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SUMMARY

Carbapenem-Resistant  Klebsiella  pneumoniae (CRKp) infections are
worrying health problems due to decreasing treatment options. This study
investigates the carbapenemase (OXA-23,24, 48, 51, 55, 58, KPC,
NDM-1, VIM, IMP) and mcr-1 genes of the CRKps isolates A total
of 33 CRKp isolates isolated from patient blood samples from the Dicle
University Medical Faculty Hospital, intensive care units (ICUs) between
February 2020 and June 2020, were included in the study. The presence of
carbapenemase encoding genes -including all CRKp isolates, bla OXA-23,
24, 48, 58, bla KPC, blaNDM-1, bla VIM, bla IMP- were investigated
by multiplex Polymerase Chain Reaction (PCR). CRKp isolates were
tested for mer-1 gene and bla OXA-51, bla OXA-55 genes by monoplex
PCR. All CRKp isolates studied with Kirby Bauer Disc Diffusion Method
(DDM) (100%) were resistant to ertapenem, 9 (27.27%) resistant to
imipenem, and 23 (69.70%) were resistant to meropenem. 20 (60.61%)
of the isolates were found resistant to colistin. bla OXA-48, bla NDM-1
and bla OXA-24 genes were found in 75.76% (n = 25), 6.06% (n =
2) and 3.03% (n = 1) isolates, respectively. Both bla OXA-48 and bla
NDM-1 genes were detected in two (6.06%) isolates and mer-1 gene in
16 (48.48%) isolates. While the mean hospitalization was 20.3 days in
13 patients with a colistin minimum inbibitory concentration (MIC) of 2
pgiml, it was 33.9 days in 20 patients with a colistin MIC of > 2 ug/ml.
The average length of stay in the hospital was 21.8 days in mer-1 negative
patients and 35.7 days in mer-1 positive patients. Carbapenemase and
mer-1 positivities were found at dramatically high rates in Diyarbakir,
Turkey. It was indicated that plasmid-mediated antimicrobial resistance
in Kp isolates was problematic. Each hospital should monitor the colistin
and carbapenem resistance mechanisms by molecular methods. Colistin

resistance should be confirmed by the broth microdilution method (BMD).

Key Words: Klebsiella pnewmoniae, carbapenemase, bla OXA-48,
mer-1, multiplex PCR, broth microdilution.

Klebsiells Pneumoniae Kan Izolatlarinda Karbapenem ve
Kolistin Direng Mekanizmalarinin Molekiiler Olarak Incelenmesi

0z

Karbapenem Direngli Klebsiella pneumoniae (KDKp) enfeksiyonlar:
azalan  tedavi  secenekleri  nedeniyle endige verici saghk  sorunlar:
olusturmaktadsr. Bu ¢alymada, KDKp izolatlarinin  karbapenemaz
(OXA-23,24, 48, 51, 55, 58, KPC, NDM-1, VIM, IMP) ve mcr-1
genleri arastiridmaktadsr. Dicle Universitesi Tip Fakiiltesi Hastanesi
yogun bakim iinitelerinden (YBU) Subat 2020 ile Haziran 2020
taribleri arasinda aliman hasta kan Grneklerinden izole edilen toplam 33
KDKp izolats caligmaya dabil edildi. Tim KDKp izolatlars, bla OXA-23,
24, 48, 58, bla KPC, blaNDM-1, bla VIM, bla IMP dahil olmak iizere
karbapenemaz kodlayan genlerin varliys multipleks Polimeraz Zincir
Reaksiyonu (PZR) ile aragtirilds. KDKp izolatlars monoplex PZR ile mer-
1 geni ve bla OXA-51, bla OXA-55 genleri i¢in test edildi. Kirby Baner
Disk Difiizyon Test (DDT) (%100) ile ¢abisilan tiim KDKp izolatlar:
ertapeneme  direngliydi; 9'u (%2.27) imipeneme, 23% (%69.70)
meropeneme direngliydi. Izolatlarin 20% (%60,61) kolistine direngli
bulundu. bla OXA-48, bla NDM-1 ve bla OXA-24 genleri siraswyla
%75.76 (n=25), %6.06 (n=2) ve %3.03 (n=1) izolatinda bulundu.
Iki (%6.06) izolatta hem bla OXA-48 hem de bla NDM-1 genlers, 16
(%48,48) izolatta mer-1 geni saptands. Kolistin minimum inbibitir
konsantrasyonu (MIK) degeri 2 pgiml olan 13 hastada ortalama yatis
stiresi 20.3 giin iken, kolistin MIK degeri > 2 pgiml olan 20 hastada
33.9 giindsi. Hastanede ortalama kalsg siiresi mer-1 negatif hastalarda
21.8 giin, mer-1 pozitif hastalarda 35.7 giindisi. Karbapenemaz ve mer-
1 pozitiflikleri Diyarbaksr, Tiirkiyede carpict bicimde yiiksek oranlarda
bulundu. Kp izolatlarinda plazmit aracili antimikrobiyal direncin
sorunlu oldugu belirsildi. Her hastane molekiiler yontemlerle kolistin ve
karbapenem direne mekanizmalarins izlemelidir. Kolistin direnci si
mikrodiliisyon yontemi ile dogrulanmalidsr.

Anabtar Kelimeler: Klebsiella pneumoniae, karbapenemaz, bla
OXA-48, mcr-1, multipleks PZR, sivr mikrodiliisyon.
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INTRODUCTION

Antibiotic resistance of Gram-negative bacte-
ria has become a concern for public health. Patients
with Multi-Drug Resistant (MDR) bacterial infec-
tions have to undergo intravenous treatment in the
hospital, as there are no effective oral medications.
Resistance in empirical antibiotic therapy results in
increased mortality rates, prolonged hospital stay, dif-

ficulty in treatment, and higher costs.

K. pneumoniae is a Gram-negative bacteria be-
longing to the Enterobacterales order. As being a
part of the healthy human microbiome, this microor-
ganism is colonized in the gut and other parts of the
human body. It can cause bloodstream, urinary tract
infections, and severe pneumoniae, especially in crit-
ically ill or immune-compromised patients, neonates,
or patients with risk factors in hospital settings. The
frequency of Extended-spectrum [-lactamase (ES-
BL)-producing K. pneumoniae (Kp) has raised sub-
stantially (Knother, 1983; Pitout, 2006). ESBL-pro-
ducing Kp has been reported as resistant to cephalo-
sporins and various antibiotics, including quinolones
(Mugnaioli, 2006). Therefore, carbapenems have been
proposed for the treatment of ESBL-producing Kp in-
fections. Recently, CRKp increased globally over the
years. CRKp infections pose a significant threat to
human health, as the appropriate treatment options
are limited and the mortality rate is relatively high.
Due to the increase in CRKp outbreaks in hospitals
worldwide, many studies are carried out to reveal the
resistance mechanisms. Two main mechanisms medi-
ate carbapenem resistance. First, CRKp isolates may
produce P-lactamase enzymes along with reduced
cell wall membrane permeability (Leavitt, 2009). The
second mechanism is the synthesis of beta-lactamas-
es which can hydrolyze most beta-lactams, including
carbapenems. According to the Ambler classification,
these carbapenemases are divided into three groups;
class A (K. pneumoniae carbapenemase, KPC), class
B (Metallo-p-lactamases, NDM), and class D (oxaci-
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linases, OX A-48-like) (Pitout, 2015). Under these cir-
cumstances, colistin has become the antibiotic of last

resort for CRKp infections (Perez, 2013).

Colistin (polymyxin E) is a polypeptide antimi-
crobial among polymyxin agents (polymyxin B and
E) (Bergen, 2006). It has been kept as a backup agent
for a long time due to severe nephrotoxicity and neu-
rotoxicity problems, and less toxic antibiotics were
preferred (Beringer, 2001). The alarming increase in
the prevalence of MDR Gram-negative bacteria has
led to the reassessment of colistin as a viable treat-
ment option, especially in critically ill patients. Colis-
tin resistance has been reported worldwide secondary
to the increase in the use of colistin in the treatment
of MDR bacterial infections (Landman, 2008). Previ-
ously, it was known that colistin resistance was coded
by chromosomal genes. However, plasmid-mediated
mobilized colistin resistance (mcr) genes (mcr-1 and
its variants) have been reported to lead to colistin re-
sistance. The original variant mcr-1 can make hori-
zontal transitions among various strains of a bacterial
species. The potential for mcr genes to spread rapid-
ly across strains raises concerns regarding the use of
colistin as a last-resort therapeutic option. Infections
of MDR isolates are frequently encountered in hospi-
talized patients of ICUs. Infections caused by MDR
isolates are frequently encountered, especially in
patients hospitalized in intensive care units. If these
isolates become resistant to colistin, treatment of se-
rious infections such as bacteremia in intensive care
patients will be difficult, mortality will increase, and

outbreaks will occur in the hospital (Ling, 2020).

In this study, we aimed to investigate carbapen-
emase genes responsible for carbapenem resistance
and mcr-1 gene among CRKp isolates. It was also
aimed to determine the MIC values of colistin with
the BMD method, to compare it with the automated
system for ensuring the selection of the appropriate

antimicrobial treatment.
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MATERIAL AND METHODS

A total of 33 non-duplicated CRKp isolates were
included from hospitalized ICU patients in Dicle
University Medical Faculty Hospital between Febru-
ary 2020, and June 2020 were included in the study.
The Non-Interventional Clinical Research Ethics
Committee of Dicle University Faculty of Medicine
approved the study (n0:56/2020).

The identification of bacteria grown in media was
performed using mass spectrometry by Maldi Biotyp-
er version 1.3 (Bruker Daltonics, Germany). Antimi-
crobial susceptibilities of the identified strains were
performed by BD Phoenix 100 (Becton Dickinson,
USA) automated microbiology system with Phoenix
100 NMIC panel.

Isolates resistant to at least one of the carbapenems
(meropenem, imipenem, ertapenem) were confirmed
with DDM. Imipenem (Oxoid, England), meropenem
(Oxoid, England), and ertapenem (Oxoid, UK) discs
with 10 pg content each were used for DDM. The
minimum inhibitory concentration (MIC) values and
the zone diameters were evaluated according to the

Tablel. The properties of primers used in the study

European Committee on Antimicrobial Susceptibility
Testing (EUCAST) criteria (EUCAST, 2019).

The antimicrobial susceptibility of colistin was
performed with the broth microdilution (BMD)
method according to EUCAST. The lowest antimi-
crobial concentration preventing growth was taken as
the MIC value. Accordingly, those with MIC values >
2 mg / L were considered resistant to colistin, while
those 2 mg / L were deemed to be sensitive to colis-
tin. E. coli ATCC 25922, mcr-1 positive E. coli NCTC
13846, and P. aeruginosa ATCC 27853 were used as
quality control strains according to the recommenda-
tions of EUCAST (EUCAST, 2019).

Isolates were stored in Tryptic Soy Broth with 16%
glycerol (Merck, Germany) medium at -20 °C until
molecular study. DNAs of CRKp isolates were ex-
tracted by boiling method. Subsequently, two separate
multiplex PCR were performed for bla OXA-23, 24,
48,58 genes and for bla KPC, bla NDM-1, bla VIM,
bla NDM-1, bla IMP genes. Monoplex PCR was per-
formed for bla OXA-51, bla OXA-55, and mcr-1 gene
(12). Table 1 demonstrates the primers used in this
study (Table 1.) (Arabaci, 2019).

Oligoname Base pairs 5’-3’ Amplicon length (bp)
F: CGGTCAGTCCGTTTGTTC

CLRS R: CTTGGTCGGTCTGTAGGG 305
F:-GATCGGATTGGAGAACCAGA

OXA-23 R: ATTTCTGACCGCATTTCCAT >01
F: GGTTAGTTGGCCCCCTTAAA

OXA-24 RAGTTGAGCGAAAAGGGGATT 246
F: TTGGTGGCATCGATTATCGG

OXA-48 R: GAGCACTTCTTTTGTGATGGC 743
F: TAATGCTTTGATCGGCCTTG

OXA-51 R: TGGATTGCACTTCATCTTGG 353
F: CATCTACCTTTAAAATTCCC

OXA-55 R: AGCTGTTCCTGCTTGAGCAC 975
F: AAGTAT TGGGGCTTGTGCTG

OXA-58 R: CCCCTCTGCGCTCTACATAC 599

D F: CATGGTTTGGTGGTTCTTGT 155
R: ATAATTTGGCGGACTTTGGC

VI F: ATTGGTCTATTTGACCGCGTC 250
R: TGCTACTCAACGACTGAGCG
F: GAGATTGCCGAGCGACTTG

NDM-1 R: CGAATGTCTGGCAGCACACTT 497

. F: ATGTCACTGTATCGCCGTCT w03
R: TTTTCAGAGCCTTACTGCCC
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PCR conditions were as follows; final volume was
25 pl, initial denaturation at 94° C for 4 minutes, a to-
tal of 40 cycles including 94° C for 30 seconds, a final
extension step of 40 seconds at 52° C and 50 seconds
at 72°C, 10 minutes at 72 C. Gel DocTM XR + (Bio
Rad, USA) device was used for imaging. Colistin re-
sistant mcr-1 positive E. coli NTCC 13846, K. pneu-
moniae NCTC 13443 (NDM-1), E. coli NCTC 13476
(IMP), A. baumannii NCTC 13301 (OXA-23) and A.
baumannii ATCC 19606 (OXA-51), A. baumannii
NCTC 13302 (OXA-58), K. pneumoniae NCTC 13442
(OXA-48), K. pneumoniae NCTC 13439 (VIM-1)

strains were used.
RESULTS AND DISCUSSION
Results of the Patients’ Data

Of the 33 CRKp isolates included in the study, 19
(58%) were isolated from females and 14 (42%) from
male patients. The average age of the female patients
was 55.4, while of the male patients was 47.4. All of
the patients were hospitalized in ICUs of the hospital
including 8 (24.24%) chest diseases, 7 (21.21%) inter-
nal medicine, 5 (15.15%) pediatrics, 4 (12.12%) neu-
rology, 3 (9.09%) hematology, 2 (0.06%) cardiology, 2
(0.06%) anesthesia and reanimation, 1 (0.03%) emer-

gency and 1 (0.03%) gastroenterology departments.

According to the BMD, the mean hospitalization
duration in 13 patients with 2 pg / ml colistin MIC
value was 20.3 days, in 20 patients with > 2 pg / ml
colistin MIC was 33.9 days. The mean hospitalization
period of 8 patients with 32 pug / ml MIC values was
37.63 days; 6 patients with a MIC value of 64 pg / ml
was 34.2 days. The average length of stay in the hospi-
tal was 21.8 days in mcr-1 negative patients; 35.7 days
in mcr-1 positive patients. Nine (27.3%) patients died
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while they were hospitalized, and all of the isolates
of these patients were resistant to colistin by BMD.
In addition, 5 of the deceased patients had a colistin
MIC of 64 ug/ml, 2 of them 32 pg/ml, 1 of them 16 pg/
ml and 1 of them 4 pg/ml. Of these 9 patients, 7 were
mcr-1 positive. The mortality rate was 43.75% (n=7)
in mcr-1 positives (n=16) and 11.8% (n=2) in mcr-1
negatives (n=17). While the mortality rate of colis-
tin-resistant patients (>2 pg/ml) according to BMD
was 45% (n=9), no death was detected in susceptible

patients.
Results of Antimicrobial Susceptibility Methods

The antibiotic susceptibility testing results by au-

tomated system and disk diffusion test:

piperacillin-tazobactam 93.94% (n=31) R (resis-
tant), 6.06% (n=2) S (sensitive); amikacin % 69.70
(n =23) R, 30.30% (n = 10) S; gentamicin 66.67% (n
=22) R, 33.33% (n = 11) S; ciprofloxacin 84.85% (n
=28) R, 15.15% (n = 5) S; ceftazidime 90.91% R (n
=30), 9.09% (n = 3) S; 87.88% R (n = 29), 9.09% (n
=3) Sand 3.03% (n = 1) I for cefepime (moderately
sensitive); 87.88% (n = 29) R, 12.12% (n = 4) S for
trimethoprim-sulfamethaxazole; 48.48% (n = 16) R
for colistin, 51.52% (n = 17) S; and 96.97% (n = 32)
R for ertapenem, 3.03% (n = 1); 60.61% (n =20) R,
3.03% (n = 1) S and 36.36% (n = 12) I for imipenem;
for meropenem, 84.85% (n =28) R, 9.09 % (n=3) S
and 6.06 % (n = 2).

Distribution of the numbers of isolates according
to colistin MIC values is given in (Figure 1.). The MIC
values of colistin by BMD method were 0.25 pg/ml
(n=6), 1.00 pg/ml (n=4), 2.00 ug/ml (n=3), 4.00 pg/ml
(n=2), 8.00 pug/ml (n=2), 16.00 pg/ml (n=2), 32 pg/ml
(n=8), and 64 pug/ml (n=6) (Figure 1).
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Figure 1. Distribution of isolate numbers according to Colistin MIC values determined by BMD method.

Results of Molecular Methods for bla OXA-24. Isolates from bla OXA-23, bla OXA-
51, bla OXA-55, bla OXA-58, bla KPC, bla VIM,
and bla IMP was detected. Two (6.06%) isolates
and bla OXA-48 both bla NDM-1 genes, were carry-

PCR Findings of Carbapenemase Genes: The
carbapenemase genes detected by PCR method of
33 KDKp isolates studied in total are shown in Fig-
ure 2. These rates were 75.76% (n = 25) for bla OXA- ing each other (Figure 2.).
48, 6.06% for bla NDM-1 (n=2), and 3.03% (n=1)

75.76
80
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- O - == . - -

18.18
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&NDM

Figure 2. Percentage distribution of carbapenemase genes detected by PCR methods of CRKp 33 isolates.

Of the 33 CRKp isolates, 16 (48.48%) were found  positivity according to the carbapenemase positivity
to be mcr-1 positive, and 17 (51.52%) were found to  are shown in (Table 2.).

be mcr-1 negative. The numbers of isolates with mecr-1
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Table 2. The numbers of isolates with mcr-1 positivity according to carbapenemase positivity

Carbapenemase mcr-1 (+) mcr-1 (-)
OXA-48 15 10
OXA-24 0 1
NDM-1 0 2
Negative 1 6

Comparison of Phenotypic and Molecular
Methods

Among the 25 bla OXA-48 gene positive iso-
lates all (100%) were ertapenem, and 11 (44%) were
imipenem; 21 (84%) were meropenem, 23 (93.54%)
piperacillin-tazobactam, 22 (70.97 %) amikacine, 16
(64%) gentamicin, 23 (92%) ciprofloxacin, 24 (96%)
ceftazidime, 24 (96%) cefepime and 14 (56%) colistin
resistant. Among the bla OXA-48 gene positive iso-
lates, 15 (48.39%) were found to carry the mcr-1 gene,

simultaneously.

Twenty-two (66.67%) of 33 CRKp isolates were
susceptible to amikacin and/or gentamicin. Out of the
colistin-resistant isolates, 55% (n:11) were susceptible
to amikacin and/or gentamicin. Nine (56.35%) of
mcr-1 positive isolates (n = 16) were found sensitive

to amikacin and/or gentamicin.

In the study, the number of colistin-resistant iso-
lates by the automated system was 16 and by BMD
method was 20. Four isolates that were susceptible
to colistin by the automated system were resistant to
BMD.

Among 16 mcr-1 gene-positive isolates, colistin re-
sistance was detected in 14 (87.50%) isolates by BMD.
Of 17 the mcr-1 gene negative isolates, 6 (35.29%) iso-

lates were resistant against colistin by BMD.
Discussion

The mcr-1 positive results (48.48%) obtained were
found to be well above the reported results from oth-
er studies (Arabaci, 2019; Yildiz, 2021; Karki, 2021).
PCR results may also be false-positive and must be

confirmed by sequencing. Besides, this condition can
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originate from regional differences in the patients
treated in Dicle University Hospitals. In the study, the
majority of the patients receiving treatment at Dicle
University Hospitals were from Diyarbakir and its

surrounding provinces and immigrants from Syria.

Colistin-resistant Klebsiella pneumoniae isolates
are an important health problem worldwide. In our
study, 9 (27.3%) patients died, and all of the isolates of
these patients were resistant to colistin. Additionally,
eight of the isolates belonging to these patients colis-
tin MIC was 216 pg/ml, and seven were mcr-1 posi-
tive. In our study, the mortality rate was 45% in colis-
tin-resistant patients and 43.75% in mcr-1 positives;
the average length of stay in the hospital was 33.9
days in patients with MIC> 2 pg / ml Kp isolates and
37.63 days in patients with MIC values are> 32 pg /
ml Kp. The average hospital stay was 21.8 days in mcr-
1 negatives; 35.7 days in mcr-1 positives. Giacobbe et
al. reported that in patients with risk factors such as
the presence of colistin resistance and hospitalization
duration of more than 30 days in ICUs, the mortality
rate was 51% (Giacobbe, 2015). Our data and litera-
ture data indicated that the length of hospitalization
and mortality rate was higher in colistin-resistant Kp

and/or mcr-1 positive Kp isolated patients.

All isolates in our study were ESBL positive, and
cefepime resistance was 87.88%. Amikacin and/or
gentamicin are antibiotics that can be used as a com-
bined therapy in colistin/carbapenem-resistant Kp
infection due to adverse effects, including nephrotox-
icity (Vardakas, 2012). Our study showed that the sig-
nificant majority of the isolates were resistant against

amikacin and/or gentamicin, but approximately %30
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of the isolates were susceptible. These results indicat-
ed that amikacin and/or gentamicin could be an alter-
native drug in combined therapy in antimicrobial-re-

sistant infections.

Colistin resistance in Kp isolates has been report-
ed worldwide. Colistin resistance rates in Kp isolates
were reported as 10.5-20% in Greece, 6.8% in South
Korea, 6.3% in Singapore (Ah, 2014). In the last ten
years, colistin resistance in Kp isolates from different
hospitals has increased tremendously (from 6% to
75.6%) in Turkey (Aris, 2020). In our study, the colis-
tin resistance rate was 60.61% by BMD, and colistin

resistance was an important problem in our hospital.

BMD method was recommended for testing the
colistin resistance by EUCAST due to false results can
be obtained by gradient tests and automated process-
es (Jayol, 2015). The study of Poirel et al. reported that
the rate of false-sensitive results was 15% with the
automated system (Poirel, 2017). In our study, four
of 16 isolates that were susceptible to colistin by the
automated system were found to be resistant to BMD.
The false sensitivity finding of 18.75% in our study
was compatible with the literature, and the automated
system was found to be inadequate in detecting some
colistin-resistant strains. Our data clearly indicated
that colistin susceptibility should be confirmed by
BMD.

In our study, 16 isolates were mcr-1 positive 17
isolates were mcr-1 negative. In addition to this, 20
isolates were colistin-resistant by BMD. Of 20 colis-
tin-resistant isolates, 14 isolates were mcr-1 positive,
and 6 were mcr-1 negative. However, among the 16
mcr-1 positive isolates, 14 isolates were colistin-re-
sistant, and two isolates were colistin susceptible by
BMD. Our data showed that chromosomal resistance
mechanisms and other mcr variants should be in-
vestigated in Kp isolates in further studies (Hadjadj,
2019). Genome analysis studies showed that in strains

with mcr-8 gene, different antibiotic resistance genes

(the beta-lactams, aminoglycosides, sulfonamides,
fluoroquinolones) could be seen together (Hadjadj,
2019). mcr-1 positivity in colistin susceptible Kp iso-
lates showed that mcr-1 and mcr gene variants screen-
ing of colistin susceptible Kp isolates could be recom-
mended for controlling of infection and spreading of

mcr-1 gene by the plasmid.

OXA-48-producing K. pneumoniae infections are
common in Turkey, Europe, Middle East, and Africa
with the rate of %10-72 (Aktas, 2008; Carrér, 2010;
Davarci, 2019). In our study OXA-48 positivity rate
was 75.76%. The OXA-48 beta-lactamase enzyme can
successfully hydrolyze penicillins but shows weak or
no activity against broad-spectrum cephalosporins
(such as ceftazidime, cefotaxime, cefepime), carbap-
enems. In this study, among 25 (93.94%) isolates
whose OXA-48 gene was detected, all were resistant
to ertapenem, 44% to imipenem, 84% to meropen-
em, 56% of to colistin, and antibiotic resistance rates
were more than 55 % in OXA-48 positive Kp isolates.
Neuner et al. In their study, the colistin, amikacin, and
gentamicin sensitivities of OXA-48 positive isolated
from blood samples of patients hospitalized in ICUs
were found to be 86%, 45%, and 22%, respective-
ly (Neuner, 2011).

In two multicenter studies in Turkey NDM-1 ra-
tio was 7.25% and 6.5% (Grundmann, 2017; Cakar,
2016). In the study of Cakar et al., the rate of NDM
+ OXA-48 coexistence was found to be 2.4% (Cakar,
2016). In our study, this rate was 6.06% and is within
similar limits. In EUSCAP study (European Survey
on Carbapenemas of Producing Enterobacteriace-
ae) of Turkey centers in a different region, in 124 Kp
isolates, two isolates (1.6%) were IMP positive (Ca-
kar, 2016). KPC-producing isolates have been found
mainly in Greece, the USA, Israel, Turkey (24,26, cur-
rent study). VIM, IMP and KPC were not detected in
our study, but this plasmid-mediated enzyme poses a

problem for our country.
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CONCLUSION

Consequently, K. pneumoniae with colistin and
carbapenem resistance is a significant public health
problem in ICUs and hospitals in Turkey. OXA-48
beta-lactamase is the most commonly reported car-
bapenemase enzyme type in our country. Colistin re-
sistance and mcr-1 positivities were the risk factors
for extended hospitalization and high mortality. Au-
tomated systems may be insufficient to detect colistin
sensitivity, and these results should be confirmed by
BMD. mcr-1 gene can also be detected in colistin sus-
ceptible isolates. For the controlling of plasmid-me-
diated spread, screening of the mcr-1 and mcr variant
genes is helpful in both colistin-resistant and suscep-

tible isolates.
CONFLICT OF INTEREST

All the authors of this article declared no conflict

of interest.
AUTHOR CONTRIBUTION STATEMENT

Developing hypothesis and experimenting
(Genisel, N., Dal, T., Ozcan, N.), preparing the study
text and literature research (Genisel, N., Giil, K.),
analysis and interpretation of the data (Genisel, N.,
Dal, T.), designed the concept and drafted the man-
uscript (Genisel, N., Ozcan, N., Dal, T.), prepared the
figures (Genisel, N., Kenar, L.), held ethical approval
and collected relevant samples and clinical data (Oz-
can, N., Gil, K., Akpolat, N., and Atmaca, S.,), carried
out the laboratory applications of this study (Genisel,
N,, Dal, T.), reviewed the existing journal policy (Al-
tanlar, N., Kenar, L.), contributed to the writing of the

final version of the manuscript (Dal, T., Kenar, L.).
REFERENCES
Ah, Y. M, Kim, A. ], & Lee, J. Y. (2014). Colistin re-

sistance in Klebsiella pneumoniae. Internation-
al Journal of Antimicrobial Agents, 44(1), 8-15.
https://doi.org/10.1016/j.ijantimicag.2014.02.016

Aktas, Z., & Ay, S. (2016). Investigation of carbap-
enemases in carbapenem-resistant Escherichia
coli and Klebsiella pneumoniae strains isolated in

2014 in Turkey. http://doi.org10.5578/mb.10695
296

Aktas, Z., Kayacan, C. B., Schneider, I., Can, B,
Midilli, K., & Bauernfeind, A. (2008). Carbap-
enem-hydrolyzing oxacillinase, OXA-48, per-
sists in Klebsiella pneumoniae in Istanbul, Tur-
key. Chemotherapy, 54(2), 101-106. https://doi.
org/10.1159/000118661

Arabaci, C., Dal, T, Basyigit, T., Genisel, N., &
Durmaz, R. (2019). Investigation of carbapene-
mase and mcr-1 genes in carbapenem-resistant
Klebsiella pneumoniae isolates. The Journal of In-
fection in Developing Countries, 13(06), 504-509.
https://doi.org/10.3855/jidc.11048

Aris, P, Robatjazi, S., Nikkhahi, F, & Marashi, S. M.
A. (2020). Molecular mechanisms and prevalence
of colistin resistance of Klebsiella pneumoni-
ae in the Middle East region: A review over the
last 5 years. Journal of Global Antimicrobial Re-
sistance, 22, 625-630. https://doi.org/10.1016/j.
jgar.2020.06.009.

Bergen, P.J., Li, ., Rayner, C. R., & Nation, R. L. (2006).
Colistin methanesulfonate is an inactive prodrug
of colistin against Pseudomonas aeruginosa. Anti-
microbial Agents and Chemotherapy, 50(6), 1953-
1958. https://doi.org/10.1128/AAC.00035-06

Beringer, P. (2001). The clinical use of colistin in pa-
tients with cystic fibrosis. Current Opinion in Pul-
monary Medicine, 7(6), 434-440.

Carrér, A., Poirel, L., Yilmaz, M., Akan, O. A., Feriha,
C., Cuzon, G., Matar, G., Honderlick, P, Nord-
mann, P. (2010). Spread of OXA-48-encoding plas-
mid in Turkey and beyond. Antimicrobial Agents
and Chemotherapy, 54(3), 1369-1373. https://doi.
org/10.1128/AAC.01312-09

Davara 1, Senbayrak, S, Aksaray S, Ko¢oglu, M.E.,
Kuskucu M.A., Smasti, M, Molecular epidemiol-
ogy of carbapenem-resistant Klebsiella pneumo-
niae isolates. Anatolian Clinic the Journal of Med-
ical Sciences, 24(1), 1-7. https://doi.org/10.21673/
anadoluklin.423081



FABAD ]. Pharm. Sci., 46, 3, 289-298, 2021

Giacobbe, D. R., Del Bono, V., Trecarichi, E. M., De
Rosa, E G., Giannella, M., Bassetti, M., ... & Tum-
barello, M. (2015). Risk factors for bloodstream
infections due to colistin-resistant KPC-produc-
ing Klebsiella pneumoniae: results from a multi-
center case—control-control study. Clinical Micro-
biology and Infection, 21(12), 1106-el. https://doi.
org/10.1016/j.cmi.2015.08.001

Grundmann, H., Glasner, C., Albiger, B., Aanensen,
D. M., Tomlinson, C. T., Andrasevi¢, A. T, ... &
Brown, D. J. (2017). Occurrence of carbapen-
emase-producing Klebsiella pneumoniae and
Escherichia coli in the European survey of car-
bapenemase-producing Enterobacteriaceae (Eu-
SCAPE): a prospective, multinational study. The
Lancet infectious diseases, 17(2), 153-163. https://
doi.org/10.1016/S1473-3099(16)30257-2

Hadjadj, L., Baron, S. A, Olaitan, A. O., Morand, S., &
Rolain, J. M. (2019). Co-occurrence of variants of
mcr-3 and mcr-8 genes in a Klebsiella pneumoni-
ae isolate from Laos. Frontiers in microbiology, 10,
2720. https://doi.org/10.3389/fmicb.2019.02720

Jacoby, G. A., Mills, D. M., & Chow, N. (2004). Role
of B-lactamases and porins in resistance to er-
tapenem and other B-lactams in Klebsiella pneu-
moniae. Antimicrobial Agents and Chemother-
apy, 48(8), 3203-3206. https://doi.org/10.1128/
AAC.48.8.3203-3206.2004

Jayol, A., Nordmann, P, Brink, A., & Poirel, L. (2015).
Heteroresistance to colistin in Klebsiella pneu-
moniae associated with alterations in the Pho-
PQ regulatory system. Antimicrobial agents and
chemotherapy, 59(5), 2780-2784.  https://doi.
org/10.1128/AAC.05055-14

Karki, D., Dhungel, B., Bhandari, S., Kunwar, A,
Joshi, PR., Shrestha, D., RijalLK.R., Ghimire, P,
Banjara, M.R., (2021)Antibiotic resistance and
detection of plasmid mediated colistin resistance
mcr-1 gene among Escherichia coli and Klebsiella
pneumoniae isolated from clinical samples, 13, 45
https://doi.org/10.1186/s13099-021-00441-5.

Knothe, H., Shah, P, Krcmery, V., Antal, M., & Mit-
suhashi, S. (1983). Transferable resistance to ce-
fotaxime, cefoxitin, cefamandole and cefuroxime
in clinical isolates of Klebsiella pneumoniae and

Serratia marcescens. Infection, 11(6), 315-317.

Landman, D., Georgescu, C., Martin, D. A., & Quale,
J. (2008). Polymyxins revisited. Clinical Micro-
biology Reviews, 21(3), 449-465. https://doi.
org/10.1128/CMR.00006-08

Leavitt, A., Chmelnitsky, I, Colodner, R., Ofek, L,
Carmeli, Y., & Navon-Venezia, S. (2009). Ertape-
nem resistance among extended-spectrum-f-lac-
tamase-producing Klebsiella pneumoniae iso-
lates. Journal of Clinical Microbiology, 47(4), 969-
974. https://doi.org/10.1128/JCM.00651-08

Ling, Z., Yin, W,, Shen, Z., Wang, Y., Shen, J., & Walsh,
T. R. (2020). Epidemiology of mobile colistin re-
sistance genes mcr-1 to mer-9. Journal of Antimi-
crobial Chemotherapy, 75(11), 3087-3095. https://
doi.org/10.1093/jac/dkaa205

Mugnaioli, C., Luzzaro, F, De Luca, E, Brigante, G.,
Perilli, M., Amicosante, G., Stefabi, S., Torino,
A., Rossolini, G. M. (2006). CTX-M-type ex-
tended-spectrum [-lactamases in Italy: molec-
ular epidemiology of an emerging countrywide
problem. Antimicrobial Agents and Chemother-
apy, 50(8), 2700-2706. https://doi.org/10.1128/
AAC.00068-06

Neuner, E. A, Yeh, J. Y, Hall, G. S., Sekeres, J., En-
dimiani, A., Bonomo, R. A., Shrestha, N.K., Fras-
er, T.G., Duin, D. (2011). Treatment and outcomes
in carbapenem-resistant Klebsiella pneumoniae
bloodstream infections. Diagnostic Microbiology
and Infectious Disease, 69(4), 357-362. https://doi.
org/10.1016/j.diagmicrobio.2010.10.013

Perez, F., & Van Duin, D. (2013). Carbapenem-resis-
tant Enterobacteriaceae: a menace to our most
vulnerable patients. Cleveland Clinic Journal of
Medicine, 80(4), 225. https//doi.org 10.3949/
ccjm.80a.12182

297



Genisel, Ozcan, Giil, Akpolat, Atmaca, Kenar, Altanlar, Dal

Pitout, J. D., & Laupland, K. B. (2008). Extended-spec-

trum [B-lactamase-producing Enterobacteriaceae:
an emerging public-health concern. The Lancet
Infectious Diseases, 8(3), 159-166. https://doi.
org/10.1016/51473-3099(08)70041-0

Poirel, L., Jayol, A., & Nordmann, P. (2017). Poly-

myxins: antibacterial activity, susceptibility test-
ing, and resistance mechanisms encoded by
plasmids or chromosomes. Clinical Microbiology
Reviews, 30(2), 557-596. https://doi.org/10.1128/
CMR.00064-16

Silva, D. D. C., Rampelotto, R. E, Lorenzoni, V. V.,

298

Santos, S. O. D., Damer, J., Horner, M., & Horner,
R. (2017). Phenotypic methods for screen-
ing carbapenem-resistant Enterobacteriaceae
and assessment of their antimicrobial suscep-
tibility profile. Revista da Sociedade Brasileira
de Medicina Tropical, 50, 173-178. https://doi.

0rg/10.1590/0037-8682-0471-2016

Suzuk Yildiz, S., Simsek, H., Bakkaloglu, Z., Nu-

manoglu Cevik, Y., Hekimoglu, C.H., Kilig, S., Alp
Megse, E., Ulusal Karbapenemaz Siirveyans Calis-
ma Grubu (2021) The Epidemiology of Carbap-
enemases in Escherichia coli and Klebsiella pneu-
moniae Isolated in 2019 in Turkey, Mikrobiyol Bul.
55(1), 1-16. https://doi.org/10.5578/mb.20124

The European Committee on Antimicrobial Suscepti-

bility Testing. Breakpoint tables for interpretation
of MICs and zone diameters. Version 9.0, 2019.

http://www.eucast.org.

Vardakas, K. Z., Tansarli, G. S., Rafailidis, P. I., & Fala-

gas, M. E. (2012). Carbapenems versus alternative
antibiotics for the treatment of bacteraemia due
to Enterobacteriaceae producing extended-spec-
trum [-lactamases: a systematic review and me-
ta-analysis. Journal of Antimicrobial Chemother-
apy, 67(12), 2793-2803. https://doi.org/10.1093/
jac/dks301



	_Hlk44402274
	_GoBack
	_Hlk44402315
	_Hlk44402907
	_Hlk43688467
	_Ref44202016
	_Hlk43968653
	_Hlk43682780
	_Hlk43968968
	_Hlk44025031
	_Hlk44033100
	_Hlk79441932
	_Hlk79442158
	_Hlk77962150

	Düğme 2: 
	Düğme 3: 
	Düğme 4: 
	Düğme 5: 
	Düğme 6: 
	Düğme 7: 
	Düğme 8: 
	Düğme 9: 


