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ABSTRACT

Outbreaks of nosocomial infections strike the public health system around the world. Current surveillance systems for in-
fectious agents either take too long to identify pathogens or lack the necessary sensitivity to distinguish the virulent strains
from the benign ones in the resident microflora. To address this problem, we propose a method for improving the sensitivity
and specificity of detection of virulent clonal lines of bacteria or individual virulence plasmids in metagenomic samples. In
this study, we used previously developed computational tools, Barcode Generator and Barcoding 2.0, to analyse gut microflora
of laboratory mice infected with a pathogenic multidrug-resistant S. aureus and treated with cefazolin, an iodine-containing
complex CC-195, and by a combinatorial treatment. We searched the metagenomic samples for representatives of pathogenic
microflora using diagnostic genetic barcodes, which were designed based on the whole genome sequences of a collection of
clinical isolates. Our results demonstrated a practical applicability of these diagnostic barcodes to monitor clonal lines of patho-
gens and even individual virulence plasmids in the environment. We also found that the novel drug CC-195 promotes a speedy

restoration of the normal gut microflora disturbed by infection and administration of the antibiotic cefazolin.

Keywords: hospital infection; NGS sequencing; metagenome; diagnostics; DNA barcode; gut microflora.

INTRODUCTION

Outbreaks of hospital infections are a well-recognized
problem of the public health system around the world. Mon-
itoring these infections is challenging because it can be diffi-
cult to distinguish between pathogenic and benign variants of
opportunistic bacterial species that may coexist in one sam-
ple. The pathogenicity of bacterial strains is rendered by var-
ious virulence and antibiotic resistance determinants present
in their genomes, which may not always be detectable by the
phenotype. Monitoring pathogens in gut microflora is espe-
cially challenging because often they compose only a small
fraction of the bacterial community. Traditional culture-based
methods are labour-intensive, time-consuming and not precise
enough to detect individual pathogens within highly diverse
bacterial communities. Furthermore, it’s difficult to identify
virulent variants of the normal resident microflora, which
evolved due to an acquisition of virulence plasmids and other
mobile genetic elements. It is known that the presence of at
least one horizontally acquired virulence gene may suffice to
confer pathogenicity to a benign microorganism [1]. Detec-
tion of clonal lineages of pathogens by their genotype requires
either isolation of the strains and sequencing whole genomes
or using specific primers for a diagnostic PCR amplification
of marker genomic loci for further sequencing. Both variants
are time and labour consuming as much as the traditional cul-
ture-based approaches.

Microbial species in metagenomes can be identified by se-
quencing species-specific marker genes, such as 16S rRNA
for bacteria or ITS for fungal species [2]. The sequenced
marker genes are then searched through public databases of
reference sequences, such as the GreenGene [3] or RDP [2].
However, these phylogenetic markers are too conserved for
distinguishing even between related bacterial species.

With the advancement of the Next-Generation Sequencing
(NGS) technologies, the shotgun Whole Genome Sequencing
(WGS), which generates multiple short random reads from to-
tal metagenomic DNA, has become a more popular approach
than using the phylogenetic marker genes for metabarcod-
ing. A large collection of short DNA reads generated by the
NGS can be binned into individual species by a k-mer based
mapping of either DNA fragments or translated amino-acid
short reads against reference sequences in the public data-
bases. These algorithms were implemented in Kraken [4] and
Kaiju [5] software tools, respectively. However, one limita-
tion of these approaches is that only those species having sim-
ilar reference sequences deposited in the respective databases
can be identified. While this may not be a problem for identi-
fication of pathogenic bacteria, which are well represented in
the databases, the low sensitivity of the k-mer based methods
of binning to the species level leaves many reads unclassified
and many closely related species unidentified. The identifi-
cation based on amino acid k-mers is potentially more sen-
sitive. However, translating short DNA reads to proteins re-
veals only very short substrings of protein sequences, which
may be found in different proteins and different species. This
drawback limits the sensitivity of species binning approaches
that use read translation to proteins.

One promising approach of surveillance of individual
strains of interest in metagenomes consists in creation of diag-
nostic genetic barcodes based on the whole genome sequences
[6]. This approach offers improved sensitivity and specificity
enabling detection of barcoded species or individual strains
even when they are in a minority in the metagenomic sample.
However, this improvement in the sensitivity/specificity is at
the cost of inability to identify all the taxa present in a sam-
ple but only to monitor the barcoded bacterial lineages. This
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approach is well-suited to the problem of monitoring patho-
gens or individual virulence plasmids, large integrons and vir-
ulence-associated genomic islands even in rich environments
such as the gut microbiome. Monitoring pathogens and their
individual genetic determinants of virulence and antibiotic re-
sistance enables the creation of real-time systems for surveil-
lance of evolution and distribution of pathogens causing hos-
pital infections outbreaks in different countries, regions, and
hospitals. This will be of an immense importance for timely
prediction of upcoming outbreaks to prevent nosocomial in-
fections in hospitals [7].

An automated design of diagnostic barcodes of bacterial
pathogens can be performed using the program Barcode Gen-
erator [8]. Provided with a set of whole genome sequences of
strains of interest, the program identifies homologous and ac-
cessory parts of the genomes to design genome-specific bar-
code sequences. These barcode sequences can be used as ref-
erence sequences for binning NGS reads. A genetic barcode is
a combination of sequences that represent genomic loci with
an optimal level of conservation and specific adaptive mod-
ifications. This allows for unambiguous detection of respec-
tive DNA fragments in metagenomic datasets and distinguish-
ing between closely related microorganisms. To improve the
specificity of binning, unique sequences found in the refer-
ence genomes are also included in the genetic barcodes. The
program recommends by default a preferred length of a bar-
code sequence and composes it with 67 % variable homolo-
gous loci and 33 % genome-specific sequences identified in
the provided reference genomes. An associated program Bar-
coding performs binning of metagenomic reads against the
generated barcode sequences to identify presence and relative
abundance of the searched microorganisms in metagenomic
samples [8]. While the capacity of tracking individual plas-
mids has been declared, this method has not yet been prop-
erly validated experimentally.

MATERIALS AND METHODS

Drugs. The iodine-containing complex CC-195 is a com-
pound of crystalline iodine with hydrofluoric acid and glycine,
developed at the Scientific Center for Anti-Infective Drugs in
Kazakhstan (SCAID). This complex has a broad spectrum of
antimicrobial activity, similar to another complex synthesized
at SCAID (patent #6039).

Cefazolin is a powder used for the preparation of an in-
jection solution (Santo, Kazakhstan). It belongs to the first
generation of cephalosporin antibiotics and has a broad spec-
trum of antimicrobial activity against both gram-positive and
gram-negative microorganisms.

Sample collection. White laboratory mice of both gen-
ders were used in this study. The animals were divided into
5 experimental groups (n=3 in each group). The groups were
marked as follows: A) Intact mice as a negative control; B) In-
fected untreated mice as a positive control; C) Infected mice
treated daily per os with 100.0 mg/kg of a iodine-contain-
ing complex CC-195; D) Infected mice treated daily intra-
muscularly with 25.0 mg/kg of cefazolin; E) Infected mice
treated with CC-195 in combination with Cefazolin as de-
scribed above. The laboratory mice were infected with a clin-
ical isolate Staphylococcus aureus SCAID OTT1-2022, char-
acterized with a broad spectrum of resistance to antibiotics
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(ampicillin; amoxicillin; gentamicin; ceftriaxone; erythromy-
cin; oxacillin, cefepime, cefazolin, levofloxacin, clindamy-
cin, clarithromycin, polymyxin B, colistin, cefixime, aztreo-
nam). Progression of the infection was controlled by plating
mouse lung samples on CHROMagar Orientation medium
(bioMérieux, France) for overnight cultivation at 37°C and
by PCR amplification using the following protocol: 10x buf-
fer (Invitrogen, USA) containing 2 mM mix of dNTPs (Invit-
rogen, USA), 20.0 pM of forward and reverse primers, MgCl,
(Invitrogen, USA) and 5 U/uL Taq DNA polymerase (Invit-
rogen, USA) were mixed with 2.0 pl of DNA isolated from
200 pl aliquot of the grinded lung tissue. The following prim-
ers, STPYF — 5°ACGGTCTTGCTGTCACTTATA3 and ST-
PYR2 — 5*TACACATATGTTCTTCCCTAATAA3", targeting
the strain-specific region of S. aureus SCAID OTT1-2022 were
designed and tested in the previous work (unpublished results).
The target locus was amplified in 35 cycles of melting at 94
°C for 30 sec, annealing at 62 °C for 30 sec and elongation at
72 °C for 45 sec after a pre-heating step at 94 °C for 5 min.
When the infection was confirmed in 3 days after injection,
the treatment protocols were started. The therapeutic treat-
ment of the infected animals lasted for five days. Then the
mice of all the groups were sacrificed for further laboratory
studies of the intestinal microbiota.

The intestines of the mice were placed into cuvettes con-
taining 10.0 ml of saline buffer with 0.1% Tween 80. The in-
testines were then triple washed using a syringe. The resulting
suspensions were centrifuged at 500 g for 10 minutes at 4°C
to remove the faecal matter and the epithelial cells. The su-
pernatant was then centrifuged again at 16,000 g for 10 min-
utes at 4°C to obtain the bacterial cells in the pellets. The pel-
lets were subsequently resuspended in 1.0 ml of saline buffer.

DNA extraction was performed using the PureLink Ge-
nomic DNA Mini Kit (Invitrogen, USA) as recommended by
the manufacturer. Quality control of the DNA samples was
performed using the spectrophotometer NanoDrop 2000c
(Thermo Scientific, USA) by comparison of the light abor-
tion at 260 and 280 nm.

DNA sequencing and bioinformatics analysis. Six metag-
enomic samples were prepared for further sequencing from
each experimental condition. Total metagenomic DNA sam-
ples were sequenced by the Ion Torrent PGM (Life Tech-
nologies, USA). The DNA library was created using the lon
Xpress Plus Fragment Library preparation KIT (Life Technol-
ogies, USA) after sample barcoding with the Xpress Barcode
Adapters (Life Technologies, USA). Sequencing was per-
formed using the chip 318 of the Ion PGM Hi-Q View KIT
in accordance with the manufacturer’s instructions. Quality
control and trimming of the obtained DNA reads were per-
formed using utilities of UGENE v.44.0 [9] with the program
run setting by default.

Creation of reference genomic barcodes

Whole genome sequences of the pathogenic multidrug re-
sistant isolates obtained previously from the Department of
Vascular Surgery of Syzganov’s National Scientific Center
of Surgery (Almaty, Kazakhstan) [10-12] were used in this
study as references (Table 1). Barcodes were generated using
the program Barcode Generator [8] with the default parame-
ter setting. Presence of the reference microorganisms in the
metagenomic samples was identified by mapping the gener-
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ated DNA reads against the barcode sequences using the Bar-  erator.
coding 2.0 tool, which is a part of the program Barcode Gen-

Table 1 — Reference multidrug resistant clinical isolates used for creation of diagnostic barcodes and the accession numbers
of the respective replicons at GenBank

Replicons used to create the sets of barcodes
Seta of barcodes . . Accessions at
Bacterial species GenBank
CP082807,
Burkholderia contaminans SCAID TST1-2021 (11/270) CP082808,
CP082809
Escherichia coli SCAID WND1-2021 (1/128) CP082831
#1 (chromosomes) Klebsiella pneumoniae SCAID PHRX1-2021 (13/97) CP082805
Pseudomonas aeruginosa SCAID TST-2021 (7/157) CP082823
Staphylococcus aureus SCAID OTT1-2022 (150) CP102945
Stenotrophomonas maltophilia SCAID WND1-2022 (370) CP102943
Staphylococcus epidermidis SCAID OTT1-2021 (597) CP082816
Streptococcus pneumoniae SCAID PHRX1-2021 CP082820
CP082807,
Burkholderia contaminans SCAID TST1-2021 (11/270) CP082808,
CP082809
Escherichia coli SCAID WND1-2021 (1/128) CP082831
Escherichia coli SCAID WND1-2022 (119) CP102947
Escherichia coli SCAID URN1-2021 (19/278) CP082824
Escherichia coli SCAID WND2-2021 (3/145) CP082827
Klebsiella pneumoniae SCAID PHRX1-2021 (13/97) CP082805
Klebsiella pneumoniae SCAID TST1-2021 (15/226) CP082799
Klebsiella pneumoniae SCAID PHRX2-2021 (20/245) CP082796
Klebsiella pneumoniae SCAID PND1-2022 (426) CP102940
#2 (chromosomes) :
Pseudomonas aeruginosa SCAID TST-2021 (7/157) CP082823
Pseudomonas aeruginosa SCAID WND1-2022 (148) CP102946
Pseudomonas aeruginosa SCAID PLC1-2021 (16/222) CP082821
Pseudomonas aeruginosa SCAID TCT1-2022 (325) CP102944
Pseudomonas aeruginosa SCAID WND1-2021 (9/195) CP082822
Staphylococcus aureus SCAID OTT1-2022 (150) CP102945
Staphylococcus aureus SCAID OTT1-2021 (597/2) CP082813
Staphylococcus aureus SCAID WND1-2021 (598) CP082815
Stenotrophomonas maltophilia SCAID WND1-2022 (370) CP102943
Staphylococcus epidermidis SCAID OTT1-2021 (597) CP082816
Streptococcus pneumoniae SCAID PHRX1-2021 CP082820
Burkholderia contaminans SCAID TST1-2021 (11/270) plasmid 1 CP082810
Burkholderia contaminans SCAID TST1-2021 (11/270) plasmid 3 CP082812
Escherichia coli SCAID URN1-2021 (19/278) plasmid 1 CP082825
Escherichia coli SCAID URN1-2021 (19/278) plasmid 2 CP082826
Escherichia coli SCAID WND1-2021 (1/128) plasmid CP082832
#3 (plasmids) Escherichia coli SCAID WND2-2021 (3/145) plasmid 1 CP082828
Escherichia coli SCAID WND2-2021 (3/145) plasmid 2 CP082829
Klebsiella pneumoniae SCAID PHRX1-2021 (13/97) plasmid 1 CP082806
Klebsiella pneumoniae SCAID TST1-2021 (15/226) plasmid 1 CP082800
Klebsiella pneumoniae SCAID PHRX2-2021 (20/245) plasmid 1 CP082797
Klebsiella pneumoniae SCAID PHRX2-2021 (20/245) plasmid 2 CP082798
Klebsiella pneumoniae SCAID PND1-2022 (426) plasmid CP102941
RESULTS AND DISCUSSION by lon Torrent PGM. The obtained DNA reads were quality

DNA samples were extracted in six repeats from the labo-
ratory mice used in the five experimental sets and sequenced

filtered and trimmed. The general statistics of sequencing the
metagenomic samples before and after the quality control is
shown in Table 2.
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Table 2 — Overview of the results of metagenomic sequencing and quality filtering and trimming

Initial statistics Statistics after quality filtering and trimming
Samples Number of Total length Average length Number of Total length Average length
reads of reads reads of reads
Al 1080238 250940528 232 1024948 244622762 238
A2 496940 115702717 232 471361 112795051 239
A3 875856 204030137 232 832621 199075467 239
A4 189871 41006436 215 189860 40227711 211
A5 117291 25853958 220 117283 25358915 216
A6 196707 42924262 218 196707 42144778 214
Bl 143587 33640462 234 137303 32889036 239
B2 166565 38136459 228 157237 37102935 235
B3 142142 32002060 225 134980 31211331 231
B4 297987 61171492 205 297982 60191327 201
B5 275112 56696952 206 275109 55686525 202
B6 502538 104620849 208 502531 102845336 204
Cl 564646 118624618 210 534008 115409220 216
C2 124769 25742759 206 115941 24872087 214
C3 538710 117521464 218 514900 114800472 222
C4 173512 38130929 219 173510 37472651 215
C5 36438 7664244 210 36434 7505399 205
C6 177499 39479977 222 177495 38812085 218
Dl 174467 38441679 220 165499 37459581 226
D2 211830 45990311 217 200323 44752022 223
D3 49960 9530615 190 46329 9181690 198
D4 328919 68352477 207 328917 67152918 204
D5 309256 67743968 219 309250 66559778 215
D6 25581 4617833 180 25581 4543262 177
El 700454 149088726 212 663506 145073055 218
E2 373262 80708359 216 353306 78560398 222
E3 151142 30837821 204 141259 29835471 211
E4 251507 53525528 212 251505 52584481 209
ES 76491 16947897 221 76490 16636484 217
E6 37523 7373805 196 37522 7235709 192

Three sets of diagnostic barcodes were generated from ge-
nome sequences shown in Table 1, which were obtained in our
previous studies [10-12]. Several genomes were used repeat-
edly in the different sets of barcodes; however, their barcode
sequences were not the same as the program Barcode Gen-
erator creates specific barcodes for every set of the reference
sequences to achieve the best distinguishing power to sepa-
rate these specific organisms. For instance, the set #1 was de-
signed to distinguish between phylogenetically distant patho-
gens, whereas the set #2 aimed at distinguishing between the
most dominant species of the clinical isolates. And the set #3
is a collection of large (> 15,000 bp) virulence plasmids found
in the genomes of the selected pathogenic bacteria.

Presence of the reference microorganisms and plasmids
in the metagenomic samples was identified by mapping the
generated DNA reads against the barcode sequences using the
program Barcoding 2.0. The program uses BLASTN align-
ment of reads against the barcode sequences followed by a
statistical analysis of matches in output files. Visualisation of
the results of mapping the metagenomic DNA reads against
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the sets 1 and 2 of the diagnostic barcodes is shown in Fig-
ure 1.

It was found that several pathogenic microorganisms, par-
ticularly Stenotrophomonas, Burkholderia, and several clonal
lines of P. aeruginosa, were present in the microbiome of the
healthy mice representing the negative control (Figure 1A).
When the mice were infected with S. aureus SCAID OTT1-
2022, there was a significant change in the gut microflora
where enterobacteria E. coli and K. pneumoniae became dom-
inant (Figure 1B). Treatment of the infected animals with ce-
fazolin did not restore their gut microbiota. It remained es-
sentially the same as in the positive control (Figures 1B and
1C). In contrast to that, application of CC-195 alone (Figure
1D) and in combination with the antibiotic cefazolin (Figure
1E) has stimulated a restoration of the gut microflora of the
treated mice to its normal state similar to that in the negative
control (Figure 1A).

It was of a practical interest to verify the possibility to use
this approach to monitor the presence of individual virulence
plasmids in metagenomic samples as an acquisition of such a
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plasmid by benign resident microorganisms can render them

with pathogenicity. The results of application of the plasmid

diagnostic barcodes are shown in Figure 2.

In the negative control, only a few NGS generated DNA
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A —negative control; B — positive control (mice infected with S.%ureus SCAID OTT1-2022); C — infected mice treated with CC-
195; D — infected mice treated with cefazolin; E — infected mice treated with cefazolin and CC-195. Green bars depict the presence of
the respective reference organisms detected by both the core and accessory parts of the barcodes; orange bars show that the reference

strains were detected only by read matches to the core part of the barcodes and short red bars indicate absence of the reference bacteria
in the sample or that their abundance in the sample was below the level of sensitivity of the method. Strains are titled by shortened
names given in Table 1 in parenthesis.

Figure 1 — Identification of the reference organisms in the metagenomic samples using the barcode sets #1 u #2

fragments were binned to the reference virulence plasmids of
Klebsiella (Figure 2A). In contrast to that, infecting the mice
with S. aureus SCAID OTT1-2022 has increased the abun-
dance of bacteria bearing virulence plasmids, which resemble
the reference plasmids of the E. coli 3/145 and E. coli 19/278
(Figure 2B). These two pathogenic strains contain several dif-
ferent plasmids in their genomes (Table 1). Mapping of the
metagenomic reads revealed presence of only short plasmids
of these pathogens, whereas the large virulence plasmids were
missed in the samples.

A promising assumption on a possible positive role of the
iodine-containing complex CC-195 on removal of the patho-
gens bearing virulence plasmids from bacterial communities
can be deduced from the analysis of the metagenomic sam-
ples of the mice treated solely with this drug (Figure 2C). No
virulence plasmids of E. coli 3/145 and E. coli 19/278 were
found in these samples. In contrast to that, these plasmids
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were found in the group of the mice treated with cefazolin
(Figure 2D) basically in the same frequency as in the posi-
tive control (Figure 2B). When the infected mice were treated
with the combination of cefazolin and CC-195, the virulence
plasmids disappeared from the biome except for a few binned
reads resembling the plasmids from Burkholderia (Figure 2E).

A noteworthy observation from this work is that the re-
sults of application of the plasmid-specific diagnostic bar-
codes agreed with the results of application of the barcodes
designed for the bacterial chromosomes. Indeed, the plasmids
of enterobacterial pathogens were abundant in those metage-
nomic samples where the enterobacteria were identified as a
dominant component of the microbiomes. This indicates the
applicability of the programs Barcode Generator and Barcod-
ing 2.0 to monitor the distribution of not only the pathogens,
but individual virulence factors in the environment.
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A —negative control; B — positive control (mice infected with S. aureus SCAID OTT1-2022); C — infected mice treated with CC-195;
D — infected mice treated with cefazolin; E — infected mice treated with cefazolin and CC-195. Green bars depict the presence of the
respective plasmids detected by both the core and accessory parts of the barcodes; orange bars show that the reference plasmids were
detected only by matches to the core part of the barcodes and short red bars indicate absence of the plasmids in the sample or that their
abundance in the sample was below the level of sensitivity of the method. Strains are titled by shortened names given in Table 1 in
parenthesis.

Figure 2 — Identification of the virulence plasmids in the metagenomic samples by using the set 3 of the plasmid barcodes

CONCLUSION

This work demonstrated that the programs Barcode Gener-
ator and Barcoding 2.0 are useful tools for monitoring clonal
lines of pathogens and individual virulence plasmids in envi-
ronmental and body-associated microbiomes with significant
sensitivity and specificity. The method can be used to detect

outbreak-causing pathogens and virulence genetic determi-
nants in hospital infection surveillance systems and to evalu-
ate the efficacy and possible side effects of therapeutic regi-
mens administered against multidrug-resistant pathogens. In
the future work, the performance of this approach can be fur-
ther improved by developing additional functions aimed at
recognition of individual virulence genes and antibiotic resis-
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tance mutations in metagenomic datasets. The practical out-
come of this work consists in demonstration of the ability of
the iodine-containing complex CC-195 to stabilize and restore
the normal gut microflora of the infected mice suffering from
a dysbacteriosis caused by the infection with the pathogen S.
aureus SCAID OTT1-2022 and the antibiotic treatment with
cefazolin. A therapeutic effect of administration of CC-195
was promising and requires further studies.
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IT'EHETUYECKOE BAPKOJUPOBAHUE 1 OBHAPYKEHHME IIJIASMUJ BUPYJIEHTHOCTH B
METATEHOMHBIX OBPA3IIAX MUKPO®JIOPbl KHIIEYHUKA MBIIIE
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ABCTPAKT

Bcembiniky HO30KOMHATBHBIX HH(DEKIIUN MTOpaXarT CHCTEMY 3IpaBOOXpaHCHHS BO BceM Mupe. CyIIeCTBYIONUE CUCTEMBI
SMUIHA/30PA 32 HHPCKIIMOHHBIMH ar¢HTaMu JTHO0O0 TPEOYIOT CITUIIIKOM MHOTO BPEMEHH TSl MICHTH()UKAIIH TIATOTCHOB, JIN00
HE 00J1aJTaf0T HEOOXOIMMOM YyBCTBUTEIILHOCTHIO, YTOOBI OTJIMYUTEH BUPYJICHTHBIC IITAMMBI OT COIMYTCTBYIOIINX B PE3UICHTHOM
Mukpoduope. s penieHus 3Toil mpooIeMbl MBI TIPEIjiaracM METOJI MOBBIIICHUS UyBCTBUTCILHOCTH U CIICITU(PHUYHOCTH 00-
HAPYKCHUS, BUPYJICHTHBIX KIIOHAJBHBIX JIMHHUI OaKTEPUH MM OTACIBHBIX IIA3MU] BUPYJIICHTHOCTH B METar€HOMHBIX 00pas3-
1ax. B 1aHHOM HCCIIeIOBAaHUN MBI UCTIOJIB30BAIH, PaHee pa3paboTaHHbIC BRIUMCIUTEIbHBIC HHCTPYMEeHTHI Barcode Generator
u Barcoding 2.0, st ananmu3a MUKPO(IOPHI KHIIICYHUKA JTA00PATOPHBIX MbIIICH, HHMUIIMPOBAHHBIX TATOTCHHBIM MYJIETHPC-
3UCTEHTHBIM S. aureus N JEUCHHBIX 1eha30JMHOM, HoacoepkammM KoMmruiekcom CC-195 u coBMecTHO. MBI ITPOBEIH TIOMCK
MpEeCTaBUTEIICH AaTOTCHHOW MUKPO(IOPHI B METaArCHOMHBIX 00pa3iiax ¢ MOMOIIBI0 TUATHOCTUICCKIX TCHETHUCCKUX OapKo-
JIOB, pa3pabOTaHHBIX Ha OCHOBE MMOJHOTCHOMHBIX MOCJICIOBATEIBHOCTEH KIIMHUYCCKHUX H30JIATOB. Hatu pesynbrarsl mpoje-
MOHCTPHUPOBAJTH MPAKTUUCCKYO MPUMEHUMOCTD 3THX TUATHOCTHUCCKUX OAPKOJIOB JIJIsl MOHUTOPUHTA KIIOHATBHBIX JIMHUH I1a-
TOTCHOB U OT/ICJIbHBIX TUIA3MUJT BUPYICHTHOCTH. MBI Takke 00HapywiH, 4to coequaenne CC-195 crmocoOCcTByeT OBICTpOMY
BOCCTAHOBJICHHIO HOPMAJIbHON MUKPO(IOPHI KUIIICUHUKA, HAPYIICHHOW HHPCKIMCH U MPHUEMOM aHTHOMOTHKA Te(ha30IHHA.

KiroueBble cioBa: 6onbHNYHAS HHEKNUs; MeTareHoM; quarnoctuka; JJHK 6apkox; mukpodiopa kuiiedHuka.

IF'EHETHUKAJIBIK BAPKOJATAY ’KOHE ThIIIKAHJAPABIH IINEK MUKPO®JIOPACBIHBIH
METATEHOMJBIK YJTI'VIEPIHAEI'T BUPYJIEHTTLIIK IIJIASMUJAJTAPBIH AHBIKTAY
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ABCTPAKT

Ho3zokomuanbapl nHOEKIUIIAPABIH OpInyi OYKIJI oJeMIeT] AeHCAyIIbIK CaKTay JKyheciHe acep eteni. KomgaHbicTarsl
JKYKIAJIbl areHTTEeP Il KaJiaraay sKyhenepi KO3IbIPFbIIITAp/bl aHBIKTAY YIIIH ThIM KOI YaKbITThI KAXKET €Te/li HeMece BUpY-
JICHTTI IITaMMIap/bl PE3UICHTTIK MUKPO(IIOpAChIHAFBI LIecHe MTaMMAApaH aXbIpary YIIiH KQKETTi Ce3iMTalIbIKKa He
Oonmaiizbl. Ockl MacelieH] HIelly YIIiH MeTareHOM/IBIK yIIrijiepaeri OakTepusuiapAblH BUPYJISHTT] KJIOH/IBIK JIMHUSIAPbIH He-
Mece JKeKe BUPYJISHTTUIIK IJIa3MU/IalIapblH aHBIKTAY CEe3IMTaJJIbIFbl MEH €PEKIIEIITiH apTThipy 9JIICIH YChIHAMBI3. 3epTTe-
yae oypbiH a3ipsienreH Barcode Generator men Barcoding 2.0 ecentey KypaigapbiH MaTOreHIl MyJIBTHPE3UCTCHTTI S. aureus
JKYKTBhIpFaH jxoHe Kypambiaaa CC-195 mombl 6ap keieHi MeH 1ieda3onuHMeH 0ipre emMaereH 3epTXaHaiblK ThIIIKaHIapbIH
itmex MUKpoIIopackiH TaAaysl YIiH KOJIIaHAbIK. KIIMHUKAIIBIK H30IISTTap/IbIH TOJBIK TEHOM/IBIK Ti30€eri Heri3iHjie xacanraH
JINarHOCTHKAJIBIK TeHETHKAJIBIK OapPKOITAp aPKbLIbl METArCHOMIBIK YJITUICpe NaTOreHAIK MUKPO(IIOpa eKiIIepiHe i3aeHIcTe
OO0JIIBIK. AJIBIHFaH HOTIKEIIEP OChI JUAarHOCTUKAJIBIK OApKOJTAP/IbIH NATOTeH K KIOHBIK JIMHUSIAPhI MEH JKeKe BUPYJICHTTUIIK
TUIa3MUINIapbIH OaKbLIAY YILIH MPAKTHKAIBIK KOAaHbichbiH kepceTTi. Connaii-ak CC-195 KochuIbICh HH(EKIUSIMEH JKIHE 1ie-
(a3onnH aHTHOMOTUTIMEH OY3bUIFaH KAJIBIITHI iIEK MUKPO(IIOPACKIHBIH T€3 KAJIIbIHA KeJIyiHE bIKIaJ eTeTIHIH aHbIKTAbIK.

Heri3ri ce3nep: aypyxana nH}peKIUsICHl, MeTareHoM; quarnoctuka; oapkoa JJHK-cbl; imek mukpoduopacsr.
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