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ESSAY
Report 84 p., 7 figures, 3 tables, 48 sources, 4 app.
BACTEROIDES FRAGILIS, INTRAABDOMINAL INFECTION, ANTIBIOTIC SENSITIVITY, RESISTANCE GENES, FULL GENOMIC SEQUENCING
The objects of the study were 12 strains of Bacteroides fragilis isolated from patients with a diagnosis of peritonitis who were treated in hospitals in the city of Nur-Sultan.
The aim of the work is to study and assess the sensitivity to antibiotics of a wide range of bacteria of the Bacteroides fragilis group isolated from patients with intra-abdominal anaerobic infections and taking broad spectrum antibiotics in hospitals in the city of Nur-Sultan.
Research methods: microbiological - for cultivation, study of antibiotic sensitivity; mass spectrometric - for species characteristics, differentiation of strains on cfiA - positive and negative, genetic - for genome-wide analysis of B.fragilis.
As a result, 12 strains of Bacteroides fragilis were isolated from 83 samples of clinical material. Their sensitivity to meropenem, metronidazole, clindamycin and ciprofloxacin was studied. It was found that 100% of B.fragilis strains show sensitivity to meropenem and clindamycin, 91.7% to metronidazole, and 58% of the strains were resistant to ciprofloxacin. The study of genome-wide tracks to characterize the genomes of B.fragilis and to study the use of antibiotic-resistant genes. It was shown that the genomes of 100% of B.fragilis strains carry the adeF gene, 90% - the cepA gene, 58% - the tetQ gene, and 8.3% each - the cfiA, nim, and gyrA genes.
Efficiency and significance of the work - the results worked to study the local picture of the drug sensitivity of B.fragilis to the prescribed antibiotics, to determine the types of bacteria in this group, and also to determine the genes for antibiotic resistance, which had not been previously carried out in Kazakhstan. The results obtained made it possible to monitor the antibiotic resistance of B.fragilis, as well as to predict the sensitivity to the prescribed antimicrobial drugs in order to select a more effective antibiotic therapy regimen for intra-abdominal infections.
The field of application is practical health care.
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DEFINITIONS, DESIGNATIONS AND ABBREVIATIONS
In this research report, the following terms are used with the corresponding definitions, symbols and abbreviations:
	anaerobic infection
	-
	a severe toxic wound infection caused by anaerobic microorganisms, with a predominant lesion of the connective and muscle tissue

	antibiotic sensitivity
	-
	the phenomenon of sensitivity of a strain of infectious agents to the action of one or more antibacterial drugs

	B.fragilis
	-
	Bactericides fragilis

	GI tract
	-
	gastrointestinal tract

	intra-abdominal infections
	-
	are a group of a wide variety of infections that are usually caused by microorganisms that colonize the gastrointestinal tract and invade other, usually sterile, areas of the abdominal cavity

	EUCAST -
	-
	European Committee for Antimicrobial Susceptibility Testing

	MALDI-TOF MS
	-
	Matrix-activated laser desorption / ionization time-of-flight mass spectrometry



	adeF
	-
	a gene conferring resistance to fluoroquinolones and tetracycline to B.fragilis

	BLAST
	-
	Basic Local Alignment Search Tool - a base for searching local matches

	Bp
	-
	nucleotide base pairs

	CDS
	-
	coding sequences

	cfiA gene
	-
	a gene encoding the production of metal-β lactamase with two Zn2 + ions in the active center, imparting resistance to carbapenems to B.fragilis

	cepA
	-
	a gene conferring resistance to cephalosporins to B.fragilis

	DNA
	-
	 deoxyribonucleic acid

	ETBF
	-
	toxigenic B.fragilis strain

	gyrA -
	-
	a gene conferring resistance to ciprofloxacin to B.fragilis

	NTBF 
	-
	nontoxigenic B.fragilis strain

	nim gene
	-
	the gene conferring resistance to metronidazole to B.fragilis

	Mef
	-
	a gene conferring resistance to macrolides to B.fragilis

	µg
	-
	Micrograms

	PCR
	-
	- polymerase chain reaction

	rRNA
	-
	ribosomal RNA

	tetQ
	-
	gene conferring resistance to tetracycline to B.fragilis
































INTRODUCTION
Bacteroides fragilis is the most important human anaerobic pathogen, isolated from a variety of clinical infections. Today, in the world, there is more and more information about the emergence of resistance in them to antimicrobial drugs widely used in clinical practice [1]. Thus, there is an increase in resistance from 20% to 31.6% in B.fragilis isolates in relation to clindamycin [2]. Similarly, an increase in resistance to metronidazole, a drug well-proven in the treatment of anaerobic infections caused by B.fragilis species, was recorded. For example, in Pakistan, an increase in resistance to metronidazole was noted from 12.3% in 2010–2011 to 17.5% in 2019 [3]. Also, there is information about the manifestation of resistance to meropenem, the drug most often used to treat patients with anaerobic infections and sepsis. A study in Denmark showed that 5% of B. fragilis cultures tested were resistant to meropenem [4]. Recently, the attention of researchers has also been drawn to the study of the determinants of bacteroid resistance [5]. In B.fragilis, genes associated with resistance to various antimicrobial drugs have been described. For example, the cepA gene is associated with resistance to penicillin and cephalosporin, the ermF gene is associated with clindamycin, the nim gene is associated with metronidazole, the tetQ gene is associated with tetracycline, etc. However, the cfiA gene associated with resistance to carbapenems is of greater interest to researchers [6].
The basis of modern therapy for anaerobic infections caused by B.fragilis is empirical antimicrobial therapy, in which, due to the lack or limited testing for sensitivity to prescribed antibiotics, local data on antibiotic resistance of potential pathogens are not taken into account. In this connection, studies aimed at studying the profile of B.fragilis susceptibility to the most common anti-anaerobic drugs at the local level, as well as the detection of genes associated with resistance to these antibiotics, are relevant.
Metrological support of scientific research. All measuring instruments and test equipment used during scientific research have passed the procedures of verification and certification in the relevant accredited bodies – Infradin Group LLP. Research is carried out at the national scientific laboratory of biotechnology for collective use of the RSE "National Center for Biotechnology". For the implementation of this project there are the necessary appropriate premises and communications. The laboratory is equipped with all the necessary equipment: a box for DNA extraction, ordniary and real-time thermal cyclers, a genetic analyzer, spectrophotometers, centrifuges, low-temperature refrigerators, freezers.
The aim of the project is to study and assess the sensitivity to broad spectrum antibiotics in bacteria of the Bacteroides fragilis group isolated from patients with intra-abdominal anaerobic infections and receiving broad spectrum antibiotics in hospitals in Nur-Sultan.
Content of research for 2020: (in accordance with the calendar plan) (Appendix A):
- Determination of the sensitivity of bacteria of the B.fragilis group to broad-spectrum antibiotics used in treatment in Kazakhstan;
- Whole genome sequencing of the B.fragilis group bacteria strain on the MiSeq platform (Illumina);
- Statistical and bioinformatic analysis of the results obtained, creation of a database;
- Submission of 2 publications to peer-reviewed foreign and domestic publications with a non-zero impact factor. Publication in the Eurasian Journal of Applied Biotechnology.

Inv No. 0218RK00257 - interim report for 2018 on scientific research work
«Study and assessment of the sensitivity to broad spectrum antibiotics of Bacteroides fragilis group bacteria in patients with intraabdominal anaerobic infections»
Inv No. 0219RK00454– interim report for 2019 on scientific research work
«Study and assessment of the sensitivity to broad spectrum antibiotics of Bacteroides fragilis group bacteria in patients with intraabdominal anaerobic infections»



















MAIN PART OF SRW
1 Rationale for the choice of research direction
Bacteroides fragilis make up 1% to 2% of the microbiota that lives in the colon [7], but nevertheless it is the most frequently isolated anaerobic pathogen in humans, accounting for up to 80% of infections (it is found in clinical samples, for example, taken from deep intra-abdominal abscesses, purulent infections of the skin and soft tissues, infections after intra-abdominal and vaginal operations after hysterectomy), that is, it has the highest pathogenic potential among all species of the genus Bacteroides [8, 9].
The most potent virulence mechanism of B. fragilis involves certain types of capsular polysaccharide (especially the two types of CPS, CPS-A and B). The capsules are involved in immunomodulation, as well as in the suppression of phagocytosis. It is assumed that the phenotypes of large and small capsules are regulated by the expression of the BF2782 (or BF2790 in B.fragilis 638R) gene, which is a putative sugar transferase involved in the synthesis of various CPS species [10].
Another important virulence factor of B.fragilis is enterotoxin. The B fragilis strain producing enterotoxin is designated ETBF, and the enterotoxin itself is also known as fragilysin. It is a zinc-dependent thermolabile metalloproteinase with a mass of about 20 kDa [11]. The mechanism of action of which is the cleavage of the E-cadherin protein in intestinal epithelial cells, which ultimately leads to the rearrangement of the cytoskeleton of epithelial cells. Fragilysin production is regulated by the bft gene, which is currently well characterized by 4 isotypes: bft -1, bft -2, bft -3, and bft -4 [12, 13]. Choi V.M. et al. described two types of cysteine -peptidases that play the pathogenic role of C10 (encode bfp 1–4) and C11 (fragipain), encodes the fpn gene, the latter activating enterotoxin in B.fragilis [14].
Currently, there is a serious situation associated with the emergence of resistance in bacteroids to the most effective antibiotics: carbapenems and 5-nitroimidazole. Multidrug-resistant strains of B.fragilis have been isolated from many patients since 2000.
Modern antimicrobials for Bacteroides are divided into three main groups based on resistance levels:
1) high level of resistance (> 80%) to penicillins, cephalosporins and tetracyclines;
2) controlled level of resistance (5–35%) to combinations of β-lactams / β-lactamases, cefamycins, MLS B (macrolide-lincosamide-streptogramin B) and moxifloxacin;
3) low level of resistance (<5%) to carbapenems, metronidazole and tigecycline [9, 15].



1.1 Antimicrobial resistance of B.fragilis.
Since Bacteroides are the most significant anaerobic pathogens in humans, there is a long history of detecting their susceptibility to antimicrobial agents. As noted above, an increase in the level of resistance is observed in relation to all major groups of antibiotics. Thus, the intensive use of tetracycline in clinical practice has led to a significant increase in the level of resistance to it and which is currently approaching 100% [16].
Bacteroides also show significant resistance to "beta-lactams" (penicillins and cephalosporins of the 1st and 2nd generation [10].
 The level of resistance to antibiotics from the macrolide-lincosamide-streptogramin group is 32.4% [17]
Bacteroides is becoming resistant to the once fully effective fluoroquinolones (trovafloxacin and moxifloxacin), with resistance rates of> 40% and 13.6% in the United States and Europe, respectively [10].
Despite the low prevalence of B.fragilis isolates resistant to carbapenems (about 1–2% in the US and Europe), this figure has steadily increased since the introduction of these drugs. A higher level of resistance to carbapenems was noted in Taiwan (7-12%), Germany (4.9-5.3%) and Canada (2.3-12.7%) [17, 18].
Thus, B.fragilis has increased resistance to antibiotics and has the most numerous resistance mechanisms among all pathogenic anaerobes.

1.2 Biological features of resistance genes
The mechanisms of antibiotic resistance vary, but some common factors can be identified. The main resistance genes for penicillins and cephalosporins are cepA, for cefamycins cfxA, for carbapenems cfiA, for compounds MLS B erm (F), for metronidazole nimA - J and for tetracyclines tet (Q). Interestingly, bacteroids carry another tetracycline resistance gene, tetX (or its amino-terminally truncated 60% homologous tetX1 variant), which is capable of oxidizing the tetracycline molecule, but since this process requires oxygen, its role in conferring tetracycline resistance to Bacteroides is very limited [16].
Sóki J. et al. found that resistance genes (ermB, ermG, mefA and msrSA) of clinical isolates of Bacteroides can significantly influence the development of resistance to clindamycin [10].
Typically, the above genes are carried on chromosomes by integrative genetic elements, for example, mobilizable and conjugative transposons for cefoxitin and tetracycline, respectively, and complex transposons for erm (F). nim genes can also be located on small (<15 kb) plasmids, and some of the erm (F) transposons can be located on large (> 15 kb) plasmids. The phenotypic expression of these resistance genes is often regulated by upstream IS elements (eg, IS 1186 for cfiA and IS 4351 for erm (F) and cfiA), which have outward-oriented promoters. An exception to this rule is tetracycline resistance. Because the promoters of the tetQ genes are induced at high levels of tetracycline, and through some other downstream regulatory genes, which also induce the expression and transfer of conjugative tetQ transposons. In the case of fluoroquinolones and rifampicin, point mutations in the chromosomal target genes (gyrA and rpoB, respectively) are responsible for the manifestation of stable phenotypes [9].
Another interesting feature of the biology of antibiotic resistance genes in B.fragilis is that the cepA and cfiA genes are mutually exclusive. Among the strains of this species - cepA - positive (group I) and cfiA-positive (group II) form two separate genetic subdivisions in the B. fragilis population, which has been confirmed by numerous research results obtained using various molecular typing methods since the late 1970s. until the 2000s [19-21].

1.3 Mechanisms of B. fragilis resistance to metronidazole
Metronidazole is a 5-nitroimidazole-based antimicrobial agent. Currently, it is the drug of choice, which is usually prescribed for the prevention and treatment of infections caused by B.fragilis [22]. Based on numerous studies carried out in various European countries, as well as in Canada, the Middle East, Asia, the USA, it has been shown that the resistance of B.fragilis to metronidazole ranges from 0.5% to 7.8%, in South Africa 8 , 7% and in Pakistan 16% [15, 23-25].
Its mechanism of action is entering the cell in the form of an inactive form (prodrug) through passive transmission and is being activated in the cytoplasm of bacteria [26]. The drug molecule is converted to a nitro-free radical due to intracellular reduction, which involves the transfer of an electron to the nitro group. This form of the drug can interact with a DNA molecule and have a cytotoxic effect. The main mechanism of action has not yet been fully elucidated and includes suppression of DNA replication and damage to the DNA molecule through oxidation, causing single and double-stranded breaks, leading to DNA degradation and subsequent death of the organism [27-29].
Metronidazole resistance is a multifactorial mechanism, in most cases associated with the presence of nim-genes. 5-nitrimidazole reductases are encoded by nim genes, which are represented by 11 isoforms (nimA-K), having 60% -70% mutual homology and mainly acting according to the same mechanism [25, 30]. The nim genes can be chromosomal or plasmid and are often associated with insertion sequences that can be transmitted during conjugation [31]. Insertion sequences (IS) are highly specific for each nim gene type (nimA pIP417 IS1186, nimB chromosomal IS1186, nimC pIP419 IS1170, nimD pIP421 IS1169, nimE ISBf) [10]. It was found that the determinants of IS found above the nim genes increase their expression [32, 33].
Studies on the prevalence of nim genes among anaerobic bacteria indicate the prevalence of the nimA gene among them [34].
The presence of the nim gene does not necessarily induce therapeutic resistance to metronidazole. In these strains, the nim genes may be expressed at very low levels or not at all "silent nim genes". It is also possible that a mutation in the nim gene or an IS element upstream of the nim genes could lead to overexpression of silent nim genes and thus increase the minimum inhibitory concentration of metronidazole to levels that provide drug resistance [10, 34].
There is also a non-nim-based mechanism of metronidazole resistance. It includes: drug efflux, overexpression of the RecA protein (resistance to metronidazole increases due to DNA repair processes) and deficiency of the ferrous iron transporter FeoAB (low levels of iron cause a deficiency of feoAB, which leads to a decrease in the electron-mediated activation of metronidazole) [28].
Thus, understanding the mechanisms of resistance is essential for the treatment, development of new alternative therapies, and control of metronidazole-resistant B.fragilis strains.

1.4 Multidrug resistance of B.fragilis
In 2015, Hungary reported the first case of MDR (multidrug resistance) in B. fragilis. The strain was resistant to 10 antibiotics: carbapenem, metronidazole, and β-lactam / β-lactamase combinations, and had many resistance genes such as cepA, erm (F), cfiA, nimA, tetQ [33]. J.Sóki et al. In 2016, based on the results of studies in five countries, reported the emergence of an international cluster of B.fragilis MDR isolates carrying the cfiA and nimB genes, as well as IS1186 and IS4351. The strains showed resistance to a range of antibiotics: piperacillin, piperacillin / tazobactam, cefoxitin, meropenem, metronidazole, moxifloxacin, clindamycin, tetracycline and rifampicin, and were sensitive to tigecycline, chloramphenicol, and linezolid. The strains were genetically related and shared common resistance genes, such as cfiA and nimB, although they had several differences, for example, in the presence of the erm (F) and tetQ genes [9].
Thus, they described an ancient and predominant clone of B.fragilis strains, which during its history underwent a process of differentiation, which led to the phenotypes of multidrug resistance [9].
Interestingly, MDR strains can vary greatly across research centers and countries. Thus, the results of a study at the South African center showed that all studied B.fragilis strains were sensitive to erythromycin, clindamycin, and tigecycline, and 8.7% of the strains showed MDR only to cefoxitin, imipenem, and tetracycline [35]. Whereas in the multicenter study of Bacteroides in Hungary, most MDR isolates showed resistance to moxifloxacin, tetracycline, cefoxitin and clindamycin [36]. In India, among the enterotoxigenic strains of B.fragilis, the frequency of MDR is> 18%, while MDR strains contained ≥6 resistance genes [37, 38].
Thus, many researchers foresee the emergence of extensively drug-resistant (XDR) or pan-resistant anaerobes, including B.fragilis, highlighting the need for the development of new antibiotics or the development of new combinations for the treatment of anaerobic multidrug resistance and extensively drug resistance.

1.5 Genomic analysis of Bacteroides fragilis
The most important difference between the toxigenic strain (ETBF) and the genome sequences of nontoxigenic (NTBF) strains (NCTC9343, YCH46, and 638R) is the pathogenicity island (BfPAI) in B.fragilis, located in the CTn86 conjugative transposon 63,282 bp. Interestingly, the BOB25 genome contains two copies of this transposon separated by 934.125 bp. and oriented in opposite directions [39].
The pathogenicity island of this strain contains the bft-2 enterotoxin gene and the second metalloproteinase gene (mpII), which is flanked by mobilization genes (bfmA, bfmB, and bfmC) [40]. Interestingly, unlike most nontoxigenic strains, the complete genome sequence of the ETBF BOB25 strain does not contain plasmids. [39].
Phylogenetic analysis indicates that BFPAI was acquired several times by nontoxigenic (NTBF) strains in the course of evolution. It was found that, at the phenotypic level, ETBF strains are less adapted than NTBF NCTC 9343 strain and are more sensitive to the growth-inhibiting protein it produces. ETBF strains also have a greater tendency to form biofilms than NTBF strains, which can contribute to the formation of diseases, [41].
It should be noted that Bacteroides actively produce antimicrobial factors targeting closely related organisms. Strain NCTC 9343 secretes a protein that inhibits the growth of ETBF strains, while the growth of strain NCTC 9343 and other NTBF strains is inhibited by pore-forming protein (BSAP-1) produced by strain 638R [42]. Thus, there is intense competition in the gut for limited resources. It is assumed that evolution within the microbiome occurs through the acquisition of multiple genes or PAIs through horizontal transfer from many related organisms. Though this is often not enough to support growth in a new niche. In this connection, researchers are faced with the task of elucidating the role of a large number of genes in ensuring the adaptation of a microorganism to its environment [41].

2 Materials and research methods
2.1 Bacterial strains, cultivation conditions and their identification
B. fragilis strains No. 1-12 were isolated from clinical samples obtained from patients receiving treatment at the City Hospital No. 1, No. 2 and the "Regional General Hospital No. 2". Previously, informed consent was obtained from the patients, approved and agreed with the Ethics Committee of the RSE "National Center for Biotechnology" of the KN MES RK (Extract from Protocol No. 4 dated August 29, 2017). After obtaining informed consent to participate in the study, the patients were offered a questionnaire, based on which the personal data of the patients were collected.
The cultivation of the strains was carried out on bile-esculin agar for bacteroids. Petri dishes with inoculations were incubated at 37 ° C for 48 hours in an anaerobic environment.
All strains were identified by PCR amplification of the 16S rRNA gene using universal primers: 8f5 '- AgAgTTTgATCCTggCTCAg-3 and 806R-5'ggACTACCAgggTATCTAAT. The amplified products were sequenced on an automatic genetic analyzer 3730xl DNA Analyzer (Applied Biosystems) with subsequent identification in GeneBank using the BLAST algorithm.

2.2 Identification of bacteria with MALDI-TOF
The bacterial culture was applied to the well of a 96-well MSP chip (MSP 96 target polished steel BC, micro Scout Target). 1 μL of a matrix solution (saturated solution of α-Cyano-4-hydroxycinnamic acid (α-HCCA) with 50% acetonitrile and 2.5% trifluoroacetic acid (TFA) was applied to the culture and dried at room temperature. The chip with the samples applied to it was placed in a MALDI-TOF mass spectrometer microflex LT. After positioning the chip in the ionization chamber and reaching the required operating parameters of the device, calibration was performed using the applied calibration standard. After that, the collection of spectra was started in manual or automatic mode, setting the necessary parameters. For a single mass spectrum, 40 laser pulses (frequency 60 Hz) were used. The analyzed mass / charge range was 2000–20,000 Da. To identify bacteria, the spectrum of the determined strain was compared with the spectra of the strains in the database. For all isolated strains, species identification was carried out using MALDI- TOF MS with a score of ≥ 2. Application of the method allows significantly reduce costs and time of bacteriological analysis and increase its accuracy.

2.3 Determination of antibiotic susceptibility [43]
Antimicrobial susceptibility - Minimum inhibitory concentration (MIC) of antibiotics was determined using MICEvaluator strips (Oxoid, England), on which gradients of antibiotic concentrations were applied and using paper discs impregnated with antibiotic in the range from 0.015 to 256 μg / ml for metronidazole, clindamycin; 0.002 to 32 μg / ml for meropenem and ciprofloxacin, as well as using clindamycin discs with antibiotic concentrations of 2 μg / L and 10 μg / L. M.I.C.E. operate according to the principle of the original device - E-test. Four antimicrobial agents were tested: metronidazole, clindamycin, ciprofloxacin, and meropenem. For each strain, an inoculum was prepared at a concentration equivalent to 1.0 McFarland standard. Blood agar plates were inoculated uniformly; after complete drying, the M.I.C.E. according to the manufacturer's instructions or paper disks soaked in antibiotic and incubated for 48 h at 37 ° C in an anaerobic atmosphere. After the incubation time had elapsed, an inhibition zone formed around the strip or paper disks. The MIC was determined at the point where the growth zone of the microorganism intersects with the strip. In the case of paper discs, the result is obtained by measuring the diameter of the area around the disc in millimeters. The results were interpreted according to the EUCAST MIC checkpoints for gram-negative anaerobes (http://www.eucast.org/). 

2.4 Isolation of bacterial DNA [44]
1) Bacteria grown on solid nutrient medium were collected with a bacterial loop and transferred into a clean tube with 1.5 µl of TE buffer, and a uniform suspension was prepared. Centrifuged at 10,000 rpm for 3 min. The supernatant was removed.
2) Resuspended the pellet in 500 μl of TE buffer. 30 μl of 100/0 SDS solution and 6 μl of proteienase K were added. They were carefully displaced and kept at 37 ° С for 1 h.
3) Added 100 μl of 5M NaCl and mix thoroughly.
4) Added 80 μl of a solution of CTAB / NaCl, mixed thoroughly and incubated at 650C for 10 minutes.
5) Added 750 μl chloroform / isoamyl alcohol, vortexed for 3 sec, and centrifuged at 8000 rpm for 8 min at room temperature.
6) Carefully collected the viscous aqueous (upper phase) supernatant into new microcentrifuge tubes without affecting the interphase.
7) Added 500 μl chloroform / isoamyl alcohol, vortexed for 3 seconds, and centrifuged at 8000 rpm for 8 minutes at room temperature.
8) Collected the supernatant into new microcentrifuge tubes. Added 0.6 volume of isopropanol to attach the nucleic acids. Mix well by inverting the tube until the DNA strands formed a clearly visible precipitate. The tubes were left overnight in the cold at -200C.
9) Centrifuged at 10,000 rpm for 5 min at room temperature, removed the supernatant.
10) Added 500 μl of 700/0 ethanol, vortexed, centrifuged at 10,000 rpm for 5 min at room temperature.
11) Removed the supernatant again by adding 500 μl of 700/0 ethanol, centrifuged at 10000 rpm for 5 min at room temperature
12) The supernatant was removed and placed in a thermostat to dry at 37 ° C for 15 minutes.
13) The DNA pellet was dissolved in 50 μl of TE buffer, incubated at 60 ° C for 1 h.
14) Stored DNA in small aliquots at -20 0C.
The DNA concentration was measured spectrophotometrically using a NanoDrop spectrophotometer at a wavelength of 260 nm.

2.5 Whole genome sequencing, assembly, and genome analysis
2.5.1 Whole genome sequencing on the Ion Torrent platform
DNA in the amount of 100 ng was used to prepare genomic libraries, as well as the Ion Xpress ™ Plus Fragment Library Kit (Thermo). The ligation reaction of blunt ends of DNA with barcoded adapters was carried out according to the manufacturer's instructions. Intermediate purification of fragmented DNA was carried out using a magnetic stand and Agencourt AMPure XP Kit (Beckman Coulter) magnetic particles. Selection of fragments with a length of 480 bp. was performed by electrophoresis using an E-gel Size-select agarose gel (Invitrogen) and an E-gel iBase device (Invitrogen). Then, eight cycles of library amplification were carried out on a T100 thermal cycler (Bio-Rad). Libraries were quantified by real-time PCR using the Ion Library Quantification Kit (Thermo) and a CFX96 real-time PCR detection system (Bio-Rad). Emulsion PCR was performed on an Ion OneTouch2 device (Thermo) using an Ion PGM HiQ OT2 Kit (Thermo). To assess the efficiency of emulsion PCR, we used the Ion Sphere ™ Quality Control Kit (Thermo) using a Qubit 2.0 fluorimeter. Enrichment of positive spheres with applied genomic libraries was carried out using Ion PGM Enrichment Beads in accordance with the protocol.

2.5.2 Whole genome sequencing on the MiSeq platform (Illumina)
DNA purification was performed using the QIAamp® DNA MiniKit. DNA concentration was measured using a Qubit® dsDNA HS AssayKit (Invitrogen) on a Qubit 2.0 fluorometer (Invitrogen).
One hundred fifty nanograms of genomic DNA of each B.fragilis strain was used for sequencing. To prepare genomic libraries, a Nextera DNA Flex Library Prep reagent kit (Illumina) was used according to the manufacturer's instructions.
The library preparation algorithm included the following steps:
1) Tagmentation of genomic DNA. Fragmentation and labeling of DNA adapters;
2) Post-tagged cleaning;
3) Amplification of tagged DNA;
4) Cleaning up the library;
5) Linking libraries;
6) Preparation for loading samples.
For sequencing on the MiSeq Illumina platform, the MiSeq Reagent Kit v. 3 was used with a paired-end reading of 300 bp (600 cycles; Illumina) according to the manufacturer's instructions.
Antibiotic resistance genes have been identified using the following databases: CARD (https://card.mcmaster.ca/analyze/rgi) (APPENDIX B) and PATRIC (https://www.patricbrc.org/).
























3 Research results and their discussion
Of 83 clinical samples taken from patients with a diagnosis of acute peritonitis, B fragilis was confirmed in 12 (14.3%), B. ovatus-21 (25%), B. thetaiotamicron-42 (50%) and other species 5 (B.clarus, B.salyersiae 5.9%) and in 3 cases microorganisms not related to Bacteroides were present (4.8%).
Twelve B. fragilis strains isolated from human clinical specimens were selected for this study. All isolates were identified by 16S rRNA gene sequencing, as well as by MALDI-TOF / MS.

3.1 Determination of antimicrobial susceptibility of B.fragilis and distribution of resistance genes
The results of phenotypic tests for antimicrobial susceptibility in B. fragilis (ranges of values for MIC, MIC50 and MIC90) are presented in Table 1.
Table 1 - Antimicrobial susceptibility levels in B. fragilis
	Antimicrobial
	Interpretation criteria for MIC (μg / ml)
	[bookmark: _Hlk53642707]MIC (μg / ml)
	Sensitivity (%)

	
	S≤
	R>
	Range
	50%
	90%
	S
	R

	Meropenem
	2
	8
	0,002- 32
	0,064
	0,25
	100
	0

	Ciprofloxacin
	-
	-
	0,002- 32
	>32
	2
	-
	-

	Metronidazole
	4
	4
	0,015 - 256
	0,25
	2
	91,7
	8,3

	Clindamycin
	4
	4
	0,015 - 256
	0,5
	2
	100
	0

	Notes: 1 S / R - EUCAST checkpoints; 2 S-sensitive;3 R-resistant;4 IPC - minimum inhibitory concentration;5 MIC 50/90 is the MIC required to inhibit 50% and 90% of strains, respectively.




As can be seen from Table 1, 100% of the B. fragilis strains studied in this work showed sensitivity to meropenem and clindamycin, and 91.7% showed sensitivity to metronidazole.
As described above, carbapenem resistance in bacteroids is associated with the presence of the cfiA (ccrA) gene. In the present work, a correlation has been made between the level of resistance and the presence of a gene that causes resistance. Thus, Figure 1 shows the distribution of strains with different MIC values depending on the presence or absence of the cfiA gene.


Figure 1 - Distribution of B. fragilis strains with different MIC values depending on the presence or absence of the cfiA gene

As can be seen from Figure 1, no meropenem-resistant strain was found among the studied B.fragilis, although one cfiA-positive strain was found with the highest MIC to meropenem (1 μg / ml). The distribution of cfiA-positive B fragilis strain at the level of 8.3% in the study group correlates with the results of numerous studies [45].
The distribution of strains with different MIC values for metronidazole depending on the presence or absence of the nim gene is shown in Figure 2.

 

Figure 2 - Distribution of B.fragilis strains with different MIC values depending on the presence or absence of the nim gene

As can be seen from Figure 2, among the studied group of bacteroids, only one nim-positive and metronidazole-resistant B.fragilis strain (MIC> 256 μg / ml) was found.
The distribution of strains with different MIC values for clindamycin depending on the presence or absence of the erm gene is shown in Figure 3. 



Figure 3 - Distribution of B.fragilis strains with different MIC values depending on the presence or absence of the erm gene

As can be seen from Figure 3, the distribution of MIC in relation to clindamycin was four-modal (0.06, 0.12, 0.5 and 2 μg / ml). no erm positive strains were found.
Many researchers suggest that the gyrA gene in B.fragilis plays a key role in conferring resistance to fluoroquinolones [46]. The distribution of strains with different MIC values for ciprofloxacin depending on the presence or absence of the gyrA gene is shown in Figure 4.



Figure 4 - Distribution of B. fragilis strains with different MIC values depending on the presence or absence of the gyrA gene

Figure 4 shows that among the studied bacteroids, a ciprofloxacin-resistant strain B. fragilis 1 was found, which contained the gyrA gene, with which, as mentioned above, many researchers associate phenotypic resistance to ciprofloxacin [46]. Figure 4 also shows that the distribution of MIC in relation to ciprofloxacin was five-modal with the following peaks: 0.01, 1, 2, 4 and> 32 μg / ml, while 7 strains showed phenotypic resistance to ciprofloxacin (MIC> 32 ml).
Figure 5 shows the distribution of the cepA, tetQ, adeF genes among the studied B.fragilis strains (according to the CARD database).



Figure 5 - Distribution of cepA, tetQ, adeF genes among B.fragilis strains
As can be seen from Figure 5, in all 12 B.fragilis strains (100%), the adeF gene was found, which is associated with resistance to fluoroquinolones and tetracyclines, in 11 strains (90%), the cepA gene was found, which is associated with resistance to cephaloporins, and in 7 strains (58%), the tetQ gene was found, which is also associated with tetracycline resistance. Interestingly, all three genes (adeF, cepA and tetQ) were simultaneously present in 6 strains. It should also be noted that in B.fragilis 6, in addition to the three genes considered above (adeF, cepA, and tetQ), the mef gene was also found, which is associated with resistance to macrolides.
Thus, among the studied bacteroid strains, only one strain (B.fragilis 1) was found to have a correlated relationship between phenotypic resistance and resistance genes. Thus, the detected nim gene correlated with phenotypic resistance to metronidazole, and the gyrA gene correlated with phenotypic resistance to cyclofloxacin (MIC> 32 μg / ml). Whereas the cfiA gene found in him was presumably in a silent form, since no phenotypic resistance to meropenem was noted. Also, it should be noted that the following genes - targets for antibiotics were additionally found in the B. gragilis 1 genome using the PATRIC database: Dfr gene imparting resistance to trimethoprim (trimethoprim / sulfamethoxazole); folP gene encoding dihydropteroate synthase involved in folic acid biosynthesis; the gyrB gene, which, like the gyrA gene, confers resistance to B. fragilis to fluoroquinolones.

3.2 Genome-wide sequencing of strains of bacteria of the B.fragilis group. Statistical and bioinformatic analysis of the results obtained, creation of a database
According to the results of genome-wide analysis, the sequences of B.fragilis genomes (BFR_KZ01-BFR_KZ12) were deposited in GenBank with the assignment of the corresponding access numbers (Table 2). The annotation was carried out using the NCBI Prokaryotic Genome Annotation Pipeline (https://www.ncbi.nlm.nih.gov/genome/annotation_prok/), which made it possible to determine the total number of genes, including coding sequences (CDSs); rRNA and tRNA for each individual B.fragilis genome. The results of genome-wide sequencing of B.fragilis strains are presented in Tables 2 and 3.








Table 2 - General characteristics of the B.fragilis genome
	№
	Name of the strain
	Genome size
	% coverage of the genome
	G+C content (%)

	11
	2
	3
	4
	5

	11
	Bfr-1
	5 300 397
	42.658
	43.43

	22
	Bfr-2
	5 163 847
	49.634
	43.04

	33
	Bfr-3
	5 799 913
	20
	42.79

	44
	Bfr-4
	5 233 254
	20
	43.41

	55
	Bfr-5
	5 235 902
	38.565
	43.36

	66
	Bfr-6
	5 264 546
	49.394
	43.33

	77
	Bfr-7
	5 188 162
	19.59
	43.25

	88
	Bfr-8
	5 251 033
	64.17
	43.24

	99
	Bfr-9
	5 133 209
	29.757
	43.45

	110
	Bfr-10
	5 252 966
	31.158
	43.12

	111
	Bfr-11
	5 242 126
	33.68
	43.4

	112
	Bfr-12
	5 341 555
	31.143
	43.39







Table 3. Characteristics of the B.fragilis genome
	№
	Name of the strain
	GenBank ID
	Quantity of CDS 
	Quantity of rRNA genes
	Quantity of tRNA genes

	1
	2
	3
	4
	5
	6

	11
	Bfr-1
	SSKL00000000.1
	5 300 000
	3, 1, 1(5S, 16S, 23S)
	62

	22
	Bfr-2
	SSKK00000000.1
	4 476 000 

	4, 3, 7(5S, 16S, 23S)
	61

	33
	Bfr-3
	SSKJ00000000.1
	5 288 000

	6, 1, 5(5S, 16S, 23S)
	62


	44
	Bfr-4
	JACEFH000000000
	3 979 000

	4, 1, 1(5S, 16S, 23S)
	60


	55
	Bfr-5
	JACENG000000000
	4 235 000

	2, 2, 4(5S, 16S, 23S)
	67


	66
	Bfr-6
	JACFSS000000000
	4 274 000

	5, 6, 3(5S, 16S, 23S)
	66


	77
	Bfr-7
	JACFST000000000
	4 221 000

	2, 2, 2(5S, 16S, 23S)
	69


	88
	Bfr-8
	JACFSU000000000
	4 216 000

	5, 5, 4(5S, 16S, 23S)
	64


	99
	Bfr-9
	JACFSV000000000
	4 098 000

	4, 3, 1(5S, 16S, 23S)
	63


	110
	Bfr-10
	JACFSW000000000
	4 192 000

	2, 3, 2
(5S, 16S, 23S)
	64


	111
	Bfr-11
	JACFSX000000000
	4 235 000

	5, 1, 1(5S, 16S, 23S)
	64


	112
	Bfr-12
	JACFSY000000000
	4 365 000

	3, 3, 5(5S, 16S, 23S)
	67


	Note - Bfr-B.fragilis	



Also, the data obtained after whole genome sequencing allowed for phylogenetic analysis of the strains used in the work. The results of phylogenetic analysis are shown in Figure 6.
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Figure 6 - Phylogenetic analysis of B.fragilis

As shown in Figure 6, B. fragilis strains numbered Bfr 8, 11, 4, 12, 5, 2 and 3 form two separate clusters. The B.fragilis Bfr6 strain is closely related to the YCH46 strain, which was isolated from a patient with sepsis in Japan in 2004 and is not toxin-containing [47]. Strain Bfr 10 has close genetic distances with strains B.fragilis OF05-11AC (NZ_QSWE00000000.1) and strain B.fragilis GUT04 (NZ_CP043610.1), which were isolated from the human intestine in China and South Korea, respectively. Bacterial strains Bfr 7 and Bfr 9 formed a separate cluster. Interestingly, B.fragilis Bfr1 is located far from all the strains under study.
It is well known that phylogenetic analysis does not allow clustering of toxigenic ETBF strains of B.fragilis from nontoxigenic strains into a specific group. Also, in our work, it can be seen that (Figure 6) ETBF strain BOB25 is located between the investigated strains Bfr1-Bfr12 without isolation in any specific group.
It should be noted that the analysis of the multiple alignment of B.fragilis carried out in this work showed the absence of bft-2 and mpII sequences (genes encoding an islet of pathogenicity) flanked by bfmA, bfmB, bfmC in all genomes of the strains studied by us. Thus, all B.fragilis strains studied by us belong to NTBF strains.
Fircative C. et al. In 2012 reported on the possibility of using MALDI-TOF-mass spectrometry of the proteome to construct MSP-dendrograms to reveal the phylogenetic relationships of strains [48].
Thus, based on the comparison of protein profiles between B.fragilis isolates, an MPS dendrogram was constructed (Figure 7). The protein profile includes mainly ribosomal proteins, as the most highly expressed.
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Figure 7 - MPS dendogram of B.fragilis isolates

Figure 7 shows that strains Bfr1 and Bfr 2 are located in a distant cluster relative to other studied isolates. Thus, the obtained MSP-dendrogram reflects the real relationship between the isolated strains.
All the data obtained on the studied strains - antibiotic sensitivity, genome-wide data, resistance genes - are presented in a database







CONCLUSION
In the course of this work, from January 2018 to October 2020, 83 clinical samples were collected from volunteer patients with various intra-abdominal infections who were treated in hospitals in the city of Nur-Sultan, from which 12 strains of B.fragilis were subsequently isolated, which subsequently formed a working collection of bacteroids. The species identification of all bacteria of the B.fragilis group was determined by the method of determining the direct nucleotide sequence of the 16SrRNA gene fragment and by the MALDI-TOF MS method.
The antibiotic susceptibility of B. fragilis to four antibiotics widely used for the treatment of intra-abdominal infections was studied: meropenem, metronidazole, clindamycin, and ciprofloxacin. It was shown that 100% of B.fragilis strains studied in this work are sensitive to meropenem and clindamycin, 91.7% - to metronidazole. It should be noted that 58% of the studied strains showed phenotypic resistance to ciprofloxacin (MIC> 32) μg / ml.
In addition, using the MALDI-TOF MS: ClinProTools 3.0.22 application, the bacteria of the B.fragilis group were differentiated into cfiA - positive and cfiA - negative strains in a short period of time and with a high probability. It was found that B. fragilis 1 is cfiA positive, and the rest of the studied cfiA strains are negative. The use of the MS-peak study method allows to reduce the time for predicting the sensitivity to carbapenems (one of the main drugs for the treatment of anaerobic infections) to select a more effective antibiotic therapy regimen.
Whole genome sequencing of B.fragilis genomes was performed using two platforms: Ion Torrent and MiSeq. This made it possible to more reliably not only characterize genomes, but also more fully study the distribution of antibiotic resistance genes. It was shown that 100% of B.fragilis strains carry the adeF gene, which is associated with resistance to fluoroquinolones and tetracyclines, 90% - the cepA gene, which is associated with resistance to cephaloporins, 58% - the tetQ gene, which is also associated with resistance to tetracycline. It should be noted that 6 strains simultaneously had all three of the above genes (adeF, cepA, and tetQ), and the genome of B.fragilis 6 also contained the mef gene, which is associated with resistance to macrolides. It was shown that the cfiA, nim, and gyrA genes are found in the studied group at the level of 8.3%.
Also, it should be noted that only one strain (B.fragilis 1) has a correlated relationship between phenotypic resistance and the presence of a resistance gene in relation to two antibiotics at once: metronidazole (nim gene) and ciprofloxacin (gyrA gene). Interestingly, the cfiA gene found in this strain is in a “silent form”, since no phenotypic resistance to meropenem was noted. In addition, the genome of B.fragilis 1 also contained the Dfr genes, which confer resistance to trimethoprim, and the gyrB gene, as well as the aforementioned gyrA gene, which confers resistance to fluoroquinolones in B. fragilis.
Thus, most of the studied strains lack genes for resistance to antibiotics that are widely used in the treatment of anaerobic infections. Therefore, they continue to be sensitive to them. Therefore, at the local level, antimicrobial drugs such as metronidazole, clindamycin, and meropenem remain effective drugs of choice in the treatment of anaerobic infections caused by B.fragilis species.
During the reporting period, 6 publications were published (Appendix C, D).
The tasks set for the project were fully completed according to the schedule.
Development of recommendations and initial data on the specific use of research results.
This project is of great importance, both regionally and globally, as it allows to obtain an objective picture of the drug sensitivity of B.fragilis to antibiotics widely used in clinical practice for anaerobic infections. Upon completion of the project, the research results will be actively used by doctors in clinics. Based on the results obtained, not empirical, but more effective treatment regimens for intra-abdominal infections will be applied.
The results of assessing the technical and economic efficiency of implementation
The results obtained will make it possible to conduct faster and less expensive monitoring of antibiotic resistance and the distribution of resistance genes among B.fragilis strains in order to provide more effective antibiotic therapy for intra-abdominal infections.
The results of evaluating the scientific and technical level of the completed research work in comparison with the best achievements in this area.
In this project, modern, accurate, rapid research methods and technologies were used, including MALDI-TOF identification and differentiation, determination of antibiotic susceptibility according to the world EUCAST standards, whole genome sequencing using two modern platforms (Ion Torrent and MiSeq).
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APPENDIX A
Calendar plan for 2018-2020
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	№ 
	The name of tasks, activities for the implementation of the tasks of the project
	Start and finish of the work (dd/mm/yy)
	Expected results of project implementation
(in terms of tasks and activities)

	1.
	Formation of a collection of the B.fragilis group bacteria isolates 
	03.01.18-
	01.11.2018
	A collection of bacterial isolates of the B.fragilis group will be formed 


	1.1.
	Collection of stool specimens in patients with intra-abdominal anaerobic infections and taking broad-spectrum antibiotics
	03.01.18-
	01.09.2018
	Fecal samples will be collected in patients with intra-abdominal infections of the abdominal cavity

	1.2
	Cultivation of bacteria from stool samples on growth medium
	03.09.18
	01.11.2018
	Bacteria from fecal samples will be cultured on a growth medium 

	1.3
	Cultivation of B.fragilis group bacteria on a selective medium
	01.01.2018
	01.11.2018
	Bacteria of the B.fragilis group will be cultured on a selective medium

	1.
	Formation of a collection of the B.fragilis group bacteria isolates 
	03.01.19-
	01.07.2019
	Formation of a collection of the B.fragilis group bacteria isolates 

	1.2
	Cultivation of bacteria from stool samples on growth medium
	03.01.19
	01.02.2019
	Cultivation of bacteria from stool samples on growth medium/. Bacteria from fecal samples will be cultured on a growth medium 


	1.3
	Cultivation of B.fragilis group bacteria on a selective medium
	01.01.2019
	01.05.19
	Bacteria of the B.fragilis group will be cultured on a selective medium

	1.4
	Identification of bacteria of the B.fragilis group by the MALDI-TOF MS method
	01.05.19
	01.07.19
	isolates of the B.fragilis group will be identified

	2
	Differentiation of B. fragilis bacteria with the ClinProTools program for the presence of carbapenem-resistant cfiA gene
	
	01.04.19-02.09.19
	Bacteria of the B.fragilis group with a carbapenem-resistant gene will be identified

	3.
	Determination of the B.fragilis group bacteria sensitivity to broad-spectrum antibiotics used in treatment in Kazakhstan
	01.07.19
	01.09.19-

	The sensitivity of the B. fragilis group to broad spectrum antibiotics will be determined 


	3.1
	Determination of the B.fragilis group bacteria sensitivity to broad-spectrum antibiotics used in treatment in Kazakhstan
	01.01.20
	01.07.20

	The sensitivity of the B. fragilis group to broad spectrum antibiotics will be determined 


	4. 
	Full-genome sequencing of B.fragilis group bacteria strains of on the MiSeq platform (Illumina)
	01.07.20

	01.09.20

	Full genome sequencing of the B.fragilis group bacteria strains will be done

	5. 
	Statistical and bioinformatic analysis of the obtained results, formation of the database
	01.09.20

	01.11.20 -

	The results of the work will be analyzed, a database will be created

	6
	Submission of 2 publications to peer-reviewed foreign and domestic publications with a non-zero impact factor. Publication in Eurasian Journal of Applied Biotechnology
	01.01.20
	01.11.20
	
2 publications will be published in peer-reviewed foreign and domestic publications with a non-zero impact factor. Publication in Eurasian Journal of Applied Biotechnology













APPENDIX B
Reports on the identification of antibiotic resistance genes using the database: CARD (https://card.mcmaster.ca/analyze/rgi)
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cfiA-	4.7000000000000063E-2	6.4000000000000112E-2	0.12000000000000002	0.25	1	5	3	2	1	cfiA+	4.7000000000000063E-2	6.4000000000000112E-2	0.12000000000000002	0.25	1	0	0	0	0	1	Meropenem MIC (micrograms/ml)

Quantity of strains




nim-	0,015	0,03	0,12	0,25	0,5	2	>	256	3	1	1	2	3	1	nim+	0,015	0,03	0,12	0,25	0,5	2	>	256	0	0	0	1	Metronidazole MIC (micrograms/ml)

Quantity of strains



erm-	6.0000000000000032E-2	0.12000000000000002	0.5	2	1	2	3	6	erm+	6.0000000000000032E-2	0.12000000000000002	0.5	2	0	0	0	0	Clyndamycin MIC (micrograms/ml)

Quantity of strains



gyrA-	0,1	1	2	4	>	32	1	1	2	1	6	gyrA+	0,1	1	2	4	>	32	0	0	0	0	1	Ciprofloxacin MIC (micrograms/ml)

Quantity of strains



cepA	1	2	3	4	5	6	7	8	9	10	11	12	0	0.5	0.5	0.5	0.5	0.5	0.5	0.5	0.5	0.5	0.5	0.5	tetQ	1	2	3	4	5	6	7	8	9	10	11	12	0.5	0	0	0.5	0.5	0.5	0.5	0.5	0.5	adeF	1	2	3	4	5	6	7	8	9	10	11	12	0.5	0.5	0.5	0.5	0.5	0.5	0.5	0.5	0.5	0.5	0.5	0.5	B.fragilis strains 

Distribution of genes
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[Mpunoxenus 1.2
K JorosopyNez %t _7#. 93  2018r.
HA IPAHTOBOE (PHHAHCUPOBAHHE

TEXHUYECKAS CIEIUOUKALIAS U
KAJEHJAPHBIH TUIAH PABOT

Io norosopy Ne/73 ot __ 1% zzp/@éma, 2018 roga
1. PI'II ma IIXB «Hanuonanasueiii uentp 6morexnosorum» KH MOH PK

1.1 Ilo npuopurety: Hayka o xu3HU U 310pOBbE

1.2 Ilo moaupuopurery: OyHIaMeHTAIBHEIE U TpUKJAUHBIE UCCIEN0BAHNAS B obnactu
Ouonorun

1.3 ITo teme mpoexra: Ne AP05130984 «M3ydyenue m oueHKa 4YyBCTBHUTENLHOCTH K
aHTHOGHOTHKAM MHMpoKoro cnektpa Gakrepudt rpymnbl Bacteroides fragilis y naugeHToB
MHTPAabIOMUHAIBHBIMA aHADPOOHBIMU HHDEKIIAAMI

1.4 O6mas cymma npoekta 33 753 650 (Tpuauarh TpH MUTHOHA CEMBCOT ISTHACCAT TPH
THICSYHM [NECTHCOT MATHAECAT) TEHTE, B TOM YHCIE C pazﬁ;mxoﬁ 110 T'OjaM, JUISl BEITOJIHEHUS
paboT cornacHo MyHKTy 3:

-xa 2018 rop - B cymme 12 000 000 (mBenanuaTh MHIUIHOHOB) TEHTE;

-aa 2019 rox - B cymme 11 064 661 (o,zmm»:a,;marb; MHJUIHOHOB LIECTBJECAT HETHIpE
THICHYH [HECTHCOT MIECTHAECAT OJUH) TCHTE,

-#a 2020 roa - B cymme 10 688 989 (necarh MHUUTMOHOB WIECTHCOT BOCEMBJICCAT BOCEMb
THICAY JIEBATHCOT BOCEMBIECST JEBATH) TEHIE.

2. Xapaxmepucmuka HAYUHO-MEXHUMECKOT HPOOYKUUL NO KEANUDUKARHOHHBIM
RPUSHAKAM U IKOHOMUMECKUE NOKA3amenu

2.1 Hampasneune paGorhl: Broxumudeckne, (GH3HONOTMYECKHE H  MOJIEKYIAPHO-
FeHETHYECKHE MEXAHU3MBI KU3HEASSTeFHOCTH MUKPOOPTAHH3MOB

2.2 ObnacTh NPHMCHEHHS: 3/{PaBOOXPAHEHHE

2.3 Koneunslif pesyasrar:

- 3a 2018 rox: Gynmer nposeieHa ONTHMH3ALMS IPOTOKONOB XpaHeHus GHomarepHaia.
Byayr coGpambl o0pasubl Kaja y MNAIHEHTOB C HHTPRabIOMM@ILHBIMA  aHadPOCHBIMHU

- uaexnusaMi OproLHOM NOJIOCTH.

- 3a 2019 rox: Gyner chopMEpoOBana KOJIEKIHS H30ATOB GaKT epuit rpynnsl B.fragilis.
Byayr ONTHMH3HPOBAHBI IPOTOKOJEI ONPEJENEHHs HyBCTBHTC/ILHOCTH OakTepuit rpynmsl
B.fragilis x anTHOROTHKAM HIMPOKOTO CIIEKTPA.

- 3a 2020 rox: Gyzer ompejesieHa MyBCTBHTEIBHOCTH Gakrepwii rpynns! B, Sragilis x
aHTHOMOTHKAM IMPOKOrO CHEKTpa, cos3jaHa 0asa JaHHBIX, TPOBEICHO IOJIHOrCHOMHOE
CEKBEHHPOBAHHE OMHOTO MmTaMMa OakTepuit, mojaya crareil Ha nyOauKanuio.

2.4 TaTeHToCHOCOBHOCTE: Pe3YIhTATH HCCIEOBAHMMN He NATCHTOCTIOCOGHBI

2.5 Hayuno-TexHudeckuit ypoBeHb (HoBH3HA): byser u3ydena JokaibHas KapTHHA
JIEKapCTBEHHON YYBCTBHTEIBHOCTH B.fragilis K HasHaYaeMbIM anTabuoTukam B Kaszaxcrame,
nposejieHa oueHka >QQeKTHBHOCTH TeKyl(ell Tepaluy U ONpPe/IeNeHo BHAOBOE PaNpeaecHue
OaxTepuii JaHHON IPYIIIBI

2.6 Mcnosb30Banne HaygHO-TEXHHUECKOH MPOAYKIMH OCYIIECTBIsIETCs: 3aKa3qiKkoM
Hcnonaurenem.

2.7 Bua HCHONL30BaHMS pe3yibTara HayyHOH M (WIHM) HayYHO-TEXHMYECKOH
JeATeNBHOCTH: IYOIHKAINK, OTYEThI.
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3. Haumenosanue pabom, cpoxu ux pearusauuu u peyasmamst

Uludp Haumenosanue pabor no Cpok BBINOJIHEHHS | Oxunnaemstii pesyastar
3ananud, | Jlorosopy u ocHOBHBIE dTanbl | wavano OKOH4aHHe
JTana €10 BBITONIHEHHS

i Dopmuposanue KowIRKIHUH aupapb 2018 | 1o | noaGps | Byaer npoenena ormumusanus
u30/14TOB GakTepHit rpynmbl 2018 NPOTOKOJIOB XPAHEHUS
B.fragilis 6uomarepuana, nocesa u

uneHTnukanuu 6akrepuit. Byer
COPMHPOBAHA KOMIEKLIMKH
H3008TOR GakTepHii rpynLl
B.fragilis.

1 CBop obpasios kana y Ausaps Cenrabpn | Byayr coGparsl 06pasisl kana y
NAUHEHTOB ¢ 2018 2018 NAUHEHTOB ¢
HHTPaab OMUHAILHBIMHA HHTPAab{OMMUHANLHBIMY
aHadpOOHBIMK UHDEKUUAMK U aHaspOOHBIMM MHpEKUMAMY U
NPHHUMAIOWIMX AHTHOHOTUKH NPHHUMAKO KX aHTHOHOTHKH
WHPOKOrO CHeKTpa UIMpOKOro cnekrpa. Byayr

cobpansl oGpasust kana y
NalMeHTOB ¢
HHTpaabnoOMUaIbHBIMKU
HHpekumavu GprowHoN nonocTy.

1.2 Kyasrusuposanue Gakrepuii Cenrabps | o | HOﬂ@pﬂ Byayr kyneruBuposans 6akrepun
13 00pa3uos kana Ha 2018 2018 |13 o0pa3stos kana Ha
nHTaTeNABLHON cpeae NUTATeABLHOM cpene.

Byzayr orpaGoranst nporokons
rioceea Gakrepuii Ha pasHbIX
| DHTATeNBHLIX CPesax.
1 DopMupoBanne KOMIEKIMH aneapb 2019 | mons 2019 | Byaer nposenena ontimmsaiia
u3onsros Gaxrepuit rpynmns NPOTOKONOB XPaHeH!s
B fragilis Guomarepuana, nocesa u
uaeHTHduraunu Gaxrepuit. Byner
chopmupoBana konnexiuu
H3019T0B GakTepuil rpynms
| Bfragilis.

1.2 Kynsrusuposanue Gaktepuii Supapb ®espans | Byayr KYILTHUBUPOBaHbl GakTepuu
13 o0pasios kana Ha 2019 2019 13 00paslos Kala Ha
nuTaTenbHoOM cpene nurarensHol cpepe.

Bakrepun u3 oSpasuos kana Gyuyr
KYJILTHBHPOBHBI Ha ITHTATENBHOHH
cpene.

1.3 Kynsrusuposanue Gakrepuii Cenrabpe | Jlo 1 noaGps | Byayr KY/JIbTHBHPOBAHLI GakTepuu
rpynusl B fragilis na 2018 2018 rpynnst B fragilis va cenexrusroi
CENEeKTHBHOM cperie cpene. byaer npoeenena

ONTHMH3ALMA TIPOTOKOJIOB NOCeRa
Gakrepuit rpynist B, fragilis na
| cenekTuBHOM cpeae

1.3 Kynbrusuposanue Gaxrepuii | Slusaps Maii 2019 | Byayr KYJIbTHBHpOBaHb Gakrepuu
rpynnsl B fragilis va 2019 rpynnst B.fragilis na cenextuBHoi
CeNeKTUBHOM cpene cpene. bakrepun rpynne:

B fragilis, 6ynyT KynbTuBUpOBaHbI
HA CEeNIEKTHBHOMH cpejie

1.4 WUnentndukauus Gakrepuii Maii 2019 |mons2019 | Byayr HACHTH)HIHUPOBAHBI
rpynnst B, fragilis meToaom - | Bakrepuu rpynnsi B fragilis
MALDI-TOF MS merogom MALDI-TOF MS.

Byayr unenrtudgmupposansi
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u30aTH Gakrepuii rpynns
B.fragilis.

2 Huddepennpmanms Hione 2019 | Centsbps | Byner nposesena

Gaxrepuil rpynust B fragilis 2019 muddepenipanusa 6axTepuii

C UCIHONB30BAHUEM rpynusl B fragilis ¢

KOMIIBIOTEPHBIX IPOrpaMM HCITOJIb30BAHHEM
KOMIIBIOTEPHBIX IIPOTPAMM.
BymyT uaenTuduuapoBaHs!
Oakrepun rpynnst B fragilis ¢
KapOaneHeMpe3uCTeHTHBIM
T'EHOM

3 Onpenenenue Centabpe |10 1 byner onpenenena

YYBCTBUTENBHOCTH 2019 Hosbps | uyBCTBHTENLHOCTH DaKTepuii

Gaxrepuit rpynnst B.fragilis 2019 rpynnsl B, fragilis na

Ha aHTHOMOTHKH [IMPOKOIo aHTUOHOTHKY LIMPOKOI'O

CHEKTpa, NpHMEHSEMbIE B CHEKTpa, IIPHMEHSCMBIC B

JIEUEHHH Ha TePPHTOPHH JICYEHHUHN HA TEPPHTOPUH

Kasaxcrana Kazaxcrana. Onrumusauus
POTOKOJIOB OMPEIeNeH s
qYBCTBHTEILHOCTH Dakrepuil
rpyunsel B, fragilis na
aHTHOHOTHKH HIMPOKOTO
CIEKTpA.

3.1 Onpenenenve SuBaps Hions 2020 | Byner onpenenena
JyBCTBHTENBHOCTH 2020 | 4yBCTBHTENLHOCTH Oakrepuit
Gaxrepuit rpynust B, fragilis rpymust B, fragilis ua
Ha aHTHOHOTHKH IIHPOKOTO aHTHOHOTHKY IHPOKOro
CIIEKTpa, NPHMEHSCMEIE B CHEKTpPa, IPHMEHAEMbIE B
JeYCHHUH Ha TEePPUTOPHH JICYCHHH HA TEPPATOPHE
Kasaxcrana Kasaxcrana. Byner onpenenena

YYBCTBUTENLHOCTD Oakrepuit
rpynel B, fragilis va
aHTHOMOTHKY LIHPOKOro
 |cnexrpa
-4 [Monunoresomuoe Wionb 2020 | Centabps | Byzner nposeneno
CEKBEHHPOBAHME INTAMMA 2020 [OJHOTEHOMHOE
Gaxrepuit rpymust B, fragilis CEKBEHUPOBAHHUE LIITaMMa
na nnargopme MiSeq Oaxrepuit rpyrms! B fragilis na
(INlumina) naardopme MiSeq (Illumina)
5 Craracriuuecknii u Cenrsabps |20 1 byner nposenex
OuonH(OpMaTHIECKIi 2020 HOs0ps CTAaTHCTUYECKUH U
AQHAIN3 NOJNYYCHHBIX 2020 OnonHpopMaTHyecKuii anam3
PE3YNbTATOB, CO3/1aHHE TIOJIYHEHHBIX PE3YJIbTATOB,
6a3el JaHHBIX Oyner cospana 6a3sl JaAHHBIX.
ByayT npoanausuposaHbl
pelyAbTaTLI IPOEIaHHON
paboTsl, cosnana 6a3a JaHHbIX
6 Topaua 2 nyGiukauuii B SHBAPb no 1 byayr onybnukosaust 3
PeLEH3HpYEMbIE 2020 HOA0pst CT&ThH B PEUEeH3NPYEMBIX
sapyOeKHbIe U 2020 3apyOelKHbIX HAYYHBIX

OTEUCCTBCHHBIC H3JaHUS C
HEBYJICBBIM HMIIAKT

U3/IaHUAX, HHICKCHPYEMBIX B
bazax nanneix Web of Science
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