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CORONAVIRUS INFECTION, GASTROINTESTINAL TRACT, MICROBIOME, DIARRHEA, VOMITING, DIGESTIVE SYSTEM, DIGESTIVE DISORDERS 
The goal of the project is a comprehensive study of various indicators of the gastrointestinal tract microbiome and predictors of assessing the health status of patients after a coronavirus infection to improve rehabilitation. 
Research methods: epidemiological, genetic, molecular biological and statistical methods of analysis.
As a result of the work planned for the project, the following results were obtained:
1)  A retrospective epidemiological analysis of cases of coronavirus infection was carried out, and an assessment was made of the prevalence of symptoms associated with disorders of the digestive system;
2)  Studied the main genetic characteristics of the intestinal microbiome in coronavirus infection and systemic damage to the patient's body after suffering COVID-19 (postcoid syndrome, manifested by complications of the respiratory, cardiovascular, digestive and excretory systems of organs during SARS-CoV-2 viral infection);
3)  Proposals are given for improving clinical protocols for managing patients and revising the terms of rehabilitation of patients with previous COVID-19 based on the results obtained during the study of the intestinal microbiome. 
As part of the publication of research materials in scientific peer-reviewed journals, an article was submitted (to a peer-reviewed foreign scientific journal, (Q1 / 84 percentile) indexed in the Web of Science and Scopus databases with a nonzero impact factor, and 3 theses were published at the International Conference).
Applications: Epidemiology, Public Health, Microbiology, Infectious Diseases, Clinical Medicine.
Thus, the main points of the assignments in accordance with the tasks of the technical specification under the agreement with the Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan were completed in full.

CONTENT
	TERMS AND DEFINITIONS…….....................................................................................................
	5

	LIST OF ABBREVIATIONS AND SYMBOLS…….........................................................................
	6

	INTRODUCTION...............................................................................................................................
	7

	MAIN PART OF THE R&D REPORT…...........................................................................................
	12

	1 Conduct a retrospective, epidemiological analysis of cases of coronavirus infection, and assess the prevalence of symptoms associated with disorders of the digestive system ..........................
	12

	2 Materials and research methods……………………………………………………………………
	24

	[bookmark: _GoBack]3 Study of the main genetic characteristics of the intestinal microbiome in case of coronavirus infection and systemic damage to the patient's body after suffering COVID-19 (post COVID syndrome, manifested by complications of the respiratory, cardiovascular, digestive and excretory systems of organs during SARS-CoV-2 viral infection) ……………………………..
	27

	4 Improvement of clinical protocols for the management of patients and revision of the terms of rehabilitation of patients with previous CVI based on the results obtained during the study of the intestinal microbiome…………………….…………………..………...........................................
	36

	CONCLUSION…................................................................................................................................
	40

	REFERENCES………………………………………........................................................................
	44

	APPENDIX А – Timetable and technical specification 2021 …………………………………….....
	49

	APPENDIX B – List of publications, abstracts and results of scientific and technical activities …..
	55

	APPENDIX C – Screenshot from the official online journal submission system …..………………
	57

	APPENDIX D – Manuscript reprint …………………………………………………………………
	58

	APPENDIX E – Abstracts reprints in the conference collection ……………………………………
	70

	APPENDIX F – Screenshots of certificates …………………………………………………………
	74





TERMS AND DEFINITIONS
In this report of the scientific research work, the following terms are used with appropriate definitions.
	PREBIOTICS
	- these are food components that are not digested or absorbed in the upper gastrointestinal tract, but are fermented by the microflora of the human large intestine and stimulate its growth and vital activity.

	PROBIOTICS
	- live microorganisms that benefit the host when administered in adequate amounts. According to another definition, these are microorganisms used for therapeutic purposes, as well as food products and dietary supplements containing live microcultures.

	SYNBIOTICS
	- these are physiologically functional food ingredients that include a combination of prebiotics and probiotics (probiotic cultures together with a substrate stimulating their reproduction), which has the property of a mutually reinforcing (positive) effect on physiological functions and processes. 








LIST OF ABBREVIATIONS AND SYMBOLS
The following symbols and abbreviations are used in this R&D report:
	AAD 
	– antibiotic-associated diarrhea

	ACE2
	–  angiotensin-converting enzyme type II

	ARVI 
	– acute respiratory viral infection

	COVID-19
	– coronavirus disease 2019  

	CVD 
	– cardio-vascular diseases  

	DNA
	– deoxyribonucleic acid

	ECMO
	– extracorporeal membrane oxygenation

	GIT
	– gastrointestinal tract

	GCP 
	– good clinical practice 

	GLP 
	– good laboratory practice

	PCR 
	– polymerase chain reaction

	RNA
	– ribonucleic acid

	rRNA
	– ribosome RNA

	SARS-CoV-2
	– severe acute respiratory syndrome coronavirus 2

	USA
	– United States of America  

	WHO 
	– World Health Organization

	
	

	
	

	
	

	
	

	
	

	
	







INTRODUCTION
Coronavirus Disease 2019 (COVID-19) is defined as a disease caused by a novel coronavirus, now called Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2; formerly 2019-nCoV), which was first identified during a respiratory disease outbreak in Wuhan city, Hubei province, China. This was originally reported to WHO on December 31, 2019, and on January 30, 2020, WHO declared the COVID-19 outbreak a global health emergency. Subsequently, on March 11, 2020, WHO declared COVID-19 a global pandemic, which was the first such designation since the H1N1 flu was declared a pandemic in 2009 [1]. 
The disease caused by SARS-CoV-2 has been named by the WHO CoViD-19, an acronym for coronavirus disease 2019. The name was chosen to avoid stigmatizing the origin of the virus in terms of populations, geography, or animal associations. On February 11, 2020, a group of scientists studying the coronavirus of the International Committee on Taxonomy of Viruses published a statement announcing the official designation of the new virus: Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) [2].
The global pandemic resulting from the coronavirus infection COVID-19 (SARS-CoV-2) and manifested by severe respiratory syndrome still persists and continues to spread. Today, the fifth wave is already underway around the world, the number of cases of infection with CVI around the world is more than 234 million and more than 4.5 million deaths, according to statistics from the Coronavirus Resource Center of Johns Hopkins University, USA and WHO [3, 4]. 
The highest level of infection (more than 7 million cases) was recorded in the United States (more than 43.8 million cases of infection and 703.2 thousand deaths), India (more than 33.8 million / 449.2 thousand), Brazil ( more than 21.4 million / 598.1 thousand), Great Britain (more than 7.9 million / 137.3 thousand), Russia (more than 7.5 million / 207.0 thousand), Turkey (more than 7 , 2 million / 64.9 thousand), France (more than 7.1 million / 117.6 thousand), China (more than 108 thousand cases of infection and 4.8 thousand deaths) in our country, more than 960 thousand cases of infection and more than 16.1 thousand deaths [3, 4].
Being highly contagious and pathogenic, COVID-19 not only causes damage to the respiratory system, causing pneumonia and its more severe forms, but also affects other organ systems - the cardiovascular system, digestive and excretory systems. 
According to available data published in international publications, a significant proportion of patients with COVID-19 have digestive disorders [5-8]. For the first time, researchers have discovered an active and long-term infection of the SARS-CoV-2 virus in the gastrointestinal tract (GIT) in people with a confirmed diagnosis of COVID-19. Stool tests were positive in people without gastrointestinal symptoms, and in some cases negative results were obtained within 6 days of nasopharyngeal swabs. That is, even after recovery, pathogens of coronavirus infection remained active in the intestines in patients [5, 8].
A small pilot study in Hong Kong found asymptomatic but active coronavirus gut infection. Stool testing revealed genomic evidence of active infection in seven of 15 participants tested at one of two hospitals in Hong Kong [5, 8-10]. 
Based on the available data, from retrospective clinical studies conducted during the first wave in hospitals in Wuhan, (Hubei province, Central China), it is known that the majority of patients with COVID-19, along with respiratory diseases, had symptoms such as fever (fever) , cough, shortness of breath [5-8]. Extrapulmonary symptoms from the gastrointestinal tract also spread [9, 10]. In some cases, patients initially developed signs of a digestive disorder, such as diarrhea, anorexia, nausea and vomiting, rather than respiratory symptoms. At the initial stages, the presence of concomitant symptoms of disorders of the digestive system often interfered with the diagnosis of coronavirus infection, since typical respiratory symptoms were not initially predominant, which also lengthened the time of manifestation of the main symptoms of the disease [11, 12]. And as the available data show, they are manifested in a delayed effect of recovery and in the severity of the course of rehabilitation processes, manifested in the form of a postcoid syndrome [13].
Although previous researchers have identified SARS-CoV-2 in stool, the activity and infectivity of the virus in the gastrointestinal tract during and after COVID-19 respiratory infection remained largely unknown.
Interestingly, the bacterial strains differed between people with high SARS-CoV-2 infection and those with low or no infection activity. More pathogenic bacteria were found in stools with high viral activity. When, how, people with low infection or asymptomatic course had more beneficial strains of bacteria, including bacteria that play a crucial role in enhancing the host's immunity.
It is necessary to study therapeutic approaches, issues of recovery and rehabilitation after the transferred COVID-19, including neutralizing the activity of the SARS-CoV-2 virus in the intestine and changing the composition and functions of the intestinal microbiome. 
The composition of the microbiome of each patient changed during the course of both the main and concomitant diseases. The question of whether the microbiome influences the course of COVID-19 or COVID-19 on the composition of the microbiome requires further study.
Further research is needed to identify infection and pathogenesis of SARS-CoV-2 in the gastrointestinal tract. It is also worth investigating the implications of altering the human gut microbiome in this patient population over time.
To date, there are no approved guidelines for the management of patients with gastrointestinal disorders associated with coronavirus infection.
Thus, there is an urgent need, within the framework of the existing national health system, based on the experience gained during the global pandemic, the outbreak of COVID-19, with systemic damage to the respiratory, cardiovascular, digestive and excretory systems, to study the role of the intestinal microbiome in patients, who have had a coronavirus infection. In order to improve the outcomes of the course of the disease itself, as well as early rehabilitation and improve the health of patients. 
The goal of the project is to comprehensively study various indicators of the gastrointestinal tract microbiome and predictors of assessing the health status of patients after a coronavirus infection in order to improve rehabilitation.
To achieve this goal, it is proposed to solve the following main tasks:
1) Conduct a retrospective, epidemiological analysis of cases of coronavirus infection, and assess the prevalence of symptoms associated with disorders of the digestive system;
2) Study of the main genetic characteristics of the intestinal microbiome in case of coronavirus infection and systemic damage to the patient's body after suffering COVID-19 (postcoid syndrome, manifested by complications of the respiratory, cardiovascular, digestive and excretory systems of organs during SARS-CoV-2 viral infection);
3) Improvement of clinical protocols for the management of patients and revision of the terms of rehabilitation of patients with a history of COVID-19 based on the results obtained during the study of the intestinal microbiome. 
In the course of the project, the analysis of the data obtained was carried out, medico-biological and social variables were studied, and their mechanisms of action (associations) were clarified. To analyze the data, a software package of data - STATA 12 was used. The obtained results of the study were reported at an international conference, as well as in an article submitted to an international journal.
In order to implement the project, all tasks of the schedule and technical specification were completed in full (Appendix A).
As part of the publication of research materials in peer-reviewed scientific journals, the article “Digestive system and SARS-COV-2: new era of microbiome study and gastrointestinal tract manifestations during the Covid-19 pandemic. Review article "(in a peer-reviewed foreign scientific journal, (Q1 / 84th percentile) indexed in the Web of Science and Scopus databases with a non-zero impact factor (Appendix B, C, D), and 3 theses were published at the International Conference (Appendix B , E). 
As part of the implementation of the project task, it took part in international conferences, teleconferences and seminars regarding the research topic:
- participation in the work of the online teleconference "Euro-Asian teleconference" COVID-19 - about the important ", January 21, 2021, Kiev, Ukraine (Appendix F);
- participation in the seminar "The first year of the COVID-19 pandemic in Russia (April 2020-March 2021)" on June 3, 2021, Higher School of Economics, National Research University, Moscow, Russian Federation (Appendix F);
- participation in the online teleconference "New Wave COVID-19: Strain" Delta "Another - Threat", July 23, 2021, Center for the Development of Professional Qualifications of Medical Workers at the Ministry of Health of the Republic of Uzbekistan, Tashkent, Uzbekistan (Appendix F);
- Online course on research methods of the European Academy of Science and Research, August 5, 2021, Hamburg, Germany (Appendix F);
- participation in the work of the online teleconference “Euro-Asian teleconference. Delta strain. Experience of international experts ”, September 16, 2021, Center for the Development of Professional Qualifications of Medical Workers under the Ministry of Health of the Republic of Uzbekistan, Tashkent, Uzbekistan (Appendix F);
- participation in the International online conference "Topical issues of biological safety in modern conditions", September 22-23, 2021, Nur-Sultan, Kazakhstan (International online conference "Topical issues of biological safety in modern conditions", September 22-23, 2021, Nur-Sultan, Kazakhstan) (Appendix F);
- participation in the II Kazakhstan Congress of Infectious Diseases "Infectious Diseases in the Context of Globalization: Challenges and Solutions", October 7-8, 2021, Nur-Sultan, Kazakhstan (Appendix F). 
Due to the relevance of the issue under study and the direct influence of the composition of the intestinal microbiome on the course of COVID-19 disease, diagnosis of coronavirus infection in the gastrointestinal tract and the high role of the microbiome in enhancing immunity, a detailed study of the main genetic characteristics of the intestinal microbiome in coronavirus infection and systemic damage to the body is necessary. a patient after suffering COVID-19 (post-coid syndrome, manifested by complications of the respiratory, cardiovascular, digestive and excretory systems of organs during SARS-CoV-2 viral infection).
The results obtained will improve the clinical protocols for the management of patients with a previous coronavirus infection and will make it possible to correct the state of the body after systemic damage and shorten the rehabilitation period. Thus, to reduce the prevalence of postcoid syndrome and reduce the workload of the domestic healthcare system during the global pandemic for coronavirus infection COVID-19 (SARS-CoV-2).

MAIN PART OF THE R&D REPORT

1 Conduct a retrospective, epidemiological analysis of cases of coronavirus infection, and assess the prevalence of symptoms associated with disorders of the digestive system
The global pandemic resulting from the coronavirus infection COVID-19 (SARS-CoV-2) and manifested by severe respiratory syndrome still persists and continues to spread. To date, the world is already undergoing the fifth wave, the number of cases of COVID-19 infection worldwide is more than 234 million and more than 4.5 million deaths [3, 4], according to statistics from the Johns Hopkins University Coronavirus Resource Center, USA (Johns Hopkins University , USA) and the World Health Organization (Figure 1).
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Figure 1 - The situation with coronavirus infection in the world

According to Figure 1, a richer blue color indicates the prevalence of COVID-19, the countries with the most common cases of coronavirus infection (more than 5,000,000) include countries such as the United States (more than 43.8 million cases of infection and 703 , 2 thousand deaths), India (more than 33.8 million / 449.2 thousand), Brazil (more than 21.4 million / 598.1 thousand), Great Britain (more than 7.9 million / 137, 3 thousand), Russia (more than 7.5 million / 207.0 thousand), Turkey (more than 7.2 million / 64.9 thousand), France (more than 7.1 million / 117.6 thousand .) other. 
European countries (except France and Great Britain) belong to the second category of countries with a prevalence of coronavirus infection from 500.001 to 5, 000.000 cases. Our country also belongs to the same category; more than 960 thousand cases of infection and more than 16.1 thousand deaths have been detected (Figure 2). 
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Figure 2 - The spread of COVID-19 in the Republic of Kazakhstan

It is also worth noting that China, the country in which the first case of SARS-CoV-2 coronavirus infection was detected for the first time, belongs to the third category of countries, with a spread of infection from 50,001 to 500,000 cases.
It is also worth noting that on the map with the general level of spread of the SARS-CoV-2 coronavirus infection, there are also countries designated as countries with the absence of this virus on their territory, these are Turkmenistan and North Korea.
Also indicated are places on the map for which there is no official information regarding the spread of infection - Western Sahara and the mountainous regions of North India (the regions of Jammu and Kashmir, as well as disputed areas). 
Globally, the number of weekly COVID-19 cases and deaths continued to decline (Figure 3). More than 3.3 million new cases and more than 55,000 new deaths were recorded in the week 20-26 September 2021, a 10% decrease from the previous week for both cases and deaths (Table 1). The largest declines in new weekly cases were reported in the Eastern Mediterranean Region (17%), followed by the Western Pacific Region (15%), the Region of the Americas (14%), the African Region (12%) and the Southern Region. East Asia Region (10%); while the weekly cases in the European Region were similar to the previous week. The total number of confirmed cases reported worldwide now exceeds 234 million and the total number of deaths exceeds 4.8 million. 
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Figure 3 - Weekly COVID-19 Cases in the WHO Region and Global Deaths as of 26 September 2021

Newly reported weekly deaths fell significantly (> 15%) in all regions, except for the European Region, which recorded the same number of weekly deaths as in the previous week, and the African Region, which recorded a small increase (5%). The largest decrease in weekly mortality was recorded in the Western Pacific Region, down 24% from the previous week.
Regions (Table 1) reporting the highest weekly morbidity and mortality rates per 100,000 population remain the same as in previous weeks: Region of the Americas (124.6 new cases per 100,000 population; 2.3 deaths per 100,000 population) and European Region (117.6 new cases per 100,000 population; 1.6 deaths per 100,000 population).
The largest number of new cases were reported in the United States of America (765,827 new cases; a 31% decrease), Brazil (247,397 new cases; a 135% increase due to changes in reporting), the United Kingdom (230,494 new cases); An increase of 14%), India (204,582 new cases; similar to the previous week) and Turkey (192,778 new cases; similar to the previous week), while the largest number of new deaths was from the United States of America (14,842 new deaths, a decrease of 17%), the Russian Federation (5,469 new deaths, similar to the previous week), Mexico (3,689 new deaths, an increase of 13%), Brazil (3,727 new deaths, an increase of 10%) and the Islamic Republic of Iran (2,967 new deaths, decrease by 23%), respectively. 

Table 1 - Epidemiological data on the prevalence and mortality from SARS-CoV-2 coronavirus infection 
	Name
	WHO Region
	Cases - cumulative total
	Cases - cumulative total per 100000 population
	Deaths - cumulative total
	Deaths - cumulative total per 100000 population

	Global
	 
	234809103
	3012.481714
	4800375
	61.58637686

	United States of America
	Americas
	43329413
	13090.35
	695238
	210.04

	India
	South-East Asia
	33834702
	2451.78
	448997
	32.54

	Brazil
	Americas
	21459117
	10095.59
	597723
	281.2

	The United Kingdom
	Europe
	7900684
	11638.16
	136953
	201.74

	Russian Federation
	Europe
	7612317
	5216.26
	210801
	144.45

	Turkey
	Europe
	7238267
	8582.34
	64661
	76.67

	France
	Europe
	6812247
	10474.04
	114548
	176.12

	Spain
	Europe
	4961129
	10481.42
	86463
	182.67

	Italy
	Europe
	4682034
	7850.3
	131031
	219.7

	Germany
	Europe
	4255388
	5116.7
	93793
	112.78

	Ukraine
	Europe
	2460010
	5624.97
	56889
	130.08

	Japan
	Western Pacific
	1705046
	1348.11
	17730
	14.02

	Israel
	Europe
	1291110
	14916.57
	7825
	90.4

	Kazakhstan
	Europe
	968975
	5160.52
	16179
	86.17

	United Arab Emirates
	Eastern Mediterranean
	736708
	7448.72
	2102
	21.25

	Kyrgyzstan
	Europe
	178783
	2740.31
	2608
	39.97

	Uzbekistan
	Europe
	175715
	525.01
	1249
	3.73

	China
	Western Pacific
	124805
	8.48
	5692
	0.39



Figure 4 shows the world figures for the number of confirmed cases of infection with the SARS-CoV-2 coronavirus infection and the number of deaths from this infection. 
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Figure 4 - Epidemiological data on morbidity and mortality from COVID-19

As can be seen in the graph in Figure 3, five waves have already swept the world in terms of the spread of coronavirus infection. The first wave of the pandemic was around the end of March-early April 2020, the second wave occurred in the summer, the surge began roughly in the second or third decade of July 2020. In October 2020, the third wave began to rise, and its maximum peak was reached in early January 2021. In early March 2021, when exactly one year has passed since the start of the global pandemic, the world was again covered by another wave with the maximum peak of infection in mid-April 2021. By the end of June 2021, the fifth wave began with a maximum peak in mid-August 2021. The wave is currently declining. Considering all of the above, we can see the cyclical nature of the waves. What indicates the manifestation of the seasonal characteristics of the virus. And in the future, it will acquire a seasonal character and will be like an ordinary viral disease. Since the general globalization of vaccination against coronavirus infection, as a result, will form a global herd immunity. 
It is also worth noting that each emergence of waves of the spread of infection on a global scale was characterized by the emergence of a new virus strain (table 2).
Globally, alpha variant cases have been reported in 193 countries, territories or regions (hereinafter countries; no new countries have been added in the past two weeks), while 142 countries (no new countries since last week) reported Beta cases; and 96 countries (no new countries since last week) reported cases of gamma variant. The Delta variant has been reported in 187 countries (two new countries from last week) in all six WHO regions as of 28 September (Figure 5).
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Figure 5 - Distribution of cases of alpha, beta, gamma and delta virus strains

As the COVID-19 pandemic develops, the SARS-CoV-2 coronavirus that causes this disease continues to mutate, that is, change. This means that its properties are also changing, and new strains may well pose a great threat - for example, it is easier to transmit from person to person or cause a more serious disease. There are seven main strains of the new coronavirus, they are designated by the letters GR, G, GH, O, S, L and V. It all started with the L strain - it was he who was discovered in Chinese Wuhan in December 2019. However, now it is gradually disappearing. 

Table 2 - List of countries where strains of the SARS-CoV-2 virus are common
	Country 
	Alpha strain
	Beta strain 
	Gamma strain 
	Delta strain 
	Undefined strain В.1.617

	1
	2
	3
	4
	5
	6 

	United States of America
	●
	●
	●
	●
	-

	India
	●
	●
	●
	●
	-

	Brazil
	●
	●
	●
	●
	-

	The United Kingdom
	●
	●
	●
	●
	-

	Russian Federation
	●
	●
	○
	●
	-

	Turkey
	●
	●
	●
	●
	-



	Continuation of Table 2

	1
	2
	3
	4
	5
	6

	France
	●
	●
	●
	●
	-

	Spain
	●
	●
	●
	●
	-

	Italy
	●
	●
	●
	●
	-

	Germany
	●
	●
	●
	●
	-

	Ukraine
	●
	○
	-
	○
	-

	Japan
	●
	●
	●
	●
	-

	Israel
	●
	●
	●
	●
	-

	Kazakhstan
	●
	○
	-
	●
	-

	United Arab Emirates
	●
	●
	●
	●
	-

	Kyrgyzstan
	●
	●
	-
	●
	-

	Uzbekistan
	●
	●
	-
	○
	-

	China
	●
	●
	●
	○
	-

	Панама 
	●
	●
	●
	●
	●


Note: “Unspecified B.1.617” reflects countries / territories / areas reporting the sighting of B.1.617 without further specifying the origin at this time. They will be redistributed as more information becomes available. 
«●»means that information on this option was obtained by WHO from official sources. 
«○»means that information on this option was obtained by WHO from unofficial sources and will be revised as additional information becomes available.

The rest of the strains are distributed unevenly around the world: on each continent, the most common, as a rule, no more than two main variations. Their distribution can be observed on the interactive map compiled by scientists Nextstrain, which tracks virus mutations (Figure 6).
Each strain of the SARS-CoV-2 virus has individual contagiousness characterized by certain symptoms. For example, the Wuhan strain - contagiousness is 2.4-2.6; strain of the first wave in Europe - 3; British strain (Alpha) - 4-5; Indian strain (Delta) - 5-8 (Figure 7, 8).
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Figure 6 - Phylogenetic tree of SARS-CoV-2 virus mutations
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Figure 7 - Name of strains

Viruses are constantly mutating. Some variants may be more contagious. To avoid being tied to any territory and associated negative associations, WHO introduced letter designations for new dangerous strains of viruses: alpha (British), beta (South African), gamma (Brazilian), delta (Indian). In May 2021, due to the spread of the Delta variant, WHO ranked it among the variants of viruses of concern.
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Рисунок 8 – Контагиозность штаммов SARS-CoV-2

In May 2021, in a genomic analysis of the B.1.617 strain, Indian scientists from the National Institute of Virology (NIV) identified eight mutations in the spike protein of the virus, thanks to which it enters cells. Two of these allow the virus to spread at a faster rate. The third mutation is similar to that of the Brazilian strain P.1 (variant "gamma") and helps the virus to partially escape from the immune system.
British experts believe B.1.617.2 (Delta) is 50% more infectious. German virologists received similar data - "Delta" spreads faster and more effectively escapes the action of antibodies [14].
According to available information, after processing data from a random sample of 6,000 people in England who contracted COVID-19 from mid-November 2020 to mid-January 2021. Symptoms such as loss of smell and taste are less common with the new strain. But they are still among the three main symptoms of the disease: high fever, recent persistent cough, and changes in taste sensitivity. Most infected people show at least one of these three symptoms. 
From a group of 3.5 thousand people infected with a new ("British") strain: 35% coughed, 32% experienced fatigue, 25% complained of pain in muscles and in the body as a whole, 21.8% experienced a sore throat, 18 % experienced a change in taste and smell. From a group of 2.5 thousand people infected with the previous strain: 28% coughed, 29% experienced fatigue, 21% complained of pain in the muscles and in the whole body, 19% experienced a sore throat, 16% lost taste sensitivity, 15% lost their sense of smell. Data for headache, difficulty breathing or diarrhea and vomiting were identical.
Fever, dry cough, headache, loss of taste and smell - the list of symptoms of coronavirus infection is constantly growing. Researchers at the Medical University of Vienna decided to streamline this list and identified seven forms that COVID-19 disease can take. In a paper published in the scientific journal Allergy, researchers led by immunologist Winfried Pickle and allergist Rudolph Walente write that the disease leaves a significant mark on the human immune system, even ten weeks after infection. This discovery could play an important role in the treatment of patients and in the further development of potential vaccines [15]. 
As part of the study, scientists interviewed 109 recovering and 98 healthy people from the control group and examined their blood. According to the data obtained, some of the symptoms of COVID-19 are related and form several groups:
- Flu-like symptoms (fever, chills, weakness and cough),
- Symptoms similar to the common cold (runny nose, sneezing, sore throat and nasal congestion),
- Pain in joints and muscles,
- Inflammation of the eyes and mucous membranes,
- Lung problems, including pneumonia and shortness of breath,
- Gastrointestinal problems including diarrhea, nausea and headache,
- Loss of smell and taste and other symptoms.
The Indian strain of the coronavirus, dubbed "Delta", can manifest itself as an upset gastrointestinal tract. Many patients who have contracted the coronavirus have recently begun to complain of such a symptom. Disorders of the gastrointestinal tract, manifested in the form of - diarrhea, nausea, abdominal pain, vomiting. 
In our study, we also collected and analyzed the clinical data of the patients of the City Infection Center of the "Multidisciplinary Medical Center" of the Akimat of the city of Nur-Sultan. Among all recruited patients, the most frequent were patients with pneumonia - 82% of cases, with obesity of 1-3 degrees and diseases of the circulatory system (CVD) - 52%, with disorders of the gastrointestinal tract (GIT) - 37%, diabetes mellitus 2 degrees - 20% (Figure 9). 


Figure 9 - Level of prevalence of comorbidities in COVID-19

As can be seen in Figure 9, gastrointestinal disorders in COVID-19 are not the last. The defeat of the gastrointestinal tract is directly related to the pathways of penetration of the virus into the human body.
It has now been established that the initial stage of infection is the penetration of the SARS-CoV-2 virus into target cells by attaching type II angiotensin converting enzyme (ACE2) receptors in epithelial cells of the upper respiratory tract [16, 17]. It is noteworthy that ACE2 receptors are also abundant in the renal tissue and enterocytes [18-20]. The upper esophagus, epithelial cells of the stomach, duodenum, ileum, and colon also contain a large number of ACE2 receptors, which may indicate the possibility of the SARS-CoV-2 virus affecting the cells of the gastrointestinal tract (GIT). In biotopes of the small and large intestine obtained during colonoscopy / autopsy, the virus was also detected, and in stool samples it was present for more than 70 days after the onset of the first symptoms of the disease [21-23].
The incidence of gastrointestinal symptoms of COVID-19 varies widely, ranging, according to various authors, from 2-10% to 20% [24]. According to other scientists, approximately 3.34-11.4% of patients with COVID-19 may have symptoms of gastrointestinal tract damage [25, 26]. In patients with diarrhea against the background of COVID-19, an increased level of fecal calprotectin was detected, which may serve as confirmation of the presence of inflammatory changes in the intestine against the background of infection [27].





2 Materials and research methods
The sample consisted of a cohort of patients who underwent COVID-19, confirmed by PCR positive results and a CT scan during the acute phase of the disease, men and women over the age of 18 and who underwent hospitalization and inpatient treatment in clinics in the city of Nur-Sultan. Patients who have had concomitant symptoms of a disorder from the digestive system will be additionally examined for metagenome-associated pathologies (study of the intestinal microbiome).
In the first phase of the study, at the beginning of 2021, a retrospective analysis of the case histories of all patients who were hospitalized at the City Infection Center of the "Multidisciplinary Medical Center" of the Akimat of the city of Nur-Sultan was carried out, and the prevalence of symptoms of gastrointestinal tract disorders was assessed.
In the second phase of the study, material was collected for the study of the intestinal microbiome, after the patients had previously signed the Informed Consent Form. In which all procedures were described in detail and in a language accessible to the patient. All information was used in the study for analysis only with the permission of the patient. All personal identification data has been anonymized. To conduct this study, the approval of the local ethical commission of the Center for Life Sciences of the National Laboratory Astana was obtained (extract of their protocol No. 06-2020 of 10/28/2020).
Clinical laboratory studies were conducted in accordance with GCP and GLP standards. The collection of samples for stool analysis was carried out in special containers. After instructing by the investigator, the collection of the stool sample was carried out by the patient independently. DNA extraction procedures were performed using the commercial PureLink kit within 24 hours of collection. 
Sequencing was performed using two high-throughput platforms: 454 FLX Titanium sequencing of bacterial metagenomic 16s rRNA genes and Illumina WGS sequencing. Platform 2, Illumina WGS sequencing, a DNA fragmentation technique, has unprecedented coverage of sequence coverage, the ability to identify new genes and new genomes beyond those in databases. We used HiSeq for sequencing and characterization of metagenomic associations at the pangenomic level in a large number of samples. Sequencing of about 5 Gb of information was carried out for each sample, which made it possible to compare the total content of genes associated with the microbiota of each type of association. 
DNA extraction using QIAamp DNA Stool Mini Kit, Qiagen, 51504
1. Weigh 180-220 mg stool into a 2 ml microcentrifuge tube and place the tube on ice. If the sample has been frozen, use a scalpel or spatula to separate the stool pieces into a 2 ml microcentrifuge tube.
2. Add 1.4 ml ASL buffer to each stool sample. Vortex continuously for 1 min or until the stool sample is thoroughly homogenized.
3. Incubate the suspension for 5 min at 70 ° C. This stage increases the overall DNA yield by 3-5 times and helps lyse bacteria and other parasites. The lysis temperature can be increased to 95 ° C for cells that are difficult to lyse (eg gram-positive bacteria).
4. Vortex for 15 sec and centrifuge at full speed for 1 min until stool particles settle.
5. Transfer 1.2 ml of supernatant to a new 2 ml microcentrifuge tube.
6. Add 1 InhibitEX tablet to each sample and vortex for 1 min or until the tablet is completely dissolved. Incubate the suspension for 1 min at room temperature so that inhibitors can adsorb to the InhibitEX matrix.
7. The sample is centrifuged at full speed for 3 min until the inhibitor beads are bound to the inhibitor matrix.
8. Transfer the supernatant to a new 1.5 ml microcentrifuge tube and discard the pellet. Centrifuge the sample at full speed for 3 minutes.
9. Pipette 15 µl of Proteinase K into a new 1.5 ml microcentrifuge tube.
10. Transfer 200 µl of the supernatant from step 8 into a 1.5 ml microcentrifuge tube containing Proteinase K.
11. Add 200 μL Buffer AL and vortex for 15 sec.
12. Incubate at 70 ° C for 10 min.
13. Add 200 µl ethanol (96-100%) to the lysate and mix by vortexing. Centrifuge briefly to remove droplets from inside the tube lid.
14. Place the QIAamp spin column in a 2 ml collection tube. Carefully load all of the lysate from step 13 onto the QIAamp column. Close the spin column lid and centrifuge at full speed for 1 min. Place the QIAamp spin column in a new 2 ml collection tube and discard the used tube containing the filtrate.
15. Carefully open the QIAamp spin column and add 500 µl AW1 Buffer. Close the spin column lid and centrifuge at full speed for 1 min. Place the QIAamp spin column in a new 2 ml tube and discard the collection tube containing the filtrate.
16. Carefully open the QIAamp spin column and add 500 µl AW2 Buffer. Close the spin column lid and centrifuge at full speed for 3 min. Discard the collection tube containing the filtrate.
17. Recommended: Place the QIAamp spin column in a new 2 ml tube and discard the old filtrate collection tube. Centrifuge at full speed for 1 min.
18. Transfer the QIAamp column to a new, labeled 1.5 ml microcentrifuge tube. Carefully open the QIAamp spin column and add 200 µl of Buffer AE directly onto the QIAamp membrane. Close the lid of the spin column and incubate for 1 min in the room then centrifuge at full speed for 1 min to elute the DNA.

3 Study of the main genetic characteristics of the intestinal microbiome in case of coronavirus infection and systemic damage to the patient's body after suffering COVID-19 (post COVID syndrome, manifested by complications of the respiratory, cardiovascular, digestive and excretory systems of organs during SARS-CoV-2 viral infection)
It is now known that the intestinal microbiota performs essential functions in the human body, such as protective, digestive, metabolic and immunomodulatory. The intestinal microbiota is involved in the formation of colonization resistance to potentially pathogenic bacteria through the secretion of bacteriostatic and antimicrobial metabolites, in the degradation of bacterial toxins, and deconjugation of bile acids, thus maintaining the state of microbial homeostasis in the intestine [16, 28]. 
The immunomodulatory role of the microbiota is the formation of nonspecific defense factors, the regulation of the adaptive immune response. The intestinal microbiota takes part in the synthesis of nonspecific humoral defense factors (lysozyme, properdin, complement), phagocytosis, stimulation of the maturation of the intestinal lymphoid apparatus, as well as in the synthesis of immunoglobulin A, cytokines and interferons [28, 29]. A healthy intestinal microbiome is of great importance (Figure 10) in maintaining the immune system in an optimal state, in which both a hyperreactive and a reduced immune response are not observed when meeting an infectious agent. It is in this state that adequate protection of the body from various infections, including from a new coronavirus infection, will be possible. As you know, the intestinal microbiota is involved in the secretion of short-chain fatty acids such as acetic, propionic and butyric acids, secondary bile acids secreted by the commensals of the microbiota. Microbiota metabolites, in turn, can also regulate the functions of immune cells such as dendritic cells and macrophages [30]. 
In the course of the analysis of the compositional composition of the intestinal microbiota of the study participants using 16S rRNA as a marker, more than 35 species of bacteria were identified, most of which belong to four types: Firmicutes, Actinobacteria, Bacteroides, and Proteobacteria, which, according to the literature, corresponds to information on the intestinal microflora conditionally - a healthy adult in accordance with Figure 10. Representatives of other phyla have also been identified, including Fusobacteria, Elusimicrobia, Synergistetes, Spirochaetes, and Verrucomicrobia. Strains of Streptophyta (Eukaryota) have also been found.
Violations of the intestinal microbiota composition are possible in many diseases of both the gastrointestinal tract and other organs and systems (for example, obesity, diabetes mellitus, cardiovascular, autoimmune, mental illnesses, etc.) [31]. The available literature provides information that the gut microbiota can influence the functioning of the respiratory system through the interaction of organs within the gut-lung axis. It is assumed that this interaction occurs both in the forward and reverse directions, that is, endotoxins and microbial metabolites present in lung tissues can also affect the composition of the intestinal microbiota [32]. Thus, given the relationship between the gut microbiota and the respiratory system, it can be assumed that the novel SARS-CoV-2 coronavirus may also have an impact on the gut microbiota. This fact was reflected in the results of a number of studies in which it was shown that in infectious diseases of the respiratory system, violations of the composition of the intestinal microbiota occur [33]. According to the literature, the risk of viral infections increases in the presence of disturbances in the composition of the intestinal microbiota, while a number of studies demonstrate that the viral infections themselves, for example, influenza and respiratory syncytial viral infection, can lead to changes in the composition of the fecal microbiota [24]. 
In particular, in the work of H.S. Gill et al. (2001) demonstrated that the use of probiotics based on the bacteria Bifidobacterium lactis in healthy elderly volunteers led to an increase in the proportion of mononuclear leukocytes and the activity of NK cells in the blood serum [34]. Some researchers believe that the gut microbiome may underlie the predisposition of healthy people to COVID-19. Moreover, based on the proteomic analysis of blood samples from patients with COVID-19, 20 proteomic biomarkers were identified that could potentially be associated with the severity of the course of the infection based on the proteomic risk scale for the course of COVID-19 [26].
 The above facts and the results of individual studies suggest that the intestinal microbiota is able to play a significant role in the formation of immunity, which in turn can determine the risk of disease and the characteristics of the course of the infectious process caused by the SARS-CoV-2 virus. 
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Figure 10 - Composition of the intestinal microbiome of a conditionally healthy population

However, most aspects of the relationship between gut microbiota and COVID-19 disease remain open at this time, as well as many other questions regarding the new coronavirus infection. As you know, the intestinal microbiota of the elderly is characterized by a low diversity and a lower representation of beneficial bacteria, such as bifidobacteria and a number of others [35]. The existing experience with COVID-19 has shown that elderly patients, patients with weakened immune systems, as well as patients with concomitant diseases such as arterial hypertension, diabetes mellitus, obesity and a number of others, have an increased risk of a severe course of COVID-19 and high mortality rates. This fact indirectly suggests a relationship between the state of the intestinal microbiota and the severity of COVID-19 [24]. It should be noted that the literature provides limited information on the effect of coronavirus infection in its natural course on the intestinal microbiota. This is probably due to the fact that in any form of the disease, from the most mild to severe forms, as a rule, therapeutic measures are used. Separate studies have shown that the composition of the gut microbiota of patients with COVID-19 is characterized by a lower abundance of "beneficial" bacteria, such as Bifidobacterium, Lactobacillus and Eubacterium, and a higher abundance of opportunistic bacteria, such as Corynebacterium (Actinobacteria) and Ruthenibacterium (Firmicutes) [ 26]. 
An interesting study by T. Zuo et al. (2020), which studied the composition of the gut microbiota in patients with COVID-19 infection hospitalized in the hospital. A total of 15 patients with COVID-19 were included in the study (7 patients did not take antibiotics, 8 people received empiric antibiotics until hospitalization), the control group consisted of 15 people. All patients had respiratory symptoms, only 1 patient complained of diarrhea on admission; during hospitalization, none of the patients developed other gastrointestinal symptoms. The composition of the intestinal microbiota was studied by metagenomic shotgun sequencing of stool samples (Illumina NextSeq 550). The patients were divided into the following clinical variants of the course of infection: mild (without radiographic signs of pneumonia), moderate (with signs of pulmonary involvement), severe (respiratory rate ≥30 per minute or oxygen saturation ≤93%), or extremely severe (respiratory failure, necessity artificial ventilation of the lungs, etc.). The authors of the work compared the initial composition of the intestinal microbiota of the compared groups, adjusted for age, sex, antibiotic use, and concomitant diseases [24]. 
It was found that the intestinal microbiota of patients with COVID-19 who did not take any antibacterial drugs until hospitalization was characterized by a higher prevalence of pathogenic and opportunistic bacteria, such as Clostridium hathewayi, Bacteroides nordii, Actinomyces viscosus. The gut microbiota of patients with severe COVID-19 was characterized by an initially higher prevalence of Clostridium hathewayi. The researchers noted that most of the above bacteria are potentially capable of causing the development of bacterial infections, which can also serve as an indicator of a severe course of the disease, including due to the risk of secondary bacterial complications. In the group of patients who received antibiotic therapy at the time of admission to the hospital, during the period of hospitalization, a further decrease in the presence of potentially beneficial bacteria, such as Fecalibacterium prausnitzii, Lachnospiraceae bacterium, Eubacterium rectale, Ruminococcus obeum, Dorea formicigenerans in the microbiota that did not take antibacterial drugs. Firmicuts contain the class Clostridia and Bacillus in accordance with Figure 11. They are involved in the hydrolysis of complex polymer compounds to monomers. Bacteroids contain the class Bacteroidia. They participate in fermentation processes and form organic acids. Synergists include the Synergistia class. They break down amino acids and produce acetate, butyrate, hydrogen and carbon dioxide. Actinobacteria play an important role in the degradation of cellulose, and thus take part in the circulation of organic matter and in the carbon cycle. Actinomycetes also play an important role in the production of secondary metabolites, natural organic antibiotics of actinomycin. Comparative taxonomic analysis of the microbiota in the samples revealed significant individual differences between the participants in the presented composition of the microbiota. The results obtained made it possible to determine the belonging of the participants to a certain enterotype with the dominance of a certain taxon. 
The researchers also found that the abundance of the phylum Firmicutes bacteria, namely Clostridium ramosum and Clostridium hathewayi, correlated with the severity of COVID-19 infection. In contrast, the abundance of bacteria Alistipes onderdonkii and Faecalibacterium prausnitzii was inversely correlated with the severity of the COVID-19 infection. According to various sources, bacteria of the genus Alistipes can participate in the metabolism of tryptophan and maintenance of homeostasis of the intestinal microbiota [36, 37], while the bacterium Faecalibacterium prausnitzii is well known for its anti-inflammatory properties [38]. The presence of certain bacteria in the gut microbiota, such as Bacteroides dorei, Bacteroides thetaiotaomicron, Bacteroides massiliensis, Bacteroides ovatus, correlated inversely with the SARS-CoV-2 viral load determined in the gut microbiota. The researchers noted that all four of these bacteria are associated with decreased expression of ACE2 receptors in the colon of mice. 
 


Figure 11 - Percentage of dominant classes of gut microbiome in COVID-19 patients 

According to the compositional analysis of samples from patients with COVID-19, two enterotypes of the intestinal microbiome were identified with clear differences: in the first case, the Bacteroidetes enterotype prevailed, and in the second case, the Firmicutes enterotype. The percentage differences between the above systematic groups in most of the samples were insignificant. It is also important to note that the study of species diversity between groups showed the greatest diversity in the case-control groups, and the poorest diversity was observed in persons aged 70 and older. Moreover, it was noted that the presence of certain types of gut microbiota depends on the age and sex factor.
Thus, according to the authors, bacteria of the genus Bacteroides can be potentially protective against the SARS-CoV-2 virus. A positive correlation was found between the presence of the bacterium Erysipelotrichaceae bacterium and the level of SARS-CoV-2 viral load in the fecal microbiota. The results of separate studies have shown that bacteria of the genus Erysipelotrichaceae may be involved in the development of inflammatory bowel diseases [39]. In general, the composition of the intestinal microbiota of patients with COVID-19 significantly differed from the composition of the intestinal microbiota of the control group in the form of a higher representation of opportunistic bacteria and a lower relative representation of beneficial commensals, both at baseline and during hospitalization. Moreover, even after clinical improvement and the disappearance of complaints from the respiratory system, these patients retained a lower representation of beneficial bacteria in the intestinal microbiota. 
The authors of the work concluded that the intestinal microbiota of patients with COVID-19 infection is characterized by a longer preservation of changes in its composition compared to healthy people. At the same time, the severity of the changes was associated with the degree of viral load in the intestine and the severity of the course of the disease. According to the authors, therapeutic measures aimed at correcting the composition of the intestinal microbiota may become an additional direction in the treatment of COVID-19 infection [24].
In the work of Y.K. Yeoh et al. (2020) studied the effect of microbiota composition on the immune response and the severity of COVID-19 infection. The authors of the work conducted a cohort study that included 100 patients with laboratory confirmed infection caused by SARS-CoV-2 (positive nasopharyngeal swab). Feces and blood samples were taken from the patients. The composition of the microbiota was studied by carrying out genome-wide sequencing (Illumina NovaSeq 6000) of total bacterial deoxyribonucleic acid isolated from stool samples, and the immune response was analyzed by determining the level of inflammatory biomarkers and cytokines in the blood. The gut microbiome composition of COVID-19 patients differed significantly from healthy controls, whether or not they received antibiotic therapy. At the same time, the composition of the microbiota of patients during the period of illness and within 30 days after clinical recovery was distinguished by a lower representation of intestinal microbiota commensals with a known immunomodulatory potential, such as bifidobacteria, Faecalibacterium prausnitzii, and Eubacterium rectale. The authors revealed a negative correlation between the presence of the bacteria Faecalibacterium prausnitzii and Bifidobacterium bifidum and the severity of the disease (after adjusting for the use of antibiotics and the age of patients; p <0.05). In addition, a more severe course of the disease was characterized by a higher level of inflammatory cytokines and biomarkers in the blood (C-reactive protein, lactate dehydrogenase, aspartate aminotransferase and γ-glutamyl transferase) [40]. 
In the previously described work, it was also revealed that the composition of the intestinal microbiota of patients with signs of a higher infectious activity of SARS-CoV-2 was characterized by a higher representation of opportunistic bacteria, such as Collinsella aerofaciens, Collinsella tanakaei, Streptococcus infantis, Morganella morganii, and a lower representation of "useful" microorganisms. At the same time, the composition of the intestinal microbiota of patients with signs of low infectious activity of the virus was characterized by a higher abundance of bacteria producing short-chain fatty acids, Parabacteroides merdae, Bacteroides stercoris, Alistipes onderdonkii, Lachnospiraceae bacterium [41].
The composition of the intestinal microbiota was studied by sequencing the V3 – V4 regions of the 16S ribosomal RNA gene. The authors of the work showed that the intestinal microbiota of patients with COVID-19 was characterized by a low diversity, a high representation of opportunistic bacteria, a low representation of beneficial microbiota representatives, and the dominance of bacteria of the genera Streptococcus, Rothia, Veillonella, Erysipelatoclostridium, Actinomyces in comparison with the microbiota of healthy volunteers. At the same time, in patients with COVID-19, the representation of bacteria of the Lachnospiraceae families (Fusicatenibacter, Anaerostipes, Agathobacter, Lachnospiraceae, Eubacterium hallii group) was significantly less than in the group of patients with influenza. Microbial diversity scores were significantly reduced in COVID-19 and H1N1 patients compared with healthy volunteers, in line with the literature on other respiratory viral infections that also saw similar changes in gut microbiota composition. 
The authors noted that the structure of the intestinal microbiome and its diversity did not differ statistically significantly between patients with varying degrees of severity of the course of infection. The study also examined correlations between various laboratory markers of inflammation and the state of the gut microbiota. Thus, it was found that the representation of bacteria Agathobacter, Fusicatenibacter, Roseburia, Ruminococcaceae, which was reduced in patients with COVID-19 compared with healthy volunteers, inversely correlated with the level of laboratory markers of inflammation: C-reactive protein, D-dimer and procalcitonin. The levels of C-reactive protein and D-dimer directly correlated with the presence of Streptococcus, Rothia, Veillonella, Actinomyces bacteria in the intestinal microbiota. These bacteria were more abundant in the fecal microbiota of COVID-19 patients. It is known that bacteria of the genus Rothia can be an etiopathogenetic link in the development of pneumonia, especially in immunocompromised people [42], the role of Streptococcus and Rothia bacteria in the occurrence of secondary bacterial infections in patients with the virus is discussed [43].
According to the authors, the gut microbiota can serve as both a potential biomarker of the severity of COVID-19 and a potential therapeutic target in the treatment of infection, but further research is needed in this area [25].




4 Improvement of clinical protocols for the management of patients and revision of the terms of rehabilitation of patients with previous CVI based on the results obtained during the study of the intestinal microbiome
The gut microbiome is the main source of microorganisms for the formation of microbiomes of other organs and tissues. Gut and lung dysbiosis associated with COVID-19 leads to increased inflammatory responses and stimulates the development of a cytokine storm through increased receptor activity. The patient's intestinal dysbiosis facilitates the invasion of coronaviruses and intensifies inflammatory responses. Conversely, the progression of COVID-19 leads to increased dysbiosis in both the lungs and intestines. Improving the microbiome through probiotic strains of bifido / lactobacilli and prebiotic substances is an important approach to smoothing the “wave” of COVID-19 at the population level [44].
The results of a long-term study of the microbiome, including data from such world-famous projects as the Human Microbiome Project and Metagenomics of the human intestinal tract, indicate that the intestinal microflora is represented by two dominant types of bacteria: Bacteroidetes (typical representatives are B. vulgatus, B. dorei, B. uniformis, B. ovatus) and Firmicutes (it includes the class Bacilli, which includes such well-known genera as Lactobacillus, Enterococcus, and Streptococcus) with a relatively low content of actinomycetes (genus Bifidobacterium) [45]. 
Currently, no one doubts the participation of intestinal microbiota in digestion processes (breakdown of dietary fiber, synthesis of short-chain fatty acids (SCFA) and digestive enzymes, metabolism of bile acids), synthesis of B, K vitamins, amino acids (arginine, glutamine), detoxification of certain types of drugs and xenobiotics, regulation of the activity of the immune, endocrine and nervous systems (intestine-brain axis).
The most significant in the era of the COVID-19 pandemic were the protective and immunomodulatory functions of the microbiota. An increase in the synthesis of mucus and mucin by goblet cells, noted under the influence of lacto-, bifidobacteria, streptococci, leads to an improvement in the protective properties of the intestinal mucosa and avoids the adhesion / invasion of pathogenic microorganisms [46]. 
It is assumed that the stimulation of the production of mucus, mucin, bacteriocins, the preservation of the integrity of the epithelium and tight intercellular contacts is one of the main mechanisms that allow the microbiota to resist the penetration and replication of SARS-CoV-2 in the intestine and prevent further progression of viral infection.
The concept of an axis connecting the intestine and lungs into a single whole appeared relatively recently. According to the formulated theory, the "intestine - lungs" axis, the state of the intestinal microbiome has a significant effect on the microbiota of the respiratory tract, the functional state of the lungs [16, 26, 46]. It is believed that this axis is bi-directional, i.e., not only metabolites of probiotics and bacterial endotoxins are able to affect the respiratory tract through the bloodstream, but also the inflammatory process in the lungs leads to a change in the composition, quantity and function of the intestinal microbiome [16, 18, 26, 46]. 
The anti-inflammatory and immunomodulatory properties of some probiotic strains can improve the functioning of the intestinal-lung axis and, possibly, prevent the development, mitigate the course of COVID-19, and increase the effectiveness of vaccination against SARS-CoV-2. The intake of probiotic strains, the effectiveness and safety of which is confirmed by evidence-based medicine data in the treatment and prevention of ARVI / diarrhea (L. rhamnosus, L. plantarum, L. acidophilus, B. bifidum, S. boulardii, Streptococcus thermophilus), can be recommended for patients from the group risk, as well as for patients with COVID-19, respectively, as a prophylactic and / or adjuvant agent. The potential benefits of probiotics for COVID-19 remain to be explored, but there is good reason to use them as an effective weapon against the new and insidious SARS-CoV-2 virus [16, 18, 26, 46].
Another impetus to the use of probiotics for COVID-19 was the features of infection and excretion of SARS-CoV-2, suggesting damage to the gastrointestinal tract, the development of diarrhea and the excretion of the virus in feces. At the same time, the use of massive antibiotic therapy for the treatment of secondary bacterial therapy in patients with COVID-19 is a risk factor for the development of antibiotic-associated diarrhea (AAD), for the treatment and prevention of which probiotic drugs are widely used.
To date, international medical databases do not yet have a sufficient number of clinical studies, meta-analyzes, in which the effectiveness of probiotics in patients with COVID-19 was studied, on the basis of which it was possible to unequivocally say about the positive effect of using probiotics. However, the high efficacy of probiotics and the intestinal-lung axis in the treatment of COVID-19 is emphasized by many teams of authors, G. d'Ettorre et al., Who prescribed PCR-positive inpatients COVID-19 with 50% lung damage, febrile temperature in non-invasive oxygen therapy, multicomponent probiotics [46, 47, 48]. 
Italian scientists called the use of probiotics oral bacteriotherapy. Bacteriotherapy using probiotic strains Streptococcus thermophilus, L. acidophilus, L. helveticus, L. paracasei, L. plantarum, L. brevis, B. lactis, B. lactis contributed to the relief of diarrhea, remission of other symptoms in almost all patients taking probiotics, compared with patients who did not receive these drugs. In addition, the risk of developing respiratory failure was eight times lower in patients receiving oral bacteriotherapy. The prevalence of respiratory failure and the mortality rate of patients transferred to the intensive care unit and who did not receive oral probiotics were significantly higher than those in patients who took beneficial bacteria. Based on the data obtained, the researchers believe that probiotics can significantly improve the clinical condition of patients infected with SARS-CoV-2 [47, 48].
The expediency of using Lactobacillus strains in COVID-19 is supported by the authors of a detailed literature review, who presented evidence-based medicine data accumulated over several decades and revealing the effectiveness of these probiotic strains in the treatment of ARVI [49]. Based on these data, S. Zrelli et al. (2021) suggest the ability of lactobacilli to strengthen the cell barrier, prevent the penetration of SARS-CoV-2 and modulate the immune response [49]. 
Prescribing prebiotics / synbiotics to patients with COVID-19 may be associated with a milder course of the disease, rapid relief of respiratory symptoms and normalization of temperature, a decrease in the need for oxygen therapy and prevention of the development of ventilator-associated pneumonia, and a leveling of gastroenterological manifestations of SARS-CoV-2 infection and AAD. They can also be used in cases of manifestation of COVID-19 with severe diarrhea, due to the presence of S. boulardii strains with pronounced antidiarrheal activity in the composition. Prophylactic use of synbiotics can be recommended for patients at risk of severe COVID-19: the elderly, patients with weakened immunity, comorbid pathology (diabetes mellitus, cardiovascular diseases, liver and kidney disease). Perhaps the use of probiotics / synbiotics is advisable before vaccination against SARS-CoV ‑ 2 in order to increase the effectiveness of vaccination. The optimal duration, frequency, and dosage regimens for probiotics are not yet precisely known; the answers to these questions are hidden in the near future.
The choice of the optimal tactics of nutritional support for patients with COVID-19 is largely determined by the timely and high-quality diagnosis of the state of the intestinal microbiocenosis. At present, a persistent violation of the intraintestinal balance of the obligate and opportunistic microflora is referred to as "dysbiosis". Intestinal dysbiosis is understood as a clinical and laboratory syndrome associated with a change in the qualitative and / or quantitative composition of the intestinal microflora with the subsequent development of metabolic and immunological disorders, as well as with the possible development of gastrointestinal disorders. The severity of dysbiotic changes affects the course of the underlying disease, as well as the activity of almost all systems and organs [50].   
It is known that, on the one hand, the pathological process of any localization can lead to changes in the intestinal microbiocenosis, on the other hand, the presence of dysbiosis is a factor aggravating the underlying disease. The most common method of microbiological determination of the degree of dysbiotic disorders of microbial ecology in the colon is the analysis of feces and its decoding for dysbiosis.
Nutritional support is based on screening and nutritional deficiencies. Choice of nutritional support method - dietary nutrition, oral enteral nutrition, enteral tube feeding; parenteral nutrition is determined by the severity of the course of coronavirus infection, the functional state of the gastrointestinal tract, the presence of organ / multiple organ failure, the use of intensive therapy methods (mechanical ventilation, extraorgan detoxification, ECMO, etc.). 
Thus, the prevention, diagnosis and correction of nutritional status disorders is considered by us as one of the main methods of treatment aimed at resolving the systemic inflammatory response and correcting the metabolic response to viral infection in patients with COVID-19. The manifestation of a systemic inflammatory reaction as a result of a viral infection leads to severe metabolic disorders. The main metabolic manifestations of the systemic inflammatory reaction are expressed by the hypermetabolic-hypercatabolic syndrome with complex disorders of protein, lipid and carbohydrate metabolism, increased consumption of carbohydrate-lipid reserves and the breakdown of tissue proteins. However, adequate correction of metabolic disorders and full nutritional support for patients with COVID-19, taking into account the clinical picture, the severity of the disease, respiratory and intensive care, is an integral part of the treatment of infection, which determines its effectiveness and reduces mortality. 


CONCLUSION 
During the implementation of the project and the execution of all tasks, according to the calendar plan for 2021, the following results were obtained:
1) As part of a retrospective, epidemiological analysis of cases of coronavirus infection, and an assessment of the prevalence of symptoms associated with disorders of the digestive system, the following results were obtained: 
It has now been established that the initial stage of infection is the penetration of the SARS-CoV-2 virus into target cells by attaching type II angiotensin converting enzyme (ACE2) receptors in epithelial cells of the upper respiratory tract. The upper esophagus, epithelial cells of the stomach, duodenum, ileum, and colon also contain a large number of ACE2 receptors, which may indicate the possibility of the SARS-CoV-2 virus affecting the cells of the gastrointestinal tract (GIT). In our study, among all recruited patients, the most frequent were patients with pneumonia - 82% of cases, with obesity of 1-3 degrees and diseases of the circulatory system (CVD) - 52%, with disorders of the gastrointestinal tract (GIT) - 37%, diabetes mellitus 2 - 20%. In biotopes of the small and large intestine obtained during colonoscopy / autopsy, the virus was also detected, and in stool samples it was present for more than 70 days after the onset of the first symptoms of the disease. The main symptom of the Indian strain of coronavirus is gastrointestinal upset. Disorders of the gastrointestinal tract, manifested in the form of - diarrhea, nausea, abdominal pain, vomiting. The incidence of COVID-19 gastrointestinal symptoms varies widely, ranging from about 2-10% to 20%. According to other sources, approximately 3.34-11.4% of patients with COVID-19 may experience gastrointestinal symptoms. In patients with diarrhea against the background of COVID-19, an increased level of fecal calprotectin was detected, which indicates the presence of inflammatory changes in the intestine against the background of SARS-CoV-2 infection.  
2) As part of the study of the main genetic characteristics of the intestinal microbiome in coronavirus infection and systemic damage to the patient's body after suffering COVID-19 (post-coccygeal syndrome, manifested by complications of the respiratory, cardiovascular, digestive and excretory systems of organs during SARS-CoV-2 viral infection) were the following results were obtained: 
In the course of the analysis of the compositional composition of the intestinal microbiota of the study participants using 16S rRNA as a marker, more than 35 species of bacteria were identified, most of which belong to four types: Firmicutes, Actinobacteria, Bacteroides, and Proteobacteria, which, according to the literature, corresponds to information on the intestinal microflora conditionally - a healthy adult. Representatives of other phyla have also been identified, including Fusobacteria, Elusimicrobia, Synergistetes, Spirochaetes, and Verrucomicrobia. Strains of Streptophyta (Eukaryota) have also been found.
Violations of the intestinal microbiota composition are possible in many diseases of both the gastrointestinal tract and other organs and systems (for example, obesity, diabetes mellitus, cardiovascular, autoimmune, mental illnesses, etc.). It was found that the intestinal microbiota of patients with COVID-19 who did not take any antibacterial drugs until hospitalization was characterized by a higher prevalence of pathogenic and opportunistic bacteria, such as Clostridium hathewayi, Bacteroides nordii, Actinomyces viscosus. The intestinal microbiota of patients with a severe course of COVID-19 was distinguished by an initially higher representation of such strains as Clostridium hathewayi, Collinsella aerofaciens, Collinsella tanakaei, Streptococcus infantis, Morganella morganii. Firmicuts contain the class Clostridia and Bacillus. It was also found that the presence of bacteria of the phylum Firmicutes, especially Clostridium ramosum and Clostridium hathewayi, correlated with the severity of COVID-19 infection. In contrast, the abundance of bacteria Alistipes onderdonkii and Faecalibacterium prausnitzii was inversely correlated with the severity of the COVID-19 infection. Bacteroides can be potentially protective against the SARS-CoV-2 virus. A positive correlation was found between the presence of the bacterium Erysipelotrichaceae bacterium and the level of SARS-CoV-2 viral load in the fecal microbiota. Some studies have shown that bacteria from the genus Erysipelotrichaceae may be involved in inflammatory bowel disease. 
3) As part of the task of improving clinical protocols for the management of patients and revising the terms of rehabilitation of patients with previous CVI, based on the results obtained during the study of the intestinal microbiome, the following results were obtained: 
The most significant in the era of the COVID-19 pandemic were the protective and immunomodulatory functions of the microbiota. The anti-inflammatory and immunomodulatory properties of some probiotic strains can improve the functioning of the intestinal-lung axis and, possibly, prevent the development, mitigate the course of COVID-19, and increase the effectiveness of vaccination against SARS-CoV-2.
The intake of probiotic strains, the effectiveness and safety of which is confirmed by evidence-based medicine data in the treatment and prevention of ARVI / diarrhea (L. rhamnosus, L. plantarum, L. acidophilus, B. bifidum, S. boulardii, Streptococcus thermophilus), can be recommended for patients from the group risk, as well as for patients with COVID-19, respectively, as a prophylactic and / or adjuvant agent.
Bacteriotherapy using probiotic strains Streptococcus thermophilus, L. acidophilus, L. helveticus, L. paracasei, L. plantarum, L. brevis, B. lactis, B. lactis contributed to the relief of diarrhea, remission of other symptoms in almost all patients taking probiotics, compared with patients who did not receive these drugs. In addition, the risk of developing respiratory failure was eight times lower in patients receiving oral bacteriotherapy. The prevalence of respiratory failure and the mortality rate of patients transferred to the intensive care unit and who did not receive oral probiotics were significantly higher than those in patients who took beneficial bacteria. Based on the findings, the researchers believe that probiotics can significantly improve the clinical condition of patients infected with SARS-CoV‑2.
Understanding the pathophysiological mechanisms of SARS-CoV-2 infection and the progression of COVID-19 made it possible to identify potential goals of treatment and prevention of the disease by inhibiting the penetration and / or replication of the virus, blocking an excessive immune response. At the cost of the lives of many patients, the first successes in the treatment and prevention of COVID-19 were made: drugs and nutrients with direct and indirect antiviral effects were discovered, the first standards of therapy appeared, the newest mRNA vaccines were developed, and active vaccination is being carried out.
Despite the global successes achieved in the fight against COVID-19, a number of problems remain, among which the most urgent are the prevention of SARS-CoV-2 infection, the prevention of a severe course of the disease, and the acceleration of recovery from COVID-19. Scientists around the world have high hopes for probiotic bacteria, believing that they can enhance the immunomodulatory properties of the gut microbiome and improve the functioning of the gut-lung axis.
As part of the publication of research materials in peer-reviewed scientific journals, the article “Digestive system and SARS-COV-2: new era of microbiome study and gastrointestinal tract manifestations during the Covid-19 pandemic. Review article "(in a peer-reviewed foreign scientific journal, (Q1 / 84th percentile) indexed in the Web of Science and Scopus databases with a non-zero impact factor (Appendix B, C, D), and 3 theses were published at the International Conference (Appendix B , E). 
As part of the implementation of the project task, it took part in international conferences, teleconferences and seminars regarding the research topic:
- participation in the work of the online teleconference "Euro-Asian teleconference" COVID-19 - about the important ", January 21, 2021, Kiev, Ukraine (Appendix F);
- participation in the seminar "The first year of the COVID-19 pandemic in Russia (April 2020-March 2021)" on June 3, 2021, Higher School of Economics, National Research University, Moscow, Russian Federation (Appendix F);
- participation in the online teleconference "New Wave COVID-19: Strain" Delta "Another - Threat", July 23, 2021, Center for the Development of Professional Qualifications of Medical Workers at the Ministry of Health of the Republic of Uzbekistan, Tashkent, Uzbekistan (Appendix F);
- Online course on research methods of the European Academy of Science and Research, August 5, 2021, Hamburg, Germany (Appendix F);
- participation in the work of the online teleconference “Euro-Asian teleconference. Delta strain. Experience of international experts ”, September 16, 2021, Center for the Development of Professional Qualifications of Medical Workers under the Ministry of Health of the Republic of Uzbekistan, Tashkent, Uzbekistan (Appendix F);
- participation in the International online conference "Topical issues of biological safety in modern conditions", September 22-23, 2021, Nur-Sultan, Kazakhstan (International online conference "Topical issues of biological safety in modern conditions", September 22-23, 2021, Nur-Sultan, Kazakhstan) (Appendix F);
- participation in the II Kazakhstan Congress of Infectious Diseases "Infectious Diseases in the Context of Globalization: Challenges and Solutions", October 7-8, 2021, Nur-Sultan, Kazakhstan (Appendix F).  
Thus, the main points of the assignments in accordance with the tasks for 2021 and the technical specification under the agreement with the Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan were completed in full.
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	Digestive system and SARS-COV-2: new era of microbiome study and gastrointestinal tract manifestations during the Covid-19 pandemic.  Review article. 
Status - manuscript submitted 
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List of abstracts at international conferences
	№
	Conference 

	Participation type
	Title of the report
	Authors
(project participants)

	1
	International conference «Topical issues of biological safety in modern conditions», September 22-23, 2021

	Thesis 
	Gut microbiota composition and disease severity in patients with COVID-19: Armenian population
(Appendix E)
	V.V. Tsaturyan, A. Kushugulova, K. Sidamonidze, D. Tsereteli, A.Z. Pepoyan

	2
	International conference «Topical issues of biological safety in modern conditions», September 22-23, 2021

	Thesis 
	Relevance of the study of the intestinal microbiome in coronavirus infection SARS-CoV-2 (Актуальность исследования микробиома кишечника при коронавирусной инфекции SARS-CoV-2)
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	К.Mussabai, А.Kossumov, А.Kushugulova

	3
	International conference «Topical issues of biological safety in modern conditions», September 22-23, 2021

	Thesis
	Histological data of lung autopsies during the COVID-19 pandemic in Nur-Sultan (Гистологические данные аутопсий легких в период пандемии COVID-19 в городе Нур-Султан)
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Pneumonia	Obesity 1-3 degrees	CVD	Gastrointestinal disorders	Diabetes mellitus 2	82	52	52	37	20	
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Ipunoxenne 1.2
K HaCTOALIEMY JIOrOBOPY

Ne LTI ox S » AL 2021 roxa

KAJIEH/IAPHBIN TJIAH
1. Yactnoe yupexnenne «National Laboratory Astana»

1.1 Tlo npropurery: 6. Hayka 0 xusuu u 310posbe.

1.2 Tlo moanpuoputery: 6.4 SARS CoV-2 (COVID-19) u apyrue noTeHumambio
naHAeMHYecKne BO30YaNTE M HHDEKIMii:

6.4.2 MOHHTOPHHT, SMHACMHOIOTHYECKHE ACIEKTHI H IPAKTHYECKHE Mephl GOPLOHL.

1.3 Tlo Teme mnpoekta: AP09563198 | «Mccneoanue mukpoGHOMa Yy NalHeHTOB ¢
TOCTKOBH/IHBIM CHHAPOMOM 1 mopakennem KKT J1s yiyuileHHs COCTOSHHS 370pOBbS M
COKpAIleHHE CPOKOB PeabHIINTaLHmY, |

1.4 O6mas cymma mnpoekra Ha 2021 roa 7852 992,15 (ceMb MHIUTHOHOB BOCEMBCOT
TATBACCAT JBC THICAUH ACBATHCOT ACBSHOCTO /BA) TEHIe 15 THBIH, B TOM 4HC/IE ¢ PasoHBKOI 10
TOJaM, JUIsl BHITIOTHEHHs! paboT COIIACHO MYHKTY 3.

2. XapaKkTepHCTHKA HAYUHO-TeXHHYECKOIl MPOAYKIMH 110 KBATHPHKAIMOHHBIM
NPH3HAKAM H Y)KOHOMHYECKHE MIOKA3ATE/IH

2.1 Hanpasnenne paGoter: Memmumna. Hayka o skusin u 310poBbe. DyHiaMenTaibhbie
OCHOBBI - (hopMHpOBaHHA MHKpoGHOMa uenioBeka. Koponasupychas undekmns SARS CoV-2
(COVID-19).

2.2 OGnacth npumenenms: Knunnveckas Meanunna, Bopsa ¢ KopoHaBupycHoil uHpekimeii
SARS CoV-2 (COVID-19), mocTKOBHBI CHHAPOM, YJIy4lIeHHE COCTOSHHE 310POBBA uepe3
MHKPOGHOM KHINEYHHKA, peabHIHTalus.

2.3 Koneunplii pe3ysbrar 3a 2021 roa:

Byner nposesen peTpocrieKTHBHBIA, SMHACMHONOTHUECKH AHAIN3 CIyvacs 3apakeHus
KOPOHABHPYCHON MH(eKIHell, W aHa OleHKa PacnpoCTPAaHEHHOCTH CHMITOMOB, CBA3aHHBIX C
PAacCTPOHCTBAMHI CO CTOPOHBI TTHIIEBAPHTETBHON CHCTEMBI;

ByayT u3yuens oCHOBHBIC TeHeTHUECKHE XApAKTEPHCTHKM KMIIEYHOTO MHKPOGHOMa npi
KOPOHABHPYCHOI HH(EKLMH H CHCTEMHOM TOPAKEHHH OPraHM3Ma ALMEHTa 110CIIe TIePEHECeHHOr0
COVID-19 (nocTKOB/HbIH CHHIPOM, TIPOSBJIAIOIIMACH OCIOKHEHHIAMH JbIXATE/BLHOI, CepiedHO-
COCYJMCTOM, MUUIEBAPUTENLHOM M BBIICIHTEILHON CHCTEMAMH OPraHOB IIPH BUPYCHOM HH(EKIMK
SARS-CoV-2);

ByayT npezcraieHbl peKOMEHIALHH 110 YIIyHIIEHHIO KTHHHYECKHX MIPOTOKOJIOB M0 BEICHHIO
MALACHTOB M NEPECMOTPY CPOKOB pealHJIMTAIMK NAUMeHTOB ¢ nepeHecenHoil KBU ua ochobe
Pe3yJIbTAaTOB, MOMYYEHHBIX B XOJI€ HCCIICJOBAHMS KHIIEYHOTO MUKPOOHOMA.

Bynyr onyGankoBaubi:

Takke no pesyibTataM Hccie0BaHus OyjeT ONMyGIHKOBaHHOM, NPHHATON B NevaTh MM
nonanHoii 1 (o1Ha) cTaThs, B peueH3MpyeMoe HaydHOe M3jaHue, Bxoismee B Science Citation
Index Expanded mmm Social Science Citation Index B Gaze Web of Science u (mm) umerome
npouentub no CiteScore B 6ase Scopus He Menee 35 (TpuauaTH NsTH);

2.4 I1aTeHTOCIOCOOHOCTh: OTCYTCTBYET.

2.5 HayuHo-TeXHHYECKHil ypoBeHb (HOBH3HA): BBICOKHI{ ypoBeHb HOBH3HBL. Ha ceropusummuii
JleHb HET YTBEPAJIEHHBIX PYKOBOJICTB IO BEJACHHIO NAUHCHTOB ¢ pacctpoiictBamu JKKT
ACCOUMMPOBAHHBIX ¢ KOPOHaBHPYCHOW — MH(eKuMeli Kak B OTEYECTBEHHOH CHCTeMe
3/1paBOOXpaHeHHs, Tak M 3apyOexubix Kojuter. CymecTByeT ocTpas HEOOXOAMMOCTb, B pPaMKax
CYUIECTBYIOIICH HALMOHATIBHOH CHCTEMbI 3PABOOXPAHEHHS, OCHOBBIBASACH HA OINBITE, MOIYYCHHOM
B TepHox MupoBoii nanaemuu, senbimke COVID-19, npu cHCTEMHOM NOpPaKEHHH OpraHoB
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ABIXATELHOM, CEPICHHO-COCY IMCTOl, TTHINEBAPHTEBHOM H BHIETHTEIBHON CHCTEM W3YdHTh POrTh
KHIIEYHOTO MHKPOGHOMA y MNALMEHTOB, TMEPEHECHNX KOPOHABHPYCHYIO HHMekimo. C uebio

YAY4IICHHS HCXO/I0B TEUCHHs CaMOro 3a60J1eBaHHs, @ TAKKE PaHHelH peabHINTALN H yIIyuIIeH s
COCTOSIHMS 3710POBbsi NALHEHTOB.
2.6 Mcnionmb30BanHe HayuHO-TEXHHYECKOH MIPOYKIMH OCYIIECTRISCTCS: HCTIOTHHTEIEM.

2.7 Buat HCNONB30BAHMA Pe3yJIbTATA HAYYHOMN M (MJIH) HAYYHO-TEXHHYCCKOH ACATENBHOCTH:
(byHIaMeHTAIbHBIE HCCIENOBAHHS.

3. Haumenosanue pabom, cpoku ux pearusayuu u pesyasmamst

udp Haunmenopanme pabot no CpOK BBINOJIHEHHS OxkunaeMelii pe3ysbrar
3azanus, | JoroBopy H OCHOBHBIE JTarlbl
JTana €I BBIIOTHEHHS HASAO CROHMRHME
2021

1. Tposectn Maii 2021 | Hions 2021 |Byzer npoBesieH
PeTPOCIIEKTHBHBIA, roaa roza PeTPOCTIEKTHBHBIH,
SMH/IEMHOIOTHYECKHiT SMHJIEMHOIOTHYECKHI
AHAIN3 CITy4YaeB 3apaKeHHs aHANA3 CIIy4aeB 3apaKeHHs
KOPOHaBHPYCHOM KOPOHaBUPYCHOMH
uHpeKuuei, W OUEHHTH uH(eKIHeil, U JaHa OleHKa
PacnpocTpaHEHHOCTh PacnpocTPaHEHHOCTH
CHMIITOMOB,  CBSI3AHHBIX C CHMIITOMOB, CBS3aHHBIX C
paccrpoiicTBaMu co paccTpoicTBaMu co
CTOPOHbI ITHIICBAPHTE/ILHO CTOPOHbI IHILEBAPHTENLHOM
CHCTEMBI; CHCTEMBI;

2. H3yuenne ocHOBHBIX | Mionb 2021 | Centsibps | Byayr u3ydeHsl OCHOBHblE
TeHETHYECKHX roza 2021 rona | reHeTHUCCKHE
XapakTePUCTHK ~ KHIIEYHOrO XapakTePUCTHKH KHIIEYHOTO
MHKpOGHOMA npu MHKpOoGHOMa npu
KOPOHABHPYCHOMH HH(eKIHn KOPOHABUPYCHOMN HH(MEKIHH
M CHCTEMHOM TNOPaKCHHH M CHCTEMHOM MOpPaXKEHHH
OpraHu3Ma nauueHTa rnocie OpraHu3Ma TNAalkeHTa mocjie
nepenecennoro  COVID-19 nepenecennoro COVID-19
(MOCTKOBHIHBIH  CHHIPOM, (TMIOCTKOBH/IHBIH  CHHIPOM,
NPOSBJIAIONIHIICS NPOSABISIOIHICS
OCJIOKHEHHAMH OCIIOKHEHHAMH
JIbIXaTeNIbHOM,  cepaedHo- JIBIXaTeNbHOM,  CepeuHo-
COCY/IUCTOI, COCY/IMCTOM,
MHIEBAPHTENLHOM " HIEBAPUTENBHOI "
BBIIC/IUTCIILHOM  CHCTEMAMH BBUIC/IUTEIBHOM CHCTEMaMH
OpraHoB  NpH  BHPYCHO#H OpraHoB  NpPH  BHPYCHOMH
undexn SARS-CoV-2); ungekunn SARS-CoV-2);

3. Vayymenne — knuHudeckux | OkriOph JlexaGpy | Byayr NPE/ICTABIICHBI
npoTokosoB 1o  Bemenwio| 2021 roma | 2021 roma | peKoMeHaAlMK no
NAlMEHTOB M TEPeCMOTP YIIYYIICHHIO  KJIMHHYECKHX
CpOKOB pea6m1m‘aunu HIPOTOKOJIOB MO BEJACHHIO
NAlMEHTOB C TEePeHECCHHOM MAlHEHTOB H  TNEPECMOTPY
KBU Ha OCHOBE CPOKOB peaduIHTaLHK
Pe3ybTaToOB, MOJYYCHHBIX B MALHEHTOB C MEpPeHECEHHO
xozie HCCIIC/IOBAHUS KBU Ha OCHOBE
KHIIEYHOTO MHKPOOHOMA. Pe3yJIbTAaTOB, MOJNYYEHHBIX B

xozie MCCIICI0BAHMS
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TKHIIIE‘(HOI"O Muxpoﬁnoua.

Takke mno  pesymsraram
HCCIIe/I0BAHAS Gyner
OmyGJIMKOBAHHOM, TIPHHATOM
B leyaTh WIM nojaHHon 1
(onna) CTaThs, B
pelieH3npyeMoe  Hay4Hoe
H31aHHe, BXojisuiee B
Science  Citation  Index
Expanded  wmu  Social
Science Citation Index B
Gase Web of Science u (1)
HMMEIOIIC  MPOUEHTHIIb 1O
CiteScore B 6aze Scopus He

Menee 35 (TpHAUATH NSTH)
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Appendix 1.2
to this agreement
Ne_ 277/122  from« 18 » _ June 2021

CALENDAR PLAN
1. Private Institution «National Laboratory Astana»
1.1 By priority: 6. Life and health sciences.

1.2 Sub-priority: 6.4 SARS CoV-2 (COVID-19) and other potentially pandemic pathogens:
6.4.2 Monitoring, epidemiological aspects and practical control measures.

1.3 On the topic of the project: AP09563198 Microbiome research in patients with post
COVID syndrome and gastrointestinal lesions to improve health and reduce the duration of
rehabilitation.

1.4 The total amount of the project is 7 852 992.15 (seven million eight hundred fifty two
thousand nine hundred ninety two) tenge 15 tiyn, including with a breakdown by years, to perform
work in accordance with clause 3.

2. Characteristics of scientific and technical products by qualification characteristics
and economic indicators

2.1 Direction of work: Medicine. Life Science and Health. Fundamentals of the formation of
the human microbiome. Coronavirus infection SARS CoV-2 (COVID-19).

2.2 Applications: Clinical medicine, Fight against SARS CoV-2 (COVID-19) coronavirus
infection, post-coid syndrome, improving health through the gut microbiome, rehabilitation.

2.3 Final results for 2021:

A retrospective, epidemiological analysis of cases of coronavirus infection will be carried out,
and an assessment of the prevalence of symptoms associated with disorders of the digestive system
will be given;

The main genetic characteristics of the intestinal microbiome in case of coronavirus infection
and systemic damage to the patient's body after suffering COVID-19 (postcovid syndrome,
manifested by complications of the respiratory, cardiovascular, digestive and excretory systems of
organs during SARS-CoV-2 viral infection) will be studied;

Recommendations will be presented to improve clinical protocols for the management of
patients and revise the terms of rehabilitation of patients with a history of CVI based on the results
obtained during the study of the intestinal microbiome.

Will be published:

Also, according to the results of the research, 1 (one) article will be published, accepted for
publication or submitted in a peer-reviewed scientific publication included in the Science Citation
Index Expanded or Social Science Citation Index in the Web of Science database and (or) having a
CiteScore percentile in the Scopus database. not less than 35 (thirty five);

2.4 Patentability: none.

2.5 Scientific and technical level (novelty): high level of novelty. To date, there are no
approved guidelines for the management of patients with gastrointestinal disorders associated with
coronavirus infection, both in the domestic health care system and foreign colleagues. There is an
urgent need, within the framework of the existing national health system, based on the experience
gained during the global pandemic, the outbreak of COVID-19, with systemic damage to the
respiratory, cardiovascular, digestive and excretory systems, to study the role of the intestinal
microbiome in patients who have undergone coronavirus infection. In order to improve the
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outcomes of the course of the disease itself, as well as early rehabilitation and improve the health of

patients.

2.6 The use of scientific and technical products is carried out: by the contractor.
2.7 Type of use of the result of scientific and (or) scientific and technical activities:
fundamental research.

3. Name of work, terms of their implementation and results

Task Name of work under the Deadline Expected Result
code, Agreem_ent. and the maip Start Completion
stage stages of its implementation

2021

1. Conduct a retrospective,| May 2021 June 2021 |A retrospective,
epidemiological analysis of epidemiological analysis of
cases of coronavirus cases of coronavirus
infection, and assess the infection will be carried out,
prevalence of symptoms and an assessment of the
associated with disorders of prevalence of symptoms
the digestive system; associated with disorders of

the digestive system will be
given;

2. Study of the main genetic| July 2021 September | The main genetic
characteristics of the 2021 characteristics of the
intestinal microbiome in case intestinal microbiome in
of coronavirus infection and case of coronavirus infection
systemic damage to the and systemic damage to the
patient's body after suffering patient's body after suffering
COVID-19 (postcoid COVID-19 (postcovid
syndrome, manifested by syndrome, manifested by
complications of the complications of the
respiratory, cardiovascular, respiratory, cardiovascular,
digestive and  excretory digestive and  excretory
systems of organs during systems of organs during
SARS-CoV-2 viral SARS-CoV-2 viral
infection); infection) will be studied;

3. Improvement of clinical| October December |Recommendations will be
protocols for the 2021 2021 presented to improve clinical
management of patients and protocols for the
revision of the terms of management of patients and
rehabilitation of patients revise the terms of
with previous coronavirus rehabilitation  of  patients
infection based on the results with a history of CVI based
obtained during the study of on the results obtained
the intestinal microbiome. during the study of the

intestinal microbiome.

Also, according to the results
of the research, 1 (one)
article will be published,
accepted for publication or
submitted in a peer-reviewed
scientific publication
included in the Science
Citation Index Expanded or
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Social ~ Science  Citation
Index in the Web of Science
database and (or) having a
CiteScore percentile in the
Scopus database. not less
than 35 (thirty five).
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Republic of Kazakhstan"
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Acting General Director
PI "National Laboratory Astana"

signature Sarbassov D.D.
Stamp
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Scientific supervisor of the projec

Signature Kossumov A.K.
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Running header: Digestive system, microbiome and SARS-CoV-2

Abstract: Main focuses of the review were that during the pandemic of SARS-CoV-2 were
gastrointestinal disorders were accompanying. Viral RNA and viral particles are found in feces
for more than 30 days. Although SARS-CoV-2 primarily causes lung infection through binding
to ACE2 receptors, intestinal epithelial cells, especially enterocytes of the small intestine, also
express ACE2 receptors. It is also known that a respiratory viral infection causes disturbances in
the gut microbiota. Diet, environmental factors, and genetics play an important role in the
formation of gut microbiota, which can affect immunity. The diversity of gut microbiota
diminishes in old age, and Covid-19 has been mostly fatal in older patients, further indicating the
role that gut microbiota may play in this disease. It is therefore plausible that the gut microbiota
could be a new therapeutic target and that probiotics could have a role in the management of
these patients.

Keywords: digestive system, SARS-CoV-2, gut microbiome, gastrointestinal tract, pandemic

COVID-19, probiotic

Introduction

Studies of the human microbiome have shown that, on average, each person is the host of
hundreds different types of microbes, with each person having a unique microbial composition.
Modern science has studied the microbiomes of thousands of people in different parts of the

world, established certain patterns characteristic of geographic location, type of nutrition,
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background diseases, and other external and inner factors. The microbiome is responsible for a
wide range of metabolic and developmental processes, from food digestion to vitamin synthesis
and even brain function. The gut microbiota affects the function of the human gut by promoting
intestinal tissue regeneration, motility and decreased permeability of intestinal epithelial cells.
Changes in microbiota composition affect host metabolism, behavior and stress responses. In
addition, the microbiota can also affect the vascular system and the nervous system of the host,

suppressing synaptic connections and promoting anxiety-like behavior '.

Altered gastrointestinal tract may lead to severe COVID-19 symptoms
Covid-19 is a new public health crisis threatening humanity. From December 31, 2019 to early
2021, World COVID-19 infection cases passed 100 million and have continued to accelerate 2.

A recent study reports evidence that the gut microbiome may play a role in severe COVID-
19 infection . The gastrointestinal epithelium is a potential target for this virus. Xiao et al
demonstrated the expression of angiotensin-converting enzyme 2 (ACE2), the primary receptor
for SARS-CoV-2, and virus nucleocapsid in biopsy samples of gastric, duodenal, and rectal
mucosa from infected patients ®. Although previous researchers have identified SARS-CoV-2 in
stool, the activity and infectivity of the virus in the gastrointestinal tract during and after COVID-
19 respiratory infection remained largely unknown.

Interestingly, the bacterial strains differed between people with high SARS-CoV-2
infection and those with low or no infection activity. More pathogenic bacteria were found in
stools with high viral activity. When, how, people with low infection or asymptomatic course had
more beneficial strains of bacteria, including bacteria that play a crucial role in enhancing host

immunity.
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The overwhelming majority of the adverse course of COVID-19 with fatal outcomes or
serious consequences with multi-organ damage occurs in patients with certain risk factors, and
age is significant among them 7. Here it is necessary to remember the biological age of the
intestine, which is associated with a decrease in the functioning of the immune system, chronic
inflammation, and long-term adverse effects of various drugs such as antibiotics, hormones, non-
steroidal anti-inflammatory drugs, and so on ®. It is known that destabilization of the microbiome
composition leads to disruption of important functions of the microbiota, such as its trophic
potential, provision of short-chain fatty acids (SCFA) to colonocytes, or participation in bile acid
metabolism *'°. In turn, metabolites of intestinal bacteria are a key link in the interaction of the
microbiome with the mucous membrane and the systemic immune system.

Based on the available data, from retrospective clinical studies conducted during the first
wave in hospitals in Wuhan (Hubei Province, Central China), it is known that the majority of
patients with COVID-19, along with respiratory diseases, had symptoms such as fever cough,
shortness of breath 22, Extrapulmonary symptoms from the gastrointestinal tract also spread
(Gao et al., 2020; Ma et al., 2020). In some cases, patients initially developed signs of a digestive
disorder, such as diarrhea, anorexia, nausea and vomiting, rather than respiratory symptoms. A
study of 138 confirmed patients with COVID-19 showed that the main symptoms of COVID-19
included fever (98.6%), fatigue (69.6%), dry cough (59.4%), myalgia (34.8%) and dyspnoea
(31.2%), GI symptoms included abdominal pain (3.6%), diarrhea (10.1%) and vomiting (3.6%).
It is worth noting that 14 cases (10.1%) had diarrhoea and nausea first, preceding fever 226
(Guan et al., 2020; Liang et al., 2020; Lin et al., 2020; Mao et al., 2020).

Another retrospective analysis of 1099 patient with COVID-19 showed that the main
symptoms of COVID-19 were fever (87.9%) and cough (67.7%), whereas diarrhoea (3.7%) and

vomiting (5.0%) were less frequent. Among GI symptoms, the incidence of diarrhoea and
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abdominal pain in patients with severe COVID-19 was higher than that in patients with mild
COVID-19 22729 In a recent systematic review and meta-analysis of 35 studies, comprising
6686 patients on GI manifestations of SARS-CoV-2 infection, the pooled prevalence of all GI
symptoms was 15%, with nausea and/or vomiting, diarrhoea and loss of appetite being the three
‘most common 2,

Recently, several reports on the clinical features of COVID-19 outside Wuhan have been
published. Wan et al (Wan et al., 2020) reported that diarrhea occurred in 21% of patients *°. In
another large cohort of 651 patients infected with SARS-CoV-2 from the Zhejiang province,
11.4% presented with at least 1 digestive symptom, including nausea, vomiting, and diarrhea *'.
Moreover, in a systematic review and meta-analysis of 60 studies, including 4243 patients, the
pooled prevalence of digestive manifestations in COVID-19 was 18%. Loss of appetite was the
most frequent one, followed by diarrhea, nausea or vomiting, and abdominal pain and / or
discomfort 3233,

Recently, Nobel et al published the first case-control study on the gastrointestinal
symptoms in COVID-19 in a large cohort from the United States. In a multivariable analysis,
they showed that digestive symptoms were associated with a 70% risk of testing positive for
SARS-CoV-2 3. They found that 35% of patients had gastrointestinal manifestations, and they
were related to longer disease duration and lower mortality in a short-term follow-up. According
to Poland research gastrointestinal symptoms were diagnosed as a first clinical presentation of
SARS-CoV-2 infection 5%,

At the initial stages, the presence of concomitant symptoms of disorders of the digestive

system often interfered with the diagnosis of coronavirus infection, since typical respiratory

Mary Ann Liebert, Inc,, 140 Huguenot Street, New Rochelle, NY 10801
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symptoms were not initially predominant, which also lengthened the time of manifestation of the

main symptoms of the disease 237,

Interaction of gut and lung microbiome in SARS-CoV-2 infection
The gut microbiota has been shown to affect pulmonary health through a vital cross-talk between
the gut microbiota and the lungs which is referred to as the “gut-lung axis” *. The gut-lung axis
is supposed to be bidirectional, meaning the endotoxins, microbial metabolites can impact the
lung through blood and when inflammation occurs in the lung, it can affect the gut microbiota as
well . This raises an interesting possibility that novel SARS-Cov2 might also have an impact on
the gut microbiota. In fact, several studies have demonstrated that respiratory infections are
associated with a change in the composition of the gut microbiota *°. One of the serious clinical
manifestations of Covid-19 is pneumonia and progression to acute respiratory distress syndrome
(ARDS) especially in elderly, immune-compromised patients “'. Numerous experimental and
clinical observations have suggested that the alteration of Proteobacteria phylum, which contains
many clinically familiar gram-negative rods, such as Pseudomonas aeruginosa and Escherichia
coli, and some members of the Firmicutes phylum, such as Staphylococcus
aureus and Enterococcus in gut microbiota play a key role in the pathogenesis of sepsis and
ARDS .

Interestingly, that in the gastrointestinal tract (GIT) of people with a confirmed diagnosis of
COVID-19 was discovered an active and long-term infection of the SARS-CoV-2 virus, for the
first time. Stool tests were positive in people without gastrointestinal symptoms, and in some

cases negative results were obtained within 6 days of nasopharyngeal swabs. That is, even after

recovery, the pathogens of the coronavirus infection remained active in the intestines 2425303243,
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Similarly, SAR-SCoV-2 was first reported in stool samples of the first case in the United
States 52'-333 found that the stool specimens of three out of seven patients remained positive
after a negative throat swab test.

A small pilot study in Hong Kong found asymptomatic but active coronavirus gut infection.
Stool testing revealed genomic evidence of active infection in seven of the 15 participants tested
2

Another work published by Yeoh YK. et. al showed that in patients with COVID-19,
representatives of Bacteroidetes were 2 times more numerous (23.9% versus 12.8%) compared to
persons not infected with COVID-19 #. The changes were caused by the enrichment of the
following taxa: Ruminococcus gnavus, Ruminococcus torques and Bacteroides dorei, and the
depletion of Bifidobacterium adolescentis, Faecalibacterium prausnitzii and Eubacterium rectale.

SARS-CoV-2 RNA was first detected in a stool specimen from the first reported COVID-
19 case in the United States. In another subsequent Chinese cohort with 73 SARS-CoV-2-
infected hospitalized patients, viral RNA was detected in the stools of 53.42% (39/73) of patients.
Viral RNA was still positive in 17 patients (23.29%), even after levels had become undetectable
in the respiratory tract. Meanwhile, SARS-CoV-2 has also been detected in stool samples from

patients without GI symptoms 547,

Probiotics, a possible solution to treat COVID-19

It is necessary to study therapeutic approaches, issues of recovery and rehabilitation after the
transferred COVID-19, including neutralizing the activity of the SARS-CoV-2 virus in the
intestine and changing the composition and functions of the intestinal microbiome. The
composition of the microbiome of each patient changed during the course of both primary and

concomitant diseases.
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The question of whether the microbiome influences the course of COVID-19 or COVID-19
on the composition of the microbiome requires further study. Further research is needed to
identify infection and pathogenesis of SARS-CoV-2 in the gastrointestinal tract. It is also worth
investigating the significance of altering the human gut microbiome in this patient population. In
China, some patients with Covid-19 showed a change in the microbiome composition, in
particular, a decrease in the number of Lactobacillus and Bifidobacterium was detected *5.

To date, there are no approved guidelines for the management of patients with
gastrointestinal disorders associated with coronavirus infection.

Thus, there is an urgent need, within the framework of the existing national health system,
based on the experience gained during the global pandemic, the outbreak of COVID-19, with
systemic damage to the respiratory, cardiovascular, digestive and excretory systems, to study the
role of the intestinal microbiome in patients. In order to improve the outcomes of the course of
the disease itself, as well as early rehabilitation and improve the health of patients.

Improving the profile of the gut microbiota through personalized nutrition and supplements
known to improve immunity may be one preventive way to minimize the impact of this disease
on older adults and immunocompromised patients.

Currently there is no specific treatment for COVID-19 and its management is mainly based
on supportive care. No evidence on the efficacy of antidiarrheal drugs is available, but an
adequate rehydration and potassium monitoring should be performed as in all patients with
diarrhea . It is important to underline that antibiotics and antivirals are often used for COVID-
19 treatment, involving a likely alteration of the gut microbiota and causing diarrhea 505!, It is
therefore plausible that the gut microbiota could be a new therapeutic target and that probiotics.
could have a role in the management of these patients 2’2, Clinical trials and experimental

studies have shown that probiotics as well as probiotics’ different components or their sterilized
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variants (paraprobiotics) may be successfully usedas biotherapeutic agents for the
prevention/treatment of gastrointestinal diseases 355 and for resistance enhancement in case of
intestinal viral infections 57, Also, some authors suggest probiotics as agents against viral
infections of the respiratory tract %% This is according to Lehtoranta et. al. most likely associated

with modulation of the innate immune system and enhancement of acquired immune responses

59

Immunomodulation by probiotics

Host immune protection is provided by the the mucous membrane’s immunity, in which
probiotics promote the stimulation and modulation of immune responses, contributing to the
development of the immunological barrier. The immunomodulatory effect of probiotics is
provided by the release of cytokines and chemokines from immune cells that regulate the innate
and adaptive immunity, which has strain-specific effect . Probiotics and paraprobiotics,
depending on their composition, increase the level of interferon I, while increasing the number
and function of antigen-presenting cells, NK cells and T cells, as well as increasing the level of
secretory antibodies in all organs that have a mucous membrane .

Probiotics have also been shown to be effectors of pro-inflammatory and
immunoregulatory cytokines, for example IFN-a, TNF-a, IL-1, and IL-6 that participate in non-
specific and specific antiviral immune responses. In randomized controlled trial involving
adolescent children were indicates suppression of pro-inflammatory cytokines in plasma, such as
IFN-y and TNF-a when using Lactobacillus DR7, while enhancing anti-inflammatory cytokines
IL-4 and IL-10 in young adults 6. Based on this, it is possible to use pro and paraprobiotics to
prevent acute respiratory distress syndrome, that is, one of the most dangerous complications of

COVID-19.
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Already in many studies, the role of the cytokine storm has been taken into account, as the
leading link in the pathogenesis of the manifestation of COVID-19. It is likely that the cytokine
storm as a pathological process involves the immune system of the whole organism. And at this
point, it is very important to emphasize the importance of using probiotics, in which they are
consumed orally, and that they will contribute to the reshaping of the immune response from the
intestine, which is a critical point in protecting the macroorganism. In addition, probiotic strains
improve colonocyte function, hence reducing SARS-CoV-2 invasion by increasing butyrate
levels. These experimental clinical studies also show that probiotic strains have antiviral activity
€, Other research has shown that probiotics help maintain levels of intestinal secretory
immunoglobulin A, in turn antigen-specific antibodies IgA suppress viruses and prevent
pathogens from adhering to or penetrating the mucosal epithelial barrier. The probiotic
supplements with a variety of lactic acid bacteria (Lactobacillus, Bifidobacterium) recommended
for formula-fed babies, maintained a higher level of SIgA in faeces at the end of the four-week
treatment period, indicating a positive effect on SIgA production on probiotic production. This
study demonstrates the safety of this probiotic formulation for babies. Bottle-fed babies with
confirmed COVID-19 may benefit from probiotic supplementation to support mucosal immunity
. Considering that COVID-19 is more common in people with comorbid conditions, an effort
should be made to study the effect of probiotics on the clinical course of these conditions. To cite
a few examples, in a previous randomized, double-blind, placebo-controlled study in peritoneal
dialysis patients who also had decreased residual renal function, episodes of peritonitis, and
cardiovascular events, oral probiotics were found to have a positive effect on endotoxemia and
cytokines levels. Long-term receiving probiotics serum TNF-o, IL-5, IL-6 and endotoxin levels

decreased significantly, while serum IL-10 levels increased noticeably .
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Moreover, nowadays, patients with severe viral infections are likely to develop secondary
bacterial infections. Previous studies showed that mice with Pseudomonas aeruginosa and
Staphylococcus aureus pulmonary infection, when administered orally with probiotic
Lactobacillus acidophilus strains, showed a decrease in bacterial load in the lungs and a decrease
in the probability of lung damage and systemic infection .

China’s National Health Commission recommended the use of probiotics also for the
treatment of patients with severe COVID-19 to preserve intestinal balance and to prevent
secondary bacterial infections. Among several proposed mechanisms by which probiotic-
immunobiotics mediate their effects is modulation of the innate immune response, having both
anti-inflammatory 67 and pro-inflammatory nature ®. However, still there are insufficient
research data on the recommendations of probiotics for the COVID-19. Additional trials could be
initiated to see the effect of co-ingesting personalized functional foods, including
prebiotics/probiotics, with existing therapies. The importance of the gut in the interaction
between the body and the vast world of pathogenic and symbiotic microbes is beyond question.
Doctors and scientists show serious concern about the consequences of coronavirus infection, the

so-called post COVID syndrome.

Conclusion
Gastrointestinal symptoms were present in 35% of patients diagnosed with COVID-19.
Moreover, viral shedding in stool was detected in 55% of patients and could persist for up to 33
days from illness onset even after viral RNA negativity in respiratory specimens.

Intestinal microbiota plays an important role in maintaining human health. The metabolites
of intestinal flora can also be useful for the treatment of virus by the interferon pathway.

Therefore, it is recommended to use probiotics to maintain the intestinal micro-ecological balance
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and prevent bacterial secondary infection in the COVID-19 diagnosis and treatment plan, though
further evidence is necessary. And as the available data show, they are manifested in a delayed
effect of recovery and in the severity of the course of rehabilitation processes, manifested in the
form of a post COVID syndrome. This is likely a new era in the pharmaceutical industry, which

lead to the growth of the global probiotic market in the next few years.
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International conference «Topical issues of biological safety in modern
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Mexaynapoanas Kondepenuus «AKTyaIbHbIe BOIPOChI GHOIOrHYecKoi
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06pasios. Mcxo/1HO HU3KYI0 BHDYCHYIO Harpy3Ky M3-3a MOTydeHHs 00PasioB Ha MO3THHX
CTajHsX 3a60/1eBAHHA-0TMEYAIOT KaK NPHauHY 50% ONPONICHHBIX.

BbiBoX: TakuM 00pasoM, H3ydeHHE H ONPEIENCHHE MPHUHMH, CIOCOGCTBYIONIMX
BO3HHKHOBEHHIO JIOKHBIX Pe3ylbTaToB mpH HcciefoBanuu Ha COVID-19, cmocoGeryer
NPaBUILHOMY YYeTy JaHHBIX, a Talke Gonee TOUHOH JMATHOCTHKE M NPABHILHOMY
nmﬂeﬁmeuy JICYEHHIO.
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Introduction: Potential associations between the host blood characteristics and gut bacteria,
as well as between gut microbiota composition and disease severity in patients with COVID-
19 have been actively discussed. Also, the alteration of gut microbiota composition in patients
with COVID-19 compared with non-COVID-19 healthy people was described. Several gut
commensals with known immunomodulatory potential such as Faecalibacterium
prausnitzii, Eubacterium rectale and bifidobacteria were underrepresented in patients and
remained low in samples collected up to 30 days after disease resolution.
The aim of current investigations was to evaluate the associations between the gut microbiota
composition of healthy Armenian men population and the severity of the COVID -19 disease
after their infection with the SARS-CoV-2.
Methods: Gut microbiota composition was characterized by a third-generation, culture-
independent, high-density DNA microarray (Phy-loChip™; Affymetrix, Santa Clara, CA,
USA) analysis (1, 2).
Results: A total of /8700 bacterial operational taxonomic units (OTUs) were identified for
the investigated healthy Armenian population. 295 OTUs from these were statistically different
between the men having COVID-19 in easy and middle form (P < 0.05). Interestingly, 17 %
of the OTUs belonged to family Prevotellaceae, about 13.5 % belonged to Bacteroidaceae,
6.4% belonged to Lactobacillales, 3.7 % belonged to Clostridiales, 0. 6% belonged to
Enterococcaceae and only 0.3 % belonged to the Enterobacteriaceae family. Also, only the
seven from the investigated 1758 strains from the genera of Faecalibacterium show statistically
ificant differences between the men having COVID-19 in easy and middle form. Moreover,
only the three from the seven belongs to Faecalibacterium prausnitzii.

International conference «Topical issues of biological safety in modern
conditions», September 22-23, 2021

Me:xaynapoanas KoHdepenuus «AKTyaIbHble BONPOChI GHOJIOrHIecKoil
6e30macHOCTH B COBPEMEHHBIX YCJI0BHSXY, 22-23 centabps 2021 r.

Conclusion: Thus, the association between the healthy men gut microbiota composition and
COVID-19 disease severity for Armenian population were revealed by us during these
investigations.
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AHAIM3 JAEMOTPA®HYECKHX " SMHAJEMHAOJIOTMYECKHX
OCOBEHHOCTE CJIVYAEB COVID-19 B KASAXCTAHE.

Tumyp Canues, 00Kmop MeOUYUHCKUX HGYK, PyKOSOOUMEIb HAYYHO-UCCTe008amenbCKo20
uHcmumyma gynoamenmanvHol u npuknadkot meduyunsl um. b. Amuabaposa (Kasaxckuii
HayuoHanbHbitl Meouyurckuii ynusepcumem um. CJI. Acpenousposa)

Beejenue: C MomenTa Havana nanzemus COVID-19, B Kasaxcrane Kak M BO BCEM MHpE
TPOJIO/DKAIOT PETHCTPHPOBATHCA HOBBIE CIydaH KOPOHABHPYCHOH HEeximy. B cBasu ¢ TeM,
uto COVID-19 sBnsieTcs HOBbIM 3a001eBaHMEM, H3y4EHHE BCeX 0COOEHHOCTEH POAB/ICHHS 1
HCXOJI0B JaHHOro 3aboneamms y Hacenenus Kasaxcrawa mnpescraBnser Gombmoit
TEOPETHHUECKHIi W IIPAKTHYECKHMI MHTEPEC.

Ieas: B nacTosmenm oTyete aHATH3HPYIOTC dnueMuoniornyeckue tannsie COVID-19 y
JleTeid, a Takoke y B3pocioro Hacenenns B Kasaxcrane 3a nepuon Mapt- mions 2020 rozia.
Mertoi: Kpocc-ceximonHbIe Heclel0BaHHs GbuUTH HanpapieHb! Ha anaus ciydaes COVID-
19 cpew Beero Hacenerus (n=5116) u n=650 ciydaeB KOpOHABHPYCHOH HH(EKIMH Cpen
Jeteil cobpanHbIX B mepuox no Mapr- mioHb 2020 roga mo 17 permonam PecmyGmiku
Kasaxcran. JlaHHbie ObUI TONYYeHBl M3 TOCYJAPCTBEHHOH OGHMIMATLHOM MEIMIMHCKON
JICKTPOHHOi Gaskl JAHHBIX. BbUTH M3ydeHBI KIHHHKO-ZIEMOTpadHyecKHe XapaKTePHCTHKH,
PacnpOCTPAHEHHOCTh CHMIITOMOB, HATHYHE COMYTCTBYIONMX 3a60]1eBaHHH, OCTOKHEHUH H
cMepTHOCTS namentos ot COVID-19.

PesyabTarhl: cpenu 650 neTeil BRIIOUEHHBIX B HCC/IE0BaHKE G0IBIHECTBO Ci1ydaes (n =558,
85,8%) mporexamu OGeccummtomuo, u Tomeko 0,6% ciydae Obumn Txeno Qopwme.
Cumnromsl Gbute crenylomumu B mopsitke yGpiBamus: kamens (14,8%), Goms B ropre
(12,8%), maxopazxa (9,1%) u punopes (5,5%). luapes (2%), onbiuka (1,8%) u Mpimeunsie
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implementation of the first phase of the Global Program, specialists from public health
laboratories, clinical diagnostic laboratories, and veterinary medicine were involved.

Results. International training programs for laboratory Leaders/Heads have been developed
and implemented in the following sections: quality management system, biosafety and
biosecurity. In July 2021, the first part of the two-week training started that took place offline
on the basis of the Office of "The Scientific and Practical Center for Sanitary and
Epidemiological Expertise and Monitoring" of the Republican State Enterprise on REM
"National Center for Public Health" of the Ministry of Health of the Republic of Kazakhstan.
Issues of national and international legislation, quality control, risk assessment and quality
indicators, internal audit, the role of personnel competence in the quality management system
and other issues were highlighted. The training was held in an interactive format using
situational tasks and practical tasks, including the example of laboratory diagnostics of
COVID-19. The second part of the training will take place in September this year which will
highlight the main aspects of the new WHO Biosafety Manual, measures to protect pathogens
in the laboratory, the functions of a biosafety specialists, emergencies, emergency measures
and other issues.P

Conclusion. This program will train 15 laboratory Leaders/Heads with the necessary
qualifications to create, strengthen and maintain a national laboratory system in the Republic
of Kazakhstan, as well as 5 mentors of laboratory Leaders/Heads trained in the mentoring
methodology. Developed a methodology for training laboratory leaders/heads, improved
communication and collaboration between laboratory leaders/heads from the public health,
environment and veterinary sectors.

AKTYATBHOCTh MCCJIEIOBAHMS MHKPOFHOMA KHIIEYHHKA IIPH
KOPOHABHPYCHOH HH®EKI[UHA SARS-CoV-2
K Myeataii'", ATKoGyao08?, AIKyiiyryiions"

'"HAO «Memummuckuit ynusepcutet Acranay, (Hyp-Cynran, Kazaxcran)
24y «National Laboratory Astanay, (Hyp-Cysran, Kaszaxcran)

KioueBble ci10Ba: KOpoHaBUpycHas MHGbeKIws, MUKpoOuoTa kumemnuka, SARS-CoV-2,
JKEITyI04HO-KuIIeyHbIi TpakT, ACE2

Beenenne: Mukpo6HoTa XKeIyJOYHO-KHILEYHOTO TPAKTa MPECTABIAET COOO# CIIOXKHEHIITYI0
MHKPOOHYIO 9KOCHCTEMY M MTPAaeT BaXHYIO POJb B IOANCPKAHHU U PEry/ILHUA HMMYHHOMH
CHCTEMBI YenoBeka. Poib MUKPOOHOTHI KMIIEYHHKA B HHYEKIMOHHBIX ¥ HEMH(EKIHOHHBIX
3a0oneBaHUAX yxe JoKazaHa. OIHAKO, €CTh HCCIESIOBAHMA, YTO MHUKPOOHMOTA KHINEYHHKA
MOXET WIpaTh KIIOYEBYI0 pOJIb B Pa3BUTHH KOPOHOBHUPYCHOM wuHbexkumu. Omuum wu3
noTeHIUanbHbIX MunieHe SARS-CoV-2 ABiseTcs SmuTenuil keTyI04HO-KUIIEYHOTO TPaKTa,
YTO B JaJIbHEHIIEM SKIPECCHPYeT aHTHOTeH3uHNpespamaromuii Gpepment 2 (ACE2). SARS-
CoV-2 moBpexpaer Kkietkd, cBssbiBaschk ¢ peunentopoM ACE2, koropsii ydactByeT B
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NOJEPKAHHH FOMEOCTa3a PEHHH-aHTHOTEH3UH-aJIbJ0CTEPOHOBOI CHCTEMBI, KOTOPAs MrpaeT
Ba)XHYIO POJIb B (QH3HOIOrHYECKUX M IATOJOTMYECKUX MEXaHU3MaX BO BCeX opraHax. Jlpyrue
MCCIICJIOBAHUS IOKA3bIBAIOT, YTO COCTAB KHIIEYHOM MHKPOOHOTBI OTPAXaeT THKECTh
3aboeBaHus U AUCOYHKIMOHAILHbIE UMMyHHBIE peakiuy y nanuenToB ¢ COVID-19. Taxoke,
npu COVID-19 y nanuenToB MeHsercss MeTabooM (ekanuii ¥ 5TH U3MEHEHHS KOPPETUpPYeT
C KIMHHUYECKUMH OCOGCHHOCTSIMPI, CBIBOPOTOYHBIMH MeTabONMUTaMd M KUIICYHBIMU
MHKPOOPTaHH3MAMH.

Meroab!. B xauecTBe MaTepHaloB ObLIH HCIIOIB30BAHBI IOCIEIHHE Oy0IMKOBAHHbIE CTATHU
xkypHana Gastroenterology. Cratbu ObUIM HKCCIIEOBaHbl OIKCATENbHO-AHAIUTHYECKUM
METOZOM.

PesynbTarhl: B pe3ynbrare OpPOBEACHHOIO aHANN33, MOXHO CHENATh BBIBOJBI, YTO COCTaB
MHKPOOHOTHI KHINEYHHKAa MIPAeT BAXHYI0 polb B pa3BUTHH GoiesHu. B ocobenHoctH,
ucromenue Oudunobakrepuit (Actinobacteria), GyTuparT NpOAYLMpYIOIMX GaKTepuit
(Faecalibacterium prausnitzii) u nakrobakrepuit (Firmicutes), a Tamke 3KCIaHCHA
naro6uoHTOB ¢uyma Proteobacteria (Enterobacteriaceae) kak B nepros 3a6oneBanus, Tak u
B IIOCTKOBMJHBIM MEPHOJ HANPAMYIO OHpPEAENAeT TKECTh pPasBUTUA GoiesHH. OJToMy
CBHIETEIBCTBYET Pe3y/IbTaThl MCCIef0BaHus, rae 65% mamuentoB ¢ COVID-19 mokasamu
aHOMAJIbHOE IPUCYTCTBUE KUIIEYHBIX MHKPOOOB B KpOBOTOKE. OOpasIib! II1a3Mbl COAEPKAIH
npeuMyIecTBeHHO Proteobacteria, Firmicutes u Actinobacteria. Hecmotps, uro SARS-CoV-
2 uHGUIUPYET TKaHHU XKeTyA0YHO-KHIICYHOTO TPAKTA, MATIO YTO H3BECTHO O POJIM KHIIEIHBIX
KOMMEHCAIbHBIX MUKPOGOB B BOCIPUMMYUBOCTH U TsDKECTH HHexuuu. B uccnenosanuu Tao
Zuo, nmanuents: ¢ COVID-19 umenu 3HauMTeNbHbIE H3MEHEHHA B MHUKPOOHMOMAx Kala IO
CPaBHEHHIO C KOHTPOIBHOH TpYNIOH, XapaKTEpU3YIOIIHeCs OOOrameHHeM YCIOBHO-
MATOr€HHBIX MHMKPOOPraHM3MOB M HCTOUICHUEM MOJIE3HBIX KOMMEHCAlOB BO BpeMs
TOCIHUTAIM3AllMM U BO BCE€ MOMEHTHI BPEMEHHM BO BpEMs TOCIHMTAIMU3AMUHU. Bazosas
uncnenHocts Coprobacillus, Clostridium ramosum u Clostridium hathewayi xoppenupoBaa
¢ toxecteio COVID-19; Taoke ectb oOpaTHas KOPPEIALMA MEXAY YHUCICHHOCTBIO
Faecalibacterium prausnitzii (IpOTHBOBOCIIAIUTENLHOM GAKTEPHI) U TKECTHIO 3a00IIeBaHUs.
B xoxe rocnuranusamuu Bacteroides dorei, Bacteroides thetaiotaomicron, Bacteroides
massiliensis u Bacteroides ovatus, KOTOpble MOAABILIOT OKCIPECCHIO AHTHOTEH3MH-
npespamaromero dpepmenta 2 (ACE2) B KuuieyHuKe, 06paTHO KOPPEIUPOBAIH C HArPY3KOH
SARS-CoV-2 B obpasuax ¢exanuii narueHToB. OTH JaHHBIE IOTBEPXKAAIOT, YTO KHIIEYHUK
MOXET IPEACTaBIATh COOOW MCTOYHHK OakTepHif, CIOCOGCTBYS YXY/LICHHIO HCXOMIOB
COVID-19.

BriBoabl: Pons MHKpOOHOTHI KHUIIEYHHKA TpeOyeT MANbHEHIIOro 3KCIEPHMEHTAIBHOIO
HCCleNoBaHUA. Pe3ynpTaThl 3TOrO HCCIEIOBAaHMSA MOLYT HpPEACTaBIATh 9(PGhEKTHBHYIO
TEpaneBTHYECKYIO CTpaTeruio y naunuento ¢ COVID-19.
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HHDOPMATHBHEIM M PaHHHM MCTOJIOM HCC/IEJI0BaHHA Mpu mojosperun Ha COVID-19; npu
nposenenun KT oGHapyxeHO IOpaXeHHE COCYIOB, H3MEHEHHA CO CTOPOHBI CEpIEUHOH
MBIIIBI, HMMCbMCHOHaTMﬂ — KaK IpOsBJICHHE CHCTEMHOIO OTBETa H )l(HpOBOﬁ renaros
Te4eHH, Kak I0Ka3aTelhb (10 THIIOTe3e YYEHBIX), 4TO KOPOHABHPYC MPHOTIDKAET «CTapeHHe»
OpraHusmMa, UCTollas ero pecypceel.

Ocnanosa K.E.", XKaxynosa T.3.!, Omapos T.M., KocyMoB A2
! Meouyunckuii ynusepcumem Acmana, (Hyp-Cyaman, Kasaxcman)

KinoueBkle €J10Ba: IHCTONOrMYECKHE HCCne10Banus, ayToncus erkux, COVID-19
Bsenenne: CTaThs MOCBAIICHA OMHUCAHHIO THCTOMATONOTHYECKHX HAXO/IOK, OGHAPYKEHHBIX B
JIETKHMX NPU BCKPBITHM TPYNOB ¢ sHBaps mo mionb 2021roma. Tak xak COVID-19 HoBoe
3a60/1eBaHKE, I0APOOHEIC THCTONATONOTHYECKHE ONMCAHMA CKyAHEL Hamu Ghuia usydena
JIOCTYIIHAs JIHTEpaTypa mo pesyiabrataM BCKpbiTHs COVID-19. Jlns storo Gbul mpoBeneH
nouck basel gamseix PubMed, Trip Medical Database u Google Scholar 6e3 s3pika
OrpaHMYCHHMA Ha MCIIONB30BaHHE MOMCKOBBIX 3anmpocoB «COVID-19», «SARS-CoV-2»,
«THCTOJIOTHS», «ayTOIICHAY.

MeToapl: ¢ sHBaps 110 1iojb 2021r0/1a 6bLI0 BCKPBITO 339 TPYIOB C HEBMOHUAMH, KOTOPbIE
OBUIH BKJIIOYEHBI B CyIeGHO-THCTONOTHYECKOE HCCIe0oBaHHe. BbUIH MpoaHaTH3HPOBAHBI
00pasibl THCTOIOTHYECKOr0 HCCIIE/I0BAHMS JIETKHX H APYTHX 00BEKTOB BHYTPEHHHX OPraHOB.
Cpe/iHuii BO3pACT yMEpPIIMX COCTABIAN 73 roja.

Pesynbrarhl: BEUIO YCTAHOBIEHO, 9TO JICTATLHOCTh CPENH JIMI MYKCKOIO IIONa
npesanmposana u cocraBwia 253 tpyna (75% ciyuaes), a xeuckoro 86 Tpynos (25%
cryyaeB). B oTHMYeCKO# MPHHAICKHOCTH mpeBatupoBanty asuatel - 180 tpymos (53%),
esponeiiues - 159 Tpynos (47%). Cpeay NHEBMOHHI IPEBATMPOBATH HHTEPCTULHATLHEIE B
55,2% ciyqaes (187 tpynos). Ogarosbie (GpOHXOIHEBMOHHH, C IOPAKEHHEM PHICHKAIIAX K
Oponxam anbBeon) B 21,5% ciysaes (73 Tpyna). Kpymosuble (IUIEBPOIHEBMOHHH, C
TopaxeHueM 10/u Jierkoro) B 11,2% ciyuaes (38 tpynos). Tunuunas nuesmonns SARS-
CoV-2 ¢ axccynaruBHBIM Au( Gy3HbIM aTbBEOIAPHBIM MOBpeskaeHHeM (1anee - JIATI) B 6,5%
ciyuaes (22 Tpyna); Tunuunas nueBMonus SARS-CoV-2 ¢ nponudeparusubim JAIT B 2,9%
ciyqaes (10 Tpymo); cMech dKccyaaTHBHOH M opranusyiomeit JIAII B 2,7% cmydaeB (9
Tpyno). HauGonee 3amerHble HAXOAKH BKIIOYAIM 3aCTOHHBIC SBICHHS, KOTOPhIE
uabmosanuck B 95,3% ciyuaes (y 323 Tpynos). Hapymenus peooruyeckux CBOHCTB KPOBH
B BHIE CTa30B, CNA/UKEH, JIM3MCA OPUTPOLMTOB mHpHUcyTcTBOBaiM B 100% ciydaes.
Jluane/ie3sHsie SKCTPA M MHTPAAIbBEOIAPHEIE KPOBOMIIMAHHMA B JIETKHX KK MPOSBICHHS
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HapymieHns KpoBoobpamenus 6bu1 B 100% ciydaes. TpomObl B apTepHaNbHBIX H BEHO3HBIX
cocynax, NMOIMMHKPOTPOMGO3 B CeNTalbHBIX KANMLIAPax JErkux BCTpedancs B 34,8%
cyuaaes (118 Tpynos). OjiHaKo, HECMOTps Ha HAIUYME TPOMDO3a B TAKOM NPOIICHTE CITy4aes,
KpoBOTeueHHH Kak mocnmeacTBuii octporo JIBC-cunapoma HaGmionanock Bcero B 4,4%
cinydaeB (y 15 TpymoB), 4TO NOATBEPKIAET BHIBOJA O TOM, YTO TIHIIEPKOArYISLHOHHOE
cocrostane y mozaei ¢ COVID-19 Gonbie noxoxke Ha KoMrneHcHpoBaHHbIH JIBC-cHHApPOM,
uyem Ha octphii JIBC-cunapom. JlucTpoduyeckue H3MEHEHHS BHYTPEHHHX OPraHOB, Kak
CIIEJICTBHE HapYIICHHs KPOBOOODAIICHHS U PEONOrHYECKHX CBONCTB KPOBH HaGIIONAINCEH B
100% ciy4aes. VI3MeHEHHs B TOJIOBHOM MO3TY B BU/I HEHPOHAJIbHOM HIIEMHH C aKTHBaIHeH
MHKDOIIIMH OT yMEPEHHO [0 BHIDOXEHHOH ObUIM HauGoNEe 3aMETHBIM MATONOTMYECKHM
npusnakom ITHC u mabmonamucs B 91,7% ciyyaes (311 Tpynos). OcTpoe HieMHyecKkoe
TOBpeX/IeHHe MHOKapia M MH(apkT Muokapna B 47,5% ciuyuaes (161 Tpynos), octpsiii
KaHaJIbleBbIH Hekpo3 B 18,3% ciyuaes (62 Tpyna), Hekpossl B nevenu B 9,1% ciydaes (31
Tpy). ITpH CyeGHO-THCTONOrHYECKOM HCCIIEI0BAHHH TPYIIOB SHIOTEIHHT GbLI XapaKTEPHOI
0COGEHHOCTBIO  KPYNO3HBIX IHEBMOHMH, THIMYHBIX mnHeBMoHuii SARS-CoV-2 ¢
IKCCYAATHBHBIM, poudeparnBbM JIATT 1 cMechio 9KCCyAaTHBHOM 1 opranu3yromeii JIATI.
W3 nauGoriee 4acTO BCTPEUAIOUIMXCS XPOHHUECKHX 3a00/1eBaHHil BCTPEYAICs aTepOCKIEepos,
KOTOpBIii cocTaBui 59,6% ciydaes (202 Tpyna); apTepuanbHas runeprensus B 31% ciydaes
(105 tpynos); UBC cocrasmna 33% ciay4aes (112 Tpynos); kapanomuonarus B 44,8% ciydaes
(152 Tpyna).

Bouisonbi:  Hame  mccrenoBaHHWE  MOJZICPKHMBACT — CYMICCTBYIOUIYIO — KIHHHUCCKYIO M
AYTONCHIHYIO JHTEPAaTypy, @ Pe3ylbTaThl MOJATBEPHKIAIOT POIb BCKPHITHS B KIHHHKO-
naTooruyeckux koppensuusx npu COVID-19.

IIpoune akTopsl, B TOM 4YHCIE BOCHAIHTENbHbIE 3a00NEeBaHHSA B APYTHX OpraHax
(MeHMHTrO3HIEDAIUTEI, IEPUKAPIUT, MHOKAPJUT, TENATHT, HEQPHUTEI, NIAHKDEATHT), paHee
CyYIIECTBOBABIIIHME PyTrHe 3a00eBaHus TPEOYIOT IalbHEHIIET0 HCCIICI0BAHHSA

ANTIBACTERIAL IMPACT OF SILVER NANOPARICLES STABILISED BY
PECTIN

Sh.R. Alieva'?, H.B.Kabkov', Z K. Muhidinov, Z Khujageldieva?, F.Tishkova’
!Chemistry Institute of the National Academy of Sciences of Tajikistan (Dushanbe, Tajikistan),

zainy@mail.ru
2The Tajik Research Institute of Preventive Medicine of the Ministry of HSPP of Tajikistan

Key words: silver nanoparticles, pectin, antibacterial impact, COVID-19.

Introduction: Vaccines developments have successfully reduced the spread of diseases and
mitigated mortality associated with many infectious and COVID-19. Despite the tremendous
value conferred by currently available vaccines toward public health, the implementation of
the additional preventive issues is also of key importance. In fact, at the beginning of a new




image34.jpeg
201201
EBPOASMATCKAM TENEMOCT «COVID-19 - O BAXHOM»

CEPTU®UKAT

Alibek Kossumov

3a yuacrie  paGore omnaiin TexeMocTa

"Espoasarckuii Tenemoct "COVID-19 - o Baxmon”
(7 kpeswT-uacos)
21.01.2021 roa, . Kues (Vipaitia)





image35.jpeg
HIGHER SCHOOL OF ECONOMICS
NATIONAL RESEARCH UNIVERSITY

CERTIFICATE

This is to certify that
Alibek Kossumov

attended Seminar
“The first year of the COVID-19 pandemic in Russia (April
2020 - March 2021)”
on June 3

(2 academic hours)

in HSE University, Moscow, Russia

/
Deputy Head of the International LL Sergey Timonin
Laboratory for Population and Health

Moscow, 2021





image36.jpeg
HOBAS
WTAMM «[IENBTA» - OHEPEAHAS YTPOSA

CEPTU®UKAT

TOATBEPAACT TO, HTO
Alibek Kossumoy

npuiAn(1a) ysacTie B paote TenemocTa
«Hosas Bonma COVID-19: mrramy «/lensTay — ouepeias yrposa»
23 monx 2021 rona
H noayuni(a) 2 KpeauT-daca

Axunos Xa6uGynna Araynnaesiy
AMeLH., npodeccop, pektop LlenTpa passutis
MPOGECCHOHAIBHOM KBATMGHKALIMM MEAMLMHCKHX
paGotnmkos npn M3 PYa





image37.jpeg
CERTIFICATE

Alibek Kossumov

has successfully completed
Research Methods Course authorized
by European Academy of Sciences and Research

Modules (training hours):

CNWhat Is Research and What Makes a Good Research Question? (2

gHow Do You Know You Have Been a Good Researcher at the End
CrEJroject (2 hours)

'3, Why Are Planning and Management Skills Important for Researc
“hours)
4. How Do You Know You Have Been a Good Researcher-a

Project (2 hours)

05,/08,2021

Germany





image38.jpeg
4 USCR I
INTERNATIONAL CONGRESS
oL e EBPOA3UATCKWUMN TENEMOCT «lUTAMM OENBTA.

OnNbIT MEXXAYHAPOHbIX 3KCMNEPTOB»

CEPTUDPUKAT

TIOATBEPKIAACT, 4YTO

Alibek Kossumov

npussi (-1a) ygactue 16 cents6ps 2021 roga
B paboTe MeXITYHAPOXHOTO OHIalH TeneMocta «EBpoasuarckuii Tenemoct. Ilitamm JlensTa. OIBIT MEKIyHAPOIHBIX SKCIICPTOBY
¥ nomy4mt (-1a) 6 KpeAuT-4acoB

Axunos Xa6u6ynna AraynnaeBud
Ipodeccop, lupexrop Llentpa passutus
npodeccuonanbHoit kKBanudukamuu
MeIMIMHCKUX paboTHKOB n1pu M3 PY3





image39.jpeg
CEPTUDUKAT @z
yuacTHHKa B MexayHapoaHoi Onnaiitn Kondepenuuun
PETMOHAJIBHOI'O COBETA YYEHBIX ITO BOPBBE C
SIMMAEMUOJIOTUYECKUMHU YT'PO3AMU

«AKRTYAJIBHBIC TPOOJEMbI o0ecnedenns OHoJI0rnIecKoii
0e3011aCHOCTH B COBPEMEHHbBIX YCI0BHSIX)

HacTOMIM CePTHOHKAT MOATBEPAARET YIACTHE B KOHDEPEHIHE |
nyGamxammio crareii B clopHEKe TPYAOB

Ambex Kocymos

1. AKTYAJILHOCTh UCCJIEJJOBAHMS MUKPOBMOMA KHMIIEYHWKA TP KOPOHABHPYCHOM MHOEKITIH |
2. TUCTOJIOTUYECKWE TAHHBIE AVTOIICHM JIETKUX B ITEPUOJ ITAHEMHMM COVID-19 B TOPOJIE

]
L/

b.Ca
N « D IS TC IIpencenarens Pernonais
:C: - u.ﬂlj ALMA y4eHEIX 1o Gopr6e ¢ smameM|
NAZARBAYEV  mmiri ooy ©7 Livesaer 22-23 cenmabpa 2024r.

UNIVERSITY A — WVIHTLL





image40.jpeg
SO

T HE BABUCHMMOCTY

KA3AXCTAH

MuHucrepcrso
3ppaBooxpaHeHus
KasaxcraHa

Ceptudukar

No 00187
Alibek Kossumov

\, PYXAHM
3, KAHFBIPY
N

NPUHAN &-a yyactve B Kayectse caywarens B || Kasaxcranckom Kour?ecce UHdekumonmnctos
«MHOEKLINOHHBIE BONE3HU B YCNOBUAX TI06AU3ALIAK: BbI30BbI U PELLEHWSA»

1-8 okta6ps 2021r.
20 axazeMHYecKMX 4acoB

W.0. pexropa HAO "MeauumHckuii Yausepeutet Actana’, PhD ﬂ

Mpeacenatens POO "06bwectsesHoe 06beauHeHne HHDEKLMOHUCTOB", Cﬁ% Py

3aBeAYIWMii Kadeapoii AETCKNUX MHGEKUMOHHBIX bone3He, A.M.H.,

r. Hypeyntan

M. [laynetbsipoBa

1. baewesa

11.10.2021




image1.jpeg
AUTONOMOUS EDUCATION ORGANIZATION "NAZARBAYEV
UNIVERSITY"

PRIVATE INSTITUTION "NATIONAL LABORATORY ASTANA"

UDC 616.9; 616.34

IRSTI 76.33.43; 76.01.73; 76.29.50; 76.29.37
State registration No. 0121PK00564
Inventory No.

D. Sarbassov

EE8 2021

REPORT
ON SCIENTIFIC RESEARCH WORK

MICROBIOME RESEARCH IN PATIENTS WITH POST COVID SYNDROME
AND GASTROINTESTINAL LESIONS TO IMPROVE HEALTH AND
REDUCE THE DURATION OF REHABILITATION
(Final)

Principal Investigator . s A. Kossumov

Senior researcher (signature, date)

BS, MBS, PhD

Nur-Sultan 2021




image2.jpeg
Principal Investigator,
Senior Researcher,
BS, MBS, PhD

Performers:

Leading Researcher,

Candidate of Medical Sciences,

MPH, PhD

Leading Researcher, Doctor of

Medical Science, Professor

Normocontroller

LIST OF PERFORMERS

signatu%, date

Hpoirt

signature, date

o 7d /00

signafure, date

ol

signature, date

A. Kossumov

(introduction, main part, conclusion)

/P10 LIy

A. Supiyev (main part)

/. 10K/

Kushugulova

conclusion)

A. Abdrakhmanov

7Y 70. A4S

(main

part,




