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Abstract

Introduction. The incidence of healthcare-associated infections is a major public health problem worldwide,
affecting all countries regardless of their economic status. The main agents of these infections are pathogens
belonging to the ESKAPE group.

The aim of the study was to explore the structure, molecular and antigenic characteristics of the ESKAPE patho-
gens isolated from oral and anal mucosa of patients of the neonatal intensive care unit (NICU), and to assess their
etiological significance in occurrence of healthcare-associated infections.

Materials and methods. Samples from a total of 49 children were tested, including 40 newborns — patients of
NICU at the National Hospital of Pediatrics in Hanoi. Collection and processing of biomaterial (oropharyngeal
swabs, rectal swabs) and isolation of bacterial cultures were performed using conventional bacteriological meth-
ods. Mass spectrometry was used for identification of isolates. Klebsiella pneumoniae strains were analyzed
using the whole-genome sequencing method.

Results. The group of gram-positive ESKAPE pathogens identified in oral mucosa was represented by iso-
lates Enterococcus faecium and Staphylococcus aureus. The isolates of the family Enterobacteriaceae included
K. pneumoniae, Escherichia coli, Enterobacter cloacae; the group of nonfermenting gram-negative bacteria
was represented by Pseudomonas aeruginosa, Acinetobacter baumannii. The structure of ESKAPE pathogens
persistent in anal mucosa was characterized by dominance of Enterococcus spp., E. coli, K. pneumoniae and
P. aeruginosa bacteria. The whole-genome sequencing of K. pneumoniae isolates revealed 7 clusters and 8 se-
quence types. ST14 and ST1741 prevailed, accounting for 25%, respectively, of the total number of the studied
strains. The molecular serotyping showed that by the O antigen, strains belonged mainly to serotypes O1v1,
01/ 02v2, O5; by the presence of the capsular antigen — to serotypes KL2, KL104, KL60.

Conclusion. The analysis of the structure of the ESKAPE pathogens isolated from the oral and anal mucosa of
patients of NICU at the National Hospital of Pediatrics in Hanoi identified etiologically significant agents of bac-
terial infections: S. aureus, K. pneumoniae, E. coli, E. cloacae, P. aeruginosa, A. baumannii. The molecular and
genetic analysis of K. pneumoniae strains co-circulating in mucous membranes of several patients of the unit re-
vealed their homology, thus confirming healthcare-associated contamination of children with nosocomial strains.
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molecular serotyping
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AHHOMAayus

BBepneHue. 3a6oneBaeMoCcTb MHPEKLUMAMU, CBA3AHHLIMU C OKa3aHUeM MEAMULIMHCKOW NMOMOLLIM, ABNSAETCA OQHOM
13 rmobarnbHbIX MUPOBLIX NPOBNemM Ha COBPEMEHHOM aTare PasBUTUS 34PaBOOXPaHEHWUS U 3aTparvBaeT Bce
CTpaHbl BHE 3aBUCUMOCTU OT UX IKOHOMUYECKOoro ctatyca. OCHOBHbIMI BO3GYAUTENSAMM 3TUX MHGEKLMIA SBNSIOT-

csa natoreHsl rpynnsl ESKAPE.

Llenb uccnenoBaHns — n3yuntb CTPYKTYPY, MOMEKYNSpHbIE U aHTUreHHble xapaktepuctukn ESKAPE-natore-
HOB, BbIAENEHHbIX CO CMM3NCTbLIX 3€Ba M aHyca NauUMEeHTOB OTAENEHWUS peaHnMauun U MHTEHCUBHOW Tepanuu
HoBOpOXaEHHBLIX (OPUTH), AN yCcTaHOBNEHUS NX 3TUONIOrMYECKOro 3Ha4YeHMs! B BOSHUKHOBEHUN UHAEKLNIA, CBS-

3aHHbIX C OKa3aHMeM MeaULMHCKON NMoMOLLM.

MaTtepuanbl u metoabl. O6cnenosaHo 49 geteir, B ToMm ymncrie 40 HOBOpOXAEHHLIX, NnauneHToB OPUTH Ha-
UMoHarnbHOro rocnutansa neguartpum r. XaHow. lNMoces 6uomateprana (MaskvM CO CNM3UCTBIX 3€Ba, peKTarbHble
Ma3Kku) 1 BblaeneHne 6aktepmanbHbIX KynbTyp OCYLLECTBASNMUCH KNAacCU4eckum 6akTepmonornyecknm MeToaom.
MpaeHTudurkauusa n3onsatos nposegeHa MeToqomM Macc-cnektpometpuu. Ltammel Klebsiella pneumoniae nayye-

Hbl METOAOM NOJIHOFrEHOMHOIo CeKBEHMPOBAHUA.

Pesynbratbl. pynna rpamnonoxutensHoix ESKAPE-natoreHoB, MAEHTUMUUMPOBAHHBLIX CO CNM3UCTON 3e-
Ba, NpefacTtasneHa mnsonatamu Enterococcus faecium v Staphylococcus aureus. Cpean u3onaToB ceMelncTsa
Enterobacteriaceae BblgeneHbl K. pneumoniae, Escherichia coli, Enterobacter cloacae; B rpynne HedepMeH-
TUPYHOLLMX rpamMoTpuuaTenbHbix baktepun — Pseudomonas aeruginosa, Acinetobacter baumannii. CTpykTypa
ESKAPE-natoreHoB, NepcucTMpyoLmnx Ha CNM3UCTON aHyca, XxapakTepu3oBanachk npeobnagaHvem Gaktepui
Enterococcus spp., E. coli, K. pneumoniae w P. aeruginosa. Pe3ynsraTbl NOMHOrEHOMHOIO CEKBEHMPOBAHUS
usonaToB K. pneumoniae BbiSiBANM 7 KNactepoB U 8 CUKBEHC-TUMNOB. [penmMyllecTBeHHO onpedeneHbl ST14
n ST1741 — no 25% COOTBETCTBEHHO OT KONMU4YecTBa MccrnegoBaHHbIX WTammoB. MonekynspHoe cepoTunu-
poBaHue yCcTaHOBMWITO, YTO No O-aHTUreHy LWTaMMbl OTHECEHbI B OCHOBHOM K cepoTtunam O1v1, O1/02v2, O5;

MO HaNM4MIO KancyrnbHOro aHTureHa — k cepotunam KL2, KL104, KL60.

3aknroueHue. ViccnenosaHue cTpykTypbl ESKAPE-naToreHoB, M30nMpoBaHHbIX CO CRIM3UCTLIX 3eBa W aHyca na-
uneHtoB OPUTH HaumoHanbsHoro rocnutans neguatpum r. XaHow, BbISBUIY 3TUOMNOrMYECKM 3Ha4YMMbIX BO3Oyau-
Tenen GakTepmanbHbiX MHEKUMI: S. aureus, K. pneumoniae, E. coli, E. cloacae, P. aeruginosa, A. baumannii.
MpoBeaeHne MonekynspHO-reHeTUYECKUX UCCNENOBaHNI WTaMMOB K. pneumoniae, UMPKYNVpPYOLLNX O4HOBPEe-
MEHHO Ha CMM3NCTbIX HECKOMNBbKMX NaLVEHTOB OTAENEHNS!, MO3BONMUIIO YCTAHOBUTB UX FOMOJIONMIO, YTO YKasbiBaeT

Ha KOHTaMUHauuko ,queVl rocnutanbHbIMK LUTAaMMaMU NP OKa3aHU Me,EWILl,VIHCKOI;I NOMOLLN.

KntoueBble cnoBa: ESKAPE-namoeeHbl, HOBOPOXOEHHbIE, criu3ucmeble 3e8a u aHyca, Klebsiella pneumoniae,

CUKBEHC-MUTIbI, MOSIEKY/ISIPHOE CepomunuposaHue

ATnyeckoe yTBepxaeHue. ViccnegosaHne BbiMONHEHO Mpy 4OBPOBONBEHOM MHOPMUPOBAHHOM COFMACUMMN 3aKOHHbIX
npeactaBuTenen HecoBepLUEHHONETHNX nauneHToB. MNpoTokon nccnefoBaHWs ofobpeH OTudeckum komuteTom Tio-
MEHCKOr0 Hay4YHO-MCCNeaoBaTenbCKOro UHCTUTYTa KpaeBow MHAEKLMOHHONM naTtonorumy» PocnoTtpebHaasopa (npoto-

kon Ne 1 ot 01.06.2022).

UcTouHuk cpuHaHCcupoBaHuA. ViccnenoBaHue BbINOMHEHO NPy noaaepxke 61oaxeTHOro MHaHCMPOBaHMS! B pamkax

HUP Ne AAAA-A20-1200109990062-4.

KOHd)ﬂUKm uHmepecos. ABTOPbI OEKNapupyT OTCYTCTBME ABHbIX U NOTEHUMaNnbHbIX KOHPIMKTOB MHTEPECOB, CBS-

3aHHbIX C Nybnukaunen HacTosILLEN CTaTbu.
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Introduction

Neonatal bacterial infections are associated with
multiple risk factors. The diversity of clinical forms of
childhood infections is explained, first of all, by imma-
turity of natural barrier defenses, especially, when an-
timicrobial therapy is involved [1]. The level of infec-
tious morbidity is determined mainly by the frequency
of damage to the skin, eyes, navel and gastrointestinal
tract. Therefore, monitoring of circulating ESKAPE
pathogens is of critical importance at maternity care
centers, as the risk of bacterial diseases is increased due
to the physiological status of newborns [2, 3].

Widespread occurrence of healthcare-associated
infections (HAIs) in any healthcare facility, most par-
ticularly, in maternity and pediatric hospitals causes
significant damage to the health of newborns and gen-
eral population, economy and demographic situation in
various countries [4, 5]. Frequently, the numbers of cas-
es of neonatal hospital-acquired infections, which are
reported in Russian and foreign publications, cannot be
compared due to the absence of common approaches to
the system of recording and reporting diseases [6, 7].

The spread of multidrug-resistant nosocomial
pathogens causing infectious complications in children
raises concerns among clinicians worldwide. In recent
years, the ESKAPE group has been highlighted among
the etiologically significant bacteria, including Entero-
coccus faecium, Staphylococcus aureus, Klebsiella
pneumoniae, Acinetobacter baumannii, Pseudomonas
aeruginosa and Enterobacter spp. The dominant role
among these agents of hospital-acquired infections be-
longs to the pathogens that are characterized by diver-
sity of antimicrobial resistance mechanisms. The World
Health Organization included ESKAPE pathogens in
the group of microorganisms of the highest priority for
development of new antibiotics or new treatment me-
thods [8].

The burden of hospital-acquired infections, es-
pecially among children, in low and middle-income
countries is unknown, mostly due to a lack of report-
ed data. The European multicenter study of cases with
hospital-acquired infections in pediatric hospitals
showed that their prevalence ranged from 2.5% in gen-
eral care units to 23.6% in intensive care units. High
rates of these infections were also recorded in neonatal
intensive care units, where their prevalence was 3-20
times as high in resource-limited settings compared to
high-income countries.

Vietnam is a low-income country with fast grow-
ing public and private health sectors. Because of the
low levels of the gross national income and nation-

al health expenditure per capita, personal health care
expenditures account for around 80%. Antibiotics are
widely used by the population and are most common-
ly purchased in private pharmacies and clinics. The
healthcare sector is overloaded with the relatively low
number of healthcare personnel per capita (7 doctors
per 10,000 population), shortage of inpatient beds and
hospital overcrowding reaching 170%. Vietnam has
no national system of epidemiological surveillance of
HALISs; the data on cases in intensive care units are limi-
ted. Considering high infection rates, Vietnam becomes
a "hotspot" for the emergence of antimicrobial resis-
tance with the rates among the highest in Asia [9—11].

The earlier performed studies of hospital-acquired
infections in intensive care units at 3 Vietnamese pedi-
atric hospitals showed that their prevalence was 33%
[9]. K. pneumoniae is among the leading bacteria that
cause nosocomial infections and can develop antimi-
crobial resistance [11-13]. The results of molecular and
genetic studies of strains of bacteria co-circulating in a
particular unit of a specific hospital show their high het-
erogeneity. Priority attention should be given to mea-
sures preventing the emergence of highly virulent and
resistant strains and stopping their spread [14].

The study of the diversity of ESKAPE pathogens
contaminating newborns, including premature infants
receiving treatment in neonatal intensive care units
(NICU) is a top-priority task of healthcare organiza-
tions both in Russia and other countries; its achieve-
ment will help minimize the risks associated with ad-
verse epidemiological situations.

The aim of the study was to explore the structure,
molecular and antigenic characteristics of ESKAPE
pathogens isolated from oral and anal mucous mem-
branes of NICU patients, and to assess their etiological
significance in occurrence of HAIs.

The studies were conducted in accordance with
R&D of the Tyumen Research Institute for Regional In-
fectious Diseases Pathology of Rospotrebnadzor in the
pursuance of the Action Plan for Provision of Scientific,
Methodological, Material and Technical Assistance to
the Socialist Republic of Vietnam, addressing the threat
of infectious diseases and minimization of risks asso-
ciated with health-hazardous chemical substances in
2020-2022."

Materials and methods
The study included 49 children aged 0-60 days, in-

' Executive Order No. 1536-p of the Government of the Russian
Federation, 13/7/2019.
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cluding 40 newborns (the median was 13 days; Q —Q,:
7-23), who received treatment in NICU at the National
Hospital of Pediatrics in Hanoi. Biomaterial samples
were collected simultaneously from all children, re-
gardless of their age, type of delivery, degree of pre-
maturity, birth weight, type of feeding, length of stay
in the unit, antibiotic treatment (the random sampling
method). The study was performed with the voluntary
informed consent of representatives of the patients. The
study protocol was approved by Ethics Committee of
the Tyumen Research Institute for Regional Infectious
Diseases Pathology of Rospotrebnadzor (minutes No. 1
of 01.06.2022).
The bacteriological study was performed using
98 samples of biomaterial collected from oral and anal
mucous membranes of the children; microbial growth
was recorded in 96 specimens. A total of 101 isolates
were isolated from the oral mucosa of the children, and
137 isolates were isolated from the anal mucosa. The
K. pneumoniae strains (n = 20) isolated from the above
loci were studied using whole-genome sequencing.
Microbiological studies were conducted using the
conventional bacteriological method. The species iden-
tification of bacteria was confirmed by matrix-assisted
laser desorption ionization mass spectrometry using the
Maldi BioTyper 3.0 software. The identification level
above 2.0 was indicative of a high degree of confidence.
The obtained reads for each strain were assem-
bled into contigs using the Unicycler v.0.4.7 program.
Samples with the average genome coverage above 200
indicated that the amount of data was sufficient. The re-
sults of whole-genome sequencing were analyzed using
the Kraken Metagenomics version 2 software for anal-
ysis of metagenomic samples (the classifier of reads —
short nucleotide sequences). Phylogenetic studies were
performed using the Wombac 2.0 program that made it
possible to find core single nucleotide polymorphisms
(SNPs) in nucleotide sequences and to perform align-
ment of these polymorphisms. The Kaptive web-based
tool was used for detection of O antigens and capsular
antigens of K. pneumoniae strains. Sequence types were
identified using MLST 2.0? and Lasergene software.
Microsoft Office Excel 2016 spreadsheets were
used for collecting, correcting, systematizing of the
input information and for visualization of the obtained
results. Statistical methods and the SPSS v. 22 software
were used for analysis of the received data. Nominal
data were described using absolute values and percent-
ages, including 95% confidence intervals (CI) — the
Clopper—Pearson method.

Results

The results of the bacteriological studies of the
children’s oral and anal mucosa show that the ob-

2 Multi-Locus Sequence Typing.
URL: https://cge.cbs.dtu.dk/services/MLST

tained isolates are represented by gram-positive and
gram-negative bacteria as well as by the minor quantity
of fungi of the genus Candida. The group of gram-pos-
itive bacteria (27.3% [95% CI, 21.7-33.4]) was com-
prised by bacteria of the genera Staphylococcus
(S. aureus and other species), Streptococcus (primarily
S. vestibularis, S. salivarius) and Enterococcus faeca-
lis. Gram-negative isolates are represented by Entero-
bacterales bacteria (41.6% [95% CI, 35.3-48.1]) and
nonfermenting gram-negative bacteria (22.7% [95%
CI, 17.5-28.5]). Among representatives of Enterobac-
terales, we identified bacteria of the following genera:
Escherichia, Klebsiella, Serratia, Enterobacter; the
cluster of nonfermenting gram-negative bacteria was
comprised by Acinetobacter spp., Pseudomonas spp.,
Stenotrophomonas maltophilia and Elizabethkingia
meningoseptica. The isolates from the studied loci
demonstrated the dominance of Enterobacterales bac-
teria. Fungi of the genus Candida accounted for 8.4%
[95% CI, 5.2-12.7].

The analysis of the quantity of the isolates from
the specified loci showed insignificant dominance of
Enterobacterales bacteria in anal mucosa. In the chil-
dren’s oral mucosa, nonfermenting gram-negative
bacteria were detected in 35.6% of cases [95% CI,
26.4-45.8] compared to their detection rate for anal
mucosa — 13.1% [95% CI1, 8.0-19.9] (Fig. 1). Groups
of gram-positive bacteria isolated from oral and anal
mucosa were detected almost in equal percentages.

Among the total number of identified isolates
from the specified loci, 51.7% [95% CI, 45.1-58.2] of
strains belonged to the ESKAPE group of pathogens:
S. aureus, K. pneumoniae, E. coli, E. cloacae, P. aeru-
ginosa, A. baumannii. The comparative analysis of the
structure of ESKAPE bacteria identified from the bio-
material samples collected from oral and anal mucosa
of the children is presented in Fig. 2.

The analysis of isolates of the ESKAPE group,
which were obtained from the oral mucosa, showed that
bacteria of the family Enterobacteriaceae and nonfer-
menting gram-negative bacteria prevailed in the above
locus. At the same time, S. viridans and coagulase-
negative Staphylococcus spp., which represent a res-
ident microbiota of the oral cavity, were identified in
oral mucous membranes of the examined children.

The bacteriological analysis of the samples of bi-
ological materials collected from the patients showed
that K. pneumoniae bacteria prevailed in microbiota of
the oral and rectal mucosa in 51.9% of cases. The re-
sults of whole-genome sequencing of K. pneumoniae
strains isolated from the oral mucosa (n = 9) and the
rectal mucosa (n = 11) show that the selected strains
were divided into 7 genetic clusters. Cluster I included
K. pneumoniae strains 39, 51, 57, 85 (isolated from the
oral mucosa) and strains 42, 56, 96 (from the rectal mu-
cosa). The structural analysis of core SNP genomes of
K. pneumoniae strains within cluster I showed that the
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Fig. 1. The detection frequency of isolates of the main bacteria groups in oral and anal mucosa of the children, %.

cluster is divided into two groups with genomes differ-
ing from each other by a little over 10,000 SNP. The
first group is represented by strains 39, 42, 51, 56, 57;
the second group — by strains 85, 96. The results of
pairwise comparison of contig assemblies are shown in
Table 1. The analysis of core SNPs in the first group of
strains showed that they differed not more than by 55,
thus confirming the high homology of these isolates.
Cluster II was formed by strains 91, 49 (from the
oral mucosa) and strains 92, 50, 66 (from the rectal mu-
cosa); cluster III — by strains 53 (from the oral muco-
sa) and strains 54, 68 (from the rectal mucosa). Clus-
ters IV, V, VI, and VII are represented by strains 74 and
82 — from the rectal mucosa and strains 59, 31 — from
the oral mucosa. The molecular serotyping by O and

capsular antigens showed that each cluster of K. pneu-
moniae strains could be assigned to a specific serotype
(Table 2). By the O antigen, all strains of clusters I and
VII are assigned to serotype Olvl. Strains of the second
cluster had some differences by the O antigen and were
assigned to Ol/O2v2 and Olv2, including the strain
of cluster V. Clusters IIl and IV were represented by
strains containing the OS5 antigen. The strain with the
O3b antigen was assigned to cluster VI.

The analysis of the capsular antigen (KL) showed
that strains of all clusters were homogenous, except for
cluster I, in which 5 K. pneumoniae strains belonged to
serotype KL2 and 2 strains belonged to KL 112.

The multilocus sequence typing revealed that
strains of a specific cluster belonged to the same se-

B | {T
) C

|

10
ol ]

Enterobacter spp. S aureys E. coli

-10

A. baumannii P. aeruginosa K. pneumoniae

© pharyngeal mucosa

® mucosa of the anus

Fig. 2. Comparative analysis of ESKAPE pathogens isolated from oral and anal mucosa of the children, %.
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Table 1. Results of comparison of contig assemblies of K. pneumoniae strains belonging to cluster |

SNP-dists 0.6.3 Strain 85 Strain 96 Strain 51 Strain 56 Strain 57 Strain 39
K. pneumoniae 96 19
K. pneumoniae 51 10987 10987
K. pneumoniae 56 10997 10993 52
K. pneumoniae 57 10980 10980 17 55
K. pneumoniae 39 10986 10984 15 55 16
K. pneumoniae 42 10986 10986 1" 51 8 10

quence type (ST), except for cluster I that included
ST14 and ST15. Regarding the homology of strains by
clusters, it was found that genotypes in all clusters were
identical by loci tonB, rpoB, phoE, pgi, mdh, gapA;
differences were recorded only in cluster I, locus infB
(Table 3).

Discussion

The examined children were patients in the in-
tensive care unit of a large specialized pediatric center
and most of them were premature infants. The degree
of prematurity of newborns depended on perinatal risk
factors: type of delivery, gestational age, birth weight,
asphyxia, respiratory distress syndrome or congenital
abnormalities. Although the above data were not pro-
vided for the analysis, they can contribute to predis-
position to contamination of children’s mucous mem-

branes with ESKAPE pathogens circulating in the unit
and to development of bacterial diseases.

The studies of oral and rectal mucous membranes
of NICU patients at the National Hospital of Pediatrics
in Hanoi demonstrated a great diversity of circulating
bacteria belonging to the ESKAPE group and being
etiologically significant agents of bacterial infections,
including HAIs. Note that K. pneumoniae and P. aeru-
ginosa isolates from rectal mucosa belong to highly
dangerous pathogens and are responsible for most of
the hospital-acquired infections in immunocompro-
mised patients [15, 16]. At the same time, Enterococcus
spp. and E. coli bacteria are important components of
gut microbiota [13, 17].

Some publications addressing cases of HAIs in
intensive care units at Vietnamese pediatric hospitals
state that K. pneumoniae bacteria are the most frequent

Table 2. Results of molecular serotyping of K. pneumoniae strains

Name of the strain KL-antigen O-antigen Cluster
K. pneumoniae 39 KL2 Olvl
K. pneumoniae 42 KL2 Olvl
K. pneumoniae 51 KL2 Olvl
K. pneumoniae 56 KL2 Olvl |
K. pneumoniae 57 KL2 Olvl
K. pneumoniae 85 KL112 Olvl
K. pneumoniae 96 KL112 Olvl
K. pneumoniae 92 KL104 0l/02v2
K. pneumoniae 50 KL104 0Ol/02v2
K. pneumoniae 66 KL104 Olv2 Il
K. pneumoniae 49 KL104 0l/02v2
K. pneumoniae 91 KL104 0l/02v2
K. pneumoniae 68 KL60 05
K. pneumoniae 54 KL60 05 ]
K. pneumoniae 53 KL60 05
K. pneumoniae 74 KL114 05 \Y,
K. pneumoniae 59 KL62 Olv2 \Y
K. pneumoniae 82 KL128 0O3b VI
K. pneumoniae 31 KL62 Olvl Vi

K. pneumoniae 95 -

Note. Strain 95 — non-serotyped by the O antigen and KL antigen.
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pathogen isolated from patients. Nosocomial strains of
these bacteria characterized by a wide range of virulence
and resistance genes prevail in hospitals in Europe, the
United States, East and Southeast Asia [18-21].

Molecular and genetic studies of the microbiome
help evaluate the pathogenic potential of microbial com-
munities living in certain niches. The polysaccharide
chain composing the structure of the outer membrane
of K. pneumoniae possesses antigenic properties and
helps divide strains into O serotypes. By the O antigen,
all strains of 7 clusters had some differences and were
assigned to serotypes O1v1, Ol/O2v2 and Olv2, O3b and
05. At the same time, 70% of the strains had antigens of
serotype O1. There are data confirming that serotypes O1,
02, O3 are the most prevalent and are detected in 80%
of cases of infections caused by K. pneumoniae bacteria
[22]. The analysis of the capsular antigen showed that
strains of all clusters were also characterized by diversi-
ty with detected serotypes KL2, KL60, KL62, KL.104,
KL112, KL114 and KL128. Serotypes KL2 and KL104
were detected in half of the strains (25% respectively).
In clinical settings, hypervirulent serotypes KL1 and
KL2 should be given close attention. They are charac-
terized by a hypermucoid phenotype and are associated
with especially severe Klebsiella infection [23].

The multilocus sequence typing demonstrated the
homology of strains by clusters; genotypes in all clus-

ORIGINAL RESEARCHES

ters were identical by loci tonB, rpoB, phoE, pgi, mdh,
gapA; differences were recorded in locus infB. It was
found that sequence types ST14, ST1741 and ST1224
prevailed. In addition, two strains were assigned to se-
quence type ST15. There is evidence suggesting prev-
alence of ST11 strains in East Asia; ST15 strains occur
more rarely, though worldwide they are reported as the
source of nosocomial outbreaks of resistant K. pneumo-
niae [12, 20]. Research publications report that epidemi-
ological conditions in pediatric hospitals are associated
with the circulation of K. pneumoniae strains belonging
to sequence types ST17, ST3181 and ST1564 [24].

Thus, the performed molecular and genetic studies
demonstrate that the nosocomial population of K. pneu-
moniae isolates was characterized by the co-circulation
of homologous strains in mucous membranes of sev-
eral patients in the unit, thus confirming that the new-
borns were contaminated with them while receiving
treatment. The analysis of species composition of cir-
culating microorganisms, whole-genome sequencing,
serotyping and multilocus sequence typing as well as
identification of genetic markers of the pathogenic po-
tential of strains are essential for effective identification
of HAI pathogens [25].

The etiological structure of infections, including
HAISs, depends on the conditions in a specific unit of a
healthcare facility. Therefore, monitoring of the circu-

Table 3. Results of multilocus sequence typing of K. pneumoniae strains

Name of the strain Sequence type Lod Cluster
tonB | rpoB | phoE | pgi | mdh | gapA | infB

K. pneumoniae 39 14 1 1 1 1 1 1 6

K. pneumoniae 42 14 1 1 1 1 1 1 6

K. pneumoniae 51 14 1 1 1 1 1 1 6

K. pneumoniae 56 14 1 1 1 1 1 1 6 |

K. pneumoniae 57 14 1 1 1 1 1 1 6

K. pneumoniae 85 15 1 1 1 1 1 1 1

K. pneumoniae 96 15 1 1 1 1 1 1 1

K. pneumoniae 92 1741 42 4 17 1 4 2 3

K. pneumoniae 50 1741 42 4 17 1 4 2 3

K. pneumoniae 66 1741 42 4 17 1 4 2 3 Il

K. pneumoniae 49 1741 42 4 17 1 4 2 3

K. pneumoniae 91 1741 42 4 17 1 4 2 3

K. pneumoniae 68 1224 169 38 142 63 26 18 67

K. pneumoniae 54 1224 169 38 142 63 26 18 67 1]

K. pneumoniae 53 1224 169 38 142 63 26 18 67

K. pneumoniae 74 3918, 1928, 4038 124 17 41 33 21 28 18 \Y,

K. pneumoniae 59 730 56 1 33 1 \

K. pneumoniae 82 16 4 4 1 1 \Y|

K. pneumoniae 31 48 10 2 2 2 5 VIl

K. pneumoniae 95 - - -
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lation of pathogens belonging to the ESKAPE group  gens, which is based on molecular and genetic studies,
is required not only when the occurrence of bacterial ~ will be instrumental in detection of HAI pathogens and
infection has been reported, but also routinely [26].  forecasting of epidemiological situations when provid-
The microbiological monitoring of ESKAPE patho-  ing care to newborns.
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