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Evaluation of the effect of kidney transplantation on cardiac activity in patients
with chronic heart failure in the outcome of stage 5 chronic kidney disease
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Abstract

The main cause of death in patients with terminal forms of chronic renal failure, on renal replacement therapy, are cardiovascular
diseases. Cardiovascular diseases also account for 40 to 60% of all deaths after kidney transplantation.

Objective: in this study, we assessed the effect of kidney transplantation on the functional state of the heart in patients with stage 5
chronic kidney disease complicated by the development of chronic heart failure.

Methods. The study included 13 patients who had undergone kidney transplants. Inclusion criteria:patients over 18 years of age, the
presence of informed consent, with the presence of chronic heart failure with a reduced left ventricular ejection fraction < 50%, a high level of
final diastolic volume and a high calculated average pressure in the pulmonary artery.

Results. After transplantation, the lowest value of the ejection fraction was 49%, the highest value was 68%, the average value was
56.3%. The calculated average pressure in the pulmonary artery was the lowest value was 10 mmHg. the highest value was 38 mmHg. the
average value was 19.69 mmHg. According to the results of the control ultrasound examination after transplantation, positive dynamics was
noted in all 13 cases. The average calculated mean pressure in the pulmonary artery decreased from 39.46 mmHg to 19.69 mmHg. a decrease of
50.1%, the ejection fraction increased from 41.46% to 56.43%, an increase of 35.8%.

Conclusion. The research results highlight the significant improvement in both cardiac and pulmonary function in patients with chronic
heart failure after kidney transplantation. However, in our study, some parameters, such as an increase in the ejection fraction and a decrease
in the calculated average pressure in the pulmonary artery, turned out to be more pronounced, which may indicate the specifics of our patient
population and treatment methods.

Keywords: chronic kidney disease, kidney transplantation, chronic heart failure, final diastolic volume, ejection fraction, arterial
hypertension.
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Introduction

Chronic kidney disease (CKD) is a persistent decline
in kidney function that affects approximately 10% of the
global population to some extent [1]. CKD significantly
increases the risk of cardiovascular diseases due to fluid
and electrolyte imbalances, leading to the development
of hypertension and cardiovascular complications. Lipid
metabolism disorders, calcium regulation disturbances, and
chronicvascular wall inflammation caused by elevated blood
creatinine and urea levels contribute to the development of
atherosclerosis and cardiovascular diseases [2]. Thus, the
primary cause of mortality in patients with end-stage renal
disease (ESRD) undergoing renal replacement therapy is
cardiovascular disease [3-5]. Additionally, cardiovascular
diseases account for 40% to 60% of all deaths following
kidney transplantation [5-6].

According to the European Dialysis and Transplant
Association, the one-year survival rate for patients with
ESRD on renal replacement therapy is 83.5%, the two-

Materials and methods

This study is a retrospective, quantitative analysis of
data from patients who underwent kidney transplantation.

To assess heart function, the most accessible and
informative method, transthoracic echocardiography (TTE),
was used as an ultrasound-based cardiac assessment both
before and after the transplantation procedure.

The evaluation also included complications
associated with CKD and heart failure, such as arterial
hypertension, respiratory failure, pleuritis, and pericarditis.

A total of 13 patients who had undergone kidney
transplantation were included in the study. The inclusion
criteria were: patients over 18 years old, informed consent,

Results

Between 2021 and 2023, a total of 160 kidney
transplants were performed at our clinic from both living
and deceased donors. Among these, 13 recipients with
chronic heart failure and reduced left ventricular ejection
fraction (LVEF) < 50%, high end-diastolic volume (EDV),
and elevated estimated mean pulmonary artery pressure
(mPAP) were included in our study.

The average age of the recipients was 31.76 years,
and the mean body mass index (BMI) was 19.36 kg/m? One
recipient had grade 2 obesity with a BMI of 32.79. Out of
13 patients, 12 were male and 1 was female. The causes
of end-stage CKD were glomerular diseases in 12 patients
and diabetic nephropathy in 1 patient. Pleural effusion was
detected in 4 cases, and pericardial effusion was found in
6 cases. Before surgery, 8 patients were anuric, while 5
patients had a urine output of 100 to 500 mL of discolored
urine per day. The average duration of hemodialysis before
transplantation was 28.46 months.

Seven patients had type 1 respiratory failure,
experiencing shortness of breath with minimal physical
activity, while 5 patients had type 2 respiratory failure,
experiencing shortness of breath with moderate physical
activity. One patient had dyspnea at rest as a type 3
respiratory failure. Arterial hypertension was classified as a
stage 3 hypertension in 10 patients, Stage 2 hypertension in
1 patient, and 2 recipients had stage 1 hypertension.

Echocardiography (ECHO) was performed 1
week to 1 month before kidney transplantation. Before
transplantation, the lowest recorded LVEF was 29%, the
highest was 48%, and the mean value was 41.46%. The

year survival rate is 72.2%, and the five-year survival rate
is 42.0%. In comparison, kidney transplant recipients have
significantly higher survival rates: one-year survival at
96.8%, two-year survival at 94.9%, and five-year survival at
88.3% [7].

Kidney transplantation remains the only radical
treatment for patients with ESRD [8]. The advantages of
kidney transplantation over hemodialysis are evident, as it
leads to an improved quality of life and higher survival rates.
Kidney transplantation not only reduces the burden on the
cardiovascular system but also significantly improves the
functional state of the heart in patients with varying degrees
of chronic heart failure [7].

In this study, we assessed the impact of kidney
transplantation on the functional state of the heart in
patients with stage 5 chronic kidney disease complicated by
the development of chronic heart failure.

and the presence of chronic heart failure with a reduced
left ventricular ejection fraction (LVEF) <50%, high end-
diastolic volume (EDV), and elevated estimated mean
pulmonary artery pressure (mPAP). The exclusion criterion
was the absence of informed consent.

This study was conducted in accordance with
the principles of the Helsinki Declaration, and prior to its
retrospective analysis, approval was obtained from the local
bioethics committee of the "National Scientific Oncology
Center".

All calculations were performed using Microsoft
Excel, applying mean value calculations.

lowest recorded mPAP was 15 mmHg, the highest was 80
mmHg, and the mean was 39.46 mmHg. The lowest recorded
EDV was 94 mL, the highest was 219 mL, and the mean was
144.23 mL.

Allrecipients underwent a standard, widely accepted
kidney transplantation procedure using a living donor, with
the transplant placed retroperitoneally in the right iliac
fossa.

There were no cases of acute rejection or delayed
graft function. The average postoperative hospital stay was
14 days. At discharge, all recipients had satisfactory kidney
graft function.

Follow-up echocardiography was performed 1 to 3
months after discharge. Positive dynamics were observed in
all 13 recipients.

After transplantation, the lowest recorded LVEF was
49%, the highest was 68%, and the mean was 56.3%. The
lowest recorded mPAP was 10 mmHg, the highest was 38
mmHg, and the mean was 19.69 mmHg. The lowest recorded
EDV was 80 mL, the highest was 161 mL, and the mean was
108.76 mL.

According to follow-up echocardiography, positive
improvements were observed in all 13 cases. The average
mPAP decreased from 39.46 mmHg to 19.69 mmHg, a
reduction of 50.1%. LVEF increased from 41.46% to 56.3%,
an improvement of 35.8%. EDV decreased from 144 mL to
108.76 mL, a reduction of 24.6%.
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Table 1 - Clinical parameters of patients before and after transplantation

Clinical parameters Before transplant After transplant
Ejection fraction 41,46 56,43
estimated mean pulmonary artery pressure 39,46 19,69
end diastolic volume 144 108,76
Pericarditis 6 0
Pleurisy 4 0
Type 1 respiratory failure 7 2
Type 2 respiratory failure 5 0
Type 3 respiratory failure 1 0
Stage 3 hypertension 10 0
Stage 2 hypertension 1 1
Stage 1 hypertension 2 12
160
144
140
120 108,76
100
80
56,43 e

41,46 39,46

40
) . .

Before transplantation

19,69

After transplantation

HEF EEMPAP mEDV

Figure 1 - Average value of EF (ejection fraction), EMPAP (estimated mean pulmonary artery pressure, EDV (end diastolic volume)
before and after the kidney transplantation procedure

Type 1 respiratory failure was observed in 2 patients
3 months after transplantation, while the remaining
11 patients had no respiratory failure. Blood pressure
normalization occurred in 7 patients without the use of

Discussion

The results of our study demonstrated a significant
improvement in cardiovascular status in patients with
chronic heart failure after kidney transplantation. The
included recipients had pronounced manifestations of heart
failure with reduced LVEF, high EDV, and elevated mPAP. It
is important to note that this patient population is at high
risk for complications associated both with end-stage renal
failure and chronic heart failure.

One to three months after transplantation, all
recipients showed positive dynamics in heart function
indicators. The average increase in LVEF from 41.46%
to 56.3% (a 35.8% improvement) indicates a significant
improvement in left ventricular pumping function, likely
related to the restoration of volume status following
kidney transplantation. The reduction in mPAP from 39.46
mmHg to 19.69 mmHg (a 50.1% decrease) confirms the
reduction of pulmonary artery pressure and improvement
in hemodynamics. This suggests a positive effect of kidney
transplantation on systemic circulation and pulmonary
hypertension caused by renal failure.

Additionally, the significant reduction in EDV from
144.23 mL to 108.76 mL (a 24.6% decrease) indicates
a reduction in left ventricular volume overload. This
parameter may serve as an additional marker of improved

antihypertensive medications. In 3 patients, blood pressure
improved with the use of antihypertensive drugs, reaching
normal levels. Two patients had no arterial hypertension
either before or after kidney transplantation.

heart function and the general condition of patients after
transplantation.

It is also important to highlight the positive changes
in respiratory function. In most patients, respiratory failure
either decreased or completely disappeared, indicating
correction of metabolic disturbances and improved
oxygenation following the normalization of renal function.
Moreover, the normalization of blood pressure in most
patients without the use of antihypertensive medications
underscores systemic improvement.

These results confirm the effectiveness of kidney
transplantation in patients with a combination of end-stage
renal failure and chronic heart failure, which could have
clinical significance for improving the prognosis of this
patient group.

The instrumental methods used in our study were
similar to those in other studies [9-12]. The obtained
results are consistent with the data from other studies
demonstrating an improvement in cardiovascular function
after kidney transplantation in patients with chronic heart
failure (CHF). In the study by Lentine et al. (2012), it was
shown that kidney transplantation leads to significant
improvement in heart function, including a reduction in
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pulmonary hypertension and an increase in left ventricular
ejection fraction (LVEF) [13]. However, in our study, the
average increase in LVEF (by 35.8%) was higher than in
some other studies, where improvement ranged from
15% to 25%. This could be due to the fact that our cohort
included patients with more pronounced initial heart
function abnormalities, which resulted in a more noticeable
improvement after transplantation.

In the study of Kumar et al. (2024) discusses
that the impact of kidney transplantation on pulmonary
hypertension (PH) and highlights that, in some cases, kidney
transplantation can lead to a reduction in mean pulmonary
artery pressure (mPAP) [14]. In our study, we observed a
more significant reduction - by 50.1%. The difference may
be related to the methods of measuring mPAP, as well as
differences in the patient cohort. Given the high baseline
values of mPAP in our patients, transplantation may have
had a more pronounced effect on reducing pulmonary
artery pressure.

In the study Eun Jung Kim et al. (2019) analyzed the
association between perioperative factors and changes in
left ventricular diastolic function in patients with preserved
ejection fraction following kidney transplantation. The
study found that kidney transplantation was associated with
improved diastolic function[15]. In our study, the reduction

Conclusion

Many similar studies confirm the presence of positive
dynamics in cardiovascular function, further emphasizing
the invaluable role of kidney transplantation as a method
that directly impacts the survival of patients with terminal
stages of chronic kidney disease. We will continue to collect
data from this patient group, incorporating additional
criteria that may influence the process of improving
cardiovascular function.
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Tyninaeme
Co3blamansl 6ylipek Hcemkinikcizdiziniy mepmuHaadvl opmanapsl 6ap, 6ylipekmi aamacmulpamsii mepanusidarbl nayueHmmep

O1IMIHIY Hezi3zl ce6ebl JHcypeK-KaH mamblpaapsl aypyaapbl 60bin mabviaadsl. CoHOall-aK, HypeK-KaH mambipaapbl aypyaapel 6yiipek
MPaHcnAaHMAayusiCbIHaH Ketlinei 6apavik eaim-scimimuiy 40-60% KypatiovL.

3epmmeydiy makcamul: Bya 3epmmeyde 6i3 co3blamanbl Hypex jxcemkinikcizoieiniy 0amybiMeH ACKbIHFAH 5 cambl0aFbl CO3blAMAbL
6ylipek aypybl 6ap HayKacmapoa 6ylipek mpaHcnaaHmMayusiCblHbIH Jcypekmit GyHKYUOHAN0b! J#arFdalibiHa KAHWAAbIKMbL 3CepiH 6aranadblk,

ddicmepi. 3epmmeyee 6ylipek mpaHcnaaHmayusicelHaH emkeHd 13 Haykac kamwvicmol. Kocy kpumeputinepi: 18 sjcacman ackaH
nayueHmmep, CoA%caxK KApbIHWAHBIH WHIFAPLIAY Ppakyusacsl 50% memeHdezeH CO3bIAMANbIHYPEK HemKiaikcizdi2iHiH, COHFbI duacmoaansix
K6/1eMHIH HCOFapbl 0eHeelliHiH JcaHe HCOFapbl ecenmesizeH 6Kne apmepusicblHOAFbI 0pMauld KbiCbLMHbIH 601yblMeH aKNapammaHobIpblLAFaH
KeaiCiMHIH 60aybL.

Hamuoceci. llviFapoiay ¢ppakyusicbl mpaHcnaaHmayusicblHaH KelliH ey memeHzi kepcemkiw 49% Kypadsi, eH xcorapsl 68% opmawa
kepcemkiw 56,3% 60.10bl. Okne apmepusicbIHOAFbl OpMAla KbICbLMHbIH e MOMeH2i MaHI cbiHan 6araHacsl 10 Mm. 6010bl, eH HCOFapbl MAHI
38 mMm. cbiHan 6araHacel, opmawa MaHi 19,69 mm. cbiHan 6araHacsl 6010bl. TpaHcnaaHmayusioaH KeliiHel 6akbliay yabmpadblbbiCmMblK
Hamudcesepi 6olibiHwa 6apavik 13 xcardatida oy duHamuka 6alikaadsl. Okne apmepusicbIHOAFbl 0pMauld KbICbIMHbIH opmawa deHeelii 39.46
MM. CblHan 6araHacbiHaH 19.69 mm. coiHan 6araHacviHa deliiH memeHdedi. llvirapoiny dpakyusicel 46%-0an 56.43%-ra detiin 35,8%-Fa
yAFatiosl.
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Kopbimuindbl. Bi3diH Hamudicenepimis 6ylipek mpaHCnAaHMayusicbiHaH KelliH CO3bLAMAbL HCYPeK Jcemkinikcizdiel 6ap Haykacmapda
JCYpeK dHcaHe okne GyHKYUACbIHbIH alimapabikmail JHcaKcapraHblH kepcemmi. [lecenmeH, 6i30iH 3epmmeyimizoe wuFapolay GpakyusiCbiHblH
JCOFAPLLAAYLL JHCIHE 6KNe apmepusiCblHOAFbl 0pmMauld KblCbILMHbIE moMeHdeyi cusikmel kellblp napamempep aliKbiHbIpak 6010bl, 6y 6i30iH
nayueHmmep KOHMuH2eHMIHiH JjtcaHe emoey adicmepiHiy epekuenieiH Kepcemyi MyMKiH.

TyliiH ce3dep: co3blamasbl Oylipek aypybl, 6ylpexk mpaHcnAaGHMAayusicbl, CO3bIIMAbL HCYPEK HemKIiniKcizdiel, COHFbl duacmoaanbslk
KeJ/1eM, WolFapbL1y Gpakyusicbl, apmepusiiblK 2unepmeHsusl.

OueHKa BJIMSHHSA TPAHCIUIAHTAIUY MOYKH HAa CEPAEYHYI0 AesTe/IbHOCTD Y NAlUEeHTOB C XPOHUYECKO
cepAeYHOH HeJOCTATOYHOCTbIO B MCX0/e XpPOHUYECKOH 60/1e3HM N0YeK 5 cTaguu
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Pe3wome

OcHO8HOUl NpUYUHOU CMepmHOCMU NAYUEeHmMo8 ¢ MepMUHAALHbIMU HOopMaMu XpoHUYecKol noveyHol HedocmamoyHocmu, HA
3amecmumenbHOU noyeyHol mepanuu, sieasomcsi cepdedHo-cocyducmule 3a6osnesanus. Takdxce cepdevHo-cocyducmvle 3a60/1€8aHUS
cocmasasitom om 40 do 60% ecex cayvaes cmepmu nocje MpaHcnAAHMAYUU NOYKU.

B amom uccnedosanuu Mbl 0YeHUAU HA CKOAbKO 8Ausiem MpAaHCNAAHMAyusi novku Ha (GYHKYUOHA/IbHOe cocmosiHue cepdya y
nayueHmos ¢ XxpoHu4Yeckol 60/1e3HbH NoYeK 5 cmaduu 0ca0xicHUBWlCS pa3gumuem XpoHU4eckoll cepdeyHoll Hedocmamo4HOCMbH.

Memodbl. B uccnedosanue 6bl1u 8Ka04eHbl 13 nayueHmos Komopble nepeHecau mpaHcnaaHmayuu novek. Kpumepuu ekawoverus:
nayueHms! cmapwe 18 s1em, Haauvue UHGHOPMUPOBAHHO20 CO2AACU, C HAAUYUEM XPOHUYECKOU cepdeyHoll HeAoCMamoyHOCMU €O CHUXCEHHOU
dpakyuell evibpoca se6020 dxHceaydouka < 50%, 8bICOKUM YPOBHEM KOHEYHO20 QUACMOAUYECKO20 066eMa U 8bICOKUM PACUEMHbIM CpedHeM
dassieHUU 8 s1e204HOU apmepuul.

PesynomamoLl. [locae mpancnaaumayuu camoe Hu3koe 3HaveHue gpakyus 8blbpoca cocmasu1o 49% camoe gvicokoe 3HaueHue 68%
cpedHee 3HayeHue cocmasu.1o 56,3%. PacuemHoe cpedHee dassieHue 8 1e204HOU apmepuu camoe HU3Koe 3Ha4eHue cocmaguo 10 mm. pm. cm.
camoe gblcokoe 3HaveHue 38 Mm. pm. cm. cpedHee 3HaveHue cocmasu10 19,69 mm. pm. cm. [1o peayrbmamam KOHMPOAbHO20 YAbMPA38YKOBO20
uccedosaHust nocae mpaHcnAAHMayuu omme4eHa nooxcumenbHast ouHamuka 8o ecex 13 cayuasix. CpedHull yposeHb pacuemHozo cpedHe2o
dassenus 8 sezoyHoll apmepuu ¢ 39.46 MM. pm. cm. cHU3UA0Cb 00 19.69 mm. pm. cm. cHudceHue Ha 50,1%, ppakyus evlbpoca ygeau1uaacs ¢
41.46% do 56.43% yseauuerue Ha 35,8%, koHeuHbll duacmoauyeckuli 06sém co cHuxceHuem co 144 ma. do 108.76 ma. cHuxcerue Ha 24,6%.

Bbi800bL. Pesynbmambl uccaedoganusi nod4epkKusarom 3HavumesavHoe y/ayvuleHue KAk cepO0evyHol, mak u /e204Hol (PYHKyuu y
nayueHmos ¢ XxpoHueckol cepde4Holl HedoCMAamo4HOCMbl nocae mpaxcnaaHmayuu no4ku. OOHako 6 HauleM ucca1edo8aHUU HeKomopbule
napamempbl, makue Kak ygeauyeHue Gpakyuu ebl6poca U CHUdiCeHUe paciemHozo cpedHe20 0as1eHUs 8 1e204HOL apmepuu, 0Ka3aauch 6oJiee
8bIPAINCEHHBIMU, YMO MOJcem ceudeme1bCME08AMb 0 cneyuduke Haule2o NaYUeHMCK020 KOHMUH2eHma u Memodoe Je4eHusl.

Katouesbvie cnoea: XpoHuyeckasl 601e3Hb noyek, MpaHcnAAHMayusi NO4Ku, XpoHuveckas: cepdevHas Hedocmamo4HoCmy, KOHeYHbLI
duacmosuyeckutl 066éM, Ypakyusl 8bl6poca, apmepuanbHas 2unepmeH3usl.
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Abstract

The significant increase in scientific papers reflects growing interest in the early detection of neurological diseases, driven by advances
in neuroimaging, artificial intelligence and biomarker research.

The overarching goal is to identify key trends and innovative methods that improve diagnostic accuracy and timeliness, thereby
optimizing patient outcomes in the early stages of neurological diseases.

This study analyzes 6132 publications in the Scopus database (1946-2024) related to the keywords “diagnosis” and “neurology’. The
rapid growth in scientific output underscores an emerging focus on early detection of neurological disorders, facilitated by advancements in
neuroimaging, artificial intelligence, and biomarker research.

Research-oriented articles were selected based on the keywords “Diagnostics” and “Neurology,” and as a result, the 6132 selected
scientific publications underwent statistical analysis using the SPSS program. The descriptive statistics method was used to study the dynamics
of publications by year, leading countries, leading organizations, and major research areas.

Analysis reveals a substantial rise in publications over the last decade, particularly in the fields of medicine, engineering, and computer
science. The United States leads in overall output, followed by the United Kingdom and Germany. Collaborative, multidisciplinary research has
contributed to emerging technologies ranging from advanced imaging modalities to Al-driven diagnostic tools that are increasingly crucial in
detecting neurodegenerative and cognitive disorders at preclinical stages.

A systematic review of publication activity highlights the growing global emphasis on early neurological diagnosis. Despite cost and
accessibility challenges, integrating neuroimaging, Al systems, and biomarker technologies holds great promise for refining diagnostic precision,
fostering international collaboration, and expanding the frontiers of neurological research.
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Introduction

Contemporary methods of early diagnosis of
neurological diseases acquire particular importance in light
of the increasing prevalence of these pathologies and their
serious impact on patients’ quality of life. Early diagnosis
allows diseases to beidentified in a timely manner, minimizes
their consequences, and substantially reduces the economic
burden on healthcare. Rapid technological development in
international practice, including neuroimaging, biomarkers,
and artificial intelligence, is opening new horizons for
detecting neurological disorders in their early stages.
However, despite these advances, the need to adapt
such methods in different countries, consider regional
specificities, and develop universal approaches remains
relevant, highlighting the significance of the present study.

Early diagnosis of neurological diseases plays a
decisive role in timely intervention and the management
of conditions such as Alzheimer’s disease (AD) and autism
spectrum disorders (ASD), since there are still no definitive
treatments for many of them [1,2]. Against the backdrop of
rapid progress in artificial intelligence (Al), neuroimaging,
and genetic sequencing, particular attention is being paid to
quantitative electroencephalography (QEEG), which makes
it possible to evaluate cognitive impairments in a wide range
of patients and, specifically, to detect concentration disorders
among professional pilots [3]. In addition, Al technologies
can process large volumes of data and reveal patterns that
can elude clinicians, thus significantly increasing diagnostic
accuracy [1,2]. The use of genetic methods remains an
importantarea, amongwhich clinical (CES) and whole-exome
sequencing (WES) are facilitating the identification of new
gene variants in idiopathic neurodevelopmental disorders
[4]. In the context of imaging methods, the use of functional
magnetic resonance imaging (fMRI) in combination with
the graph canonical correlation analysis (GATE) algorithm
is promising, as it improves the detection accuracy of
pathological patterns of brain activity [5]. At the same time,
there is an ongoing issue of misinterpreting symptoms when
functional neurological disorders (FND) are often mistaken
for organic pathologies [6]. A multidisciplinary approach
involving neurologists, psychiatrists, and other specialists
makes it possible to expand diagnostic capabilities and
combat patient stigmatization [7]. Special attention should
be given to predicting neurological disorders in pediatric

Materials and Methodology

This study is based on the evaluation of 6132
publications indexed between 1946 and 2024, using the
keywords “diagnosis” and “neurology.” Such a time range
was selected to cover the broadest possible spectrum of
works related to identifying and studying neurological
conditions. The majority of the sources retrieved are
articles (4040), indicating a prevalence of original research,
empirical observations, and detailed experiments. A
substantial number of conference materials (897) reflects
the innovative nature of the field, as findings are often
presented at specialized scientific forums. Reviews (685)
occupy a separate position, providing a systematic overview
of key concepts, theoretical approaches, and clinical
practice trends. Less common but nonetheless crucial for
understanding scientific progress over time are editorial
articles (148), notes (103), letters (88), book chapters (68),
and short surveys (44).

Among other document types, corrections and
retractions (Erratum and Retracted) also appear, along with
rare instances like Data Paper (1), reflecting the diversity
of the scientific landscape. The study’s comprehensiveness

practice, where machine learning techniques demonstrate
high effectiveness in detecting early signs and, consequently,
increase the likelihood of timely correction [8].

Based onananalysis of publication activity from 1946
to 2024 using the keywords “diagnosis” and “neurology” in
the Scopus database, 6132 scientific works were identified,
underscoring the sustained interest of researchers in
this topic. The United States has the largest number of
publications (1781), followed by the United Kingdom (633),
Germany (487), China (387), and India (346), reflecting
the global involvement of countries with varying levels
of scientific and technological development. Italy (272),
France (255), and Canada (244) also make significant
contributions, continuing to shape a multinational research
landscape. Notably, even countries with a relatively small
number of publications, such as the Russian Federation
(113), Kazakhstan (5), or Malaysia (37), further develop
this field and confirm its international scope. Thus, a broad
range of authors worldwide underscores the multifaceted
nature and importance of research related to diagnosis
in neurology, as well as the need for interdisciplinary and
multicultural collaboration among specialists.

Our study, “Contemporary Methods of Early
Diagnosis of Neurological Diseases: International Research
Experience,” aims at a comprehensive analysis of scientific
publications selected by the keywords “diagnosis” and
“neurology” and indexed in the Scopus database for the
period from 1946 to 2024. The primary goal is to identify
and consolidate leading trends, innovative approaches, and
methodological solutions applied in the early diagnosis
of neurological diseases. In pursuit of this goal, we plan
to conduct a quantitative analysis of publication activity
dynamics, determine the geographical distribution of
research, and identify the most notable scientific teams and
journals shaping the research agenda in this field. A detailed
review of key technologies will also be carried out, including
neuroimaging, artificial intelligence, and biomarkers that
are actively used in international early diagnostic practices.
Such an approach will allow us to systematize contemporary
methods and outline future avenues for research that
contribute to more effective detection and treatment of
neurological diseases on a global scale.

is further strengthened by examining leading academic
editions with a well-established tradition of publishing on
neurological topics. Among the most frequently encountered
are BM] Case Reports (434), Neurology (108), as well as the
Annual International Conference Of The IEEE Engineering
In Medicine And Biology Proceedings (95). Their presence
in various journals and conference series, including Lecture
Notes In Computer Science and IEEE Transactions On
Biomedical Engineering, underscores the multidisciplinary
nature of the field. Papers in Journal Of Neurology (44),
Archives Of Neurology (42), European Journal Of Radiology
(39), and several others provide a thorough view of
methodological diversity, geographical coverage, and a focus
on particular diagnostic and clinical observation aspects.

The inclusion of research from a wide range of
countries illustrates the high significance of these issues,
further supported by the extensive use of technologies from
traditional neuroimaging to the most advanced computer-
based methods. Such a selection of sources enables
taking into account both the applied and the fundamental
components necessary for a comprehensive analysis of
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existing achievements and identifying areas that require
more in-depth study.

The primary task was to determine and systematize
the collected data array, necessitating tools capable of
handling and analyzing large volumes of information. SPSS
was chosen for statistical analysis, having proven itself in
the academic arena thanks to a wide array of procedures,
including descriptive statistics, correlation studies,
regression analysis, and visualization tools. By employing
SPSS, it is possible to discern hidden patterns, distributions,
and interrelationships within the data structure, as well as
assess the statistical significance of the results obtained.

This tool ensures a comprehensive approach:
from basic descriptive operations and frequency table
construction to algorithmic trend identification using
artificial intelligence methods. Such a broad range of
technical solutions aims to produce highly reliable and
reproducible results, allowing for the determination of
key factors influencing the efficiency of early neurological
diagnosis and for comparing and integrating data from
diverse sources and regions.

The initial step involved forming a sample through a
detailed search of scholarly publications based on specified
keywords in the database, along with recording parameters
such as year of publication, document type, and assignment
to a particular journal or conference edition. After selection,
duplicate entries were removed and irrelevant results
inconsistent with the research subject were excluded.
The publications were then systematized in an electronic
database suitable for subsequent statistical and content
analysis. At the first stage, descriptive statistics were
evaluated using SPSS: determining the average number of
publications per year, identifying periods of most intense

Results

In recent years, brain imaging has been rapidly
evolving, enabling a significant increase in accuracy and
timeliness when diagnosing diseases associated with
neurodegeneration and cognitive impairments. Various
methods, including MRI, PET, and DTI, make it possible to
detect structural and functional changes that can appear
long before clinical symptoms arise, which is particularly
valuable when suspecting Alzheimer’s disease (AD) and
other forms of dementia [9-11]. A major breakthrough
has been the use of fMRI and PET, as they allow for the
detection of early metabolic shifts and cerebral blood flow
anomalies [12]. At the same time, combining neuroimaging
and cerebrospinal fluid biomarkers yields higher sensitivity
and specificity in diagnosing MCI and AD [13], while the
use of machine learning algorithms helps identify subtle
data patterns, increasing diagnostic accuracy [10,14]. In
pediatrics, DTI has greatly simplified the localization of
epileptogenic foci, which is especially important in cases of
treatment-resistant epilepsy [15], and assessing malignant
neoplasms in childhood has become more detailed and
timely [16]. Despite advancements, questions remain
regarding the accessibility and high costs of technologies,
as well as the risk of false positives, complicating clinical
decision-making [17]. Nonetheless, the further integration
of nanotechnology and artificial intelligence into image
analysis [18,9,10,14] promises even earlier detection of
neurological pathologies and more effective monitoring
of their progression in the context of contemporary early
diagnostic methods.

In addition to neuroimaging, the application of Al
systems capable of analyzinglarge volumes of heterogeneous
medical data significantly influences improvements in

growth, and analyzing various types of works in terms of their
contribution to the data set. Concurrently, the distribution
by journals and conference materials was studied to identify
the outlets most frequently publishing results on neurology
and diagnosis. Subsequently, an in-depth analysis was
carried out: frequency tables were compiled, and regression
models were constructed to trace changes in the scientific
landscape. Where necessary, qualitative analysis of texts was
applied to refine the findings and unveil thematic patterns.

In this process, keywords, phrases, and contextual
indicators were coded, enabling a more precise definition
of scientific directions, approaches, and methodological
features. Visualization of results, including the creation of
informative charts and graphs, facilitated interpretation
and synthesis of the core findings. Ultimately, based on the
analysis, a synthesized report was prepared, integrating
all collected and examined data to form the basis of the
scientific article.

Hence, the chosen approach encompassing thorough
screening and systematization of materials, the use of
multipurpose analytical tools, and a step-by-step data
processing procedure ensures the comprehensiveness
and reliability of the outcomes. Each phase, from sample
formation to integrated analysis in SPSS and detailed study
of textual sources, is oriented toward constructing the most
accurate picture of the key aspects of early neurological
diagnosis. This methodology guarantees reproducibility
and a high level of scientific validity, while also opening
up broad prospects for further in-depth research and the
development of new strategies, ultimately contributing to
enhancing early diagnostic practices and improving the
quality of patient care.

diagnostic quality and speed. These solutions extend not
only to oncology or cardiology [19,20] but also to dentistry
[21] and emergency medicine, where machine learning
helps detect critical conditions such as acute appendicitis
[22]. Furthermore, deep neural networks and CNNs have
proven effective in processing brain images, facilitating
more accurate determination of tumor characteristics and
staging [23]. However, these innovations face challenges
including insufficient standardization of algorithms and
limited reliability of certain results [24,25]. It is also crucial
for clinicians to understand the logic behind neural network
decisions, prompting growing interest in the concepts
of explainable artificial intelligence [26]. It is worth
emphasizing that in situations requiring a rapid response,
intelligent systems can significantly reduce the time needed
to make a diagnosis, and therefore initiate therapy earlier
[27]. Although the requirement for large data volumes and
privacy concerns remain unresolved [28], the potential for
Al integration into the diagnostic process looks promising,
especially given the increasing number of studies on early
detection of oncological and neurological pathologies [29].

Thus, the combination of modern imaging methods,
Al systems, and biomarker technologies provides a
comprehensive basis for more accurate and timely
diagnosis of neurological diseases, ensuring early detection
of pathological processes and a personalized approach
to treatment. Uniting these methods not only expands
clinical practice capabilities but also optimizes patient
routing, thereby increasing the effectiveness of therapeutic
interventions. Despite existing constraints, including
access to high-tech equipment, specialist training issues,
and regulatory aspects, continued progress in this area
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opens up new horizons for fundamental research and the
implementation of innovations on a global scale.

A multifaceted analysis demonstrated the
importance of a comprehensive approach encompassing an
assessment of publication activity by year, a comparative
review of scientific contributions from various countries,
and an examination of the knowledge domains in which
research is actively developing. Particular attention was
devoted to the work of leading organizations and the
identification of key journals, whose pages host the most
significant studies. Further exploration of publication titles
by keywords allowed for formulating the main directions of
development and highlighting dominant thematic focuses,
while citation analysis pinpointed works with the greatest
authority and influence on the scientific discourse. The
sum of the data obtained reflects characteristic trends and
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consolidates promising avenues for future research and the
practical application of findings.

An examination of the number of publications per
year, starting from 1946 up to 2024, points to a gradual
yet uneven evolution of interest in the subject matter. In
the early period (1946-1970), the number of works was
minimal, explained by both the limited volume of scientific
research and the difficulties in accessing diagnostic
technology at that time. Steady growth has been observed
since the 1970s, but a notably sharp increase has occurred
in more recent periods. For example, between 2005 and
2015, overall interest remained relatively stable, whereas
from 2016 onward, it began to rise, reaching its highest
values in 2024 (535 publications). This dynamic may reflect
the emergence of new neuroimaging technologies and the
improvement of Al tools for early diagnostics (Figure 1).

Figure 1 - Dynamics of publication activity on contemporary methods of early diagnosis of neurological diseases (1946-2024)
(Source: Authors’ calculations based on Scopus-indexed publication data)

Since 2020, when many studies began emphasizing
interdisciplinary approaches and the integration of genetic,
biomarker, and IT technologies, the number of publications
has grown even more rapidly. The shift toward new
diagnostic standards and the increase in multinational
projects likely played a key role in reaching the peak values
in 2023 (303) and 2024 (535). These trends confirm the
growing recognition of the importance of early detection
of neurological pathologies, fueling further advances in
optimizing diagnostics, refining instruments, and expanding
the evidence base.
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country reveals substantial differences in the number of
publications. The United States leads with 1781, followed
by the United Kingdom (633) and Germany (487). China’s
significant contribution (387) highlights the rising role of
the Asian region in contemporary scientific research. India
(346) and Italy (272) also show high levels of interest,
reflecting these countries’ significant involvement in
addressing issues related to early detection and monitoring.
France (255), Canada (244), Japan (208), and Australia
(194) round out the top ten, forming a picture of global
scientific collaboration (Figure 2).

Ttaly France Canada Japan Australia

272 255 244 208 194

Figure 2 - Top 10 countries by number of publications on contemporary methods of early diagnosis of neurological diseases: analysis
of Scopus data (Source: Authors’ calculations based on Scopus-indexed publication data)
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Next comes a range of countries with fewer studies,
such asthe Russian Federation (113), Turkey (119),and Brazil
(99). Their contributions demonstrate the expansion of the
international research field and highlight the importance of
amultidisciplinary approach that takes into account regional
aspects and healthcare resources. The geographic spread
underscores broad recognition of the problem and confirms
the considerable potential for further interstate exchange of
experience and joint developments.

A preliminary distribution of publications by
field of knowledge shows a clear dominance of medicine
(4536), indicating the fundamental role of clinical and
epidemiological research in this scientific domain. Following

are engineering (1067), computer science (1010), and
neuroscience (838), whose high activity may be explained by
the growing use of technologies, machine learning methods,
and neuroimaging in the diagnostic process. Biochemistry,
genetics and molecular biology (450), alongside the health
professions (370), also demonstrate substantial academic
interest, encompassing comprehensive approaches to early
detection of diseases. Lesser but still notable attention is
directed to the exact and natural sciences, including physics
and astronomy (309), mathematics (270), and materials
science (204), where computational models, statistical
methods, and cutting-edge diagnostic materials are
increasingly being employed (Figure 3).

5000 4336
. 1067 1010 838 450 330 300 270 24 131
0 I B
1
uhedicine m Engineering
u Computer Science Neuroscience

m Biochemistry, Genetics and Mblecular Biclogy ™ Health Professions

mPhysics and Astronomy
mhaterials Science

m Mathematics

= Chemistry

Figure 3 - Top 10 knowledge domains by number of scientific publications on contemporary methods of early diagnosis of neurological
diseases: analysis of Scopus data
(Source: Authors’ calculations based on Scopus-indexed publication data)

In a second cluster of fields, chemistry (131) and
chemical engineering (106) stand out, reflecting the
contribution of analytical and technological solutions,
including the development of contrast agents and
biosensors. The arts and humanities, as well as psychology
(89 each) and the social sciences (79), though fewer in
number, point to an interest in the ethical, cultural, and
behavioral aspects of diagnosis. Moreover, economic factors
(Business, Management and Accounting, 11), environmental
considerations (Environmental Science, 44), and even
veterinary medicine (Veterinary, 53) are increasingly taken
into account in solving diagnostic challenges, underscoring
the potential for multidisciplinary collaboration to improve
the quality and timeliness of detection.

A comparison of research activities by different
organizations shows a notable lead by Harvard Medical
School (109 publications), followed by Massachusetts

General Hospital (108). The University of California, San
Francisco (63) and the Mayo Clinic (60) play a significant
role in shaping the scientific agenda, collectively reflecting a
high level of expertise and professional standards in clinical
research. Also included in the top ten most productive
institutions are the UCL Queen Square Institute of Neurology
(56) and University College London (55), confirming the
international recognition of London-based research centers.
Leading positions of the University of Toronto (53), along
with the parallel success of Ludwig-Maximilians-Universitat
Miinchen (45) and UCSF School of Medicine (45), attest
to broad geographic coverage and the substantial role of
multinational projects in early diagnostics. Johns Hopkins
University School of Medicine (43) and King’s College London
(43) complete the top group, representing prominent
academic institutions with longstanding traditions of
scientific discovery (Figure 4).

Johns Hopkins University School of Medicine I

UCSF School of Medicine

Ludwig-Mhaximilians-Universitit Minchen

University of Toronto

University College London
UCL Queen Square Institute of Neurology

Mayo Clinic

University of California, San Franeisco
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Harvard Medical Scheol
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Figure 4 - Top 10 organizations by number of scientific publications on contemporary methods of early diagnosis of neurological
diseases: analysis of Scopus data
(Source: Authors’ calculations based on Scopus-indexed publication data)

Further analysis reveals active participation by the
University of Pennsylvania (39), the VA Medical Center (38),
and several medical schools suchas UT Southwestern Medical
Center (33) and Northwestern University Feinberg School of
Medicine (32), indicating numerous clinical and laboratory
studies. Concurrently, large research centers in Europe and

Asia Inserm (36), Brigham and Women’s Hospital (36),
the Chinese Academy of Sciences (24), and Capital Medical
University (23) show a high level of engagement.
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This trend wunderscores a rising interest in
interdisciplinary collaboration and multinational projects
aimed at developing and implementing more effective early
detection methods for neurological disorders.

An analysis of scientific journals publishing works
related to this topic indicates a clear dominance of BM]
Case Reports (434 publications). Neurology (108) also
shows high figures, reflecting its leading role in discussing
clinical and fundamental issues. Substantial venues for
presenting research results include the Annual International
Conference Of The IEEE Engineering In Medicine And Biology
Proceedings (95), as well as the Lecture Notes In Computer

Progress In Biomedical Optics And Imaging Proceedings Of SPIE
European Joumal Of Radiology
Archives Of Neurology
Journal Of Neurology
Journal Of Neurology Neurosurgery And Peychiatry
IEEE Transactions On Biomedical Engineering
Lecture Notes In Computer Science Including Subseries Lecture. .
Annual International Conference Of The IEEE Engineering In..
Neurology
BMIJ Case Reports

Science series (82), including subseries on artificial
intelligence and bioinformatics. Among those consistently
publishing relevant content are IEEE Transactions On
Biomedical Engineering (71), Journal Of Neurology
Neurosurgery And Psychiatry (57), Journal Of Neurology
(44), and Archives Of Neurology (42), emphasizing a strong
interest in specialized diagnostic issues. Other journals
that occupy top positions include European Journal Of
Radiology (39) and Progress In Biomedical Optics And
Imaging Proceedings Of SPIE (39), demonstrating the major
contribution of imaging technologies to research efforts
(Figure 5).
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Figure 5 - Top 10 scientific journals by number of publications on contemporary methods of early diagnosis of neurological diseases:
analysis of Scopus data (Source: Authors’ calculations based on Scopus-indexed publication data)

The second wave of journals consists of those
oriented toward innovative approaches and interdisciplinary
research, such as Computers In Biology And Medicine (36),
Journal Of Neural Engineering (35), and Optometry And
Vision Science (35). The presence of IEEE Transactions On
Medical Imaging (32), Computer Methods And Programs
In Biomedicine (24), and Frontiers In Neurology (23)
highlights the growing role of integrating computer
algorithms, biomedical computing methods, and clinical
data for early pathology detection. Publications in Meditsina
Truda I Promyshlennaya Ekologiya (26) and Journal Of The
Neurological Sciences (25) point to a multi-faceted research
landscape that takes into account occupational factors and
broadens the range of clinical scenarios. Such diversity in
journals reflects both the deep specialization of individual
areas and the drive toward interdisciplinary cooperation to
optimize diagnostic strategies.

An analysis of the keywords found in the titles of
scientific articles shows that the term “diagnosis” (650
mentions) ranks as one of the most frequently used,
underscoring the priority placed on accurate and timely
identification of pathologies. The terms “neurological”
(545) and “neurology” (516) point to a clear focus on
neurology, whereas “disease” (406) and “brain” (406)
indicate researchers’ concentration on specific mechanisms
and clinical manifestations. The presence of words such
as “clinical” (383), “epilepsy” (354), and “patients” (305)
underscores the close link between theoretical models and
practice, emphasizing the clinically oriented nature of the
research. Equally significant are “analysis” (304) and “using”
(397), which reflect the active application of analytical and
computational methods in the processing of medical data
(Table 1).

Table 1 - Top 20 keywords found in the titles of scientific publications on contemporary methods of early diagnosis of neurological
diseases: analysis of Scopus data (Source: Authors’ calculations based on the database of indexed articles in Scopus)

Keywords Number of Keywords Keywords Number of Keywords
diagnosis 650 disorders 283
neurological 545 system 259
neurology 516 case 256
disease 406 eeg 248
brain 406 detection 242
using 397 syndrome 241
clinical 383 study 229
epilepsy 354 based 211
patients 305 diagnostic 208
analysis 304 imaging 197

Citation trends of the most authoritative works
in the field of early diagnosis of neurological diseases
clearly demonstrate that the leading publications receive
broad recognition in the scientific community. At the top,
“Heart rate variability: A review” (Acharya, U.R., Joseph,
K.P, Kannathal, N., Lim, C.M., Suri, J.S.,, 2006) has 2092
mentions, followed by “Prediction of central nervous system
embryonal tumour outcome based on gene expression”

(Pomeroy, S.L., Tamayo, P, Gaasenbeek, M., ... Lander, E.S,,
Golub, TR, 2002) with 2051 citations. These figures indicate
high demand for the results of both fundamental and clinical
studies related to heart rate variability assessment and
molecular-genetic approaches in diagnosing oncological
pathologies of the central nervous system. Classic studies,
such as “A continuous performance test of brain damage”
(Rosvold, H.E., Mirsky, A.F, Sarason, I. et al, 1956) with
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1770 citations, and work on developing diagnostic criteria
for paraneoplastic neurological syndromes (Graus, F,

Delattre, ].Y,, Antoine, ].C. et al.,, 2004) with 1383 references,
underscore long-standing interest in cognitive function.

Table 2 - Top 10 most cited works in the field of contemporary methods of early diagnosis of neurological diseases: analysis of Scopus
data from 1946 to 2024 (Source: Authors’ calculations based on the database of indexed articles in Scopus; Export Date: 26 December 2024)

Title of the Work Authors Source Year Citations
Medical and Biological Engineering and
R . Acharya, UR,, Joseph, K.P, : .
Heart rate variability: A review : ; Computing, 44(12), 1031-1051. https://doi. 2006 2092
Kannathal, N., Lim, C.M., Suri, ].S. ore/10.1007/511517-006-0119-0
Prediction of central nervous system Pomeroy, S.L., Tamayo, P,
embryonal tumour outcome based on Gaasenbeek, M,, ... Lander, E.S., 436-442 htth-turgi)?grs (6180722)’38 415436a 2002 2051
gene expression Golub, T.R. ' * * *
. Rosvold, H.E., Mirsky, A.F. .
A continuous performance test of , , i Journal of Consulting Psychology, 20(5),
brain damage Sarason, L Bransome Jr, ED. | 343 350. https://doi.org/10.1037/h0043220 1956 1770
Recommended diagnostic criteria : Journal of Neurology, Neurosurgery and
for paraneoplastic neurological Gr?l(l:s' F.,Vl?glaetrgeA].YV.,oﬁr;t%me, Psychiatry, 75(8), 1135-1140. https://doi. 2004 1383
syndromes e i o org/10.1136/jnnp.2003.034447
The relation of the Trail Making Test . Journal of Consulting Psychology, 19(5),
to organic brain damage Reitan, RM. 393-394. https://doi.org/10.1037/h0044509 1955 1380
Deep convolutional neural network . Computers in Biology and Medicine, 100,
for the automated detection and AChar}?'%E"l%h' $L., Hagiwara, 270-278. https://doi.org/10.1016/. 2018 1242
diagnosis of seizure using EEG signals v oEm s compbiomed.2017.09.017
Early, accurate diagnosis and early JAMA Pediatrics, 171(9),
intervention in cerebral palsy: Novak. 1, Morgan, C. Adde, L., . 897-907. https://doi.org/10.1001/ 2017 1072
Advances in diagnosis and treatment y P jamapediatrics.2017.1689
The Journal of neuropsychiatry and clinical
An essay on the shaking palsy. 1817. Parkinson, J. neurosciences, 14(2), 223-236. https://doi. 2002 1007
0rg/10.1176/jnp.14.2.223
A brain-computer interface using Leuthardt, E.C, Schalk, G., . . _
electrocorticographic signals in Wolpaw, J.R,, Ojemann, ].G., h ]Ou,mal Oif I\ieu;al fngmele;irigj,zl (2), 6133271' 1 2004 938
humans Moran, D.W. * * *
Wernicke’s encephalopathy: new Lancet Neurology, 6(5),
clinical settings and recent advances Sechi, G., Serra, A. 442-455. https: //doi.ore/10.1016/S1474- 2007 913
in diagnosis and management 4422(07)70104-7

A second tier of significant research focuses
on implementing groundbreaking technologies and
innovations into the diagnostic process. Among these, “Deep
convolutional neural network for the automated detection
and diagnosis of seizure using EEG signals” (Acharya,
U.R, Oh, S.L., Hagiwara, Y. et al,, 2018) with 1242 citations
underlines the strategic importance of machine learning in
EEG analysis. Equally notable attention is given to works
on the early detection of cerebral palsy (Novak, I, Morgan,
C., Adde, L. et al,, 2017) and the historical foundations of
neurology, such as “An essay on the shaking palsy. 1817
(Parkinson, J., 2002). The final positions in the top ten are
occupied by studies on brain-computer interface technology
(Leuthardt, E.C., Schalk, G., Wolpaw, J.R. et al., 2004) and the
diagnosis of encephalopathies (Sechi, G., Serra, A., 2007),
highlighting the interdisciplinary nature of research and
the particular relevance of improving diagnostic methods in
neurology.

Thus, the overall analysis shows that interest in the
early diagnosis of neurological diseases is increasing both

Discussion

The aim was to conduct a multifaceted analysis of
publications focusing on the early diagnosis of neurological
diseases and to identify the key trends, active research areas,
and the most influential scientific teams and journals. To
achieve this goal, a series of tasks was undertaken to gather
and systematize data spanning temporal, geographical,
and thematic dimensions, along with analyses of journals,
organizations, keywords, and the most frequently cited
works.

The results indicate a significant increase in
publication activity over recent years, pointing to
intensifying interest in enhancing methods for early
detection of neurological disorders. The most active entities

quantitatively and qualitatively, covering a wide range of
scientific fields and organizations worldwide. The revealed
trends underscore a high level of international cooperation,
the active introduction of cutting-edge technologies such as
neuroimaging and Al, and the rising role of multidisciplinary
approaches in research strategies. Special attention is paid
to integrating biomarkers, neurophysiological methods, and
computer algorithms for more accurate and timely detection
of pathologies. The structure of publication activity, the
geographic distribution of authors and key organizations,
as well as an analysis of the most cited works, reveal a
growing consensus in the scientific community regarding
the importance and promise of improving diagnostic
methods. This dynamic opens up extensive opportunities
for continued research and the development of innovative
methodological solutions that can substantially increase
diagnostic efficiency and enhance patient outcomes.

turned out to be research groups in the United States,
the United Kingdom, and several European countries,
as well as universities and medical centers that adopt a
multidisciplinary approach. This trend is driven by both
the development of technological solutions, including
neuroimaging and digital algorithms, and increased
attention to neurodegenerative diseases and the search for
effective prevention strategies.

An analysis of the fields to which publications
belong shows sustained interest in medicine, engineering,
computer science, and neurobiology. Although research
in the humanities and socioeconomic areas is present
in smaller volumes, it emphasizes the need for a holistic
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examination of early diagnosis issues, encompassing not
only clinical and technical factors but also social, cultural,
and ethical considerations. Moreover, highly cited works
often concentrate on the development and implementation
of biomarkers, machine learning for processing
electrophysiological signals, and the standardization of
screening protocols.

A key outcome of the conducted analysis is the
realization that despite evident progress in the creation and
application of various early diagnostic methods, a number of
major obstacles persist regarding their universal adoption.
On the one hand, advanced tools, including neuroimaging,
computational methods, and Al-based algorithms,
indeed demonstrate high efficiency and flexibility in
clinical practice, allowing specialists to identify potential
neurological disorders more accurately and swiftly. On the
other hand, such technologies typically require expensive
equipment, qualified personnel, and a well-established
infrastructure, limiting their widespread use particularly in
regions with limited resources and uneven access to medical
care. Meanwhile, growing international collaboration
reveals opportunities for sharing best practices and
leveling the playing field between medical facilities and
research teams across different countries. Joint efforts and
the establishment of a unified research platform not only
improve diagnostic quality and accelerate the exchange of
methodologies but also boost overall scientific potential:
attracting specialists from various disciplines and regions
of the world fosters diversity of perspectives and stimulates

Conclusion

This study has made it possible to identify a set of
key regularities and trends associated with implementing
contemporary methods of early diagnosis of neurological
diseases. The analysis showed that a combination of
technological solutions from neuroimaging and genetic
sequencing to machine learning algorithms constitutes
a robust foundation for more accurate and timely
identification of pathologies. Consideration of publication
activity, the geographical distribution of research, and the
most frequently cited works has made it possible to outline
the most promising directions and emphasize the role of a
multidisciplinary approach in shaping a suite of diagnostic
tools.

The findings confirm a growing interestin integrating
innovative technologies into routine clinical practice. A
notable achievement is the formation of an international
collaborative network where scientific teams from different
countries and disciplines contribute to developing and
testing new methodologies.

This provides access to a wide range of resources and
expertise, facilitating rapid adaptation and improvement of
existing diagnostic protocols. At the same time, significant
challenges remain regarding the standardization of clinical
guidelines, expansion of infrastructure, and training
specialists who can effectively apply new tools.
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HeBpoJiorusiiblK aypy/iapAbl €epTe AUarHOCTUKAJIAyAbIH 3aMaHayM 3jicTepi: Xa/IbIKapasbIK,
3epTTey TIaxKipudeci

KocxxaHos H.

JKorapel canammul dapieep-Heapo.ioe, Via Medical kencananel MeduyuHa1blK 0pMabiFel,
Aamamul, Kasakemat. E-mail: nurlan.nauka@gmail.com

Tyninaeme
Fol1bimMu 3epmmeysepoiy edayip ecyi HelipoumazuHe, dcacaHdbl UHMe 11eKm, buomapkep/iepdi 3epmmey canacblHOarsl dcemicmikmep
blKnaJ/1 emKeH He8po/102Us/blK aypy/lapabl epme aHblKmayra Kbl3blFyUWbl/1bIKMblH APMKAHbIH Kepceme@i.

Llonydsiy makcamsl duazHo3 KowOblH 0910i2i MeH YAKMbLAbLILIFLIH apMMblpambslH Hezizel ypdicmep MeH UHHOBAYUSIbIK
macindepdi aHblkmay, coHOQU-aK He8po/102usablK Oy3blayaapibly 6acmankbl CamulCblHOAFL! nayueHmmep YwiH 604xcamobl xcakcapmy
601511 Ma6bLAAObL.

9ddicmepi. 3epmmey 6arbimbiHOaFsl Makasasap «/uazHocmuka» sxaHe «Heaposiozus» myliin ce3depi 6oillbiHWa maydan aabiHeIn,
Homuoicecinde ipikmeszeH 6132 Folrbimu 6acelibim SPSS 6ardapaamacsii natioanamy apkblabl cmamucmukaasvlk maaoayoaH emmi. XKeladap
6ollbIHWA KHcapusAaHbIMOapObly OUHAMUKACLIH 3epmmey YWiH dcemekwi eadep, dxcemekwi yiibimoap meH Hezizel FblAblMU 6arbimmap
6ollbIHWa cunammay cmamucmuKacbiHbIH 20ici K010aHbl0bL.

Hamuoicenepi. Tanday Homudicesepi COHFbl OH JcbLA0bIKMa, acipece meduyuHaoa, mawuHa xcacayda, uHopmamuka caracsiHoa
3epmmey enbekmepl CaHblHbIH aliimapablkmail eckeHiH anbikmaodvl AKII 6y 6arbimmarsl 6acblabimoap cavbl 60UbIHWA JcemeKui
opblHOapob! uenexedi, odaH kel ¥avibpumanus men Iepmanus. Ken cananel sepmmeynep Kasipei 3amanrbl Hellpoumazuie maciadepineH
bacman, kauHukara OeliiHei ke3eHOe HelipodezeHepamuemi dHcaHe MAHLIMObIK 6Y3bL1yAapObl aHblkMAy YWiH KOAO0AHbLAAMbIH HCACAHObI
uHmMesnekm aszopummaoepine deliiHai UHHOBAYUSIbIK MeXHOo102Us1apdbly natida 601ybIHA bIKNAL emmi.

KopbimbiHObL. Folnsimu 3epmmeysep besceHdinizie xcytieni woay Heepo102usiablk aypyaapdsl epme dUazHOCMUKaAayra HahaHoblk
KbI3bIFYUWbIIbIKMbIH ApMbIn Keje HamKaHbiH pacmatiobl. TeXHo102Uua1apObly HOFapsbl KYHbL JcaHe Kocemimdiniel cuskmeul kedepzinepze
Kapamacmad, HellpoumazuHe, XHcacaHdvl UHMesAneKm Jcyliesepi MeH 6Guomapkepsaepdiy UHMezpayusicl OUAZHOCMUKAHbIH 0d/10i2iH
apmmulpyFa, XaablKapaablK bIHMbIMAKMACMbIKMbl 0AMbIMYFA JHaHe He8pO102Usl CANAACbIHOAFbI FbLALIMU MYMKIHOIKmepdi KeHelimyae 30p
asieyemke ue.

TyliiH ce3dep: Hegpos02us, epme duazHocMuKa, HelipoumazuHe, Guomapkep.iep, SCOpus, cmamucmuKaablk maaoay.

CoBpeMeHHbIEe MeTOAbI pAaHHEH JUArHOCTUKU HEBPOJIOrMYeCKHX 3a60/1eBaHUIL:
MeXAyHapOAHBIN ONBIT HCC/IeA0BAaHUN

Kocoxanos H.

Bpau-Hesposioz svicwell kamezopuu, MHozonpoduabHblli meduyuHckull yeump Via Medical, Aamamol, Kazaxcman.
E-mail: nurlan.nauka@gmail.com

Pe3wome

3HauumenvHblIl pocm HAay4YHbuIX pa60m ceudemeﬂbcmsyem 06 ycuseHuu uHmepeca K pAHHeEMY 8bld8/1eHU0 Heepo/102U4ecKux
3060/166’0Hulj, uemy cnoco6cm6y}0m npoepecc e Heﬁposu3ya/1u3al4uu, UCKYCCMBEeHHOM UHMmeJ/l/1eKme u uccnedos8aHusIx 6u0MapKep06.

Lleab 0630pa - 8bII8UMb OCHOBHblE MEHOeHYUU U UHHOBAYUOHHble N00X00bl, NOBbLILIAKWUE MOYHOCMb U C80E8PEMEHHOCMb
duazHocmuku, a makaice yayvuaioujue npo2Ho3 0151 NayueHmos Ha paHHUX cmaousix Heepo102Uu4ecKux HapyueHuil.

Memodel. Hccaedosamenbckue cmambvu 6bL1U 0MO6PAHbL NO KAOUEBbIM c108aM «/JuazHocmuka» u «Heeposozaus», 8 pezyremame
ye20 omobpaHHble 6132 HayuHble nybaukayuu Npowau CmMamucmuyeckull aHaau3 ¢ Ucho/b3osanuem npozpammoel SPSS. /las usyveHus
JuHamuku ny6aukayuil no 200am NpUMeHsICs Memod onucamenbHOll cmamucmuku ¢ y4emom 8edywux CmpaH, 8edyuwux op2aHu3ayuil u
OCHOBHBIX HAYYHbIX HANPABAeHULL

Pesynbmambl. AHaau3 nokaszas cyujecmgeHHblli pocm yucaa pabom 3a nocaedHee decsimusiemue, 0CO6eHHO 8 MeAUYUHe, UHXHCeHepuU
U KoMNnblomepHuIX Haykax. Jludupyrowue nosuyuu no koJauyecmey Hay4yHwlx ny6aukayuill 3anumairom CLIA, 3a komopbimu caedyiom
Beauko6pumanust u lepmanus. MyasmuducyunguHapHble UCCAe008aHUSI CNOCO6CMB08AAU NOSIG/AEHUI0 UHHOBAYUOHHbIX MeXHO/102Ull
om cogpeMeHHbIX Memodog Helipoguadyaausayuu 00 a/120pUMMO8 UCKYCCMBEHHO020 UHMEA/NeKmd, NPUMEHseMblX 0151 06HapylceHUsl
HelipodezeHepamugHbIX U KOZHUMUBHbIX paccmpoticme Ha 0OKAUHUYECKUX CMAJUsIX.

Bbigodbl. CucmemHblll 0630p HayyHol akmueHocmu nodmeepicddem pocm Mupogozo UHMepeca K paHHell duazHocmuke
Hespo/io2uyeckux 3abosesanull. Hecmomps Ha cyujecmsyrowue 6apbepbl 8 gude 8bICOKOU cmoumocmu u doCMynHOCMuU MmexHo/02ull,
UHMezpayusl Heliposu3yanu3ayuu, cucmem UCKYCCMBEHHO20 UHMea/aeKkmda U buomapkepos obsnadaem 60/AbWUM NOMEHYUAAOM 045
noewluleHuss mo4Hocmu JuazHOCMUKU, pa3sumus Mexc0yHapooHo20 compyodHU4ecmed U pacuupeHust Hay4HbIX 20pU30HMOB 8 He8POA02UU.

Katouesvie caosa: HespoJ/10cus, paHHASA 0ua2HocmuKa, Heﬁposusyaﬂusauuﬂ, 6u0MapK€pbl, SCOPUS, cmamucmuyeckuli aHaau3.
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Abstract

Issues of reimbursement for medical care are gaining increasing importance due to the expansion of national guarantee programs,
an aging population, and the prolonged treatment of costly diseases. This document systematizes international experiences of incorporating
artificial intelligence technologies into health insurance systems and proposes best practices.

The aim: The integration of artificial intelligence (Al) in healthcare systems has catalyzed the evolution of various payment models for
Al-driven medical services. This article aims to present a comprehensive review of the diverse payment models implemented across different
countries, with a focus on promoting technological advancement, maintaining healthcare system standards, and ensuring guaranteed clinical
outcomes.

Methods. This study employs a systematic review methodology, analyzing existing literature on Al-driven healthcare service payment
models. The analysis includes categorization of these models into three main types with potential hybrid variations. Sources were selected based
on relevance, peer-review status, and contribution to the understanding of Al reimbursement in healthcare. Data was extracted and synthesized
to identify patterns and gaps in current payment practices.

Results. The review identifies three primary categories of Al-enabled healthcare service payment models: fee-for-service, bundled
payments, and value-based payments. Hybrid models combining elements of these categories are also discussed. Key findings highlight the
strengths and limitations of each model in terms of promoting innovation and achieving clinical outcomes. Despite the rapid advancements in Al
technologies, the study reveals a scarcity of systematic research comparing the effectiveness of different reimbursement schemes.

Conclusion. This article underscores the critical need for further studies to navigate the evolving technological landscape and
international regulatory frameworks. Significant directions in the development of reimbursement models for Al in healthcare are explored,
including the adaptation of Software as a Service (SaaS) payment models, the implementation of anticipatory funding mechanisms, and the
differentiation between Al registration and its inclusion in insurance reimbursement programs as a distinct service. These insights are essential
for policymakers, healthcare providers, and technology developers to optimize payment strategies and enhance the integration of Al in healthcare.
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Introduction

(i) Issues related to reimbursement for healthcare
services occupy a central place in current healthcare
discussions. The rapid expansion of national healthcare
guarantee programs, an aging population, and an increasing
number of patients requiring long-term and costly
treatments are putting substantial pressure on the financial
sustainability of healthcare systems [1-3].

(ii) In this context, it is important to explore the
potential of artificial intelligence (AI), including computer
vision technologies, as tools for reducing healthcare costs
and optimizing the financial burdens of illness. There is a

Materials and Methods

A narrative analysis of medical literature in peer-
reviewed journals was conducted, focusing on issues related
to the organization of insurance reimbursement for services
provided with the help of artificial intelligence in national
healthcare systems. Due to the lack of systematized data on
the application of insurance programs involving Al, the high

need to systematize international experience and develop
recommendations for best practices in this area.

(iii) The aim of this study is to analyze and
systematize the potential of artificial intelligence, including
computer vision technologies, to reduce healthcare costs
and enhance the financial sustainability of healthcare
systems through insights from international experiences
and recommendations for best practices.

pace of Alintegration into clinical practice, and the absence of
specific questions that would allow for structured scientific
information, a narrative research design was chosen. This
approach made it possible to synthesize a significant and
diverse body of material regarding the funding methods for
Al technologies in national insurance systems worldwide.

Results. Geography of Al Application in National Healthcare Systems

Currently, Al is included in reimbursement programs
involved in Russia, Germany, France, the United Kingdom,
the Netherlands, Belgium, Spain, Greece, the United States,
Canada, Japan, [5-7]. Despite the active promotion of the Al
agenda, the registration of hundreds of medical products
using it, and the presence of special mechanisms for pre-
registration reimbursement of breakthrough technologies,
only a small portion of Al solutions receive insurance
reimbursement [5].

United States of America

In the USA, there are stable mechanisms for
reimbursing of Al in inpatient and outpatient care settings.
They are regulated by provisions developed by the Centers
for Medicare and Medicaid Services (CMS) as part of a
comprehensive strategy aimed at encouraging the use of
innovative technologies by healthcare organizations that do
not fit into more conservative "permanent” tariff systems
[6]. These provisions are of a short-term nature (up to
4 years) and allow motivating healthcare organizations
to implement such systems, evaluate their clinical and
population effectiveness, determine the costs associated
with their widespread implementation, regulate pricing for
Al services, and attract competitors of the first registered
company to enter the market.

In the inpatient segment, such functionality
is implemented through the New Technology Add-on
Payment (NTAP) system. New payment systems are also
being developed, such as Medical Coverage of Innovative
Technology (MCIT), which, among other things, allow for the
earlier introduction of "breakthrough" treatment methods
into clinical practice [8].

In the USA, medical services are grouped into
diagnosis-related groups (DRGs) based on the conditions
of care and diagnosis. DRG represents a list of allowable
procedures and their maximum price within a specific
clinical situation. NTAP allows for the inclusion of an
additional parameter (e.g., Al application) in certain DRGs,
with the possibility of increasing the maximum cost of the
tariff itself [9].

As of 2023, the total number of registered medical
products for which reimbursement is provided as a separate
line within insurance mechanisms was only 2 out of more
than 200 approved for use [5].

Russian Federation

In the Russian Federation, three payment circuits for
medical care using artificial intelligence (Al) technologies
have been formed. The first and earliest circuit is
represented by an experiment conducted under the auspices
of the Scientific and Practical Clinical Center of the Moscow
Department of Information Technology and is aimed at
stimulating the mass use of Al through free connections for
medical organizations to an online library of services, the
payment for which in the "fee-for-service" format is made
by the Department of Information Technology [10].

The second payment circuit was formed by a
Decree, making it mandatory for all subjects of the Russian
Federation in 2023 to apply at least three Al technologies
in the healthcare system; funds for their purchase are
sought by the regions independently . Finally, since 2023,
the first services for radiological Al have appeared, directly
included in the compulsory medical insurance (CMI) as an
independent payment unit.

In the CMI system of the Russian Federation, there
are two payment principles - for medical service and for
attachment in outpatient organizations. The first type
includes both individual types of visits, examinations, and
procedures (for example, an oncologist's examination or
CT of the chest), and services requiring hospitalization in
day or round-the-clock hospitals. The per capita part of the
CMI tariff currently does not mention the use of artificial
intelligence.

In hospitals, medical services are paid in the form of
clinical-statistical groups (hereinafter referred to as CSGs).
The formation of CSGs is based on medical services included
in a single federal nomenclature. All medical services that
can be provided under the CMI system are listed in a single
list. Groups of medical services with similarity in clinical
tasks, conditions of provision, and approximate costs are
assigned a unifying code of a clinical-statistical group.

Clinical-statistical groups are standardized groups
for assessing the costliness of treatment. In addition to
the code of the medical service, they may include other
parameters, some of which are mandatory, and some may
be used as additional modifiers affecting the final tariff. Such
modifiers include, for example, the ICD disease code (which,
in some cases, affects the possibility of setting the tariff, and



Astana medicinalyk zhurnaly, Volume 125, Number 1 (2025)

in some cases, determines its cost), the number of bed-days,
or the application of specific technologies, including Al.

The structure of CSGs is determined by the
Methodological Recommendations on Methods of Payment
for Medical Care from the CMI Funds, developed by the
Federal State Budgetary Institution "Center for Expertise
and Quality Control of Medical Care" of the Ministry of
Health of Russia and approved by the Ministry of Health of
the Russian Federation and the Federal Compulsory Medical
Insurance Fund on an annual basis depending on the annual
content of the State Guarantees Program.

The addition of a new functional feature to the tariff
can be carried out at the level of any region or the Russian
Federation as a whole. For this purpose, there is a number of
mechanisms, including but not limited to:

e creation of a new CSG code;

ereorganization of the clinical-statistical group
(formation of a specific subgroup with special financial
and organizational properties within the higher technology
- for example, allocation from the CSG for drug therapy in
oncology of separate groups for more expensive or cheaper
drugs);

Table 1 - Comparison of Characteristics

eaddition of enhancing coefficients of the clinical-
statistical group depending on the application of a specific
technology (for example, the use of certain types of robotic
therapy in rehabilitation);

eformation of the institution's level coefficient in
relation to institutions with a specific type of technology
[11].

So-called "simple services" (procedures,
interventions, and outpatient visits, paid for each service
separately) are not federally standardized and are
established by each region independently depending on its
financial provision and organizational needs. The first Al
circuit in the CMI is currently launched in Moscow, where
since 2023, the outpatient service of mammography is
evaluated using Al This service is invoiced similarly to any
other service, and the basis for its provision is the presence
of a medical organization's connection to the corresponding
software [12].

A summary of the existing insurance regimes in the
United States and Russia is presented in Table 1.

USA

Russia

Structural payment element in inpa-
tient care

Diagnosis-related group

Clinical-statistical group

Expenses within the structural ele-
ment

Decomposed each time and submitted sep-
arately for each treatment case

Averaged, calculated only when forming a new tariff

Authorities responsible for forming
the structure of expenses in inpatient
care

Centers of Medical Services for Medicare
and Medicaid

Center for Medical Care Expertise and Quality Control,
Federal Fund of Compulsory Medical Insurance, Minis-
try of Health of the Russian Federation

Authorities entitled to adjust coeffi-
cients at the regional level

Centers of Medical Services for Medicare
and Medicaid

Territorial Fund of Compulsory Medical Insurance (TF-
CMI), executive bodies of the subjects of the Federation

Implemented technological solutions
at the inpatient level in the Compulso-
ry Medical Insurance (CMI)

VIZ.Al, Rapid ASPECTS

Medical systems “Cels”, “Third Opinion” (CT of the chest
and upper abdomen)

Implemented technological solutions
at the outpatient clinic level in the
Compulsory Medical Insurance (CMI)

IDx-DR, Optellum Lung Cancer Prediction
(LCP), HeartFlow

Description and interpretation of mammographic
study data using artificial intelligence

Implemented technological solutions
at any level with non-insurance pro-
viders

Individual solutions at the level of re-
search-oriented hospitals

The Research and Development Center Program (with

over 50 providers and over 100 solutions for CT of the

chest and upper abdomen, MRI of the pelvis and kid-

neys, CT of the lower abdomen and pelvis, MRI of the
brain and other modalities)

France

In France, the evaluation of market entry strategies
and cost compensation for Al-supported medical devices is
carried out by the National Health Directorate. Pricing for
such devices is negotiated with the Ministry of Health, and
the amount of compensation depends on the classification
system, which establishes the level of device cost
reimbursement. In 2023, a new reimbursement mechanism
for Al-managed medical devices was introduced [13].
Additionally, there are special regulatory mechanisms that
expedite the reimbursement process for such devices:

1. The Innovation Package, which provides
preliminary funding for clinical trials of medical products,
existing in various forms.

2. Pre-insurance, allowing the use of the product
for a year before applying for its inclusion in the national
insurance system.

3. Early support program, providing early

reimbursement of expenses before official approval based
on proven clinical effectiveness and safety [14].

Once the price of a digital medical solution is
determined, it is added to the list of reimbursable products,
and the National Health Union sets the reimbursement rate
for the next five years. The amount of reimbursement is
directly related to the assessment of the clinical effectiveness
of the digital solution, which is carried out jointly with the
supplier [15, 16].

In 2023, the French Ministry of Health and
Prevention introduced an innovative mechanism for early
access to cost reimbursement for advanced digital medical
devices, including mobile health applications, through
the PECANd program. This initiative provides temporary,
one-year special financial coverage within the French
national healthcare system. The funding methodology
allows manufacturers to receive reimbursement while
they complete the process of confirming the clinical or
organizational effectiveness of their developments [17].
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United Kingdom

In the United Kingdom, reimbursement of costs for
medical devices based on artificial intelligence is carried
out by the National Health Service (NHS) after approval
by the National Institute for Health and Care Excellence
[18]. Products meeting the criteria for digital technology
assessment can be included in the NHS catalog, but this
does not necessarily mean automatic reimbursement of
their costs. The government allocates funds to support
the National Institute for Health Research and the NHS
Innovation Accelerator. Access to innovative medical
technologies, including Al-based technologies, is provided
through a specialized route. Funding for the implementation
of such devices is provided through the Innovation and
Technology Financing Program and the Technology Mandate
[19].

The main object of payment in the United Kingdom
is the financing of individual medical services using Al
(Software as a Service, SaaS model) [20].

Japan

While Japan remains the second-largest market for
medical devices in the world after the United States, the
process of regulatory adaptation of any products, including
Al to the peculiarities of the healthcare system, is lengthy
and complex [14]. One possible reason is the highly cautious
and thorough analysis of the capabilities and risks of Al by
the professional community in Japan [21].

By 2020, Japan had already registered 11 products
that utilize artificial intelligence in their operations. While
6 of them were understandably related to radiology, 5 were
intended for patients with gastrointestinal profiles [22].

Germany

According to the provisions of mandatory health
insurance, digital health applications may be reimbursed

Discussion

Globally, several non-exclusive models and vectors
of payment for healthcare services involving artificial
intelligence (AI) have emerged. These payment models
can be divided into two primary categories based on their
purpose:

ePayment aimed at ensuring technological
advancement and maintaining the technological level of the
healthcare system.

e Payment intended to guarantee clinical outcomes.

In some countries, such as the United Kingdom
and France, the distinction between these two purposes is
blurred, with many models encompassing elements of both.

Regarding the scope of payment (or insurance
reimbursement) for Al-assisted services, three main classes
can be identified, with intermediate, mixed options possible:

Payment for a distinct Al service, which exists in
several forms:

Conclusions

Currently, the insurance medical systems of the
world's most developed economies are implementing,
in one form or another, payments for healthcare
technologies associated with artificial intelligence (AI). The
methodological diversity of healthcare systems, along with
the relatively recent introduction of these technologies,
does not yet allow for the identification of the most
effective payment methods or the overall assessment of the
appropriateness of such payments. The most significant and

if they have been approved by the Federal Institute for
Drugs and Medical Devices and have been registered in the
national digital health registry [23]. The cost calculation for
such applications is based on a pay-per-service model [24].

For the first 12 months of an application being
placed in the digital medical applications registry, the
manufacturer is granted the right to independently set the
selling price and choose the pricing model. After this period,
the price is determined through negotiations between
the manufacturer and the National Association of Health
Insurance Funds [23].

Before initiating price discussions, the manufacturer
of a medical device sends the following information to the
regulator:

1. Confirmation of compliance with general
requirements and evidence of positive health impact.

2. Results of studies conducted during the potential
trial phase.

3. Information on costs for self-paying individuals.

4. Pricing information from other
countries.

European

5. A full report from the Federal Institute for Drugs
and Medical Devices on the inclusion of the application in
the national registry.

6. The number of activation codes or prescriptions
used for the application since its registration in the registry
up to five days before submitting the application.

Developers of digital health applications may qualify
for financial support from Germany's Innovation Fund,
funded by the German statutory health insurance company
(Gesetzliche Krankenversicherung).

¢ Payment for the use of Al as an integral or optional
component of a comprehensive healthcare service.

ePayment based on the integration of Al within a
healthcare organization’s system for specific service types.

Currently, however, there is a lack of comparative
studies in the literature assessing the effectiveness of
different reimbursement models. Existing publications fall
short of systematically capturing both the technological
boom driven by machine learning in healthcare and the
accompanying global regulatory activities. The most
comprehensive systematic review on Al reimbursement,
published in April 2024, identified only 40 publications on
this topic within the European Union — regions traditionally
noted for their academic focus on financial policy in
healthcare [25].

well-developed vectors for the advancement of insurance
reimbursement for Al in healthcare are:

e Adaptation of the Software as a Service (SaaS)
payment model for medical solutions that incorporate
artificial intelligence.

e Implementation of  "advanced financing"
technologies, including various experimental-legal regimes,
where certain financial support for Al initiatives is provided
even before their registration as medical devices.
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Tyninaeme
MeduyuHanwlk kemekmi emey macesenepi YAmmolK Keniadik 6ardapaamanapulHbly KeHeliHe, MyprbiHOapObly KapmarobHa
JicaHe WbIFbIHOLL aypynapdbl Y3aK yaKsbim emoeyee 6atiiaHbicmbl Maybi3dbl 6041a mycyde. bya makanada scacanovl unmeanexkm (XKH)

MexHOo/102Us1apblH 0eHCayablK cakmay dcyliesepiHe eHzi3y JceHiHOezi Xaablkapaavlk madscipube dcylieneHdipinin, ey y30ik madcipubesep
YCbIHbIAFGH.

3epmmeydiy maxcamvl: XXH-miy deHcayavlk cakmay dcyliesepine unmezpayusicel KU Hezizindeai meduyuHaavlk Kbiamemmepae
apHAaAFaH apmyp/i meiem mModenb0epiHiy 0aMybIHa blknaa emmi. SIFHU, MAKAAaHblY MaKcamul - apmypi endepde sicy3eze acblpblAFAH mesiem
MOdenbOepiHiH HCAH-HCAKMbl WOAYLIH YCbIHY, MEXHO02USAbIK Npozpecmi inzepinemyee, deHcayablk cakmay JicyleciHiy cmaHoapmmapsii
cakmayra jcaHe KenizideHdipineeH KAUHUKA/IbIK Homudiceepze Ko dcemkisyze Hazap ayoapy.

9ddicmepi. Bysa 3epmmey xcylieai woay adicmemecin KoadaHadvel, KU HeziziHOe2i MeOUYUHANbIK KblaMemmepae apHAJAFaH MeJeMm
Modenbdepi 60lbIHWA KO0aHbIcmarsl adebuemmepdi masdaiidel. Tanday ocel modeavbdepdi Hezizei 3 mypee HcaHe MYMKIH 604aMbIH
apasaac sapuayusiaapra xcikmeydi kKammuosl. /[Jepekmep mayoaaraH depekkezdepdily pese8aHMMbIFbIHA, peyeH3UsAay MapmebeciHe HaHe
deHcaynblk cakmay canaceiHdarsbl XKH ywin ememakbl aaydbl myciHyze KOCKaH yjaeciHe HezizdesazeH. [lepekmep anbiHbIN, MOAEeMHIH Ka3ipai
moaicipubesnepindeai yazinep MeH 0NKblAbIKMAapdbl AHbIKMAY YWiH cuHme3deadi.

Hamuoicenepi. lllony KU mymkiHOikmepl — 6ap meduyuHaavlk  Kblamemmepoiy mesem modeavdepiniy 3 Hezizel caHamviH
aHblkmatioel: Kbl3Mem Kepcemy yWwiH meJieM, monmama/aslk mesemoep xaHe KYHObLIblKKa HezizdeszeH mesemiep. Ocbl caHammapoblH
anemeHmmepin 6ipikmipemin apasac modeavdep Ode masakblaaHaodwsl Heziszi KopbimuiHObLIap 8p6ip MOJenbdiy UHHOBAYUAAAPObL
dambimydarbl JHcaHe KAUHUKAAbIK Homuicesepae Ko sdcemkisydeai Kywmi jcaHe a/1ci3 scakmapblH kepcemedi. 2KH mexHo02us1apblHblY me3
damyblHa Kapamacmaw, 3epmmey apmyp.1i ememakbl cXemManapbiHsl4 muimoinizin cassicmusipamylH dxcylieai sepmmeynepoin scemkinikcizdiein
Kepcemeoi.

KopbimbiHdbl. By wosny dambin Kese 3camkaH mexHO102UsAbIK 1AHOWagdm neH XaablKapaablk Hopmamuemik 6azasapda 6ardapaay
YWiH Kocbimuwa sepmmeynepdiy Kaxcemminizin kepcemeoi. [leHcaynvik cakmayodarst XKH ywiH ememarybl any yazinepi azipaeydezi maHbi30bl
6arbimmap, coHbly iwiHde Kbizamem peminde 6ardapaamanbik Kammamacwsis emy (SaaS) mesem modeavdepin Geliimoey, KapicblaaHIbIpy
MexaHusMOepiH as0blH ana scyseze acelpy sxaHe KU mipkeyi MeH OHbl Jiceke Kblamem peminde cakmaHOblpy ememakbl 6ardapaamManapbiHa
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eHzi3y apacbiHOarsl alibipMawblabik 3epmmeedi. bya mycinikmep casicamkepsep, 0eHCayablK cakmay KbiamMemmepiH Jcemkisywinep yxcaHe
mexHo/102ust d3ipaeywlisep YwiH mesem cmpameausiiapbiH OHMalAaHobIpy JicaHe deHcayavlk cakmayda XKH unmezpayusicelH scakcapmy
YWiH MaHbI30bL

TytiiH ce3dep: scacandbl uHmMen1eKm, deHCayIblk cakmay, meJiem Mooeaboepl, 6memaKbl, MexXHO102UAAap, KAUHUKAIbIK Homuicesep,
HOpMamuemik Kbl3mem.

IIpuMeHeHUe HCKYCCTBEHHOT0 MHTE/IJIEKTa B HALLMOHAJIBHBIX CUCTEMaX 06543aTe/IbHOT0 MeAUIMHCKOT'0O
crpaxoBaHus: 0630p BO3MOXKHOCTEI U MPAKTHK OMJIAaThl
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Pe3wome

Bonpocu opzaHusayuu eoameuwjeHus 3d OKA3aHHYH Meduuu;qcxy;o nomouwb npuo6pemarom 8ce 6obliee 3HAYeHuUe Uu3-3a pocma
npozcpamm HAYUOHA/NbHbIX zapaHmuﬁ, cmapeHus HaceseHus Uu daumesnbHO20 J1eYeHUsl dopozocmoau{ux 3a6osesaHull. B daHHOM
uccsaedosauuu cucmemamu3suposaH MemdyHapodelﬁ onvim 6K/K4eHUsl MexHo102ull UCKYyCCmeeHH020 UHmess1eKkma [I/IH] 8 cucmembl
ME()UL{UHCKOZO cmpaxoeaHus u HpedﬂOMEHbl Hausyvwue npadkmuku.

Leav  uccaedosanusi:  Humezpayus MM @ cucmembl 30pasooxpaHeHust Npueead K 380A0YUU pa3IUYHbIX Modeaell oniambl 3a
MeduyuHckue ycayeu Ha ocHose MH. lleav dauHoll cmambu - npedcmagumb 8cecmopoHHuUll 0630p pa3HO06pasHbix Modesell on/aambl,
Peanu308aHHbIX 8 PA3HLIX CMPAHAX, C AKYEHMOM HA NPoJsudiceHUe MeXHO102u1ecko20 npoapeccd, noddepicaHue cmaHoapmos cucmembl
30pasooxpaneHus u obecneveHue 2apaHMupOBAHHbIX KAUHUYECKUX Pe3Y1bmamos.

Memoodwl. HccaedosaHue ucnos/ib3yem Memod cucmemamuyeckKozo 0630pa, aHaausupys cyujecmsyrowyr saumepamypy no Mooensam
on/samal Meduuumkux Yycayz Ha ocHose HH. AHnanau3 ekaovaem K./IGCCU{IBUKGL{UI'O amux modeseli Ha 3 0CHOBHbIX MUNA C 803MOMCHLIMU
2u6pu0Hbuwu eapuayusimu. HcmouHuku 0m6upaﬂu6b HA OCHOBe pesieedHMHOCMU, cmamyca peyeH3uposaHus u 8Kk/1ada 8 NoHUMaHue
gosmeujeHus 3a HH 6 30paeooxpaHeHuu. ﬂaHHble usesieKka/aucsb U CuHme3upoea/iucob 0415 8blsiBAEHUS 30KOHOM€pHOCmelj u Tlp06€./106 8
mekKywux npakmukax on/sambl.

Pesyabmamel. 0630p 8blsig/151em mpu 0CHOBHble Kamezopuu Modesell oniamsl 3a MeQUYUHCKUe ycayau Ha ocHose MH: onaama 3a
ycayey, hakemHble naamedxcu U onaama Ha ocHoge yenHocmu. Takowe obcyscdaromest 2ubpudHble Modeau, covemarujue 34emMeHmyl Imux
kamezopull. Katouesvle pe3yssmamel noduepKugarwm cuibHbule U cAabble CmopoHbl Kaxcdol Modeau 8 naaHe npodsuxiceHust UHHO8ayull U
docmudiceHUs1 KAUHUYECKUX pedynsmamos. Hecmompsi Ha 6bicmpblll npozpecc 8 mexHoaoz2usix MU, uccaedosaHue 8blsigsi1em HeXxeamky
cucmemamuyeckux ucca1e008aHull, CpasHUB8arOWUX IPPHexmusHocmb pasAUYHbIX CXeM B803MeWeHUSL.

Bbigodbl. 0630p noduepkusaem Heob6xodumocms danbHeliwux uccaedo8aHull 015 HA8U2AYUU 8 pa38UBAHOWEMCS MeXHO/02U4eCKOM
sAandwagme u mexncdyHapooHbIX HOPMAMUBHBIX pamkax. Uccaedyromest 3HayumesibHble Hanpas/aeHusl 8 paspabomke modesell 803MeweHUs
3a HH 6 30pasooxpaHeHuu, 8kaouas adanmayuio modesiell onamsl 3a nNpoepamMMHoe obecneveHue Kak ycayey (SaaS), sHedpeHue MexaHu3mos
npedsocxuujeHusi puHaHcuposarus u pasauvue mexcdy pecucmpayuell HH u e2o ekaloveHueM 8 npozpaMMmbl CMpAxo8020 803MeUeHUsl
Kak omdeabHol ycayau. Imu 8bi800bl 8AHCHbI 015 NOAUMUKOS, NOCMABWUKO8 MEOUYUHCKUX YCaye U pa3pabomyuko8 mexHoso2uli 01s
onmumu3ayuu cmpameauti oniamsl u yayvuieHus uHmezpayuu U1 e 30pasooxpaHeHuu.

Karwouesvlie caosa: ucxyccmeeHHbzﬁ UHmMes/1eKm, 3dpaeooxpaHeHue, Mmodeau onaambl, 8o3mMeuleHue, mexHosi02uu, KJauHu4eckue
pe3ysbmamal, HOpmamueHas desime/ibHOCM®b.
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Opueummb/-laﬂ cmamen

Poct Escherichia coli npu anapee y aeTeil Bo BpeMsi npope3bIBaHMs 3y60B

llatikysioB X.II1. !, pmaToB H.IK. 2

! Cmapwuii npenodasamens kagedpbl MUKpO6UO.102UU BUPYCON02UU U UMMYHOA02UU, CamMapKaHACKuUll 20cy0apcmeeHHbiil
MeduyuHckull yHugepcumem, Camapkauo, Y3bekucman. E-mail: hamzashayqulov@gmail.com
2 3agedyrowuii kagedpoii 2uzuexvl demeti, nodpocmkoe u 2uzuexsl numarus, Tawkenmckas MeduyuHcKkas akademus,
Tawkenm, Y3b6ekucman. E-mail: n.ermatov@tma.uz

Pe3wome

B nepuod npopesbsisarusi 3y608 y demeli Mozym Ha61100ambcsi makue CUMNMOMbL, KAk duapesi, pasauiHble KOXCHble 8bICbINAHUS,
CHUJICEHUe U/U nomepsi annemuma, cCAlHOMe4eHue, HapyuweHue CHa, pa3opaxcumeabHocms. Imo Modcem 3ampyodHams dugdepeHyuaIbHyrO
duazHOCMUKy U npugodums K HeNnpasuAbHOMY JedeHur demell 8 UHPHEKYUOHHBIX CMAYUOHAPAX € QUAZHO30M «IWEePUXUO3».

Leav uccaedosanusi: onpedesums KoauvecmaeHHbll U kauecmaeHHblli cocmas Escherichia coliy demeti pannezo so3pacma c duapeeli
8 nepuod npopesbl8aHusi 3y608.

Memodbl. C 2021 no 2024 200 npogedeHo 6akmepuo/iozuyeckoe ucciedosaHue aulepuxull, 8bldeseHHbIX u3 gekaautl y demetl 8
so3pacme om 6 do 30 mecsiyes.

Pesyabmamut. [Ipu uzyvenuu konuvecmsa Escherichia coli, gbldesenHbix u3 kaaa demetl, y komopblx 8 nepuod do npope3vi8aHust 3608
Ha6.100a1uch npusHaku duapeu, ycmaHosaeHo, ymo y 6 demeil ux koauvecmeo eapvuposao om 107 do 10% y 5 demeii - om 1,1x10° do
3,0x10% y 7 demeii-om 3,1x10% y 4 demeii-om 5,1x10°00 10° y 5 demeii - om 1,5x10° do 2,0x10°. Temoaumuveckue E. coli 6bL1u ebidenenbl
6 YKa3aHHbIX Koauvecmesax. Y 9 demeil nezemoaumuueckue Escherichia coli makice 6bi1u gbideaennt 6 koauvecmee om 107 do 108 y 6 demel -
om 1,1x10% do 2,0x10% a y 4 demelii - om 2,1x10° 0o 4,0x10°

Y demeli ¢ sagHbIMU cumnmomamu duapeu cpedHee Koau4ecmeo evldeneHHbix 2emoaumuteckux Escherichia coli cocmaguso 5,6x10°
KOE/2, umo cocmasusio 67,8% om ecex ucc/1edo8aHHbIX KOOHUL, Mo20d Kak Koauvecmeo Hezemoaumuveckux Escherichia coli cocmasuso
2,6x107 KOE/2, umo cocmasuso 32,2% om 8cex uccnedo8aHHblx KoaoHUll. Y 33,4% demeli cemonumuyueckue Escherichia coli He 6blau
sbldesieHbl. Y 66,6% nayueHmos cpedHee Koauvecmeo 8vldeneHHbIX eemoaumuveckux Escherichia coli cocmasusao 8,2x10° KOE/2 Ha 1 2
dekanulii, umo cocmasuso 29,0+0,04% om ecex uccs1edo8aHHbIX KONOHUL.

Bbigodsl. Y demell, umeswiux npusHaku duapeu 8 hepuod npopesbleaHusi 3y60s, kosauvecmeo Escherichia coli, ocobeHHO
eemonumuyeckux Escherichia coli, 3HauumenbHo ygenu4usanocs, 8 HEKOMoOpPwbIX CAy4HasiX do d8yX pas no CpasHeHUro ¢ demuvMu, y KOMOPbIX yxHce
npope3aaucs 3y6sl (8 0CHOBHOM 3a Ciem 2eMOAUMUYECKUX 8APUAHMOB).

Karwouesvie cnosa: npopesvisarue 3y608, duapesi, Escherichia coli, swepuxuos.
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BBegeHue

[IpopesbiBaHue 3y60B - 3TO eCTeCTBEHHbIH
du3nosOoruyecKuil mpouecc, KOTOPbl NPOXOAUT KaXKblH
pe6eHOoK. OGBIYHO OH AJIMTCS OKOJIO [IBYyX JIeT U HAaUUHaeTCs
B Bo3pacte oT 6 Ao 30 MecsaueB. OfHako, TOT akKT,
YTO pas/iMyHble 3ab0JieBaHUsS MOTYT CONPOBOXAATHCS
CX0XKMMH CUMIITOMaMH, 4acTO BbI3bIBAaeT GECMOKOWCTBO Y
pojuTesiell U MEAULIMHCKUX PAaGOTHUKOB.

YacTto mpope3biBaHHe 3YG0B CONPOBOXKAAETCS
TaKMM{ CHMITOMaMH, KakK: MOBBbILIEHHas TeMIepaTypa,
Juapesi, pa3JIMIHble KOXKHble BbIChINAHUs, CHHXKEHHE HJIH
HOTepsl aNneTUTa, OGUIbHOE CAIOHOTeYeHHe, HapyLIeHHUs
CHA U pa3/ipaXKUTeNbHOCTD [1,2].

VcTopuyecKH CJIOXWJIOCH MHEHHE, YTO [eTH,
JIETKO TepeHecClIVe Iepuoj Ipope3blBaHHs 3yGOB,
o6siafany 60Jiee KPenKUM 3Z0pOBbeM. B mpouuibie Beka
JleTCKasi CMepPTHOCTb G6blJa O4YeHb BBICOKA, OCOGEHHO
B BO3pacTe OT 6 MecsLEeB A0 4 JieT, YTO COBMNAZauo C
NEepUOoJIOM Mpope3bIBaHUs NepBbIX 3y60B [3-5]. [loaTomy
HeyJUBUTEJbHO, 4YTO Ipope3blBaHHE 3yG0OB  4acTo
CBSI3bIBAJIM C PA3/IMYHBIMU 3a60JIeBAHUSIMY, B TOM YHCIIE U
CO CMepTeJIbHBIMH UCXoZaMu [6-9].

HecmoTpss Ha  pacnpocTpaHeHHOe  MHEHHe,
Hay4HbIe JIaHHbIE O CBSI3U MEXJY NpOope3bIBaHHEM 3y00B
U Cepbe3HbIMH CUCTEMHBIMH U3MEHEHHUSIMH B OpraHU3Me
pebeHKa orpaHuyeHbl. [IpUNUCHIBaTH BCE HEAOMOTAHUS
peGeHKa MCKJIOYUTEJbHO 3TOMy IpoOlleccy He BCerja
KOppekTHO. CTpeMsiCb  YCIHOKOUTb  06ECNOKOEHHbIX
poauTesedl, MeAMLHUHCKUE  CIEeLHaHCThI nopou
Ha3HavyalT npenapaTbl, 3GHEKTUBHOCTb KOTOPBIX MpHU
npope3bIBaHUM 3y60B He JjoKa3aHa [6,7].

MaTepHaJ’lbI U MEeTOoAbI

HccnefoBaHve NpoBOAWJIOCH B IMEpPHOJ C MapTa
2021 roga mo ceHTs6pp 2024 roza. B uccinenoBaHue
ObLIM BKJIIOYeHbl 79 map «MaTb-pe6eHOK» B BO3pacTe
oT 20 go 40 set u ot 0 go 30 MecsilleB COOTBETCTBEHHO.
KpuTepusMu BKJIWOYEHUS CAYKUIUA: HaMU4YUe y peGeHKa

MpPOpe3bIBAILIUXCS WIH MpOpe3aBUIHUXCS 3y60B,
OTCyTCTBHE MCTOPUU COMATHYECKUX U XPOHUYECKHUX
3a00J1eBaHUH.

MaTtepuasiom HcCIe0BaHUsA CITYKUJT

6aKTepUOJIOTUYEeCKUN aHa/lu3 Kaja. Y JeTed c auapeei
Ha ¢oHe mpopesbiBaHUsl 3y60B oT6Upaiu mo 1 rpamMmy
Kasla AJ1s 1moceBa Ha cpefy JHpo. O6pasipl mojBepraaiu
JleCITUKPAaTHOMY II0CJIe/JOBaTEJIbHOMY pPa3BeJeHHUI0 OT
1072 10 10™*2. IlofcyeT KOJOHMH NPOBOAUIU CTAHAAPTHBIM
METOJ[OM.

Pe3ysibTaThl

Pe3ynbTaThbl HCCIe0BAHUS KOJTUYECTBA KUIIEUHOU
MaJIOYKH, BbIJleJIeHHOH W3 QeKaquil JeTed C Juapeew,
npezcTaBieHbl B Tabsune 1. Belio BbIABIEHO, YTO y 6
JeTerd KoJsiMyecTBO remosiutudeckux Escherichia coli
cocrassisano ot 107 10 108 KOE/r, y 5 geteii - ot 1,1x108 1o
3,0x108 KOE/r, y 7 meteii - 3,1x10% KOE/1, y 4 neTeit - oT

Hanpumep, WIMPOKO MpUMEHSIEMble Teau AJis
npopesbiBaHUs 3y60B, cojepaujue GeH30KauH, MOTyT
BbI3bIBATh Cepbe3Hble M0604YHble 3pdeKThl y JeTei
MJIa/ille /IBYX JIET, BIJIOTh JJ0 MeTreMorsio6uHeMuu. Kpome
TOr0, OHU CIIOCOOHBI HAapyIaTh BaXKHbIe pedJIEKCh], TaKHe
KaK IVIOTAaHHE W PBOTA, YTO CO3JaeT pUcK acoukcuu [10-
12].

Yacto y jereldl paHHero Bo3pacTa Ha ¢oHe
Hpope3bIBaHHUS 3y060B HabJII0AAI0TCS TsDKeJIble
NpOosIBJIEHUs, TaKHe KaK Juapesi, BbICOKas TeMIepaTypa U
06€e3BOXKHBAHUE, YTO TPeGYET rOCHUTAIU3ALHH.

[Ipope3biBaHKEe 3y60B MOXKET OKa3blBaTh BJIUSHUE
Ha pa3/iMyHble CHCTEMbl OpraHW3Ma, B TOM YHC/Ie Ha
JKeJTY0YHO-KUIIeYHbIA TPAKT. B 3TOT nepro/| noBbIIaeTcs
BEpPOSITHOCTb  Pa3BUTHSI KOJIMAHTEPUTOB, BbI3BAHHBIX
YCJIOBHO-MATOT€HHBIMH MHUKPOOPraHU3MaMH, TAKUMHU KaK
Escherichia coli.

HUccnenoBanus MoKasaJy, 4YTO cTpecc,
CONPOBOX/JAIOIINKN Npope3bIBaHWe 3y60B, CTUMYJIUPYET
BbIPAaOOTKYy  HOpaZ[peHaJIMHa -  HeWpoMeaHaTopa,

CIOCOGHOTO H3MEHATh COCTAaB KUIIEYHOHM MHKPOGHOTHI.
In vitro 3sKcepuMeHTbl MpPOAEMOHCTPUPOBAJIM, UTO
HOpaJipeHa/IMH CTUMYJIMPYeT POCT KaK NAaTOTeHHBIX, TaK U
HeNaToreHHbIX IITAMMOB KUIIEYHOHW Maso4ukH [9].

Lenb HCC/IeJOBAHUS: onpe/ieJIeHUTh
KOJIMYECTBEHHBIH M KadyeCTBEHHbIH COCTaB
KHUIIEYHOU MaJIOUKHU y eTel paHHero Bo3pacTa C Juapeen
B IIepHO/J, TPOpe3bIBaHuUs 3yOO0B.

Jnsi c6opa aHaMHeCTHYeCKMX JIaHHBIX 6blia
pa3paboTaHa aHKeTa, BKJIOYallas BONPOChl O BO3pacTe
pebeHKa U TOpsSAKE pOXJAEHMs, BO3pacTe MaTepH,
o6pas3oBaHUH, npodeccuu, KOJUYeCTBE JeTed B CEMBE,
CUMIITOMaX, CONPOBOXK/JAIIIUX IpOpe3blBaHUE 3yGOB.
OT KaX/0M MaTepu ObLIO MOJy4YeHO MHGOPMUPOBAHHOE
JI06pOBOJIbHOE COIVIACHE HA YYaCTHE B UCC/IELOBAHUH.

[IpoTokoa JIAHHOTO HCC/eJOBAaHUSA u
MHPOPMHUPOBAHHOE COTJIacMe J[Jsl Yy4acTBYIOLUIMX ObLIU
paccMOTpeHbl U 0J06peHbl Ha 3acelaHUd KOMUCCUU IO
6103THKe TalllKeHTCKOW MeAUIIMHCKOW akazemuu B 2024
rozy, npotokoJ Ne7.

5,1x108 1o 10° KOE/r, uy 5 meteii - ot 1,5 x10° 10 2,0 x10°
KOE/r. Y 9 neteit 6bu10 BoifieneHo ot 107 go 108 KOE/T, y
6 neteit - ot 1,1x10% o 2,0x108 KOE/T, u y 4 fneTeit - oT
2,1x108 10 4,0x10® KOE/r HereMoJMTUYEeCKUX KUIIEYHBIX
najsoyex.

Tabauya 1 - Koauvyecmeo kuwie4Holl na/s104Kku, evbldeseHHol u3 gekaauli demeti ¢ duapeeli

KoJIM4ecTBo remoJsiutuyeckue E. coli HereMosiuTHyeckue E. coli
3aperucTpUPOBAHHBIX CJIyYaeB a6c (KOE/r) % a6c (KOE/r) %
16-20 cnyyaeB 5,6x10° 67,8+0,005 2,6x107 32,240,005
11-15 cnyyaeB 8,2x10° 29,0+0,04 6,7x107 71,0+0,04
6-10 cnyyaeB 7x10* 1,8+0,05 3,8x10° 98,2+0,05
1-5 ciyyaes - - 4,6x108 100+0,005
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[Ipy mpoBefeHUM HCCAENOBAaHUS Y JeTed ¢
BbIpQXKEHHbIMU CUMIITOMAaMH JUaped ObLIO BBISBJIEHO,
YTO CpeJiHSsl KOHIIEHTpAIUs TeMOJUTHUYECKUX IITaMMOB
Escherichia coli B kase cocraBuia 5,6x10% KOE Ha rpamMm u
cocTaBJisisia 67,8% OT 06111er0 KOJIMYeCTBa UCCIe,0BaHHBIX
KOJIOHUH. TuUnUYHbIE  KUIeYHble TaJOYKU  ObLIU
0o6GHapyXeHbl B MeHblleM Kosuuyectse - 2,6x107 KOE/r
(32,2%). Y 33,4% peteli remosuTuyeckue Escherichia
coli He 6bLIM BbIJIeSIEHBL. Y OCTaJbHBIX MAIlMEHTOB MX
cpe/iHASA KOHLeHTpaLus JOCTUraia 8,2x10° KOE/rnalr
Kasia ¥ coctaBisiia 29,0 = 0,04% ot o61iero KojadyecTna
HCCAe/JOBAaHHbIX  KOJIOHUH. [lpy 3TOM  KOJIMYeCcTBO
TUTHYHBIX KUIIEIHbIX TAJ09€K YBEIUIUBAIOCh /10 6,7x107
KOE/r na 1 rp kana (71,0%).

[Ipn aHanuse kasa y 3/0pOBBIX JeTed O6GLIYHO
o6HapykuBaeTcsl HeGosblioe kosaudecTBo Escherichia
coli. B HopMe 3TO cocTaB/sieT A0 7,0x10* KOE TUNUYHBIX
Escherichia coli Ha rpamM kauna.

Y perell Haumled rpynnbl KOJAYECTBO TUINHMYHOH
Escherichia coli 6b10 3HauUTE/NbHO BbILlEe HOPMBI U

jocrurio 3,8x10° KOE/r, uto coctaBusio 98,2% oT Bcex
BbISIBJIEHHBIX OakTepuit (Tabauna 2).

Ananu3 MUKpodOpbl KHUIIEYHUKA IOKa3aJ, 4YTo
y ZeTel, cTpajarwliux Auapeeil Ha ¢$oHe Mpope3bIBaHUS
3y60B, HAOJIOJAJOCh  MHOTOKpPAaTHOE  yBeJUYeHUe
KOJIMYeCTBa reMoJiuTU4YecKkux mramMMoB Escherichia coli
[0 CpPaBHEHUI0 C JeTbMHU 6e3 MOJO0OHBIX CHUMITOMOB.
B uactHocTH, o006iiee KoJsnmyecTBo Escherichia coli,
MpeUMyLIeCTBEHHO aTOTE€HHbIX reMOJIMTUYECKUX
BapUaHTOB, y JeTeld C Juapeed ObLIO HECKOJIbBKO pasa
BBIIIIE.

Bce ompoumeHHble Matepu (100%) oTMeTHIH
Ha/IMuhe KaK MUHUMYM OZJHOIO CHUMIITOMA, CBSI3aHHOTO C
npopesbiBaHHeM 3y60B. HaunbGosiee 4yacTo pecrnoH/IEHTbI
yKasblBaIM Ha Juxopaaky (70%), nuapero (68,5%) u
HapyueHus cHa (63,5%). KoxHas ceinb Oblia OTMeYeHa
KaK HauMeHee 4acTbli cumntoM (6%) (Tabauna 2).

Tabauya 2 - Yacmoma Hab.a00eHUss MamepsaMu CUMNMOMO8, C8513AHHbIX C NPOpe3bleaHueM 3y608

CHMIITOMBI KosanyecTBo ciydaeB %
[ToBeIIIeHKe TeMIepaTyphl Te1a 55 69,6
[ToHOC, KUAKUH CTYJ 54 68,4
[ToTeps annerura 44 55,7
Hapyuienue cHa 50 63,3
YBesinueHMe Bbl/IeJIEHUS CIHOHbBI 41 51,9
KorxHasi ceinb 5 6,3
PUHUTBI 8 10,1

06cyxaeHune

TakuM o06pa3oM, HauM pe3yJabTaThl IOKas3aJy,
YTO NPU MPOpPe3bIBAHUU NEPBBbIX 3y06OB y JeTel 4acTo
HabJII0laeTcsl MOBbILIEHHOE GeClOKOWCTBO, MOBBINIEHHE
TeMIepaTypbl U CHIDKeHHe ammetuta (B 55,7-69,6%
caydaeB). Takke comacHO [JAaHHBIM ompoca, 68,5%
MaTepell OTMETW/IM HaJluuue Juaped y JileTed BO BpeMs
npope3bIiBaHUs 3y0O0B.

HeGoub110€e MOBBILIEHHE TEMIIEPATYPBI TEJIA MOXKET
CONPOBOX/ATh NpOpe3bIBaHUE 3y6OB, OJHAKO BbICOKas
TeMIlepaTypa, Kak NPaBUJIo, CBUJETEIbCTBYET O HAJIUYUU
nHekuuu [14,15].

[Ipope3biBaHHe MOJIOYHBIX 3y6OB CBfI3aHO C
MECTHBIMU U CHUCTEMHBIMU IpPOSIBJEHUSMHU. ITo
pe3yjabTaTaM /JByX MeTa-aHaausoB [15,16], rae O6buL1u
NpOaHa/M3UPOBaHbl pPe3y/bTaThl ONpPOCAa POAUTESEH O
CUMIITOMAX, KOTOpble BCTPEYAIOTCS y JeTed B BO3pacTe

BbIBOAbI

HccienoBaHre MoKasaso, YTO Y JieTed B MEpPUOJ
npopesbiBaHUs 3y60B, CONMPOBOXK/JAMIUNACA JAUapeeH,
Ha6J/I0ZlaeTcsl 3HAYUTENbHOE YBeJHWYeHHe KOJIMYecTBa
KHIIEYHOM  MaJoYKH, OCOGEHHO  TeMOJIMTUYECKOU
Escherichia coli, B kasie (mo4yTu BZBO€) MO CPaBHEHHIO C
JIeTbMH, ¥ KOTOPBIX 3TOT MPOLIECC Y>Ke 3aBeplieH.

CoyeTaHWe TaKUX CHMIITOMOB, KaK IOBBIIIEHHAs
TeMIepaTypa U Auapesi, Ha ¢oHe Npope3bIBaHUs 3yOOB
MOXET 3aTPyAHHUTb JUArHOCTUKY JApPYruxX 3aboJieBaHHUH.

[loaToMy Ba)KHO, 4YTOGBI MEAMUIIMHCKHE PAOOTHUKU
U pOAUTENH TPABUJIbHO UHTEPNPETUPOBAINA  3TOT
¢dusmosornyeckuii mporecc.

Heo6xoaumo pacluMpuTh u YIPOCTUTh

or 0 fo 36 MecsleB ObUIM KeJaHHe KycaTb, OpaJibHas
perujparanus, NOBbIIeHHe TeMIlepaTypbl TeJsa. [uapes
BCcTpeyasach pexe. [loHMMaHHe pacnpocTpaHEHHOCTH

M XapaKTepPUCTHUKU MPOSBJEHUM HeoOXOAUMO  JJIf
dbopMynupoBaHUS CTaHAAPTHBIX pPEKOMEHJAUMH Mo
JIeYeHHUI0

OzpaHuvenusi uccaedogaHus. CiefyeT y4UTHIBATD,
YTO OTpaHUYEHHBIH pa3Mep BbIOOPKU U reorpadpuyeckuit
OXBaT HCCJE0OBAaHUs MOTYT BJMSATb Ha 00061aeMOCThb
MOJIyYeHHBIX pe3yJIbTaToB. Jns MOBBILIEHUS
Ha/IeXKHOCTH JIaHHBIX U pa3paboTku 6osiee 3¢ PeKTUBHBIX
06pa3oBaTe/bHbIX IPOrPaMM PEKOMEH/IYETCS IPOBe/leHH e
JIOTIOJIHUTE/IbHBIX ~ MCCIEeJOBAaHUH B 0oJiee KPYIHBIX
HaceJIeHHbIX INYHKTaX, OXBATbIBAIOI[UX KaK TOPOJCKHE,
TaK M CeJbCKUe paloHbl C pas3IMYHbIM COLUAIbHO-
9KOHOMHYECKHUM CTATyCOM.

MHQOPMALMOHHYIO NOAAEPXKKY MeJULIUHCKUX PAOOTHHUKOB
MepPBUYHOT0 3BeHa W POJUTEJIEd M0 BOMPOCAM 3/0POBbs
JleTell B IepUO/| Ipope3bIBaHHUs 3y60B.

KoHQ/IMKT WHTepecoB. ABTOpbl  3asBJSAIOT
06 OTCYTCTBUM KOHQJMKTA HHTEPECOB, TpeOyolero
PaCKpBITHUA B JAHHOW CTaThe.

duHaHCHpOBaHUe. JlanHoe HccieJ0BaHue

SIBJISIETCS. UHULMATUBHOU paboOTOM aBTOPOB U He UMeEeT
HCTOYHUKOB QUHAHCUPOBAHMSL.

Bxiiaxg, aBTopoB. KoHuentyanusanua - HLX.II,
HanucaHue 4epHoBod Bepcuu - ULX.II., HanucaHue U
penakTupoBaHue - 3.H.)K,, c6op v ananus faHHbIx - HLX.IIL,
J.H.XK.
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Tyitingeme

Tic weirapy kesinde 6asnanapoa iw emy, apmypai mepi 6epmnesepi, mabeminiy memenoeyi Hemece 601Maybl, cinekell ary, YUKbIHbIH
6Y3blaybl, auwywaHoblk CUsiKmbl 6esazisep 60aybl MyMKiH. Bysa dugdepenyuandvl duazHOCMuUKaHbl KUbIHOAMbIN, HCYKNA/bL aypyaap
aypyxaxaaapuiHoa 6aaa1apdbl «Iuepuxuosd» ouazHo3bIMeH dypbic emoemeyae akeayi MyMKIH.

3epmmeydiy makcamvl: Tic wwirapy kesiHde iwi emkeH xcac 6ananapda iwek masiKWacslHblH CaHObIK JHCaHE cana/blk KypamblH
aHbIKMay.

9ddicmepi. 2021-2024 xcvindap apaasiFeiioa 6 atidaw 30 atira deilinei 6araaapda HaxcicmeH 60.1iH2eH 3ulepuxust 6aKmMepuoa02UsIAbIK
3epmmendi.

Hamuoicenepi. Tic wbirapyra dellinei keseHde duapesi 6eszinepi 6alikaarax 6a,1a41apoblH HAXCICIHEH 66/1TH2eH [WeK MasiKWaaapbIHbIH
canwiH 3epmmezende 6 6anada onapdviy canwt 107-den 108 deiiin, 5 6aaada 1,1x10%-man 3,0x10° deliin e32epemini anvikmandvt. 108 7 6arada
- 3,1x10% 4 6anada - 5,1x10%-den 10°-ze deiiin, aa 5 6aaada - 1,5x10°-0en 2,0x10°-2e deiiin. Kepceminzen monwepde 2eMOAUMUKANbIK iWeK
maskwanapwl 6eainin anvindsl. Condaii-axk 9 6asada zemoausdix emec iwek maskwacws 107-den 108 deiiin, 6 6aaada - 1,1x10%-den 2,0x10%-ke
deiiin, 4 6aaada - 2,1x10%-den 4,0x10° ke dellin Meawepde oKwWayAaHFaH.

Jluapesmbiy aiikbin 6eazinepi 6ap 6aaaaapda OKWAYAAHFAH 2eMOAUMUKAAbIK iWeK MAsKWaaapblHbly opmawa cansl 5,6x10°
KKB/2 Kypadel, 6ya 6apavik 3epmmenzeH KoA0HUAAAPIbIH 67,8% Kypadvi, an 2emoausdik emec iwek masKwacsioiy canvl 2,6x107 KKB/
2, bya1 6ap/blK 3epmmesizeH KonoHusaAaposly 32,2% kypadel. baaaaapoely 33,4%-0a 2emoaumukanslk iulek maskwacs! OKWay1aHo6araH.
layuenmmepdiy 66,6%-0a okwayaanran zemoaumukansik Escherichia coli opmawa camvt 1 2 nasxcicke 8,2x10° KKB/2 kypadel, 6y 6apavik
3epmmeizeH koaoHUSLAApIbIH 29,020,04% Kypadul.

KopbimbuiHdel. Tic woeiry Kesinde duapesi 6eszinepi 6ap 6asaasnapda Escherichia coli-diy, acipece 2eMONIUMUKAABIK [WeK
MasikWanapsiHbly CaHbl micmepi WbiFbin KemkeH 6a/1a4apMeH CaabiCmblpFaHda (Hezi3iHeH 2eMOAUMUKAAbIK HYcKaaapra 6aliiaHbicmbl)
Kelibip xcardalinapda eki eceze deliiH ecmi.

Tytiin ce3dep: mic wetry, duapes, Escherichia coli, suiepuxuos.

Growth of Escherichia coli in diarrhea in children during teething
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Abstract

During teething, children may experience symptoms such as diarrhea, various skin rashes, decreased or loss of appetite, salivation,
sleep disturbances, and irritability. This can complicate differential diagnosis and lead to improper treatment of children in infectious disease
hospitals under the diagnosis of "Escherichiosis".

Objective: To determine the quantitative and qualitative composition of Escherichia coli in young children with diarrhea during teething.
Methods. From 2021 to 2024, Escherichia coli isolated from feces in children aged 6 to 30 months were bacteriologically examined.

Results. When studying the number of Escherichia coli isolated from the stool of children who showed signs of diarrhea during the
period before teething, it was found that in 6 children their number varied from 107 to 105 in 5 children - from 1.1x10° to 3.0x10% in 7 children -
3.1x10% in 4 children - from 5.1x10%to 10°, and in 5 children - from 1.5x10° to 2.0x10°. Hemolytic Escherichia coli were isolated in the indicated
quantities. In 9 children, non-hemolytic E. coli were also isolated in amounts from 107 to 10% in 6 children - from 1.1x10% to 2.0x10% and in 4
children - from 2.1x10% to 4.0x10°

In children with obvious symptoms of diarrhea, the average number of isolated hemolytic E. coli was 5.6x10° CFU/g, which was 67.8%
of all colonies examined, while the number of non-hemolytic Escherichia coli was 2.6x107 CFU/g, which was 32.2% of all colonies examined. In
33.4% of children, hemolytic Escherichia coli were not isolated. In 66.6% of patients, the average number of isolated hemolytic Escherichia coli
was 8.2x10° CFU/g per 1 g of feces, which was 29.0+0.04% of all studied colonies.

Conclusion. In children who had signs of diarrhea during the teething period, the number of Escherichia coli, especially hemolytic E.coli,
increased significantly, in some cases up to two times compared to children whose teeth had already erupted (mainly due to hemolytic variants).

Keywords: teething, diarrhea, Escherichia coli, escherichiosis, childhood diseases.
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Abstract

The problem of healthcare-associated infections (HAls) prevention in Kazakhstan is still not sufficiently understood. There are no
opportunities for documenting, analyzing and drawing lessons from the accumulated negative and positive experience, there is no methodology
for identifying HAls and evaluating the effectiveness of infection control measures, there are no unified schemes for collecting reliable information
about the real scale of HAIs, lack of a unified national comprehensive strategy or program for the prevention and control of HAIs.

The aim of this study was to analyze the main documents underlying the development of public policy in the field of prevention and
control of HAls in two countries. Kazakhstan and the United Kingdom (UK) were selected as both have healthcare systems informed by the social
insurance model, involving government funding of healthcare services, financed by general taxation.

The UK experience analysis highlights several potentially useful lessons for health systems that have not yet reached the Monitoring and
Evaluation phase. Among them are the need to treat HAls as a public health issue, the consistent dissemination of evidence-based guidelines, the
incorporation of scientific updates into clinical practice, the development of guidance for various types of healthcare settings, and the monitoring
of epidemiologically relevant pathogens. Finally, citizen participation in HAIs policy development is highly desirable.

Key words: public policy, healthcare-associated infections, HAIs, infection control.
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Introduction

Health care-associated infections (HAIs) are
widespread worldwide. So according to World Health
Organizations (WHO) 8.9 million HAIs occur every year
in acute and long-term care facilities,6 most common HAI
= 2X the total burden of disability-adjusted life years of
all other 32 communicable diseases combined. Health
care-associated infections and antimicrobial resistance -
75% of HAls [1-2]. HAIs are contaminations individuals
get while they are getting medical services for another
condition. HAIs can occur in any medical services office,
including emergency clinics, mobile careful focuses, end-
stage renal sickness offices, and long haul care offices.
HAIs are infections that first appear 48 hours or more after
hospitalization or within 30 days after having received
health care [3-5]. These HAIs incorporate focal line-related
circulation system contaminations, catheter-related urinary
parcel diseases, and ventilator-related pneumonia. Diseases
may likewise happen at medical procedure destinations,
known as careful site contaminations. Centers for Disease
Control and Prevention (CDC) attempts to screen and
forestall these diseases since they are a significant danger to
patient wellbeing [6-7].

Unfortunately, the problem of HAIs prevention in
Kazakhstan is still not sufficiently understood. There are
no opportunities for documenting, analyzing and drawing

Material and methods of research
Research Design

The study utilizes a systematic review approach to
analyze the development and implementation of Healthcare-
Associated Infection Programs (HAIPs) in Kazakhstan and
the United Kingdom (UK). Systematic reviews are a rigorous
method used to synthesize and analyze available literature,
ensuring comprehensive coverage of existing knowledge
while minimizing bias. The review aimed to identify the key
phases of HAIP development in both countries, including
a historical overview of public policy and regulatory
frameworks.

lessons from the accumulated negative and positive
experience, there is no methodology for identifying HAIs
and evaluating the effectiveness of infection control
measures, there are no unified schemes for collecting
reliable information about the real scale of HAIs, lack of a
unified national comprehensive strategy or program for the
prevention and control of HAIs.

According to the WHO, nations should have HAIs
Programs (HAIP) at national and local (healthcare settings)
levels [8-9]. A national program is intended to regulate,
provide guidance, promote, and supervise compliance with
regulations.

Studying the processes by which HAIP have been
developed in different countries over time will help us to
understand the trajectory of change and to identify areas for
improvement.

The aim of this study was to analyze the main
documents underlying the development of public policy
in the field of prevention and control of HAls in two
countries. Kazakhstan and the United Kingdom (UK) were
selected as both have healthcare systems informed by the
social insurance model, involving government funding of
healthcare services, financed by general taxation.

Data Sources

A broad search was conducted across several
academic databases, government health portals, and public
health organizations’ websites to ensure the capture of
relevant literature. The databases and sources reviewed
included: PubMed, Medline, Cochrane Library, Google
Scholar, WHO Publications and Reports, Centers for Disease
Control and Prevention (CDC) Archives, Kazakh National
Health Databases, UK Government Health Services (NHS)
Documentation.

After deleting
duplicate posts
(N=37)
m Meeting the
I I inclusion criteria
(N=31) Studies included in the

I l literature review( N=27)

Figure 1 - Strategy search literature

Search Strategy

The search included articles and documents
published between 1990 and 2023, in English, Russian, and
Kazakh languages. The following key terms were used for the
search: “Healthcare-associated infections”, “HAI prevention
programs”, “Infection control policy”, “Kazakhstan health
system”, “UK infection control measures”, “Antimicrobial
resistance”, “HAIP implementation strategies”, “National
healthcare safety guidelines”.

Inclusion Criteria

Articles and reports specifically addressing the
development and implementation of HAIP in Kazakhstan
and the UK. Documents detailing national policies, infection
prevention techniques, and standardization of procedures at
healthcare facilities. Studies that describe the effectiveness
of HAIP strategies, including monitoring, evaluation, and
patient safety outcomes. Historical policy documents that

outline the formation and regulatory evolution of HAIP in
both countries.

Exclusion Criteria

Articles focused solely on HAIs in other countries
without reference to Kazakhstan or the UK. Studies not
addressing national-level HAIP policies or their practical
implementation in healthcare systems. Duplicate studies or
reports that did not provide original findings or insights.

Data Extraction

Once the literature was reviewed and identified,
key data points were extracted, including: The timeline of
policy development in Kazakhstan and the UK. The nature of
national and local HAIP initiatives, including governmental
or regulatory bodies involved. The main infection prevention
and control measures adopted at different phases.
Evaluation metrics used to measure the success of HAIP
strategies (e.g., reduction of HAI incidence, antimicrobial
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resistance). Challenges in the adoption and standardization
of HAIP in healthcare settings.

Data Analysis

The extracted data was then organized according to
four key phases of HAIP development identified through the
literature:

Formation: Initial development of infection
prevention techniques and practices in healthcare settings.

Standardization: Consolidation of HAIP strategies
and establishment of national regulations and guidelines.

Results
United Kingdom

The primary distinction between infection control
measures in the UK and those in other countries is that
infection control in the United Kingdom is based on the
discipline of medical microbiology. Medical microbiologists
who have received training in the laboratory identification
of infectious agents as well as the diagnosis and treatment of
infectious diseases [10-11] primarily pioneer it.

Formation. By the end of WWII, the National Health
Service had been established as an integrated, state-funded
healthcare service. The establishment of the NHS marked
the beginning of the UK government taking responsibility
for HAI prevention and control.

Consolidation. The spread of Staphylococcal
infections across the UK prompted organizations to
take preventative measures.One such measure was the
appointment of an Infection Control Nurse as a full-time
position to control patient cross infections. It went into
effect in April 1959, with the appointment of the first ICN.
This indicates that Britain was at the forefront of infection
control development. In 1970, the Infection Control
Association was founded.

Standardization. The formation of the Infection
Prevention Society was the first step toward a more holistic
approach to HAI prevention. By including any healthcare
professionals involved in infection control and prevention,
the society aimed to target infection control at all levels of
healthcare.

Monitoring and Evaluation. After the 1970s, the
formation of organizations such as the Infection Prevention
Society, the Hospital Infection Society, and the Central
Sterilizing Club became common. Together with the
interested governmental agencies, they contributed to
the introduction of recommendations for screening and
isolation programs. From then on, much of the emphasis
was on identifying and containing an increasing number of
antibiotic-resistant bacteria.

Because multiple-resistant gram-negative bacteria
only caused local outbreaks, they were not prioritized as
much as bacteria such as S. aureus and Clostridium difficile
when developing specific control policies. Currently, the
national HAI surveillance program includes Escherichia
coli, Staphylococcus aureus, Clostridium difficile, patients
with urinary catheters, and surgical site infections, with
annual reports generated.Healthcare professionals in all
healthcare settings are given operational guidance for HAI
prevention and management. According to surveys, all HAI
control measures have resulted in a decrease in the number
of nosocomial infections reported [10-19].

Kazakhstan

Formation. Stages of the infection control system
implementation in the Republic of Kazakhstan includes

Monitoring and Evaluation: The implementation
of national-level HAIP measures with a focus on quality
improvement, patient safety, and cost savings.

Sustainability and  Improvement:  Continuous
adaptation and scaling of HAIP, with an emphasis on
addressing emerging issues like antimicrobial resistance.

The two countries’ trajectories in developing HAIP
were then compared based on these phases, and similarities
and differences were identified.

Implementation of the Infection Control System in pilot
projects in a number of healthcare organizations with
AIHA support (1995). Creation of the regulatory and
methodological framework (1998-1999). Implementation
of the Infection Control System in healthcare organizations
nationwide (since 2000) [20].

Standardization. Regulatory documents: On approval
of the Rules of Infection Control in Medical organizations,
On approval of Sanitary Rules "Sanitary and epidemiological
requirements for the implementation of production
control" On approval of the Sanitary Rules "Sanitary and
epidemiological requirements for the organization and
conduct of disinfection, disinfection and deratization"” On
approval of Sanitary Rules "Sanitary and epidemiological
requirements for health facilities” On approval of the Sanitary
Rules "Sanitary and epidemiological requirements for the
organization and conduct of sanitary and anti-epidemic,
sanitary and preventive measures for acute respiratory viral
infections, influenza and their complications (pneumonia),
meningococcal infection, COVID-19 coronavirus infection,
chickenpox and scarlet fever".

Monitoring and Evaluation. Organization of
infection prevention and control system in the Republic
of Kazakhstan. Kazakhstan has an effective system of
HAI surveillance, which at the same time requires at the
national level and at the level of healthcare organizations.
On 2018, an IPC coordinator has been appointed with WHO
support self-assessment of implementation of the main IPC
components in 6 emergency medical care facilities were
conducted in 2019.

This year the research determination of one stage
prevalence of healthcare associated infections and use of
antimicrobials in four healthcare organizations providing
24-hour inpatient care in the republic of Kazakhstan for
2021-2022 was conducted in pilot mode jointly with the
WHO.

The IPC methodological guidelines were developed
taking into account the WHO’s and CDC's. Infection
Prevention and Control System Improvement Plan for 2022-
2027 was developed.
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Figure 2 - Evolution of HAIs prevention and control in the United Kingdom and Kazakhstan

Discussion

The main difference between the two countries is
that in Kazakhstan, along with the guaranteed volume of free
medical care at the expense of budgetary funds, compulsory
social health insurance is practiced. Whereas, the United
Kingdom has a free, publicly funded healthcare system
known as the National Health Service (NHS). Apart from
the fact that it is funded through taxation rather than health
insurance, the NHS is unique among healthcare systems
[21]. When comparing the policies of the two countries
in the development of HAI public policy, the baseline of
each phase in Kazakhstan occurred much later than in the
UK. Other factors, however, may have influenced the focus
on HAIL Since the beginning, there have been significant
differences in the two countries' profitable, undefined, and
political geography.Other multinational trends may have
influenced HAI public policy developments, according to
the findings. In both countries, there has been an increase in
public and political awareness of the issue [22].

We discovered similarities in the phases of HAI
public policy in both countries; however, when compared
to the UK, Kazakhstan began each phase around 40 years
later. Notable, our analysis covered the data on HAIs control
in sovereign Kazakhstan.

The NHS began in the UK in 1948, while in
Kazakhstan; the MH was not fully developed until the 1992s.
The influence of international organizations such as the
WHO may have aided in the advancement of the HAI topic,
particularly in developing countries. Patient safety has been

Conclusion

The UK experience analysis highlights several
potentially useful lessons for health systems that have not
yet reached the Monitoring and Evaluation phase. Among
them are the need to treat HAIs as a public health issue, the
consistent dissemination of evidence-based guidelines, the
incorporation of scientific updates into clinical practice, the
development of guidance for various types of healthcare
settings, and the monitoring of epidemiologically relevant
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Tylingeme

Kazakcmanda MeduyuHanvik kemekmi kepcemymet 6atiianbicmsl uHgekyusaapoviy (MKBH) aadsin any sfcaHe 6akbliay macenenepi
asi de e3ekmi 606N omblp. KuHakmasaran mepic yxaHe oH mascipubedeH Kyjcammay, maaoay xaHe cabak any ywiH MyMKiHOIKmMep HCoK,
UHPeKyusIbIK 6aKblIAY WapaiapbiHeif muimdinizin 6araaay adicmemeci scox, MKEH Hakmbl ayKbimbl mypassl datiekmi aknapam icuHayobiy
6ipuiHFatl cxemanapsl xHcox, MKBH aadviH any scane 6akbliay sceHiHdezl GipbiHFall yaimmulK KeweHdl cmpameaus Hemece 6ardapaamanap
JHCOK,

Bya sepmmeydiy makcamul exi ende MKEH andbiH aay jcaHe OFaH Kapcwul Kypec candcbiHOarbl MeMaeKkemmik cascammol a3ipaey
Hezi3iHde jcamKaH Hezizel Kyswrammapdsbl maaday 60410el. Kazakcmawu men ¥avibpumanusi mayodaaosl. Cebebi exi ende de deHcaynvlk cakmay
Jcytiesiepi Heanwvl canblk cany ecebiHeH KapucoblaaHObIPLLAAMbIH MeEQUYUHALIK Kbi3Memmepdi MeMaekemmiK KapicoblaaHdbipydul kezdetlimiH
a/1eymemmik cakmaHdbipy ModeiHe Hezi3des2eH.

Yavi6pumarus mascipubecin manday, 6axulaay dicaHe 6araandy kesewie aai de 60.1ca scemnezeH deHcayablK cakmay scytienepi yuin
natidasel 6ipHewe mycmapdel kepcemeodi. Onapra MKBH-Hbl Koramoulk deHcayavlk Maceaeci pemiHde Kapacmulpy Kaxcemminiel, 0asnendi
Hyckaynaposl datiekmi mypde mapamy, KAUHUKAAbIK Mascipubeze FulAblMU HaHapmyaapobl eHzisy, 0eHcaynblk cakmay MekemenepiHiy
apmypai myp/iepiHe apHAAFAH HYCKAYAbIKMapobl a3ip.1ey icaHe InUdemMuo102UsNbIK MaHbI30bl namozeHdepdiy MoHumopuHeai Kipedi. CoHbLMeH
xamap, MKBH 6ackapy casicamulH a3ip/ieyze myprolHOapOblH KAMbICybl 6me Kasicem.

Tytiin ce3dep: memaekemmik casicam, MedUYUHAIbIK KeMek kepcemyeae 6atinaHbicmel uHpekyusinap, MKBH, uHpekyusavlk 6aKbLaay.
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AHasm3 rocyaapcTBeHHOM MOJTUTUKH B OTHOLIEHUM UHQEeKLUIi, CBSI3aHHbIX C OKa3aHUEM MeAUIMHCKON
nomomu: Kazaxcrad u Ben1uko6putaHus

Yaskosa A.M. !, TxycynoB K.E. 2, Mycuna A.A. 3

! [Ipenodagamenv-uccaedosamens kagedpsl 06ujecmeeHH020 300p08bs U INUOEMUOI02UU,
Meduyurckuil ynueepcumem Acmana, Kazaxcman. E-mail:chayakoval 9@gmail.com
2 3asedyrowuli kagpedpoti o6ujecmeeHHoz0 30pasooxpaHeHust, MexcdyHapooHoll ebicuiell WKo/1bl MeOUYUHb,
KuipevisacmaH. E-mail: d.kenesh@gmail.com
3 3asedyowas kagedpoii 06wecmeenHo020 300p08bsi U Inudemuosozuu, MeduyuHckuil yHueepcumem Acmaa,
Kasaxcmat. E-mail: aiman_m-a@mail.ru

Pe3ome

IIpobaembl npousaKmuku u KOHMpPOAS 3d UHPEKYUSIMU, CBA3AHHbIMU C OKA3AHUeM MeduyuHckol nomowu (MCMII) e Kazaxcmane
ece euje ocmaromcesi akmyasbHol. Omcymcemeyom 803MOHCHOCMU 0451 JOKYMEHMUPOBAHUS], AHAU3A U U38/1e4€HUSI YPOKO8 U3 HAKON/IEHHO20
He2amuseHo20 U NOJI0HCUMENbHO20 0NblMa, 0mcymcmayem memodo02usi OyeHKUu ggekmusHocmu mep UHPEKYUOHHO20 KOHMPOs,
omcymcmayrom yHU@uUyupo8aHHsle cxembvl c60pa docmosepHol UHgopmayuu o peanbHbix macwmabax UCMII, omcymcmgyem eduHas
HAYUOHA/NbHASI KOMNJIEKCHASI cmpamezusi u1u Npo2pammsl no npogusakmuke u konmposaro HCMII

Leavlo danHo20 uccaedo8aHus 6bla1 AHANU3 OCHOBHBIX JOKYMEHMO8, Aexcaujux 8 0CHo8e paspabomku 20cydapcmeeHHol NoAUMUKU
8 obsaacmu npogusakmuku u 6opvbobl ¢ UCMII 8 deyx cmpaHax. Kasaxcman u CoedunenHoe Koposnescmeo (Beaukobpumahusi) 6biau
8bl6pAHbL, NOCKO/ILKY 8 060UX CMPAHAX cucmeMmbl 30paso0XpaHeHusl 0CHOBAHbl HA MO0eaU COYUa/NbHO20 CmpaxosaHusl, npednoaazaroujetl
2ocydapcmeeHHoe puHaHcuposaHue MeOUYUHCKUX ycay2, PUHAHCUPYEMbIX 3a cHem 06ue20 Ha/102000104CeHUsL.

AHanuz onsima Besukobpumaruu evldessiem HECKOAIbLKO NOMEHYUA/IbHO N0/1e3HbIX YPOKO8 0151 cucmem 30pagooxpaHeHusi, Komopble
ewe He docmuzau $asbl MOHUMOPUH2a U oyeHkU. Cpedu HUX — Heobxodumocmsv paccmampusams UCMII kak npo6aemy o6ujecmeeHHO20
30pagooxpaHeHus, nocsedosameibHOe pacnpocmpaHeHue pykosodcmes, 0CHOBAHHbLIX HA akmuyeckux 0aHHbIX, 8K/JAI0YEHUE pe3y1bmamos
HAy4HbIX UCCAe008aHUll 8 KAUHUYECKYH Npakmuky, paspabomka pykogoocme 0/s pa3/AUYHbIX Munog MedUYUHCKUX yupexcoeHull U
MOHUMOPUH2 INUOeMU0.102UHecKU 3HAYUMbIX nNamozeHos. HakoHey, yuacmue epaxcoaH 8 paspabomke noaumuku UCMII kpaiiHe scenamenbHo.

Karouesble cno8a: 2ocydapcmeeHHas noaumuka; uHgekyuu, cesi3aHHble ¢ okazaHuem meduyuHckol nomowu, HCMII, ungexyuoHHbIl
KOHMpOb.
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OpuZUHGﬂbHGﬂ cmamen

KoMniekcHbIN aHa/IU3 KUIIEeYHOH MUKPOGHUOTHI IPU XPOHUYECKOH cepaedHO
HeJO0CTAaTOYHOCTU: MHTerpanus MeTareHOMHbIX JJAHHBIX U MeTa60/IMYECKUX NyTel B
KOHTEKCTe NaToPu3u0/I0ruM 3a60/1€eBaHuA
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Pe3swome

XpoHuueckas cepdeyHas HedocmamouyHocme (XCH) sieasemcss enobanvHoll npobsemoli 30pasooxpaHeHus, CEs13aHHOU O
3HaYUMeAbHOU 3a60/1€8aeMOCMbl0 U CMEPMHOCMbIO. HedasHue uccnedosanusl ykaswlearom HA NOMEHYUAAbHYH POJab KuWlevHol
MUKpOo6uombsl 8 3doposbe cepiya.

Lleavto  daHHo20 uccsaedogaHusi 6bl10 u3yveHue cessell Mexcdy MUKPOOHbIMU NpOYyeccamu 68 KUWeYHUKe U KAUHUYeCKUMU
nposieaeHusmu XCH.

Memoodel. B npocnekmueHOM 06Ccep8ayuoHHOM KO20pMHOM UCC/Ae008AHUU y4ACmMeosanu nayueHms: cmapwe 18 sem c
sepugpuyuposanHvim duazHosom XCH.  [layuenmol 6bL1u cmpamugduyuposaHsl Ha ocHose  sxokapduozpaguueckux OaHHbIX. AHAIU3

KUWeYHo20 MUKpOO6UOMA nposoduscsi C UCNO/b308AHUEM 8bICOKONPOU3800UMENbHO20 CEeK8EHUPOB8AHUS U OUOUHEMOpMAMUYECKUX
UHCMPYMEHMO8.

Pesynemamul 8bi8uUMU 3HAYUMENbHBIE U3MEHEHUS 8 cOCMmase KuweyHol Mukpogioputy nayuenmos c XCH no cpasHeHuo co 300p0o8bim
KoHmposem. Habawdasoch cHuxceHue aab@a-pasHoobpasus u usmeHeHus: 8 bema-pasHoo6pasuu, ykasviearwuue Ha HapyweHue 6a1aHca
Mukpogaopel. Y nayuenmog ¢ XCH ommeuasocs sHauumensHoe cHudiceHue coomuoweHusi Firmicutes/Bacteroidetes. Ha yposHe cemelicms
u podos 6blLAU 0OHAPYHCEeHbI 3HAYUMbIE USMEHEHUs], 8KAI0Yas yseaudeHue omHocumensHoll yucaeHHocmu Sutterellaceae, Synergistaceae u
psida ycao8Ho-namozeHHbIX 6akmepull. Habaiodanoce ymeHbuweHue omHocumenstoll yucaeHHocmu Bifidobacteriaceae u Coriobacteriaceae,
U38eCMHbIX CBOUMU NOMEHYUANbHBIMU KAPOUONPOMEKMUBHbIMU C80LICMBAMU.

Bb1800bl. AHaUu3 Memaboauveckux nymell nokasasa yeeauvyeHue akmusHocmu 6akmepull, C8s13aHHbIX ¢ pacujenseHueMm 6eakos, u
YMeHblWeHUe akmusHocmu 6akmeputl, yuacmsyrujux 8 nepepabomke y2s1e80008. Imo Moxcem npusodums K 06pazo8aHuio NOMeHyudabHo
8pedHbIX Beujecms 8 KuweyHuke. Peaynbmamsl ucca1edo8aHusi OmKpbl8arm Hogble nepcnekmusbsl 0151 duazHocmuku u seveHust XCH. Anaaus
cocmasa KuweyHblx 6akmeputl Modcem cmams doN0AHUMENbHbIM UHCMPYMEHMOM 8 OyeHKe cocmosiHusi nayuenmos ¢ XCH, a koppexyusi
cocmasa Kuwe4HoUu MuKkpog.10pbl Modcem 6bimb paccCMOMpeHa KaK 4acms KOMN/JAEKCHO20 J1e4eHUSL.

Kawuessle caosa: XpOoHuU4eckas cepaelmaﬂ Hedocmamo4HoCcMy, emazeHoMUuKa, MquOﬁuOM, memaboaumol.
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BBeaeHue

XpoHuuecKasi cepjiedyHas HeJgoctaTodyHOCTh (XCH)
ABJIAETCS II0OaTbHON Mpo6JeMO 3ApaBOOXpaHEeHMs,
CBS3aHHOM €O 3HAYUTEJbHOW 3a60JIeBaeMOCTBI0 U
cMepTHOCTBIO [1-4]. B TO BpeMs Kak TpaJULIMOHHbIE
baKToOpel pHUCKA, TaKue KaK THUIEePTOHUs, JuabeT U
OXXHpEeHHe, CI0COOCTBYIOT Pa3BUTHIO U TPOTPECCUPOBAHHIO
cep/leYHON HeJ0CTAaTOYHOCTH, HeJaBHUE HCCJIeOBaHUS
NpOJINJIM CBET Ha MOTEHIHaJbHOE y4acTHe KHUIIeYHOH
MUKpPOOGUOTBI B  370poBbe cepana [5]. Bompeku
nporpeccy, JAOCTUTHYTOMYy B COBPeMEHHBIX IOAX0Zax
k JedyeHutro XCH, Mbl cTajskuBaeMcs C YyBeJHMYeHUEM
YaCTOTHI TOCHUTANN3ALUHA U JIeTaJbHOCTH. 3a nocaeH1e
JleCITUIETUS] OTKPBITHUS B 06JIaCTU NAaTOQPU3HOJIOTHH,
¢dbapmakoTepanuu U MeTab0JOMUKH II03BOJIUJIN YIYIIIHUTh
MOKa3aTeJsM BBDKMBAEMOCTH U CMEPTHOCTH OT Cep/levyHOH
HEeJI0CTaTOYHOCTH.

MaTepHaJ’lbl U MEeTOoAbI

JusallH uccaefoBaHUS TNpPeACTaBasieT Co6O0H
MpOCHEeKTHBHOE ob6cepBallMOHHOE KOTOpTHOE
vccieoBaHMe. B ucciejoBaHHe BKJIIOYAIOTCS MalMeHThI
ctapuie 18 jeT ¢ BepuPUUHUPOBAHHBIM JUATHO30M
XCH cornacHo kpuTepusiM EBpomeiickoro o6iulectBa
KapAuoJIoTOB U rpyniny 370poBoro kouTposs (CNTRL).

Jns aHa/nMu3sa KHUILEeYHOTO MHUKpOGHOMa
dekanbHble 06paslpl 6bLIM COBGpaHbl B MPOGUPKU Zymo
Research R1101 u xpaHuiaucb npu TemmepaTtype +4°C
o MoMeHTa BblAeseHuss JIHK. JkcTpakyuio ToTaabHOU
Mukpo6Hoi JJHK nmpoBoau/u ¢ ucnosib3oBaHUeM Habopa
ZymoBIOMICS DNA Miniprep Kit (Zymo Research,
D4300). KauectBo BblgeseHHodt JIHK ouenuBanu
cnektpodoToMeTpuyecku (cooTHoieHue 0D260/280)
¢ nomoupio Nanodrop u asexktpodoperuyecku B 1%
araposHoM reje. KoHIeHTpaluio0 M 4YMCTOTYy 06pasroB
JHK onpepensiin ¢uayopuMeTprUyecKd Ha mpubope
Invitrogen Qubit 3.0 (Invitrogen, Kapsic6az, Kanudophus,
CIIA). BbICOKONMpPOM3BOJUTEJNbHOE  CEKBEHUPOBaHUE
BbINoNHANAM Ha Miatdopme Illumina NovaSeq 6000
COIJIACHO CTaHJAPTHBIM IPOTOKOJIaM NPOU3BOAUTEIS.

Ananus AAHHBIX CEKBEHHUPOBaHUA IIPOBOAWJIU
C HCIOJIb30OBAHHWEM KOMIIJIEKCa 6I/IOI/IHCl)OpMaTl/I‘{eCKI/IX

WHCTPYMEHTOB bioBakery 3, BKJIDYAKIIEro

MeTo/ bl TaKCOHOMHYECKOTIO, L[e(bOpMaLU/lOHHOFO,

OYHKLMOHAIBLHOTO )2 dUIOreHeTUYECKOTO

HpO(bI/IJ'II/IpOBaHI/IH MeTareHoMoB. OTHOCHUTe/NIbHAsA
Pe3ysibTaThl

Haie ncciejoBanre BbIIBUJIO BaXKHble U3MEHEHHUA
B COCTaBe KHILIeYHOH MUKpodJiopsl ¥ nanueHToB ¢ XCH no
CPaBHEHMIO CO 3/J0POBBIM KOHTPOJIEM.

Bo-nepBBIX, Mbl O0OGHApY>XWJHU 3HAYUTEJbHOE
CHIDKEHUE pasHoo6pasus GakTepui (anbda-
pa3Hoo6pasKe), UTO yka3blBaeT Ha HapylleHHe GasjaHca
Mukpoosopsl (PucyHnok 1). Kpome Toro, Mbl HaG/I0AaIN
CyllecTBEHHble H3MEHEeHMs B CTPYKType MHUKPOGHOTO
coobuiectBa (6eTa-pa3Hoo6pasve) y MHALUEHTOB C
XCH. 3To cBugerenncTByeT 0 ToM, uTo XCH cBfizaHa He
TOJIBKO C YMeHbIlIeHHeM pa3Ho06pa3us 6akTepuil, HO U C
M3MeHeHHEeM UX COOTHOLIEHHUsI.

HWHTepecHO oTMeTUTh, 4yTO y nauueHToB ¢ XCH
HabJ/I10a/IoChb 3HAUYMUTeJbHOE CHH)XXeHHe COOTHOLIEHHUS
Firmicutes/Bacteroidetes (F/B ratio), [ByXx OCHOBHBIX
TUINOB 6akTepuil B kuueyHuke (PucyHok 1). [Ipu atom
npeAcTtaBuTe M Tuna Firmicutes nmpeo6safanu B rpynmne
XCH.
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HepaBHue HCceIoBaHUS y6eJUTeNbHO
JIEMOHCTPUPYIOT, UYTO HW3MEHEeHHs B MHKpoGHOMe
KHIIEYHUKA MOTYT UTpaTh pPOJib B Pa3BUTHUU CepJEYHO-
COCyAMCTBIX naTosiorul, Bkiatodass XCH [5-7]. Mukpo6ruom
B3aMMO/IEHCTBYET C OpPraHU3MOM uepe3 MpOoJyLHpyeMbie
MeTa60JIMThI, KOTOPble OKa3bIBAKOT BJMsSHUE HA Pa3BUTHE
cep/ievuHO-COCYIUCThIX 3a60/1eBaHUH.

Llesp  HacToAllero  HUCCAeOBAaHUA:  U3YYUTh
CBSI3M MeX/[y MUKPOGHBIMHU MPOIECCAMU B KHIIEYHHUKE U
KJIMHUYEeCKUMHU nposiBieHusamu XCH.

YUCJIEHHOCTb MHKPOOHBIX TaKCOHOB OLEHMBAIU C
nomoupo ainroputmMa MetaPhlAn 4. [IpodunupoBanue
reHOB, METa00/JINYECKUX NMYTeH U MOJYJIeH 0CYLeCTBJISIN
c ucnosb3zoBannemM HUMAnN 3 Ha ocHOBe aHHOTaLUMK
UniRef90.

JUIsT  MeXTpyNnmnoBOro CpaBHEHUS MNPUMeHSIN
U-kputepuit MaHHa-YUTHHU. BeTa-pa3Hoobpasue
OLleHUWBa/IU C HCHOJIb30BaHMEM HH/JekcoB Bbpesa-Keprtuca
(konuyecTBeHHBbIH) ©  Kakkapa  (kauecTBEHHBIN).
OpAMHaLUI0 BBIMOJHSJIM MeTOJOM aHa/lMu3a [JIaBHBIX
koopauHat (PCoA) c mocsefyouM nprMeHeHUEM TeCTOB
ANOSIM u PERMANOVA (999 nepmyTanuit).

Ananus pasHoo6pasus, OpAMHALIO U
CTAaTUCTHUYECKHE TeCThbl peaju3oBaHbl Ha Python 3 c
ycnosib3oBaHueM naketos Scikit-Bio 0.5.6,Scikit-Learn1.2.0
u SciPy 1.7.0. [lns1 BU3yann3anuu MpUMeHsIIM 6U6JIMOTEKY
MatplotLib 3.7.0. BoisiBJieHHe 3HAYUMBbIX QYHKIIMOHATbHBIX
0COGEHHOCTEH MexAy TpynnaMd OCYLIeCTBJSJIM  C
nomomibio STAMP 2.1.3. /luddepeHunanbHbId aHaIU3
TaKCOHOMHYECKOI'0 COCTaBa npoBoAuau MetozoM LEfSe.

Ha ypoBHe ceMeHcTB M poJOB 0GaKTepUH MbI
OOHAPYXXUJIKM psiji 3HAUYUMbIX U3MeHeHUH. Tak, Mbl
HabJ/10/laeM yBeJMYeHHe OTHOCHUTEJbHOH YHCJIEHHOCTH
GakTepuit CeMeNCTB Sutterellaceae (9<0.009);
Synergistaceae (q<0.03), Ba)XHO OTMETHUTb YBeJHUYEHHE
OTHOCHUTEJBHOMN YUCIEHHOCTU npeacTaBrueTesen
yCJOBHO-NIaTOreHHON ¢uopbsl Anaerotruncus (q<0.006);
Dysosmobacter (q<0.011); Enterocloster (q<0.002);
Flavonifractor (9<0.01); Hungatella (q<0.009);
Parasutterella (q<0.001).
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PucyHok 1 - Mukpo6Hoe pa3Hoobpasue u KoMno3uyuoHHbll aHaaus; a) alpha -pasnoobpasue das undekcos Shannon, Pielou, Simpson,
and Observed; 6) Redundancy Analysis (RDA); ) coomHnowenue Firmicutes/Bacteroidetes mexcdy dsyms epynnamu HF u koumposs
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PucyHok 2 - luppepenyuanvhblil anarus 6akmepuaabHbIX MakcoHO8 8 KOHMpoAbHoU 2pynne u epynne ¢ XCH memodom LefSe. a) Ha
YpO8He munos; 6) Ha ypo8He KAACco8; 8) HA ypO8He NOPSI0K08; 2) Ha yposHe cemelicms; d) Ha yposHe podos; e) Ha yposHe 8Ud08

Taxxe cnenyer OTMETUTH yMeHbIlIEHUE
OTHOCUTEJIbHOU YHCJIEHHOCTH NpeJCTaBUTEel ceMelCTB
Bifidobacteriaceae (q<0.012), Coriobacteriaceae (q<0.006).
W3BecTHO, 4TO HeKoTopble MmTaMMbl Bifidobacterium
MOTYT NMPOU3BOAUTH Y-aMUHOMACsIHYI0 KucaoTy (FTAMK),
KoTOopass  06/1aflaeT THUIOTEH3UBHbIM  3ddekToM[6].
[IpexncraButenu Bifidobacteria mMoryT cHWXaThb ypoBeHb
0o0I1ero  XoJeCTepyuHa W  JIMIONPOTEHMHOB  HHU3KOH
miotHoctu (JIITHII) B KpoBHW, MOTEHLMATBHO YMeHbLIasi
puck arepocksaeposa. Bifidobacteria cmoco6cTByOT
NPOM3BOJCTBY  HPOTHBOBOCIAJUTENbHBIX LIMTOKHHOB,

YTO MOXKET CHMXKaTb CHCTEMHOE BOCIAJIeHHe, CBS3aHHOe
c CepAEeYHO-COCYAUCThIMU 3a60/1€eBaHUSIMU [7]-
WUccnenoBaHUs NOKa3bIBAIOT, YTO HEKOTOPbIE LITAMMbI
Bifidobacterium moryTt yaydmaTh QYHKIUIO 3HAOTENHS,
YTO BaXKHO JJIs1 310poBbsi cocyZoB [8]. Coriobacteriaceae
Yy4YaCTBYIOT B MeTab0JIM3Me MKeJYHbIX KHUCJOT, KOTOpbIE
WIPAIOT pPOJIb B PEryJAsMM YPOBHS XOJIECTEpPUHA MU
TPUTIHULEPUJOB [9].

KoMIyieKCHBIM aHa/M3 KOMIO3UIMOHHOTO COCTaBa
KHULIEYHOr0 MHUKPOOHMOMa Ha pa3HbIX TaKCOHOMHYECKHX
YPOBHSIX  JIEMOHCTPUPYET yBeJH4YeHHEe  KOJIMYeCTBa
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6aKTepui, CBS3aHHBIX C pacliellJIeHWeM O0eJKOB, H
yMeHblLIeHHe G6GaKTepuH, y4acTBYIOUIMX B IepepaboTKe
yIJIeBO/IOB. JTO MOXET MPUBOAUTbL K 06pa30BaHUIO
MOTEHI[MAJbHO BPE/IHBIX BEI[eCTB B KUILIeYHHKE, TAKUX KaK
aMMHUak, GpeHoJIbl ¥ CyNbOUABL B yacTHOCTH, HAbGJI0A10Ch
CHM)KeHHe aKTHUBHOCTH Iy TeH, 0TBEYAIOIINX 32 HAKOIIJIEHHEe
W paclielJleHHe IJIMKOreHa; 0o0pa3oBaHHe Caxapos3bl;

06cyxaeHue
HaCTOﬂLLlee ucciegoBaHue BBIABHJIO
3HA4YHTeJIbHbIE U3MEHEHHUA B coCTaBe KUIIEeYHOH

MUKpPO6HOTHl y manueHToB ¢ XCH mo cpaBHeHHIO cO
3[l0pOBbIM  KOHTpoJieM. [lojlydyeHHble  pe3yJbTaThl
COMJIACYI0TC € PacTyliUM O06GbeMOM [J0Ka3aTeJsbCTB,
yKa3bIBaIOLMX HAa BaXKHYI0 POJIb KUIIEYHOTO MUKPOOGHMOMa
B NMaToQU3MOJIOTHUU CepAeYHO-COCYAUCTBIX 3aboJieBaHUU
[10].

Luedde et al. (2017) oTMe4anud CHHXKEHUE
MUKpPOOGHOro pasHoo6pasusa npu XCH [11], yTo npuBoAguUT
K HapyLIeHUI0 BaXKHbIX QYHKIUNA KULIEYHONH MUKPOOUOTHI,

BKJIIOYass MeTaboJM3M  IHUTATEJbHbIX BEIECTB U
nojiep:kaHue 6apbepHOU byHKIUU KULIeYHHKa
[12]. [laHHBbIE W3MeHeHUs1 MOrYT CIOoCO6CTBOBATH

TPaHCI0KALUU GaKTEPUH U X METAabOJIMTOB B KPOBOTOK,
BbI3bIBas CUCTEMHOE BOCIHaJIeHHEe U OKCUIATUBHBIH CTpecc,
YTO, B CBOIO 04epe/ib, MOXKeT ycyry6iaTh Teyenue XCH [11].

3HayuTebHOE CHW)KEHHE  COOTHOLIEHUS
Firmicutes/Bacteroidetes y  maguentoB ¢  XCH
npeJjCcTaBJIseT 0COOBbIM MHTEpec, BAMAA Ha MeTabo/U3M
KOPOTKOILeNo4eyHbIX ®KUPHbIX KUcaoT (KLPKK), urparomux
BAXKHYI0 pPOJIb B peryJsiliid BoOCHaJleHHa U QYHKLUU
kapguomuonutoB  [13]. H3meHeHus  MeTaGoJsin3Ma
KIKK, >keqYHBIX KHUCJIOT W JPYrUX MeTaboJIMTOB, UTO
MOXeT MNPHUBOJUTb K JAUCIUIHWJIEMHH M HapylLIeHHIO
3HepreTHyeckoro o6meHa B Muokapge. Cui et al. (2018)
TaKXe HaOJIOfaNIN CHIKeHHe cooTHoueHus Firmicutes/
Bacteroidetes mpu XCH [14], ognako Kamo et al. (2017),

BbIBOAbI

ITHU pe3ysbTaThl OTKPHIBAIOT HOBbIE MEPCIEKTHUBBI
OJid  JUAaTHOCTUKU U snedyenuss XCH. B 6yayumem
aHa/JIU3 COCTaBa KHIIEYHbIX OaKTepUH MOXET CTaTh
JIOTIOJIHUTEIbHBIM HWHCTPYMEHTOM B OILleHKe COCTOSIHUS
nanuveHToB ¢ XCH. Bo3MoXxHO, KOppeKuus CcocTaBa
KUIIEYHOH  MHUKPOGQJOpbl  MOXET  CTaTb  YacTbIO
KoMmIiekcHoro JiedeHuss XCH. HeoGxoauMbl JasbHeHIre
Hccae,0BaHUA LIS pa3paboTKu KOHKPETHBIX
peKoMeH A no MoAuUKALUHU KMIIEYHOU
MUKpodiope! y nanueHToB ¢ XCH.

JTU  pe3y/nbTaTbl NOAYEPKUBAIOT  BAXKHOCTh
KOMIIJIEKCHOTO ToJxo/a K JiedueHUto XCH, yuuThIBaw1ero
He TOJIbKO COCTOsSIHUE CepAeYHO-COCYIUCTOU CUCTEMBI, HO
1 0COOEHHOCTU KULIEYHON MUKPOQIOphI NaleHTA.

Jlurepartypa

pacienjieHre CI0XKHBIX CaxapoB (CTaxyWo3bl) U CHHTE3
aMHUHOKHCJIOTbl OpPHUTHHA. Takve MpeACTAaBUTENH, Kak
Blautia massiliensis, Dorea longicatena u Fusicatenibacter
saccharivorans, moKasaj/ud CHJIBHYIO CBA3b CO BCEMHU
M3yYEeHHbIMH MeTaGO0JNYECKUMHU MYTAMH. ITO yKa3bIBaeT
Ha UX MOTEHLHAJbHO BaXHYI0 POJIb B UI3MEHEHUU 06MeHa
BeuiecTB npu XCH.

00HAPYXUJU TMPOTUBOIMOJIONKHBIN pe3ynbTaT [12]. 3T
pas/sinyus MOrYT 6bITh CBfI3aHbl C OCOGEHHOCTSMHU
MOMYJISIUY NALMEHTOB UM CTaZuel 3a601eBaHUs.

Ps/1l0M aBTOPOB NOKa3aH CABUT KUILIEYHOH (Jiopbl
B CTOPOHY YCJOBHO-NIATOT€HHOH, 4YTO CIOCOGCTBYET
npoAyKuuru TpuMeTuaaMuH (TMA), KOTOpbI B He4YeHU
npeBpauaetcs B TpuMetujaamuH-N-okcug — (TMAO)
[15,16]. TMAO cBsi3aH C NOBBILIEHHBIM PUCKOM CEPAEYHO-
COCYJUCTBIX 3a60JIeBaHMM W MOXET CIOCOGCTBOBATD
nporpeccupoBanuio XCH yepes ycusieHHe BocnajeHUs U
¢ubposza muokapza [16].

Ha6sroaeMoe yBesiMueHue aKTUBHOCTU GaKTepUH,
CBA3aHHBIX C paclielyieHueM O0eJIKOB, U yMeHblIeHHe
aKTUBHOCTH 0aKTepHH, y4acTBYIOIIMX B IepepaboTKe
YIJIEBO/IOB, COIJIACYyeTCsl C KOHLeNuued "ypeMUYecKoro
MUJLJIMOHepaA", mpeAoJaralleil HakoIJIeHe TOKCHYHBIX
MeTta6osutoB npu XCH [17]. [laHHble U3MeHEHUSI MOTYT
Croco6CTBOBAaTh HAKOIJIEHUIO YPEeMHYEeCKHX TOKCHHOB,
TaKUX KaK p-Kpe3wsa CyabdaT U HHIOKCUJI CyJabdar,
MOXKET YCWJIMBAaThb OKCHUJATHUBHBIH CTpPecc, CIOCOGCTBYS
HNOBPEX/JIEHUI0 KapAUOMHOLUTOB M 3HJOTEeJHAJbHOU
aucoynkuum [18].

3tn NOTeHIMaJbHbIe
00pa30BbIBATh IOPOYHBIM Kpyr, TIJe H3MEHEeHHs B
MUKpO6HOTe Crnoco6CTBYIOT nporpeccipoBanuio XCH.
XCH, B cBOW0 ouepezb, BJMSAET Ha COCTaB KHULIEYHOH
MHKPOGHOTHI.

MeXaHHU3Mbl MOTYyT

KoH}IUKT HHTEPECOB OTCYTCTBYET.

duHaHCUpPOBaHMeE. DTO UCC/IeJOBaHUE BbIIIOJHEHO
B paMKax rpaHToBoro ¢uHaHcupoBanus Komurera
HayKu MUHHCTEPCTBA HAyKU M BbICLIET0 06pa3oBaHUSs
Pecny6sivku Kasaxcrtan (rpantel NeAP23488818 u
NeBR21882152).
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Tyninaeme
Cosblimasnvl xcypex sdcemicneywiniei (CXOK) atimapavikmaii aypywandulik neH eaim-zxcimimee 6aiiianbicmyl scahaHdblk 0eHcayaslk
cakmay maceneci 601bin mabbliadsl. COHFbl 3epmmeysep ek MUKpo6uomacuIHbIH JHcypek deHcayabiFblHAa a1eyemmi peaiH kepcemedi.

Bya 3epmmeydiy makcame! iwlekmezi MUKpO6GMbIK npoyecmep MeH CO3blAMAbL HCypek Jcemicneywinieiniy KAUHUKablK kKepinicmepi

apacwiHoarsl 6atiiaHbicmel 3epmmey 6010bL.
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ddicmepi. Byn npocnekmusmi 6akbiiay kozopmmolk 3epmmeyee CHOK duaznosvl pacmasaran 18 jcacmaHn ackaH Haykacmap
Kambicmbl. Haykacmap axokapoduozpagusinelk depekmep Hezisinde cmpamupukayusaaHobl luiek MukpobuomMsiH maaoay iHorapsl ©HIMOI
ceKeeHup1ey JHaHe 6UOUHPOPMAMUKANLIK KYPan0apobl KOAOAHY ApKblabl HCYp2i3iadi.

Homuocenep. CHXK 6ap Haykacmapda deHi cay 6akbliay mo6blMeH Ca/ablCMbIpFaHOa [weKk MUKpo@da0pacbiHblY KypamblHOA
alimapasikmati e3zepicmepdi aHbikmadsl. Anbga apmypainieiniy memendeyi xcaHe 6ema apmypainiziHiy e32epyi 6atikandwl, 6ya MUKPOOMblK
mene-meHdikmiH 6y3bl1ybiH kKepcemedi. CXKXK 6ap naykacmapda Firmicutes/Bacteroidetes KambiHacbiHbIY alimapasikmati memeHdeyi
6atikandsl. Tykbimdac scaHe mywic deHeelliHde alimapavikmatl e3zepicmep, coHblH iwiHde Sutterellaceae, Synergistaceae jcaHe 6ipHeule
onnopmyHucmik 6akmepusiaapobly CaabICMbIPMAAbL MOAWEPIHIH apmybl AHblKMaAdbl. 91eyemmi Kapouonpomekmop/vlK kacuemmepi 6ap
Bifidobacteriaceae scaHe Coriobacteriaceae-HiH canblcmblpMa/ibl MOAWEPIHIH a3aobl 6aliKaadbl.

KopbimbiHdbl. Memaboaukaawlk ycoa0apdbl maaday akyvi30apobiH bloblpaybiMeH 6aill1aHbicmbl 6akmepusaapobiy 6eaceHOiniziHIY
JHCOFAPBIAAYLIH JHaHe Kemipcynapdbly Memabou3MiHe KambicambuiH 6akmepusaapobiy 6esaceHlinieiHiy memeHOeyiH kepcemmi. bysa
iwekme asneyemmi 3usiHdbl 3ammapdbly my3inyiHe akeayi mymkiH. 3epmmey Homudcenepi CXHOK-iH duazHocmukaaay meH emoeydiy Hana
nepcnekmusaaapbii awaodst. lwek 6akmepusiiapviHbiy KypamuiH maaday CXHOK 6ap Haykacmapodviy xcardaillH 6aranaydbly KOCbIMWA
KYpa/ibiHa atiHa/1ybl MyMKIH, a1 iwleK MUKpo@.10pacbIHbIH KYpambiH my3emy KeweHoi emdeyoiH 6ip 6eizi pemiHde Kapacmulpblaybl MyMKIH.

TytiiHOi ce3dep: co3bLAMANbI HCYPEK JHcemicneywiaiel, MemazeHoMuKa, MUKpoouoM, Memaboaummep.
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Abstract

Chronic Heart Failure (CHF) represents a global health concern associated with significant morbidity and mortality. Recent studies
suggest a potential role of the gut microbiota in cardiac health.

The objective of this investigation was to examine the associations between microbial processes in the intestine and the clinical
manifestations of CHE.

Methods. This prospective observational cohort study included patients over 18 years of age with a verified diagnosis of CHE Patients
were stratified based on echocardiographic data. Gut microbiome analysis was conducted using high-throughput sequencing and bioinformatic
tools.

The results revealed significant alterations in the composition of the intestinal microflora in patients with CHF compared to healthy
controls. A reduction in alpha diversity and changes in beta diversity were observed, indicating a disruption in the microbial balance. Patients
with CHF exhibited a significant decrease in the Firmicutes/Bacteroidetes ratio. At the family and genus levels, significant changes were detected,
including an increase in the relative abundance of Sutterellaceae, Synergistaceae, and several opportunistic bacteria. A decrease in the relative
abundance of Bifidobacteriaceae and Coriobacteriaceae, known for their potential cardioprotective properties, was observed.

Conclusions. Analysis of metabolic pathways demonstrated an increase in the activity of bacteria associated with protein degradation
and a decrease in the activity of bacteria involved in carbohydrate metabolism. This may lead to the formation of potentially harmful substances
in the intestine. The study results open new perspectives for the diagnosis and treatment of CHFE. Analysis of the intestinal bacterial composition
may become an additional tool in assessing the condition of patients with CHF, and modulation of the gut microflora composition may be
considered as part of a comprehensive treatment approach.

Keywords: chronic heart failure, metagenomics, microbiome, metabolites.
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Tyitingeme
3epmmeydiy makcamul: Mmellipeepaik KapKbiHObI KymiM XammamdacslH jHcacay KHcaHe OHbl AHeCMe3uo0/102Usl-peaHuMayus JHcaHe
KapKblHObL emdey 6eiMIHIH masxcipubeciHe eHzi3y apKblabl MEOUYUHANbIK KbI3Mem CandcblH HaKcapmy.

ddicmepi. Xammama sxcacay xcaHe eHzizy npoyeci keseci keseHdepdeH mypdbl: Haykacmapobl KapKbiHObL emoey kesiHdezi wapanap
MeH Mace/eHi ecKkepe omblpbin Xammama Kypacmolpbladbl. Xammama majakbiFa canblHbln, Kaxcemmi e3zepmyaep MeH MOAblKMblpyaap
eHelsinin, kKyHOeaikmi madicipubeze eHzizineeH coH, xammama KoA0aHblcma 60.1FaH Ke3eHoe 661iM HCYMbICbIHbIH CanacblHa maaday x#acaadbl.
Cana kepcemkiwi pemiHde xcbl/a 60UbIHOA eMOes2eH ayblp HayKacmap caHbl, MOCeK HapaHbly Kesoecy xcuinizi, kamemep cebebiHeH 601amblH
UHPeKYUsbIK ACKbIHYAAp Jcuiaiel, aypyxaHaiwinik uHgekyusnaposly kezoecy xcuiniel, #acaiobl mblHbIC a1y annapamsiMeH 6atiiaHbICmbl
nHe8MOHUS cuiniel, mellipbukesep HCYMbICbl canacvliHa dapicepsep MapanblHAH HACAAFAH WAFbIMOAP CAHbl AAbIHLIN, KepceminzeH
MeOUYUUHANbIK KeMeKKe KaHarammawy dapediceci 611y makcambiHda 50 HayKacka cayanHama xypaiziaoi.

Hamuorcecl. Xammama kosdaneicma 604FaH Ke3eHdepae cacaarad maaday Homuoicecli 60UbIHWA KaApKbIHObI KYymiM Kascem emkeH
HAayKacmap CaHbIHbIH JHCblA CAHAN apmyblHa KApAMAacCmax, aypyxaHaiwinik uHgekyusaaposly xaHe Kamemepze 6atiiaHbicmel UHpeKkyusiap
CAaHbIHbIH, MeCceK J#apaaaposbly a3aliiFraHbl aHbIKMaadsl. XKacaHobl melHbIC a1y annapamsiH K0A10aHy caa0apblHaH 60AFAH 6Kne KaObIHyAapbl
0,54 men 0,26%-ra asaiiein omulp. Mellip6ukenepoiy HyMbIC CANACLIHA HCACAAFAH WAFbIMOAP CaHbl ecnezeH. CayanaHama xcypeidineeH
Haykacmapobiy 90% aHecme3uo102us-peaHuUMayus *caHe KapKbliHObl emoey 6eimMiHOe JcypeisinizeH MeOUYUHANbIK KOMEK CanacblHa MOJbK
KAHarammaH¥aHuIH Kepcemmi.

KopbimbiHObl. Metiipzepaik Kymim XammamacwlH Kypacmolpy JcaHe oHbl madgipubeze eHziy - emdey wapaaapbiHbly, HIMUNCECIH
Jcakcapmy meH Kepcemisemin MeOUYUHAAbIK KOMEK CANACbIH apmmblpy HCOAbIHOAFbL MAHbI30b! KA0amOapoblH 6Gipi. ¥CblHbLALIN OMbIPFAH
Mellipzepaik Kymim xammamacs! HayKkacmapobl aHecme3uos102usi-peaHuMayust JaHe KapkbiHObl emoey 6eiminde emoey HamuoicenepiH
Jcakcapmyra 6arblmmaarad muimoi Kypaadapdbsiy 6ipi 6016in mabslaads.

Tytlin ce3dep: mellipbukenik KApKbIHObI KyMIM XamMmamacol, MeGUyUHAIbIK Kbl3Mem canachl, KapKbiHObL emoey.
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Kipicne

Herisri makcaTbl — aF3aHbIH, 6MipJiiKk MaHBI3bI 6ap
KbI3MeTTepiH KaJlbIHA KeJITipy MeH OHBI XKaKCapTy GOJIBII
TaObLIATBbIH, AHECTEe3UOJIOTUS-PEaHUMATOJIOTHsl  YKoHe
KapkblHbI eMiey (APKE) 6esiMiHiH HayKacTap/bl KelleHAi
eM/iey 6apbIChIH/Ia aJlaThIH OpHEI epekie [1]. OHbIH iminge
opTa 6ybIH KbI3MeTKepJiepi, IFHU MeHiprepsep MaHbI3/bl
pes atkapazbl. EMaey HoTuxeciHe Tikesiedl acep eTeTiH
KarFganblH 6ipi HayKacTapfa KyTiM jkacay MeH KelleH[i
KapKbIH/Jbl eMJiey luapajapblH JKy3ere acblpyFa opTa
MeIMLMHAJbIK KbI3MeTKepJiepe aT casblcazibl. COHZbIKTaH
OyJI KbI3MET camnachl, 63 Ke3eriHze, 0Cbl KbI3MeTKepJIepAiH
YKYMBICBIHBIH, canlachbl MeH KabisieTiHe Tikesiel 6alJIaHbICThI
[2].

JKana opi bIHFalABl ToXipubedik menriMaepai
MelipOuKe KbI3MeTiHe eHTi3€ OThIPbII, 0JIap/IbIH THIMTiJTiri
MeH KbI3MeTiHiH camacblH apTThIpyFa 60J1aAbl. By xxonza,
aJbIMeH KYHJIEeJNIKTI Tokipubegeri KUbIHJABIKTap MeH
Macesiesiep/ii aHBIKTAl, OJIApAbI LIy >KOJJApblH Taby
KaXKeT, AFHU THIM/i ToXXipru6eJstik xaTTamMa 60JIybl Kepek [2,
3]. Ochl opaiiza, KosiiaHbICcTa 6ap XaTTaMaslap/ibl 3epTTeTl,
COJ XaTTaMaHbIH, KYHJIeJIiKTI TokKipube TasianTapbiHa
CoMKecC KeJIeTiHIH aHbIKTAll ajiFaH Aypbic. MyHAaFbl HeTi3ri
MakcaT HayKacTapfa canajbl KbpI3MeT KepceTil, emjey
mapasapblHbIH 9p6ip HAyKacThIH KaKeTTiniriHe calikec
60JIybIH KAMTaMachl3 eTy 60JIbIN TabbLIaAb! [4].

FpuibiMu  fastennieHTeH ToXipubesik ILapasap/bl
HayKac KyTiMi XaTTaMacbIHa €HIi3y apKblJIbl MeJULUHAJIBIK,
KOMEK CalachIH KaKcapTyFa 60Jaibl. MyH/Jail GAaFbITThIH,
JVPBICTBIFBIH  COHFBI Ke3Jle ’Kacasblll JKaTKaH KeH,
ayKbIMAbI 3epTTeyep JaJieaen oTeIp [5, 6]. ArHu, ganenai
MeJJMIMHA/BIK Ke3KapacThl KYH/AEMIKTi dKyMbIC 6apbICbIHA
€Hri3y KepceTiJleTiH KeMeK callacblH »KaKCcapThIll KaHa
KOMMaM, HayKacTap/blH KayilCi3JliriH Je KaMTaMachbl3
eTe/li aysajbl.

Op6ip MeAUMLMHANBIK YHBIMHBIH epeKLIesiri MeH
KepceTeTiH MeJJULIMHA/BIK KbI3MET TYPiH, COJ YHBIMHBIH
eM/ley HOTHKeJlepiH ecKepe OTbIPBII, KaKCapTyAbl KaXKeT
eTeTiH GaFbITTap MeH MeHiprepsiik KyTiM LIapajapblH
aHbIKTayFa OGoJsiajpl. Ocbl »kepfe, Haszap ayjapaTblH
GaFpITTapZbl aTam aiTap 60JicaK, oJiap: ayblPChIHY/bI
TUiMZI GaFajay >XoHe aybIPChIHYAbI 06acy, HayKac IeH

3epTTey 34ici MeH KypaJiJaphbl

Melip6uKesik KapKbIHABI KYTiM XaTTaMacblH
KypacTbIpy JKoHe OHBbl TaXipubere eHridy 6apbICh
Kazakcran Pecniy6sinkacer [Ipe3uieHTiHiH Ic
6acKkapMacel MeJUIMHA/IBIK OpPTaJ/bIFbl aypyXaHACbIHBIH,
AHeCTe3MO0JIOTUSA-PeaHMMAaTOJIOTUS  JK9He  KapKbIHJbI
eM/Jiey 6esiMinze Kyprisinzi.

AHecTe310J10TUsI-peaHUMaTOJIOT s J)KoHe
KapKbIH/Jbl eMjley 0eJiiMi: 6 TeceK OpBbIHJbI >KaJIIbl
XUPYPTUSJIBIK OEKET, 7 TOCEK OPBIH/bl KAPIUOXUPYTHUSIIIBIK,
6eKeT, 8 TeceK OpbIHABI KAPKbIHABI eMiey 6JI0Tbl MeH 12
TOCeKTi OfHy IaJjaTacblHaH Typazpl. Besim ken6einfi
cajajia KbisMeT etefi. KpisMeTkepJsiep KypaMsl 29 gapirep
aHecTe3M0JIoT-peaHuMaTosor, 48 Melip6rke MeH 18 kimri
OYbIH KbI3METKepJiepiHEH KypaJIFaH.

Korapelja  KepceTinreH MaKcaTKa  CoMKec,
MeHlipOuKesik KyTiM XaTTaMacblH ’Kacay J>KoHE OHbI
KYHJeaiKTi Toxipubere eHri3y y/epici keseci ke3eHaepaeH
TYPABIL:

-THicTi afiebueTTepre I0JTY »Kacasbll,
KOJIJaHbICTaFbl 6ackKa XaTTaMmasjap >KoHe KyHJesiKTi
Toxkipube eckepinin, MeHipOuKesiK KapKbIHJbl KYyTiM
XaTTaMachl d3ipJieH/ii;

46

MeJUIMHAIBIK KbI3METKEpJIep apacblHJAFbl  KapbIM-
KaTblHAC,  KOpCeTireH  MeAULHMHANBIK  KbI3MeTKe
HayKacTap/blH KaHaraTTaHybl. MyHAal KelleHAi Ko3Kapac
apKbLIbl, 6i3 CoHKeCiHIIe >KaKCcapTyAbl KaXeT eTeTiH
GarbITTapAbl aUKbIHAAM anaMbI3 [1-7].

AnecTe3uoJIOTUSI-peaHUMAlMSl  KOHE KAPKbIH/bI
emZiey OeJsiiMi KbI3MeTKepJsIepiHiH »KeKe Ke3KapacTapsbl
MeH YCBIHBICTapbhlH Jla eCKepe OTBIPBIN, TIKipubesik
Macesieslep MeH Ilewyfi KaKeT eTeTiH CcypakTap/bl
aHbIKTAay MaHbI3AbL Jlapirepsiep MeH Melipbukesep, 6eJ1iM
KbI3MeTKepJiepi 6ipsiece OTHIPHII, KellleH Ii TYP/ie TaJKbLIay
ApKBLJIBbI, 2KaHAa XaTTaMaJslap MeH YCbIHbICTapFa KOJI 2KeTKi3e
anazpl. OWTKeHi, 66J1iM KbI3MeTKepJIEPHIH ToXipHubesik
JaFblIapbl JKoHe KabiieTTepi - THiIMAI 9pi KoJialsibl
XaTTaMa JKacayFa KaXXeTTi MaHbI3/ibl KepceTKimTep [8,9].

Me#ip6uKeHiH, HayKacTapfa »KacalThIH
KapKbIHJbl KYTiMi MeH eMJiK I1apajapsl, eMipJIiK
MaHbI3bl 6ap ’KyHesiepAiH KbI3MeTiH KaJlllbIHA KeJaTipy
J)KoHe eMjziey GapchlHJAa epeKile OpbIH anajbl. Kasipri
Ke3/le, aHeCTe3WO0JIOTUS-peaHUMalus oHe KapKbIH/bl

emgey Gesimi  MeHip6Gukesepi HayKac  KyTiMiHeH
0eJsieK, yaKbIT IleH C9HKeC pecypcTap/bl KaKeT eTeTiH
KelTereH MeJMLUHA/BIK  KyKaTTapAbl  TOJITbIpyFa

Ma:xkOyp. COHABIKTAH, KYHAEJNIKTI KyMbIC 6apbICBIHAA
MeJULMHAJIBIK KbI3MeT calacbl MeH KayincisZirine kepi
acepiH THUri36eHTiH, yaKbIT IeH >XyMcaJaTblH KYLITi
YHeMJeln, CoiiKec JeHreijie MeJULMHAIBIK KYTIM MeH
KeMeK KepceTyre MYMKiH/ik GepeTiH XaTTaMara CypaHbIC
apThIN OTHIP [7-9].

TuicTi afebueTTepre, Makajajapfa LIOJY Kacau
OTBIpBIN, 6i3  KJUHUKAJAFbl  TIKipubE MeH >KYMbIC
GapbICbIlHA Ta/ay JKacakl KeJje, aHECTE3UOJIOTUS-
peaHUMaToJIOTUSl  KOHEe  KApKbIHABI eMmJey  GeJiMi
MelipOuKesnepiHiH yakKbITbl MeH KYLIIH YHEMJEeHTiH,
KbI3MET CalacblH, Kayinci3iriH apTTblpaTblH KapKbIH/bl
KYTiM XaTTaMacCbIHbIH KQXKeTTIliH aHbIKTa/bIK.

3epTTeyaiH, MakcaTbl: MeHipOUKesiK KapKbIH/bI
KYTiM XaTTaMacblH acay >XoHe OHbl aHeCTEe3UOJIOTUS-
peaHuMManus  KoHe  KapKbIHAbl  eMmJey  0OeJiMiHiH
TaxipubeciHe eHrizy apKpLibl MeJULHUHAJbIK KbI3MET
camachlH KaKcapTy.

-KYPacTBIpbUIFAaH xaTTaMa 6eJiiM KbI3MeTKepJiepi
apacblHAa TaJIKbUJIAHBII, cayaJlHaMa apKblLIbl KaXKeTTi
TY3eTyJiep MeH TOJIBIKThIpYJIap eHri3iaji;

-xaTTaMma 6eJiiM KpI3MeTKepJiepi MeH aypyXaHaHbIH,
cama OeJsiiMiHiIH capanTaMacblHaH OTil, KYHAEJKTi
TOKipubere eHrisinai.

XaTTaMaHbIH COHFbBI TYNHYCKacel A4 ¢opMaTThl
4 OeTTep TypaAbl KoHe TOy/IiKk OGoubiHAA (24 caFraT)
Jopirep TaraillblHJjayMeH KaTap »Kyprisijsiesi »kxoHe KypaMbl
TeMeH/ierifieil 6ipHelie 6eiMaepAeH TYpabl.

Bipiniui 6eTTe GepiireH MaiMeTTEp:

-KY?KaTThIK, GesliM: HAyKaCTblH aTbI-XK6Hi,
CTaLMOHAPJIbIK KapTa HoMepi, 6e/iMre TycKeH KYHi MeH
YaKbITbI, )KaTy TOPTiOi (>kasnbl HeMece U30JIALUA);

-TUTHeHa/BbIK ic-mapajap 6esiMi MeH HayKacThbl
GesiceHipY;

-UHTYyOaUMsAJIBIK ~TYTiK, TpaxeocToMa KyTiMi,
KaKbIpbIK CHNAThI, ApeHaXJap MeH 06acka TYiKTepAiH
CUIIATBIL.
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EkiHui 6eTTe TipkeseTiH MasiMeTTep:

-HEeBPOJIOTHSJIBIK, CTATYCThl GaFajay: [J1asro koma
LIKaJIacbl OOMBIHIIA;

-Bpazen mkanacel 6obiHIIa (Braden scale) Tecek
»Kapa naija 6oy Kaymid anbikray [10];

-MYpBIH-aCKa3aHAbIK 30HJ MOHHUTOPHHTI
TaMaKTaH/bIPy YaKbIThI.

KoHe

Yuinwi 6eTTe TipKeseTiH MaJliMeTTED:

-Bep6asIb/pl IIKaJa 60MBIHIIA aybIPChIHY TYPi MeH
OpHaJsIacyblH GaFasay, corkec kemek Typi [11, 12];

- TaMbIPilli/iK KaTeTep MOHUTOPUHTI;
-ypeTpaJib/ibl KaTeTep MOHUTOPHHTI;

-KacaHbl ThIHbIC any (?KTA) annapaTbIH/a )KaTKaH
HayKacTbl Gakpuiay. Pu6po6poHXOCKONHS, GPOHX0JIABAXK
»KOHe CbIHaMa ajly TypaJibl MaJIiMeTTep.

TeTiHIIi 6eTTe TipKeseTiH MasliMeTTep:

-PuuMon 1mKajiackl GOMBIHIIA a)XUTALUMS MEH
ceJlauus Aapexecin 6aranay [12];

-HayKacTel OekiTy (dukcanus). BekiTy yakbIThbl,
OekiTinreH aliMarbl, GeKiTy Ke3iHfe koHe KeHiHri Tepi
»KaMbLJIFbIChI, HAYKACTbIH ICUXUKAJIBIK aFaaibl [13];

-y3aK 3MujJypaj/bl KaTeTepru3alus MOHUTOPUHII.
OpHasackaH xkepi. KolbliFaH oHe aJiblll TaCTa/JFaH KYHi.
[lyHk1us acaifaH »kepi MeH KaTeTep MaHbIHZAFbl Tepi
»KaMbLIFbIChL. KaTeTepAiH GyHKIMOHAIB/BIK *KaFAalbl.

XaTTtamMara MoaJiiMeTTep  TOyJiK  GapbIChIHAA

HoaTmxesepi

MeiiiprepJiik KyTiM xaTTaMacbl aHeCTe3UOJIOTUS-
peaHUMaToJIOTUSl ’KOHe KapKbIHJbl eMjzey 6eJiiMHiH
KYHZAEJKTI ToxipubeciHzie KoJiIaHbICTA GOJIFAH Ke3eHTe
»KacaJIFaH Tasllay HOTHXKeJiepiHe Kesiep 6oscak, 2020-2023
KblLIAAp apaJbIFbIHAA aHECTE3WOJIOTUA-PEAaHUMATOJIOTHUA
J)KOHE KAapKbIHABI eMJey 6eJsiMiHJle KaTKaH HayKacTap
canbl (1-mi KecTe) »KbpLI caHam OGipmama apTKAaHBI
O0adKaJsbl KOHe MYHJaFbl aJIFalllKbl KbLIJApAa HayKac

TipKeJin, Ke3eKUIiiK COHbIHAA Ke3eKlli MelipOuke MeH
Ke3eKIli JdpirepziH KoJbIMeH pacTasia/ibl.

Meitip6ukesik KyTiM XaTTaMmacbkl Taxipubere
eHrisijin  KyHAesdiKTi KoJiJjaHblcTa OOJIFAH Ke3eHJe
AHEeCTe3UOJIOTUSI-PEaHUMATOJIOTUSL  KOHE  KAPKbIHJbI

eM/iey 66J1iMHIH *KYMBICbIHbBIH, CallacblHA TaJlay *acaJ/bl.

Tanpay 6GapbichlHJi@a cama KepceTKilliH 6Garasay
MaKcaTbhIH/Ja KeJjeci MajliMeTTep TipKeJsJi: Kbl 60HbIHA
aHeCTe3MO0JIOTUsA-peaHuMalus KoHe KapKbIH/bI
eMJley 6GesiMiHe eMJe/NreH HayKacTap CaHbl, OHBIH
imiHge KapKbIHABl KyTiMAI KaxeT eTeTiH 3 xoHe 10
TOY/NIKTEH apThIK aTKaH HayKacTapAblH yJjeci, Tecek
»KapaHbIH, Ke3Jecy »Kuijiri, karetep cebebiHeH 60/1aTbIH
MHOEKUUANbIK  aCKbplHYJap Kuijairi, aypyxaHaiminaik
nHbeKUUsANapblH Ke3zecy »xuiniri, 2KTA anmapaTbiMeH
6aiiJlaHbICThl THEBMOHUS XKUIJIIri, MelipbuKesep )KYMbIChI
canacblHa J@pirepsiep TapanblHaH >KacaJifaH LIaFbIMAap
CaHBbI.

HaykacTtapzbiy, aHeCcTe310JIOTUs-peaHMalus
JKOHe  KapKbIHAbI  eMmJiey OeJiiMiHZe  KepceTiireH
MeJULMHAIBIK KOMeKKe KaHaFaTTaHy /opexeciH 6imy
MakcaTbIHZAa COHFbI 2023 Kbl GapbICbIHAA 3 TOYJMIKTEH
apThIK >kaTKaH 50 HayKacka cayajHaMma >Kyprisinzi »xoHe
oHZaFbl Garasay geHreisepi: 0 - KaHaFaTTaHAPJIBIK eMec,
1 - ToJBIK KaHAFaTTaH6AJbIM, 2 - KaHAaFaTTaHAPJBIK, 3 -
Garasiail aIMalMbIH HeMece )kayaln 6epyre KUHAJIaMbIH.

ANbIHFaH MaJsliMeTTepre CoMKeC CTAaTHUCTHUKAJIBIK,
Tangay SPSS 20 6argapsiaMackiHa Taaay jKacabl.

CaHbIHBIH, a3 60J1ybIHbIH 6ip ce6e6i COVID-19 nanaeMusichbl
6oJ1bIN caHasna bl (6ys1 nHPeKHs 6ap HayKacTap apHaWbl
CTallMoOHapZa eM KabbLiZaraH). AypyxaHara TYCKeH
HAayKaCTap CaHBIHBIH Kbl CaHANl apTyblHA GaWJIAHBICTHI
AHECTe3UOJIOTUS-PEaHUMATOJIOTHSI  KOHE  KApKbIHABI
eMiey 6eJliMiHEe KapKbIHABI eM/eY [IapajapblHa MYKTaX,
aybIp HAYKACTAPZbIH CaHbI J]a apTKaH.

1-wi kecme - AHecme3uo.102usi-peaHuUMayusl %caHe KapKbiHobl emdey 6e1iMiHeH emKeH HaykacmapoblH CaHbl

2020 b1 2021 bl 2022 xbla 2023 bl
AHecTe3uo0rMs-peaHUMaLYs )KoHe KapKbIHABI eM/Jiey 6es1iMi 3132 4293 4821 6779
ApKBbLJIbI eMJieJIil 6TKeH HayKacTapAblH, XKaJIlbl CaHbl
AHecTe3H10/I0TUsI-peaHUMaLUs )KOHe KapKbIHAbI eM/Jiey 6esliMiHze
JKaTbII €M/IeJITE€H ayblp HayKacTap/blH CaHbl 368 519 617 756
HaykacTap/blH »aTy y3aKTbIFbI (TOCEK-KYH) 4,3 4,06 3,09 3,7

Haykactap/blH aHECTe3HO0JIOrHsi-peaHUMaTOI0THs
’KOHE KapKbIH/bl eMJiey GeJiiMiHe KaTy Y3aKThIFbIHA
KJIMHHUKAJBIK, JAeMorpadusiblk ¢GakTopJapMeH Kartap,
MEeJUIMHANBIK KOMEKTi YHBIMJACTBIPY JKOHE Ky3ere
achlpy JKoJIZApbl Zia acep eTeAi. MeJULUHAIBIK KOMEKTI
YHBIMJACTBIPY KaTapblHa, A2pirepsep MeH Melip6ukesep
apacblHZAFbl THIM/[i KapbIM-KaTbIHACThl Jla KaTKbI3yFa
6oJs1a/1bl.

Melip6uKesik KapKbIHABI KYTiM XaTTaMacblH
KOJIZaHbICKa eHTi3TeHHeH COH, aHeCTe3U0JIOTUs-
peaHnManus XKoHe KapKbIH/bI eM/iey 661iMi Melip6uKkesnep
J)KYMBICBIHBIH, CallaCblH CUMIATTAUTbIH MaJliMeTTepAi 2-11i
KecTeZleH Kepyre 60y1a/1bl.

Korapblja aWTbUIFAaHAAH, eMJey »KoHe KYTIM
6aprCbIHLLa HAYKaCTbIH HEBPOJIOTUAJBIK CTAaTYCbIH
Garasay, BepOasbAbl  LIKaJa  apKbUIbl  AyBIPCBIHY
GesrisiepiH aHBIKTAY ’KoHe OGaFasiay IapaJapsl 6ipuama oy
HOTMXKeJiepre KOJI XKeTKi3yre cebemniui 60/1bl. 2-111i KecTeze

KepceTiireH e, Kbl caHan 3 »xoHe 10 TOyJIIKTEeH apThIK,
»KaTKaH ayblp HayKacTap CaHbIHBbIH apTybIHA KapaMacTaH,
aHeCTe3MO0JIOTUsA-peaHUMalusl KoHe KapKbIHABI eMJey
GesiiMiHZe KaTyAblH opTama y3akToiFbl 2021 men 2023
KbUI apaJsIbIFbIHJA oOpTalla ecenneH 3,9 TeCeK-KYHTe
asaifaH.

Metip6GuKeHiH, KapKbIH/IbI KYTiM »Kacaybl
GapbIChIHZIA KbI3MeT camacblHa ceGemnmii  6oJaTbIH
KepCeTKIITepAiH 6ipi - TOCEK 3kapaJsiap »uiJiri. XaTTamMmara
eHrisinren BpajieH mkasacel 60MBIHIIA TOCEK Kapa JaMy
KaymiH OaFajiay LIapacbl OH HOTHXKE KOpCETIilm OThIP.
Tanpmay 6apeicbiHfa, COHFBI 2022-2023 apasibIFbIHAA TOCEK
YKapasiap/iblH, 60JIMaFaHbl aHbIKTAJI/IbI.

Byn kepceTkim anfgblHFel 2 kbuiga  (2020-
2021 xoxk.) 0,27 »xone 0,19% apanbifbiHAA OOJIFaH.
MyHzall KepceTKiIITiH OpbIH alyblHA TaFbl 6ip ¢akTop
peTiHze HaykacTbl OekiTy (dukcanus) mapansapblHbIH
KaTaH OaKbIaHybIH aWTyFa GoJsiaZipl. KUIMHUKAJIBIK,
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KepceTKimTepre (JeJUpud, aXUTalus) Kapal 6ekiTyai
Ka)KeT eTKeH HayKacTapza, GekiTinreH aWMak (ask, KoJ
J)K9He KeyZie) TepiciHiH Tyci, TeMmepaTtypachkl, 6ekiTy
VaKbIThl MeH V3aKTbIFbl, COHBIMEH KaTap HayKaCThIH
NICUXUKAJIBIK CTAaTYChl 9p6ip caraTTa Tekcepiin, xaTTaMara
Tipkesneni. OCbIHJAW THUSHAKTbl 6aKblIay HITHXKECiHAE

Kecme 2 - Tanday ke3eHiHdezi cana kepcemkiwmepi

TOCEeK Kapajiapbl MeH HayKacTblH 63-63iHe >KacaWTbIH
»KapakKaTTap OpbIH ajJiMaFraH.

Haykacta cefanusiHbl KaXKeT eTeTiH Kafjau
OpbIH aJIfaH/la, XaTTaMaFa CoWKec PHYMOH/J| MLIKasackl
KOJIJaHbLI/bl. fIFHM, HayKacKa KaXKeTTi cefalusi Hemece
6eKiTy L1apaJiapbl 63 YaKbITbIH/A YKacaa/(bl.

KepceTkiru 2020 bl 2021 xbla 2022 xbla 2023 xbLa
AHecTe3uo0J10THs-peaHUMALMs )KOHE KAPKbIHABI eMJey 6eliMiHze
JKaThIIl €M/Ie/ITeH ayblp HayKacTap/blH CaHbl 368 519 617 756
YKaTy y3aKTbIFbl (TOCEK-KYH) 36,3 21,9 17,7 18,2
3 . 90 122 124 215
TAYJ/KTEH apThIK KaTKaH HayKaCTap CaHbl
Y Pl HATIAR HayacTap 245% 23,5% 20,1% 28,4%
10 . 10 32 25 30
TAyJNKTEeH apThIK *KaTKaH HayKacTap/blH CaHbI
Y P yracrap 2,7% 6,2% 41% 3,9%
1 0 0 1
Tamblpilisik kKaTeTepre 6aiiaHbICTb UHEKI S
0,27% 0 0 0,13%
y Sait o 1 0 1 1
eTpaj/ipl KaTeTepre 6aiIaHbICTBI UHEKIHS
peTpana P 0,27% 0 0,16% 0,13%
2 3 2 2
JKacaHAbI THIHBIC /Ty annapaThiMeH GaiaHbICTBI THEBMOHUSA
0,54% 0,58% 0,32% 0,26%
1 1 0 0
Tecek xapasap
0,27% 0,19% 0 0
Meitip6uKe KyMbIChI CallachblHa XKacaJIFaH LaFbIM/Ap CaHbl (apirepsiep 9 9 6 8
TaparnblHaH)

KyTiM xaTTamacbIHbIH, 6ip TapMa¥Fbl - TaMbIpimiaik
KaTeTepJiep MeH ypeTpajJbl KaTeTepJepre »KacajlaTblH
KYTiM L1apaJiapbl.

XaTTamara coWiKec Jep Ke3iHZe XKoHe THAHAKTHI
Gakpliay 6apbIChIHJQ, TaMbIpilIiiik KaTeTep MeH
ypeTpaJi/ibl KaTeTpre 6ailJlaHbICTbI 60/1aThIH UHEKIUAIAP
xwuimiri ge 0,27% nan 0,13%-ra feitin a3aiiran (2-1i kKecTe).

Meitipbukestik KyTiM XaTTaMacblHA €HTIi31ITeH TaFbl
6ip MaHpI3/bl GesiM - >KacaH[Abl TBIHBIC ajly allapaThbl
MeH COJl anmnapaT KOCbUIFAaH HayKacTapfa »KacalaTblH
KyTiM  1mapajapbel. MeHipOUKeHIH  HAayKacTbl  KYTYy

6apbICbIHAA MHTYGALMSJIBIK TYTiK HEH aybl3 KybICBIHbBIH
Tasa/bIFbl Ha3apZaH ThIC KaJMai/bl XoHe Oesresi 6ip
YaKbIT apaJblFblH/Aa TUTHEHasblK TasasblK, OTKi3iaesi.
AHecTe3uoJIOTUSI-peaHMMallMsl  KOHEe KapKbIHJbl eMJey
6eniminge 2KTA anmapaTblHa KOCBLIFAH HayKacTapza
Ui Ke3feceTiH acKpiHysnapAablH 6ipi )KTA anmapaTteiMeH
6al/IaHbICTBl TTHEBMOHUSJIAP JKULJIIri GoJibIl TaGbLIaAbI.
2020 xoHe 2021 »KblJIMEH Ca/bICThIPFaH/la COHFBI 2 XKblIJa
(2022-2023 x.) KTA 6GalIaHBICTBI NMHEBMOHMS KHiiri
opraua ecenneH 0,27% TeMeH/ieTreH.

HAYKACTAPLDBIH KOPCETIITEH KEMEKKE KAHAFATTAHY
A9PEXECI

M HaHafaTTaHap/blK emec
KaHararTaHap/biK,

4%

M To/IbiK, KaHAFATTaHBaAbIM
Bafa Bepe anmarmbiH

2% 4.

1- wi cypem - HaykacmapdblH kepceminzed KomMekke KaHarammaty dapediceci

HaykacTbl empey (koHe OFaH KYTIM »xacay
6apbICbIHAA MYJbTHUAMCLUIIMHAPABIK Ke3Kapac IeH
JAYPbIC KapbIM-KaTbIHAC MaHbI3/ibl OPbIH alafbl. byn pette
9p6ip KbI3MeTKepAiH 63iHe XYKTeJareH MiHJETTi AypbIC
HeMece OypbIC aTKapybl, eMjey lLlapajapblHblH Ccanacbl
MeH HOTUXKeciHe Tikesiell acep eTeni. Mellip6ukesik KyTiM
XaTTaMachl OCbl Opai/ia /ja 3 OpHbIH aTKapAbl. CTaHAAPTThI
ic-mapajap MeH XaTTaMaHbl KoJiaHy 6GapbICbIHJA
MeHip6uKeepAiH *KyYMbICbIHA JleTeH YKbINThLIBIFbI apTa/bl.
MaceJiere ocbl KbIpbIHaH Kapap 60JI1CaK, XaTTaMaHbl KeHiHeH
KOJIZJaHFaH XKbl1JjapAa, MeHipOouKeepAiH »KyMbICbIHA 66J1iM
Japirep/epi TapamblHaH >KacaJifaH LIaFbIMAAp CaHbl Ja
coHFbI 2 xkbL1ga 11,2%-mau 33,3%-Fa a3aitraH (2-11i kecte).
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AHecTe3no/IOTHsI-peaHUMalUsl  KOHEe  KapKbIH/bI
emjey OGesiMiHZe KepceTiireH MeAMLMHA/IBIK KOMeEKKe
HayKacTapAblH, GepreH 6afacblH aHBIKTay MaKcaTbIHJA
JKacasifaH cayajHamMa HoaTuxeci 1-mi cyperte 6Gepiin
oTblp. Kepin TypraHpall, cayanHamara »kayan GepreH 50
HayKacTblH, 45-1 (aFHH, 90%) KaHaraTTaHFaHbIH alThIN, 1
FaHa Haykac (2%) KaHaraTTaHapJIbIK KeMeK aJMaFaHbIH
6esrinesi. CayasHaMa KOPbITBIHABICH! 60MbIHIIA HAyKACTap
TapalblHaH aHeCTe310JI0TUsI-peaHMal Ul XKoHe KapKbIH/ bl
eMJley 0eJiiMi >KYMBICbIHA KaJIlbl KaKCcbl 6aFa Gepiain
OTBIPFaHbIH aHbIKTaJbIK,
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Tasnkpl1ay

Kyngenikri  Toxipubemik  Macesnesnepai  memry
GapbIicbIHAA 6esiM  KbI3MeTKepJsiepiHiH  Ke3KapachlH,
TOXipUbesik JaFgbUIapblH €CKepy OpbIHJAJATBIH iCTiH
camacblH  apTThIpaTblHbl  ce3ci3. JKacanaTblH  2KoHe
eHrisizeTiH XaTTaMaHbl TaJKblIay OapbICBIHAA  KOIl
JleHTels1i TONTbIH OO0JIybl, SIFHM [9pirepsep MeH opTa
OybIH MeAMIIMHAJIBIK KbI3MeTKepJepiHiH Gipsece OTBHIPHIN
TaJIKblJIaybl KAapPKbIHABI KYTIM XaTTaMacCbIHbIH, TUIMZAIIIriH
apTThIpMakK, [9-14].

O/iebueTTep/e YChIHBIIFAH, KeM6ip KapKbIH/bI KYTiM
XaTTaMaJlapblH Ke3-KeJIl'eH aypyxaHa HeMece MeJULMHAJBbIK,
yHbIMFa Tikesel eHri3y MyMKiH eMec, ce6e6i ap6ip 6es1iMHIH
epekiesiikTepi MeH aTKapaTblH MiHfeTTepi caiikec 6oJsa
6epmeiini [15, 16]. CoHbIKTaH, 6i3 MeHipOHUKeTiK KapKbIH/bI
KYTiM XaTTaMachlH Kacall, OHbI eHri3y 6apbIChIH KeTKITIKTi
YaKbIT apasbIFbIHAA TKIPUOEiK ChbIHAKTAH OTKi3im, yir
Ke3eH/IK KeTUIAipy MeH TaJjjay eJleriHeH OTKIi3JiK KoHe
XaTTaMa MeWJiHIIe bIHFAWJbl 9pi KyHesi 60JyblHA Haszap
ay/lapAblK. XaTTaMaHblH OpbIH/AJyblHA YHEMI MOHUTOPUHT
»Kacay >KoHe OHBIH »KYMbIC HOTIXKeCiHe OH, acepiH Garasay
xXaTTaMa THIMZIri MeH camacblH apTTBIPY KOJBIHBIH 6ipi
Gosbinl Tabbliagbl. CoWKeciHIEe, CaHJbIK >KoHe calasblk,
OaFaJjiay HOTIKeCiHe Haszap ayzapap 60Jicak, 6i3 KoJIJTaHbICKA
eHri3in oThIpFaH Melip6OUKeTiK KapKbIH/bI KYTiM XaTTaMachl
aHeCcTe3UOJIOTUSI-peaHuMal sl KoHe KapKbIHJAbI eM/ey
OeJIiMiH/Ie KepCeTiireH MeJUIMHAJbIK KbI3MeT canacblHa
alTapJbIKTal CEeNTIriH TUTi3iN OTbIpFaHbIH KepeMis.

OTaHAbIK KOHe IIeTeNAiK 6acbLIbIMAAP MeH
9/lebueTTepre IOy OapbIChIHAA MeHipOuKeaik KyTim
xXaTTaMajJapblHa  3epTTey KkdHe  FbUIBIMH  Tajjay
»)KacaraH »KYMbICTap/bl Ke3jecTipe aaMma/blK. Kemuijik
KaFaflaiifia, TeK XaTTaMaHbIH KYpbUIbIMbl MeH KOJIJJaHY
epekllesliKTepiHe cuNaTTaMa »Kas3blLIFaH, aJjJ KoJiaHy
0apbIChIHAA KETKEH JKETICTIKTEPp MeH KOJ JKeTKisreH
HOTWXKeJiepre Tasiay Ka3bliMaraH [14-19].

AHecTe3no/IOTUsI-peAHUMAlUA  XKOHE  KapKbIH/bI
eMzey OeJiiMiHZe, KapKblHAbl MeHipOukesik  KyTiMm
XaTTaMacblHa JlereH KaXeTTiNiKTiH ce6e6iH aiiTap 6oJicak,
aJIbIMbI3/IaH LIeMiMiH TabyAbl KaKeT eTeTiH KYHAesiKTi
TaxKipubesik Macesiesiep IIBbIFATBIHBI ce3ci3. KyHzesnikTi
KYTiM GapbICblHA FBLIBIMU J3JIe[IeHTeH TaKipUOeHi eHrizy
MaHbI3/bl peJl aTKapazbl. CoHbIH 6ipi - HayKacTa aybIpCbIHY
GesriziepiH aHbIKTAy, OHbI Gafasiay *KoHe calikec eMJiK ic-
Hapasiap/bl >kacay, COHbIMeH KaTap TOeCeK »apaHblH aj/blH
ally KeHe JaMy Kaymi JapexeciH »xyHesni Typjae Garanay
[10]. Bysnapabiy, 6ipi HayKacTblH MeJUIIMHA/bIK KOMEKKe
KaHafaTTaHyblH apTThipca, eKiHWici aypyxaHailijaik
MHQEeKUUAIBbIK aCKbIHyJapAblH alJAblH ajyFa ce6emnmi
60JIMaK.

KOopBbITBIHAbI

Meitipbukenik KyTiM XaTTaMacblH  KypacTbIpy
’KOHe OHBbl ToXipubere eHrisy - emjey IIapajapbIHbIH,
HOTIIKECIH KaKCcapTy MeH KepCeTiJeTiH MeAUIMHAJIBIK,

K6MeK calacblH apTThIPy  >KOJBIHJAFbl  MaHBbI3/bl
KaJlaMaapablH, 6ipi. YCBIHBUIBIN OTBIpFAaH MeHipOUKeJiK
KYTIiM XaTTaMachl HayKacTap/bl aHeCTe3U0JI0rus-

peaHUMal¥si )K9He KapKbIH/bI eM/iey GoJliMiHie KapKbIH/bI
eM/iey  HOTHXKeJIepiH JKaKcapTyfa OaFbITTaJFaH THIM/I
KypasiiapblH, 6ipi 601k TaObLIAbL.

9aeo6ueT

EHrisizin  oTelpFaH xaTTamMaja TUTCUEHAJbIK ic-
mapaJjiapFa Jia epekiie opblH Oepinin oTelp. CoHbIMeH
KaTap, xaTraMa MeHip6uKeHiH Ha3apblH HAyKacCThbIH eci
MeH IICUXOJIOTUSJIBIK J>KaFfjadblHA Ja ayAapajbl >KoHe
coliKeC CblHaMa KeMeTriMeH 0OarasiayFa MYMKiHZiK Gepepi.
Meitipbukesnik Toxipubezne, 6y xaTTamMa aypyxaHaimiaik
WHQeKUUsAIap/AblH, aJJblH alyFa Ja KeMeK Gepefi. SIFHU
TaMbIpilIVIIK, ypeTpa/bAbl KaTeTepJsepAiH KyTiMiHe [e
Hasap ayzaprtazbl. byFaH KockIMIIa Aajies peTiHze 6i3aiH
AHeCTe3UOJIOTUsA-peaHMalus  jKoHe KapKblHJbl eMJey
GesiMiHze GesiMiH/e Ke3/ieceTiH MHQEKIUSIIBIK aCKbIHYIAp
JleHTeHiHiH a3aldybplH aWTyfa 6osasbl. KapKbIHABI KyTiM
ke3iHge, xarramMa JKTA-Ha KOCbLIFaH HaAyKacTapAblH
JKafjaliblHA MeHipOWKeHIH Has3apblH ayJaphlll, KeMeK
KepceTyiHe cebenuri 6oJsagpl. MyH/jal mapasap/ibl, COHFBI
3 KbUIABIK Tokipube HoTwxeciHze KTA  6GalJaHBICTBI
60JIaTBIH ITHEBMOHHSHBIH, 6i37iH 6GesiMuiese asalyblHa
CEeNTiriH THUri3reH >KaFbIMAbl GaKTopJap/AblH 6ipi men
ecenTelMi3. AHECTE3UOJIOTUSI-peaHMMal U )KIHE KaPKbIH/ bl
eMJey OesiMiHze Kelbip HaykacTapzga aypy ce6e6i MeH
epekiuesikTepiHe Kapall MNCUXOMOTOPJIBIK, KO3y 6OJIbII,
cefanus JKacaaybl MyMKiH. COHJBIKTAH XaTTaMazja Oy
MaceJierTe Jie )KeKe OpbIH 6epistin oThIp. Kel6ip aBTOpIapAbIH,
MaJliMeTi GOHBIHIIA HAYKACThI OEKITY XaTTaMaJapblH eHTi3y,
OHBI OPBIHCHI3 KosimaHyzabl 30-50% a3aiiTKan [20].

Bi3 yYCBIHBIN OTBIpFAaH MeHipOUKesTiK KapKbIH/AbI
KYTiM XaTTaMacbIHbIH TaFbl 6ip apTBIKWIBLIBIFEl PeTiHJE,
HayKacTapAblH, KepcCeTiIreH MeJUIUHANbIK KeMeKKe
KaHaFaTTaHy JleHTreHliHiH apTybIH alTyFa 60J1a/bl.

CoHbIMEH KaTap, XaTTaMa KyHJeJIKTi KyMbIC
GapbIChIHAA KYTIM JKOCHApbIH Kacayfa, »Kydesi KoHe
yaKbITBbIH/A 9peKeT eTil, KaTeJiKTep/iH aJblH aJjyfa
MYMKIiH/iK Gepesi.

KypacToipbliraH Mellip6ukesik KapKbIH/bl
KYTIM XaTTaMacblHa, ToXipube O6apbICbIHAA TY3eTYyJIep,
TOJILIKTBIPYJIAap MeH e3repTysep eHrisyre 6osazbl. By,
03 Ke3eriH/Jle XaTTaMaHblH YHeMi ©3eKTi, opi yaKbIT IeH
Ta/lalKa ColKec GOJIybIH KaMTaMachl3 eTefi. XaTTaMaHbI
3JIEKTPOH/ABIK, aKMapaTThIK KyWesepre Je eHrisyre
6oJiafibl. O3ipJieHreH MeMipbuKesik KyTiM XaTTaMacblHa
2024 xbunzblH 22-KaHTapbiHaa N2 42243 aBTOPJIBIK KYKBIK,
KYoJIir'l aJbIH/ABL.

XaTTaMaHbIH KeH6ip LeKkTeysepi ge 6ap, oJ caiikec
VKBINITBIIBIK MIEH TOJTBIPYFa yaKbIT KaXKeT eTefi. bapJblk
aHeCTe3MOJIOTUA-peaHuMalusl KoHe KapKbIHJbl eMJey
Gesiimzepine cali ambeban 6osiMaybl MYMKiH. XaTTaMaHbI
Gesrisi 6ip Ke3eHJepAe KalTa Kapar, 6araJar, coliKeciHe
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Pe3wome

ue./lb uccs1e0o08aHUs: nosvlweHUe Kayecmea u 6e30nacHocmu Meduuu;icxux ycaye nymem cosdaHusi npomokoJ/ia UHMeHCU8HOo20
CECmpHHCKOZOyXO(?a u 8H€ap€HlJﬂ €20 8 NpaAKMUKy omadeneHull aHecmesuosio2uu-peaHumayuu u UHMEeHCUBHOU mepanuu.

Memooebl. [Ipoyecc co3daHust u eHeOpeHUsl NPOMOKOAA COCMOsIA U3 CAedYWUX 3Manos: Npomokol paspabamsl8ascs ¢ yHemom
nposoduMbIx Meponpusimuil U ocobeHHocmell UHMeHCcUusHoU mepanuu. PaspabomaHHblii npomoko 06¢cyxcda/ics, BHOCUAUCL HE06X00UMble
uameHeHusi, 00No/IHeHUs, Noc/e NPOMOKO.1 BHedpeH 8 excedHesHy0 Npakmuky. [I[poaHa u3uposaxo kavecmeao pa6omsl omaoesneHus 3a nepuoo
npumeHeHuss 0aHHO20 npomoko/aa. Kpumepuem kauecmea uHmeHcusHozo yxoda 6blL10: yacmoma npoJedcHell; yacmoma UH@EeKYUOHHbIX
0C/102CHEHUT, BbI36AHHbIX KAMemepamu; 4acmoma 6Hympu60abHU4HbIX UHPEeKYull; yacmoma 8eHMUASIMOP-AcCOYUUPOBAHHbBIX NHEBMOHUL
KO/IUMecmao J#a/06 co CMopoHbl 8payell Ha kayecmso pabomel meduyuHckux cecmep. C yeavlo onpedeseHust cmeneHu y0081emeopeHHoCmu
nayueHmos 6b110 nposedeHo aHkemuposarue 50 nayueHmos.

Pesynomamel. Ilo pesynbmamam oyeHku nepuodos npumeHeHush NPOMOKO/A, HECMOMPS HA y8e/AuveHue KOAUYecmea msxicenblX
nayueHmos, CHU3U/OCL KOAUYEeCmeo 6HympubONbHUYHbIX UHPEKYUOHHLIX U Kamemep-acCoyuupo8aHHbuIX UH@ekyull u nposaexcHell.
[THeeMOHUS, €C8S13AHHASL C ANNAPAMOM UCKYCCMBEHH020 dblxaHusl cHusuaack ¢ 0,54 do 0,26%. XKano6bl Ha kauecmao pabombl MeQUYUHCKUX
cecmep 6bL10 MeHbule. Bcezo 90% onpouwleHHbIX NayueHmos ocmauchb NOJAHOCMbH0 y008.1emeopeHbl Ka4ecmeom 0Ka3bl8aeMblX MeOUYUHCKUX
ycaye e omdeseHuu aHecmesuo102uu-peaHuMayuu U UHMeHCU8Hol mepanuu.

Bbigodbl. Paspabomka u 6HedpeHue npomoKo/a CEeCMpPUHCKO20 yxodd s8/151emcsi 00HUM U3 8aXCHeUWUX 3manos yayvuleHus
pesy/bmamos JeyeHusl U NosblweHUsl Kayecmea MeduyuHckol nomowu. [IpedcmaseHHblll NPOMOKO UHMEHCUBHO20 CECMPUHCKO20 yX00a
s8/155emcst 00HUM U3 3PPeKMu8HbIX UHCMPYMEHMO8, HANPAB/JIEHHbIX HA Y/yYUleHUe pe3y/nbmamos JeveHus nayueHmos 8 omdeseHuu
aHecme3uo/102uu-peaHuUMayuu U UHMeHCU8HOU mepanuu.

Kawuesslie cnosa: npomoKoJ/1 UHMeHCUBHO20 cecmpuHCKozoyxoda, Kavyecmeo Meauuw-lcrcoﬁ nomowju, UHMeHcusHas mepanusi.

Improving the quality of medical care through the development and implementation of an intensive nursing
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Abstract

Objective. To improve the quality and safety of medical services by developing an intensive nursing care protocol and implementing it in
the practice of anesthesiology, resuscitation, and intensive care units.

Methods. The process of developing and implementing the protocol consisted of the following stages: the protocol was designed taking
into account the procedures performed and the specifics of intensive care. The developed protocol was discussed, necessary changes and additions
were made, and it was integrated into daily practice. The quality of the department's work during the period of protocol application was analyzed.
The criteria for the quality of intensive care included: the incidence of pressure ulcers, the frequency of catheter-related infectious complications,
the rate of hospital-acquired infections, the rate of ventilator-associated pneumonia, and the number of complaints from physicians regarding
the quality of nurses' work. To assess patient satisfaction, a survey of 50 patients was conducted.

Results. Based on the evaluation of the periods during which the protocol was applied, despite an increase in the number of critically
ill patients, there was a reduction in hospital-acquired infections, catheter-associated infections, and pressure ulcers. Ventilator-associated
pneumonia decreased from 0.54% to 0.26%. Complaints about the quality of nurses’ work decreased. 90% of the surveyed patients were fully
satisfied with the quality of medical services provided in the anesthesiology, resuscitation, and intensive care unit.

Conclusion. The development and implementation of a nursing care protocol is one of the most important steps in improving treatment
outcomes and enhancing the quality of medical care. The presented intensive nursing care protocol is an effective tool aimed at improving patient
outcomes in the anesthesiology, resuscitation, and intensive care unit.

Keywords: intensive nursing care protocol, quality of medical care, intensive care.
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Abstract

Background. Digital learning tools have become integral to higher education, offering students enhanced accessibility, flexibility, and
engagement. However, their effectiveness depends on usability, reliability, and alignment with academic needs. Limited research has explored
students’ experiences with these tools across diverse educational systems. This study examines the frequency of use, perceived benefits, and
challenges of digital learning tools among university and college students in multiple countries.

Methods. A cross-sectional survey was conducted among 103 Kazakhstan, Russia, South Korea, Turkey, Germany, the USA, and Canada
medical students. A structured questionnaire assessed demographic characteristics, usage patterns, and perceptions of digital learning tools.
Responses were meas-ured using a fivepoint Likert scale, and statistical analyses, including correlation analysis, were performed to identify key
factors influencing student satisfaction and engagement.

Results. The study revealed a high engagement rate with digital learning tools, with 73.1% of students frequently utilizing online
resources. Despite this, students reported significant challenges: 57.2% struggled to find reliable information, 62.8% questioned content accuracy,
and 71.5% found tools lacking interactivity. Correlation analysis indicated that perceived reliability and usability strongly influenced student
satisfaction and motivation.

Conclusions. Findings highlight the need for improvements in digital learning tools to enhance accuracy, engagement, and personalization.
Addressing these challenges can optimize student learning experiences and contribute to more effective, student-centered educational strategies.
Future research should explore interventions that enhance content credibility and interactive learning features.

Keywords: Digital learning tools; student engagement; online education; higher education; usability; content reliability.
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Introduction

The rapid advancement of digital technology has
profoundly transformed higher education, reshaping how
students access, engage with, and process information. The
increasing reliance on digital tools, from online learning
platforms to interactive applications, has introduced
new opportunities for flexible and personalized learning
experiences. However, as these tools become an integral part
of modern education, it is essential to assess their usability,
accessibility, and overall educational value to ensure they
effectively support students’ academic success[1-3].

Understanding how students interact with digital
learning tools is crucial for optimizing their effectiveness
and addressing potential challenges. Factors such as ease
of use, reliability of online resources, and the ability to
personalize learning experiences significantly shape student
engagement and academic performance. While previous
studies have explored various aspects of digital education,
there remains a need for a more comprehensive evaluation
that considers students' perspectives across diverse cultural
and academic contexts. Educational experiences vary by

Materials and Methods
Study Setting, Period, and Design

This study employed a cross-sectional methodology
to assess a digital tool's usability, func-tionality, and
educational value through a structured questionnaire. The
survey was conducted over two weeks, from November 23
to December 11, 2024.

Participants

The study sample included medical university
and college students aged 18 to 25 years. A total of 103
respondents participated in the survey. Participants were
recruited from multiple countries, including Kazakhstan,
Russia, South Korea, Turkey, Germany, the USA, and Canada.

Data Collection Tools

A structured questionnaire was designed to gather
data on the usability and accessibility of the digital tool, as
well as its educational value. The questionnaire contained
closed- and open-ended questions covering the following
topics: "How often do you use online resources for self-
education? “”Do educational platforms meet your individual
needs and preferences?”. "Do you face difficulties finding
high-quality and reliable educational materials?". "What
challenges do you encounter in self-learning?". "How
important is it for you to have the opportunity to create
personalized courses tailored to your personal educational
goals, needs, and preferences?

The questionnaire underwent pre-testing with a
small subset of students to assess clarity and reliability.
Internal consistency was measured using Cronbach’s alpha,
and expert review ensured content validity.

Results

The boxplots illustrate key insights into students’
experiences with online learning, highlighting common
trends and response variations - frequency of Online
Resource Usage. The median value is around 2, indicating
moderate use of online resources. The interquartile
range (IQR) is narrow, showing consistency in responses.
Outliers at the higher end suggest that a few participants
rely extensively on online learning platforms—satisfaction
with Educational Resources. The median response is close
to 2, indicating moderate satisfaction. A slightly wider IQR
suggests varied opinions, with some participants rating
their experience more positively. A few outliers reflect

region and institution, making cross-national analyses
useful for identifying universal and specific trends [4,5].

Using a structured questionnaire distributed across
multiple countries, this research seeks to provide valuable
in-sights into students’ satisfaction with online education
and identify areas for improvement. The study aligns
with the principles of open learning, which emphasize
personalized and meaningful educational experiences
tailored to individual goals and preferences [6,7]. To ensure
clarity and reliability, the questionnaire was pre-tested
before data collection, following best practices in survey
design

The findings of this study will contribute to
the ongoing discourse on digital education, of-fering
recommendations for enhancing the usability, accessibility,
and engagement of digital learning environments. Given the
increasing role of digital tools in higher education, these in-
sights are essential for improving online learning strategies
and fostering more effective, stu-dent-centered educational
experiences.

Sample Size Determination

The study included a convenience sample of 103
participants. Although no formal sample size calculation
was performed, the study aimed to achieve a diverse
representation of students across different countries and
educational institutions.

Data Collection and Procedures

The questionnaire was self-administered and
distributed online via Google Forms. Partici-pants
were invited to complete the survey through various
digital platforms, including email and social media. The
questionnaire was pre-tested to ensure clarity and reliability,
and minor ad-justments were made before data collection.

Statistical Analysis

Data were analyzed using SPSS software version
27.0 (IBM Corp., Armonk, NY, USA). De-scriptive statistics,
including frequencies, proportions, means, and standard
deviations, were calculated to summarize digital learning
tools' demographic characteristics and usage patterns.
Responses to Likert-scale questions were analyzed
using mean scores and standard deviations. The internal
consistency of Likert-scale items was assessed using
Cronbach’s alpha. Pearson’s correlation analysis examined
associations between perceived reliability, usability,
and student satisfaction. Open-ended responses were
thematically analyzed to identify key challenges and trends
in self-learning among students. A p-value of <0.05 was
considered statistically significant for all analyses.

higher satisfaction levels and difficulties in finding reliable
information. The median response is around 3, indicating
that many participants struggle with accessing trustworthy
information. The IQR is relatively wide, showing significant
variability in responses. Upper outliers suggest that
some individuals experience severe difficulties, such as
time consumption. The median is at the lowest value (0),
suggesting that most respondents do not perceive time
consumption as a significant issue. The responses are highly
concentrated at the lower end, with minimal variability -
inaccurate Information. The median value is relatively high
(around 3-4), highlighting that information accuracy is a
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significant concern. The IQR is wide, indicating differing
perceptions of inaccuracy. Some outliers indicate extreme
dissatisfaction, such as a lack of interactivity. The boxplot
shows a lower median value (0), indicating that interactivity
is not a significant issue for most participants. Responses
are highly concentrated at the lower end, with no significant
variation—the importance of Creating Personalized
Courses. The median response is above 3, reflecting a strong
preference for customized learning experiences. A wider
IQR suggests that most participants recognize the value of

personalized courses—loss of Motivation. The median is
at its lowest value (1), suggesting that most respondents
do not struggle with motivation loss. A few upper outliers
indicate that some individuals experience a significant drop
in motivation—and interest in an Innovative Platform for
Self-Learning. The median response is around 1, indicating
limited enthusiasm for new self-learning platforms. A few
outliers suggest that some participants show higher interest,
pointing to a potential niche demand (Figure1).
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Figure 1 - Boxplot analysis of online learning experiences (resource usage, satisfaction, barri-ers)

This analysis provides valuable insights into
students' experiences with online learning. It focuses
on their use of digital resources, satisfaction levels, and
challenges encountered. The data is presented through
histograms, visually representing key factors influencing
self-directed learning.

The analysis revealed a high level of engagement with
online resources, with 73.1% of stu-dents reporting that
they "Always" or "Often" use digital platforms. In contrast,
only a tiny propor-tion reported infrequent or no usage.
Satisfaction with educational resources demonstrated a
significant trend (p=0.021), with 69.4% of respondents
expressing consistent satisfaction, sug-gesting that digital
platforms effectively meet academic needs.

However, challenges in finding reliable information
were prevalent, with a statistically sig-nificant difference
observed (p=0.036); 57.2% of students reported
experiencing difficulties "Of-ten" or "Sometimes." Similarly,
concerns about the accuracy of online information were
wide-spread, as 62.8% of respondents frequently questioned
the reliability of digital learning materials.

A notable finding related to self-learning motivation
(p=0.041), with 58.3% of students indi-cating that they
"Sometimes" or "Often" experience a decline in motivation.
Additionally, a lack of interactivity emerged as a significant
concern, with 71.5% of students stating that digital learning
environments lack engagement, underscoring the need for
more interactive and immersive tools.

No significant differences were observed in students’
willingness to adopt innovative learn-ing platforms
(p=0.594), suggesting a stable level of interest in new
educational technologies. Similarly, while the importance of

personalized courses was widely acknowledged (p=0.067),
no statistically significant variation was found among
different student groups.

Overall, the findings highlight the widespread
reliance on online resources while identifying key challenges
such as information reliability, motivation loss, and limited
interactivity. Address-ing these barriers through higher-
quality content, engagement-driven tools, and adaptive
learn-ing models could enhance the overall effectiveness of
online education (Figure 2).

The correlation heatmap provides insights into the
relationships between various factors af-fecting students'
online learning experiences. Frequency of Online Resource
Usage showed a positive correlation with Satisfaction with
Educational Resources (r = 0.46), suggesting that stu-dents
who used online resources more frequently tended to be
more satisfied with their educa-tional materials. However,
Difficulties in Finding Reliable Information negatively
correlated with Satisfaction with Educational Resources (r
=-0.46), indicating that students who struggled with finding
reliable information were less satisfied.

Inaccuracy of Information had a strong negative
correlation with Loss of Motivation (r = -0.40), suggesting
that students who perceived information as inaccurate were
more likely to experience a decline in motivation. Lack of
Interactivity and the Importance of Creating Personalized
Courses were positively correlated (r = 0.23), indicating
that students who lacked interactivity were more inclined to
favor personalized courses.
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Figure 2 - Comparative analysis of students' perspectives on online learning

Interest in Using an Innovative Platform for Self- barrier to online learning.

Learning was negatively correlated with the Importance These findings highlight the importance of
of Creating Personalized Courses (r = -0.27), implying that addressing information accuracy, interactivity, and

students W}_lo valued p.er-sorllahz(?d learr.nng EXPETIENCes  personalized learning options to enhance students' online
were less interested in using innovative self-learning learning experiences (figure 3).

platforms. Time Consumption did not correlate strongly
with other variables, suggesting that it was not a significant
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Figure 3 - Correlation heatmap of factors influencing online learning outcomes
Discussion

The findings of this study provide valuable insights both the benefits and challenges associated with digital
into students' experiences with online learning, highlighting  education. The results indicate a high level of engagement
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with online resources, with most students frequently
utilizing digital platforms. However, while satisfaction with
educational resources is generally positive, key barriers
such as difficulties in finding reliable information, concerns
about accuracy, and lack of interactivity present significant
challenges to online learning effectiveness.

A notable concern identified in the study is the
difficulty of accessing trustworthy infor-mation. The wide
interquartile range (IQR) and the high median value for
this variable suggest that students encounter substantial
variability in their ability to find credible resources. This
issue is further reinforced by the negative correlation
between difficulties in finding reliable information and
satisfaction with educational resources (r = -0.46). These
findings highlight the need for im-proved content curation,
verification mechanisms, and guidance on distinguishing
credible sources within online learning platforms. As
noted by Torres, proactive adaptation in online teaching is
essential to enhance online education's quality, including
developing comprehensive operational plans that evaluate
students' communication and resource accessibility [8].

Another key challenge is the perception of inaccurate
information, which has a strong nega-tive correlation
with motivation loss (r = -0.40). Students who frequently
encountered inaccurate materials were more likely to
experience a decline in motivation, potentially affecting
their aca-demic performance. Addressing this issue requires
a multi-faceted approach, including imple-menting peer-
reviewed content, expert validation, and student feedback
mechanisms to enhance information reliability. Research by
Mckenna et al. emphasizes the relationship between the type
of online learning environment and student engagement,
indicating that underutilization of re-sources can negatively
impact motivation and attainment [9]. Therefore, ensuring
the accuracy of online materials is crucial for maintaining
student motivation and engagement.

The results also indicate that students recognize
the importance of personalized learning experiences, as
reflected by a strong preference for customized courses.
The positive correlation between the lack of interactivity
and the demand for personalized courses (r = 0.23)
suggests that students who experience low engagement in
online learning environments seek more tailored learning
solutions. This aligns with existing literature emphasizing
the benefits of adaptive learning models in fostering student
engagement and improving knowledge retention. Lawrence
et al. and Quigley et al. highlight that students’ decisions to
access specific online resources re-flect their engagement
levels, reinforcing the need for personalized educational
experiences [10,11].

Interestingly, while students acknowledge the
value of innovative self-learning platforms, the median

Conclusion

This study highlights the widespread use of digital
learning tools among university and col-lege students
across multiple countries, emphasizing their benefits and
limitations. While 73.1% of students frequently engage with
online resources, concerns about information reliability
(57.2%), content accuracy (62.8%), and interactivity
(71.5%) persist. Correlation analysis further reveals that
perceived reliability and usability significantly impact
student satisfaction and motiva-tion. Improvements in
content credibility, interactive features, and personalized
learning experiences are necessary to enhance digital
learning. Addressing these challenges can foster more
effective, student-centered educational strategies. Future

response suggests limited enthusiasm for adopting new
technologies. The lack of significant response variation (p
= 0.594) implies a relatively stable interest in emerging
learning tools, possibly due to their effectiveness or
usability concerns. Future research could explore the
factors influencing students’ willingness to adopt novel
digital learning solutions. As noted by Davis et al.,, engaging
students as co-designers in developing online resources can
enhance usability and effectiveness, addressing their needs
and preferences more effectively [12].

Despite these challenges, time consumption was not
perceived as a significant barrier to online learning, with
responses highly concentrated at the lower end of the scale.
This suggests that students generally find digital learning
time-efficient, supporting its continued integration into
educational systems. However, the study also highlights
a potential niche demand for interactive and engaging
learning platforms, as evidenced by outliers indicating
strong interest in innovative approaches. As indicated by
Norze, the critical role of online student engagement in
determining academic success cannot be overstated, as
students' grades are closely linked to their access to online
resources [13].

The findings underscore the importance of
enhancing information reliability, promoting in-teractive
learning experiences, and incorporating personalized
learning strategies to improve students’ online education
experiences. Addressing these issues through well-
structured digital content, engagement-driven tools, and
adaptive learning methodologies could significantly en-
hance the effectiveness of online education. Future studies
should focus on longitudinal as-sessments to determine the
long-term impact of these factors on students' academic
performance and learning satisfaction, as suggested by the
potential of learning analytics to provide valuable insights
into student engagement and performance[14].

Limitations of the Study

This study offers valuable insights, but several
limitations should be considered. First, the cross-sectional
design prevents us from establishing causal relationships
between students’ online learning experiences and their
satisfaction or challenges. Additionally, the reliance on self-
reported data may introduce recall or social desirability
bias, potentially affecting the accuracy of responses. With
a limited sample size, the findings may not fully represent
the broader student population, emphasizing the need for
future studies with more extensive and diverse samples to
improve generalizability. Further research could incorporate
qualitative methods, such as inter-views or focus groups, to
explore students' perceptions in greater depth and identify
potential strategies to enhance online learning experiences.

research should explore innovative solutions, such as
adaptive learning models and Aldriven content verification,
to optimize the online learning experience.
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Tyitlingeme

Hugpavik 6inim 6epy Kypasndapwl xcorapul 6i1iM 6epydiy asxcvlpamac 6esieiHe aiiHan0vl. Cmydenmmepze Ko/xicemimoinikmi,
ukemOdinikmi scaHe mapmulaydsl apmmulpadsl. JJezeHmeH, 01apdely muimodiniei natidasanydsly kKapanaiiblMObLAbIFbIHA, ceHIMOLNI2IHe dHcaHe
akademusiblK Kajcemminikmepee calikecmizine 6ailianbicmbl. Bya Kypandapovt apmypai 6inim bepy scyliesnepinde KoadaHy madxcipubecine
apHaaraH sepmmeynep camvl wekmeyi. bys sepmmey yHugepcumemmep MeH Koa/1e0x%c0epdiy cmydenmmepi apacsiHda caHoblk 611iM 6epy
Kypaa0apblH halldanaHy xcuiniein, Ka6bLA0aHFaH apmblKWbLAbIKMAapOobl JHcaHe MyblHOaraH Macenenepdi sepmmetiol.

9ddicmepi. Kazakcman, Pecetl, Oymycmixk Kopes, Typkus, lepmanus, AKL xcane Kanadadan 103 meduk-cmydenm apacbiHoa kes0eHeH
cayaaHama xcypeizindi. KypblabimoblK cayasHama demozpadusavlk cunammamanapobl, yazisepoi natidanaHy xcaHe camoblk 6iaim Gepy
Kypa/s0dapuiH Kabwulidaydsl 6arasayra MymKiHOik Gepdi. Kayanmap Jlalikepmmiy 6ec 6a1410blK wkKaaacel 6olibiHWa eauweHoi, coHdatl-ak
cmydenmmepoiy KaHaFrammauyblHa %CaHe MapmbliyblHa acep ememiH Hezizzi pakmopaapdsl aHblkmay ywiH KOppeasyusablk maaoay
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JHcyp2izindi.

Hamuoicenep. 3epmmey dcorapul OeHeelidezi Kambicydbl aHbikmadwvl: cmydeHmmepdiy 73,1% oHaaliH pecypcmapdvl yHemi
natidanaunadvt. OcbiFaH KapamacmaH, cmydeHmmep atmapavikmail macenenepdi aman emmi: 57,2% cenimdi aknapammoel maéyoa
KublHObIKMapra man 60.10bl, 62,8% YCbIHLLAFAH MA3MYHHbIH 0a/10i2iHe KyMaH keamipdi, an 71,5% kypasdapdvel scemkinikmi uHmepakmugmi
emec den canadvl. Koppeasyusabik maaday Kabbla0aHFaH ceHimMOinik neH natidanaHy KapanatibLMObLIbIFsI cmydeHmmepoiy KAHAFAMmMAaHybHa
JicaHe yadxcoeMeciHe atimapavikmati acep ememiHiH Kepcemmi.

KopbimuiHobl. AnvinFan Hamudiceaep cmydeHmmepodi mapmy JcaHe dcekeneHdipydiy daadiein apmmulpy ywin caHOblK 6iaim 6epy
KypasdapuiH scemindipy Kasxcemmisniein kepcemedi. TabvlLara macenenepdi wewy cmydenmmepOoin 6iim 6epy masicipubecin oymaiiiaHdbipbin,
cmydeHmKe 6arbimmanarax muimoipek 6i1imM 6epy cmpameausiAapblt a3ip/eyze biknaa emyi MymkiH. byoaH api MasmyHHbIH ceHimOinieit jcaHe
0KbIMyOdblH UHMepaKmuemiaiziH aqpmmulpy WapanapuiH eHzizyze 6arbIMmmarax sepmmeyaep xiypaisy Kaxcem.

Tytiin cesdep: yudpavik 6inim bGepy Kypasndapel, cmydeHmmepoiy KamulCybl, OHAAUH 6iniM, JicoFapel 6i1iM, natidananydvly
KapanatibiMObIAbIFbl, MA3MYHHbIH CeHiMAiniel.

INoBbIlIEHHE KadyeCcTBa OHHaﬁH-OﬁyquHH: l'lonepeqﬂoe HCC/IeJ0BAHHE BOBJICYEHHOCTHU CTYA€HTOB-
MEJUKOB U BO3SHUKAKIIHUX prAHOCTeﬁ
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Pe3ome

Hugpossle obpasosamenbHble UHCMPYMEHMbl CMAAU HEOMBEMAEMOU Yacmblo 8blcUle20 06pa308aHusl, obecnevusas cmydeHmam
wupoKull docmyn K y4e6HbIM Mamepuanam, 2u6Kkocms u 8oss1evyeHHocmyb. O0Hako ux sgpekmusHocme 3agucum om ydobcmea ucno1b308aHuUsl,
HadedxcHOCMU U coomeemcmaust akademuveckum nompebHocmsm. O2paHuveHHoe KoAu4ecmaeo ucc1edo8anutl NocesiuyeHo UsyveHuIo onblma
cmydeHmos 8 npumeHeHUuu OAHHLIX UHCMPYMEHMO8 8 pa3/Nu4HbIX 06pa3osamenbHuIXx cucmemax. /laHHoe ucciedosaHue aHaausupyem
yacmomy ucno/1b308aHusl, B0OCNPUHUMAEMblE NPEUMYWeCm8d U C/I0HCHOCMU, C KOMOPbIMU CMAIKUBAMCes 06y4arujuecs yHusepcumemos u
Ko/1/1e021cell 8 HeKOMOPbIX CMPAHAX.

Memodbl. Bblio nposedeHo nonepeyuHoe uccaedoganue cpedu 103 cmydenmos-medukos uz Kazaxcmawua, Poccuu, HxcHoti Kopeu,
Typyuu, l'epmanuu, CLIA u Kanadel. CmpykmypuposaHHas aHKema eK104ana 80npocsl o demMo2paguyecKux Xapakmepucmukax, nammepHax
UCNO0/1b308AHUS U 80CNPUAMUU YUPPOBbLIX 06pa308amenbHbIx UHCMpyMeHmos. Omeemol 0YeHU8aAUuCs No namubaanvHol wkase Jlukepma.
/151 8bisigA€HUS KAIOYe8bIX PAKMOPO8, 8AUSWUX HA Y008.1eM80PEeHHOCMb U 808/1€4eHHOCMb CMyJeHMO08, UCN0/1b3080/1CS1 KOPPEASYUOHHBIU
aHaaus.

Pezynbmamol  uccnedosausi NOKA3AAU  BbICOKUL  YPOBEHb  808/€HEHHOCMU 06y4alowuxcsi 8 UCN0/Ab308aHUe YUPpossbIx
06pasosamenvHbIX UHCMpPyMeHmos, 73,1% pecnoHdeHmos peaynspHo obpawjaromcsi K OHAalH-pecypcam. OOHAKO OblIU Bbls8AEHbI
3HayumenvHvle mpyoHocmu: 57,2% cmyodeHmos ucnslmul8arm C/A0#CHOCMU € NOUCKOM docmosepHoll uHgpopmayuu, 62,8% comHesaromes
8 mouHocmu npedcmae/ieHH020 KoHmenma, a 71,5% ommeuarom HedocmamoyHyro UHMEPaAKMUBHOCMb UHCMpyMeHmos. KoppeasayuoHHblii
aHa/au3 nokKasas, Ymo ocnpusimue HadexCcHocmu u y0o6cmea Ucnonb308aHUsl CYyWecmeeHHO 81usiem Ha y0081emeopeHHOCMb U MOMU8AYUI0
cmydeHmos.

Buigodvl.  IlosyyeHHble OaHHble nod4epkusarom HeobXo00uMOCmb COBEPUIEHCMBO08AHUS YUPPOBbIX 06pa3oeamenbHbIX
UHCMPYMEHMO8 € Yeablo NOBbIWEHUS] MOYHOCMU, UHMEePaKmMu8HOCMU U NepcoHAAU3ayuu. YcmpaHeHue 8bls8/eHHbIX Npo6aemM Modxicem
cnoco6cmeosames onmuMu3ayuu 06pazo8amenbHo20 npoyecca U pazsumuio 6osee IPPHeKmueHbIX, OPUCHMUPOBAHHBIX HA CMYOJeHmos,
o6pazogamenbHuix cmpamezull. Bydywue uccsedo8anust 001cHbl 6blMb HANPABAEHbl HA U3y4YeHUue Memodog nogblueHuUs1 d0CMo8epHoCmMuU
KOHMeHMa u yyvuweHust UHMepakmusHulX @YyHKYUll 06yueHus.

Karwuesvle caosa: yugposvie 06pazogamesbHble UHCMPYMEHMbl, 808/1€YEHHOCMb CMYJeHmos, OHAAlH-06pa308aHue, 8blicuiee
06pazosatue, y0o6cmao Uuchob308aHUs, 00CMOBEPHOCMb KOHMeHmMa.
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Abstract

In Kazakhstan, agaric mushrooms remain an understudied group despite their ecological and nutritional significance. This study is
the first to investigate the species composition of edible agaric mushrooms in the Burabay and Kokshetau National Parks, their morphometric
characteristics, and the creation of a strain collection.

The purpose of this research: to determine the species diversity of edible agaric mushrooms, analyze their morphometric characteristics,
and establish a strain collection by isolating new samples for further biological studies and potential applications.

Methods. Macromycetes were collected using a route method, sorted, dried (45-50°C, 30-40 min), and stored. Morphological
characteristics were examined visually, and microscopic structures were analyzed using a Mikmed-1 microscope and cameras. Young specimens
were cultivated on nutrient media (Czapek-Dox, Murashige-Skoog, potato-glucose agar) for strain isolation and further study.

Results. Over 80 mushroom samples were collected, identifying 71 species from two classes (Basidiomycetes and Ascomycetes), four
orders (Aphyllophorales, Agaricales, Lycoperdales, Pezizales), 11 families, and 26 genera. The isolated strains hold potential for further ecological
research and artificial cultivation.

Conclusion. The current sample size is limited. Further collection and analysis using additional methods are planned to refine knowledge
of agaric mushroom diversity in Kazakhstan.
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Introduction

In Kazakhstan, agaric fungi remain an understudied
group of macrofungi despite their significant ecological
role and nutritional value. Systematic studies of their
species diversity in the country's national parks have
been conducted only rarely. Edible agaric fungi play an
important role in forest ecosystems by participating in the
decomposition of organic matter and forming symbiotic
relationships that contribute to nutrient cycling and soil
structure improvement. Furthermore, many species have
economic significance due to their nutritional and potential
medicinal properties [1].

Until now, comprehensive studies of edible agaric
fungi in Kazakhstan's national parks have not been
conducted. This study is the first to focus on identifying the
species composition of edible agaric fungi growing in the
Burabay and Kokshetau National Parks, their morphometric
characteristics, and the creation of a strain collection for
further research and possible practical applications. The aim
of this study is to determine the species diversity of edible
agaric fungi, provide their morphometric characterization,
and isolate new strains for the creation of a collection. This
will allow for the study of their biological characteristics
and potential applications in biotechnology, agriculture,
and medicine [2].

Mushrooms are a highly valuable food product.
They are rich in proteins, various vitamins essential for the
human body, and trace elements such as iron, calcium, zinc,
iodine, potassium, and phosphorus. Due to their nutritional
properties, mushrooms are considered a gerontological
product. They do not contain harmful substances such as
cholesterol, nitrates, or nitrites. Currently, mushrooms are
consumed fried, boiled, salted, pickled, as well as in the
form of powder, paste, and as a seasoning for various dishes.
The protein content in mushrooms, in terms of dry matter,
ranges from 21% to 30%, which is significantly higher than
that of meat or wheat. One hectare of land can yield 110 tons
of mushrooms containing approximately 330 kg of protein.
For comparison, one hectare of land can produce 30 tons of
potatoes with only 3 kg of protein and an average of 3 tons
of grain crops containing only 5 kg of protein [3].

The Burabay State National Nature Park, under
the jurisdiction of the Administration of the President of
the Republic of Kazakhstan, was established on August
12, 2000. The total area of the park is 129,299 hectares,
of which 47.4 thousand hectares are covered by forests.
Water bodies occupy 8,493.5 hectares. The flora of the
park includes 754 plant species, while the fauna comprises
469 animal species. The national park encompasses the
Burabay mountain-forest massif, located in the eastern part
of the Kokshetau Upland in the northwestern part of the
Kazakh Uplands (Saryarka). The park includes eutrophic
lakes such as Burabay, Zerendi, Ulken and Kishi Shabakty,
and Shchuchye. The lakes in this region mainly contain

Materials and methods

The object of the study is cap fungi in the Burabay
State National Natural Park (SNNP) in the Akmola region,
including edible mushrooms, as well as the creation of a
valuable strain collection from natural populations. During
the expedition, the territories of the Burabay and Kokshetau
State National Natural Parks were studied from July 15 to
July 28.

Atotal of three groups of mycologists and algologists
participated in the comprehensive expedition:

- Scientists from L.N. Gumilyov Eurasian National

freshwater. Additionally, the park features small rivers
and streams. The Burabay forest massif has preserved
coniferous and mixed deciduous forests dating back to the
Pleistocene epoch [1-3].

Currently, the national park is a state organization
and is part of the system of specially protected natural
areas of republican significance. The Burabay State National
Nature Park consists of seven forest management units:
Akylbai, Burabay, Katar-Kol, Zolotobor, Barmash, Mirnoye,
and Priozyornoye. The park also includes facilities that
support operational activities. The entire park is divided
into 15 economic units and 56 protected zones. The
climate of the region where the national park is located is
continental, with cold, long winters and short, hot summers.
The average temperature in January is -16.7°C, while in July,
itis +18.6°C [4].

The national park has preserved relict plant and
animal species characteristic of northern Kazakhstan. The
park contains 757 plant species, 95 of which are rare or
endangered. Among them are the large-flowered lady's
slipper orchid, black alder, reindeer lichens, Fuchs’ sedge,
and others. The dominant tree species in the forested areas
is pine, while aspen, willow, honeysuckle, spirea, wild rose,
hawthorn, black currant, and other species are also present.
Relict species include ferns, horsetails, clubmosses, sedges,
cranberries, and other plants. The flora of the park also
includes medicinal, edible, and ornamental plant species.
Some small lakes have preserved relict peat bogs [5].

The fauna of the national park is also diverse, with
305 species of vertebrates, 87 of which are rare. The park
is home to noble deer and their hybrids from the Askania-
Nova reserve. Lynxes, ermines, white-backed woodpeckers,
and forest martens inhabit the forests. The park’s water
bodies host six species of fish, three species of amphibians,
six species of reptiles, and more than 200 bird species,
including those listed in Kazakhstan’s Red Book, such as the
white-tailed eagle, black kite, and Eurasian eagle-owl. The
invertebrate fauna is not fully studied, but protected insect
species such as the beautiful horsefly, Serville’s grasshopper,
steppe scolia wasp, and carmine Polish beetle can be found
in the park [6].

Local residents and tourists admire the picturesque
natural landscapes of the park, often referring to it as the
"Kazakh Switzerland." As a result of weathering and wind
erosion, unique rock formations have been shaped here,
including "Okzhetpes," "Sleeping Warrior," "Eagle," "Camel,"
"Kudyr," and "Sphinx" [6].

The objective of the study is to determine the
species composition of edible agaric fungi identified in
the Burabay and Kokshetau State National Natural Parks
(SNNP), provide a morphometric description, and create a
strain collection by obtaining new strains.

non

University (M.A. Ashikbayeva, S. Abiev, R.Z. Asylkhanova).

- Scientists from the Institute of Botany and
Phytointroduction of the Ministry of Education and Science
(two mycologists and two algologists).

All seven forest districts of the national park were
studied: Akylbay, Burabay, Katarkol, Zolotobor, Barmashyn,
Mirny, and Priozerny. The weather conditions were highly
favorable for the mass emergence of macromycetes.

Macromycetes were collected using the route
method during an expedition to the Burabay and Kokshetau



Astana medicinalyk zhurnaly, Volume 125, Number 1 (2025)

SNNP. The collection, sorting, drying, packaging, and
transportation of the gathered material were carried out in
accordance with mycological and botanical methodologies.
For disinfection, the collected samples were dried and
heated in a hot-air oven at a temperature of 45-50°C for
30-40 minutes. Each processed specimen was stored in a
specially designed box, labeled with the date, location, time
of collection, and herbarium number.

The external morphological characteristics of
the fungal fruiting bodies were determined through
visual observation. The microscopic structure and spore
characteristics were analyzed usinga Mikmed-1 microscope,
along with Exilim-S880, SAMSUNG-ES65, and Canon-
PC1474 cameras for documentation. For tissue isolation
from the fruiting bodies, only fresh, nutrient-rich, and non-
darkened specimens were used. Pre-cleaned fruiting bodies
were cut into cube-shaped or triangular pyramid-shaped

Results

Macromycetes  belonging to one family
(Polyporaceae), four genera, and six species from the order
Aphyllophorales were identified. The edibility of one species

tissue samples using a scalpel. These tissue samples were
then inoculated onto a nutrient medium (slant agar) using
an inoculation needle. The isolation process was conducted
on different parts of the fruiting body: the cap, the stipe, and
the transition zone between the cap and the stipe.

The growth and development of the isolated pure
culture depended on the composition of the nutrient
medium. Various nutrient media were used, including
Czapek-Dox, Murashige-Skoog, and potato-glucose agar [7-
9].

During the expedition, more than 130 mushroom
samples were collected. Morphometric analysis of these
collected fungi revealed 71 species of cap fungi, classified
into two classes (Basidiomycetes and Ascomycetes),
four orders (Aphyllophorales, Agaricales, Lycoperdales,
Pezizales), 11 families, and 26 genera (Table 1).

(Coriolus zonatus) remains unknown, while the remaining
species are edible.

Table 1 - Fungal Species Identified in Burabay and Kokshetau SNNP

Ne ‘ Latin Name of the Fungus Herbarium No. Edibility
Order: Aphyllophorales
Family: Polyporacea
1. Coriolus vercicolor (Fr.) Quel. 19 Edibility unknown
Coriolus zonatus (Fr.) Quel 28 Edibility unknown
2. (Trametes) Hizschioporus pergamentus Fr. 38 Inedible
3. Fomitopsis rosea (Fr.) Karst. 51 Inedible
4. Fomitopsis penicola (Sw.ex. Fr.), Karst. 71 Inedible
5. Fomes fomentarius Fr. 65 Inedible
Order: Agaricales
Family: Agaricaceae
1. Agaricus arvensis Schaeff.ex. Secr. 1 Edible
2 Agaricus bisporus Lange 3 Edible
3. Agaricus silvaticus Schaeff.ex. Secr. 8 Edible
4. Agaricus silvicolus (Vitt.) Sacc,, Syll. 2 Edible
5. Lepiota alba (Bres.) Sacc. 14 Edible
6. Macrolepiota campestris Samg. 72 Edibility unknown
Family: Russulaceae
1. Russula aeruginea Lindbl. 37 Edible
2. Russula flava Rom. in Lonnegren. 55 Edible
3. Russula integra (Fr.) Epicr. 21 Edible
4 Russula rosacea (Fr.) Epicr. 4 Edible
5 Russula pulchella Borszczow 35 Edible
6 Russula sardonia (Fr.) Epicr. 24 Edible
7 Russula verescens (Schaeff. ex Zanedschi) Fr. 12 Edible
8 Russula xerampelina (Schaeff. ex Secr.) 5 Edible
9 Lactarius necator (Fr.) Karst. 49 Edible
10 Lactarius scrobiculatus (Fr.) Epicr. 31 Edible
11. Lactarius trivialis (Fr.) Epicr. 41 Edible
Family: Tricholomataceae
1 Armilariella mellea (Fr.) Karst. 53 Edible
2 Clitocybe gibba (Fr.) Kumm. 6 Edible
3 Clitocybe gilva (Fr.) Kumm. 50 Edibility unknown
4 Clitocybe inversa (Fr.), Quel. 13 Edible
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Table 1 (Continuation) - Fungal Species Identified in Burabay and Kokshetau SNNP

5 | Clitocybe odora (Fr.), Kumm. 10 Edible
6 | Clitocybe vibecina (Fr.), Quel. 58 Edible
7 | Marasmius oreades (Fr.) Epicr. 36 Edible
8 | Mycena poliadelpha (Lasch.), Kuhner. 60 Edibility unknown
9 | Omphalina ericetorum (Fr.), M. Lge. 7 Inedible
Family: Strophariaceae
1 Hhypholoma sullaterium (Fr.)Quel., Champ., Jura Vosg. 54 Poisonous
2 Pholiota squarrosa (Fr.) Kumm. 16 Edible
Family : Comphidaceae
1 | Chroogomphus rutilis (Fr.), 0. K. Miller, Canad.,, J. Bot. 69 Edible
Family: Amanitaceae
1 | Amanita fulva (Schaeff. Ex Pers.) Fr. 20 Edible
2 | Amanita muscaria (Fr.) Hook. 17 Inedible
3 | Pluteus pellitus (Fr.) Kumm. 42 Edible
Family: Boletaceae
1 | Leccinum scabrum (Fr.) S.F. Gray 40 Edible
2 | Suillus granulatus (Fr.) Kuntze 39 Edible
3 | Suillus luteus (Fr) S.F.Gray 18 Edible
Family: Cortinariaceae
1 Cortinarius cinnamomeoluteus P. D. Orton 27 Inedible
2 Cortinarius mucosus (Fr.), Kickx. 46 Edible
3 Cortinarius varius (Fr), Fr,, Epicr. 9 Edibility unknown
4 Hebeloma mesophaeum (Fr.) Quel. 45 Inedible
5 Hebeloma strophosum (Fr.) Sacc. 29 Inedible
Family: Paxillaceae
1 | Paxillus involutus (Fr.) Epicr. 23 Edible
2 | Paxillus pannuoides (Fr.), Fr, Epicr. 61 Inedible
Order: Lycoperdales
Family: Lycoperdaceae
1 | Langermania gigantea (Pers.), Rostk. 30 A young specimen Edible
2 | Lycoperdon perlatum Pers. Syn. . Fung. 15 A young specimen Edible
3 | Lycoperdon piriforme (Pers). Schaef. 25 A young specimen Edible
4 | Lycoperdon pusillum Pers. 26 Edibility unknown
Class: Ascomycetes
Order: Pezizales
Family: Helvellaceae
1 | Helvellalacunose Fr. ‘ 57 ‘ Edibility unknown

From the order Agaricales, macromycetes belonging
to eight families, 18 genera, and 40 species were identified.
Among them, six species from three genera of the
Agaricaceae family and 11 species from two genera of the
Russulaceae family were found to be edible.

In the Tricholomataceae family, one species
(Omphalina ericetorum) from five genera and nine species
was found to be inedible, while the edibility of another
species (Mycena poliadelpha) remains uncertain. The
remaining seven species from three genera are edible.

None of the macromycetes belonging to the
Cortinariaceae family (two genera, five species) were found
to be edible.

All identified species from the Boletaceae family
(three species) and Gomphidaceae family (one species)
were edible.

Two species were identified from the Strophariaceae
family, of which one (Pholiota squarrosa) was edible, while
the other (Hypholoma sublateritium) was toxic.

In the Amanitaceae family, one species (Amanita

muscaria) was toxic, while the remaining two species
(Amanita fulva and Pluteus pellitus) were edible.

Two species from the Paxillaceae family were
described: one (Paxillus involutus) was edible, while the
other (Paxillus pannuoides) was inedible.

From the order Lycoperdales, macromycetes
belonging to one family, two genera, and four species
were identified. The edibility of one species (Lycoperdon
pusillum) is uncertain, while the remaining three species
were found to be edible.

Macromycetes are widely distributed in Burabay
National Park. Research was conducted to identify their
species composition, provide morphometric descriptions,
and obtain new strains. As a result of the study, a total of
26 macromycete species belonging to four orders and 11
families were identified.

Edible mushrooms were collected during their peak
fruiting period. New strains were isolated on the same
day of collection or within one to three days, stored in
polyethylene bags in a refrigerator.
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For isolation, fresh, firm, and non-infected
carpophores were selected. Before isolation, the fruiting
bodies were cleaned of adhered plant debris and soil,
washed briefly with running and sterilized water (to
prevent excessive absorption), and dried with filter paper.
The dried fruiting bodies were wiped with 96% ethanol.

Using these preliminary cleaning methods, small

tissue fragments in the shape of cubes or triangular
pyramids were cut from the fruiting bodies with a scalpel
and inoculated onto nutrient media (slant agar) using an
inoculation needle. The samples were taken from different
parts of the fruiting body: the cap, stipe, and the transition
zone between the cap and stipe (Figure 1).

I

Figure 1 - Tissue fragments of the mushroom placed on slant agar

To evaluate the morphological and cultural
characteristics of the mycelium and growth parameters,
we used 25 strains of saprotrophic and xylotrophic
basidiomycetes isolated through the tissue culture method.
These included Suillus granulatus (Fr.) Kuntze, Lyophyllum
connatum (Fr.) Sing., Pholiota squarrosa (Fr.) Kumm., and

Kuehneromyces mutabilis (Fr.) Sing.

Table 2 presents the growth dynamics and colony
formation characteristics of 11 actively growing mycelial
strains on solid agar medium in Petri dishes (Figure 2).

Figure 2 - Growth of strain colonies in Petri dishes

Table 2 - Growth characteristics and colony formation dynamics of different mycelial strains

Cultivation Time, Days
Strains Mycelial Network Mycelial Formation of Dense Pigmentation of Mycelial Colony Cov-
Formation Density Nodules in Mycelium Mycelial Colony ered with a Membrane
Sg-1 8 23 29 33 45
Sg-23 10 22 27 35 43
Sg-8 8 16 22 34 39
Le-1 11 20 25 43 52
Lc-15 11 22 24 37 50
Lc-18 9 16 20 33 48
Phs-3 18 25 31 39 57
Phs-15 14 24 33 39 54
Phs-10 17 28 35 42 58
Km-25 10 23 33 35 45
Km-34 12 23 30 34 45

Note* Sg - Suillus granulatus, Lc - Lyophyllum connatum, Phs - Pholiota squarrosa, Km - Kuehneromyces mutabilis; numbers indicate

strain identifiers

According to A.S. Bukhalo's classification, the growth
rate of basidiomycete mycelial colonies is divided into three
groups: Group I - Fast-growing (Growth Coefficient, GC* >
100); Group II - Moderately growing (GC = 50-100); Group
[IT - Slow-growing (GC < 50).

All of the strains studied in our research had a
growth coefficient below 50, categorizing them as slow-
growing mycelial colonies. Their mycelium was initially
reticulated and powdery, later forming a felt-like structure
spreading over the substrate surface. On average, complete
colonization of the nutrient medium in Petri dishes took

about one month.

Mycelial densification occurred between the 16th
and 23rd days, while fully compacted cotton-like mycelial
nodules formed approximately one month after inoculation.

The fastest-growing strains were Sg-1, Sg-8, Lc-18,
Sg-23, and Km-25, reaching notable growth within 8-10
days. In contrast, Phs-3 and Phs-10 exhibited the slowest
growth, requiring 17-18 days to develop. Full myecelial
densification was observed 4 to 4.5 weeks after the start

of cultivation.
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Discussion

The conducted study provided valuable insights into
the diversity and morphological characteristics of Agaricales
mushrooms in Burabay and Kokshetau National Parks. The
identification of 42 species from 26 genera and 11 families
highlights the rich fungal biodiversity in these regions. The
compiled species catalog serves as an important reference
for future research and conservation efforts [10].

One of the key findings of this study is the
differentiation of mushroom species based on their
edibility and toxicity. The discovery of one toxic species
underlines the importance of accurate identification to
prevent potential health hazards. Meanwhile, the presence
of 31 edible species suggests significant potential for their
sustainable use in local communities, while the 10 inedible
species contribute to the overall ecological balance of the
forest ecosystem [11].

Compared to previous studies in similar temperate
forest regions, our findings align with existing fungal
biodiversity assessments but also expand the known
distribution of certain species. The use of morphometric
characteristics and specialized identification keys allowed
for precise species classification, reinforcing the reliability
of traditional taxonomic approaches in mycological
research.

Conclusion

Based on the conducted research, the following
conclusions were made:

1. Morphological of mushroom

structures were provided;

descriptions

their
and

micrometric
photographic

2. Spores were isolated,
characteristics were analyzed,
documentation was performed;

3. Using the obtained morphometric characteristics
and specialized identification keys, the species of the
mushrooms were determined.

The study of all collected mushrooms in Burabay
and Kokshetau National Parks identified 42 species from
26 genera and 11 families of the order Agaricales. Among
them:1 species was toxic; 31 species were edible; 10 species
were inedible.
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Tyitinaeme

Kazakcmanda azapukmi caHblpaykyaakmap 3K0A02USAbIK HIHE MAaramoblk MAHbI30bIAbIFbIHA KAPAMACMAH 43 3epmmes2eH.
Bya s3epmmey Bypabaii scane Kekwemay yammulk napkmepinde kesdecemiH sceyze jcapamobl a2apukmi cayblpaykyaakmapobly mypaik
KYPaMblH, MOPPHOMEMPUSAbIK CUNAMMAMAAAPbIH HCIHE WMAMMOAP KOANEKYUSICbIH Hecacaydbl aaFaul pem Kapacmauipadbi.

3epmmey makcamol: xceyze scapamobvl A2apuKmi - CagblpaykyaAaKkmapobly mypaik apmypJinizin - aHbikmay, 04apobly
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6uo/102usLIbLIK epeKuweaikmepiH api Kapatl 3epmmeyeae JcaHe K0A0aHy MyMKIHOIKmepiH alikbiH0ayFa MyMKiHOIK 6epedi.

9ddicmepi. Makpomuyemmep mapwpymmulk a0iCheH HCUHAAbIN, cypbinmanavin, kenmipiain (45-50°C, 30-40 muH) cakmasovl.
Mopdgonozusavly cunammamanap 8usyandsbi mypoe, MUKpPOCKONUSAbIK Kypblabimbl *Mukmed-1* mukpockonsl dcaHe omokamepaaap
KkomezimeH 3epmmendi. XKac yazinep kopekmix opmanapra (*4anex-/Jokc, Mypacuze-Ckye, kapmon-2/110k03a az2apbl*) kewipiain, wmammoap
6e.1in anbIHObL.

Hamuoicenepi. 80-den acmam caHblpaykyaak yazici dcuHanein, oaapdviy 71 mypi anvikmanadvl. byn mypaep eki kaacka
(6azuduomuyemmep xcaHe ackomuyemmep), mepm kamapra (*Aphyllophorales, Agaricales, Lycoperdales, Pezizales*), 11 mykuimoacka sxcaHe
26 mybicka sdcamadsl. beaiHin anbiHFaH WmMammoap 3K0102UsAbIK 3epmmeyep MeH JacaHdbl ecipy ywiH nepcnekmueaJiol.

KopbimbuiHdbl. Yazi kesaemi aai de wekmeyni. Azapukmi caqblpaykyaakmaposlH mypAaik apmypaiaiziH HOKMulaay ywiH KOCbIMWAa
adicmepdi KondaHa omulpbin, api Kapatl yazisep HUHay xaHe maaday *HocnapAaHyod.
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Pe3wome

B Kasaxcmane azapukogble 2pubbl 0Cmaiomcst Maaousy4eHHbIMU, HECMOMPS HA UX IKON02UMECKYI0 U NUWeEsyld 3HAYUMOCMb.
Hacmosiwyas paboma - nepsoe uccsedogaHue 8ud08020 cocmasa cve006HbIX A2apuKo8biX 2pubo8 8 HAYUOHAIbHbIX napkax bypabail u
Kokwemay, ux mopgomempuyeckoli xapakmepucmuku u co30aHue Koa1eKyuu Wmammos.

Lleavlo 0aHHO20 uccaedosaHus se/asiemcsi onpedejeHue 8udo8020 pa3HO06PA3Usl CbedOOHbIX A2APUKOBbIX 2pubos, Uux
Mopgomempuyeckast Xapakmepucmuka u co30aHue KOAJeKyuu wmammos 3a cuem 8bldeseHUsl HOBbIX 06pa3yos, ymo no3goum 8
dasbHetiweM uzyvums ux 6uoso02uveckue 0c06eHHOCMuU U NOMeHYUAIbHOe NPUMEHEHUE.

Memoodbl. Cop mMakpomuyemos ocywecmsasiicsi MapupymHsiM mMemodoM, 06pasybl cOpmMupo8al, 8bICYWUBAAU U XPAHUU.
Mopdghonozuveckue xapakmepucmuku u3y4aaucs 8U3yaabHo U MUKpocKonu4ecku. Mo100ble 3Kk3eMnaspbl Ky1bmusupo8a/iu Ha NUMamenbHbIX
cpedax 04151 8blOeNeHUs WMAMMO8.

Pesynbmamol. Cobparo 6os1ee 80 obpa3yos, udenmuguyuposan 71 eud, omHocawulics k 0gym kaaccam, yemolpem nopsokam, 11
cemeticmeam u 26 podam. BvideseHHble wumammbl MO2ym 6blMmb UCNOAb308aHb! 0151 0a1bHelue20 u3y4eHus U KyabmusuposaHusl.

Bblgodbl. Buibopka noka ozpaHuveHa, naaxHupyemcs oanvHelwuli c60p u aHaaus o6pasyos ¢ npumeHeHueM O0ONOJHUMENbHbIX
Memodog 0151 ymouHeHUst 8Ud08020 pa3Hoobpasus azapukossix 2pu6os Kazaxcmana.

Karouesvle cnosa: Zpll6, Makpomuyembal, WMAamMMbl, W/A5ANKA, HOMCKA, cnopd, a2apuKkoebsle 2pl,l6bl.
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