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ISOLATION AND CHARACTERIZATION ISOLATES
OF NOSOCOMIAL INFECTIONS

Abstract. The study aimed to identify clinical isolates of nosocomial infections to characterize and create a
Bank of strains to study the phenomenon of reversion of antibiotic sensitivity in different types of pathogenic
bacteria.

Methods: Clinical isolates from patients suffering from nosocomial infections were plated on respective media
to obtain pure cultures, which then were identified and characterized by morpho-cultural, tinctorial, physiological
and biochemical traits carried out using standard test systems. The antibiotic sensitivity profile of clinical isolates
was studied by the disco-diffusion method. Isolation of DNA from bacteria was carried out using the PureLink
Genomic DNA Kit. DNA library for sequencing was obtained by the enzymatic approach using the Ion Xpress Plus
Fragment Library Kit (Life Technologies, USA). Barcoding of isolates was carried out using the Xpress Barcode
Adapters Kit (Life Technologies, USA). Sequencing of the resulting library was carried out on 318 chips using the
Ion PGM Hi-Q View Sequencing Kit. Quality of the reads and trimming of DNA fragments were carried out using
the computer programs fastqc and Cassava fastq filter. Genome fragments were assembled using Velvet 1.2.10.
Large genome fragments were used to search for the closest reference genomes in the NCBI database. The complete
genomes of the isolates were used as reference sequences for an alignment of the generated DNA reads using the
program bowtie2. The completeness of the final assemblies was evaluated by the program BUSCO. Genome
annotation was carried out using the NCBI annotation pipeline.

The results of the quantitative studies were processed using one-way ANOVA single-factor variance analysis
followed by a statistical analysis using the software package GraphPad Prism 6.

In total, 12 clinical isolates were obtained. Complete genome sequence of four isolates was determined -
Enterococcus faecalis PHRX1, Pseudomonas aeruginosa WND1-2019, P. aeruginosa WND2-2019, and P. aeru-
ginosa WND3-2019. Annotated genomes were deposited at the NCBI database.

Key words: nosocomial infections, isolates, DNA, sequencing, Enterococcus faecalis, Pseudomonas
aeruginosa.

Introduction. Despite the achievements of the modern medicine, the problem of nosocomial infec-
tions remains one of the most urgent at present, which leads to over-spending of additional resources and
poses a threat to human health and life. Maternity and obstetric facilities (40% of all registered diseases)
and surgical hospitals (15%) are recognized as the most vulnerable areas suffering from the spread of
infections [1-3].

Pathogens of nosocomial infections are formed in hospitals in close contact between individual
patients, as well as between patients and staff, where there is a possibility of circulation of highly virulent
pathogens [4]. Against the background of the use of antibiotics, selection of antibiotic-resistant strains that
pose the greatest threat to the health of patients occurs. The most commonly isolated nosocomial
pathogens are Escherichia coli and Staphylococcus aureus, and every 10 cases of nosocomial infections
caused by Pseudomonas aeruginosa. Less common are Clostridium difficile, Enterococcus and
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Enterobacter, Candida albicans, Klebsiella pneumoniae, Proteus mirabilis, Streptococcus, in several
cases — other types of Candida, Acinetobacter, Serratia marcescens, Citrobacter, Haemophilus influenza,
etc. [5-7].

For reasons of nosocomial infections, the course of treatment of patients is extended by an average
of 10 days, the cost of treatment increases 3-4 times and 5-7 times increases the risk of death. Of every
100 hospitalized patients, 7 in developed and 10 in developing countries are infected with nosocomial
infections [8]. This problem arose because of the poorly developed system of epidemic surveillance and
the lack of effective control methods [9, 10].

Annually 6 to 27% patients in Europe are suffering from hospital infections. These numbers in the
USA are about 7-8% and 2-3% in Russian Federation [11] bringing the economic damage to 10-15 billion
rubles in Russia; — 7 billion euros in Europe and 6.5 billion dollars per year in the USA [12].

Currently, the number of antibiotics effective against nosocomial infections has sharply decreased
[13-15]. The key of prevention of nosocomial infections is timely diagnosis with an emphasis on the use
of targeted antimicrobial therapy. Genomic analysis of individual organisms and characterization of
population dynamics of microbial communities make it easier to identify new pathogens to better track
disease outbreaks and to study the evolution of antibiotic resistance.

The study aimed to identify clinical isolates of nosocomial infections to characterize and create a
Bank of strains to study the mechanisms and prospects of clinical use of drugs that cause reversion of
pathogens to antibiotic sensitive phenotype.

Methods. Primary identification of clinical isolates, preparation of pure cultures, morpho-cultural,
tinctorial, physiological and biochemical trials were carried out following the «Manual for the Laboratory
Identification and Antimicrobial Susceptibility Testing of Bacterial Pathogens of Public Health Impor-
tance in the Developing Worldy (WHO/CDS/CSR/RMD/2003.6), M35-A2 Abbreviation Identification of
Bacteria and Yeasts Approved Guideline-Second Edition[16, 17], CLSI and Bergey's Manual of Syste-
matic Bacteriology [18]. For typing isolates used well-standardized commercial test system STREPTOtest
16, STAPHYtest 16, EN-COCCUStest and NEFERMtest 24 [19]. Alpha-hemolysis (a-hemolysis) is a
partial or “green” hemolysis associated with reduction of red cell hemoglobin. Alpha hemolysis is caused
by hydrogen peroxide produced by the bacterium, oxidizing hemoglobin to green methemoglobin. Beta-
hemolysis (B-hemolysis) is associated with complete lysis of red cells surrounding the colony.

Antibiotic sensitivity profiling of clinical isolates was performed by the disco-diffusion method [20].
Determination of the biofilm-forming ability of the isolates was carried out as described before [21].

DNA samples were extracted from bacterial cells using PureLink Genomic DNA Kits (Publication
Number: MAN0000601, Revision 2.0) following the manufacturer’s recommendations. The quality and
quantity of the resulting DNA samples were determined using the NanoDrop 2000c¢ spectrophotometer
(Thermo Scientific, USA) at optical wavelengths of 260 and 280 nm.

The Ion Torrent PGM sequencer (USA) was used to sequence genomic DNA samples. The library for
sequencing was obtained by an enzymatic approach using the lon Xpress Plus Fragment Library Kit (Life
Technologies, USA). The degree and quality of fragmentation of the library were evaluated by capillary
electrophoresis Bioanalyzer 2100 (Agilent). DNA read barcoding for multiplex sequencing was carried
out using the Xpress Barcode Adapters Kit (Life Technologies, USA). Sequencing of the resulting library
was carried out on a 318 chip using lon PGM Hi-Q View Sequencing Kit. At each of the intermediate
stages, the quality and quantity of the DNA library were monitored. All operations were carried out
according to the manufacturer's instructions.

The quality control and trimming of DNA reads were carried out using the computer programs fastgc
and Cassava fastq filter. DNA reads were assembled using Velvet 1.2.10. Large genome contigs were
used to search for the closest reference genomes in the NCBI database. The complete genomes of the
isolates were then assembled by aligning DNA reads against the respective reference genomes using the
program Bowtie2 implemented in UGENE 1.32.0 [22].

The completeness of the final assemblies was evaluated by benchmarking universal single-copy
orthologous genes (BUSCO) [23]. Automatic search for coding genes was carried by NCBI annotation
pipeline.

The results of the quantitative studies were processed using the one-way ANOVA single-factor
variance analysis followed by a statistical analysis using the software package GraphPad Prism 6.

— 200 ——




ISSN 1991-3494

5.2019

Results. During the period from 2018 to 2019, a collection of clinical isolates of nosocomial
infections from hospitals of phthisiological profile in Almaty and Almaty region was carried out. In result,
a collection of 12 strains of pathogenic microorganisms causing nosocomial infections has been created.
The primary identification of the isolates was carried out on selective and differential diagnostic media,
according to generally accepted methods. Table 1 presents the data about the source and species affiliation
of the obtained isolates.

Table 1 — Clinical isolates, their sources and species identification

# Isolate Source Cell morphology
1 Staphylococcus spp. 01-18 Urine Single, pairs and in the form in grape-like clusters
2 Staphylococcus spp. 02-18 Purulent wound Single, pairs and in the form in grape
3 Staphylococcus spp. 03-18 Vagina Single, pairs and in the form in grape
4 Staphylococcus spp. 04-18 Pharynx Single, pairs and in the form in grape
5 Staphylococcus spp. 05-18 Incubation tube of an Single, pairs and in the form in grape

intensive care unit
6 St.pneumoniae spp. 01-18 Sputum Paired cocci, oval and slightly elongated lanceolate cells
7 P.aeruginosa spp. 01-18 Purulent wound Rod-shaped asporogenic cells in pairs or in short chains
8 P.aeruginosa spp. 02-18 Purulent wound Rod-shaped asporogenic cells in pairs or in short chains
9 E.faecalis spp. 01-18 Pharynx Cells in pairs (diplococci) or short chains
10 | P.aeruginosa spp. 01-19 Purulent wound Rod-shaped asporogenic cells in pairs or in short chains
11 | P.aeruginosa spp. 02-19 Purulent wound Rod-shaped asporogenic cells in pairs or in short chains
12 | P.aeruginosa spp. 03-19 Purulent wound Rod-shaped asporogenic cells in pairs or in short chains

Tinctorial properties of all obtained clinical isolates were studied using the standard commercial kits.
A study of morpho-cultural and physiology-biochemical characteristics of the isolates was carried out
subsequently. Morphological characteristics of colonies including the characteristic pigmentation of the
bacterial growth, ability to grow on diagnostic liquid and solid media were recorded for different isolates.
Table 2 characterize physiological and biochemical features of clinical isolates of Staphylococcus spp.

Table 2 — Physiological and biochemical features of clinical isolates of Staphylococcus spp.

Isolates
Name of test Stapylococcus | Stapylococcus | Stapylococcus | Stapylococcus | Stapylococcus
spp. 01-18 spp. 02-18 spp. 03-18 spp. 04-18 spp. 05-18
Reaction
Hemolysis N N N N o
(o-hemolysis) | (a-hemolysis) | (B- hemolysis) | (B- hemolysis) | (o-hemolysis)
DNase + - + + +
Plasmocoagulase + + + + +
Lecithinase + + - - +
Catalase + + + + +
Oxidase + + + + +
Ornithine decarboxylase + - + + +
Arginine dihydrolase + + + + +
Lysine decarboxylase + + + + +
Fermentation of carbohydrates
Sucrose + + + + +
Lactose - - + + +
Ramnose + + — - -
Dulcitol - - - - -
Mannitol + + + + +
Biofilm formation index 1,13 1,10 1,21 1,18 1,29
Note: «+» positive test result, «—» negative test result.
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According to the data in table 2, the clinical isolates of Staphylococcus spp. showed the hemolytic
activity with formation of zones of a - and B-hemolysis; DNase, plasmocoagulase, lecithinase (for some
isolates), catalase, oxidase and arginine dihydrolase activities, as well as the ability to decarboxylate
ornithine and lysine. Coagulase causes clotting of blood plasma. Staphylococci producing this enzyme are
covered with a fibrin capsule that protects them from phagocytosis. Large concentrations of coagulase
circulating in the host body lead to a decrease in blood clotting, hemodynamic disorders, progressive
oxygen starvation of tissues. In laboratories, an identification of the coagulase activity deems possible
pathogenicity of isolated Staphylococcus strains. The enzyme lecithinase destroys lecithin in the cell
membranes of leukocytes and other cells, which promotes leukopenia. DNase causes depolymerization of
DNA and also is considered as a pathogenicity factor characteristic also for infections caused by S. aureus.
The presence of these exoenzymes, as well as the ability to ferment sucrose, lactose, rhamnose, and
mannitol, all indicate a high virulence potential of the isolates.

Besides, active formation of biofilm by these strains was recorded. The indexes of biofilm formation
ranged from 1.10 to 1.29, which is regarded as a strong propensity for biofilm formation [21]. Given the
above features, these isolates can be attributed to cultures with a high virulent potential.

The results of the biochemical trial of Streptococcus pneumoniae isolates are shown in table 3.

Table 3 — Physiological and biochemical traits of the clinical isolate of Streptococcus pneumoniae

Name of test Reaction

Hemolysis a-hemolysis
Catalase test -
Motility test -
Growth in anaerobic conditions +
Arginine dihydrolase +
Ornithine decarboxylase -
Fermentation of carbohydrates:

Sucrose +
Lactose +
Mannitol +

Note: «+» positive test result, «—» negative test result.

The clinical isolate of Streptococcus pneumoniae grew under anaerobic conditions and fermented
sucrose, lactose and mannitol. The presence of the exotoxin, hemolysin, which is responsible for
hemolytic and cytotoxicity activities, was recorded by the formation of zones of a-hemolysis. The index of
biofilm formation for this strain was around 2.10, which indicates a high propensity to form biofilms. All
these features including the arginine dihydrolase activity imply high virulence of these isolates.

Similar biochemical trials were carried out for the isolates affiliated with the genus Pseudomonas
(table 4).

Isolates of Pseudomonas aeruginosa could grow at 42 °Cand produce pigment pyocyanin. Pyocyanin
producing isolates are commonly found in the sputum of patients with cystic fibrosis. An important factor
of the pathogenicity of P. aeruginosa is the production of extracellular mucus formed by surface
glycoproteins. This mucus forms a biofilm around the infected tissues leading eventually to chronic
infections. Such biofilm can be formed on objects of the hospital environment that contributes to the
spread of nosocomial infections. All isolated strains of P. aeruginosa actively formed biofilms. The value
of the biofilm formation indexes was in the range of 2.56 to 7.30, which is seen as a strong biofilm
propensity [21]. Additionally, the isolates produced positive reactions to oxidase and catalase. The
complex of the recorded traits allows referring the isolates to high-virulent strains.

E. faecalis isolate from throat was characterized by such traits as a-hemolysis, B-galactosidase,
glucuronidase, arginine dihydrolase activity and the ability to decarboxylate lysine and ornithine. The
isolate also activity fermented lactose, sucrose, mannitol, trehalose, cellobiose, melibiose, sorbitol,
inositol, adonitol and arabitol (table 5). It was concluded that this isolate represents a highly virulent strain
of E. faecalis.
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Table 4 — Physiological and biochemical traits of the clinical isolates of Pseudomonas aeruginosa
Isolates
Pseudomonas Pseudomonas Pseudomonas Pseudomonas Pseudomonas
Name of test aeruginosa spp. aeruginosa spp. aeruginosa spp. aeruginosa spp. aeruginosa
01-18 02-18 01-2019 02-2019 spp. 03-2019
Reaction
Growthat42°C + + + + +
Pyocyanin production + + + + +
Oxidase test + + + + +
Catalase test + + + + +
Lysine decarboxylase — — - — —
Arginine dihydrolase — - + + +
Ornithine decarboxylase + + - - -
Gelatin hydrolysis test + + + + +
Fermentation of carbohydrates
Glucose — — - — -
Maltose — — — — +
Mannitol — — — — —
Sucrose — — - — -
Lactose - - - - —
Biofilm formation index 2,92 2,56 7,3 6,2 5,9

Note: «+» positive test result, «—» negative test result.

Table 5 — Physiological and biochemical traits of the clinical isolate E. faecalis.

Name of test

Reaction

Hemolysis

Q-TeMOJIN3

Lecithinase test

B-galactosidase

+

B-xylosidase

B-glucuronidase

Ornithine decarboxylase

Arginine dihydrolase

Lysine decarboxylase

|+ ]+

Fermentation of carbohydrates

Lactose

+

Sucrose

+

Raffinose

Dulcitol

Mannitol

Trehalose

Cellobiose

Mellibiose

Sorbitol

|+ ]+

Salicine

Malonate

Aesculine

Inositol

Adonitol

Arabitol

++ |+

Simmons citrate

H,S

Urease

Note: «+» positive test result, «—» negative test result.
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All studied isolates were properly identified to the genus and species level and accession numbers of
the JSC "Scientific Centre for Anti-infectious Drugs" - SCAID culture collection were assigned according
to international standards and specifications of collecting virulent clinical isolates [17-19].

On the next step of the study, profiles of antibiotic sensitivity were detected for all isolates. The
evaluation was performed by the disco-diffusion method using 12 the most common antibiotics (table 6).

Table 6 — Sensitivity of clinical isolates to antibacterial drugs

Antibiotics concentration, pg/disc

0X CZ |AMX | GEN | MRP | IMP | AK E |AZM | CTR | TOB | CB
1 30 10 30 10 10 10 10 30 30 30 10

Zones of growth inhibition, M+StD, mm (according to CLSI)
25+ | 40+ | 30+ | 25+ | 33+ | 50+ | 20+ | 10+ | 64+0 | 30+ | 25+ | 42+
1.15 | 1.15 | 1.15 | 0.58 | 1.15 | 1.15 | 0.58 | 0.58 | (R) | 1.15 | 1.15 | 0.58
OREEOREORREORREOREOREORNNG ORRORES)
23+ | 40+ | 45+ | 30+ | 35+ | 56+ | 20+ | 32+ | 28+ | 30+ | 30+ | 25«
1.15 | 1.15 | 1.15 | 0.58 | 1.15 | 1.15 | 0.58 | 0.58 | 0.58 | 1.15 | 0.58 | 0.58
O 1O 1O OO OO 16161616
18+ | 36+ | 30+ | 25+ | 33+ | 52+ [ 25+ [ 6+0 | 6+0 | 30+ | 23+ | 30+
058 | 1.15 | 1.15 | 0.58 | 1.15 | 1.15 | 058 | (R) | (R) | 1.15 | 0.58 | 0.58
OHEOEEOREOREOREORESD) OREEOREC)
23+ | 40+ | 40+ | 30+ | 40+ | 53+ | 234+ | 27+ | 30+ | 30+ | 30+ | 45+
058 | 1.15 | 1.15 | 0.58 | 1.15 | 1.15 | 0.58 | 0.58 | 1.15 | 0.58 | 1.15 | 1.15
S 1O 16O e 16616616 16 616
6£0 | 60|60 | 12+ |6+0 | 10+ | 20+ |60 | 6+0 |60 | 25t | 6£0

Isolates

S.aureus
SCAID URN1-2018

S.aureus
SCAID WND1-2018

S.aureus
SCAID VGN1-2018

S.aureus
SCAID PHRX1-2018

St.pneumoniae
R) R | R | 058 | (R) [ 058058 | (R) | R) | (R) | 058 | (R)
SCAID SPT1-2018
(R) ® 1 ©® )
E. faecalis 6+0 | 234+ | 25+ | 21+ | 29+ | 23+ | 15+ |60 | 14+ | 34+ | 19+ | 25+

®) | 1,15 | 1,15 ] 0,58 | 1,15 | 0,58 | 0,58 | (R) | 0,58 | 1,15 | 0,58 | 1,15
S | S | O [ |6 | O DO | S | O | O
6+0 | 6+0 | 6+0| 30+ | 35+ | 36+ | 25+ | 60 | 30+ | 25+ | 35+ | 27+
LI5 | 1,15 | 1,15 ] 0,58 | (®R) | 1,15 | 0,58 | 1,15 | 0,58
S | S | S | O S | S | O | ©
6+0 |6+0|6+0] 10+ | 23+ | 30+ | 15+ | 60| 22+ | 6+0 | 18= | 10+
® | ® | ® |058]1,15]058]05 | (R) | 058 | (R) | 0,58 | 0,58
® [ O | S | S (S) S) | ®)
25+ | 35+ | 354 | 25+ | 35+ | 50+ | 23+ | 30+ | 30+ | 30+ | 28+ | 35+
0,58 | 1,15 | 1,15 | 0,58 | 1,15 | 1,15 | 0,58 | 1,15 | 1,15 | 1,15 | 0,58 | 1,15
(S S| S | O S| O[O | S| O | O | 6O |®

SCAID PHRX1-2018

Pseudomonas aeruginosa
SCAID WND1-2018 ®R) (R) (R)

Pseudomonas aeruginosa
SCAID WND2-2018

S.aureus
SCAID ITICU1-2018

Pseudomonas aeruginosa spp 6£016+016£0 23+ 34+ 127+ | 20+ | 15£0) 23+ | 14+ 6£0 25+
’ (R) R) R) 0.58 | 0,58 | 0,58 | (R) | 0,58 | 0,58 | (R) | 0.58
SCAID WND1-2019 0(S) S) S) S) S) ( )

6+0 (60| 6+£0| 20+ | 20+ | 8+ |24+ |60 |60 |12+£0| 25+ | 14+
(R) R) R) | 0,58 | 0,58 | 0.58 | 0.58 | (R) ®R) R) | 0,58 | 0,58
OEROERSEED) e | ®
60 | 60|60 |60 |25+ |25+ |20+ | 15+ |25+ |60 15+ | 20+
(R) R) R) (R) | 0,58 | 0,58 | 0,58 | 0,58 | 0,58 | (R) | 0,58 | 0,58
S 1616 O 16 S | @

Note: «OX» - Oxacillin, «CZ» - Cefazolin, «<AMX» - Amoxycillin, «GEN» - Gentamicin, «kMRP» - Meropenem,
«IMP» - Imipenem, «AK» - Amikacin, «E» -Erythromycin, «<AZM» - Azithromycin, «CTR» - Ceftriaxone, «TOB» -
Tobramycin, «CB» - Carbenicillin, «R» - Resistant, «I» - Intermediate, «S» - Sensitive.

Pseudomonas aeruginosa spp.
SCAID WND2-2019

Pseudomonas aeruginosa spp.
SCAID WND3-2019

The studied clinical isolates were characterized by varying degrees of sensitivity to antibiotics. The
isolates S. aureus SCAID URN1-2018 and S. aureus SCAID VGN1-2018 showed sensitivity to almost all
classes of investigated antibiotics. Surprisingly, these strains showed resistance to azithromycin that is
considered as a last resort reserved drug against staphylococcal infections. Clinical isolates S. aureus
SCAID WNDI1-2018, S. aureus SCAID ITICU1-2018 and S. aureus SCAID PHRX1-2018 were sensitive
to all the antibacterial drugs in the study.
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Antibiotic sensitivity profiling of S. pneumoniae SCAID SPT1-2018 revealed a polyresistance of this
culture. Resistance to oxacillin, cefazolin, amoxicillin, gentamicin, meropenem, imipenem, erythromycin,
azithromycin, ceftriaxone and carbenicillin was observed. The strain was sensitive to amikacin and
tobramycin, only.

The strain P. aeruginosa SCAID WND2-2018 also showed a significant resistance to a wide range of
antibiotics including oxacillin, cefazolin, amoxicillin, gentamicin, erythromycin, ceftriaxone and carbe-
nicillin; to carbapenem antibiotics, meropenem and imipenem, and also to to amikacin, azithromycin and
tobramycin. Another P. aeruginosa isolate, SCAID WNDI1-2018, was resistant to oxacillin, cefazolin,
amoxicillin and erythromycin but sensitive to gentamicin, meropenem, imipenem, amikacin, azithro-
mycin, ceftriaxone, tobramycin and carbenicillin.

The strain P. aeruginosa SCAID WND1-2019 was characterized by resistance to oxacillin, cefazolin,
amoxicillin, erythromycin and tobramycin. This clinical isolate was sensitive to carbapenems, — mero-
penem and imipenem, as well as to amikacin, azithromycin, carbenicillin, and gentamicin. An interme-
diate resistance was observed against ceftriaxone. Of the strain P. aeruginosa SCAID WND2-2019 was a
multidrug resistant isolated showing sensitivity only to gentamicin, meropenem, amikacin and tobramycin.
It was resistant to oxacillin, cefazolin, amoxicillin, imipenem, erythromycin, azithromycin, carbenicillin
and ceftriaxone. The last P. aeruginosa isolate, SCAID WND3-2019, was characterized by resistance to
oxacillin, cefazolin, amoxicillin, gentamicin and ceftriaxone. It was sensitive to carbapenems and to
amikacin, azithromycin and tobramycin. An intermediate resistance was observed against erythromycin
and carbenicillin.

E. faecalis SCAID PHRX1-2018 showed sensitivity to all the studied antibiotics but to erythromycin
and oxacillin with an intermediate sensitivity to azithromycin.

Four isolates were selected for subsequent whole genome sequencing that was carried out on the Ion
Torrent PGM platform. Assembly and annotation of complete genome sequences was performed as it was
explained in detail in the section Methods.

De novo assembly was carried out by Velvet 1.2.10 assembler. The largest contigs were used to
search for homologous sequences through NCBI nr database. Identified closed genomes were used for re-
sequencing by mapping DNA reads with the program Bowtie2. For the isolate P. aeruginosa SCAID
WNDI1-2019 the reference genome was the strain P. aeruginosa Pb18 (access number CP015650), for P.
aeruginosa SCAID WND2-2019 — the strain P. aeruginosa AJ D 2 (access number CP038661) and for P.
aeruginosa SCAID WND3-2019 — P. aeruginosa AR442 (access number CP029090).

Analysis of contigs of E. faecalis SCAID PHRX1-2018 revealed presence of a plasmid. Therefore,
two reference sequences were identified: complete genome sequence of E. faecalis KB1 (access number
CP022712), and for plasmid sequence of an E. faecalis plasmid pPD1 (access number KT290268).

Consensus complete genome sequences of the selected isolates were obtained BAM files of align-
ments of DNA reads using preserving the length of the reference genome that allowed copying the
annotation of the reference genome to the obtained sequences. The gene prediction then was checked by
the NCBI annotation pipeline. Unmapped regions and loci of ambiguity were marked by 100 N’ trails. The
resulted genome sequences were deposited at NCBI as shown in table 7.

Table 7 — Whole genome sequences of SCAID virulent clinical isolates deposited at NCBI

Isolate GelllkBCank inclﬁgﬁlggthgaps GC-content Bz:{)srr(l:p(l)etg:rlllg:e
P. aeruginosa SCAID WND1-2019 CP041787.1 6,267,146 bp 66.57% 95.1%
P. aeruginosa SCAID WND2-2019 CP041786.1 6,185,611 bp 66.7% 98.2%
P. aeruginosa SCAID WND3-2019 CP041785.1 6,382,154 bp 66.61% 97.8%
E. faecalis SCAID PHRX1-2018 (chromosome) CP041877.1 2,597,557 bp 37.92% 43.8%
E. faecalis SCAID PHRX1-2018 (plasmid) CP041878.1 98,263 bp 35.81% Not applicable

Raw sequencing data for all these sequenced strains also was made available from NCBI at
BioProject accession numbers: PRINAS555137 for E. faecalis SCAID PHRX1-2018 and PRINAS554979
for all sequenced P. aeruginosa clinical isolates.
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A search for genetic drug resistance determinants in whole genome sequences was performed by the
on-line service CARD RDI (https://card.mcmaster.ca/analyze/rgi) using NCBI accession numbers of the
sequenced genomes as an input. A summary of this analysis is shown in table 8.

Table 8 — Identification of drug resistance determinants in whole genome sequences by CARD RDI

Gene . . . .
Genome Gene category Possible association with drug resistance
number
Acridine; aminocoumarins; aminoglycosides;
Antibiotic efflux pumps 43 carbapenems; cephalosporins; fluoroquinolones;
macrolides; tetracycline and others
P. aeruginosa Lactamases 5 Beta-lactam antibiotics
CP041787 o , : : :
Other antibiotic inactivators excluding 5 Aminoglycosides; carbapenems; cephalosporins
lactamases
Antibiotic target alteration enzymes 3 Polypeptide antibiotics
Acridine; aminocoumarins; aminoglycosides;
Antibiotic efflux pumps 43 carbapenems; cephalosporins; fluoroquinolones;
macrolides; tetracycline and others
P. aeruginosa Lactamases 5 Beta-lactam antibiotics
CP041786 Other antibiotic inactivators excluding 5 Aminoglycosides; carbapenems; cephalosporins
lactamases
o . fl inol ; i ti
Antibiotic target alteration enzymes 4 LOroquInolones, nybomyeins and peptide
antibiotics
Acridine; aminocoumarins; aminoglycosides;
Antibiotic efflux pumps 42 carbapenems; cephalosporins; fluoroquinolones;
macrolides; tetracycline and others
P. aeruginosa Lactamases 4 Beta-lactam antibiotics
CP041785 Other antibiotic inactivators excluding 5 Aminoglycosides; carbapenems; cephalosporins
lactamases
Antibiotic target alteration enzymes Polypeptide antibiotics
Antibiotic target replacement proteins 2 Sulfone and sulfonamide antibiotics
Antibiotic efflux pumps 3 Cepl}aloqurl'tls% ﬂuo.roqumf)lones; macrohfies;
peptide antibiotics; rifamycin and tetracycline
]é Pf(‘)l:fgél; Lactamases 2 Beta-lactam antibiotics
(chromosome) Antibiotic target protection proteins 1 megsamlde; macrollsies; oxazohfimone;
phenicol; streptogramin; tetracycline
Antibiotic target replacement proteins 1 Diaminopyrimidine
E. faecalis Antibiotic inactivators 2 Aminoglycoside antibiotics
CP041878
(plasmid) Antibiotic target alteration enzyme 1 Streptomycin
Note: Genome accession numbers are the same as in table 7.

P. aeruginosa isolates are naturally resistant to many antibiotics as they contain multiple efflux
pumps removing antibiotics from cytoplasm. Majority of drug resistance genes are constitutionally present
in all sequenced genomes of P. aeruginosa. Our study shows that the sequenced genomes differed by
several genes encoding antibiotic target alteration and replacement proteins, which probably were
acquired by horizontal gene transfer. Contrary, E. faecalis isolates normally are sensitive to all antibiotics.
The drug-resistant isolate E. faecalis SCAID PHRX1-2018 acquired the antibiotic resistance through
horizontal gene transfer including an acquisition of a large virulence plasmid comprising at least 3
antibiotic inactivator genes of APH(3")-Illa and aad(6) families, and a SAT-4 streptomycin acetyltran-
sferase. The BUSCO analysis of genome completeness (table 7) showed that the genome of E. faecalis
SCAID PHRX1-2018 is still rather fragmented and many genes may be missed including some additional
drug resistance genes.
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Conclusion. Collection of clinical isolates of nosocomial infections from hospitals of phthisiological
profile in Almaty and Almaty region was carried out. In result, a collection of 12 strains of pathogenic
microorganisms causing nosocomial infections has been created. Using classical microbiological
approaches of morpho-cultural and physiology-biochemical characteristics of the isolates was carried out
subsequently. Morphological characteristics of colonies including the characteristic pigmentation of the
bacterial growth, ability to grow on diagnostic liquid and solid media were recorded for different isolates.
On the basis of the conducted researches, all investigated isolates of S. aureus belong to cultures with high
virulent potential, capable to form biofilms. Clinical isolates of P. aeruginosa is also characterized as
highly virulent strains with a high propensity to form biofilms. Isolates of Streptococcus pneumoniae and
E. faecalis spp. were attributed to virulent strains. All studied isolates were assigned according to
international standards and specifications of collecting virulent clinical isolates.

The profiles of antibiotic sensitivity were detected for all isolates. The evaluation was conducted to
12 of the most common antibiotics. The clinical isolates are characterized by varying degrees of sensitivity
to antimicrobial drugs. Surprisingly, that some strains were resistant to to azithromycin that is considered
as a last resort reserved drug. This fact causes concern about the circulation and distribution in hospitals of
microorganisms resistant to antibiotics of recent generation.

Four isolates were selected for subsequent whole genome sequencing. After sequencing and
assembling reads the full-genome sequences of strains E. faecalis SCAID PHRX1-2018, P. aeruginosa
SCAID WNDI1-2019, P. aeruginosa SCAID WND2-2019 and P. aeruginosa SCAID WND3-2019 were
obtained. All sequencing data are deposited at NCBI under access numbers CP041877 for isolate
E. faecalis SCAID PHRX1-2018 (plasmid DNA access number CP041878), CP041787, CP041786, and
CP041785 for isolates P. aeruginosa SCAID WNDI1-2019, P. aeruginosa SCAID WND2-2019 and
P. aeruginosa SCAID WND3-2019 respectively.

A search for genetic drug resistance determinants in whole genome sequences was carried out. Our
study shows that the genomes differed by several genes encoding antibiotic target alteration and
replacement proteins, which probably were acquired by horizontal gene transfer.

The data on the genetic characteristics of microorganisms that cause nosocomial infections in the
future will help to improve the monitoring of nosocomial diseases, and will also contribute to the impro-
vement of the protocols of treatment of the population, to prevent the occurrence and spread of antibiotic
resistance.
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H. C. Koporeuxuii', A. B. I[)lcyMarasneBal, O. H. Pesa’, T. B. Ky3ﬂeuonal,
C. B. llIeuako', XK. A. MckaxbaeBa', A. H. Mbip3a6aeBa', A. U. Wibnn'

! «(MudexupsFa Kapehl MpenapaTTap FhUIBIME OPTATBIFBD, ATMaThl, Kazakcran,
’BronH(OpPMATHKA JKOHE KOMITBIOTEPIIK GHOMOTHS OPTAIIBIFEL; OHOXHMHS,
TeHeTHKa JXoHe MUKpoomonorus 6einimi; [Ipetopus yausepcureri, OAP

AYPYXAHAIIIIIIK HHOEKIUSAIAP N30JATOPJIAPBIHBIH BOJITHY1
KOHE CUITATTAMACHBI

AHHOTanusl. 3epTTey/IiH MaKcaThl NaTOTeH 1 OaKTepUsUIapbIH SPTYPIli TYypiiepiHAe aHTUOUOTHKTEpre ce3iM-
TaJBIK PEBEPCHACHIHBIH (DCHOMEHIH 3epTTey MaKcaThlHAA IITAMMIAPIbIH OaHKIH KYpYy JKOHE CHIATTAy YIIiH HO30-
KOMHAJIb/Ibl HHOEKUUSIIAPIbIH KIMHUKAIIBIK H30JSITOPIAPBIH aHBIKTAY OOJIBIT TaObLIAIbL.

OicTepi: KIMHUKAIBIK OKLIAYJIaFbIITAP/ABl AFAIIKEl WICHTH(OUKALMIAY: Ta3a NakbUapabl any, Mopgo-
KyJbTYPAJIbIK, THHKTOPHAIIBIK, (U3HOIOTUSIIBIK KoHE OHOXMMUSIBIK KACHETTEPiH 3epTTeY KOMMEPLUSIIBIK TECT-
JKy#enepai KoJnaHy apKbUIBI )Ky3ere achIpblIabl. KIMHUKAIBIK H30JIATOPIIApAbIH Ce3iMTaNIBIK POl AUCKO-TH (-
(y3usuteIK oxicnieH 3eprrenai. bakrepusitapnan JJHK 6exy PureLink Genomic DNA Kit )KUBIHTBIFBIMEH JKYPTi3iii.
CexBenuprnieyre apHasran kiranxana lon Xpress Plus Fragment Library kit (Life Technologies, AKI) >xubIHTbI-
FBIMEH (pepMEHTATHBTI 9JicIIeH albIHAbl. bapkomupoBaHue H30IATTapAbl KY3ere achlpbUIAbl )KUBIHTHIFB KOMETIMEH
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Xpress Barcode Adapters (Life Technologies, USA). AnsiaFaH KiTarmxaHausl cekBeHupiey 318 uumnre lon PGM Hi-
Q View Sequencing Kit XUBIHTBIFEIMEH XYpri3ingi. Aneraran Punnepnin camacsl skone JITHK ¢parmenTrepinin keci-
nyi FastQC xone cassava fastq filter kommbroTepiik OargapiraManapblHBIH KOMETIMEH JKY3€re achIpbUiabl. [ eHOM
¢parmentrepi Velvet 1.2.10. I'enomubiH yiken ¢parmentrepi NCBI nepexrep 0a3acbiHaa €H KaKblH peepEHTTIK
TeHOMAp/IbI 13/1ey YIIiH naiaananeuiasl. OKIIayIarblITapAblH TOJNBIK FTeHOMbI Bawtie2 GariapiaMachiH naianaHna
OTBIPHIN peepeHc reHoMIapbIMeH 0acTanKbl (parMEeHTTEpAl TEHECTipy KOJIbIMEH anblHAbl. COHFBI )KUHAKTAPIbIH
tonbIKThIFbl BUSCO 6Garananapl. Kograyiisr renaepi asromartsl Typae i3aey RAST cepBepiHiH KeMeriMeH Ky3ere
AChIPbLIABI.

CanppIk 3epTreyiepaid Hotmwkenepi One-Way ANOVA 6ip dakTopIisl AUCTICPCHSUIBIK TalAay dIICiH Taaaa-
Ha oThIpbIn, GraphPad Prism 6 Oarnaprnamanap nakeTiHiH KOMeriMeH KeHiHHeH CTaTHCTHKAJIBIK TalJayMeH OHIEI/II.

12 KITMHUKAIBIK W30JIATOpP OOMiH/l. AHBIKTaJIFaH OJHOTCHOMHAsT HYKJICOTHAHAS PETTLIN TOPT HU30JSATTAPIbI -
Enterococcus faecalis PHRX1, Pseudomonas aeruginosa WND1-2019, Pseudomonas aeruginosa WND2-2019 xone
Pseudomonas aeruginosa WND3-2019. ArroTtanusutanran reHomaap NCBI nepexrep 6a3acbiHga cakrayra ajlbIHFaH.

Tyiiin ce3nep: aypyxanaimimik wH(ekumsutap, oxmaynay, JHK, cexsenmpney, Enterococcus faecalis,
Pseudomonas aeruginosa.

Hu. C. KopOTeuKHﬁ', A. b. ﬂmyMarameBa', 0. H. PeBaz, T. B. Ky3HeImBa',
C.B. ]Jlmunco', K. A. I/IcKaxﬁaeBa', A. H. Mblp3a63eBa', A. . Wabun'

'"HayuHblii HEHTp IPOTHBOMH(EKIHOHHBIX Ipenapatos, AnMarel, Kazaxcran,
*[{eHTp GHOMH(POPMATHKH H KOMITHIOTEPHO#H GHOTOTHH;
Otnen OMOXUMUH, TCHETUKH B MUKpoOuonorun;, YHuBepcuret [Ipetopun, FOAP

BBIJAEJTEHUE U XAPAKTEPUCTUKA U30JI5ATOB
BHYTPUBOJIbHUYHBIX HHOEKITAN

Annotanus. Llenbro ucciieoBaHus SBISUIOCH BBISBICHUE KIIMHUYECKUX H30JISITOB HO30KOMHMAIBHBIX MH(EK-
LM JJ1s1 XapaKTEPUCTHKU M CO3/jaHus OaHKa IITaMMOB C 11EJIbI0 U3y4YeHUs PeHOMEHa peBepCHU YyBCTBUTEILHOCTH K
AQHTHOMOTHKAM y Pa3IMYHBIX BUIOB MATOI€HHBIX OaKTEepHH.

Meroagpl. [lepBuuHas MACHTHHKALNSA KIMHAYECKUX H30JIATOB: MOIYyYCHHE YUCTBIX KYJIbTYp, H3y4eHHE MOp-
(OKYJIBTYPHBIX, TUHKTOPUAIBHBIX, (DH3HOJIOTMYECKUX M OHOXUMHYECKHX CBOMCTB OCYILECTBIIUIACH C HCIIOJb-
30BaHHEM KOMMEpUYECKHX TecT-chcTeM. [Ipoduiib YyBCTBUTENBFHOCTH KIMHHUYECKUX H30JIATOB HM3y4alH IHCKO-
muddysunonnsiMm MetonoM. Boirenenne JJHK u3 Gakrepuii nmpousBommwin Habopom PureLink Genomic DNA Kit.
bubmmotexa nmist cekBeHMpoBaHMS OblIa MoNMy4deHa (EepPMEHTATUBHBIM METOJOM C HCIIONB30BaHHEM Habopa lon
Xpress Plus Fragment Library kit (Life Technologies, CIIIA). BapkoaupoBaHue H30JSTOB OCYIIECTBISUIOCH C
nomoInkio Habopa Xpress Barcode Adapters (Life Technologies, USA). CexBeHHpOBaHUE MOIYYCHHOW OMOIHOTEKH
npoBoamwy Ha 318 uune ¢ ucnonbs3zoBanueM Hadopa lon PGM Hi-Q View Sequencing Kit. KayecTBo momy4eHHbIX
puaoB u 00pe3ky ¢pparmenros JJHK ocymecTsisiinu ¢ nomousio koMnbioTepHsix nporpamm FastQC u Cassava fastq
filter. ®parmenTsl reHoma ObuIM coOpanbl ¢ ucnoib3oBanueM Velvet 1.2.10. Boxpmme ¢parMeHTs reHOMa ObLIH
WCIIOJIb30BaHbI IS TIOMCKa ONbKalmx pedepeHcHbIX TeHoMOB B Oaze naHHbIX NCBI. TlonHbIi reHOM H30I5TOB
OBUI TIOJTyYeH IyTeM BBIPAaBHUBAHHS MCXOJHBIX (parMeHTOB C pedepeHCHBIMH I'€HOMaMH C MCIOJIB30BaHUEM IIPO-
rpammel Bawtie2. [TomHOTa OKOHUATENBHBIX cOOpoK OblTa orieHeHa BUSCO. ABTOMaTn4ecknid MOUCK KOAUPYFOITIX
TEHOB OCYIIECTBISUICA C TOMoIbio cepepa RAST.

Pe3ynbTaThl KOIMYECTBEHHBIX MCCIENOBaHUN ObUIH 00pabOTaHbI C MCIOJIB30BAHUEM METOA OXHO(PAKTOPHOTO
nqucnepcuoHHoro aHanmmsa One-Way ANOVA ¢ mocnenyrommM CTaTUCTHYSCKUM aHAJIN30M IPU TTOMOINH ITaKeTa
nporpamm GraphPad Prism 6.

beiio BhigeneHo 12 kiauHUuecKuX n30isToB. Onpe/eneHa MoJIHOreHOMHasl HYKJICOTHIHAsI [TOCJIEA0BaTEIbHOCTh
4eThIpex H30JTOB - Enterococcus faecalis PHRX1, Pseudomonas aeruginosa WND1-2019, Pseudomonas aeru-
ginosa WND2-2019 u Pseudomonas aeruginosa WND3-2019. AHHOTHpOBaHHbIE T€HOMBI OBUTH JIETIOHUPOBAHBI B
6a3ze manaeix NCBIL

KitroueBble ciioBa: BHyTpubonsHnuHbIe HHbekn, m3ominust, JIHK, cekBennposanue, Enterococcus faecalis,
Pseudomonas aeruginosa.
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