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Abstract: Helicobacter pylori (H. pylori) is a global health concern, particularly in regions with a high incidence of 
stomach cancer. The effective eradication of this bacteria is essential for the prevention and treatment of related 
gastrointestinal disorders. However, antibiotic resistance has emerged as a significant challenge to effective 
treatment. This review examines antibiotic resistance among H. pylori populations in Central Asia, a region 
with limited data on this topic. We critically analyze the available literature, exploring the mechanisms behind 
resistance and highlighting implications for clinical practice and future research. Despite the lack of studies in 
the region, data suggest alarming levels of resistance to two common antibiotics, clarithromycin and metroni-
dazole. These results underscore the need for enhanced surveillance and personalized treatment strategies to 
combat H. pylori infections and reduce the risk of stomach cancer in Central Asian populations. Hope to be 
useful for diagnosis. Also medical management is important for future trends. Youth age are also in attention. 
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1. Introduction 
Helicobacter pylori (H. pylori) is a common human pathogen that affects roughly half of the 

global population, or about 4.4 billion people, according to estimates. [1]. H. pylori has been linked 
to several significant gastrointestinal diseases, including chronic gastritis, stomach ulcers, duodenal 
ulcers, MALT lymphoma, and gastric adenocarcinoma. Recent studies suggest that patients with un-
explained iron deficiency anemia or idiopathic thrombocytopenic purpura may benefit from screen-
ing for H. pylori infection. [2]. 

To prevent the development of precancerous changes in the gastric mucosa and stomach cancer, 
which are associated with the presence of H. pylori, eradication therapy has been used worldwide. 
Unfortunately, the effectiveness of this treatment over the past 35 years has not reached the desired 
goal of 80-90%, due to the emergence of antibiotic resistance [3]. In many Asian countries, H. pylori 
resistance to antibiotics is widespread, and the success rate of standard triple therapy based on clar-
ithromycin is below 80% [4]. This is due to local patterns of H. pylori resistance, which is why it is 
essential to analyze local resistance profiles in H. pylori. 

The overall antibiotic resistance rate in the United States is 42.1% for metronidazole (95% CI 27.3-
58.6%), 37.6% for levofloxacin (95 CI 26.3- 50.4%), 31.5 % for clarithromycin (95% CI 23.6-40.6), 2.6% 
for amoxicillin (95 1.4-5.0), 0.87 % for tetracycline (95 % CI 0,2-3,8), and 0.17 % for rifabutine (95%CI 
0-10,9). Significant variability was observed in the aggregated prevalence rates, with the exception of 
rifabutin resistance [5]. In Europe, H. pylori resistance rates are 18-21.4% for clarithromycin, 11-16.3% 
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for levofloxacin, and 39.1-56% for metronidazole. Additionally, antibiotic resistance rates in Central 
and Southern Europe are higher than in Northern Europe [6]. 

Asia, being the most populous continent (with 4.4 billion people), has a high incidence of gastric 
cancer, with an age-standardized incidence rate of 15.8 per 100,000 people [7]. In Asia, metronidazole 
resistance is the highest in the world, at 78.7%, followed by levofloxacin at 41.3%, clarithromycin at 
29.9%, and amoxicillin at 11.9%. Minocycline resistance, found in Mongolia, is 0.28% [8]. 

In China, initial resistance of H. pylori to clarithromycin, metronidazole, and levofloxacin is no-
tably high, with rates of 28.9%, 63.8%, and 28%, respectively, and an upward trend was observed 
over the study period [9]. In South Korea, similar findings were reported, with national study results 
showing resistance rates of 17.8% for clarithromycin, 29.5% for metronidazole, and 37% for levoflox-
acin [10]. 

The cumulative prevalence of H. pylori antibiotic resistance in the Asia-Pacific region during the 
analyzed period from 1990 to 2022 was revealed to be 22% (95% CI: 20–23; I² =96%), 52% resistance 
for clarithromycin (95 % CI: 49 – 55), 26 % (95 CI: 95–96), and 4 % resistance for tetracycline (95 % CI: 
3-5) and amoxicillin (95%) [11]. 

Despite the high prevalence of Helicobacter pylori and widespread levels of antibiotic resistance 
in various regions of Asia, data on Central Asia is scarce. The aim of this paper is to critically review 
and analyze published local studies on antibiotic resistance to H. pylori in Central Asia. 

2. Search Strategy and Study Selection 
We searched various databases, including PubMed, Google Scholar, Embase, Web of Science, 

and the Cochrane Library, for articles on H. pylori resistance in countries such as Kazakhstan, the 
Kyrgyz Republic, Tajikistan, Turkmenistan, and Uzbekistan, without any language restrictions. An 
additional manual search of the documents and summaries from the conference was performed to 
obtain further information. Articles in English, Russian, Kazakh, Kyrgyz, Uzbek, Tajik, and Turkmen 
were included, as these are the official languages of the countries in the region. Due to the limited 
research on this topic, the search for relevant studies was also conducted among children and preg-
nant women. The study countries were grouped into the Central Asia region based on the UN’s geo-
location, which was allocated by the UN Statistics Division. 

3. Mechanisms of Resistance in H. pylori Species 
The rise in H. pylori resistance is one of the main factors contributing to the ineffectiveness of 

eradication therapy [3]. There are both endogenous and exogenous methods for the development of 
resistant strains of H. pylori [12]. The endogenous method is related to an individual’s internal char-
acteristics, influenced by the effects of antibiotics and the transmission of resistance genes [13]. Exog-
enous acquisition is associated with cross-transmission between individuals or exposure to a com-
mon environmental source [13,14]. 

Resistance to H. pylori can result from both isolated and combined drug resistance. Data on 
heteroresistance, which refers to the presence of H. pylori strains resistant to several antibacterial 
drugs, have also been published [15]. Understanding these mechanisms of acquisition is crucial for 
developing and implementing policies to reduce H. pylori infections [16]. Endogenous resistance to 
H. pylori primarily arises from genetic defects that alter drug targets or inhibit drug activation within 
the cell, thereby leading to resistance to antibacterial drugs [15]. Three types of endogenous resistance 
are distinguished in H. pylori: isolated drug resistance (SDR), multidrug resistance (MDR), and het-
eroresistance (HR) [3]. 

3.1. Single Drug Resistance (SDR) 
Morphological changes in the H. pylori genome lead to the development of SDR, which results 

in disturbances in the cellular activity of antibiotics, changes in the drug target, or inhibits the activa-
tion of drugs inside the cells. The use of incorrect doses of antibacterial drugs creates ideal conditions 
for the selection of resistant strains [10,17]. 

Figure 1 shows the microbiological features that contribute to the development of antibiotic re-
sistance in H. pylori. These transformations change the drug target, or disrupt the activity of antibi-
otics (1, 3, 4, 5), or inhibit the activation of drugs inside the cells (2). The red letter “M” indicates 
probable mutations. 
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Figure 1. Mechanisms of resistance in H. pylori species. 

Specific alterations in the 23S rRNA V domain can reduce the affinity between clarithromycin 
and the peptidyltransferase enzyme, leading to resistance in H. pylori. Predominant mutations in this 
domain include A2143G and A2124G, which are responsible for up to 90% of clarithromycin re-
sistance cases [18,19]. Additionally, mutations in the rdxA gene are crucial for metronidazole re-
sistance, as this gene encodes an enzyme that is insensitive to oxygen [20]. Other mutations in related 
redox genes, such as frxA and fdxB, can also contribute to resistance [3]. Furthermore, mutations in 
the gyrA and gyrB genes can impair the effectiveness of fluoroquinolones in eradication therapies, 
with a specific mutation in gyrB at position 463 linked to resistance. The most frequent mutations in 
gyrA occur at positions 87, 88, 91, and 97 [21]. Beta-lactamase synthesis is associated with amoxicillin 
resistance in H. pylori. In addition, changes in the efflux pump and reduced cell membrane permea-
bility to amoxicillin may contribute to this resistance. The main mechanism of low-to-moderate levels 
of amoxicillin resistance is point mutations in PBP1A. However, mutations in other genes, such as 
PBP2, PBP3, HefC, HopC, and HofH, have also been reported [22,23]. Tetracycline binds to the 30S 
and 50S subunits (5) of the microbial ribosome, and bacteria typically develop resistance through 
horizontal gene transfer of efflux pumps or ribosomal proteins. It has been found that single and 
double-base pair mutations are responsible for low-level resistance to tetracycline, while triple-base 
pair mutation in the AGA region of 16S rRNA (926–928) is associated with high resistance to tetracy-
cline [24]. Furthermore, a study conducted by Anushiravani et al. (2009) demonstrated proton motive 
force-dependent efflux mechanisms that may contribute to the development of tetracycline-resistant 
H. pylori strains [25]. Morphological mutations in the DNA-dependent RNA polymerase (RpoB) pro-
tein result in decreased affinity for the antibiotic rifamycin, thereby safeguarding bacterial DNA rep-
lication and transcription from the effects of the antibiotic [6]. 

3.2. Multidrug Resistance (MDR) 
Resistance to two or more antibiotics from different classes in H. pylori is considered MDR [26]. 

Today, the global prevalence of MDR has increased, with 60.8% of strains being doubly or multidrug 
resistant in China [27]. In other Asian countries (Cambodia and Korea), the prevalence was estimated 
at 57.1% and 42.9%, respectively [28,29]. The prevalence in Europe is between 10% and 40% [30]. 
There is a trend towards increasing MDR levels of H. pylori, which makes eradication difficult world-
wide. H. Pylori remains a complex organism [31]. Factors associated with resistance include national 
antibiotic use, inappropriate antibiotic prescription, treatment failure, efflux pump activity, genomic 
mutations, and biofilms [3]. A possible cause for resistance is the formation of biofilms by H. pylori 
(Figure 2). Recombination of H. pylori genes, together with drug permeability, probably creates 
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mechanisms of film functioning, with the development of MDR. This hypothesis requires further 
study. Only a few genes have been studied that are likely associated with biofilm formation in H 
pylori (SpoT, fucT, jHp_1117, homD, hp0939, hp0497 and hp0471) [31]. 

 
Figure 2. Biofilm of H. pylori. Biofilm is a matrix of polysaccharides that forms a barrier against the penetration 
and action of antibacterial agents. This is how phenotype resistance to antibiotics is created. 

These pumps are protein compounds responsible for the rapid elimination of antibiotics from 
the cell. As a result, antibacterial agents do not bind to ribosomes of microorganisms [32,33]. The 
ABC, MATE, MFS, SMR, and END protein families enhance this process [34]. Figure 3 shows efflux 
pumps in H. pylori. 

 
Figure 3. Efflux pump system of H. pylori. This figure shows a decrease in drug absorption and an increase in 
drug efflux associated with overexpression of efflux pumps. 

Analysis of MDR-associated mutations is in the early stages of development. A significant mech-
anism for MDR development is the A149G mutation in FabH [35]. With the increasing number of 
studies using next-generation sequencing, new MDR-related mutations are likely to be discovered 
[36]. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 December 2024 doi:10.20944/preprints202409.1357.v3

https://doi.org/10.20944/preprints202409.1357.v3


 

3.3. Heteroresistance (HR) 
The coexistence of H. pylori strains that have both sensitive and resistant strains to antibacterial 

drugs of the same group is called heteroresistance [37]. The frequency of heteroresistant strains was 
60.1% for clarithromycin, 61.1% for metronidazole, 46.1% for levofloxacin, 3.8% for amoxicillin, and 
21.1% overall. During 2001-2022, heteroresistant H. pylori infections were predominantly due to mul-
tiple strains in developing countries, while in developed countries, they were attributed to mutations 
in a single strain [38,39]. Biopsies taken from only one area may miss resistant strains [40]. Literature 
describes interregional heteroresistance, where both susceptible and resistant strains are colonized in 
different areas of the stomach [41]. According to these data, heteroresistance can be caused by the 
failure of eradication therapy. In a study of patients who did not respond to eradication therapy, 
clarithromycin-resistant strains exhibited higher minimum inhibitory concentrations (MICs) in the 
body compared to the antrum, while amoxicillin-resistant strains were more prevalent in the antral 
region. However, patients with multidrug resistance (MDR) and heterogeneous resistance to sitaflox-
acin (STFX) showed no difference in the localization of these strains between the antrum and the 
body of the stomach [41]. Data from the analysis confirmed that clarithromycin- and amoxicillin-
resistant strains are widely distributed throughout different parts of the stomach and can develop 
following eradication failure [41]. Recombinant analysis also indicated that mutations at G591K and 
A480V in PBP1a are associated with amoxicillin heteroresistance [41]. 

3.4. Antibiotics Resistance of H. pylori in Central Asia 
Due to the high population density in Asia, it has the highest prevalence of gastric cancer, mak-

ing it a significant area for H. pylori eradication efforts [7]. 
In 2021, the overall prevalence of H. pylori in Kazakhstan was 62.7%, similar to the average for 

the country over the past few decades [42]. These data are similar to the results of a meta-analysis 
and systematic review for the period 1980-2022, where the prevalence of H. pylori infection in Ka-
zakhstan was 62.4% (95% CI:59.3-65.3%) [43]. 

The prevalence in Kyrgyzstan was found to be 81% using PCR testing in 2013 [33], highlighting 
the importance of continued research and efforts to combat this infection. 

Higher infection rates were reported in Uzbekistan, with a prevalence of 74.9% for H. pylori in 
2010 [44] and which increased to 80% by 2019 [45].Data on the prevalence of H. pylori infection in 
Turkmenistan and Tajikistan are lacking. As the incidence of stomach cancer is high in these coun-
tries, it is expected that the prevalence of H. pylori infections will be high in these regions. 

Despite the high prevalence of H. pylori and its burden in the form of gastric cancer, data on 
antibiotic resistance in Central Asia is limited. In a targeted search of publications on antibiotic re-
sistance in Pylori by authors from Central Asia, we found only 3 relevant articles. In Kazakhstan, 
only one study has been conducted to determine antibiotic resistance in H. pylori infections. 

In the research conducted by Kulmambetova G.N., Bekenova E.E., et al. (2011), PCR was em-
ployed to identify potential antibiotic resistance genes, and 16 samples from residents of central Ka-
zakhstan were sequenced to analyze the resistance spectrum [46]. The analysis revealed that 87.5% 
of the strains had mutations in the 23S rRNA gene. Among these, 56.25% had the T2182C mutation, 
while 12.5% exhibited either the A2142G or A2143G mutation. Notably, the mutations associated with 
clarithromycin resistance in Asia differ from those found in Europe and North America [47]. In West-
ern countries, about 90% of clarithromycin-resistant strains carry the A2142G or A2142C mutation. 
In contrast, in Asia, this mutation represents only 23% of resistant strains [48]. Other mutations, such 
as T2183C and A2223G, are more prevalent in Asia and align with those observed in the Kazakhstan 
study [46]. Additionally, the study identified a mutation in rdxA in 31.25% of cases and a mutation 
in pbp1A in 18.75% of cases. 

In a 2019 study conducted in Uzbekistan, the assessment of point mutations A2143G and 
A2142G/C in the V-functional domain of the 23S rRNA gene revealed the following results: 13.3% of 
the samples contained the A2142G mutation, while none had the A2143G mutation [49]. These per-
centages were below the 15% threshold set by the Maastricht Agreement. However, given the distri-
bution pattern of the T2183C mutation and the limited scope of the study, these findings should be 
interpreted with caution. 

In 2019, Uzbekistan was identified as one of the regions with a high prevalence of H. pylori 
infection, accounting for 80% of the cases. Among the population of Uzbekistan, 84% had a mixed 
genotype of CagA, with IceA1- and IceA2-. In peptic ulcer disease, pathogenic strains such as 
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CagA+VacA s1, VacA m2, and IceA1,2 are prevalent, whereas in chronic gastritis linked to H. pylori, 
strains such as Cag+VacA s1 and VacA m2 were more common. To assess H. pylori resistance to 
clarithromycin, mutations in A2142G/C and A2143G were detected using real-time PCR. Of the 30 
samples analyzed, the A2142G/C mutation was identified in four (13.3%) [45]. 

In Kyrgyzstan, gastric cancer has a high prevalence and mortality rate, accounting for 12.4% and 
10.1% of cases, respectively, and it has become the most common cause of cancer-related deaths [49]. 
Selective studies have established that the infection rate of H. pylori among patients with peptic ulcer 
disease in Kyrgyzstan is 74%, according to research by [50] and [51]. Data from the National Center 
for Cardiology and Therapy reported a 100% infection rate in 2007 [52]. According to these analyses, 
the prevalence of H. pylori resistance to clarithromycin was 16.2% and to metronidazole was 45% in 
2014 [33]. A drawback of this study is the lack of information on the methods used to detect antibiotic 
resistance. 

Although the availability and quality of data on antibiotic resistance in some regions is limited 
or non-existent, we can still assume that there is a significant level of resistance to metronidazole and 
clarithromycin in Central Asia. One of risk factors for prevalence of infection with H. pylor is 
socioeconomic status. [56]. 

Reffering to the youth age, the majority of children diagnosed with H. pylori infection are in 
principle, asymptomatic. [57] In this medical direction, to the youth age, could be find an association 
with others signs and simptoms. There include extra-intestinal manifestations. For example we can 
write a little bit mentioning media otitis, respiratory symptoms, periodontal disease. [58] . Medical 
guidelines recommend that non-invasive testing for H. pylori can be considered in youth age [58] 

4. Conclusion 
Antibiotic-resistant H. pylori strains are becoming a significant issue in Central Asia. Current 

data reveal high levels of resistance to clarithromycin and metronidazole, which are key antibiotics 
used in eradication therapy. This resistance presents a major challenge to managing H. pylori infec-
tions and mitigating the risk of gastric cancer across the region. There is an urgent need for compre-
hensive surveillance research and enhanced antibiotic stewardship to tackle this escalating problem. 

In Kazakhstan, 87.5% of H. pylori strains exhibited mutations in the 23S gene, indicating re-
sistance to clarithromycin. Resistance to amoxicillin was observed in 18.75% of cases, while resistance 
to metronidazole was found in 31.25%. In Uzbekistan, 13.3% of strains carried the A2142G mutation, 
which is associated with resistance to both clarithromycin and metronidazole. In Kyrgyzstan, re-
sistance to these antibiotics was 16.2% and 45%, respectively. 

Given that eradication therapy is essential for the treatment of gastric cancer, it is crucial to un-
derstand the patterns of resistance in order to make informed decisions about the best treatment op-
tions. 
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