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The aim of the study was to assess the efficiency of a complex of molecular genetic techniques: PCR, RAPD, and MLST using 
MALDI-TOF mass-spectrometry to study the characteristics of hospital strains.

Materials and Methods. We identified 23 strains of K. рneumoniae isolated in a pediatric hospital using MALDI-TOF mass-
spectrometer Autoflex and MALDI Biotyper software (Bruker Daltonics, Germany). Antibiotic sensitivity was analyzed by means of an 
automatic bacteriological analyzer Phoenix-100 (Becton Dickinson, USA) using chromogenic culture media (HiMedia, India). The search for 
resistance determinants and molecular typing were performed using PCR, RAPD, and MLST.

Results. All the strains were identified as K. pneumoniae ssp. pneumoniae. According to antibiotic sensitivity, three groups were 
distinguished: group 1 (n=15) — sensitive strains (wt); group 2 (n=7) — potential carbapenemase-producers; group 3 (n=1) — extended-
spectrum beta-lactamase producers. No resistance determinants were found in groups 1 and 2; beta-lactamases blaSHV and blaCTX-M were 
revealed in group 3 strain. We identified RAPD-type of the strain, a capsule type (K-23), it belonging to the sequence type 17. Strains with 
this sequence type are rarely isolated in Russia, however, they are known in Europe, USA, and Asian countries, they being associated with 
lethal human pathologies and a high epidemic potential.

Conclusion. The use of a complex of current techniques to study the phenotypic and genotypic properties of microorganisms enabled 
to isolate and characterize a hospital strain K. pneumoniae, which is antibiotic-resistant due to the presence of beta-lactamases: blaCTX-M-15 
and blaSHV-11, and it being dangerous in terms of resistance determinants transmission.

Key words: K. рneumoniae; sequence-type ST-17; antibiotic resistance; MLST; RAPD; PCR; MALDI-TOF spectroscopy.

Corresponding author: Anna G. Tochilina, e-mail: lab-lb@yandex.ru

I.V. Belova, А.G. Tochilina, О.V. Kovalishena, I.Y. Shirokova, Е.V. Belyaeva, ..., I.V. Solovyeva

Introduction

Klebsiella pneumoniae is a widespread 
Enterobacteriaceae representative, it occurring in soil, 
surface waters, on plant leaves, as well as it colonizes 
mucosa of mammals including humans. In Russia, as 
worldwide, K. pneumoniae is a clinically relevant hospital 
pathogen causing a wide range of pathologies [1, 2].

Outbreak incidence caused by the microorganism 
is recorded both in pediatric hospitals, primarily, in 
neonatal ICU and neonatology, as well as in surgical and 
orthopedic hospital departments [3–5].

Marked pathogenic potential of K. pneumoniae is 
due to the cell structure features: a lipopolysaccharide 

capsule, which prevents phagocytosis and 
macroorganism complement system functioning, and 
fimbriae of several types providing invasion and biofilm 
formation. A microorganism produces enterotoxins 
and a number of enzymes — neuraminidase, 
deoxyribonuclease, phosphatase and siderophores 
(enterobactin, aerobactin, etc), which enable the 
bacterium to uptake iron from host’s cells enhancing its 
pathogenic power [6].

K. pneumoniae refer to a group of antibiotic 
resistant pathogens ESKAPE (Enterococcus faecium, 
Staphylococcus aureus, Klebsiella pneumoniae, 
Acinetobacter baumannii, Pseudomonas aeruginosa, 
and Enterobacter spp.). According to literature, 
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most hospital K. pneumoniae strains are producers 
of extended-spectrum beta-lactamase (ESBL) and 
frequently — carbapenemases located on conjugative 
plasmids, i.e. the enzymes related to high rate of 
antibiotic-resistance in the world [7]. The strains 
oftimes have combined resistance to carbapenems and 
cephalosporins, and in some cases can require the 
review of standard schemes of antimicrobial therapy and 
including alternative antibiotics [8].

The research and monitoring of K. pneumoniae strains 
are key research trends both in Russia, and abroad 
[9–13]. Recently, one of accurate methods to identify 
microorganisms is MALDI-TOF mass-spectrometry 
[14], some foreign researchers suggest using the 
technique to screen the strains carrying carbapenemase 
blaKPC (K. pneumoniae carbapenemase — KPC), it is 
recorded in mass-spectrum as a peak of 11.109 Da. 
The peak is associated with protein p019, its gene is a 
part of transposon Tn4401а, which in 97.8% cases is 
represented in КРС-positive K. pneumoniae [15, 16]. 
The relationship of the leak and the presence of blaKPC 
is recognized significant in a new software by Bruker 
Daltonics (Germany) — MALDI Biotyper Subtyping 
Module [17].

Modern chromogenic media and automatic 
bacteriological analyzers are used to study the 
sensitivity of bacteria to antibiotics; PCR-based test 
systems are used to detect genetic determinants [18, 
19]. Currently, the most common determinants of 
K. pneumoniae beta-lactamases in Russia are genes 
СТХ-М, TEM, SHV, OXA-48, and their combinations 
[2, 13, 20–22].

Pulsed-field gel electrophoresis (PFGE), restriction 
fragment length polymorphism (RFLP), as well as nucleic 
acids amplification methods: random amplification of 
polymorphic DNA (RAPD), and enterobacterial repetitive 
intergenic consensus (ERIC-PCR) are applied for typing 
clinically significant strains [21].

For routine monitoring of circulating strains, 
PFGE and RAPD are used. PFGE is recognized to 
be a gold standard of epidemiology, however it is 
rather sophisticated and labor-intensive. Among the 
disadvantages of RAPD are its availability, ease of 
use, and a short-term result [23]. The technique is 
also successfully used for typing clinical strains of 
K. pneumoniae [24–27].

Multiple loci sequence typing (MLST) based on 
the analysis of gene sequences enables to conclude 
about pathogenic potential, assess a clinical role and 
epidemiological significance of an isolate making it 
possible to identify a strain sequence-type and its 
clonal belonging using global databases, and compare 
an isolate under study with the strains from different 
parts of the world, and study their relation [13, 28, 29].

The aim of the study was to reveal the features of 
the hospital strains of K. pneumoniae using MALDI-TOF 
mass-spectrometry and a complex of molecular genetic 
techniques: PCR, RAPD, and MLST.

Materials and Methods

We studied 23 strains of K. pneumoniae isolated from 
the biological material of patients suffering from infections 
related to medical treatment and external environmental 
objects (wipe-samples from equipment) during epidemic 
ill-being in a pediatric inpatient department. All samples 
were taken in August–September 2015.

Strains were identified using a time-of-flight MALDI-
TOF mass-spectrometer Autoflex and a hardware and 
software system MALDI Biotyper (Bruker Daltonics, 
Germany). The samples of daily cultures of the test 
microorganisms were prepared by a direct application 
method according to a standard protocol provided in a 
user’s manual. Mass-spectra were identified, recorded, 
processed and analyzed using a hardware and software 
system MALDI Biotyper.

To reveal the strains producing ESBL and having 
a decreased sensitivity to carbapenems, we used 
chromogenic media М1829 HiCrome ESBL Agar Base 
and M1831 HiCrome KPC Agar Base made by HiMedia 
(India), cultures were done in three replications.

Antibiotic-sensitivity of strains was determined 
using an automatic bacteriological analyzer 
Phoenix-100 (Becton Dickinson, USA) and combined 
ID/AST-panels. When characterizing microorganisms 
we used the accepted parameters: “sensitive”, 
“moderately resistant” and “resistant” strains, EUCAST 
being applied when recording and interpreting the 
findings [30].

Total DNA for further detection of beta-lactamase 
genes was isolated using a set DNA-express (Litech, 
Russia). BlaTEM and blaSHV genes were detected by 
PCR with specific primers [31, 32], and blaCTX-M, blaKPC, 
blaOXA-48, blaNDM, blaIMP, and blaVIM determinant — using 
commercial Litech test-systems. PCR was performed by 
a Tertsik amplificatory (DNA-technology, Russia). RAPD-
typing was conducted using the primers mentioned in 
scientific literature [26].

Genome-wide sequencing was performed powered 
by MiSeq (Illumina, USA), contigs were assembled 
using a genome assembler SPAdes v. 3.11.1 (Alferov 
Saint Petersburg National Research Academic 
University of the Russian Academy of Sciences), and 
the annotation of obtained contigs — by using software 
Prokka v. 1.12 [33].

Applying genome-wide sequencing and 
bioinformatical service available online on the sites of 
Pasteur Institute (France) — http://bigsdb.pasteur.fr, 
there were identified gene variants of beta-lactamases 
and their localization, capsule type of the strain 
(C-type) and its sequence-type. To identify C-type we 
analyzed a nucleotide sequence of gene wzi encoding 
the protein lectin responsible for capsule attachment to 
the outer cell membrane. The alleles of the gene are 
strictly associated with a capsule type of strains [34].

MLST was performed according to the scheme based 
on 7-gene sequence analysis [28].

Current Molecular Genetic Technologies to Study K. pneumoniae 
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Results

In the course of the work, all strains were identified 
as K. pneumoniae ssp. pneumoniae, the value of 
the coefficient of coincidence being 2.1 and more, it 
indicating perfect species identification. The analysis 
of the obtained mass-spectra and mass-lists revealed 
no peak-markers blaKPC corresponding to the size of 
11.109 Da (Figure 1).

The strains studied for ESBL and reduced sensitivity 
to carbapenems showed the growth of one strain — 
K. pneumoniae 1013 on М1829 HiCrome ESBL Agar 
Base. On a dense culture medium there were observed 
large mucous colonies of blue-grey color, which, 
according to the instruction, are the characteristic for the 
strains producing ESBL (Figure 2). The analysis using 
chromogenic media revealed no strains with reduced 
sensitivity to carbapenems.

Concurrently, we studied the antibiotic sensitivity 
profiles of all the strains under study using an automatic 
bacteriological analyzer Phoenix-100. A total of three 
phenotypic groups were distinguished.

Group 1 involved 15 K. рneumoniae strains sensitive 
to all antibiotics of cephalosporins and carbapenems, 
ampicillin resistant, and moderately sensitive to one of 
“protected” penicillins (piperacillin/tazobactam). The 
strains included in this group were referred to a wild 
type — wt (see the Table).

Seven strains, ampicillin resistant, with moderate 
resistance to imipenem, were referred to group 2 — 
potential producers of carbapenemase.

Group 3 included one strain — K. pneumoniae 
1013 characterized by resistance to all antibiotics 
of cephalosporins series, except for cefoxitin and 
sulfanilamide (trimethoprim/sulphamethoxazole), i.e. it 
can be referred to the strains with ESBL.

PCR revealed no resistance determinants in 
the representatives of groups 1 and 2, and strain 
K. pneumoniae ssp. pneumoniae 23 was found to have 
beta-lactamases of two types — blaSHV and blaСТХ-М.

Genotyping of the strain sampling using RAPD 
enabled to unite the isolates under study according 
to electrophoretic patterns and antibiotic-resistant 
phenotype typical for strains (Figure 3).

Figure 1. Mass-spectra of K. рneumoniaе strains under study
X-axis shows ion mass-to-ion charge relation (m/z), Y-axis shows signal intensity (Intens.)

Figure 2. Growth of K. pneumoniae 
1013 strain on culture medium 
HiCrome ESBL Agar Base (М1829; 
HiMedia, India)

I.V. Belova, А.G. Tochilina, О.V. Kovalishena, I.Y. Shirokova, Е.V. Belyaeva, ..., I.V. Solovyeva
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Figure 3. Electrophoregram of RAPD-typing patterns of 
hospital strains K. pneumoniae ssp. рneumoniae

The analysis of genome-wide sequencing of 
K. pneumoniae ssp. pneumoniae 1013 strain enabled 
to identify the previously revealed beta-lactamases as 
blaSHV-11 and blaСТХ-М-15; and the first was found to have 
chromosomal localization, while blaСТХ-М-15 was stated 
to locate on a plasmid; and identify the strain belonging 
to a capsule type К-23, and perform MLST-analysis. 
During MLST-analysis of the strain there were identified 
allelic profiles of 7 genes: glyceraldehyde-3-phosphate 
dehydrogenase (gapA), translation initiation factor 
IF-2 (infB), malate dehydrogenase (mdh), glucose-
6-phosphate isomerase (pgi), phosphorin Е (phoE), 
beta-subunits of RNA polymerase (rpoB), periplasmatic 
energy transductor (tonB) — and the strain was found to 
belong to sequence-type 17.

Thus, a hospital strain with a wide antibiotic-
resistance spectrum was identified as K. pneumoniae 
ssp. pneumoniae 1013 ST-17К-23.

Discussion
Mass-spectra analysis of all the strains under 

study enabled to identify them as K. pneumoniae ssp. 
pneumoniae, and revealed no peak related to blaКРС 
presence. The lack of carbapenemase activity and 
this determinant in the strains were later proved by the 
findings obtained using chromogenic media and PCR.

The study of antibiotic-resistance profiles showed 
all K. pneumoniae ssp. pneumoniae to be ampicillin-
resistant, that can be due to nature resistance of the 
microorganism [8, 35]. Most strains show no resistance 
to the antibiotics of other groups, and they do not carry 
corresponding determinant in their genome. Genomes 
of group 2 strains exhibiting intermediate resistance 
to carbapenems (imipenem) were also found to have 
no resistance determinants. It is evident that in this 
case resistance can result from other mechanisms, for 
instance, molecular efflux.

Strain K. pneumoniae ssp. pneumoniae 1013, 
resistant to cephalosporins and phenotypically 
characterized as ESBL, carries in its genome blaSHV-11 

and blaСТХ-М-15 determinants. According to Bush 
classification [36], both determinants refer to serine 
beta-lactamases of А class, 2be group. Their presence 
causes the strain resistance to protected penicillins 
(amoxiclav), cephalosporins of generations III, IV, and 
monobactams (aztreonam).

Scientific literature demonstrates blaСТХ-М-15 gene 
to be frequently associated with plasmids of an 
incompatibility group IncF, IncL/M and IncA/C and a 
mobile genetic element ISEcp1 [37]. It results in active 
horizontal gene transfer in population and its spread. 
Gene blaСТХ-М-15 of the strain under study also has 
plasmid location and is dangerous in transmissible 
transfer. What stands out is the fact that the strain 
under study lacks type ТЕМ-1 beta-lactamases, which 
are usually included in a complex with blaSHV-11 and 
blaСТХ-М-15 [20].

In the course of the study there was demonstrated 
the capability to use RAPD when studying hospital 
strains. In this situation there were isolated three RAPD-
types combining the cultures with similar phenotypes. 
Since scientific literature reports the data suggesting 
that the strains belonging to different RAPD types have 
different sequence-types [26], we can say that in this 
case in the hospital there are three epidemic clones of 
K. pneumoniae ssp. pneumoniae circulating, one of 
them has ESBL complex and is dangerous in terms of 
their transmissible spread. It enabled to study in detail 
the characteristics of the strain using genome-wide 
sequence.

A capsule type of K. pneumoniae ssp. pneumoniae 
1013 — К-23 identified in the course of the present 
study is non-characteristic for virulent strains and the 
strains with a hypermucoid phenotype [1]. However, 
MLST-analysis showed that the strain belonged to 
sequence type 17, which is associated with a number 
of infectious human pathologies: bacteriemia, urinary 
tract infections, pneumonia, sepsis. The isolation of the 
strain from patients with infections related to the delivery 
of health care in an adverse epidemiological situation 
in hospital can be considered epidemiologically as an 
unfavorable prognostic sign. The database of Pasteur 
Institute (Institut Pasteur MLST and whole genome 
MLST databases, http://bigsdb.pasteur.fr/klebsiella/
klebsiella.html) on 25.07.2018 had the information on 
25 isolates of K. pneumoniae ST-17 isolated in Europe, 
USA, and Asian countries, associated with severe and 
lethal human pathologies, and having ESBL complex. 
K. pneumoniae with this sequence type rarely occurs 
in Russia. According to Pasteur Institute database, 
K. pneumoniae ST-17 strain was isolated once in 
Moscow from the blood of the patient with sepsis, and 
registered in the base in 2015.

Conclusion
The use of current technologies to study the 

phenotypic and genotypic properties of K. pneumoniae 
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strains enabled both: to isolate and thoroughly 
characterize the hospital strain with antibiotic-resistance 
due to the presence of beta-lactamases: blaCTX-15 and 
blaSHV-11; it poses danger in terms of transmissible 
spread of resistance determinants, and causes the 
occurrence of an adverse epidemiological situation by 
the infections related to health care delivery.

Study funding. The study was funded by the authors.
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