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ABSTRACT

Klebsiella pneumoniae (Kp) species complex is a genetically and ecologically diverse
group of bacteria that causes a wide range of infections in humans and animals.

The aim of the study. To carry out biological characterization and genotyping based
on the study of different loci of Klebsiella pneumoniae clinical isolates.

Materials and methods. The object of the study was three Klebsiella pneumoniae
clinical isolates from different biotopes of patients from a regional children’s multidisci-
plinary hospital. We used a complex of bacteriological, molecular genetic and bioinfor-
matic methods. Genotyping of the isolates was carried out using the Pasteur Institute
service for strains of the K. pneumoniae species complex.

Results. All strains were susceptible to antimicrobial drugs from carbapenem (imi-
penem, meropenem) and tetracycline groups (tigecycline), and demonstrated high
susceptibility to the Klebsiella polyvalent bacteriophage. The antibiotic resistance
of the Kp ODKB-16 and ODKB-81 isolates to seven and eight antimicrobial drugs,
respectively, was registered.

Based on the results of multilocus sequence typing, all strains were assigned to Kp1
phylogroup, K2 type and differed in sequence type, scgMLST629 profile, and KL
type. Kp ODKB-16 strain was identified as ST-65, scgST-11107, KL2; ODKB-07 strain -
as ST-219, scgST-6401, KL125KL114; ODKB-81 strain — as ST-86, scgST-2800, KL2KL30.
The virulence gene clusters AbST, CbST, YbST, SmST, and RmST have been character-
ized only in the genome of the Kp ODKB-16 isolate, allowing it to be characterized
as highly virulent with multidrug resistance (MDR). Additionally, genes responsible
for the synthesis of types 1 and 3 fimbrial adhesins were registered in all strains,
and ter operon loci were identified only in Kp ODKB-16. Resistome analysis showed
that all strains had 2b genotype. Plasmids were found in the genomes of Kp ODKB-81
(Incl2) and ODKB-16 (IncFIA + IncFIB + IncHI1B).

Conclusion. We used a comprehensive framework for genomic taxonomy of clinical
isolates, which can contribute to the unification of global and regional peculiarities
of the developing and microevolution of bacterial pathogens.
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multiple antibiotic resistance, antimicrobial drugs, virulence
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PE3IOME

Komnnekc sudos Klebsiella pneumoniae (Kp) npedcmasnsem cobol eeHemuyecku
U 3K0J102UYeCKU pa3HoobpasHyto 2pynny bakmepud, 8b13618arOLYI0 WIUPOKUL cnekmp
UHgekyul y odel U XUBOMHBbIX.

Llenb uccnedoeaHus. buosozuyeckas Xapakmepucmuka U 2eHOmunuposaHue
Ha 0CHoBe U3y4YeHUs pasHbiX JIOKYCO8 KTUHUYecKux usonamos Klebsiella pneumoniae.
Mamepuansi u memoosbl. O6veKMoM UCCIe008aHUS CMAIU MPU KIUHUYECKUX U30-
nama Kp, ebi0esieHHble U3 pa3Hblx 6UOMoN08 NayueHMo8 0emcKo20 MHO20NPOpU/Ib-
HO20 CMayuoHapa pezuoHasibHo20 yposHs. B pabome ucnone3osaH Kkomnsiekc 6ak-
mepuosio2uYeckuX, MOJIEKY/IAPHO-2eHEMUYECKUX U BUOUHHOPMAYUOHHbLIX MemMoo08.
[eHomunuposaHue u30/19Mo8 NPOBOOUJIU C UCNO/Ib308aHUEM cepsucd IHcmumyma
[Macmepa ona wmammos 8udo8oz0 komnsekca K. pneumoniae.

Pesynemamel. Bce wmammsl 6bisiu yygscmeumesibHbl K AHMUMUKPOOHbIM npe-
napamam 2pynn kapbaneHemsl (UMUNeHeM, MeponeHeM) U mempayukauHel (mu-
2eYUKJIUH) U 0eMOHCMPUPOBAIU 8bICOKYIO Uy8CMBUMEeTbHOCMb K bakmepuogpazy
knebcuenn nonuganeHmHsil. Y uzonamos Kp ODKB-16 u ODKB-81 ommeyveHa aH-
mubuomuKope3uCmeHmMHoOCMb K ceMu U 80CbMU AHMUMUKPOOHbIM npenapamam
coomeemcmeeHHO.

CoanacHo pe3ynbmamam mysbmuaoKyCHO20 MUNUpPOBaHUs, 8ce WMAamMMbl OMHece-
Hbl K puniozpynne Kp 1, umenu K2-mun u pasiuyanuce no CUKBEHC-MUNAam, Npogusio
scgMLST629 u KL-muny. lLimamm Kp ODKB-16 6611 onpedenéH kak ST-65, scgST-11107,
KL2; ODKB-07 — kak ST-219, scgST-6401, KL125KL114; ODKB-81 — kak ST-86, scgST-2800,
KL2KL30. Knacmepel 2eHos supyneHmHocmu AbST, CbST, YbST, SmST u RmST 6wbinu
oxapakmepu3o8aHsl moJsibko 8 ceHome usonama Kp ODKB-16, umo no3gosnisem oxa-
paKmepu308ams €20 KAk 8bICOKOBUPYIEHMHbIU C MHOXecmeeHHOU siekapcmeeHHoU
ycmodtyvusocmeto (MJ1Y). [JlononHUmMensHo y 8cex wWmammos 8bif8/ieHsbl 2eHbl, om-
8emcmaeHHsble 3a cCUHMe3 huMbpuabHbIX a02e3uHos 1-20 U 3-20 MUNO8, a JIOKYCbl
ter-onepoHa — moneko y Kp ODKB-16. AHanu3 pesucmoma nokasas, 4mo ece uimam-
Mbl umenu 2zeHomun 2b. l1na3mudsl 6siiu onpedenieHsl 8 2eHomax Kp ODKB-81 (Incl2)
u ODKB-16 (IncFIA + IncFIB + IncHI1B).

3aknrwyeHue. VIcnonb308aHA KOMNJIEKCHAS CxeMd 07151 2eHOMHOU MAkKCoOHOMUU
K/TUHUYeCKUX U30/71mMo8, Komopds MoXem cnocobcmeosams yHUGUKAYUU 2/10-
6a/1bHbIX U pe2UoHATbHbIX 0CO6eHHOCMeli B03HUKHOBEHUS U MUKPO380/TI04UU 6aK-
mepuasbHbIX NAMO2eHO8.

Knioueenle cnoea: komnnekc sudos Klebsiella pneumoniae, 2eHomunuposaHue,
MybMU/IOKYCHbIU aHANIU3, MHOXeCmeeHHAs daHmubuomuKope3ucmeHmMHoCms,
AHMUMUKpObHble Npenapamol, 8UpYIeHMHOCMb

Ona uyntnpoBaHua: benbkosa HJL., Knumenko E.C., HemueHnko Y.M., lpuroposa E.B.,
CutHukoBa K.O., 3yreesa P.E., CmypoBa H.E., Yeme3osa H.H., CaBunos E.[l. Bionornueckune
CBOWCTBa U reHeTUYecKkasa CTPYKTypa KIIMHNYeCKUX N30N1ATOB KoMrieKkca Buaos Klebsiella
pneumoniae. Acta biomedica scientifica. 2024; 9(1): 53-63. doi: 10.29413/ABS.2024-9.1.6
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BACKGROUND

The Klebsiella pneumoniae species complex is a genet-
ically and ecologically diverse group of bacteria causing
a wide range of infections in humans and animals [1]. Con-
sidering its diversity, as well as evolutionary dynamics,
multidrug resistance and virulence, typing schemes for K.
pneumoniae strains are being developed [1-3]. Controversial
microbial species identification and horizontal gene transfer
underlie the extensive strain heterogeneity of their phe-
notypes, which is of ecological, medical, and/or industrial
importance [4]. Obviously, the most successful taxonomic
system for genetic typing of microbial strains is the mul-
tilocus sequencing approach [5, 6]. This system is used
for population biology studies and surveillance of bac-
terial pathogens in public health [7]. Several genotyping
schemes based on different loci have been developed
for the K. pneumoniae species complex: proper multilocus
typing (MLST, multilocus sequence typing) [8], multilocus
typing by main genome (cgMLST, core genome multilo-
cus sequence typing) [2, 3], typing by wzc and wzi genes
[9], as well as multilocus typing of virulence gene clusters
(AbST, CbST, YbST, SmST, RmST), and antibiotic resistance
(aminoglycosides, beta-lactamases, quinolones) [2, 10, 11].

It has been previously revealed that K. pneumoniae
in 23.1 % of cases acts as an etiological factor in the de-
velopment of hospital purulent-septic infections in a pae-
diatric multidisciplinary hospital at the regional level
[12]. When microbiological data from clinically relevant
biotopes (blood, sputum, urine, wound contents, abdom-
inal fluid, tracheobronchial flushes, and liquor) were ex-
amined, it was revealed that blood (32.3 %) and sputum
(27.1 %) had the highest frequency of microbial isolation
[12]. These clinical isolates of K. pneumoniae have been ex-
perimentally observed to form biofilms with varying effi-
cacy, showing different resistance to disinfectants and an-
timicrobial agents (AMAs) [13-15]. It may also be further
noted that traditional methods of clinical bacteriology do
not allow distinguishing strains within the K. pneumoniae
species complex, which masks the true clinical significance
of each sequencing type/phylogroup and their potential
epidemiological features [9]. Considering this statement,
the isolation biotope and multiple AMA resistance were
taken into account when selecting strains for genetic

typing.
THE AIM OF THE STUDY

Biological characterisation and genotyping based
on different loci of three clinical isolates of K. pneumoniae

isolated from different biotopes of patients of a regional
paediatric multidisciplinary hospital.

METHODS

Three isolates of K. pneumoniae were studied
from the clinical material of patients being treated
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in the intensive care unit of a paediatric multidisciplinary
hospital at the regional level (Irkutsk).

The isolates were determined according to morpho-
logical, tinctorial, culture, and biochemical properties
using bioMérieux APl systems (France) and confirmed
by mass spectrometric analysis with the ultraflExtreme
mass spectrometer (Bruker Daltonics, Germany) [16].

To assess susceptibility to AMA, bacterial suspen-
sion was prepared according to standard methodology
with an optical density of 0.5 McFarland. AMA suscep-
tibility was determined by disc-diffusion method using
Mueller - Hinton medium (HiMedia, India); the results
were analysed in accordance with the current regula-
tions and interpretation tables of the European Com-
mittee on Antimicrobial Susceptibility Testing (EUCAST;
version 11.0, valid from January 01,2021) [17-19]. Strains
exhibiting the R criterion were categorised as resistant,
| - susceptible with increased exposure, and S - suscep-
tible. The study included discs containing aztreonam
(AZT; 30 pg), amikacin (AMK; 30 pg), amoxicillin-clavu-
lanic acid (AMC; 20-10 pg), gentamicin (GEN; 10 ug),
imipenem (IPM; 10 pg), meropenem (MER; 10 ug), netil-
micin (NET; 10 pg), piperacillin-tazobactam (PIT; 30 ug
- 6 ug), tigecycline (TGG; 15 pg), cefepime (CEP; 30 pg),
ceftazidime (CAZ; 10 and 30 pg) (NICF LLC, Russia).

To assess the susceptibility of K. pneumoniae iso-
lates to phages, a commercial preparation of bacterio-
phage produced by SPA (Scientific Production Associa-
tion) «Microgen» (Russia) with declared activity against
Klebsiella - Klebsiella polyvalent bacteriophage (20 ml
vials, series U387 02.2020; Ufa) was used. Determina-
tion of the level of lytic activity (LLA) of bacteriophage
to K. pneumoniae isolates was performed by the drop
method (spot-test) [20, 21].

Whole-genome  sequencing  was  performed
on NextSeq 550 (lllumina, USA) equipment using the lllu-
mina DNA Prep Tagmentation, IDT for lllumina DNA/RNA
UD Indexes Set Tagmentation, and NextSeq 500/550 High
Output Kit v2.5 (300 Cycles) library preparation reagent
kits, according to the manufacturer’s recommendations.
Pre-contig primary data were assembled using SPAdes
v. 3.11.1 [22]. Contigs were aligned against the Klebsiella
pneumoniae subsp. pneumoniae HS11286 reference ge-
nome (GenBank CP003200) and corrected using MAUVE
2.4.0 (The Darling Lab, Australia) [23]. Prokka 1.14.6 (Or-
egon State University, USA) was used for functional an-
notation [24]. MOB-Typer (National Microbiology Labo-
ratory, Canada) was used to characterize plasmids [25].
Mobile genetic elements (MGEs) (IS elements and trans-
posons) were searched using IS-finder (France) [26].

Genotypes of isolates were determined using
the Pasteur Institute database for strains of the K. pneu-
moniae species complex [27] based on MLST [8], cgM-
LST [2, 3], wzc and wzi gene typing [9], and MLST clus-
ters of virulence genes (AbST, CbST, YbST, SmST, RmST)
as well as antibiotic resistance (aminoglycosides, be-
ta-lactamases, quinolones) genes [2, 10, 11].

This study was performed within the frame-
work of the state task No. 121022500179-0 using
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the equipment of the SRF (shared research facility)
«Centre for the Development of Progressive Personal-
ized Health Technologies» and USF (Unique scientific
facility) «Collection of Human Microbiota of the Irkutsk
Region» (Irkutsk) of the Scientific Centre for Family
Health and Human Reproduction Problems (Irkutsk).

RESULTS

A brief characterization of the analyzed K. pneumo-
niae isolates is presented in Table 1. Based on AMA sus-
ceptibility results, all strains showed resistance to more
than two AMAs of different groups, but were suscep-
tible to imipenem, meropenem (carbapenem group),
and tigecycline (tetracyclines). In addition, all isolates
revealed high susceptibility to Klebsiella polyvalent bac-
teriophage (Table 1). It should also be mentioned that
K. pneumoniae isolates ODKB-16 and ODKB-81 revealed
resistance to seven and eight drugs, respectively, and can
be defined as multidrug resistant (MDR) strains.

A summary of the genome assembly and annota-
tion results are summarized in Table 2. The genomes
of the strains were mapped to the Klebsiella pneumo-
niae subsp. pneumoniae HS11286 reference genome
and are shown in Figure 1. The genome sizes of the ana-
lyzed isolates varied slightly and were 5.7 x 105, 5.3 x 105,
and 5.4 x 106 base pairs - b.p. for K. pneumoniae ODKB-16,
K. pneumoniae ODKB-07, and K. pneumoniae ODKB-81,
respectively. The guanine-cytosine (GC) composition was
consistent with the characterization of the K. pneumoniae
species. Plasmids belonging to different incompatibility
groups were revealed in K. pneumoniae strains ODKB-16

TABLE 1

and K. pneumoniae ODKB-81 (Table 3). It is worth noting
that K. pneumoniae ODKB-81 carries Incl2 incompatibili-
ty group plasmid, while K. pneumoniae ODKB-16 carries
a combined plasmid belonging to several groups simul-
taneously (IncFIA + IncFIB + IncHI1B), which is a charac-
teristic feature of clinical isolates. Additionally, MOBF-type
relaxase was revealed in K. pneumoniae ODKB-16 plasmid
and conjugative mobility was predicted. Profages and in-
tegrons were not found in any isolate. MGEs were repre-
sented by insertional IS-elements and Tn-transposons.
MGEs of the 1S1380 and 1S3 families were revealed in all
three isolates in the chromosome. In addition, IS66 was re-
vealedin the K. pneumoniae ODKB-7 chromosome, and IS5
and IS1 elements were revealed in K. pneumoniae ODKB-
16.The MGEs of these families are small in length, ranging
from 500 to 2000 bp. - and do not contain genes responsi-
ble for resistance or pathogenicity. Two MGEs of the 15481
and 1S66 families, which do not carry resistance or viru-
lence genes, were revealed in the K. pneumoniae ODKB-81
plasmid. 18 MGEs belonging to the IS1, 1S3, 1S4, IS5, 1S6,
1S21,1566, 15110, 15481, 15630, 151380, ISNCY, and Tn3 fami-
lies were revealed in the K. pneumoniae ODKB-16 plasmid.
One Tn3 MGE of the family included genes pbrR (tran-
scription factor belonging to the MerR family), pbrA (P1B-
type ATRase), pbrB (integral membrane protein), and pbrC
(putative signaling peptidase). The pbrTRABCD gene clus-
ter is thought to encode a unique, specific mechanism
for lead resistance [28].

Genetic typing of K. pneumoniae included sequenc-
ing-type determination by MLST and cgMLST multilocus
sequencing schemes, identification of markers associated
with phenotypic capsule serotyping, and search for viru-
lence and antibiotic resistance determinants.

BRIEF CHARACTERIZATION OF ISOLATES OF THE K. PNEUMONIAE SPECIES COMPLEX

Isolate labeling  Isolation source (date)

Susceptibility

Tracheobronchial tree
(November 06, 2018)

K. pneumoniae
ODKB-16

AMC20-10, IPM10,
MER10, TGC15

K. pneumoniae
ODKB-07

K. pneumoniae
ODKB-81

AMK30, GEN10,
NET10, AMC20-10,
PIT30-6, IPM10,
CAZ30, MER10, TGC15

Blood (June 21, 2018)

Sputum

(October 22, 2019) IPM10, MER10, TGC15

CAZ10, CAZ30,
AZT30

Antibiotics Polyvalent
Genotype q
(23 loci®) Klebsiella
Resistance bacteriophage
AMK30, GEN10,
NET10, PIT30-6,
CEP30, CAZ10, 2b X
CAZ30,AZT30
CEP30, CAZ10,
AZT30 2b X
AMK30, GEN10,
NET10, AMC20-10,
PIT30-6, CEP30, 2b 4X

Note. * — genotyping was performed at the following loci: blaAMPC, blaBEL, blaCARB, blaCMY, blaCTX_M, blaGES, blalMP, blaIND, blakPC, blaLEN, blaNDM, bla-

OKP_ABCD, blaOXA, blaOXY, blaPER, blaSHV, blaSME, blaTEM, blaVEB, blaVIM.
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TABLE 2

SUMMARY RESULTS OF GENOME ASSEMBLY AND ANNOTATION OF GENOMES OF ISOLATES

OF THE K. PNEUMONIAE SPECIES COMPLEX

Characteristics

K. pneumoniae ODKB-16

K. pneumoniae ODKB-07 K. pneumoniae ODKB-81

Genome assembly results

Number of readings per sample 18 689 678
Scaffold quantity 73
N50 293 674

Genome annotation results

Genome size, b.p. 5693553
GC, % 56.69
Number of protein-coding 5 491
sequences
rRNAs quantity 4
tRNAs quantity 63
Plasmid quantity 1
TABLE 3

23218431 8283 075
66 61
308988 308 386
5333942 5368 963
57.19 57.33
5085 4892
7 6
66 54
No 1

BRIEF CHARACTERIZATION OF PLASMIDS OF K. PNEUMONIAE SPECIES COMPLEX ISOLATES

Characteristics

Size, b.p.
GC, %
Incompatibility groups

Probable origin

According to the results of MLST multilocus typing
for seven genes gapA, infB, mdh, pgi, phoE, rpoB, and tonB,
all strains showed a different genotype: K. pneumoniae
ODKB-16 was identified as ST-65, K. pneumoniae ODKB-07
as ST-219, K. pneumoniae ODKB-81 as ST-86 (Table 4). All
strains were assigned to the Kp1 phylogroup, K. pneumo-
niae ODKB-16 and K. pneumoniae ODKB-81 were K2-type
according to the wzc and wzi genes, but differed in scgM-
LST629 profile and KL-type (Table 4).

The virulence profile of K. pneumoniae isolates was
characterized using the virulence gene clusters ADbST,
CbST, YbST, SmST, and RmST typing at the Aerobactin,
Colibactin, Ersiniabactin, Salmohelin, and RmST/RmpADC
protein family loci, respectively. All virulence gene clus-
ters were identified and characterized only in the genome
of the K. pneumoniae isolate ODKB-16 (Table 5); their lo-
calization is presented on the mapped genome (Fig. 16).

50.37

K. pneumoniae ODKB-16

359611

IncFIA+IncFIB+IncHI1B, rep_cluster_1254

Klebsiella pneumoniae

57

K. pneumoniae ODKB-81

35021
43.25

Incl2

Escherichia coli

Thus, only the K. pneumoniae isolate ODKB-16 can be char-
acterised as highly virulent with MDR.

Additionally, pathogenicity determinants that are
not included in the list of marker genes and their regions
that are validated for typing strains of the K. pneumoniae
species complex were searched in the genomes [27].
It is known that strains of K. pneumoniae complex
having serotype K2 express invasive properties [9].
Genes responsible for the synthesis of fimbrial adhesins
of type 1 and type 3 (imA and mrkD, respectively) were
found in the chromosome structure of the studied
K. pneumoniae strains. However, genes responsible
for the synthesis of invasins, adhesin-pili P, a-hemolysin,
thermolabile enterotoxins, and for the manifestation
of the hypermucoid phenotype (rmpA and magA)
were not revealed. A tellurite resistance operon (TeO,
2, ter operon) was searched within the genomes, which

Microbiology and virology
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6
FIG. 1.
Chromosome maps of K. pneumoniae ODKB-7 (a), K. pneumoniae ODKB-16 (6), K. pneumoniae ODKB-81 (8) strains mapped to the K. pneu-
moniae subsp. pneumoniae HS11286 reference genome. Genes identified by MLST (gapA, infB, mdh, pgi, phoE, rpoB, and tonB) as well
as MLST analysis of virulence determinants (AbST, CbST, YbST, SmST, RmST) and antibiotic resistance are indicated in the footnotes
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FIG. 1. (continued)

Chromosome maps of K. pneumoniae ODKB-7 (a), K. pneumoniae ODKB-16 (6), K. pneumoniae ODKB-81 (8) strains mapped to the K. pneu-
moniae subsp. pneumoniae HS11286 reference genome. Genes identified by MLST (gapA, infB, mdh, pgi, phoE, rpoB, and tonB) as well
as MLST analysis of virulence determinants (AbST, CbST, YbST, SmST, RmST) and antibiotic resistance are indicated in the footnotes

TABLE 4

GENETIC PROFILE OF ISOLATES OF THE K. PNEUMONIAE SPECIES COMPLEX

SL1471; CG1471;
ST-65  scgST-11107  0_0_391_.0_0_0_3_1_0_0 Kp1 SL322; CG322; K2 KL2
SL65 CG65
ST- SL107; CG219;

scgST-6401 0_0.80.8.0.0_0_7_0_0 Kp1 no KL125KL114

219 4 T T SL3157  CG3157
SL1471; CG1471;
ST-86 scgST-2800  0_0_395_0_13_1_0_0_0_0 Kp1 SL322;  CG322; K2 KL2KL30

SL86 CG86
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TABLE 5

VIRULENCE PROFILE OF K. PNEUMONIAE ODKB-16 ISOLATE

YbST/
AbST/Aerobactin/ CbST/Colibactin/ Yersiniabactin/ SmST/Salmochelin/ RmST/RmpADCproteins/
iucABCD, iutA* c/lbABCDEFGHILMNOPQ  ybtSXQPAUTE, iroBCDN rmpACD
irp2, irp1, fyuA
Genotype iuclineage Genotype clblineage ICE lineage Genotype irolineage Genotype rmp lineage
ST-1 iuc 1 ST-13 cb3 Ybt-17; ICEKp10 ST-10 iro1 ST-38 rmp 1; KpVP-1

Note. * — gene cluster name/target product/list of genes from the gene cluster.

has been previously revealed to be closely associated
with K. pneumoniae infection [29, 30]. All loci of this operon
were only determined in the highly virulent MDR isolate
of K. pneumoniae ODKB-16 (Fig. 16).

Resistome analysis of the studied strains using
the Pasteur Institute’s service for strains of the K. pneu-
moniae [27] revealed that the genome of three strains
of K. pneumoniae contained gene clusters encoding resis-
tance to aminoglycosides, beta-lactamases, quinolones,
and had genotype 2b, determined by 23 loci encoding
resistance to beta-lactam antibiotics. Additionally, catA
and sulA genes encoding resistance to chlorampheni-
col and sulphonamides, respectively, were determined
in the genomes of all strains. The fosA gene encoding re-
sistance to fosfomycin was revealed only in the chromo-
some of K. pneumoniae isolates ODKB-16 and ODKB-81.
Efflux pumps are considered to be one mechanism of mul-
tiple AMA resistance formation. Determinants of efflux
pumps and their regulation 0gxAB, acrAB-tolC, acrZ, cusA,
marAR, soxSR, rob, ramAR (RND (Resistance-Nodulation
Division) family), mdtM, bcr (MFS (Major Facilitator Super-
family) family), and macAB (ABC (ATP Binding Cassette)
family) were determined in the genomes of all isolates.

DISCUSSION

In our previous studies, opportunistic bacteria
of K. pneumoniae species were classified as an etiologi-
cal factor in the development of nosocomial generalised
purulent-septic infections [12], and their ability to bio-
film formation and resistance to disinfectants and AMA
was observed [13-15]. Three isolates of K. pneumoniae
with resistance to different groups of AMA were stud-
ied to determine the clinical significance and potential
of the K. pneumoniae species complex. It should be out-
lined that K. pneumoniae strains ODKB-07 and ODKB-81
were isolated from biotopes that account for the highest
frequency of isolation of opportunistic microorganisms
of the K. pneumoniae species complex [12] - these are both
blood and sputum, respectively.

The phylogenetic analysis of the K. pneumoni-
ae species complex conducted by M. Hennart et al. [3]
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allowed to isolate seven major phylogroups Kp1-Kp7,
with the most represented phylogroup Kp1 - the group
of K. pneumoniae sensu stricto. Various studies have
revealed a great diversity of sublineages (SL) and clon-
al groups (CG) in its phylogenetic structure, reflecting
the active interest of clinical microbiologists in isolates
with multidrug resistance or/and hypervirulence [1, 3,
10, 11]. Phylogenetic analyses of other K. pneumoni-
ae phylogroups revealed divergent SLs, but they were
not predominant; apparently clinically important sub-
lines and clonal groups in these phylogroups have yet
to be sequenced [3]. The authors also complemented
the multilocus core genome analysis scheme (cgMLST,
634 loci) previously defined by S. Bialek-Davenet et al. [2].
The scgMLST629 scheme includes 629 loci and the pro-
file combines LIN code, phylogroup (Kp), sublineage (SL),
and clonal group (CG) [3].

The K. pneumoniae isolates ODKB-16, ODKB-07,
and ODKB-81 that have been analysed in this study were
assigned to genotypes ST-65, ST-219, and ST-86 based
on MLST analysis. ScgMLST629 analysis revealed similar-
ity to sublineages SL1471, SL322, and SL65 for K. pneu-
moniae ODKB-16, SL107, and SL3157 for K. pneumoniae
ODKB-07,and SL1471, SL322, and SL86 for K. pneumoniae
ODKB-81.

It should also be pointed out that there is a different
frequency of virulence genes and AMA resistance genes
being observed among the major SLs and CGs [3, 31].
Among the analyzed isolates, all loci were determined
only in the K. pneumoniae ODKB-16 genome, according
to the virulence profile proposed earlier [10, 11]. An iso-
late with a mean virulence score of 5 had a mean resis-
tance score of 1 (1 = ESBL).

The emergence of highly virulent strains of K. pneumo-
niae with high resistance to antibiotics has recently forced
researchers to actively study the mechanisms and factors
responsible for the emergence and survival of such bac-
teria [29]. Considering the effect of AMA against bacteria
as a cell response to an environmental stressor, the forma-
tion of resistance may be a consequence of different ge-
netic determinants. Alternatively, cross-resistance or joint-
ly resistance, for example, to AMA and disinfectants and/
or AMA and heavy metals, may be associated with similar



genetic mechanisms for resistance phenotype formation
[32,33].Inrecent experimental studies with model animals,
the tellurium resistance operon, known as ter-operon, was
revealed to be associated with pneumonia and bacterae-
mia caused by K. pneumoniae [29]. Comprehensive stud-
ies of the ter-operon in K. pneumoniae based on genomic
and bioinformatic approaches revealed that the ter-oper-
on was genetically independent of other plasmid-encod-
ed virulence and antibiotic resistance loci [29]. In mouse
model experiments, ter-operon, which is closely associat-
ed with infection, has been revealed to encode factors that
resist stress induced by the local gut bugs during K. pneu-
moniae colonisation [29]. In a study modelling urinary tract
infection, the role of TerC protein in resistance to ofloxacin,
polymyxin B, and cetylpyridinium chloride was revealed
[30], and together, the results of these studies suggest
a role for ter-operon as a factor in persistence and stress
tolerance [29, 30]. Among the K. pneumoniae strains ana-
lysed in this study, only in the genome of the highly viru-
lent isolate with MDR ODKB-16 all loci of the ter-operon
were characterized, indicating the presence of additional
determinants of tolerance to environmental stressors in its
genome.

CONCLUSION

Phylogroups, sublines, and clonal groups within iso-
lates of the K. pneumoniae species complex can vary con-
siderably in their ecology and pathogenicity, and their
precise definition is important in both basic research
and practical public health. The genomes of three clini-
cal isolates of K. pneumoniae obtained from the patients’
clinical material were characterised based on different
multilocus sequence typing schemes. The virulence profile
was determined, MLST typing of seven genes and core ge-
nome typing with 629 genes (scgMLST62) was performed,
and all isolates were assigned to the Kp1 phylogroup, K2
K-type and 2b genotype. Additionally, the ter operon has
been characterized as a stress tolerance factor. This com-
prehensive species-specific scheme for genomic taxono-
my of clinical isolates may be used and should help unify
global and regional patterns of emergence and microevo-
lution of bacterial pathogens.
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