakh isolates were 0% of mutation in 16S rRNA gene with MIC range <0.016-0.75 mg/L with R>1 mg/L.

Also we observed the lack of resistance to rifampicin in this study with range of MIC <0.016-0.047 with
R>1 mg/L and completely lack of mutations in rpoB gene of H. pylori strains. Rifampicin resistance described in
Germany, where one clinical isolate has been acquired rpoB gene mutation during therapy [9] Rifampicin can be
used in triple therapy as a rescue regimen with unsuccessful H. pylori eradication [25]

In summary, high-level drug resistance H. pylori in Kazakh population is linked to a point mutation on 23S
rRNA and rdxA gene. Amoxicillin, tetracycline, and rifampicin resistance rates were significantly lower than
clarithromycin and metronidazole. MIC of rifampicin was much lower than those classical antibiotics used for H.
pylori eradication. According our results, in Kazakh population of existing clarithromycin and metronidazole
resistance, three amoxicillin, tetracycline, and rifampicin could be helpful in rescue regimens with unsuccessful
H. pylori eradication.
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TYWUIH

Helicobacter pylori mrammpapbin ko Ke3iHae oJiap ylI KOMIOHETTi eMre TO3iMILTIK TAHBITYBI
MYMKiH. 3epTTeymiH MakcaThl KJIAPUTPOMULUH, METPOHHAA30J1, AMOKCHIWLIMH, TETPAUUKJINUH,
pudamMnunuHre Te3iMaLIIK NIeHreiliH 3epTTey, cCOHbIMeH KaTap, Ka3zakcTaH HaykacTapblHaH OeJriHin
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ansinran H. pylori anTuOnoTnkke TO3IMIALIIriHe O0aMJIAHBICTBI MYTANMSUIAPABLI AHBIKTAy O00JIBIN
Tabbl1aabl. H. pylori 20 mraMbIHBIH aHTHOMOTHKTepPre ce3iMrajabirbl E TecT apKblibl Tekcepinai.
KaMHuUKANBIK M30JAATTAPABIH TO3IMALNIri MeH ce3iMTaIABIFbIHA :KAyanThl TeHIEep MYTaUHMAJIAPABIH
TO3iMALTIK NeH ce3iMTaJIbIKKAa KATbICHIH Oarajnay ymiiH cexkBeHgeani. TanganraH 20 KIMHHUKAJIBIK
m30JATThIH imiHeH 8(40%) merponuaasoara (MIC >256 mg/L), 13(65%) xaapurpomunuure (MIC >256
mg/L), xoHe 1(5%) amokcmumuimare (MIC >6 mg/L) denoruntik Te3imaiaik taneiTThl. Te3imai
mrammaapasiH kedici 23S pPHK, rdxA rengepinge, :xone 0ip mramm pbplA reninae myramusi 6ap
exeHiH kepceTTi. Kanran oprama tesimai nzonarrap (MIC <0.016 mg/L) nopire ce3iMmTanabiK (peHOTHIIH
JKIHE TeHIep Ti30eringe MyTauus KoK ekeHiH kepcerti. Kaszak mnomyasimusicetnaarsl H. pylori
MTAMMIAPBIHIA KJIAPUTPOMUIMH MeH MeTpoHHAa30JFa Tesimainik 6ap. H. pylori xkow corci3 Goaran
JKaFfaiiia, TeTpauMK/JINH, AMOKCHIINIJIMH JKoHe pUuaMIUIMHHIK NaliAackl THI0O MYMKIiH.

Herisri ce3nep: Helicobacter pylori, knapurpoMuuun, MeTpOHHIA30/1, AMOKCHIIUJINH, TETPAHKIIMH,
pudaMnuuuH



