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Aim: to analyze the prevalence of Helicobacter pylori (H. pylori) clarithromycin resistance mutations across the Rus-
sian Federation based on molecular genetic studies.

Materials and methods. A systematic literature review was conducted in accordance with PRISMA 2020 guidelines.
Searches were performed in PubMed, Google Scholar, and the Russian Science Citation Index (RSCI) for studies
published between 1985 and 2025. Analyses focused on point mutations in the 23S rRNA gene, including A2142G
(referred as A2146G), A2143G (referred as A2147G), A2144G, T2182C, and T2717C.

Results. Nine eligible studies encompassing 639 H. pylori isolates (collected between 2009 and 2024) were in-
cluded. The pooled prevalence of clarithromycin resistance based on molecular genetic studies was 25.1 % (95%
confidence interval: 15.7-36.0). The most prevalent mutation was A2143G (78.2 %), followed by A2142G (15.7 %)
and T2717C (13.6 %). Significant heterogeneity was observed among studies (/> = 88.6 %). No publication bias was
detected via Begg’s and Egger’s tests.

Conclusion. This meta-analysis demonstrated that the pooled clarithromycin resistance rate of H. pylori strains
in Russian studies conducted between 2009 and 2024 using molecular-genetic methods exceeds 25 %. Clarithro-
mycin resistance among H. pylori strains in Russia is primarily driven by the A2143G mutation. These data are high-
ly relevant for the design of local PCR diagnostic systems aimed at promptly identifying clarithromycin resistance
in H. pylori, enabling clinicians to select personalized eradication regimens based on genetic profiles.
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Llenb: cnctematnsnpoBaTb JaHHbIE O YACTOTE MyTaLMii, aCCOLMMPOBAHHbLIX C PE3UCTEHTHOCTLIO Helicobacter pylori
K KJIapUTpOMULMHY, Ha Tepputopun Poccuiickon depepaumn no pesynstataMm MOSIEKYSIIPHO-reHeTUYECKMX Uccneno-
BaHWN.

Martepuanbl u metoapbl. B cootBeTCTBUM C pekomeHaaumamu PRISMA 2020 npoBefeH CUCTEMATUYECKUIA MOUCK My-
onukaumii B 6a3ax gaHHbIx PubMed, Google Scholar n PUHLL 3a nepmop, ¢ 1985 no 2025 rogpl. B meTaaHanna BkIO-
YeHbl AEeBATb OPUrMHaNIbHbIX NCCNEA0BaHNM, COOTBETCTBYIOLUMX KPUTEPUAM 0TOOpPa, C 06LLlel Boibopkon 639 naons-
TOB H. pylori. OCHOBHOE BHMMaHWe yaeneHo pacnpoCcTpaHeHHOCT MyTaumii B reHe 23S pPHK, Bkntovas A2142G (aka
A2146G), A2142C, A2143G (aka A2147G), A2143C, A2144G, T2182C, T2717C.

Pe3yneratbl. Bbuin BIOYEHbI OEBATbL MOAXOASALLIMX UCCNEA0BaHUM, oxBaTbiBalowmx 639 msonatoB H. pylori (co-
OpaHHbIX B nepmog ¢ 2009 no 2024 r.). O6006LLeHHas YacToTa Pe3UCTEHTHOCTU H. pylori K KnapUTPOMULIMHY COCTaBuna
25,17 % (95% OW: 15,74-35,98). Hanbonee pacnpocTpaHeHHoM MyTaulmen okasanacb A2143G (78,2 %), nanee cneno-
Banm A2142G (15,7 %) nT2717C (13,6 %). BbisiBneHa BbicOKasi reTeporeHHOCTb Mexay nccnenoBaHusamu (2= 88,61 %).
My6nnkaLMOHHOE CMELLLIEHNE NCKITIOYEHO MO pe3ysbTaTtam TecToB berra u Srrepa.

BbiBOAbl. ITOT MeTaaHa/IM3 Mokasas, YTo OO YPOBEHb PE3NUCTEHTHOCTU LUTAMMOB H. pylori K KNnapuUTpOMULIMHY
B POCCUICKNX MCCNneaoBaHusx, NnpoBeaeHHbIxX B nepuom ¢ 2009 no 2024 r. ¢ UCnonb30BaHNEM MOJEKYISPHO-TrEHETU-
Yeckux MeToaoB, npesbillaeT 25 %. MNpeobnagaHne mytaumm A2143G COOTBETCTBYET TEHAEHLMSM, HabnaaeMbIM
B cTpaHax IOxHom n 3anagHoii EBponbl, YTO NoaYepPKMBAET HEOOXOAMMOCTb PErMOHASIbHOrO MOJSIEKYSIPHOIO MOHUTO-
pVIHra 1 0OHOBNEHWSI CTPATErNIA aHTUXENIMKODAKTEPHON Tepanuu.

KnioueBsblie cnoBa: Helicobacter pylori, Poccusi, yCTOMYMBOCTb K aHTUONOTUKAM, KNapUTPOMULIVIH, METaaHanns, CUcTe-
MaTmnyeckumin 063op

KoH®NUKT nHTepecoB: aBTOPbI 3as9BNAIOT 00 OTCYTCTBUM KOHPIMKTA UHTEPECOB.

Ana uutupoBanua: AHpopees [.H., XypmatynnuHa A.P., Bopaun O.C., 3aboposckuii A.B., Jlamuna C.B., Abaoynxakos C.P., Ky-
yepsebi O.A., MaeB W.B. XapakTtepucTtuka KnapuTpoMULMH-PE3NCTEHTHBIX WTammoB Helicobacter pylori B Poccun: cuctema-
TU4eckuii 0630p 1 MeTaaHanna. POCCUIACKUIA XXypHan racTpoaHTepooruu, renartonorum, kononpokronorun. 2025;35(4):60-70.
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Introduction

Helicobacter pylori (H. pylori) is an ex-
tremely widespread pathogen. Infection with
this bacterium inevitably leads to the develop-
ment of chronic gastritis, which can progress
to severe complications such as peptic ulcer
disease and gastric cancer [1—3]. Eradication
therapy, which combines proton pump inhib-
itors with antibacterial agents, helps resolve
gastric mucosa inflammation and prevents
the development of precancerous conditions,
including atrophic gastritis and intestinal
metaplasia [4—6].

However, the increasing H. pylori antibi-
otic resistance, observed globally, is recog-
nized as a major challenge now limiting the
effectiveness of most of established eradica-
tion regimens [7, 8]. Clarithromycin, a mac-
rolide antibiotic and erythromycin deriva-
tive, has been one of the first-line agents of
H. pylori eradication therapy for more than
two decades [9].

The Maastricht VI Consensus (2022) re-
commends selecting specific eradication reg-
imens based on the regional level of H. py-
lori resistance to clarithromycin, with a
threshold of 15 % [1, 10]. Today, global
clarithromycin resistance may exceed 27 %
[11]. Resistance is strongly associated with
failure of clarithromycin-based regimens
(OR = 6.97; 95% CI: 5.23—9.28; p < 0.001)

[12]. In 2018, the World Health Organization
classified clarithromycin-resistant H. pylo-
ri among high-priority pathogens requiring
the development of new antimicrobial strat-
egies [13].

H. pylori resistance to clarithromycin is
primarily caused by point mutations in the re-
gion encoding the peptidyl transferase center
(the main macrolide target) within domain V
of the 23S rRNA gene [9, 14, 15]. These mo-
lecular changes lead to structural alterations
in the ribosome, reducing clarithromycin
binding affinity and ultimately resulting in
antibiotic resistance (Fig. 1) [9, 16].

The most common mutations are A2142G
(also referred to as A2146G) and A2143G (also
referred to as A2147G) [9, 16, 17]. Other mu-
tations have also been described — including
A2142C, A2115G, G2141A, C2147G, T2190C,
T2182C, T2717C, C2195T, A2223G, and
C2694A — although their clinical significance
regarding H. pylori resistance to clarithromy-
cin remains uncertain [9, 15, 18].

Earlier meta-analyses of Russian studies pub-
lished up to 2020 reported that the prevalence
of H. pylori resistance to clarithromycin in the
Russian Federation did not exceed 15 % [19, 20].
However, these findings require updating and
clarification, particularly regarding the mutation
profile responsible for resistance in this region.
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Figure 1. Major point mutations in domain V
of H. pylori 23S rRNA associated with clarithro-
mycin resistance. Reproduced by license Creative
Commons  Attribution ~ Non-Commercial — License
from [Yeon-Ji Kim, Woo Chul Chung. Eradication
Therapy for Helicobacter pylori with Diagnostic Test
for Clarithromycin Resistance. Korean J Helicobacter
Up Gastrointest Res. 2019;19(4):225-230.  https://
doi.org/10.7704,/kjhugr.2019.0019]

Pucynox 1. OcHOBHbIE TOYEUHBIE MYTAI[MH B JI0-
mere V 23S pPHK H. pylori, cBsizanHble ¢ yCTONYNBO-
CTHIO K KJIAPUTPOMUIINHY. BOCHPOM3BENEHO 1O JIHIEH-
sun Creative Commons Attribution Non-Commercial
License u3 [ Yeon-Ji Kim, Woo Chul Chung. Eradication
Therapy for Helicobacter pylori with Diagnostic Test
for Clarithromycin Resistance. Korean J Helicobacter
Up Gastrointest Res. 2019;19(4):225-230. https://
doi.org/10.7704,/kjhugr.2019.0019]

The aim of this systematic review and me-
ta-analysis is to analyze the prevalence of
H. pylori clarithromycin resistance mutations
across the Russian Federation based on molecu-
lar genetic studies.

Materials and methods

Literature search

The literature search was conducted in ac-
cordance with PRISMA 2020 recommendations
[21]. Publications from January 1, 1985, to
April 20, 2025, were retrieved through system-
atic searches in MEDLINE/PubMed, Google
Scholar, and the Russian Science Citation Index
(RSCI). Titles and abstracts were screened us-
ing keyword combinations such as Helicobacter
pylori, mutation A2142G OR A2143G OR
A2146G OR A2147G OR T2717C OR T2182C,
resistance, Russia. Both Russian and English
keywords were used across all databases.

Inclusion and exclusion criteria

Studies were eligible for inclusion if they
met the following criteria: 1) peer-reviewed ar-
ticles published in English or Russian; 2) avail-
ability of descriptive statistics suitable for me-
ta-analysis; 3) adult patient populations; and
4) use of molecular genetic methods for identi-
fying H. pylori resistance. Exclusion criteria:
experimental laboratory studies; systematic
reviews; registries; narrative reviews; non-En-
glish/Russian language papers; animal studies;
case series with fewer than 10 subjects; missing
statistical data. In cases of duplicate reporting,
only one version was included.

Data extraction

Two independent reviewers (K.A.R. and
A.D.N.) extracted data using standardized
forms. Extracted variables included publica-
tion year, location, total number of isolates,
prevalence of clarithromycin resistance, and
frequencies of specific mutations. Conflicts
were resolved by discussion. The Rayyan web
application facilitated data screening and ex-
traction. Methodological quality was assessed
using the Newcastle-Ottawa Scale (NOS).

Statistical analysis

Statistical analysis was conducted using
MedCalc 23.2.1 (MedCalc Software, Belgium)
on Microsoft Windows 11 (Microsoft Corp.,
USA). Pooled resistance rates and 95 % confi-
dence intervals (95% CI) were calculated using
a random-effects model due to observed het-
erogeneity. Heterogeneity was assessed with
Cochran’s Q test and the I? statistic, with sig-
nificance set at p < 0.05 and I? > 50 % indi-
cating substantial heterogeneity. Publication
bias was assessed using funnel plots along with
Begg — Mazumdar and Egger’s tests.

Results

Study selection

A total of 314 articles were initially identi-
fied. After screening, 294 studies were exclud-
ed due to irrelevance (n = 187), duplication
(n = 47), being laboratory studies (n = 46) or
reviews (n = 14). Of the remaining 20 articles,
11 were excluded following full-text evalua-
tion, leaving 9 studies for meta-analysis (Fig. 2,
Table 1) [22-30].

Characteristics of included studies

The included studies (n = 9) encompassed
a total of 639 H. pylori isolates collected be-
tween 2009 and 2024 from six Russian cities:
Moscow (n = 2), St. Petersburg (n = 2), Kazan
(n = 2), and one each from Novosibirsk, Kursk,
and Chita. The most assessed mutations were
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| Identification of studies via databases |

314 records identified (PubMed, EMBASE, Cochrane,
Google Scholar, RSCI, Scopus)

294 excluded studies:

Identification ‘

187 irrelevant records
47 duplicates

46 laboratory studies
14 reviews

-

|

\ 4
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Figure 2. Diagram detailing the study selection
strategy

Pucynox 2. JluarpamMma, J€Talu3upyomast crpare-
ruio 0T60pa MCCJe/J0BaHmi

A2143G (also referred to A2147G, n = 9) and
A2142G (also referred to A2146G, n = 8).

H. pylori resistance to clarithromycin
according to molecular genetic studies

The pooled prevalence of clarithromycin re-
sistance based on molecular genetic studies was
25.17 % (95 % CI: 15.74—35.98) (Fig. 3).

A random-effects model was used due to
high heterogeneity (I? = 88.61 %; p < 0.0001).
Funnel plot analysis (Fig. 4) showed no signifi-
cant asymmetry, and publication bias was ruled
out using Begg’s (p = 0.8301) and Egger’s tests
(p = 0.7210).

To characterize mutation frequency, only
mutations reported in at least three studies
were analyzed. The most frequent mutation
was A2143G (78.19 %; 95% CI: 66.76—87.77),
followed by A2142G (15.75 %; 95% CI: 10.41—
21.95), and T2717C (13.61 %; 95% CI: 7.00—
23.04) (Table 2).

Discussion

Clarithromycin-resistant H. pylori strains
are currently designated by the WHO as high-
priority pathogens requiring novel therapeutic
approaches [13]. A prior meta-analysis of
120 studies found that clarithromycin resistance
significantly = reduced eradication therapy
effectiveness (OR = 0.682; 95% CI: 0.636—
0.731), more so than metronidazole resistance

(OR = 0.843; 95% CI: 0.810—0.877) [31]. The
molecular basis of resistance is based on point
chromosomal mutations in the region encoding
peptidyl transferase in domain V of 23S rRNA
[14, 16].

The present meta-analysis demonstrated that
the pooled rate of clarithromycin resistance in
the pool of studies (2009—2024) analyzed using
molecular genetic methods was 25.17 % (95%
CI: 15.74—35.98). This rate is approximately
10 % higher than previously published meta-
analytic studies that summarized the results
of studies conducted up to 2020 using both
phenotypic and genotypic resistance assessment
methods [19, 20]. The findings are similar to
those of the recently published Hp-EuReg study,
which showed that in Europe the incidence of
H. pylori resistance to clarithromycin is 22 % [32].

The  predominant  resistance-associated
mutations in Russian H. pylori strains were
A2143G (78.2 %), A2142G (15.7 %), and
T2717C (13.6 %). It is extremely difficult to
objectify the frequency of other mutations
(A2142C, A2143C, A2144G and T2182C) in
the Russian population of strains, since these
variations were studied in isolated studies. It
is worth noting that in the literature there are
virtually no such studies, data on the frequency
of mutations that determine the resistance of
H. pylori to clarithromycin in specific popu-
lations and countries.

In Turkey, the most frequently detected
mutation was A2143G (41.3 %), while A2142G
was found in 15.2 % of cases [33]. However,
in Spain, the predominant mutation was
A2143G (85.3 %), while the A2142G variation
was found in only a small percentage of cases
(8.8 %) [34]. In a large study conducted in Ttaly
over 15 years, the prevalence of A2143G was
noted (71 %), while A2142G was detected in
15.7 % of cases [35]. However, a meta-analysis
conducted in Iran showed that this country has
an approximately equivalent percentage of the
frequency of A2142G mutation (17.8 %) and a
slightly lower frequency of A2143G mutation
(59.1 %) [36]. In African countries, according
to the latest systematic review (2025), on the
contrary, the A2142G variant is somewhat
more common among clarithromycin-resistant
strains (34 %) [37].

Current clinical guidelines, including the
Maastricht VI Consensus (2022), recommend
a differentiated approach to selecting
H. pylori eradication regimens based on regional
antimicrobial resistance rates — especially to
clarithromycin — and local effectiveness data
[1]. A recent meta-analysis has demonstrated
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Table 1. Characteristics of included studies

Tabauua 1. XapakrepucTuKa BKIIOYEHHBIX MCCAEI0BAHUI

Number
of strains resis- Method
Number tant to clari- for detecting Mutations
Research, year g 5 thromycin, n :
City of isolates, n mutations under study
Hccaedosanue, Topoo Koauuecmeo L e Memoo Hccaedyemovie NOS
200 P pe3ucmenmmuolx Yy
u3onamos, n 6vLA6eHUA Mymauuu
wmammoe Jsom——
K Kaapu- Y
mpomuuuny, n
Saint A2142G
Baryshnikova N.V. Petersburg PCR (A2146G),
150 60 A2143G 6
et al., 2009 [22] Canxm- I[P
Ilemepbype (A2147G),
poyp T2717C
A2143G
Lazebnik L.B. et al., Moscow 62 9 PCR (A2147G), 6
2012 [23] Mockesa 111[P A2143C,
A2144G
A2142G
Osipenko M.F. et al., | Novosibirsk 50 3 PCR (A2146G), 6
2012 [24] Hosocubupck aip (A2143G)
A2147G
A2142G
Abdulkhakov R.A. Kazan PCR AZIAGGS),
et al., 2012 [25] Kazano 2 g [P LB 7
v (A2147G),
T2717C
A2142G
Kalugin A.A. et al., Kursk PCR (A2146G),
2016 [26] Kypex ) d [P RALSE .
yp (A2147G),
T2182C
A2142G
Luzina E.V. et al., Chita 27 10 PCR (A2146G), 5
2020 [27] Yuma 111[P A2143G
(A2147G)
Sanger A2142G
Bodunova N. et al., Moscow 12 27 sequencing (A2146G), 7
2024 [28] Mockesa Cexsenuposarnue A2143G
no Canzepy (A2147G)
Saint Sanger A2142G
Starkova D.A., Petersburg 50 30 sequencing (A2146G), 7
2024 [29] Canxm- Cexeenuposarnue A2143G
ITemepbype no Canzepy (A2147G)
Kupriyanova E.A. Kazan 97 17 PCR A2143G 7
et al., 2024 [30] Kazanv I[P (A2147G)

Note: NOS — Newcastle — Ottawa Scale, a tool for assessing the quality of non-randomized studies used in meta-analyses;
PCR — polymerase chain reaction.
Hpumeuanue: NOS — Illxara Hvioxaca — Ommasa (Newcastle — Ottawa Scale), uncmpymenm 0as oyenxu xauecmed
HePAHOOMUIUPOBAHHBIX UCCIE0068AHUN, UCNOIL3YEeMbLI 6 Memaanaiusax; ITI[P — noiumepasnas uennas peaxuyus.

that clarithromycin resistance in H.

pylori

positive for H. pylori: standard triple therapy

exceeds the 15 % threshold established by
Maastricht VI now, which limits the use of
classical triple eradication therapy in the
Russian population [38]. This aligns with the
latest national clinical recommendations by the
Russian Gastroenterological Association and the
Scientific Society for the Study of the Human
Microbiome (2022), which suggest several
14-day first-line regimens for patients testing

enhanced with bismuth potassium dicitrate;
classic  bismuth-based quadruple therapy;
and non-bismuth-based quadruple therapy
[39]. These regimens may also be optimized
by the addition of rebamipide [39]. Two
independent meta-analyses have shown that
including rebamipide significantly increases the
effectiveness of eradication therapy (OR = 1.74;
95% CI: 1.19—2.53; and OR = 1.75; 95% CI:
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Figure 3. Generalized frequency of clarithromycin-resistant H. pylori isolates according to molecular genetic

studies
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Figure 4. Funnel plot for assessing the likelihood of publication bias
Pucynox 4. BopoHKoOGpasHast uarpaMMa PACCEsSTHUsT JJIsI OLEHKH BEPOSITHOCTU HAJNYMST Iy OIHKAIMOHHOTO

cMenieHnnAa
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Table 2. Generalized frequency of mutations determining resistance of H. pylori to clarithromycin

in Russia

Tab6auua 2. O60061IeHHAS YaCTOTa MYTAIMil, OTPEIESTIONNX Pe3UCTeHTHOCTh H. pylori K KiapuTpo-

muiinay B Poccun

66

235 rRNA gene mutation Number of studies, n| Pooled frequency, 95% CI ey, 1
Mymauus 2ena 23S pPHK Koxuuecmso OGoGuennan uacmoma, TI'emepozennocmo, I?
ymay, p uccaiedoeanuil, n 95% AH P ’
A2142G (aka A2146G) 8 15.75 (10.41—21.95) 6,23 %
A2142C { 3.70 (0.09—18.97) Not applicable
EeNPUMEHUMO
A2143G (aka A2147G) 9 78.192 (66.76—87.77) 60,53 %
A2143C 1 0 I;Ilot applicable
EenPUMEHUMO
A2144G 1 0 Zot applicable
EeNPUMEHUMO
T2182C { 42.86 (9.90—81.60) Mot applicable
ENPUMEHUMO
T2717C 3 13.61 (7.00—23.04) 60,12 %

Table 3. Generalized frequency of mutations determining resistance of H. pylori to clarithromycin

in different countries

Ta6.auua 3. O6061eHHAsT YacTOTa MyTallyil, OIPe/IesISIoNNX pe3ucTeHTHoCTb H. pylori x kiapurpo-

MHUIMHY B pa3HbIX CTpaHaX

Region, type of research / Pezuon, mun uccaedosanus
23S rRNA Russia Turkey Spain Italy Iran Africa
gene Poccus Typuus Hcnanusa Hmanus Hpan Adgppuxa
mutation [33] [34] [35] [36] [37]
Mymayus Study Study Study
eena 23S anMa?tzis of isolates of isolates of isolates ai\l’;(latzs anMafl:tzis
pPHK ¥y Hccaedoesanue | Hccaedoeanue | Hecaedoeanue ¥ y
Memaanaaus Memaanaaus | Memaanaaus
usosamos u3zoaamoe u3zoaamose
A2142G 9 9 o o o 0
(aka A2146G) 15.7 % 15.2 % 8.8 % 15.7 % 17.8 % 34 %
A2143G o, ) o, o, [ o,
(aka A2147G) 78.2 % 41.3 % 85.3 % 71 % 59.1 % 40 %
no data no data no data no data o o
A2144G Hem Oamumvlx | Hem Oanmvixa Hem OaHHbLX Hem OaHHbLY 6.2 % 13 %
9 o o no data no data o
T2182C 13.6 % 4.3 % 5.9 % vem damnsir | nem danioi 44 %

1.31—2.34) [40, 41]. Moreover, a recent meta-
analysis of six controlled studies conducted in
Russia confirmed a significant improvement
of the treatment success when rebamipide is
added to eradication regimen (OR = 2.16; 95%
CI: 1.27-3.68) [42]. Emerging data suggest
that adding rebamipide as a fifth component
alongside standard triple therapy and
bismuth — can further raise eradication rates
to over 95 % [43, 44]. The relevant data were
demonstrated in 2024 at the conference of the
European Helicobacter and Microbiota Study
Group in Porto (Portugal) [44] and the Expert
Council on Gastritis in Moscow (Russia) [43].
This meta-analysis has some limitations,
including a relatively small sample size compared
to larger studies from Europe, North America,
and Asia. Additionally, significant heterogeneity

exists among the included studies, especially
regarding the spectrum of mutations assessed.
Nevertheless, this is the first meta-analysis of
its kind to provide a detailed molecular-genetic
profile of clarithromycin-resistant H. pylori
strains in Russia. The findings are directly
applicable to the development of localized PCR-
based diagnostic kits capable of rapidly detecting
clarithromycin resistance in biopsy samples, thus

enabling personalized eradication strategies.
Conclusion
This  meta-analysis demonstrated that

the pooled clarithromycin resistance rate of
H. pylori strains in Russian studies conducted
between 2009 and 2024 using molecular-
genetic methods exceeds 25 %. The most
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prevalent resistance-associated mutations were
A2143G (78.2 %), A2142G (15.7 %), and
T2717C (13.6 %). While A2143G remains the
dominant resistance mutation throughout the
study period, improved detection methods have
revealed a more complex mutation landscape
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