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Cytotoxin is one of the important pathogenic factors, which plays a role in the virulence of Klebsiella oxytoca. The aim of this study was to
investigate molecular typing of clinical isolates of the cytotoxin-producing K. oxytoca using internal transcribed spacer (ITS) PCR. A total of 75
isolates of K. oxytoca were isolated from clinical samples; they were verified as K. oxytoca by standard microbiological tests and PCR.
Production of toxin determines the cytotoxic effects on HEp-2 cells. The genetic diversity of isolates of the cytotoxin-producing
K. oxytoca were defined by ITS-PCR. Of all the isolates investigated, five K. oxytoca strains isolated from stool cultures, two strains from
blood samples, one strain from a wound and one strain isolated from urine had cytotoxic effects on HEp-2 cells. The ITS-PCR patterns
showed genetic diversity among cytotoxin-producing isolates. The ITS-PCR method had good discriminatory power; performance of this
method and interpretation of the results were easy and repeatable. Five genetic diversity patterns were identified by ITS-PCR.

© 2019 The Author(s). Published by Elsevier Ltd.

Keywords: Cytotoxin, genetic diversity, internal transcribed spacer PCR, Klebsiella oxytoca
Original Submission: 30 November 2018; Revised Submission: 21 March 2019; Accepted: 2 April 2019
Article published online: 9 April 2019

groups—phenotypic methods and genotypic methods.
Corresponding author: M. Validi, Clinical Biochemistry Research
Centre, Basic Health Sciences Institute, Shahrekord University of
Medical Sciences, Shahrekord, Iran & Division of Microbiology,
Department of Pathobiology, School of Public Health, Tehran Uni-
versity of Medical Sciences, Tehran, Iran.

E-mail: validi543@gmail.com

Choosing a suitable typing method depends on the level of
capability, laboratory resources and other factors. Study of
genetic variation can ultimately justify and show phenotypic
variability in bacteria in terms of geographical distribution, host
characteristics, pathogenicity, antibiotic resistance and viru-
lence [I-3]. Every optimal typing system must have some
essential characteristics, including cost, discriminatory power,
reproducibility, typability, stability, resolution, ease of use, and
ease of obtaining and interpreting results [4].

Phenotypic methods such as biotyping, serotyping, bacte-
riocin typing and phage typing are costly and time-consuming,

Typing of bacterial strains is an important process in diagnosis,

treatment and epidemiological studies. In general, different have limited epidemiological value and are not capable of

methods of microbial agent typing are used to examine the proper differentiation [5]. There are different genotypic

methods, including ribotyping, pulsed field gel electrophoresis
(PFGE) [6], internal transcribed spacer (ITS) PCR [7], repete-

common canons of disease, study the transmission of infection

from one patient to another, investigate sporadic infections,

identify the types of microbial pathogens, determine the pattern
of antibiotic resistance and susceptibility, and evaluate drug
therapy failure. Typing methods are classified into two

tive element sequence-based (rep-) PCR [8], random amplified
polymorphic DNA (RAPD) [9], enterobacterial repetitive
intergenic consensus (ERIC-) PCR [I0], amplified fragment
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length polymorphism [ 1], multilocus sequence typing (MLST)
[12] and multilocus variable number tandem repeat analysis
(MLVA) [13]. These techniques have a high diagnostic power,
but it is not possible to use them in all centres [2]. The 16S, 23S
and 5S rRNA genes are found in similar genetic loci in
prokaryotes and are separated by non-coding regions called the
internal transcribed spacer (ITS). Because of high levels of
polymorphism and a large degree of variation in strain and
species, these regions are useful for identifying and subtyping
bacteria. These regions are easily replicable using complemen-
tary primers designed in conserved regions of the 16S and
rRNA 23S genes [14-17].

The position of the ITS among the protected regions of
DNA and the size of the regions are the characteristics of
bacterial species that are used as the basis of species geno-
typing. Due to the large variability in size and sequence, these
regions are suitable for identifying species and detecting
different strains. There is more than one copy of ITS in the
bacterial genome and the ITS sequences can vary from one
species to another [18].

The ITS-PCR method is used to investigate and evaluate
genetic variation and make phylogenetic descriptions of the
genetic groups of Klebsiella oxytoca strains. ITS-PCR genotyp-
ing using the short intergenic regions between the 23S rRNA
and 16S encoding genes is a useful, low-cost method for
evaluating the genetic diversity of K. oxytoca isolates [19,20].
After the test, the PCR product is electrophoresed on an 8%
polyacrylamide gel after staining then photographed. Using
software such as BioNuMerics and algorithms such as
unweighted pair group method using arithmetic averages
(UPGMA), the genotyping patterns achieved for K. oxytoca
isolates are clustered.

Klebsiella oxytoca, as an opportunistic pathogen, produces
cytotoxin that results in peritoneal colon destruction. Cyto-
toxin is one of the pathogenic factors of this bacterium and one
of the important factors involved in its virulence [21,22] and
pathogenicity. This bacterium is the aetiological factor in hae-
morrhagic colitis, which is associated with the use of antibiotics
in adults and the elderly [23]. It mainly cause nosocomial in-
fections, especially in immunocompromised patients or those in
need of intensive care. People with immune deficiency and
weakness, including organ transplant recipients, neonates, the
elderly, individuals undergoing dialysis, individuals who are HIV
positive, people with cancer, and recipients of immunosup-
pressive drugs are among the groups at high risk of K. oxytoca
infection in hospital wards. Outbreak of K. oxytoca infections in
hospitals is often associated with the contamination of natural
reservoirs [24,25]. The aim of this study was to investigate the
molecular typing of cytotoxin-producer K. oxytoca clinical iso-
lates, using ITS-PCR.

© 2019 The Author(s). Published by Elsevier Ltd, NMNI, 30, 100545

Bacterial isolates
A total of 75 K. oxytoca strains were collected from several
hospitals in Tehran between 2015 and 2016. Clinical strains

were isolated from stool, blood, urine, sputum and wounds.

Verification of K. oxytoca isolates

All bacterial strains that underwent standard microbiological
tests in microbiology laboratories and were detected as
K. oxytoca strains were also detected and verified by PCR
through amplification of polygalacturonase-specific gene
(pehX). The ITS-PCR and cytotoxicity assay of K. oxytoca iso-
lates were performed according to the previously described
methods [17,26].

Cytotoxin production assay

The cytotoxicity assay of K. oxytoca strains was performed using
previously described methods [27,28]. In brief, an HEP-2 cell
line (American Type Culture Collection, Manassas, VA, USA;
CCL-23) was used for screening this cytotoxin. A I:1 dilution
with phosphate-buffered saline of the filtered supernatant from
the cultures of K. oxytoca strains was added to each well of a 96-
well plate seeded with | x 10° HEp-2 cells, followed by incu-
bation in 5% carbon dioxide at 37°C for 72 h. A positive
cytotoxic effect was recorded as cell rounding under light mi-
croscopy. The positive control—the cytotoxin-producing
K. oxytoca MH43-1—was a gift from Dr Christoph Hoege-
nauer, Department of Internal Medicine, Medical University of
Graz, Austria. The K. oxytoca strain ATCC 13182 served as a

negative control.

ITS-PCR

To amplify the ITS region, we used primers forward: 5'-
GAAGTCGTAACAAGG-3' and reverse: 5-CAAGGCATC-
CACCGT-3' as previously described [17]. The PCR was per-
formed with 20-pL reaction volumes comprising 10 gL Master
mix (Ampliqon, Odense, Denmark), 0.5 pL forward primer 10
pmol (Bioneer, Daejeon, Korea), 0.5 pL reverse primer 10
pmol (Bioneer, Daejeon, Korea), 8.5 pL distilled water and 50
ng bacterial DNA.

The PCR was performed in a thermocycler (PEQLAB,
Erlangen, Germany) with an initial denaturation at 95°C for 5
min; and 25 cycles, including denaturation steps at 95°C for |
min, annealing at 55°C for | min, extension at 72°C for | min,
and final extension at 72°C for 5 min. Electrophoresis of the
PCR product was performed in an 8% polyacrylamide gel. The
gel was stained using 1% silver nitrate and detection used Gel
Doc (GVM20 model syngene, Cambridge, UK). The digital
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image was stored electronically as a TIFF image and analysed
with GelCompar software (Applied Maths, Sint-Martens-Latem,
Belgium) by using the Dice correlation coefficient and the
UPGMA method.

Results

A total of 75 isolates of K. oxytoca were collected from clinical
samples of stool, blood, urine, sputum and wound. The samples
were collected from individuals admitted to four hospitals in
Tehran between 2015 and 2016. At the early stage of the study,
all strains with the galacturonase-specific gene (pehX) were
detected and verified as K. oxytoca. Of these 75 isolates, |1
(14.7%) were recovered from blood, 2 (2.7%) were recovered
from wounds, 4 (5.3%) were recovered from respiratory cul-
tures, 51 (68%) were recovered from urine cultures and 7
(9.3%) were recovered from stool cultures.

All the K. oxytoca strains isolated from the stool cultures of
patients with diarrhoea, and from urine, blood, wounds and
sputum cultures were evaluated in terms of their production of
cytotoxin by HEp-2 cell culture. Of all the isolates, five strains
isolated from stool cultures, two strains isolated from blood
cultures, one strain isolated from a wound culture, and one
strain isolated from a urine culture had cytotoxic effects on
HEp-2 cells. None of the strains isolated from sputum cultures
had a cytotoxic effect on HEp-2 cells.

The patterns obtained were clustered from | to V. Two
isolates were placed in cluster |, three in cluster Il, two in
cluster lll, one in cluster IV and one in cluster V (Fig. 2). Cluster
| contained cytotoxin-producing isolates that produced ITS-
PCR with sizes of 295, 620, 890, 948, 1280 and 1300 bp.
Cluster Il included ITS-PCR products with sizes of 290, 620,
847, 890, 1280 and 1300 bp. Cluster Il included ITS-PCR
products with sizes of 290, 620, 890, 1280 and 1300 bp.
Cluster IV included ITS-PCR products with sizes of 290, 620,
847, 871, 890, 1280 and 1300 bp. Cluster V included ITS-PCR
products with sizes of 290, 620, 890, 1280, 1300 and 1400 bp
(Fig. ).

The two isolates in cluster | were obtained from stool
cultures of an inpatient and an outpatient. Of the three
isolates in cluster Il, one isolate was obtained from an in-
patient’s urine culture and two isolates were obtained from
stool cultures of an inpatient and an outpatient. The two
isolates in cluster lll were obtained from an outpatient’s
stool culture and an inpatient’s blood culture. The isolate in
cluster IV was obtained from an inpatient’s blood culture.
The isolate in cluster V was obtained from an outpatient’s
wound. A toxin-producing K. oxytoca isolate (isolate 36) was
obtained from a urine specimen of a 73-year-old woman
hospitalized in a gynaecology ward in one of the hospitals in
the study.

The patterns obtained using ITS-PCR were clustered from |
to V. Two isolates were placed in cluster |, three isolates in
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Gender Admission Status Diagnosis Toxin Production  Taking Antibiotic bl
Female Outpatient Diambea + No -
Female Inpatient UTI + No +
Female Inpatient Diarrhoea + Yes -
Female Inpatient Diarrhoea + Yes -
Female Outpatient Diarrhoea + Yes -
Female Outpatient Bacteraemia + No -
Female Outpatient Diarrhoea + Yes _
Male Inpatient Bacteraemia + Yes -
Male Outpatient Diabetic Foot + No -

Ulcers

Dendrogram of cytotoxin-producing Klebsiella oxytoca isolates based on internal transcribed spacer PCR method by using the Dice correlation

coefficient and the UPGMA method.

cluster I, two isolates in cluster lll, one isolate in cluster IV and

one isolate in cluster V.

The drawn dendrogram showed that the toxin-producing isolates
had different genetic patterns. In this study, most of the toxin-
producing isolates were isolated from stool samples. Four
toxin-producing isolates were isolated from inpatients and five
toxin-producing isolates were isolated from outpatients. The two
isolates that were obtained from the two inpatients hospitalized
in the women'’s surgery ward and the blood and oncology ward
with a similar genetic pattern placed in a cluster [|] were isolated
from patients hospitalized in the same hospital. Because of the
similarity of the genetic patterns and the admission of two pa-
tients in a hospital, it can be concluded that these isolates may
have been transmitted from physicians, hospital staff, medical
equipment, or the pollution of environmental reservoirs. The
two isolates (nos 36 and 47) have the same genetic pattern and
isolate 36 not only was able to produce toxin but also had the
blaKPC gene; the identification of these isolates can be an alarm
signal for a sudden outbreak of isolated blaKPC genes among
hospitalized patients. Therefore, it is important to identify and
prevent the release of these isolates [29].

In a study by Stojowska et al. in the Netherlands in 2009
[16], the researchers investigated and analysed the genetic
variation of 209 isolates of K. oxytoca obtained in a period of 50
years (from 1954 to 2007) using the two methods of ITS-PCR
and PCR melting profile (PCR-MP). In the ITS-PCR method, the
isolates were classified into KoX and KoY clusters on the basis
of the results of analysis of patterns, dendrogram and electro-
pherogram of the strains. Accordingly, 30 strains were placed in
the KoY cluster, 28 strains in the KoY cluster and 2 strains in
the KoY2 cluster. In addition, 170 strains were placed in the
KoXI cluster, 4 strains in the KoX2 cluster, 4 strains in the
KoX3 cluster and | strain in the KoX4 cluster [16].

© 2019 The Author(s). Published by Elsevier Ltd, NMNI, 30, 100545

In the study by Krawczyk and colleagues in the Netherlands,
in 2009 [|7], the researchers investigated the genotyping
analysis of |4 isolated K. oxytoca strains obtained from the
neonatal intensive care unit over |5 years (from 1992 to 2007)
using the two methods ITS-PCR and PCR-MP. Based on the
results of this study, using the ITS-PCR method, electrophoretic
patterns of K. oxytoca strains were grouped into the two main
KoXI and KoY clusters. In addition, there was genetic di-
versity between 14 isolates of K. oxytoca isolates (a similarity
rate of >75%) [17].

Ryberg et al., in Sweden in 201 I, used GTG (5-PCR) and ITS-
PCR methods for molecular typing of Klebsiella isolates. The
dendrogram of |9 Klebsiella pneumoniae isolates and 35
K. oxytoca isolates in GTG (5-PCR) indicated that K. pneumoniae
strains were placed in clusters Il and | whereas K. oxytoca
strains were placed in clusters Ill and Il and sub-clusters A-B-C,
D. The dendrogram of 19 K. pneumoniae isolates and 35
K. oxytoca isolates in the ITS-PCR method indicated that
K. pneumoniae strains were placed in clusters Ill and |, and
K. oxytoca strains were placed in cluster Il [8].

In Austria in 2010, Grisold et al. investigated automated rep-
PCR and PFGE methods for molecular typing of extended
spectrum [3-lactamase-producing K. oxytoca isolates. The results
of the automated rep-PCR method, compared with PFGE, were
more accurate for the study of the outbreak of extended
spectrum [-lactamase-producing K. oxytoca isolates [30].

In Joainnig et al.’s study in Austria in 2010, the results of the
pulsotype of 70 K. oxytoca isolates via PFGE showed no clonal
relationship between the K. oxytoca stains isolated from in-
dividuals with antibiotic-associated haemorrhagic colitis
(AAHC). In five isolates obtained from the stool of a patient in
the acute stage of antibiotic-associated haemorrhagic colitis, the
results of pulsotype and cytotoxin production were evaluated.
The macrorestriction profile showed that there were three
different genetic variants among the five isolates. One of the
strains had cytotoxin and two other strains lacked cytotoxin

[31].

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://creativecommons.org/licenses/by-nc-nd/4.0/

Soltan Dallal et al. Molecular typing of cytotoxin-producing Klebsiella oxytoca isolates 5

Tsakris et al., in Greece in 201 I, used the two methods of
PFGE and ERIC-PCR for molecular typing of nine K. oxytoca
isolates. The results of ERIC-PCR showed that all isolates were
basically from a single genotype. Based on the results of PFGE,
five isolates were categorized in a single type clone (la) and four
other isolates in different type clones (Ib to le) [32].

In contrast to our study, Stojowska et al.’s study classified
the K. oxytoca isolates into KoX and KoY clusters, 60 strains
were placed in the KoY cluster and 179 strains were placed in
the KoX cluster. In our study, the patterns obtained using ITS-
PCR were clustered from | to V. Two isolates were placed in
cluster |, three isolates in cluster Il, two isolates in cluster llI,
one isolate in cluster |V, and one isolate in cluster V. Also, In
Krawczyk et al’s study, 14 K oxytoca strains isolated from
neonatal intensive care were grouped into the KoX| and KoY |
clusters. In contrast to our results, Ryberg et al. placed 35
K. oxytoca isolates in cluster Il using ITS-PCR.

Epidemiological studies and typing methods provide mo-
lecular tools for identifying the genetic diversity between
bacterial isolates and population structure of the bacterium.
Typing plays an important role in understanding the epide-
miology of the studied bacterium [33]. Different typing
methods have been used such as phage typing, serotyping,
antibiogram typing, ITS-PCR, rep-PCR, RAPD-PCR, ERIC-
PCR, PCR-restriction fragment length polymorphism, PCR-
MP, ribotyping, PFGE, MLVA and MLST. Every optimal
typing system must have a set of essential features such as
discriminatory power, reproducibility, typability, stability,
resolution, ease of performance, and ease of interpreting the
results [4]. Due to the inadequacy of using a single method
alone, the supervisory and complementary studies must
investigate strains based on a combination of results from
different typing methods. As one method alone does not have
all the features and since each type of typing method alone
provides different results, some studies have used different
typing methods such as rep-PCR, ITS-PCR or PFGE for typing
K. oxytoca. The ITS-PCR method is suitable for differentiation,
especially for closely related strains; it is easy to perform and
to repeat, and results are easily interpreted.
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