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Abstract. - OBJECTIVE: K. pneumoniae is an
important cause of hospital and community-ac-
quired infections. In particular, carbapenem-re-
sistant strains of K. pneumoniae spread global-
ly, increasing the public health risk. This study
aims to sequence and phylogenetically analyze
K. pneumoniae strains isolated from blood cul-
tures of patients in intensive care units in our
hospital.

MATERIALS AND METHODS: In this study,
blood samples were collected from patients with
catheter-related sepsis. Culture, biochemical, an-
tibiotic susceptibility, and molecular tests were
performed as microbiological analyses.

RESULTS: Twenty-four K. pneumoniae strains
showing multidrug resistance by isolating 276 K.
pneumoniae were included in the study. It was
determined that they showed the highest resis-
tance against Ampicillin, Amoxicillin/ Clavulanic
Acid, Ceftazidime, and Ceftriaxone. The compari-
son determined that K. pneumoniae isolates from
different countries isolated from blood cultures
had closeness and distance in OXA-48.

CONCLUSIONS: After multilocus sequence
typing, all of our 24 K. pneumoniae isolates were
determined to be ST11.
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Introduction

Klebsiella pneumoniae is a significant cause of
nosocomial infections, especially in intensive care
units'. In particular, the emergence and spread
of carbapenem-resistant strains of K. pneumoni-
ae (CRKP) pose a severe threat to global public
health?. Klebsiella pneumoniae is also a signifi-
cant cause of community-acquired and health-
care-associated infections®. Again, multidrug-re-
sistant (MDR) K. prneumoniae is a significant
cause of hospital-acquired and community-ac-
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quired infections, including bacteremia, pneumo-
nia, urinary tract infections, and pyogenic liver
abscesses*. Carbapenem-resistant K. pneumoniae
may exhibit a multi-antibiotic resistance profile
against most beta-lactams, including carbapen-
ems with non-beta-lactam antibiotics®. Carbapen-
em resistance in K. pneumoniae is mainly caused
by the transport of carbapenemase genes within
plasmids, transposons, and integrons®’. The most
common carbapenemases in Enterobacteriaceae
are KPC (class A), VIM, IMP, NDM (class B),
and OXA-48 (class D) types. OXA-48 was first
described in a clinical isolate of K. pneumoniae
from a hospitalized patient in Turkiye in 200® and
is increasingly being reported in many countries’.
Among the various acquired carbapenemases
found in K. pneumoniae strains, OXA-48 is one
of the most common. Carbapenem-resistant K.
pneumoniae strains producing OXA-48 are pret-
ty common in Turkiye, North Africa, India, and
the Middle East'®. Moreover, OXA-48 is the most
common carbapenemase in several European
countries, including France, Spain, Belgium, and
Malta"'. According to two reports from Spain and
France, the prevalence of OXA-48 among car-
bapenemase-producing K. pneumoniae isolates
was 85.2% and 87.2%, respectively'>!*. However,
OXA-48-producing K. pneumoniae strains have
been reported in relatively few numbers in North
America'* and Canada'®.

Molecular identification methods are one of
the most critical innovations offered by the devel-
oping technology in microbiology. Adding new
molecular identification techniques benefits sci-
entific studies carried out for different purposes.
PFGE (Pulsed Field Gel Electrophoresis), PCR
(Polymerase Chain Reaction), MLST (Multi Lo-
cus Sequence Typing), MALDI-OF (Matrix-As-
sisted Laser Desorption/lonisation-Time of
Flight), 16S rDNA sequence analysis methods are
primarily used in the molecular analysis of bacte-
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ria'®!8, MLST is a reliable method for identifying
bacterial isolates using certain parts of the sev-
en conserved basic genes (housekeeping genes).
Pieces of approximately 450-500 base pairs (bp)
in the interior of each gene are used by sequenc-
ing correctly from both strands by automatic DNA
sequencing. Different sequences in the bacterial
species are assigned different alleles for each con-
served essential gene, and alleles at seven loci for
each isolate define the allelic profile or sequence
analysis (www.mlst.net 2010). Each species iso-
late is correctly identified by the series of 7 in-
tegers corresponding to the alleles in the seven
conserved basic gene loci (www.mlst.net 2010).
First, the polymerase chain reaction examines the
isolates with this method. The result is obtained
by multilocus sequence analysis of the obtained
PCR products'®. Many studies have reported that
MLST was used on OXA-48-producing K. pneu-
moniae**?'. The first reported OXA-48-producing
K. pneumonia case in Spain was in 2009%%. Since
then, multilocus STs producing OXA-48, includ-
ing ST11, ST405, ST15, and ST16 spread within
and between hospitals®*?*, The most common bla-
OXA-48-bearing K. pneumoniae clones isolated
in Spain were ST11 and ST405%. They can be
tracked by multilocus sequence typing (MLST)
and are often found in the globally spread se-
quence type ST23 lineage®. An epidemic caused
by ST11 hvKP-producing carbapenemase has re-
cently been reported in China?’.

Materials and Methods

K. Pneumoniae Isolation, Identification,
and Analysis of Antibiotic Susceptibility
In 2019, carbapenem-resistant K. pneumo-
nige strains were collected from patients with
catheter-associated sepsis in intensive care units
(ICU) of Van Training and Research Hospital.
For five days, blood culture bottles were fol-
lowed in the Bactec/Alert 3D (Biomerieux, Ha-
zelwood, MO, USA) device. Inoculations were
made on 5% sheep blood agar (Acumedia, CA,
USA), MacConkey Agar (Oxoid, Basingstoke,
RG24 8PW, United Kingdom), and Eosin Meth-
ylene Blue (EMB, Oxoid, Basingstoke, RG24
8PW, United Kingdom) agar from blood culture
bottles. Petri dishes were incubated at 37°C for
24-48 hours. The colony morphology of the cul-
tures was evaluated. Biochemical tests such as
catalase, oxidase, indole, H,S, and Gram stain
were performed. Vitek 2 Compact (bioMerieux,

Hazelwood, MO, USA) device was used to iden-
tify bacteria and evaluate the antibiogram test®. In
the antibiotic susceptibility test of K. pneumoniae
strains, Ampicillin (AM), Amoxicillin / Clavulan-
ic Acid (AMC), Pyreracillin (PRL), Piperacillin /
Tazobactam (TPZ), Cefazolin (CZ), Cefuroxime
(CXM), Cefuroxime Axetil (CXA), Cefoxitin (
FOX), Ceftazidime (CAZ), Ceftriaxone (CRO),
Cefepime (FEP), Ertapenem (ETP), Imipenem
(IPM), Meropenem (MEM), Tobramycin (TOB),
Amikacin (AK), Netilmicin (NET), Gentamicin
(CN), Azitreonam (ATM), Ciprofloxacin (SPX),
Levofloxacin (LEV), Tigecycline (TGC), Colis-
tin (CT), Fosfomycin (FF), Nitrofurantoin (F),
Trimethoprim / Sulfamethoxazole (SXT) (bio-
Merieux, Hazelwood, MO, USA) were used by
the European Committee on Antimicrobial Sus-
ceptibility Testing was performed using the MIC
(mg/L) breakpoint table?. The modified Hodge
test (MHT) was performed per the CLSI*° guide-
line to confirm the presence of carbapenemases?'.

Genomic DNA Extraction
and Amplification of the bla_,, ,. Gene

DNA extraction of bacteria was performed
at Van Yiziinci Yil University, Faculty of Phar-
macy, Pharmaceutical Microbiology Laboratory.
Bacteria were inoculated in Tryptone Soy Agar
(Acumedia, CA, USA) and incubated at 37°C
for 24 hours. Then, DNAs of multidrug-resistant
carbapenem-resistant K. pneumoniae strains were
obtained using the EcoSpin Bacterial Genomic
DNA kit (Echotech Biotechnology, Erzurum, AU,
Turkiye) protocol. DNA samples of bacteria were
stored at -20°C.

The May Taq™ DNA Polymerase (Bioline,
Bio- 21105, Swedesboro, NJ, USA) protocol was
used for the DNA amplification of bacteria. 10 uL
of 5x MyTaq reaction buffer (5 mM dNTPs, 15
mM MgCl,) as 25 ul final solution for Polymerase
Chain Reaction (mPCR), 5 pL template DNA, 1
pL from each primer (20 uM), 1 pL MyTaq DNA
polymerase and 8 pL PCR water (ddH20) was
calculated. PCR conditions for bla,,, . were set
as 10 min at 94°C, 30 sec at 94°C, 40 sec at 52°C,
50 sec at 72°C, 5 min at 72°C, and 40 cycles. Hy-
perLadder™ marker (50 Base Pair, Bioline, Mem-
phis, TN) evaluated amplicon sizes. Amplicon
products of bacteria were run on a 1.5% agarose
gel for 1 hour at 100 Volts in a Thermo EC300XL2
electrophoresis device. Amplicons were visual-
ized using the Bio-Print-ST4 (Vilber Lourmant,
Marne-la-Vallée, France) device. bla,,, . gene
amplification of isolated and identified bacteria
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Table I. Analysis of antibiotic susceptibility of multidrug-resistant K. pneumoniae isolates.
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“Ant: Antibiotics; R: Resistance; I: Intermediate; S: Susceptible.

was performed using the F: 5’-GCTGGTTAAG-
GATGAACAC-3’; R: 5’-CATCAAGTTCAAC-
CCAACCG -3’ primer.
bla,, , ,.gene Sequence and Phylogenetic
Analysis

Before analysis, bla,,, . positive samples
were purified with a commercial purification
kit (High Pure PCR Cleanup Micro Kit, Roche,
Deutschland, GmbH, Germany). PCR products
with primers encoding the bla,, . gene region
were packaged appropriately and sent to Sentebi-
olab Co. (Ankara, Turkey) for DNA sequencing.
For the analysis of the nucleotide sequences, the
products were edited with the help of Bioedit
Software®?. The final consensus sequences of four
isolates selected from each ICU were subjected
to “BLAST analysis” (http://www.ncbi.nlmn.nih.
gov/BLAST) in the GenBank database, and the
similarity rates were compared with isolates re-
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ported from different sources. Genetic distances
were calculated using the Clustal W model pa-
rameter in MEGA 7.0. The bla,, . phylogenetic
analysis dataset was created from the nucleotide
sequences of 27 isolates. Some bacterial sequenc-
es were used as “outgroups” when constructing
the phylogenetic tree. Phylogenetic analyzes and
tree generation were performed using the “Con-
structed/Test Neighbor” method with 1000 copies
of bootstrap in MEGA 7.0 software*. The phylo-
genetic tree includes sequences from Turkiye and
selected sequences from different countries.
Multilocus sequence typing (MLST), Diancourt
et al.**, and sequence types (STs) were assigned via
the Institut Pasteur (Paris, France) database (http:/
bigsdb.pasteur.fr/ klebsiella/klebsiella.html). Se-
quences of individual loci and merged sequences of
all seven MLST loci for each isolate were analyzed
for their diversity using DIVEIN*. Clonal groups
were identified based on STs sharing six loci (sin-
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@ Seq1 Surgical Intensive Care Unite blood human Turkey
# Seq2 Internal Medicine Care Unite blood human Turkey
# Seq3 Reanimation Care Unite blood human Turkey
@ Seqd Neonatal Intensive Care Unite blood human Turkey
MG594616 Klebsiella pneunoniae strain KSUP2A Oxa48 gene partial cds Egypt
CP068994 Klebsiella pneumoniae strain RIVM C015657 chromosome Homo sapiens Netherlands
KR610430 Klebsiella pneumoniae subsp. pneumoniae strain |-1663 carbapenemase OXA-48 gene Blood Russia
MG171154 Klebsiella pneumoniae strain edr5 blaOX A48 Blood Turkey
MH986334 Klebsiella pneumoniae subsp. pneumoniae strain KP192 class D OXA-48 gene Blood Egypt
MH986336 Klebsiella pneumoniae subsp. pneumoniae strain KP188 class D OXA-48 gene Human Blood Egypt
MT520791 Klebsiella pneumoniae strain 2035441 OXA-48 gene like Human blaOX A-920 Switzerland
MT463291 Klebsiella pneumoniae strain 1124745 plasmid OXA48 gene like blaOXA-918 Blood Culture Russia
NG 070182 Klebsiella pneumoniae blaOXAgene like blaOXA-918 Blood Culture Usa
NG 070182 Klebsiella pneumoniae blaOXA gene for OXA-48 family class D OXA-918 Blood Culture Russia
KR610431 Klebsiella pneumoniae subsp. pneumoniae strain |-2807 OXA-48 gene Subclavian catheter Russia
LC545850 Klebsiella variicola OXADNA Human Blood Japan
MN652115 Klebsiella pneunoniae strain Kp38 OXA-48 gene like blaOXA-232 Blood India
MK4 12920 Klebsiella pneunoniae strain BC-13-947 plasmid pBC94 7-OX A-181 Blood United Arab Emirates
CP041931 Klebsiella pneumoniae strain 18-2374 plasmid pSECR18-2374D Homo sapiens bla0XA-181 South Korea: Seoul
NZ JAAEGJ010000074 Acinetobacter baumannii strain BA2485 Blood India
NZ JAAVWVU010000068 Klebsiella pneumoniae strain KLB 201804 003 Blood Lebanon

NEZE02000046 Klebsiella pneumoniae strain CRK0037 CRK0037 NODE 90.ctg 1 Blood Usa

NZ PXLO01000105 Klebsiella pneumoniae strain CRE08 NODE 105 length 791 cov 2.44565 BloodstreamInfections Usa
CP034202 Klebsiella pneumoniae subsp. pneumoniae strain KpvST383 OX A48 Blood United Kingdom

NZ PXKY01000133 Klebsiella pneumoniae strain CRE26 Bloodstream USA

NZ NDBN01000024 Klebsiella pneumoniae strain 39428 39428 NODE 95 ctg 1 Blood Usa

MN792918 Klebsiella aerogenes strain ST143 plasmid pLAU KAM9 OXA48 Homo sapiens Urine Lebanon

Figure 1. Phylogenetic analysis of bla , , , positive K. pneumoniae strains.

gle locus variants) using eBURST?®. A population
snapshot was also drawn for the clonal relationship
of these STs to those in the Institut Pasteur database
using eBURST.

Ethics Committee Approval

The Clinical Research Ethics Committee of
Van Training and Research Hospital approved
the design of our study with the decision number
2018/02 on 25/01/2018.

Results

The microbiological analysis yielded 276 K.
pneumoniae isolated from blood cultures. It was
determined that 24 (8.6%) of these isolates were
K. pneumoniae strain showing multidrug resis-
tance and bla,, . positive and were included in
the study. The antibiotic susceptibility analysis
of these strains determined the highest resistance
against AM, AMC, CAZ, and CRO. In addition,
ETP, IPM, and MEM resistance distribution ratios
were the same. All K. pneumoniae isolates were
sensitive to CT (Table I).

The sequence analysis results showed that
the gene sequences of bla,,, . isolates of 24 K.
pneumoniae isolates were the same. The compar-
ison showed that K. pneumoniae isolates isolat-
ed from blood cultures of different countries had
close or distant proximity within the “OXA-48
group” (Figure 1). It was observed that while the

proximity was closer, especially to the European,
Asian and African isolates, the genetic proximi-
ty was distant to the American isolates. It was
determined that the bla,,, . genetic code of our
bacteria could be seen in different species of
Klebsiella (LC545850). The accessory numbers
of our K. pneumonia isolate MW766893 (Seql),
MW766894 (Seq2), MW766895 (Seq3), and
MW766896 (Seq4) were obtained from the world
gene bank. After multilocus sequence typing, all
of our 24 K. pneumoniae isolates were determined
to be ST11.

Discussion

Klebsiella pneumoniae is a major cause of
nosocomial infections, especially in intensive
care units. In the last two decades, K. pneumoni-
ae encoding antibiotic resistance genes, including
carbapenem resistance, has emerged. Carbap-
enem resistance mediated by plasmid-encoded
carbapenemases is a major public health threat
as these enzymes can hydrolyze nearly all com-
monly used B-lactam antibiotics. The most com-
mon carbapenemases in Enterobacteriaceae are
types KPC (Class A), VIM, IMP, NDM (Class
B), and OXA-48 (Class D). OXA-48 was first
described in a clinical isolate of K. pneumoniae
from a patient hospitalized in Turkey in 2001°".
Later, carbapenem-resistant K. pneumonia spread
to the world. While the rate of meropenem-resis-
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tant K. pneumoniae was 2.9% in 2005 in China,
it was reported to be 26.8% in 2019%. The effect
of infections caused by resistant K. pneumoni-
ae on mortality has also become significant. For
example, the 30-day mortality rate due to circu-
latory system infections in Italy has been report-
ed as 41.6%%. In this study, 276 K. pneumoniae
were isolated from blood cultures taken from
patients with catheter-related bacteremia. It was
determined that 24 (8.6%) isolates were K. pneu-
moniae strains that showed multidrug resistance
and were bla,, . positive. OXA-48 positive K.
pneumoniae isolation was performed in each in-
tensive care unit, where blood cultures were col-
lected. These intensive care patients were found
to be in the risk group. Antimicrobial resistance
has been recognized as a global public health cri-
sis by organizations like the UN and WHO**#!,
WHO’s Global Action Plan for Antimicrobial Re-
sistance has highlighted the need for research to
fill data gaps in the incidence of infections caused
by antimicrobial-resistant pathogens*'. It has been
found that K. pneumoniae is resistant to many an-
tibiotics, especially third-generation cephalospo-
rins such as cefotaxime, ceftriaxone, and ceftazi-
dime**. An Indian study reported that strains of K.
pneumoniae isolated from blood cultures showed
significant resistance to cefotaxime, carbapenems,
and piperacillin-tazobactam. In addition, it was
determined that there was a significant increase in
tigecycline resistance over the years®. It has been
reported that the resistance of carbapenem-resis-
tant K. pneumoniae strains to antibiotics other
than tetracycline increased significantly between
1998 and 2010. Cross-resistance has been lower
for tetracycline and amikacin for carbapenem-re-
sistant strains*. A Russian study reported that all
K. pneumoniae isolates isolated from newborns
with sepsis were resistant to ampicillin. In addi-
tion, all K. pneumoniae isolates were susceptible
to meropenem, amikacin, and ciprofloxacin®. Our
study showed multidrug-resistant K. pneumoniae
strains showed the highest resistance against AM,
AMC, CAZ, and CRO due to antibiotic suscepti-
bility analysis. In addition, the distribution rates
of resistance to carbapenem drugs (ETP, IPM,
and MEM) were the same. It was determined that
all K. pneumoniae isolates were sensitive to CT,
and this antibiotic could be highly effective in
the treatment. It was concluded that susceptibility
testing is essential because all K. pneumoniae iso-
lates isolated from patients with catheter-related
sepsis in intensive care units have different antibi-
otic resistance profiles.
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It has been observed that ST clones may show
regional differences worldwide. For example,
carbapenem-resistant dominant clones ST258
and ST512 have been reported from America and
Southern Europe®®. It has been reported that ST11
is more prevalent than ST258 or ST512 in Eu-
rope*®. Multiple OXA-48-producing multilocus ST
clones, including ST11, ST405, ST15, and ST16,
have spread within and between hospitals*>#. A
study from Spain reported that 30 of the OXA-
48 positive K. pneumoniae strains were ST11, and
the others showed different ST characteristics®’.
A study conducted in Germany reported that 15
of 16 MDR K. preumoniae strains obtained from
12 patients were bla,, . positive. They reported
that the ST147 variant had the highest rate®. In
this study, the closest similarity of 24 OXA-48
positive K. pneumoniae strains that we isolated
from intensive care units was to K. pneumoniae
isolated from Egypt. It also showed similarity to
the K.pneumoniae strain isolated from blood cul-
ture in Turkiye. Our isolates were similar to the
K. variicola strain isolated from the blood culture
in Japan. It has been observed that our OXA-48
gene may show prevalence among different spe-
cies. It has been revealed that our OXA-48 gene
clones may also show differences from the OXA-
48 gene clones isolated from blood. As a result of
our MLST analysis, it was determined that all of
the K. pneumoniae strains carrying the OXA-48
gene were ST11 clones. It has been determined
that this clone, widely found in Europe, is also
seen in our hospital. ST11 K. pneumoniae strains
pose a severe problem in terms of public health
due to their characteristics, such as being hyper-
virulent, multidrug-resistant, and transferability.
ST11 carbapenem-resistant K. pneumoniae is dif-
ficult to eradicate from the circulatory system and
can cause death?’.

Conclusions

As a result, it was considered critical to reveal
the antibiotic resistance properties of K. pneu-
moniae strains isolated from patients with cath-
eter-related sepsis. Gene traits and prevalence in
these isolates need to be investigated in detail.
Phylogenetic and sequence analysis of strains
with carbapenem resistance in intensive care units
were crucial. It is imperative to contribute to the
surveillance system by analyzing K. pneumoniae
strains with MLST in the fight against nosocomial
infections.



Molecular analysis of oxa-48 producing k. pneumoniae strains isolated from patients

Conflict of Interest
The authors declare that they have no conflict of interests.

Ethics Approval

This retrospective study was conducted following the Eth-
ical Principles of the Declaration of Helsinki and approved
by Van Yiiziincii Yil University Clinical Research Ethics
Committee (2018/02 on 25/01/2018).

Informed Consent
With the approval of the Ethics Committee, patient consent
forms were provided.

Funding
The authors received no financial support for this article’s
research, authorship, and/or publication.

Authors’ Contribution

The study concept and design, data acquisition, data anal-
ysis and interpretation, and manuscript writing were pre-
pared by Omer AKGUL.

ORCID ID
Omer AKGUL: 0000-0002-8757-2970

Data Availability
The corresponding author’s data supporting this article are
available on reasonable request.

References

1) Lockhart SR, Abramson MA, Beekmann SE, Gal-
lagher G, Riedel S, Diekema DJ, Quinn JP, Doern
GV. Antimicrobial resistance among Gram-nega-
tive bacilli causing infections in intensive care unit
patients in the United States between 1993 and
2004. J Clin Microbiol 2007; 45: 3352-3359.

2) Zowawi HM, Forde BM, Alfaresi M, Alzarouni A,
Farahat Y, Chong TM, Yin WF, Chan KG, Li J,
Schembri MA, Beatson SA, Paterson DL. Step-
wise evolution of pandrug-resistance in Klebsiella
pneumoniae. Sci Rep 2015; 5: 15082.

3) Chung PY. The emerging problems of Klebsiella pneu-
moniae infections: carbapenem resistance and biofim
formation. FEMS Microbiol Lett 2016; 363: 219-225

4) Ito R, Shindo Y, Kobayashi D, Ando M, Jin W, Wa-
chino J, Yamada K, Kimura K, Yagi T, Hasegawa
Y, Arakawa Y. Molecular epidemiological charac-
teristics of Klebsiella pneumoniae associated with
bacteremia among patients with pneumonia. J
Clin Microbiol 2015; 53: 879-886.

5) Munoz-Price LS, Poirel L, Bonomo RA, Schwaber
MJ, Daikos GL, Cormican M, Cornaglia G, Ga-
rau J, Gniadkowski M, Hayden MK, Kumarasamy

K, Livermore DM, Maya JJ, Nordmann P, Patel
JB, Paterson DL, Pitout J, Villegas MV, Wang H,
Woodford N, Quinn JP. Clinical epidemiology of
the global expansion of Klebsiella pneumoniae
carbapenemases. Lancet Infect Dis 2013; 13:
785-796.

6) Queenan AM, Bush K. Carbapenemases: the ver-
satile beta-lactamases. Clin Microbiol Rev 2007;
20: 440-458,

7) Nordmann P, Naas T, Poirel L. Global spread of
Carbapenemase-producing Enterobacteriaceae.
Emerg Infect Dis 2011; 17: 1791-1798.

8) Poirel L, Héritier C, Tolln V, Nordmann P. Emer-
gence of oxacillinase-mediated resistance to
imipenem in Klebsiella pneumoniae. Antimicrob
Agents Chemother 2004; 48: 15-22.

9) Goren MG, Chmelnitsky I, Carmeli Y, Navon-Vene-
zia S. Plasmid-encoded OXA-48 carbapene-
mase in Escherichia coli from Israel. J Antimicrob
Chemother 2011; 66: 672-673.

10) Nordmann P, Poirel L. The difficult-to-control
spread of carbapenemase producers among En-
terobacteriaceae worldwide. Clin Microbiol Infect
2014; 20: 821-830.

11) Grundmann H, Glasner C, Albiger B, Aanensen
DM, Tomlinson CT, Andrasevi¢ AT, Cantén R,
Carmeli Y, Friedrich AW, Giske CG, Glupczynski
Y, Gniadkowski M, Livermore DM, Nordmann P,
Poirel L, Rossolini GM, Seifert H, Vatopoulos A,
Walsh T, Woodford N, Monnet DL; European Sur-
vey of Carbapenemase-Producing Enterobacte-
riaceae (EuSCAPE) Working Group. Occurrence
of carbapenemase-producing Klebsiella pneumo-
niae and Escherichia coli in the European survey
of carbapenemase-producing Enterobacteriaceae
(EuSCAPE): a prospective, multinational study.
Lancet Infect Dis 2017; 17: 153-163.

12) Palacios-Baena ZR, Oteo J, Conejo C, Larrosa
MN, Bou G, Fernandez-Martinez M, Gonzalez-
Lépez JJ, Pintado V, Martinez-Martinez L, Merino
M, Pomar V, Mora-Rillo M, Rivera MA, Oliver A,
Ruiz-Carrascoso G, Ruiz-Garbajosa P, Zamora-
no L, Bautista V, Ortega A, Morales |, Pascual A,
Campos J, Rodriguez-Bafio J; GEIH-GEMARA
(SEIMC) and REIPI Group for CPE. Compre-
hensive clinical and epidemiological assessment
of colonisation and infection due to carbapene-
mase-producing Enterobacteriaceae in Spain. J
Infect 2016; 72: 152-160.

13) Dortet L, Cuzon G, Ponties V, Nordmann P. Trends
in carbapenemase-producing Enterobacteriace-
ae, France, 2012 to 2014. Euro Surveill 2017; 22:
30461.

14) Lascols C, Peirano G, Hackel M, Laupland KB,
Pitout JD. Surveillance and molecular epidemi-
ology of Klebsiella pneumoniae isolate that pro-
duce carbapenemases: first report of OXA-48-like
enzymes in North America. Antimicrob Agents
Chemother 2013; 57: 130-136.

15) Ellis C, Chung C, Tijet N, Patel SN, Desjardins
M, Melano RG, Toye B. OXA-48-like carbapene-
mase-producing Enterobacteriaceae in Ottawa,

7729



O. Akgull, G. Bora

Canada. Diagn Microbiol Infect Dis 2013; 76: 399-
400.

16) Us E, Erdem B, Tekeli A, Gergeker D, Saran B,

Bayramova M, Sahin F. Salmonella Serotip Enter-
itidis izolatlarinin Plazmid Profil Analizi ve “Pulsed
Field” Jel Elektroforezi ile incelenmesi [Investiga-
tion of Salmonella serotype Enteritidis isolates by
plasmid profile analysis and pulsed field gel elec-

M, Mir6 E, Mora M, Navarro F, Oliver A, Pascual A,
Rodriguez-Bafio J, Ruiz-Carrascoso G, Ruiz-Gar-
bajosa P, Zamorano L, Bautista V, Pérez-Vazquez
M, Campos J; GEIH-GEMARA (SEIMC) and
REIPI. Prospective multicenter study of carbap-
enemase-producing Enterobacteriaceae from 83
hospitals in Spain reveals high in vitro susceptibil-
ity to colistin and meropenem. Antimicrob Agents

Chemother 2015; 59: 3406-3412.

26) Liu YM, Li BB, Zhang YY, Zhang W, Shen H, Li
H, Cao B. Clinical and molecular characteristics
of emerging hypervirulent Klebsiella pneumoniae
bloodstream infections in mainland China. Antimi-
crob Agents Chemother 2014; 58: 5379-5385.

27) Gu D, Dong N, Zheng Z, Lin D, Huang M, Wang L,
Chan EW, Shu L, Yu J, Zhang R, Chen S. A fatal
outbreak of ST11 carbapenem-resistant hypervir-
ulent Klebsiella pneumoniae in a Chinese hospital:
a molecular epidemiological study. Lancet Infect
Dis 2018; 18: 37-46.

28) Lev Al, Astashkin El, Kislichkina AA, Solovieva EV,
Kombarova TI, Korobova OV, Ershova ON, Alex-
androva IA, Malikov VE, Bogun AG, Borzilov Al,
Volozhantsev NV, Svetoch EA, Fursova NK. Com-
parative analysis of Klebsiella pneumoniae strains
isolated in 2012-2016 that differ by antibiotic resis-
tance genes and virulence genes profiles. Pathog
Glob Health 2018; 112: 142-151.

29) The European Committee on Antimicrobial Sus-
ceptibility Testing. Breakpoint tables for interpreta-
tion of MICs and zone diameters, e. 2018. Version
8.0, http://www.eucast.org.

30) Clinical and Laboratory Standards Institute, Per-
formance standards for antimicrobial susceptibility
testing: 22nd informational supplement,” Approved
Document M100-S22, CLSI, Wayne, PA, 2012.

31) Ribeiro VB, Linhares AR, Zavascki AP, Barth AL.
Performance of quantification of Modified Hodge
Test: an evaluation with Klebsiella pneumoniae car-
bapenemase-producing Enterobacteriaceae iso-
lates. Biomed Res Int 2014; 1: 1-6.

32) Hall T. BioEdit: A User-Friendly Biological Se-

D, Bautista V, Pérez-Vazquez M, Fernandez-Garcia quence Alignment Editor and Analysis Program for
MD, Delgado-Iribarren A, Sanchez-Romero |, Windows 95/98/NT Nucleic Acids Symp Ser 1999;
Garcia-Picazo L, Miguel MD, Solis S, Aznar E, Tru- 41: 95-98.

jillo G, Mediavilla C, Fontanals D, Rojo S, Vindel A, 33) Kumar S, Stecher G, Tamura K. MEGA7: Molecular
Campos J. Emergence of OXA-48-producing Kleb- Evolutionary Genetics Analysis Version 7.0 for Big-
siella pneumoniae and the novel carbapenemas- ger Datasets. Mol Biol Evol 2016; 33: 1870-1874.

es OXA-244 and OXA-245 in Spain. J Antimicrob 34) Diancourt L, Passet V, Verhoef J, Grimont PA, Brisse
Chemother 2013; 68: 317-321. S. Multilocus sequence typing of Klebsiella pneumo-

24) Pafio-Pardo JR, Ruiz-Carrascoso G, Navarro-San niae nosocomial isolates. J Clin Microbiol 2005; 43:
Francisco C, Gémez-Gil R, Mora-Rillo M, Rome- 4178-4182.

ro-Gémez MP, Fernandez-Romero N, Garcia-Ro- 35) Deng W, Maust BS, Nickle DC, Learn GH, Liu Y,
driguez J, Pérez-Blanco V, Moreno-Ramos F, Heath L, Kosakovsky Pond SL, Mullins JI. DIVEIN:
Mingorance J. Infections caused by OXA-48-pro- a web server to analyze phylogenies, sequence
ducing Klebsiella pneumoniae in a tertiary hospi- divergence, diversity, and informative sites. Bio-
tal in Spain in the setting of a prolonged, hospi- techniques 2010; 48: 405-408.

taI-IW|de outbreak. J Antimicrob Chemother 2013; 36) Feil EJ, Li BC, Aanensen DM, Hanage WP, Spratt
68: 89-96. ; ; ;

i . BG. eBURST: inferring patterns of evolutionary

25) Oteo J, Ortega A, Bartolomé R, Bou G, Conejo descent among clusters of related bacterial gen-

C, Fernandez-Martinez M, Gonzalez-Lopez JJ, otypes from multilocus sequence typing data. J
Martinez-Garcia L, Martinez-Martinez L, Merino Bacteriol 2004; 186: 1518-1530.

trophoresis]. Mikrobiyol Bul 2011; 45: 210-27.

17) Kiran F, Osmanagaoglu O. Laktik Asit Bakterile-
rinin (LAB) identifikasyonunda/Tiplendirmesinde
Kullanilan Molekiler Yéntemler. Erciyes Univer-
sitesi Fen Bilimleri Enstitiisi Fen Bilimleri Dergisi
2011; 27: 62-74.

18) Adiguzel A, inan K, Sahin F, Arasoglu T, Glliice
M, Beldiiz AO, Baris O. Molecular diversity of ther-
mophilic bacteria isolated from Pasinler hot spring
(Erzurum, Turkiye). Turk J Biol 2011; 35: 267-274.

19) Baldwin A, Loughlin M, Caubilla-Barron J, Kucerova
E, Manning G, Dowson C, Forsythe S. Multilocus se-
quence typing of Cronobacter sakazakii and Crono-
bacter malonaticus reveals stable clonal structures
with clinical significance which do not correlate with
biotypes. BMC Microbiol 2009; 9: 223-232.

20) Zautner AE, Bunk B, Pfeifer Y, Spréer C, Reich-
ard U, Eiffert H, Scheithauer S, GroB U, Over-
mann J, Bohne W. Monitoring microevolution of
OXA-48-producing Klebsiella pneumoniae ST147
in a hospital setting by SMRT sequencing. J Anti-
microb Chemother 2017; 72: 2737-2744.

21) Sun 'Y, Chen W, Wang S, Cao X. Co-occurrence of
fosA5, blaSHV-145 and blaOXA-48 among a Kleb-
siella pneumoniae high-risk ST16 from a tertiary
hospital in China: focusing on the phylogeny of
OXA-48 genes from global Klebsiella pneumoniae
isolates. Braz J Microbiol 2021; 52: 2559-2563.

22) Pitart C, Solé M, Roca |, Fabrega A, Vila J, Marco
F. First outbreak of a plasmid-mediated carbape-
nem-hydrolyzing OXA-48 beta-lactamase in Kleb-
siella pneumoniae in Spain. Antimicrob Agents
Chemother 2011; 55: 4398-4401.

23) Oteo J, Hernandez JM, Espasa M, Fleites A, Saez

7730



Molecular analysis of oxa-48 producing k. pneumoniae strains isolated from patients

37) Pérez-Vazquez M, Oteo J, Garcia-Cobos S, Aracil
B, Harris SR, Ortega A, Fontanals D, Hernandez
JM, Solis S, Campos J, Dougan G, Kingsley RA.
Phylogeny, resistome and mobile genetic ele-
ments of emergent OXA-48 and OXA-245 Kleb-
siella pneumoniae clones circulating in Spain. J
Antimicrob Chemother 2016; 71: 887-896.

38) Lan P, Jiang Y, Zhou J, Yu Y. A global perspective
on the convergence of hypervirulence and carbap-
enem resistance in Klebsiella pneumoniae. J Glob
Antimicrob Resist 2021; 25: 26-34.

39) Tumbarello M, Viale P, Viscoli C, Trecarichi EM,
Tumietto F, Marchese A, Spanu T, Ambretti S,
Ginocchio F, Cristini F, Losito AR, Tedeschi S,
Cauda R, Bassetti M. Predictors of mortality in
bloodstream infections caused by Klebsiella pneu-
moniae carbapenemase-producing K. pneumoni-
ae: importance of combination therapy. Clin Infect
Dis 2012; 55: 943-950.

40) UN. Political declaration of the high-level meeting of
the General Assembly on antimicrobial resistance.
2016 WHO. Available at: http://www.un.org/en/ga/
search/view_doc.asp?symbol=A/RES/71/3

41) WHO. Global action plan on antimicrobial resis-

tance, 2015. Available at: http://www.who.int/anti-
microbial-resistance/global-action-plan/en

42) Yeh KM, Kurup A, Siu LK, Koh YL, Fung CP, Lin
JC, Chen TL, Chang FY, Koh TH. Capsular sero-
type K1 or K2, rather than magA and rmpaA, is a
major virulence determinant for Klebsiella pneu-
moniae liver abscess in Singapore and Taiwan. J
Clin Microbiol 2007; 45: 466-471.

43) Datta S, Wattal C, Goel N, Oberoi JK, Raveen-
dran R, Prasad KJ. A ten year analysis of mul-
tidrug resistant blood stream infections caused
by Escherichia coli & Klebsiella pneumoniae in
a tertiary care hospital. Indian J Med Res 2012;
135:907-912.

44) Sanchez GV, Master RN, Clark RB, Fyyaz M,
Duvvuri P, Ekta G, Bordon J. Klebsiella pneumo-
niae antimicrobial drug resistance, United States,
1998-2010. Emerg Infect Dis 2013; 19: 133-136.

45) Khaertynov KS, Anokhin VA, Rizvanov AA, Da-
vidyuk YN, Semyenova DR, Lubin SA, Skvortsova
NN. Virulence Factors and Antibiotic Resistance of
Klebsiella pneumoniae Strains Isolated From Neo-
nates With Sepsis. Front Med (Lausanne) 2018; 5:
225-234.

46) Wyres KL, Lam MMC, Holt KE. Population genom-
ics of Klebsiella pneumoniae. Nat Rev Microbiol
2020; 18: 344-359.


http://www.who.int/antimicrobial-resistance/global-action-plan/en
http://www.who.int/antimicrobial-resistance/global-action-plan/en

